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Application of Polymerase Chain Reaction to detect serogroups, serotypes and
virulence genes in Pasteurella multocida isolated from cattle and buffalo

with hemorrhagic septicemia in Thailand

Thammarath Sujit* Apasara Worarach

Abstract

Background: Hemorrhagic septicemia (HS) is a fatal infection in cattle and buffalo caused by
Pasteurella multocida (P. multocida). Traditional diagnostic methods, such as indirect haemagglutination
(IHA) and agar-gel immunodiffusion (AGID), are complex, time-consuming, and involve experimental
animals for antiserum production. Currently, laboratories have applied the PCR method, which is more
accurate and reliable, to replace the traditional method. This study aimed to use PCR to identify the
capsular serogroups, LPS serotypes, and virulence genes of P. multocida and to analyze the distribution
of virulence-associated genes in HS.

Methods: A total of 102 strains of P. multocida, isolated from samples related to hemorrhagic
septicemia in cattle and buffaloes in Thailand from 1989 to 2024, were cultured and confirmed using
biochemical tests. The serogroups (A, B, D, E, and F) and serotypes (L1-8) were identified using multiplex
PCR. Additionally, the analysis of 23 virulence-associated genes (ptfA, fimA, hsf-1, hsf-2, pfhA, tadD, toxA,
exbB, exbD, tonB, hgbA, hgbB, fur, nanB, nanH, pmHAS, sodA, sodC, tbpA, ompA, ompH, oma87 and
plpB) was performed using PCR, followed by statistical analysis for correlation and comparison.

Results: A total of 102 P. multocida strains were isolated from 83 buffaloes and 19 cattle, all of
which were classified into serogroup B and serotype L2. Virulence gene distribution revealed four distinct
patterns among the 23 genes examined. Pattern A, (17 genes, 95.09%), was the most frequent, followed
by Pattern B (16 genes, 2.94%), Pattern C (18 genes, 0.98%), and Pattern D (21 genes, 0.98%). Significant
differences were found in hsf-1, tadD, tbpA, hgbB, and pmHAS genes (p < 0.05).

Conclusion: The PCR technique can effectively detect Pasteurella multocida in Thai cattle and
buffalo. All strains identified belonged to serogroup B and serotype L2. Furthermore, each strain
preserved 16 virulence factor genes, with five genes (hsf-1, tadD, tbpA, hgbB, and pmHAS) exhibiting
differential distribution patterns. Additionally, the virulence factor gene distribution in the vaccine strains
closely resembled that of the prevalent local strains, suggesting that these vaccine strains may possess

potential for disease prevention.

Keywords: Pasteurella multocida, serogroups, serotypes, virulence-associated genes, PCR, cattle and buffalo

'National Institute of Animal Health, Kasetklang, Ladyao, Chatuchak, Bangkok 10900
*Corresponding author: Tel. 0 2561 2730 e-mail: thammarathh@hotmail.com
Received: 7 October 2025

Revised: 17 October 2025

Accepted: 20 October 2025



n15UssenAld Polymerase chain reaction tian313nd@laniu @lslnd wazduatuau
Uadumuguwsesvadiia Pasteurella multocida Mwnzuenlaanlauaznszle
a a ad o
mlulsalusdnwuigdsTulssnalng

a

555455 @9* DAAT 550U

UNANED

Nunveasnsanu: lsaglusBnwufdidle (Hemorrhagic septicemia; HS) #i3alsamauau WWulsadnely
nIzualdanRsunauniensfsiinlulataznszde Wnn@e Pasteurella multocida (P. multocida).
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s v 6
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UNUI

lsatalus18ngUyidiile (Hemorrhagic
septicemia; HS) mielsarauin Wulsafndely
nszuadondsunduiiseusd@ialulauasnszde
inanlenuailiie Pasteurella multocida
(P. multocida) \Iulsedniftegluseievesesdns
guamdniseninaUseme (World Organisation for
Animal Health: WOAH) wagidulsalunsyadaai
TsAszundn’s . 2558 Wlednifndoavdwalidn’
menely 8-24 Frluawdoeauiuic 3-5 Yu nszde
finuhse@eunnitlule wazuanienistaei
;umaﬂ’jﬂmwummimmﬁﬂéfﬁmﬁw%nm
91155005 Ao wazuthen dududnvasisuvedise
Tunsdififndeldsundudnionadedinns iy
Tngliifo1n1sm1eediin 1NTeyaveteeAnITeImMIS
LAZLNEATWAENUIZIR (Food and Agriculture
Organization) lsafiisnsn1sn1efidoudiegs
Useanad 60% waglulseimalnenuseanusnsinis
themeannsainissyunvedlsalunsedeniuiinnn
neiusondeuntie dminanssndl nuWdug way
wnansau U 2535 Wihiu 60.62% (aula wavmeug,
2535) dandnunasnus U 2558 11U 57.1% (Mgvie
waziumng, 2561) waraINToyasIeUNITIEUIA
2l5AlUIINIAUATINULLAL AN TANUNUEATINTS
anegaludaiengios (vavie uazyiiung, 2561; Seyvd
LaYOINIIAL, 2565) Faadrannuidenmediausise
inwasnshazdaudfgniaasesiaduegiauin
wananiiie P. multocida SareliAnnsindelu
uywd wifezldfisnearududuiieadunis
Anitielusudde P, multocida $5lnd B:2 ua E:2
wdlslnday 4 fAananseviliAnnshindelusyud
1§ gafusenssesinsefaiieondndesnisdudade
wazfiuinsnistestuiimnzauiieSuilefunsdld
asdoindulsa HS (WOAH, 2024)

o P. multocida \uwuaiideunsuaudilyl
wasudl ansaneliAnlsalavainvansludniuas
mg‘is}‘éi (Peng et al,, 2019; Calderon Bernal et al,,
2023; WOAH, 2024) Inevluuusiedu 5 Flsn3y
AULOUALULAYYA 1own A, B, D, E way F usaz
ameiudazigtesiuleadany wihaglilddte
a@ﬁmiaaﬁmmﬁmmﬁu (Ewers et al., 2006;
Harper et al,, 2006) lng@lsn3u A duiusiudnitn
Flsnu B duiuslulansede dlsn3U D duiusivans
warwuseanlu 1-16 @lstnd (Townsend et al,,
2001; Khamesipour et al.,, 2014; Harper et al,,
2015) e P. multocida ﬁLﬁuaﬂmeiLﬁ(ﬂIﬁﬂ HS

4

\inanangiug B:2 (aneugieiie) se E:2 (aneiug
wen3n) fensmenddiniidrdnde 19 wels
s1unn fignlva thareduesdsenaiilugnig
Suuouvesdnd uazdeTinluian ddulssmalne
nULRNIEEENUS B: 2 uag B2, 5 dunsinide
Fslnd Al uaz A3 ffsadastulonuiuuasyile
doTdn Feflnnsdnuluaidununisnsanuide
P. multocida ulaguamAuazlaiithesy Bovine
Respiratory Disease (BRD) @aulugiluanaiug
A: L3 (Calderdn Bernal et al., 2023)

e P. multocida 1U93AU UL (virulence
factors: VFs) fivilsiinlsa léun adherence
proteins, toxin, iron-intake related proteins, sialic
acid kinase, hyaluronic acid, superoxide
dismutase Way outer membrane proteins Fans
u,amaanmaai’]ﬁ]%Jamm':;ul,mﬁ’%gﬂmuauﬁaEJ
Qumuau{]a%’ammwuwmau%@ (virulence-
associated genes) ?jqazﬁamatgaﬁiaﬂﬂiqﬂqﬂt,l,az
fesnsnvende P. multocida luwwadlead
laednv319an1snovausaniagiinuiuvedlaad
nsvianeideidoreslead saudeniansedunns
novausInenIssniauvelaaniiiufiv wazd
aunsansgAuNILanteanuesdudu 9 wagdaesy
n1sWAILIUe9lsA (Khamesipour et al., 2014;

Aski-Shirzad and Tabatabaei, 2016)



nsanvitadeide P, multocida Tutlagtud
wmedanarislunisasadududelasnissiuun
F3n5U waedlslnd eanmaiesuin Tasldis
indirect haemagglutination (IHA) kagmsI9uen
lipopolysaccharide (LPS) serotype 1aei5 agar-gel
immunodiffusion (AGID) (WOAH, 2024) uagtnaila
ysengluanafigniaundunmaunumaiadaiy
lunsdwun@lsniyu drumadnondluanaily
ftannnaiia PCR snldlunistudude P multocida
sludrunisfudude uasnisBududleniy
(Townsend et al., 1998; Townsend et al., 2001)
warnIsaILl multiplex PCR Tunisnsiadudu
Flslnd (Harper et al, 2015) iielinaunuds IHA
uag AGID Pdesliouddiuidunzdedlsniuvie
Pslndvssdelunimaaey Tnededddaninaaosly
nMsnAnuouRsy fduneuninniouiigeein way
LouRTfuveutefindeuldorainnisuindunga
(cross reaction) ls i?iﬁlﬂlﬂmi‘diz&gﬂmﬁlﬁﬁ PCR #1539
Padunrugunssvodlsanaunuisnisindeiuenld
Mndaiteludniveaes F938nsnnaidadeuuy
Fufuduiduneuiidudou Wnalunismaaey
a1y uavuiiAnsmaaeuiesdiuszaunisally
nseruLazudananiamagey fasulunisdnuni
FldmuTuie P multocida fiwenldaindaegng
Tansgdefidwvidadeiantuguaindn fuvien
5eWINU WA, 2532-2567 UUNIBUEN LagnNadeu
fudude Suundlendy slnd uasasramdu
muautiafunuguusesdelasldis PCR il
NARSI9TIATY gndasuazutiug leandedninues
PruAnuaziafnennvewesUfiRn1sdmiu

a o

nsnsIitadulsndn

¢ aq
q‘Uﬂiﬂ‘!LLag’Jﬁﬂ'ﬁ

WeuuniiSe

o P. multocida Fwzuenldansetia
aYeznelulansedofdulsa HS luuszndlne
Fausl 2532-2567 Fwu 102 anewug nla 19

aerius uaznszde 83 aewug 1iusnwli -80 °C
luresufifimsuuniiGeuasidos aniuguamdns
WAIER Yrdeumizuy blood agar (Oxoid,
Germany) Uil 37 °C 24 d1lus asrafudiudose
NSNAABUNINT AT (Markey et al., 2013) (catalase
test, oxidase test way oxidation-fermentation;
O-F test) lnufiidodnsds P. multocida dlsngU A, B,
D, E uaz F fild¥uaueynsIziiain National
Institute of Animal Health, Japan d@wSuidusa
ATUANUIN

25 Polymerase chain reaction (PCR)

151384 DNA template fnlUa31n38984
Queipo-Ortuno et al. (2008) I@EJ%JWL%@ P. multocida
WIZUU blood agar (Oxoid, Germany) Uuil 37 °C
24 s azaneide 3-5 Talad ludhndy 1 Jadans
Wluduit 12,000 sousiewnd 5 undt fedautinla
Wihavanenzneudetinguy 0.1 fadans vty
dden 10 v udrudludidusiuit arnduilui
12,000 rpm 5 W17 vanladidu DNA template
137 20 °C \losomsveaausialy

A15A399MN capsular serogroup YBTD
P. multocida #2875 multiplex PCR
mwﬁué’uvﬁa P. multocida Wagn333%1 cps
genes Asuundlaniesnidu A, B, D, E uaz F
AnuUasa1nises Townsend et al. (2001) lagld
primer 6 gd13URTIAMN serogroup-specific lagly
capsular typing (A1514i1) fidunousad 1d DNA 2
lulasdns adlunasn multiplex PCR master mix
(QIAGEN, Germany) 10 lulasans #id 0.2 UM
primer mix 6 A3y udnfuindulild 20
lulasans Tnedl DNA v0a8od19BaamunuuInias
ﬁmé’ulﬁuéfnmuqmau nduiluduaiouiy
USHauen59ugnssu (BIO-RAD, USA) Farlusunsy
&l initial activation 95 °C 15 w1l dedae
denaturation 94 °C 30 Ju1¥ annealing 55 °C
30 3unil way extension 72 °C 30 it Tanue



35 58U final extension 72 °C 10 w1l aniu
AR PCR product lu 2 % agarose gel A3
electrophoresis (MyRun, Japan) AATILYNAN
Lauved PCR product
N197M393%1 LPS serotype %aaL%a P. multocida
#2835 multiplex PCR

»379%1 LPS serotype: L 1-8 Anuiasainis
Y89 Harper et al. (2015) Fupeuwieatunis
§FI%1 capsular serogroup Tngly primer mix 8 @:
dm3u LPS serotype (#151971) Falusunsuaios
WisUTanaanswugnIsy (BIO-RAD, USA) il initial
activation 95 °C 15 1 #iof1e denature 94 °C
30 U9 annealing 52 °C 30 3u1¥l WAy extension
72 °C 2.30 wndl Tramum 35 59U final extension
72 °C 10 Wit MntuAes e PCR product Tu 2 %
agarose gel My electrophoresis (MyRun, Japan)

ATITVHAINUAUDY PCR product

NS virulence-associated genes Ae75 PCR

fintUaa1nI5ues Khamesipour et al. (2014)
Ingld primer d1w3U virulence genes 23 Aueniiu
fidunousail 1d DNA template 2.0 lulasans adly
PCR tube 0.2 fiadans 713 PCR master mix (QIAGEN,
Germany) 18.0 lulasans FeUsznausdie PCR

buffer, 1.5 mM f\/\gCl2 pH 8.7, HotStar Tag DNA
polymerase, 0.25 mM deoxyribonucleotide
triphosphate (dNTP), ¥ndu waz Primers mix
(F uay R) 0.4 pmol (a519911) Taed DNA veaie
$r9dasanuauuaniariinduiuginiuguay
maﬁ?uu"wlﬂvﬁ’f%ﬂ%"aaLﬁw%mmmiﬁuqmm
(BIO-RAD, USA) TneiFu Initial activation 1 95 °C
15 Wit udialUsunsy denaturation 71 94 °C 1 unil
annealing temperature ¥4 primer LAAYARN
A131971 1 extension 7i 72 °C 1 undi ﬁy’wms’m 35
58U fefe final extension 7 72 °C 10 w7 andy
As1E PCR product Tu 1.5% agarose gel ¢g
electrophoresis (MyRun, Japan) 3LAS1giHaan
wauves PCR product

N5IATIZANIERR

Aasrgiauduiusvesdeya capsular
serogroup, LPS serotype &g virulence-associated
genes PIEANATINTIUUT UaraD AT YN NAFeY
mmLmﬂ@hwaq@umuqu{]ﬁamm;uuwﬁ
wane1sdusEninatenusuagldada Fisher's
Exact Test lun1svnaauanuuansnsfiseiutiodfay
p <0.05 Iaeldlusunsy R version 4.4.2 @iy
Windows (R Core Team, 2024)

719197 1 Primer sequences, annealing temperature Lazuu1Awed PCR products

Putative function Target gene

Primer sequence (5’->3’)

Annealing temp. (°C) Product length (bp)

Capsular Typing

All KMT1 F: ATCCGCTATTTACCCAGTGG 55 460
R: GCTGTAAACGAACTCGCCAC

A hyaD-hyaC  F: TGCCAAAATCGCAGTCAG 55 1,044
R: TTGCCATCATTGTCAGTG

B bcbD F: CATTTATCCAAGCTCCACC 55 760
R: GCCCGAGAGTTTCAATCC

D dcbF F: TTACAAAAGAAAGACTAGGAGCCC 55 657
R: CATCTACCCACTCAACCATATCAG

E ecb) F: TCCGCAGAAAATTATTGACTC 55 511
R: GCTTGCTGCTTGA GTC

F fcbD F: AATCGGAGAACGCAGAAATCAG 55 851

R: TTCCGCCGTCAATTACTCTG




@15197 1 Primer sequences, annealing temperature LazIUIAYaY PCR products (519)

Putative function Target gene

Primer sequence (5’->3")

Annealing temp. (°C)

Product length (bp)

LPS typing
L1 pcsD F: ACATTCCAGATAATACACCCG 52 1,307
pceB R: ATTGGAGCACCTAGTAACCC
L2 nctA F: CTTAAAGTAACACTCGCTATTGC 52 810
R: TTTGATTTCCCTTGGGATAGC
L3 eatF F: TGCAGGCGAGAGTTGATAAACCATC 52 474
R: CAAAGATTGGTTCCAAATCTGAATGGA
Ld4 latB F: TTTCCATAGATTAGCAATGCCG 52 550
R: CTTTATTTGGTCTTTATATATACC
L5 rmlA F: AGATTGCATGGCGAAATGGC 52 1,175
mlC R: CAATCCTCGTAAGACCCCC
L6 nctB F: TCTTTATAATTATACTCTCCCAAGG 52 668
R: AATGAAGGTTTAAAAGAGATAGCTGGAG
L7 ppeB F: CCTATATTTATATCTCCTCCCC 52 931
R: CTAATATATAAACCATCCAACGC
L8 natG F: GAGAGTTACAAAAATGATCGGC 52 255
R: TCCTGGTTCATATATAGGTAGG
virulence-associated genes
Adhesins PtfA F: TGTGGAATTCAGCA AGTGTGTC 55 488
R: TCATGAATTCTTATGCGCAAAATCCT GCTGG
fimA F: CCATCGGATCTAAACGACCTA 55 866
R: AGTATTAGTTCCTGCGGGTG
hsf-1 F: TTGAGTCGGCTGTAGAGTTCG 54 654
R: ACTCTTTAGCAGTGGGGACAACCTC
hsf-2 F: ACCGCAACCATGCTCTTAC 54 433
R: TGACTGACATCGGCGGTAC
pfhA F: TTCAGAGGGATCAATCTTCG 55 286
R: AACTCCAGT TGGTTTGTCG
tadD F: TCTACCCATTCTCAGCAAGGC 55 416
R: ATCATTTCGGGCATTCACC
Toxins toxA F: CTTAGATGAGCGACAAGG 55 864
R: GAATGCCACACCTCTATAG
Iron Acquisition exbB F: TTGGCTTGTGATTGAACGC 55 283
R: TGCAGGAATGGCGACTAA A
exbD F: CGTTCTGATTACAGCCTCTT 55 247
R: AACGAAATCTTGGAAACTGG
tonB F: CGACGGTGAAACCTGAGCCA 55 261
R: CCGAGCGATAAGCATTGACT
hgbA F: TCAACGGCAGATAATCAGGG 55 267
R: GCGGGAATGCTGAAGATAAG
hgbB F: ACCGCGTTGGAATTATGATTG 55 788
R: CATTGAGTACGGCTTGACAT
Fur F: GTTTACCGTGTATTAGACCA 55 244
R: CATTACTACATTTGCCATAC
Sialidases nanB nanB F: CATTGCACCTAACACCTCT 55 555
R: GGACACTGATTGCCCTGAA
nanH F: GTGGGAACGGGAATTGTGA 55 287
R: ACATGCCAAGTTTGCCCTA
Hyaluronidase PMHAS F: TCAATGTTTGCGATAGTCCGTTAG 54 430

=

: TGGCGAATGATCGGTGATAGA




@15197 1 Primer sequences, annealing temperature WazauIAUY PCR products (#i9)

Putative function Target gene

Primer sequence (5’->3")

Annealing temp. (°C) Product length (bp)

Protectins ompA F: CGCATAGCACTCAAGTTTCTCC 55 201
R: CATAAACAGATTGACCGAAACG
ompH F: CGCGTATGAAGGTTTAGGT 55 438
R: TTTAGATTGTGCGTAGTCAAC
oma87 F: GGCAGCGAGCAACAGATAACG 55 838
R: TGTTCGTCAAATGTCGGGTGA
plpB F: TTTGGTGGTGCGTATGTCTTCT 55 282
R: AGTCACTTTAGATTGTGCGTAG
Superoxide Dismutase topA F: TTGGTTGGAAACGGTAAAGC 54 728
R: TAACGTGTACGGAAAAGCCC
sodA F: TACCAGAATTAGGCTACGC 55 361
R: GAAACGGGTTGCTGCCGCT
sodC F: AGTTAGTAGCGGGGTTGGCA 55 235

=

TGGTGCTGGGTGATCATCATG

NakazIasal

4

Wo P. multocida 971u3U 102 @18Wus
nateRugiududnuuslalatvesauueinig
X ¥ o <
La89@e blood agar wulelaladivuialan nau
YouRiBeu T ldifansaanedindenuns way
A v Y  ad a a g & . 4
gUYUAILIINAALTURD P. multocida 91nUU
Buduoneis PCR wag multiplex-PCR 1Wavis 102

s o I

a1eiug Inegludlsniy B wazdlsind L2 (B:L2)
Fofuanvmiliiie HS Tulawaznszdelu
Useidlng aonadesiun1sfnwives Worarach
et al. (2014) finadoumm capsular typing (A, B uag D)
A8 IHA ey somatic serotyping (1-16) A28 AGID
Mnde P. multocida 87 anewug Fuiuldluns
Anwiaded] wudndu B: 2 S 77 aneviug (Ju
B: 2,5 9713u 10 awﬁuﬁ:%"ﬂ L2 91775 multiplex-PCR
Uty 2 vide 2,5 e s AGID (Harper et al,
2015) Mnmsfnwitrenadesuiiuansiannsald
3% PCR Wumadenlummeaeuiiionsiamdlsniu
wadlslndunuinisnadudy IHA uwag AGID 1¢
duidedn 15 metusidudofifisnenumsszuialy
WANIANANWEI9INT 2554 7 Worarach et al.
(2014) I#Anw Y Fanrsszuinves HS Anuluuay
\ofy videleduny Tusenideddinwuidudoaeiug

Fls5lnd B (Almoheer et al,, 2022) wu UsnannaAny

Mstusuide HS type B Tut 2559 (Ara et al., 2016)
AT II89UNTTEUIAURe HS Flslnd B Tul 2560
(Khoo et al., 2020) 2819l5AM 1NN I8UNNS
szunvadlsalulanseleovasusemanauelsy wu
nssvuinvedsamaiumelalulaiovesadutied
2020-2022 \finanide P. multocida wia capsular
type A:L3 (Calderon Bernal et al., 2023)
NIMTIINIBULBZIATIZRNITNTZIIAIVD S
ﬁumu@uﬂai’fammsaumwau%aﬁgwm 23 gu
1Nde 102 aeiug esnlsa HS Wulsaszunn
Anuguusaslsaaztufuide P. multocida i
Hadeanuuussiazuanseanlnonisniunuesdu
MNMsAnY wumNynYeady 21 Bu (UM 1) Tng
wummsqﬂﬁmmﬁqﬂ 100% TuBiu ptfA, fimA, hsf-2,
pfhA, exbB, exbD, tonB, hgbA, Fur, nanH, ompA,
ompH, oma87, plpB, sodA way sodC AINUYN
97.06% Tudiu tbpA ANUYN 1.96% ludu tadD uax
Anuynesiian 0.98% ludu hsf-1, hgbB uay
pmMHAS AMNTOYARINATT HUAIUUANAINYDIEY
hsf-1, tadD, tbpA, hebB way pmHAS 08133

o o

WednAty (p <0.05) @nansadnngusuuuunisnssany
gusanilu 4 jUuuu (151971 2) gugluuu A
ATIANY 17 8u %nwumnﬁqm (95.09%) juuuu B
MTIANU 16 U (2.94%) JUuuu C m3iany 18 Bu

(0.98%) wazgluuu D m53any 21 8u (0.98%)
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virulence-associated genes (VAGs)

E‘Uﬁ 1 uane¥oazue virulence-associated genes Wa3d® P. multocida 102 maﬁ'uﬁ:

MnnsAnwasiidodulngnunisnszaiedy
sULUU A 1nfign uansinde P. multocida i
sl 2532 aufistagiu fmadeuuag
vaegunuvdufinruaudadeainuguussiosuin
fouanfudefimzuonldannunasiiunnestu
uennidfizuuuuilduandsanideiinzuentd
MNUsENAATI (2 aneiug) uasdhiiannu (3 aneiug)
fivinslnaanlnewuindfisvuuy A Wulfeady
(3197t 2) andeyananisAnudamuiniide 1
metusiTinsnszaeduluguuuu D fnunseysng
BuiRendestuiiadvmnusunsmendoges 21 Bu
Gadeaeusinmanuidio?) 2548 oehdlsfniuaisd
nadhsgldligeinmauninssneidesnenady
a1V linSARLIATULS NN TLANLAL TATUT
lignaunsadesiule

nmsdnuinuBulundy Adhesins 1éun
ptfA, fimA, hsf-2 uay pfhA lunnanenug (100%)
niswudlade adhesins vuiiuRtveaTeuUATiGeiin
Aendestuanuguussvedise Wosmnlusiumanil
funvmdrdylunisteliidearunsayngnidily
odegluladlead aonadestunisdnule
P. multocida F15n3U B finelsa HS lusniadeiinga
wutumaniluynaneugisuiu (khoo et al, 2020)

wazdineauimunisiiade P, multocida lulash
WUBU fimA, hsf-2 uag ptfA (Ewers et al,, 2006;
Kline et al,, 2009) luduves toxins AN5I9TATIE
lainuBu toxA aenadesfumsinuide P, multocida
Tuladuifsuazie@elédivinlinan Hs luwudu toxa
wALlBU tbpA (Verma et al.,, 2013; E-Kobon et al,,
2017) Buiviwmiinilunisgadusigndn (Iron
Acquisition) WUBiu exbB, exbD, tonB, hebA Wwaz Fur
1nfie 99.02% Taefifins 1 aeviugivinduiingrany
ynBusida hebs Fududefifinsnszaredwosiuy
TusUuuy D o1vaufnandedinisnaneiugvioldu
Woflunanundsdu aonadosiuainnisinyives
Gharibi et al. (2017) laszyingu hgbB dnnulsile
Ay q Tunguieaiiu

nauveuley sialidase asa9anudu nanH
lunnangiug (100%) uaglinudu nans lunn
aneriug lugnves hyaluronidase eiauddnyse
nsrelsavasdounzauguusivadlsn 910157
hyaluronidase vhuifiidusagiesuneruazain
TunNITWNINIE18INBHIUNTEREaA18EI
Usgneuuenwad villsadienuguusadstunasud
wildeaguanmsinwilsa HS lulafinuinnisviay
989 hyaluronidase 1zshiaogianzluidedisniu B



M1997 2 JURUUMINTEEfvesdumuauladeauguLs 23 Buvesaeiiug P. multocida Minelsaelusdnwuiididelulanszle
Y . 25322567 danquidu ¢ guuuu liud JUuuU A, B, C uaz D dyydnual “+” UagindiBuegluaneiug uaz “ dstilifidueglu

aeugiy

Virulence

Adhesins Toxins

Number capsular LPS sero-

. Sialidases
Iron Acquisition
nanB

gene
(%)  serogroup  type

profile
A 97 B L2
(95.09%)
B 3 (2.94%) B L2
C 1 (0.98%) B L2
D 1 (0.98%) B L2
A Seed B L2
any.*
A Laos* B L2
A Laos* B L2
A Pakistan* B L2
A Pakistan* B L2
A Pakistan* B L2

T
<
[S]
<

* feghateiiinsdinsinbuduilsniy wasdlsnd a WewfiRnsuuafiGeuwasites aardugquamdnivieni

(Harper et al., 2006) ufnnNan1sAnEEnuNUEY
pmHAS Tuaneiugifinsnszaeduluguuuy D 1fies
1 aneiuguiiy dnduiifnudendestunsasig
Iﬂiau@aﬁm%uuaﬂ (protectins 1138 outer membrane
protein) WUBW ompA, ompH, oma87 wag plpB
Tunnaneriugiivhnsfine (100%) dailnnuuansiis
nnsfnulusiads Taeide P. multocida
Flsn3U B MviliAnlse HS msaalainudu ompH
(Khoo et al., 2020)

n&al superoxide dismutase Fafunumdnday
lun1sshwiaunavesuisesnendluead wavyae

Jastuwaaaindunsieiinainnisiwelsrenduas

Y
s

meluwadiu wudy sodA wag sodC lunnaneiug

=

¥0aM3AN (100%) FeBuiifdmdeliwuniiGoay
sorluszwiensinge wavdielidenolsaedu
Ufisen1smevauesnngadgiauiuvedaad wu
uualasralazwaswauesindumdss (Lynch and
Kuramitsu, 2000) d@enndestudiinisnsianudu
nauilumsinide P. multocida lulathe (Verma
et al, 2013) wonaniflunsAnwwes Gharibi et al.
(2017) Fivhnnsinwilulansedeund Aludinisuans

91n13vedlsa 8ulungu Superoxide Dismutase
N139599NVEU s0dC NNFI WinUBUd sodA e
22.7% BaTummpaaiiuauMInTIIWUEY Superoxide
Dismutase Tudaaiigsludnififnde £, multocida
aglsAmunsinuriinudu topA 97.06% Taglainu
Tumsnszanedvosduluguuuy B Faduaeiudd
wnzsenlaannszdeaanadasiu Dabo et al.(2007)
finuinagnu thpA lunseleldtosninluwneuazung
fdlunsfnuniimanszarefvesdulusiuy B 1y
Weiluenldannszto
uenniifefinisinseaneiusueaded
nandadulin HS (ddninalulagdadudidn’
nsuladnd; anv.) Ansdinsiaiiviesufjoinng
wuafiSuasitos anduguamdniuenisiui
nsfnunl wuideanswusiindntadu dany
Indidesfudefissuialuiuil aenndestunisding
rounthiiinisnwdnungnetugnssueade HS
fifnsssviauasidedilindninduves anv. dae
pulsed-field gel electrophoresis (PFGE) Wu71
sunuudeillilunisnantaduaglunduieatuded
syundiulnglull 2532-2554 (Worarach et al,

daonwnaans UR 76 1d8UA 2
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2014) warludodifinnsszualud 2557 (e woy
Ay, 2558) Feasandosfunisdnuiguuuudy
aruguiladeausuussvondelunisdnud i
AsauARUieTin1TszUIalunsAnwdeunth 1ng
nudefinaninduisuuvuiuauguusiveslsn
HugUuvuifisaduide Hs dulnyiiflssualuiiud
wansliiuintadu Hs Aldlunistesiulsaly
Usewne Urezdalivseansainlunistesiulsn
dosnidednlvfiinissrunauielagiudnd
SnungmaiugnssunarBuilidudadenelsalnddn
fuideilflunmsuantedu edndlsfioulunnihse Ty
nsdsuulasdnuazniaiugnssuveaiouay

LY ¥ a

Tudrureinswaurindudinsdoadinisaidunis
odwsaliles ddluiagtuiimsifeiiowamnindy
ag1mainvate lagidunisldlusiulaenissey
woufuiidudatuiufiiveade P. multocida #dl
ANUdARYFiaNTTegTENYBILUATISEYTBNTSIARLIA
Tuleaditvane (slam et al, 2023) Fawuaany
L%auimssijvﬁmmﬂﬁaLLasIaIUhJiauﬁuﬁwaa

Toaditvane

ayunan1sAneazdatauaLuL

de P. multocida enldnlulauaznssle
Tutsemalng sewined we. 2532-2567 (Huide
Fan3U B Alslnd L2 savun nsnszatevesdudi
Aeadosfuanuguuse 23 Bunnideaeiuglula
wagnszde 102 ateWugues P. multocida lu
Useinalve Bufineanusuussléfunisenindly 16
gulown PHA, fimA, hsf-2, pfhA, exbB, exbD, tonB,
hegbA, Fur, nanH, ompA, ompH, oma87, plpB,
sodA uaz sodC NMIUsTiaNIIATIT ATty
lWIzAe PCR d@1udn 5 8 (hsf-1, tadD, tbpA,
hgbB Waz pmHAS) uaRIFULUUNIINTEBEUT
wUsiy uazdnguiuunisnszangduvesaneiugiula
wavnszUelunsinwiesnidu 4 JUuuu wazguuwuy

v

nsnszareduiliientesiuniuguLssve e
P. multocida drilngjvesussinalunisanunils
EﬂLL‘U‘ULaEJ’JﬁUgﬂLLUU‘U@Gﬁ’]EJﬁ‘uS:‘UBQL%EJ P. multocida
Atlunsuaninduvesdrinnaluladafusidni
nsuUAdn msszyladenelsalagionnzdudifinasie
ANusuLsadlsaiusylovilunisnsuianalnnis
AolsALATNITHAILININTNITAIUAN LU NISHER

TAFuNIUsEANEA LagnsimunsUwuuvesindy
subunit sellunstlesiumuaulsarouin Fadu

'
a o

desnduiiazdeadinusely wesaintaTu subunit
svdelianunsaiauinalnnistestulsaiising
fuaneiiugusedimnzsounUgadlsnguls ez
Uszansnmvesiagulunisilesiulsal s edu
yenandaisiinisineitewauinssuizlunis
Umsinduiiotasliidnslasunsnsedugiiguiud
WIHIEEN TIUTINITAARANTENUIINATIEATTWN b
dnifilasuiadu 1fledniatunsaairsniduiy
fumulsale
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¥9Y0UAM National Institute of Animal
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Detection of lumpy skin disease virus in formalin-fixed paraffin-embedded tissues

using immunohistochemistry and indirect immunofluorescence assay

Vara Varong* Peerada Siriwatcharawong

Abstract

Background: Lumpy skin disease (LSD) is a disease caused by the Lumpy skin disease virus (LSDV).
This virus causes fever and the formation of skin nodules, mucosal lesions, and internal organ damage,
resulting in significant losses in livestock. The diagnosis of LSD can be performed using PCR, ELISA,
and histopathology. However, in some cases, additional techniques such as IHC and IFAT are necessary
due to limitations of samples preserved in formalin. Therefore, the objective of this study was to produce
a specific primary antibody for LSDV by expressing recombinant protein and expanding the capabilities
and options for disease diagnosis.

Method: The p32 gene was amplified by PCR to increase the genetic material and cloned into a
cloning vector, followed by subcloning into an expression cloning vector. The molecular weight of the
recombinant protein p32 was confirmed through SDS-PAGE and western blotting. The p32 gene was
sequenced and aligned to test its identity. Then, the antiserum obtained from immunized mice was
tested against positive and negative samples using IHC and IFAT techniques.

Result: The experiments showed that the genetic material of LSDV, particularly the p32 gene,
could be amplified successfully. Moreover, the recombinant p32 protein could be expressed in E. coli
and the antiserum could be used in IHC and IFAT techniques for 16 samples. Additionally, the nucleotide
sequence of p32 was closely related to the nucleotide sequence of the virus found in China.

Conclusion: The use of IHC and IFAT techniques expands the options for LSD diagnosis, allowing
for the examination of samples preserved in formalin. This enhances the capabilities and expands the
options of laboratory services, reducing the limitations of shortages or the need to import antibodies

from foreign countries.
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Lumpy skin disease (LSD) Julsafiinain
Lumpy skin disease virus (LSDV) %QQ’@agﬂmaﬁ
Poxviridae @na Capripoxvirus 1’3%’?1%?4@55@13?1114%
nazlle ung uazuny laedniffndeasiily gunen
thwiinan uiis deuthimdesensruin Ui
anas uanindifavs wusuiivis Weiden waz

4

o¥rznelu wazunsndailsdaimeld lunousiiug
wunzduniusuuiansvdenns wilidesds
aldaelunissnwuasnisihiaduiietestulsa
FeafranudsmeundadnivesUseina (Namazi
and Tafti, 2021) Tsadiilsneunisseuinegieguusy
TunmeUszana sausaUssndlneisumunissyun
a¥alua/lu Yw.a. 2564-2565 dawansznusoinyAsNs
Frunuin 3edesdItnsidadefisiniinasusiug
(Seerintra et al., 2022)

N159599389d8l5A LSD meTsganensinen
fanunsiius e swadiandadu epidermis
AV rete ridge formation LLazmiLﬁaﬂJLLUUﬁ
‘li@ﬂ’.i’]d%ﬂlﬁdﬁéﬁ’mﬁﬂ%u epidermis, acanthosis,
n15LdoULUY ballooning degeneration Y89
keratinocytes, intracytoplasmic intracellular
inclusion bodies, histiocytic inflammation V84
ﬁ’mﬁ\i%’u dermis W@ fibrinonecrotic vasculitis
(Gupta et al, 2020) Fafaruadromdetudnuae
mf\;awmﬁﬁmwaﬂiﬂﬁu 9 19U pseudo-lumpy
skin disease, besnoitiosis, demodicosis, bovine
papular stomatitis, dermatophilosis, vesicular
stomatitis, cutaneous tuberculosis Wag ringworm
o1 lilianusaseyanvavesnisiinlialiegi
Farau Snieiegnsduiiodinsiaiionaning
voslsamdnil Fngnusluredundudsldmunsay
dmSUN1INTIIENTUENTTUMIETINTILaNa

A9 polymerase chain reaction (PCR)

aa A

wadla immunohistochemistry (HC) 1 W33
ﬁqj dyj dl d‘ 1 2 a ;4 k%4
anunsaszyelulioanugnasunduld lagld
waURUBANILWIZsOe LSDV (primary antibody)
Juiuenegnelugaiveiieg19guLilodnsia
WAIDABNANNITINALNBUYDIE substrate NAANY
secondary antibody vMl#@1u1500529N UL
melugadla Fadundnnisifenduwmada indirect
immunofluorescence assay (IFA) Inguaufuafi
Tunzsaednludedinisnovaussvoiauived
fauawuAlL (antigenicity) g¢ Beanansaiwsewlaan
& oy v & ' &
Walafanlaainnisimizuenide egrelsiniy
a Aay vao a .
waudvadnladnnudgyninisiin nonspecific
reaction Fsdeevindelifanuenlaliuignsnou
wddshuntdlunisudauauiiven wazliaduldes
¥ U = [ gj a
AuANUaenAfen1aInm Aalun1sldlusiu
gnwa (recombinant protein) 3adumadenlunis
anlgyminenan laednsAnwinuinlusiugnuas
p32 (recombinant p32 protein) @ananINTUTAY
laseasedinldaniiu (envelope protein) ¥adLe
¥ goatpox @runsadrunldiduweudiaulunns
av o &
M5IAMINTABUAUBIADNTANAUVDILTD LSDV
@875 ELISA 16 (Ebrahimi-Jam et al., 2021)
Wesnnlusiugnuay p32 faudu antigenicity
a9 Ysensalddmsunsequliinnisndnueuiuen
A o o o v -1
Mg wiiinnistuanslsa LSD Tudreenstiuie
nuwdluresunduaimaia IHC wag IFA lagly
wouivefnkAnlaelUsAugnNEaY p32 deldunsvane
(Lubinga et al., 2014) wagdslaifisrvarulu
Uszimndlne falugalszasivensfinwinsitiionis
Uszgndldimalia IHC wag IFA dmsunisdugnsisa
LSD luseghaduiilenignasamenesunauiasilaly
W13 PRELBURUBATNANIINLUTAUGNNEY P32
Wiaszun1sAawde LSDV 3nseslsaninuludioging
Fule wazdudunsiiudneniniesujifinislunis

as1INdelsARINaN
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doifldlunimaaesadailldsunsdiduns
munannisguanazlidniide lagldsunisoydd
1ASIN1TAINANLNTTUNITAINUYRANITALTUNT
sodniiflonumaingimanivesanitugua g
WA BUYInMINELaY EA-006/66(R) ATBUARY
msldvmududainaaes

A18819AUANUINUAZAY

¥ieg197uiilonnfanilslafignadsdie
osunauuagilslumisiilu 1wy 16 feene 3N
A1ANan9weslsEne Usznoudie faeg1eiili
NaUINEe LSDV A1878 PCR 911U 10 #9819
Fragefinudnuae ballooning degeneration
weilainy inclusion body 31NN15MTIINYANEID
Ineuaslinaause LSDV @838 PCR 91U 3
F10819 wazfeogefifidnvasunivazlinaay
o LSDV #2833 PCR $1u7u 3 §29819 910t
WIPULBUAIINEBAARBIUDINANITNAFOUAILID
IHC wag IFA

nsELUSINRBUe p32 18335 PCR

afin DNA 210 LSDV lngldym QlAamp DNA
Kit (QIAGEN, Germany) mufAuuzIU8INHEn
dmsumsiinUinaiu p32 (M1-1322aa) Tnenns
PONUUY primers NVBLARUATHUTNITUVRA
LSDV lug1udeya GenBank (accession no.
ON152411) AF1MzAeaTHUTNITUVEITY P32
uaglansoonluy prokaryotic system Inen15vin PCR
(T100 thermal cycler, Bio-Rad, USA) Tuusuins
Wamua 25 L FaUsenouday 1X PCR buffer Al
Mg 0.2 mM dNTP, 1.5 mM MgCl, 0.2 uM %ad
primers (715797 1), 5 L U84 template DNA, 1 gin
Y94 Platinum™ Tag DNA poLymerase (Invitrogen,
USA) Faflanznrsnaaeu mu denaturation
94 °C \Juian 2 ufl aume 35 seuves 94 °C

M1579% 1. Inswesdmiuiiuduiuasignssu (5° to 3°)

primer Sequence WA

forward  ataGGATCCATGGCAGATATTCCATTATATGTTATAC- 969 bp
CAATCGTT (BamHI)

reverse attAAGCTTAATTATATACGTAAATAACATACCTGCTA-
AAAACCATAGTAATTTAGA (Hindlll)

Wunan 30 3uil aumnae 56 °C Wwan 30 Jundl
way 72 °C 1uan 1.5 ufiuag extension ‘171' 72 °C
Huan 7 undt 1h PCR products TU3asedt 1%
agarose Wage1uNEls UV (Gel DocTM XR, Bio-Rad,
USA)

AN3WAN recombinant p32 protein

11 PCR product Tinsuanudiniu lisate
iU vector pGEM-TEasy mﬂﬂﬁ?um positive clone
718 blue-white colonies Lazn1sgogmisioulysl
BamH! way Hindlll (Takara, Japan) kagw
sequencing Tndeeaweside lala (Escherichia
coli) positive clones 7if PGEM-Teasy p32 way
Yrudes 5 mL wazdadanatadniainines
(Promeca®, USA) iiiodsusensdmSuniasiu
fugnssy s a1ntuthin subclone WAuNmes
pET2da+ lagly T4 DNA ligase (Takara, Japan)
wazdndenlnomizidoly LB medium fidnnsld
kanamycin fiaaududy 100 pe/mL wazn
positive clone 1ag colony PCR soulwalaiin
ﬁiﬁﬁlzgﬂaﬁ'ﬂﬁw&qm Miniprep plasmid isolation
kit (Roche, Germany) ‘Wmaﬁﬂgﬂ transformed
\1d E. coli BL21DE3 LA DULLNULTD LB
#ifin1sTd kanamycin (100 pg/mL) waamm 37 °C
Duramiledu mﬂuuwjaazgﬂquaﬂumiammm
gamndl 37 °C lneiSudussnsivgfiamuss 200
rpm Auninadngtniaesyiulnvesnianzide
(OD600 = 0.6-0.9) waztiy Isopropyl B-d-1-thioga-
lactopyranoside (IPTG) finududu 1 mm
asly LLa‘vLsushﬁammﬁ 37 °C fimuid 200 rpm
wudwdy antuihmsiiivead £ coli Tnenis

Jusileefiannuiga 3,000 rpm gaunnl 25 °C W



15 unit vilimaduanlagldiades sonicator 91Nt
iludumiesiianundiseu 10,000 rpm Wuran 30
it vilusfugnuaniild Tiusgrdlasnisld Ni-NTA
agarose (Qiagen, Germany) WeviuTusiudaadu
dula wazihludmsgiiuuaa SDS-PAGE wunn 10%

SDS PAGE wag Western blot

NN19NTIATIZI purified recombinant p32
\lensiaaeun1suantoanluea SDS-PAGE wun
10% lowen recombinant protein Tu SDS PAGE Wi
9ntiudedng recombinant p32 AldlUTuumusy
nitrocellulose wazasramlusiulnelddsulad
fae 1:250 uas Goat anti-Bovine I9G (H+L), HRP
(Thermoscientific, USA) 1:6000 Lionsaanuuan
Avztudenluvnliindlaeld substrate wa9 3, 3

diaminobenzidine tetrahydrochloride (DAB)

AN3WAR mouse anti recombinant p32 antibody

livynaaesaneiug BALC/c wneE 91nAue
AR INARDININITIF UIeIFuNna 31U 5 6
Tuns@amagesvios lnednsiag 25 lulasnSusedavy
Taedavianun 4 pds Tnefltroiesnisaningudy
10 fu vhnisudensnmaiioiuesy Tngly
Suusniidald Freund’s complete adjuvant waufu
P32 nanld adiiiansieBnge Freuds incomplete
adjuvant waufu P32 findale nsfiudennds

NAAATIFAVINY

N13M373079819N9YANYITINGT immunohisto-
chemistry 1&g indirect immunofluorescence assay

G'hasmLﬁal,?jaﬁgﬂﬁmuvmﬂu AAYUIA 3-5
luasey Mnthuhiethandoudineans hematoxylin
uay eosin uenaniinsdeusnemainduyludals
\flan3 esunszuiunisiauds fegiavzgn
dewaxed Tu xylene, way rehydrated a1998@13
& Tris buffer solution uazidn H O Tu cells Ae
3% HO, Tu methanol mﬂﬂguéhasm%gﬂﬁﬂﬂ

block Pe@suunzLveUodiu nonspecific binding

mﬂﬁ?u incubate #78 mouse anti-LSDV p32
antibodies Aflens1dmATT0913 1:100 91nd0ENS
wgnds 3 A% #y washing buffer (0.05% PBST)
ﬂ%’jﬂmﬂﬂgul,au Envision anti-mouse HRP (Dako,
USA) 1: 5,000 1&7 incubate ﬁqmm:ﬁﬁm 1 dalag
wi9nd1e 3 Ads 1L DAB substrate witeliifing
Tuveusdi IFAT 14 secondary antibody ¥ia goat
anti-mouse Alexa Fluor™ 488 (Invitrogen™, USA)
DULATIATIZVHANTAdDUMIEWALA IHC 21nA1S
fnd DAB wazinAfla IFAT 31AN15L30 90
Fluorescent 4fioWIA1UTUNIZVES primary
antibody #8814 positive control feshee1adn 7
Tinauanme LSDV feds PCR @iusietne Negative
control Aafagnsdmiilinaause LSDV #eds PCR

AITIUBFIRENNAIUANUINLAYAY

NakazIsal

asiuUSunamBue p32 #2838 PCR

PCR product Aiugwautuge primers
gnuniAsgiidie 1% agarose gel (Ul 1)
IhuiaUszanm 969 bp Fedenndesiusenuves
Ebrahimi-Jam et al. (2021) fil48u p32 lun1s
wanlUsAugnaauielfuneuiouly ELISA uans
Tisuinnsesnuuulnswesuaran1g PCR daua
wnzaismedmiunsveneduilusiogeildly
Usewnelng

3Uil 1 amplified PCR product ¥4 p32 nneivs M fe 1Ko DNA

U

ladder Lane 1 f® amplified PCR product ¥84 p32

fvum 969 bp Lane 2 A negative control



6000 bp
3000 bp

1000 bp

Pliasrnict

3000 bp

Target gene

1000 bp

31]171 2 wan1391 gel electrophoresis tagld 1Kb DNA ladder marker \ieniadeu P32 WUKAU positive gene YUIAYTENIU 1,000 bp 310

13 Taladl awavwun 3,000 bp Ao pGEM T-easy vector (A) wan15% gel electrophoresis Tngld 1 kb DNA ladder marker wulau

positive gene 41U 1 LAY BUIAUIZUNAL 1,000 bp Fauaurua 5,900 bp #® pET-24a vector (B)

nan1slaauduidng pGEM T-easy vector uaz
Nan1s subclone 141 pET-24a vector

NaaInNIseuseRwe p32 Wiy pGEM
T-easy vector WU AlduLees p32 gnidlensiaiiy
PGEM T-easy vector (A) Lag@nu158 transformation
L%W@j competent E. coli cells 1A uazaiunsa
subclone 191¢ pet 24 a 1§l (B) UanaINTEUIUNT
laaugukaznsdneduiignnnesianteandseau
ANUENS]

SDS PAGE a2 Western blot

N19LAAID8NUDY P32 wudnluaulusiu
fouraluianalszunas 28 kDa a8 SDS-PAGE
dlomsaaaeu §1e western blot waBliifiudn
wudtaaduiiflvuiaussana 28 kDa Tuved
ANINAADIVBY Tursunov et al., 2022 19 recombinant
p32 # molecular weight Uszanas 30 kDa Fansdi
Tusufindnldfonadnniiisnenudhwinluana
w94 rP32 Uszanad 30 kDa 1&n1og ANULANAINYDS
awalusiuderainanvanetads Wy svuunis
wanseanveslUsAuiuandeiy Sedaasioguuuy
N15WUF2 (protein folding), A uLaRasvaslUTAY
LaZANEITDINAR A TinsuUasia Lilesain
anenug £ coli wiazvline1afiuszdnsninlunis
wanseantazWulusfulanm19iY (Rosano and

Ceccarelli, 2014).

wena N AruLANs1wes tag sequence
Fldlunnenes Wy His-tag ¥e4 pET24a definue
niolassaselivinAussuuves Tursunov 819911H
dwiinluanavestushuseduld (Terpe, 2003).

dnusziaude aradululdves post-transla-
tional modification (PTM) #38n13Ad8gvas signal
peptide, leader peptide #38 peptide fragment
\En 9wl £ coli Tapvluaglsidl PTM uuuganilen
win15iAin proteolytic cleavage n3an1sligndn
signal peptide o1avilulusAusiauinaseenld
antels (Walsh, 2010).
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AT GG CCAGA AT - LT CCCAT T AT AT T TATACCAATCETTGGTE AATTTCAGAT: T CCAGAATTAA AAAGTGATAATGATATA
ATGGC AGATAT T -~ CCATTATATGTTATACCAATCGTTGGTCGCGAAATTTCAGATGTAGTT CCAGAATTAA AAAGTGATAATGATATA
AATTATATACGTAAATAACATACCTGCTAAAAACCATAGTAATT TAGAATTCAAGTCAAAAATTATCATTATTATAATAAATAAAA TAATAAGTGCTCC

110 120 130 140 150 160 170 180 190 200
| - | | | | i | R R R

T TTATAAAAAAGTCGA CACAGTAAAAGATTTTAAAAATTCAGATGTAAATTTTTTTTTTAAAGAT nnnnn TA TCa AGgTTCCT

TTTTATAAAAAAGTCGA CACAGTAAAAGATTTTAAAAATTC AAGAT AAAAAAGATATTAGTTTATCATATAAGTTCCT

TATTATACTAATATCAAATATACCAAAAAATGAAACCAAT GGATGGGATATATAGTAAGAAAAATCAGGAAATCTATGAGCCATCCATTTTCCAACTc

210 z2z0 230 240 250 260 270 280 290 200
R R N R I I | R I R I e A I I | | |
AA anaaTC AAATTTTACAGAATAT T T T TCTGEATTATGTAATGS  TCTT TG TACAAAAGAGECAAAAAGT T
AAAGGTAGAAAAAT: c. AAATTTTACAGAATATTTTTCTGGATTATGTAATGC TCTTTGTACAAAAGAGGCAAAAAGT T
TATTCCATATACCGTTTTTCATTTCGTTAGCTCT TTTTTTTGACAAATACTTAGTA TTGTGAAGTATATACTTAGATGAGTCATTTAAAACTTGT
210 320 330 340 250 360 270 280 200 a00
| - [ L I B |
Crarre’ | rrasacacTrT AGTTTATGGA AATCGTATGCCGATGCGEATATAAAAAATTCTGAGAATAA GTTTATTGTTGTTATAGAAG
craTTG TTAAACACTTT AGTTTATGGA AATCGTATGCCGATGCGGATATAAAAAA TCTGAGAATAA
CTATTGAGTTTTAATTCTTTTTCCAACTTATACATTTCAAAACTTAAAC AATACCTTTA TAATTTC TTA TGGCAG
aro azo0 a30 aa0 as0 a60 a70 aso 400 500
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ATGATAACACGTTAAAAGATTTAATAACAATACATAACATTATAATTGAAATGCAAGAAAAAAATATAGACATTTTCCAATTACGTGAAACTTTTCATAA
ACGATAATCTAATTACATATGCGGATAAGGTA AAATCATATCCCCCTGTGTACGAATACATAAAATTATTATTTTCTTGAT TGAACAATATTCTAGAR
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TAGTAATTCTAGAATATTGTTCA ATCAAGAAAATAATAATTTTATGTATTCGTACACAGGGGGATATGATTT TACCTTATCCGCATATGTAATTAGAT
TTACTATTATGAAAAGTTTCACGTAATTGGAARARA CTATA TTGCATTTCAATTATAATGT TTAAA® AACGTGT

610 620 sz0 sao eo0 ego e/ 680 690 700
| | | | S | | | |
EATCETCTECCATARAAATAATAAACGAARTTATAAAAAATAAAGETATTTCTACCAGTTTAAGT T TTGAAATGTATAAGT TGGAAAAAGAATTAAAACT

TATCGTCTGCCATAAAAATAATAAACGAAATTATAAAAAATAAAGGTATTTCTACCAGT TTAA AATGTATARA AAAAGAATTAAAACT
TATCATCTTCTATAACAACAATAAACTTA TTCTCAGAA® TAT TACGATTTC caTaaacT AAAGTGTTTAA
710 720 720 7a0 790 760 770 780 700 goo
Ry T Sl IR - 1 B cal- - | . -
CAATAGACAAGTTTTAAATCACTCATCTAAGTATATACTTCACAATACTAAGTATTTGTCAAAARAA  AGAGETAACGAAATEAAAAACGETATAT
CAATAGACAAGTTTTAAATGACTCATCTAAGTATATACTTCACAATACTAAGTATTTGTCAAAAAARA AGAGCTAACGAAATGAAAAACGGTATAT

CAATAGA ACTTTTTGCCTCTTTTGTACAAAGA GCATTACATAATCCAGAAAAATATTCTGTAAAATTTTCAACACCTCCTGATTTTTCTACCTTTTCC

810 820 830 840 850 860 870 880 890 200
R R D R D I BRI I I B e B L L S L I [ NP |
N aAn GGCT TTCCTGA TTACTATGTATCCCATCC A A T TAGT
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CATATAAGGAACTTATATGATAAACTAATATCTTTTTT ATCTTTAAAAAAAAAATTTACATCTGAA AAATC! c Gac
s10 °z20 °30 240 os0 s60 s70 °80 s90 o000
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NA31NN13Y1 sequence alignment WU p32 W Inflammatory cell infiltration in dermis,

gene #ladaumiouu Lumpy skin disease virus intracytoplasmic inclusion bodies with Vacuolation

isolate LSDV/Xinjiang/2019 envelope protein of granulocytes and Hyperkeratosis lag@1u2u

(p32) gene, complete cds 7 96.69% identity 16 FegaimuaUsznaufeieteilinauande

wazlnilounu Lumpy skin disease virus strain LSDV ¢1eis PCR 41uau 10 d@regslinauinaaey

Neethling-Herbivac vaccine i 99.46% @uadilé IHC uae IFAT Viaviun uaziegsiilinaause LSDV

Willauiunun1sNaaesinulag Seerintra et al., #7835 PCR 97U3U 6 $10819NUINITHARUAD

2022 ¥ p32 gene willoufufu p32 vea LSDV IHC wag IFAT 919 6 f29819 WAAIDIAIUTILNIE

Mdsyualulsemadu FlAiuinnisdentddu p32 (specificity) wazaula (sensitivity) V09uOURAUDATN

lun1suanlUsAugNHANTUMLNZANABN1TATIT Hananvynaaesegluseauiiimela uddnlunud

Aadvanoiuginuluuszmalne vzdalalausziiiu sensitivity wag specificity Tulds

A0R LAMNUADAAADIVBINA 100% 919 16 H78819

any153INy1 immunohistochemistry uay fodugaiuvesnsfinuil egrslsinunisiiansan

indirect immunofluorescence assay MPuruiadiegreidiraudneinte wavauildalyl

NHaN1Iane1FInginulag el UseLllunTs cross-reactivity Y0IupuAuefAiUIYe

fanwarseslsnniaganesinernaaieiuseslse Capripoxvirus 81 19U goatpox #30 sheeppox

n39angFIingrfinulag (Gharban et al., 2019) Faillaseainelushiu p32 Inaldeeiu



4+

i‘iJ‘VI 4 foufmislulafidulse (1
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WU intracytoplasmic inclusion body 71 cells Tudu dermis IHC dulwilordodu dermis (3) wu swelling wag vacuolation et
reaction 84 substrate AEC wulu cytoplasm uag counterstained ¢ng hematoxylin immunofluorescent (4) LAAINANITISOILES green

fluorescent w84 cell ARnLal¥a
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Development of a real-time PCR assay for differentiation between recombinant

and vaccine strains of lumpy skin disease virus in Thailand

Arphaphorn Dokphut* Orawan Boonma' Nutthakarn Suwankitwat’

Abstract

Background: The first emergence of a recombinant strain of lumpy skin disease virus (LSDV) in
Thailand in 2021 prompted the use of live-attenuated vaccines for disease control. However, current
diagnostic tools are insufficient for rapid differentiation between recombinant and vaccine strains.
This study aimed to develop a rapid, highly sensitive and specific real-time PCR assay to distinguish the
recombinant LSDV circulating in Thailand from the live-attenuated vaccine strains.

Methods: A real-time PCR assay targeting the ORF146 gene was designed and optimized. The assay
was evaluated using nine samples of Thai recombinant LSDV strains, five Neethling vaccine strain
samples, and ten samples of other bovine pathogens to determine analytical sensitivity and specificity.

Results: The developed assay detected the recombinant LSDV with high sensitivity (limit of
detection: 15 DNA copies/reaction), excellent linearity (R’ = 0.9988), and an amplification efficiency of
96.95%. It specifically detected recombinant LSDV in clinical and cultured samples from five regions of
Thailand, without cross-reactivity with vaccine strains or other bovine pathogens.

Conclusion: This real-time PCR assay provides a rapid, sensitive, and specific tool for the detection
of recombinant LSDV in Thailand and enables reliable differentiation from vaccine strains. Initial
screening for LSDV should be conducted using the WOAH-recommended assay, followed by strain

differentiation with the real-time PCR method developed in this study.

Keywords: real-time PCR, lumpy skin disease virus, differentiation, recombinant strain, vaccine strain
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N1SWAILNAT Real-time PCR drusumsanuunwalafalsnaud afu
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flanvasansnen: msszuinvesidelaialsadud afiu (Lumpy skin disease virus, LSDV) aneiuggnies
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flFsutaduldosnanngs madnuiiinguszasdifiewau®s realtime PCR Aifiaruminianuluagenia
Fumnzge dwsuldiuunide LSDV aeviusgnuaniissunslulssmalvgaanananeiug iadu

Fn1s: Ieoonuuuds realtime PCR Adumzdedu ORF146 wazUSuannzmsmaaeulyivanzan 357
meéﬁugﬂﬁﬂiﬂmaauﬁuéhasifmL%a LSDV aneiuganuauinuiu 9 faege aeiugindudiuiu 5 dioge uag
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Introduction

Lumpy skin disease (LSD) is an infectious
viral disease of cattle and water buffaloes,
caused by the lumpy skin disease virus (LSDV).
Clinical signs typically include fever, skin nodules,
reduced milk production, and enlarged lymph
nodes. The disease is arthropod-borne and
primarily transmitted by mosquitoes, biting flies,
and ticks. LSD is classified as a notifiable disease
by the World Organisation for Animal Health
(WOAH) due to its potential for rapid spread and
significant economic impact on animal health,
productivity, and international trade (WOAH,
2024).

The causative agent, LSDV, belongs to the
genus Capripoxvirus within the family Poxviridae.
lts genome consists of double-stranded DNA,
approximately 151,000 base pairs (bp) in length,
and encodes 156 open reading frames (ORFs)
(Tulman et al., 2001). The Capripoxvirus genus
also includes sheeppox virus (SPPV) and goatpox
virus (GTPV), both of which share high nucleotide
identity with LSDV. LSDV exhibits over 97%
sequence homology with GTPV (Upton, 2004)
and shares similar gene content and genomic
organization with both SPPV and GTPV. Although
SPPV and GTPV serologically cross-react with
LSDV and can occasionally infect each other’s
hosts, they rarely cause disease outside their
natural hosts (Roche et al., 2021). In contrast,
LSDV remains highly host-specific, with no natural
infections reported in sheep or goats to date
(Namazi and Khodakaram Tafti, 2021).

Vaccination remains the most effective
strategy for controlling LSD, with both heterologous
and homologous vaccines available (Calistri
et al., 2020). Heterologous vaccines derived from
SPPV or GTPV are considered suitable for
LSD-free regions or eradication programs due to
their lower risk of adverse effects, although their
immunogenicity in cattle may be limited (EFSA,
2017). Conversely, homologous vaccines based
on live-attenuated LSDV strains induce stronger
and more protective immune responses in cattle
(Kumar et al., 2025). However, their use carries a
higher risk of vaccine-induced disease and
potential reversion to virulence, which may lead
to new outbreaks (Sprygin et al., 2018; Matsiela
et al,, 2022; Shumilova et al., 2024).

In Thailand, the first recorded outbreak of
LSD occurred in March 2021 (Arjkumpa et al.,
2022). The disease subsequently spread rapidly
nationwide, affecting more than 600,000 cattle
(Suwankitwat et al., 2022). That same year, the
reported morbidity and mortality rates were
37.1% and 7.3%, respectively (Wilhelm and Ward,
2023). Genetic analyses revealed that Thai LSDV
isolates were closely related to recombinant
vaccine-like strains previously identified in China,
Hong Kong, and Vietnam (Sariya et al., 2022,
Paungpin et al., 2022; Suwankitwat et al., 2022).
Whole-genome sequencing further demonstrated
that recombinant LSDV isolates circulating in
China and Southeast Asian countries, including
Thailand, belong to cluster 2.5 (Breman et al.,
2023; Krotova et al., 2023; Suwankitwat et al.,
2024).



Homologous live-attenuated vaccines have
been widely used to control LSD outbreaks.
In Thailand, Neethling strain-derived vaccines,
such as Lumpyvax, Kemin, and Lumpyvac, have
been applied in mass immunization programs to
reduce cattle losses. However, these vaccines
have certain drawbacks, including clinical side
effects, and LSDV isolates from vaccinated cattle
have clustered with Neethling vaccine strains
(Singhla et al., 2022). The real-time PCR assays
currently used in Thailand cannot differentiate
the Thai recombinant LSDV from vaccine strains,
necessitating DNA sequencing, which is limited by
high cost, complex analysis, and long turnaround
times.

Although differentiating between animals
infected with LSDV and those vaccinated with the
Neethling vaccine strain remains challenging,
recent studies have begun identifying and
applying potential DIVA (Differentiating Infected
from Vaccinated Animals) marker genes, such as
ORF154 (Nokhwal et al., 2025), LD133, and
LD144 (Haegeman et al., 2023). Whole-genome
analysis of the Thai recombinant strain,
LSDV/Thailand/Yasothon/2021, identified
ORF146 (phospholipase D-like) as a potential
alternative DIVA target gene based on multiple
single nucleotide polymorphisms (SNPs) and
amino acid differences compared with the LSDV
vaccine strain (Suwankitwat et al., 2022).
This finding facilitates the development of
molecular methods to distinguish the Thai LSDV
strain from Neethling-based vaccines.
Accordingly, the aim of this study was to establish
a sensitive and rapid ORF146-based real-time
PCR assay capable of differentiating the
recombinant Thai LSDV strain from the live-

attenuated vaccines used in Thailand.

Materials and methods

Viruses and vaccines: Nine samples of the
Thai recombinant LSDV strain were analyzed,
comprising six samples from the National
Institute of Animal Health (NIAH; GenBank
accession no. 0Q253252, OQ267777, ©OQ253250,
0Q253253, 0Q511520, and OM033705), and
three samples from the Veterinary Research and
Development Center (VRDC), Upper Northern
Thailand. All samples were verified by genome
sequencing. The sample matrices included skin
lesions, whole blood, internal organs, and
Madin-Darby bovine kidney (MDBK) cell culture
fluid. Samples of the Neethling vaccine strain
were obtained from three commercial vaccines
(Lumpyvax, MSD, South Africa; Kemin, MEVAC,
Egypt; and Lumpyvac, Vetal, Turkey), together
with two LSD-like clinical samples. These clinical
samples were confirmed as vaccine strains by
DNA sequencing and phylogenetic analysis and
were provided by the Faculty of Veterinary
Medicine, Chiang Mai University. In addition,
ten nucleic acid samples of other bovine viral
pathogens were sourced from the International
Atomic Energy Agency (IAEA, Austria), NIAH, and
VRDC for inclusion as controls in the analytical
specificity assessment.

Plasmid: A recombinant plasmid DNA
containing the ORF146 gene of the Thai
recombinant LSDV strain was synthesized by
Gene Universal (Newark, DE, USA). The 350-bp
target amplicon was cloned into the pUC57-Bsal-
Free vector, generating a recombinant plasmid
with a total length of 3,070 bp (Figure 1).
The purified recombinant plasmid was supplied
as a lyophilized powder, with approximately 5 pg
per vial. It was prepared by dissolving in 50 pL of
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Figure 1 Structure map of plasmid ORF146 pUC57-Bsal-Free containing the ORF146 gene of the Thai recombinant LSDV strain.

1X TE buffer to yield a working concentration of
approximately 100 ng/uL. This plasmid was used
to evaluate the analytical sensitivity of the assay.

Genomic DNA extraction: Viral genomic
DNA from LSDV samples (skin lesions, whole
blood, internal organs, and MDBK cell culture
fluid) was extracted using the High Pure PCR
Template Preparation Kit (Roche Diagnostics
GmbH, Mannheim, Germany), following the
manufacturer’s instructions. Purified nucleic acids
were stored at -20 °C until use.

Primers and probe design and in silico
analysis: Primers and a probe specific to the Thai
recombinant LSDV strain were designed from
multiple sequence alignment of 17 complete
LSDV genomes in GenBank, including four

recombinant (accession no. OM033705,

MZ577076, MW355944, and MW732649), seven
vaccines (accession no. AF409138, KX764643,
KX764644, MG972412, KX764645, MW656252
and MH646674), and six classical wild-type strains
(accession no. MT134042, AF409137, KX683219,
MH893760, AF325528, and MN072619). Sequence
aliscnments were performed using Geneious Prime
2021.2.2 (https://www.geneious.com), and a
consensus sequence was used to design
primers and probe targeting the ORF146 gene.
The specificity and binding efficiency of the
primers and probe were verified using BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi).
Optimization of real-time PCR: A novel
real-time PCR assay was developed for the
specific detection of the Thai recombinant LSDV

strain, while excluding Neethling vaccine strains.



Reaction conditions were optimized with
respect to primer and probe concentrations,
annealing temperature, and cycle number.
Primer (0.7-1.6 pL) and probe (0.2-0.4 L)
concentrations and annealing temperatures
(55-60 °C) were optimized by triplicate testing.
The number of amplification cycles was
compared between 40 and 45. Optimal
conditions were determined based on average Ct
values, with the lowest Ct considered optimal.
All PCR reactions were subjected to statistical
analysis.

Preparation of Standard DNA: A recombinant
plasmid containing the ORF146 gene of Thai
recombinant LSDV strain was used as the control
template to evaluate the analytical sensitivity of
the assay. Ten-fold serial dilutions of the plasmid,
ranging from 2.97 x 10’ to 2.97 x 107
double-stranded DNA copies/pL, were prepared.
The initial plasmid copy number was calculated
from the DNA concentration (ng/pL), plasmid
length, and Avogadro’s constant using the
standard formula described by Whelan et al.
(2003). These dilutions served as standards for
quantifying the Thai recombinant LSDV strain.
The quantified DNA was serially diluted and
tested to determine the limit of detection (LOD)
of the developed assay.

Analytical sensitivity and specificity: The
analytical sensitivity of the real-time PCR assay
was evaluated using ten-fold serial dilutions of
the ORF146 gene-recombinant plasmid, tested in
triplicate to generate a standard curve and
determine the LOD and PCR efficiency (%E).
The analytical specificity was assessed by

performing the real-time PCR using reference

samples of the Thai recombinant LSDV strain
across four matrices skin lesions, whole blood,
internal organs, and cell culture fluid as well as
the LSDV Neethling vaccine strains and ten other
bovine viral pathogens.

Statistical analysis: All statistical analyses
were performed using GraphPad Prism software
version 9.3.1. Statistical differences were
assessed using one-way ANOVA followed by
Tukey’s HSD test. Data are presented as mean
+ standard error of the mean. P < 0.05 was

considered statistically significant (¥).

Results and discussion

Primers and probe of real-time PCR:
A novel real-time PCR assay was developed to
differentiate the Thai recombinant LSDV strain
from vaccine strains, targeting the alternative
DIVA marker ORF146 gene. In silico analysis
indicated that the designed primers and probe
were suitable for specific detection of the Thai
LSDV strain. The nucleotide sequence of the Thai
reference strain LSDV/Thailand/Yasothon/2021
(GenBank accession no. OM033705) was aligned
with sequences from other LSDV vaccine and
wild-type strains. Sequence variation was
identified in the ORF146 region between 139,851
and 140,102 bp. The forward primer was selected
based on nucleotide differences from wild-type
strains, while the probe was selected based on
nucleotide differences from vaccine strains.
The positions of primers and probe are shown in
Figure 2, with detailed sequences provided in
Table 1.
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Figure 2 Schematic diagram illustrating the positions of real-time PCR primers and probe targeting ORF146 gene of the Thai

recombinant LSDV strain. Primer and probe orientations are denoted by box colors: dark green for the forward primer and probe,

and light green for the reverse primer. LSDV strain groups are represented in different colors: yellow for recombinant, blue for

vaccine, and pink for wild type. The forward primer forms four mismatched base pairs with the wild-type strain group, while the

probe forms seven mismatch base pairs with the vaccine strain group.

Table 1 Nucleotide sequences and positions of real-time PCR primers and probe targeting the ORF146 gene of the Thai

recombinant LSDV strain.

Name Type Sequence (5" -> 37) Length (bp) Positions (nt) Product size (bp)
LSD For Forward primer TGTACCTTG GGACAAATGA 24 139851 - 139874
252
LSD Rev Reverse primer TCTATATCAGGCCAGAATAGTGTTT 25 140078 - 140102
LSD Pr Probe Hex- AGCATCTTCGCCGCCATCGT- BHQ1 20 139968 - 139987

nt = nucleotide

Optimal novel real-time PCR reaction:
The real-time PCR assay was conducted using a
QuantStudio™ 5 Real-time PCR System (Applied
Biosystems, USA). Each 20 uL reaction mixture
contained 10 pL of FastStart Essential DNA
Probes Master (Roche, Germany), 5 uL of DNA
template, 800 nM of each primer (1.6 uL of 10 uM
stock), 125 nM of probe (0.25 pL of 10 uM stock),
and 1.55 pL of nuclease-free distilled water
(dHZO). The thermal cycling conditions comprised

an initial denaturation at 95 °C for 10 minutes,

followed by 45 cycles of denaturation at 95 °C
for 15 seconds and annealing/extension at 60 °C
for 45 seconds. The total amplification time was
approximately 90 minutes, indicating a rapid
amplification process. Figure 3 illustrates the
optimization results for primer and probe
concentrations and annealing temperature.
The optimal reaction conditions were
determined based on the lowest mean Ct value
with a statistically significant difference among

triplicate reactions.
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Figure 3 Optimization of primer and probe concentrations and annealing temperature in the real-time PCR assay. Panels (a), (b),
and (c) show the amplification curves corresponding to primer concentration, probe concentration, and annealing temperature,
respectively. Panels (d), (e), and (f) present the mean Ct values from three to seven replicate reactions, with statistically significant

differences indicated by (*). The optimal conditions are highlighted with yellow circles.
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Figure 4 Standard curve of the real-time PCR for detection of the LSDV standard plasmid. (a) Amplification plot of ten-fold serial
dilutions of plasmid DNA (-1 to -12) corresponding to concentrations ranging from 2.97 x 10° to 10 copies/uL. (b) Standard curve
generated from the mean Ct values of triplicate reactions plotted against the logarithms (base 10) of plasmid DNA concentrations.

The standard curve indicates the coefficient of determination (R?) and PCR efficiency (%E).



Analytical sensitivity of real-time PCR:
The amplification curves and corresponding Ct
values generated from ten-fold serial dilutions of
the ORF146 standard plasmid were consistent
across all triplicate reactions (Figure 4a). The
standard curve exhibited excellent linearity, with
a coefficient of determination (R°) of 0.9988 and
a PCR amplification efficiency (%E) of 96.95%
(Figure db). The coefficients of variation (%CV)
for all triplicate reactions were below 2%,
demonstrating excellent intra-assay precision.
The assay demonstrated the LOD of 2.97 copies/
uL of template (15 copies per reaction), based on
the lowest dilution consistently yielding 100%
positive amplification. These findings indicate
that the newly developed real-time PCR assay is
a highly sensitive and reliable for detecting the
Thai recombinant LSDV strain.

The analytical sensitivity observed in this
study is comparable to previously developed
assay for LSDV detection. Bowden et al. (2008)
reported a highly sensitive real-time PCR assay
targeting ORFO74, with an LOD of approximately
10 copies per reaction. Although their assay is
widely used for Capripoxvirus screening, its broad
detection capability covering all strains of LSDV,
SPPV, and GTPV precludes differentiation among
virus species or strains. In contrast, the assay
developed in this study was specifically designed
to distinguish the Thai recombinant LSDV
strain, addressing a crucial diagnostic need in
regions where recombinant viruses are now

predominant.

DIVA real-time PCR assays require tailoring
to the viral strains circulating within each
outbreak area. For example, Agianniotaki et al.
(2017) developed a GPCR-based assay capable of
detecting as few as 8 copies per reaction, which
differentiates between wild-type and vaccine
strains. However, that method was developed for
viral populations circulating in Europe and the
Middle East. In Thailand, where recombinant
LSDV strains have become dominant in recent
outbreaks, previously published DIVA assays may
not provide optimal discriminatory power.

Analytical specificity of real-time PCR:
To evaluate the analytical specificity, nine
samples of the Thai recombinant LSDV strain
from different matrices including skin lesions,
whole blood, internal organs, and MDBK cell
culture fluid collected from five regions of
Thailand, five samples of the LSDV Neethling
vaccine strains, and ten nucleic acid samples of
other bovine viral pathogens were tested using
the developed real-time PCR assay. The results
showed that only the Thai recombinant LSDV
strains were detected by the assay, with no
cross-reactivity observed with the LSDV Neethling
vaccine strain or other bovine pathogens
(Table 2). These findings demonstrate that the
developed real-time PCR assay exhibits high
specificity for differentiating the recombinant
LSDV strains circulating in Thailand from the

vaccine strain.



Table 2 Viruses and vaccines employed for the evaluation of the real-time PCR assay targeting the Lumpy Skin Disease Virus Thai

recombinant strain.

Virus isolate Source DIVA real-time PCR
Thai recombinant LSDV strain Detected
LSDV_0Q253252 Chiang Mai (North) Skin lesion NIAH
LSDV 0Q267777_Khon Kaen (Northeast) Skin lesion NIAH
LSDV 0Q253250 Nakhon Pathom (Central) Skin lesion NIAH
LSDV_0Q253253 Prachuap Khiri Khan (West) Skin lesion NIAH
LSDV_0Q511520 Trang (South) Skin lesion NIAH
LSDV OMO033705 Yasothon (Northeast) MDBK cell fluid NIAH
LSDV _511077/64_Phrae (North) Skin lesion VRDC
LSDV 511116/64 Lamphun (North) Blood VRDC
LSDV _509999/64_Phrae (North) Internal organs VRDC

LSDV Neethling vaccine strains
Lumpyvax (commercial vaccine)
Kemin (commercial vaccine)
Lumpyvac (commercial vaccine)
LSD-like clinical sample_CMUO2 (North) DNA
LSD-like clinical sample_CMUO3 (North) DNA

Not detected
MSD Animal Health, South Africa
MEVAC, Egypt
Vetal, Turkey
Chiang Mai University
Chiang Mai University

Other cattle disease viruses
Bovine respiratory syncytial virus_ RNA
Bovine alphaherpesvirus 1_DNA
Bovine viral diarrhea virus_RNA
Foot and mouth disease virus_RNA
Bovine leukemia virus_RNA
Bovine papillomavirus DNA
Bovine parainfluenza virus 3_RNA
Cowpox virus_DNA
Bovine popular stomatitis virus DNA

Pseudocowpox virus DNA

Not detected
VRDC
VRDC
VRDC
VRDC
NIAH
NIAH
NIAH
IAEA
IAEA
IAEA

In this study, we successfully developed
and validated a real-time PCR assay capable of
differentiating recombinant LSDV circulating in
Thailand from Neethling vaccine strains. The
assay provides valuable support for molecular
epidemiology and outbreak control in the region.
Nevertheless, some observations warrant further
discussion.

The detection of recombinant LSDV strains
in Thailand aligns with reports of recombinant
vaccine-like strains emerging across Asia.
Vandenbussche et al. (2022) observed

vaccine-derived recombinants of LSDV in

Kazakhstan and neighboring countries, raising
concern about vaccine spillover or reversion.
Similarly, Krotova et al. (2022) reported that five
recombinant LSDV lineages circulating in Russia
and Southeast Asia belonged to a single
expanding lineage from 2020 onwards. These
regional findings highlight the relevance of our
assay for Thailand, where recombinant strains
may complicate diagnostics and control.

The appearance of vaccine-associated
genetic changes under field vaccination pressure
deserves attention. A Thai monitoring study
demonstrated that live-attenuated LSDV



vaccination may lead to emergence of mutated
or recombinant strains in non-vaccinated cattle
living in vaccinated areas (Suwankitwat et al,,
2022). Thus, the ability of our assay to distinguish
vaccine from recombinant strains may support
not only diagnostics accuracy but also
surveillance of vaccination-driven viral evolution.
This underscores the utility of real-time PCR
tools in monitoring ongoing viral drift and
recombination in field settings.

The epidemiological implications of
recombinant strain transmissibility are significant.
Recent evidence indicates that recombinant
LSDV may cause subclinical infection with
efficient transmission. Shumilova et al. (2024)
demonstrated that a recombinant strain led to
subclinical infection and indirect contact
transmission in experimentally infected cattle.
Such findings reinforce the importance of
accurate molecular differentiation, as
asymptomatic carries may contribute to silent
spread.

Currently, LSDV is classified into three
genomic groups: classical wild-type strains,
Neethling vaccine-derived strains, and the
recombinant strains now widespread across Asia.
Previous DIVA real-time PCR assays such as those
developed by Agianniotaki et al. (2017), Pestova
et al. (2018), and Vidanovi¢ et al. (2016), which
target polymorphisms in ORF011(GPCR gene) and
ORF126 (EEV gene) have been designed to
differentiate wild-type from Neethling vaccine
strains. However, these assays cannot reliably
distinguish vaccine strains from the recombinant
strains circulating in Asia (Flannery et al., 2021).
A recently developed DIVA assay targeting the
LD133, LD144, and WTR genes can differentiate

wild-type, vaccine, and recombinant LSDV strains
and demonstrates improved discriminatory
performance; nevertheless, it has not yet been
validated using Thai LSDV strains (Haegeman
et al., 2023).

In this context, our study is the first design
a real-time PCR assay based on ORF146
specifically for recombinant strains circulating in
Thailand, providing an alternative diagnostic tool
suited to local epidemiological conditions.
However, the limitation of this method is
absence of validation using reference wild-type
LSDV strains, which were assessed only by in
silico analysis; therefore, further experimental
evaluation will be required in future studies.
Furthermore, assay performance could be
enhanced by incorporating internal controls such
as a bovine housekeeping gene and by further
developing the assay into a multiplex real-time
PCR capable of differentiating all LSDV strain
groups, including wild-type strains, which are
not currently present in Thailand but remain
important for surveillance of potential
introductions.

Finally, although our assay exhibits high
sensitivity and specificity under controlled
laboratory conditions, challenges remain for
long-term field application. The emergence of
new SNPs or further recombination events could
potentially reduce assay performance if primer
and probe sequences are not systematically
updated. Ongoing validation using diverse clinical
samples, together with regular updates to
genomic reference databases are thus crucial to
maintaining assay performance amid the rapidly

evolving LSDV landscape in the region.



Conclusion and suggestion

This study developed a novel real-time
PCR assay targeting the ORF146 gene for
differentiating between recombinant and vaccine
strains of LSDV in Thailand. The assay
demonstrated high sensitivity (LOD = 15 DNA
copies/reaction), specificity, and rapid
turnaround, with no cross-reactivity to other
bovine pathogens. It provides an effective
diagnostic tool for DIVA applications and outbreak
surveillance. For initial LSDV detection, the
WOAH-recommended assay should be employed
prior to differentiation using this method. This
assay may also be applied in other regions where
recombinant strains genetically similar to the
Thai strain are present, such as China, Hong Kong,

and Southeast Asian countries.
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ISFIDIDUW (Enterocytozoon hepatopenaei: EHP) Hulsafifaanidousanvuadn via
lulasausiiiy  (microsporidia) %a‘immmam%&uaﬁamm Enterocytozoon hepatopenaei dadulsaves
Tsaduuazdugeuluds villiAnan1ay hepatopancreatic microsporidiosis (HPM) daduanmznisiadauiulngd
193R3 (penaeid shrimp) Tsdlowiil gndnliiuteanauiiddydegnaunssumamnedesiaiilan Wesan
doannsaunsnszaneldhesugndsiididevuiion ewnsan uazsruuth shlsinsaveslsediduauviimed

[

dAdmsuinuasnsiuraigUseine
FTUININGD

wuUNTIEUIRDEIN I Reud we. 2552 Tuvangdssimavialan Tasiamzedisbslungiimaiaide
ny Tuoondesld Fuduuvdumziesdefiay Ussmadidnenumsszuiavedadiovfiednsunsauasdutiom
ymaasugialugravnssnsiets luedony Tusenidedd Iduniusamalne onuu Sulaiide wiade sl
uarflaUTud luiei¥elduaziodony fueen leun Ussinaduide 3u inwdld warlugiinmedulsuissmaosanside
waziiugon Tudsewaduids deszavdgmidesnisdanisansdunislussuunaidios lfAedguilse
wuAfiFedg o Adunantyminisianisansdunidlude silviedude I§suemsfivudeuasdunsdfiige
Sufiudaesudily dwiulusemadsaundednnsldefiueieauauidodiondt venanazaireliygm

[ v °

N1sReeUTuzventondy e1diluvhateseuvaunaveuelusruunafuems Miiglauiuvesanniag

dlofasuigediewit vhlideiilomanazinusunaegimadiludu auibiianansznusens ssmuldinyussne
nidgyvnneatuediewi asiidymiferiunismiunulazdnnsasdunsdsunnsidenuiiue

nsnuideluvszmalne

Uszmdlnedodudssmaiinunisinidetlurasusn Tag Chayaburakul et al. (2004) ldwuide
lulasavotifeuludsnansi Taglidedn microsporidian slow growth syndrome (MSGS) 3sftorliunsseaunis
wuidelalasavsiideussnslaifumans anthu Tourtip et al. (2009) Iéseaulselufsifinessyioidoosnaiy
yanslull wa. 2552 Tsedlevfidansnsanuldludsiiinamizsdeduussmdlneis 2 aeiug 1dun dmnaie
(Penaeus monodon) LLaxﬁG‘U’n (whiteleg shrimp, P. vannamei) (Thitamadee et al., 2016) Iﬂﬂiuﬁﬂqa’lﬁ’l
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Chayaburakul et al. (2004) I¥semumnudelalasatsiifeuluiiediefanaidis 633 % lufunasiugou
(hepatopancreas) #1911 Tourtip et al. (2009) lﬁiwmumimwwuL%@'?JLaﬂjﬁ%ﬁmﬁiuwaé@aqmawiaéfwa&f’jq
nawn Tnenuluifodornnisasiamadeidedinen (histology) LaENISANIEAURaNIA (ultrastructural) ANty
ihdoyaiilduninFesdiuameiugnssu (phylogenetic data) dwsulufwniinswuidenausnannsirfsiiss
Tuunaseng q Muszmnaseningd 2013-2014 snasiasiienilsamesiu (early mortality syndrome, EMS) Tngmu
A Bk Tudegn9ieuiie 60.7 % (Sanguanrut et al., 2018; Chaijarasphong et al., 2021) aeslsinn
TspilgafinsAnuitlinnnme medusing q liud Gwndey undsiiviude (reservoir)

ANWULYDIYD

d’l a a a v

Wodlewdl Huwauszuna 0.7-1 luAseu dnwaiensinay
sUlY viseamevenin Wesilliaumumiu eanniiniugad 2
y g HoBe o ovoa Xy oo ¥ g
Fu annsonusgeilavsluduns Tuads Tui wasiauiude lnues
wiuldlaeldnassganssaduasainslagldiidsveny 1,000 i
(100x) n33anfiumwazAugeu tneanzlusiunisfioginiy
N3N wazeanadldinaiiniidens Wen1nsivdeududu

P
&

mMemudluang Fedianubuazanuiimegg 3U# 1 e Enterocytozoon hepatopenael el
ndasganssml Mdswes 1000 Wi
fian www.facebook.com/greatervet/posts/2270683723179841/

N1TWUNEIBNUG
Wedewdl Wudaludsdnluslads uiannisfinwduiugnssusasluana wuinfinnulnddedu
9104130540091 (fungi) Jaguiudsdnedlu naueswuuysdnnisluiwad (oblisate intracellular fungi) &y

= [y '

Microsporidia @na Enterocytozoon spp. Falunquiefidnnuuaznelsaludainfigifuiuunnses asutladed

Y 9
[y

ddyromaifiuiinamesdodioniluds Sudamudululfgefasietesiussdugiduiuresivhoduiu
n1sAnca

odlendt annsafndernmsiuonsfivudewdelnenss nmsvuleudelusssumaznulunly
uwdiifinnsazanvesansdunidge lnslamzarsdunisiinannmaimigidssdaitiifnislremsuiinaunn
Aune wazvesdsandsiunigvesdeiilidfinimidadeunsusesivasdunanisssuni shlidediovfiansn
vudlouluiutins Snitiluunsiiuily WWuilegordevesunasemssssmmaniadinvesds liun idomens mdsuden
fedulunistlestumsindedienit menanidese s aidindmsunsldidemeusiiuiie viomsldens
syamATHIuNidndoud Mnmsfnwuasivtoyauesnatindnith quiifouasiannussumeilagmsans
wuihfisiinnude EHP dausszarTusou Wy ueimdsa Tnaanns (PL) viedsflengliosndn 1 ifeou vitdosanies
Tuvedu Monafidediond wwfiuuinaluduinniuaudsansenudeds Sunaiadie fu EMS vielsameniu
Felurnafinanfaianudoune desensinite uasinidadoiasunvilfssdugiduiurestaanas aud
nanaudtneiy Behliusinantediendt ludufuUiinaniy udmaroszuumsvheuresiy vilvids
fdnuwaglatinduniorn viefndearslonaldie uidnmsdadaiRatuluddainiuss ldwuindesiond
finansznusiads naiasydulndnidosiend axnuiudefsves PL fleny 2 iWeutiuly Ssagnunishnitodaus
anfefadumsoufny Sudunafindvends Fufuialumawadidevilsdsladn (Tourtip et al, 2009)
yonani LG’?‘?@SLaﬁé’ﬂmmiauwéshuuajﬁuUé’aﬂﬁaéaulé’
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Y&U17 (white feces syndrome) 3NNNITAALYDLUANLISUNTNG DU

a d’l’ 1% Y a dy a a oA 1 1 ! ¥ v 1 %
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i : https://www.salemmicrobes.com/blog-view.php?id=13
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7. vaiiawiiusziAnsaniediaun fesiinisanielude lneanuelviuie Toyuseu vise Cao lsauay

paniadiuiu Tnsnslonsau §n91 1,000 nn /s UdesthidanidielsiyuinUfisen Winmnudou wae pH getu
Usranm 11-12 WliUszana 47 $u YuSouaenuisefuansuaulneenles 6o CaCo, \ilo pH 1hgundly
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Tsaivgratiuaznisinge

Tsnfiwaifath (Rabies) Lulsafndesninedninazauifinusuussuaziiudunsefedin duinau
HeoreguussiassuuUseamdiunans (central nervous system; CNS) vasaunazdnd (Farihah et al,, 2022)
Tsnilannsnfndeludnidssgnisuimneiauantulgmmaanssaguitddgilandouiidulsausesiiu
Tundn 150 Ussna isluniviodeuazioning Tasiongdufsuasdinanne dediaugnvaslsnoglusedugs
yaugdilutszmautia Wouan g9u e wazduladide fnsszuialuszduuiunans dwunsssime W
anwenandng losuaus alinu ueind leduaus giu eemnsds Trfuous ueumsnin uazdenluf saufeiiud
dilvgjveswniawe UnThlafd vdinnzuuaiin LLasmqLmﬂu@uimﬁl,%aﬁLﬁuﬁuﬁﬂaammﬂkﬂﬁwﬁ%ﬁﬂ (CFSPH,
2009) Yagtfunuiigidsdinanlsadialanuinndt 59,000 1edel uasiifSuiadundedudalsnyszana
15 a1uausiol (Singh et al,, 2017) Wwtannnindesay 95 ‘ZJBQﬂWiLﬁﬂ‘Tﬁﬂﬁ]’]ﬂkﬂﬁ‘lﬁqﬁ‘UﬁﬂLﬁ@%UIHVI%UL@L‘TJ‘EJLLﬂS
wesnuasidedindrulvailudn (FAO, 2025) saufsuinUssmaduieiisenudidetinannisgnaiudiie
Usanas 20,000 51e9iaT (Sudarshan et al., 2007) anvsvdninanauaugafiiinty lnsewzativasin sauds
ﬂg]wmﬂﬁﬁmmiethﬁ% wazanasnsymTuiilifiusyansam (Smith et al,, 2019)

Tsnivatutuinanidolfafivatutn (Rabies virus) dwogluaed Rhabdoviridae ana Lyssavirus
ansiugnssuduaiin RNA anesfien awau lduuadiu (negative-sense, single-stranded, non-segmented RNA
virus) fdnuaizgusnmaensegutu (bullet-like structure) vunaUsEana 75 x 200 Wl (Rupprecht, 1996;
ltakura et al., 2023) L‘f]uﬂjﬁmﬁwﬁaﬂﬁu (enveloped virus) LLazﬁmsﬁJuqﬂﬁanjmﬂiu (ribonucleocapsid core)
%ammsmﬁLmﬂaaﬂlﬁt,‘f]udmﬂizﬂauL%ﬂmqa%ﬁqLLazL%wﬁﬂﬁ (Kiriwan and Choowongkomon, 2021) Imm%a
13§aﬁwqﬁ%ﬁﬂﬁ§uﬁﬁﬁﬁm 5 8u laun 84 N (nucleoprotein), P (phosphoprotein), M (matrix protein),
G (glycoprotein) kay L (large protein) %qﬁmﬁﬁﬁi’mﬁﬂumimmumﬁwaaaéﬁL’eN N15UTENDUAVD
aunAhsa LLaSﬂﬁiﬁaiiﬂslué’milfﬁquﬂﬁaEJuaJ (Itakura et al,, 2023; Khairullah et al., 2023)

dniftneglungudswionsindofuatutngs Tiun gt 89w nth ung nseste 9 uagla (Rahman

et al, 2020) Tnggiuduuadduesnisunsidogeu osnudnifeglndiatuaunudadudaifedutu
(Crozet et al, 2020) gifiililisunisdniaduduiadvddylunisuninszasvedhiafuvaivifivguiou
aeﬂwmaﬁuﬁ (Sudarshan et al., 2007) MsfnsaiAnnIsdusatuiasvesdn ifinnde Tnaamzsunisin
59U isensdudadosion wu Lﬁaqmﬂ Ya3Un WIDUIALNALUAUURINGG (Kavoosian et al.,, 2023; WHO,
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2024). uennfalsenunisunswelaeliiunsin wu nsindennageatlueinie visen1sUgnaeeisie

(Acharya et al., 2012) $D9NSAARDRIUMAALEINIUSINSNULBIE oS oA ULINERINAAE (Singh et al,,
2017) egalsimuiisnsnunisindoniunistiuaseingdvlunatsuszma (Mao, 2010) Fauandliiiiuii

'
a wva a

LafivgutonadudunseannisuseneventnesmidunguiujiRnuiniinnudesas wu giuvasiledn’

Huiaendnd wardnunmeiiquadnifomiodn finsvghofionduiatugivlifidives Tasamisluiufivuun
(Khan et al., 1997) dwsudnfiaesiiduunaienis wu la nsede ume uny LLﬂz@ﬂﬁﬁﬁNﬁﬁﬁUL‘%@l’ﬁﬂ
fivatuth oraduuvdsnsidiogauldiumsta msfutaihaevievesvadlusamessmitninden saufnis
WBlnaledn ffnite (Tekki et al,, 2014) ashﬂsﬁmuLﬁ'??ah%’aﬁwqﬁéuﬁﬂﬁmmmLst'muﬂmﬁfaﬁUﬂalﬁ duLa0n
vianansusiandonliliAsdesiunsunsite Wesannlsedlddelifnnnyhialunszuaden (El-Sayed, 2018)
aglsAnuauiiolnduleadanvine (dead-end host) Alalanansounsitelusleadsu 9 19 (Mao, 2010) oo
h¥afugiviidrgsranieniiunissesaasnvesiiands vislnenisdudalaenseiuibeilon 91nn1sgndnd
fitilsatn Welhmudrgiledelifimiluazndunie (Acharya et al, 2012) upzidngssuulszamamvans
Tnenss vieoraniusuludodendmiousnaidedgsanme Tnsazasegluuinuiunaonssoziindvedlsn
Tneidalafivatatiagduiuiiu nicotinic acetylcholine receptors fiudnmgaidonlszamuazndnuile
(Nandi and Kumar, 2011) nduidiedsadouiidmanssdiunaadfiediniuaulussuuUszamdiunans
(Ugolini, 2008) meluneneeuveaiwaduszamasnisuazfuanuian Kunsuudauuy retrograde fast axonal
transport AEsRIIUTELIM 50-100 Wlumasseiu (Jackson, 2000) MnaFSuunsnszaeoenananasluds
ofoznazidodonn q uduuszamdaiodestussuulssammsdunmnin wldAansindelusdeuthans
Amds vle wazetunvdu 9 (Rupprecht, 1996; Jackson et al., 1999) dlodolhdansyagluihsaniouda
Tngamizluthans dnfaztunaniainisnaniin finsanamudoluhastdiniamsiedelussuulsyam
drunanaud dnfuszesilndhvedsafvaiiuirdanuuandeiuegnann duduszsanumildunriauimaaiion
Juogifunasdads W sumisiignda (Magniauinufswuazaedniliszosiindaduay) suisuazarudn
YOIUIALKA TTEEMITEUI UL sUIAUNARUsTUUUSTamdunans Usinawesh3adildsudngsienie @asanm
lifaun svegdindasinduas) uazaneusveshda uenani eng uaranmzndduiuvesdnififade @Fnid
nlidufuonadissegiinfennt) Alnadoszesiinduduiu Tevuvesesdnseundelanssyiminiunsos
vausaeglndfusruudsramdiunarmniile ssegiindiveddsafazduainty Taevludmivatouasun
seoziindinogsening 3-12 dUam wivsedsenaemuiui 6 Weurdonnnd1 wuhgtuuazusndulvging
wansormsveslsaniglu 1-2 Woundmnldsuide dnlunsdvosdnifosgnieuniindu 4 svosiindodlng
Feetu wivissdinonaldnaruunimilsd ludaiadnilnedly ssosiindaindunin 60 Ju drudiann
srewiinnilanuiunIuas FausvianudUniauiananawiou (Kumar et al, 2023)

2IN15N19AGUN

Isafiwguatnludniaziionnisniessuudszamdunan mnuanieinisniardiinudildaunsasnels
Jedwalndedinnnse einstuaukazdnisnalinnuasieadsiu usenauandrsiuliunuagnainvaty (Abera
et al, 2015) 81M15dAYAD DINITNNTPUVUTEAMTULSRUAWSUNALaIESTIN nsaliuvedlsaivgivinly
&93 wiseaniu 3 sver (Bano et al, 2016) laun

1. 5303U3n (prodromal period) dndsnfingAnssudsull FslugvazAunarsyanm 2-3 u lay g

o A

Aaa 2 A - PN = =t Y] I Y X .
NHU Hﬂaq'ﬂﬂaqﬂLUULGUEJ\"]‘Vﬁ@?Jﬂa'JGUU &Lusllmgﬁ/]?!usllﬂLﬂEJLsUEN‘Vﬁ@?J@’]EJEITﬂﬂa'Uﬂa']EJL‘Uu@ﬁ’]EJlnﬂsUu (Nandi and
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=

Kumar, 2011; Kumar et al., 2023) wananfifionanueinisdu 4 wu Tldidntes sununivens wilwiauadou

[y

wlan uaziianeluawn daiffaidounsienadidssesdunia (paralytic stage) Tnglalinussoziduusn
(Jackson, 2000)

2. swtga$e (furious period) annsndunsensvastsalddaauinniu lneathazingAinssufnng1nguuss
LazuanseINsRnUNAINMTAsuLUamsensual nieufndsseutiseddliidenitdmung (Fekadu, 1993)
vnedsgifuenafinginssudesniseanis Fudusunmemnmsziunliuaeianndsinune uenanidnwy
Aoaivieveufinnfiainenmssuniavesnduniondondos uaznduduinidesinnduiilenevosifnnis
nszanvesumavhlstiihanslyaunn (OIE, 2012) Senuiuniunliniclsefvaiot-luguuougiemnnnd
Aty (Yousaf et al, 2012) dnudafiasugia Wy 1a wng uasunz Ald¥ude fhuansernisnszaunszne fAnadn
wazdithangluain (Tekk et al, 2014) egnslsfiouativaglanuenmandiguieniuluay (Kumar et al., 2023)

3. J28¥dUNIN (paralytic period) ﬁﬁﬂwmzLﬂ'uﬁaﬂ’]‘i@fyLﬁ&Jﬂ’l’iU’iza’luﬁu%mﬂé”mLﬁ@LLUUﬁ@SLﬁuﬁaﬂiﬂ
(progressive muscular incoordination) AMNAIETUNIG NUAAR WazldeTIn mfmei’qﬁ’fgﬁwuiuqﬁmﬁa
1nsslngen BaRenndumiaveinduiouaiie) (masseter muscles) sinldBuidssadneddnvidodouniiond
nsvgnAnee uazdiiagnetemeeiuanyaouean (Fekadu, 1993) dnfinlsiaunsandulduasdhaslaun
TuszezvheaznuamssumaEuanundanilusneuasdsey gavhedniszdeTinnnnneilawagssuumela
auwwaa (cardio-respiratory failure) (Kumar et al., 2023)

a1nsnindtinvedlsafivgivinlugiuuasaudnuanteanls 2 JUkuL fe 1. sUkuunevselUUaNRISNLEY
(furious or encephalitic form) wag 2. gULLUUé’uWﬂW%aLLUUL%aa%m (paralytic or dumb form) 81n15989l5ALU
o fsiaunegemaginely 7-10 fu uenanifmuindn famnsounsdelFudssliuansorniafiuiilurisron
LAReININIIARTNUTTANA 3-10 Fu (Khairullah et al, 2023) Famnemnuinnisgninyietiuandaineins
Unfanunsavtiliaielsafivaiiatilé (Bharti et al, 2017)

n13nsa7tadelsANygdi

nsnnvitadelsafivadusnufesinsumise insdudadaiuazoinismanadn Tasamgluiuiii
finmsszuiaveslsadulsed msduivguindulsafivgiuiludniiuansernismessuuUszamlagianzay
mslfiitesdnwaroinmamnaineralifissnesenstudulse esndnitasuisieauanienisuuudy Juin
FedvRanain viieursiioramelaghivanieinisle q dmiudnindnauudiliuansernisnisadin Arasiihg
91M3UsEINN 14 Fu mngrivdsdTinmsfinnsaninlidn imeegisasuuaziiusegisausaiilonsiam negri body
Fuduseslsafidwmeiulsafivaiath ogslsiniunsliny negri body Uagiufiediliiesmedmiunsitede
suddlsafingtiatimslasunsidadeuenanlsassuudszamau wu Tsaldfaagiy lsadudniauindoluady
Tsnanesdniaulula Jusiu

n1snsRtudulsaiugtudi
wmsuandadelsafivgiviimeiesjiRnisiosdnseunsielanuugii iun
1. M37529918 fluorescent antibody technique (FAT) dafiudfunsgiusrsdedmniunisnsaalsn
fiuaiiut Ineliuouivefiedelialsafivatathiinaaindsarsdesuas fluororescein isothiocyanate (FITC)
uiuwouRauresdehiafivgiiuthanavesvesdaifasdeindulsafvatot mniidelfafvatudazia

UfA381 antigen-antibody Ju WegendesanssmiaznuidugnEenadien
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2. 3% mouse inoculation test (MIT) \Hunsanalaenisaaeliafivaivdndinyen dauesdnin

dwriidelfafuaioth nyrnesBunansonsteyszaatuil 5 wiminde waasanelu 10-14 fu
LﬁuéhaEJNaumﬁmwnﬁmammfmé’w%’% FAT wilefuduna duynilimenisihgeinisduna 21-28 Ju
(@ TuguA TR IWvian A, 2565)

wennizfnandsdimedaduihunlfifiefiuanusadwazanuwdudilun1siteds wu nsmie
Aouwad (tissue culture infection technique) MsnaaeuUfAsegnlgnediuaisa polymerase chain
reaction: PCR) 5au8935n15A929UWUUAL57 WU direct rapid immunohistochemical test: (dRIT) rapid
immunochromatographic test (RICT) dasmnzdmnsuldluituiinadositasunsneins Hudu Tnesesdues
Indnifiadelsansfvegisiosassiunis Toun fAuanes wazauesdnduady AufuuEIved0IAnIs
aundglan (WHO) (Kumar et al., 2023)

n1stasfiulsanugladi

nsflestulsafivaiiuideduuumdumsaneugapdoisunuuasdnifiduszavsamgaan mstdalse
fwgtvilugiusshldonidesnndundsslsaludniv ogslsAmumsamunulsalugtviioduiladdyuesnis
Adnlsafivguinlunu lngasdniseudelanwusihliinis@aindugivlitesniidesar 70 vesseynsaiy
Tuiluftszuiaifieasraniduiums] (Brunker and Mollentze, 2018) snsn1sudntumsmunulsauazlostuns
deotinvesaull 2 Usenns Aeliidgnaiuinlasuindundsduialsnegnaviuniag uasdnindulesiulsaligivesis
vhis eglsAmutymmiedanu esugia Jausss wazdedifasuninens fnaduguassadenisdniu
wmsmsfenan Tnsawgluiufivuundsiingdatadution vieluuisssmadinandnfuaudsganms
dhisusnsaunmdisnde vinn1sdnindugliy uaznssuianudsesszvvliiiieme (FAO, 2023) nsdn
feduiisluguuvumsdanouduialsnuasvdduialsn dnidesmsliuinuiusyiietesiulen Tnsams
nsandrduluatalifidivewsegivyusn Wininegegavesns@niadufe nsnsedulisaneaiaweuived
sofubhafiidnenmlunshaede Saduisiivssaniamitan winismuauaivasindiiedatadurilden
(WHO, 2018) Fsfinsiaunipfuriafudumadeniaiy Tnsdszauanudisalunsidalsaluaiuisongls
wiidfsdifednAnsuusavsamuagsuyu uiiedurlniuiedunadenivanzaululsumandadvasdndwaunn
uenNnSmuhmahviudiionuaduugivarnsianisussrnsaivesaihnuesssazdisannisunslse
Fgedy  dwsunsdestulsaludniideduniivannsoiildlaenisanlonaduiado wagnsdnindu wu
mssnindeidediognielurenuiensafiutunun nismunznionsoungdu uasmmhatedniihidunine
(Moges, 2015) dwsudniflegluiufiinnisszuin msldumsdntaiuiiug ullsifidessesnisgniinfianu (Murray
et al,, 2009)

nsmuaulsaivgiuthanelduuiAnguniwnilafen

nsmuaulsafivgivinegafivsednsnimn dududeserdeuuimisysannissenitvaleniadiunigle
unAnguammiaied (one health) Jawndnguammiladen fo uwmmamsdndunuitesgunmvosau &
uardanadeniifinnudiiusuasfiondstulasfu Tnedeinnsuniesqunmvesauazdssaunadidaldiselle
quaguamvesdn TuarAandeulundoniu uunfndiejuiulinnindndsraunuuiouashaus i
oehaysanmsisludunadhses matioaty msmuaulsn Mide mewaunuleue weensaieanuduuds
YoasEUUASIIAEY Wolinasiiunuaenadesuasiianagegaroguamuasisnuuazdnlunistioatu augu
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LamovUaueseivagunmegsliusyavsnm JslladeiiduguassasenisemunulsafivatutnludnlunanaUszine

Mindu loun Mahseisnladivssansnm nsdndslrfundedudalsnidnin givasiaddiuiueau lasenisie

Taguinldaseunau viInANuuilesEninmadiu uarlifiuleutemiuaulsafiaseungu Asunsaiuaulsaeg

O:Id ¥

98 UMD ABULUINIIWUUNYN1AYDUATBYUGUANNTUALIYTUINITAIAAIEITUGY dRIUNNE WAy
Wmeiiy Beesrusenaudidyueinisaiuaulsaivgiudn loun

1Y U I =2

1. Ms3ninfugiouasdnidesdy 4 edrnseuaquiiioaisgiduiuny sufamaiuussAvsnmuasindu
warnssnuvaslgauiuvesinduy
2. MIAUANUTEYINTIN
3. M3fmsshwvaagndnifinegeaiuieg
4. maihseTa msdafu wassusudeyasraduszuy Insmenulsafivaduiedwioies
5. msaunnusszvinfuagdnnuiuaussmvuintuadsaaznistosiulse
6. MsUszanuuLazLanasuToyasTNIenAdILIe MLIBNUASTAIGY dMunmdesAnsnnigiay
wonwu 1Judu (Acharya et al,, 2020) Fepsdnseunsielan asdnsguammdailan (WOAH) BIANNTOIVMNTUALINYNAT
WisanUsEnd (FAO) wazWusiinsifienismauaulsafivatvta 1fmmuadvunelilanuasnainlse
fwgtithfnangdunielud we. 2573 sunsemuaslsalugiudundn lnonsussqihmnedanandesende
s miafeninaunusuiievesniasy madniunme anansisagy wazye udu
dmfunistesiunazaiuaulsafivgialudndlulsemealne laauiunisaelalasinisdnivasnalsanu
Uaoasdeainisafivgivdn sunszddisuwesmansiansd as. aunanssiitesunase Wiihgnasandednval
dAsTenuns nsumszAiansada 25taReTvus Salitmanglumsidalsefivaiuthlivunluannussmalne
el wa. 2573 Tpedin1sysannsinausindumhenus 9 wu nsudadad nsuaiuaulsn nsudaasung
Unasewiesiu nsszvnduiug driinauudndrinunenizuued uasuvningdeinuasmand meldunnguain
uilufen Tnsesdnsunasesdusiosiuiinishitlunisdsadniiedidwonarlifidweduiufiletuiindeyaady
spuuvaagudtmnsiiioniadse Slsafivaiiuth (Rabies One Data) dntaindutiostulsafivatiudludng ua
dnfnduliundniluiiudl (nsuduadunisunasesiiesiiu, 2566) Gisnsdrmradnifiidivesdauansly
WUUEBUDNNIBNITAUNIWALUY (household survey) ‘3‘%1‘faﬂmsaiﬁsﬁ’asﬂat,%aﬁﬂLﬁ'mﬁ’ué’miﬁﬁﬁwaa
ngdmiuiiufigususuuniiannsadifadvesdindld (Cleaveland et al, 2014) dudniflsifidwodliléiznms
A579uUUALITU (dog sight survey/ street survey) LiteUsziliusuauLazANUILLL (Townsend et al, 2013)
sudamslidoyaniogianadinvielsmeuiadaluiuiinysznounsssdusunudaflufufiuasinn
unlunslasuiatulszidsiuse (LD, 2023) dnuumisnsdninduleatilsafivaiuthlufifiuszansam
Loun
1. msdafaduidegnmududuisilfarunsounqugeiian Wnthflawisadhdednidedasase
nsraevdeyanisléuinfuuazanmanaiangudmaneg wanzdwiuiuivtiidwesdin iaau (WHO, 2018)
2. Makeauinisanindunandusumy wu Tn 1sadou viemainansmtiu ieliussssuthdaiingy
U3n15 Tnedesfimsusseduiusarmiiaginedonaneileuansitdnildfuindund (Lembo et al,, 2010)
3. nsdndaduatvesdalifuaduldfidives Tnomiiifiiunisiineusuazesndu dnfadu
yhuadesmneuazUaosfuiiu lnssuiunisaelivdnatafinmdniuasaruasnsoveadmind (WOAH, 2018)
Fsmasdununundldlasimsdaivasalsn aulasadoanlsafivgiiuthau wseudsiun fnmsuimsdanis

1
v a

nsdesiulsafivgivinluseduviosiudisl
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wdeyadnnugivazianluiug

BN

N

nsdnvidemaAdydavioaduiioniuaunIsdeIuas/MieUdesdnilunansi s

A

=

nsandrdulesiulsaivgivinludn
nsdnaiann ndad Inedalvitanuanasendn vsodwoludtanuanassidnidu
n3dnbilszuugnlgaudu (cold chain system) dnsuindudesiulsaiiuaivin

D D D ) b )

[

 fimshudugiuiasunildfidwewiodeslemanseidunguidesranisiinlsafivgiat

~N oA WN e

. InmsussliuiuiUaenalsafivaivinseauiaanu
nguanevisessilsukagniideiifettasiunsaniuau laun wseswdydalinfiase wa. 2558

Ly £

wsgsvdyadlsanivgdadn we. 2535 wsgs1wUnaAn19a151508aY WA, 2535 warfiundlofiuifiy
wzgUgaAnisdnaiannwdnd we. 2557 szlounsznsrumalngimeaildiislunisdnaiannmdnives
psAnsURATOsEUDsiu wa. 2562 nllvdensuunasesdiuviaiiusiuiian um 0819.3/93267 asiufl 9 Awnau
2566 (Foauumensaniulassnsdnivasnlsa auvasade anlsafivatiuth aunszUdsiuemansiansd
n3. auiarinie nsunszalanan iy wsinReseuni dunsiuedounsiiiunulsafvadviiluviosiu die
LUINNMIUIMTIANIsanIUasATILidn way ailon1suimsdamyindulesiulsafivatviludnidwiuesans
Unmsesdiuviosiu

(%
[

TurginsudadailanifunisihseTadsafivaainludaiiauuudegn (active surveillance) uae

195U (passive surveillance) dnsunisidhsziudegnueumnglidinnugdaidaminnuiegisdnilunsas

' (% '
a A ) I

vesdunlinunissruiavedsafivgivinluiuivsenunniiaudswilunisnulsafivgivd Ineduluiuiiaeg

UszillunazSusewinsdudasnlsafivgrvtn dwunsihsyisdsuneunnelvdinnuladnidumindeiiogi
ndnindanudesdulsaiivaivimvsenanseinisinelsafivgivdianiuii

Y o o
'

fn1sszuinvedlsafivaivin
WIeiuEe liedwmianviesufiRn1sveensuuadmidnuiuns 9 uva loun aanduauandniuviad uasaudide
g iaLINsEUmMENIin1ATIuIl 8 Uit Iaens3aaIe35 FAT (aanduaunindniuvanii, 2565) anndudinnu

Uadnidaminagiosstgnunisdesiiegdiuarianisnsialussvvarsaumaionisidisedelsaivgduin

(Thai Rabies Net) d1wnnxan1sasIvmegslinauindelsaiivaivtn niheanuvensuladninsluseauding

[ [y

Jadn uay/visown asiiuiideuaiunssruinvadlsaiivatiuinludninnasa lneduuimeujialunisaiuaulse

a C R

fuautiludorisd

1. Ussmawalsaszundaitansninunsesiwdydflsassuindnd wa. 2558 dloldsuseanu
Han13nTIINUlsAwgtiui1anesfuRng

2. dyalssrnsgtouasuniansdwenarifidweduiiuiimuaslse viefuiifiinisUssna

v 6 [

WALSATEUINER TR LallA a1 uILdR St rue TR ud s UNISINBRLAn TATgudaenulsa takn I uIudn?d

4 v v o W [

gninvseduiadnivisnaesesdansedualauiundsduia 4 a3t vneiuaiay 4 Tu (Usunsu d4x4) F1nudnd

Nauanfedansawsn Inudninzdedansedualiquiuiazinnugndniiinlrindessesiyasu 2-4 1oy

9 Y 9
[

3. dnifidusarudnivhefdulse (gniinvIeegsiunsiudnivae) agdesindniegadusednsam
uazdnindu 4 ady shatundiar 4 Yu (Usunsu axa) Tisaitan

4. dhseilsretdadieaiunat 6 Woutuaniufiuszmanslsaszuindasidans (30 Su)
fesgvistmnwuatauasuanilildsunisiniedu wu gnde il viednifiandimalidnindudnindutisne

v Y v v 6

nsfisesdansziuglauiuli@aiannsdaassnduna 1 Weou wenaniinsuuadniddlatniswseuay

9 Y
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wioulunisaniivay lnednassindulesiulsaivgruinlviudinaudadaidmindmsuinludnliiuaiv

wnuardninguidgduiunifalsavseluiuiidestenisiialse lngliaenadesiugUinisalvedlsa Iuiudseuns

[y

gilv wnardninguideewazimin iWialunmsadegiduiuliundad sudanisauaunisunsssuinvedlsa

nguinlsalusiuiidu q warangiRnmsnivesnaifslsaidludnitasau de333ntatu u Auflgaisln
(ring vaccination) liuatiuuaziumniluiufiiszylilulsenaaslsaszuindnitansm fainisdatadu
desdunmslaegusznouindndnunmd viofaldsuneumnemunseaviygalsanvgtut we 2535
Inefpsuauiniesneuszddhdnitarluiusesnsaninduliunidwesdnimnsede (naadnd, 2568)
nauadnisufumhsnuiifededunisianisuszvnsgiuiienugilsafivaiviiegiadaiu
Tnglduwmeiaenadesiundnatafinmdnd mmsnisdfgusznouse nmsvimsfugiulazusniiieannisiiis
Furulsswing nsduaiunindssdniosnedianuiviavey uagnisliarmiudidivesdniideniety
msflesiulsauazmaguaguamdnlasdnaunng wonanidsdinisaiuanudlauivssssuioatuanudes
voslsafivgivtn nmvanidensduiadnitn uasmamounsdeyaifoiulseivaiviludniiudessulauay
Aodsnu ioifiunssudvosuutenistesiulan mudinsdnduedetieiihse isafvatatludad laeamznis
153901013 %'aLﬁuﬂaqwﬁﬁqﬁfﬂumﬁaﬂ'i‘jfgmmiﬁwmw‘i’waqé’miﬁaamé’w’%aé’mﬁﬁﬁmLﬁ'f‘iya nsmIuANlsA
fivatvtludaidostiiunsuuuysannslunangssdy featuunisinuasdain sufedaides Woadouwn
Hostussmhaunasudadotuen madetinnnlsnfivaiut-luauamsadestuldmninisdiiunagnsadis

2
a a a v A

gonUszanunasiivszdnsnm wenanildifanssuiulsafivgiviinlan (world rabies day; WRD) Jadutudfey

'
v a

TEAUUIYFE ITunIun 28 fugreuvewny laeilinguszasAiieasneanunseniinreasisavuielnude
Mnlsafivgrivinuazanudfgueanisidalsail lnesudadduasausnlul 2007 nsaliuianssuves WRD du
Ingiuiuinissausadaiadndiinluguwy waznisanindulesiulsaivgivinludnilaganizatiy asisaeulidn

lesuingu uarussamuenisidalsafivgivdantanaelul we. 2573

unasy

mstestunazamuaulsafivativihnmeldnAngunmmiafefensihausuiuvesguainay gunwdnd
uazdannden Wetestunazidalsnognsdsdu (WHO, 2025) Tnesnugunwdnd msiunsdniadulinseunqu
oehation 70 % vesUszrnsgivluiuiides rudsnaihes Yeiadegnuasdssuiiofnmunsdilsnfivgiiludng
Aosuardn it naenauduaiunsguadnidesegeiuintey wasnandesnsdudatudaiasinviodn v Tudu
yosgua AL maunsdnfimsinemdsdudadoosnatui nudinsfnuwuazainanunssvindielian
YAatuanuides Fdeatu uazaudifyesmsiumsinvvdsgndnite Tnslamzamunsdfvgiuiiluau
o laszuinineuaziihseislsn dududunedouuazyury mstudestedomsinaineniofiansan
wainssudninmy anmgiionnia uwariadensdiny sugiefidsuasionisunslsn sudsnsiidusiuvesyumy
Tngmsaduayulviyurusenumgndaiiaiaidn3iulasn1saningu naenIuauTINilosenina1viv W

Y o

wnnd dnaunng Wmhians1suay wasiguvwinusuiuieauidunisangliunfnguammianes

Y
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1. Welh¥aiuwatuth (Rabies virus) fnaglundulavedhiaroluil
n1. DNA virus 296 Herpesviridae
. RNA virus 9@ Rhabdoviridae
A. RNA virus 296 Retroviridae
3. DNA virus 39# Adenoviridae
2. &nidesgninsuurialasoluidaifuuvdsddyresnsunslsafivatatrgeilulssinale
n. A9AT7
2. B
A. quY
1A
3. maunsidelhfafivatvthannsadatuldtudesmilaselud sndudele
n. mMaftavisetiuandnfidaide
v, msduifadedonrieunalinfuaedn ifnde
A. masulsznudledn ifiRndelnerunmsusean
a. mi‘dqﬂﬁhaai’a’mnﬂ;:@m%a
4. fupouusnuesnszuunsAelsafivaiuthnendadodndiunefioerls
n. @adgszuulsramdunadasnas
%, @oduifui3u Nicotinic acetylcholine receptor
A, Wordtudulunduniousnauiauma
3. L%anszmaaaﬂmﬂauaﬂﬂﬁai’mm’w 9
5. szezilndvedsafivatutlugivazunlaeimlvoglutinanle
n. 3-7 U
. 2-3 dUam
A. 3-12 dUam
L3 1Y
6. BBmanmnidadelsnfivgtvifideduinnsgiuanafedela
. Polymerase Chain Reaction (PCR)
. Fluorescent Antibody Technique (FAT)
fA. Rapid Immunochromatographic Test (RICT)

3. Mouse Inoculation Test (MIT)
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9. Laboratory Information Management System (LIMS)
f. Thai Rabies Net
3. e-Smart Surveillance
9. paduszneula lald dhuvilsvesuumnagunmmilafien (One Health Approach)
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v, MIguagUAMvRIAL dnd uardanadenetaysnnnis
a. nslflanemaluladianmiiieniunslse
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10. wglansiiszuunenudeyalsaivgiviieswaiianeindutedvdfysenudisavesnisaiugulsn
aelduvnagunmmilafien (One Health Approach)
n. msziwansunuveringulussAuUsEme
. msglianunsaUselivaniunsauas e udegn laegeliusgansam
A. sglinannunisihse Tt juanislalaenss
5. wsgteiindugidniunsdninduieuduiialse (Prep)
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