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CHAPTER |
INTRODUCTION

Porcine epidemic diarr ‘ %tating contagious disease caused by
porcine epidemic diarrhea wvin (PED\ ( ﬁenteritis and fatal watery diarrhea
.man cause very high mortality

. PED was first identified in

as well as severe dehy
ratio in suckling pi
England in 1971 rted in Belgium and the
United Kingdom in boucl rrently, it has become a
problematic disease causi Vi : ni S any countries, particularly in
Europe and Asia

PEDV belon o ' (fami ! idae), contributing to many
major diseases in e inals. 7 e _' ts of non-segmented, single-
stranded, (+) sense ‘ ﬂ}J/,a o 3 synthesizing a nested set of
multiple sub-genomic mi Aﬁ'@.ﬁ '.-='_7 [ possesses four main structural
proteins consisting of the__sf): 71 ,, envelope (E) and phosphorylated
hﬁrgte—rns (Duarte and L
PEDV i§ réla

nucleocapsid (

particular, the heterogeneity in

j

diverse PED pathogeﬁc'&l The S glycoprotein gene is genetically highly variable and is

oo N WA

and reve@d low to high variation of nucleotide sequences of PEDV, especially in the S

has occurred in

. e B
genomic sequeniﬁ has been reported and is known essentially as the cause for the

ene (Duarte and Laude., 1994; Lee€t al., 2010). Inseftion or deletion founo‘ﬂfthe study of

O ¥ Al taVRAL) tatak K Tiabol TR
a) deletion wifhin the N—termihal 7regiron bf S1 domain of -the Korean isolateé.

Phylogenetic analysis comparing PEDVs from various countries demonstrated that

PEDVs were classified into three main groups based on nucleotide homology of the partial



S gene and M gene. For the partial S gene, group 1 contains previous isolates like CV777
(Belgium), Br1/87 (Britain), JS-2004-2 (China), parent DR13, KPED-9 (Korea) and recent
Thai PEDV isolates (Park et al., 2007; Puranaveja et al., 2009). Group 2 includes Spk1

isolate (Korea) and group 3 includs i isolate (Korea). The phylogenic features

depend on the mutation of loce solated ina, Korea or Thailand (Park et al.,

2007; Chen et al., 2008; P ., 2010). It should be noted that

the research on heterogeneity-in-the splk*protewv in Korea (Lee et al., 2010)

demonstrated the t nces representing the S1

domain or S1 N-termi hylogenetic tree.

Vietnamese PEDV isol: [ (c ate > epi relationship among PEDV
isolates in the Vietnamese neighborin —’ un h data can be used to plan for

iated PED f .
appropriate preven |o_ﬂ,

Obijectives of the stud
L4

A,

Ie IS | ree provinces of southern

the epidemiologic relationship among P isolates in PED-bearing

e ————————————————
To genetieally—characterize—the—partial™ spes of current southern
Y ¢
Viethamese PEDV
Vietnam for elucid

countries.

m@umwﬂmwmm

are the genetic Char?terlzatlons of current southern Vletnamese PEDV

q WJ A ISITUEI3VE TRy ...

reference strains?



CHAPTER I
LITERATURE REVIEWS

~

Porcine epidemic diar - dem diarrhea in pigs of all ages

especially in piglets‘causing rbidity \\‘\\\\\ Debouck and Pansaert, 1980;

Pensaert and Yeo 5 called porcine epidemic

’ A f
diarrhea virus (PED e wirus d 'o=-= -\\X\\\ hus reducing the absorptive
i -. e lehydration (Figure 2.1). Acute
NN

N

>cted with PEDV. In those cases,

surface, causing quickoss of fluid anc ﬂ J
outbreak of diarrhea occurred I D G
up to 100% sows can be affected, -_-a"'" @w \ \‘ atery diarrhea. PED shares
similarly important charagteris h tre ‘,‘: \ \\

| eritis (TGE), rapidly spread of
diarrhea to other pigs alma 1’*“:.: dity Within \

4 days. PED divided into two

pathogenic types (type1 and .I'Fr’:" e.u o cts on growing pigs whereas type 2

revealed more severe clinical wv :E of swine including suckling pigs and
S

adult animals. The Ii i and pathologi \mafized in Table 2.1.

!f —

|
ﬂ'lJEJ’JVIEW]?WEJ’]ﬂi
ammmmummmaa



Table 2.1 The summarized PED clinical signs and pathologic lesions in pigs

Adult/

Sow

orb |ty 1OQ°,_

Pig groups Clinical signs Pathologic lessons
Piglets - Watery diarrhea, dehydration - Intestinal watery gassy
- Vomiting, fluids
- Morb|q\ / - Thin intestinal wall
. ity (30-80%), - Villous blunting and atrophy
Weaners & [ —— ery dw‘rhea — - Sudden death (a few case)
growers ©

pback muscle necrosis

.

0 evidence

0.

’ensaert and Yeo, 2006

veja et

o Pl NTL-LEHS] WIINYING

congesﬂon (scale bar = 1 cm). C, intestinal lacteals (arrow) grossly demonstrating normal

itis with

absorption capacity of the intestinal villi in a normal piglet. D, disappearance of intestinal

lacteals.



Following the observation of Pensaert (1999), the severity of clinical PED depends
on the sow immune status of the affected herds. When the susceptible herd (with no

immunity to PEDV) is infected, the clinical symptoms will occur similar to TGE, and mortality

trast, PEDV infections in herds previously
/)}3 showing sporadic outbreaks and
The mechanisn‘“ﬂcatio&nd villous'degeneration are similar to TGE and

other viral enteritis (F 2)gmwinich the affected epith lls will be seen in the small

in neonatal piglets can reach up to 80%

exposed to PEDV consist of pi

low mortality.

and large intestines [ inoculation, respectively

(Pensaert, 1999). Afte r of stomach fluid, virus

Deitruction of Reduction
villonsépithelium ~ and blunting of the villi
1 T 7’ "*‘*". . =

Al 18 I diE

!;.b :':1—: 5 ‘

| Fa

AR AN TALIFETRETI ¢

(Dehydration, death)

Figure 2.2 Mechanism of porcine epidemic diarrhea virus infection (Pensaert,

1999: Sestak and Saif. 2002. Weiss et al.. 2005)



2.2. Geographical distribution of PEDV

PEDV has been isolated in most swine-raising countries in Europe and Asia such as

United Kingdom/Belgium (Oldham., 1972; Pensaert and Debouck, 1978), China (Chen et

al., 2008), Japan (Takahash et al

et al., 2009) and recently in.so d data). However, no PEDV has
yet been reported from& a|f 2002).
‘Mngland (1971) on growing

1 (Oldham, 1972). TGE

ng et al., 1994), Thailand (Puranaveja

In Europe, a
and finishing pigs e
and other entero-patholegic ager - is disease rapidly spread to
numerous European co Y P i ew outbreak (1976) like TGE

observed in all ages@ animals includ igs. Immediately, the virus was

isolated, designated an@ ' L. challeh athogenicity differentiated

from type 1 PED. Pansae . 9 ). OrOPOSES : orcine epidemic diarrhea and
o — gl W

generally has been use saert-and Genome of CV777 has been

sequenced fully with 280331 '_E_ ¢ _ aSEe .'_ ded amino acid sequence. This

PED strain closely related to l'-‘"T-J 229F and TGEV (Kocherhans et al., 2001).

.!--I‘ e‘"ri'j"""ll ‘-“' R I = -
The investigation«of sero- ConverS|orf6T PEDV 19€ ed the PED widespread

Belgium, England d .--o Bulgaria (Pensaert and
Yeo, 2006 ).

In Asia, an ouﬁrﬂ of acute diarrheaihas occurred in pig populations of many

sl i 1L P

were asso%ted with important economlc losses (Sueyoshi et al., 1995). The PED outbreaks

radu Corded in Japan (Tak ha t al. in hua tal %2 cited by
OR1arARE SRR 1A £, 200

aﬂj recently (2008/2009) in southern Vietnam ( unpubllshed data).
Currently, the first PED outbreaks in late 2008/ early 2009 confirmed by pathological

features and RT-PCR method caused massive economic losses of swine production in most



of southern provinces of Vietnam (data not shown). The investigation of 2009-2010 PED
outbreaks revealed that acute diarrhea syndrome occurred in all age groups in pig farms

(Figure 2.3) and the affected animals showed acute watery diarrhea condition prolonged a

few days to over one week in adult animals. Most pigs were recoverable with medical care
excepting for suckling piglets @ fy watery diarrhea, dehydration and

finally died in progression @xﬁ
H

| LY Qs |
Figure 2.?n al[si o) r ﬂ i t ﬂ On re watery diarrhea
in piglet with duZ]n; logs of lheat in pigl Iﬂo dominal ljof sow; C, watery

diarrhea in lgG!ar; D and E, watery diarrh(ia in gilt and sow.

RIAINTUNAINGINY



2.3. Properties and pathogenicity of PEDV

PEDV belongs to genus Coronavirus, family Coronaviridae. The Coronaviridae,

Arteriviridae and Okaviridae are in the © Nidovirales, sharing some common features
with respect to genomic orga ,f
Coronaviruses have largest: RN, N0

(+) sense RNA, appro' 7 |ng a nested set of multiple

nd transcription (Cavanagh, 2005).

on- segmented single-stranded,

sub-genomic mRN S r main structural proteins
consisting of the Spi /coprotein, the envelope (E)

protein and the phos D ) % and Laude, 1994; Bos et

titis virus (MHV) and TGEV
eaudette 1937; Doyle and
Hutchings, 1946; Cheev 1, [ pearance of these viruses under electron
microscope is crown-li i he viruse ) identical appearances have
shown to have similar genome
organization and replication stratqg-‘@;z
? P 2
Coronaviruses it 0N of major diseases in cattle,
poultry, and pi 200 s s can be divided into
three distinctly serolegical g oups=kand Il have been isolated
from mammals ana

serogroup Il from birds. Each group has separated cellular receptors

(Murphy el al., 1999; ‘ﬁ@,et al., 2005; Lai efial., 2007). They are also distinguished to

e RS 5 P g oo

veterinary ﬂuses belong to group | including canine enteric Coronavirus (CECoV),

chabrupaitl i*fimﬁﬂm



Table 2.2 Coronaviruses, hosts, diseases, and specific receptors

Groups  Virus Host Diseases Cellular receptor Preferences
| HCoV-229E Human Respiratory infection Human APN Weiss et al., 2005;
Lai et al., 2007
TGEV Pig and Porcine APN Weiss et al., 2005

PEDV Murphy et al., 1999
PRCoV Weiss et al., 2005
CCoV Weiss et al., 2005;
/ / N\ b Lai et al., 2007
At Nnfe \"h. o -‘H- DN\ i
FeCoV I/f:g E‘:\M‘% Weiss et al., 2005
FIPV Q g ,E".ra T 1"\1 eline. APN Weiss et al., 2005
HCoV-NL-6 Weiss et al., 2005;
Lai et al., 2007
RbCoV Lai et al., 2007
I HCoV-0C43 Weiss et al., 2005;
possib i Laietal., 2007
MHY EA Weiss et al., 2005
Sialodacryoa  Rat Neurologic infection ND Weiss et al., 2005

I-W Pig Respiratory,  enteric, Neu5,9Ac2- Weiss et al., 2005

e

neurologic '&ntaining moiety.

q BCoV Cow Enteric infection Neu5,9Ac2- Weiss et al., 2005

containing moiety

HCoV-HKU1 Human  Respiratory infection Neu5,9Ac2- Weiss et al., 2005;




10

containing moiety  Lai et al., 2007

SARS-CoV Human  Severe acute ACE2 Weiss et al., 2005

respiratory syndrome

11 BV Chicken Respirato infection, ND Weiss et al., 2005

TCoV Weiss et al., 2005;

enteric infectior Lai etal., 2007

ND, not determined. TGEV, transmissible ga troequ ooy, e s
avian infectious bro ' # MHV, ise hepatitis virus; SARS-CoV, severe acute

respiratory syndrome

irus; FIPV, feline infectious
peritonitis virus; FECo V-229F, OC43, NL63 and HKU1, human
h\ ey enteric Coronavirus; CCoV,
canine Coronavirusy' H ¢ il ot ‘ ' s virus; RbCoV, Rabbit

Coronavvirus. CEACAM carci . lic antige adhe ”‘b. olecule; ACE2, angiotensin-

Evidently, many " el omes of Coronaviruses can lead to

changes in pathogenicity (Ba ":‘-"E‘-:":‘_‘
f.-:"'..if..#;# I

S*orotein gene-of
3!

997; Leparc-Goffart et al., 1997). For

instances, replacement of ed strain of IBV with that from a

pathogenic straif, =the_virus_stills_remained non-pathogenic—Hodg ron et al.,, 2004). The
structural protein= (S - “*x ant of antigenicity and
pathogenicity. Likmse, Ballesteros et al. (1997) performed the production of
enteropathogenic and‘hgenteropathogenio trains recombinants of TGEV which had
extremel r [ es. t ome of the viral
recombir@wﬁ;aoﬁﬂﬂﬁy’m ﬁﬁmjdiﬁerences in the
S protein. In addition, the role of theé protein in enterdspathogenicity using.fecombinant
QEW%]Qaj%ﬂirﬁom %de%;w]r{% ew, EJQ‘)-} ateﬂontains
sﬁquenoes resbonsible for binding to spécific receptors on the surface of susceptible host

cells. S1 sequences are variable, containing various degrees of deletions and substitutions

in different coronaviral strains.



11
2.4. Genomic structure and function of PEDV

The observation of Lai et al. (2007) revealed the shape-pattern of Coronaviruses

” nm in diameter with distinctive long, petal-

Wy

having a round structure around 100 to

shaped spikes on the surface (Fi c e

-F".-_._-'J . o .
el fofstiticture “of ronavirus virion, showing structural

Figure 2.4 Left image, mod

enveloped proteins including o'!“ q > ) e protein (E), Membrane protein (M),
et o

- "" .

Haemagglutinin“esters ‘phosphoprotei mesy 2003). Right image,

ign- ________________________________________ - -.1
morphology o v.- y S fon = OC43 (A), and turkey

enteric Coronavirus: TCc ped-spikes (black arrows) in

negatively stained.preparations. Some Coronaviruses also exhibit.a fringe of shorter spikes

composed of the hq‘hﬂlutmln -esterase glywoteln (white arrows). (C) showing the
interna eﬂﬁe ra snﬁﬂﬁ Wﬂsﬂ ﬂﬁ al nucleocapsid
releas on 0 treatment ection of Human cell
with human respiratory CoronawrusﬁCoV 229E. The mdlng of viral parﬂ%spherlcal

YIRS TR TTH BT

q(arrows (Lai
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The genomic organization of PEDV (Figure 2.5) is typical of Coronavirus, having
characteristic gene order (5-polymerase [Orf1ab], spike [S], envelop [E], membrane [M],
and nucleocapsid [N]-3’). Apparent molecular weight in SDS polyacrylamide gels (kDa) of
structural proteins are 180-220, 23-35, 9-12, 65, and 50-60 kDa of spike glycoprotein,
integral membrane protein, small envelope protein haemagglutinin-esterase protein (group
2 Coronavirus) and nucleocapsid protein, respeetively (Cavanagh, 2005; Lai et al., 2007).
Lai et al. (2007) described-thatthe S glyco'protein forms the large, petal-shaped spikes on
the surface of the virion."S glyeopretein can be divided into three structural domains (from
N- to C-terminus) as#@ largefexternal domlain divided into two subdomains, S1 and S2, a
transmembrane domain amd a short c;rboxylterminal cytoplasmic domain. The S1
subdomain includes thedN-teiminal half of thé molecule and forms the globular portion of the
spikes. It contains sequences respor__wsiBle fofbin‘_d_ing to specific receptors on the surface of
susceptible cells. S1 sequences afe yariablé;ccr)ntaining various degrees of deletion and
substitutions in different Coronavirus strains;f_.!l\/lutations in S1 sequences have been
associated with altered antigenicity, and pathébén‘ﬂicity of the virus (Ballesteros et al., 1997;
Leparc-Goffart et al., 1997). In/ €onifast, S2 seque_nt:re is more conserved and constitutes

the stalk of the spikes. In most MH\V. strains an.—g-:_BCoVs, the 180-kd S protein is cleaved

during or after virus maturatiohﬂ b:y'a cellular: protease to yield ithe S1 and S2 proteins
remaining non- covaIETTﬂ_a‘S‘S‘GC"Jre‘d—TTﬂTe_TaI—S‘D“KéS_FI'oweVeF |n other Coronaviruses,
such as severe acute respiratory syndrome Coronavirus (SARS= CoV) cleavage occurs as
part of the viral entry=process. i

As describing of l@iset al. (2007), the Sfand M glycoproteins belonging to structural
enveloped" proteins ;have several important biological functions!(Table 2.3). Monoclonal
antibodies"against S protein can neutralize virus infectivity, consistent with the observation
that .S srotein binds o cellular.receptors, (Gallagher, and Buchmeier, 2001)..The, receptor-
binding domainiaf the S protein of MHYV is localized within the N-terminal 830:aminolacids of
the S1 domain (Kubo et al., 1994), whereas, the binding domain of SARS-CoV S protein
comprises residues 318 to 510 (Wong et al.,, 2004). Consequently, the amino acid

sequences of the S1 domain are critical for establishing species specificity in animals. This
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was particularly illustrated for the SARS-CoV S protein. It was shown that SARS-CoV virus
crossed species from bats to palm civets and then to humans. The S glycoprotein must

adapt to species-specific differences in the host cell receptor (angiotensin-converting

proteins were swapped, cou ed with ¢ llograr lysis, revealing the importance of
these residues in enhaneing-binding f i [, 2007). In swine, the non-

enteropathogenic vari Cine respi ronavirus is the respiratory

pathogen considered | ) S, wit \\\
(Saif, 2004). The geno > ofeT “and | \;\\\\ 5% identical except for the 5’

e of TGEV. Itis a strong

sm and reduced virulence

outcome between the two strains

is associated with del h- 4 I ‘ \ 752, corresponding 225 of

the first 300 amino acids - (Brif o Al 1 with he 5’ end of the spike protein

gene of PRCoV (Weiss et & ZOOM:. stanc \ bst IBV serotypes differ from

each other by 20 to 25% of 1i -,@:ld-__S’ et al., 1995; Kingham et al., 2000). A

few amino acid differences (2 -HTW: acid residues result in a change of
o

e

serotype, Ieadin lac 986; £avanagh et al., 1992).
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Figure 2.5 Genomes of the ; Ced-Sf viruses (Brian and Baric,
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%

and 1b) the predicted protease -,’Hf sites indice s'l,j oy numbers and domains
d (F
poliovirus 3C-like protease; TM, i--’ET? main; RdRp, RNA-dependent RNA

d fi
papainlike protease; 3CL,

of known or predicted fungction JF:,,J;E;;- d and

polymerase; Z, zinc finge ise domain; C, conserved

sequence dom: injw Cenes 2-8 {or O) are-identiitec by thetrtransertbiname (1a, 1b, etc.)
. v L)
or their abbreviated ne VE ; M, membrane;

r
Elele min—est ise; |, internal).

i
N, nucleocapsid; H i! ydrophobic protel 3
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Triggers virus particle assembly
Interacts with viral nucleocapsid

Forms the shell of internal viral core (TGEV and MHV)

Envelope (small Trigge

membrane)  protein O

—

Spike glycoprote e C <
s fusion of \ el ith cell membranes (plasma
RN

ind 7_’ cell \\ olf

e 4 4 globulin (MHV and TGEV)

(formerly sM)

euram lic acid or N- glycolylneuraminic

L ,
Hemagglutinin surface of some
| A

glycoprotein HE™
it
T
B Binds to 9-O-acetylated neuraminic.agid

Causes hemagglutinati

P
AU NEMINGIN.......

Several other biological activities have been associated with the S glycoprotein. It

was shown that the S glycoprotein of several Coronaviruses is able to bind to the Fc
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fragment of IgG (Oleszak et al., 1992). This molecular mimicry may play a role in viral
pathogenesis by shielding the S protein from antivirus antibodies. In summary, S protein is a
large, multifunctional protein playing a central role in the biology and pathogenesis of

Coronavirus infections (Lai et al., 2007).

Briefly, S protein of Cor erally exhibits the greatest sequence

variation where most of di o-terminal part of this molecule,

polypeptide sequen an ing the prc e membrane, forming the

coiled-coil multime aturg i (i nembrane fusion. Furthermore, the
S1 subunit functions p ). The S protein of
PEDV is a type | me amino acids, containing a
signal peptide ing ellular region, a single
transmembrane doma hort cytoplasmic tail. The S
protein divided into $1 1383 acid amines) domains
(Sturman and Holme Ch herefore, the S glycoprotein is
considered the primary target ﬁ’meyel or ble vaccines against PEDV and

an important viral component fo )
,--#‘I ‘

r’

pursuing the epi iological status of PE
R

veja et al., 2009).

Similar nucleot@eﬁquences of two Eu@ean isolates of PEDV derived from cases

of PEDV ﬁ uﬁ %G]Bgnﬂﬁ ﬁ Qﬂﬁcontamed a 1323
nucIeoUde,@pen reading frame (nucleocapsid gene) showing high identity to human
Coronavirus 229E and porcine tranﬁnssmle gastro-efiteritis viruses, porcine respiratory
o QPRI YO Riaf ey T
Cﬂronawrus (Bridgen et al.,, 1993). In 1994, the complete sequence of the spike
glycoprotein (S) gene of the Br1/87 isolate of PEDV was analyzed to find out predicted

polypeptide sequence with 1383 amino acids, containing 29 potential N-linked glycosylation
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sites. This S gene had similarly structural features to those of the Coronavirus such as
TGEV, lacking a proteolytic site to yield cleaved amino and carboxy subunits S1 and S2
(Duarte and Laude, 1994). The comparison of S sequence confirmed PEDV closely related
to the human respiratory Coronavirus HGV 229E but S polypeptide sequence containing an
additional 250 residue N-terminal domain lacks in HCV 229E and PRCV. Later, Kocherhans
et al. (2001) has sequenced completed genome offPEDV (CV777) and found 28033
nucleotides in length. -~

The first reportof S genessegtience of PEDV isolate (Chinju99) in Korea revealed the
nucleotide sequenceshomology 94.5% vvith_I those of European strains, CV777 and Br1/87.
The full S gene open readingframe of Chinj{199 comprised 4125 bases long encoding 1383
amino acids, includingadenine (24.1%), c:yté'sine (20.4%), guanine 21.1%) and thymine
(34.4%) residues (Yeo et al., 2003). _Thé fieldl"Kojr_ean PEDV isolates have been used as an
attenuated vaccine candidate fof PEDV cuﬁﬁuréd in Vero cells at the 93" passages,
designated as PEDV-9. Efficiency of fhis paﬁié__ular_— attenuated vaccine was confirmed by
reducing pathogenicity'in ngonatal piglets aﬁ'!éljﬁjglivered piglets were protected by PEDV
wide-type. Comparing of ‘M gene of cell culty.fe;_éitenuated virus showed the 98.97%

nucleotide and 98.24% amino acid identity with,@fe,viously reported PEDV strains (Kweon et

al., 1999). Additional Korean -isé;léte (Spk1) Was;a-lsg'cloned, sequenced and expressed of
its neutralizing ebirtépe-mﬂﬁeﬁordampmmﬁo@%an?ﬁ%biﬁvacc{mé (Kang et al., 2005). In
the study of molééular biology of PEDV, M gene of the Chinese T;olate LJB/03 has been
cloned, sequenced~and compared with other PEDV strains ‘i Genbank database. The
LJB/03 encompasses ‘angopen reading frame (6f/681 nucleotides, deduced a 226 amino
acid sequence. The,eamposition of encoding polypeptide comprised 152 adenines (22%),
153 cytosifies (23%), 161 guanines (24%), and 214 thymines (31%) and shared 97.79%
amino..acid identities with CV777, 97.35%. with. Bri787, 96.90% with KPEDV-9. The
phylagenetics iseparated PEDVs (€77 7y Br1/87, Jme2, KPEDV-09) fo threevdistinct genetic
groups in which LJB/03 branched in the independent group (Jinghui and Yijing, 2004).
Continually, N gene of porcine epidemic diarrhea virus LJB/03 was cloning and sequence

analysis in 2006 by Junwei et al. (2006). Genomic characterization was clarified and



18

compared with other PEDVs and revealed that LJB/03 N shared high nucleotide sequence
homology to those of other PEDV isolates, 97.4% with JS-2004-2, 95.6% with chinju99,
96.6% with Br1/87, and 96.8% with CV777. For the encoded protein, it shared 96.4%
identities with CV777, 96.1% with Br

o with JS-2004-2 and 96.90% with Chinju99,

respectively (Junwei et al., 20 lates (M gene analysis: CH/HLJH/06,

!SHH/O& and completed gene

d with other reference PEDV

CH/HNCH/06, CH/IMB/06, -

analysis: DX), those we

strains. The M gene iSolates re \\ served sequence homology
ranged from 98.8 - od \ }f ice identity ranged from 98.2-
100% with each oth 201 \ n\\-. M gene of those isolates

and other reference P S \ ® % and 96.9 to 100%. The
phylogenetic tree i galed close re I\‘ e forming a separate cluster

including other field Chinesg isola 2004- 1., 2008).

KPEDV-OF
KPEDV-9
Chinju99

weeeee TMe2 I
LIB/03
QH
.70 -
B 1/87

@777 —
CH/IMB/06

- - /SHH/06
CH/HNCH/06 m
| 15-2004-2

I

CH/HLJH/06

ceeememneeennneeeees CHAISX/06

16.1

q ﬁﬁﬁ@ﬂﬁﬁ&l‘m AN

2008)
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The DX isolate was sequenced in completed genome including structure genes
spike (S), nucleocapsid (N), membrane (M), small membrane (sM) and found closely

related with LJB/03, JS-2004-2 and CH/HLJH/06 (Figure 2.6) isolated from China. These

/
\
ig Jy/ E- ﬂ\\?«\‘\\ o

5N N s

, U 86.0——CV777
d ‘ — - . LES }m

DX
LIB I
18-2004-2

s DR 13
Brl 87

0

ot i
Figure 2.7 Phylogenetic re r“f;“b‘r PE ind other PEDV strains based on a

comparison of S amino .rf orean), Chinju99 (Korean), JS-

2004-2 lina e/ reference (Li et al,
2010). ———— A ‘

J

The study on siquence analysis of the partlal spike glycoprotein gene of porcine

be a rep s nt tio d on the partial S

gene Korean PEDV isolates were d|V|.|féd into three dlsﬂt groups Group 1‘5¢)rean PEDV

m @R ﬂg&; sim ﬂ ﬂ %Jt DR13,
attenuate roup 2 composed of Spk1, and Chinju99 was grouped in group 3

Flgure 2.8).
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(a)

Figure 2.8 Dendrogram ma the basis of eotide and (b) encoded amino acid

sequences of the partial S glycopro shes-of PEDV isolates with reference PEDV
. i o !

strains constructed with neigh berjoining method. 2007).

S

—

In Korea, Lﬁt al g .I,! ogeneity in spike protein
emic diarrhea virus strains in Korea ( j'*l -0801, KNU-0802, KNU-

0901, KNU-0902, KNL&@. KNU-0904, KNU-0905). The homology analysis demonstrated

S TIaL I E Uk

Interestmgmthe finding of Lee et al. 2010 ) was quite different from the previous study of

PHIRT] rATR TN AR LI

dl tantly related to other previously identified Korean field isolates Spk1 and Chinju99.

genes of porcine

However, this study revealed only two distinct groups based on full S gene phylogenetic

analysis. PEDV reference strains including the Chinese isolates and the Korean vaccine
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strains belonged to group 1 whereas the Korean field isolates (Spk1 and Chinju99) were in
group 2. Nevertheless, Lee et al. (2010) described that genetic analysis based on the C-
terminal part of the S1 domain is not enough for being a representative to full S gene based

analysis but based on the S1 domain an N-terminus.

In Thailand, re-emergin n since late 2007. Immediately, the

partial gene and full M g oned ced. The phylogenetic analysis

|sol*9s dweaks were in the same clade
(Puranaveja et al., 2009).

determined that all cur
as the Chinese isolat

In summary. ization and phylogenetics
of PEDV in N gene, plete genome were done
and clarified S gene or ' ar 7 having hypervariable region
with mutants (nuc ' i Ibst i Jeleti insertion) of nucleotide

enes are more conserved

2.6. Molecular epidemiolog

J':«é‘ =
= tyé“! of “ epi ogical research investigating

Molecula epldemlologV"I%"'

¥.
geographica| d woution_of pathogenic_agents. o veternanzfield #Scientists interested in

== "u
understanding the"globa der 2ns-would use cross-sectional

and longitudinal sfudies on both sero-epidemiology and .’ ular epidemiology. The

molecular techniques ireﬂnployed to monltow evolution of the viruses (Murphy et al.,
= ARUUINYNINENT
In @era athogenic viruses undergo an infinitely long series of replication
cycles when transmitted from host ‘o host. Thereforé;ithe mutational procéss continually
W IP B9 R VB L o
l\/ﬁrphy et al., 1999). Mutation includes point mutations, substitution, deletions, insertions,
and/or damage one or more nucleotides as well as amino acid sequence. The mutation of

virus altered in the nucleotide sequence of the DNA or in the case of RNA viruses may alter
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the amino acid sequences of proteins and may have the potential for changing the
expression of genes (Schleif, 1993). Some properties important in the survival and
evolutionary progression of various viruses in nature include the capacity to replicate

rapidly, the capacity to replicate to high 7 the capacity to shed for long periods of

into the environment and the acity to ﬁ IIy (Murphy et al., 1999).

Murphy et al. (1999)-deseribed n’"eculang becoming available since
the 1980s in many v

acity to survive after being shed

hen molecular cloning and
nucleotide sequenci of the polymerase chain
reaction. The potent] _ ' ify. and understand the viral
genetics. This appro A of virus transmission and
- es, 1998). Traditionally,
tracing the transmissi i - )] 2 is serologic investigation but
not possible for pathoge _'}._ ‘: ; 7 placeable powerful approach
is using the comparison of i ‘ > es, 1998). The comparison
me or different organisms is able to

demonstrate homology amon_g-—sers infer genomic function of newly

additionally explore

Iustrate the origin of the

agents (Page and lecular epidemiology has

blossomed, basedjﬂsequencing of large numbers of isolatgfor investigation disease
outbreaks, epidemics, lﬁr,ﬁplemm: viral diseaseproblems. For instances, porcine epidemic

e R T T e o

1994; Kocrghans et al., 2001), in Chlna including JS-2004-2, DX, LJB/03, CHIMT06 (Chen

o R Rtk iala kit ﬁ%‘t

Iﬂlranaveja et al., 2009) and so on were cloned, sequence to clarify the genomic

characterization and observed the molecular epidemiology.
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Generally, viral RNAs are more mutational alterations on genomic sequence than
viral DNA because of replication errors due to absence of a cellular proofreading

mechanism (Moya et al., 2004). Moreover, nonlethal mutations in the genome of RNA

viral genomes differ in one ¢ rm , i ] ONSENSUS or average sequence of
the population. Relatively;short-time particular variants may gain
advantage. This t ] |ng and competing viral
populations. The p genomic viruses. Indeed,
Coronaviruses are a gres idate { 11 _ S the largest RNA genomes. At

the mutation rates, each iral genome will be changed

\,\

in each circle of sreplice Ol > genomes undergo other more
L]

substantial mutations,sincl G _- e | affect their pathogenicity
(Murphy et al., 1999; Mo \

ﬂUEJ’JT’IEJTIﬁWEJ’]ﬂ‘i
amaﬂn‘imummmaa



CHAPTER Il

MATERIALS AND METHODS

The research was done as ework (Figure 3.1). Firstly, the history of

the PED-affected herds was s were collected. RNA isolation
and RT-PCR were perfo he field PED virus isolates and
sequenced the partialr f otld and deduced amino acid
sequence of current PED ‘-.ﬁ‘ selected PEDV strains in

Genbank database.

Flgure 3.1 Conceptual framework‘omposmg of six4Steps of the study: histéry taking,

4 REHRHRTRR TR E R
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3.1 Herd History

Observation of the PED outbreaks began in the initially occurred province and the

adjacent provinces of industrialized pig production in southern Vietnam. History of affected

ongnai, Binhduong and
old piglets suffered from
diarrhea piglets were collected

e 3.1 and Figure 3.2). These
\ s considered the first place
jta). The acute watery diarrhea

outbreak widely spread to ad icentproving ochiminh, Binhduong, Longan and
—_—

throughout southern area o _1%_, ns of disease appeared in all age
groups of pigs with \ pecially in suckling piglets
= _— i
with morbidity reachir 5B oo
At neoropsﬁsmall . 2o three L'j separately including

duodenum, jejunum, and ileum in each piglet. Mixed intestinal part of each piglet was

¢

AU WO S
QRININIUNRINYIAE
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Figure 3.2 Schematic
sample origin in thr
southern  Vietn
indicates positi
yellow one is Dong

Binhduong.

Table 3.1.Geo - origin, numb nd RED isolates

Geographic B ‘J Collected
| samples

areas Tﬂ a isolates
BONG NAI °

Southernﬁa HO{?IMINH 2

L 25 4
|
WEWEJ Ifli ;
Total

AR m 113 sz ﬁﬂ”l‘amﬂﬁﬂ

Hochiminh), VN116S7, VN122S8 (Farm 5, Hochiminh)
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3.3. RNA isolation

3.3.1. Sample preparation

Suspected individual pig infected with PED virus was collected (duodenum, jejunum

ue samples for RNA analysis, at least
s ocessed as soon as possible to

@Vhen processing procedure

could not take plac 4°C with extra care. The

tissue samples were ortar and well grinded by
pestle. After that sam ( ged ai m, 10-15 minutes at 4°C.

The supernatant o o tf X !':-H fuged sterile tubes and stored at -70°C

technique for prepa sues,“Cultured cells and white
blood cells. The essful isolatio RNA requiresmur main steps including

effective disruption of iells or tissue, denaturatar}of nucleoprotein complexes, inactivation

of endo tuy b&eaﬁe ﬁ] nﬁaﬁaﬂﬂ inating DNA and
proteinsﬁ tﬁort tﬂy the immediate "inactivation” of endogenous RNases
released from membrane-bound orga‘elles upon cell disguption based on theé groperties of
LA ARG P i e
th concentrations of guanidine thiocyanate causes selective precipitation of cellular

proteins, while the RNA remains in solution. After centrifugation to clear the lysate of

precipitated proteins and cellular debris, the RNA is selectively precipitated with ethanol
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and bound to the silica surface of the glass fibers found in the spin basket. By effectively
clearing the lysate of precipitated proteins and cellular debris, these cleared lysates may be
bound to the spin baskets by a centrifugation. The binding reaction occurs rapidly due to

the disruption of water molecules haotropic salts, thus favoring adsorption of

nucleic acids to the silica. RNa

digest contaminating gen

contaminating salts, p [ ,IIuIa“npuw washing steps. Finally, the

total RNA is eluted fr addition of nu e-free water.

Sample ho (raction were done in the Animal Biotech

Veterinary Diagn 'Fack f Ve ry - Sciences, Chulalongkorn
University, Thailand. 1 RNA st be separated from absolute ethanol
prior to running the RT-P. M_"_ ’ { ot al., 2008). The suspensions
were centrifuged for 5 i

ml ethanol 75%, centrifu - 5-10-mi rom (4°C), and finally dried in

3.4. RT-PCR

3.4.1. Primers used for RT-PCR

. Bunananinsngo

2008). The nucleotide strands of the pﬁr‘ual S gene primérs are:

QW?M%@@A%%W’JWEJ']GEJ

5-CATATGCAGCCTGCTCTGAA-3' (PS2, backward)

and of full M gene primers are:

5-CCCCAGTACTGTTATTGACGTATAAAC-3’ (PM1, forward)
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5-GTTTAGACTAAATGAAGCACTTTC-3’ (PM2, backward)

The sizes of specifically amplified products are 651bp and 715bp, respectively.

U//

tion to a

3.4.2. RT-PCR one-step proto

PEDV (one step RT-PCR). The

d —
CR of the partial.of S and M glycoprotein genes were

This study used
reverse-transcribed into cD
performed in the one-tu ne. The RT-PCR kit being used is
AccessQuick™ RT- ege adison, W A) containing AMV reverse
transcriptase, the . d a combined reverse
transcription (transcri strand cDNA) and PCR.
Exactly, 4 uyl R re containing 10 ul of 2X
AccessQuick " Mas ul of each specific primer
(10 uM), 0.5 pl of MgC . 7 [ranscriptase (10u/pl), and add 8 pl
nuclease-free water reac ta ‘:"_ < of 25 pl . The RT-PCR reactions run in
Thermal hybrid PCR mac:hineir"i"!f ycling procedure divided into three
stages (Figure 3.3). Firstly, reverse an 2 Qo as incubated at 48°C for 45 min
to make the firstsirbe I d‘6DNA synthesis and PCR
amplification .'V, -1; cycles of repeated
denaturation at 94°C 80 sec, @ ec, extension at 72°C 60 sec. Additional

step is the final exten3|on at 72°C for 5 min. The last stage is to held PCR product at 4°C.

Eﬁ T AMESRET
visible in tu nﬁvﬁ bromide ﬁ rrect size of PCR

product ba s (651 bp for partial S gene, 715 bp for M&ne were selected w purified by

RN IR N TINE G

were submitted for sequencing.



30

First strand cDNA synthesis

01 cycle 48°C for 45 minutes reverse transcription
A
01 cycle 95°C for 2 minutes AMV RT inactivation
and RNNGDNanmer

30 cycles
72°C for60

Sl AT R

Olece  [72:C ﬂﬁ!fﬁ!\k&%

AT O O R
40C

F L/ ﬁ:‘\?‘h‘@x

Figure 3.3 Re r‘}lsg.l an and PCR cyc .{ procedure

J'i.i,.u ¥
HKIJ 1 Fr _7_|

2

;’*,_-1, S

3.5. Sequencing of DNA

gene were sequenced by 1st BASE Pte Ltd (Singapore) seguencing reactions were

carried out in duplica qui gquencing both strands

(forward and back@ strands). m

The DNA sequ‘hﬂg reaction used Biﬁg/e Terminator v3.1 cycle sequencing kit

AN NG

sequencmqulean u rifying extension products) ectrophoresis in DNA Analyzer of

3730XL, and (4) basecalling using K‘E basecaller (acébrding to BigDye® Términator v3.1

QCW%M?}%H AN1INEIaE
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3.6. Sequencing analysis

Nucleotide sequences of the current Vietnamese PEDV isolates and other selected

isolates see on Table 3.2 (Genbank: ht /vw.ncbi.nlm.nih.gov) were aligned (pairwise

and multi-alignment), edited omas 2.33, Bioedit v7.0.5.3 and
: n generated comparing those of
nd deduced amino acid
sequences with some reft bor-joining method (Saitou
and Nei, 1987) in The relative support for

each branch the bo uted. The selected strains

Order | Strains A References
year of ga@g’ﬁ I
1 cvrr7 o : T A . Kocherhans et al., 2001
I 1

2 Br1/87° “ 4 Duarte and Laude, 1994
3 JS-2004- Unpublished
4 Lzc " | china, 2006 85992.1" Unpublished
5 Dx * (hina, 2007 EUO31&9}.1S/M Unpublished
6 ina, 39!%#&' E I f ] ? et al., 2010
7 orea, 200 F500215. Kang et al., 2005

Inju orea, . eo e
8 Chinjug9®" | Korea, 1999 ¢'| AY167585.1°" Yeo et als, 2003

: : EE ?Ia B

| — ]

10q KNU-0801° orea, 200 - | GU180142.1 Lee et‘al.,2m
11 KNU-0802° | Korea, 2008 GU180143.1° Lee etal., 2010
12 M1763" Korea, 2003 FJ687455.1" Unpublished
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13 CPF299" Korea, 2007 FJ687467.1" Unpublished
14 KPEDV-09" | Korea, 1997 AF015888.1" Kweon et al., 1999
15 07NP01°*™ | Thailand, 2007 | FJ196196.1°" Puranaveja et al., 2009
16 08NP02°™ | Thailand, 2008 96204.1°" Puranaveja et al., 2009
17 08CB01° Puranaveja et al., 2009
18 KUOGRBO8 " Puranaveja et al., 2009
19 VN92 oM This study
20 VN94 ® This study
21 VNO7° This study
22 wN103*™" | ] This study
23 VN109%™ 1 Vig I }c’ o', r\\m This study
24 UN112°" ﬂ 1 ‘of jﬁ- ‘\ {\‘\‘\ This study
25 |wire " | idnadh bm (A LN, | mesuay
26 VN122 %M ie ﬂ mf 4 ‘_\\\ " This study
il

——

¥

-

JQUE l‘l‘ 5
n

N sis of the partial S gene

alysis of the full M gene

4

"
|
d

|
|
¥

AU ININTNGINS
QRININIUNRINYIAE




CHAPTER IV
RESULTS

Eight southern Vietnamese PEDVs weresfrom the PED affected commercial farms
during 2009-2010 in three provinces. These isolates were confirmed by one-step RT-PCR
amplification to recognize.the. specific preducts of paitial.S.gene and full M gene (Figure
4.1), and named assVMN92 (S#N) (Fafrm 1, Binhduong); VN94S2, VN97S3 (Farm 2,
Binhduong); VN109 (S6/M3) (Farm 3, Dongnai); and VN103(S4/M2), VN112(S6/M4) (Farm 4,
Hochiminh); VN116 (S#/M5);VN122: (S8/M6) (Farm 5, Hochiminh). These isolates were
sequenced and analyzed fgenomic Ché‘ra"cterization by comparing with selected

corresponding straia8 in Génbankidatabase (http:/www.ncbi.nim.nih.gov).

41000 bp
<4 715 bp
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1 2 3 4 5 6 7 8 9 10 11 .. 15 16 17

41000 bp
<651 bp

Figure 4.1 One-step RT-PCR for amplification of_g:_p_ecific products of field PEDVs in this
study. A, RT-PCR products of field-solates on M geh%gane 1=VN92M1, lane 3~VN109M3,
lane 5~VN103M2, lane 7~VN112M4,-fane 8~VN11W5,jlane 9~VN122M6, lane 6~positive
control, lane 11~negative control, Tane 12~DNA m-a:rk-e_r:,';lérie 13~Dblank,.remain others were
negative). B, RT-RCR products of field isolates on-S-gen-({lane-2~VNI2S4, lane 4~VN94S2,
lane 8~VN97S3, lane 7 and 15~positive controls, lane 17~negative conirol, lane 16~marker,

lane 17~blank, and remain others were negative).

4.1. Sequence homaology

The partial"S gene

The |pairwise alignment 6f each couple of "nucleotide sequences of, southern
Vietnamese isolates showed high nucleotide homology together (98.9-100%). VN92S1 had
minor different nucleotide and encoded amino acid sequence with the remaining isolates

(VN94S2, VNI7S3, VN103S4, VN109S5, VN112S6, VN116S7, VN122S8) at 98.9% and
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97.3% identity, respectively. However, the current PEDV isolates contained variable
difference on nucleotide sequences of the partial S gene with other reference strains (Table
4.1). These current isolates shared 95.6-96.4% nucleotide identity with the PED prototype
strains CV777, Br1/87 (European strains) and 91.4-97.8% identity with the Korean isolates
(Chinju99, Spk1, DR13, KNU-0801, KNU-0802). dnterestingly, the current Vietnamese
isolates shared high nuclecotide homology with thesChinese isolates (JS-2004-2, DX) and the
Thai isolates (07NP01,.08NP02,-08CB01) at 97./-98:56%and 98.8-99.5%, respectively.
These results revealed the current Vietnamese PEDV isolates closely related to those
mentioned as well assthe pasticular Korean_lisolate (KNU-0802). Based on phylogenetics of
the partial S gene, PEDRVS arg'divided into tt‘!‘ree distinct genetic groups (Gr1, Gr2, Gr3). The
mean of nucleotide idéntity pergentage :Jwia's computed for elucidating the genetic
relationship among.the Vigthamese i_solétes le/rth 9_ther selected isolates from PED outbreaks
of the neighboring ceuntries. in each gro@‘p ?average (%) of nucleotide identity was
calculated following bearing countri;eé. The -a\{_erage of group 1 (CV777, Br1/87, DR13,
KNU-0802, JS-2004-02, DX, O7NPO1, O8NPO:25-,J{D§CBO1, and 8 current Viethamese PEDV
isolates) shared 92.72% nticlelide identity witf}-gr;gpp 3 (Chinju99), 96.20% with group 2

(Spk1, KNU-0801) and group 2 shared 95.50,‘7.fnucleotide identity with group 3. Mainly,

el

PEDV isolates belonged to- G-r‘1 a;nd sharedj high homolegy 4N nucleotide sequence
alignment togethéﬁ%n—fhose—%etnamese—iwfateﬁfare’d%ﬁﬁ% Fjucleotide identity with
European strains: ‘(CV777, Br1/87), 97.51% with the Korean isélé’tes (DR13, KNU-0802),
98.18% with the Chinese isolates (JS-2004-2, DX) and closest-elated to the Thai isolates
(O7NPO1, 08NP02, 08CB@1) at 99.35% nucleatide homology. However, they were highly
different from thel strains in| Gr2 and: Gr3. The Eurepean-strains (CV777, Br1/87) and the
Chinese is@lates (JS-2004-2, DX) shared average 96.85% nucleotide identity. However, the
Chinese, PEDV .isolates and the Korean PEDY isolates (DR13, KNU-0802) shared_98.10%
identity, ThesesKorean /isolates shared 97.8% nucleotige homology with (the current Thai
isolates (07NPO1, 08NP02, 08CB01), and 97.21% with the European strains. The Thai
isolates shared 96.4% and 98.85% nucleotide homology with the European strains and the

Chinese isolates, respectively.
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Table 4.1 Comparison homology (%) of nucleotide and

%es of the partial S gene of southern Vietnamese

PEDV isolates with PEDV reference strains

<t w0 O foe] N~

[e)} N (30} [9p] (%0} n [95] (%5}

~ ~ 3 @ @ o o I N ©

«© ~ - = « < ~ =] o - [Nl -

N 5 £ £ x 2 2 = z z z |z

[an] @] (7] (@] [a) > > > > > > >
Br1/87 - 100 91,6 87,1 92,3 86,4 87,9 87,9 87,9 87,9 87,9
Ccv777 100 - 91,6 87,1 92,3 86,4 87,9 87,9 87,9 87,9 87,9
Spk1 96,9 96,9 - 90,9 95,9 90,9 90,9 90,9 90,9 90,9 90,9
Chinju99 94,2 94,2 95,3 - 86,4 82,4 82,4 82,4 82,4 82,4 82,4
DR13 97,9 97,9 97,5 93,8 - 91,6 93,1 93,1 93,1 93,1 93,1

KNU-0801 97,1 97,1 99,5 95,7 97,9 90,9 90,9 90,9 90,9 90,9 90,9

KNU-0802 96,5 96,5 97,2 92,9 97,6 92,3 93,8 93,8 93,8 93,8 93,8

Js20042 | 966 | 966 | 962 |920 | o979 938 |952 |952 |952 |952 |o9s2
DX 971 | 971 | 964 | 925 | 981 931 | 945 |o945 | 945 | 945 | o945
07NPO1 964 | 964 | 958 | 922 |o975 980 | 993 | 993 | 993 |93 |93
08CBO1 964 | 964 | 958 | 922 |975 980 |993 | 993 | 993 |93 |93
08NP02 9.4 | 964 | 958 | 922 |o975 980 |993 | 993 | 993 |93 |93
VN92-51 956 | 956 | 950 | 914 | 98 980 |980 [980 |980 | 980 | o980
VN94-52 %2 |92 |99 |924 |o974 0w 0 = m—-'a?a;ﬂ': 993 |993 [993 | 993 |93 |93
VN97-S3 96,1 96,1 957 | 922 | 972 sof | 975 |82 | i"i , - 986 | 986 |986 | 986 | 986
VN103-54 | 964 | 964 | 958 | 922 | 975 , 97,8 S0, 00, 99,7 | - 100 100 100 100

VN109-S5 96,4 96,4 95,8 92,2 97,5 97,8 , , : 991 u J , 99,7 100 - 100 100 100

VN112-S6 96,4 96,4 95,8 92,2 97,5 95,9

97,8 99,1 99,9 99,7 100 100 - 100 100

VN122-S8 96,4 96,4 95,8 92,2 100 100 100 - 100
VN116-S7 96,4 96,4 95,8 92,2 100 100 100 100 -
Nucleotide identity (%) in lower tri ngle of table

U
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For deduced amino acid sequence analyses of the partial S glycoprotein gene, the
current Vietnamese PEDV isolates also showed high amino acid sequence homology with

97.3-100% together. These isolates closely related to the Chinese isolates (JS-2004-2, DX),

and the Thai isolates (07NP0O1, 08NPO ) at 92.3-95.2% and 97.3-99.3% encoded
amino acid sequence identit st, these current Vietnamese isolates
had quite difference in ge quences with previous isolates in
Europe (CV777, Br1/87).and-in-Koree Il ﬁmu-oam, KNU-0802) (85.6-

87.9% and 80.0-93.8%, | ) r\ ed amino acid sequence

homology of partial .S \x\}ﬂ\ ch group was revealed in

J

Figure 4.2. Gr1 shareg r3, 91.58% with Gr2 and 90.90%

amino acid sequence identit and C Gr1 contained most current
PEDV strains of affe€ted couniries The Vietr SE \n shared 87.31% deduced
amino acid identity of jparti ) ' W ; E‘ 14».‘ 777, Br1/87), 92.87% with
Korean isolates (DR13, KNU-0802) = ‘ ‘ ,-'- etna Iates considerably closed to
the Chinese isolates (JS-2004-2, DX), an ai -iso (O7NP0O1, 08NP02, 08CBO01) at

94.30% and 98.81 %, respec V':E",:M omology of other strains in different

countries also revealed in F|gur 42— /) *
- ,;*

S

LYy

E
ﬂUﬂ?ﬂEﬂﬁWB’lﬂ‘i

Q‘W']ﬂﬁﬂ‘iﬂd UAIINYAY
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97.80/93.41 DR13, 98.10/95.19
Group 1 97.51/92.87
‘ - \ JS-2004-2
07NPO1, 99.35/¢ 98.18/94.30
08NP02, 08CB01 ! A L . DX

- ~ 96.04/8 f

V777

, AN - 96.20/91.58
92.72/82.59 a 5167 |
TEVNN
i Y

Group 2

Figure 4.2 Comparing genetic d 7 ident age) of nucleotide/deduced amino acid
sequences of the parti Pl - iss with reference strains
(pairwise dlstanc -———:J V777, Br1/87; Chinese
isolates, JS—2004- .n:.ia D) g, I:l;:ul and KNU0802; Thai
isolates, 07TNPO1, t{! 02, 08CB01 and Vietnamese isolates in this -!J Jy were  VN92S51, VN94S2,

VN97S3, VN10354, VN1EQS£VN1‘|286 VN11687w12288

ﬂUEJ’JVIEJVlﬁWEJ’]ﬂ‘i

The full M gene

in this study. However, VN92M1 had minor different nucleotide and amino acid sequence

with other Vietnamese isolates (VN103M2, VN109M3, VN112M4, VN116M5, VN122M6) at
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99.7% and 99% identity (Table 4.2). Similar to partial S gene, the average percentages of
nucleotide and amino acid sequence homology were computed to make genetic

relationship between groups and within each group. Group 1 (JS-2004-2, DX, CPF299,

with group 2 and 97.33% and 9 / J0#8. over, group 2 shared 99.54% and
97.15% identity with groug Nithir ] @EDV isolates shared 98.89%
and 97.07% of nucleotide and id 8eq m‘- identity'with the Thai isolates (07NPO1,
08NP02, KUOBRBO . 1.9 idantity Wit (N EvGhi ese isolates (JS-2004-2,
DX), and 98.56% and ¢ 9 ity Wi orean isolates (CPF299, M1763).

Furthermore, those Thai 3 -'7_‘ 96.97% of nucleotide and peptide

sequence homology with the Chir se isolates, 98 ‘-\- ﬁ,{ w,{ % identity with the recent

Korean isolates. In pajticular, the Thaiisolatés had absolute homology of M gene with the
i

only Korean isolate (CPE299 '.._ 00% F'- \s and deduced amino acid

sequence. The Chinese isolates anJ__ orean isolate shared 98.06% and 96.35%

of nucleotide and decoded amifo acic sequer ity, respectively.

T 7

U

AU ININTNGINS
QRININIUNRINYIAE
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ces of full M gene of southern Vietnamese PEDV isolates

with PEDV reference strains =

I I S O wes (W S | o |2 |z e |

®© N = Q& © O g & & & & & N

T = £ a ps S 3 2 2 - . o

s} O 5 IS b : = Z = = z z z

- > > > > > >
Br1/87 - 995 | 979 | 953 | 94 6,9 ; 8 , 3 | 948 | 958 | 958 | 958 | 958 | 958
cv777 100 985 | 958 | 96,9 -~ 96,4 y 3 8 | 953 | 964 | 964 | 964 | 9.4 | 9.4
Chinju99 997 | 997 - 953 | 964 | 95 i 1 € 94, 953 | 9476 | 958 | 958 | 958 | 958 | 958
CPF299 972 | 972 | 975 - 95,8 4 5 5, B . %4 | 974 | 974 | 974 | 974 | 974
M1763 986 | 986 | 983 | 979 - 94, K = 5, 5, 958 | 953 | 964 | 964 | 94 | 94 | 94
LZC 993 | 993 | 990 | 96,4 | 97,9 4, 95,3',1.,: % 93,1 3,1 926 | 937 | 937 | 937 | 937 | 937
DX 986 | 986 | 990 | 972 | 972 | 97,9 4 9mdi I:__ ) 9 958 | 953 | 964 | 964 | 94 | 94 | 94
CHIMTO06 997 | 997 | 993 | 975 | 983 | 9 0 *"!':f‘lf;ﬂ 95,8 , 958 | 964 | 974 | 974 | 974 | 974 | 974
JS-2004-2 979 | 979 | 983 | 993 | 986 | 97,2 7.9 F%}J__ﬁ 985 | 979 | 990 | 990 | 990 | 990 | 99,0

[4 TR W T
07NPO1 972 | 972 | 975 | 100 | 979 | 964 | 97, S 99,5 | 100 %4 | 974 | 974 | 974 | 974 | 974
KUOBRBOS | 972 | 972 | 975 | 100 | 979 | 964 | 97,2 | o Gb ) |, 99 - 995 | 958 97 9,9 | 969 | 99 | 9.9
o o AL
e

08NP02 972 | 972 | 975 | 100 | 97, 9 3 4 %4 | 974 | 974 | 974 | 974 | 974
VN092-M1 972 | 972 | 975 | 986 | 9% , , , , , , v - 99,0 | 990 | 990 | 990 | 99,0
VN103-M2 | 975 | 975 | 979 | 990 | 98 99,7 - 100 100 100 100
VN109-M3 | 97,5 | 97,5 | 97,9 | 99,0 ]“o 99,7 100 - 100 100 100
VN112-M4 | 975 | 97,5 | 97,9 | 99,0 690 | 997 100 100 - 100 100
VN116-M5 | 97,5 | 97,5 | 97,9 | 99,0 99,0 | 99,7 100 100 100 - 100

VN122-M6 | 97,5 | 975 | 979 | 9 P pgy A 100 100 100 100 -

Nucleotide identity (%) in lower tri ) inlul>plrt ngle of table

U
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4.2. Genomic characterization

The partial S gene

The nucleotide sequence in partial S gene of the southern Vietnamese PEDV

isolates composed of average 600 nuc coded about 200 amino acids), located
f prototype strain CV777 (Figure
4.3a). The nucleotide sequer .- nucleotldes 1561 to 1600 and
7 7 es in sequence, from G to
A (1574/position), C to ' o T t0.G (1582), G to A (1594), G
to T(1596), C to G (166 . 795), Cto G (1825), Cto A
) ), Ato G (1918), Tto G
(1920), G to C (194 ) 10-Gol 790,/ Ato T (2014), and finally
C to T (2098). In detail I ~and ined individual changes. For
the nucleotide substituti _ lon i A (1711), Tto C (1713), C
- . N97S3 contained individual
changes from G to A (157 0T A1B75) ane to G ), respectively, comparing with
other isolates. These Vletname ... v--- a showed nucleotide changes mainly
substitution patt m of sca’[f'"eﬁ'{'hﬁém de ‘in ‘sequence. Multiple alignment of these
Vietnamese isola had sim Iates (JS-2004-2, DX),
and the Thai isole -

nucleotide sequence

(1577, 1578, 1582, h 94, 1596, 1667, 530, 1849, 1851, 1918, 1920, 2014, and

2098).

changes % sitio lectide 'sequenc igure” 4.3b). At position 525,

individual differences of amino acid Bccurred in VN9482, VN97S3 (changeifrom G to D),

¥ W @%ﬂ‘iﬁﬁmﬂfw FEHBA R

V19281 had more individual changes than other Vietnamese isolates, from D to N (571),

to A (609), Sto G (613) and V to L (650). The remaining Vietnamese PEDV isolates shared

similar homology of deduced amino acid sequence changes to the Chinese isolates (JS-
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2004-2, DX), the Thai isolates (07NP0O1, 08NP02, 08CB01) as the following from L to H
(526/position), Sto G (528), Vto 1 (5632), Tto S (554), Gto S (599), Ato E (610), L to F (617),
| to V (640), | to F (672), H to Y (700). However, at position 660 of the Vietnamese PEDV

isolates contained different change (K }) from the Chinese and Thai isolates having

similar amino acid to CV777. i Y e Cl giisolates (JS-2004-2, DX), and the Thai
isolates (07NP0O1, 08NPO ST 30 w difference amino acids with the
Vietnamese isolates. dnwsummar ,7 e werefotal-16-amino acid changes within
corresponding 25 nueleotides. substituti r partic . of the Vietnamese PEDV

isolates.

]

¥

AU ININTNGINS
ARIAINTUNNINGAY
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y 15‘50 . 15|60 . 15|70 - 15‘80 . 15|90 - 16‘00 . lﬁllﬂ
o7 TTGTGAACAT TACCGTGAGC GCGGCGTTTG GCGGCCTGAG CAGCGCGAAC CTGGTGGCGA GCGATACCAC

A

1 A
vNes:r o L e e 1 p . B A
VNb482 L e e B i c B .. .A
L T - R i r e Y ¢ B ... AL
A

A

A

A

A

VN10354 . . | F B
VN10955 e o ’ - r i
VN11256 B — F ... 4 AT
VN11657 ool . N L
VN12258 R R - ..

Clustal Consensus

1670 1680

IR EEEEER] LRI 2 2% * ¥

’ 1730 1740 17350
e = . P e e N T
o AACAGCTATG GCTA EERTL G GTTTAC CCTGCAGAGC GTGAACGATT

11711 A

NPl . ;
w2 e (T
el \YF 1 |
sz : e
s v T . -

s S . |
wisss .. .....n L

WSS o
VNIEST ol B
VNS g o e WWF

o uﬂ a !lﬂnj ! ng;‘]vﬂq .
Figure tide sequence alignment of th of eight Viethamese PEDV
q %ﬁed fﬁ f1 i ;tu|o a 67;7 |so| te@ E:I4 -2 and

qDX Korean isolates, , 0801, KNU-0802; Thai isolates, 07NP01, 08NP02). Dash (

reveals the nucleotide identity of isolates compare with prototype strain (CV777). There were

some sites in sequence with different nucleotides due to substitution of nucleotides comparing

with CV777.
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1760 1770 1730 1780 1800 1810 1820
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ATCTGAGCTT TAGCAAATTT TGCGTGAGCA CCAGCCIGCT GGCGGGCGCG TGCACCATTG ATCTIGTTTGG
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1930 1580
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JSI0041 B
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PEDV |solgs (VN92S1, VN94S2, VN9723 VN10354, VN10985 VN112S56, VN11687 VN122S8)

NI Yah (8 O 1510

ﬂ) reveals the amino acid identity of isolates compare with prototype strain (CV777). There were

some sites in sequence with different encoded amino acids due to substitution of amino acids

comparing with CV777.
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The full M gene

The nucleotide sequence of full M gene of the Vietnamese PEDV isolates composed

about 687 nucleotides encoding about 225 amino acids (Figure 4.4a,b). Six current

Vietnamese PEDV isolates (V M2, VN109M3, VN112M4, VN116MS,

VN122M6) and reference Europes .' r : , Br1/87) shared high homology,
' to C (123), Tto C (125), Gto T
, 110 A(348),Cto T (537),CtoT

Interestingly, VN92M1 had a few
h\ aly

537 (from C to T) \ shared high similarity to

the Chinese isolates 0 ;’v‘*\k\ \ 99, M1763) and the Thai

« d above position changes

changes compare position 123 (from T to C),

compared with the ( \ >s from China, Korea, and

Similar to nucleotide seque 'l' > deduced amino acid of M gene shared

i
high homology together except J--_'E_r-;;s;’.'?ek.e n- of the Vietnamese isolates containing

9
[

ﬂUEJ’JVIEJVlﬁWEJ’]ﬂ‘i
Qﬁﬂﬂﬂﬂ‘iﬂdmﬂﬂmﬂﬂﬂ
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isolates w92M1 VN103M2, VN109M3, VN112M4, VN116M5, VN122M6) and selected

EL sV RET DI rETTier Y e

7NPO‘| 08NP02 and KUOBRBO08). Dash (.) reveals the nucleotide identity of isolates compare

»—1»—1»—1»—1»—1»—1

with prototype strains (CV777 and Br1/87). There were some sites in sequence with different

nucleotides due to substitution of nucleotides comparing with CV777, Br1/87.
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al isolates, 07NP01, 08NP02 and KUOBRB08). Dash (.) reveals the amino acid identity of

isolates compare with prototype strains (CV777 and Br1/87). There were some sites in
sequence with different amino acids due to substitution of amino acids comparing with CV777,

Br1/87.
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4.3. Phylogenetics
The partial S gene

Phylogenetic analysis based on nucleotide and encoded amino acid sequence of

the partial S gene revealed PEDVs stra g into three groups (Figure 4.5a, b). Group

1 contained most PED strai those affe i euintries included Europe (CV777/1977,
Belgium; Br1/87/1987,'B ) ~China - 7), Korea (DR13/2006, KNU-

0802/2008), Thailand (0ZNP01/2007, 08 02/ 0B01/2008) and Vietnam (current

isolates in this study). Geetip r/ ad \ (Korean isolates) and group 3
comprised of the first Karean isolate hi_n' 2'\! ,\.\.\ e namese PEDV isolates had

high homology of alignment Ve he 0 d 0 two separated clades

o

(clade 1: VN94S2, O7S N1 08¢

54 AN
Y@

T

256, VN116S7, VN122S8; clade 2:

VN92S1) with 98.9% seque °EDV isolates contained high
differences on the nucleatide u‘- : % e with other reference strains in
Europe (CV777, Br1/87), anc orea It o ok1, 01). Interestingly, the current
Vietnamese isolates closely rel “ — ates (07NP0O1, 08NP02, 08CB01), the

Chinese isolates (JS—2004:2, DX) andthe-recer can isolate (KNU-0802).

ﬂUEJ’JVIEJVlﬁWEJ’]ﬂ‘i
Qﬁﬂﬂﬂﬂ‘iﬂdmﬂﬂmﬂﬂﬂ
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o’

ChinjuBs (Korea)

KNU-0801 (Korea)
61 Spk1 (Kare
R
2 -
i
|
Figure 4.5 (a), dendrogram based nucletotide sequence of the partial S gene amongst

eightﬁouthem \#;tﬂese PEDV _isolat VN92S1, VN94S2, VN97S3, VN10354,

T B SR e

strainﬂ3v777 and Br1/87; Chinese isolates, JS-2004-2 and DX; Korean isolates, Chinju99,

oL arRiscoul et

was constructed by using neighbor-joining algorithm. The number on each branch

0,005

VN1

presents the bootstrap values of 1000 replicates. The scale bars indicate the number of

0,005 estimate evolutionary time.
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4

Figure 4.5 (b), o or drogram based on encoded amino acid seq ﬂ ce of the partial S gene

.01
H

amongst eight sout@rﬁetnamese PEDV iso.Lgs (VN92S1, VN94S2, VN97S3, VN10384,

strains, .GV a r1/87; Chinese isolates, JS-2004- DX; Korean isolates, Chinju99,

DR13, Spk1, KNU-0801, KNU-0802; Thai isolates, ZNPO1, 08NP02, angl J08CBO1).

ARG AR A At I =

was constructed by using n bor-joining algorithm. number on each branch

presents the bootstrap values of 1000 replicates. The scale bars indicate the number of

0,01 estimate evolutionary time.
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The full M gene

Based on M gene-based phylogenetic tree, PEDVs also divided into three distinct

genetic groups (Figure 4.6a, b). Group 1 comprised of the Vietnamese isolates (VN92M1,

6), the Chinese isolates (JS-2004-2,
DX), the Korean isolates (C 7 hai isolates (07NP0O1, 08NPO02,

the currents Vietnar‘ne iSOl g r *'x.,‘ M1763 and DX). Group 2
comprised of Chi | group 3 composed of CV777,
Br1/87 (Europe) an s of M gene had similar
characteristics in genetic wvari _ e cL ‘ lamese isolates and VN92M1

possessed higher variable

AU ININTNGINS
ARIANTAUNM TN
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VIN92-M1

3 VN109-M3

55 7AN R
' \\i" (Korea)

29 _ } N UOGRBOS (Thailand)

3
3r1/8 -.ﬁ%%-
( frrf "-'::Jr

strain LZC (China)

¥

Figure 4.6 (a), dendrogram based on nucleotide sequence ofithe full M gene amongst six

southern Vletnam@EDV isolates (VN92Mu\I103M2 VN109M3, VN112M4, VN116M5,

Elﬁ}mi} NENEREIN 17;5:5 B

CPF299 Thai isolates, 07NP01 ‘8NPO2 and KU(BI?O8) Multiple allgwt method

neighb rjslilng jorll n eaoh bran leslen he lo strap values of

1000 replicates. The scale bars indicate the number of 0.0005 estimate evolutionary time.
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03 nreg!
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nooEL = .,‘T‘

Figure 4.6 (b), rogram based on encoded amino acid sence of the full M gene
amongst six southerr‘/@mese PEDV isolate§ (WN92M1, VN103M2, VN109M3, VN112M4,
VN1 16ﬂ \MZEJ V\atr%q oEJh%’r]f%cwaE}@;fa] ﬁins, CV777 and
Br1/87; “mese isolates, JS-2004-2, LZC, DX and CHIMTO6; Korean isolates, Chinju99,
M1763, CPF299; Thai isolates, 07‘P01 08NP02 an@*KUOBRB08). Multi lignment
9 AT AV B Bk
usmg neighbor-joining algorithm. The number on each branch presents the bootstrap
values of 1000 replicates. The scale bars indicate the number of 0.005 estimate evolutionary

time.
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CHAPTER V
DISCUSSION

\/) is genetically classified into group 1

Coronaviruses. Spike glycoprotei / coprotein genes are believed to have

genetic variation geograph et aI.,&n et al.,, 1991; Cavanagh et al.,
. P S K

al., 2000; Saif, 2004; hose genomic sequences

has been reported pathogenicity (Lai et al.,

2007; Lee et al., 201

sity based on numbers of

2001; Yeo et al., 2003;

molecular sequence a ) ': [ etal,

Jinghui and Yijing, - 2006, Park et al. - al., 2009; Puranaveja et

variation is C-terminal a ninaliregions of S (Park et al., 2007; Lee et al.,
K L.

2010). Ballesteros et al. ibed two ami id changes at the N-terminus of

transmissible gastroenteri

tropism. The N-terminus region s i septor binding of Coronaviruses (Kubo
; 5T T
et al., 1994; Won&t al., 2004) and porC| : a ceptor of PEDV (Li et al.,

2007).

M glycoper[jin
glycoprotein  gene*(Lai

Nunthaprasert, 2008; "’lﬂaveja et al.,, 2009), M protein has a triple-spanning viral

e B W TR} e e

virus and ﬂj)ng carboxy-terminal domaln inside. The important role of M gene contributes

SRS

d&elopment of genetically engineered vaccine for PED prevention or specific antigen for

ore conservable than S

et al, 2007; Chen et al, ZOOﬂWongserepipatana and

PEDV diagnosis in serology because it is on the exterior surface of viral envelope

(Wongserepipatana and Nunthaprasert, 2008).
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In these Vietnamese PEDV isolates, genomic characterization revealed highly
conserved in M gene than partial S gene. However, the variability of nucleotide sequences
of partial S and full M genes were not much different comparing with other isolates in
neighboring countries (JS-2004-2, DX, 0ZNPQ1, 08NP02, 08CB01, CPF299 and M1763) that
have the same ancestor (revealed on phylogeneiics): The phylogenetic analysis showed the
close relationship among isolates of group 1 as.in China (JS-2004-2, DX), in Korea (KNU-
0802, CPF299, and M1#63),-in-Thailand«(07NPO1,-08NPO2, 08CB01, KUOBRB08) and in
Vietnam. The European prototypes (€V777, Br1/87) and the Korean isolate (DR13) were in a
separated subgroupainterestingly, the curr_clant Thai isolates absolutely were closely related
to the Korean isolate (GPF299) sharing 100‘%0 nucleotide and amino acid identity of M gene.
This finding will need furthersstudy, to':clearr.y make on the similarity. Within eight southern
Vietnamese PEDV isolates, there we_re;a fedeiEf_erences in the isolate VN92S1 compared
with other isolates because it came from diffelgren?t farm and province (Farm 1, Binhduong).
Two other isolates (VN9454, VN97S3) ;crollected..-f{@m_-other farms in Binhduong also revealed
minor differences in nu€leotide and amino aéibﬁgquence with the remaining isolates. This
particular isolates from Binhdughg belonged f('_a.'_'jt:gg:distinct clade from other Vietnamese

PEDV isolates showing genetic diversity  of F?ED\/ ‘population in Vietham. However, the

"

genetic  differences among --‘thos:e were not much. «Thegsisolates in Dongnai
(VN10985NN109M§’shared—smﬂaﬂyﬁn—mfeoﬁﬂe=aﬂﬁW;Gid: identity to Hochiminh
isolates (VN1OSS£1/VN403M2, VN112S6/VN112M4, VN11687NN116I\/I:5,:1/N12288/VN122M6).
The southern+Vietnamese PEDVs contained high differences on the nucleotide and
deduced amino acid sequence of partial S géneg with other reference isolates in Europe
(Br1/87, GVr77) and-Korea (Spki, €hinju99, DR13 and+KNU-0801). Chronologically, the
field PEDVistrains might have evolved and spread geographically based on epidemiology.
The first. isolate, CVZ77_(Belgium, 1977) was recognized to_be_similar (100%._sequence
identity) to Br87 (Britain, 1987), and ;shared similar pathological features. Since then,
PEDVs have spread widely to the swine farms of other geographical areas (Pensaert and
Yeo, 2006). In China, there was a report confirming PED outbreaks in the past but the PEDV
molecular genome was not available until LJB/03, JS-2004-2, and DX (isolated 2003, 2004,
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2007) were sequenced and submitted to Genbank. Interestingly, these isolates revealed
close relationship with European strains (Junwei et al., 2006). Likewise, Korean PEDVs

(Kweon et al., 1999; Kang et al., 2005; Park et al., 2007), Thai PEDVs (Puranaveja et al.,

,7uenced and showed clearly these isolates

U|te different from the previous

eneﬂ anaMrlbed by Park et al. (2007),

he C-terminal region of S1

2009) and current Vietnamese PEDV

came from the same ancestor.

However, recent fi
study of Park et al. (2
PEDV isolates were
domain and were di lates Spk1 and Chinju99
(group 2 and grou ; r isti Ips based on full S gene
phylogenetic analysis r , ineludi e e and the Korean vaccine
- - and Chinju99) belonged

to group 2. Since, ge séd ' of the S1 domain was not

enough to represent the jene iLee e . The S1 domain and the S1 N-

terminus were suggested. ele naify | terminal half of the molecule
forming the globular porti *r _ ontains. nces responsible for binding to
specific receptors on the surfaoe@ -" cells (Cavanagh, 2005; Li et al., 2007). In

addition, S1 se degrees of deletion and

i

I .
Leparc-Goffart et ajd%?). These results could provide further

substitutions in | diif -quences have been

associated with alt (Ballesteros et al., 1997;
earches on full S gene of
PEDVs to analyze tﬁ’e,ﬁpwerful moleculan’ epidemiology for tracing the outbreak

=B Y INYNIWNEINT

Moﬁpver viral RNAs are conS|dered high mutational alterations on genomic

OV PRI AR I lav: T

Sgnuster 1997; Moya et al., 2004). Coronaviruses revealed individual viral genomes
differing in one or more nucleotides from the consensus or average sequence of the

population and over relatively short times genotypic drift occuring as particular
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variants. Since Coronaviruses possess largest RNA genome, mutation rates are always
high. For example, each one out of 30000 nucleotides of coronaviral genome will change in
each replication cycle. Furthermore, coronaviral genomes may undergo more substantial

mutations, including massive gene d ich can possibly affect their pathogenicity

(Murphy et al., 1999; Moya et

AU ININTNGINS
ARIAINTUNNINGAY
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CONCLUSIONS

The phylogenetic analysis indicated that these current Vietnamese isolates have

originated from the same Chinese ances nt Thai and Korean isolates and have
been undergoing genetic varie to forr ub-cluster in Vietnam. Based on
the phylogenetic tree of al < Aates (JS-2004-2, DX), the Thai
isolates (0BNP02, 07NPQ : ' es were grouped in the same

neighboring countrie navej: 08O)aThey idemia ogy of outbreaks related

to geographical influg an [ '_ I nally, animal movement and

geographical areas but not in f ntinen epting an old report of PED-induced

outbreak in Can_ada (T et 51980 i T¢ explained for absence PED in

and availability efdgoc :
movement from theEDV enden A mericanﬂmtinent. This disease has

caused massive econ%mic losses in the swine Eroduction, especially in Europe and Asia.

acclimat| inistr erive obulin} usmg attenuated

vaccines, these strategies have shown no or partial ﬂ[ectlon The appr@’pte vaccine

’Qa"ﬁ Wﬁ@ﬂ ARV 1IN IR E:

pq)vokmg specific immune response in sows before transmitting to suckling piglets is a key

of success on PED control.
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APPENDIX A

Sample analysis

Suspension
10 %

— j! . .
{.‘ ) rpm/m; 5 minutes

Tissue dissociation: gmtissue samples was fhomogenized by adding PBS (10/90,

e TR YR e

centnfugecql‘at 3000 rpm per minute in 5-10 minutes at 4 C. The supernatant of 1-3 ml is

IWTRITSHITHATE TR



RNA extraction

Homogenize samples (tissues,
ultured cells or white blood cells)

/Nh Lysis Buffer (RLA).

'@ fresh tube and add RNA
n Buffer (RDA); mix and centrifuge.

Spin

Centrifuge for

Wash with RMA
Wash Solution (R

DHase Treatment.
Add DNase

Stop Soluliog

C entrifUgB Sor-one-minuie.

Wash 24 w_
RNA Wash Se

Elute RMNA into
Elutmn Tube.

ﬂUﬂ?ﬂﬂﬂ g9
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APPENDIX B

Protocol of BigDye Terminator v3.1 cycle sequencing kit

(Applied Systems, 2002)

ions for Reaction 96-
-—d:e_ Il Plates
Cycle sequencin \

< 1 "'l\ﬁ- srminator v1.1/3.1

!g\\\\ e

' action 96-well Plates

‘

ct on: add following reagents a

Post sequepcing.e

7 Volume
(Purifying B T e e e
\"F - 8.0pl
2-20ng
Electropharesis | m I\JAAnalyzer of 3.2 pmol
Q.s.
ﬂ ’J i I EJ ' I 20l
Mix well and spin briefly
Basecallmg using KB basecaller ¢

ARIANN I NiﬂTJﬂEJ']ﬂEJ



Cycle Sequencing on the System

Place the tubes in a thermal cycler

Perform an initial denat

a) Rapid therma |

b) 960 i =Y = —

Repeat the fol

- d t

- 96°C
- R |d t

50°C for 5

- Rapid the

60°C for 4 mln

7 Y |

Rapid therr

i

al ramp to 4°C and hold until ready to pu
¢ a LY

FIUEINEMING TS

ﬂn down the contents of tubes in microcentrifuge

= S
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APPENDIX C

Nucleotide sequences

Partial S gene

VN92S1

TGCATCATTCTTTTGTTAT 7 CATAGTGGTGCCAACCTTATT
GCATCTGACACTACTAT ACTAGACAATTTACCATTTCAC
TGTTTTATAACGTTAC ( [GGTTA AACAGTAATTGCCCTTTTAC
CTTGCAATCTGTTA ACTA [ > \ \5"\ CTACCAGCCTTTTGGCTAGT
GCCTGTACCATAGAILE {CF| 1s ‘ \ \ SITAAGTTCACGTCCCTTTAC
TTTCAATTCACAAAEBG ! \‘\ TGAAGGTGTTACGGACGT
TTCTTTTATGACTC / [A n (5 T AAGGTGAGGGTATCATT

ATTCTGGACAGTTGTTAGCTT

TCAAGAATGTCACTA \ CTTTTTCAGAGCAGGCTGCAT
ATGAGA \

VNO4S2

NATGGCATCATTTATGATCATFCTI TTGTTATATTAC GCTGCTTTTGGTGATCATAGTGGT

GCCAACCTTATIG CTGIGTTGACACTAGACAA

TTTACCATTTCA ! 1!"-']* AATCACAGGACAGTA
ATTGCCCTTTTACcmC AA A GC@ATTTTGTGTTTCTACCAGC
CTTTTGGCTAGTGCCTGTACCATAGATCTTTTITGGTTACCCTGAGTTTGGTAGTGGTGTTAAGTTC

ACGTCC TIT GGTGAGT CTGGCACGCCT CCACTTGAAGG
TGTTAC GTIGT GGCTTTAGAGG

TGAGGGTMSATTACCCTTACAAATTCTAGCTTTTTGGCAGGTGTTTATTATACATCTGATTCTGGA

oy kil SRR Y™

VN97S3
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TTTACTGATCATTCTTTTGTTATATTACTGTCTCTGCTGCTTTTGGTGATCATAGTGGTGCCAACCTT
ATTGCATCTGACACTACTATCAATGGGTTTAGTTCTTTCTGTGTTGACACTAGACAATTTACCATTT

CACTGTTTTATAACGTTACAAACAGTTATGGTTATGTGTCTAAATCACAGGACAGTAATTGCCCTTT
TACCTTGCAATCTGTTAATGATTACCTGTCITITAGCAAATTTTGTGTTTCTACCAGCCTTTTGGCTA

GTGCCTGTACCATAGATCTTTTTG GTAGTGGTGTTAAGTTCACGTCCCTTT

ACTTTCAATTCACAAAGGGTGAGT CCACTTGAAGGTGTTACGGAC

GTTTCTTTTATGACTCTGG’% & GGCTTTAGAGGTGAGGGTATC
— T —

ATTACCCTTACAAATTCTA TCTGATTCTGGACAGTTGTTAG

CTTTTAAGAATGTCACTA T SCCATGTTCTTTTTCAGAGCAGGCTG
CATATGA SN,

VN103S4

GTCCCTTTACTTTCAATTCACAAA
.-*.-' L
TTACGGACGTTT TTTTATGA('fl'iO'FéB

GCAGGCTG

VN109S5

e AR AN WU e

AC CTTATTMATCTGACACTACTATCAATG GGTTTAGTTCTTTCTGTGTTGACACTAGACAATTTAC

K AR A ATk lalal 1L jlats Ik

GECTAGTGCCTGTACCATAGATCTTTTTGGTTACCCTGAGTTTGGTAGTGGTGTTAAGTTCACGTC
CCTTTACTTTCAATTCACAAAGGGTGAGTTGATTACTGGCACGCCTAAACCACTTGAAGGTGTTA
CGGACGTTTCTTTTATGACTCTGGATGTGTGTACCAAGTATACTATCTATGGCTTTAGAGGTGAGG
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GTATCATTACCCTTACAAATTCTAGCTTTTTGGCAGGTGTTTATTATACATCTGATTCTGGACAGTT
GTTAGCTTTTAAGAATGTCACTAGTGGTGCTGTTTATTCTGTTACGCCATGTTCTTTTTCAGAGCAG
GCTGCATATGA

VN112S6

GAGATCATTTATGATCATTCTT CTTTTGGTGGTCATAGTGGTGC

\:’1" [TA
CAACCTTATTGCATCTGAGH ACTATCAATGGG CTGTGTTGACACTAGACAATTT

ACCATTTCACTGTTTTATAACGILIACAAACAGTTAT CTAAATCACAGGACAGTAATT

GCCCTTTTACCTTGCAATCTGITAATGAT [GTCTITTAGCAAATTTTGTGTTTCTACCAGCCTT
TTGGCTAGTGCCTGTACCAT . TGA AGTGGTGTTAAGTTCACG
TCCCTTTACTTTCAATICACAA EAGTT S CCTAAACCACTTGAAGGTGT
TACGGACGTTTCTTTTATGACTE TEGATGIGTGTACCAAGTATACTATCTATGGCTTTAGAGGTGA
GGGTATCATTACCOITACARATIC TAGCTTTTEGCAGETGT TTATTATACATCTGATTCTGGACAG

_Lf
T TG@ﬂg [TACGCCATGTTCTTTTTCAGAGC

TTGTTAGCTTTTAAGAATGT

AGGTTGCATATGA %ggﬁf{
*'!113'1
VN116S7 >/ ;‘i
iE ..-_F?-‘--’Ee'-"
TCTTGCATCATTTATGATCATTCTTIIGITATATTAC CTGCTGCTTTTGGTGGTCATAGTGGT
=TT

GCCAACCTTATTGCATCTGAGACTAGTATC TTTCTGTGTTGACACTAGACAA

TTTACCATTTCACTG ] ;#,‘ AATCACAGGACAGTA

AATTTTGTGTTTCTACCAGC
CTTTTGGCTAGTGch A ‘ AGT@
ACGTCCCTTTACTTTCAATTCACAAAGGGTGAGTTGATTACTGGCA

TGTTACGGACGTT CcT G TGGCTTTAGAGG
TGAGGGﬁCu@TTﬁ:ﬁl ﬁgﬁ]g% ﬁAﬂrﬁxTCTGATTCTGGA
CAGTTGTT%CTTTTAAGAATGTCACTAGTGGTGCTGTTTATTCTGTTACGCCATGTTCTTTTTCAG

’{Cﬁﬁ AN TN INYINY

CTTGCATCATTTATGATCATTCTTTTGTTATATTACTGTCTCTGCTGCTTTTGGTGGTCATAGTGGTG

ATTGCCCTTTTAC

GTAGTGGTGTTAAGTTC
GCCTAAACCACTTGAAGG

CCAACCTTATTGCATCTGACACTACTATCAATGGGTTTAGTTCTTTCTGTGTTGACACTAGACAATT
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TACCATTTCACTGTTTTATAACGTTACAAACAGTTATGGTTATGTGTCTAAATCACAGGACAGTAAT
TGCCCTTTTACCTTGCAATCTGTTAATGATTACCTGTCTTTTAGCAAATTTTGTGTTTCTACCAGCCT
TTTGGCTAGTGCCTGTACCATAGATCTTTTTGGTTACCCTGAGTTTGGTAGTGGTGTTAAGTTCAC

GTCCCTTTACTTTCAATTCACAAAGGGTGAGITGATTACTGGCACGCCTAAACCACTTGAAGGTG

TTACGGACGTTTCTTTTATGACTCTGGA ) GTATACTATCTATGGCTTTAGAGGTG

AGGGTATCATTACCCTTACAAAT AG ( Ei TTATTATACATCTGATTCTGGACA
TACGCCATGTTCTTTTTCAGAG

CAGGCTGCATA

Full M gene
VN92MA1

AGGACCAGTCCTTA
ACTGGAATTTCACATGG

GACACATTCTTGGTGGTC

GACAGGTCTGCATTCCAGTGCLF@@
i r""r“’- ( .
ATTGCTTGTAGAII%GCTATAAGGTTGCTAC GGC [

b 1.','_,

CAGTCGCCAAGBCEACTACAACAATICTITATECACGTGTTGE
AGCACTGGTTGGGj‘ CTATGTCCGG]
STGCGGTTCTCACA

TAGTGAGAAAGTGCTTCATTTAGTCTAAA -

VN103M2

CAATTGEI WHANUNINEIDT e

TGGAATAT ATACTGACGATACTACTTQ‘T AGTGCTTCAGT&%GCCATTACAAGT%}CTGCGTTC

P M die N 1P e il i S

CTCTTATGCTGTGGATAATGTACTTTGTCAATAGCATTCGGTTGTGGCGCAGGACACATTCTTGGT
GGTCTTTCAATCCTGAAACAGACGCGCTTCTCACTACTTCTGTGATGGGCCGACAGGTCTGCATT
CCAGTGCTTGGAGCACCAACTGGTGTAACGCTAACACTCCTTAGTGGTACATTGCTTGTAGAGG
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GCTATAAGGTTGCTACTGGCGTACAGGTAAGTCAATTACCTAATTTCGTCACAGTCGCCAAGGC

CACTACAACAATTGTCTATGGACGTGTTGGTCGTTCAGTCAATGCTTCATCTAGCACTGGTTGGG
CTTTCTATGTCCGGTCAAAACACGGCGACTACTCAGCTGTGAGTAATCCGAGTGCGGTTCTCAC
AGATAGTGAGAAAGTGCTTCATTTAGGTC

VN109M3

GGGTAATGGTCTACGGC

TTTTTGATGCATGG CAGCATCCTTATGGCTT

GCATCACTCTTATG GTGGCGCAGGACACAT

TAGAAACTGGAATTT
C ATTACAAGTACTCTG

CGTTCTTGTATGGTCF AA GCCICTTGTGTTGGCACTTTCAC

TTTTTGATGCATGGGCTAGCTTTCAGGTCAACTGGGTCTTTTTTGCTTTCAGCATCCTTATGGCTT

GCATCACIGTTATGCT TAATGIACTITGT CATTCGGTTIGTGGCGCAGGACACAT
TCTTGGﬁTﬁ @ﬁcgﬁGﬁﬁﬁﬁﬂgGGCCGACAGGT
CTGCATTC‘I\GTGCTTGGAGCACCAACTGGTGTAACGCTAACACTCCTTAGTGGTACATTGCTTG
ATAAGGTTGCT. ‘T T CTAAT TCGCC
THEGGCTTTCTATGTCCGGTCAAAACACGGCGACTACTCAGCTGTGAGTAATCCGAGTGCGGTT
CTCACAGATAGTGAGAAAGTGCTTCATTTAGGTCTAAACA

VN116M5
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GGGCATACTCTACCCGCTTCGCTCCCCGTTGATGAAGGTGATTGAACACCTTAGAAACTGGAAT
TTCACATGGAATATCATACTGACGATACTACTTGTAGTGCTTCAGTATGGCCATTACAAGTACTCT
GCGTTCTTGTATGGTGTCAAGATGGCTATTCTATGGATACTTTGGCCTCTTGTGTTGGCACTTTCA

CTTTTTGATGCATGGGCTAGCTTTCAGGT TGGGTCTTTTTTGCTTTCAGCATCCTTATGGCTT

GCATCACTCTTATGCTGTGGATA/ CATTCGGTTGTGGCGCAGGACACAT

TCTTGGTGGTCTTTCAATC CTTCTGTGATGGGCCGACAGGT
CTGCATTCCAGTGCTTG \CTCCTTAGTGGTACATTGCTTG

TAGAGGGCTATAAGGTTGC AATTACCTAATTTCGTCACAGTCGCC

CTCACAGATAGTGAGA

AAGGCCACTACAACAATTGICTAR ' . AGTCAATGCTTCATCTAGCACTGG
TTGGGCTTTCTATGTCH AARAC S \u GTAATCCGAGTGCGGTT

VN122M6

CACATGGAATATCATACTGACGAT

C \ ‘.'i CTTGTATGGTGTCAAGATGG

[TTCACTTTTTGATGCATGGGCTAGCTTTCA
GGTCAACTGGGTCTTTTTTC ‘pr ‘_. : [/ TGCATCACTCTTATGCTGTGGATAAT
ACATTCTTGGTGGTCTTTCAATCCTGAAA
CATTCCAGTGCTTGGAGCACC
AACTGGTGTAAC 6 -ATAAGGTTGCTACTG
} # TACAACAATTGTCTAT

GCGTACAGGTAAGIC/
¢ TTGG@TTTCTATGTCCGGTCAAA

GGACGTGTTGGTC@CAGT AATGC
ACACGGCGACTACTCAGCTGTGAGTAATCCGAGTGCGGTTCTCACAGATAGTGAGAAAGTGCTT

C’“”“ﬁ‘ﬁslfmwﬁwmni
AN TUANINGAE
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-

stract

Forcine epidemieddiarrheafvirus (PEDV) sipike (S) protein and membrane (M) protein

genes arc believed to have genglic vafiagon geographically. The heterogeneity in those genomic

» has been reporigd and 4§ known gssenually for the diverse PED pathogenicity. Eight

- Vletnamese PED Vs gfromi theé réeent outbreaks (2009-2010) were sequenced and

Fhe results revealgd high homology of the" pamal S gene of total 8 current isolates at

o (despite dividing ingo two ¢ladeswof different provincial origins) and 99.7-100%

identity on full M gene among these isolates. Howc@er !he Vietnamese PEDVs contained high

flerences on the nucleotidg Sequénce of partial S gdne with other reference isolates in Europe

1/87, CV777) and Kerean (Spkl, Chinju99; DRI3 and KNU-0801). The phylogenetic

. hip of both S and M génes jindicatedithai the current Vietnamese PEDVs showed high

homaology with the Chinese isolates (JS- 2004-2.and DX), the Thai isolates (07NPO1, 08NP02 and

nRCBOI) and the Korean isolates (KNU-0802"and CPI}Q99) The results demonstrated that the

e 1[ Vietnamese isolates of this study may originate from the same ancestor undergoing genetic
riation and forming a new PEDV genotype in Vietnam. - _.1‘,4

Keywords: phylogenetic analysis, pigs, Porcine c‘zidemic diarrhea virus, Vietnam

- ; f W ) Ay
o . 3l

Introduction :

Porcine epldenﬁc > diarrhea (PED) is a devastating contagious dlsease caused by a
iavirus, porcine epidemic diarrhea virus (PEDV), producing acute enteritis and fatal watery
. with high mortality ratio in suckling pig up to 90% (Pensaert and Yeo, 2006). PED was
identified in England’ in 1971 (Oldham, 1972). Currently, it has become a problematic
Uisease causing massive economic losses in many countries, particularly in Europe and Asia
(Chen et al., 2008; Pensaert and Yeo, 2006). Numereus; molecular investigations have been
serformed andsrévealed low to high variation of nueleotide sequenees of PEDV, especially in the
sroteld gene whicheis genetically highly variable and is divided into two subunits S1 and
S2(E uarte aud Laude, 1994; Kocherhans et.all, 2001; Yeo el al; 2003, Kang et al., 2005; Park et

L, 2007: Lee et al., 2010).

The emerging PED outbreaks in early 2009 confirmed by pathological features and RT-
FCIR cavsed ‘massive leconomic| 10sses” of swine production in” mostyof [southern prowvinces: of
Vielnam {unpublished data). Therefore, the objective of this study was to genetically characterize
the ewrrent Vietnamese PEDV isolates for elucidation the epidemiologic relationship among
FEDY irains,
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Miaterials and methods

‘ollection: Total 8 PEDV isolates from porcine intestinal samples had been taken from

showing very watery diarrhea and dehydration on different affected 5 farms of three

iwes in southern Vietnam. RNA isolation: The total RNA was extracted according to the

i | of commercial kit’s (Promega, Madison, WIUSA) RT-PCR: Two different genomic

reglons, 651bp fragment of partial S glycoprotein genciand 7 15bp fragment of full M gene were

I (Park et al., 2007; Chen et al.. 2008). RT-PCR ene-step protocols: Exactly, 4 ul RNA

was mixed with a.reaction mixture containing 10 ulof.2X AccessQuick™ Master Mix

:a, Madison, W1, USA), | ulefeach specific primer (10 pM), 0.5 ul of MgCl, (25 uM),

» ul AMV reverse transeriptase (Ou/iil), and add 8 pl nuclease-free water reach to total

;action of 25 ul. Firsil§ reyerse transcription reaction ineubated at 48°C for 45 min to

first strand @BNA syaithesis. /Then, the second strand CDNA synthesis and PCR

aplitication was denatured at#95°Gifosimin (01} cycle) and 30 cyeles of repeated denaturation

for 30 sec, annealing at 33°Cifor 60 sec, extension at72°C for 60 sec. Additional step is

extension at 72°C for 8 minl Analyze the PCR products by agarose gel electrophoresis of

was readily visiblegby WV ftransillumination of an ethidium bromide-stained gel.

wing: Purified BCR produgts ‘weressequenced by lst BASE Pte Ltd (Singapore).

w:quencmg analysis: Nucleetide sequences of cd{rem Vietnamese PEDV isolates and other

isolates (Genbank: Aittp:/Awww.ncbi nlm.nihgov) were aligned, edited, and analyzed with

7.0.5.3, Clustal #2.0. | prggram. Bhe phylogenetic frecs were then generated based on

'_ ibor-joining method in the MEGA 2.0 Thes x;:la,uve support for each branch and the
value of 1000 repligates were computed

i g
':;I\-J‘ S : J‘-q.
nence homology T 4 -“

The partial S gene, the pairwise altgnment nucleotide sequences of southern Vietnamese
showed high homology together-ai 98.9 - 101‘)j% ‘However, the current PEDV isolates
- variable differencé on nucleotide sequences with other reference-strains. In reality,
“rent isolates-shared 95.6 - 96.4% nucleotide identity with pareniage, European strains
. Br1/87) and S a=97-8%1dentity-with-Korean-strams(Chmjuy9,:Spk1, DR13, KNU-
"NU 0802). «interestingly, Vietnamese isolates shared high nucleetide homology with
¢ strains (JS-2004=2, DX) and Thai strains (07NPQO1, 08NP02, 08€B01) at 97.7 — 98.5%
- 99.5%, respectively.

The full M gene, homology of nucleotide sequence in full M gene of Vietnamese PEDV

shared considerably High together (9.7-100%).in this study. Within group 1, current

cse/PEDV isolates shared 98.6 - 99.0% of nucleotide sequence identity with Thai strains

, 08NP02, KUO6RBO08), 97.2 — 99.7% 1dentity with Chinese strains (JS-2004-2, DX),
and 97.9 — 99.0% identity"with Korean strains (CPF299, M1763).

netics

The'partial.S gene phylogenetic analysis based.on nucleotide’ sequence revealed PEDVs

#4l - were divided into three groups (Figire3sla). Group | contained PED strains/in suffered
oyutries included Europe (CV777, Belgium; Bri/87, Britain), China (JS-2004, DX), Korea
[.NU-0802), Thailand (O7NPO!, 08NP02, 08CBO!) and Vietnam (current isolates in this

Ivy. Group 2 comprised Spkl, KNU-0801 (Korean strains) and group 3 comprised the first
train (Chinju99). It should be noted that the Vietnamese isolates contained high
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diicrences on the nucleotide sequence of partial S gene with other referent strains in Europe
(w0 Brl/87), and Korea (Chinju99, Spkl, -0801). Interestingly, current Vietnamese
‘ .ose]y related to Thai strains (0' N

In the full M gene, the PE ) divi int stinct genetic groups (Figure

ulOUp I comprised V' na ) , VNIO9M3, VNI 12M4,

L LelE, VNI22MG), ) ins (CPF299, M1763) and

: g ‘ , DV isolates revealed closely

i hip with above inese, Thaw'and Korean strains. Grou omprised Chinju99 (Korea)
sie CLIMITO6 (China) and oul ded'CVTY and LZC (China).

2 3
=
~J
Z
oo,
S
o
oo *
Z
-}
=t
Pt

VAR

Groap )

TNPOI (Thadand)
0ENPD2 (Thadand)
L CPF299 (orea)

i — KUOBRBO8 (Mhatend)

MATAY (Rovea;

stran DX iChrat
B2187 (Brtan)

1061 CVTTT (Betgurmy -

} Group?

stran L 2C {Chira) }

m Group3

lsgun. 3.1 as et i uen. f.the. pastials, S a gsteeight southern
Vi ﬁ H L, Nﬁ, , g&}ﬂ% VNI6s?,
YINT2258) 1l lh r referent/strain ean strains, C ; Chinese strains, JS-

2yl und Korean strains, Chinju99, DR13, Spkl, KNU-0801, KNU-0802; Thai strains, 07NPOI,
OENPO2, and 08CBOI) (b) of full M gene am‘gsl siX southem Vl amese PEDV isolates ( 2Ml

Anent mclhod pertormed by using (,luslalX program. The phylogencllc tree was construcled by using
neighbor-joining algorithm. The number on each branch presents the bootstrap values of 1000 replicates.
i1 scale bars indicate the number of 0,005 estimate evolutionary time.
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Porcine epidemic diarrhea virus (PEDV) can be distinguished into genetic group 1 of

iruses that spike (S) glyprotein and membrane (M)';';roLein genes are believed to have

et variation geographically (Cavanagh et al., 1992 Coeket al,, 1986; Kingham et al., 2000;

offart et al., 1997, Weiss et al.;2005). The heterogeneity in those genomic sequences

reported and is known essentially for the diverse PED pathogenicity (Lai et al., 2007,

. 2010). The M pretein gene of Coronaviruses seems to be more conservable than the S

sene (Chen et al., 2008; Lai et ala 2007 Puranaveja et al., 2009). In addition, M protein gene can

al candidate for_thé"develgpment of gene‘\ical.ly engineered vaceine for PED prevention

ic antigen for PEDV, diagnesis 4in serolog}' because it is the exterior of viral envelope
sigserepipatana and Nuathaprasert 2008).

In the selected Viel__nta'mes.c PEDN visalates, "'g'enomjc characterization revealed highly

served in the M géne than the partial S gene but the variability of nucleotide sequences

I'S and full M¥genegtwes€ not much comparing with other iselates in neighboring

coutiies (JS-2004-2, DX, OZ—NPO 1, O8NPO2 03CBOL CPF299 and M 1763) considered to derive

same PEDV ancegtor regponsible in fecent olp}breaks. Within eight southern Vietnamese

isolates, there were minor differences in nucleotide sequence of VNO92S1, VN9484 and

i isolates collected from (wo fafmé: These isolates belonged to distinct clade compared

il other Vietnamese PEDWV isolates showing that.the current isolates have begun to create

diversity of the PEDV populatioft in Vietnam. In conélusion, the results demonstrated that the

it Vietnamese isolates of this study-may be originafl.ed;grs)m the same ancestor undergoing
cenetic variation and form a new PEDVgendtype in Vietnam.*
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