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Pathogens of swine viral diarrhea

» Transmissible gastroenteritis virus (TGEV)
» PEDV

» Porcine Rotavirus

» Porcine Deltacoronavirus (PDCoV)

» Porcine Astrovirus

» Porcine Kobuvirus




Taxonomy of Viruses

» Nidovirale
Coronaviridae
Coronavirinae

Alphacoronavirus
Transmissible gastroenteritis virus
Porcine epidemic diarrhea virus

Deltacoronavirus
Porcine Deltacoronavirus
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PEDV Genome
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Function of PEDV SP

» S protein: binds the aminopeptidase N
receptor of host cells and induces the
neutralizing antibody

» ORF3 protein: virulent factor
» M protein: induce the INF-

» N protein: induces the CMI and inhibits IFN-f







PEDV in USA

PEDV Positive Biological Accessions
Created: June 11, 2014 Positive Accessions with No State Recorded: 89

Number of States Reporting PEDV-Positive Accessions : 30
Fist case: KF804028 in lowa state at 16-Mar-2013

.. T (Www.aasv.com)
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Table 1. Design and results of a study of the pathology of US PEDV strain PG21A in gnotobiotic pigs, 2013

Pig status, pig ~ Inoculum Fecal shedding, logio GE/mL, byPIH ~ Onsetof  Viral RNAin serum
no.age, d,at  passage  Intranasalioral clinical signs, - sample at euthanasia,
inoculation n0.  inoculum logoGE 0 24 48 T2 9% PIH 1091 GE/mLY
PEDV-noculated

;10 1 1317 A8t 11071 - - -

218 2 6.3/6.8 48 <48 10 Ma| -

3.2 3 8.3/8.8 48 102 123 - -

4 248 4 ndirectcontact <48 109 96 106 ND

5.3 4 09.0 48 N N - -
Negative control

0; 26 . . 48 <48 <8 <df <43 . <38

*PEDV, porcine epidemic diarrhea virus; GE, genome equivalents; PIH, postinoculation hour; -, no result (pig euthanized); ND, not determined.
fDetected by real-time reverse transcription PCR with a detection limit of 4.8 logy GE/mL for fecal samples and 3.8 logsg GE/mL for serum samples.
1Euthanized.

SAt 24 days of age, noninoculated pig 4 was exposed by indirect contactto pig 3 (at PIH 0) through small holes drilled into the stainless stee! divider
panel located between the 2 pigs in the shared pig tub isolator unit. Clinical signs and virus shedding were monitored after indirect contact. Diarrhea and
voriting developed in pig 4 approximately 2-4 h after clinical signs developed in pig 3 (i.e., in pia 4, signs developed 46-50 h after indirect contact with

inoculated pig 3); pig 4 was euthanized =120 h after the onset of clinical signs.

\\\\\\\\\ (Jung et al., 2014) .




Table 2. Histopathologic findings in a study of the pathology of US PEDV strain PC21A in gnotobiotic pigs, 2013°

PIH at euthanasia ~ VH:CD, mean Antigen detection infrozen tissuest

Pig status, no. (Infection stage) (+3D) Duodenum  f| Jejunum lleum  Cecum/colon
PEDV-inoculated

1 30 (acute) 34(17) H i b HH

2 72 (mid) 18(0.3) tH ++ Ht +ht

3 46 (acute) 1.2(0.3) + +H +

4 120 ([ater)t 15(0.2) u Ht+ H4+

5 67 (mid) 2.2(04) + +t b
Negative control

0 6.3(0.7) _ _ - _ _

*PEDV, porcine epidemic diarrhea virus; PIH, postinoculation hour; VH.CD, ratio of villous height to crypt depth.

tDetected by immunofluorescence staining. +, 1%=-29% of epithelial cells showed staining; ++, 30%-59% of epithelial cells showed staining; +++, 60%-
100% of epithelial cells showed staining, as described (4); -, no cells showed staining.

1At 24 days of age, noninoculated pig 4 was exposed by indirect contact to pig 3 (at PIH 0) through small holes drilled into the stainless steel divider
panel located between the 2 pigs in the shared pig tub isolator unit. Clinical signs and virus shedding were monitored after indirect contact. Diarrhea and
vomiting developed in pig 4 approximately 2-4 h after clinical signs developed in pig 3 (i.e., in pig 4, signs developed 46-50 h after indirect contact with
inoculated pig 3); pig 4 was euthanized ~120 h after the onset of clinical signs.

(Jung et al., 2014)
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Strain

2, BJ-2011-1
3.GD-B

4. JS-HZ2012

5. CHIZMDZY/11
6. CHIFJND-3/2011
7. CHIFJZZ-9/2012
8. AJ1102

9.LC

10. 2JCZ4

1 11. CHGD-01

1" 12. GD-A

13. GD-1
14. DR13/virulent
10 15. CHIS

g7 16. CVTT7 (prototype)
ijlr 17.LZC
18. SM98
1001 19. JS2008

20. JS2008 (new)

A 21, DR13/attenuated
8 A 22. SD-M
A 23. “Attenuated vaccine”

//

I 24, BtCoV/512/2005

Year

2013
2013
2013
2012
201
2012
2012
2011
201
2012
2011
2011
2011
201
2012
2011
1999
1986
1978
<2006*
1998
2008
2008
Cell adapted
(2003)
2012

Cell adapted
(2012)

2005

Place of
Isolation

USA/Minnesota
USA/lowa
USA/lowa
China/Anhui
China/Beijing
China/Guangdong
China/Jiangsu
China/Henan
China/Fujian
China/Fujian
China/Hubei
China/Guangdong
ChinalJiangsu
China/Guangdong
China/Guangdong
China/Guangdong
Korea
China/Shanghai
Belgium
China/Gansu
Korea
China/Jiangsu
China/Jiangsu
Korea
China/Shandong
China/Hubei

China/Hainan

GenBank
Accession #

KF468752
KF468753
KF468754
KC210145
JNB25712
JX088695
KC210147
KC196276
JQ282909
KC140102
JX188454
JX489155
JX524137
JX261936
JX112709

JX647847
JQ023161

JN547228 R
AF353511

EF185992
GU937797
KC109141
KC210146
JQ023162
JX560761

KC189944

DQ648858

(Huang et al., 2013)

Genogroup

2a

2b

1a

1b
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RIS o “" - (Temeeyasen et al., 2014)

Provinces have the same 15
Malaysia name as their capitals.
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» Before October/2013, only two cases were PEDV
in the AHRI at February/2007 and June/2013.

» PEDV surveillance in the feces
2012: 1/47 (2.12%)
2013: 7/118 (5.93%)
2014: 128/258 (49.6%)

(Wu et al., 2014)
» October/2013 - February/2014:

The piglets in the many farms showed the
diarrhea and high morbidity and mortality.
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PEDV cases in every week

positive number of PEDV

14 -
12 -
10 -

I||.|.... .

o N B OO o

™ N A ™ N b
NENCIRPEP UG

A ™ N N X O & Q
,,)?3\ 9,\'\' 0)\'1, o,\o’ N p‘\'\’ y\\’ »‘\’1, p‘\o’

> N
,\/\’19 ,\/\’l//\ ’1/\ ’1/\'\9 ’\,\'\//\ q’\’\?‘ °)\ %\'\9 0)\'\,/\ 0)\’1?‘ V\ b‘\/\ b‘\\y‘ b‘\"1/\’ b‘\’f}’

week

A total of 79 cases from 34 farms were PEDV positive
during 1/20-4/30, 2014,
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Clinical

signs — 1 days old
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3 weeks old

igns -

Clinical s

<
N




Breeding herds




Morbidity and mortality

Age Morbidity (%) |Mortality (%)

= 7 days 100 100
8- 14 days 50-100 50
15 - 21 days 40-100 20
Nursery 50-100 -
Grower / Finisher 50-100 -

IBreeding herds 50-100 -
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Pathology
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Histopathology




ISH of PEDV
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Isolation of PEDV

control

Fusion and syncytia
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PEDV IFA

control

PEDV positive



(Dr. Kuo provided)
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1

RT-PCR of TGE, PEDV and GARV

23 456 789 10M11121314 15

PEDV GARV TGEV
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Nucleotide identities of PEDV S gene

Strains PEDV/HC0702 |PEDV/HC140121- | PEDV/Taiwan/
25/2007 4-2/2013 2014

Cv777

Korea/Vaccine
(JQ023162)

China/Vaccine
(JN547228)

USA/2013-2014

China/2011-2014
Japan/2013-2014
Korea/2013-2014

USA/OH851/2014
(KJ399978)

93.9

94.1

93.8

92.9-94.5

96.5

94.7

94.6

94.7

93.2-94.5

96.8

92.4-92.8

92.5-92.8

92.1-92.7

98-100

96.4-96.7
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AA identities of PEDV S protein

Strains PEDV/HCO70 | PEDV/HC14012 | PEDV/Taiwan
225/2007 1-4-2/2013 /2014

Cv777

Korea/Vaccine 95.1
(JQ023162)

China/Vaccine 94.9

USA/2013-2014 94.8
China/2011-2014
Japan/2013-2014
Korea/2013-2014

USA/OH851/2014 97.2
(KJ399978)

95.7

95.5

95.7

98.0

93-93.6

92.6-93.5

92.7-93.5

99-100

95.8-96.5
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Sequence Hame <Pos =48
Il B+ . EEE H I I .S IS I . .
(X Canzensus VLGGYLPIGEDOGVN TWYCAGQHPTASGVHG;FVSHIRGGHGFEIGISOEPEDPSGYOLYLﬁKRTNGNTNATARLRICOFP?IKTLGPT?NNDV TGRNCLENKRIPAHMSE 5--VVGEI
40 Sequencs 50 60 70 80 90 100 110 120 130 140 150 160
e e VLGGYLPIGENOGYNE TWYCAGOHPTASGVHGIFY SHIRGGHGFEIGI SQEPFDPSGY QLY LHKATNGNTNATARLRICGF B3 IKTLGETANNDVI TGRNCLENKAT PAHMSEHE --VYGT
2014-198-TN-5.pro VLGGYLPIGENOGYNE TWYCAGOHPTASGVHGIFY SHIRGGHGFEIGI SQEPFDPSGY QLY LHKATNGNTNATARLRICOF B3 IKTLGETANNDVI TGRNCOF NEAT PAHMSEHE --VYGT
2014-202-Y1-5.pro VLGGYLPIGENOGYNE TWYCAGOHPTASGVHGIFY SHIRGGHGFEIGI SQEPFDPSGY QLY LHKATNGNTNATARLRICGF B3 IKTLGETANNDVI TGRNCLE NKAT PAHMSEHE--VYGT
2014-204-Y1-5.pro VLGGYLPIGENOGYNE TWYCAGOHPTASGVHGIFY SHIRGGHGFEIGISQEPFDPSGY QLY LHKATNGNTNATARLRICOF B3 IKTLGETANNDVI TGRNCLENKAT PAHMSEHE --VYGT
2014-206-Y1-5.pro VLGGYLPIGENOGYNE TWYCAGOHPTASGVHGIFY SHIRGGHGFEIGI SQEPFDPSGY QLY LHKATNGNTNATARLRICGF B3 IKTLGETANNDVI TGRNCLENKAT PAHMSEHE--VYGT
2014-208-TN-5.pro VLGGYLPIGENOGYNE TWYCAGOHPTASGVHGIFY SHIRGGHGFEIGI SQEPFDPSGYOLYLHKATNGNTNATARLRICOF B3 IKTLGPTANNDVI TGRNCLENKAT PAHMSEHE --VYGT
2014-2%7-TY-5.pro VLGGYLPIGENHGYNE TWYCAGOHPTASGVHGIFVIHIRGGHGFEIGI SQDPFDPNGYHLYLHKATNGNTNATARLR ICOF PNIKTLGETANNDVI T SRNCLENKPT PTHMNEHS --VYGT
2014-488-T1-5.pro VLGGYLPIGENOGYNE TWYCAGOHPTASGVHGIFY SHIRGGHGFEIGISQEPFDPSGY QLY LHKATNGNTNATARLRICOF B3 IKTLGETANNDVI TGRNCLENKAT PAHMSEHE --VYGT
HC140115-TC-5.pro VLGGYLPIGENOGYNE TWYCAGOHPTASGVHGIFY SHIRGGHGFEIGI SQEPFDPSGY QLY LHKATNGNTNATARLRICGF B3 IKTLGETANNDVI TGRNCLENKAT PAHMSEHE--VYGT
HC140121-3-1-CH-5.pr |[VLGGYLPIGENQGVNETWYCRGOHPTASGVHGIFVSHIRGGHGFEIGI 3QEPFDESGYQLYLHKATHGNTNATARLRICQF PS IKTLGPTANNDY [ TGRNCLE NKAT PAHMSEHE --VYG T
HC140121-5-17-YL-5.p [VLGGYLPIGENQGVNETWYCRGOHPTASGVHGIFVSHIRGGHGFEIGISQEPFDESGYQLYLHEATHGNTNATARLRICQF PS IKTLGPTANNDY [ TGRNCLE NKAT PAHMSEHE --VYG T
HC140217-TC-5.pro VLGGYLPIGENOGYNE TWYCAGOHPTASGVHGIFY SHIRGGHGFEIGISQEPFDPSGY QLY LHKATNGNTNATARLRICOF B3 IKTLGETANNDVI TGRNCLENKAT PAHMSEHE --VYGT
HCT140220-MT-5 _nro VLGGYLPIGENOGYNE TWYCAGOHPTASGVHGIFY SHIRGGHGFEIGI SQEPFDPSGYOLYLHKATNGNTNATARLRICGF B3 IKTLGETANNDVI TGRNCLE NKAT PAHMSEHE--VYGT
E0140121-4-2-PD-S.pr VLGGYLPSMNE-—--FSWYCGTGLETASGVHGIF LY IDSGOGFEIGISQEPFDPSGYQLYLYKATNGNTNATARLR ICOF PNNKTLGETYN - DV TGRNCLENKAT PAHMODGKNIVYGT
C070225-YL-5.pro VLGGYLPSMNE-—--FSWYCGTGLETASGVHGIF LY IDSGOGFEIGI SQEPFDPSGYOLYLHKATNGNGDATARLRICOF PNNKTLGESYN-DVI TGRNCLENKAT PAYMODGKN T TYGT
LR548618-Jap-83p-5-2 |VLGGYLPSMNF----§SWYCGTGIETDSGVHGIFLSYID3GOGFEIGISQRPFDPSGYQLYLHKATNGT TNATARLR ICQF PDNKTLGEPTYN- DV TGRNCLFNKAT PEYMODGKN TVYGT
LB548624-Jap-ME-2010 |ILGGYLPSMNF----§SWHCGTGIETDSGVHGIFLSYVD3GGFEIGISQRPFDPSGYQLYLHKATNGNTNATARLR ICQF PDNKTLGPTAN- DV TGRNCLF NKAT PEHMODHRHIVYGT
AF353511-Be1gium-CV7 VLGGYLPSMNE-—--FSWYCGTGIETASGVHGIF LY IDSGOGFEIGISQEPFDPSGY QLY LHKATNGNTNATARLR ICGF PDNKTLGETYN - DV TGRNCLENKAT PAYMRDGKDIVYGT
LYA53204-CH-J5-2004- |VLGGYLPSMNF----§SWYCGTGLETASGVHGIFLSY IDAGYGFEIGISQRPFDPSGYQLYLHKATNGNTNATARLR ICOF PDNKTLGETY - DV TGRNCLFNRAT PRYMODGKN TVYGT
JN547228-CH-5-1986-5 |[VLGGYLPSMNE-—--FSWYCGTGIETASGVHGIFLSYIDSGOGFEIGISQEPFDESGYQLYLHKATNGNTNATARLR ICQF PDNKTLGPAYN- DV TGRNCLENKAT PRY LODGKNTVYGT
J023162-5K-DR13-201 |[VLGGYLPSMNE-—--FSWYCGTGIETDSGVHGIFLSYIDSGOGFEIGISQEPFDESGYQLYLHEATNGNT SATARLR ICQF PDNKTLGPTYN- DV TGRNCLE NKAT PA- LODGKNTVYGT
KC109141-PED-CH-J5-2 |[VLGGYLPSMNE-—--FSWYCGTGIETDSGVHGIFLSYIDSGOGFEIGISQEPFDESGYQLYLHEATHGNT SATARLR ICQF PDNKTLGPTYN- DV TGRNCLE NKAT PA- LODGKNTVYGT
KJ399878-USR-0H851-2 |[VLGGYLPSMNE-—--FSWYCGTGLETASGVHGIFLSYIDAGHGFEIGI 3QEPFDESGYQLYLHKATNGNHNATARLR ICQF PDNKTLGPTYN- DV TGRNCLE NKAT PRYMODGKNTVYGT
J282809-PED-CH-FJND |[VLGGYLPIGENQGVNETWYCRGOHPTASGVHGIFLSHIRGGHGFEIGI SQEPFDESGYQLYLHKATHGNTNATARLRICQF PS IKTLGPTANNDY [ TGRNCLE NKAT PAHMSEHE --VYGT
J¥489155-CH-LC-2011- |[VLGGYLPIGENQGVNETWYCRGOHPTASGVHGIFLSHIRGGHGFEIGI 3QEPFDESGYQLYLHEATHGNTNATARLRICQF PS IKTLGPTANNDY [ TGRNCLE NKAT PAHMSEHE --VYG T
KC196276 -China-ZMDZ VLGGYLPIGENOGYNE TWYCAGRHPTASGVHGIFY SHIRGGHGFEIGI SREPFDPSGY QLY LHKATNGNTNATARLRICOF B3 IKTLGETANNDVI TGRNCLENKAT PAHMNERS --VYGT
KC764%60-PED-Thai-5F VLGGYLPIGENOGYNE TWYCAGOHPTASGVHGIF LEHIRGGHGFEIGI SQEPFDPSGY QLY LHKATNGNTNATARLRICGF P53 SKTLGETANNDVI TGRNCLENKAT PAYMSEHE--VYGT
KF52322-PED-USR-TOWR |[VLGGYLPIGENQGVNETWYCRGOHPTASGVHGIFVSYIDSGHGFEIGI3QEPFDESGYQLYLHEATHGNTNATARLR ICQF PNNKTLGPTANNDY [ TGRNCLE NKAT PAHMSEHE --VYGT
KF452322-PED-USA-TOW |[VLGGYLPIGENQGVNETWYCRGOHPTASGVHGIFVSYIDSGHGFEIGISQEPFDESGYQLYLHEATNGNTNATARLR ICQF PNNKTLGPTANNDY [ TGRNCLE NKAT PAHMSEHE --VYG T
KJ623826-5K-K14JB01- |[VLGGYLPIGENQGVNETWYCRGOHPTASGVHGIFVSHIRGGHGFEIGI SQEPFDESGYQLYLHKATHGNTNATARLRICQF PS IKTLG PTANNDY I TGRNCLE NKAT PRHMSEHE -~ VG T

58-59 aa: 4-aa insertion
135-136 aa: 1-aa insertion
158-159 aa: 2-aa deletion
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Summary

» The emergence of novel PED in Taiwan is during
2013-2014.

» The novel PEDV strain is rapid transmission and
highly virulent, and cause high mortality, especially
in the suckling pigs.

» The phylogenetic analysis shows that novel PEDV is
a close phylogenetic relationship with Asia/2013-
2014 and USA/2013-2014 strains of PEDV and is
different from classical PEDV (CV777) and old-type
Taiwan PEDV.

» The S protein of novel PEDV has a 4-aa insertion
between positions 55 and 56, a 1-aa insertion
between positions 135 and 136, and a 2-aa

deletion between positions 158 and 159.
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