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on broiler farms show reduced bacterial
burden in poultry anterooms and on
wellington boots
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Abstract

Far ultraviolet-C (UV-C) irradiation at 222 nm has widely been shown to deactivate bacteria, viruses and fungi in
in-vitro experiments. However, there are few studies testing the technology on real life surface. There are no peer
reviewed studies on the efficacy and feasibility of far UV-C disinfection in real-life agricultural settings. The aim of
this study was to investigate whether far UV-C irradiation installations on UK broiler poultry farms could reduce
bacterial surface burden. On two farms one pair of wellington boots was submitted to far UV-C irradiation at

222 nm after staff exiting the bird housing, using a purpose build disinfection box. Swabs (n=780) were taken
from the bottom side of the soles before and after irradiation and from a pair of non-irradiated control boots. In a
separate trial wall mounted Far UV-C systems were installed in a poultry anteroom and vestibule. Swabs (n=615)
were taken from irradiated and non-irradiated (control) anteroom floors divided into 4 zones (L1-4), vestibule floors
divided into 2 zones (V1, V2) and walls divided into 2 zones (VW1, VW2) and the door handle (VD) leading to bird
housing. For both studies surface swabs were taken twice a week during the first 4-5 weeks of a bird crop. This
was repeated over 3-4 and 4-5 crops for the wellington trial and the poultry anteroom trial respectively. Swabs
were plated in the laboratory and the number colony forming units (cfu's) were determined. Overall, there was

a significant cfu reduction between treatments (p <0.001), after wellington boot exposure to far UV-C irradiation
compared to pre-exposure cfu counts and cfu's on control boots. Despite some technical challenges, across most
anteroom and vestibule sampling locations, cfu's from swalbs taken from far UV-C irradiated areas were significantly
lower than cfu's from control area swalbs. Far UV-C irradiation in livestock settings could be a promising added
biosecurity layer on broiler farms and could be applicable to a range of livestock systems. Further research and
development is required in areas such as installation adaptations to farms systems and settings, feasibility of
implementation and cost benefit analyses.
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Introduction

Animal disease outbreaks pose a significant threat to
the poultry and the wider global farming sector, with
far-reaching consequences for food security, public
health, the economy, and international trade. The risks
are expected to intensify with climate change, the rise
of antimicrobial resistance (AMR), and evolving global
trade patterns, which collectively increase the likelihood
of endemic, epidemic and emerging disease threats,
including the introduction of exotic pathogens [1]. In
addition to the direct impacts on animal health and wel-
fare, the economic burden associated with disease man-
agement and productivity losses is substantial [2]. There
is a need to explore more robust layers of biosecurity
and innovative, non-chemical approaches to disease pre-
vention and control, particularly considering concerns
regarding the reliance on chemical disinfectants. Evi-
dence suggests that certain biocides used on farms may
contribute to the selection and co-selection of antimi-
crobial resistance in farm pathogens such as Escherichia
coli, typhoidal and non-typhoidal Salmonella serotypes.
and Methicillin-resistant Staphylococcus aureus (MRSA)
(3—8]. Moreover, the efficacy of chemical disinfection
can be undermined by human error [9]. Novel tools that
can be deployed across a range of sectors and production
systems independent of drug resistance and less suscep-
tible to human error are essential to addressing these
challenges.

Ultraviolet C (UV-C) light, which operates at wave-
lengths between 100 and 280 nm, is widely employed as a
biocidal agent for the disinfection of water, air, food, sur-
faces and medical equipment. Conventional germicidal
UV-C systems typically emit UV radiation at 254 nm,
where the radiation causes structural alterations to the
DNA and RNA of microorganisms, resulting in DNA
and RNA damages and hence pathogen inactivation [10].
However, UV-C radiation at these wavelengths poses
well-documented risks to mammalian skin and eyes. Far
UV-C light operates within the 200-230 nm range and
has been proposed as a safer alternative. Its underlying
mechanisms of action have been extensively described by
Blatchley et al. [10]. Briefly, far-UVC light is generated by
Krypton-Chloride (KrCl) excimer lamps and operates at
the far end of the UVC spectrum (usually 222 nm wave-
length), which has a more limited penetration depth than
conventional UVC radiation at 254 nm. A substantial
body of literature suggests that far UV-C exposure results
in negligible or no damage to mammalian skin and
eyes. This has been demonstrated in both animal mod-
els and human volunteer models (11-18], including for
long-term exposure [15] although data remain limited.
Numerous studies have reported that far UV-C achieves
comparable pathogen inactivation efficiency to conven-
tional 254 nm UV-C, although higher doses or longer
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exposure times may be required to attain equivalent dis-
infection efficacy [19, 20].

Far UV at 222 nm has shown to deactivate a range of
bacteria relevant to animal and human health such as S.
aureus, E. coli, Clostridales spp., P. Aeruginosa and Bacil-
lus spp (21-27]. and can reduce the bacterial bioburden
on real life surfaces [28]. It has also show to deactivate
fungi [29-30] and viruses, including airborne viruses
such as Sars-CoV-2 (COVID19) (31-35]. The dose
required to deactivate varies by pathogen [24].

The majority of published researched is based on in-
vitro studies where variables can be easily controlled.
In vivo studies investigating the effect of environmental
parameters and studies on real-life surfaces are sparse
[22, 28, 36], highlighting the need to test far UV-C radia-
tion via field studies on real-life surfaces.

Far UV-C technologies for disinfection in livestock
agriculture have recently come to the market. These are
primarily focused on water disinfection, with one Danish
company advertising lamps for pig and poultry housing.
However, field trial data is held by industry and to the
authors knowledge there is no peer reviewed literature
investigating far UV-C installation in a real-life livestock
environment. In the poultry industry endemic infec-
tions such as Salmonella spp. and Campylobacter and
epidemic diseases such as avian influenza (Al) cause per-
sistent economic losses through reduced growth perfor-
mance, increased mortality, flock depopulation. Highly
pathogenic Al strains (e.g., H5N1, H5N8) also pose pan-
demic threats [37]. Therefore, this novel research aimed
to test the efficacy of far-UV to reduce the bacterial bio-
burden in a poultry farm setting, firstly via a wellington
boot disinfection box and secondly via installation of far
UV-C lamps in poultry anterooms.

Methods

Ethical information compliance

Trials were approved by the Animal Welfare and Ethical
Review Body (AWERB) of the Royal Agricultural Uni-
versity (Reference number 20242415-Watson). The trial
complied with the Control of Artificial Optical Radia-
tion at Work Regulations 2010, by ensuring that humans
working around the installations were not exposed to far
UV radiation. Animals were also not exposed to radiation
during this trial. Krypton UV lights are not classed as
medical devices and thus do not need approval from the
Medicines and Healthcare Products Regulatory Agency
(MHRA).

Farm information

The trials took place between January 2023 and Febru-
ary 2025. Two commercial UK broiler farms (Farms A
and B) where chosen for the study. Both farms housed
Ross 308 broilers. Farm A was comprised of four bird
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sheds distributed over two floors and Farm B had two
bird sheds in two different buildings. Farms represented
a variety of UK chick suppliers, feed mills and proces-
sors, all were compliant with the Red Tractor farm assur-
ance scheme and national law. Houses were stocked
with 40,000 to 50,000 birds depending on the house
size (Farm A: 3160 m? Farm B: 2254m?), growing to
a maximum stocking density of 38 kg/m% Both farms
operated a mixed sex, all-in all-out production system,
with newly hatched chicks being placed into disinfected
houses followed by a 37 to 42 day growth cycle (crop).
Partial depopulation (thinning) occurred after week 4.
All birds were housed in climate-controlled houses and
kept on fresh wood shavings. Birds had ad libitum access
to commercial broiler feeds, and water was continuously
supplied via a storage tank connected to the main water
supply. The farms record daily mortality, culling rates
and bird weights as part of their day-to-day management,
however, health data was not collected as part of this trial
as a much longer study would be needed to show a rela-
tionship between use of far UV and bird health.

Anterooms and vestibules: lay out and far UV installation

Anteroom trials took place on farm A. The anteroom area
is the common area outside a broiler house or houses
where the boot disinfection process usually takes place.
The vestibule area was the 3m? area that connects the
anteroom with the bird house. Anterooms were entered
through an entrance bund where change of footwear
took place. The second-floor anteroom area, with two

Anteroom (A) and vestibule control area

No sampling
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vestibules leading to a bird shed each were divided into
experimental (Far UV-C) and control areas (Fig. 1).

A bespoke designed wall/ceiling mounted far UV-C
installation was designed (UV CARE 222 m Pontyclun
UK) containing two Biolume™ UV-C excimer lamps (Bio-
careUV Ltd., Warrington, UK) enclosed in protective
casing to protect from water and dust ingress. These were
installed on the experimental side of anteroom area, while
no changes were made to the other side of the anteroom
(control). Lamps emitted radiation with a wavelength of
222 nm and irradiance at 0.5 m=466mW/cm? through
one 400 mm x26mm Excimer Emitter Tube test tube.
Lamps operated with an input power of 240 V/0.73 A and
150 W power. The far UV-C dose delivered was 34.04 m]
cm™2, The first lamp was installed in the vestibule (See
additional file 1 [A]). The unit was mounted with inbuild
mounting brackets on the wall at a position that enabled
Far UV radiation to irradiate the floor area. The distance
between the far UV-C excimer lamp and the floor was
1.85 m. The second lamp was mounted in the anteroom
close to the vestibule where it was fastened to the roof of
the anteroom with suspension chains (Fig. 1, Additional
file 1 [B]). The distance between the floor and the far
UV-C excimer lamp was 1.90 m. The final lamp mount-
ing heights were influenced by practicality and human
safety aspects, while maintaining the highest possible
irradiation power. Both unites were connected to the
local 240 V AC supply and controlled using Passive Infra-
red (PIR) sensors, which were triggered when personnel
entered the anteroom and vestibule areas. This ensured
that humans were not exposed to far UV-C irradiation.

Anteroom and vestibule far-
UV-C irradiation/treatment area

Anteroom (A)

Vestibule (V)

Sampling
area

Anteroom (A) E

Vestibule (V)

Sampling
area

A3 A2

Ad| A1

A2| A3
Al | Ad

Fig. 1 Broiler Poultry anteroom (A) and vestibule (V) experimental design of Far UV-C irradiated areas and control areas. Anteroom areas were divided
into four 0.25m2 zones (A 1-4) with varying distance to the light source. Vestibules were divided into two 0.25m2 floor zones (V1, V2), two 0.25m2 wall
zones (VW1,VW2) on opposite sides of the wall, and door handle (VD). The set of was mirrored in the adjacent control area, leaving a buffer of 2 meters

between Far UV-C irradiated and control areas
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At all other times, the Lume units were operating on a
power duty cycle (2 minute on-1 min off) designed to
deliver maximum irradiation to the floor of the anteroom
area while maintaining the operating temperature of the
lamp within the manufacturer’s specifications.

Anteroom sampling protocol

Each replicate started after standard farm disinfection
of the anterooms, vestibules and bird houses and arrival
of a new crop of birds. Briefly, anterooms and vestibules
were wet cleaned and disinfected using a 4-step disinfec-
tion procedure using Viroshield (2% volume per volume
[v/v]), Ecofoam Advanced (2% v/v) and Kilcox extra (3%
v/v) (All manufactured by Kilco, Lockerbie, UK) followed
by formaldehyde disinfection with a thermal fogger.
Anterooms and vestibules were also swept regularly dur-
ing the crop cycle. Sampling started within three days of
the birds arriving, depending on the farm-scheduled bird
placing date. Anterooms and vestibules in Far UV-C irra-
diated areas and control areas were sampled twice weekly
over the first four to five weeks of a bird crop resulting in
8-9 sampling events per crop. This was replicated over 5
non-consecutive bird crops in the anteroom area and 4
crops in vestibule area (Vestibule lamps failed after crop
4). On each sampling occasion environmental swab sam-
ples (TS/5-17 viscose tip swab, Technical Service Con-
sultants Ltd, Heywood, United Kingdom) were collected
from pre-defined zones (Fig. 1) using standard micro-
biological protocols for environmental swabbing (ISO
18593:2018, 38]. Sampling zones were marked with tape
or pen to ensure consistency in swabbed surface size.
Swabs were taken across the entire surface of the marked
area by swabbing in a diagonal pattern, rotating the tip.
Samples were suspended in Probact Amies Transport
medium for transport (Technical Service Consultants
Ltd, Heywood, United Kingdom).

Wellington boot box installation

A bespoke “Boot Disinfection Box” (BDB) was designed
(UV CARE 222, Pontyclun UK) to contain two pairs of
protective boots (Additional file 2). The boots were held
on a drawer mounted so that the soles of the boots were
facing upwards and could slide in and out of the unit. It
contained a single Lume Biolume™ UV-C excimer lamp
(BiocareUV Ltd., Warrington, UK) (222 nm, irradi-
ance at 0.5 m=466mW/cm?) and was mounted so that
the far UV-C irradiated the soles of the boots. The BDB
was connected to the local 240 V AC supply. The box
was lined with PTFE material to maximise the reflective
capacity of the interior of the box to enable disinfection
of the sides of the boots as well as the soles. Switches on
the door ensured that the Far UV-C light was switched
OFF when the lid is opened and only turned ON when
the lid was closed. Wellington boots were irradiated for 2
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minutes which avoided overheating, while ensuring max-
imum irradiation within the shortest practical time. The
irradiation dose delivered during a 2-minute cycle was
108,733 mJ/cm™2.

Wellington boot box sampling protocols
Sampling protocols for farms A and B were identical.
Two pairs of boots were used for the trial on each farm.
One pair was subjected to far UV-C irradiation, the other
acted as a control pair and did not undergo irradiation.
Boots were assigned to two members of farm staff who
wore them throughout the duration of each crop. Swab
samples (TS/5-17 viscose tip swab, Technical Service
Consultants Ltd, Heywood, United Kingdom) were taken
after the morning bird health checks. Staff put on their
boots when entering the anteroom area. On farm A boots
were also dipped into a foot dip containing 1:200 concen-
trated Virkon® S broad spectrum disinfectant (lanXESS,
Trafford Park, Manchester, UK). All sampling took place
upon return to the anteroom after exiting the bird house.
Prior to swabbing all boots were shaken to dislodge larger
litter particles. The far UV-C irradiated pair was swabbed
at the bottom and the side of each wellington boot (left
and right) before and after 5 min of irradiation in the
BDB (Far UV-C irradiation at 222 nm). Control boots
were only swabbed once, upon exiting the bird house.
Boots were swapped using standard microbiological pro-
cedure. Researchers and farm staff were trained to swab
the bottom of the soles and the side of the sole in a con-
sistent manner using a rotating swab method. For soles, a
horizontal and vertical sampling pattern was used cover-
ing the entire sampling area. For the side of the sole the
swab was passed around the edge twice.

Swabs were suspended in Probact Amies Transport
medium for transport (Technical Service Consultants
Ltd, Heywood, United Kingdom).

Laboratory analysis

All swabs were sent to a commercial laboratory at room
temperature using the Royal mail special delivery ser-
vice on the day of sampling to ensure samples arrived
and were processed within 24 h of being taken. Samples
were shipped in an insulated polystyrene box. CFU’s were
determined using the total viable colony count method
based on ISO 4833-1:2013 [39].

Briefly, swabs were processed vortexing for 60 s at
13,000 rpm to ensure transfer of organisms to the trans-
port medium. The transport medium was then serial
diluted to 107°. 1 ml was plated in triplicate and incu-
bated under aerobic conditions at 30 °C for 72 h. Cfu’s
were counted and multiplied by the dilution factor to
obtain cfu/ml. The detection limit was 10 cfu’s/swab.
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Table 1 One-way analysis of variance (ANOVA) showing the effects of far UV-C irradiation on log;,, cfu’s on wellington boots between
farms (A, B), replicates, left and right boots and sampling location (side/sole)

Variable DF F-value Sum of squares Mean square Sig.
Treatment (n=780) 2 17.5 69.807 34.904 p<0.001
Location (side/sole) 1 66.91 69.811 122.846 p<0.001
Side 2 8.08 34.653 17.326 p<0.001
Sole 2 13.39 40.909 20454 p<0.001
Treatment*Location 2 1.57 5.750 2.875 0.210
Replicate 4 6.91 53404 13.351 p<0.001
Treatment*Replicate 8 12 18.573 2322 0.295
Site (Farm A, B) 1 942 18.604 18.604 p<0.01
Farm A 2 9.19 37923 18.961 p<0.001
Farm B 2 8.08 34.653 17.326 p<0.001
Treatment*Site 2 0.33 1.3 0.65 0.720
Boot (Left/right) 1 0.26 0.528 0.528 0.607
Left boot 2 9.70 39.503 19.751 p<0.001
Right boot 2 8.19 32.183 16.069 p<0.001
Boot*Treatment 2 046 1.830 0.915 0.633

*Sig=Significance level at 95% Cl

Table 2 Multiple comparison results showing level of statistical difference in log,, cfu’s on Far UV C-irradiated boots versus control

boots and boot pairs pre irradiation

Variable Control Mean log,, Mean log,, SED* (before/after) SED (before/control) SED (after/ Mean
(n=260) cfu before Far cfu After Far control) bacterial
uv-Cc UV-C reduc-
(n=260) (n=260) tion (%)
Treatment (n=780) 6.594° 6.604° 5.965%" 0.121 0.218 0.214 76%
Side (n=390) 6.083° 6.300° 5.588° 0.173 0.163 0.167 80%
Sole (n=390) 7.105° 6.907 ° 6.341° 0.131 0.171 0.162 73%
Farm A (n=310) 6.437° 6451 5.705° 0.745 0.789 0.340 82%
Farm B (n=470) 6.083° 6.300° 5.588° 0.228 0.308 0324 81%
Left boot (n=390) 6.636° 6.534° 5915° 0.125 0.226 0.221 76%
Right boot (1=390)  6.553° 6.674° 60142 0.234 0.325 0.263 78%

ADifferent superscripts indicate significant statistical difference at 95% Cl determined by Tukey’s honest significant difference test. SED= Standard error of the

difference

Statistical analysis

All data was analysed using Genstat for Windows, 24th
editions (VSN international 2022). The datasets were
tested using the Shapiro-Wilk test which determined
a normal distribution of all data. Subsequently, for
BDB data, one-way Analysis of Variance (ANOVA) was
used to test for statistical differences between log,, cfu
counts between treatments (control boots, before Far
UV-C irradiation cfu’s and post Far UV-C irradiation
cfu’s), sites (Farms A and B), sampling location (sole or
side of wellington boot) and boot (left/right wellington
boot). Where a statistically significant difference was
found, Tukey’s Honesty significant difference (HST) test
(95%CL=upper) for multiple comparisons was used for
pairwise comparisons. In order to understand differences
between individual sampling zones, for the anteroom
data, an independent two-sample t-test with group factor
was used to test for statistical difference in cfu’s between
Far UV-C irradiated areas (treatment) and control areas
of the anteroom. Equality of variances was confirmed

for all variables tested as part of the two-sample T-test.
A Mann-Kendall test for monotonic trend was used to
investigate accumulation of microbes in anterooms, ves-
tibules and on wellington boots, throughout the bird
crop.

Results

Wellington trial results

A total of 780 samples were collected for the trial.
There was a significant difference between treatments
(F[2]=17.5, p=<0.001, Table 1), which showed a reduc-
tion of cfu’s after wellington boot exposure to far UV-
C-irradiation compared to pre-exposure cfu counts and
cfu’s on control boots. Far UV-C irradiation reduced bac-
terial loads by 56% on average (Table 2). Furthermore,
results showed that there was no interaction between
the treatment variable and replicates, swabbing loca-
tion (side/sole) and farms (A, B) (Table 1). Even though
significant differences were found between replicates
(F[8] =1.20, p=<0.001, Table 1) and Farms (F[1]=9.42,
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p=<0.01, Table 1), these did not affect the treatment
variable. Swabbing on both the side and the sole of the
boot reduced cfu’s significantly post irradiation, although
there was a significant difference between locations
(F[1]=66.19, p=<0.001, Table 1) with cfu’s from sole
swabs being significantly higher and more inconsistent
that cfu’s from swabs taken from the side of the boot.
There was no difference between swabbing the left and
right boots F[1]=0.26, p=0.607, with cfu’s reduced sig-
nificantly in both after far UV-C exposure.

A significant accumulation of microbes was observed
on farm B, in one replicate, showing a positive mono-
tonic trend for all treatments (p <0.01, Additional file 4),
but no significant trends were identified in other repli-
cates (Additional files 3 and 4).

Anteroom and vestibule trial results

A total of 615 samples were analyzed from the anteroom
and vestibule areas of farm B (control =303, UV n=312,
Table 3). Data from 5 non-consecutive bird crops/repli-
cates were obtained for the anteroom area. The 5th rep-
licate was abandoned in the vestibule area due to lamp
failure.

Overall, across all sampling locations cfu’s from swabs
taken from far UV-C irradiated areas were signifi-
cantly lower than cfu’s from control area swabs. Analy-
sis of individual sampling locations showed significantly
lower cfu’s from all far UV-C irradiated areas (p<0.05),
except the anteroom and vestibule door handles and one
statistical tendency for one area of the vestibule floor
(V2, p<0.1, Table 3). Analysis of statistical differences
between replicates showed significantly lower cfu’s in far
UV-C exposed areas compared to control areas in repli-
cated 1,3,4 and 5, but differences in replicate 2 were not
significant (data not shown).

A significant accumulation of microbes was observed
on vestibule floors, in only one replicate, showing a posi-
tive monotonic trend (p <0.05, Additional file 6). On ves-
tibule walls, a positive monotonic trend was observed
for the in 2/3 replicates, indicating a statistically signifi-
cant accumulation of bacteria in control areas (p <0.05),
but not in far UV-C treated areas (Additional file 7). No
significant monotonic trend was observed on anterooms
floors (Additional file 5).

Discussion
This novel research documents the first peer reviewed
study investigating the use of far UV-C light at 222 nm as
surface disinfection tool in a real-life agricultural setting.
Both the BDB and the poultry anteroom installa-
tion showed that far UV-C light can significantly reduce
bacterial surface contamination. This aligns with the
increased body of literature available from in vitro exper-
iments showing that far UV-C light has the capacity to
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eliminate bacteria, viruses and fungi (e.g. 25, 26, 30, 32,
34) and the smaller body of literature documenting bac-
terial bioburden reduction on real-life surfaces and envi-
ronments [22, 28, 40, 41]. Far UV-C irradiation is also a
promising tool due to its safety advantages compared to
UV-C irradiation at 245 nm. In this study, the installation
of Passive Infrared (PIR) sensors meant that no humans
were exposed to irradiation, even without detection of
movement. This approach was also described by Memic
et al. [40], who installed a wall mounted Far UV-C disin-
fection system in medical equipment rooms and could be
a viable way to use bespoke far UV-C irradiation systems
in human occupied spaces.

Although UV-C sterilisation cabinets are not a novel
concept, to the authors knowledge the BDB was the first
device build to specifically sterilize wellington boots
using any kind of UV-C irradiation, hence specifically
making it relevant for a range of agricultural applica-
tions or applications in any sectors that rely on biosecu-
rity. Even the more advanced boot disinfection systems in
agricultural settings rely on chemical disinfection involv-
ing a washing process, which may be prone to human
error [9]. Foot dips require regular changing and appro-
priate chemical dosing, so a simple on-off switch system
could help mitigate management errors [42].

Disinfection of footwear is a vital biosecurity measure
in poultry farming, limiting the introduction of infectious
disease agents [43]. Although here we piloted the BDB on
poultry farms, the unit is transferable to other livestock
farming systems and beyond. Chemical disinfection via
footbaths, although considered essential, does not com-
pletely eliminate viable pathogens on footwear [44, 45].
Hauck et al. [44] showed that both highly and low patho-
genic avian influenza survived for 72 h in quaternary
ammonia-based footbaths and Rabie et al. [45] conclude
that boot dips in poultry farms are frequently ineffec-
tive when they measured Salmoella presence in boot dip
samples.n

Results from the BDB show that’s cfu’s on UV irradi-
ated wellington boots (bottom and side of soles) were
significantly lower than those on control boots and
boot pairs pre-irradiation. The average bacterial reduc-
tion ranged from 73% —82% of boot pairs after far UV-C
exposure, equalling to an average of 0.5 log reduction. A
study by Nasr et al. [46] tested five disinfectants on rub-
ber boots inoculated with poultry litter. They report a
viable colony count log reduction after footbath expo-
sure of 0.79 to 4.17 on day 1 and 0.63 to 2.51 om day 2,
depending on disinfectants used. This may suggest that
chemical footbaths are more efficient than far UV-C irra-
diation. However, it is difficult to draw meaningful con-
clusions when comparing our results to in vitro studies or
more controlled experimental set ups.
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No technical issues where experienced with the BDB
throughout the duration of the trial. A recommenda-
tion would be to design a system that allows for removal
of litter and faeces prior to far UV-C irradiation. It is
likely, that presence of litter on boots will have affected
the ability of the far UV-C to deactivate pathogens [44].
Staff did shake the boots to remove larger pieces of lit-
ter, but did not specifically clean the soles of the boots.
Generally, disinfectants lose efficacy in the presence of
organic materials such as faeces, bedding, and dirt [43,
44]. There is also evidence that far UV-C does not pen-
etrate poultry litter effectively. Memic et al. [41] showed
a reduced effectiveness of far UV-C irradiation in deacti-
vating MRSA and a viral bacteriophage after inoculation
in poultry manure. The presence of a thick litter layer on
boots could explain the more inconsistent results from
sampling the bottom of soles and the higher number of
cfu’s compared to the cfu’s on the much cleaner sides of
the sole.

The far UV-C poultry anteroom installations also
showed promising results. Poultry anterooms and vesti-
bules play a significant role in the transfer of pathogens
in poultry housing, as do entrance areas to animal hous-
ing in other livestock systems, specifically indoor systems
that rely on strict entry and exit biosecurity procedures.
Here we show a significant reduction of bacterial burden
in most far UV-C irradiated areas compared to control
areas. The lack of statistical significance for door handles
and one vestibule floor areas may be attributed to limited
reach of the far UV-C irradiation. For example, the ante-
room door handles were a longer distance away from the
light source than other anteroom areas and the irradia-
tion area of the vestibule floor (V2 only) was obstructed
by a wash basin. Areas that are not in direct reach of the
far UV-C irradiation will likely be present in any on farm
ceiling installation. In future applications, this should be
considered during standard cleaning and disinfection
procedures. It is also unclear why no significant differ-
ences in bacteria burden were observed in one replicate,
as we could not link this to any management changes or
other on-farm events.

It is challenging to draw meaningful comparisons to
other studies in terms of disinfection efficiency. The irra-
diation dose in anterooms and vestibules was 34.04 m]
cm™2 per 2-minute cycle and we show that the bacte-
rial burden in far UV-C irradiated areas was on average
0.85 log lower than in control areas. Similar set ups did
not compare to a control area and calculated the per-
centage of reduction before and after exposure. To the
authors knowledge only a couple of studies investigated
far UV-C installation in room sized areas. Buonanno et
al. [35] showed a 99.8% reduction in airborne murine
norovirus in a mouse cleaning room, when irradiated at
a peak dose of 79.5 mJ] cm™2. Eadie et al. [22] achieved a
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92% reduction on Staphylococcus aureus over an 8-hour
exposure at 23 mJ cm™2. Although both studies are more
alike to in vivo experiments, areas tested were likely not
exposed to the same level of contamination. In addition,
they investigated specific pathogens rather than investi-
gating bacterial surface burden.

Here were showed the potential for developing real
life far UV-C irradiation systems in livestock settings.
However, despite designing protective casings for ante-
room and vestibule, we did experience failure due to dust
ingress. Our technical issues suggest that a more robust
system would be needed for a permanent installation.
Any realistic wall-mounted installation would need to be
developed to withstand the farm environments and gen-
erated substances such as water and dust. Future research
should also consider whether dust removal could be inte-
grated in a far UV-C disinfection system. In addition to
being damaging to technical equipment, dust can act as a
carrier of microorganisms. Moreover, bacterial counts in
settled poultry house dust have been shown to increase
over time [47].

Permanent installations would also rely on a stable
electrical supply, which is not always available on farms.
Finally, ongoing technical support would have to be avail-
able for the set up and running of the system. Bespoke
installations could also increase the efficacy of the sys-
tem. Here we used commercially available lamps with
non-adjustable irradiance levels that had to be hung at a
safe height, while taking other practicalities into account.
It is therefore likely that efficacy could be improved
through bespoke commercial installations.

Recommendation for further research also include
social science studies to investigate opportunities and
barriers to install far UV-C systems on farms. Although
this was not part of our study design feedback from farm-
ers suggested that both systems, especially the BDB were
easy to use, did not significantly impact workload, with
a consensus that they would install these systems on the
broiler farms, if there was a clear economic benefit. There
is however no research available yet of the long-term
effect off far UV-C installations that aim to disinfect the
environment for humans and animals health. Long term
studies on several farms would be needed to show a clear
association between disinfection measures and occur-
rence of disease. In this study, we also only investigated
bacterial bioburden without testing disinfection effi-
cacy of specific pathogens. Far UV-C has shown efficacy
against a range of pathogens, including those relevant to
livestock farming. However, more data on the ability of
far UV-C light to reduce specific farm-relevant patho-
gens or pathogen indicator organisms in a real-life farm
setting would be useful.

Although a significant reduction in microorgan-
ism was achieved for many tested sampling areas, it is
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important to discuss to what degree these findings are
biologically relevant. The bacterial surface reductions
observed are too low to be classed as successful disin-
fection which requires a 4-6 log reduction equalling a
99.9% to 99.9999% pathogen reduction [48]. Here we
show an average log reduction of 0.5. Future research
and development should address how the effectiveness of
far UV-C installations can be improved for use in com-
mercial farming systems. Unless successful disinfection
is achieved, the replacement of chemical disinfection is
unlikely. Far UV-C and chemical disinfection combined
may however be a useful tool to improve pathogen bur-
dens on broiler farms. Despite the abovementioned
limitations, we present a promising tool for surface dis-
infection that could be applied to a range of livestock and
wider agricultural settings. This technology could be an
innovative on-farm solution for preventing infectious
disease on farms through the addition of an extra bios-
ecurity layer, hence addressing global concerns around
human and animal health and food security.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/544364-026-00048-z.

Supplementary Material 1: Additional file 1: UV-C krypton-chlorine (Kr-Cl)
excimer lamps installed in the anteroom area of the poultry housing
adjacent to the vestibule are (A), and the vestibule (B) leading to the bird
housing.

Supplementary Material 2: Additional file 2 (mp4): Video file of wellington
boot disinfection box

Supplementary Material 3: Additional 3: Figure showing accumulation of
bacterial loads over time on wellington boots on farm A.

Supplementary Material 4: Additional 4: Figure showing accumulation of
bacterial loads over time on wellington boots on farm B.

Supplementary Material 5: Additional 5: Figure showing accumulation of
bacterial loads over time on anteroom floors

Supplementary Material 6: Additional 6: Figure showing accumulation of
bacterial loads over time on vestibule floors

Supplementary Material 7: Additional 5: Figure showing accumulation of
bacterial loads over time on vestibule walls.

Acknowledgements

We would like to thank our trial farms and their staff for helping us run the
trials. Their input and willingness to follow our study protocols was invaluable.
We also would like to thank David Tunks from Applied Poultry for assisting
with sample collection on farms.

Author contributions

KW: Conceptualization, funding acquisition, investigation, data curation,
formal analysis, writing-original draft. CL: Conceptualization, funding
acquisition, methodology, resources, writing - review & editing. DF:
Conceptualization, funding acquisition, methodology, resources, writing

- review & editing. SD: Formal analysis, visualization, Writing - review &
editing. SG: Project administration, conceptualization, funding acquisition,
investigation, Writing - review & editing.

Page 9 of 10

Funding
We thank Innovate UK for funding our study (Project Number: 10052824)
through the farming Innovation Programme.

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethical approval

Trials were approved by the Animal Welfare and Ethical Review Body (AWERB)
of the Royal Agricultural University (Reference number 20242415-Watson).
The trial complied with the Control of Artificial Optical Radiation at Work
Regulations 2010, by ensuring that humans working around the installations
were not exposed to far UV-C radiation. Animals were also not exposed to
radiation during this trial. Krypton UV lights are not classed as medical devices
and thus do not need approval from the Medicines and Healthcare Products
Regulatory Agency (MHRA).

Consent for publication
Not applicable.

Competing interests
The corresponding author (KW) is an editor of the Poultry Science and
Management Journal.

Received: 16 April 2026 / Accepted: 27 September 2026
Published online: 08 October 2026

References

1. ZhangT, Nickerson R, Zhang W, Peng X, Shang Y, Zhou Y, et al. The impacts
of animal agriculture on One Health—bacterial zoonosis, antimicrobial
resistance, and beyond. One Health. 2024;18:100748. https://doi.org/10.1016/
jonehlt.2024.100748.

2. National Audit Office. Resilience to animal diseases. Government report.
2025. Available from: https://www.nao.org.uk/wp-content/uploads/2025/06/
Resilience-to-animal-diseases.pdf

3. Randall LP, Clouting CS, Gradel KO, Clifton-Hadley FA, Davies RD, Woodward
MJ. Farm disinfectants select for cyclohexane resistance, a marker of multiple
antibiotic resistance, in Escherichia coli. J Appl Microbiol. 2005;98:556-63.
https://doi.org/10.1111/j.1365-2672.2004.02488 x.

4. Randall LP, Cooles SW, Coldham NG, Penuela EG, Mott AC, Woodward MJ,
et al. Commonly used farm disinfectants can select for mutant Salmonella
enterica serovar Typhimurium with decreased susceptibility to biocides
and antibiotics without compromising virulence. J Antimicrob Chemother.
200743;60:1273-80. https://doi.org/10.1093/jac/dkm359.

5. Randall LP. Cooles SW, Coldham NG, Penuela EG, Mott AC, Woodward MJ,
et al. Commonly used farm disinfectants can select for mutant Salmonella
enterica serovar Typhimurium with decreased susceptibility to biocides
and antibiotics without compromising virulence. J Antimicrob Chemother.
2007b;60:1273-80. https://doi.org/10.1093/jac/dkm359.

6. Nhung NT, Thuy CT, Trung NV, Campbell J, Baker S, Thwaites G, et al. Induction
of antimicrobial resistance in Escherichia coli and non-typhoidal Salmonella
strains after adaptation to disinfectant commonly used on farms in Vietnam.
Antibiotics. 2015;4:480-94. https://doi.org/10.3390/antibiotics4040480.

7. Slifierz MJ, Friendship RM, Weese JS. Methicillin-resistant Staphylococcus
aureus in commercial swine herds is associated with disinfectant and zinc
usage. Appl Environ Microbiol. 2015;81:2690-5. https://doi.org/10.1128/AEM.
00036-15.

8. James C, James SJ, Onarinde BA, Dixon RA, Williams N. A critical review of
AMR risks arising as a consequence of using biocides and certain metals in
food animal production. Antibiotics. 2023;12. https://doi.org/10.3390/antibiot
ics12111569.

9. Pinto Jimenez CE, Keestra S, Tandon P, Cumming O, Pickering AJ, Moodley A,
et al. Biosecurity and WASH interventions in animal agricultural settings for
reducing infection burden, antibiotic use, and antibiotic resistance: a One
Health systematic review. Lancet Planet Health. 2023;7:e418-24. https://doi.0
rg/10.1016/52542-5196(23)00049-9.


https://doi.org/10.1186/s44364-026-00048-z
https://doi.org/10.1186/s44364-026-00048-z
https://doi.org/10.1016/j.onehlt.2024.100748
https://doi.org/10.1016/j.onehlt.2024.100748
https://www.nao.org.uk/wp-content/uploads/2025/06/Resilience-to-animal-diseases.pdf
https://www.nao.org.uk/wp-content/uploads/2025/06/Resilience-to-animal-diseases.pdf
https://doi.org/10.1111/j.1365-2672.2004.02488.x
https://doi.org/10.1093/jac/dkm359
https://doi.org/10.1093/jac/dkm359
https://doi.org/10.3390/antibiotics4040480
https://doi.org/10.1128/AEM.00036-15
https://doi.org/10.1128/AEM.00036-15
https://doi.org/10.3390/antibiotics12111569
https://doi.org/10.3390/antibiotics12111569
https://doi.org/10.1016/S2542-5196(23)00049-9
https://doi.org/10.1016/S2542-5196(23)00049-9

Watson et al. Poultry Science and Management

20.

22.

23.

24.

25.

26.

27.

28.

29.

(2026) 3:25

Blatchley ER Ill, Brenner DJ, Claus H, Cowan TE, Linden KG, Liu Y, et al. Far
UV-C radiation: an emerging tool for pandemic control. Crit Rev Environ Sci
Technol. 2023;53:733-53. https://doi.org/10.1080/10643389.2022.2084315.
Woods JA, Evans A, Forbes PD, Coates PJ, Gardner J, Valentine RM, et al. The
effect of 222-nm UV-C phototesting on healthy volunteer skin: a pilot study.
Photodermatol Photoimmunol Photomed. 2015;31:159-66. https://doi.org/1
0.1111/phpp.12156.

Buonanno M, Stanislauskas M, Ponnaiya B, Bigelow AW, Randers-Pehrson G,
Xu, et al. 207-nm UV light—a promising tool for safe low-cost reduction of
surgical site infections. II: in vivo safety studies. PLoS ONE. 2016;11:e0138418.
https://doi.org/10.1371/journal.pone.0138418.

FukuiT, Nikura T, Oda T, Kumabe Y, Ohashi H, Sasaki M, et al. Exploratory
clinical trial on the safety and bactericidal effect of 222-nm ultraviolet C
irradiation in healthy humans. PLoS ONE. 2020;15:€0235948. https://doi.org/1
0.1371/journal.pone.0235948.

Cadet J. Harmless effects of sterilizing 222-nm far-UV radiation on mouse skin
and eye tissues. Photochem Photobiol. 2020;96:949-50. https://doi.org/10.11
11/php.13294.

Welch D, Kleiman NJ, Arden PC, Kuryla CL, Buonanno M, Ponnaiya B, et al. No
evidence of induced skin cancer or other skin abnormalities after long-term
(66-week) chronic exposure to 222-nm far UV-C radiation. Photochem Photo-
biol. 2023,99:168-75. https://doi.org/10.1111/php.13656.

Busch L, Kréger M, Diaz D, Schleusener J, Lohan S, Ma J, et al. Far UV-C-

and UVB-induced DNA damage depending on skin type. Exp Dermatol.
2023;32:1582-7. https://doi.org/10.1111/exd.14902.

Kousha O, O'Mahoney P, Hammond R, Wood K, Eadie E. 222 nm Far UV-C
from filtered krypton-chloride excimer lamps does not cause eye irritation
when deployed in a simulated office environment. Photochem Photobiol.
2024;100:137-45. https://doi.org/10.1111/php.13805.

Sugihara K, Kaidzu S, Sasaki M, Tanito M. Interventional human ocular safety
experiments for 222-nm far-ultraviolet-C lamp irradiation. Photochem Photo-
biol. 2025;101:517-26. https://doi.org/10.1111/php.14016.

Hessling M, Haag R, Sieber N, Vatter P. The impact of Far UV-C radiation
(200-230 nm) on pathogens, cells, skin, and eyes: a collection and analysis of
a hundred years of data. GMS Hyg Infect Control. 2021;16:Doc07. https://doi.
0rg/10.3205/dgkh000378.

Liu Q Wang L, Jiang L, Fan 'Y, Gao F, Wu Y, Xiong L. Disinfection efficacy and
safety of 222-nm ultraviolet light C compared with 254-nm ultraviolet C:
Systematic review and meta-analysis. J Hosp disinfection. 2025;161:55-67.
https://doi.org/10.1016/j.jhin.2025.04.004.

Ponnaiya B, Buonanno M, Welch D, Shuryak I, Randers-Pehrson G, Brenner DJ.
Far UV-C light prevents MRSA infection of superficial wounds in vivo. PLoS
ONE. 2018;13:€0192053. https://doi.org/10.1371/journal.pone.0192053.
Eadie E, Hiwar W, Fletcher L, Tidswell E, O'Mahoney P, Buonanno M, et al. Far
UV-C (222 nm) efficiently inactivates an airborne pathogen in a room-sized
chamber. Sci Rep. 2022;12:4373. https://doi.org/10.1038/541598-022-08462-z.
Chen H, Moraru C. Exposure to 222 nm far UV-C effectively inactivates plank-
tonic foodborne pathogens and inhibits biofilm formation. Innov Food Sci
Emerg Technol. 2023;87. https://doi.org/10.1016/].ifset.2023.103411.
Lorenzo-Leal AC, Tam W, Kheyrandish A, Mohseni M, Bach H. Antimicrobial
activity of filtered far UV-C light (222 nm) against different pathogens.
Biomed Res Int. 2023;2023:2085140. https://doi.org/10.1155/2023/2085140.
Jing Z,Wang W, Nong Y, Peng L, Yang Z, Ye B, et al. Suppression of photore-
activation of E. coli by excimer far-UV light (222 nm) via damage to multiple
targets. Water Res. 2024;255. https://doi.org/10.1016/j.watres.2024.121533.
Bang J, JoY, Lee E, Sung M. Far UV-C (222 nm) disinfection performance in
residential spaces: experimental study on Bacillus subtilis contamination.
Results Eng. 2025;25. https://doi.org/10.1016/j.rineng.2024.103642.

Su XW, Chen BR, Li WS, Lai ACK. Experimental investigation comparing far
UV-C (222 nm) and UV-C (254 nm) for inactivation of bacteria on hard and
fabric surfaces. Build Environ. 2025;267:112324. https://doi.org/10.1016/j.buil
denv.2024.112324.

Navarathna T, Jinadatha C, Corona BA, Coppin JD, Choi H, Bennett MR, et al.
Efficacy of a filtered Far UV-C handheld disinfection device in reducing the
microbial bioburden of hospital surfaces. Am J Infect Control. 2023;51:1406—
10. https://doi.org/10.1016/j.ajic.2023.05.003.

PaIN, Zsolt V, Géza F. The effect of far UV radiation on the morphology and
germination ability of Fusarium culmorum conidia. Cereal Res Commun.
2005;33:763-8. https://doi.org/10.1556/CRC.33.2005.2-3.146.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

Page 10 of 10

Janisiewicz W, Takeda F, Evans B, Camp M. Potential of far ultraviolet (UV)

222 nm light for management of strawberry fungal pathogens. Crop Prot.
2021;150:105791. https://doi.org/10.1016/j.cropro.2021.105791.

Welch D, Buonanno M, Grilj V, Shuryak |, Crickmore C, Bigelow AW, et al. Far
UV-C light: a new tool to control the spread of airborne-mediated microbial
diseases. Sci Rep. 2018;8:2752. https://doi.org/10.1038/541598-018-21058-w.
Buonanno M, Welch D, Shuryak I, Brenner DJ. Far UV-C light (222 nm)
efficiently and safely inactivates airborne human coronaviruses. Sci Rep.
2020;10:10285. https://doi.org/10.1038/541598-020-67211-2.

QiaoY, Yang M, Marabella IA, McGee DAJ, Aboubakr H, Goyal S, et al. Greater
than 3-log reduction in viable coronavirus aerosol concentration in ducted
ultraviolet-C systems. Environ Sci Technol. 2021;55:4174-82. https://doi.org/1
0.1021/acs.est.0c05763.

Kitagawa H, Nomura T, Nazmul T, Omori K, Shigemoto N, SakaguchiT, et al.
Effectiveness of 222-nm ultraviolet light on disinfecting SARS-CoV-2 surface
contamination. Am J Infect Control. 2021;49:299-301. https://doi.org/10.1016
/}.ajic.2020.08.022.

Buonanno M, Kleiman NJ, Welch D, Hashmi R, Shuryak |, Brenner DJ. 222 nm
Far UV-C light markedly reduces the level of infectious airborne virus in an
occupied room. Sci Rep. 2024;14:6722. https://doi.org/10.1038/s41598-024-5
7441-z.

Xie R, Tse GYK, Man LCL, Cheung ALH, Wong DTC, Lam EHM, et al. System-
atical investigations on disinfection effectiveness of far UV-C (222 nm)
irradiation: from laboratory study to field tests. J Appl Environ Microbiol.
2022;10:17-34. https://doi.org/10.12691/jaem-10-1-3.

Swayne DE, Sims L. Avian influenza. In: Metwally S, El Idrissi M, Viljoen G, edi-
tors. Veterinary vaccines: principles and applications. Chichester: Wiley; 2020.
pp. 229-51.

International Organisation for Standardization. Microbiology of the food
chain — horizontal method for surface swabbing. ISO 18593:2018. Available
from: https.//www.iso.org/standard/64950.html

International Organisation for Standardization. Microbiology of the food
chain — horizontal method for the enumeration of microorganisms. Part 1:
colony count at 30°C by the pour plate technique. ISO 4833-1:2013. Available
from: https.//www.iso.org/standard/53728 html

Memic S, Torres-Teran MM, Cadnum JL, Donskey CJ. Evaluation of a far
ultraviolet-C device for decontamination of portable equipment in clinical
areas. Am J Infect Control. 2025a;53:403-6. https://doi.org/10.1016/j.ajic.2024.
12.011.

Memic S, Cadnum JL, Donskey CJ. Evaluation of far ultraviolet-C light for
decontamination of organisms in whole milk and chicken manure. Pathog
Immun. 2025b;10(2):87-96. https://doi.org/10.20411/paiv10i2.801.

Hansson |, Dzieciolowski T, Rydén J, Bogvist S. Evaluation of cleaning and
disinfection procedures on poultry farms. Poult Sci. 2025;104(9):105453.
Wythe A, Farnell YZ, Farnell MB. Evaluation of powdered disinfec-

tants to reduce bacterial contamination of footwear. J Appl Poult Res.
2026;35(1):100655. https://doi.org/10.1016/j.japr.2025.100655.

Hauck R, Crossley, Rejmanek D, Zhou H, Gallardo RA. Persistence of Highly
Pathogenic and Low Pathogenic Avian Influenza Viruses in Footbaths and
Poultry Manure. Avian Dis. 2017,61:64-9. https://doi.org/10.1637/11495-0919
16-Reg.

Rabie AJ, McLaren IM, Breslin MF, Sayers R, Davies RH. Assessment of anti-
Salmonella activity of boot dip samples. Avian Pathol. 2015;44(2):129-34.
https://doi.org/10.1080/03079457.2015.1012046.

Nasr SAE, Ismael E, Laban SE, Ismail EM, Hamoud MM, Zaki MM, Zahran OMK.
Effectiveness of some disinfectants commonly used in footbaths inside
poultry farms. IOSR J Agric Vet Sci. 2018;11(9):1-6. https://doi.org/10.9790/23
80-1109020106.

Pal A, Jackson AP, Urrutia A, Macklin KS, Price SB, Buhr RJ, Bourassa DV. Bacte-
rial composition of settled dust during growout of broiler chickens. Poult Sci.
2022;101(2):101602. https://doi.org/10.1016/}.ps}.2021.101602.
Moldenhauer J. Disinfection and decontamination: a practical handbook. 1st
ed. Boca Raton (FL): CRC; 2024.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1080/10643389.2022.2084315
https://doi.org/10.1111/phpp.12156
https://doi.org/10.1111/phpp.12156
https://doi.org/10.1371/journal.pone.0138418
https://doi.org/10.1371/journal.pone.0235948
https://doi.org/10.1371/journal.pone.0235948
https://doi.org/10.1111/php.13294
https://doi.org/10.1111/php.13294
https://doi.org/10.1111/php.13656
https://doi.org/10.1111/exd.14902
https://doi.org/10.1111/php.13805
https://doi.org/10.1111/php.14016
https://doi.org/10.3205/dgkh000378
https://doi.org/10.3205/dgkh000378
https://doi.org/10.1016/j.jhin.2025.04.004
https://doi.org/10.1371/journal.pone.0192053
https://doi.org/10.1038/s41598-022-08462-z
https://doi.org/10.1016/j.ifset.2023.103411
https://doi.org/10.1155/2023/2085140
https://doi.org/10.1016/j.watres.2024.121533
https://doi.org/10.1016/j.rineng.2024.103642
https://doi.org/10.1016/j.buildenv.2024.112324
https://doi.org/10.1016/j.buildenv.2024.112324
https://doi.org/10.1016/j.ajic.2023.05.003
https://doi.org/10.1556/CRC.33.2005.2-3.146
https://doi.org/10.1016/j.cropro.2021.105791
https://doi.org/10.1038/s41598-018-21058-w
https://doi.org/10.1038/s41598-020-67211-2
https://doi.org/10.1021/acs.est.0c05763
https://doi.org/10.1021/acs.est.0c05763
https://doi.org/10.1016/j.ajic.2020.08.022
https://doi.org/10.1016/j.ajic.2020.08.022
https://doi.org/10.1038/s41598-024-57441-z
https://doi.org/10.1038/s41598-024-57441-z
https://doi.org/10.12691/jaem-10-1-3
https://www.iso.org/standard/64950.html
https://www.iso.org/standard/53728.html
https://doi.org/10.1016/j.ajic.2024.12.011
https://doi.org/10.1016/j.ajic.2024.12.011
https://doi.org/10.20411/pai.v10i2.801
https://doi.org/10.1016/j.japr.2025.100655
https://doi.org/10.1637/11495-091916-Reg
https://doi.org/10.1637/11495-091916-Reg
https://doi.org/10.1080/03079457.2015.1012046
https://doi.org/10.9790/2380-1109020106
https://doi.org/10.9790/2380-1109020106
https://doi.org/10.1016/j.psj.2021.101602

	﻿Novel use of far UV-C light as a surface disinfectant in the poultry industry: trials on broiler farms show reduced bacterial burden in poultry anterooms and on wellington boots
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Ethical information compliance
	﻿Farm information
	﻿Anterooms and vestibules: lay out and far UV installation
	﻿Anteroom sampling protocol
	﻿Wellington boot box installation
	﻿Wellington boot box sampling protocols
	﻿Laboratory analysis
	﻿Statistical analysis

	﻿Results
	﻿Wellington trial results
	﻿Anteroom and vestibule trial results

	﻿Discussion
	﻿References


