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Summary

Environmental swabs were used as

a monitoring tool during a porcine
epidemic diarrhea virus outbreak at a
farrow-to-finish swine facility. Samples
were collected over the course of 16
weeks following initial infection, and
changes in biosecurity practices were
implemented based on results. Separa-
tion of on-farm areas into different zones
as determined by animal and feed ingre-
dient contact and proximity allowed for
a targeted approach to clean-up efforts.
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Resumen - Monitoreo ambiental del
virus de la diarrea epidémica porcina
dentro de una granja porcina durante
un brote de enfermedad

Se usaron hisopos ambientales como
herramienta de monitoreo durante un
brote del virus de la diarrea epidémica
porcina en una granja porcina de ciclo
completo. Las muestras se recolectaron
en el transcurso de 16 semanas después
de la infeccién inicial y se implemen-
taron cambios en las practicas de biose-
guridad en funcién de los resultados.
La separacion de las dreas de la granja
en diferentes zonas segun lo que se de-
termind por el contacto y la proximidad
de los ingredientes del alimento y de los
animales permitié un enfoque especifico
para los esfuerzos de limpieza.

Résumé - Surveillance environnemen-
tale du virus de la diarrhée épidémique
porcine a l'intérieur d’'une ferme por-
cine pendant une éclosion de cas

Des écouvillonnages de 'environnement
ont été utilisés comme outil de surveil-
lance pendant une éclosion de cas de
diarrhée épidémique porcine dans une
installation porcine de type naisseur-
finisseur. Des échantillons ont été
prélevés pendant une période de 16
semaines suite a 'infection initiale, et
des changements dans les mesures de
biosécurité mis en place en fonction des
résultats. La séparation d’espaces sur la
ferme en zones différentes, telle que dé-
terminée par les contacts et la proximité
des animaux et ingrédients alimentaires
a permis une approche ciblée des efforts
de nettoyage.

nvironmental monitoring is com-
E monly used in food and other end-

consumer product manufacturing
facilities’? and has gained traction as
a method to determine the presence of
pathogens that typically indicate fecal
presence.’ In addition, some healthcare
systems have instituted environmental
monitoring for bacteria and viruses to
improve hygiene and mitigate biosecu-
rity risks, particularly with bacterial
strains known to be resistant to anti-
biotics.* The use of on-farm environ-
mental monitoring of viral pathogens
has increased in popularity with the
growing pressure from diseases like
porcine epidemic diarrhea virus (PEDV).

Environmental swabs have been shown
to be effective when detecting viruses
within feed manufacturing environ-
ments® and within swine farms. Specifi-
cally, environmental sampling has been
used to monitor the eradication of PEDV
in feed mills® and swine farms.” Feed
and feed manufacturing facilities have
increased scrutiny because PEDV has
been shown to be transmitted through
contaminated feed ingredients.311
Therefore, fast and reliable methods to
monitor for PEDV, such as environmen-
tal sampling, provide an avenue to pre-
vent infections.

Despite documented use within several
industries, there is a lack of information
regarding the applicability of environ-
mental monitoring within swine facili-
ties. Specifically, there is uncertainty
about how the results of environmental
sampling can be applied to modify bi-
osecurity practices during an outbreak.
Therefore, this case report evaluates the
presence of PEDV within a farm current-
ly experiencing a PEDV outbreak. Ad-
ditionally, this case report evaluates the
use of environmental sampling to make
real-time biosecurity changes to prevent
transmission of the virus to a suscep-
tible animal within the infected herd or
to other susceptible herds.
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Case summary

Initial investigation

The opportunity to evaluate the impact
of environmental monitoring arose
when the Kansas State Swine Teaching
and Research Center (KSTRC; Figure 1)
experienced an outbreak of PEDV in
Spring 2019. The facility includes sow,
nursery, and finisher housing separated
into different barns for each phase and
maintains a 160-head batch-farrow sow
herd with additional group housing for
nursery, growing, and finishing pigs.

On March 8, 2019, a group of weaned

pigs with scours was observed. Over the
course of the next two days, diarrhea was
observed within the gestation barn. Fe-
cal samples submitted to the Kansas State
University Veterinary Diagnostic Labora-
tory (KSU VDL) confirmed the presence
of PEDV at the facility.

Pre-outbreak biosecurity procedures
included a fenced perimeter buffer zone
with limited vehicle and personnel ac-
cess, off-site quarantine, porcine repro-
ductive and respiratory syndrome test-
ing of new gilts for 8 weeks prior to farm
entry, and the requirement that deliv-
ered supplies were from pig-free areas of
origin. Personnel and visitor entry were
restricted with visitor policies posted and
a visitor log kept. Employees and visitors
were allowed to enter the farm if they had
previous pig contact but were required

to shower prior to entry if the contact
was within the previous 24 hours. Initial

entry requirements included the use of a
Danish bench system to establish a clear
line between the perimeters. Outside
footwear was not permitted to cross the
bench and all entrants were required to
don provided coveralls and boots once
through the shower. Showering upon en-
try was only required in situations where
prior exposure to pigs, livestock facili-
ties, processing plants, or laboratories
handling known pathogens or diagnostic
samples had occurred. The area prior to
crossing the Danish bench was consid-
ered dirty and the showers and changing
rooms acted as an intermediary between
the dirty and transition zone, which was
within the main office area (Figure 2).
The office area contained 2 different ac-
cess points to the outside paths leading
to different barns; the only requirement
for moving between barns was to wash
boots and change gloves.

There was typically a greater level of
foot traffic in and out of the KSTRC from
students and researchers than would be
found on a typical swine operation of
this size. However, health had historical-
ly been good at the facility. Prior to this
outbreak, there had been limited envi-
ronmental monitoring done at the site.

Environmental swabbing

Environmental swabs were collected 2, 4,
6, 8,12, and 16 weeks after initial PEDV
diagnosis. Samples were collected by
swabbing a surface area of approximately
20 cm x 20 cm with a 10 cm X 10 cm cotton

gauze square soaked in 5 mL of phos-
phate-buffered saline with a 7.2 pH as de-
scribed by Griener.!? Sampling locations
are designated by red circles on Figures
1and 2, and were collected from a total
of 5 zones: 1) on- and off-farm vehicles,
including feed delivery trucks, tractors,
employee vehicles, and areas outside the
farm perimeter (vehicles/outside perime-
ter); 2) direct pig contact surfaces includ-
ing pen flooring, pen walls, feeders, and
waterers (pig contact); 3) non-pig contact
surfaces within one of the barn areas in-
cluding employee walkways, work

areas, feed storage, and in-barn transi-
tion zones (non-pig contact inside); 4)
non-pig contact surfaces including walk-
ways and work areas outside of the barn
(non-pig contact outside); and 5) surfaces
in the main office building including
laundry areas, change rooms and shower
areas, and transition zones upon enter-
ing and exiting the building (transition
zones; Figure 2). Analysis of PEDV was
conducted by KSU VDL using quantita-
tive real-time polymerase chain reaction
(PCR) with an upper cycle threshold (Ct)
limit of 45.

Environmental swabbing results

A reduction in the number of positive
samples over time was observed for mul-
tiple zones, particularly within transi-
tion areas and areas outside of barns as
shown in Table 1. Two weeks following
the initial diagnosis, 44% of samples
obtained from vehicles/outside perim-
eter (worker’s vehicles, on-site student

Figure 1: Kansas State Swine Teaching and Research Center layout. The red lines indicate the perimeter of the farm and
the off-white area indicates walking paths. The red circles indicate the sampling locations for zones 1) on- and off-farm
vehicles, including feed delivery trucks, tractors, employee vehicles, and areas outside the farm perimeter (vehicles/
outside perimeter); 2) direct pig contact surfaces including pen flooring, pen walls, feeders, and waterers (pig contact);
3) non-pig contact surfaces within one of the barn areas including employee walkways, work areas, feed storage, and
in-barn transition zones (non-pig contact inside); and 4) non-pig contact surfaces including walkways and work areas
outside of the barn (non-pig contact outside).
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housing, and near the entry bench) test-
ed positive for PEDV. At the same time-
point, 81% of the transition zone areas
(including the shower/changing area and
main office) as well as 66% of samples
from non-pig contact areas inside the
barns were positive for PEDV.

A reduction in the number of positive
samples was observed beginning on
week 4 at all locations except pig contact
surfaces. There was a 29% reduction in
positive results from vehicle samples, a
60% reduction in positive samples seen
in transition zones, a 16% reduction in
positive samples from non-pig contact
areas outside of barns, and a 20% re-
duction in positive samples from non-
pig contact areas within barns. At this
timepoint, environmental monitoring
of pig-contact areas was initiated, which
remained 100% positive until the final
collection (16 weeks). These reductions
were not consistent throughout the en-
tire data collection period, but upon the
final collection at 16 weeks post infec-
tion, samples collected from vehicles/
outside perimeter, within transition
zones, and in non-pig contact areas out-
side of barns had been consistently nega-
tive for the 4 weeks prior.

Implementing biosecurity
changes

As environmental swabbing results
were reported, biosecurity protocols
were modified to prevent the spread of
the virus within the facility and to con-
tain it within the farm. Problem areas
were noted, especially locations that
had multiple positive samples across
different timepoints. Specific areas of
concern were on-site vehicles, including
those that were being used to transport
or dispose of waste or carcasses, transi-
tion zones in barns and within the main
office, and areas within the main office
that were part of the clean area in the bi-
osecurity plan.

Immediately after receiving the posi-
tive PEDV diagnosis, employees were
required to use new coveralls when en-
tering a new area or room, and all non-
essential entry into the farm was halted.
Students and faculty who would typical-
ly be visiting the facility for research or
class were not allowed onto the farm. Es-
sential employees were assigned to spe-
cific areas; either working exclusively in
the finishing rooms, farrowing and nurs-
ery areas, or the breeding and gestation
barns. Since a small amount of virus has

the potential to infect large quantities

of feed, there was concern surrounding
the feed delivery protocol that was in
place when the outbreak first occurred.
To mitigate this risk, the driver began
bringing the truck to the perimeter bar-
rier and transferring the feed to an inter-
mediary truck that remained within the
perimeter. This was done to minimize
the risk of transmission from the farm to
the feed mill and other off-farm areas.

Following the week 4 testing, the main
office and shower/entrance areas were
disinfected multiple times per day, and
clearly visible transition zones or swing
benches were placed in barns where
they were not already present. The en-
trance protocol was modified to require
clean gloves and boot covers to be worn
from vehicles to the entrance bench,
clean scrubs to be worn past the show-
ers, and boots were required to stay in
specific barns.

The laundry area was moved from an
area adjacent to the showers to a section
considered to be dirty at week 6. This
was done to minimize contamination of
the shower area from the laundry.

Figure 2: Main office layout of the Kansas State Swine Teaching Research Center. The main office is the primary entry point
for foot traffic. Benches indicate the location of Danish benches that denote a clean-dirty line. The red circles indicate
the sampling locations for transition zone surfaces in the main office building including laundry areas, change rooms and
shower areas, and transition zones upon entering and exiting the building.
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Discussion

The results of this study were evaluated
by separating samples into those that had
PEDV RNA detected by PCR and those
that did not. This was done due to varia-
tion in equipment shapes, sizes, and sur-
face types, which influences the quantity
of virus in the samples and therefore, the
Ctvalue. Because directly comparing Ct
values between zones is confounded by
the surface materials, results are report-
ed as the percentage of positive samples
collected from each zone.

All pig-contact surfaces had detectable
PEDV RNA through week 12, after which
there was a 25% reduction in the number
of positive samples observed. However,
a positive PCR result indicated the pres-
ence or absence of viral RNA and did not
indicate whether the sample was from
infectious or inactivated, noninfectious
RNA. Therefore, these data alone do not
indicate the success or failure of the dis-
infection procedures used.

While the feed mill remained negative
for the duration of the outbreak, the vi-
rus was found in areas within the farm
that were not initially observed to have
detectable PEDV RNA, indicating that
the initial changes to the biosecurity
protocols were not successful in limiting
viral spread within the facility. This led
to further enhancements to the protocol,
including requiring gloves and boot cov-
ers to be worn by all entrants from their
vehicles to the farm entrance bench,

and instituting a captive boot system in
which boots are used in and do not leave
that specific barn. The farm was divided
into 3 main areas (finishing, farrowing
and nursery, and breeding and gesta-
tion) and employees working within
those zones were prohibited from com-
ingling throughout the day.

Farm entrants donned scrubs after pass-
ing through the entrance, put on clean
coveralls over their scrubs prior to en-
tering a barn, and then removed the
coveralls and left them in a dirty laundry
collection area prior to returning to the
main office. Dirty laundry was trans-
ported in a biosecure manner to the
laundry area when necessary. Boot cov-
ers were worn while walking between
the main office and the barns and were
changed prior to entering the main office
through either transition zone.

Workers play a huge role in any facility’s
biosecurity, and employee compliance
is essential for a successful biosecurity
plan. Demonstrating tangible metrics
surrounding the cleanup effort after

a disease outbreak can serve as an in-
formational and motivational tool for
employees. After each timepoint within
the data collection period, results were
reported back to employees which al-
lowed for problem areas to be identi-
fied and addressed. Sharing data with
the employees also aided in developing
solutions to recurring issues; for ex-
ample, the laundry area for the facility

was originally located directly next to
the showers. The suggestion of adding a
laundry area within the dirty area of the
facility at week 6 resulted in the elimina-
tion of positive results within the shower
area at the next data collection time-
point. While some areas had continued
PEDV RNA presence, there was a marked
improvement in areas of high concern.
Although there are no data to support
this, the improvement is likely due to
reduced viral shedding or improved em-
ployee practices. As the outbreak pro-
gressed, some previously negative areas
became positive for PEDV RNA, which
could be attributed in part to employee
complacency. Without environmental
data for these timepoints, there is no
tangible way to measure or rectify the
increase.

While this case shed important light

on the use of biosecurity practices to
prevent pathogen spread during an out-
break, it is important to note that several
limitations exist. A more robust use of
environmental monitoring would prove
useful with a greater sample size, more
refinement in sampling location, and a
specific consideration of surface types.
The learnings from this have led to the
development of the K-State Feed Safety
Sampling Resources at www.ksufeed.
org, where there are standard operat-
ing procedures for how to prepare for
sampling of viral pathogens, how to col-
lect environmental samples, and how to

Table 1: Percent PEDV-positive results by PCR in different farm locations across data collection timepoints

Weeks after initial diagnosis

Zone, % positive (No. positive/Total No. samples) 2 4 8 12 16

K wo e o wh o2 0B
UELEIEL G ashe G G @9 o ©)
Non-pig contact outside* (f/%) (25/(2) (12/54) NS (0(/)4) (0(/)5)
AR @) wH  ED G G @
Pig contact! NS o) @) Gl @ e

Included on- and off-farm vehicles, feed delivery trucks, tractors, employee vehicles, and areas outside the farm perimeter.

T Included laundry areas, changing rooms, shower areas, and transition zones upon entering or exiting the main office building.

* Qutside surfaces such as walkways and work areas not in direct contact with pigs.

§ Inside surfaces such as walkways, work areas, feed storage areas, and in-barn transition zones not in direct contact with pigs.

T Included pen flooring, pen walls, feeders, and waterers.

PEDV = porcine epidemic diarrhea virus; PCR = polymerase chain reaction; NS = not sampled.
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calculate the necessary number of sam-
ples based on the severity of the patho-
gen of interest and the probability of
the pathogen being introduced through
feed. While this project would have ben-
efited from these materials being avail-
able, it was the project itself that led to
their development.

In closing, environmental monitoring
was an important tool in managing this
disease outbreak. In this circumstance,
results from environmental monitoring
swabs allowed for the real-time adapta-
tion of biosecurity practices to address
the greatest areas of risk. There are
several considerations when selecting
sampling locations and frequency, but
consistent environmental monitoring
during an outbreak allows for dynamic
decisions to minimize disease spread.

Implications
Under the conditions of this study:

¢ Environmental monitoring was an
important tool in managing this dis-
ease outbreak.

* Environmental monitoring identi-
fied areas in the farm with poor
biosecurity.

® Biosecurity adjustments made
resulted in fewer contaminated
surfaces.
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