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Abstract

Background
Ultraviolet (UV) systems are increasingly used as no-touch adjuncts to environmental cleaning, but
healthcare evidence spans heterogeneous sources, deployment configurations, room geometries and
outcome types. The practical question for infection prevention is therefore not only whether UV is
germicidal, but whether an effective surface dose can be delivered under healthcare conditions and
translated into environmental and patient-level benefit.

Methods
We conducted a scoping review of deployable UV-based surface-disinfection systems in healthcare.
PubMed was searched on 1 September 2026 for publications from 1 January 2010 through 1 September
2026 using a structured high-sensitivity query combining controlled vocabulary and title/abstract terms
for ultraviolet radiation, healthcare settings, surfaces/rooms and disinfection. The search returned 643
records. Review-type records were identified and removed in PubMed using the Review publication-type
filter (n = 437), leaving 206 records for reviewer assessment. Two reviewers completed title/abstract
screening and full-text eligibility assessment. Eligible reports then underwent data extraction, descriptive
analysis and evidence mapping. Eligibility followed a Population–Concept–Context framework and
focused on portable/mobile automated systems or operator-positioned UV sources used for a defined
treatment cycle in routine healthcare, healthcare rooms or full-scale simulated hospital rooms.
Permanently fixed wall/ceiling systems, handheld devices and dosimetry-only studies without a direct
microbiological surface endpoint were excluded.

Results
Seventy distinct studies were represented by 71 reports: 43 R1, 17 R2, and 10 R3 studies. The additional
report was a prespecified secondary analysis of the Benefits of Enhanced Terminal Room (BETR)
disinfection trial and was not counted as a separate study. Directly exposed surfaces often showed
substantial microbial reductions, whereas distance, shadowing, organic soil, spores and difficult
geometry reduced performance. Nineteen R1 studies reported infection, acquisition, or healthcare-
associated infection outcomes attributed to environmental transmission, including program-level
measures. Randomized evidence was mixed: BETR disinfection found benefit for UV-C added to
standard terminal cleaning, whereas the cancer/transplant cluster-randomized study and the sham-
controlled LAMP trial found no clinical reduction. No evaluation measured the complete pathway from
delivered surface dose through environmental reduction to patient outcome.

Conclusions
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UV surface disinfection is best understood as a deployment system in which source, positioning,
delivered dose, room geometry, organism, target surfaces and workflow jointly determine performance.
Environmental bioburden findings were most consistently favorable, while patient-level effects were
context dependent. Linking dosimetry, microbiology, implementation coverage and clinical outcomes
within the same evaluation is a major priority for future infection-prevention research.

Background
Environmental surfaces can contribute to persistence and transmission of healthcare-associated
pathogens, particularly when high-touch sites remain contaminated after manual cleaning. Manual
cleaning is indispensable, but performance varies with staffing, training, contact time, surface
accessibility and local workflow. Ultraviolet (UV)-based systems are therefore used as adjunctive, no-
touch interventions intended to reduce residual contamination after routine or terminal cleaning [1–5].

Several reviews have addressed ultraviolet or broader no-touch environmental disinfection in healthcare
from complementary perspectives, including healthcare-associated infection prevention, UV-C efficacy
and safety, high-touch-surface performance, whole-room implementation and device-specific evidence
[6–8]. For example, Marra et al. synthesized no-touch UV and hydrogen-peroxide strategies [6], Ramos et
al. reviewed hospital UV-C efficacy and safety [7], and Resendiz et al. focused on germicidal
effectiveness across high-touch surfaces in the immediate patient environment [8]. More recent
syntheses have examined automated decontamination and implementation [9, 10], healthcare-
associated infection outcomes [11], pulsed-xenon systems [12], and UV-C device and parameter
mapping [13]. A broader 2026 systematic review of randomized and quasi-randomized hospital surface-
decontamination interventions also highlighted persistent uncertainty in patient-centred outcomes,
including UV comparisons [14]. The present review uses a broader healthcare-relevant evidence
architecture while retaining a specific deployment scope: portable/mobile automated or operator-
positioned UV systems are mapped across routine care, field-efficacy experiments and full-scale room
studies, and interpreted along the pathway from delivered dose to environmental and patient outcomes.

A scoping-review approach is appropriate when the objective is to map a heterogeneous evidence base,
describe how a concept has been studied and identify gaps rather than estimate a single pooled
intervention effect [15, 16]. The objective of this review was therefore to map deployable UV-emitting
technologies evaluated for environmental surface disinfection in healthcare, characterize the settings
and experimental designs in which they were tested, compare microbiological, clinical and operational
outcomes, and identify technical and implementation factors that explain why germicidal efficacy may
not translate directly to room-scale or routine-care performance.

Methods

Review design and questions
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The review was structured as a scoping review and reported with reference to the PRISMA extension for
Scoping Reviews (PRISMA-ScR) [15]. The Population–Concept–Context framework was defined as
follows: Population, healthcare environmental surfaces and microorganisms contaminating those
surfaces; Concept, deployable UV-based surface disinfection, including source characteristics,
deployment configuration, delivered dose, microbiological performance, clinical outcomes and
implementation; Context, routine healthcare environments, genuine occupied or unoccupied patient-care
or clinical-service rooms, and full-scale simulated hospital rooms designed to reproduce clinically
relevant geometry and operating conditions. Eligible interventions were portable/mobile automated
systems or UV sources deliberately positioned by an operator for a defined treatment cycle. Permanently
fixed wall- or ceiling-mounted irradiation systems and handheld spot-disinfection devices were outside
the review scope. This deployment boundary was chosen to focus on systems requiring room-by-room
deployment or deliberate operator positioning and therefore directly interacting with environmental-
services workflow, treatment coverage and room turnover. High-level disinfection or reprocessing of
critical or semicritical medical devices was outside scope; external surfaces of noncritical patient-care
equipment were eligible when evaluated as part of environmental hygiene. Eligible studies had to report
a microbiological surface outcome, a patient outcome linked to an eligible UV surface intervention, or an
operational outcome directly tied to its implementation; dosimetry-only or model-only studies without a
directly measured microbiological surface endpoint were excluded.

The review addressed five questions: (1) which UV sources and deployable configurations have been
evaluated for healthcare surface disinfection; (2) in which healthcare or full-scale room contexts have
they been studied; (3) which environmental, clinical and operational outcomes have been reported; (4)
which technical and contextual factors modify performance; and (5) where do evidence and reporting
gaps remain for infection prevention and antimicrobial-resistance control?

A prospective protocol for this scoping review was not written, registered, or publicly posted.

Search strategy and study selection
PubMed (National Library of Medicine, National Institutes of Health) was searched on 1 September 2026
for publications dated from 1 January 2010 through 1 September 2026. The 2010 lower date limit was
chosen to focus the review on contemporary deployable UV technologies and their implementation in
healthcare. A structured high-sensitivity query combined controlled vocabulary and title/abstract terms
for ultraviolet radiation, healthcare settings, surfaces/rooms and disinfection and returned 643 records.
Review-type records were then identified and removed directly in PubMed using the Review publication-
type filter (n = 437), leaving 206 records for reviewer assessment. The complete reproducible query is
provided in Additional file 1.

Two reviewers independently screened the 206 records remaining after removal of review-type
publications and assessed full text when a record was potentially eligible. Study selection was
conducted with disagreements resolved by discussion. Eligibility was restricted to primary studies
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evaluating portable/mobile automated UV systems or operator-positioned UV sources used for a defined
treatment cycle for environmental surface disinfection in healthcare or full-scale simulated healthcare
rooms. Air-only interventions, permanently fixed wall/ceiling installations, handheld spot-disinfection
devices, high-level reprocessing of critical or semicritical medical devices, and dosimetry- or model-only
studies without a directly measured microbiological surface endpoint were excluded. After study
selection, data were extracted from the included reports and used for descriptive analysis and evidence
mapping.

After completion of study selection, 71 reports representing 70 distinct studies met the eligibility criteria.
Anderson et al. 2018 was retained as a companion secondary analysis of the Benefits of Enhanced
Terminal Room disinfection (BETR) trial and was not counted as a separate study. The final study-
selection process is summarized in Fig. 1.

Figure 1. Study-selection flow and evidence strata. The structured PubMed search run on 1 September
2026 returned 643 records. Review-type records were identified and removed in PubMed using the
Review publication-type filter (n = 437), leaving 206 records for screening by two reviewers. Seventy-
one reports representing 70 distinct studies met the eligibility criteria; one BETR companion report was
not counted as a separate study.

Of the 206 records assessed by the reviewers, 135 were excluded during title/abstract screening or full-text
eligibility assessment, leaving 71 included reports representing 70 distinct studies. The final evidence base
comprised 43 R1 routine-care studies represented by 44 reports, 17 R2 healthcare field-efficacy studies
represented by 17 reports, and 10 R3 healthcare-room/full-scale studies represented by 10 reports.

Data charting and evidence mapping
Following completion of study selection, data charting and extraction were performed by one reviewer
using a structured evidence map. For each included study, charted variables included healthcare setting,
study design, contamination model, UV source and wavelength, deployment configuration, target
surfaces, occupancy conditions, comparator, exposure time or delivered dose, positioning,
microorganisms, quantitative outcomes, operational findings, limitations and sponsorship. No
independent duplicate data extraction was performed. Because study designs and outcome metrics
were heterogeneous, findings were summarized descriptively rather than statistically pooled. No formal
critical appraisal or risk-of-bias assessment of the included studies was performed. Consistent with the
evidence-mapping objective of the scoping review, methodological characteristics relevant to
interpretation were instead descriptively charted, including study design, comparator structure, outcome
directness, co-interventions, precision, dose verification and implementation coverage.

Generative AI support. OpenAI ChatGPT was used to assist with refinement of the structured PubMed
search strategy, organization of evidence tables, manuscript formatting and language editing. The tool
was not used as an autonomous eligibility decision-maker; study-selection decisions and scientific
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interpretation were made by the authors, who retain responsibility for verification of extracted data,
references and final manuscript content.

The included studies were stratified by proximity to routine use. R1 comprised routine-care studies using
natural surface contamination, clinical outcomes or operational outcomes. R2 comprised field-efficacy
studies in genuine healthcare settings that combined natural sampling with inoculated carriers,
controlled challenges or mixed laboratory components. R3 comprised microbiological room-scale
studies performed in unoccupied healthcare rooms or full-scale simulated hospital rooms using eligible
mobile or operator-positioned sources. These strata were not treated as a hierarchy of methodological
quality; they describe different forms of evidence and answer different questions.

Results

Evidence map and device architectures
The final evidence map contains 70 distinct studies represented by 71 reports: 43 R1 (61.4%), 17 R2
(24.3%) and 10 R3 (14.3%) studies (Table 1). Within R1, 19 of 43 studies (44.2%) reported clinical,
acquisition or program-level healthcare-associated infection (HAI) outcomes, whereas 24 (55.8%) were
primarily environmental or operational. Pulsed-xenon systems were evaluated in 23 of 70 studies
(32.9%), and robotic or autonomous configurations in 12 (17.1%); source/configuration categories were
not mutually exclusive.

Table 1
Evidence-map summary for the 70 distinct included studies

Evidence stratum N / (%) Typical setting/design Primary interpretive role

R1 – Routine-care
surface
effectiveness

43 /
(61.4%)

Routine healthcare; natural
contamination, implementation
programs, acquisition/infection
studies

Operational effectiveness;
environmental and
patient/program outcomes

R2 – Healthcare
field efficacy

17 /
(24.3%)

Genuine healthcare settings with
carriers/inocula or mixed
laboratory components

Efficacy modifiers under
real healthcare geometry

R3 – Healthcare-
room/full-scale
performance

10 /
(14.3%)

Unoccupied genuine rooms or full-
scale simulations; eligible
mobile/operator-positioned
sources

Room geometry,
shadowing, distance and
delivered-dose translation

At least 38 of 71 reports (53.5%) documented direct commercial involvement, defined as
manufacturer/company funding, provision or loan of devices, materials or data, company technical
support, or company/developer authorship; generic unrelated industry disclosures alone were not
counted. Only one study evaluated operator-positioned 222-nm far-UVC [17] and one used a near-UV/UV-
A LED robotic system at 340–385 nm (peak approximately 365 nm) [18], underscoring the predominance
of conventional germicidal UV-C evidence. The additional report is a companion secondary analysis of
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BETR disinfection [19] and is not counted as an independent study. Mobile continuous UV-C and pulsed-
xenon systems account for most of the evidence, with robotic, multi-emitter, targeted/articulating and
operator-positioned configurations also represented. The near-UV/UV-A study used SARS-CoV-2 RNA as
its principal surface endpoint and is interpreted separately from the germicidal UV-C evidence.

Table 2 summarizes a multiaxial framework in which each system is described by source and

spectrum, deployment configuration, evidence setting, surface target and dose-control strategy.

Table 2
Multiaxial description of deployable UV surface-disinfection systems represented in the 70 included

studies
Axis Categories represented in the included

studies
Comparative implication

Source and
spectrum

Low-pressure mercury UV-C; pulsed-xenon
UV; other continuous germicidal UV-C;
operator-positioned filtered 222-nm far-
UVC; one near-UV/UV-A LED robotic
system (340–385 nm, peak ~ 365 nm)

Determines spectral output, pulse
structure, organism susceptibility,
dose and safety requirements. The
near-UV/UV-A study is sparse and
should not be generalized to UV-C.

Deployment
configuration

Mobile stationary whole-room;
targeted/articulating; multi-emitter;
autonomous or semi-autonomous robot;
operator-positioned portable luminaires

Determines positioning, shadow
management, setup burden,
repeatability, traceability and
dependence on staff. Permanent
wall/ceiling installations and
handheld devices are outside scope.

Evidence
setting

R1 routine healthcare; R2 genuine
healthcare field efficacy; R3 unoccupied
healthcare room or full-scale simulated
hospital room

Separates operational effectiveness,
field efficacy and room-scale
performance without discarding
realistic empty-room evidence.

Surface target
and coverage

High-touch surfaces; whole-room
surfaces; selected equipment; direct and
indirect sites

Defines which surfaces actually
receive the measured dose and to
which locations the microbiological
result applies.

Dose-control
strategy

Fixed time; reflected-dose endpoint;
radiometer/sensor mapping; multiple
placements; navigation/path-planning
algorithm

Determines whether intended dose
reaches direct and shaded locations
and whether cycle completion can
be verified.

.

Routine-care surface effectiveness (R1)
Based on the primary outcome domain, 24 of the 43 R1 studies (55.8%) focused primarily on
environmental or operational outcomes. Additional UV treatment frequently reduced residual surface
contamination, but the expanded map also contains neutral comparisons and strong context
dependence. Anderson et al. reported a 1.35-log10 overall reduction in target pathogens across 39
patient rooms [20]. In a cystic-fibrosis outpatient clinic, Allen et al. found that UV-C produced significant
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colony-forming unit (CFU) reductions across sampled surfaces after inconsistent effects of manual
cleaning, with 10–20-min treatments and repositioning in some rooms [21]. Armellino et al. reported 90-
second focused multivector UV cycles with approximately 92–99.6% reductions on patient-care
equipment [22], while Jinadatha et al. found larger methicillin-resistant Staphylococcus aureus (MRSA)
and heterotrophic-count reductions with pulsed-xenon UV than with manual cleaning in 20 post-
discharge rooms [23]. Choi et al. evaluated a 340–385-nm UV-LED robot in COVID-19 rooms and
observed lower SARS-CoV-2 RNA positivity after irradiation, but no viable virus was recovered and
performance varied by room geometry [18]. During the Rwanda Marburg outbreak, Uwayo et al. reported
that two equipment sites remaining RT-PCR-positive after chemical disinfection became negative after
254-nm UV-C robot deployment [24]. Dexter et al. contributed operational rather than microbiological
evidence from 133,927 treatments in 700 rooms, showing a pooled mean duration of 18.3 min and
substantial room-specific variability [25]. These findings reinforce that efficacy, coverage and workflow
must be interpreted together rather than assuming uniform benefit from device deployment.

The remaining 19 R1 studies (44.2%) reported infection, acquisition or program-level HAI outcomes,
represented by 20 reports because BETR disinfection has both a primary and a prespecified secondary
report (Table 3). Randomized clinical evidence was mixed. In the BETR disinfection pragmatic cluster-
randomized multicentre crossover trial, adding UV-C to standard terminal cleaning reduced the
composite target-organism acquisition/infection outcome (RR 0.70, 95% CI 0.50–0.98), whereas adding
UV-C to bleach did not reduce Clostridioides difficile infection [26]. Its prespecified hospital-wide
secondary analysis found a borderline composite effect for the UV period (RR 0.89, 95% CI 0.79–1.00; P 
= 0.052), with lower C. difficile and vancomycin-resistant enterococci (VRE) acquisition [19]. In a separate
cluster-randomized crossover trial in cancer and transplant units, daily plus discharge UV-C did not
reduce VRE or C. difficile [27]. The Lowering the Acquisition of Multidrug-resistant organisms with
Pulsed-xenon (LAMP) double-blinded cluster-randomized crossover trial likewise found no reduction in
HAIs with pulsed-xenon UV versus sham after terminal cleaning (3.49 vs 3.17 infections/1000 patient-
days; RR 1.10, 95% CI 0.94–1.29; P = 0.23) [28]. Large observational evidence was also mixed: Hodges et
al. found no reduction in pathogen transfer from prior room occupants [29], whereas Haas et al. [30] and
Pegues et al. [31] reported favorable associations in different settings. An early two-resident long-term-
care case report linked UV decontamination with reduced residual environmental C. difficile and no
further reported recurrences, but its design does not support causal inference [32].
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Table 3
Clinical, acquisition and program-level findings from all 19 R1 studies reporting these outcomes

Study Setting/design + UV
deployment

Clinical/acquisition/program
finding

Main interpretive
limitation

Sitzlar et
al. [32]

Two-resident case
report; long-term-care
shared room;
automated UV
room/bathroom
treatment to a
reflected-dose
endpoint.

After UV treatment, only one
bedrail colony of C. difficile
was recovered; both residents
subsequently had negative
rectal swabs and no further
CDI during the reported
follow-up.

Only two residents;
uncontrolled case report;
recurrence cannot be
causally attributed to UV.

Haas et al.
[30]

Retrospective acute-
care implementation
study; portable/mobile
UV room-disinfection
units deployed after
discharge cleaning.

MDRO + C. difficile rate
decreased from 2.67 to
2.14/1000 patient-days; rate
ratio 0.80 (95% CI 0.73–0.88).

Historical comparison;
76% coverage; residual
confounding and
concurrent changes
possible.

Napolitano
et al. [33]

Facility-wide pre-post
intervention pilot;
mobile continuous UV-
C delivered by trained
dedicated personnel
with coverage
monitoring.

HAI incidence decreased by
1.3/1000 patient-days (34.2%)
after implementation, with
lower overall infection burden
during higher treatment
coverage.

Uncontrolled pre-post
design; no concurrent
control; possible co-
interventions and secular
trends.

Nagaraja
et al. [34]

Before/during acute-
care implementation
analysis; pulsed-xenon
UV mobile room
disinfection after
routine cleaning.

Hospital-acquired CDI was
22% lower during UV use, but
the difference did not reach
conventional statistical
significance (P = 0.06).

Historical before-after
design; limited causal
attribution.

Vianna et
al. [35]

Community-hospital
before-after
implementation;
pulsed-xenon UV using
three 5-min positions
after cleaning.

Combined C.
difficile/MRSA/VRE rate
decreased 29% facility-wide
(P = 0.01) and 61% in ICU (P = 
0.01); organism-specific
effects were heterogeneous.

Uncontrolled historical
comparison; concurrent
infection-prevention
changes and industry
involvement.

Anderson
et al. [19,
26]

Pragmatic cluster-
randomized
multicentre crossover
trial; mobile
continuous UV-C
added to terminal
cleaning; companion
hospital-wide
secondary analysis.

Primary report: UV + standard
cleaning RR 0.70 (95% CI
0.50–0.98); UV + bleach did
not reduce C. difficile infection
(RR 1.00, 95% CI 0.57–1.75).
Secondary report: UV period
RR 0.89 (95% CI 0.79–1.00; P 
= 0.052), with lower C. difficile
and VRE acquisition.

Randomized multicentre
design supports causal
interpretation for
specified comparisons,
but effects varied by
pathogen/strategy and no
linked room-level
dosimetry or
environmental mediator
was measured.
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Study Setting/design + UV
deployment

Clinical/acquisition/program
finding

Main interpretive
limitation

Kovach et
al. [36]

Single-site nursing-
home before-after
study with
environmental/clinical
surveillance; pulsed-
xenon UV whole-room
treatment after
discharge cleaning.

Environmental positivity fell
from 33% at baseline to 7.1%
after cleaning and 4.4% after
UV; infections and infection-
related hospitalizations also
decreased during the
intervention.

Uncontrolled single-site
pre-post design; temporal
confounding and
regression to the mean
possible.

Pegues et
al. [31]

Interrupted time series
in hematology-
oncology units; no-
touch mobile UV-C
terminal disinfection
targeted through an
electronic patient-flow
system.

C. difficile incidence IRR 0.49
(95% CI 0.26–0.94; P = 0.03),
with no corresponding
decrease on non-study units.

Non-randomized unit-level
design; only 21.1% of
eligible discharges
received UV.

Pavia et al.
[37]

Pediatric long-term-
care before-after
study; a mobile
continuous UV-C
device rotated among
rooms approximately
three times weekly.

Viral infection incidence IRR
0.56 (95% CI 0.37–0.84).

No concurrent control or
environmental endpoint;
device donation and
company authorship.

Raggi et
al. [38]

Community-hospital
pre-post cohort with
operational/cost
analysis; facility-wide
mobile continuous UV-
C terminal-disinfection
service.

HAI rate decreased from 4.87
to 3.94/1000 patient-days (− 
19.2%; P = 0.006); USD
1.22 million direct savings
were reported.

Uncontrolled; financial
estimate did not fully
subtract intervention
costs; residual
confounding possible.

Brite et al.
[39]

Interrupted time series
in a bone-marrow-
transplant unit; mobile
terminal-room UV
environmental
disinfection.

No significant reduction in
VRE or C. difficile
acquisition/incidence after
UV implementation.

Single specialized unit; no
linked environmental
mediator.

Schaffzin
et al. [40]

High-occupancy
implementation
program; two pulsed-
xenon UV robots
operated by dedicated
technicians with
coverage monitoring.

Coverage reached 85.7% of
isolation rooms and 87.7% of
priority rooms; HAI rates
decreased 16.2% after
implementation.

Program evaluation with
concurrent cleaning
initiatives; cannot isolate
a causal UV effect.

Morikane
et al. [41]

ICU before-after
clinical/environmental
study; pulsed-xenon
UV mobile unit added
to terminal cleaning.

MRSA incidence decreased
from 13.8 to 9.9/10,000
patient-days (IRR 0.71); drug-
resistant Acinetobacter from
48.5 to 18.1 (IRR 0.37);
environmental counts also
declined.

Single centre; co-
interventions and
temporal trends possible.
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Study Setting/design + UV
deployment

Clinical/acquisition/program
finding

Main interpretive
limitation

Kitagawa
et al. [42]

Quasi-experimental
before-after study;
pulsed-xenon UV
adjunct to manual
terminal cleaning with
routine terminal-cycle
deployment.

MRSA acquisition decreased
from 3.56 to 2.21/1000
patient-days; adjusted IRR
0.556 (95% CI 0.309–0.999).

Non-randomized;
borderline confidence
interval; possible
secular/co-intervention
effects.

Hodges et
al. [29]

Retrospective cohort
across six hospitals;
adjunct mobile UV-C
after chlorine-based
terminal cleaning.

Prior-room pathogen transfer:
adjusted OR 1.06 (95% CI
0.84–1.32; P = 0.64).

Non-random treatment
allocation; no
demonstrated benefit.

Rock et al.
[27]

Cluster-randomized
crossover in
cancer/transplant
units; mobile UV-C
integrated into daily
and discharge room
cleaning.

VRE IRR 0.98 (95% CI 0.78–
1.22); C. difficile IRR 1.43 (95%
CI 0.93–2.21).

Five clusters; high-risk
population; no linked
dosimetry/environmental
mediator.

Dhar et al.
[28]

Cluster-randomized,
double-blinded
crossover trial in two
hospitals/15 wards;
pulsed-xenon UV
versus visually
indistinguishable
sham after terminal
cleaning.

Environmentally implicated
HAIs: 3.49 vs 3.17/1000
patient-days; RR 1.10 (95% CI
0.94–1.29; P = 0.23).

Large sham-controlled
randomized null result; no
linked room-level
mediator; manufacturer
provided
equipment/technical
support.

de la Rosa-
Zamboni
et al. [43]

Four-period before-
after bundle study in a
NICU; UV-C terminal
disinfection combined
with subsequent
copper-surface
intervention and other
IPC measures.

HAIs decreased from 11.03 to
5.35/1000 patient-days;
bacterial-isolate HAIs from
5.39 to 1.79; combined UV-
C/copper association RR
0.49.

UV-C cannot be separated
from hand-hygiene
bundles and copper; non-
random sequential
periods.

Ishikawa
et al. [44]

Single-centre before-
after outbreak-control
bundle in NICU/GCU;
pulsed-xenon UV
within enhanced
cleaning and hand-
hygiene measures.

MRSA infection decreased
from 2.81 to 0.90/1000
patient-days; environmental
positives decreased from
12/137 to 0.

Outbreak setting;
simultaneous enhanced
cleaning and hand-
hygiene measures
confound the UV
contribution.

CDI, Clostridium difficile infection; CI, confidence interval; HAI, healthcare-associated infection; ICU,
intensive care unit; IPC, Infection Prevention and Control; IRR, incidence rate ratio; MDRO, multidrug-
resistant organism; MRSA, methicillin-resistant Staphylococcus aureus; OR, odds ratio; RR, risk ratio; VRE,
vancomycin-resistant enterococci.
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Healthcare field efficacy (R2)
The 17 R2 studies were conducted in genuine healthcare environments but incorporated controlled
carriers, inoculated surfaces or mixed laboratory components (Table 4). Boyce et al. showed significant
reductions in aerobic counts across five high-touch surfaces in 25 patient rooms [45], while Havill et al.
found UV-C faster but less sporicidal and less reliable out of direct line of sight than hydrogen-peroxide
vapor [46]. Nerandzic et al. demonstrated distance-sensitive pulsed-xenon performance [47]. Mustapha
et al. added floor-specific evidence: manual cleaning markedly reduced natural floor contamination, with
residual MRSA positivity decreasing from 9% after manual cleaning to 1% after adjunctive UV-C, although
the incremental difference was not statistically significant; controlled MRSA carriers confirmed UV-C
activity [48]. These field studies reinforce organism, matrix, distance and delivered dose as determinants
of performance rather than source label alone.

These newer additions reinforce the same field-efficacy modifiers seen in the original corpus. Rutala et
al. reported > 99.9% reductions for vegetative bacteria with longer exposure required for C. difficile
spores [1]; Wong et al. showed device-to-device differences under difficult placement and protein load
[2]; and heavy organic soil, organism susceptibility and shadowing repeatedly reduced performance [4,
47, 49–54]. Villacís et al. likewise documented additional environmental reduction after pulsed-xenon UV
in patient and operating-room environments [55]. Field efficacy is therefore best interpreted as a function
of organism, matrix, distance and delivered dose rather than source label alone.
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Table 4
Healthcare field-efficacy studies (R2): deployment, findings and principal modifiers

Study Setting/design + UV
deployment

Field-efficacy finding Key efficacy modifier /
interpretive limitation

Rutala et
al. [1]

Standard hospital room plus
rooms previously occupied
by MRSA/VRE patients;
prospective field study with
inoculated carriers and
natural contamination;
mobile automated
continuous UV-C with
reflected-dose endpoint.

Vegetative bacteria
decreased by > 99.9%;
in patient rooms, MRSA-
positive samples fell
from 20.3% to 0.5% and
mean total CFU from
384 to 19.

C. difficile spores required
a substantially
longer/higher-dose cycle
than vegetative bacteria;
efficacy was organism-
and dose-dependent.

Wong et
al. [2]

Post-discharge
MRSA/VRE/C. difficile
isolation rooms; paired
environmental cultures plus
carrier comparison of two
mobile automated UV-C
devices.

Contaminated rooms
decreased to 3.3% for
MRSA, 4.9% for VRE
and 0% for C. difficile;
mean non-floor CFU fell
from 19.6 after manual
cleaning to 1.3 after UV-
C.

Carrier performance
differed between devices
and under difficult
placement/protein-load
conditions, limiting
interchangeability of
device labels.

Nerandzic
et al. [3]

Rooms of hospitalized
patients; laboratory dose
study plus paired hospital-
room cultures; mobile
automated continuous UV-C
using reflected-dose targets.

Hospital-room positive
cultures decreased by
93% for MRSA/VRE and
80% for C. difficile.

Higher reflected dose was
required for reliable spore
reduction; organism
susceptibility affected
performance.

Ali et al.
[4]

Contaminated patient rooms
after terminal cleaning; in-
use comparison of two
whole-room continuous UV-
C systems with natural
sampling and inoculated
indicators.

Both systems produced
large MRSA and K.
pneumoniae reductions
under low-soil
conditions.

Heavy organic soil, C.
difficile spores and
shadowing reduced
efficacy; careful source
positioning improved
coverage.

Yui et al.
[49]

Hospital room and
bathroom; in-vitro challenge
plus in-use sequential
sampling; rapid targeted
mobile continuous UV-C
with multiple short
positions.

MRSA/K. pneumoniae
reductions ranged from
2.97–4.87 log under
low soil; natural
contamination also
decreased after
treatment.

High soil markedly
reduced reductions; C.
difficile was less
responsive, especially in
synthetic faeces, and
some natural
contamination persisted.

Füszl et al.
[50]

Waiting areas of two
hospital outpatient clinics;
field study plus controlled C.
auris carriers; autonomous
mobile UV-C robot after
routine cleaning.

Natural environmental
contamination
decreased after robot
use.

Standard cycles did not
reliably eliminate high-
load/stationary-phase C.
auris or shielded/rim
locations, emphasizing
coverage limitations.
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Study Setting/design + UV
deployment

Field-efficacy finding Key efficacy modifier /
interpretive limitation

Casini et
al. [51]

Real hospital high-touch
surfaces plus controlled
laboratory tests; mixed
study of an experimental
autonomous UV-C robot.

Average total viable-
count reduction was
67% after SOP alone
and 96% after SOP plus
UV-C.

Higher dose was required
in hospital use than in
vitro, showing that
laboratory dose-response
does not directly translate
to room deployment.

Villacís et
al. [55]

Patient rooms and
operating-room
environments; in-vitro
validation plus paired
environmental sampling;
pulsed-xenon UV after
terminal manual cleaning.

Environmental CFU fell
from 3569 after manual
cleaning to 889 after
PX-UV; reductions were
about 87% in operating
rooms and 76% in
patient rooms.

Environmental
before/after endpoint only;
incremental benefit was
evaluated after manual
cleaning and no patient
outcome was linked.

Różańska
et al. [52]

Six hospital rooms/wards
plus laboratory conditions;
mixed carrier and hospital
before/after study using
mobile UV-C robots.

Laboratory reductions
ranged from about 1 to
6 log; hospital sampling
confirmed a marked
decrease in bacterial
contamination.

Performance varied by
organism, material and
sampling location, limiting
transfer of a single
efficacy estimate across
surfaces.

Yang et al.
[56]

Hospital rooms plus
laboratory pathogen tests;
mixed laboratory/in-use
study using a mobile
automatic UV-C robot.

> 3-log reduction
occurred for most
vegetative organisms at
practical distances, and
hospital-room
contamination
decreased after a
typical 15-min cycle.

VRE, Mycobacterium
abscessus and Aspergillus
fumigatus were less
susceptible,
demonstrating organism-
specific response.

Russo et
al. [53]

Two hospital outpatient
rooms plus laboratory tests;
mixed field/in-vitro study of
a mobile UV-C robotic
system.

Bacteria, molds and
yeasts decreased at
each high-touch site
compared with manual
sanitization; laboratory
reductions reached
about 5–6 log.

Reductions varied by
material and test
condition; laboratory
performance exceeded
some field results.

Chen et al.
[54]

Central, microbiology and
immunology laboratories in
a hospital; mixed biofilm and
real-environment study
using pulsed-xenon UV.

PX-UV reduced biofilm-
forming pathogens and
eliminated detectable
bioburden on sampled
high-touch surfaces
after treatment.

Clinical-laboratory setting
and mixed air/surface
endpoints limit direct
generalization to patient
rooms.

Boyce et
al. [45]

25 post-discharge patient
rooms; prospective
before/after study with
natural cultures plus C.
difficile carriers; mobile
automated continuous UV-C
with one- or two-stage
positioning.

All five high-touch
surfaces showed
significant reductions;
two-stage treatment
reduced mean aerobic
counts to 0 CFU on all
five sites.

Cycles were long, and one-
versus two-stage
positioning materially
changed dose distribution
and C. difficile reduction.
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Study Setting/design + UV
deployment

Field-efficacy finding Key efficacy modifier /
interpretive limitation

Havill et
al. [46]

15 patient rooms;
prospective comparison of
hydrogen-peroxide vapor
versus mobile whole-room
UV-C.

UV-C reduced room
contamination and had
a shorter mean cycle
than hydrogen-peroxide
vapor.

UV-C was less sporicidal
and less reliable outside
direct line of sight,
particularly for C. difficile.

Nerandzic
et al. [47]

Two acute-care hospitals;
mixed carrier and hospital-
room surface study using
pulsed-xenon UV.

Native pathogen
positivity on high-touch
surfaces decreased;
carrier reductions
confirmed activity
against MRSA, VRE and
C. difficile.

Distance strongly reduced
efficacy, and reductions
were smaller for C.
difficile/VRE than for
MRSA under the tested
conditions.

Hosein et
al. [57]

40 isolation rooms in a UK
hospital; before/after
environmental study plus
controlled MDRO challenge;
mobile pulsed-xenon UV.

PX-UV produced a
further 78.4% reduction
after manual cleaning
and about 5-log
reduction on spiked
MDRO plates.

Controlled challenge and
natural-room endpoints
differed; operational
turnaround was about 1 h.

Mustapha
et al. [48]

Post-discharge rooms of
MRSA-contact-precaution
patients; natural floor
sampling plus controlled
MRSA carriers; mobile UV-C
with multi-position
room/bathroom cycles.

Residual MRSA
positivity decreased
from 9% after manual
cleaning to 1% after
adjunctive UV-C;
controlled carriers
confirmed UV-C activity.

The incremental reduction
in natural floor
contamination was not
statistically significant
despite clear carrier
inactivation.

CFU, colony-forming unit; MDRO, multidrug-resistant organism; MRSA, methicillin-resistant Staphylococcus
aureus; PX-UV, pulsed-xenon ultraviolet; SOP, Standard Operating Procedure; VRE, vancomycin-resistant
enterococci.

Healthcare-room and full-scale evidence (R3)
The 10 R3 studies were included because unoccupied healthcare rooms and full-scale simulations
reproduce geometry, distance, furnishings and shadowing that are absent from bench experiments while
retaining a direct microbiological surface endpoint (Table 5). Boyce et al. showed orders-of-magnitude
variation in irradiance with distance and orientation [5], and Jelden et al. demonstrated line-of-
sight/material effects and benefits from reflective room surfaces [58, 59]. Kanamori et al. compared one
versus two fixed-time source positions in an unoccupied patient room: additional positioning improved
overall reduction, while distance remained strongly associated with poorer performance [60]. Rock et al.
exposed 133 carbapenem-resistant Enterobacteriaceae (CRE)-inoculated high-touch carriers in an actual
empty patient room and bathroom; only two remained CRE-positive after a 15-min multi-position cycle,
with failures concentrated at difficult/shadowed sites [61]. These additions strengthen the room-scale
evidence that positioning and line of sight are as important as nominal source output.
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Full-scale simulations showed the same dose-distribution problem. In a furnished 1:1 hospital-room
simulation, reduction decreased with distance and shadowing and areas under the bed received little
effective radiation unless power or exposure time was increased [62]. In a simulated intensive care unit
(ICU) room, an autonomous mobile robot achieved at least 99.99% SARS-CoV-2 inactivation at direct wall
sites, whereas floor and under-table positions received lower dose and showed less consistent reduction
[63]. The evidence base includes an operator-positioned 222-nm far-UVC room study. In two unoccupied
patient rooms, Vincent et al. reported dose-dependent reductions, with the largest reductions observed
for Candida auris under low-soiling conditions, whereas reductions were less pronounced under high-
soiling conditions and for MRSA and bacteriophage T1 [17]. These room-scale studies support the use
of measured dose and deliberately selected source positions rather than relying on nominal source
output.
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Table 5
Healthcare-room/full-scale performance studies (R3): deployment, findings and translational modifiers
Study Room setting/design + UV

deployment
Room-scale
performance finding

Key translational
modifier / interpretive
limitation

Boyce et
al. [5]

Unoccupied ICU and surgical-
ward rooms; mobile
continuous UV-C single
emitter; 5- and 15-min
exposures with six UV
sensors.

Log reductions ranged
from > 4 at directly
exposed sites to
minimal/no reduction at
some distant or shaded
locations.

Irradiance varied by
orders of magnitude with
distance and orientation;
C. difficile was
particularly difficult at
low-dose sites.

Jelden et
al. [58]

Hospital biocontainment
room; portable UVGI generator
compared with standard
versus UV-reflective wall
coating; 10-min cycle.

Reflective paint
improved
decontamination at
indirect/shadowed
locations, with > 4-log
reductions at some
sites versus < 2 log
without reflective
coating.

Room-surface reflectivity
materially altered
delivered dose, showing
that room construction
can modify performance.

Jelden et
al. [59]

Unoccupied
hospital/biocontainment
room; portable UVGI
generator; 10-min cycle with
measured dose spanning 0–
688 mJ/cm².

Average reductions
were about 4.6 log for
MRSA and 3.9 log for
VRE.

Line of sight, delivered
dose and surface
material produced
substantial location-to-
location variability.

Tholany
et al. [64]

Empty hospital rooms; three
mobile continuous UV-C
emitters; median runtime
about 29 min.

Mean recovery was 0.4
CFU on exposed plates
versus 87.4 CFU on
controls; only 7.1% of
exposed plates showed
growth.

Residual growth
occurred more often at
distant or shielded sites,
indicating incomplete
coverage despite multi-
emitter deployment.

Arkusz et
al. [62]

Laboratory and furnished 1:1
simulated hospital room;
stationary operator-positioned
open-type UV-C source; up to
60 min at 10–300 cm.

In the furnished room, > 
90% reduction generally
required short distance
or high power/long
exposure.

Distance and shadowing
strongly attenuated
performance; areas
under the bed received
little or no effective
radiation.

Lorca-Oró
et al. [63]

11-m² simulated ICU room;
autonomous mobile UV-C
robot; 12- and 20-min runs.

Direct wall sites
achieved ≥ 99.99%
SARS-CoV-2 inactivation
after 12–20 min.

Floor and under-table
sites received lower dose
and showed less
consistent reduction,
demonstrating
navigation/geometry
limits.
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Study Room setting/design + UV
deployment

Room-scale
performance finding

Key translational
modifier / interpretive
limitation

Rutala et
al. [65]

Hospital patient-room
experiment; mobile
continuous UV-C evaluated
with standard versus UV-
reflective wall coating.

Reflective coating
shortened time to target
decontamination from
25 min 13 s to 5 min 3 s
for MRSA and from 43
min 42 s to 9 min 24 s
for C. difficile spores.

Time-to-target dose
depended strongly on
wall reflectivity;
performance cannot be
inferred from source
output alone.

Vincent et
al. [17]

Two unoccupied two-bed
patient rooms; operator-
positioned 222-nm far-UVC
luminaires behind beds and in
bathroom; 24-h exposure with
measured dose 5–637
mJ/cm².

UV-C222 reduced C.
auris by 2.6 log at low
soil and 1.0 log at high
soil; MRSA by 1.0 log
and T1 by 0.6 log at low
soil.

High soil and organism
type reduced response;
the prolonged 24-h
exposure limits direct
comparison with short-
cycle room systems.

Kanamori
et al. [60]

Unoccupied patient room and
bathroom; portable fixed-cycle
UV-C device; one central
position versus sequential
positions on both sides of the
bed.

Two positions produced
greater reductions than
one for both
carbapenem-resistant K.
pneumoniae and MRSA.

Distance strongly
correlated with lower
reduction, and additional
positioning improved
coverage.

Rock et
al. [61]

Empty patient room and
bathroom; portable UV-C
device; 5 min on each side of
the bed plus 5 min in the
bathroom.

Only 2 of 133 inoculated
high-touch carrier plates
remained CRE-positive
after the 15-min multi-
position cycle.

Residual growth was
confined to
difficult/shadowed
locations, reinforcing
geometry and line-of-
sight dependence.

CFU, colony-forming unit; ICU, intensive care unit; MRSA, methicillin-resistant Staphylococcus aureus; VRE,
vancomycin-resistant enterococci.

Cross-cutting determinants of translation
Across R1–R3, the most consistent cross-study message was that emitted radiation is not equivalent to
delivered surface dose. Distance, source orientation, room geometry, furniture, reflectivity, number of
positions and navigation strategy determine dose at a specific site [2, 4, 5, 19, 20, 23, 47–49, 60–67].
Microbial susceptibility and contamination matrix then modify the response: vegetative bacteria are
generally more readily inactivated than spores, while high organic soil, high inoculum, biofilm and some
materials reduce performance [1, 3, 4, 17, 47, 49, 50, 52–54, 56]. The 365-nm robotic study [18]
additionally illustrates why wavelength-specific evidence should not be generalized across the UV
spectrum.

The evidence can therefore be read as a causal chain from source and deployment, to delivered surface
dose, microbial response, change in environmental burden, and finally patient acquisition or infection. No
included evaluation measured every link in this chain within the same deployment. Several R2/R3 studies
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quantified dose and microbiological response without patient outcomes, whereas clinical studies
generally measured acquisition or infection without linked room-level dosimetry. BETR disinfection
provides randomized evidence at the patient-outcome end of the pathway [26], while Rock et al. provide
randomized null evidence in a different high-risk context [27]. This disconnect is itself a major evidence
gap: future evaluations should connect dosimetry, environmental microbiology, treatment coverage and
patient outcomes rather than infer one link from another. This translation pathway and the relationship
among the three evidence strata are summarized in Fig. 2.

Figure 2. Translation framework from UV source characteristics to infection-prevention outcomes.

The same source can produce different outcomes when delivered dose, room geometry, organism,
contamination matrix or implementation coverage differ. R3, R2 and R1 represent different evidentiary
vantage points rather than a formal quality hierarchy; no single included study spans the entire translation
pathway.

Implications for infection prevention and antimicrobial-
resistance control
The evidence is most directly relevant to environmental reservoirs of MRSA, VRE, C. difficile and resistant
Gram-negative organisms, with additional studies addressing C. auris and viral contamination. The
expanded clinical evidence argues against a simple “UV works/does not work” interpretation. BETR
disinfection found benefit when UV-C was added to standard terminal cleaning [26], with its hospital-
wide secondary report showing a more modest and pathogen-specific pattern [19]. By contrast, Rock et
al. found no reduction in VRE or C. difficile in cancer/transplant units [27], the large sham-controlled
LAMP trial found no reduction in environmentally implicated HAIs [28], Hodges et al. found no reduction
in prior-room-occupant pathogen transfer [29], and Brite et al. found no significant change in VRE or C.
difficile [39]. Fourman et al. likewise found no significant additional C. difficile surface reduction after
bleach [66]. Organism, baseline chemical disinfection, patient population, treatment frequency and
coverage therefore modify the likely infection-prevention value of UV.

Local implementation remains central. Treatment coverage is a system-level variable: Haas et al. treated
76% of contact-precaution discharges [30], Pegues et al. treated only a subset of eligible hematology-
oncology discharges while still observing an association with lower C. difficile incidence [31], and
dedicated teams and explicit priority rules improved utilization in other high-occupancy settings [11, 38].
Robots may improve repeatability and traceability, but autonomy does not eliminate shielding or user-
interface burden [50, 51, 53, 67–69]. In outbreak or multidrug-resistant organism (MDRO)-control
programs, apparent clinical benefit should be interpreted within the complete infection-prevention
bundle, including manual cleaning, hand hygiene, antimicrobial stewardship and concurrent
environmental interventions.

Positioning relative to previous reviews and evidence gaps
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The contribution of this scoping review is not a new claim that UV is germicidal. Previous syntheses
span no-touch disinfection and HAI outcomes [6], hospital UV-C efficacy and safety [7], high-touch-
surface effectiveness [8], automated device implementation and whole-room performance [9, 10], UV-
associated HAI outcomes [11], pulsed-xenon meta-analysis [12], randomized surface-decontamination
evidence [14], and UV-C device/parameter mapping [13]. The present map comprises 70 distinct
healthcare-relevant studies represented by 71 reports and is differentiated by its deployment boundary
and evidence architecture: portable/mobile automated and operator-positioned systems are linked
across routine-care, field-efficacy and room-scale evidence to the translation pathway from dose delivery
to environmental and patient outcomes.

Several evidence gaps are consistent across the map. No study measured source/dose delivery,
environmental response, implementation coverage and patient outcome within one complete causal
evaluation. Dose and irradiance remain inconsistently reported at indirect sites; room layout, number of
source positions, treatment coverage and failed cycles are often incompletely described; and safety,
material compatibility and economic outcomes are less frequently reported than microbiological
endpoints. Based on these recurrent gaps, we propose a minimum reporting framework for future
evaluations of deployable UV surface-disinfection systems (Table 6). The framework is an author-derived
synthesis of the reporting deficiencies observed in this review and should not be interpreted as a
formally validated reporting guideline.
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Table 6
Proposed minimum reporting framework for studies of deployable UV surface-disinfection systems in

healthcare
Domain Minimum information to report

Technology
identity

Manufacturer/model; source type; wavelength or spectral distribution;
continuous or pulsed emission; number and orientation of emitters.

Dose specification Irradiance measurement method; target and delivered dose; sensor locations
and calibration; distance; exposure time; cycle-control algorithm or endpoint.

Healthcare
environment

Room type and dimensions; furniture/layout; occupied or unoccupied status;
environmental conditions relevant to UV delivery.

Positioning and
coverage

Number and location of device positions; direct and indirect sites; line of sight;
eligible rooms; completed cycles; treatment coverage and failed/incomplete
cycles.

Cleaning context Sequence relative to manual cleaning; chemical products and contact time;
terminal, daily or outbreak use; concurrent infection-prevention interventions.

Microbiology and
outcomes

Natural or artificial contamination; organism and matrix; baseline burden;
sampling method/timing; environmental, acquisition, clinical and operational
outcomes.

Operations and
safety

Setup and cycle time; room downtime; staffing; training; failures; maintenance;
adverse events; material compatibility.

Transparency Funding; device donation/loan; manufacturer or developer roles; conflicts of
interest; protocol deviations; missing data and study limitations.

Limitations
This review has important limitations. The bibliographic search was restricted to PubMed and to a single
structured query run on 1 September 2026; relevant evidence not indexed in PubMed or described using
terminology outside the query may therefore have been missed. Review-type publications were removed
using the PubMed Review publication-type filter before reviewer screening. Study selection of the
remaining 206 records was conducted by two reviewers, whereas data charting and extraction were
performed by a single reviewer without independent duplicate extraction, which may have increased the
risk of transcription or classification error. Study designs, baseline contamination, microbiological
methods, effect measures and technical reporting were heterogeneous, precluding quantitative pooling.
No formal critical appraisal or risk-of-bias assessment was performed. Publication and selective-
reporting bias remain possible. The final scope intentionally excludes permanently fixed wall/ceiling
installations and handheld spot-disinfection devices. At least 38 of 71 reports (53.5%) documented
direct commercial involvement through manufacturer/company funding, provision or loan of devices,
materials or data, company technical support, or company/developer authorship; this should be
considered when interpreting a device-oriented evidence base.

Eligibility adjudication also clarified the operational boundary. Dosimetry-only or model-only evaluations
without a directly measured microbiological surface endpoint were excluded, as were permanently
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installed wall/ceiling systems and handheld spot-treatment devices. These decisions were applied
consistently during the selection process and are documented in Additional file 1.

Conclusions
Across the final 70-study map (71 reports), deployable UV surface-disinfection systems show their most
consistently favorable findings at the environmental level: directly exposed, adequately dosed sites often
demonstrate substantial reductions in microbial burden. Translation is less reliable when dose is
attenuated by distance, shadowing, organic material, spores or difficult room geometry. Patient-level
evidence is materially more heterogeneous. BETR disinfection demonstrated a reduction in a composite
acquisition/infection outcome when UV-C was added to standard terminal cleaning [26], but randomized
null findings in cancer/transplant units [27] and in the large sham-controlled LAMP trial [28], together
with null observational/environmental results in other settings [29, 39, 66], argue against assuming a
uniform causal effect across pathogens, populations and cleaning contexts.

For healthcare implementation, the practical unit of analysis should therefore be the deployment system
rather than the lamp or wavelength alone. Device selection should consider source, positioning or
navigation, target surfaces, delivered-dose control, occupancy requirements, treatment coverage and
integration with environmental-services workflow. UV should supplement, not replace, validated manual
cleaning and disinfection. Future studies should connect all major links of the translation pathway—
dose, surface microbiology, implementation coverage and patient outcomes—within the same evaluation
so that germicidal efficacy can be meaningfully translated into infection-prevention benefit.

Abbreviations
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Benefits of Enhanced Terminal Room disinfection
CDI
Clostridium difficile infection
CFU
colony-forming unit
CI
confidence interval
CRE
carbapenem-resistant Enterobacteriaceae
HAI
healthcare-associated infection
ICU
intensive care unit
IRR
incidence rate ratio
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Lowering the Acquisition of Multidrug-Resistant Organisms With Pulsed-xenon
LED
light-emitting diode
MDRO
multidrug-resistant organism
MRSA
methicillin-resistant Staphylococcus aureus
OR
odds ratio
PCC
Population–Concept–Context
PRISMA-ScR
Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews
PX-UV
pulsed-xenon ultraviolet
R1
routine-care surface effectiveness
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healthcare field efficacy
R3
healthcare-room or full-scale evidence
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risk ratio
UV-A
ultraviolet-A
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ultraviolet-C
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vancomycin-resistant enterococci.
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Study-selection flow and evidence strata. The structured PubMed search run on 1 September 2026
returned 643 records. Review-type records were identified and removed in PubMed using the Review
publication-type filter (n=437), leaving 206 records for screening by two reviewers. Seventy-one reports
representing 70 distinct studies met the eligibility criteria; one BETR companion report was not counted
as a separate study.

Of the 206 records assessed by the reviewers, 135 were excluded during title/abstract screening or full-
text eligibility assessment, leaving 71 included reports representing 70 distinct studies. The final
evidence base comprised 43 R1 routine-care studies represented by 44 reports, 17 R2 healthcare field-
efficacy studies represented by 17 reports, and 10 R3 healthcare-room/full-scale studies represented by
10 reports.
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Figure 2

Translation framework from UV source characteristics to infection-prevention outcomes.

The same source can produce different outcomes when delivered dose, room geometry, organism,
contamination matrix or implementation coverage differ. R3, R2 and R1 represent different evidentiary
vantage points rather than a formal quality hierarchy; no single included study spans the entire
translation pathway.
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