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Figure 1 Clinical signs of lumpy skin disease in cattle in the study area.
Generalized indigenous Ulceratic Nodular skin lesion

covering whole body.
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Microcentrifuge tube Tl @iy W1A buffer 400 lulasans Tu
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FAM niudnfinisiiuduresnsmannvaeannass (Figure 2) uaz
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FAM #281A3 04 Real-time fluorescent detector i A211%u
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Sowaz 2 ¥93 Agarose gel electrophoresis (Figure 3)
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Figure 2 Analysis of LAMP technique by fluorescent assay in real- time
fluorescent detector in the FAM channel.
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Figure 3 Analysis of the LAMP technique by running on a 2 % agarose gel

Lane2: Posiﬁv’e
Laneé: Positive

electrophoresis showing the amplification products Lane 1: negative, lane 2:
positive, lane 3: negative, lane 4: negative, lane 5: negative, lane 6: positive,
lane 7: positive, lane 8: positive.
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China/2020 (Luetal, 2021), LSDV/MWT732649/Hong Kong/2020
(Flannery et al, 2022), LSDV/MN598005/Xinjiang/2019 (Zan et al,
2022) wag LSDV/MZ577073/Nietnam/2021 (Trinh et al., 2022)
wnign Tnefiarundeuduvesdiuiaedlelvdfosas 100
Aswileuiuiuaeuge98 AF325528/Africa/Neethling/2490
(Chibssa et al,, 2021) ag¥ovag 99.40 wazlevlunSsudisuiv
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et al,, 2022) wag JN596275/GTPV/China/2012 (Su et al., 2015)
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99.90 Uzl AU DUAUA VAW UT 81989 LSDV/AF325528/
Africa/Neethling/2490 (Chibssa et al., 2021) aq’ Sa8ay 99.20
venaniidevnluiisuisutudefiogluidaietu ldun
SPPV/KF661979/China/2013 (Yang et al., 2017) wag GTPV/
KF495252/ India/2015 (Kumar et al, 2021) #Wu319A314
willouruvesdduianalolndsesas 95.60 uazieuaz 96.40
puaay (Figure 4)
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Figure 4 The neighbor-joining phylogenetic analyses of GPCR gene in cattle
tissue sample with the GPCR gene sequences of LSDV, GTPV, and SPPV
available in the GenBank.

n1snsa9idesemsindelasalseaud sy (LSDV) Tuladay
matia Loop Mediated Isothermal Amplification (LAMP)
nsAnwIAUTIWIE (Specificity) voumaia LAMP Tu
nsasa9iiadidelada LsDvannnisnsaanusinnzlunsae
Wolada LSDV maewmada LAMP wuinaunsansiatdelasa
LSDV lémndegnsiinaaeulaglaiiaufasenduiuide £col,

Staphylococcus aureus wag Bacillus cereus (Figure 5)
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Figure 5 Specificity of LAMP assay to goat lumpy skin disease virus (LSDV),
E.coli, Staphylococcus aureus and Bacillus cereus. Lane M: 100 bp DNA ladder,
lanes 1-4: positive, lane 5: E.coli, lane 6: Staphylococcus aureus and lane 7:
Bacillus cereus.

wWiguiguawula (Sensitivity) vosunada PCR kag LAMP Ty
msnsaiitestialass LSOV

Wsegwedlaiiuanternisvestse LSD wadaméu
10 uazinUSunaesiduesie Nanodrop spectrophotometer
(Eppendorf BioSpectrometer® basic, Germany) faufiaziily
weaulilunisnsinididevesunazmeia nefduediads
IiiuSina 44.5 ng/ul wdmmiuhimduefiatalsunioasdu
GPCR A%saz 10 wh (Ten-fold dilution series) Tneilszuaany
Wuduvesiiduermunlunsazvaen i 44.50, 4.45, 0.44, 0.04,
0.004, 0.0004 W&z 0.00004 ng/pl MUY wazthduieiiards
Ihuasiidueiidenudrlunsdarseaulunaaouanalilunis
n52937981d 8% LSDV semaila PCR uazimailn LAMP
wuindethunesaidededemada PCR waziuneunade
Joway 2 V09 Agarose gel electrophoresis 48751N15MTIANUR
WSulevesdu GPCR Afanuituduasiigndl 0.04 ng/ul (10°
dilution) (Figure 6) Wevunasiaifadudewmaia LAMP wui
f8msnsnanuidueiimuduturesfidueiiteniigai
annsansIanuldag @ 0.004 ng/ul (10° dilution) & agandn
wiplla PCR (Figure 7)

M-1.-2 .3 4 5 6 7
— 107! 102 10> 102 102 10°
1,200 bp - - -

6

Figure 6 Sensitivity test of PCR assay in GPCR gene on 2 % agarose gel
electrophoresis.  Lane M: 100 bp DNA ladder, Lane 1: original DNA
concentration 44.50 ng/pl, Lanes 2-6: ten-fold serially-diluted DNA at 4.45,
0.44, 0.04, 0.004, 0.0004 and 0.00004 ng/ul.

Figure 7 Sensitivity test of LAMP assay on 2 % agarose gel electrophoresis.
Lane M: 100 bp DNA ladder, Lane 1: original DNA concentration 44.50 ng/ul,
Lanes 2-6: ten-fold serially-diluted DNA at 4.45, 0.44, 0.04, 0.004, 0.0004 and
0.00004 ng/pl.

mssyuiguIsnIsnsaidedelsn LSD lusiegnginaie
PCR A wpidn LAMP luituiidng

nan13n193 1950 alasa LSDV annsaegniden
(§1u2u 100 §10819) waziaeg 1wl o1 oamla (S1uau 86
f9819) Mewaila LAMP Lagwaila PCR 8 1unalayiasay 2
209 Agarose gel electrophoresis wuiwaiia PCR 2710818619
doaldnauan 26 ed1e Amdudesay 26 dregraileiie
Ranidslvinauan 80 fege Andudesas 93 Wethidueain
Frog1aene q uiinuSnabuiematia LAMP uwagians e
f18598ag 2 U89 Agarose gel electrophoresis WU31629819
Foaldnauan 36 fed1e Amdudesay 36 fregruilaiie
Raunidalinauan 83 dege Aanludovay 96.51 wanslliuin
wadia LAMP a1ansnnsinidadonidolafa LDV Idgandn
wella PCR (Table 2)

Tsa LD Julsaindeliafinelhiiamudemenis
wsnghaludrunisidesadad uaznisszumiliiinainu
gayldemaasugnaegranndmivuadnivazgnaivnssunis
uanlaialan (Bamouh et al, 2021) dn1sunsszuinveslsn
9819590152153 19 dn T unuasi I un LYy ga (Culex
mirficens wag Aedes natrionus) Wi (Riphicephalus appendiculatus
waz Amblyomma hebraeum) Waghiasiunn (Stomoxys calcitrans
wax Bomyia fasciata) Wonannil 1sa LSD @nansaunsideldnia
Yo uu wavsnluwilaiifnide (Tuppurainen et al, 2005)
ogslsfimunisdudalasasdlulroraduaumguoanisunsite
LSD wieaiantey (Elhaig et al., 2017) FathAsnsns1adedei
s narudud i adudnuneddglunisdesiunis
wnsnsza189es 1sa LSD Tulaqdulditnisnnaitadeuasdudu
nasemada PCR aghslsinunisidedelsamemaindayld
nafAeud19uIu uazdosdaRieg 1l e U UANTT &
iwdosiionazynansifimuideivg dwaliiAnmsaidiluns
tadelsanarenanelfifinnisgaydefinnduld aeandasiy
nan15398 MsilSeuifisuaulveanada LAMP wuinuinnin
waila PCR og 10 VN Wewsuduszeziiainiseruranuid
wiadla LAMP Tssazinanyszanas 30-45 unit Sawada PCR 14
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srozaszana 3-5 §2las wazdedliisnsigsennluniseu
WA Jauansnaainmadia LAMP ldnserunaainamnuguvients
Wasudvesujiseluvaeavaaes sliausuduiegdosd
mswaumailan1snsaidedelsa LSD Aivimdiuazusiug 3
zausadavanszuzallunIsidadunardianisaannig
adeldsnde msifadeidelita LSDV deweiia PCR Tuns
n579M18U GPCR 91nf19813 Tnanudndu GPCR 1 uduil
\eadesnsmsnseduliAnmsiiudnueadluuiinuseslse
waznagiiduiuvedleadlishadusagiaide (ELTholoth & EL-
Kenawy, 2016) Tuffaqduiududud dosnihunldlunisiia
USunamidwoui o3 daden i olada LSDV (ELKholy et al,,
2008)

Haqvuilfu GPCR fouthaldfuogrsunsnanslunis
asamseduluanavesvendelida Lsov lulauagnssde
(Cétre-Sossah et al, 2017) fogafithunnsiafiseaunuing
Sarmansranudelasa LDV ajﬂuﬁuasimﬁaﬁaﬁwﬂﬁﬁwu
sealsA (Awad et al, 2010) Fsgenindregaannidenasnndos
funemisefifinsinuumuiiiodeimfiinululafiuans
omsthevedisa LSD elafaaunsniiddineglduiuis 35 fu
waznsnsranuiiBuievestelianulduuds 3 o viltagy
Iginsifiuieghaiiensideseid olada LSOV anfeea
demundoufulussornmsinidelunsyuadealasUniudad
sreTIAdU 9 Uszanad 4-11 Ju wdamsiaigelada LDV ay
Wavsinameadslasaiiiled el (Tuppurainen et al.,
2005) fefuiedeusnaRmidalusheduiindmiunisnse
Fhademidolata LSOV unnnddhegnsanniden

Tunsdnnauirdlolndvendelada LSOV 91ndu
GPCR nuiilduiamdlelndimieusuiuidelada LSOV finy
Tulsvimadu Ussimaioauy wazdesns lngoraidululainng
svuluUszmalneinannisiidleafiaad sunannussine
Fanarsedaanmsidlednidelida LSDV mannumadiun
Wenfulssnadenans Sedmaldidolda Lsov inuludenin
wasyivugnssniloutuidelata Lsov Anvlulsenedu
UsswmAieauny uavgesns uenaniludiuiandlelndveaie
1% Lsbv ﬁﬁﬂmé’aﬁmmmem'wﬁuﬁuawﬁuﬁ:é’wﬁwm
Uszineiwan3ny (Neethling strain) iéntios Saduussmaiilad
msisusyunvettsa LD lutnausnlu Ja.e. 1929-1988 Amin
Wnnlunisszuinvedlsa LSD dufinsunsnszarsesnluly
nangUszmeduszsoziiaiuiu %wmﬁmmiﬂmaﬁuﬁ:ﬁuauﬁa
12%a LSDV anlnemannszevtiain1ssyuin aunsesiadieding
Wnszueluivedesuisamalnedwilndelhda Lsov
AnuludmiamasyTuazuszaruAsdusinisnateiug aud
WugnIsuTiuangsInde LSDV aewussadauazaiainide
1a%a Lsov AiszuinludanimmesySuazuszauaiduslilaifn
nnsindeantadudesiulsa LsD Aduiaiulssianide
\Jugougy? (Live attenuated virus vaccine) tiosinTadudily
TudmiamasySuazdaminuszaauAstusiduinfuaneiug
Neethling-type (MSD Animal Health) #1nn155zU R lUT 4170

ad o

wysySuazdminuszaiuAidusiinanTad uiildiugnssuves
Welada LSDV msasmileurdiuy
wan3NWINan

o

U Neethling strain a1nUsgine

MsIMANITIIEYBINSAsIaEeladE LSDV femaila
LAMP lusuddeas el wudrdanusunizgad osannlyl
\AnUfAgendnu (Cross reaction) Auldoriadu « fil¥nnasy
(Chu et al,, 2011) msiUssuisuaulilunisnsiaidadeves
wiadla PCR waznaila LAMP wulumaila LAMP fiaanulalunis
asINtedegeandunaia PCR faflennazdutunseanuuulng
woslumatia LAMP Wiflanudimneiigeteduiiiudming 3s
vnlfansaidasedohialdlusogeiifivsunawosiiswe
ou 1ileannuanisnegeuanulilunisnsaidedeusuenin
wada LAMP fanailags Sedsualsianunsaimumaia LAMP
ieflaziluitadelsadud afu Tunmauuld nserumasin
ANNYUYRINIINUATelunaennaasstenlavesnalin
LAMP nudluynvassmaasssinnuguilndidsiuusideriun
nr1ganduuas (Optical density, OD) fiA1819AAL 600 nm
ﬁaam%‘laq Spectrophotometer WU’imaamﬁﬁmiLﬁwfumad
n5M910N158 1UKaT Y 0auds FAM A281A3 89 Real-time
fluorescent detector azilA1 OD Agendinasnd lafin1s
Wiuduvaansl Fanan1381uA1ANYUINAINITYANE DU
Laefin1ue1IAAY 600 nm dAAdeIfuNITEUNATINATIN
#81A3 09 Real-time fluorescent detector Liiouu8una
IneSouay 2 ¥a4 Agarose gel electrophoresis WUIIAILITA
wennanisnaaeulddaiau aenndestuindfeidsieanuls
wusmada LAMP fa11ulafisedu 107 ng/pl uazlavin
Uﬁﬁ%mﬁ’m%@sﬂﬁﬂﬁu 9 (Mwanandota et al., 2018)

nsAnwegeiiinssruinvedsadud anu ludlui
fnwn iiessuiieudsyavsnmuarudunisinidelada LSOV
frowmaida PCR wazinailn LAMP lngldiogrsainideide
Ranfauassnegrndeniivluladeiiuanseinistaelse LD
wunssasaemaia LAMP Tinauinialudiogadenuas
feguanidieidefiviligeniunaiia PCR aenrdasiuseay
fifinsranululszimasade (Sprygin et al, 2018) wazUszine
anwgasluaiu (Zeynalova et al, 2016) Fadaunadi ba21n
nsdnuluadeinuinnisasiadedradenlinauinsinga
fegrailed eimdannidlensaadaetamaida LAMP waz
wmpila PCR denndasiusenuiseiiinsdnvumuindede
Ramfafinululafiuanionnistaelse LD WWelhdaaunsaiidin
ogldunils 35 Ju warasnsarmanuiiBueveatolifalduiy
fla 3 \dou dilstaguldinmsifuiediafionisitadeidolita
LSDV andnethadentuasdeaiulussesmsindelunseiden
TneUnfudanediszovinmdu q Ussana 4-11 Sy ndimsinie
12%4 LSV ndenniulsinameadehimndudinaiiiede
{1139 (Tuppurainen et al., 2005) Fouidedousamomied
Aaanseslsasafushegnsdindmsunisnsioitedonidelda
LSDV sewalia LAMP 11nn11@19819a1niden
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dyUnanside

nswmmALlA Loop-mediated isothermal amplification
(LAMP) dmsunsaifiasadolada LsDV Ainelsadul afulula
nwan1svaaesasUlainaunsatmaiin LAMP 11n5193iiade
Walada LsDv Idlaeimaiia LAMP farusimizgelaglash
UfRsenduiudedu 1 deseudisuamulilumsnnaitede
gandnvadla PCR 8nadg n1smunaila LAMP wieldlunis
as19idadelsa LD suuilezdosmilidadosnsuuidfewdu
ag19u7n 1l esanmadla LAMP daa1usinizuazaanulaf
ABuv19gs 01anelviianaulInUaeu (False positive) ld
wenanil fadesmisdaniseenuuulnsiues 4-6 are 143
anudumgseduliving Fannisuuiiseudlnswesing
Judues (Primer dimer) AagdanaliiianauinUasulaiauiu
Widnswaumaia LAMP lunsideselsaannaideilidu
desdunvuingy lunisihluldasdunrauinardeiinng

Table 1 Target genes for primers and their sequences
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WA ANl uAUY0INITANALN UVBIYANTIT UAZNITLTY
auazAINuarsInTIlumAdadelsadndie

AnAnsIuUsENA
Tasan53d1309 mafaumaia LAMP ilensiam
Folafa Tan &ud afu Tula veveunm dninddeuasiamuins
9w dtinauauenssinsMIeTafne aduayununis
Fosuanermansd Iouazuianssn vililasinisideluaded
dufeqamuingUisasduarlilonaldiFousdsing 4 uwamis
Tumsudladameng q sadddiemnudetulunisiay sl
annsosfunuideluldegnesiu
veuauAM AMdRIAIanswazinalulagnisinens
UNINYIFeAaUINT INGUVAFITAWNANYTUT dUSUNIT
oA Rns Tanuargunsaidmiunuideluadel

Target gene Primer Length Sequence (5’-3)

LAMP FIP 44 ACAAAGAGCATTACATAATCCAGAATAGAAAAATCAGGAGGTGT
BIP 47 ACAAAAGAGGCAAAAAGTTCTATTGCAGAATTTTTATATCCGCATCG
F3 22 AAGTTACTTATATGCGAAAAGG
B3 23 GTGTTATCATCTTCTATAACAAC
FLP 14 CTGTAAAA CA
BLP 15 AACACTTTAGTTTAT

GPCR Forward 25 CCAATGCTAATACTACCAGCACTAC

Reverse 22 CTTAGTACAGTTAGTAGCAACC

Table 2 The results of LAMP and PCR assays for LSDV for samples from study area

Tissue detected positive

Blood detected positive

Sites Tissue Blood PCR  LAMP PCR % LAMP % PCR LAMP PCR % LAMP %
Ban Lat 38 38 35 36 92.10 94.73 11 15 28.94 39.47
Tha Yang 18 22 16 17 88.88 94.44 5 7 22.72 31.81
Kaeng Krachan 15 20 14 15 93.33 100.00 4 6 25.00 30.00
Nong Ya Pong 15 20 15 15 100.00 100.00 6 8 30.00 40.00
Total 86 100 80 86 93.00 96.51 26 36 26.00 36.00
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ABSTRACT
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chain reaction technique

Specificity

Sensitivity

Lumpy skin disease (LSD), caused by a virus of the genus Capripoxvirus (CaPVs),
represents a significant economic concern in cattle livestock management. LSD has the
potential for rapid transmission, facilitated by blood-sucking insects that serve as
vectors for the virus (LSDV). Additionally, transmission can occur through direct
contact with infected animals, via the semen of an infected breeder, or transplacentally.
The disease is characterized by fever, enlarged lymph nodes, firm and circumscribed
nodules on the skin, and ulcerative lesions, particularly on the mucous membranes of
the mouth. A key to preventing the spread of LSDV in cattle is rapid and accurate
detection. Loop-mediated isothermal amplification (LAMP) assay is a novel technique
that works by amplifying the specific target nucleic acid at a constant temperature,
which is simple, fast, and easy to use in the field. The objective of this study was to
develop a prototype LAMP assay to detect LSDV from various cattle samples and
compare it to the conventional PCR assay. The results indicated that, of the 186 samples
collected (comprising 100 EDTA blood samples and 86 skin scab samples) from cattle
exhibiting clinical signs of lumpy skin disease (LSD), 56.98 % (106/186) tested positive
for LSDV using the PCR assay. In contrast, 63.97 % (119/186) tested positive for LSDV
using the LAMP assay, suggesting that the LAMP assay demonstrates higher sensitivity
compared to the conventional PCR assay. Moreover, sensitivity analysis showed a
detection limit of 10 ng/uL. The specificity analysis test showed no cross-detection
with other infectious agents. Additionally, the nucleotide alignment was 100 % identical
to the LSDV strains from China, Hong Kong, and Vietnam. The LAMP assay detailed
in this report is simple, cost-effective, highly sensitive, and particularly well-suited for
the diagnosis of LSDV in laboratories with limited equipment and in resource-
constrained rural settings.
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