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one-step multiplex RT-PCR

One-step multiplex RT-PCR method

for detection and serotyping of foot and mouth disease virus

sungny ana* andys Batlvusal Aenwd ygen dle

Romphruke Udon™ Sahawatchara Ungvanijban Kingkarn Boonsuya Seeyo

Abstract

Background: Foot and Mouth Disease is a severe disease in double hoofed animals causing
economic impact. Early report of the serotypes is necessary for control and decrease the loss. Nowadays,
we use World Organization for Animal Health standard method (OIE standard method) for diagnosis
including ELISA typing and virus isolation. Disadvantage of ELISA typing is this method can done with
high amount of viral agents in the sample. When low amount of viral agents in the sample, it has to
increase the virus quantity using “virus isolation”, then re-confirm by the ELISA typing test. One-step
multiplex RT-PCR method had been developed, this method could identify the serotype of FMDV
within one process and could work with low quantity of virus.

Method: The developed one-step multiplex RT-PCR method with some modification by changing
the sequences in serotype O primer. The new primer was constructed follow FMDV serotype O in Thailand.
836 tissue samples (tongue, gum, coronary band and buccal mucosa of cattle, buffalo, goat and sheep)
were used for finding diagnostic sensitivity and diagnostic specificity, from the local area in the country.
They were submitted to Regional Reference Laboratory for FMD in South-East Asia (RRL) between
2017-2019 for diagnosis and identified of serotypes using OIE standard method (ELISA typing or ELISA
typing and virus isolation) and one-step multiplex RT-PCR method.

Result: The diagnostic sensitivity and diagnostic specificity were 90.89% and 90.339%, respectively
at 99% confidence interval and 2% margin of error. But 5.50% of the samples were not found serotypes
by one-step multiplex RT-PCR method, but they could identify serotypes by OIE standard method.

Conclusion: From the result, the developed one-step multiplex RT-PCR method could be used
for screening purpose in diagnosis and serotyping for FMDV infection. The advantage of the method was
less time consuming and high efficacy. Nevertheless, we had to do OIE standard method for accurate

result.

Keywords: foot and mouth disease, ELISA typing,virus isolation, one-step Multiplex RT-PCR

@usﬁé’w%ﬂsﬂmmmxLﬁﬁlﬂaagﬁnwaLaL%ﬂmi’uaaﬂLaaﬂﬁ(ﬂaa.) .UN%99 8.U1N%049 2.uATTITENT 30130
Hiutinveu: 1n30804642992uving 044314889 Biua: romphrukeudon@yahoo.com

Regional Reference Laboratory for FMD in South-East Asia, Pakchong, Nakhonratchasima 30130
*Corresponding author: Tel. 0804642992 Fax 044314889 e-mail: romphrukeudon@yahoo.com
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World Organisation for Animal Health (38u195g711
OIE) l¢ur3® ELISA typing usidsiadededasatng
Foslivsinallidasuaunn Sedesdinsmzusnide
wazindSinallhSaluwadinnzides (virus isolation)
U shumege Ut dnasiedd ELISA typing
MIANNTINBNUNANIINTIVENET FILARAITWRILNGD
one-step multiplex RT-PCR @vanunsonfiau3uney
asiugnssy warsuundlsindueadelifalsaunn
wazwidesldlunsasadfiorndaie

25013 YINA1IAAIUIIS one-step multiplex
RT-PCR Tnewdsuuvasdiduivalulnsiuesves
Fslnt 0 Mndduaveatol¥alsanuaznios
fuenldanituilulsumdlng deerldanansasuun
Fsndveandeimintululszme arntuanmen
AMUlLBITdY (diagnostic sensitivity) wagAIM
FUN2LTITUE (diagnostic specificity) IneUSeurieu
AuIEnaaauNInIgIu OIE lakA 35 ELISA typing w38
75 ELISA typing 53mU 38 virus isolation Ingla iz
f19 9 I Gu witen 1sfu uasndeynelutesunn
v04la N5zUo Ung Laglng IUIUTI 836 AP
nitudiens 1 Tulssndlnefigndsumeasuiigud
Fradalsaunuaziindlen sewined 2560-2562 Tagy
3511959571 OIE waw one-step multiplex RT-PCR

na: ARty LagANTUNIZIT
Aedawinfu 90.89% uaz 90.33% auady e
audediu 99% wavanuaainndeufivansuldde
29% usilunsinuadaiing 5.500% vesfegraiitn
nadouldanunsadmun@lsindainnisvin one-step
multiplex RT-PCR waanunsaduwun@lslniainis
1M1 OIE

agu: nsdnwiluadsiinuinis one-step
multiplex RT-PCR #ldwauniui annsanldidu

AN wUaru  TUNITATILAZILUNTLS N

L Ca

Ypavehsalsaunnnaziinlegldagnasindnay

a

Uszaniam egrlsfinudesinisnageulaegis
W195§1U OIE 33uee Jsaglinansnaaeuignsios

wardUsEansnIneavu

ArdnAsy: lanunuaztyinies ELISA typing, virus

isolation, one-step multiplex RT-PCR
uni

Tsanuaziviides (Foot and Mouth Disease,
FvD) hilsaszunaitdndafludnifiug Rrandelda
Tuana Aphthovirus dneglussd Picornaviridae +Uu
RNA Ta%aaneiiien (single-stranded RNA) ¥il#
aunsadsuuasdnuaznaiugnssaliie (Reid
et al, 2014) aunsonuiiaveatoli3afitanuuandng
Audle 7 @lslnd (Rodriguez and Gay, 2011) Tu
Uszinalnenun1sszuin 3 @lslnd As O, A uaz Asial
enumaislsatnuazvneslussmalnewud
151nd O uae A Wundn (Wacharapon, 2008) lnei
skt Asial liwunsszuindoudd 2541 (dumgni
warila, 2509) widsdinaihesYedlslnddey nsld
SaFudmsuidoldalsanuaznidles wuiusas
FslndlusinnuAuiulsaduiusazeialiliaiy
Auiulsafiulndgesvesdlslndideniiu (OIE, 2019¢)

vosfiRnsaudsrdadsauinuazvindes
pilnnAeldnyfusenidedld (ree.) nsuuadnd 1975
asnaeutelifalsndinuagivinidesnaiinasgiu
Y8IIANTFUNNERIlan ¥3eTsunsgu OIE (OIE,
2019¢) launds
wonidonaziinyialfdlueadinzdos (virus

ELISA typing 9814.A8I130n15LNE

isolation) waznsI9BUSUFIE ELISA typing lnefiis
ELISA typing Saudfavanunsansramilaaldnadedu
wazideniy Tneldnanisnagouniely 1 Su us
\lasan3aiitanulas (low sensitivity) (Reid et al.,
2000: Hoffrann et al,, 2009) Fawanziuseteiis]
Wolidasuauinnwidy egrelsiniusaedd



dwnsadnaziidelifasiuiution Sadesihund
$runulee virus isolation e Fsfaafiniatlunis
f5939n 3-14 Ju ﬁgﬂﬁ virus isolation @1419506153391
T¥adeduldivint sndudwhansuundlslndves
FalSaiiedudunadeds ELISA typing Taglud
W.A.2559 nuIn1sasaasuundlsindvendelda
Y04 ABD. AU virus isolation £ 45.70% (361/790
feg19) (nasluffun) ilwn1ssieeunanis
neaevadiiesannszeznalunsnadeuuiuiy
Fadutedeniefidmanszvusensmunsilsasoun
Vangrysperre and de Clercq (1996) lawaiunis
RT-PCRuldfunsasadioldalsatnuaziinios
Feanunsansredlsindveadeldaly waslul 2011
Le et al. laiau1is one-step multiplex RT-PCR 3114
TuUssnAREAUIL TI81U150RTIINIRATIILUN
Fslndvesdoldalsatnuazindeslglunisnse
Wiesndaien Tngldnanlaide 1 5u fenaluava
Fumnzganinsansambauiinades o llufieeng
T¥aniiuarlslitin sniaieldalsaunuasinides
Huidewiia single stranded RNA FaanansaiUBeuutas
fvedliihe sk nsfiasihmeie one-step multiplex
RT-PCR wildnsiamuazsuundlsindveaielda
Tsnnnuaziidesluysemalvedafeaiinisuiuuss
Tnswodlimnzaufuidelh3arinuluussme uagih
Fiumaaruladadede (diagnostic sensitivity,
Dse) WagA1IANILNIZLF9IH9dy (diagnostic
specificity, Dsp) WngiU3guiisuiuisuinsgiu OIF

¢ aq
QUﬂﬁmLLaZ'Jﬁﬂ'ﬁ

29819

dedeainotuzeng q ldun au witen lsiu
LLazL?Jaumstuﬁdaamﬂ vosla nszle wng uaging
U 836 ﬁaasmﬁgﬂéqmmwmLLazﬁTWLLuﬂ%I{meJ
vaudeldalsauinuazindesd fee.sznined
W.A. 2560-2562 nynn1ArasUsemelng eniiunia
sz SuseniilinunisszuiaveslsaUinuazindes

- DEEEERRNESEEEE

msweuflegnuiiode (OIE, 2019¢)
frograiloiile 836 faogre Ynswenate
delhfannidedeliogluguvesansurauasy 10%
suspension Tu 0.04 M PBS a1ntiuildiluitenn
eneussesosuisiavhanubu (refrigerated
centrifuge) 7 1000 x ¢ Wuna 20 wdt nsesde
syringe filter mumé’umu@uéﬂma 0.45 pm mﬂﬁ?u
woniiiufegnsansavaeuvIuany vaenay 1 ml

mansranuazsuunsialalsauinuazvindes
a3 ELISA typing(OIE, 2019¢)

\AFBUVIALYEA ELISA plate ¢e rabbit trapping
antibody #l5lnd7idean1sns1a EUSA plate 119Uy
wdoavgluguntofigumnf 37°C Gunan 1 4alus
(Ferfuflgamndl 4°C éfin) &19 ELISA plate 5 Asa
A8 PBS insguansarafglaumilauAiuai (control
antigen) WAZAIIAZANIUVIUADYVDIFIDE1IAITU
microtube Ingld ELISA diluent (PBST) ¥11n15139314
WBURALIUAIUANLUY 2 fold serial dilution 3
dilution (ansavansuvIuaosveiieeslifewing)
vganasthy ELISA plate 50 pl siovguansuulaied
welugusderdunm 14410 §19 ELISA plate 5 ads
mﬂﬁ?u@u guinea pig detecting antibody Fslnd
flagms79 219 ELISA plate asuuiedonagluguuie
Huen 1 Falue &9 ELISA plate 5 ada 91ntuidia
#@138¥a18 horseradish peroxidase conjugate 50 pl
soviqu MeuuaTeaveTludunidaiduna 1 dalug
A9 ELISA plate 7 A% 15 0.01 % tetramethylbenzidine
substrate (TMB substrate) Usegliinufiselu
gaumgivieaduvian 20 Wil Wi stop solution (1 M
H SO, ilevignUiAzenves substrate ud3nilgy
AN optical density (OD) i AuemIAGY 450 nm e
\P30981U ELISA (Multiskan®)

nMszuenanazinUsualaga FMDV (virus
isolation) (OIE, 2019¢)
Ungadugugil laun primary lamb kidney cell



#iflony 5-10 Tu luvinideuwadawin 25 cm’ ARpIvng

v v

deagadinnfie huaisazateiildainnisinden
froga Ysuns 1 ml duludumderigamnd 37°C
Dunan 1 $lus wdwdn maintenance medium
ihldulluguudortgumgf 37°C Wunan 1-2 fu
DIUKANISIAANEDAN NV AR (cytopathic effect,
cpPe) yniu laeldndesganssadsiin inverted
microscope wenideolidaeanainiwadlaenis
freeze-thaw wazihluduifiewsndruvesnaila
genanadLNMNEad fewesastufewiaviauby
7 1000 x ¢ Wunan 15 Wit thawilaildlumne
aTuuadzAsIEnaSs vhdhsuiaun 3 A (3
passages) tauvoavanlaluvinisasiadniunain
vadeln¥a #edd ELISA typing

nMsnsImnaTRugns e uundlsindvaude
Ta%alsaunnuaziindosdeis one-step multiplex
RT-PCR

gonuuulnsies Tnawdsuulasduiualy
forward Tnwsiesvesdlsivnd O mnlswedves Le et al.
(2011) 4¥u RRL-IND-OFw iiglfanunsasiuundlsind
yoadefisvuinlulsumdlne dwdn 3 Twswesd lhun
forward Twsiwes v0s@lslnd A, Asial 19 VN-AF,
VN-As1F eua16u ay Reverse lnsinasdsnsld
VN-VP1R #3453

11/8E19 10% suspension Tu 0.04 M PBS
niuNsemE syringe filtter Yranarn RNA Tngld
qzrin £.2NA® Viral RNA Kit (OMEGA, BIO-TEX, USA)
Gl’m"f]%miﬁlﬁgwaﬁlLLu%ﬁWLLéI’ﬁQ‘Lj’leUWi’Jﬁ]ﬁTWLLuﬂ"?in
Indveadeldalsaunuazindesdiedd one-step
multiplex RT-PCR 71135115004 Le et al. (2011)

WW3enten master-mix d393U LightCycler®
Multiplex RNA Virus Master (Roche Diagnostic,

Germany) 11 pl naufulwswesfinnududu 10 uM
7 4 ¥iln 9 8z 1 pl iy RNA vesfegnesuau 5
squeaw 20 pl waslhdniy antuludiysiuoy
msﬁuﬁqmimﬁwm%d C1000 touch™ thermal
cycler (Bio-rad®, USA) Tneiiugamgiilutuney
reverse transcription Ju 50°C w15 Wi uay
enzyme activation 7l 95°C w15 Wit M
%umau‘l,umil,ﬁmﬁmm DNA ﬁﬂf‘i denaturation
95°C 25 U191 annealing 52°C 30 U9 extension
72°C 1 w¥isiu 40 50U Waz final extension 72°C
5 Wit 9nduwansast PCR g wshunszuiums
electrophoresis Tu 1.5% agarose Tu TBE buffer
Ingazlandndua PCR vosdlslnld O, A uaz Asial
fiflvunn 658, 427 way 535 bp audu dwliia
AuAY (control virus) seliidelh%aildlunisuan
TrduveansulAdnd wasnyatuduna IneIS nucleotide
sequencing Ju positive control (O/Udornthani/87,
A/Lopburi/12, Asial/Petchaburi/85)

NMsATIIISIRUIUAYasEIUgn TN Ll A
Tsatnuaziidasdae33 nucleotide sequencing
\ensrabuiudolda

¥m3annsves Knowles et al. (2016) §ail
11610619 RNA unfindunudaedd RT-PCR Tudau
989 VP1 gene Tngldlwswosdmiuidelsalsaunn
wazindles Flslnd O, A war Asial maufurien
master-mix @1:593U LightCycler® Multiplex RNA
Virus Master (Roche Diagnostic, Germany) i
f1uruansiugnssulagldinios thermocycler
(Bio-Rad, USA) a1niiy  wmandn PCR Algunvily
U3aviae QIAquick PCR purification kit (QIAGEN,
Germany) 9nisinITEY \waensiugnssulag
Wﬂjﬁmﬁm%ﬁ]gﬂ BigDye® Terminator v3.1 Cycle

A1519% 1 L@ sequence vdlnsiuesvesdlsind O, A uay Asial Nllunsnaeeu

Primer Sequence 5’-3’ Sense

Gene

Product length (bp)  FMDV serotype References

RRL-IND-OFw AGATTTGTGAAARTNACACCR +
VN - AF CTTGCACTCCCTTACACCGC +
VN-As1F GCGSTHRYYCACACAGGYCCGG +

VN - VP1R CATGTCYTCYTGCATCTGGTT

1D
1D
1D
2B

658 o

427 A Lee et al. (2011)

535 Asial Lee et al. (2011)
O, A, Asial Lee et al. (2011)




B

Sequencing Kit (Applied Biosystems, USA) 321U
Twsiwedhadiu fdemiien BigDye dhufiugie ZR DNA
Sequencing Clean-up Kit™ (Zymo Research
Corporation, USA) LagyaAuLuavesansiugnssu
Tneldiadas ABI 3500 Genetic Analyzer (Applied
Biosystems, USA) n1sa519uaziiasiesi
phylogenetic tree lngldlusunsudnsagy BioEdit
version 7.2.5 (Hall, 1999) uagasnaununiiauliivans
Auduiusaiugnssy Tneldlusunsudnsogy
MEGA version 7.0 (Kumar et al., 2016)

N1511A" diagnostic sensitivity kagA diagnostic
specificity ¥a435VAdaU
tran1sadeuieg e S1uIy 836
F0E1 AI835 ELISA typing 9814LAwa13e ELISA
typing 32uAU virus isolation wazs one-step
multiplex RT-PCR 11AU4M1IA1 diagnostic
sensitivity ey diagnostic specificity ﬁﬂamﬁaﬁu
(confidence interval) 99% WagAILAAIALARDY 2%
error (OIE, 2019a) 11435 McNemar Chi-square (OIE,
2019b) fsil
diagnostic sensitivity = [TP / (TP + FN)] x 100
diagnostic specificity = [TN / (TN + FP)] x 100
1m8 TP wag FP = A1 true positive WagA1 false
positive ANUAINU
TN wag FN = @1 true negative Waga false

negative MUAIAY

JUN 1 navasiinaaey one-step multiplex RT-PCR: Lane 1 =
DNA marker (100 bp); Lane 2 = positive serotype O;
Lane 3 = positive serotype A; Lane 4 = positive serotype
Asial; Lane 5 = negative; Lane 6 = positive controls
(serotypes O, Aand Asial); Lane 7 =negative control (PBS)

NaLazIANTal

msfidedldiegnats 836 feghs wlesainen
diagnostic sensitivity WLa¢ diagnostic specificity 7
gousuldfe 95% fimnudeiiu 99% wavmnuan
\Aew 2% error 3ededldifhetset o 788 faghs
(OIE, 2019a)

NISLAAINAUDITNAADU one-step multiplex
RT-PCR laaurnveinandn PCR wusmuasiinues
Fslndveadoltassd #lslnd O, A, Asial = 658,
427, 535 bp sudIU (SUT1)

WUI1A1 diagnostic sensitivity wag diagnostic
specificity U435 one-step multiplex RT-PCR 1¢ian
el

diagnostic sensitivity = [(459/459+46) x 100] = 90.89%
diagnostic specificity = [(299/299+32) x 100] = 90.33%

9NAN3197 2 WU diagnostic sensitivity 7
IadiAn 90.89% TndlAesriu Gridharan et al. (2005)
filfisneuen diagnostic sensitivity 95.19% (99/104
Free19) Taeldfodnaiieldedniniloufuusen
diagnostic specificity Agannsinunlundsiisan
90.33% #13fu Gridharan et al. (2005) 7iléan
diagnostic specificity Ligd 28.95% (11/38 Fi10814)
WEMIIN one-step multiplex RT-PCR Fimuntuly
adedl derusmnzannnieiteadululeinns
Anwiluadsiildeonuuulnswesanieldalsatan
wezwidesiAnnsseumtulussmelve Wethwa

A1519% 2 VAN diagnostic sensitivity wae diagnostic specificity
99935 one-step multiplex RT-PCR WW3gutflgufiuid
111351 OIE léun 35 ELISA typing waw virus isolation
snsedadeiBedniisiusindimsianaruun
Fslndveadolsalsaunuaswndonit Aee. nitud
Uszunet Tl w.A. 2560-2562 S1unuavan 836 et

38311m3g1u OIE (35 ELISA typing
wag virus isolation)

Positive Negative
one-step Positive 459 32
multiplex
RT-PCR Negative a6 299




Fliussudiouiusesuues Le et al. (2011) #ilé
W5 one-step multiplex RT-PCR Inglaansuiua
yadlwsiwasanideiiinisssuinlulssmaionun
Bhamadeusaniu 38 ELISA typing Tngldidelda
591 61 FEne NUIFETITRUTLE A luagAa
TNz widlovunldluuszmelve wuiilianunse
huldnsraduundlsind o 1a Fedesdinig
Wasuudasdrduuavaslnswesdmsudlsind o
Flndlothumeaeusufetsiinuneluussmels
A1 diagnostic sensitivity ay diagnostic specificity
90.89% Hay 90.33% MIUAIPU

YaduBnUsensiadnanuULANAN YDA 2
Aovinvosiiegrafivhunld lunisdnwadeidld
fheeheTiwIouanileidodn it 836 sheghs annse
n32319n397UlAE3S one-step multiplex RT-PCR Wag
AonunnsEIu OIE 53 90.67% (758/836 sens) Tu
yauedl Gridharan et al., 2005 Mevn1siUieuiiieuds
aes Inglishedoiaesialaun fethaiododns
142 fhegraavietiiiiuunadelalumad
WnsiEes 38 §og1e wuimanisnsatilalaennsld
Fregraanidododniannsansialénseiulaeds
one-step multiplex RT-PCR Wag ELISA 1ies 69.72%
(99/142 heeh) urileldiogianimadiniziaes
2glPNan1INTIANTINY 100% (38/38 §10819) WERII
Tunsaifldihesailodemiiouu one-step multiplex
RT-PCR fihundnwilupdaiidaniladdidederede
Th¥afivhumageuninni

MIBNUNANTVIAFEU WUsaoendu 6 ngu
nauLIngLa 220 et Wushegeiilinauanues
nsnesuunlsndveaiolaandrese siaann
7% one-step multiplex RT-PCR Laz35 ELISA typing
wansilunguiiidehialusetedifisuunn vl
anunsasundlsing O way A Tonanssiuluaaei
naud 2 $1uam 239 Fegrsanansaduundlslndls
91133 one-step multiplex RT-PCR luvaugfinisnsa
pABunsgIL O Fesfimatiuufinuvendelisa
A18735 virus isolation Ao udeiNgunELsIngd
Tne38 ELISA typing uansindoladalusognedl

A15797 3 WANNSNAFDUBE19ALLEEA LAEILUNAINITNNTNTID
Wwolhifaurnuazwindes S1uiu 836 fees

Fsnsnadeuiidsuundlsindvesdislaia wanMAAaU(18819)

one-step Bumsgu Ol

=0

multiplex g sa virus isolation + T)g:e T)::)e ;’::el ke
RT-PCR typing ELISA typing

1 + + * 125 95 220
2 N + 136 105 239
3 + 12 20 32
q + * 16 4 20
5 + 12 14 26
p ) . : : - - 299

U 836

MNeun  + (Wauan) waneis degaisuwundlsindle
- (Waav) nuneds Medrendwundlsindldls
e Tddndudawii virus isolation tieuendlsind

° o oA ~ ) A
Juutey uilungudl 3 8 32 feg1aN one-step
multiplex RT-PCR anunsaduundlsinidla uslinaau
msuesgu O faulululdnasifnandeeng
lalwisngan Wy YSunusiegiaties n1siiiudiegia
Y oA oa v 2 o |
a1 megninuliilunaiuiu Wnufieg1sain
) A a & Y Y] ! X A
pivgniiviunandehsatos loun Megrsanidielde
IsAvariielisadesninileieaurliide i sadl
uutesaulianisansialanieds ELISA typing
uay virus isolation dnUsznsutlsenatinisidenaite
mouAUfIE ussatueillnzan wionsvud
Timanzay awihbiwelhIagniilidesan nvisene
FeldanansaiiiuUsunanaelasanieis virus isolation
1nea1n 32 fMegll WUl 22 @19 1sinTIadudy
728735 nucleotide sequencing #slananssuNanTs
malsindaie one-step multiplex RT-PCR og14ls
< aal . . v & ad
NM13 35 nucleotide sequencing WAL UWITNAGFDY
Algnulaemluualalalalununsiaduiunviinues
& v & o N9 Y o o o |
Walifadulszandiesniianldinuas dmsuiiedn
Tungud 4-5 Jusegenldaunsaduundlsindloeg
76 one-step multiplex RT-PCR usasnsaanundlsingd
19lag3s ELISA typing t#igsag19iieadnuiu 20
fegs 3n 26 megrsanunsadwundlsindlalaeis
virus isolation $2AUT5 ELISA typing AdtufI981s
Nlvinaaulneds one-step multiplex RT-PCR Wl
HauINlneBumsgIu OIE Andu 5.50% (46/836)



Fuandlumsned 2 seoraiosanlitafiszuin
Tufufivsemeiusinafeusamsiugnasutils
Tnswesfildnaasuldauisaduiuduludy 10
Wausuiduedhmngld Tnedudiu 10
dufiinisfuuusinniige wazasalusiuia VPRI
Faflaudunizsedlsind Bittle et al., 1982
Domingo et al., 2003) dwm3ungud 6 laianansa
Sruundlslndleiis 2 33 V633 one-step multiplex
RT-PCR 4az35u1035571u083 OIF N9AIUSZELIAT
NAdoU WUINITNAaUlaes one-step multiplex
RT-PCR 2snsunalunsnadeusiissndaien wasld
nanliliAu 1 Tuuanisnedeulangds ELISA typing
AU virus isolation TdanlunisnageuuIuds
3-14 3 135 one-step multiplex RT-PCR @110
NIIUHANITNAADULSINTNS ELISA typing sauiU
virus isolation agslsfmiiofiansanan diagnostic
sensitivity iU diagnostic specificity TNep] one-step
multiplex RT-PCR fiWantuuds wuindsdanuse
T duAsnasnnsesiilinanisnaaeuisdmalid
sthidmunnsluiiuiiaunsadiiunsaunulsald
Ea7u

dlofinnsanran1snaaeuanNansedl 3 nui
s Lundlsindaaeis one-step multiplex RT-PCR
U35 ELISA typing Liteeagnaifien (laivi virus isolation)
anansaduun@lslndla 58.73% (491/836 @19814)
uay 28.71% (240/836 A19819) ANEINU dONAADY
funaves Sareyyuposlu and Burgu (2017) fils
HauInlunsIMuUndlsinlanaeis one-step multiplex
RT-PCR U35 ELISA typing Lnfiu 73.91% (153/207
F0819) Wag 37.75% (77/207 @19819) AIUEIAU
Azulidn3s one-step multiplex RT-PCR Tvinauan
g9n31n9138 ELISA typing warAfildannnsane
Tupdaiinudnia3s one-step multiplex RT-PCR uay
Wuwsgu OE aunsadundlsindlalndifesiu
A 58.73% (491/836 f1a819) ag 60.41% (505/836
AI9E19) AUEGIU ﬁqﬁuﬁaqﬂﬁﬁ'ﬁmiﬁﬁwmimaww
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Fslndvondeolalsatnuaswindesdiliannse
NAABU virus isolation @1u1901135 one-step
multiplex RT-PCR ulglunisasiadnuundlsindves
Feldalsaurnuavindeadunisdnnsondedu
BsagliUszAvdnalndiAsatunisldiBumsgu OIF

a3Una wasdalauauus

nsasedeuiel¥alsatnuaziidosany
781103511 OIE 1a8dT ELISA typing Hulunsdii
fregradlidolasnutosazdosiumsmiuen
Feuaziiudsualhda dunlinanisasiaosnn
a1t 39lafin1518 one-step multiplex RT-PCR
it GadloiSsuiisuifuiBumsgu OFF Aeis ELISA
typing 9819LAE7 %30 ELISA typing 59UV virus
isolation wuIiA1ALlTItady (diagnostic
sensitivity) LagAIAIIUTNNILLTITRE (diagnostic
specificity) g4 @111501175 one-step multiplex
RT-PCR ulddnnsendesiilusuunsiinvosdlsind
Wiolionunaldegnasinig shlviansaniua
mssruavedlsmnuazines sy wieghalsfin
AR UTUNANIINABUMETTUINTFIN OIE A
LﬁalﬁlﬁwaﬂWimmaauﬁgﬂﬁaqLLasﬁﬂisﬁw%mw
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sutszanalumsdidunu veveunufidenay
an.qu. Usal Seaisu Lazunsandieyasile ?ﬁuﬁyjawqﬁ
AduivEnuvesnide veveunaudmihiinaviu
yosguidadalsaunnuasinides wazantiuaunm
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Epidemiology of Foot and Mouth Disease Virus serotype O
in Thailand during 2017-2019

JungNy gna’ anivs dnllvussa AU yiael dly

Romphruke Udon” Sahawatchara Ungvanijban Kingkarn Boonsuya Seeyo

Abstract

Backgrounds: Until 2015, three lineages of foot and mouth disease virus (FMDV) serotype O had
been found in Thailand including O/SEA/Mya-98, O/ME-SA/PanAsia and O/Cathy before O/ME-SA/
Ind2001e was found in 2016. Due to economic loss caused by FMD outbreak, vaccine produced by Thai
DLD using O/TAI/189/87 as the virus seed is currently used as a main effective control measure.
To suggest that the vaccine can possibly protect against all the lineages, a molecular epidemiological
study of FMDV serotype O in Thailand during 2017-2019 was performed.

Methods: From 109 field isolates of FMDV serotype O collected during 2017-2019, the lineages
were defined using VP1 gene nucleotide sequencing. Then, a phylogenetic tree was constructed using
neighbor-joining method with 1,000 bootstrap values in MEGA version 7.0.

Results: Based on VP1 nucleotide identity, 6, 14 and 89 isolates were identified in O/SEA/Mya-98,
O/ME-SA/PanAsia and O/ME-SA/Ind2001e lineages, respectively. Phylogenetic analysis showed that the
O/SEA/Mya-98 lineage was grouped with the previously outbreak viruses in Thailand. The O/ME-SA/
PanAsia lineage was clustered with those isolated from Cambodia in 2015. The predominant lineage, O/
ME-SA/Ind2001e, shared the group with the strains found in Myanmar and Thailand in 2016.

Conclusion: FMDV serotype O isolates that caused outbreaks in Thailand during 2017-2019 were
closely related to those viruses previously caused outbreaks in Thailand and Southeast Asia region.
Besides, the O/ME-SA/Ind2001e lineage predominantly found in this study was continuously increased
from 2017 to 2019.

Key words: molecular epidemiology, FMD virus serotype O, Thailand
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UNANED

fuwasmsane: hialsanuwazwindestlsindlefinussuinluussmalneaudsd we. 2558 wu 3
anefiuglawn O/SEA/Mya-98, O/ME-SA/PanAsia Way O/Cathy siaunludl w.e. 2559 wuaewug O/ME-SA/
Ind2001e lsatnuaginiosilulsafifinansenumaasugiaegnann Jedfesiinistesiulsa nsviriaduf
Humsdestuwazmuaulsaunuasindesiiiussansawisuis nsuuadaflfidelada o/TAV189/87 1Ty
virus seed iflevndeyaininduitltanunsodulsauinuaznidesdlslndleldmnanetusiinunisszuin Sedesdl
nsAnwmeszUeaneddaanadfielimsumeiuiuesdelhialsntinuasvinideslslnle Anusswined
W.A. 2560-2562

38 soghadiolhidlsaunuasinestlslnilofiszuinlutiesiivessuimalnesewingd we. 2560-
2562 911U 109 F191 UINI00ATHAAINUGNITUUTIMEY VP1 Asien wWisuleuraraenIsiiesddu
fhndlelnd (multiple sequence alignment) wagaiaununiinulduanseuduiusmeiugnssy (phylogenetic
analysis) Ingldlusunsudsagu MEGA version 7.0 ¢35 neighbor-joining Inevnisnadeun L dedeves
urugfislsl wamsanmduitusyneiugnssy Tned3 Bootstrap LHus1uau 1,000 41

wa: nuladalsaunuazvnilosdlsindleanewus O/SEA/Mya-98, O/ME-SA/PanAsia WAy O/ME-SA/
Ind2001e U3 6, 14 LAy 89 AIDYINAMINEIRU HAN1TIATIEN Phylogenetic analysis wudw‘?‘?aia%’aawﬁuﬁ:
O/SEA/Mya-98 fimalndidssiulifafinsszumneunthilulssmalng daudoldameiug O/ME-SA/
PanAsia fimnailndidesiulada O/ME-SA/PanAsia TnUssmefuy® e, 2558 wasdeliiameiug O/ME-SA/
Ind2001e Genumnniign nmuilndiAssiulida O/ME-SA/Ind2001e Tisvuslulssmadounuagszmalng T
W.A. 2559

ayu: h¥alsaunuazindesdlslndlefisvuialussmalneluingd wa. 2560-2562 SaflnrnilndiAss
fulfafhasssuinndeunthivislulssma uarlugliniaodens fuoondedld Tnsnuaeius O/ME-SA/
Ind2001e wnilan uaziuuliuszuiafiuanntuain wa. 2560 §9 2562

AdnAny: szunIvendaduana hidalsaunuaswindesdlsindle Ussmalney
unin

Tsarnuazinides (Foot and Mouth Disease, FMD) ihilsassunafidrdaludwifiug iinannidislisa
Tuana Aphthovirus 23¢ Picornaviridae 181 RNA Th¥aeneiien (single-stranded RNA) vilianinsaiudsuudas
dnwamaiugnssildie (Reid et al, 2014) shlananunsanulfalsanuagivinidesldfe 7 A15lnd fo 1o 1o
Wity uasleWiesumedved 1, 2 waw 3 (Brito et al., 2015) AnmsAnwasdUsznauvendela¥alsaun
wazwides nuiuseneuludelusiulaseadns (structural protein, SP) $1uau 4 wiiafie VP1 (1D), VP2 (1B),
VP3 (10) uag VP4 (1A) usuuuy icosahedral capsid (Rueckert, 1996) Inefilusituaiin VP 1 agtfughuiiiinns
fundsinniigadudan immunogenic protein fiflanudinzsedlsinduazldlunisinuifaunmsvende
Th%alsmnuazindes (Bittle et al., 1982; Domingo et al,, 2003) fatunsinudduiandlelnsdaufiaina
TWsduwda vP1 Fesudulunsnwmsssuinineluanavesdelrfalsaunuazinidosiiiodumsunoves
n193201 (Beck and Strohmaier, 1987) TasmsAnwBuduiiadslusiu vp 1 lanunsodanguueadelia
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e

mﬂLLazLﬁwLﬂaaﬁszmmlﬁmmgﬁmﬂﬁﬁm (topotype) 11 Middle East-South Asia (ME-SA), South East Asia
(SEA), Cathay (Chy), West Africa (WA), Indonesia-1 (ISA-1) k&g Euro-South-America (Euro-SA) Wudu (Samuel
and Knowles, 2001; Knowles et al., 2004)

Tutssnalvedehdalsaunuasidoswuidios 3 Aslnd fo Aslnille o uezieifeiu Jagtunuifies 2

slnd fe To uazio dnAlslndiode Tulinunsszuiaiousd we. 2541 (OIE, 2018) Fsindionuifissaneiug
Fienfe A/Asia/Sea-97 Fswumsszuialdvinlulunaugianaedons fusenidedliuazioions fusen (Paton
et al., 2010; Abdul-Hamid et al., 2011; Seeyo et al, 2020) srsfuidslralsauinuazindesdlslndle
Fsanmsnsanideduvesquidredadsauinuazinlosgiinaedeny Susenidesld (roe.) Tudrmansi
RusUENeUS O/SEA/Mya-98 11nia 95% dsdmulslugfinimerfeny iusenidedduazieifons Jusen
(Knowles et al., 2012; Muroga et al., 2012; Park et al., 2013) a'aumaﬂ’uﬁ: O/ME-SA/PanAsia Fnulgvlulu
waulelde (Gleeson, 2002; Mason et al., 2003; Brito et al., 2017) wunsszualauszuselulseindlny
duenfuaneiug O/Cathay (Blacksell et al., 2019) wenanifilsgnunisszumadsamnuazsindos
aemiug O/ME-SA/Ind2001 Tugiinatedelduazioliony Tuaanidesls (Subramaniam et al, 2015; Qiu et al,,
2017) mstlestuuazeuaslsanuazindes Taeliaduiadudssnuesnsdslulsamalne dmfunmsin
foyanissruimvesaneiuglifalsaunuazindesdlsindloluriesfiazifuusslenilunsidenldhiandu
vaccine seed agamnzay warlinudulsafiinsounquynaneiuifiszuialulsemaiionsdosiunas
runulsafidusEansamunndstu manaedidelslifnumessuinendduanavesdolialsaunuay
wWidleslstniflafinusewingd wa. 2560-2562 Tundall

L4 aq
aunIULAZIGNS

Fragradelda

fethadelialsaunuazindesdlslntlefldannsasasuuneinlialagds ELISA typing uayds
virus isolation (OIE, 2019) Tneduidonsegnsaniaiile Tau warnsste MiRnnsszuialutiesiiannaeues
Uszinelngseninad we. 2560-2562 snviunianzfusaniilinunisssuinvedsaiinuazindes $auiu 109
fegna Tnalumeened w.a. 2560, 2561 uay 2562 113U 16, 39 way 54 Hoene AuaFU

n3afin RNA vaudaliFalsatinuaziinidey
iethadelifalsaunuasnideedlsnlleninunisasaduunsinlifaudunain RNA lngldynarin
E.Z.N.A.® Viral RNA Kit (OMEGA, BIO-TEX, USA) m1138nsiisnanuugi

nsnTRdsuaTRUgnIsuvadlafalsaunuazintesdlslnilalasds RT-PCR (VP1 region)

Lm’%ﬂmﬁ’lm master-mix ﬁ’]L%’ilglJ LightCycler® Multiplex RNA Virus Master (Roche Diagnostic, Germany)
13 pl wenduyalnsies amnsed 1 Aanududu 20 pM dinay 1 pl s RNA $1uau 5 pl SauvieEY 20
wanlidnu anduiludusiuumstugnssudaeiaies C1000 Touch™ Thermal Cycler (Bio-rad®, USA)
Immﬁuqmmﬂwﬁy’umau reverse transcription W 50°C w1 30 Uil way enzyme activation 71 95°C uu 15
ufinnugne Funeulunisiiiud3unas DNA fall denaturation 95°C 1 w1, annealing 60°C 1 w17, extension
72°C 2 Wi 59 35 59U ua final extension 72°C 5 wn¥l (Knowles et al., 2016) antiuriwansdast PCR ild

-11 -



WEHIUNTEUIUNTS electrophoresis Tu 1.5% agarose gel Tu TBE buffer lngaglvuanisnsiaaeuiduuin
WD NULOUTDIEINUGNITUVDINENSI waznaaulllinuLaUTBIaNTHLGNTTUTBINER T

A1519% 1 Inswesildlusuneu RT-PCR (VP1 region) wedlasalsatinuasindesdlsindle (Knowles et al., 2016)

Fslnd Folnfwes davinalelndlusaes (5 - 3") fuvdsdu  wvurAves PCR (bp)
O-1C272F TBGCRGGNCTYGCCCAGTACTAC VP3 1135
To
EUR-2B52R GACATGTCCTCCTGCATCTGGTTGAT 2B

nmamaFuluavesansugnssulifalsaunuasvUesdlslnilalag3s nucleotide sequencing (VP1 region)

vhdhegnaaniauet PCR l#ain RT-PCR umanduiuayesan siugnssumaisnisves Knowles et al.
(2016) Tnevilsiudamdsng QiAquick PCR purification kit (QIAGEN, Germany) uuugiinvesu3sniuas
Mnduinamdduvaasitugnssulagléiiendiiagy Bighye® Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, USA) mmﬁ’wLLusﬁﬂﬁuaa@wémimai%’ﬁﬂmﬁi’mu 9 ul TaswAulwswes NK72 (Sequence
57 — 3’ GAAGGGCCCAGGGTTGGACTC) Fadu universal reverse seguencing primer Fanududu 3.2 pmol
§mu 1 pl sasianun 10 ul madlidnd nniludedes C1000 touch™ Thermal Cycler (Bio-rad®,
USA) @?ﬂqmﬂgﬁ enzyme activation 7 96°C Uy 5 Wi MuFAE denaturation 96°C 10 3undi annealing 50°C
5 3wl extension 60°C 4 Wit 59 25 oU YnAnSaslalufdanen BigDye d@auiudae ZR DNA
Sequencing Clean-up Kit™ (Zymo Research Corporation, USA) AUz veIusengna ALl

o w (9

Siuiavesansiiugnssulngldiados ABI 3500 Genetic Analyzer (Applied Biosystems, USA)

nsawaziinseiunugiidulll (Phylogenetic analysis)

Anszinavesdhiuiandlolng S 639 bp arnduthunUieudisunisisesdisuresianalelng
(nucleotide sequence) lngldlusunsudnsagy Biokdit version 7.2.5 (Hall, 1999) Jwmsnzsimaunniiouves
asuilindlalng (% Identity matrix of nucleotide sequence) waras1aunuiaulduansAUEURUTNN
fugnssulagenfnsiUSeuifisunisSesdduinadlelndluduitainalusiu vP1 vangqdetramientulasld
TUsunsudn3agu MEGA version 7.0 #e/38 neighbor-joining Taevinmsnaaeuasniidedeveununiisls!
wansaudiusIugnssa a3 Bootstrap iusuau 1,000 €1 (Kumar et al., 2016)

NawazIasal

HANTWTI9d8Y nucleotide sequencing (VP1 region) Aaseviarasiauwnugisulidvesiiognelifalsn
Unnuasiilosdlslndloluraed wa. 2560-2562 savkenun 109 faegns nudndudeldaaeiug O/SEs/
Mya-98, O/ME-SA/PanAsia kg O/ME-SA/INd2001e §1uau 6, 14 waz 89 Feeg1a MuddU fwnseit 2 Tag
elafaaneitug O/SEA/Mya-98 finu 6 Fae8ns amnsndwundulul we. 2560 wu 1 freg1s lud wa. 2561
W 5 0873 warlul we. 2562 liwudiegns daudelifaansiug O/ME-SA/PanAsia wu 14 dregndlaglul
WA, 2560, 2561 WAy 2562 WU 2, 8 uaz 4 fogs puddu daudelifaaneiug O/ME-SA/INd2001e wusn
figm 89 e Tawl w.a. 2560, 2561, 2562 U 13, 26 UaAy 50 HIBET MUEITU

-12 -



5199 2 wan1snahfalsainuazindesdlsindle 1neis nucleotide sequencing (VP1 region)

aenugvesdisindle L
Y wd. Swaufaegnen
O/SEA/ Mya-98 O/ME-SA/PanAsia O/ME-SA/Ind2001e
2560 1 2 13 16
2561 5 8 26 39
2562 - 4 50 54
kit 6 14 89 109

Wenserinsseuinvedhiiaaneiug O/SEA/Mya-98 wuliies 6 fiaene Tutl w.e. 2560 uay 2561 wax
Lifisrenulud we. 2562 Mallanaiiosnndtuiuiiegeiidmsinlinnme wieldeiinsyuinanasilonwinnis
andntulanafilesnnielifaluindulegiulanumiliewvesiduiadlelndunnnitaneiudou Jaunnd1991n

v 6

31897984 Linchongsubongkoch et al. (2018) wuna1ewug O/SEA/Mya-98 Lﬁmmﬁzmmmmﬁthﬂizwm

9

Tugad we. 2547-2554 lonszianumileuvesdiduiindlolng (% Identity matrix of nucleotide
sequence) voshifaaeiug O/SEA/Mya-98 fiszunalutast w.a. 2560-2561 wuinlafaanestug O/SEA/Mya-98
fanulndidssiuhidludsemalnefineszuinlul we. 2559 (O/TAI/328/2016 uay O/TAI/293/2016R2) lnei
AsslouAnlu 89.6- 97.6% Fauandliiifiuinlfalsanuazyindestlslndle aevus O/SEA/Mya-98 Tu
Uszinelny dananduldldiziinainnisszuinvesaeiusify wazianalndifosiulaga O/TAV189/87
reference strain 51194 virus seed luiaduvesnsudadaiznnnii 87%

O/TAIM/2011 (*RRY) 7 7]
77 O/TAI43/2012 ("RRL)
O/TAIM45/2015 ("RRL)
L QITAIN4-1/2014 ["RRL)
99 99 L O/TAI20-1/2014 (*RRL)
m L O/TAI328/2016 ("RRL)
@ 2560 L $OMAIM27-1/2017 (RRL)
W O/TAIN92/2018 (*RRL)
W O/TAIN56/2018 (*RRL)
W O/TAINT0-1/2018 ("RRL)
W OTAINT4/2018 ("RRL)
—— W O/TAI/139/2018 ("RRL)
100 O/MYA/4/2017 (*RRL)
O/TAI293/2016R2 (*RRL)
OITAIN31-4/2015 (*RRL)
OITA118/2016 ("RRL)
O/TAI229/2015 ("RRL)
OITAINM5-1/2013 "RRL)
O/MYA/T/98 (DQ164925)
OITAINM8Y/8Treference strain ("RRL)
& O/CAMM2/94 (AJ294907) 7
1001 Q/CAM/1/34 (AJ294306)

B 2561

Mya-98

SEA

Cam-94

U 1 sedrateldalsaunnuasiindonuiin O/SEA/Mya-98 U n.ei. 2560-2561 §1uu 6 faeha
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drdelifaaneiug O/ME-SA/PanAsia Fupenuszuintulsemauszusy InNn1snTIitdaduves Aee.

[

(Toyalalladnun) nounvznduinszundnasslugied wa. 2560-2562 duwildumsszuialiinndndwiteuiv

e

ol¥aaewug O/ME-SA/Ind2001e Tnglhaaneiiug O/ME-SA/PanAsia Tlszuialuadaddanumiioudy
fegradelafaaeiug O/ME-SA/PanAsia a1nUszimaiumyund .. 2558 (O/CAM/13/2015 WazO/
CAM/4/2015) fs3uft 2 Tneflenumilouvessriuianalolnddndu 96.2-97.6% wandiifiuinlsaaeiiug o/
ME-SA/Pansia TlszunalulssmAleidumeiusidortvansiusiissulugimatiduiuidaa o/ME-SA/
PanAsia 819azifnnssruInmelulssmaannsdnasuindoudednimunmeuauiiiaiuussmatim

O/NDISYTS (AF292107) §
g OINDIRRITS' (AF204276)
O1/ManisalTUR/GY (AY593623)

W OTTAV49/2018 (‘RRL)
W OTAI18R3 (RRL)
 OTAI1392017 (RRL)
# OTAIBY/T (RRL)
W OTAI42-212016R2 (*RRL)
& 2560 W O/TAI36/2018 (RRL)
B 2561 L W OTAI5412018R2 (RRL)

O/LAOIA/2018 (RRL)
[ momaizan0te prRy)
OILACI9/2018 (RRL) _
“““““ W OTTAUS3-4/2018 (RRL) ek
*| "L morans a0t (RR) ME-SA
L A OTAI01-2/201 (RRL)
|- & OTAI042019 (RRL)
= A OTAI62-2/2019 [RRU)
A OTAIA00-112019 (RRL)
| L OICAN13/2015 ‘RRL)
100] OICAMA/2015 (RRL)
OICAMIEI2013 ('RRL)

ONITIATI2013 (KY492072)

& 2562

U7 2 shegndhialsahnuaziindos wiin O/ME-SA/PanAsia T w.A. 2560-2562 $1udu 14 Faea

Wel¥alsaunuasyiUeyanesiug O/ME-SA/Ind2001e fluwiliduiaznunisszuiniinay laglud w.e.
2560, 2561 k@ 2562 WUNTITUIMLTUDIN 13, 26 waz 50 F19819 Aua1ay Jsluwltuduaeiugueshsa
Tsaunuaznlesdlsindlefiaznunisszuialudee 9 1U duanumilouvesmnuinilelnaveuielsa
angfiug O/ME-SA/INd2001e #isguialuyaal w.a. 2560-2562 finnuwileuiuiiedinialifaaiuiug
O/ME-SA/Ind2001e Anvludszwmadouuwazineiiay w.a. 2559 (Bachanek-Bankowska et al., 2018)
Aegufl 3 lnelanumiieuvesdduinpdlelnddnlu 94.3-98.9% Fududiedaventelisalsalinuas
WwilesAuannUsemadsunnninisseuisatugialatst w.e. 2558 (Qiu et al,, 2017) Wuun13seuInvas
& o v e & = Aa a o = v a a o =
Wweolifaameiudiiluausnlulssmeadeunnlinsuwauiaiulssinaluedeld wu duks Jinawna Anu
S S , o I
nssruIavedelifaviiniegiouuds (Subramaniam et al, 2015) &n1ssvuinveateliFaaenugily
UsgwAlngaafinannsiuadnivseduadadniduaunnidndiunandsemeidiounn (nsudednd, 2562)
NIONITANADULARDUIUALLLITIBLAY NLUILTNNSIRNTUYINISNUBISE O/ME-SA/INd2001e il
AININENUNITTEUIRINTUT LD UAR
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OFHUVYI3/1997 (DQ164904) JInd-2001a
4’?':;;0“"”@1 (Datssa1) J1ind-2001b
e ol [l &) T Ind-2001c

O/BHUGBZ009 (KM921814)
7 O/LAOI 12015 (“RRL) Ind-2001d

700 | O/LAOI15/2015 (*RRL)

[ OTALK181/2019 (*RRL)
A O/TAI33/2019 ("RRL)
A O/TAI49/2019 ("RRL)

| & ©/TAKr132-1/2019 (RRL)
& OTAI38/2019 ("RRL)
|- & omarzezzo1s ("RRL)
A O/TALZ38-1/2019 ("RRL)
A OITAL145-2/2019 (“RRL)

A OTAIF105-1/2019 ("RRL)

A OTAI129/2019 ("RRL)
L A OTAIM13/2019 ("RRL)
[ OTAr240/2019 ("RRL)
A& OITAL195-2/2019 ("RRL)
[ & O/TAI153/2019 ("RRL)
A OITAFA10/2019 (*RRL)
| & OTAr287/2019 ("RRL)
A OTALFI09-1/2019 ("RRL)
A OITAL143/2019 ("RRL)

A OTA222-1/2019 ("RRL)
.{: & OTAIZ21-212015 (“RRL)
A OTAIR25/2019 ("RAL)
| & OTar269-3/2019 (RRL)
A O/TA106-1/2019 ("RRL)

A O/TALI48/2019 ("RRL)

A OTAI2E8-2/2019 ("RRL)
—es| A OTA196/2019 ("RRLY
A OTAIF242/2019 ("RRL)
A OTAF154/2019 ("RRL)
A OITAI243-2/2019 (RRL)
| & ormar1sazo19 ("RRL)
A OITALIZE-1/2019 ("RRL)
A O/TAL205/2019 ("RRL)
|- A OTAIMBA-2/2018 (*RRL)
A OTAISTIZ019 ("RRL) ME-SA

A OTAIF227/2019 ("RRL)
1;: OITAAT9-2/2019 ("RRL)

- OUTAL131-2/2019 ("RRL)
{A OITAIZ29/2019 ("RRL)

A OTAI213/2019 ("RRL)
A OTAIF232/2019 ("RRL)
A OTAIF18TI2019 ("RRL)
S50 | |— & OTA159-2/2019 (“RRL)
A O/TAII0T/2019 ("RRL)

- OITANZIE2019 ("RRL)

A OTAI146-2/2019 ("RRL)
A OTAITTS-1/2019 (*RRL)
A OTAIBE/2019 ("RRL)
700 L a O/TAIN93-2/2019 ("RRL)
- O/TAISB/2018 ("RRL)
- OTANGS/2018 ("RRL)
- OTANS0/2018 ("RRL)
- O TA195-1/2018 (“RRL)
- O/TAIM82-1/2018 ("RRL)
- O/TAIMB1/2018 ("RRL)
- O/TA200/2018 ("RRL)
W O/TAIT1-2/2018 (“RRL)
- O/TAII169/2018 ("RRL)
W OTAI145/2018RT ("RRL)
- OTAL119-2/2018R2 ("RRL)
® OTAF109/2017 ("RRL)
& OTAIM1-2/2017 (*"RRL)
- OUTANATIZO1TRZ ("RRL)
00 L @ O/TANASIZ01T (“RRL)

@ 2560
W 2561 R e e e
A 2562

Ind-2001e

A OTAI19/2019 ("RRL)
- O/TANE2-2/2019 ("RRL)
- OTAIrS4-2/2018 (TRIRL)
A OTAIF/2019 ("RRL)
- OUTAL104/2018 (*RRL)
W O/TANST-I/Z0TE8RT (TRRL)
 OTANEI/Z018 (“RRL)
W O/TAIE1-1/2018 ("RRL)
W OTAI113/2018 ("RRL)
W OTALES-1/2018 (TRRL)
W OTAI110/2018R2 (“RRL)
_ O/TAL101-1/2018 ("RRL)
OITAI225/2016R3 ("RRL)
- OTAIZER01T (TRRL)
® OTAI142-1/2017R3 (RRL)
W OITAV1E042017 (*RRL)
W OITAI140/2017 ("RRL)
54| @ OITAI35/2017 ("RRL)
- OTAI10/2018 ("REL)
& OITASE2017 (*RRL)
W OUTALZA/Z018RT (TRRL)
- O/TAN30/2018 ("RRL)
. OUTALTI2018 ("RRL)
- OTAVA201T (TRRL)
I'I_T;orrmrjﬁfzms CRRL)
OIMYAIB/201T ("RRL)
OIMYASIZI201T (*RRL)
OMURIT2016 (MGST2510)
7] | OIMIYAS1Z72016 (TRRL)
56 L O/MavA/13/2016 ("RRL)

OFHKMNIZ1/TO (AJ2294911)
e B camne
sz OPHIT/96 (AJ294926)

—
=)

U7 3 sheghdhialsahnuaziindesslin O/ME-SA/INd2001e T .. 2560 ~2562 1w 89 e

gﬂﬁ 4 flef915a11 Phylogenetic tree waz3suiiisuanumiiouvesdiduiandlolnduvedlisa o/
TAI/189/87 reference strain #sliilfu virus seed Tuindunsudadnitiagiiu fula¥a O/TAI/139/2018 (g
SEA/Mya-98), 1a%a O/TAI/36/2018 (anewiug ME-SA/PanAsia) wag ha¥a O/TAI/30/2018 (anewug ME-SA/
Ind2001e) wundauwmilouRnilu 88.8%, 87.1% uay 83.4% ALEIRU ‘?iﬂWU’jﬁﬁ’]EJWUﬁ: ME-SA topotype
LenAaRINEosig SEA/Mya-98 ogstaiau

L

St
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100 O/TAI/189/87reference strain (*RRL)
O/TAI/139/2018 (*RRL) ] O/SEA/Mya-98

O/TAI/36/2018 (RRL) 7]0/ME-SA/PanAsia
O/TAI/30/2018 (*RRL) ] O/ME-SA/Ind2001e
—
0.02

3‘1]17; 4 uans Phylogenetic tree O/TAI/189/87 reference strain seed vaccine wW3guileuiulisa anemiug O/SEA/Mya-98,
O/ME-SA/PanAsia Wag O/ME-SA/Ind2001e

GRINGIERLIGIHITE

nan1sfnwnuingelisalsauinuasiindesdlsindlonszuinlulssimalngluyael wa. 2560-2562
=~ v o Y o i v Y a = Y = v
fanulndireaiulfanaessuinunneunidndulssma uwaglugiinaedensfusenidedd laenunis
JEUIATRtaeug O/ME-SA/Ind2001e nyian 3 ndeyanisAnwilnsudadninisiinisAniionaneiugive
O/ME-SA/Ind2001e Wl virus seed ludafufiandu 1losaindgifinisalveslsaunniululszwelve uaz
I3 o sl Y o A 9 vy s ayv - =~ & =~ %
Juaeiusinseiumsssuinludagdu inelvdmidglifulsafiaaiivme iuvismsaziimmaaeuauaulse
voindunnanediueliFannateiug WelasananumganyeinInge virus seed luindunlviniy
AulsAfiAsaUAguaneiusInuluUssne

ANRNSSUUTENA

ANERITEVDVBUAMKEILIENTANTUgUANER WA waziwignmsdtinatuandesiunazindn
Lspdnd Fadufaduayunaiuuleusuazesuyszanadunisaiiiuny veveunauintinninuveaudedds
lsatnuazvindey annduguaindniwiend nlienusiuiielunsmiouwasnameg s JuRng

LONE15919D9

nsuUAdnd. 2562, “srgauadanisidi-dseen duAuadnd wndnd 2562, nesarsinsuaziniu nsuuadad.” [Onlinel. Available:
https://aqji.dld.go.th/webnew/index.php/th/news-menu-2/royal-menu/19-royal-cat/108-imp-exp-animals. [3 fuAy 2563]

Abdul-Hamid, N.F., Firat-Sarag, M., Radford, A.D., Knowles, N.J. and King, D.P. 2011. Comparative sequence analysis of representative
foot-and-mouth disease virus genomes from Southeast Asia. Virus Genes. 43(1): 41-45.

Bachanek-Bankowska, K., Di Nardo, A., Wadsworth, J., Mioulet, V., Pezzoni, G., Grazioli, S., Brocchi, E., Kafle, S.C., Hettiarachchi, R.,
Kumarawadu, P.L., Eldaghayes, .M., Dayhum, A.S., Meenowa, D., Sghaier, S., Madani, G., Abouchoaib, N., Hoang, B.H., Vu,
P.P., Dukpa, K., Gurung, R.B., Tenzin, S., Wernery, U., Panthumart, A., Linchongsubongkoch, W., Boonsuya Seeyo, K., Relmy,
A., Bakkali-Kassimi, L., Scherbakov, A., King, D.P. and Knowles, N.J. 2018. Reconstructing the evolutionary history of
pandemic foot-and-mouth disease viruses: the impact of recombination within the emerging O/ME-SA/Ind-2001 lineage.
Sci. rep. 8(1):14693. doi: 10.1038/541598-018-32693-8.

Beck, E. and Strohmaier, K. 1987. Subtyping of European FMDV outbreak strains by nucleotide sequence determination. J. Virol.
61: 1621-1629.

Bittle, J.L., Houghten, RA., Alexander, H., Shinnick, T.M., Sutcliffe, J.G., Lerner, R.A., Rowlands, D.J. and Brown F. 1982. Protection
against foot-and-mouth disease by immunization with a chemically synthesized peptide predicted from the viral nucleotide
sequence. Nature. 298(5869): 30-33.

Blacksell, S.D., Siengsanan-Lamont, J., Kamolsiripichaiporn, S., Gleeson, L.J. and Windsor, P.A. 2019. “A history of FMD research and
control programmes in Southeast Asia: lessons from the past informing the future.” Epidemiol. Infect. 147, e171: 1-13.
[Online]. Available: https://doi.org/10.1017/50950268819000578. Accessed December 10, 2020.

Brito, B.P., Rodriguez, L.L., Hammond, J.M., Pinto, J. and Perez, AM. 2015. Review of the global distribution of foot and mouth
disease virus from 2007 to 2014. Transbound. Emerg. Dis. 64(2): 316-332.

-16 -



Brito, B., Pauszek, S.J., Eschbaumer, M., Stenfeldt, C., de Carvalho Ferreira, H.C., Vu, L.T., Phuong, N.T., Hoang, B.H., Tho, N.D., Dong,
P.V., Minh, P.Q., Long, N.T., King, D.P., Knowles, N.J., Dung, D.H., Rodriguez, L. and Arzt, J. 2017. Phylodynamics of foot and
mouth disease virus O/PanAsia in Vietnam 2010-2014. Vet. Res. 48: 24.

Domingo, E., Escarmis, C., Baranowski, E., Ruiz-Jarabo, C.M., Carrillo, E., Nunez, J.I. and Sobrino, F. 2003. Evolution of foot and mouth
disease virus. Virus Res. 91(1): 47-63.

Gleeson, L.J. 2002. A review of the status of foot and mouth disease in South-East Asia and approaches to control and eradication.
Rev. sci. tech. Off. int. Epiz. 21(3): 465-475.

Hall, T.A. 1999. Biokdit: a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT. Nucl.
Acids. Symp. Ser. 41: 95-98.

Knowles, N.J., Davies, P.R., Midgley, R.J. and Vaarcher, J.F. 2004. Identification of a ninth FMDV type O topotype and evidence for
a recombination event in its evolution. Report of the session of the research group of the standing technical committee
of EUFMD, China, Crete, Greece, 2004 Oct. 12-15, Rome: Food and Agriculture Organization, Appendix 24. pp. 163-172.

Knowles, N.J., He, J,, Shang, Y., Wadsworth, J., Valdazo-Gonzalez, B. and Onosato, H. 2012. Southeast Asian foot and mouth disease
viruses in Eastern Asia. Emerg. Infect. Dis. 18(3): 499-501.

Knowles, N.J., Wadsworth, J., Bachanek-Bankowska, K. and King, D.P. 2016. VP1 sequencing protocol for foot and mouth disease
virus molecular epidemiology. Rev. Sci. Tech. Off. Int. Epiz. 35(3): 741-755.

Kumar, S., Stecher, G. and Tamura, K. 2016. MEGAT: Molecular Evolutionary Genetics Analysis Version 7.0 for Bigger Datasets. Mol.
Biol. Evol. 33: 1870-1874.

Linchongsubongkoch, W., Abila, R. and Thongtha, P. 2018. Molecular epidemiology of foot and mouth disease virus in Southeast
Asia during 2004-2011. .J. Vet. Biol. 27(1-2): 28-43.

Mason, P.W., Pacheco, J.M., Zhao, Q.Z. and Knowles, N.J. 2003. Comparisons of the complete genomes of Asian, African and
European isolates of a recent foot-and-mouth disease virus type O pandemic strain (PanAsia). J. Gen. Virol. 84: 1583-1593.

Park, J.H., Lee, KN, Ko, Y.J., Kim, S.M,, Lee, H.S., Shin, Y.K., Sohn, H.N., Park, J.Y,, Yeh, J.Y,, Lee, Y.H., Kim, M.J., Joo, Y.S., Yoon, H.,
Yoon, S.S., Cho, I1.S. and Kim, B. 2013. Control of foot and mouth disease during 2010-2011 epidemic, South Korea. Emersg.
Infect. Dis. 19: 655-659.

Paton, D.J., King, D.P., Knowles, N.J. and Hammond, J. 2010. Recent spread of foot and mouth disease in the Far East. Vet. Rec.
166(18): 569-570.

Qiu, Y., Abila, R., Rodtian, P., King, D.P., Knowles, N.J., Ngo, L.T., Le, V.T., Khounsy, S., Bounma, P., Lwin, S., Verin, B.C. and Widders,
P. 2017. Emergence of an exotic strain of serotype O foot and mouth disease virus O/ME-SA/Ind2001d in South East Asia
in 2015. Transbound. Emer. Dis. 65(1): e104-e112.

Reéid, S.M., Mioulet, V., Knowles, N.J., Shirazi, N., Belsham, G.J. and King, D.P. 2014. Development of tailored real-time RT-PCR assays
for the detection and differentiation of serotype O, A and Asia-1 foot and mouth disease virus lineages circulating in the
Middle East. J. Virol. Methods. 207: 146-153.

Rueckert, R.R. 1996. Picornaviridae: the viruses and their replication. In: Fields Virology. 3rd eds. Edited by B.N., Fields, D.M., Knipe
and P.H., Howley. Lippincott-Raven, Philadelphia, USA. p. 609-654.

Samuel, A.R. and Knowles, N.J. 2001. Foot and mouth disease virus: cause of the recent crisis for the UK livestock industry. Trends.
Genet. 17(8): 421-424.

Seeyo, K.B., Nishi, T., Kawaguchi, R., Uagvanijban, S., Udon, R., Fugai, K., Yamakawa, M. and Rukkwamsuk, T. 2020. Evolution of
antigenic and genetic characteristics of foot and mouth disease virus serotype A circulating in Thailand, 2007-2019. Virus
Res. 290. doi:10.1016/j.virusres.2020.198166.

Subramaniam, S., Bisht, P., Mohapatra, J.K. and Sanyal, A. 2015. A new lineage of foot and mouth disease virus serotype O in India.
Veterinaria Italiana. 51(2): 145-149.

World Organisation for Animal Health (OIE). 2018. “WAHID interface animal health information.” [Online]. Available: http://www.
oie.int/wahis_2/public/wahid.php/Wahidhome/Home. Accessed January 3, 2018.

World Organisation for Animal Health (OIE). 2019. “Chapter 3.1.8 Foot and mouth disease (Infection with foot and mouth disease
virus), version adopted in May 2017.” In: Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2019. [Online].
Available: https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.01.08_FMD.pdf. Accessed April 1, 2020.

L

St

-17 - 72 1d8UA 1




ANSANEINIINEIS NG5 LSANHINUIVDILNELUD
NAnelsAUINUaenWaInIUsIINYIR

Pathological study of contagious ecthyma from skin lesion

in naturally infected meat goats

0307 ATIRAILNGY 2991 959 e Shluna audng J3viny
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Abstract

Backgrounds: Contagious ecthyma is a zoonotic viral disease, causing problems of meat goat
farming in Thailand. It can cause different types of skin lesions around lip resulting in misdiagnosis of
other virus-induced skin lesions. The aim of the study is to describe pathological characteristics of skin
lesions from naturally orf viral infected meat goats for final and differential diagnosis.

Methods: The goat-skin samples were collected from 16-infected meat goats. The samples were
sent to confirm infection of contagious ecthyma and rule out foot and mouth disease by real-time PCR,
and real-time RT-PCR, respectively. Pathological study was conducted including gross pathology,
histopathology and ultrastructural study.

Results: The samples were positive for contagious ecthyma, and were negative for foot and mouth
disease. Gross pathology revealed hard dark scabs 100% (16/16) and erythema 6.25% (1/16) on lip 100%
(16/16) and in nostril 25% (4/16). Histopathological study found main lesions in epidermal layer of both
types of the samples. The 93.75% (15/16) scab lesion samples only had lesions at the top layer of
epidermis with hyperkeratosis whereas, the 6.25% (1/16) scab lesion sample showed in all of epidermal
layer. The erythema lesion sample presented ballooning degeneration with eosinophilic intracytoplasmic
inclusions, and the inclusions were round and oval shaped, size 1-15 pm, in keratinocyte of stratum
spinosum layer. Ultrastructural study found round shaped virions (150 nm) and oval shaped virions
(150-180 nm x 250-300 nm) in cytoplasm of keratinocyte which morphologic and size consistent with orf
virus.

Conclusions: The characteristic pathological formation in this study is particularly useful for final
and differential diagnosis of contagious ecthyma in naturally infected meat goats. Besides, the proper

samples for pathological diagnosis are epidermal skin of erythematous and scab lesions.

Keywords: Orf virus, contagious ecthyma, meat goat, pathological study
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wfasmvenelufidiundaurifiondn “rete pegs”
(5U7 3A) e Fuduseslsansqane simule
letinsindela%alu family Poxviridae Tneiisianu
wulaluszogsinevosmsanidie orf virus (Delhon,
2017) Iuei’auﬁf?u stratum granulosum Wag stratum
spinosum vosumlssmEmumsdonuuy ballooning
LLazLawwlu%y’u stratum spinosum Lﬁﬁﬁuﬁwu
eosinophilic intracytoplasmic inclusion bodies
Tuwad keratinocyte (gﬂ‘ﬁ 3B) lnuildnwagnans
Huliufed eosin vanesediu U1 1-15 pm A
wulﬁéigmm' 1 inclusions "ﬁulﬂ ei’auﬁf?u stratum basale
WummﬂqﬁaLﬁmﬁﬁmumaqLezjaés?iuﬂuammlﬁl,ﬁm
MSMUNEIYEITA stratum spinosum (E‘U‘ﬁ' 3B) lng
soalsainuludunitaimdunaniifuseslsans
ﬁgawm’%’immﬁﬁﬂé’aﬂumiﬁmL%a orf virus uana i

é’qwumimmﬁwamaé keratinocyte (epidermal
edema %39 spongiosis) (gﬂﬁ 3B) Fes0elsAtanunsa
Wy microvesicle (gih?i 3A) laluszogmoun
aeslsmiludiurestuntaurinunsiiusuaues
vaeadenrossiumsAudon (U 3A) ilunis
Tusealsaddnlunsinige orf virus ausssuTA
(Wang and Luo, 2018)

nnsinwseelsauuuasinddaeiluly
U3ainuAesfnndsainn1ssniau (exudate) fiwiis
sufudnuuvesunlandmuinen 16 fegns
fifios 6.25% (1/16) Tmusunilsrmiasuanuysol
Taewuseslsa hyperkeratosis (Ul 30) uay rete
pegs Faudeanunisideuuuy ballooning wealwaa
keratinocyte Wag@1u1900339Wy inclusions
(U7 3D) Isiuieniushegrsiimfsanseslsauuy
Auuae uany inclusions liteendn dwdn 93.75%
(15/16) WULWBG%‘U stratum corneum L‘Vhﬁ?u Tagnu
50815A hyperkeratosis saufunuLAwLgad (cell
debris) wagiwaasnidu (inflammatory cells)
(Uit 3D) Fetoyadneuiivadldiiegnsimes
wneTiRnde orf virus uansseslsauuuazfinananse
Punsanane3inewitedadelsauiientu
soelsALUURLLAT
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A

a' = aa B < a & =
M99 1 LLﬂﬂdNaﬂ’liﬂﬂU’m’NﬁgﬁWﬂ’]ﬁ’JwEJ']ﬁ]’]ﬂiE]EJIiﬂLLU‘UN‘NLLWQ LLﬁSLLUUﬂ%Lﬂﬂ%@QLLW%W@IﬂLﬁaiiﬂﬂ’lﬂLUE]EW!WEN

Gross lesions

Erythema lesions (n=1) Scab lesions (n=16)

Histopathological lesions

Hyperkeratosis 1 16
Epidermal hyperplasia with rete pegs 1 1
Inflammatory cell infiltration 1 16
Ballooning degeneration with eosinophilic 1 1

intracytoplasmic inclusion bodies
Capillaries proliferation 1 0

Intralesional organisms
- Bacteria 1 15
- Fungi 0 1

gﬂﬁ 3 LLamsaﬂIsﬂmaa}awm%%wawaﬂsﬂmﬂﬁ']awgwaamnéhaﬂwaﬁmﬁmw&f‘:a

A wamsseslsn epithelial hyperplasia $3ufuny rete pegs (RP) ludumifarimdy wazdumidaudt numsiiiusnuvevaeniden
Negtafumsadeananeshumis (>) uaz microvesicle (>) 9nseehadiuuas

B: LAPINMITAA keratinocyte °1u‘85u stratum spinosum finunsideunuy ballooning $auAUNU eosinophilic intracytoplasmic
inclusion bodies (->) wazsoalsa spongiosis sfumsiiusuenwadludu stratum basale (>) ansaeehiiuunag

C: wanasoelsa hyperkeratosis (->) Wagngaidanoen (>) nfod1aasLin

D: WAAINNLTAE keratinocyte 114‘5’14 stratum spinosum finunsideunuy ballooning $2uAUNU eosinophilic intracytoplasmic
inclusion bodies (->) uaruinmiinuwadsniauiusumssad () Mndegasin

L

St

-23 - 72 18uA 1




JUT 4 uandlassaiesgdundesganssmiBidnaseuveusad keratinocyte ifinL¥e orf virus
A: Ldn9waa keratinocyte 7itfin cytoplasmic proteolysis i"JaJﬁ'UWUEJHmﬂ?JEN orf virus (>) InEUEAIN TN BARIUYITUUUDININ

LAYNNSVYYRBNTBITBIINTENINULAS (>)

B: ua@ns nuclear collapse (>) Wagngyl inclusion bodies viangvun (>)
C: wans nuclear invagination (>) wag inclusion bodies aualng (>)

n1sfinwnendesganssmidianaseulunis
Anwilidendnuiamesogsiuuaatienindesng
azinaiauudannisliaunsadadiegsls Tag
wuLwad keratinocyte Filaid organelle n1glu
lelananady (g"dﬁ 4A-C) uarnsdsuntasvande
ViudAdea 1y N13U818U89 nuclear pore N154A
nuclear collapse (gﬂﬁ 4B) uag nuclear invagination
(Uit 40) usfu Feusfiawad keratinocyte 1Aanns
v (cytoplasmic edema) wagmsaanevesiusiu
(cytoplasmic proteolysis) (Cheville and Lehmkuhl,
2009) wagnyu cytoplasmic inclusion bodies
(g"dﬁ 4B-C) 3184 BUNAVDA Virus ﬁﬁgﬂﬁ'wﬂammm
150 nm uazguldauianing 150-180 nm 17
250-300 nm (Uil 4A) Us¥3udu orf virus (Cheville
and Lehmkuhl, 2009) Imanwaﬁﬂwwﬁwuaqmmaq

¥ v
v

T¥aldunndn vefiifiasan orf virus dnalnnng

aulaeaNANiuYessenie taganunsadily

mauaaﬂudaummamﬁmma (Wang and Luo, 2018)

aghslsAnunsAnuilldanunsawans ultrastructural
sada A vyyvo

morphology Uesasnfnelanmualaganylu

@ fine structure YawadLlpINAIDE 1L LB N

TaAnwnluseensily 10% formalin 1y pre-fixative

Faansilla@nansasnwanwluiuluwadls (usee, 2529)
TayailaannisAnwiasedarunsailuly

1Y

Aadeuenlsaluwneiifiseslsandeiulsauinides
wwaald 1y Tsavinuazindes waylsaflany
uwnz-unz Wudu nelsaunuaswindes feudazny
seelsafiRamifsusnaunldiguiety uddnlng
Huspilawasudsuiuumanaenilinunsmndauiu
autinuitauds (Underwood et al., 2015) @1unnd
a;awm%iwmwumﬁlﬁammu ballooning Luifigfiu
Lwivl,:u'wumiLaﬁzyll,ﬁu%wuaqLsnaésﬁzuwﬁfqﬁwﬁ'] WAy
inclusion bodies (Cheville and Lehmkuhl, 2009)
drulseilnuwunz-wnyseslsafinandutnaznszany
EnFadnitae Snedanueinistaeguuseni
Tnenulanaieseuu U ssuumaiumela wagsyuu
MaAue1s (Constable et al., 2017) d@1usaslsa
N99ane1FINeTdnwazaauafaiulagaIunse
m57anU inclusion bodies lAluLAgINULAINSE
Fuunidolafadienisfnwiniendesgansaed
didnasoulngaunavaslisalu senus capripoxvirus
\Jusudy (brick shape) usi orf virus {Wugula (oval
shape) (Delhon, 2017) TAg@1u1503 L UNAIILLAN
sinswosenmssealsaia 3 Tspdllawansned 2
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A15°97 2 wasAnuuanenIsErieseslsavasunsllenifnwelseUnUosnmes lsrknwune-wnzuaglsatnuaznides (Constable et al., 2017)

Clinical sign/lesions Contagious Ecthyma

Sheep and Goat Pox

FMD

Clinical sign Non-systematic

Skin and mucosal - Erythema, macules, papules,

lesions vesicles, pustules and scabs on
lip, muzzle, ear, eyelids, teats,
coronary band and in oral cavity

(gums, palate, and tongue)

Epithelial lesions - Epidermal hyperplasia

- Ballooning degeneration

- Varying size eosinophilic
intracytoplasmic inclusion
bodies

- Spongiosis

Virus particle - Oval shape

Systemic

- Macules, papules, vesicles (rare)
appear to coalesce over the body,
mucous membranes of eyes and
nose and mucosae of mouth,

anus, and prepuce or vagina

- Epidermal hyperplasia

- Hydropic degeneration

- Large eosinophilic
intracytoplasmic inclusion bodies

- Spongiosis

- Ischemic necrosis

- Brick shape

Systemic

- Vesicle and ulcer on coro-
nary band and in oral cavity
(gums, palate, and tongue)

- Epidermal hyperplasia
- Vacuolar degeneration
- Spongiosis

- Icosahedral shape

vananilsaunidesunesdudulsadiide
ldernidesainnalnnisnauniianngiduiudsnan
198 I¥adsegluaniavildansatudeouly
gunsainsides wardsnadeuniglussuldidy
981U (Delhon, 2017) Bnvisludnidaesaia
annsandulsagnlésn Sadinsiiadundass
annsoundidelalfiRsudanuguusedsaanag
Wiy (Hosamani et al., 2009) ﬁqﬁ?umsmuau
Josulsadsasuenditigeanaings dn153nnns
yhsudiR Wun mevhenuavenn uazsitogunsal
nMades suduiihsuiouenduialse wown
lganenadeiuiimsidioddnl uardnussnanis
1‘7iéfaqszi’aﬁai‘]gg‘mmsﬁm}'aﬁumismmé’miéﬂu
Favilsteninsumes (blister) iflusavguasanany
swfufionsiduiinudnaimilsidudadnivae
agslsimueInsninaausameedlanielu 4-8
&Un9i (Ginzburg and Liauchonak, 2017) U#31nA1S
aa‘ﬁuﬁLﬁuc?hasmi'mﬁumsé’ummﬂmwmﬂsﬁjﬁym
wiglumsnuiwuildfinuesnsselauanssosise
fananadnesiu egnslsinn dnunnduwasiuiifa
fiAetesasiinnusesinse Twaonauliauiuay
afreamudilaietulsaiineinusasnsiiedestu
nsAnnevaslsasznsdnitazau saudsaniom

% [ s

Auguamdnliiedaaiunisidesunelviddunag

a

finandnfdannmsialy

D
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dnwagTninsiisaneansaldiludeyalunis
Fadelsauaridesouenlsald Fsnsidesouenisai
Fosldnisnsrameiesufofnasaudae 1iesain
Ldanunsaddedouenlsaanseslsaiiveiiudae
el dwsuseelsamuddvajedudumermi
Y9I 2 LUULAZENINSANUSNAEIONETDS
Iﬁﬂmaqawm%%mﬂusaaimLLUUﬁ'uLLm%Lﬁ]umi']
seulsauvvaziin daumsidenifiushegaiitiiode
drumisnninlunisaitadelsanane1sinen

ANRNISUUTENA

YovoUAM KUY AN Tugiug Alviduus
naeamsfne mthildinnuuadaistnolaning
Fmiodand wag waw.nga vuzdy Alianutoe
widelunisifiudiedns auiygsia gmigawqﬁ
AuIdLkar RN nIAnyJusen uag
Wt iquéideuazimuinisdniunndaald
pouvy dmsunsasramdlidainel uasidmihdg
womeSine anndugunmdniuiennd e
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