The impact of far-UVC on pathogen reduction in healthcare facility built environments: a systematic scoping review
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Abstract
Far‑ultraviolet C (far-UVC) light is an emerging technology for continuous disinfection in occupied indoor environments, including healthcare facilities. While laboratory studies show strong pathogen inactivation, real‑world evidence remains limited. This systematic scoping review synthesizes in situ evaluations of far‑UVC disinfection efficacy in healthcare built environments. We searched PubMed, Scopus, and Embase for studies evaluating far‑UVC disinfection in healthcare settings. We extracted and narratively synthesized data on study design, device characteristics, microbial targets, and efficacy outcomes. Fourteen studies met inclusion criteria. Most (n=12, 86%) were short‑term pre/post experiments that measured disinfection efficacy immediately after far-UVC exposure for minutes or hours, often using inoculated surfaces or artificial carriers. Only two studies collected longitudinal data in rooms that remained in normal use. Across studies, far‑UVC produced measurable reductions in microbial contamination on illuminated surfaces and in air samples. However, efficacy varied widely by organism, surface type, and dose delivered. Methodological reporting on dose delivered and microbial sampling and recovery methods was poor. Overall, we found that evidence was tentatively favorable to far-UVC but no representative of how far-UVC would realistically be installed in clinical settings. Future studies that evaluate more realistic installation conditions, assess efficacy against native microbiomes, and more rigorously report key methodological details are needed to better evaluate disinfection efficacy.


Background
Far ultraviolet-C light (far-UVC) is an emerging technology developed for disinfection, particularly in occupied indoor built environments. Far-UVC is a specific wavelength of light within the ultraviolet (UV) spectrum at 220-230 nanometers, which was discovered in the early 2000s as an alternative to conventional UV light for safer disinfection in human-occupied spaces [1,2]. Far-UVC functions similarly to conventional UV light for disinfection by irradiating microbes and causing genetic damage, reducing their functionality and survivability. However, conventional UV is generally considered unsafe for routine disinfection of occupied spaces due to the well-established links between conventional UV exposure and skin and eye damage. In contrast, far-UVC has a significantly reduced ability to penetrate human tissues, meaning that it is assumed to be safe for prolonged human exposure [3]. Because of far-UVC’s ability to disinfect surface microbes without harm to humans, there is considerable interest in applying it for disinfection of occupied indoor spaces [4–8]. Healthcare facilities are a notable priority setting for far-UVC applications, due to their high risk of infections and growing concern over antimicrobial resistance. 
Far-UVC has several potential benefits over conventional disinfection (i.e., using chemical disinfectants applied by cleaners) in healthcare settings. First, far-UVC disinfection may be automated via a timer or continuous operation, reducing the likelihood of human error associated with conventional cleaning. Second, far-UVC is able to disinfect air and other surfaces that conventional chemical disinfectants cannot [4,5]. Third, far-UVC may be less likely to promote antibiotic resistance than other disinfection techniques, because DNA damage occurs randomly throughout the genome, minimizing the likelihood of selection for resistance traits through repeated applications [REF].
While these technologies show promise, their development has outpaced efforts to compile evidence on their effectiveness. Most existing reviews that discuss the application of far-UVC in built environments are non-systematic [3,6,8]. Existing systematic reviews focus on meta-analyses comparing disinfection efficacy of different wavelengths under tightly controlled laboratory conditions [9]. Evidence from laboratory conditions suggests potential impact in real-world settings but does not concretely demonstrate that far-UVC technology will perform satisfactorily in such settings. Healthcare environments have complex, dynamic microbiomes that differ substantially from those in laboratory settings. To build credible evidence to support the scale-up of far-UVC technology, a robust synthesis of evidence from real-world healthcare applications is needed. As of 2025, we identified no systematic reviews that attempt to synthesize evidence on the efficacy of far-UVC technologies from real-world applications across settings. To address this, we conducted a systematic scoping review on the efficacy of in situ far-UVC applications for disinfection within healthcare facility built environments. 
[bookmark: _Toc181102141]Methods
Objectives and scope
Our research objectives were to describe the healthcare settings in which far-UVC has been evaluated, describe the primary outcomes used to measure disinfection efficacy, and assess the efficacy of far-UVC applications in these settings.
For disinfection efficacy, we considered any measure of changes to the quantity or composition of bacteria, viruses, fungi, and/or protozoa within the healthcare facility built environment. We considered in vitro applications of far-UVC out of scope, as they have been previously reviewed [9] and offer limited insight into how far-UVC will perform in real-world applications.
[bookmark: _Toc181102142]Reporting
We adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines for reporting this systematic review [10]. This protocol was pre-registered in the Open Science Framework registry (https://doi.org/10.17605/OSF.IO/YXTQV).
[bookmark: _Toc181102144]Search strategy
We searched PubMed (National Library of Medicine), Scopus (Elsevier), and Embase (Elsevier) databases for "far ultraviolet C," "222 nanometer," and associated variations (e.g., UV-222, UVC222, 222 nanometre) in title, abstract, and keyword fields. The search did not include additional search concepts, to avoid missing potentially relevant results from among the small body of literature. We conducted all searches on September 29, 2025 and restricted the results to studies published in 2010 or later (the decade in which studies first proposed far-UVC for disinfection of occupied built environment contexts [7]).  The full search strategies for all databases are available in Supplemental File 1.
Inclusion/exclusion criteria
To be eligible for inclusion, studies had to be conducted in a healthcare setting and provide at least one disinfection efficacy measure. For disinfection efficacy outcomes, we included only disinfection of the built environment—either the level of microbial contamination within it or the relative abundance of certain species compared to the overall microbiome. We excluded studies that collected only irradiance measurements and modeled effects using published dose-response models, without conducting any microbial sampling.
We defined the built environment to include any man-made indoor space, including any surfaces, fixtures, and non-invasive objects located within that space (e.g., walls, doorknobs, countertops, seating). We excluded disinfection of invasive medical devices (i.e., any object that is inserted into the body or otherwise penetrates the skin barrier, such as scalpels or catheters), disinfection of worn clothing or skin surfaces, and disinfection of food (e.g., to reduce food-borne illness or inhibit spoilage) from the scope. We also excluded applications of far-UVC for water and wastewater treatment from the scope.
We excluded reviews, commentaries, op-eds, or other article types that did not present primary data, as well as conference abstracts or posters for which a full published manuscript was not available. Otherwise, all study designs will be eligible for inclusion. We included studies in only studies written in English.
[bookmark: _Toc181102145]Study screening
[bookmark: _Toc181102146]We deduplicated results and managed references using Covidence software (Veritas Health Innovation, Melbourne, Australia). Two reviewers independently screened each study at the title-abstract level. Where necessary, a third reviewer resolved conflicts. For studies that passed title-abstract screening, we obtained and screened full-text articles following the same procedure.
[bookmark: _Toc181102148]Full-text data extraction
Reviewers extracted data from included studies using an Excel form. Before deploying the form, we pilot-tested it across a sample of three studies. During the pilot, two reviewers extracted data from the same studies and compared the results to determine whether the extraction procedures were consistent among reviewers. We discussed conflicts and revised the form as needed. A single reviewer then extracted all studies using the pilot-tested form. During data synthesis, a second reviewer conducted spot checks on approximately 10% of all fields.
We extracted information on citation details, healthcare facility setting, study design, far-UVC intervention design and implementation, control/comparison (if applicable), efficacy measurement procedures, and efficacy measure results.
[bookmark: _Toc181102149]Data synthesis
Our search yielded a small number of highly heterogeneous studies; we therefore did not conduct a meta-analysis. We present our findings in a narrative synthesis. We created descriptive statistics to summarize the following information reported in the included studies: study designs, healthcare facility characteristics, far-UVC device manufacturer and application method, and types of efficacy outcomes assessed. We present a narrative summary of efficacy results in tables.
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Characteristics of included studies
Our search yielded 2,002 citations, of which 1,136 were unique. A total of 104 studies were retrieved for full text review. Ninety studies were excluded at full text for the following reasons: non-healthcare facility setting (n=41), lacked a measure of disinfection effectiveness (n=33), wrong article type (n=9), sanitization of ineligible surface or device (n=2), non-English language (n=2), duplicates (n=2) and not a far-UVC device (n=1).  At the full-text stage, we excluded one notable study in which far-UVC was delivered in a randomized controlled trial. However, both of the two trial arms implemented far-UVC, and the study assessed hospital-acquired infections (among other outcomes). However, hospital infection rates are reported as total infection counts at endline between the two trial arms. Because both arms received far-UVC and no baseline infection rates were reported, it is not possible to assess far-UVC efficacy. After all screening, we included 14 eligible studies (Figure 1).
Of those studies, ten (71%) disclosed a conflict of interest. Four (29%) were funded by the far-UVC device manufacturer; five (36%) received an in-kind contribution of the far-UVC device. One study disclosed that some authors were former employees of the manufacturer.

[image: ]
Figure 1. PRISMA flow diagram of included studies.
Healthcare facility contexts
Studies were conducted in the United States (n=9) [11–19], Japan (n=2) [20,21] , Australia (n=1) [22], Denmark (n=1) [23], and Taiwan (n=1) [24]. Eight studies did not explicitly state the country, but we inferred the location from the author affiliations and/or approving institutional review boards.
We attempted to systematically extract information on the healthcare facility contexts in which studies were conducted, but most studies did not report this information. Four studies (29%) named a specific healthcare facility, and one (7%) named a specific health network. Four studies (29%) generically named a type of facility (e.g., “hospital” or “academic medical center”). The remaining six studies (43%) did not describe the healthcare facility at all, describing only the rooms and/or departments where testing was conducted. Within healthcare facilities, seven studies (50%) were conducted in clinical areas that provided patient care; five studies (36%) were conducted in non-clinical areas (e.g., bathrooms of outpatient facilities, waiting rooms, equipment storage areas); and two studies (14%) had sites in clinical and non-clinical areas. 
Information on the facility management (e.g., public, private), level (e.g., primary, tertiary), and type of care (e.g., inpatient, outpatient) was infrequently reported. No study provided contextual information on facility size or patient volume (e.g., number of beds, occupancy rate, or number of outpatients treated). 
Far-UVC devices
All far-UVC devices were from commercial manufacturers: Mynatek (n=4, 29%), Ushio (n=3, 21%), UVmedico (n=2, 14%), Freestyle partners (n=2, 14%), R-Zero Systems (n=1, 7%), Sterilray (n=1, 7%), and Myna Life Technologies (n=1, 7%). Seven studies identified a specific product, while the remaining studies only identified the manufacturer. 
Ten studies (71%) were mounted on ceilings or on walls at a height of 2 meters or higher (or on temporary poles placed next to walls). Four studies used either handheld or portable devices positioned at close range to the target surface (approximately 5 cm or less) for a brief disinfection period, then removed them. Wall-mounted devices were operated continuously (sometimes with a sensor to deactivate with human presence), on a timer or duty cycle. Handheld devices were operated by a manual button or switch. Table 1 provides additional details about device operation. 
Table 1. Far-UVC installation and operation details from included studies.
	Far-UVC device characteristics
	Number of studies (%)
	References

	Mounting location
	
	

	Ceiling
	5 (36%)
	[14,17,19,21,23]

	Handheld or portable
	4 (29%)
	[16,18,20,24]

	Temporary post
	3 (21%)
	[11–13]

	Wall
	2 (14%)
	[15,22]

	Method of operation
	
	

	Continuous, but with sensors to deactivate when humans are in illumination field
	6 (43%)
	[12–15,17]

	Manual switch/button
	4 (29%)
	[16,18,20,24]

	Duty cycle or timer
	1 (7%)
	[21]

	Continuous
	1 (7%)
	[22]

	Not stated
	2 (14%)
	[19,23]

	The room was in routine use during the testing period (i.e., not restricted to study personnel only)
	
	

	No
	5 (36%)
	[11–13,20,22]

	Yes
	2 (14%)
	[17,23]

	Not stated
	7 (50%)
	[14–16,18,19,21,24]



We found that reporting of the radiation dose from far-UVC devices was inconsistent and sometimes unclear. A dose of far-UVC radiation is expressed as a measure of energy (e.g., millijoules) or power (e.g., microwatts) over a time period. Some studies reported the exposure time but not the power, or vice versa. Others reported a specific measurement of the capability of the far-UVC device, but not necessarily in situ measurements at the testing sites. Other studies reported in situ measurements, but in unshaded locations directly in front of or beneath the lamp, not necessarily at the sites where decontamination efficacy was assessed.
Study designs and assessment outcomes
We identified two main types of study designs: short-term studies that conducted one-time sampling on surfaces pre- and post-exposure to far-UVC (shortest exposure period was five seconds; longest exposure was 18 hours) (n=12 studies, 86%), and longer-term studies that collected baseline samples, then activated far-UVC and collected multiple samples over a multi-day period of normal operation (shortest time period was three days; longest timer period was 14 weeks) (n=2 studies, 14%).
Studies measured disinfection of both air (n=4, 29%) and surfaces (n=13, 92%). Some surfaces were specified as non-porous, but often this information was not provided and could not be reasonably inferred (e.g., counter tops are likely non-porous, while chair armrests could plausibly be porous or non-porous). In some cases, studies tested surface disinfection on plates or test coupons placed in the built environment by the research team specifically for the study (n=6, 43%). Half of the studies (n=7, 50%) inoculated air or surfaces with microbes to test far-UVC efficacy but did not test naturally occurring microbes within the healthcare facility. Five studies (36%) tested efficacy against preexisting microbes in air or surfaces. Two studies (14%) tested efficacy using multiple tests, some with naturally occurring microbes on surfaces and others with inoculated surfaces (Table 2).




Table 2. Outcomes and methods used to assess far-UVC disinfection efficacy among included studies. Some studies conducted multiple tests to measure efficacy, so the number of studies for some metrics may total greater than 14 (i.e., the number of studies). CFUs = colony-forming units. PFUs = plaque-forming units.
	Study characteristic
	Number of studies
	References

	Study design
	
	

	Pre/post with one-time assessment
	12 (86%)
	[11,12,14–16,18–22,24]

	Pre/post with longitudinal assessment
	2 (14%)
	[17,23]

	Control groups used
	
	

	Untreated controls (no treatment or cleaning)
	9 (64%)
	[11–16,19,21,22]

	Conventional cleaning/continuation of standard procedures
	3 (21%)
	[17,18,23]

	None (no comparator)
	2 (14%)
	[20,24]

	High-efficiency particulate air filtration
	1 (7%)
	[22]

	Material tested
	
	

	Surfaces (e.g., floors, counters)
	10 (71%)
	[11–14,16–18,20,23,24]

	Test coupons or plates
	6 (43%)
	[11,14,15,17,19,21]

	Air
	4 (29%)
	[15,17,19,22]

	Types of outcome measurement assessed
	
	

	Changes in CFUs / PFUs
	13 (93%)
	[11–21,23]

	Proportion of samples with detectable pathogens of interest
	2 (14%)
	[13,24]

	Equivalent air exchanges per hour
	1 (7%)
	[22]

	Surfaces inoculated for testing
	
	

	Yes
	9 (64%)
	[11–15,17,21,22]

	No
	7 (50%)
	[13,16–18,20,23,24]

	Types of organisms assessed for disinfection efficacy
	
	

	Nonspecific CFUs
	5 (36%)
	[16–18,23]

	Bacteriophage (ϕX174 or MS2)
	4 (29%)
	[15,19,21,22]

	Candida auris
	4 (29%)
	[11,13–15]

	Methicillin-resistant Staphylococcus aureus (MRSA)
	4 (29%)
	[12,13,15,19]

	Enterococcus spp.
	2 (14%)
	[13,20]

	Staphylococcus aureus
	2 (14%)
	[13,21]

	Vancomycin-resistant Enterococci
	2 (14%)
	[13,15]

	Bacillus subtilis
	1 (7%)
	[17]

	Clostridioides difficile
	1 (7%)
	[15]

	Enterobacter cloacae
	1 (7%)
	[14]

	Pseudomonas aeruginosa
	1 (7%)
	[14]

	SARS CoV-2
	1 (7%)
	[24]

	Streptococcus spp.
	1 (7%)
	[20]





Efficacy results
Disinfection efficacy results varied substantially across study designs and comparator groups. Table 3 summarizes each study.
Two studies assessed far-UVC as a supplement to routine cleaning by comparing a conventional cleaning period with a conventional cleaning plus far-UVC period. One study found no significant differences between the two treatment arms for either air or surface contamination [23]. One study found reductions in mean colony forming units during the supplemental far-UVC period compared to the conventional cleaning-only period, ranging from 55-77%, depending on the surfaces sampled and the culture media [23].
Two studies assessed far-UVC in a direct head-to-head comparison against another disinfection strategy. Landry et al. [22] found no significant difference between far-UVC and no-treatment, but far-UVC underperformed high-efficiency particulate air filters for air disinfection, though none of the differences between groups were significant. Navarathna [18] found that far-UVC and sodium hypochlorite were both effective surface disinfection approaches, with sodium hypochlorite showing moderately better performance in short-term tests evaluating contamination immediately before and after treatment.
The remaining studies assessed the efficacy of far-UVC disinfection before and immediately after exposure. We found considerable heterogeneity in methods for assessing disinfection efficacy, with some studies inoculating carrier disks or plates, others inoculating equipment or surfaces within the built environment, and others assessing disinfection of microbiomes naturally occurring within the built environment. All studies reported a decrease in surface or air contamination for at least some sampled areas, though the precise magnitudes of the effect varied substantially, and statistical significance was not consistently reported. The greatest reported disinfection was a 7 log reduction in PFUs of bacteriophage sampled from the bathroom air after 45 minutes of far-UVC exposure [15]. The least-reported disinfection was no change in surface contamination at shaded locations, which was reported across multiple studies. All studies assessing disinfection on fully illuminated surfaces reported at least some reduction in surface contamination, though statistical significance was inconsistently reported.
We found no discernible trend in disinfection efficacy by surface type, microbes assessed, or other aspects of the study design (e.g., inoculated versus naturally occurring microbes), though subgrouping the studies by these characteristics yielded small samples of 1-2 studies.
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Table 3. Study designs and efficacy results for included far-UVC studies.
	Study
	Experimental design summary
	Results

	Challener 2024
	Longitudinal assessment, non-inoculated surfaces and air. A bathroom alternated between far-UVC (continuous) and control (standard cleaning) phases (1 week each, separated by a 2-day washout) for 74 days. Air and surface swab samples were collected weekly and compared between phases.
	No significant differences were observed between far-UVC and controls in either air (mean adjusted difference in log-CFU 2.68 [95% CI −10.70, 16.42]) or surface samples (0.37 [95%CI −18.76, 19.51]).

	Kaple 2024a
	One-time assessment, inoculated surfaces. Common clinic objects (e.g., a package of gauze, a box of gloves) were inoculated with Pseudomonas aeruginosa and exposed to far-UVC for 45 minutes. Tests were repeated with and without a reflective surface behind the sink. Log reductions in CFU were computed and compared to untreated controls.
	A mean log reduction of ≥1.9 CFU was observed on unshaded objects; 0.4-1.8 log reduction was observed on objects in shaded sites with a non-reflective surface behind the sink. Adding a reflective surface significantly increased the reduction (precise magnitude of change not reported).

	
	One-time assessment, inoculated surfaces. Steel disk carriers were inoculated with P. aeruginosa, Enterobacter cloacae, and Candida auris, placed in and around a sink, and exposed to far-UVC for 45 minutes. Log reductions in CFU were computed and compared to untreated controls.
	A mean log reduction of ≥1.5 CFU was observed across both species

	
	One-time assessment, inoculated surfaces. Biofilm was recovered from 2 hospital sinks with known P. aeruginosa or E. cloacae colonization and used to inoculate areas of the sink bowl and sink countertop. Areas were exposed to far-UVC for 45 minutes. Log reductions in CFU were computed and compared to untreated controls.
	A mean log reduction of ≥1.8 CFU was observed across the different organisms and test sites (range from approximately 1.5 – 2.5 log reduction)

	Kaple 2024b
	One-time assessment, inoculated surfaces. Steel disk carriers were inoculated with bacteria, placed in a staff bathroom, and exposed to far-UVC for 45 minutes. Log CFU reductions were calculated in comparison to untreated controls.
	Mean log reductions varied substantially across locations and organisms, with higher mean log reductions at locations with greater far-UVC exposure. Log reductions ranged from approximately 3.8 to 0.2 across all organisms and locations after 45 minutes of exposure. After 2 h exposure, ≥ 1.2 mean log reductions (range, 1.2 to 4.2 log reduction) were achieved for all organisms at all test sites

	
	One-time assessment, inoculated air. A bathroom was inoculated with nebulized phage for 3 minutes. Far-UVC was activated, and samples were collected at 5 and 45 minutes. Tests were repeated with a no-treatment control. Log reductions in PFU were computed and compared to untreated controls.
	A significant mean log PFU reduction of 7 was observed.

	Landry 2025
	One-time assessment, inoculated air. A clinical room was inoculated with nebulized bacteriophage for 25 minutes. After a 5-minute lag period, far-UVC was applied for 40 minutes, with air sampling every 10 minutes. Tests were repeated for a no-intervention and a high-efficiency particulate air filter controls. Equivalent air exchanges (eACH) per hour were computed and compared.
	No significant differences were observed between far-UVC and control (+1.4 eACH [95% CI 0.1, 5.3] or far-UVC and HEPA (-3.5 eACH [95% CI -2.5, 7.1]).

	Memic 2024a
	One-time assessment, inoculated surfaces. Surfaces on medical equipment (e.g., portable vital signs unit, wheelchair) in a storage room were inoculated with Candida auris and exposed to far-UVC for 4 hours. Log reductions in CFU were computed and compared to untreated controls.
	A mean log CFU reduction of >2 was observed across all sites after 4 hours

	Memic 2024b
	One-time assessment, inoculated surfaces. Steel disk carriers were inoculated with methicillin-resistant Staphylococcus aureus, placed at various locations in an unoccupied patient room, and exposed to far-UVC for 45 minutes. Log CFU reductions were calculated in comparison to untreated controls.
	A mean log CFU reduction of ≥1.7 was observed at across all patient-room sites after 45 minutes

	
	One-time assessment, inoculated surfaces. Surfaces on medical equipment (e.g., portable vital signs unit, wheelchair) in a storage room were inoculated with methicillin-resistant Staphylococcus aureus and exposed to far-UVC for 4 hours. Log reductions in CFU were computed and compared to untreated controls.
	A mean log CFU reduction of ≥1.6 was observed for all sites, except one partially shaded location that achieved a 0.5 log reduction, after four hours of exposure. Six out of 8 sites achieved a ≥3 log reduction

	Memic 2025
	One-time assessment, inoculated surfaces. Patient transport chairs were inoculated on the wheels, seat, and handles with methicillin-resistant Staphylococcus aureus and Candida auris and exposed to far-UVC for 4 and 12 hours. Log reductions in CFU were computed and compared to untreated controls
	A mean log CFU reduction of > 2 was observed after 4 hours. A mean log CFU reduction of >3 was observed after 12 hours.

	
	One-time assessment, non-inoculated surfaces. Patient transport chairs were sampled pre-exposure and at 4 and 12 hours post-far-UVC exposure. The proportion of swab sites with detectable microbes was compared between exposed and unexposed chairs.
	The proportion of sampled sites with ≥1 pathogen decreased significantly from 50.0% to 18.3% at 4 hours, and from 50.0% to 1.2% at 12 hours. Control chairs saw no significant changes.

	
	One-time assessment, non-inoculated surfaces. Physical therapy equipment was sampled pre-exposure and after 12 hours of far-UVC exposure. Prevalence of swab sites with detectable microbes was compared between exposed and unexposed chairs.
	No significant reduction in the proportion of sampled sites with ≥1 pathogen was observed after 4 hours (10% to 0%, p=0.12). Results were sustained after 12 hours.

	Mogensen 2025
	Longitudinal assessment, non-inoculated surfaces. Waiting room chairs in an outpatient unit were sampled daily for a three-day far-UVC period and a three-day control period (no far-UVC). Reductions in mean CFUs were computed and compared.
	A significant 70.5% mean CFU reduction was observed on chairs during the far-UVC period.

	
	Longitudinal assessment, non-inoculated surfaces. Workstations in medical wards were sampled weekly for 14 weeks in a far-UVC ward and a control ward. Reductions in mean CFUs were computed and compared.
	A significant mean CFU reduction of 77.2% for Petrifilm and 55.9% for blood agar was observed in the far-UVC ward.

	Navarathna 2023
	One-time assessment, non-inoculated surfaces. Matched sampling areas were identified on surfaces in an inpatient medical-surgical unit for far-UVC and conventional sodium hypochlorite cleaning. Far-UVC surfaces were exposed to a handheld device for 30 seconds. Samples were collected before and immediately after treatment. Reductions in CFUs were computed and compared.
	A mean CFU reduction of 81.4% (76.2%-85.7%) was observed for far-UVC and 99.4% (99.0%-99.7%) for sodium hypochlorite. 

	Osborne 2024
	One-time assessment, inoculated surfaces. Steel disk carriers were inoculated with methicillin-resistant Staphylococcus aureus, placed at various locations in an unoccupied dental treatment room, and exposed to far-UVC for 2 hours. Log CFU reductions were calculated in comparison to untreated controls.
	A log CFU reduction of ≥1.7 was observed for all unshaded and partially shaded sites. A log reduction of ≤.5 log was observed for fully shaded sites. 

	
	One-time assessment, inoculated air. Rooms with and without far-UVC inoculated with nebulized bacteriophage. Air samples were collected from 0-5 minutes and 40-45 minutes. Log reductions calculated and compared between far-UVC and untreated controls.
	A log PFU reduction of >5 was observed after 45 minutes.

	Su 2022
	One-time assessment, non-inoculated surfaces. Surfaces, objects, and equipment (e.g., bed rails, call bell, windowsill, toothbrush) in inpatient rooms of COVID-19 patients were sampled before far-UVC exposure and after 5, 10, 15, and 20 seconds of exposure using a handheld device. SARS-CoV-2 was quantified and compared across timepoints.
	The positive contamination rates for sampled surfaces were 36.1% before irradiation. Significant reductions of 8.3%, 5.6%, 0%, and 0% were observed after 5, 10, 15, and 20 seconds, respectively.

	Sugihara 2022
	One-time assessment, inoculated surfaces. Plates were inoculated with S. aureus, and φX174 bacteriophage phage with E. coli, and placed at various locations in an outpatient examination room. One location was covered to prevent far-UVC exposure. Far-UVC was activated for 12.5 hours, using a duty cycle with 1.4 hours of active illumination. CFUs/PFUs were enumerated before and after and compared to untreated controls
	Significant reductions in CFUs/PFUs were observed for both S. aureus (83.1-93.3%) and φX174 bacteriophage (99.4-99.97%) after 12.5 hours.

	Tanimoto 2024
	One-time assessment, non-inoculated surfaces. A dental spittoon was exposed to a portable far-UVC device for 5 minutes. CFUs were enumerated before and after.
	Significant mean CFU reduction from 53 to 15.0 on standard media and 13.0 to 1.2 on mitis salivarius media.

	Yaghi 2025
	One-time assessment, non-inoculated surfaces. Adjacent far-UVC and control surfaces were delineated on equipment (e.g., computer keyboard, mouse, dictation device) within workrooms of a hematologic malignancy and stem cell transplant units. Far-UVC surfaces were exposed for 40 seconds using a handheld device; control surfaces received no treatment. Before and after samples were collected and compared.
	Significant percent reduction in mean CFUs four surfaces (dictation device, mouse, armchair, desk), varying between 63.2 - 83.4%. Mean CFUs were not significantly reduced on the fifth surface (keyboards).



Discussion
We conducted a systematic scoping review to assess the efficacy of far-UVC for disinfection in healthcare facility built environments. We identified 14 studies that reported relevant outcomes on changes in microbial contamination levels or the relative abundances of microbial species.
Overall, we found that studies favored the performance of far-UVC for disinfection, with several caveats. First, far-UVC may not necessarily offer superior performance to conventional cleaning for short-term disinfection. Navarathna et al. conducted direct head-to-head comparisons of surface cleaning in medical-surgical wards and found that sodium hypochlorite performed better for samples collected immediately after treatment [18]. No other studies that met our inclusion criteria directly compared far-UVC against conventional cleaning, though this finding has been substantiated by laboratory tests [25]. However, one of the benefits of far-UVC is that it is presumed safe for operation in occupied indoor spaces [26,27] and can therefore offer continuous disinfection even when rooms are in use. The trade-offs between relatively weaker short-term disinfection efficacy and the ability for continuous disinfection warrant further investigation. This can only be achieved through longer-term longitudinal studies.
Second—and unsurprisingly —studies demonstrated that far-UVC efficacy varies with the dose of radiation delivered to target surfaces [11,11,14,19]. All built environments will inevitably have shaded areas where far-UVC radiation cannot reach and therefore cannot disinfect. Laboratory studies have also shown reduced sensitivity of mature biofilms to far-UVC disinfection, hypothesized to be due to shielding of upper layers that block radiation from fully penetrating to lower layers [28,29]. No studies included in our review examined the efficacy of heavily soiled surfaces, but we expect that far-UVC will prove ineffective at disinfecting heavy soiling that can occur in healthcare settings (e.g., bodily fluid spills).
Overall, this evidence suggests that far-UVC is likely best suited to supplement—rather than replace—existing cleaning practices. We hypothesize that far-UVC, when paired with conventional cleaning, can achieve additional marginal reductions in contamination of healthcare built environments that would not otherwise be realistically achieved through manual conventional cleaning alone. Preliminary laboratory tests have demonstrated that far-UVC and conventional disinfectants combined have resulted in greater reductions of surface contamination than either independently [25].
However, to substantiate this hypothesis for in situ healthcare facility applications, more rigorous research is needed. Only two studies in our review installed far-UVC in a way that realistically represented how it would likely operate in a real-world setting (i.e., as a supplemental disinfection strategy in which normal cleaning procedures continued) and collected longitudinal data on its performance [17,23]. The remaining studies compared far-UVC efficacy immediately after short-term exposure against no-treatment or conventional cleaning controls.
Congruence with prior laboratory evidence
Laboratory studies suggest that far-UVC is effective at inactivating epidemiologically important pathogens, such as coronaviruses [30–33], vancomycin-resistant Enterococci [34], S. aureus [33–35], Klebsiella pneumoniae [35], Acinetobacter baumannii [34], and Pseudomonas aeruginosa [35,36]. Far-UVC has been effective in inhibiting biofilm formation [37], and importantly, is effective against several bacteria resistant to conventional ultraviolet at 254 nanometers [38]. Most studies in our review measured efficacy against non-specific colony forming units or a single pathogen species, but future studies that disaggregate disinfection efficacy by pathogen in real-world healthcare settings would be informative.
Laboratory evidence for the efficacy of far-UVC is strongest for airborne pathogens. Multiple studies have demonstrated that disinfection of airborne pathogens in chamber and controlled laboratory settings can be achieved with doses less than the occupational health limits [30,36,39]. For example, Buonanno et al. [30] reported that, in a chamber study, 3-log reductions of coronavirus 229E and OC43 could be achieved at doses of 1.7 and 1.2 mJ cm⁻², respectively. These doses are considerably below the 8-hour threshold limit values proposed by the American Conference of Governmental Industrial Hygienists, which are 160 mJ cm⁻² for eyes and 478 mJ cm⁻² for skin [40], and below the more restrictive recommendations of the United Kingdom and European Union International Commission on Nin-Ionizing Radiation Protection, which are 23 mJ cm⁻² at 222 nm [41].
Our synthesis of in situ studies adds nuance to these laboratory tests. The two studies that compared far-UVC against a no-treatment control found significant reductions [14,19], corroborating laboratory evidence. However, the two studies that compared far-UVC against active controls [22] or as a supplement to conventional cleaning [17] found no significant effects. The small number of studies and their heterogeneity make it difficult to establish a meaningful trend. It’s possible that far-UVC, in isolation, will disinfect the air, but that this disinfection is negligible in healthcare facility settings where other disinfection methods and recontamination are ongoing. Another plausible explanation is that furniture and equipment in real-world spaces, combined with routine use and human presence, alter air circulation and microbiome dynamics in ways that laboratory chambers do not capture. Further testing in real-world occupied spaces is needed to establish a robust trend.
Laboratory evidence for far-UVC disinfection of pathogens on surfaces is highly variable. Laboratory studies suggest that far-UVC is effective at disinfecting a wide range of pathogens on surfaces, but the required dose varies significantly by organism and material type. For example, Huang et al. [34]found that a 3-log reduction of Carbapenem-resistant P. aeruginosa bacteria on silicone rubber could be achieved with a dose of 18.3 mJ cm⁻², but a 3-log reduction of MRSA, VRE, Carbapenem-resistant Escherichia coli, and Carbapenem-resistant Acinetobacter baumannii required a dose of at least 36.6 mJ cm⁻².  When examining the disinfection of a single strain of E. coli at a consistent dose of 10.08 mJ cm⁻², Guo and Chen [42] found that reductions ranged from 69.1% to 98.9%, varying primarily by surface material type. While some material properties -- such as roughness and electrostatic charge -- have negligible influence on far-UVC disinfection, others, such as pore size, can significantly affect performance. A study by Su et al. [35] corroborates the importance of material characteristics for disinfection. Disinfection of MRSA on cotton fabrics followed a single-stage protocol, whereas disinfection of MRSA from plastic surfaces followed a two-stage protocol. These differences in disinfection kinetics are important for extrapolating disinfection kinetics to real-world scenarios.
Limitations of existing literature in healthcare settings
Both laboratory studies and in situ studies included in our review are highly heterogeneous, which limits the synthesis and interpretation of the available evidence. Most surface disinfection studies follow the same basic structure: pathogens are inoculated onto a surface (or naturally contaminated surfaces are used for studies that do not inoculate), exposed to far-UVC radiation at varying doses, recovered from the surface, and enumerated via culture. Beyond this fundamental sequence, the methods, analysis, and results between studies differed significantly. Most notably, the pathogen strains and surface materials tested differed across studies. Even studies that included the same pathogens cannot be accurately compared due to critical differences in methodology. Common differences include variable inoculum concentrations, recovery methods, and drying time. These methodological differences can have important implications for data interpretation. For example, drying times are important for the recovery rate and inactivation kinetics of the pathogens of interest. Desiccation can cause a 90% reduction in bacterial viability, which affects bacterial density on surfaces [43].  These details were infrequently and inconsistently reported. These differences and lack of clear reporting make synthesis and comparison of studies difficult, and meta-analysis infeasible.
Overall, we found that in-situ healthcare studies offered limited insight beyond existing evidence from controlled laboratory studies. All studies were technically conducted in a healthcare facility, per our inclusion criteria. However, the majority did not realistically reflect how far UVC would be deployed under real-world scenarios for several reasons. First, pre-post studies that measure one-time disinfection efficacy within seconds, minutes, or hours of applying far-UVC do not demonstrate realistic long-term performance. These studies were typically conducted in unoccupied rooms, with restricted access except for study personnel conducting sampling. Short-term tests in highly controlled, unoccupied rooms are poorly representative of the dynamic changes in healthcare facility microbiomes, where surfaces can be rapidly re-contaminated after disinfection. This concern may be less relevant to far-UVC devices that operate continuously. However, for devices with substantial inactive periods (e.g., when sensors deactivate due to detected human presence or a timed duty cycle), recontamination during these periods is a concern.
Second, studies using no-treatment comparators are minimally relevant to healthcare facility settings, where the current standard of care is chemical disinfectants, and no-treatment (i.e., not surface cleaning) is unacceptable. Far-UVC may significantly outperform no-treatment controls, but it is only clinically relevant if it significantly outperforms the current standard of care. Future study designs should select comparators that are more relevant and reflect the actual surface cleaning and disinfection practices at the test locations. No-treatment controls are perhaps relevant for air disinfection, where no air disinfection is the norms except in limited circumstances (e.g., isolation rooms).
Third, over half of the studies (n=9, 64%) inoculated surfaces with introduced microbiomes rather than testing on naturally occurring microbiomes. Uniform cultures of a single or a limited number of microbes do not reflect the complex and dynamic microbiomes found in healthcare environments. Furthermore, six studies (43%) used inoculated artificial surfaces, typically steel carrier disks. Steel carrier disks may reflect disinfection efficacy for a limited number of surface types within a healthcare facility (e.g., sink basins), but this evidence does not readily translate to the diversity of surface types in the healthcare built environment. Evidence from laboratory settings has shown that far-UVC efficacy varies substantially across surface types [42]. 
Finally, we note that evidence should be interpreted with caution due to the high proportion of studies disclosing conflicts of interest.
Conclusions
Overall, evidence suggests that far-UVC warrants further investigation but falls short of demonstrating efficacy. Further in-situ studies are needed to advance the evidence base on far-UVC for healthcare facility disinfection. Specifically, these studies should reflect real-world conditions as closely as possible, by using native pathogens and surfaces within the healthcare environment (as opposed to inoculated plates or test carriers). Ultimately, we propose that more realistic tests should evaluate the efficacy of conventional cleaning plus far-UVC compared with conventional cleaning alone, with longitudinal data collection in rooms that remain in normal use during the test period. Results from these studies should be reported alongside clear and detailed methods sections that describe both the setting and surfaces sampled, but also the methods for microbial recovery. Given that efficacy in laboratory studies and in-situ studies to date demonstrate highly heterogeneous efficacy results based on surface type, pathogens, far-UVC dose, and other factors, we suspect that a considerably larger evidence base is need to establish a clear trend.
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