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Summary
The efficacy of a tire sanitizer system in
reducing bacterial counts on tires in winter
was tested, but could not be adequately
evaluated due to minimal bacterial con-
tamination of tires. The number of bacteria
contaminating tires under different seasonal
conditions was also compared. Bacterial
contamination of tires varied by season.
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efficacy of a truck-mounted tire
sanitizer system after contami-

nating tires under natural field conditions
on a typical midwestern swine farm during
cool muddy fall conditions and warm dry
spring conditions.1 We reported that using
a tire sanitizer system with a peroxygen
disinfectant reduced the number of aerobic
bacteria on the footprint and tread grooves
of truck tires under cool muddy fall condi-
tions. In warm dry spring conditions, there
was a reduction in the number of bacteria
present on the tire footprint regardless of
whether or not the tire was sprayed with
disinfectant. Moreover, there was no reduc-
tion in the number of bacteria in the tread
groove of the tire after spraying with disin-
fectant under spring conditions.

The objective of this study was to deter-
mine whether using a tire sanitizer to apply
a solution of peroxygen disinfectant and
antifreeze would reduce or eliminate aero-
bic bacteria from the tires of a veterinary
truck after it was driven on roads of a pork
production unit during winter conditions.

Materials and methods
Environment
Sampling for this experiment was performed
during a 3-hour period on the premises of
the Purdue Animal Sciences Research and
Education Center Swine Unit in
Montmorenci, Indiana, on February 2,
2005. Temperature and relative humidity
were -7.05˚C and 78.7%, respectively, at
the beginning of the sampling period, and
-5.17˚C and 75%, respectively, at the end
of the sampling period (VelociCalc Plus
8360 digital temp/RH/velocity meter; TSI
Incorporated, St Paul, Minnesota). Farm
roads were a mixture of gravel, grass, and
soil, and main roads were asphalt. All roads
were covered with snow and ice during this
project.

Equipment
A 2004 three-quarter-ton pickup truck
with a standard bed (Ford F250 XL; Ford
Motor Company, Detroit, Michigan) was
equipped with a mobile unit (Triple
Crown; Porta-Vet, Hudson, Iowa ) and a
tire sanitizer system (On-Board Tire Sani-
tizer; Monroe Snow and Ice Control, Mon-
roe, Wisconsin). Front tires were identical
tubeless radial tires (AmeriTrac LT235/
85R16/M+S; General Tire, Continental
Tire North America, Mount Vernon, Illi-
nois) with four-ply treads (two polyester
and two steel) and two-ply polyester
sidewalls.

The mobile unit was modified to accom-
modate one tank supplying water to the
mobile unit and a second tank supplying
disinfectant solution to the tire sanitizer
system. The tank connected to the tire
sanitizer was filled with a solution of
peroxygen compound (Virkon S; DuPont
Animal Health Solutions, Wilmington,
Delaware) and antifreeze (Prestone RV An-
tifreeze, Prestone Products Corp, Danbury,
Connecticut). Two spray nozzles were
mounted on each wheel well. When the
sanitizer system was activated, the solution
of disinfectant and antifreeze was sprayed

Resumen – Evaluación de la eficacia en
clima de invierno de un sistema de
saneamiento instalado en los neumáticos
de un camión

Se probó la eficacia de un sistema de
saneamiento para reducir el conteo
bacteriano en los neumáticos durante el
invierno, pero no se pudo evaluar
adecuadamente debido a la mínima
contaminación bacterina de los
neumáticos. El número de bacterias que
contaminan los neumáticos bajo diferentes
condiciones estaciónales también se
comparó. La contaminación bacteriana de
los neumáticos varió según la estación.

Résumé – Évaluation de l’efficacité d’un
système de désinfection des pneus installé
à même le camion au cours de l’hiver

Lors de tests, il n’a pas été possible
d’évaluer adéquatement l’efficacité d’un

système de désinfection destiné à diminuer
la numération bactérienne présente sur les
pneus en hiver en raison du faible taux de
contamination bactérienne relevé sur les
pneus. On a aussi comparé le taux de con-
tamination bactérienne des pneus en
fonction de la saison pour conclure que
cette dernière variait selon la saison.
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at 45 psi onto the tread grooves, footprint
(the part of the tread contacting the road),
and sidewalls of the left front tire (treat-
ment). A cut-off valve prevented disinfec-
tant from being sprayed onto the right
front tire (negative control). Rear tires were
equipped in the same fashion; however, rear
tires were not sampled during the experi-
ment. When activated via an in-cab start
button, the tire sanitizer system dispensed
0.47 L of disinfectant per nozzle during a
15-second interval.

Experimental design
Prior to the study, the truck was cleaned in
a commercial drive-through car wash and
driven to the parking lot of the swine farm.
The solution of disinfectant and antifreeze
was then dispensed to the left front and
rear tires for a total of 30 seconds to clear
dispenser lines. Ten replicates of the following
protocol were then performed. Front tires
were hosed with farm water until all visible
disinfectant-solution residue and organic
material were removed. Tires were con-
taminated by driving the truck on farm
roads at speeds of up to 32 km per hour in
a figure-eight pattern to ensure contact of
both front tires with similar road substrate.
Briefly, the truck was driven for 0.64 km
clockwise, then 0.64 km counterclockwise,
and finally, 0.16 km clockwise to the junc-
tion of the farm road and the main road.
Contaminated tires were then sampled.
Next, the truck was driven off farm premises
directly onto the main road. Disinfectant
dispensing began when all four tires con-
tacted the main road, and continued for
two consecutive 15-second intervals. The
truck was driven on the main road at ap-
proximately 32 km per hour for the first
15-second interval. Braking occurred dur-
ing the last 15-second interval, and the
truck was stopped approximately 5 seconds
before disinfectant dispensing ended. Post-
treatment samples were collected immedi-
ately; thus, in the period after disinfectant
dispensing ceased and before sampling,
tires collected no additional material from
the main road. Ten replicates enabled de-
tection of approximately a 50% difference
between samplings with 80% power.

Sampling procedure
After contamination and after treatment, a
standardized area of the footprint of each
front tire (approximately 11.52 cm2) was
sampled using a sterile polyester-tipped
applicator swab. Additionally, a 4.04 cm3

volume of the tread groove and its contents
were sampled after contamination and after
treatment using a sterile polyester-tipped
applicator swab. Samples were processed
within 4 hours of collection.

Culture methods
Culture methods have been previously
published.1 Briefly, swab samples were
placed in individual sterile tubes containing
2 mL of sterile chemical broth to inactivate
residual disinfectant (D/E Neutralizing
Broth; Becton-Dickenson, Franklin Lakes,
New Jersey). This chemical broth is effective
in inactivating Virkon S (Amass, unpub-
lished data). Samples were placed on cold
packs in a cooler on the farm and during
transport, then refrigerated until processing.
Prior to dilution and culture, all samples
were mixed by hand agitation. A 100-µL
aliquot of the original sample was plated
directly onto 5% sheep blood agar. Addi-
tionally, serial tenfold dilutions were made
using sterile D/E Neutralizing Broth, and a
100-µL aliquot of each dilution was plated
directly onto 5% sheep blood agar. Samples
were incubated at 36.9˚C for 24 hours.
Colonies of aerobic bacteria were counted
and total aerobic bacteria counts were cal-
culated. Attempts were not made to iden-
tify specific pathogens.

Preparation of disinfectant
Approximately 45.6 L of a mixture of a 2%
solution of Virkon S and full-strength
Prestone RV Antifreeze was prepared. Briefly,
72.8 g of Virkon S powder was added to
3.4 L of water and 1.1 L of antifreeze to
prepare each 4.5 L of solution. Virkon S is
approved for use on rubber surfaces, and a
concentration of 2% is allowed under the
general directions (Regulatory Manager,
DuPont Animal Health Solutions, personal
communication, 2005). Antec International
(Sudbury, Suffolk, UK), original manufac-
turer of Virkon S, via personal communica-
tion, provided the ratio of disinfectant to
antifreeze that was used in this study. The
authors do not know if the addition of an-
tifreeze might affect the efficacy of the
disinfectant.

Data analysis
Graph Pad InStat version 3.00 for Win-
dows 95 (GraphPad Software, San Diego,
California) was used for statistical calcula-
tions. A Mann-Whitney test was used to
compare median bacterial counts between
tires before and after treatment. A Wilcoxon

matched-pairs signed ranks test was used to
determine whether the median of the dif-
ferences between bacterial counts on the
same tire before and after treatment differed
significantly from zero. The standard of
disinfection has been defined2 as < 1 colony
forming unit (cfu) per cm2. As the limit of
detection of our culture methods was ap-
proximately 3 cfu per cm2, the standard of
disinfection used in this study was < 3 cfu
per cm2. The number of footprints that
met the standard for disinfection after
treatment, or no treatment in the case of
controls, was also calculated and compared
between groups using the McNemar test
provided by GraphPad.

Additionally, data from this experiment
were compared to data from our previously
published study.1 The median number of
aerobic bacteria per cm2 on the footprints
of tires after contamination was compared
under the various environmental condi-
tions studied using the Krusal-Wallis test
(nonparametric analysis of variance) fol-
lowed by Dunn’s multiple comparisons
test. For all tests, P < .05 was considered
statistically significant.

Results
Snow was visible on the tire footprints and
was packed into the tire tread grooves after
the truck had been driven on farm roads.
Samples of the water used to clean the
truck tires between repetitions and the dis-
infectant solution were sterile. The tire
sanitizer functioned appropriately for the
front tires, which were sampled during this
study. However, the line froze and disinfec-
tant was not applied to the left rear tire
(unsampled) for the first five repetitions.

Footprint
Median bacterial counts are presented in
Table 1. The median number of bacteria
cultured per 11.52-cm2 area of the foot-
print after tires were contaminated did not
differ between tires (Mann-Whitney test).
Spraying the left tire for 30 seconds with
disinfectant and antifreeze did not reduce
the median number of bacteria cultured
(Wilcoxon matched-pairs signed ranks
test). The median number of bacteria cul-
tured was higher on the untreated (right)
tire after no treatment than before no treat-
ment (Wilcoxon matched-pairs signed ranks
test). After treatment or no treatment, the
median number of bacteria cultured from
the footprint was not different for the left
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Table 1: Aerobic bacterial counts on a standardized area of the footprint of a
truck tire* before and after spraying† or not spraying the tire with a solution of
2% Virkon S‡ and antifreeze§ for 30 seconds

*    Colony-forming units per 11.52-cm2 area. Tires were contaminated by driving the
truck on unpaved, snow-covered roads and lanes of a swine farm. Only front tires
were sampled for culturing. Experiment conducted February 2.

†    After exiting the farm road, the truck was driven on a snow- and ice-covered asphalt
road. Each left tire was sprayed using two nozzles mounted in the wheel well (On-
Board Tire Sanitizer; Monroe Snow and Ice Control, Monroe, Wisconsin). Tires were
sprayed for 25 seconds while the truck was moving and for approximately 5 seconds
after it had stopped. Right tires were not sprayed.

‡    Virkon S; DuPont Animal Health Solutions, Wilmington, Delaware.
§    Prestone RV Antifreeze; Prestone Products Corp, Danbury, Connecticut.
ab   Median bacterial counts with different superscripts were different when compared

for the same tire (Wilcoxon matched-pairs signed ranks test; P  = .03).

Table 2: Aerobic bacterial counts on a standardized volume of a truck tire tread
groove and contents* before and after spraying or not spraying the tire with a
solution of 2% Virkon S and antifreeze for 30 seconds

*    Colony-forming units per 4.04 cm3. Driving and spraying procedures described in
Table 1.

Table 3: Aerobic bacterial counts on tire footprints after driving on the same roads on a single swine farm under various
environmental conditions*

*    Tires were contaminated by driving on the premises of the Purdue Animal Sciences Research and Education Unit in Montmorenci,
Indiana, as described in Table 1 (Experiment 4) and as described for Experiments 1, 2, and 3 in Amass et al1 (2003). One truck was used
for Experiments 1 through 3 and a different truck for Experiment 4.

†    Aerobic bacteria cultured per cm2 of tire footprint (n = 20).
abc Median bacterial counts with different superscripts are different (Dunn’s multiple comparisons test; P < .001).

tire (sprayed with disinfectant and anti-
freeze) compared to the right tire (untreated)
(P  > .05; Mann-Whitney test). Seven of
ten tire footprints in the treatment group
(70%) met the standard for disinfection
after treatment, while six of ten tire foot-
prints in the control group (60%) met the
standard for disinfection after no treatment
(P = 1.0).

Tread groove
Median bacterial counts are presented in
Table 2. The median number of bacteria
cultured per 4.04 cm3 volume of the tread
groove after tires were contaminated did
not differ between tires (Mann-Whitney
Test). There was no difference in the me-
dian number of bacteria cultured from the
left tire after it was sprayed with disinfec-
tant and antifreeze for 30 seconds com-
pared to the same tire before treatment
(Wilcoxon matched-pairs signed ranks
test). There was no difference in the me-
dian number of bacteria cultured from the
tread groove of the left tire after it was
sprayed with disinfectant and antifreeze
compared to the untreated right tire
(Mann-Whitney test).

Aerobic bacteria per cm2 of tire
footprint under different environ-
mental conditions
Median bacterial counts and the number of
tire footprints with ≤ 3 viable aerobic bac-
teria per cm2 are presented in Table 3. The
median number of aerobic bacteria cul-
tured per cm2 of tire footprint was differ-
ent among the various environmental con-
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ditions (P < .001; Kruskal Wallis test). The
median number of bacteria cultured was
significantly greater on November 4, 2002,
than on May 8, 2003, May 14, 2003, or
February 2, 2005 (P < .001; Dunn’s mul-
tiple comparison test). There was no differ-
ence between the median number of bacte-
ria cultured on May 8, 2003 and May 14,
2003 (Dunn’s multiple comparison test).
The number of bacteria cultured was
significantly less on February 2, 2005, than
on May 8, 2003, and May 14, 2003 (P <
.001; Dunn’s multiple comparison test).
During the spring and fall experiments, ≥ 3
viable aerobic bacteria per cm2 were cul-
tured from all tire footprints after contami-
nation; in contrast, during the winter ex-
periment, < 3 viable aerobic bacteria per
cm2 were cultured from all tire footprints
after contamination.

Discussion
Previously, we reported that use of a tire
sanitizer system with a peroxygen disinfec-
tant reduced the number of aerobic bacte-
ria on the footprint and tread grooves of
truck tires under cool, muddy fall condi-
tions, but the system offered little advantage
during warm, dry, spring conditions.1

Similarly, the results of this study found
that the system offers little advantage during
winter conditions. The differences in effec-
tiveness are likely related to the fact that
bacterial numbers on tires varied with tem-
perature and moisture conditions. We
compared the raw data for the number of
aerobic bacteria per cm2 cultured from the
footprints of control and treated tires com-
bined under the various environmental
conditions tested. Control and treated tires
had been treated identically at this point in
sample collection. Bacteria were cultured

from samples collected after tires had been
contaminated by driving on farm premises,
before any intervention occurred, in this
study and in our previous studies. Aerobic
bacterial counts on tire footprints were
greatest in the fall and nearly absent in the
winter. Moreover, in the winter trial, all
footprints met the definition for the standard
for disinfection of the treated surface at the
end of the contamination period, before any
intervention had occurred. We propose
that the reason that the tire sanitizer does
not appear to be effective during all seasons
is that under certain environmental condi-
tions, very few bacteria adhere to the tire
surface. A statistical difference in the num-
ber of bacteria before and after disinfection
is difficult to achieve when tires are mini-
mally contaminated at the start.

In this study, we controlled for confound-
ing factors with respect to sample collec-
tion and culture methodology by using the
same experimental protocol and culture
methods as in the previously published tire
studies.1 However, caution must be taken
in interpreting the comparisons of bacterial
numbers by season, even though the same
farm, driver, and roads were used. Obvi-
ously, the samples were confounded by
time, as they were collected over a 28-
month period. Additionally, two different
trucks and sets of tires were used in these
studies. Finally, the history of road use
prior to our sampling was unknown, and
the study included only 10 replicates.

This study and the earlier studies1 have
examined only the tire sanitizer system’s
effectiveness in reducing bacterial counts in
tire footprints and tread grooves. Effective-
ness appears to vary by season and appears
to be correlated with the extent of tire con-

tamination before intervention. Future
studies should investigate whether or not
viruses contaminate tires, whether the ex-
tent of viral contamination varies by sea-
son, and whether or not the tire sanitizer
system has a use in ridding tires of such
viruses.

Implications
• Few bacteria contaminated truck tires

under the winter conditions of this
study.

• Bacterial contamination of tires
appears to vary with environmental
conditions.
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