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cleaned and disinfected trailers

Sandra E Amass, DVM, PhD, Diplomate ABVP; Bob Thompson, DVM, MS; Kim M. Dimmich; Angie M. Gaul; Jessica L. Schneider, RVT

Summary

Swab samples from upper and lower deck
floors of nine swine breeding-stock trailers
were collected before, immediately after, 1
day after, and 2 days after washing, disin-
fecting, and drying the trailers. Time after
decontamination procedures (downtime)
did not affect median aerobic bacterial
counts.
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Resumen — Evaluacién del impacto

del tiempo de descanso para reducir la
cuenta de bacterias aerdbicas en trailers
lavados y desinfectados

Se recolectaron muestras de hisopo de los
pisos superior e inferior de nueve trailers
de transporte de crfa porcino antes, inme-
diatamente después, 1 dfa después, y 2 dias
después de lavar, desinfectar, y secar los
trailers. El tiempo posterior a los proced-
imientos de descontaminacién (tiempo de
descanso) no afecté la mediana del conteo
de bacterias aerdbicas.

Résumé — Evaluation de 'impact de la
période d’indisponibilité sur la réduc-
tion du compte bactérien aérobie de
remorques nettoyées et désinfectées

Des écouvillonnages du plancher des ponts
supérieurs et inférieurs de remorques ser-

vant au transport des animaux appartenant
a neuf troupeaux d’animaux reproducteurs

ont été prélevés avant, immédiatement
apres, 1 jour apres, et 2 jours apres lavage,
désinfection, et séchage des remorques. La
durée de la période d’indisponibilité n’a pas
modifié la médiane des comptes bactériens
aérobies.

ontaminated livestock vehicles
have been reported as risk factors

for transmission of, or sources

of infection for, classical swine fever,!
mycoplasmal pneumonia,2 Actinobacillus
plmmpneumoniﬂe,z’3 Salmonella,*¢ and
Escherichia coli © under field conditions.

In contrast, transmission of porcine repro-
ductive and respiratory syndrome virus
(PRRSV) by vehicles has been reported
only under simulated experimental condi-
tions, ie, sport utility vehicle” or 1:150
scale models of trailers®? intentionally con-

taminated with cultures of PRRSV.

The above reports' suggest that decon-
tamination of livestock transport vehicles
is an important component of an effective
biosecurity program. General cleaning,
disinfection, and drying protocols for
livestock vehicles have been previously
published.!%-12 Vehicle decontamination
techniques specific for PRRSV, Salmonella,
and E coli, using both trailers® and 1:150
scale models of trailers,”!3-16 have also

been tested and published.

Some swine operations have polices that
restrict the use of transport vehicles for

a period of time after decontamination.
Such downtime periods may further reduce
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contamination following disinfection and
drying. Prior to the use of thermo-assisted
drying and decontamination (TADD)4

at Pig Improvement Company (PIC)

USA, downtimes were in place to allow for
natural drying. However, complete drying
frequently did not occur during the colder
months of the year. Scientific evidence
demonstrating that downtime for trailers
following decontamination reduces the
number of infectious organisms is lacking
in the literature. This study was designed
to test whether a further reduction in bac-
terial counts would result if policy required
swine transport trailers to have a 1- to 2-
day downtime after washing, disinfection,
and drying before being reused to transport
swine. Because bacteriological swab cul-
tures are considered a practical method

for estimating disinfectant efficacy in the
field,!” aerobic bacterial counts were used
as a marker to determine the effectiveness
of downtime.

Materials and methods

Protocol for cleaning and disinfect-
ing trailers

Six 14.6-meter and three 11-meter, 5-year-
old to 9-year-old, double-decker trailers
(M.H. EBY, Inc, Blue Ball, Pennsylvania)
owned by PIC USA were used in this trial.
All sampling of trailers and the washing,
disinfection, and drying of trailers was per-
formed by PIC USA personnel in Franklin,
Kentucky. Trailers were decontaminated
according to company protocol. Briefly,
manure, bedding, and debris were scraped
from the cargo area before the truck
entered the wash bay. In the wash bay, both
decks of the cargo area were rinsed with a
garden hose (water temperature 82.2°C)
until free of manure and shavings. Deter-
gent (Magnum 600; Niagara National
Corp, Adanta, Georgia) was applied, at 15 mL
per L according to label directions, to all
interior surfaces of pig space, and then to
the exterior of the vehicle. The exterior
and then the interior of the vehicle were
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pressure washed at 2000 psi at a rate of

4 gallons (15 L) of water per minute. A
combination glutaraldehyde-quaternary
ammonium disinfectant (Synergize cleaner-
disinfectant; Preserve International, Zephyr
Cove, Nevada) was applied to all surfaces
with dispensers set at 4 mL per L according
to label directions. Trucks were dried by
parking on an incline. Trailers were drained
for 15 minutes to 1 hour then dried with

a minimum of 2.0 to 2.5 million BTU
using grain-dryer units. Each trailer was
dried for 15 to 45 minutes until the entire
trailer was visibly dry. The longer the drain
time, the shorter the dry time. Trailers

were parked in a clean area following heat-
assisted drying.

Collection and processing of swab
samples

This experiment took place at the end

of May 2005. Trailers were sampled by
PIC personnel before cleaning (Day -1),
immediately after washing, disinfection,
and drying (Day 0), 1 day after washing,
disinfection, and drying (Day 1), and 2 days
after washing, disinfection, and drying
(Day 2). Investigators donned dust masks,
disposable boots, and gloves during sample

collection to prevent contamination of
samples. Briefly, 12.84-cm? swab samples
of the designated floor surface were asepti-
cally collected from each trailer using
individual sterile metal washers to control
sampling area. 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). The swab portion was broken
off into the tube of broth and the contents
were mixed by hand agitation. A total of
six samples from haphazard locations were
collected from each trailer before clean-
ing. Then, a total of 16 samples (eight per
deck) were collected from each trailer at
Day 0, 1, and 2 (Figure 1). Samples were
refrigerated until shipment, and shipped
overnight on cold packs to the Purdue
University Production Medicine Labora-
tory, West Lafayette, Indiana. Samples
were refrigerated on arrival and processed
approximately 72 to 96 hours after collec-
tion on a delayed schedule. Prior to dilu-
tion and culture, all samples were mixed
by hand agitation. A 100-uL aliquot of the
original sample was plated directly onto
5% sheep blood agar. Additionally, serial

tenfold dilutions were made using sterile

D/E Neutralizing Broth, and a 100-uL
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. Median,
minimum, maximum, and total aerobic
bacterial counts were calculated. Morpho-
logically distinct colonies collected at each
sampling period were sent to lowa State
University Veterinary Diagnostic Labora-
tory, Ames, lowa, for identification.

Calculations and statistical analysis
Average bacterial counts. Average bacte-
rial counts were calculated by summing the
total number of bacteria for each trailer at
each location and dividing the total by the
number of locations sampled at each time
period. The average count was calculated
for all nine trailers at each sampling period.
Average counts were used because the
number of locations sampled differed (n =

6 samples for Day -1 and n = 16 samples

for Days 0, 1, and 2). The Friedman Test
(nonparametric repeated measures ANOVA)
was used to compare the median of the aver-
age bacterial counts over time, then Dunn’s
multiple comparisons test was used to com-
pare median bacterial counts between time
periods.

Figure 1: Location of 16 floor sampling sites in double-decker swine transport trailers swabbed to determine aerobic
bacterial counts before and after washing and disinfection of the upper and lower decks of the trailer interior.

Upper deck

Lower deck

9 =ramp

10 = right rear corner
11 = left mid-rear

12 =right mid-rear
13 = left mid-front
14 = right mid-front

<

15 = left front corner

16 = right front corner

1 = left rear corner
2 =right rear corner
3 = left mid-rear

4 = right mid-rear
H 5 = left mid-front
6 = right mid-front

7 = left front corner

8 =right front corner

38

Journal of Swine Health and Production— January and February 2007



Total aerobic bacterial counts. Total aero-
bic bacterial counts for each trailer were
calculated by summing the total number of
bacteria isolated at each of the 16 locations.
The total number of bacteria was the num-
ber of bacteria isolated from a 205.44-cm?
sampling area (12.84 cm? per location x

16 locations) for each trailer. Day -1 counts
were excluded from these calculations
because only six locations were sampled.
The Friedman test was used to compare the
medians of the total bacterial counts over
Day 0, Day 1, and Day 2.

Trailers meeting the recommendation

for prophylactic disinfection of animal
facilities. Bshm!? recommended 103
colony forming units (CFU) per cm? as a
general target for disinfection of livestock
facilities. The number of CFU per cm?

was calculated for each trailer at each time
period by summing the total number of
bacteria isolated for all sample locations
and dividing that number by the total
number of cm? sampled for each time
period (six Day -1 locations per trailer =
77.04 cm?; 16 sample locations for Days 0,
1, and 2 = 205.44 cm? per time period per
trailer). The number of trailers that met the
criterion for disinfection at each data point
were compared using Fisher’s exact test.

Aerobic bacterial counts by trailer.

Day -1, Day 0, Day 1, and Day 2 bacterial
counts at each location were compared by
trailer. The Kruskal-Wallis test (nonpara-
metric ANOVA) was used to compare the
median bacterial counts over time, then
Dunn’s multiple comparisons test was
used to compare median bacterial counts
between trailers.

Aerobic bacterial counts by location.
Day -1 counts were excluded from this
analysis because only six locations were
sampled and the same six locations were
not used for each trailer. Total bacterial
counts for each location were calculated by
summing the total number of bacteria iso-
lated from each trailer at that location. This
number would represent the sum of bacte-
ria isolated from the 12.84-cm? sampling
area of each trailer for each location for
each sampling period. The Kruskal-Wallis
test (nonparametric ANOVA) was used to
compare the median total bacterial counts
by location for Days 0, 1, and 2.

A P value of < .05 was considered signifi-
cant for all statistical tests.

Table 1: Median, minimum, and maximum average aerobic bacterial counts*
for nine swine transport trailers at each sampling period¥

Sample Average bacterial counts

Median Minimum Maximum
Day -1 7.1x 1062 0.23 x 106 154 x 10°
Day 0 20.02b 5.0 3097
Day 1 5.0° 0 239
Day 2 21.3P 25 1791

*  Colony forming units per 12.84 cm2.

+ Sampling periods were before (Day -1),immediately after (Day 0), 1 day after (Day 1),
and 2 days after (Day 2) washing, disinfecting, and drying the trailers.

ab Median average bacterial counts with different superscripts were different when
compared over time (Friedman test [nonparametric repeated measures ANOVA]
followed by Dunn’s multiple comparisons test; P < .01).

Results

Comparisons of bacterial counts
by day

Average aerobic bacterial counts over
time. The median average bacterial count
for Day -1 was significantly greater than
those for Day 1 and Day 2 (Table 1). The
median average count for Day -1 was not
significantly different from that for Day
0. Differences in median average counts
among Days 0, 1, and 2 were not signifi-
cant.

Total aerobic bacterial counts over time
for Days 0, 1, and 2. The median total
bacterial counts were not significantly dif-
ferent for Day 0, Day 1, and Day 2.

Number of trailers meeting the recom-
mended target for disinfection. No trailers
met the standard of disinfection (ie, < 103 cfu
per cm?) at Day -1 (Table 2). Nine of nine
trailers (100%) met this standard of disin-
fection on Days 0, 1, and 2. Significantly
more trailers met this standard of disinfec-
tion on Days 0, 1, and 2 compared to Day
-1 (Table 2).

Comparisons of bacterial counts by
trailer

Day -1 aerobic bacterial counts by
trailer. Trailers 3, 7, and 9 had the lowest
median Day -1 bacterial counts (Table 3).
Median Day -1 bacterial counts for Trailer 7
were significantly less than for Trailer 1,

Table 2: Colony forming units of aerobic bacteria per cm? sampled for nine
swine transport trailers at each sampling period*

Colony forming units per cm?2

Trailer ID Day-12 Day 0P Day 1° Day 2P
1 2.8 x10° 241 0 139.50
2 9.3x 100 1.07 0 6.04
3 0.69 x 106 0.39 0.20 0.39
4 0.55 x 10° 199 5.15 12.45
5 1.1 x 100 1.56 0.39 1.66
6 0.31 x 106 5.55 0.39 0.29
7 0.18 x 109 0.78 3.02 0.39
8 12 x 106 66.5 18.6 17.9
9 0.12 x 106 0.88 0.59 0.20

* Sampling periods described in Table 1

ab  Number of trailers meeting criteria for disinfection (< 103 cfu per cm?) were differ-
ent when compared at each time point (Fisher’s exact test; P < .001).
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Table 3: Median, minimum, and maximum aerobic bacterial counts for nine
swine transport trailers at Day -1, with n = 6 sampling locations per trailer*

Bacterial counts

Trailer IDT Median Minimum Maximum
17 24 x 10° 7.7 x 106 188 x 10°
237 88 x 106 53 x 10° 298 x 10°
g2 0.26 x 106 260 4.1 x10°
4 3.9 x10° 640 20.2 x 10°
5 2.8 x 100 1.7 x 10° 47.2 x 106
6 1.6 x 10° 11,200 15.2 x 106
7128 150 0 1.1 x 10°
8379 175 x 108 76 x 100 188 x 100
98 0.72 x 10° 0.22 x 108 4.7 x 100

* Sampling periods are described in Table 1 and sampling locations in Figure 1.

+ For each trailer, superscripts represent the IDs of other trailers with significantly
different median bacterial counts (compared using the Kruskal-Wallis test [nonpara-
metric ANOVA] followed by Dunn’s multiple comparisons test; P < .05).

Trailer 2, and Trailer 8. Median Day -1
bacterial counts for Trailer 3 were signifi-
cantly less than for Trailer 2, and Trailer 8.
Median Day -1 bacterial counts for Trailer
9 were significantly less than for Trailer 8.

Day 0, Day 1, and Day 2 aerobic bacte-
rial counts by trailer. Median Day 0
bacterial counts did not differ among trail-
ers (Table 4). On Day 1, median bacterial
counts for Trailer 8 were significantly
greater than for Trailer 1, Trailer 2, and

Trailer 3. Median Day 2 bacterial counts
did not differ among trailers.

Bacterial counts by sampling location.
Bacterial counts among locations on Days

0, 1, and 2 were not significantly different.

Bacterial isolates

Bacteria from fifteen distinct genera were
isolated: Acinetobacter lowffi, Aeromonas
spp, Alcalignes spp, Bacillus spp, Entero-
bacter spp, Enterococcus spp, Escherichia

coli, Klebsiella pneumoniae, Moraxella spp,
Pantoea agglomerans, Proteus vulgaris, Pseu-
domonas spp, Staphylococcus spp (coagulase
negative), Staphylococcus epidermidis, Ste-
notropomonas maltophila, and Streprococcus
spp (o hemolytic). Enterococcus durans,
Jaecium, and faecolis were identified among
the Enterococcus spp. Enterobacter cloacae
was identified among the Enterobacter spp.
Pseudomonas fluorescens and putida were
identified among the Pseudomonas spp.

Discussion

The results of this study suggest that the
use of up to 2 days of downtime was not
effective in significantly reducing the
number of aerobic bacteria isolated from
trailers beyond that achieved by cleaning,
disinfecting, and drying. Differences in
trailer types did not appear to account for
major differences in trailer bacterial con-
tamination levels. Moreover, aerobic bacte-
rial counts did not differ among locations
sampled within each trailer.

Despite numerical differences, downtime
after disinfection did not significantly
increase the number of trailers meeting the
recommended criterion for disinfection.!?
The authors note that the recommenda-
tion for disinfection, although published,
is arbitrary. For example, the bacteria
identified at sampling points during this
trial were not considered to be pathogens
of adult swine. Thus, increased aerobic

Table 4: Median, minimum (min), and maximum (max) aerobic bacterial counts for nine trailers at Day 0, Day 1,and Day 2

sampling periods*

Trailer
IDY Day 0
Median  Min

i 0 0
e 0 0
e 0 0
4 10 0
5 0 0
6 0 0
7 0 0
8123 0 0
9 0 0

Bacterial counts

Day 1
Max Median Min Max
45,600 0 0 0
80 0 0 0
60 0 0 20
37,000 0 0 9260
200 0 0 20
780 0 0 40
80 0 0 580
13,000 40 0 2340
140 0 0 60

Day 2
Median Min

0

Max
28,200
1120
40
2500
240
60
40
2900
20

o

BN O© &N © &G © &N O
O O O ©O © o o o

* Sampling periods are described in Table 1 and sampling locations in Figure 1

t For each trailer, superscripts represent the IDs of other trailers with significantly different median bacterial counts on Day 1 (com-
pared using the Kruskal-Wallis test [nonparametric ANOVA] followed by Dunn’s multiple comparisons test; P < .05).
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bacterial counts are of no concern if the
bacteria isolated are not swine pathogens.
In this study, the authors did not attempt
to use specialized media to isolate specific
pathogens. However, the authors suggest
that production units establish their own
standards of disinfection based on specific
targeted pathogens. The goal of the pro-
gram should be to reduce the level of the
targeted pathogens to below the infectious
dose of each one.

This study was limited because only nine
trailers were sampled during one season of
the year. Bacterial counts might vary with
climate and a larger sample size might have
allowed us to detect significant differences
among downtime periods. Downtimes
tested in this study were limited to 2 days,
which is practical for the industry. Use of
longer downtimes might have impacted
results. Finally, actempts were not made to
isolate specific viral or bacterial pathogens
of swine; thus, the impact of downtime on
specific agents could not be determined.

Implication
 This study provides no evidence to
recommend use of downtimes in
vehicle decontamination protocols.
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