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PED (Porcine Epidemic Diarrhea)

Table 1. Total number of PEDv positive laboratory swine accessions / premises tested per week
Total Number of Swine Accessions/Diagnostic Farm Type / Age Class

Week of Case Submissions Testing Positive for PEDv Suckling Nursery Grower / Finisher Sow / Boar Unk
4/15/2013 2 0 0 i 0 0
4/22/2013 1 0 0 1 0 0
4/29/2013 B 0 0 5  § 0
5/6/2013 17 0 0 7 4 3
5/13/2013 10 0 0 3 5 1
5/20/2013 44 0 0 33 7 3
5/27/2013 32 0 0 22 6 1
6/3/2013 55 0 0 34 13 5
6/10/2013 43 0 0 24 11 T
Subtotals * 218 Not Reported Not Reported 130 47 20
6/16/2013 47 T 5 13 41 14
6/23/2013 37 7 ¢ 13 1 9
6/30/2013 10 3 3 3 1 0
7/7/2013 34 2 5 15 10 3
7/14/2013 33 4 10 10 4 6
7/21/2013 24 & . 8 4 9
7/28/2013 31 7 6 9 5 7
8/4/2013 27 12 1 9 6 1
8/11/2013 36 20 7 4 6 L
8/18/2013 30 11 12 2 3 2
8/25/2013 26 9 8 0 6 3
9/1/2013 31 6 10 8 4 3
9/8/2013 28 16 6 2 4 3
9/15/2013 32 11 8 Z il 3
9/22/2013 40 6 6 p e} 10 8
9/29/2013 42 8 10 11 6 8
10/6/2013 43 14 10 12 <] 2
10/13/2013 56 22 11 14 2 '
10/20/2013 68 26 7 15 15 5
10/27/2013 85 23 16 28 17 4
11/3/2013 90 17 28 28 7 12
11/10/2013 92 16 28 36 4 12
11/17/2013 116 34 20 39 6 21
11/24/2013 96 21 23 15 3 34
12/1/2013 141 29 26 36 11 42
12/8/2013 132 22 36 37 g 29
12/15/2013 185 27 37 41 10 73
12/22/2013 116 22 21 35 7 34

TOTAL 1946 404 369 591 225 377
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Updated Number of Positive Lab Accessions by State
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PEDV Positive Biological Accessions
*Virginia has reported positit Vil acc i but have not reported positive biological accessions
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PDCoV Positive Biological Accessions
*Oklahoma has reported positive environmental accessions but have not reported positive biological accessions
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- Origin, Evolution, and Genotyping of
. Emergent Porcine Epidemic Diarrhea
m Virus Strains in the United States
Yao-Wel Huang, Allan W. Dickerman, Pablo Pifieyro, et al.
2013, Origin, Evolution, and Genotyping of Emergent
Porcine Epidemic Diarrhea Virus Strains in the United
States. m| iolé@):.
doi:10.1128/mBi0.00737-13.
ot Strain Year Fics of Stk Genogrou
Isolation Accession # group
100/@® MN 2013 USA/Minnesota KF468752
® A2 2013 USA/lowa KF468753
® A1 2013 USA/lowa KF468754
1. AH2012 2012 China/Anhui KC210145
2. BJ-2011-1 2011 China/Bejjing JINB25712 2
3.GD-B 2012 China/Guangdong JX088695 a
4, JS-HZ2012 2012 ChinalJiangsu KC210147
5. CHIZMDZY/11 2011 China/Henan KC196276
6. CHIFJND-3/2011 2011 China/Fujian JQ282909
7. CHIFJ2Z-9/2012 2012 China/Fujian KC140102
8.AJ1102 201 China/Hubei JXx188454
20m China/Guangdong JX4B89155
10. ZJCZ4 20M1 China/Jiangsu JX524137 2b
1 11. CHGD-01 2011 China/Guangdang JX261938
4 12.GD-A 2012 China/Guangdong JX112709
13. GD1 201 China/Guangdong JXB47847
14, DR13/virulent 1999 Korea JQ023161 R
it 15. CHIS 1986 China/Shanghai JN547228
g1 16. CV777 (prototype) 1978 Belgium AF363511
17.12¢ <2006 China/Gansu EF185992 1a
18. SM98 1988 Korea GU937797
1 100 19- JS2008 2008 ChinalJiangsu KC109141
20. JS2008 (new) 2008 ChinalJiangsu KC210146
A 21. DR13/attenuated &%g)dapied Korea Jao23162 1b
g1 4 22. SD-M 2012 China/Shandong JX560761
A 23. "Attenuated vaccine” ?2%'1 g?amed China/Hubei KC189944
/L
7/ 24, BtCoV/512/2005 2005 China/Mainan DQB48858
—
0.005
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Origin, Evolution, and Genotyping of Emergent Porcine Epidemic
Diarrhea Virus Strains in the United States

Yao-Wei Huang,2® Allan W. Dickerman, Pablo Pifieyro,? Long Li g Li Fang,9 Ross Kiehne,® Tanja Opriessnig,9 Xiang-Jin Meng?

Department of Biomedical Sciences and Pathobiology, Callege of Veterinary Medicine, Virginia Palytechnic Institute and State University, Blacksburg, Virginia, UISA%;
College of Animal Sciences, Zhejiang University, Hangzhou, China®: Virginia Bioinformatics Institute, Virginia Polytechnic Institute and State University, Blacksburg,
Virginia, USAS; Hangzhou Beta Veterinary Diagnostic Laboratory, Hangzhou, Chinad; Swine Veterinary Center, PA, St. Peter, Minnesota, USA®, Department of Veterinary
Diagnostic and Production Animal Medicine, College of Veterinary Medicine, lowa State University, Ames, lowa, USA¥: The Roslin Institute and The Royal (Dick) School of
Veterinary Studies, University of Edinburgh, Edinburgh, United Kingdom?

ABSTRACT Coronaviruses are known to infect humans and other animals and cause respiratory and gastrointestinal diseases.
Here we report the emergence of porcine epidemic diarrhea virus (PEDV) in the United States and determination of its origin,
evolution, and genotypes based on temporal and geographical evidence. Histological lesions in small intestine sections of af-
fected pigs and the complete genomic sequences of three emergent strains of PEDV isolated from outbreaks in Minnesota and
Towa were characterized. Genetic and phylogenetic analyses of the three U.S, strains revealed a close relationship with Chinese
PEDV strains and their likely Chinese origin. The U.S. PEDV strains underwent evolutionary divergence, which can be classified
into two sublineages. The three emergent U.S. strains are most closely related to a strain isolated in 2012 from Anhui Province in
China, which might be the result of multiple recombination events between different genetic lineages or sublineages of PEDV.,
Molecular clock analysis of the divergent time based on the complete genomic sequences is consistent with the actual time differ-
ence, approximately 2 to 3 years, of the PED outbreaks between China (December 2010) and the United States (May 2013), The
finding that the emergent U.S, PEDV strains share unique genetic features at the 5'-untranslated region with a bat coronavirus
provided further support of the evolutionary origin of PEDV from bats and potential cross-species transmission. The data from
this study have important implications for understanding the ongoing PEDV outbreaks in the United States and will guide fu-
ture efforts to develop effective preventive and control measures against PEDV.
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Molecular Characterization and Phylogenetic Analysis of
New Variants of the Porcine Epidemic Diarrhea Virus in Gansu,

China in 2012
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Fig. 1. Phylogenetic analysis of the nucleotide sequences of the
complete spike gene of forty—seven PEDV strains

Strain Year Place of isolation
OTP-JA-1 2014 Korea
%L oTP-JA-2 2014 Korea
OTP-JA-3 2014 Korea
MN 2013 USA/Minnesota
A2 2013 USA/Towa
OTP-KH 2014 Korea
OTP-SDM 2013 Korea
OTP-JRS 2014 Korea
OTP-AS 2014 Korea
OTP-CJ 2014 Korea
1A1 2013 USA/lowa
CH/ZMDZY/11 2011 China/Henan
JY6C 2012 China/Gansu
JY7C 2012 China/Gansu
JYSC 2012 China/Gansu
AH2012 2012 China/Anhui
BJ-2011-1 2012 China/Beijing
JS-HZ2012 2012 China/Jiangsu
GD-B 2012 China/Guangdong
YJ7C 2012 China/Gansu
hoo! YJ3F 2012 China/Gansu
CHIFJZZ-9/2012 2012 China/Fujian
zJc. 2011 China/Jiangsu
00 AJ1102 2011 i ubei
LG 2011 China/Guangdong
CHGD-01 2011 China/Guangdong
agl GD-A 2012 China/Guangdong
100 GD- 2011 China/Guangdong
CHIFJND-3/2011 2011 China/Fujian
KNU-0902 2009 Korea
KNU-0802 2008 Korea
KNU-0904 2009 Korea
KNU-0903 2009 Korea
100 - KNU-0905 2009 Korea
KNU-0801 2008 Korea
1/ KNU-0901 2009 Korea
1986 China/Shanghai
1999 Korea
1978 Belgium
2006 China/Gansu
1998 Korea
2008 China/Jiangsu
JS2008 (new) 2008 China/Jiangsu
00| | DR13/attenuated 2003 Cell adapted  China/Jiangsu
1001 SD-M 2012 China/Shandong
’4 97- Attenuated vaccine 2012 Cell adapted China/Hubei
1/ BtCoV/512/2005 2005 China/Hainan
o
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_I Infective material, concepts and procedures for intentional
sow herd exposure to Porcine Epidemic Diarrhea virus

Kent Schwartz, DVM, MS
lowa State University Veterinary Diagnostic Laboratory, Ames |IA
Steve Henry, DVM, Dipl ABVP
Lisa Tokach, DVM, Dipl ABVP
Megan Potter, DVM, PhD
Abilene Animal Hospital PA, Abilene KS
Don Davidson, DVM, MS
Cody Egnor, DVM
PFFJ, LLC Taylor AZ

A philosophic preamble:

“We believe, regardless of the following words offered, that no one knows or can accurately predict how
present clinical responses to PEDv infections will manifest over time. There are no tested, objective
protocols. There are, at best, vague indices which are often used to define ‘success’ or failure’.
Moreover, variation is a consistent feature of biology and swine production. Herd exposure to farrowing
materials has evolved on farms to be a procedure that is commonly performed without consideration of
context, clarity of objectives or process design. Based on our education and experience, we believe the
following represents a logical, empirical, reasoned and balanced approach for herd exposure to PEDv.”

| maxi=o) aa g o2

+ Suckling piglets have greater risk for severe disease for several very important
reasons :

— More susceptible cells [J The villi of the small intestine of neonates are very long
with many more mature or permissive enterocytes available to be infected by virus.
- Heal more slowly O The regeneration time for new epithelial cells (enterocytes)

produced in the crypts is longer in neonates than in older pigs.

— Immature homeostasis [1 The colon of neonates is functionally immature and less
able to compensate for acid—base and electrolyte imbalances or to resorb water.

— Osmotic pressures from undigested milk : Damage to epithelium reduces enzyme
activity and disrupts digestion of milk which increases the osmotic pressures within
the intestine, effectively sucking water out of the piglet's body and into the intestine
and feces
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Figure 1 shows the intestinal villi from a normal neonatal pig. Note that the villi are very long (black arrow)
with large surface area to absorb nutrients and water. The crypts are where new cells are produce which

will eventually slide up and replace the cells on the villi.
Villi are long, covered with absorptive

epithelium (arrow)

(oval)

I PED Zid 8A|Zt = Z 81 HAHAM Z4n}
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Figure 2 shows early PED infection in a necnatal pig. The brown staining is infected cells lining the vi

a neonatal piglet roughly 8 hours after infection. All of the brown cells will die, releasing billions of vir

particles to infect more cells and more pigs-

with infected
epithelial cells
stained brown

Crypt epithelium is spared and will

be the source of new cell growth _~
o — ——

7ld S SO| X £
1 PED ZE = 36AIZt 22| ¥ 82
Figure 3 shows severe decrease in height of villi (villus atrophy — black arrow) and loss of absorptive

epithelium approximately 36 hours after infection of a neonatal pig. There is much less surface area to
absorb nutrients or water. The crypts are increasing in length as they produce more cells to rebuild the

absogbptive cells of the villi.
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Figure 4 shows just a few brown-staining PEDv-infected cells remaining in the gut of a neonatal piglet
roughly 36 hours after infection. Note that there is very little absorptive surface remaining since most of
those cells have been destroyed by PEDwv.
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« Expose each sow's gut to virulent PEDv in sufficient concentrations to cause
infection, replication, and a strong mucosal immune response; therefore higher
doses of virus in inoculum are desirable,

* Expose all breeding animals within a narrow window or short time—frame.

— The best opportunity for an effective immune response is in nall/e animals with

no preexisting immunologic ‘memory’.

— The narrow window of exposure establishes a projection-to—-immunity calendar

for prognostic purposes. [ | Implement a post-exposure strategy to accurately

and objectively monitor immune response, viral presence and PEDv associated
pathology.
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* Neonatal pigs have very long villi with much higher populations of mature intestinal enterocytes which are

most permissive for PEDv replication (Figures 1 and 2).

+[J In contrast, post-weaned and adult pig intestines contain far fewer permissive mature enterocytes
so total amount of virus that can be produced is much less than in neonates.

+ [ Infected enterocytes fill with viral particles until they explode, shedding huge numbers of virus particles
in liquid feces.

-0 Live neonates with diarrhea will be shedding most of the virus prior to death. PCR testing
demonstrates virus concentrations to be 10,000 times higher* in piglet feces than in sow feces. That
means that 1 gallon of piglet feces has same number of virus particles as 10,000 gallons of sow feces.

— Most of the infectious virus generated with PED in neonates is shed via fecal excretion in the first 12-18
hours of diarrhea, with less virus remaining at the time of death.

- Enterocytes and virus are sloughed and expelled in feces. Intestines of piglets at death have much less

virus remaining in infected enterocytes and feces than in feces of acutely affected neonatal piglets pigs
(Figures 3 and 4).
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