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Abstract 

Turkey reoviruses (TRV) are associated with diverse clinical syndromes in turkeys. Based on the site 

of virus isolation, the TRVs are designated as TARV (turkey arthritis reovirus), THRV (turkey 

hepatitis reovirus), and TERV (turkey enteritis reovirus). The environmental stability of TRVs 

facilitates transmission through contaminated fomites, therefore interventions that reduce or 

eliminate fomite contamination are essential for biosecurity. We studied the inactivation of six TRV 

strains using the UVZone Shoe Sanitizing Station (UV-SSS), a commercially available device based 

on ultraviolet (UV) light and ozone. Viral suspensions of different TRV strains were applied to six 

types of fomites: stainless steel, aluminum, polypropylene, cardboard, rubber, and fabric. These 

fomites were exposed to either one 8-second cycle or two consecutive 8-second cycles, and the 

surviving virus was titrated in QT-35 cells. Inactivation varied significantly with both fomite type 

and exposure duration. A 16-second treatment consistently achieved greater reductions than a single 

cycle, with inactivation rates exceeding 90% on non-porous surfaces, including stainless steel, 

aluminum, and polypropylene. In contrast, porous materials such as cardboard and fabric showed 

lower reductions. Strain-specific differences were also observed, with enteric isolates exhibiting 

higher resistance compared to a brain-derived strain. These results demonstrate that UV-ozone 

disinfection can substantially reduce TRV on farm-relevant fomites, though effectiveness is 

influenced by material type, viral strain, and exposure time.  

Keywords: Turkey reovirus; shoe sanitizer; strains; fomites; ozone; ultraviolet light 

 

1. Introduction 

Implementing biosecurity practices to combat viral and bacterial infections on turkey farms is 

crucial to the farm's economic viability. Avian reoviruses are important pathogens of turkeys, causing 

tenosynovitis, arthritis, hepatitis, myocarditis, and encephalitis [1–4]. The last decade has seen a surge 

in turkey reovirus (TRV) cases, accompanied by the continuous evolution of the virus, which has 

resulted in the emergence of pathogenic variants. Currently, seven genotypic clusters of avian 

reoviruses have been recognized [5]. The turkey reoviruses belong to one of those clusters as defined 

by sigma C sequences. Based on M2 gene genotyping, however, three different genotypes of TRV 

have been recognized [6]. Currently, there is no commercial vaccine available to combat TRV.  

Technologies to minimize viral entry onto farms are always in demand because viruses, after 

being shed by their infected hosts, can contaminate and survive on inanimate fomites [7]. Once 

contaminated, fomites serve as vehicles for the transmission of pathogens to susceptible hosts. The 

survival of viruses on fomites varies depending on intrinsic factors such as virus strain, initial viral 

load, and fomite properties, as well as extrinsic factors including relative humidity, sunlight, and 
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temperature. These factors may enable the virus to remain viable long enough to contact new hosts. 

Both porous and non-porous fomites are found on poultry farms, and viruses generally survive 

longer on porous surfaces compared to non-porous ones, though some exceptions do exist [8]. 

Recently, new devices have become available that are purported to inactivate viruses in the 

environment. One such device is the UVZone Shoe Sanitizing Station (UV-SSS) developed by 

PathO3Gen Solutions, St. Petersburg, FL. This device generates ozone using ultraviolet (UV) light. 

Based on wavelength range (100–400 nm), UV comprises four different regions: UVA, UVB, UVC, 

and vacuum UV. UVA (315–400 nm) has the longest wavelength with the lowest energy, while UVB 

(280–315 nm) represents the medium wavelength range. UVB is often used for tanning, but has the 

potential to cause skin burning and even cancer. The UVC (200–280 nm) exhibits germicidal effects, 

while vacuum UV (100–200 nm) is transmitted only in a vacuum [9]. The UVC can inactivate fungi, 

viruses, and bacteria [10–12] by damaging the DNA/RNA of microbial pathogens and producing 

photo-dimers between the pyrimidine nucleotide molecules of the genome [13]. In addition, UVC 

lamps at a wavelength of 185 nm can generate ozone in ambient air. The generated ozone, along with 

UVC, produces synergistic germicidal effects against fungal, bacterial, and viral pathogens [14–16]. 

In this study, we compared the inactivation of six strains of turkey reovirus on fomites using the 

UVZone Shoe Sanitizing Station. 

2. Materials and Methods 

Viruses. Six strains of TRV, namely turkey enteritis reovirus (TERV), highly pathogenic turkey 

arthritis reovirus-1 (TARV-1), mutated turkey arthritis reovirus-2 (TARV-2), turkey hepatitis reovirus 

(THRV), a brain isolate of turkey reovirus (TBRV), and a highly pathogenic strain of TARV (TARV-3 

or O’Neil strain), were used in this study. These designations (TERV, TARV, THRV, TBRV) are 

widely used in the field to differentiate turkey-origin reovirus isolates based on clinical presentations 

or tissue tropism; however, they do not represent formal taxa recognized by the International 

Committee on Taxonomy of Viruses (ICTV). All isolates are classified within the species Avian 

orthoreovirus, family Reoviridae, genus Orthoreovirus. All viruses were grown and titrated in Japanese 

quail fibrosarcoma (QT-35) cells. The cells were grown in Dulbecco’s Modified Eagle Medium 

(DMEM) containing 8% fetal bovine serum, 1 µg/ml fungizone, 50 µg /ml neomycin, 150 IU/ml 

penicillin, and 150 µg g/ml streptomycin. 

Source of UV and ozone. A commercial device called the “PathO3Gen Solutions UVZone Shoe 

Sanitizing Station (UV-SSS)” was obtained from the manufacturer. The device has two ozone-

generating lampsFigure and four UV generating lamps, measuring approximately 357 mm and 386 

mm in length, respectively. The ozone generating lamps emit at 185 nm, a wavelength that photolyzes 

molecular oxygen (O2) to produce ozone (O3), while the UV-C lamps emit at 254 nm, a germicidal 

wavelength that directly damages nucleic acids. It is certified to be safe by a Nationally Recognized 

Test Laboratory. During operation, the UVZone device produces an average irradiance of 

approximately 2000 µW/cm2 of UV-C at a wavelength of 254 nm and an ozone concentration of 

approximately 6.0 ppm. There are two glass shields (left and right) on the device, which are activated 

automatically for an 8-second disinfection cycle when someone stands on them (Figure 1). A beeping 

sound indicates the end of the 8-second cycle. 

Fomite Materials and Preparation. Six different fomite types were tested: stainless steel (SS), 

cardboard (CB), rubber boot (RB), polypropylene (PP), denim fabric (FB), and aluminum (AL). 

Circular coupons approximately 1 cm2 in area were cut using sterile scissors and placed into three 

separate 24-well tissue culture plates designated as the Control Plate, the Single-Cycle Plate, and the 

Double-Cycle Plate. The Control Plate contained fomites that were not exposed to UV or ozone, the 

Single-Cycle Plate contained fomites exposed to one 8-second disinfection cycle, and the Double-

Cycle Plate contained fomites exposed to two consecutive 8-second disinfection cycles (total of 16 

seconds exposure). Each fomite type was tested in triplicate for each plate and the entire experiment 

was independently repeated three times. Each coupon was inoculated with 60 µ l of virus suspension 
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and the inoculum was evenly spread across the surface using a micropipette tip. Plates were placed 

inside a biosafety cabinet at room temperature and left undisturbed to allow the inoculum to air dry. 

 

Figure 1. Glass shield of PathO3Gen Solutions UVZone Shoe Sanitizing Station (SSS). 

Procedure. The UVzone device was operated in a room at an ambient temperature of approximately 

25ºC and 50% relative humidity. The plates with dried, inoculated fomites were placed upside down 

directly on the glass shield of the device, with the inoculated surface facing the UV-ozone lamps, ensuring 

direct exposure of the fomites to both the UV and ozone emissions. Fomites in the Control Plate were 

handled identically to the exposed samples and placed on the glass surface for 8 seconds without 

activation of the lamps to account for handling and desiccation effects. Fomites in the Single-Cycle Plate 

were exposed to activated disinfection cycle by placing the plate on one glass shield while stepping on the 

other to trigger the device. Fomites in the Double-Cycle Plate were exposed to two consecutive 8-second 

cycles using the same procedure. Following exposure, fomites were allowed to aerate for 2 minutes at 

ambient conditions to dissipate residual ozone before elution. This step was a non-chemical way to 

prevent potential care over effects during virus recovery.  

Viruses were eluted from each fomite using 100 µ l of elution buffer composed of 3% beef extract 

in 0.05 M glycine. The eluates were serially diluted 10-fold and were prepared in DMEM containing 

2% fetal bovine serum, 50 µg/ml neomycin, 1 µg/ml fungizone, 150 IU/ml penicillin, and 150 µg/ml 

streptomycin. Each dilution was inoculated in triplicate onto monolayers of QT-35 cells grown in 96-

well microtiter plates. The plates were incubated in a 5% CO2 incubator at 37ºC and examined daily 

for 5-7 days for the appearance of virus-induced cytopathic effects (CPE). Virus titers were calculated 

using the Karber method [17].  

UV-Ozone Source Controls. The UVZone device produces UV-C and ozone simultaneously, 

meaning the two disinfection mechanisms could not be independently isolated. The results represent 

the combined UV-ozone disinfection effect of the device under normal operating conditions.  

Statistical analysis. The effect of exposure time and fomite type on the inactivation of reovirus 

strains was tested by two-way ANOVA. Post hoc analysis was performed for multiple pairwise 

comparisons for observed means using the Tukey HSD model. Significance was considered at P<0.05. 

3. Results 

The amount of virus inactivation was higher at 16-sec exposure than at 8-sec exposure for all 

reovirus strains on all fomites, although some variation was observed. As shown in Table 1, the 

highest inactivation of TERV was observed on AL (71.82%) and SS (63.69%) at 8 sec, and on AL 

(93.98%), SS (90.00 %), and PP (90.00%) at 16 sec. The lowest inactivation of TERV was observed on 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 October 2025 doi:10.20944/preprints202510.2238.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.2238.v1
http://creativecommons.org/licenses/by/4.0/


 4 of 10 

 

FB (22.37%) and CB (39.96%) at 8 sec, and CB (70.26%) and RB (78.12%) at 16 sec. At 16-sec exposure, 

the TERV inactivation was between 70% and 94% on various fomites (Table 1). 

The highest TARV-1 inactivation was observed on AL (95.32%), SS (93.97%), and PP (83.40%) at 

8 sec and on AL (98.71%), PP (97.25%), and SS (97.18%) at 16 sec (Table 2). The lowest inactivation 

was observed on CB (39.74%) and FB (39.74%) at 8 sec, and CB (53.23%) and FB (63.70%) at 16 sec. At 

16-sec exposure, the TARV-1 inactivation was between 53% and 98.7% on various fomites (Table 2). 

Table 1. Inactivation of TERV on different fomites using the UV-SSS device. 

 

 

Fomites 

TERV (Initial titer= 4.5) 

 

Titer of 

control Mean± 

SD 

Treatment for 8 sec Treatment for 16 sec 

Titer after 

inactivation 

Mean± SD 

log₁₀ reduction 

values 

Titer after 

inactivation 

Mean± SD 

log₁₀ reduction 

values 

AL 4.270* ± 0.196 3.720 ± 0.509 71.82 3.050± 0.386 93.98 

CB 1.610 ± 0.190 1.500 ± 0.000 39.96 1.050 ± 0.190 70.26 

FB 2.940± 0.381 2.830 ± 0.000 22.37 2.160 ± 0.000 83.40 

PP 3.940± 0.190 3.610 ± 0.190 53.23 2.940 ± 0.190 90.00 

RB 4.160± 0.335 3.830 ± 0.330 53.23 3.50 ± 0.000 78.12 

SS 3.830± 0.330 3.390 ± 0.196 63.69 2.830 ± 0.330 90.00 

*Titers are expressed as log10 TCID50/100 µL. 

Table 2. Inactivation of TARV-1 on different fomites using UV-SSS device. 

 

 

Fomites 

TARV-1 (Initial titer= 5.5) 

 

Titer of control 

Mean± SD 

Treatment for 8 sec Treatment for 16 sec 

Titer after 

inactivation 

Mean± SD 

log₁₀ reduction 

values 

Titer after 

inactivation 

Mean± SD 

log₁₀ reduction 

values 

AL 4.940* ± 0.190 3.61 ±0.190 95.32 3.05 ±0.508 98.71 

CB 2.05 ±0.190 1.83 ±0.000 39.74 1.72 ±0.190 53.23 

FB 3.27 ±0.509 3.05 ±0.508 39.74 2.83 ±0.000 63.70 

PP 4.83± 0.000 4.05 ±0.190 83.40 3.27 ±0.196 97.25 

RB 4.83 ±0.000 4.27± 0.196 72.46 3.72 ±0.190 92.23 

SS 5.05 ±0.386 3.83± 0.000 93.97 3.50 ± 0.000 97.18 

*Titers are expressed as log10 TCID50/100 µL. 

The highest TARV-2 inactivation was observed on SS (93.97%), AL (92.24%), and PP (90.00%) at 

8 sec and on AL (97.24%) and SS (96.45%) at 16 sec (Table 3). The lowest inactivation was observed in 

CB (39.74%), RB (78.62%), and FB (83.40%) at 8 sec, and CB (78.12%) at 16 sec. One log reduction in 

virus titer was observed on FB, PP, and RB after 16 seconds of exposure. 

The highest THRV inactivation was observed on SS (92.41%), AL (90.00%), and PP (83.40%) at 8 

sec, and on AL (96.45%), PP (96.45%), and SS (94.11%) at 16 sec (Table 4). The lowest inactivation was 

observed on RB (53.22%), FB (63.69%), and CB (78.62%) at 8 sec, and CB (87.11%) and FB (87.11%) at 

16 sec. 

Table 3. Inactivation of TARV-2 on different fomites using UV-SSS device. 

 

 

Fomites 

TARV-2 (Initial titer= 4.16) 

Titer of control 

Mean± SD 

Treatment for 8 sec Treatment for 16 sec 

Titer after 

inactivation 

Mean± SD 

log₁₀ reduction 

values 

Titer after 

inactivation 

Mean± SD 

log₁₀ reduction 

values 

AL 3.72*±0.381 2.61± 0.190 92.24 2.16 ±0.335 97.24 
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CB 2.05±0.190 1.83 ±0.000 39.74 1.39 ±0.196 78.12 

FB 2.94±0.190 2.16 ±0.000 83.40 1.94 ±0.190 90.00 

PP 3.50±0.000 2.50 ±0.000 90.00 2.50 ±0.335 90.00 

RB 3.50±0.000 2.83 ±0.000 78.62 2.50 ±0.000 90.00 

SS 3.72±0.190 2.50 ±0.000 93.97 2.27 ±0.196 96.45 

*Titers are expressed as log10 TCID50/100 µL. 

The highest TBRV inactivation was observed on SS (83.40%) and RB (83.02%) at 8 sec, and SS 

(97.25 %), CB (97.86%), and RB (96.36%) at 16 sec (Table 5). The lowest inactivation was observed on 

AL (22.38%) and FB (22.38%) at 8 sec, and FB (90.00%) at 16 sec.  

The highest inactivation of the O’Neil strain was observed on RB (63.69%) and SS (53.23%) at 8 

sec, and AL (98.52%), SS (96.36%), and PP (95.32%) at 16 sec (Table 6). The lowest inactivation was 

observed on FB (22.37%), AL (39.74%), CB (39.74%), and PP (39.74%) at 8 sec, and in RB (92.23%) and 

FB (90.00%) at 16 sec.  

Table 4. Inactivation of THRV on different fomites using UV-SSS device. 

 

 

Fomites 

THRV (Initial titer= 4.83) 

 

Titer of 

control Mean± 

SD 

Treatment for 8 sec Treatment for 16 sec 

Titer after 

inactivation 

Mean± SD 

log₁₀ reduction 

values 

Titer after 

inactivation 

Mean± SD 

log₁₀ reduction 

values 

AL 4.39*± 0.196 3.390± 0.196 90.00 2.940± 0.190 96.45 

CB 1.94 ± 0.767 1.270± 0.196 78.62 1.050± 0.386 87.11 

FB 2.94± 0.190 2.500± 0.000 63.69 2.050± 0.508 87.11 

PP 4.39± 0.196 3.610± 0.190 83.40 2.940± 0.509 96.45 

RB 4.16± 0.00 3.830± 0.330 53.22 3.160± 0.000 90.00 

SS 4.39 ± 0.196 3.270± 0.196 92.41 3.160± 0.335 94.11 

*Titers are expressed as log10 TCID50/100 µL. 

Table 5. Inactivation of TBRV on different fomites using the UV-SSS device. 

 

 

Fomites 

TBRV (Initial titer= 4.83) 

 

Titer of control 

Mean± SD 

Treatment for 8 sec Treatment for 16 sec 

Titer after inactivation 

Mean± SD 

log₁₀ reduction 

values 

Titer after inactivation 

Mean± SD 

log₁₀ reduction 

values 

AL 4.39*±0.509 4.28±0.692 22.38 3.05±0.190 95.43 

CB 3.28±0.386 2.83±0.670 64.51 1.61±0.692 97.86 

FB 3.72±0.190 3.61±0.508 22.38 2.72±0.190 90.00 

PP 4.28±0.386 3.72±0.190 72.46 3.05±0.386 94.11 

RB 4.27±0.196 3.50±0.000 83.02 2.83±0.330 96.36 

SS 4.61±0.190 3.83±0.000 83.40 3.05±0.386 97.25 

*Titers are expressed as log10 TCID50/100 µL. 

Table 6. Inactivation of O’Neil reovirus on different fomites using UV-SSS device. 

 

 

Fomites 

O’Neil (Initial titer= 4.5) 

 

Titer of control 

Mean± SD 

Treatment for 8 sec Treatment for 16 sec 

Titer after 

inactivation 

Mean± SD 

log₁₀ reduction 

values 

Titer after 

inactivation 

Mean± SD 

log₁₀ reduction 

values 

AL 3.83*±0.000 3.61±0.190 39.74 2.167±0.577 98.52 

CB 2.72±0.190 2.50±0.000 39.74 1.50±0.665 93.97 

FB 3.5±0.000 3.39±0.196 22.37 2.50±0.000 90.00 
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PP 4.05±0.190 3.83±0.000 39.74 2.72±0.190 95.32 

RB 4.16±0.000 3.72±0.190 63.69 3.05±0.190 92.23 

SS 4.16±0.335 3.83±0.000 53.23 2.72±0.190 96.36 

*Titers are expressed as log10 TCID50/100 µL. 

Statistical analysis demonstrated that for four TRV strains (TERV, TBRV, THRV, and O’Neil), 

both exposure time and fomite type significantly influenced viral inactivation (P<0.05). However, no 

significant interaction between exposure time and fomite type was detected for these strains, 

indicating that the effect of exposure duration was consistent across fomites (Figure 2). Post hoc 

comparisons confirmed significant differences between untreated controls and both exposure 

groups, as well as between the 8- and 16-second treatments. In contrast, both exposure time (F=2.36, 

P<0.05) and fomite type (F=5.36, P<0.05) significantly affected the inactivation of TARV-1 and TARV-

2, and a significant interaction was observed between these two factors (F=10.36, P<0.05). This 

interaction suggests that the magnitude of viral inactivation at different exposure times varied 

depending on the type of fomite. 

 

Figure 2. Graphical representation of Tables 1–6. 
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4. Discussion 

The reovirus strains used in this study were isolated from different clinical conditions in turkeys 

and some of them had different molecular features. Because of these differences, we reasoned that 

they might differ in response to UV exposure. The THRV strains were isolated from cases of hepatitis 

in turkeys. This virus replicated in tendons, causing tenosynovitis in addition to producing hepatic 

lesions and a drop in body weight on experimental inoculation in turkey poults [18]. The brain isolate 

(TBRV) was associated with non-suppurative encephalitis in poults with ataxia. Isolation of reovirus 

from the brain of a broiler chicken with a nervous system disorder has previously been reported 

[2,19].  

Turkey arthritis reoviruses (TARVs) are the main cause of tenosynovitis in turkeys, leading to 

lameness, hock joint swelling in one or both legs, severe lesions in the hock joint, excessive fluid in 

tendon sheaths, periarticular fibrosis, cartilage erosion, and rupture of the digital flexor tendon [20]. 

Of the three TARV strains used in this study, TARV-1 is very similar to enteric reovirus (TERV) [20]. 

The TARV-2 strain is characterized by an insertion/deletion in the S1 gene. Although this strain was 

isolated from a case of lameness, it did not cause arthritis in turkeys after experimental inoculation. 

TARV-O'Neil is a highly pathogenic reference strain causing significant tenosynovitis and lameness 

in infected birds [21].  

Contaminated fomites can be a source of huge disease outbreaks, especially in intensive 

breeding systems [22]. However, transmission via fomites is difficult to evaluate due to the mixing 

of virus entry routes and individual susceptibility of birds due to varying degrees of immunity [23]. 

After air, food, and water systems are excluded as the routes of transmission, fomites are then 

suspected to be the cause of the outbreaks.  

Although the UV-SSS device is designed primarily to disinfect shoes, we studied the disinfecting 

action of this device on the most common fomites that may be present on poultry farms and 

hatcheries. The use of devices that depend on UVC and ozone emission may reduce the cost of 

cleaning and disinfection on the farm. It may help reduce the cost of labor in addition to minimizing 

acute and chronic health impacts associated with the misuse and overuse of disinfecting and/or 

cleaning chemicals. The UV-SSS device was found to be effective against most bacteria on the soles 

of shoes [24]. Epelle et al.[25] observed that the virucidal activity of UVC was variable among 

different fomites and that a combination of UVC and ozone generally yielded a better inactivation 

effect than their individual actions. This combination is one of the most promising methods for the 

disinfection of Personal Protective Equipment (PPE) [26].  

The virus elimination power of shoe sanitizer for 16 seconds was equivalent to that of the most 

common chemical disinfectants, e.g., Virocid (1:256), Keno X5 (1:400), Synergize (1:200), One Stroke 

(1:250), and Tek Trol (1:200) after 1 minute of exposure, especially in non-porous fomites [20].  Schuit 

et al. [27] tested 16 different wavelengths of UVC and found wavelengths of <280 nm to be the most 

virucidal for the SARS-CoV-2 virus. Tomás et al. [28] found that the 254-nm UV-C lamp was less 

efficient on porous surfaces than on non-porous surfaces. However, the inactivation of viruses may 

differ because of variations in the structure of viruses and/or their surrounding media.  

The TERV was found to have the highest resistance as compared to the other reovirus strains. 

This is not surprising because enteric viruses are known to have developed a strategy to adapt to 

natural stressors [29]. Alidjinou et al. [30] also showed a long survival time for enteric viruses on 

certain fomites. In contrast, TBRV was highly susceptible to UV-SSS, probably because of its lower 

exposure to natural stressors and hence lower adaptation. In general, reovirus survival was lower on 

cardboard (CB) and fabric (FB), probably due to the porous nature of these fomites. In a previous 

study, we used the UV-SSS to determine its effect on three different strains of avian influenza virus 

(AIV); all were inactivated within one 8-sec cycle of exposure [16]. In the present study, however, the 

reoviruses were not inactivated within 8 sec but needed 2 cycles of 8 sec each. The difference in 

inactivation of AIV and reoviruses may be due to the absence of a viral envelope in the latter virus. 

It is known that UV-C (254 nm) is more effective against enveloped viruses than non-enveloped ones 

[31]. In contrast, Canh et al. [32] showed that UV-LED (265 nm and 280 nm) did not affect the lipid 
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bilayer of enveloped viruses. They believed that the key factor for virus sensitivity to UV-LED is due 

to the characteristics of the viral genome, e.g., nucleic acid content and length, and structure of the 

genome. 

The presence of the organic matter in the media used to grow reovirus may alter the effect of the 

UV-SSS device. Organic matter may protect the virus particles, thereby increasing the chance of virus 

survival due to the lack of penetration power of UV; a phenomenon known as the canyon wall effect 

[33]. However, long exposure to UV under experimental conditions may dissolve the organic matter, 

leading to virus inactivation [34]. 

In conclusion, the device using UV light and ozone was shown to eliminate turkey reoviruses, 

albeit after an exposure time of 16 sec as opposed to 8 sec required for AIV inactivation. Also, there 

was variation in viral inactivation based on virus strain and the type of fomite. Increasing the time of 

exposure or using the device for more than one round is efficient in virus inactivation. 
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