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Detection of African horse sickness virus from spleen and lung tissues

by immunohistochemistry method

U @ 4
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Abstract

Background: African horse sickness (AHS) is a highly infectious disease that affects Equidae species.
The disease is caused by African horse sickness virus (AHSV), which is classified in the genus Orbivirus,
family Reoviridae causes high mortality rates up to 90% in infected horses. Immunohistochemistry
method is a specific method that identified infected viral in the tissue. This method can also specify
viral pathogen in paraffin block tissue or formalin tissue samples. This study aims to investigate the
distribution of AHSV in the spleens and lungs by gross pathology, histopathology, and Immunohistochemistry
method. The findings will contribute to understanding of AHSV pathogenesis:

Method: Necropsies were performed on two infected horses that tested positive for AHS using
Real-time RT-PCR. The spleens and lungs were collected and examined the gross pathology,
histopathology using hematoxylin and eosin staining, and identification the presence of viral infection
and determination the distribution of the AHSV within by Immunohistochemistry method.

Result: Gross pathology of infected horse no.l revealed generalized subcutaneous edema,
pulmonary edema, hydrothorax, and petechial hemorrhage at pericardium. Infected horse no.2 showed
tracheal frothy exudate. Histopathological findings of both infected horses revealed splenic hemorrhages
and congestion and interstitial pneumonia characterized by infiltration of macrophages and lymphocytes.
For Immunohistochemistry method, splenic tissue of both infected horses demonstrated dark brown fine
granule from DAB staining in red and white splenic pulp. Lung tissue showed partial staining of alveoli,
pneumocyte type |, and type Il admix with macrophage.

Conclusion: The study of gross pathology, histopathology, and IHC revealed consistent findings.
IHC proved to be a specific technique that not only confirmed the presence of the disease but also
provided information on the localization of AHSV within targeted organs, such as the spleen and lungs.
This method holds potential for investigating the pathogenesis of AHSV and can also be applied for

retrospective studies using formalin-fixed tissues.

Keywords: Horse, African horse sickness, immunohistochemistry, spleen, lung
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Lﬁﬂmm‘?}la African Horse Sickness Virus (AHSV)
%ﬂLfJu RNA virus %’maqwlu genus Orbivirus, family
Reoviridae fialindnsmielagedis 90% lugh
(Mellor et al.,, 2004) dmamwwmmwgﬁwia
mssidlulsemauazsinasema villiannse
wndeudiedinluduinssnald Tandgninoglu
emslsassuiniidifyvedesdnisaunimdnilan
(WOAH, 2022) wazdatiaidulsalunsysvdayelalsa
ITUINERT W.A. 2558 Dneg

mMsitadelsn AHS anunsaiansandesiuain
9n15n19PaTn wazseslsafinuannsiann teun
arsundnvazidudusinuiinidesdlnusy
(serofibrinous effusion) wagideneeon (hemorrhage)
nmsinasndenlutieidouarlunatseyuny
gvinane e AHSV asfiudunilusostindes u
U3nnusn ndudorsdngnizuadon Tasduiy
dadeauns wazastiinduiudnaivlumadidoy
naeAlaonwavaslindenu1vida monocyte
Mnuazdludetestimne 16ud Jen la shu
LazaYezYeIsT UL IWMARY 91nnnsAnwves Clift
and Penrith (2010) syt wadidndenv1iviin
monocyte way macrophage Wuwaaiwanelunis
nsuuvesdiohda urannisAnwues Jones
et al. (2023) wuhannsanudelhialy lymphocyte
Iudeaiu dmsumsitadelsaluiesfiminisd



Mane3E WY N15ATIITE N13ATIMATHUINT TN
nMsasamueuiverede uidmutesiind ndu
nsvnaeusieitlatanis fadunisneaeunane
F7UAU (combination test) JMTAUADNITITINY
TsAil (WOAH, 2022) n53dadelsadneiadendieme
98uyludalaadl (Immunohistochemistry, HC)
Hunilslumadenvesnsifedelsa ldanus g
LﬁaamﬂmmmisqﬁwLmﬂwau%ab%’al,ﬁammm
duiusiunaudeuudamisganedld dufeduns
asenueuieuluiede Tngliueuiuafisutuetng
Sumzsoueuinuiu dahanssufuveoufiou
warkeufued avarunsans ulaannnisiindves
substrate luustindna dmsueunalisa (virion)
vo3e AHSV fiudentiumanstu liun wWaenvilhia
Fuwen (outer capsid) Usznausaelusiy 2 wila Ao
VP2 uaw VP5 dhuununand (core) weaiolaaiidon

v
Y o

sudulunazduuen Tneidensuununansduuen
(outer core) Usznause TUsiiu VP7 §1unu 260 Tu
SeeiluanwagAd1e1smIu (ring-like structure)
Waensuununansdaly (inner core) Usznaudie
TWsfu VP3 $1uu 60 Fu vhwtiiivedu VPl
(polymerase), VP4 (capping enzyme), VP6
(helicase) wavansmugnssu RNA va3hi5a (genomic
RNA segments) sﬁwizﬂauLﬁugﬂiwﬂé’wmﬂlﬁ
(flower-like transcriptase complex) (Roy et al.,
1994; Dennis et al., 2019)
Tusnueiiisnsanandeviearsiugnssy
Y9980 17U Real-time RT-PCR anunsnszyldifios
nsfvielifidelalusedravinfuuslailfsey
Funisrentohda uwarisnmsnTamueuivenves
Woaznsiamldndannsinde 8-12 Su (WOAH,
2022) Fddauiuiuniinisiineinisveslsa
d1un13nImgTsduyludalanil @a1u1sansiale
Fawsnunsindelusieneluszezusn q vild
annsnitadlsaldogneinigs uenaniitinisiinm
w1 3Eauylusalaedlulse AHS du lamwuufisen
U1 (cross reaction) Gi’e]L%@h%’ﬁsluﬂﬁjm Orbivirus
¥iindu LLazé’ﬂﬁmamwﬁﬁﬁmﬁd%ﬁaL?J'a%gﬂm'%“ﬂu

Wosuauuu 365 Ju (Clift et al., 2009) @158
Tifomsfnudounds lunsdiitudeudedluvien
wwmﬁw’%aﬁﬁmﬁaﬁufziaQIuWa%uwéuLﬂuLaawuwulﬁ
feluniridanunsoldisiddmsuresdjonnsilad
\ATeIMTIVNAN UGN TN

nsfnwadslifeiiingusrasdifionsianide
AHsV luilerdesuuarvondafuasavitmnglag
Fouyludalawadl iedunisnsradudulsn wasfnw
nsnsyanefivendehdaluiiedesunazUen
ﬁm%’uLﬁu%aadaiumsﬁﬂmwm%ﬁwLﬁmmr‘?‘?a AHSV
solu

¢ aqa
aUNIULALIENT

79819

AughegaihuwazUenainifiane dliua
VINFBLEe AHSV #1833 Real-time RT-PCR (Guthrie
et al, 2013) w2 &1 Mnuiodeduuas
Uaautluiingn 10% neutral buffered formalin
AI9E9ATUANAY IganfegaiedosunazUon
yowhiivhmsine Taesidunmsynduneuduies

AUAIDY1NAGDU LA LTUINAUNEAAIUUALAALNY

primary antibody

ASANWINIIUANBIS NG (gross pathology) Laz
9ane159nen (histopathology)

AN IYNIUUNEITINYNAINITNIIN FUNH LA
tufinwerBanmiiny uasfnwimagane1sine lng
vhdwilefrunisugluthen 10% neutral buffered
formalin 1umnan 24-48 F3lus wdaussliidvunll
WU 2 X 3 [wUReT unuseann 0.3-0.4 [WURLUAT
ﬁ]’]ﬂﬂfuﬁ’lL‘Z’JIWQiﬂi&;’U’Juﬂ’liaﬂﬁﬁaaﬂmﬂLﬁ’e]L?JIEJé”JEJ
13849 automatic tissue processor (citadel 1000,
Thermo Fisher Scientific, UK) wazthsegailode
Halumisfludieiaios embedder wdsanniy
Faeasetfedes microtome 1w 3-5
lulasiuns wag@n section vualan founied
hematoxylin a8z eosin (H&E) dlewIoualad
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Seuesudd Uu1nagseslsarienaedganssal
YinaDIaI9 (Fischer et al., 2008; Slaoui and Fiette,
2011)

n1sAn¥1A1825duyludalaall (Immunohisto-
chemistry) (Wohlsein et al., 1997)
thinegheudeniotuiiiesinu uarUondisnge
1309 microtome InAnuuIKualadLidniise
u1n (Positive charged slide) dmiunsouilode
wazuinwIs1Aueen (deparaffinization) fe xylene
wazAuL (rehydration) §28 ethanol &1egetingu
5 uait wieudauninezdcdunousdeld mMen
endogenous peroxidase lagnen 3% HO, T
dladt lilgaumgfives wiu 20 Wil andufuanin
WouUALaY (antigen unmasking) lagldieulyil
proteinase K (Dako, USA) Imwamiﬁﬁ’uﬁm?ja
vualad fislifigaumgiivies unu 20 w1 &19de PBS
3 ﬂ%’d Wunan 3 w1l wea 5% bovine serum Lﬁa
Fudamssunuulals e (non-specific block) Wag
aufi 25 asrwalea Uiy 40 Wil wazdedag PBS
WU 5 undi ntiumen primary antibody (Ingeneza,
Spain) (Aadudy 1:500) fisumngsielusiu VP7
Tiiedevualas svalasibedelundssnutu
4 sarnwaBeat Ay wadeiie PBS 3 At Aty
5 U191 e secondary antibody solution (ImmPACT/
Imm PRESS-VR polymer reagent, USA) IﬁﬁﬁLﬁaLﬁa
vualas sualaslundoafuanudu egnatios 30 wni
warlalilauuas visniy &eqalu PBS uazudly 5
Y9 mﬂﬁwm substrate (3,3"-Diaminobenzidine,
DAB, UsA) Titidloifioundlas avifind udréneie
PBS 3 A%s afaas 2 Wit IR counterstain
Tneudalasiifodoluansazans hematoxylin W
1-2 Wit widrathlua 10-15 Wit ntuilsu
nsTUIUMsANeenanLiede @ae ethanol ndiann
thu mount alas Tneld permount d@115UF19819
muamaummﬁhashuﬁal,?jaﬂmuazﬂamaaﬁﬂ
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Nvn1sAnwIlagATun1SYNTURDUULAYIY
F081MNAEDU LATUINAUNYAAIUUALAALNY

primary antibody

nsgunavasIsauyludaland

lagSe Ul uygAsenanniesening
LOUALIU-WOURAUDAVBIAIDE LAz Uan AU
fI9ENAIUANAY

- HAUIN LEAASLATNITIAAEATIAILNUIVEY
Wewdosuuarten Tngnunisindinnaduves DAB
Tulalnnata@u ves endothelial cells voaannidon
wuaLan (capillaries) small postcapillary venules
waz precapillary arterioles dnweaznISANG ALY
LfJuLLﬂiléaazLﬁsm (finely granular chromogen) #3®
Qmmzmaimﬁa@ia (diffuse dot-like chromogen)

- waau linunisdndiaaduves DAB
daderhunazen

nsATIEVideya
UWANIINTIIN I URNTU IR
1Uswn3u Microsoft Excel version 2016 LiteaSuie

17 (%

UVOLANIUADATINTTUUT

NaLkazI15al

HANNSANYINUYNENTINGT MN99ane1sinen
waz3sBuyludalaeil veuhidne ASHV 1 2 M
wanalum3en 1 Aadl



A19199 1 UAAINANISANYIN VNG INGT YaneTINeT uagds
duylugalaail TushuuazUanveshng 2 ¢ lvinauinss AHSY
#6735 Real-time RT-PCR

Pathological Change Spleen Lung

Horse 1 Horse 2 Horse 1 Horse 2

Gross lesion

Splenic enlargement ++ ++ N/A N/A
Splenic congestion + + N/A N/A
Diffuse pulmonary edema N/A N/A +++ ++
Tracheal frothy exudate N/A N/A + +

Histopathology

Splenic congestion and hemorrhage ++ ++ N/A N/A
Hemosiderin accumulation ++ ++ N/A N/A
Diffuse pulmonary edema N/A +++ ++
Intra-alveolar hemorrhage N/A N/A - +
Edematous fluid in bronchiolar lumen N/A N/A +
Inflammatory cells infiltration of N/A N/A - +

alveolar lumen

Inflammatory cells infiltration of N/A N/A ++
alveolar wall, alveolar lumen and

interlobular vein

Immunohistochemistry
DAB stain in red and white pulp of ++ ++
spleen

DAB stain in alveolus, pneumocyte ++ ++
type | and pneumocyte type Il

Remark: N/A = Not Available, Not Found += Mild ++= Moderate +++ = Severe

NANISANEINIIURNYIS NG
seelsaiinuandfilinavansoe AHSY i
2 wuinuseslsauuu Mixed form Rewuiieennis
Ay Pulmonary form 1guA nunmzUoauauih
dludesen vesnarluresendlunaenay waz
Cardiac form Fanugaidonsenuinadonuila
31 CFSPH (2015) [eSuned \unannmsfidelh$a
dnluvhanevaenden liAnnsdeuaansveie
ynaoaldon (iR sifiunstusuntimasalden
(vascular permeability) st ure sy
Tunaonidendgiileide (hydrostatic pressure) ¥ilst
\nn1sazauusanallutesinslulen (pulmonary
edema) waznseuil Wohlsein et al. (1997) lenu
Tsiuveaidolsa (viral protein) Wlalananaduves
wadldeyvasaidenluluiudigenitiuniedy
yena NI 1 Snssduluredsaumnia
finad 2 Sanuihlutesen (hydrothorax) 910N

avauTaIVaIUIIIIINTINGE dmSueTezdue
¥uA sy uazsinle wuseslsAannsnevauessee
1h¥a Tnsnumsdadon waznudensenluudnngs
nam wenaniudmunmzuildRamaiaganie
wazUinahmanmsvhareaendenainidelida
Tuusnafsnanigueiu

Uit 1 uansuvmesimeeshilinauandeide AHSV #1638
Real-time RT-PCR
) numsuahuinaldfandshime (e
(B) U@ﬂWUﬂ’]’J%U’JNﬁ’]LLUUEuLLSQ nszely (Asd)
(©) wushuflvuelve) wazduden
(

D) wuyaideneenuInadeuila
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NANTSANYINIYANIFINEN

fhununshaudenuazidonsan annsdoud Wiadonun uenantudmunisuiluuinaby
H&E Uamwun'nzmuﬁmssmaﬁaﬂamLLUU§uLqu Inmsfintuveadeniiluaiiuluneeniden was
\HoneanuInugaulUUliTuss TINduNInuLas mslvadeuveadentustniegnsuniu mserTuT Clift
gnau leiun waddadonu vdnugeay nivgeay et al. (2010) l¥edurehmsinidelsahliinms
wazvaonidenluiiodoven seelsafinuannsinm douaaneveadoyvaoaidenlulon uazviaoniden
Jaonndostunisinwves Adam (2011) #inwunis Tutla vluani deseen axfiuiseslsedinuly
Wasuwaweaidaidousn annsavanvesansuily msﬁﬂmmwawaw%ﬁmawﬁﬁmmaamﬁmﬁmasﬂliﬂ
iedeven (proteinaceous fluid) lWuu saufuwad finuannnsfnemnaamnendinen

A;?'

A 64T
WO

U 2 uanssoslsmmeqaneSivenludedeiidond Hee
(A) ugmannzAudenuazidensen luileesihuvesh ) @00x)
B) uansnmzdadonuazidensen luieferhuvesih () (100x)
0 uannmzlonuantnnszaneiaven veuhif 1 ) (40x)

(

(

(D) wansamzdonuatnszateiaon vewindaf 2 ) (40x)

(B) wamsmanuwadsniautunasuinagasuandudeniuilodeen vauh (—) 400x)
(

F) wansn1snuwadsniauidntiosusiingian vein (—) (400x)

daonwnaens UN 74 1auN 2
U Journal of Thai Veterinary Medical

Association Under Royal Patronage



nan1sAnYIRIeI5BuYuBalaAT
nMsnsamIie AHSY lu ieideruuazUen
FeisBuyludalmadivossivi 2 ¢ uandugud 3
Tuilawdoriy wunnsing DAB Wudtmadiy
N3¥8UINN splenic parenchyma WuTn red
uay white pulp Ingwunisnsgagluusim red pulp
11N UUSIM white pulp linun1sAnduIe
eccentric arteriole @1931nlun15AnwIvD 9
Wohlsein et al. (1997) finun1sind DAB luiedua
waglslananaduvosmadndnowadldoynasnidon
(endothelium-like cells) Tuu3tiau red pulp
dmduioideven nunsindnszaneusin
alveoli U19dIU uonIINTUFINUAISARGYeS
pneumocyte type | Lag type |l sufuaaLlinden
913vUM macrophages
WaiederhuuazUannunisindihaadud
dnvaiduinsyaaziden m%aa;mmsmaiuﬁm%
denndosfudnvarnsindlanizdedelida AHS
(Wohlsein et al., 1997) dnwaiznsindusnaiinga

wuneuiou luileideudvune fe fhuwasden
wumsnszaesivsweuiiluiodoringn Tne
nunsAndvuas DAB 1Hudnweay small bead %38
dot-like/fine granular ﬁu?nmwaé@auwaam
ienioy wazwadiinidenv1iuiin monocyte-
macrophage ﬁL‘TJumaéLﬂmmsﬁuaaﬁa (Clift and
Penrith, 2010) wenaniissyldannsalilusiu
VP7 Fafudiudszneundnvosunudiluvede
AHSV dmsutsuenaudiuseufinuuesde Wosn
Tunsinwndeilld primary antibody fisuwzse
Wsiiu VP7 Tumsnsiasie3sBuyludalanils nanis
Anwlunsiluandfifiuiinsnszarevesde AsHY
Tuifoifiery wavden uonanildideduduniny
ansolunisesanude AHSV Tutuidlefiuterlu
Wosunau vhldazmnlumsvihen faiu Tunsdiid
{JﬁgmiumuﬁuﬁfméwﬂuﬁuﬁLLﬁziLs’ju GRERPRIC
dadelunesinduiiothuasald uenaniiiaiss
Pelun1sAne I uUgaUNAY (retrospective) d115U
msanwlueuwrnnladnaig

UM 3 wanskan1sasamideniulsaueniniluiiledei uaglenvewihmedsauylugalaind

(A) uansdnwznsAnd DAB vausuinuluwaddinidanvnveailaerinuvesi ) (40x)

B) uansdnwaznsind DAB vausuinuluwadidinidanvnveiloerinuvesin (—») (400x)

(
(©) wansdnuaznsing DAB vawaufnuluwadidiaidanviveduiiedelanvaatin (—») (100x)
(

D) uansanuwaznsing DAB veswauftauluiloloUsavein wunisnszanslu macrophage

(—») pneumocyte type | (= #) pneumocyte type Il (>) (400x)
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ayluazdaiauauuy

nsesamidenlsauen3nilush luileide
fhuwazden lneisdondduyludalaall \Wudnms
Lﬁaﬂmﬁwaamﬁﬁa5aiiﬂﬁﬁaaiuﬂwsizqﬁwLmu'waa
Wolh¥adsanunsamanuduiudiumsiuasundas
ysqanegsansudefiudeglunosunauld msfinw
Tuadedl Anvafteadodeshuuazlen esandu
ooz veadie AHSV uanuztlivihnsAng
dndsluilerdedu q wu Wils evorrluszuumaiiu
21115 edwazluszuusenlivie etvazlussuu
ReutMABs WieAnvIn1snszansventelifaly
doudastng dmsuludeyalunisfinwnendinde
youdelsamulsanensnilussioly

AnRNIsUUTENA

VYBUBUAN KOUILNT U151IN1TUaNITNY

Y

veslfuRnisnedinewazlhifainer audideuas
WAIUINTEIN NN NIARLTUDBN NIRAUTIBLAED

o

lunsnsiadiedns  Wmthidinaulednisneg

Urdnidmin wagdtnaudednin 2 nnvinunla
< o '

ANULILAEAD MUNTTBBNNUTLNBLAUFA88 19
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Study of toxin producing genes, pathological gross lesions and
antimicrobial susceptibility test of E. coli causing swine edema disease
in upper northeastern Thailand during 2012-2021

AUNGY FUNEYNTF WUATTUN  IIINUUN

Sompong Jantahan™  Netchanok Jiwakanon®

Abstract

Backgrounds: The upper northeastern Thailand during 2012-2021, found sick and dead pigs caused
by hemolytic £. coli, and the swine edema disease pathological gross lesions were found but toxin
producing genes were not detected. The aim of this study is to detect toxin producing genes of hemolytic
E. coli, data collection about age interval, pathological gross lesions, antimicrobial susceptibility test, the
correlation between pathological gross lesions and toxin producing genes.

Methods: 32 isolates of hemolytic E. coli from internal organs of swine edema disease in upper
northeastern Thailand from 2012 to 2021 and kept in -80 degree celsius were collected. The samples
were detected for six types of toxin producing genes, such as LT, ST1a, ST1b, Stx1, Stx2 and Stx2e using
PCR method. The data were collected including age interval, pathological gross lesions, sensitivity testing
results of 12 different antimicrobial drugs and the statistical correlation between pathological gross lesions
and toxin producing genes was determined using Fisher’s Exact test.

Results: All 32 isolates of hemolytic £. coli, the Stx2e producing gene was detected in swine edema
disease group 100% (28/28). And the Stx2e and ST producing gene was found in swine edema disease
with diarrhea group 100% (4/4). The highest incidence of the disease occurred in post weaning pigs
(> 4-8 weeks old). The pathological gross lesions of swine edema disease group included mesenteric
lymph node enlargement and congestion, lung edema and congestion. And found edema lesions of
internal organs, such as the spiral colon, stomach, eyes, and brain. The pathological gross lesions of swine
edema disease with diarrhea group showed same lesions of swine edema disease group and found watery
content in small intestine lumen and thin intestinal wall. The antimicrobial susceptibility test, the result
showed that hemolytic E. coli was sensitive to gentamicin norfloxacin ciprofloxacin and enrofloxacin as
84.38%, 78.12%, 75.00% and 65.62%, respectively. And the correlation between pathological gross lesions
and toxin was found significantly (p-value<0.05).

Conclusions: Pathogenic E. coli in shiga toxin-producing E. coli (STEC) can produce Stx2e toxin,
which the causative agent of swine edema disease in post weaning pigs. The pathological gross lesions
and the Stx2e toxin producing gene were statistically significant correlates (p-value<0.05). The antimicrobial
drugs suggested for treating in swine edema disease in the upper northeastern of Thailand are gentamicin,
norfloxacin, ciprofloxacin, and enrofloxacin.

Keywords: toxin producing genes, susceptibility test, swine edema disease, hemolytic E.coli
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UNANED

Aunvesnisfne: nuansthouagmennis
Ao hemolytic £ coli lunanySusenideanile
maUUUTIUTEIVALNEY 53190 WA, 2555 G 2564
waznuseslsAane SN finsianusienawes
Tsauannilugns uslallgvhnmsnsradide hemolytic
E. coli Wuniinnelsnaiiala nsAnuiluadedls
faguizasdifiensraniBuaiisansiiveoude
hemolytic E. coli ﬁLi‘ﬁJua'}memEﬂU’mfﬂuqﬂi
UMY NN TiAnlsa seslsAniene1Fing i
ATInURERUa mansvngeud e desenn
AIURATN Uagmanuduiusnsadasynieseslsa
mMangnFinerfinsianuiennlafuiuaisasiiv

33M3: TIUTWTe hemolytic £. coli 971U
32 isolates fuenlsinndeevotoaznelugnsils
Sunmtadeindulsavauiluiiuiinianz Tueen
deanilenouuy senined we. 2555-2564 Fafu
Snwnlifigaumgil -80 ssmwaidua thuasmmdy
a¥sansiiens 6 vile MEuA LT, STia, ST1b, Stx1,
Stx2 way Stx2e MgIs PCR 53UTINYIN0ILANT
soelsAn1Ine1sinerfinsianudien1iuan
mamimaaummiwmL%aﬁaswﬁwuqa%w
12 %tin Lazginanuduiusyniseifsyninseslsnnig
we I finTanudenanfuiuaiasivlag
14 Fisher’s Exact test

Wa: L‘??a hemolytic £. coli 1?13\‘1 32 isolates 91579
wuBuadansiy Soe Tungulsaunitluans 100%
(28/28) WALMTIINUBUATNAITNY StxZe FAUTU
asreansfin ST lundulsauaaniluanshufuionds
100% (4/4) P19018ansiiinlsngeiigade ansvds
veus (> 4-8 dUah) seslsAmane singfinga
wudemalungulsavauiilugnsldud nudeuh
wideausnandouviudldidnuenslnguaziidonds
Uonuamthuariidends wasuantmueienzes o
wu Weuriudldlve) nssmzems g wavaues
duseslsamang Sieninsanuseniualungs
Tsavauthluanssuifuiioads wuseslsnadefunda
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Tsauaniluans uaznuveammluglédniduuly
USunasnnuazatsgnldianuianinund wanismagey
mmlwau%wiamﬁwﬁga%w oA gentamicin,
norfloxacin, ciprofloxacin Wy enrofloxacin Wy
AUl 84.38%, 78.12%, 75.00% way 65.62%
AINAIAY LAEUIANFNNUSTENI1950815ANTY
We13IneTinsranusealafuasiie nua
dunusiueg1aliiod Ay 1ana (p-value<0.05)
a3U: £. coli ¥lianalsAngy shiga toxin-
producing E. coli (STEC) @u1saasneansiiy Stx2e
FaduasfuiivinlhAalsavailuansudameiuy
waznuseslsamanenSineiinsranusienan
flauduiusiu Aunswuiuiiadiansie Stee vos
Fodidelsn sgnsditfudfanieada (p-value<0.05)
uazeimgatnimngadlunsinuanstiedelse
vathluanslunieng Tueenidsamilonsuuu éun
gentamicin, norfloxacin, ciprofloxacin &g

enrofloxacin

AdnAny: Buadvansiiy anulimesdugadn
LsAvandluans hemolytic £.coli

N

Iﬁﬂmuﬁﬂmjﬂi (swine edema disease) tJu
TsivilAansuiailunansedeny visedailonnis
masyuulsvam uaziondesiude Tsaivinlvians
rouazmengresandanely 24 $lus (Raan, 2530
Oanh et al., 2012) mmmﬁﬂmm%a E. coli %iip
felsAngu shiga toxin-producing £. coli (STEC)
a3150a573 shiga toxin (Stx) Miludaderoainy
5UUse (virulence factor) Thlviwadideynasniden
LavwadnduiioBuvemasadondevng vilhan
mimmﬁ;ﬂuwawai’mz (Uemura et al., 2003;
Arimitsu et al., 2016) shiga toxin LANL3ENT1
verotoxin (Justenazenasi, 2548) wanaandu 2
¥l f shiga toxin type 1 (Stx1) wuseenidu 3
subtype LAk Stxla, Stxlc way Stxld @ shiga



toxin type 2 (Stx2) wuseenidu 7 subtype leun
Stx2a, Stx2b, Stx2c, Stx2d, Stx2e, Stx2f way Stx2g
(Scheutz et al., 2012; Baranzoni et al., 2016) lng
Stx1 way U1S subtype v89 Stx2 vinlwiAnlse
hemolytic uremic syndrome (Scheutz et al., 2012)
du shiga toxin type 2e (Stx2e) uanveslsn
muﬁﬂu@lﬂ‘ﬁ (Meng et al., 2014; Tseng et al., 2015)
uena e E. coli 1‘7idaisﬂmuﬁﬂuqmmamamaa
wuldaduadiansiie Stx2e waw enterotoxin
(lusnuAkaZs39U3, 2556; Baldo et al., 2020) B
d150% enterotoxin @wnsauusld 2 wila Ao
heat-labile (LT) uag heat-stable (ST) I LT viln
FouRouazIntnguusind ST (Moxley, 2000) usi
LT ssranulatesnin ST (Vangroenweghe et al.,
2020) ludwwes ST wiseenidu ST1 uag ST2 lae
ST1 anansanelsaludmiuazau Jsuandu 2 subtype
oA ST1a wuldluans e uavau wag ST1b wuluau
dau sT2 Lirelsavisludniuaveu (Fustouazadas,
2548)

Tsauaudlugns dauannwumafinlsalugns
AEULLaYENIYU (Baldo et al., 2020) Uayenq
wun1siialsalugnansgaus (fa1, 2530) 81N159118
ﬂgﬁﬂ%aﬂiﬂU’mﬁﬂquﬂi JEULRINBIINUANTANY
wuunsyviuulaglsiviudanneints ansimedush
filvunelvguavudausaiasiunsen szovdeumuans
thediuty Tnowansennsmadsyam wu wulow
plduiudiudessnmsvhnuveindaieliund
Tuseidusuusionadn vie Wudumn v1siies
Beaunan M8IINEULEAIINITNIYTZAWNUNNS
v ivsnaseunim Uin wazldane (e, 2530;
Tabaran and Tabaran, 2019) 37nANSANYIVD
Bergeland and Kurtz (2000) WU’j’lfrjﬂiﬁl'J’JEJLfJuiwz
nawaeTullAYRDUAUDIRDNITSNYINIBEIATY
adw iflesanansfiuiide £ coli a¥stuuninszany
TUmudusnegessanie sealsanianensineli

pInuiEaUE wuseNtmAesuinandeuriy
Slddnvenelnguaziidends Jeauamh Wouviu
Sldwgiuanh nszmnzomsuah wazuaniilg
Ravlausiaseusn (Horzmann and Ramos-Vara, 2014)
Aun1sAnwIAUlIresIiNuIaTH Jag Ay
91909 (2555) lédnwaaldesdugainuenie
hemolytic E. coli Auenlsnneisazansiiulsa
vithlunmeegSuenidsaniioneuuu #eds Agar
Disc Diffusion wuiefianulasiesn gentamicin,
norfloxacin, ciprofloxacin, enrofloxacin,
sulfa-trimethoprim tag nalidixic acid
Tulagdulatinisnsiamduasnasiiueie
weallansmuendilaana taud 38 Polymerase
Chain Reaction (PCR) @uidumaiafilvinasinga
wdugn darudunizuazainuligs Qusniud
WaESITUTY, 2556) INNANITNTIIITEN1M09
Ufin1svesaudideuaziauinisdaiunndnia
nriuenduunilonauuy senintn.a. 2555-2564
wuanstiBkazmBIINNISARde hemolytic £, coli
lunndminvesniinig wagnuseglsaniangsing
finsranudenuavestsavaniluans wdlalld
¥msasaide hemolytic E. coli \Juviinnelsa
wazdthfenonnusuussuuula nsnuiadedd
fnqusvasdnsramBuaiuansfivwenie hemolytic
E. coli Mwduanmmuadlsauaniilugns s1usiuts
91gansiAnlsn soelsAveme sinerfinsiawusg
sl wanmnaeuaulvesdorosdugain
waLMIANUFUNUSV1IEDRTEMI1950815ANINENT
Ingniinsianuseailafuiuairsansiy el
wumlidmiiinieiesujoanisldlunisnsia
Fadenisifelsavautiluans uasidiniiiives
nsuUgdnlufiufiansminansfneluliiteds
Tsavatilugnsuasdentdendugadldossgnies
wnzaw dednwlsaludesiu Wunsiisana
aydevonnunanafiisns
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¢ aq
QUﬂiﬂJLLﬁ&")ﬁﬂ"li

710819

o hemolytic £. coli $7uau 32 isolates 7i
wnzuenliandegsetorzneluansildsunng
At hidulseunluiuiinees fuenideanie
pouvY $1uu 32 M Jufusnulifeumgd -80
ssmwaldoa Mumnzasunemasteuie
tryptic soy broth ey 7% defibrinated sheep blood
agar muddy nduilualugeuiiguund 37
ssmneadea uw 24-48 Falu niunsiadey
anwazvalalatl GaNdwnsy wasnaaauAMaITRNN
Fall m1U35Y Quinn et al. (1994)

N1359UTMdaYaY9EHNS

ssndeyatisongansiifulsavautn
druau 32 67 lesuvadu 3 Hsergliun gnans
aaus (Usniin-4 dUans) gnindameuu (> 4-8
dUam) wargnsyu (> 8-12 dUam)

A19NUINITUVDUYRD19BININTFIY
a13ugnITuYin DNA veude £ coli 6 a1y

s aa o

g A8uasansiie lawn ATCC 35401 (LT), ATCC
31619 (ST1a), ATCC 43896 (ST1b), ATCC 43890
(Stx1), ATCC 43889 (Stx2) wag ATCC 23546 (Stx2e)
Tgldsunueyasest InngduuuaiiGeuasitos

anUuaunINER Juriawd

n1sasanBuiiadeansiivlaeds Polymerase
Chain Reaction (PCR)
N15LM384 DNA template
ﬁ’ll,%a hemolytic E. coli FizuueIms
L?}uENL%EJ tryptic soy agar 17915\‘1 32 isolates 971U 1-2
1aladl Tdaslu Microcentrifuge tubes wu1a 1.5 ml
ﬁU'ﬁif\; Phosphate Buffer Saline (PBS) U3u1m35 0.5
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mt dludufmsa 12,000 rpm w1 5 wnil fsdiu
Yo s o A
1 lanalananznauese PBS anase wihdrulains
" ¥ y z L,
WuLndu 0.1 ml Wisazangnznauwe antuiild
U g = =1 v o Y @ o =1 1 o
sulurifonunu 10 Wi warvinlmduiui neutly
Yufmnusa 12,000 rpm ww 5 wd udutla
el DNA template uaziusnulingaumgd
~20 paAwaAyd (3578 waranasl, 2548)

nstiaFuIMETWLgNTIY

diuUSunuansiugnssy el PCR v 6
UiAzeueniuluudazBudonisdnegng lagld
primers $1121 6 § FedumzaodufinuauNTaIs
asiewrazsin owA LT, ST1a, ST1b, Stxl, Stx2
way Stx2e f1 915197 1 (uste uazesas, 2548)
fhauauuan 14 DNA veadiedrsdaunnsgu £ coli
6 aneiiug MmAtuANau (No Template Control) 14
¥nduwiin DNase/RNase-Free Water Tngilduney
il 16 DNA template Usuns 2.5 pl aslu PCR tube
YU 0.2 ml %ﬂUﬁﬁg PCR master mix 22.5 pl i
Usenaume PCR buffer (MgCL 5 mM), Q-solution,
Hotstar tag DNA polymerase 1.25 unit (QIAGEN,
Germany), dNTP 200 uM (each), ﬁﬂﬂébu WaL primers
0.4 uM mﬂu?uﬁwﬁwLﬂ'%lauﬁmﬂ'%mmmiﬁuqmm
(Biometra, UK) 1ne preheating ﬁqmwgﬁ 95 93A"
wadeaun 15 w7l falusunsy denaturation 94
DIFBATYEA WU 45 AU annealing temperature
AR 1 U 45 3unTl extension 72 aerniaidua
w1 1 wnd 109U 35 58U way final extension
QNI 72 eANTALTa WY 10 W91 Ymandn PCR
Aldnnaufuddon novel juice (Bio-Helix, Taiwan)
weeAUY agarose gel Wudu 1.5 % antanily
UATIVMETT gel electrophoresis WaIKAU DNA
AAnTunelduas UV Tneifleuiu DNA marker 100

bp (Biotechrabbit, Germany)



A15197 1 drduvealnsiesisngseduasraansivurazuiin

Y

LAZIUIATBINANER PCR 7ila (Jusde wazasiasn, 2548)

Size  Annealing

Toxin . Oligonucleotide sequence of PCR
Primer temperature
gene (5 -3) product A
(bp) (o)

LT-F CCG TCT CTATAT TCCCTG TT
LT 450 54
LT-R GGC GAC AGA TTA TAC CGT GC

STla-F TCT GTATTATCT TTC CCCTC

STla 186 48
STla-R ATA ACA TCC AGC ACA GGC
STlb-F  CCC TCA GGA TGC TAA ACC AG

ST1b 166 54
ST1b-R  TTA ATA GCA CCC GGT ACA AGC

Stx1-F CAT TGT CTG GTG ACA GTA GCT
Stx1 732 58
Stx1-R CCC GTA ATT TGC GCA CTG AG

Stx2-F CCA TGA CAA CGG ACA GCA GTT
Stx2 779 58
Stx2-R CCT GTC AAC TGA GCA CTT TG

Stx2e-F  CCT TAA CTA AAA GGA ATA TA
Stx2e 230 48
Stx2e-R CTG GTG GTG TAT GAT TAA TA

N1359UTUNANINTIVT0ETANINENSINeTingIa
WuAEALUE"
STWHANIATIMINY B IMENTinTIanuse
aUanmueieeiiddy 1eun aues neuda ven fu
i ln Wl nsziwnzewns anlddn aldlneg wa
soutimdesuTnadouiudlAdn wndegneans
JendnU WA, 2555 89 2564 F1uu 32 6 Ineuus
seglsAmaneSineriinsrenudhenivaieeniiy
2 A nguemslsauasniilugns 1w 28 fuay
nauernslsauanilugnsuduiioads S a i

mii'msauwamsmaauwnu‘lwam%asiaEnéi'mqa%w

i’J‘Ui’]llNﬁﬂ']i‘i/lﬂﬁ@Uﬂ’J"lﬂJl’J“U@ﬂL%@Gi@ﬂ']éf’m
AT 1uu 12 9ilia lekA gentamicin, ciprofloxacin,
enrofloxacin, norfloxacin, tetracycline,
oxytetracycline, streptomycin, penicillin,

sulfamethoxazole/trimethoprim, amoxycillin,

ampicillin kg neomycin 310 hemolytic £. coli

§17U 32 isolates S¥winad WA, 2555 89 2564 @4

VAADUMIETS Agar Disc Diffusion 11135119155 1U 04
VETO1 (CLSI, 2018) wazlUananua breakpoint
U89 VETO1s (CLSI, 2020)

A3AATIZIING

UHAN1IATINVNBUATIETHY Y107y 08
TsAn1ane33nefinsranusieniUan waznanis
nageunalvenderesdugain wlinseving
FIBADATINTTUUT LATUIANUFUNUSNI9ADA
seisansieiuseslsaanenSivendinsianudie
adan laeld Fisher’s Exact test (R studio version
2021.09.1, Austria)

NaLkazIaNsal

KaMsAnuYeLansiiinlsauauiilugns
I 32 7 01YTENINUINLAA e 12 dUan
(137991 2) NuTegTAnlsAgsiianie ansnds
neuy (>4-8 a1 dennaefun1TANYIVDS
Tabaran and Tabaran (2019); Moxley (2000) i
nwunsiialsediulrglugnIvdmenuy wasnugae
o1efiinlsasiian Ao gnsyu (>8-12 dUnn%i) way
INTILIUVDY Francis (2002) ﬁwuiﬂqﬂiﬁﬁmq
1 8 Uav deanudiuniudenisfinde
hemolytic E. coli é’ﬂﬁ?uplilﬁ"mqﬂﬁmasLEhizi’q
nsfndoillugnansndmeiun Tnsvharuazen
ponAaen duosiliduiudelunon mdenndng
touiian wardesiulilifinmaunddennuignslus
anNgns MsIANIIABNARENA Tneviutheshidennads
ndsnsveuugn Aliluks waeinaenliedtos
fign 3-4 $u reuthusignssnlmiirenaasn dmsy
daynlureneyuraevaztesiuldlaeninideanis
Wasuewslufungun uaziiloasiinsiasue s
msiinsliedugadnimnzanlusudn vie Au
Bsaglvinarioutned (Raan, 2530)
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= P o o oA & . .
M99 2 FRYATVDIVIUIUAIDYWNNULLD hemolytic E. coli

RN R PRGR IR PR YRl

U isolates uynNAUYDY

Wi aNENINAUY

Isolate gnsamgua anIyu
(usnifoa-4 dUah)  (>4-8 dlal)  (>8-12 duavi)
YOULNY 7 2 5 0
gn5oil 5 2 3 0
anauas 4 0 4 0
Ynams 3 2 1 0
UMAIIANY 2 0 2 0
RUDIANE 2 1 1 0
Sou1dn 2 0 2 0
nwdAug 2 0 1 1
UATHUN 2 1 1 0
UPBNYPLRE 1 0 1 0
Loy 1 0 1 0
VNN 1 0 1 0
..... i.m 32 o
(8/32) (23/32) (1/32)

6

A15MUENTIN Vaule £ coli v 6 anewug

)

a2 o o oAy a & a
MufMAIUANUINYRITUNATNENTRYNS 6 ¥iln Y09
W . coli uansly 3UN 1

JUT 1 uanen1m DNA 903 E. coli 6 aneug Mdusniuny

VINvesEuTiadsansiiuiia 6 vila fabAe uaa 1: ATCC 35401 (LT),
W 3: ATCC 31619 (ST1a), ka3 5: ATCC 43896 (ST1b), W 7:
ATCC 43890 (Stx1), a2 9: ATCC 43889 (Stx2) uazund 11: ATCC
23546 (Stx2e) duuni 2,4,6,8,10 way 12 1Ty negative control
vesBuiiasansfivie 6 via mud U uay M Ae DNA marker
100 bp (Biotechrabbit, Germany)

PNNANTATINTUNFS 19815 wlaedd PCR
14 32 isolates lnevin 6 U381 sl isolate nsIany
Funasaasiie 1uu 3 via ewn ST1a, Stx2 way
Stx2e wHNTIUNUTUNAS198NTNWIRA LT, ST1b way
Stx1 NSRSIANUVBUNAS19ENSAY ST1a LHUeeIn
= A A v a
Jumsasialuans wszluniasisansiiy STia wu
Ioluans Ia uazau (Tystouazadas, 2548) N159533

Journal of Thai Veterinary Medical
Association Under Royal Patronage

I daonwnaans UR 74 18UA 2

wuBufiadreansfivedin Stx2 uaz Stxle danAdasiu
SysFuazadas (2548) fina1vin n1sesranudui
a59a57y StxZe Fowmmranuiuiiadsansiv see
Frennads uaznismsranuiufia¥isansiiv Stxze
wansliiiiudnaunsanuasiv Stx2e lunndiedng
qmﬁﬂwLL@zmﬁ&ﬂﬂﬂIﬁﬂuumﬁwiuqﬂs AOARRDINUKA
nsAnwIvas Wieczorek and Osek (2020) Finsrny
fuiladreansfiv Stxze Tuwngnsynifnesnelsn
vathluans uwinnsdnuiluadsnalinudy
adwasivria (T WosnBufiadnansiiveda LT
annsansranuldtesnindufiadsansiivede ST
(Vangroenweghe et al., 2020) Feaenadostunis
finw1vad Blanco et al. (1997); Kwon et al. (2002);
Chen et al. (2004); Toledo et al. (2012) wazluns

v
aa v 1

Anwinfaiifichegnagnsiifionnisiendeidios 4
sty SeiliTlenmansianutes msnse
liwuBuiladreansiie ST16 iesanBuiiuduass
ansfiwiinuluau (Joste uavedas, 2548) uarnns
as1alinuBufiadaansie Sext iosainansiie Stxd
lmAalsa hemolytic uremic syndrome (Scheutz
et al., 2012) uazsognsansviuaiugnsiitiouas
meselsauitilugns mnmsdnvedsiuansiiide
hemolytic £. coli amnsaadansiie Stxe fivili
Aelsauaanivlugns
soulsaneneSinenfinsranufeaidani
aYneiiddy Fuunmuansivfidoad1ety uans
a‘hqumﬁ”’q 2 nay Fauandlu JU7 2 uag A13197 3
nguinsIanuasiiy Stx2e viiaier nusoslsa
seutdnsusnandowudlddnvenelnauasd
Fonds (3UTI 2-A) 100% (28/28) Vamuamtiuail
Fonds <3«uﬁ' 2-8) waznuansdnndadurladuuvus
GREEH (gﬂﬁ 2-C) 100% (28/28) uaziBouviu
Sldlngjuaani (U 2-D) 100% (28/28) usetlsn
fmmanulugnsiis 32 6 fieuazmenlsauian
luans aonndesiun1sAnwives Macleod et al.
(1991); Horzmann and Ramos-Vara (2014) @7u
seulsafinulduslinulugnsyndaditasuazaeann
Tsavautirluans 1oud nsgimizeamisuau



UM 2 uansseslsanane Sineinsianumeniuavedsauiuilugns

A sasﬂmsiamﬁnmﬁaw%nmlﬁaLL‘uuué’ﬁlﬁLéﬂ‘uma’[,mgt,l,asﬁl,ﬁamﬁ'd (A15%)
B seglsadanuiiuarildends (rst)

C sotlspansrnndadunoduwuimvasnay (ﬁi?g)

D seelsadouraugnldlngiuah (as?)

E seelsAnifanssimnzemsuasti (est)

F seglsauiutilarimisusausaun (@sd)
G o8lsAaNaauIL (FST)

o

H seglsavaaunadlugldaniirvuluuSunasnnuaznilad ld@dnuianinund (Asd)
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(U 2-6) 75.00% (21/28) vantildRmdaudin
UM (gﬂﬁ 2-F) 60.71% (17/28) uazauasui
(57 2-G) 35.71% (10/28) s98lsaiinudisndn
Huseslsradsnviutiluansiifnnuavesasiie
Stx2e vilAnMsIFoLvoINTadeauntoeLTY
nalvauaudalunisdesdunisduniuveanis
VaenlFenLAkosanad LagyibAAnn1sTurIuYes
asthanmeluneendenunsoseonguinauieide
Tagsou Suinmsuntweniede (Crepeau et al.,
2012; Arimitsu et al., 2016)

dmiunguitnsranuasfiv Stx2e S0
a3y ST wuseslsaneme sineiinsaanusem
Wahadeiunguiinsianuansiiy Stx2e wiaifen
Tnswuseslsadeinvdosuinaidouriudlddn
venelvajuazidonds (3UT 2-A) 100% (4/4) Usnuim
thusefidonds (Ul 2-8) uaznuansdandadunes
Tulvusvaanas (g‘dﬁ 2-C) 100% (4/4) uaziBoutiu
dldlmgjuanh (Uil 2-D) 100% (4/4) Wuseelsnil
nsranulugnsiia 4 ¢ feuazmennisauaniily
ans dhusoslsailinulugnamns Tiud wifsnszinng
o wNsuUnAi (U7 2-E) 50.00% (2/8) vaatiléiamily
UINUTBUAN (gﬂﬁ 2-F) 25.00% (1/4) wazauos
Ut (U7 2-G) 25.00% (1/4) uenaIniansnauil
FmuvoamailugldnTthuuluuiinamn way
wifselddnunandtuni (Ul 2-H) 100% (4/4) T
nsranulugnayndaiitisuasmentsauanilugns
swrulsaviesdelugns seslsaveseinisvieadely
anstdunavasansity ST eflnalndelsalaesilvide
nsvAsweanan way electrolyte senuTUTanaLN
Tudlddn dealignsiionnisfiosdonazaiaien
(Bin et al., 2018)

910 M7 3 asawuBuaiisansiiv Stxe
9D hemolytic £, coli 100% (32/32) uandli
WiuinBuasneansity Stx2e anansonsaanuldluyn
fhoghsansfitneuazneanisauiuth Belumindud
MTIINUBUAT19ETAY StxZe willaLAgd 87.50%
(28/32) uagnsanuBuaseasiy StxZe Sauivdu
a¥19ansiie ST 12.50% (4/32) aenmaesiun1sAned
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Y93 Jystunazaias (2548); lusn1uAkazsIsusy
(2556); Wajjawalku et al. (2002) Fnsranuduadng
a3y StxZe SwfuBuaiisansiy ST Fefitiadene
muguLsnnImilevde wansliifiuinnisiAelse
vathlugnsannsonuansiuléaseingudu

A15197 3 598l5ANINEITINGNIATIINUMEAUAITIWUNAY
YTAVDITUNFFT19ESRYNATIANY

) 317U isolate inTIAINY
508l5ANNEIZINNATIINUAIY Suitadreansie (Govaz)

e Stx2e (n=28)  Stx2e+ST (n=4)

~ semindecusnanieuau 100% (28/28) 100% (4/4)

lddnvenelnguasiidends
100% (28/28)

- Jonuaiuasiidonds uay 100% (4/4)

o P
nuanshavanlunesluivuimasnay

douvudllngiuandh 100% (28/28) 100% (4/4)

- wifsnszimnzamsuani 75.00% (21/28)  50.00% (2/4)

- vuthldRmifuinaseun 60.71% (17/28)  25.00% (1/4)

- dpsuInth 35.71% (10/28)  25.00% (1/4)

- o luslddnihuilugiina 0% (0/0) 100% (4/4)

ooy ' a
110 waznilsdldanuenInund

DAL EUNUSN9AD A2 NI1950815ANNY
NYIFINYINATIINUAEANUAINUAITAY Laely

o o

Fisher’s Exact test wunilmnudunusagnailitudfey

)

V198D (p-value<0.05) fis m13197 4

A15197 4 ANNENRUSNadAsEUnINeTeelsANIaNeNSIne d
ATINUMEANUEINIUNGUDINT Uaza1siiuinsIany taely

Fisher’s Exact test

se8l5AMINESINeinsranufrenlan

NgueINs ngueNg

GRETIY ¥ ¥ p-value
TsAuasiin Tsauauinlugns
Tugns (n=28)  sawfivfieuds (n=4)
Stx2e 100% (28/28) 0% (0/4) 0.00002781
Stx2e+ST 0% (0/28) 100% (4/4) (<0.0001)

nansnadeunilvesite hemolytic £ coli
soenduRatn 12 wlia uandlu meed 5 wuhided
auilsiesn gentamicin gefian (84.38%) (JulUld
F181 gentamicin Tifeuthuldnanluomnsdniiie
Joatdlse lilonafitouuniiSenesesiiniidy
lulddey s93a3u1Ae norfloxacin (78.12%),
ciprofloxacin (75.00%) &g enrofloxacin (65.62%)
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% Susceptible % Intermediate % Resistant

(S) 0} (R)
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Distribution and molecular characterization of
African horse sickness virus in Regional Livestock 2 of Thailand
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Abstract

Background: African horse sickness (AHS) is a highly infectious disease that affects Equidae leading
to economic losses and mortality rates up to 90%. The primary vector is Culicoides spp. The first AHS
outbreak in Thailand was reported in March 2020 in Nakhonratchasima province. Subsequence outbreaks
were found in various provinces, including Chachoengsao, Nakhon Nayok, and Chonburi. Therefore, studying
disease distribution and molecular characterization is crucial for understanding the situation of disease
among horse populations in Regional livestock 2 area and identifying its sources for effective prevention
and control.

Method: 2,602 samples of blood and internal organ of horse in Regional livestock 2 was conducted
using Real-time RT-PCR for AHS diagnosis in Veterinary Research and Development Center, Eastern Region
from March to December 2020. Disease distribution was described using Quantum Geographic information
System (QGIS) and 3 positive samples were subjected for nucleotide sequence using sanger sequencing
and the phylogenetic tree analysis. Descriptive statistics were applied for data analysis.

Result: Among the tested horses in Regional livestock 2, AHS positivity was found to be 0.92%
(24 out of 2,602). Among the provinces, Chachoengsao had the highest proportion with 5.21% (15 out
of 288) positive cases, followed by Nakhon Nayok with 0.87% (2 out of 229), Chon Buri with 0.54%
(6 out of 1117), and Chanthaburi with 0.49% (1 out of 203). No positive cases were detected remaining
provinces. The occurrence of AHS has shown a clustered distribution, primarily affected densely populated
provinces with a significant presence of horse activities. Phylogenetic tree analysis based on VP2 gene and
BlastN indicated that the detected virus in this study was serotype 1 by comparing 96.64-100% identity
of the previous detected virus in NakhonRatchasima, Thailand. Possibly, the virus was come from the
previous outbreak.

Conclusion: AHS outbreaks are identified in 4 provinces within Regional livestock 2. The most
positive results were found in Chachoengsao Province. The clustering of outbreaks was observed in
densely populated areas with prominent horse activities. The results of the phylogenetic tree from the
VP2 gene of AHSV was serotype 1.

Keywords: Horse, African horse sickness, Distribution, Molecular characterization
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A9 9 WY azldans uasuen vays Wudu s
Anwmsnszaesvessaluiluiuiivadaian 2
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Wansdmlundniangiueen winsialsaniulse
wan3n1lusinee3s Real-time RT-PCR ®3u18n1s
nsvanedhvedlsalu@eiiuiisielusunsy Quantum
Geographic Information System (QGIS) &9n
fegnaitlinauandelsanisauensnilui $1uom 3
fogne Inaseimanuiiadlolnaniedd Sanger
Sequencing a3 14 phylogenetic tree \ieaSune
anudiiudvoadelussaulinana Tiesesitoyadas
ADRTINTTOUUN

wa: Haulnvadlsanilsaweniniludinfikiu
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F99NABUATUIEN 0.87% (2 31N 229 518) VA3
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Tsan1wlsauensnalusn (African horse
sickness, AHS) Lﬁuliﬂﬁdqmasiaﬁmiquaﬁw laun
a1 de wazdiany 1inende African horse
sickness virus (AHSV) %Qﬁaﬂsﬁuqﬂssumﬁm RNA
a8 (double-stranded RNA) 3naglu ana Orbivirus
196 Reoviridae frifulsnazuanioinisd
eoms fldgannndt 39 ssmwadea ﬁﬁmﬂ
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(Culicoides spp.) (Mellor and Boorman, 1995)
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capsid protein) ez VP7 Fadulusiunely (major
inner capsid protein) Tnelagldiu vP7 Tunns
asvitaselsa (Guthrie et al, 2013) osandu
drudifinsiuuysen (highly conserved) vadla3aly
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100 mg ldaslunasnlulaswuifiaiiidaisazans
Phosphate Buffer Saline (PBS) way bead Ususs
1 ml unfleg1adieaes Taco™ prep bead
beater (GeneReach Biotechnology Corp., Taiwan)
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fhnalelnduas Primers wag Probe any sn519di 1 14

ﬁ;mf’mﬁ AgPath-ID one step RT-PCR kit (Applied
Biosystems, USA) Tnel4iA3os Real-time PCR éu
QuantStudio™5 (Applied Biosystemns, USA) Tagld
an1azlunsviUiisen Realtime RT-PCR dail
Reverse transcription ﬁqquﬁ 45 °C Junan 10
Wil Pre-denaturation flgasgil 95 °C a1 10 W17l
musneUfAFen Denaturation Migamadl 95 °C an
15 U7 uag Annealing/Extension ﬁqmmﬁ 58 °C
nan 15 U 919U 45 U N1slanaazenuen
threshold cycle (Ct) Tnerauanfosegedifian Ct
N 35

asedt 1 dvuiaedlelnsues Insuuaglnsues

(Guthrie et al., 2013)

-

0} aauiianalelng (5-37) fu

Probe FAM-TGC-ACG-GTC-ACC-GCT-MGB

Sense primer AGA-GCT-CTT-GTG-CTA-GCA-GCC-T Vve7

Anti-sense primer GAA-CCG-ACG-CGA-CAC-TAA-TGA

mi'“aLﬂsﬂzﬁ%'asdau,axmsa%fwLquﬁé’wI‘UiLmsu
Quantum Geographic Information System (QGIS)

Y1deyanan1Ins1an1viesujusinis w1
AATILAMBERATINTTUU WaTATUNUN NS R
yasn1snulsasiesaminseausinoliionansnig
nszaevadlsamewnuil Tnglilusunsu QGIS (QGIS

desktop version 3.0.1-Girona, Switzerland)

msasaaaduianalelndvasdie AHSV
ihansiugnssuvesiesiilinauandelde
ASHV UifinUTannuansiugnssuseds Nested
RT-PCR #iswnnzsedu vP2 Tngldlnswesmunis
Anwves Bunpapong et al. (2021) f1y A15137 2
ﬁ%umauiumnﬁmﬁmumsﬁuqmsm 2 50U 1oy
FOULIN bA3EUAIUNANVDIUATE one-step reverse
transcription PCR U3u1015 25 pl Usgnaunie
d@198ga1y Superscript Il Master Mix (Invitrogen,
USA) U3ums 12.5 pl lnsiuesveasaulsn Ay
Wutu 10 uM egngag 1 pl Ingluseuwsnazly RNA
FaguUsanas 5 ul ntudiy Nuclease free water
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quasUiINg 25 plihansazanesaudildluvinufisen
PCR luin3oafisn Snaansugnssudsie Eppendorf
sq'u Mastercycler® nexus (Eppendorf, Germany)
Tneldanizseunsndail Reverse-transcription 7
aamgdl 50 °C luan 30 Wil Pre-denaturation
figungll 94 °C 1Wunan 2 wiit auseUfAzen
Denaturation #igamgdl 94 °C 1unan 30 Junil
UFA381 Annealing flgaumial 53 °C 1lunan 30 3undi
uazUFA3en Extension flgamgil 68 °C iunan 30
Junt Wudwau 35 sou dwunmaiudinmans
fiugnssusouTaedinandnvosseunsnuina 2 ul
990U 2x GoTag® Green Master Mix (Promega,
USA) U31ms 12.5 ul waglnswesvessoudiaasany
Wud 10 UM ethsay 1 pl 9ntufis Nuclease
free water auUATUUSINN 25 pl Unasasanenay
FlFlUhUATen PCR Tneldannzseuiaesdisd
Pre-denaturation ﬁqmﬂﬂuﬁ 94 °C 1 Junan 2 Wil anu

(%

#heufiisen Denaturation flgaumadl 94 °C iuian 30
Fu7t U358 Annealing igamgdl 53 °C 1uiian 30
Fui warUA3en Extension igaimail 68 °C \uian
30 Jundl uduau 35 sou dedneg1ananan PCR U
mauindlelvddemadin Sanger sequencing 7
U3HM Solgent Co., Ltd. (South Korea) kazinasn
auihndlolvavesans forward way reverse 11 align
A2835 ClustalW (Higgins et al., 1994) Tulusunsa
MEGA X version 10.2.6 (Kumar et al., 2018) 210
fuhuvssuiteuiussuinealelndueate AHSY
fiiflugrudeya GenBank TavldTusunsy BlastN Lile

A |

gudulsindvaada AHSV

a319fi 2 dduiedlelnduedinsies (Bunpapong et al, 2021)

bl - o v o , o
oy 0} aauiianalolng (5-—3") gu
Twswes

AHSV-1-VP2 22 F
U

usn  AHSV-1-VP2 1649 R CCT-CTC-TCT-TCC-CCG-ACA-TT

TTA-TTT-CAG-CAT-GGC-GTC-TG

AHSV-1-VP2 22 F vpz
99U

fiaaq AHSV-1-VP2 1157 R CAA-AGC-TTA-CCA-TTC-GGA-TCA

TTA-TTT-CAG-CAT-GGC-GTC-TG
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ihdfuianalelnduesansiugnisuveade
AHSV 9ng1uteya GenBank undniSeauaziUiau
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(Higgins et al., 1994) mﬂﬁ?uﬂﬂma%mmugﬁmm
FuNuUSIBITAIUINIT 2835 Maximum likelihood
Taglalusunsy MEGA X version 10.2.6 (Kumar
et al., 2018) lngnadeupuidasiugiea Bootstrap
fisuau 1,000 1

NaLkazI15al

Han13nsalsANIulsAkanInludnae s
Real-time RT-PCR

nuasugnssuvedlsaniwlsanensnilug
Mnfufivadnion 2 dusidouiuinu-suanau e,
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Fe8nedInI9 (A51971 3)
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I [ [ [ [
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FuIudnd Fuaudnd

N o o o wauan (%)
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Janin
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UATUIEN 229 2 0.87
Va3 1,117 6 0.54
Funys 203 1 0.49
2809 341 0 0
dynsUsIng 385 0 0
aszum 39 0 0
Usdugs 0 0
A9A 0 0 0
TN 2,602 24 0.92
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anunsalunsdulduuegnetios 20 49lue (Sellers
et al,, 1977) wazduldlnanin 150 Alawmsuuiiudu
war 700 Alawnsuuinidietinszuaautaelunis
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TUsunsu Quantum Geographic Information System
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(Phylogenetic tree)
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Study of pathological gross lesions, disease distribution and molecular
epidemiology of lumpy skin disease in cattle and buffaloes in upper
northeastern Thailand during March to December 2021

AUNIE JUNLVTF fan DIUNTUUN?

Sompong Jantahan'*  Dilog Aunpomma’

Abstract

Backgrounds: Lumpy skin disease (LSD) is an emerging disease in cattle and buffaloes in Thailand.
The LSD is causing of high morbidity rate and high mortality rate in cattle and buffaloes in upper
northeastern Thailand. Study on pathological gross lesions, disease distribution, molecular epidemiology
can be applied to control and prevention for LSD in the future.

Methods: The 25 cases of cattle and buffaloes were examined pathological gross lesion on the
carcasses and internal organ. The samples were cultured for bacterial infection. Molecular epidemiological
study and distribution of LSD in the upper northeastern Thailand was conducted from submitted sample
from 150 farms. Epidemiological map was performed using Quantum Geographic Information System.
Selected sample was conducted for nuclectide sequencing of GPCR and RPO30 genes and data were
analyzed by phylogenetic tree and descriptive statistics.

Results: Pathological gross lesions found 96% enlargement, congestion, edema, and petechial
hemorrhage of lymph nodes, and edema of tissue surrounding lymph nodes. 92% were pulmonary
edema, congestion, and found frothy exudate in bronchi. 84% of cases found generalized round nodules
on skin and ruptured nodular lesions. 80% found edema of tissue surrounding wounds. 64% of cases
found pleural thickening and pleural adhesions. 44% were subcutaneous edema of brisket area, abdomen,
or legs. 32% found yellowish pale color of livers. 28% found pale color of kidneys. Pericardial effusions
were found in 24.00% of cases. 20% of cases found reddish and necrotic tissues on tracheal walls.
The reddish mucosa and contained bloody exudate in small intestines were found in 20%. Large intestinal
walls were found 8% necrosis. The distribution of LSD reveals the highest prevalence in Kalasin province
(63.33%). Khon Kaen province was in second rank of disease prevalence (16.67%). Nucleotide sequence
comparison analysis between the nuclectide sequences of 2 samples from the beginning of the study
and 2 samples from final periods of the study revealed that nucleotide sequences of all samples were
100% identical and were similar to the sequences of previous findings in Thailand, China, Hong Kong,
Taiwan, and Vietnam with 99.50-100%.
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Conclusions: LSD pathological gross lesions found in cattle and buffaloes in this study were
enlargement, congestion, edema, and petechial hemorrhage of lymph nodes, edema of tissue surrounding
lymph nodes. The pulmonary edema, congestion and found frothy exudate in bronchi. Generalized round
nodules on skin and ruptured nodular lesions, edema of tissue surrounding wounds. And pleural thickening
and pleural adhesions. There were no changes in the nucleotide sequences of the GPCR and RPO30
genes of the virus during the study period and the sequences were similar to the sequences of the

previous findings in Thailand, China, Hong Kong, Taiwan, and Vietnam.

Keywords: Lumpy skin disease, lesion, molecular epidemiology
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UNANYD

fiurvasnrsane: lsadud adu 1Hulsa
gUAlnivedlawaznszlelulsemealne vililauay
nizdolunianziusenideuntionsuvulisuias
metdudiuaunnn Msanwrseslsaniaunesinen
NM15NT221898315A Lazn13ANYINAMUITMUING
inmsieseiszauliena awnsathdeyalulidu
wwnslunisauay waslesiulsaaud afulusuinn

38n1%: AnwiseslsAanisunneisinen
MnFegsnuazeteiznegluvedlauarnsy oil
nsrafugsBusunininlsndud afu sausimam
Fouuaiiderelsafiunsndeu $1uu 25 wa Anw
5¥UIAINEITEAULUENa WAEN1INITIEAIVOI
Tsraut afu Tunarziusenideauniensuuu 910
feeefidnaamaiesUfiinig S 150 vy
wavasawnuiisnelusunsy Quantumn Geographic
Information System Wdheghudelifaunnsie
Tasgvniaiduiiindlolvavesdu GPCR way
81 RPO30 uava3inaunugil Phylogenetic tree e
AnyesdnuIiannms uasthdeyauneSutemeadia
LTINS

na: nuseslsadeuviindssvenslug
v waTNUYALFENBeN LAZAANISUINTNT S
deifeudnaseudemiinies (96.00%) Yenuauth
waziiidonds wasnvansdandadunesluuau
viaenan (92%) Raviadifingugusiinaunszeda
31an1e vi3e uaniuuna Lﬁa@aﬁnmamﬁmju
v (84%) Lﬁa@jau‘%nmamﬁmjmmmﬁw (80%)
Joruloavuiuaziinnsdndafuseninanduten
(64%) vailgRmiludnaen Vies Wiew (449)
AulidTaReInIUNG (32%) uaylelddnmdeinia
Unil (28%) wuvesmanazanlugaiuiila (24%) wila
MaonALLATaTin e (20%) milsldEnun
wazveavadtualdianiidondu (20%) wazwils
Sldlvainiione (8%) wumsnsyanesvedsely
ﬁuﬁ%’w%mmw?ﬁuﬁ:qaﬁq@ (63.33%) LayIInin
POULAUTOIAINT (16.67%) 21ANITILATIZH

Wisueuaruiaralelnasyrinaauimglelng
YDIFIDYNVIFUVBINTANY TIUIU 2 8819 AU
IWNYVDINTANYT F1UIU 2 981 WUTEIAU
tndlelndveanndiegraniiouiy 100% wag
adepdsiuarduianalelndveudefinewuly
Uszanelng Fu geans lEwiu uaz3onuud 99.509%-
100%

a5U: seulsamanvmedineriinsanulula
waznsydefitheuavmedelsadud afu 910013
dnwnil Tun ﬁamﬁwmﬁawmﬂmﬁ v uasny
JAieneen waziRansumthweadiofeusnsey
foutndes Venuinthuaziidends uaznuans
Fandaduneddusviaasnay Avadlidasugusns
nauns¥atefasene wie wanduuna ede
U‘%nmsamﬁmjmmmﬁw L?Jaﬁmﬂawmuamﬁmmi
Sadatuszninanduden Tufinnuudsunasese
fuihnalelnsvesiiu GPCR way RPO30 vaadeln3a
Tugaaivinis@ne wazarduiandlolnad
ad1endsiudefimenuludssndlng 3u geeng
Tawiu wagleaunu

ArdAey: Lsraul afu seslsn sEUININGITERU
Lana

N

1spdud afu (Lumpy skin disease) LAnaN
nsAnLTe Lumpy skin disease virus (LSDV) Fadu
DNA virus 5@@%%’33?? Poxviridae @na Capripoxvirus
(CaPV) dnilumsenala nsvde wavdnivraiunse
fnifeuazuanionsvedlsaldnusssuei Tneidns
Aensouadnidusoulsa (Tuppurainen et al,
2017) Tsailfinneiilsaldun wWiv (Rhipicephalus
spp., Amblyomma spp.) wiasduasn (Stomoxys
calcitrans) wiasiuuu (Musca domestica)
LazeNane (Aedes spp.) (Acharya and Subedi, 2020)
wonnidanunsainsoldiiunsdudadnsUae

s a

TAeRTd HIUnTUIgevesnawusmdulsn wse

]
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HIUN195N 81n19N19AdTn nudniUleavdy
Hoowns Igs somindedn wanindiaduaun
Usanas 2-5 iwufiuns Suiifauileinane ins
fiuenaunn anazifin waziaduione (Abdulga
et al,, 2016) fivpauivhlidannzduniudesm
niun1I3 n3ewriean (Al-Salihi, 2014) Tulauy
onalvNanAntuLanasi 25-65% uarlusieiiin
15ADE197ULIIBIARENID N1 TMETaEIUINTINAIY
(Gupta et al., 2020) lasfignsin1sUlreuszun
30-45% 973511518 UTENU 12% (Al-Salihi, 2014)
wluiuiilsineiinsszuinneuenaiisnsinisae
ganauni danansznusenandniianas (Gupta
et al., 2020) @$Anuagideninasvgiandy
pg1aunnlaglaniglulnyasnssieges (Sudhakar
et al, 2020) Tsaidulsausesraulunivuonsn
WUNI53TUIRTRdlsAuENIULENEMRILAT 6.
2527 (Al-Salihi, 2014) TunivielFedisneaunIsuns
szunlunaneUssma 13uanUssmatinamaing
nsiAnlsaRaudiiounsngnN we. 2562 (Badhy
et al,, 2021) TadmumsszuInlulssnafidsuay

a |

AnmanuUszmdlne lawn Weuuns uiade a1 uag
fiun (Azeem et al., 2022) Tsadud afiu aidulsa
guilmivadla waznselelulssmelng (aans, 2564)
osniiseaunsiialsanfusnluladieion
fluney we. 2564 fisnnenulng Samindesidn
(OIE, 2021)

N1991929L3ANNUNNEI5INYT (pathological
gross lesions) Inginluseslsafinuifnidiagy
gﬂéwaﬂaummﬁwﬂfqﬁ"asﬁqmmassummimﬁﬁu AANT
muﬁmazé’ﬂLaumauﬁmﬁasamﬁmju (Abdulga
et al,, 2016) waznanaduunaiiies souindes
yhumevenelng lusefiAnlsnegneguise wu
seelsnbetutandniaunazdeuindemsisen
venelng nunsindeuuaiizeunsndeu Taun
Uondniayu vaenaugafy LAuNsnlay gnomume
Sniau wasnuseelsmiedodniauunsdeuseuile
medvn-vnlussuvduiugnede (Tuppurainen et

al., 2017; Mulatu and Feyisa, 2018) N15153991013
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NIAATINMTENINTIAINTSLINllasnsauenile
voudeluana Capripoxviruses (CaPVs) I ayniu
didedenuiuuusluszdulmanafiuinntu akes
vimsBuduseitnedaluana dun PCR Fadu
wmadansaTamasugnssuvenielafadiliua
n5790819590157 fadnulinazaaiudinizas
(Tuppurainen et al., 2005; Tuppurainen et al., 2010)
Tnglamzmsiinyiium siugnssudmansuas
NInsIndggamemaila Real-time PCR @1130
mwwumiﬁuﬁqmsmaaL*’?‘?amﬂéfﬁaﬂwéqmm
Uinatien 4 1¢ Bifienuluazsunegs uaed
Forni™3 PCR wuusady ilesenaninannisnsa
A5t waranmsiianauinUasuannnsduden
YoINandn PCR @911 Suwankitwat et al. (2022)
Ighiwnafia Realtime PCR uildifupostiolunns
fAnwidle LSDV uay Lamien et al. (2011) l¢dnwn
maizmm‘immi:ﬁu‘lmLaqamau%ﬁ) CaPVs @315
WENAIULANANNIE8ITAUINITUALITUTNTTY
Tngondedduiinnalndvesuraziunasiiadluy
Tngorfensimseituse 9 vudluuveade wWu
Structural protein P32, G-protein-coupled
chemokine receptor (GPCR), 30 kDa DNA-dependant
RNA polymerase subunit (RPO30) Judiu (Gelaye
et al., 2015; Badhy et al., 2021) Tnendelr¥alungy
CaPVs azdidu P32 viwthiimugunisdansies
Tusiiulnssadwesdelda dedussnanilduenan
Funzvsndeldaselsadiliannsauenldlngds
n15n9d5uine Tnefidu GPCR wazdu RPO30
AUNSaUENAMLLANGN TR TiRRT DN IESU
STunaidofiinansssui (Gelaye et al., 2015)
TudsemalneinisAnwIn194aIussuInIne15Eau
Luianauazasne phylogenetic tree Yoo LSDV 7
innisszuinvedlsafundeusnludsvmelne
uatdunisaudunisandiedslaludminiesion
Wiosituiiieaindu (Ajkumpa et al,, 2021) Fends
Mndununsssunludninyiud s1unasy

£

a

nudug elass $19UT UseatuATus veuuiu Laz
nsnszarelunImnavesUsewmelng (OIE, 2021)



mMsAnwluaatiingusyasmiiafnusoslse

q

PNIUNNYITINGT N1TNTLANYAIVDINISLAALSA

aul afiu szuieInenseauluana tulauaznsylely

e

a

NuNnARziusenidednienauuu LUSyuLTgu
aeugidelifanelsalutisiu uazdieievesns
Anw é’m%’uLﬁusﬁagamﬁﬁﬁ]éfﬂiﬂiuﬁmé’uLLas
Fadn e luldidunuimalunisauau uazdesiu
1sraud aiu Tulauaznselenaly

¢ aq
ﬁJqUﬂﬁmLLﬁZ'Jﬁﬂ'ﬁ

nsAnedayanisnsiaitadelsadut afu
ssmdeyanisnulsadut afu nNan1s
pyvtugnsidudunstisuaymemelsadud afu
TulauaznsyTe 1035 Real-time PCR AivioaufiAnns
YesAudITeLagiauINTdnunndniany Jueen
WReandlenauul 91u3U 150 61 910 150 WIS
SEUMUABUIUIAL D19 SUMAN 2564

N13ATIANUANYIZINGT

FIVTIUNANITATIDTOELIANUUNEITINGN
Mndegsmnuazeiiienely vadauaznsDeil
themeanlsadud afu aueTenziiddy Ioun wila
Uon viaenau fu 5 la dldidn d1ldlue) seuth
Wides /e LLawjmﬁam& INFRITIIU 25 6
Usznausie 1a 20 M1 waznszlo 5 67

N1INIIAINUUATILIBINGN

imedseisnznegluvedalaznsede laun
wla Yen vaenau su fhu o ailddn dldlug
soutimdes fmts uazduiilons Mnlauaznssle
S 25 f WesImLUATiSeIveensIav
FeuuaiiSenelsafiunsndeou Tnsudssetusas
ooaveanidu 3 dawy fall

ddl 1 93993 aerobic bacteria Tngtian
LW']::aﬂ‘lJuamﬁLgEJ\‘lL%aﬁuﬁ@ 7% defibrinated sheep
blood agar ¥ lUuslugouiigamgi 37 °C uw 24-48
Flus Mntiunsavaeudnuvarvedlaladl foudunsy

wagnaaouAnaNURNI¥IAT M1uT5Ves Quinn
et al. (1994)

dil 2 93999 Salmonella spp. a3
M35 1SO 6579-1: 2017/AMD 1 (2020)

d1ufl 3 952911 anaerobic bacteria @z
Clostridium perfringens 1AENUUNIZAIUUDINS
L?;’EJGL%’EJ%Q@ 7% defibrinated sheep blood agar
hluinlugeuitoamai 37 °C meldannzlieendiau
W 24-48 Falue niunsvEeudnvavedelail
doudunTy warvageuAmaNURnIIAT ALITVes
Quinn et al. (1994) wazmnleladiiasdounems
L?;’EJGL%’EJ%Q@ 7% defibrinated sheep blood agar
inlvsludeuiionmad 37 °C iieduduinlelail
FouuaiiSeiinzuenliidy anaerobic bacteria

N13032aNF3LUana

affaenstugnasuandeguiiomedifians
U 150 F19E19 AIeyaain High Pure PCR
Template Preparation Kit (Roche Diagnostics
GmbH, Germany) 9ty thanswugnssuiiartald
USuew 5 pl luns39738938m2875 Real-time PCR
MU35V09 Bowden et al. (2008) lneldaiumay
Usgnauselnswesfisimenodu P32 (Forward
primer o CaPV-074F1: 5’-AAA ACG GTA TAT GGA
ATA GAG TTG GAA-3" uay Reverse primer o
CaPV-074R1: 5-AAA TGA AAC CAA TGG ATG GGA
TA-3’) A21ULTUTU 4 nM, TagMan probe oh
CaPV-074P1 5-6FAM-TGG CTC ATA GAT TTC
CT-MGBNFQ-3" aamusdudu 1.2 nM tusunay
3.96 L LLazﬁ’lm FastStart Essential DNA Probes
Master (Roche Diagnostics GmbH, Germany) U3u1au
10 pL Uszneusy Fumeu Initial denaturation
flgamnd 95 °C 1w 10 Wt mudedunsums
WinUSINEsWUgNssY denaturation Mgmmai
95 °C 1uian 15 Uil annealing/extension
figaunafl 60 °C Wuvan 45 Junit 1wy 40 59U ud
sunaFeuisuiunsiioganuguuIn A
Ct < 37 50U
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nsAATIEvitaYa LLazmsa%ﬁau,wm“/'imagﬁmam%

dndeyananisnsianiaviesujuanisun
AATIFAUYNANUII TN TN EDRTINTTUUT Uay
a$raunuiinsielsa wenmusiedmialuiiuiinnn
pyiueenideunilonauuy meldsunsy Quantum
Geographic Information System, QGIS Ver. 3.16
(QaGlIS, 2021)

nsmasuiiapalalndvesasnugnssy
(DNA Sequencing)
Freg19asiugnssuilinavinsieis
Real-time PCR uazdlfn Ct siiga $1uu 4 foens
UsZNoumusiag19919auT0In15Ane (Hura)
Y 2 FR0819 LAZAI9E19Y19NI8UINITANY
(Funaw) 3w 2 feg1e MNIwmdanwauguas
Jamdaveuniy danifiuuiinaasiugnssudeds
Conventional PCR iftevaduiiandlelndlagld
Twswessuwnzsediu RPO30 (Forward primer 38
CpRPO30-OL1F : 5-CAG CTG TTT GTT TAC ATT
TGATTT TT-3, Reverse primer Fo CpRPO30-OL1R:
5-TCG TAT AGA AAC AAG CCT TTA ATA GA-3) PCR
product Y19 554 bp Waziiu GPCR (Forward primer
%IEJ CpGPCR-OL1F: 5-TGA AAA ATT AAT CCA TTC
TAA ACA-3', Reverse primer %o CpGPCR-OL1R:
5-TCA TGT ATT TTA TAA CGA TAA TGC AAA-3)
PCR product wun 617 bp (Gelaye et al., 2015)
LLaﬂSi’fﬁqmﬁ’]m GoTaq® Green Master Mix (Promega,
USA) anusieaziBeniiszylugile thnandn PCR il
densrannanuiindlelnanisinaia Sanger
sequencing ﬁamﬁ’u@%mwﬁmﬂl,mﬁn’la

NFAFUHUATAUTURUSIBIITNUINS
(Phylogenetic tree)
ﬂwsﬁa;ﬂamamimawwé’]ﬁuﬁaﬂﬁi@lwﬁﬁama
Forward @z Reverse ilfnnia3asdnsiziiunsiu
Wrseiumelusunsu BioEdit (Hall, 1999) A5z
dduihedlolndvesansiusnssudldluiouiiiou

SouazveInMLMLaU (% Identity) fuawuindlalng
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maqmsﬁuﬁqﬂiimau%}] LSDV Tugrudeyavas
GenBank selusinsu BLASTN (https://blast.ncbi.
nlm.nih.gov/Blast.cgi) @3 19uHuNNANUTURUSGLY
FTWUIN1991875 Maximum likelihood uagvnagou
Aderiudieds Bootstrap $1u3n 1,000 50U fe
TUsASH MEGA X version 10.2 (Kumar et al., 2018)

NaLkazIa15al

NaN15A32950815ANIIUUNYIEINGT 970
#8198 Tervaaddanaznsyde Avrenteann
lspdul afu wuseslsaiwiladifindugusianay
nszaneivieme vie Wesuuaniduusa (U7l 1-4)
84% (21/25) LﬁaLﬁaU%LamsaULﬁmﬁjmuauﬁw 80%
(20/25) @pAARDINUTIEUNIIANEIUBY Salib and
Osman (2011) finudilafitaemeanisedud afu
WNUTOULIALUUAINGT Wag Mulatu and Feyisa
(2018) Fsremuilaildzude LSOV awiildgs uay
nsznglufaadsniaudy 9 iliAsnissniauves
vaondenuarsomides Rndsdidasuzuitenay
agnsznediluiisienie nswuseslsalinnns
vanhléffioviisuinmen Uil 1-8) Ao vios wiie 1
44% (11/25) c»iam?wmﬁawmsimj vinh wu
JALieneen waziinnisunnivesiodeuinasey
seuvEDs 96% (24/25) (g‘dﬁ' 1-C uaz 1-D) uay
wuveavadavaslugeuinle 24% (6/25) (Ul 1-6)
Fauduwaiiinarnide LSOV adreanudemeun
pericytes, fibroblasts, epithelial cells way
endothelial cells ToniTIntaDALADALATHINYADA
dundes vHlviAavaendensniausazraeminmios
SNLEU suaqmmmdu%mmuaaﬂajl,ﬁjaL?J@Immau
(Al-Salihi, 2014, Abdulga et al., 2016) n1WU
seelsantivaonauunasiniionie (giﬁ?i 1-F) 20%
(5/25) LﬁaﬁmﬂammmazLﬁmmi%amﬁmmdw
ndulen (Ul 1-G) 64% (16/25) uazseslsalen
vihuaziidonds uarnuansiavdaduneduiaus
vaemay (JUAL 1-H) 92% (23/25) aonAdasiuns
Ainw1v09 Mulatu and Feyisa (2018) finusoslsn



wialludninAnlsavlingunss wenandnudud

a

dTamaes (U 1-) 32% (8/25) uarlnildBamies
(g‘dﬁ' 1-J) 28% (7/25) wsafiudi Sevik and Dogan
(2017) $1891UNISNUAINITYNUVRIAULAE LR
¥09dnSfifnde LSDV fAnfiuduuinninuni
vananinsnuseslsandlddnunuasveuman
Tudldaniidonuu (3Uf 1-K) 20% (5/25) 1Ju
sevlsaftaursanuldlunsaiidniiinnsinde
wuaTiSeunsndou (ALSalini, 2014) Jsaonndasiv
NN TINNTRIUf RN sLUATISeAnen Anunis
faute Salmonella spp. UM 2 A9 LAY
Clostridium perfringens 97U 2 §19819 LAz
Escherichia coli 314U 1 9819 Wazsoulsanild
Sldnelinilone (U 1-) msaamy 8% (2/25)
Juseelsafianunsenuldluszuumaiuemsueda
LLazﬂizﬁaﬁﬂwmﬂmiamﬁa LSDV (Mulatu and
Feyisa, 2018) WaN1509295081IANNUNNEITING
Tulauaznszdofivhouazmemelsadud afu wana
Jovazvain1snuseslsa wenauvinlanaznszle
wazuenaLeieIzLandly n1519d 1

nsdnwlunSainuseslsamaunmensine
Tulausasavbdnulunszde Ioun seelsadeife
U‘%nmsauLﬁmojmé’ﬂLaULLazuamﬁw v lginms
UTIUAD BN Y109 39 1 NIIVaDAANLASLAZLAN
\Honne fvounaavaulugaviuile ki lddnuas
wazapsvaatusldianiidenuu ulsildlngunues
Anwileme aenpdesiunsineves Sudhakar et al.
(2020) wunisiAnlsalunszdeldAssnusonlsn
wuiigan1siisdaduaiuianis waznisiinlea
&1 afu lulrazuansernismenainiiguusenitly
nszis (Abdulga et al., 2016; Sudhakar et al., 2020)
anadlesnnnisneuauevesdniuiazein

ﬁ]’]ﬂNaﬂ’]iﬁli’aﬁ]WUﬁ’liﬁuﬁqﬂiiﬁ,ﬂJmL‘%EJ LSDV
Tne38 Real-time PCR wenaus1edarinluiiudinie
ngiusenidsamiionouu $1uau 150 vhiu (Uil 2)
wuirdenianiwdugiinisdsiiotaiiensaony
msv"v’uﬁqﬂﬁmau%a LSDV snndign Anudu 63.33%
wazdeninveunnulusususesasn Andu 16.67%
%Qé’mmumamsmwwumsﬁuqmmmaqLﬁ‘?‘?@ LSDV
1033 Real-time PCR wonaustedenialuiiui
manzTueenideuniionsuuy uanduguil 3

= aa A A % U oA a 1
A19199 1 seslsanisunnedinelulanaznszleihisuazmumelindnl d@iu uansdovazusnisnusoslsn

wonauvialawaznszle wavuenaueivis

Souaz (WU/NIVUA)

29872 soalsAN1eNneN3 N
Ta nszle
. - fovliefiinsugusnanaunszaedingiane wie Waduuanduuna 100% (20/20) 20% (1/5)
R - Wadeusnaseuldasuuinh 100% (20/20) 0% (0/5)
wazsuilone Yows o o L
: - valaRvilauSane on fise wse a1 55% (11/20) 0% (0/5)
oy . - fouundssveglng vinth uaznugnidensen 100% (20/20) 80% (4/5)
ERHPAIVEEN - ¥ ETI oy
- ansuininvedllelioUs U URBNUMEADS 100% (20/20) 80% (4/5)
J - Yamunnhuasdidends uasflansdavandunes luuumasnay 90% (18/20) 100% (5/5)
DA 4 v a = o o . =
- WWanuUaanuLazinANsEnRnNUsErINInaulen 65% (13/20) 60% (3/5)
LA VaDAAL . o ¥
- HUIVIREAANLAILATINALLDAEY 25% (5/20) 0% (0/5)
fiu - fuiddamdes 35% (7/20) 20% (1/5)
n - lnfadamaos 30% (6/20) 20% (1/5)
wla - flvpananazaulugeiuiila 30% (6/20) 0% (0/5)
alddn - adedlddnuasazveavadludlddniidonuu 25% (5/20) 0% (0/5)
aldlng - adsdldlwgiaione 10% (2/20) 0% (0/5)
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U7 1 seelsamammensinelulauaznseofivnsuasmedelsadud afiu
A) fovifsfiasugusanaunszaeinsanme
B) vauthidfmiausamiien
0) siouthimdesdmdsenelng
D) southimdesvenelng) vauh wugaLdienaen wazifnnsuaivenieeusnaseusioutindes
E) vesmaazaulugaiuiila
F) ndvaonasunsuaziiniions
G) eruonunuaziinn1sBafafussritanauten
H) Veauauthuaeilidends wasiiansdavdaduresuuaumasna
) fusiddamges
) lofid@amndas
K) wisdlddnunsiazvosmaaludldidniidontu
L) uifeldlvgdniilons
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78 2.00% (3/150) A 0.67% (1/150)

. U0 0.67% (1/150)
WNLETH (IS0 aa 0.67% (1/150) e

U 333% G50
N 4.00% (6/150)

A 6.00% (9/150) _

JUN 2 SeazvaeiunngIINUaNsHUgNIINYaUY LSDV el Real-time PCR wgnmusiedwmin  luiuinangJussnideavilonauuu
(150 W133) nA=nWALS; Vn=TBuLAY, uA=uasA; un = TInw, dau=anaues, un=uasnuy, so=3081dn; Bn=ga351l, uA=1ueIAY,
Un=nuestIag)

nueme: Jinynanmsuazdminge lifidiegnsdinsg

‘\/\

Bueng'Kan

Percentage Positive
o
B 0w

.00
67

BO000N

gE&t

B e

JUN 3 wansforarnan1InTIINUAITIUgNTIUYeaTe LSDV lagTs Real-time PCR wenmusedwminluiuiniang Susenieuvionauuy
wazasHuTiselUsunsy Quantum Geographic Information System
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@ LSDV/Thailand/Kalasin/409-2022

@ LSDV/Thailand/Kalasin/434-2022

@ LSDV/Thailand/Khonkaen/955-2022
@ LSDV/Thailand/Khonkaen/959-2022
MW355944 GD01/China/2020
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