Figure 2: Study described in Figure 1. Aluminum trays used to replicate trailer
construction materials measured 15.24 x15.24 cm, with 2.54-cm high sides and a
material thickness of 0.32 cm. Feces was applied to the tray (bottom left; 5 mL) and

then spread in a thin layer (bottom right).

Table 2: Summary of results of testing pre- and post-treatment tray swabs by

RT-PCR assay for PEDV*

RT-PCR mean Ct (+ SD)

Treatment groupt

Pre-treatment Post treatment

Neg > 40 NAt

Pos 15.22 (0.73) NAt

71C-10M 13.40 (0.30) 24.10 (0.76)
63C-10M 13.16 (0.48) 21.56 (0.71)
54C-10M 13.41(0.32) 20.83 (0.53)
38C-12H 13.28(1.21) 20.19 (0.09)
20C-24H 14.45 (0.57) 15.07 (0.18)
20C-7D 12.94 (0.55) 17.71(0.41)

*

Study described in Figure 1. Treatment groups and the conditions they simulate
described in Table 1. Mean Ct values are summarized for swabs of trays after addition of

feces, before and after exposure to temperature or time of exposure.

T As Neg and Pos groups were not exposed to temperature or time treatments, no post-

treatment swabs were collected for these groups.

RT-PCR = reverse-transcriptase polymerase chain reaction; PEDV = porcine epidemic

diarrhea virus; Ct = cycle threshold; NA = not applicable.

and < 40) or negative, or if the pig died
after day 3, formalin-fixed ileum from these
individuals was submitted to the ISU VDL
to test for PEDV by immunohistochemical
(IHC) staining and microscopic examina-
tion. In these instances, IHC results and the
presence or absence of histological lesions
consistent with PEDV were used to classify
the bioassay result as positive or negative.

Statistical analysis (SAS Enterprise

Guide 5.1; SAS Institute, Cary, North
Carolina) was performed using Fisher’s exact
test to evaluate differences in proportions of
positive bioassays between groups with small
sample sizes.

Results

All trays (28 of 28) that were covered with
PEDV-positive feces (Pos, 71C-10M, 63C-
10M, 54C-10M, 38C-12H, 20C-24H,
20C-7D) were PEDV-positive by RT-PCR
before and after exposure to the designated
combinations of time and temperature. All
trays covered with PEDV-negative feces
(four of four; Neg) were PEDV-negative
by RT-PCR. Mean RT-PCR values of trays
pre-treatment and post treatment are sum-
marized in Table 2.

All replicates that were positive by bioassay
across all groups (nine of nine) were positive
by day 3, and eight remained positive through
day 7. The other pig died prior to day 7.

Bioassays were PEDV-negative in 100% of
the pigs (four of four) in the Neg group and
in groups 71C-10M and 20C-7D. Bioassays
were PEDV-positive in 25% of the pigs (one
of four) in groups 63C-10M, 54C-10M, and
20C-10M. Bioassays were PEDV-positive
in 50% of the pigs (two of four) in group
38C-12H and in 100% of the pigs (four of
four) in the Pos group (Table 3).

A 2 x 8 Fisher’s exact test of all groups
simultaneously, to evaluate the overall effect
of treatment on bioassay outcome, found

that treatment did have a significant effect on
bioassay status (P < .05). More specifically,
bioassay outcomes for groups 71C-10M and
20C-7D were significantly different from
the Pos group (P < .05). No other groups
were significantly different from one another

(Table 3).

Two animals were removed from the trial
carly due to illness and death unrelated to
infection with PEDV. In both, removal
occurred after the day-3 rectal swabs were
collected, but prior to day 7. Both pigs were
submitted to the ISU VDL for full necropsy
and diagnostic workups to determine cause

of death and PEDV status. One pigin the
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Table 3: Summary of swine bioassay PEDV results by treatment group*

Treatment Mean RT-PCR Ct values# PEDV-positive
groupf Day 3 post challenge  Day 7 post challenge  bioassays (%)
Neg All' > 40 All > 40 0/4 (0)
Pos 143,114,105, 154 18.2, 24.6, 24.45 4/4° (100)
71C-10M > 40, > 40, > 40, 35.4 All > 40§ 0/42 (0)
63C-10M 35.7,>40,36.2,13.4 >40,>40,> 40, 16.3 1/4% (25)
54C-10M > 40, > 40, > 40, 18.8 >40,>40,>40,18.8 1/4% (25)
38C-12H >40,>40,26.3, 14.1 >40,> 40, 15.6, 18.1 2/43 (50)
20C-24H >40,>40,>40,11.5 >40,>40,>40,17.1 1/430 (25)
20C-7D All > 40 All > 40 0/4? (0)

Study described in Figure 1. Treatment groups described in Table 1.

At the time of challenge, n = 4 for all treatment groups.

+ Ctvalues < 35 were considered positive; >35 and < 40, suspect; and > 40, negative.
Day 3 and 7 swabs were used to determine bioassay status. Bioassays with inconclusive
Ct values were confirmed via histopathological examination of ileum sections in conjunc-

tion with PEDV immunohistochemistry.

§ One pig in this group died prior to the end of the trial.

ab

Fisher's exact test).

Values within a column with different superscripts are significantly different (P <.05;

PEDV = porcine epidemic diarrhea virus; RT-PCR = reverse transcriptase-polymerase chain

reaction; Ct = cycle threshold.

positive control group (Pos) was PEDV-
positive on day 3 by RT-PCR on feces and
was PEDV-positive by RT-PCR on feces

and IHC at removal from the study. The
other pig in the 71C-10M group was PEDV-
negative on day 3 by RT-PCR on feces and
PEDV-negative by RT-PCR on feces and
IHC at removal from the study. For the pigs
not removed early, across all groups, all that
were positive by bioassay on day 3 remained
positive on day 7 (eight of eight), and all of
the pigs that were negative by bioassay on
day 3 remained negative on day 7 (22 of 22),
Therefore, the bioassay outcomes, as reported
in Table 3, for the two pigs removed carly
were considered to be sufficiently supported
and were included in statistical analysis for
between-group comparisons.

Discussion

The results of this study suggest that it is
possible to inactivate PEDV in the presence
of feces by heating trailers to 71°C for 10
minutes or by maintaining surfaces at room
temperature (20°C) for at least 7 days. No
other combinations of time and temperature
evaluated in this study were 100% effective
at inactivating PEDV.

The presence of only a single infected pig
in three of the treatment groups suggests
that the housing system was effective at

preventing lateral transmission between pigs.
This demonstrates the value of this housing
model and associated biosecurity practices
for further PEDV swine bioassay research.

Currently it is estimated that there are not
enough livestock trailers or washing facili-
ties in the United States to accommodate
washing all livestock trailers between loads
of swine (Tom Burkgren, DVM, e-mail
communication, May 8, 2014). Additionally,
there is a regional shortage of transporters
(Jason Hocker, DVM, MS, e-mail com-
munication, May 5, 2014), so it is difficult to
shift a transporter’s time from transporting
swine to washing trailers while still maintain-
ing overall hauling capacity. Washing, dis-
infecting, and drying times will vary among
trailers, facilities, and individual protocols,
but a thorough job will require a significant
amount of time. A good estimate is that wash-
ing and disinfecting will require 2 hours, and
drying with the use of TADD will require an
additional hour, for a total time investment
of 3 hours (Josh Ellingson, DVM, MS, oral
communication, April 29, 2014).

For farms, systems, or trucking companies
that are unable to wash, disinfect, and dry
trailers due to the constraints, removing
the feces and bedding by scraping and

subsequently heating may be practicable.

The investigators do not propose that this

is a preferred alternative to thoroughly
washing, disinfecting, and drying trailers.
Rather, this work demonstrates the value of
possible alternatives, when washing, disin-
fection, and drying cannot be accomplished,
to reduce the risk of transmitting PEDV
between groups of animals. It is important
to emphasize that all time measurements in
this study began when the samples achieved
the target temperature via direct measure-
ment. Variations in contamination level will
likely impact the amount of time it takes to
achieve the target temperature.

This information may be used to prioritize
significant investments in trailer decontami-
nation facilities. If both wash and TADD
facilities cannot be built simultancously,
stakeholders will have to decide which is
more important. Knowing that heating trail-
ers to 71°C for 10 minutes will inactivate
PEDV in the presence of feces may suggest
that priority should be given to building
TADD facilities.

When washing and disinfection do occur,
itis possible that small amounts of organic
material may be left behind on the trailer.!
The activity of many disinfectants is decreased
in the presence of organic material.1617
Additionally, the physical presence of organic
material may prevent disinfectant from reach-
ingall surfaces.!” In these instances, it is pos-
sible that infectious PEDV remains following
washing and disinfection. The presence of
this potentially infectious material represents
a significant biosecurity risk. Inclusion of
TADD into trailer decontamination proto-
cols will help to mitigate this risk.

The complexity of trailer design may also
prevent disinfectants from reaching all sur-
faces and all fecal contamination. Livestock
trailers are not smooth-side inside, but
possess many channels, corners, hinges, and
latches, all of which are capable of shielding
organic matter from disinfectants. Because
heat is transferred directly through metal,
TADD would help mitigate this issue. How-
ever, this shielding effect of trailer design
likely impacts TADD effectiveness to some
degree as well. The experimental trays used
in this study do not replicate this complexity
and so may underestimate the risk of infec-
tion in a real-life setting.

This study used experimental group sizes of
four pigs per treatment group for economic
as well as facility and labor considerations. If
a livestock trailer were contaminated with a
small amount of infectious organic material,
there is potential that many more than four
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animals could interact with the material and
potentially become infected. For this reason,
this study may underestimate the true risk
of infection associated with each treatment
group.

It is noteworthy that all 24 of the experi-
mental trays that were contaminated with
PEDV-positive feces and were exposed to
combinations of time and temperature (71C-
10M, 63C-10M, 54C-10M, 38C-12H,
20C-24H, 20C-7D) remained positive by
RT-PCR following treatment. However, the
bioassay results demonstrated that only five of
the 24 trays (20.8%) contained an infectious
dose of live virus, and 19 (79.2%) did not.
This divergence is likely due to differences

in virucidal mechanisms that result in viral
destruction via membrane disruption, protein
denaturation, or deterioration of genetic
material. 18 Following exposure to combina-
tions of time and temperature evaluated in
this study, a sufficient amount of genetic
material remained intact to interact with the
primers in a RT-PCR assay. This suggests that
viral inactivation occurred via membrane
disruption or protein denaturation. In fact,
denaturing of viral proteins can occur at
higher temperatures such as those described
in this stucly.18 Additionally, membrane dis-
ruption can occur through desiccation of the
virus, and it was noted that feces did dry dur-
ing the heating process. This illustrates that
RT-PCR-positive environmental samples of
trailers do not necessarily indicate infectious
virus is present.

A wide range of temperatures was evaluated
in this study to identify effective temperatures
at the high end, and ineffective temperatures
at the lower end of the range. While this

was a good strategy for an initial study, it
resulted in a range of temperatures each sep-
arated by 7°C or more. Many current TADD
facilities operate between 63°C and 71°C.14
Additionally, at these higher temperatures,
significant fuel costs and equipment wear
accompany each incremental increase in
temperature. Further study evaluating a
higher resolution of temperature and time

in this range is needed to optimize TADD
protocols for inactivating PEDV.

Implications

o Under the conditions of this study,
heating scraped, unwashed alumi-
num trays to 71°C for 10 minutes
or allowing them to sit for 7 days at
room temperature may be sufficient to
prevent transmission of PEDV present
in feces as determined by bioassay.

o Under the conditions of this study,
exposure to 63°C and 54°C for 10
minutes, 38°C for 12 hours, or room
temperature for 24 hours, are not 100%
effective at inactivating PEDV in feces.

o Appropriate TADD protocols may
be effective at inactivating PEDV in
trailers where fecal matter and bedding
have been removed by scraping or when
some organic matter is present follow-
ing power washing and disinfection.
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