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A total of 220 pooled samples from 3 collection times were conducted. Eighty pooled samples
from the first collection at 1 month after PED outbreak (IMAQO) included 10 pooled oral fluid samples, 30
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collection at 2MAO included 10 pooled oral fluid samples, 30 pooled fecal samples and 45 pooled surface
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affected swine farm in Chonburi province, Thailand between July 2017 to February 2018. The objective of this
study was to evaluate the existence of PEDV residues in pigs and fomites in the affected swine farm after the
PED outbreak and gut feedback protocol was implemented. Oral fluid, fecal and surface swab samples were
collected to monitor the existence of the residue virus after the outbreak when practicing gut feedback
protocol. The results showed that all pooled samples were positive to PEDV for 20 pooled samples (20/220,
9%). The samples at first collection (1IMAQO) were positive to PEDV (2/80, 2.5%) from a primiparous sow pen
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CHAPTER |
INTRODUCTION

Porcine epidemic diarrhea (PED) is an emerging and re-emerging epizootic
disease in the swine industry, recently. PED virus (PEDV) was described for the first
time in Europe in the 1970s and has been persisting in Europe with sporadic cases
until the late 1990’s. Out-breaks of PED have also been described in Asia in the
1980s and to the North American countries in 2013 (Jung and Saif, 2015). PEDV can
cause very huge economic losses due to its highly infectivity and rapidly spreading
throughout the intensive swine industry by a severe, profuse watery diarrhea with or
without vomiting and dehydration of all ages in swine and particularly dead in
neonatal piglets up to 100% (Wang et al.,, 2016). The outbreak in new area with no
immunological protection in piglets like in North America in 2013 have 100% loss of
neonatal piglets and estimated the economic PEDV losses at farm level
approximately $300,000 for a 700-sow farrow-to-finishing herd and the second
outbreak might loss up to 50% pre-weaning mortality rate for 5 weeks (Weng et al,,
2016). The susceptible pigs can infect with PEDV by direct or indirect fecal-oral route.
PEDV can be introduced into the naive herds by import the infected pigs,
contaminated materials (fomites, feed ingredients, food, transport vehicles) and by
contaminated people (Lee, 2015). PEDV transmission through contaminated milk
from dam to piglets can also occur but vertical transmission of PEDV through semen
has never been shown (Gallien et al., 2019). PEDV transmission through contaminated
airborne transmission of the virus was also shown (Alonso et al., 2014). PEDV
transmission through contaminated feed is one of important sources of PEDV.
Previous study report PED contaminated feed and spray-dried porcine plasma (SDPP)

used as a feed supplement were the source of the introduction of PEDV into Canada



(Pasick et al., 2014). Transportation is the major risk that can spread PEDV across the

region (Lowe et al,, 2014).

After the initial outbreak, the virus can survive up to 9 months in the infected
manure storages in the farm (Tun et al,, 2016). Although the residue level of virus in

the environment is low, it can cause sporadic outbreaks within herd.

Therefore, the appropriated disease prevention and control methods
including rapid and accurate diagnosis, careful treatment, biosecurity protocol, and

husbandry management are of importance to overcome this problem.

Because of no specific effective treatment for PED, PED control and
elimination measures aim to prevent the reinfection of PED in herds through the
eradication of the virus and immunization of the breeding animals (Weng et al,,
2016). Previous studies demonstrated that PEDV monitoring was focused on the
immunity after the outbreak under field conditions. Lack of the information of the

PEDV residues remaining in the swine farms after the outbreaks is still problematic.

Normally, after facing the PED outbreak, gut feedback procedure is
implemented for inducing homogeneous PED herd immunity by using feces and/or
chopped intestines from live infected neonatal piglets feeding to all sows and gilts
for a period of 1-4 days (Gillespie et al., 2018). This protocol increases the virus load
and immunity simultaneously in the farm and more importantly, this strategy
effectively reduces the chance of PEDV perpetuation in successive batches of
weaned piglets. After the feedback protocol, temporary closure of the herd like
stopping animal introductions for a period of 4 months helps in building-up whole
herd immunity. Intensive disinfection and biosecurity procedure have been used for
PEDV eradication but PEDV residues remaining in the farms are needed to be

monitored for checking or preventing the recurrent of PED outbreaks in the farms.



Therefore, the study objective was to evaluate the PEDV status from the
remaining of viral residue and sample types of a PEDV positive herd. The investigation
would provide benefit information needed for future PED management after facing

with the PED outbreak.

Objectives of study

1. To evaluate the existence of PEDV residues in pigs and fomites in the affected
swine farm after the outbreak when applying the gut feedback protocol by using oral
fluid, fecal and surface swab samples for further management in the affected farm.

2. To identify proper sampling type for monitoring PEDV residues after the

outbreak.

Questions of study

1. Can oral fluid, fecal and surface swab samples be the monitoring samples of
choice for PEDV status after the PED outbreak?

2. Where could the PEDV residues be found in the PED positive farm?



CHAPTER Il
LITERATURE REVIEW

Porcine epidemic diarrhea virus (PEDV) is a large-enveloped RNA virus belong
to genus Alphacoronavirus in the Coronavirinae subfamily within the Coronaviridae
family in the order Nidovirales (Gillam and Zhang, 2018). It is a highly contagious virus
with rapid spread when introduced into the farms or the countries. High infectivity
with low dose (10ml of inoculum with the titer of 0.0056 TCID50/ml (Ct>45) was able
to cause infection in 25% of the 5 days old naive inoculated pigs (Thomas et al,,
2015). The incubation period is approximately 2 days. PEDV destroys villous
enterocytes causing shortening of villi and thinning of intestinal walls leading to
diarrhea. PED can differentiate from a related enteric coronavirus, the transmissible
gastroenteritis virus (TGEV), where virus destruction of mature enterocytes leads to a
marked reduction in their enzymatic activity, and disruption of digestion and cellular
transport of nutrients and electrolytes resulting in malabsorptive diarrhea in piglets.
Clinical signs in nursery to grower pigs show varied morbidity and mortality including
depression, anorexia, diarrhea, and affecting the growth performances. Mild morbidity
is found in boars or sows. PEDV can cause disease outbreak within 4-5 days and
spread to other farms and regions via animal movement and contaminated fomites.
Shedding times can be up to 6 days in 3-day-old piglets, 9 days in 2-week-old pigs,
and 3 days in late-term pregnant sows (Song et al., 2005). Previous study showed
that PEDV genetic material could be detected in the air up to 10 miles although the
infectivity could not be shown (Alonso et al,, 2014). Specific treatments are not
available but symptomatic treatment of diarrhea is recommended in growing pigs
depending on the farm veterinarians and owners if they want to eradicate or be with
the PEDV (Lee, 2015). Vaccine is a tool for PED control and eradication during the

outbreak by maintaining PEDV-specific neutralizing antibodies both in serum and



colostrum. While the piglets protection depend on acquired secretory IgA on
intestinal mucosa (Langel et al., 2016), vaccine efficiency is still questionable in sows.
Gut feedback is a common solution method but the successful rate varies by the
amount of PEDV used, farm health status or even the gut feedback protocols used.
Various  PEDV ~ diagnostic  test includes  immunofluorescencetest  (IFT),
immunohistochemistry  (IHC), enzyme-linked immunosorbant assays (ELISA),
polymerase chain reaction (PCR), indirect fluorescent antibody test (IFA), in situ
hybridization, and electron microscopy (EM) from available samples; Feces, serum,
fecal swab, intestine, oral fluid, environment sample and feed (Pospischil et al.,
2002). Thus, monitoring is the way to know the farm status after the outbreak and a
quality of gut feedback protocol done previously. The monitoring technique could
be by checking the herd immune status on sows or surveying the viral residues and

measuring the risk and progress of the disease.



CHAPTER Il
MATERIALS AND METHODS

This experiment was divided into three phases, including Phase 1: Farm
selection, sample collection, and data collection, Phase 2: Sample testing and

Phase 3: Data analysis.

A selected farm recently had a current PED outbreak

l

Research desien and calculation of the number of samples used

| l

Collection of oral fluid, feces and surface swab Collection data: performance index

l

Samples tested by RT-PCR

| ,,

Data analysis

Figure 1 Flow chart of the experiments

Phase I: Farm selection, Sample collection, and Data collection

1. Farm selection

The criteria of a swine farm selected must have the recent PED outbreak and
use gut feedback protocol for stabilizing the herd immunity. This selected swine farm
located in Chonburi province, Eastern part of Thailand. The farm is a 700-sow herd

with batch farrowing production system.
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Figure 2 Farm layout

2. Sample collection

From around 200 farrowed sow, 600 gestated sows and 25 gilts, we
randomized sampling a total of 1100 samples (220 pooled samples) were collected 3
times during the study (Table 1). The first collection time was at 1 month after the
PED outbreak (MAO) (n=400, 80 pooled samples) containing oral fluid (n=50, 10
pooled samples; 5 each from ¢ilt and primiparous gestated sow), fecal swab (n=150,
30 pooled samples; 5 each from primiparous gestated sow, multiparous gestated
sow, primiparous farrowed sow at 1°' week after farrow, primiparous farrowed sow at
39 week after farrow, multiparous farrowed sow at 1% week after farrow and
multiparous farrowed sow at 3" week after farrow), and surface swab (n=200, 40
pooled samples; 5 each from empty gilt barn, empty farrowed barn, farrowed crates
of primiparous farrowed sow at 1* week after farrow, farrowed crates of primiparous
farrowed sow at 3 week after farrow, farrowed crates of multiparous farrowed sow

at 1% week after farrow, farrowed crates of multiparous farrowed sow at 3™ week



after farrow, boots and bedding ). The second collection time was at 2MAQO (n=425,
85 pooled samples) containing oral fluid (n=50, 10 pooled samples; 5 each from
primiparous gestated sow and multiparous gestated sow), fecal swab (n=150, 30
pooled samples; 5 each from primiparous gestated sow, multiparous gestated sow,
primiparous farrowed sow at 1°' week after farrow, primiparous farrowed sow at 3™
week after farrow, multiparous farrowed sow at 1°' week after farrow and multiparous
farrowed sow at 39 week after farrow ), surface swab (n=225, 45 pooled samples; 5
each from empty gilt barn, empty gestated barn, empty farrowed barn, farrowed
crates of primiparous farrowed sow at 1°' week after farrow, farrowed crates of
primiparous farrowed sow at 3 week after farrow, farrowed crates of multiparous
farrowed sow at 1°" week after farrow, farrowed crates of multiparous farrowed sow
at 3" week after farrow, boots and bedding). The third collection time was at 8MAO
(n=275, 55 pooled samples) composing of oral fluid (n=25, 5 pooled samples; from
multiparous gestated sow), fecal swab (n=75, 15 pooled samples; 5 each from
multiparous gestated sow, multiparous farrowed sow at 1°* week after farrow and
multiparous farrowed sow at 3" week after farrow), surface swab (n=175, 35 pooled
samples; 5 each from empty gilt barn, empty gestated barn, empty farrowed barn,
farrowed crates of multiparous farrowed sow at 1* week after farrow, farrowed crates

of multiparous farrowed sow at 3™ week after farrow, boots and bedding).



Table 1 Sample collection

No.of
Sample 1IMAO 2MAO 8MAO
Collecting place samples
type (total 80) | (total 85) | (total 55)
(pooled)

gilt 25(5) v X x

Oral fluid
pregnant gilt 25(5) v v X

sample
multiparous gestated sow 25(5) X v v
pregnant gilt 25(5) v v X
multiparous gestated sow 25(5) v v v
Feces primiparous sows after 1 week farrowing 25(5) v v X
sample primiparous sows after 3 week farrowing 25(5) v v X
multiparous sows after 1 week farrowing 25(5) v v v
multiparous sows after 1 week farrowing 25(5) v v v
empty gilt barn floor 25(5) v v v
empty gestated barn floor 25(5) X v v
empty farrowed barn floor 25(5) v v v
Surface primiparous sow pen after 1 week farrowing 25(5) v v X
swab primiparous sow pen after 3 week farrowing) 25(5) v v X
sample multiparous sow pen after 1 week farrowing 25(5) v v v
multiparous sow pen after 3 week farrowing 25(5) v v v
Cleaned boots 25(5) v v v
Cleaned bedding 25(5) v v v
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Sample collection was conducted using random sampling in multiple barns
on a site to increase the probability of detection by collecting 5 samples for each
type of pooled samples per units (Rotolo et al., 2017). Briefly, oral fluid samples
were collected by hanging a cotton rope in each pen, with the end of the rope
hanging at the height of the pigs' shoulder after chewing the rope for 20-30 min, the
wet portion of the rope was put into a gallon size of single-use zip plastic bag and
the rope will be squeezed for collecting of the fluid and then zipped, labelled and
placed the bags on ice for transporting to the laboratory (Rotolo et al., 2017).
Individual faecal sampling was done by covering the hand with the rubber gloves
and collecting the faeces during defecation and, then put into the sealed plastic bag,
labelled and placed in ice box (gloves must be changed in each pig). Surface swab
sampling was done by using 10x10 cm of towels, soaked with 40 ml of PBS solution
in 50 ml tubes. The towels were used to wipe 5 floor areas of 1 square meter before
pooling into one sample in a 50 ml tube, labelled and kept in the ice box before

delivery to the laboratory (Poonsuk et al., 2013).
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Figure 3 Sample collection methods from swine farm (A) Oral fluid collection

(B) Fecal sample collection (C) Surface swab sample collection (floor swab) (D)

Surface swab sample collection (bedding swab)
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3. Data collection

Performance index data were monitored including farrowing rate (FR), return
rate (RR), abortion rate (AR), number of total piglets born per litter (TB), number of
piglets born alive per litter (BA), percentage of stillbirth piglets per litter (SB),
percentage of mummified fetuses per litter (MM), piglet's birth weight (BW), pre

weaning mortality rate and total weaned pigs (Olanratmanee et al., 2010).

Phase II: Detection of PEDV (S gene and ORF3 gene)

1. Sample preparation

PBS buffer was added to fecal sample before centrifuging with the rest of
the samples (oral fluid, feces and surface swab samples) at 1,500xg for 15min to
collect the supernatant fluids, individually. The supernatant fluids were stored at -

800C until tested.

2. RNA extraction

RNA was extracted from the supernatant using the Geneaid Viral nucleic acid
extraction kit Il (Geneaid Biotech. Ltd., Taipei, Taiwan). Briefly, 200 pl of the
supernatant was transferred to a 1.5 ml microcentrifuge tube and 400 pl of VB Lysis
Buffer was added. The mixture was mixed by vortex and incubated at room
temperature for 10 min before adding 450 ul of AD Buffer to the sample lysate and
shaking the tube vigorously. Six-hundred pl of the lysate mixture was then filled in a
VB Column in a 2 ml collection tube and centrifuged at 14-16,000 x ¢ for 1 min and
repeat the procedure with the remaining mixture and discarded the 2 ml collection
tube containing the flow-through. Adding 400 ul of W1 Buffer to the VB Column,

centrifuging at 14-16,000 x g for 30 sec, discarding the flow-through, placing the VB
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Column back in the 2 ml collection tube was done twice before placing the dried VB
Column in a clean 1.5 ml microcentrifuge tube. Fifty pl of RNase-free Water was
added to the center of the VB Column matrix and keep it stand for at least 3 min to
ensure the RNase-free Water is absorbed by the matrix before centrifuging at 14-

16,000 x g for 1 min to elute the purified nucleic acid.

3. Primers

Pairs of sense and antisense primers were aligned based on the nucleotide
sequence of the spike, ORF3 genes from the GenBank database (National Center for
Biotechnology Information, USA) (Sun et al, 2014) These primers were used to
amplify the PEDV gene of interest. The primer sequences and other details are

shown in Table 2.

Table 2 Primers used in RT-PCR for PEDV spike and ORF3 genes.

Primers Nucleotides sequences (5’-3") Size of product (bp)
S-F TTCTGAGTCACGAACAGCCA 651
S-R CATATGCAGCCTGCTCTGAA
ORF3-F TCCTAGACTTCAACCTTACG 833
ORF3-R GGTGACAAGTGAAGCACAGA
4. RT-PCR

RT-PCR was performed using The Invitrogen™ SuperScript™ Ill One-Step RT-
PCR System with Platinum™ Taq DNA Polymerase, CA, USA). Primers S-F and S-R,
ORF3-F and ORF3-R, as shown in Table 2, were used to amplify the corresponding

partial S and ORF3 genes from PEDV, respectively. For RT-PCR, 3 pL of extracted viral
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RNA was mixed with a reaction mixture containing 50 ulL Buffer, 2X Reaction Mix 25
uL, 1 pL each specific primer, 3 uL RNA template, 2 uL SuperScript™ Il RT/Platinum™
Tag Mix and 18 pL RNase Free water. The amplifications for the S, ORF3 genes were
performed with reverse transcription at 55°C for 30 min and initial denaturation at
94°C for 2 min, followed by 35 cycles of denaturation at 94°C for 15 sec, annealing
at 55°C for 30 sec, and extension at 68°C for 1 min, and a final extension step of
68°C  for 5 min. RT-PCR products were visualized via electrophoresis in a 1.5%
agarose gel stained with Redsafe™ Nucleic Acid Staining Solution (iNtRon
Biotechnology®, Seongnam, South Korea). A 5 ul of PCR product was electrophoresed
by using 1.5% agarose gel electrophoresis (Vivantis®, Subang Jaya Malaysia) in 1xTris-
acetate/ EDTA (ethylene diamine teteraacetic acid) (1XTAE) buffer. The PCR product
was then visualized under the UV light by Bio-Rad Gel-Documentation System (Bio-

Rad Laboratories, USA).

5. Statistical Analysis

The descriptive statistics was conducted in this study and described the point
of PEDV contamination and to which sample type are the most sensitive and

practical for PED monitoring after the outbreak.
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CHAPTER IV

RESULTS
1. Prevalence of PEDV

A total of 220 pooled samples were collected from the studied swine farm
and found PEDV positive for 9% (20/220) (Table 3). The samples from the first
collection (IMAO) were PEDV positive for 2.5% (2/80) only from the fecal samples.
The highest prevalence was found in the second sample collection (2MAQO) for
21.17% (18/85) ; 2 positive samples from feces and 16 positive samples from surface
swab samples) and no PEDV positive sample was found at the third sample

collection (8MAQ).
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Table 3 Prevalence of PEDV in the studied swine farm after the outbreak when

using the gut feedback protocol, Chonburi, Thailand

RT-PCR results

Sample i No.of No. of positive (% of positive)
Collecting place
type Samples 1MAO 2MAO 8MAO
(pooled) | (total 80) (total 85) (total 55)
gilt 5 0/5 (0%) - -
Oral fluid
pregnant gilt 5 0/5 (0%) 0/5 (0%) -
sample
Multiparous
5 - 0/5 (0%) 0/5 (0%)
gestated sow
Total 0/10 (0%) 0/10 (0%) 0/5 (0%)
pregnant gilt 5 0/5 (0%) 0/5 (0%) -
Multiparous
5 0/5 (0%) 1/5 (20%) 0/5 (0%)
gestated sow
primiparous sows
5 0/5 (0%) 0/5 (0%) -
Feces after 1 week farrowing
sample primiparous sows
5 1/5 (20%) 0/5 (0%) -
after 3 week farrowing
multiparous sows
5 0/5 (0%) 1/5 (20%) 0/5 (0%)
after 1 week farrowing
multiparous sows
5 1/5 (20%) 0/5 (0%) 0/5 (0%)

after 3 week farrowing
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RT-PCR results

Sample itive (9 iti
Collecting place No.of No. of positive (% of positive)
t
ype Samples | 1mA0 1IMAO 1IMAO
(pooled) | (total 80) (total 80) (total 80)
empty gilt barn floor 5 0/5 (0%) 0/5 (0%) 0/5 (0%)
empty gestated barn floor 5 - 0/5 (0%) 0/5 (0%)
empty farrowed barn floor 5 0/5 (0%) 1/5 (20%) 0/5 (0%)
primiparous sow pen
5 0/5 (09) 5/5 (100%) -
Surface swab after 1 week farrowing
primiparous sow pen
5 0/5 (0%) 3/5 (100%) -
sample after 3 week farrowing
multiparous sow pen
5 0/5 (0%) 5/5 (75%) 0/5 (0%)
after 1 week farrowing
multiparous sow pen
5 0/5 (0%) 2/5 (40%) 0/5 (0%)
after 3 week farrowing
Cleaned boots 5 0/5 (0%) 0/5 (0%) 0/5 (0%)
Cleaned bedding 5 0/5 (09%) 0/5 (0%) 0/5 (0%)
Total 0/40 (0%) 16/45 (35.55%) 0/35 (0%)
Total 2/80 (2.5%) 18/85 (21.17%) 0/55 (0%)
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Based on the results, no positive sample from oral fluid samples was found.

Similar prevalence from feces sample at 1IMAO and 2MAO and the farrowed barns

floor were found to be the highest place having PEDV contamination from both

IMAO and 2MAO but found higher positive samples at 2MAO. No positive samples

from cleaned boots and cleaned bedding and no positive results were found at

8MAO from all sample types.

Table 4 Details of positive fecal samples

Gene of detection

Time Collecting place
Spike ORF3
1MAO primiparous sows after 3 week farrowing - +
multiparous sows after 3 week farrowing - +
2MAO multiparous gestated sow - +
multiparous sows after 1 week farrowing - +
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Table 5 Details of positive surface swab samples

Total sample No. of positive Gene of detection
Collecting place
(pooled) (% of positive) Spike ORF3
5 Dirty area 1/3 (33.33%)
empty farrowed barn floor (cleaned area =2, #4 sample - +
Dirty area =3)
Cleaned 2/2 (100%)
area + +
#1 sample + +
5
primiparous sow pen #2 sample
(cleaned area =2,
after 1 week farrowing Dirty area 3/3 (100%)
Dirty area =3)
#3 sample + +
#4 sample + +
#5 sample - +
Cleaned 1/2 (50%)
area + +
5
primiparous sow pen #1 sample
(cleaned area =2,
after 3 week farrowing Dirty area 2/3 (66.67%)
Dirty area =3)
#3 sample - +
#4 sample - +
Cleaned 2/2 (100%)
area + +
#1 sample + +
5 #2 sample
multiparous sow pen
(cleaned area =2, Dirty area 3/3 (100%)
after 1 week farrowing
Dirty area =3) #3 sample + +
#4 sample + +
#5 sample + +
Cleaned 1/2 (50%)
5 area - +
multiparous sow pen
(cleaned area =2, #1 sample
after 3 week farrowing
Dirty area =3) Dirty area 1/3 (33.33%)
#5 sample + +
11/16 16/16
Total 16 positive samples
(68.75%) (100%)
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Based on the results, all positive samples of fecal sample were only detected
by ORF3 gene. And all positive surface swab samples can detect by ORF3 gene but
only 68.75% can detect by S gene. For all positive samples can be detected by ORF3

but only 55% (11/20) can be detected by S gene.

2. The performance index data

The performance index data were monitored including the farrowing rate (FR),
return rate (RR), abortion rate (AR), number of total piglets born per litter (TB),
number of piglets born alive per litter (BA), percentage of stillbirth piglets per litter
(SB), percentage of mummified fetus per litter (MM) and piglet's birth weight (BW), pre
weaning mortality rate and total wean pigs (Olanratmanee et al,, 2010) for 4 time
points (average 5 months before the outbreak as the farm standard performance, at
IMAQ, at 2MAO and at 8MAQ). These indexes demonstrated the impact after PED

outbreak.

A comparison of performance index between before and after the PED outbreak
when using the gut feedback protocol showed that the farrowing rate had decreased
from 79.74% to 75.20% at 1IMAO, to 74.90% at 2MAQO and to 73.80% at 8MAQO. The
return rate had changed from 3.33% to 6.80% at 1MAQO, to 5% at 2MAO and to 3.2%
at 8MAQ. The abortion rate had changed from 2.40% to 3.20% at 1MAO, to 2.80% at
2MAO and to 3.00% at 8MAO. The total piglets born per liter had changed from
12.64 to 12.60 at 1IMAO, to 12.30 at 2MAO and to 12.40 at 8MAQ. The piglets born
alive per litter had changed from 10.66 to 9.80 at 1MAO, to 10.40 at 2MAO and
8MAQ. The percentage of stillbirth piglets per litter had changed from 13.42% to
19.20% at 1MAO, to 14.00% at 2MAO and to 14.40% at 8MAQO. The percentage of
mummified fetuses per litter had changed from 2.14% to 3.10% at 1MAQO, to 1.80%

at 2MAO and to 2.00% at 8MAO. The piglet's birth weight had changed from 1.68 to
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1.70 at 1, 2 and 8MAOQ. The pre-weaning mortality rate had changed from 12.66% to
100% at 1MAO, to 50% at 2MAO and to 28.40% at 8MAQ. The total wean pigs had

changed from 1767.60 to 0 at IMAOQ, to 960 at 2MAO and to 1489 at 8MAO.

Table 6 The performance index of the studied swine farm

Data collection duration

Performance index Before

the IMAO | 2MAO | 8MAO

outbreak
Farrowing rate (FR) 79.74 75.20 | 74.90 | 73.80
Return rate (RR) 3.33 6.80 5.0 3.20
Abortion rate (AR) 2.40 3.20 2.80 3.00
Total piglets born per litter (TB) 12.64 12.60 | 1230 | 1240
Piglets born alive per litter (BA) 10.66 9.80 | 10.40 | 10.40

Percentage of stillbirth piglets per litter (SB) 13.42 19.20 | 14.00 | 14.40

Percentage of mummified fetus per litter (MM) 2.14 3.10 1.80 2.00

Piglet's birth weight (BW) 1.68 1.70 | 1.70 | 1.70

Pre-weaning mortality rate 12.66 100 50 28.40

Total wean pigs 1767.60 0 960 1489
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CHAPTER V
DISCUSSIONS

Porcine epidemic diarrhea virus (PEDV) is a highly contagious disease in swine.
PEDV was described in 1971 in England and continued to spread and to persist as an
endemic disease in the swine population of several countries. Many countries
attempt to find the ways to control and eradicate this disease (Lee, 2015). However,
in endemic areas or even in the affected swine farms after the PED outbreak, the
strategies implementing to control the spreading of the virus are strict biosecurity
and herd immunization (Kim et al,, 2017). The gut feedback protocol is a routine
method using the lives virus from infected piglets to immunize the whole sow herd
(Song et al.,, 2015). However, the virus does have a chance to spread all over the
farm and may persist in the environment as well. It should be noted that the gut
feedback protocol must be done once for the homogenized herd immunization and
followed by disinfection and cleaning up the farm environment to minimize sporadic
shedding. The next step is focusing on the strict biosecurity for PEDV eradication and
then, PEDV monitoring should be implement for detecting PEDV remaining in the

farms.

Normally, the sow immunity is measured as the indicator for the success of
the protocol used but, in this study, we monitored the viral residues from oral fluid,
fecal swab and surface swab samples to evaluate the remaining of the virus in the
studied farm. It should be noted that the studied farm had performed the close herd
strategy after facing with the outbreak. Therefore, no sample from gilts at 2MAO and

8MAO and some first parity sows at 8MAO were obtained.

From the study, 2 genes (S gene and ORF3 gene) were used to increase the
sensitivity of the findings. The reason of using S gene is that this site is critical for the

viral entry and for inducing neutralizing antibodies (Jung and Saif, 2015). ORF 3 gene
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is an important site using as a marker for attenuated and virulent strains and this site
are conserved among strains from different temporal and geographical origins (Sun et
al,, 2014). We tested all samples twice for S gene and ORF3 gene and the positive
samples at least from 1 gene was considered as a positive sample and we found all

positive samples were from ORF3 gene and 55% (11/20) was from S gene.

One of the main findings of this study was the evidence of high
contaminations of PEDV at IMAO and at 2MAO. Some animals still showed diarrhea
in new born piglets. Interestingly, surface swab samples were found positive at 2MAO
higher than that of at 1IMAQO. This scenario could be explained that at 1IMAQO, the
surface swab samples were done after the cleaning and disinfecting but at 2MAO and
8MAQ, the surface swab samples were done for both clean and dirty areas. The
remaining of PEDV in the environment at 2MAO showed that farm biosecurity and
disinfection was not good enousgh. It should be noted that cleaning and disinfecting
the farm environment after the outbreak could effectively reduce the virus load in

the farm environment.

Almost positive samples were found in primiparous sow pens. These results
could explain the gilt management quality that those gilts might not have enough
PED immunity. Proper gilt management could be done by vaccination or feedback
protocol program. However, it must be done with caution on reducing virus

contamination in the farm environment.

Oral fluid sample is convenient when sampling. It would work well with
pathogens found in saliva or respiratory pathogens. In case of PEDV, it would not
work well if it had low feces contamination (Pepin et al., 2015). In this study, we did
not have any positive samples from oral fluid samples since PEDV did not shed via

saliva. In addition, individual sampling of oral fluid from those gilts and sows yielded
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negative results. Fecal sampling would need only the plastic bags and could be
collected directly from the rectum of individual pigs. Surface swab samples are very
useful for contaminated fomites and could be used indirectly for piglet feces

contamination on the pen floor when having diarrhea.

Performance indices of 3 collection times demonstrated the negative impact
of PEDV towards the breeding and farrowing problems both at IMAO and 2MAQ.
Lower farrowing rate with higher return rate and abortion rate showed negative
impact in breeding herd because PED might cause pregnancy failure and fetal loss
from suboptimal nutrient supply (Olanratmanee et al., 2010). Percentage of stillbirth
per litter as a result of the pregnant females infected with PEDV during 91-120 days
of pregnancy did affect only at 1MAO. Pre-weaning mortality rate could be due to
low immunity piglet from low immunity late term pregnant sows when the gut
feedback were done together with the remaining virus in the environment. The sow
herd production parameters should recover to the baseline production in 10 weeks

after the herd closure (Goede and Morrison, 2016).

In this study, external factors including PRRSV outbreak, flooding seasons, and
worker problems could influence the PED management strategy of the studied farm
and could affect the performance index parameters. However, from the onset of PED
outbreak, the correct and rapid diagnosis along with the gut feedback protocol to
raise the herd immunity homogeneously must be done within 1 week and the strict
biosecurity preventing the introduction of the new virus and reducing the viral load
in the affected farms must be done. The production parameters should be back to

the normal baseline within a few months if done properly.
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CHAPTER VI
CONCLUSION AND SUGGESTIONS

Based on the findings of this study, fecal samples and surface swab samples
could be used for PEDV monitoring in the affected farm after the outbreak when
using the feedback protocol. The highest prevalence of PEDV remaining was found in
the farrowing barns and the pregnant sows. These results lead to the management at
the right point for prevention of the re-outbreak. These selected 3 sample types
showed pros and cons of the measurement. Oral fluid sampling method might not
work well if the pigs have low feces contamination when collected individually.
Fecal samples are the samples of choice since the virus shedding is through feces
and pooled samples might increase the sensitivity of the findings. Additionally,
surface swab samples are very useful to demonstrate the existence of the virus on
the contaminated fomites and environment. It should be noted that there are many
systems of the swine farms such as one site, two sites or three sites. When sampling,
the farm veterinarians must evaluate the results if the objective of those collected
samples could answer the farm problems. Again, sample collection must be

conducted from low to high risk arears, respectively.

Further studies are suggested and could be as follows:

1. The information from this study reported only the viral residues in the
studied swine farm. The serological test could make more clear picture for the
monitoring. Unfortunately, the serological tests are not commercially available.

2. This study reports the qualitative results of the virus. For more information,
gRT-PCR test could provide additional data for quantitative results.

3. The sampling types used in this study could apply for others disease

monitoring if applicable.



REFERENCES

Alonso C, Goede DP, Morrison RB, Davies PR, Rovira A, Marthaler DG and Torremorell M
2014. Evidence of infectivity of airborne porcine epidemic diarrhea virus and
detection of airborne viral RNA at long distances from infected herds. Veterinary
Research. 45.

Gallien S, Moro A, Lediguerher G, Catinot V, Paboeuf F, Bigault L, Gauger PC, Pozzi N,
Berri M, Authie E, Rose N and Grasland B 2019. Limited shedding of an S-InDel
strain of porcine epidemic diarrhea virus (PEDV) in semen and questions
regarding the infectivity of the detected virus. Vet Microbiol. 228: 20-25.

Gillam F and Zhang C 2018. Epitope selection and their placement for increased virus
neutralization in a novel vaccination strategy for porcine epidemic diarrhea virus
utilizing the Hepatitis B virus core antigen. Vaccine. 36(30): 4507-4516.

Gillespie T, Song Q, Inskeep M, Stone S and Murtaugh MP 2018. Effect of Booster
Vaccination with Inactivated Porcine Epidemic Diarrhea Virus on Neutralizing
Antibody Response in Mammary Secretions. Viral Immunol. 31(1): 62-68.

Goede D and Morrison RB 2016. Production impact & time to stability in sow herds
infected with porcine epidemic diarrhea virus (PEDV). Prev Vet Med. 123: 202-
207.

Jung K and Saif LJ 2015. Porcine epidemic diarrhea virus infection: Etiology,
epidemiology, pathogenesis and immunoprophylaxis. Vet J. 204(2): 134-143.

Kim Y, Yang M, Goyal SM, Cheeran MC and Torremorell M 2017. Evaluation of
biosecurity measures to prevent indirect transmission of porcine epidemic
diarrhea virus. BMC Vet Res. 13(1): 89.

Langel SN, Paim FC, Lager KM, Vlasova AN and Saif LJ 2016. Lactogenic immunity and
vaccines for porcine epidemic diarrhea virus (PEDV): Historical and current
concepts. Virus Res. 226: 93-107.

Lee C 2015. Porcine epidemic diarrhea virus: An emerging and re-emerging epizootic
swine virus. Virol J. 12: 193.

Lowe J, Gauger P, Harmon K, Zhang J, Connor J, Yeske P, Loula T, Levis |, Dufresne L



27

and Main R 2014. Role of transportation in spread of porcine epidemic diarrhea
virus infection, United States. Emerg Infect Dis. 20(5): 872-874.

Olanratmanee EO, Kunavongkrit A and Tummaruk P 2010. Impact of porcine epidemic
diarrhea virus infection at different periods of pregnancy on subsequent
reproductive performance in gilts and sows. Anim Reprod Sci. 122(1-2): 42-51.

Pasick J, Berhane Y, Ojkic D, Maxie G, Embury-Hyatt C, Swekla K, Handel K, Fairles J and
Alexandersen S 2014. Investigation into the role of potentially contaminated
feed as a source of the first-detected outbreaks of porcine epidemic diarrhea in
Canada. Transbound Emerg Dis. 61(5): 397-410.

Pepin B, Liu FF, Main R, Ramirez A and Zimmerman J 2015. Collection of oral fluid from
individually housed sows. Journal of Swine Health and Production. 23(1): 35-37.

Poonsuk K, Arunorat J, Talummuk S, Kunalintip R, Anuvongnukroh W and
Thanawongnuwech R 2013. Field Efficacy of Potassium Peroxymonosulfate
(PMS) Oxidizing Disinfectant (Virusnip (TM)) against Porcine Circovirus Type 2
(PCV2) in Gilt Acclimatization Unit. Thai Journal of Veterinary Medicine. 43(4):
601-604.

Pospischil A, Stuedli A and Kiupel M 2002. Update on porcine epidemic diarrhea.
Journal of Swine Health and Production. 10(2): 81-85.

Rotolo ML, Sun Y, Wang C, Gimenez-Lirola L, Baum DH, Gauger PC, Harmon KM,
Hoogland M, Main R and Zimmerman JJ 2017. Sampling guidelines for oral fluid-
based surveys of group-housed animals. Vet Microbiol. 209: 20-29.

Song D, Moon H and Kang B 2015. Porcine epidemic diarrhea: a review of current
epidemiology and available vaccines. Clin Exp Vaccine Res. 4(2): 166-176.

Song DS, Oh J, Kang BK, Yang JS, Song JY, Moon H, Kim T, Yoo H, Jang Y and Park B
2005. Fecal shedding of a highly cell-culture-adapted porcine epidemic diarrhea
virus after oral inoculation in pigs. Journal of Swine Health and Production.
13(5): 269-272.

Sun R, Leng Z, Zhai SL, Chen D and Song C 2014. Genetic variability and phylogeny of
current Chinese porcine epidemic diarrhea virus strains based on spike, ORF3,
and membrane genes. ScientificWorldJournal. 2014: 208439.

Thomas JT, Chen Q, Gauger PC, Gimenez-Lirola LG, Sinha A, Harmon KM, Madson DM,



28

Burrough ER, Magstadt DR, Salzbrenner HM, Welch MW, Yoon KJ, Zimmerman JJ
and Zhang J 2015. Effect of Porcine Epidemic Diarrhea Virus Infectious Doses on
Infection Outcomes in Naive Conventional Neonatal and Weaned Pigs. PLoS
One. 10(10): e0139266.

Tun HM, Cai Z and Khafipour E 2016. Monitoring Survivability and Infectivity of Porcine
Epidemic Diarrhea Virus (PEDv) in the Infected On-Farm Earthen Manure Storages
(EMS). Front Microbiol. 7: 265.

Wang D, Fang L and Xiao S 2016. Porcine epidemic diarrhea in China. Virus Res. 226: 7-
13.

Weng L, Weersink A, Poljak Z, de Lange K and von Massow M 2016. An economic
evaluation of intervention strategies for Porcine Epidemic Diarrhea (PED). Prev

Vet Med. 134: 58-68.



APPENDICES



Appendix A

RT-PCR assay and chemicals

1. RNA extraction

VB Lysis buffer
Ad buffer

W1 buffer
Wash buffer

RNA-free water

2. RT-PCR assay

- SuperScript™ Il RT/Platinum™ Tag Mix

- 2X Reaction Mix a buffer
- dNTPs (dATP, dCTP, dTTP, dGTP)
- MgSO4

- Agarose gel (Vivantis®) Malaysia

- Agarose (ultra-pure)

- 1x TAE buffer

- 50x TAE buffer

- Tris-base

- Glacual acetic acid
- 0.5M EDTA (pH 8.0)
- Distilled water

3. Other chemicals

- TE buffer

- Tris (10 mM)

- EDTA (1 mM)

400 pl
450 pl
400 pl
600 pl
50 pl

50 pl
0.04mM of each
5mM

1.2/ 0.8¢

242.0g
57.1g
100.0ml
1000.0ml

- Sodium Dodecyl Sulfate ( Vivantis®) Malaysia
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Appendix B

Raw data of performance index
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Before During After
Performance index outbreak outbreak Outbreak
(Jan 2017) (July 2017) (Jan 2018)
Breeding performance
Total number of services 218 165 156
Percent repeat services 11.9 21.2 30.1
Percent multiple mating 100 100 100
Weaning-1* service interval 9.4 19.9 9.2
Percent sows bred by 7 days 87.3 7.2 89.1
Entry-1* service interval 153.2 110.8 59.5
Farrowing performance
Number of sows farrowed 198 188 108
Average parity of farrowed sows 2.9 3.7 a.7
Average total pigs per litter 12.6 12.6 11.1
Average pigs born alive/litter 10.8 9.8 9.7
Average birth weight/liveborn pig 1.7 1.7 1.7
Percent still born pigs 11.4 19.2 11.6
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Before During After
Performance index outbreak outbreak Outbreak
(Jan 2017) (July 2017) (Jan 2018)
Percent mummies 2.8 3.1 0.9
Farrowing rate 80.5 75.2 514
Adjusted farrowing rate 82.2 77 52.9
Farrowing interval 150 152 155
Litter/mated female/year e 1.91 2.35
Weaning performance
Number of litters weaned 201 192 133
Total pigs weaned 2006 0 1212
Pigs weaned per sow 10 0 9.1
Pre-weaning mortality 4.6 100 8.5
Average piglet weaning weight 7.0 6.9
Average age at weaning 20.9 0 21.2
Adjusted 21 days litter weight 71 65
Pigs weaned/mated female/year 224 0 214
Pigs weaned/lifetime female 15 22
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Before During After
Performance index outbreak outbreak outbreak
(Jan 2017) (July 2017) (Jan 2018)
Population
Ending female inventory 1158 970 886
Average parity 1.9 2.8 35
Average female inventory 1175.8 975.3 900.7
Average gilt pool inventory 163.1 20.4 26.2
Gilts entered (pigs) 18 0 0
Sows and gilts culled (pigs) 14 0 38
Sows and gilts deaths (pigs) 13 9 3
Ending boar inventory (pigs) 19 19 19
Sow-boar ratio 60.9 51.1 46.6
Replacement rate (%) 18.0 0 0
Culling rate 14.0 0 a9.7
Death rate 13.0 10.9 39
Average non-production sow days 100.8 104.3 64.8
Average NPD/parity record 46.6 46.0 a5
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Appendix C

Farm Information

Production operation : 700-Sow herd / batch farrowing system

Closed barn with evaporative cooling system

Biosecurity assessment
Animal risk factors
Feed and water risk factors
Owner family employees
Visitor risk factors
Site risk factors
Vaccination program
Gilt PRRS (modified live)
PCV2
PRRS (live)
CSF+FMD
Sows CSF

FMD

not self-replacement
no risk

no personal disinfection
no personal disinfection

high density farm area

3 days after entering into the farm
1 wk

4 wk

8 wk

2 wk after farrowing

3 wk

Health statue before PED outbreak (June 2017)

AD Elisa test
CSF-NPLA test
PRRSV isolation
Semen quality

Water quality

Negative

GMT 9.6

Negative

poor (bacterial contamination)

Good (standard bacterial contamination

level)
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6. Barn disinfection protocol
Remove all equipments
High pressure water with detergent
High pressure water
Glutaraldehyde 1:100
Downtime 5-7 days

7. History of the PED outbreak

On June 26™ 2017 veterinarian was notified from farm that have the
watery diarrhea in all piglets of 3 sows in 1 farrowed barn. Farm checked the
piglets feces by PED commercial kits and the results show all positive and
then they sent the clinical sign piglets to laboratory for confirm by RT-PCR
assay. Laboratory results released in next day as positive PED and in this day
they prepared equipments for gut feedback protocol in the next day.

On June 28" 2017 the clinical sign piglets found in every farrowed barn
and the feedback protocol started from this day for 5 consecutive days after
finished feedback protocol farm start intensive disinfection all over the farm
by limited people to enter the farm, sprayed vehicles and equipment before
entering farm, cleaning and spray disinfection in all barn once a day along
with culling infected piglets.

After done the feedback protocol about 20% of sows show diarrhea and
recovery within 1 week but the clinical sign in piglets show as sporadic until 4
months after outbreak. Then the farm had flood problem and worker

problem followed by PRRS outbreak at the end of the year.
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8.  Gut feedback protocol

Vi.

Vii.

Calculate the amount of feedback required by

Total sows in farm (700) x amount feedback/day (10ml) = 7000 mU/7L
Use 1 intestine : 1 dechlorinated water for total 7L

So use 3.5 kg of intestine from infected piglets mixed with 3.5 L of
dechlorinated water

Mince mixture together and added antibiotic for kill bacteria

Feed the mixture to all sows in farm 10 ml each

Repeat this protocol and feeding to all sows for 5 consecutive day



NAME

DATE OF BIRTH

PLACE OF BIRTH

INSTITUTIONS ATTENDED

HOME ADDRESS

PUBLICATION

VITA

Busayamas Jantrasakul
23 December 1986
Ubonratchathani

Bachelor of Veterinary Science from Kasetsart University,
Bangkok, Thailand

34/283 Passorn 2 Village Klongsam Klong Luang Pathum
Thani 12120

poster presentation at The 17th Chulalongkorn University
Veterinary Conference (CUVC, 2018) from 25 April - 27
April, IMPACT Forum Building, Nonthaburi, Bangkok.



	ABSTRACT (THAI)
	ABSTRACT (ENGLISH)
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	CHAPTER I INTRODUCTION
	Objectives of study

	CHAPTER II LITERATURE REVIEW
	CHAPTER III  MATERIALS AND METHODS
	Phase I: Farm selection, Sample collection, and Data collection
	1. Farm selection
	2. Sample collection
	3. Data collection

	Phase II: Detection of PEDV (S gene and ORF3 gene)
	1. Sample preparation
	2. RNA extraction
	3. Primers
	4. RT-PCR
	5. Statistical Analysis


	CHAPTER IV RESULTS
	1. Prevalence of PEDV
	2. The performance index data

	CHAPTER V DISCUSSIONS
	CHAPTER VI CONCLUSION AND SUGGESTIONS
	REFERENCES
	APPENDICES
	Appendix A
	Appendix B
	Appendix C

	VITA

