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Infection prevention is a pillar of patient care in 
veterinary and human hospitals. Health care– 

associated infections, such as SSIs and implant-related 
infections, result in increased hospitalization times 
and increased morbidity and mortality rates for pa-
tients, leading to an emotional and financial cost to 
pet owners1–3 and human patients.4–6 Surgical-site in-
fections are among the most common HAIs in peo-
ple, accounting for 16% of HAIs in the United States.7 
Similarly, SSIs are complications for 0.8% to 18.1% of 
small animal8–10 and 0.5% to 39% of equine2,11 surgi-
cal procedures, with important variations associated 
with surgery type.

The pathogenesis of SSIs is multifaceted, and 
contaminated environmental surfaces are an under-
appreciated source of possible pathogens.4 These 
surfaces are often cleaned with detergents and then 
disinfected but are not routinely sampled to quantify 
their bioburden (ie, the number of viable bacteria on 
a surface).12 Enhanced environmental cleaning signif-
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OBJECTIVE
To determine the effect of a mobile UV-C disinfection device on the envi-
ronmental bacterial bioburden in veterinary facilities.

SAMPLES
40 swab samples of surfaces from the operating theaters of 3 veterinary 
hospitals and 1 necropsy laboratory.

PROCEDURES
Various surfaces were swabbed, and collected material was eluted from the 
swabs in PBSS. Then, an aliquot of the sample fluid was processed with a 
bacteria-specific rapid metabolic assay to quantify bacterial bioburden. Each 
site was then treated with UV-C light with an automated disinfection device 
for approximately 45 minutes. The same surfaces were swabbed following 
UV-C treatment, and bioburden was quantified. The bioburden at addition-
al time points, including after a second UV-C treatment, was determined 
for the small animal operating theater.

RESULTS
All surfaces at all sites had a persistent viable bacterial population following 
manual cleaning. Disinfection with UV-C achieved a mean bioburden reduc-
tion of 94% (SD, 5.2%; range, 91% to 95%) for all surfaces, compared with 
manual disinfection alone. Repeated UV-C treatment of the small animal 
operating theater reduced mean bioburden by 99% (SD, 0.8%), including no 
detectable bacteria on 4 of 10 surfaces.

CONCLUSIONS AND CLINICAL RELEVANCE
Disinfection with UV-C light may be a beneficial adjunct method for termi-
nal disinfection of veterinary operating theaters to reduce environmental 
bioburden. (Am J Vet Res 2021;82:582–588)

icantly decreases the rate of HAIs.13,14 In contempo-
rary veterinary practice, most chemical agents used 
for disinfection are liquid formulations and belong to 
specific groups as follows: acids, alcohols, aldehydes, 
alkalis, biguanides, halogens, oxidizing agents, phe-
nolics, and quaternary ammonium compounds.15 Evi-
dence of persistent contamination of environmental 
surfaces in human hospitals, despite traditional clean-
ing and disinfection methods, highlights the need for 
a successful adjunct to these methods.16 Novel disin-
fection strategies, such as UV-C light, that reduce the 
bioburden show great promise to help prevent SSIs in 
veterinary and human patients and reduce the risk of 
zoonoses.16–21

Ultraviolet-C light is a form of electromagnetic ra-
diation that causes photochemical changes in nucleic 
acids, resulting in cell death.22 Finsen23 and Møller et 
al24 first described the use of concentrated UV light 
radiation to cure skin tuberculosis (lupus vulgaris) 
caused by Mycobacterium tuberculosis. Presently, 
UV-C light is widely used for water disinfection and in 
heating, ventilation, and air-conditioning systems.19,25 
Automated UV-C disinfection devices are increas-
ingly popular as an adjunct disinfection method4,22 
and reduce the rate of HAIs in human hospitals.5,6,17,18 
In recent studies,21,20 UV germicidal irradiation ef-

ABBREVIATIONS
BSRMA  Bacteria-specific rapid metabolic assay
HAI  Health care–associated infection
MRSA  Methicillin-resistant Staphylococcus aureus
RLU  Relative light units
SSI  Surgical-site infections
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fectively reduced viable aerosolized pathogens of 
dogs and cats and the incidence of upper respiratory 
tract infections in shelter kittens. In another recent 
study,26 UV-C disinfection significantly reduced the 
bioburden in a hyperbaric oxygen chamber. Howev-
er, according to our knowledge, a study that includes 
an investigation of the efficacy of UV-C disinfection 
on the bacterial bioburden in veterinary operating 
theaters has not yet been published.

Therefore, the first objective of the preliminary 
study reported here was to determine the effect of 
an automated UV-C disinfection device on the bacte-
rial bioburden in 4 veterinary facilities. Ultraviolet-C 
disinfection was hypothesized to reduce the overall 
bioburden, compared with the routine disinfection 
protocol at each site. The second objective was to as-
sess any trends in the bioburden on the surfaces in a 
small animal operating theater at various time points 
before and after 2 UV-C treatments.

Materials and Methods

Study design
The study was conducted at 4 independent sites: 

operating theaters at an equine referral hospital, a 
small animal referral hospital and an academic veteri-
nary research hospital, and a necropsy laboratory in 
the same academic veterinary research hospital. The 
operating theater in the research hospital was subjec-
tively highly soiled (eg, dust and debris), compared 
with the other sites. All sites were manually cleaned 
with detergent and then disinfected with a solution 
of benzalkonium chloride (a quaternary ammonium 
compound) and polyhexamethylene biguanide (a po-
lymerized biguanide)a according to the routine clean-
ing and disinfection protocol at each site. Disinfected 
surfaces were allowed to dry for 30 minutes prior 
to testing. Personal safety equipment (ie, dedicated 
surgical scrubs and surgical cap and mask) was worn 
during cleaning, disinfection, and testing at all sites 
to minimize the risk of contamination.

Environmental surface sampling
Various nonporous, commonly touched surfaces 

at each site were swabbed by 1 investigator (KLB) 
who used a kitb that included sampling supplies and 
a luminometer and who followed the manufacturer’s 
instructions. Briefly, each surface was recorded, and a 
100-cm2 area was marked. Sterile cotton swabsc were 
moistened in 500 µL of sterile PBSS immediately prior 
to surface swabbing. The moistened swab was axially 
rotated and streaked as follows: 10X up and down, 10X 
left and right, and 10X diagonally within the marked 
area. The collected material on the swab was then 
eluted in 500 µL of sterile PBSS in a collection tube, 
and the swab was pressed against the edges of the col-
lection tube to release excess fluid absorbed by the 
swab. Within 1 hour of surface testing, samples were 
processed for bacterial bioburden measurement in a 
single-blinded procedure to minimize bias.

UV-C disinfection
Following sampling, a mobile UV-C disinfection 

deviced was positioned in the center of each operating 
theater and necropsy laboratory. All persons vacated 
each room, and the device was operated remotely 
with a tablet computer. An automated 3-D room scan 
was performed with the device to determine the 
optimal treatment time on the basis of the location 
of the device, room size, and number of objects in 
the room. A germicidal dose of UV-C light (254 nm; 
22,000 µW/cm2) was emitted to irradiate each room 
for approximately 45 minutes. Treatment time was 
automatically calculated by use of the inverse-square 
law of UV-C effectiveness, so a germicidal dose of 
UV-C could disinfect all surfaces. The device had a 
motion sensor that immediately turned the system off 
if any motion was detected while activated to avoid 
human exposure to the UV-C light. Following UV-C 
disinfection, swab samples were collected (from the 
same surfaces) as previously described.

To determine the effect of multiple UV-C treat-
ments on the bacterial bioburden, additional time 
points were assessed on the same surfaces in the 
small animal operating theater. Additional time 
points included prior to the use of the operating the-
ater (baseline), immediately after its use (after sur-
gery), 12 hours after the initial sampling and first 
UV-C treatment, and immediately after a second ap-
proximately 45-minute UV-C treatment. No surgery 
was performed in the theater for 12 hours after the 
first UV-C treatment.

Bioburden quantification
Bioburden was quantified on all samples with 

a BSRMA kit.b The assay was performed according 
to manufacturer’s instructions and as previously 
described.26 Briefly, the eluted sample in PBSS was 
filtered through a 0.45-µm membrane to remove so-
matic cells and nonbacterial ATP. Bacterial cells were 
then lysed to release ATP, and 50 µL of luciferin- 
luciferase was added to the resulting solution to initi-
ate an ATP-dependent, light-producing reaction. This 
reaction was quantified with the kit’s luminometer. 
Its output was recorded in RLU (fluorescence), which 
correlates with CFUs, such that 1 RLU equals 1 vi-
able bacterium in the sample.27 Blank samples were 
analyzed with the BSRMA after 5 consecutive tests 
to ensure sterility of the analyzer’s sample chamber.

Statistical analysis
Descriptive variables were assessed for normality 

graphically and confirmed with the Shapiro-Wilk test. 
Bioburden reduction was calculated as a percentage 
for all surfaces and sites and reported as mean and 
SD. To determine the differences in bioburden re-
duction among various surface materials after UV-C 
treatment, the data were analyzed by use of a 1-way  
ANOVA with commercially available software.e Val-
ues of P < 0.05 were considered significant.
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Results
All surfaces at all sites (operating theater in an 

equine veterinary referral hospital, n = 12; operat-
ing theater in a small veterinary referral hospital, 10; 
operating theater in an academic veterinary research 
hospital, 5; and necropsy laboratory in an academic 
veterinary research hospital, 13) were contaminated 
with bacteria after manual cleaning and disinfection 
(Table 1). After 1 UV-C treatment, overall mean bio-
burden was reduced by 94% (SD, 5.2%; range, 91% 
to 95%). Bioburden reduction after 1 UV-C treatment 
was not significantly (P = 0.53) different among the 
various surface materials (hard plastic: n = 19 [mean 
bioburden reduction, 95%; SD, 5.8%]; stainless steel: 
11 [93%; SD, 5.5%]; rubber: 4 [96%; SD, 2.6%]; vinyl 
flooring: 3 [96%; SD, 3.5%]; and glass and other mate-
rials: 3 [91%; SD, 4.0]).

In the small animal operating theater, the biobur-
den immediately after surgery increased from base-

line for 8 of 10 surfaces and subsequently increased 
after manual routine cleaning and disinfection for 6 
surfaces. After 1 UV-C treatment, viable bacteria were 
detected on 8 of 10 surfaces, with a mean bioburden 
reduction of 95% (SD, 4.5%), compared with results 
for manual cleaning and disinfection alone. The bio-
burden of 9 surfaces increased 12 hours after the first 
UV-C treatment when the operating theater was not 
used; however, the bioburden was lower than that 
following only manual cleaning and disinfection. 
After the second UV-C treatment, mean bioburden 
was reduced by 99% (SD, 0.8%), compared with the 
bioburden 12 hours after the first UV-C treatment, in-
cluding no detectable bacteria on 4 of 10 surfaces.

Discussion
The present study revealed the effectiveness of 

a UV-C disinfection device to reduce the environ-
mental bacterial bioburden in 3 veterinary operating 

     Before first       Percentage 
     UV-C treatment After first Percentage reduction 12 hours after  reduction
  Surface   (after manual cleaning UV-C after first UV-C first UV-C After second after second
Site Surface material Baseline Postsurgery and disinfection) treatment treatment treatment UV-C treatment  UV-C treatment

Equine Anesthetic bench Stainless steel — — 30 1 97 — — —
  operating Bench A Hard plastic — — 83 4 95 — — —
   theatre Bench B Hard plastic — — 140 8 94 — — —
 Bench C Hard plastic — — 474 13 97 — — —
 Cleaning station Hard plastic — — 27 0 100 — — —
 Drain Stainless steel — — 951 122 87 — — —
 Floor Concrete — — 71 5 93 — — —
 Foot stool Rubber — — 281 8 97 — — —
 Light switch A Hard plastic — — 12 2 83 — — —
 Light switch B Hard plastic — — 1 0 100 — — —
 Speaker Rubber — — 405 30 93 — — —
 Window glass Glass — — 80 3 96 — — —

 Mean (SD)      94 (4.5)   —
     
Small Anesthetic bench Hard plastic 557 1,201 724 15 98 5 0 100
  animal Anesthetic monitor Hard plastic 512 699 344 46 87 86 5 99
  operating Bench top Hard plastic 29 37 64 0 100 7 1 98
  theatre Door handle Stainless steel 69 164 837 68 92 100 17 98
 Floor Vinyl 779 2,739 955 93 90 168 11 99
 Foot pedal Rubber 3,410 2,851 4,700 247 95 279 28 99
 Metal trolley Stainless steel 40 222 284 22 92 25 2 99
 Overhead light Hard plastic 39 1,102 13 0 100 2 0 100
 Pressure valve Hard plastic 1,252 643 1,136 12 99 144 0 100
 Waste bin Hard plastic 28 38 39 1 97 6 0 100

 Mean (SD)      95 (4.5)   99 (0.8)
     
 
Academic Anesthetic bench Hard plastic — — 102 15 85 — — —
  veterinary Door handle Stainless steel — — 4 0 100 — — —
  research hospital Floor Vinyl — — 2,082 111 95 — — —
  operating Overhead light handle Hard plastic — — 433 39 91 — — —
  theatre Surgical trolley Stainless steel — — 288 39 86 — — —

 Mean (SD)      91 (6.1)   —
     
Academic veterinary Bench A Hard plastic — — 395 14 96 — — —
  research hospital  Bench B Hard plastic — — 3,082 0 100 — — —
  necropsy Biosafety cabinet Stainless steel — — 1,392 201 86 — — —
  laboratory Door handle Stainless steel — — 3,013 159 95 — — —
 Floor Vinyl — — 93,785 12,345 87 — — —
 Keyboard Hard plastic — — 120 16 87 — — —
 Medical equipment Hard plastic — — 220 0 100 — — —
 Pen Hard plastic — — 890 0 100 — — —
 Rubber shoe Rubber — — 9,256 48 99 — — —
 Sink Stainless steel — — 135 12 91 — — —
 Trolley Stainless steel — — 90 0 100 — — —
 Trolley Stainless steel — — 90 0 100 — — —
 Wall Paint — — 3 0 100 — — —

 Mean (SD)      95 (5.7)   —
 Overall mean (SD)      94 (5.2)   —

— = Not applicable.

Table 1—The bioburden (measured as RLU [fluorescence] and percentage reduction) before and after manual cleaning with a detergent and 
disinfection with a solution of benzalkonium chloride and polyhexamethylene biguanide and 1 UV-C treatment of approximately 45 minutes with 
a mobile device (germicidal dose, 254 nm and 22,000 mW/cm2) of various nonporous surfaces and surface materials in 3 independent veterinary 
operating theaters (1 equine referral hospital, 1 small animal referral veterinary hospital, and 1 academic veterinary research hospital) and 1 nec-
ropsy laboratory (located at the same academic veterinary research hospital). Each surface was swabbed, and collected material on each swab was 
processed and analyzed within 1 hour after swabbing with a BSRMA. The bioburden in the veterinary operating theater at the small animal referral 
hospital was further evaluated prior to the use of the operating theater (baseline), immediately after its use (postsurgery), 12 hours after the first 
UV-C treatment (operating theater not used during this period), and immediately after a second approximately 45-minute UV-C treatment.
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theaters and a necropsy laboratory. Because the bio-
burden on surfaces is relatively low (compared with 
standardized laboratory inoculums), calculating the 
percentage reduction, as done in the present study, 
in the number of viable bacteria is a better measure 
of UV-C effectiveness than the log10 scale used to de-
termine the effectiveness of liquid disinfectants.4 Al-
though many disinfectants claim > 6 log (99.9999%) 
reductions in viable bacteria, the actual efficacies are 
often far less, as evidenced by the number of bacteria 
remaining on surfaces after manual cleaning in this 
study. Additionally, under laboratory conditions, the 
inoculum of bacteria (1010 CFUs/mL) used for testing 
does not accurately represent the number of bacteria 
on clinical surfaces. Because surface contamination 
may lead to HAIs, including SSIs, considering adjunct 
disinfection strategies to lower the bioburden in vet-
erinary operating theaters is necessary.15,28,29 The 
veterinary and human literature are replete with evi-
dence documenting the persistence of pathogens on 
environmental surfaces, despite manual cleaning and 
disinfection.4,30–35

The effectiveness of manual cleaning on the bio-
burden of surfaces varies widely, possibly because 
of human error, time dedicated to cleaning, surface 
contact time with disinfectant, and the types of 
disinfectant and operating theater equipment and 
surfaces.28,36 Disinfectants must be used as direct-
ed by the manufacturer for them to be as effective 
as the manufacturer reports.16 Inadequate clean-
ing and disinfection protocols and lack of protocol 
standardization are likely key contributing factors 
to persistent surface contamination.16 In 1 study,37 
only 50% of high-touch surfaces in a human hospi-
tal were appropriately disinfected by cleaning staff. 
The ability for bacterial pathogens to persist in the 
environment and disseminate through fomites and 
air further highlights the need to augment manual 
cleaning and disinfection methods in veterinary and 
human hospitals.16,30

Variations in manual cleaning and disinfection 
were observed at the small animal operating theater, 
which may have been a reason for the increased bio-
burden of 5 surfaces (benchtop, door handle, foot 
pedal, metal trolley, and pressure valve) after manual 
cleaning and disinfection. Possibly, some surfaces 
were unintentionally missed by personnel during 
cleaning and disinfection (eg, metal trolley) or they 
were not manually cleaned and disinfected daily (eg, 
door handle and foot pedal). Contaminated cleaning 
equipment such as cloths and mops and disinfectant 
chemicals can also contaminate surfaces,38 which 
may also explain the increased bioburden on these 
5 surfaces.

Across all 4 sites, UV-C was highly effective at re-
ducing the bioburden regardless of the type of non-
porous surface material. Nonporous surfaces were se-
lected because most equipment and surfaces within 
operating theaters are nonporous. Previous studies39 
reveal that UV-C is not as effective at disinfecting 

porous surfaces such as paper and fabric. Therefore, 
these surfaces should be considered as contaminated 
after UV-C disinfection.

Ultraviolet-C devices are less effective in highly 
soiled environments because UV-C light is unable 
to sufficiently penetrate dust, dirt, and stains.40 De-
creased UV-C effectiveness was reflected in the pres-
ent study by the lowest reduction (91% vs manual 
cleaning and disinfection alone) in the bioburden for 
the heavily soiled (vs other sites) operating theater 
in the academic veterinary research hospital. In addi-
tion, UV-C effectiveness may be reduced in locations 
that are shadowed (ie, objects in the UV-light beam’s 
path will produce a shadow) and therefore not affect-
ed by irradiation. For these reasons, manual cleaning 
and disinfection are still recommended prior to UV-C 
treatment.

In small and large animal hospitals, disease out-
breaks have been associated with environmental 
contamination.34,35,41 Consequently, researchers have 
been more focused on pathogens that may cause SSIs 
and are known to persist in the hospital environment. 
Of particular concern are Staphylococcus spp, En-
terococcus spp, Pseudomonas spp, Salmonella spp, 
and Escherichia coli, all of which can exhibit multi-
drug resistance.3,10,33,42 Methicillin-resistant S aureus 
is a well-recognized multidrug-resistant nosocomial 
pathogen in human hospitals, is considered an emerg-
ing pathogen in veterinary medicine, and has been 
identified as the cause of SSIs in small animal43,44 and 
equine patients.45 Disinfection with UV-C is effective 
against MRSA; a 93% reduction in log10 CFUs/mL for 
MRSA was noted for frequently touched surfaces in a 
human hospital after irradiation with an automated 
UV-C device.40 In large animal veterinary hospitals, 
Salmonella enterica is a common cause of HAIs and 
is associated with widespread environmental con-
tamination.41,46 The effectiveness of UV-C on 12 Sal-
monella spp is comparable with that on MRSA.47

The reported incidence of SSIs in small and large 
animal patients is highly variable, likely because of 
differences in the definition of an SSI, surgical proce-
dure, patient signalment, presence of comorbidities, 
and use of prophylactic antimicrobials among other 
variables.3 In contemporary veterinary practice, SSIs 
are of particular concern because of antimicrobial 
resistance, high morbidity and mortality rates, pro-
longed hospitalization, potential for nosocomial in-
fection and zoonotic transmission, and cost of treat-
ment.3,11 In US human hospitals, SSIs are estimated to 
extend the duration of hospital stay by an average of 
9.7 days and increase the cost by $20,842/admission, 
equating to an annual treatment cost of > $1.5 billion.2 
For dogs that underwent tibial plateau leveling oste-
otomy in a previous study,1 the mean postoperative 
cost was $1,559 for dogs with an SSI versus $212 for 
dogs without an SSI.1 For horses that underwent com-
plicated orthopedic procedures in another study,48 an 
SSI significantly increased the duration of hospitaliza-
tion from 13.4 to 45.5 days and increased the dura-
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tion of antimicrobial treatment from 4.5 to 21.8 days. 
Furthermore, after an SSI develops in horses, they are 
less likely to survive to hospital discharge, compared 
with those without an SSI.48 The emotional impact on 
owners and welfare implications for their pets ow-
ing to increased duration of hospitalization and the 
number of required procedures to address the SSI is 
difficult to quantify but nevertheless is likely pres-
ent. Although the development of SSIs will never be 
completely eliminated, mitigation of SSIs is needed to 
lessen the economic impact on pet owners and im-
prove patient welfare.

Ultraviolet-C light has germicidal activity against 
numerous pathogens, including multidrug-resistant 
bacteria (ie, MRSA, vancomycin-resistant Enterococ-
cus spp, and Clostridium difficile), encapsulated and 
nonencapsulated viruses, fungi, protozoa, and other 
microbes.47 Unlike for other disinfection methods, 
bacteria are not known to acquire resistance to UV-C 
light. Because UV-C light disrupts bacterial DNA, vi-
able bacteria near the irradiated bacteria cannot ac-
quire resistance genes by horizontal gene transfer.49 
Ultraviolet-C light is also effective in eliminating 
bacteria in biofilms.50 Pathogenic bacteria, including 
Staphylococcus spp and Pseudomonas spp, have the 
potential for biofilm formation.51 Implant-associated 
infections, a common complication of orthopedic 
surgery in veterinary patients, are often associated 
with biofilm formation.52,53 Such infections typically 
require surgical removal of the implant, which fur-
ther increases a pet owner’s financial and emotional 
burden and increases patient morbidity.54 Effective 
environmental elimination of biofilm-forming bacte-
ria by UV-C light further supports the potential of this 
technology for reducing the development of SSIs.

The BSRMA for bacterial bioburden quantifica-
tion was preferred over traditional microbial culture 
because real-time metabolic testing is more reliable 
and sensitive.55 Production of ATP is evolutionally 
conserved in bacteria, so the BSRMA is highly sensi-
tive to viable but nonculturable bacteria in a sample.27 
Additionally, BSRMA is more sensitive in enumerating 
each bacterium, compared with traditional microbial 
culture.26 A limitation of the BSRMA is the inability to 
identify individual bacterial species. Identification of 
bacterial species was beyond the scope of the present 
study; however, future studies could include bacteri-
al culture followed by species identification to deter-
mine the effectiveness of UV-C against specific bac-
teria collected from surfaces in veterinary hospitals.

The automated mobile UV-C disinfection device 
used in the present study showed great promise as an 
adjunct disinfection tool in veterinary hospitals, not 
only for its demonstrated effectiveness in bioburden 
reduction but also for its ease of use. The device can 
be adapted to its surroundings with built-in height 
sensors, shadow-reduction technology, motion sen-
sors, and room-mapping technology. The latter allows 
for correct calculation of required treatment times 
to kill the most persistent bacteria, including those 

that form spores, typically within a 45-minute cycle 
depending on room size and contents. The device’s 
motion sensors help to ensure that human exposure 
to UV-C is avoided if someone enters the room during 
UV-C treatment.

Currently, the up-front monetary cost of an au-
tomated UV-C disinfection device may limit its use 
in veterinary hospitals; however, the cost-to-benefit 
ratio of SSI reduction needs to be considered when 
deciding to invest in such a device. Anderson et al6 
first reported on a randomized clinical trial to assess a 
UV-C device for terminal room disinfection (ie, disin-
fection of a room between occupying patients) in hu-
man hospitals. The outcome of that study6 indicates 
that UV-C decreases the incidence of infection with 
multidrug-resistant bacteria (MRSA, vancomycin- 
resistant Enterococcus spp, C difficile, and multidrug-
resistant Acinetobacter spp) by approximately 10% to 
30%. Documenting actual infection reduction with 
UV-C disinfection technologies is challenging4; how-
ever, in 1 study20 of shelter kittens, incidence of up-
per respiratory tract infection decreased after a UV 
irradiation system was installed. Veterinary hospital 
personnel can evaluate the cost-effectiveness of UV-C 
disinfection to determine the potential benefit of a 
UV-C device in their hospitals (eg, cost of the system 
per patient per hospital stay vs cost of care per sick 
patient per hospital stay).16,20

The present study had limitations. First, despite 
site personnel using the same disinfectant, the clean-
ing and disinfection protocol was not standardized 
(ie, variable time and personnel), which likely led to 
variable degrees of contamination at each site prior 
to UV-C application. Second, the animal species that 
underwent surgery was variable among sites, with 
one site used for surgeries performed only on hors-
es, another site for only research animal species (ie, 
mice, rats, rabbits, sheep, and pigs), and another site 
for only domestic dogs and cats, which likely result-
ed in different bacterial populations across the sites. 
The classification of bacterial species was beyond the 
scope of this study. Future studies would benefit from 
characterizing the viable bacterial populations, par-
ticularly focusing on pathogenicity and drug-resistant 
strains that are known to cause infection. However, 
UV-C was effective in reducing the bioburden by 94% 
across all 4 sites (operating theaters and necropsy 
laboratory), which demonstrates the capability and 
adaptability of this UV-C device. Finally, sampled sur-
faces were not standardized among the sites; howev-
er, this reflected the differences in theater layout and 
equipment.

The results of the present study indicated the 
effectiveness of a mobile UV-C disinfection device 
for terminal disinfection of 3 veterinary operating 
theaters and 1 necropsy laboratory on the basis of 
results of a BSRMA. Studies are required to quantify 
the effect of UV-C on the incidence of SSIs at veteri-
nary hospitals. Investigation of the effectiveness of 
UV-C to kill other microorganisms such as viruses, 
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yeast, and fungi is also recommended. Given the 
focus on antimicrobial stewardship in response to 
increasing bacterial resistance in veterinary prac-
tice, use of a UV-C device may become important 
to reduce bioburden, SSI incidence, and the need 
for antimicrobials.

Acknowledgments
No external funding was used in this study. The authors de-

clare that there were no conflicts of interest.

Footnotes
a. F10 SC, Chemical Essentials Pty Ltd, Mitcham, VIC, Australia.
b. Profile-1 Bioluminometer, Q Biotechnologies Ltd, Lincoln, 

England.
c. Puritan Medical Products, Guilford, Me.
d. ThorUVC, Finsen Technologies Ltd, Miami, Fla.
e. GraphPad Prism 8, GraphPad Software, San Diego, Calif.

References
1. Nicoll C, Singh A, Weese JS. Economic impact of tibial pla-

teau leveling osteotomy surgical site infection in dogs. Vet 
Surg 2014;43:899–902.

2. Ahern BJ, Richardson DW. Surgical site infection and the use 
of antimicrobials. In: Auer JA, Stick JA, eds. Equine surgery. 
4th ed. St Louis: Elsevier Saunders, 2014;68–84.

3. Burgess BA. Prevention and surveillance of surgical infec-
tions: a review. Vet Surg 2019;48:284–290.

4. Weber DJ, Rutala WA, Anderson DJ, et al. Effectiveness of 
ultraviolet devices and hydrogen peroxide systems for ter-
minal room decontamination: focus on clinical trials. Am J 
Infect Control 2016;44:e77–e84.

5. Pavia M, Simpser E, Becker M, et al. The effect of ultraviolet-
C technology on viral infection incidence in a pediatric long-
term care facility. Am J Infect Control 2018;46:720–722.

6. Anderson DJ, Chen LF, Weber DJ, et al. Enhanced terminal 
room disinfection and acquisition and infection caused by 
multidrug-resistant organisms and Clostridium difficile (the 
benefits of enhanced terminal room disinfection study): a 
cluster-randomised, multicentre, crossover study. Lancet 
2017;389:805–814.

7. Guideline for prevention of surgical site infection. Bull Am 
Coll Surg 2000;85:23–29.

8. Eugster S, Schawalder P, Gaschen F, et al. A prospective study 
of postoperative surgical site infections in dogs and cats. Vet 
Surg 2004;33:542–550.

9. Whittem TL, Johnson AL, Smith CW, et al. Effect of peri-
operative prophylactic antimicrobial treatment in dogs  
undergoing elective orthopedic surgery. J Am Vet Med Assoc 
1999;215:212–216.

10. Nelson LL. Surgical site infections in small animal surgery. 
Vet Clin North Am Small Anim Pract 2011;41:1041–1056.

11. Curtiss AL, Stefanovski D, Richardson DW. Surgical site infec-
tion associated with equine orthopedic internal fixation: 155 
cases (2008–2016). Vet Surg 2019;48:685–693.

12. Dancer SJ. How do we assess hospital cleaning: a proposal 
for microbiological standards for surface hygiene in hospi-
tals. J Hosp Infect 2004;56:10–15.

13. Hayden MK, Bonten MJM, Blom DW, et al. Reduction in ac-
quisition of vancomycin-resistant Enterococcus after en-
forcement of routine environmental cleaning measures. Clin 
Infect Dis 2006;42:1552–1560.

14. Dancer SJ. The role of environmental cleaning in the control 
of hospital-acquired infection. J Hosp Infect 2009;73:378–
385.

15. Traverse M, Aceto H. Environmental cleaning and disinfec-
tion. Vet Clin North Am Small Anim Pract 2015;45:299–
330.

16. Spencer M, Vignari M, Bryce E, et al. A model for choosing 
an automated ultraviolet-C disinfection system and building 

a case for the c-suite: two case reports. Am J Infect Control 
2017;45:288–292.

17. Murrell LJ, Hamilton EK, Johnson HB, et al. Influence of a vis-
ible-light continuous environmental disinfection system on 
microbial contamination and surgical site infections in an or-
thopedic operating room. Am J Infect Control 2019;47:804–
810.

18. Kovach CR, Taneli Y, Neiman T, et al. Evaluation of an ultra-
violet room disinfection protocol to decrease nursing home 
microbial burden, infection and hospitalization rates. BMC 
Infect Dis 2017;17:186.

19. Kujundzic E, Hernandez M, Miller SL. Ultraviolet germicidal 
irradiation inactivation of airborne fungal spores and bac-
teria in upper-room air and HVAC in-duct configurations. J 
Environ Eng Sci 2007;6:1–9.

20. Jaynes RA, Thompson MC, Kennedy MA. Effect of ultraviolet 
germicidal irradiation of the air on the incidence of upper 
respiratory tract infections in kittens in a nursery. J Am Vet 
Med Assoc 2020;257:929–932.

21. Pearce-Walker JI, Troup DJ, Ives R, et al. Investigation of the 
effects of an ultraviolet germicidal irradiation system on con-
centrations of aerosolized surrogates for common veterinary 
pathogens. Am J Vet Res 2020;81:506–513.

22. Nerandzic MM, Thota P, Sankar CT, et al. Evaluation of a 
pulsed xenon ultraviolet disinfection system for reduction 
of healthcare-associated pathogens in hospital rooms. Infect 
Control Hosp Epidemiol 2015;36:192–197.

23. Finsen NR. About use in medicine of concentrated chemical 
light beams [Danish]. Copenhagen: Gyldendal, 1896;1–64.

24. Møller KI, Kongshoj B, Philipsen PA, et al. How Finsen’s light 
cured lupus vulgaris. Photodermatol Photoimmunol Pho-
tomed 2005;21:118–124.

25. Chatterley C, Linden K. Demonstration and evaluation of ger-
micidal UV-LEDs for point-of-use water disinfection. J Water 
Health 2010;8:479–486.

26. Browne KL, Wood D, Clezy K, et al. Comparison of rou-
tine environmental cleaning and ultraviolet-C disinfection 
in the hyperbaric unit: a pilot study. Diving Hyperb Med 
2020;50:318–324.

27. Siragusa GR, Cutter CN. Microbial ATP bioluminescence as a 
means to detect contamination on artificially contaminated 
beef carcass tissue. J Food Prot 1995;58:764–769.

28. Otter JA, Yezli S, French GL. The role of contaminated surfac-
es in the transmission of nosocomial pathogens. In: Borkow 
G, ed. Use of biocidal surfaces for reduction of healthcare 
acquired infections. Cham, Switzerland: Springer Interna-
tional Publishing AG, 2014;27–58.

29. KuKanich KS, Ghosh A, Skarbek JV, et al. Surveillance of 
bacterial contamination in small animal veterinary hospitals 
with special focus on antimicrobial resistance and virulence 
traits of enterococci. J Am Vet Med Assoc 2012;240:437–445.

30. Chemaly RF, Ghantoji SS, Simmons S, et al. The role of the 
healthcare environment in the spread of multidrug-resistant 
organisms: update on current best practices for contain-
ment. Ther Adv Infect Dis 2014;2:79–90.

31. Sexton T, Clarke P, O’Neill E, et al. Environmental reservoirs 
of methicillin-resistant Staphylococcus aureus in isolation 
rooms: correlation with patient isolates and implications for 
hospital hygiene. J Hosp Infect 2006;62:187–194.

32. Kramer A, Schwebke I, Kampf G. How long do nosocomial 
pathogens persist on inanimate surfaces: a systematic re-
view. BMC Infect Dis 2006;6:130.

33. Nazarali A, Singh A, Kim S. Association between methicillin-
resistant Staphylococcus pseudintermedius carriage and 
surgical site infections following tibial plateau leveling os-
teotomy in dogs Laparoscopic treatment of ovarian remnant 
syndrome in dogs and cats: 7 cases (2010–2013). J Am Vet 
Med Assoc 2015;247:909–916.

34. Steneroden KK, Van Metre DC, Jackson C, et al. Detection 
and control of a nosocomial outbreak caused by Salmo-
nella newport at a large animal hospital. J Vet Intern Med 
2010;24:606–616.

35. Weese JS, DaCosta T, Button L, et al. Isolation of methicillin-
resistant Staphylococcus aureus from the environment in a 

Authenticated jdeare@avma.org | Downloaded 01/19/22 04:49 PM UTC



588 AJVR • Vol 82 • No. 7 • July 2021

veterinary teaching hospital. J Vet Intern Med 2004;18:468–
470.

36. Rutala WA, Weber DJ. Infection control: the role of dis-
infection and sterilization. J Hosp Infect 1999;(suppl) 
43:S43–S55.

37. Carling PC, Bartley JM. Evaluating hygienic cleaning in 
health care settings: what you do not know can harm your 
patients. Am J Infect Control 2010;38:S41–S50.

38. Dharan S, Mourouga P, Copin P, et al. Routine disinfection 
of patients’ environmental surfaces: myth or reality? J Hosp 
Infect 1999;42:113–117.

39. Leas BF, Sullivan N, Han JH, et al. Environmental cleaning 
for the prevention of infections. Report No. 15–EHC020-EF. 
Rockville, Md: Agency for Healthcare Research and Quality, 
2015.

40. Nerandzic MM, Fisher CW, Donskey CJ. Sorting through the 
wealth of options: comparative evaluation of two ultraviolet 
disinfection systems. PLoS One 2014;9:e107444.

41. Dallap Schaer BL, Aceto H, Rankin SC. Outbreak of salmonel-
losis caused by Salmonella enterica serovar Newport MDR-
AmpC in a large animal veterinary teaching hospital. J Vet 
Intern Med 2010;24:1138–1146.

42. Turk R, Singh A, Weese JS. Prospective surgical site infection 
surveillance in dogs. Vet Surg 2015;44:2–8.

43. Heller J, Armstrong SK, Girvan EK, et al. Prevalence and 
distribution of meticillin-resistant Staphylococcus aureus 
within the environment and staff of a university veterinary 
clinic. J Small Anim Pract 2009;50:168–173.

44. Tomlin J, Pead MJ, Lloyd DH, et al. Methicillin-resistant 
Staphylococcus aureus infections in 11 dogs. Vet Rec 
1999;144:60–64.

45. Weese JS, Rousseau J, Willey BM, et al. Methicillin-resistant 
Staphylococcus aureus in horses at a veterinary teaching 

hospital: frequency, characterization, and association with 
clinical disease. J Vet Intern Med 2006;20:182–186.

46. Burgess BA, Morley PS. Risk factors for veterinary hospital 
environmental contamination with Salmonella enterica. 
Epidemiol Infect 2018;146:1282–1292.

47. Kowalski W. Ultraviolet germicidal irradiation handbook: 
UVGI for air and surface disinfection. Berlin: Springer- 
Verlag, 2009.

48. Ahern BJ, Richardson DW, Boston RC, et al. Orthopedic 
infections in equine long bone fractures and arthrodeses 
treated by internal fixation: 192 cases (1990–2006). Vet Surg 
2010;39:588–593.

49. Dunlop PSM, Ciavola M, Rizzo L, et al. Effect of photocatal-
ysis on the transfer of antibiotic resistance genes in urban 
wastewater. Catal Today 2015;240:55–60.

50. Bak J, Ladefoged SD, Tvede M, et al. Dose requirements 
for UVC disinfection of catheter biofilms. Biofouling 
2009;25:289–296.

51. Henry-Stanley MJ, Hess DJ, Barnes AMT, et al. Bacterial con-
tamination of surgical suture resembles a biofilm. Surg Infect 
(Larchmt) 2010;11:433–439.

52. Thompson AM, Bergh MS, Wang C, et al. Tibial plateau level-
ling osteotomy implant removal: a retrospective analysis of 
129 cases. Vet Comp Orthop Traumatol 2011;24:450–456.

53. Weese JS. A review of multidrug resistant surgical site infec-
tions. Vet Comp Orthop Traumatol 2008;21:1–7.

54. Gallagher AD, Mertens WD. Implant removal rate from infec-
tion after tibial plateau leveling osteotomy in dogs. Vet Surg 
2012;41:705–711.

55. Davidson CA, Griffith CJ, Peters AC, et al. Evaluation of two 
methods for monitoring surface cleanliness—ATP biolumi-
nescence and traditional hygiene swabbing. Luminescence 
1999;14:33–38.

Erratum: Effect of epitendinous suture caliber on the tensile strength of repaired canine flexor 
tendons

In the report “Effect of epitendinous suture caliber on the tensile strength of repaired canine 
flexor tendons” (Am J Vet Res 2021;82:510–515), the degrees listed for the first author were 
incorrectly reported. The information for this author should read as follows: Daniel J. Duffy  
BVM&S (Hons), MS.
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