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ABSTRACT

Article history: M ’t,i fev ege <e’f a <cJJ th > '-’y Easec ai” eacti- (RT PCR) a dPCR,. t-t'-o-f@' ede.eL' ed
Rece ged 23,59 te b‘; 2016 7 a'ds b<e< e t’yelaf atedfe Is gffect.e ess ) detqcti gsl ’tg o S <Lgfea d led ) feCii s
Rece ied 1" elkedf" 1Dece b¥ 2016 1 s to a dg\-éﬁ ) ecﬁc, 188 t" ee DNA l‘ ses a d't ee NA.} ses, b c d‘gﬂ-i-ta d
Acc:;i ;edlﬂ e’1a9Y 20' 2017 - t d Fease ("j c(FMDV) Bf et g .] BTV)’. <te'cle<, et 1: ]a t .“ <(PlgRV) s eg, \.p
Aglablew Ti19fa Ky & 7 (SpPV), gy’ 1, s(GTPV)a f.’f s (ORFV)* &e "sed & st g e.Asigle e f

acHle U actye »~ \wiww!" as ady tedﬁ- x e{i ka ew se actie hfb'-t RNAa dDNA.') KT e
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]’;ﬂl\%"ﬂ ey "’V asec ai”eactd y'ff,i ’e*PCR'-fl"lachNAa d DNA Te fu fe'PCR Issay " as s 'y‘ t= be se skige bec se k
BTV o "ld defect at least 100, gefgialge v NA#- RNA'f#- a i«t e'-fcjl '1 ses ) & ealtie .
PPRV T’ea«ay asalsw B Iy echic ) detect) gw e -e-fte<a e ses ) ga ¥ s O b‘atl-<
SPPV Igec"ecT"ltycel clh kalsa » es collected Fe sep ad l{weedetecyeda \-gﬂ-ty
GTPV t eesa p lestested bybwt  Jesa d ft) ’e'PCR s, Vi ig He thcaty AL es, Jeswft é
ORFV se skigiya ds ecﬁcht e ft,u fefPCR Fa. cef f_.;, wac & cli Faldbg ws bef i;edifectl- s
'-fDNAa‘dRNA.“ ses’d s e@ya dg'-atc"’ ¥ Gy , , .
2017 Ele B BV. AN o es¥ ged.
1od t= d b eta' 20111 BVTVca <e<¢-e e<€-ft e = t a dfeetl-afet-
spwsad_ic&s, h & essa dg-b bE7 edHessa dde” essie |,
S e |2 d gwats ayifected“” i 'L t,a ﬁ"'-l'i ssh [ fach’ede a,a ds aqdﬂ @ Eps™ & FMD(Mac’ac’a ,2011).
ta ew sN ) a,"‘? a‘si- Woe 1 ey5 Yeled e’ ’y PPRVca ses fe.e - & ad acafdkgage<,, e w B
(ve Fitda efal 2014 T Fsyste ‘Foe W | ?;’ité Fus¥a d_J¥atw ofl e e BgeaQIﬁa a,
oft " PliA w gt e i'ed ) fecte sefs a Ja €, fet td Wft ega<'ft- ‘tectia%act'YeaChgtt-cege ed wea (D %
gd w- dieace (FMD), J)’ etw g e (BT) a d, este dec,, etis et af 2002 Bala " ga et a’ 2006). 1 fect s by SPPV, GTPV
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2011; et al, 2010). BT, FMD, PPR, GP, a d sP¥e btﬁabfe 9 eclic,s= estalsde]fectbet s ep a dg-atw € asKe vya
d Feasef® OIE a a’c(OIE 2016). "'s ep a dg'-at -’ h-fated by Da Ecj 19763 da a Jet a‘L
spPylk d GTPV'ca se  Id i <e|e e Lca"- syste s 4 2004) SiceC.‘; ,i'-/q'i CaP’V<)a esbw ’yﬂe ttaJt &
es = SN s ep a dgLatc ORFV ca_ses chf, € s Fte b l-’ _ed jgeca ‘ile tﬁcati’! dQ e dce;c‘ sikelyw / wlec fa'\ t(;c
atige s lef¥ sa d 1 fect affectel] \-<t< .9 eated’y d e te s "J"‘, & (Le Gwff et al, 2009). 1 add¥ P ,i'-¢ caVwcc” )
st e elacﬁ}c'f ategy (Ve 4tesa et af 201 FMDV & 17} fected s ep a d gwats ) a i«qd facyl- <i ’ ’y
ca_gses e{e sk st Y2 dEesk dte wit P Str Te Pedifectl- sefCaPV?® f & o 5‘ dseaceyc(FIV[ﬂBT
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- e«]':tciteyf'-’bfce’e d i tce'-t’ec si i ﬁ"e ty
*‘C‘-E%o-dlgaﬂ-< . "BTVceb.t)ecae ecwg Fed & ’y“’t al ’yZSt‘
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2010; Hef a eta’., 2008),Dhg'3-s'l:0-ft e )fecty F _s ‘a”y
based = cli tafsy”, - a dysé"\- Fal et wds ) t‘:eej",ast’.
(Hesa a )etal, 2009;Bra' ¥ akis eta’., 2011). It ":’ s et
tatt Eele a Vs) Ja kksa w gt eskdpeases ) clh I, o=
b kdific linedhg/wsea d fle tiyt ed peasesbycli rald g -
s F tec {5 ea ds€w ral et MVW clelaclitec K es
fié PCR ("ws ) aetal,2002)a deal ta%e PCR, et wds* ¥ e
0 l;d te d hg Wse t ese d'l:eas'es'f ed et (B'; aetal, 2011;
Ve Hitesa etal,2012). Bt egt  t ese’ wlet § tec Ji esfe
based'-"t e detect i f d Fi& e fty at \ge s’,sigdffg t’:CR
assays ta get} ecps.g eclicge esb t wis) fta ew sly
asi’g'et be. T&?e !a‘keﬂ; éts é t gdye;ecti- ayd di¥ th
e 0-f§[’¥’Va d GTPV s%'a'jsbyPCR" et kit Tag et le gt
» ug{{: F (RFLP)(Hesa a ‘letal,2004; F kel etal, 2006),
PCRY dalth e PCRs (& bgaetal,2006; 1a i etal 201)), capv
a dORFVbydy ke;PCR(Z e getal 2007),a dakw & i |

f
»y 4 )
ta, &= s detécPd of BTV, FMDV, PPRV a d wesk, /& stw athi
O s&svyQi etal,2015).

'

»eié‘,t efﬁ aty Fsca tyw t e selwf ,’fy 'e;PCR
( PCR) R s) _la = s detecti d d dftfe tpei wf FMDV,
BTV, PPRV, SPPV/GTPV,§ dORFV } asiglet befs atT ea) wf
t Fst dy" ast'-de.e"? te JE,J fe;RT PCRa d )_fs,i ’e}PCR
ﬁgy s)” ha ew s detectyw l-fsyi;s eg a d gwats DﬁAa d RNA
@i ses’i clifals ech ¢ s i ¢l di g MDYV, BTV, PPRV, SPPV,
G'[‘f’V, 3 d ORFV. !—‘"- b’f" es A’ts','t ese assays delek ed l, t F
st, ,dy"i e Cw syhé‘ ed tw e,,sé'f,_' et wds f&/ fle thig."‘,,ses
iig éci e stw s e a 'l gdars? i y’y e ) feciie s.

2. Mate= g 5.2 dmacty ds
2.1. Viruses and cells

T e CVCC AV41 gaccl e s?yai wf GTPV (S a dw g Lgd_ B¥e
tec K e Qw, Cat. . 151824003), HCE gacci e st a) «/ORFV
(S a,0d g TaFe g Bikgial Fuwd cts 0w, Cat. . 151784013),
Ne¥ B/75/1 gaccie ¥a) of PPRV (X) h g Th Ka g Bj
tec K e Q= Cat. = 2007291), BTV (C Jaget® 18y c e
cellect  a age e fce i€, Cat. wCVCC AV4Y), SPPV (€ Yha
.etg "z’iy C ’t" e cwllecty a age e tge & Cat. w.CVCC
AV1011),'a B PMDY ty € 0 (C hawei® 15y c e ollectir

A age, e tceyt@ ,Cit. wcvee AvVi0Q)" & & ’ g'ased. Begl e
."j ald | ga ."j ses (BVDV) S aa ;is’f 3l “"'aﬂ," g iled J“j’d’y
byf’ wfesss JigY Wa g, O-'”egel-f\/yeté‘ )8 YMedkie, N} t/
Wlest ARF U & s)'y. T eseqd_ses™ &e sedassta di degd_ses
Ete ,’t,{i e;PCRa d ai (ra‘ edat—80°C_ tiltesti g.B-{i e
test § ce K (BTC)™ as des? bed,” eqie ,s’y(T B etal,2013). BHK
21 celk ﬁs a g aiGai i g Bilgralle! Cat. Ne. CMT 013),a d
Ve ce 1 es (ATCG, w. CCL 81)" Eew” labS atl'y st»-c,L;BT,c,
BHK 21 ce fs, a dv&ecell h es, Eschyeric{ia coli(C b .en'é 15
C. ft," ec\-”eycti- a age e tce i€ , Cat. N, CVCC3798) asW e
as BVDV Y c'e‘ye alee sed ) t e 9 ecficky assays. GTPV, SPPV, a d
ORFV* 5‘_9"0? agated ) t eBegl etest#ceUs,’BTVa dPPRV" & e
_!":? agated j t eV&wcelka dFMDV® .‘:}3"‘;:; agated ) t eBHK

21 cells. Twegal_ate t eefﬁcj cy=ft ee X actye et wda diw

assess t e ’,‘ ’e; PCR, g1 _5 %a 'e; fw ce”; ) fected "
eac f FMDY, BTV, PPRV, SPPV, GTPVE ORFV* E'eeja ied by
lea le ; peR. /

I

2.2. (linical specimens

DY igt o & wdwfDece bE 2014teDece b¥ 2015,43cli
ca ﬁreci e sow Skt g'-sz scabs, . t ’es'r s,bLg-d,ﬁ" abs,
’,'gs,g ee s,y p \wdesa ds& : s""'% eog’ected'f'- s e

dgeats. T ese'sa » les? Eee gVO-Nected'fl- fie fdbr, th earé
by t e dFease i.’est Bat) g tea 4 sy,b Ited t= ab& & \i &
J i

ch ta’ ) gest gatys 'fyt- Lcaffg s s eV estg’y"yb-li ces
fC ja.

2.3. Extraction of RNA and DNA

\Ha’ge - 'j:DNAya d RNAW ge e;’fracted'fvb ce”c ,ft",'es
jfected™ 1 eac g _sad chi taf§ eches slgteRy
ge RNA/DNA M ily(k"(A} ge , Sa £ C FQw, US?'A) gcoﬁ dlgte
te a ,,fact,"_és,"lgt'-o-.Asige ,_cfetyach e/«'f actie p =
oo ® & add €d & t esi _ka e’s e;’f actie of bei’ RNA
a d DNA ."j " ses. Ch ta’;a ”es '7ybge Fed as 10% s_9 €

Lol A 4 |/ I
¥ si - ateb it saTi eV ee sedfe et acth cfﬂa'
Hcfgtactla‘d st'zye ,at —20°C ti"se.T e ifecteg cellsa d

clh kglsa les Eye'f eeze t ded t* ee t) es befS e s b ect
Igf gew I e/«'f acty . T egial _cleracn sa_p ’éﬁw Ee
eﬂ% actedf = SOOM’(-,_ eswfifs es g e si s.T ee;’f acted
] al y,cfetacﬁ sap ed¥ as st ed at —BOOCy t'y,se.

2.4. Designing the mPCR primers

g v.v o [
T esed e ceswfy” ) €, dls sedpea p [Fyt e 3D ge ewf

e A 4 |-
FMDV ® &€ tesa eds) egl s 9= is (Qi et a'., 2015). T e
sed e cesh:{,:; b €p g’isrsedtt!a » Iyt eNS3ge ewfBTV" & e

o /1 4
t"'e sgy e' S e ,5"9 7 ts (Fe getaf, 2014).T '? sed e cestf
”,.yi €y abs sedtLa", fyt eNgeyebfyPPRyWeet sa eas
" enk &6 Eis (Maleral, 2010). F i €5 a, liyig sppv,
GTPVE ORFV# & e des g ed s ) g PRIMER PREMIER 5.0 s=ii®  e.
Siy fisef,” 1 Es? Ee syt esked by | gfwge ¥adigoe
4 4 oSy F S ¥
(SagalC 1a)PCRy i ‘i’ dls f= edc td getge ea dGe
Ba AIaccessi-y b8 "'y I eac ;!i getedge ea dt eey ected
s pesef PCB," y,cts‘“ Ee 5, % ked ) Table 1.

2.5. Reverse transcription
T e"'elgse’fra s!f',i Y fRT’!eVacti. W as g&"y ed ) aZOMf
(-f es? I cetals5pled a Al i;;,,eb-ft eqla clek
acﬂ sa_p ’es, §;Lf4><FQBT S" & My (Fist a t RT E {‘ ,€
RNase I DS Ra de ) ) Yo olparb ) ' dNTP M t” e,
“eacty B_ff€, Th g¢”, TIANGEN Bitec , Bellg C Ja) {1'9
1OM’DEP&" at€ T 'e" eactd ow fad st wsip sit e i;t',}eﬁ-
) c_batys atéLZOCﬁﬁ 15 },a d€ ) at c’l?e"eacti-yb eat
1at95°CE 3 ).T ¢%wd cis® Ee g th 4°CR /alk;
ad Jpl;pecr 77 ~ ‘e
T
2.6. The uniplex PCR
Te ;P eact £ FMDV, BTV, PPRV, SPPV, GTPV,
ad rORF\?“as & kd 1,2 25! i/«t,"e oo taddg 125!
2xPe pTad™ 20 MYk HC HE3 100 MKcl Tad DNA
ool Fase1250p5u)3 MMECh 04 Meac dNTPs), 1plef
eac’ 10y wluh® 1 & (Table 1), 100 gefgd sDNAa d cDNA
te y late,a dt e added "™ ditfled™ at® 2§uf(-’, e')
tetal T edlcﬂfed‘f‘ @t(’é‘“ as_sedasa egat?go- Yol €a i
ficatpe sV & e, &S ed )7aT & < Cyc® K960 (Hez;f RZ ce,
Sagaig Ta)a”, fﬁ'é’sigt e fellt igs_tg s: ayfté‘ a i1
tplde at” ath at95°C&5 ),30cyclesard5oc & 305,57°¢
& 30sa’d72°C & 4§s,ﬁ-“ﬁ* ed byafi a’e/«te s at72°Cfe
10 3.A, lpe s" Eea alyzed by
i Vi
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el ,
Vi 5P e ﬁ’(:,," ¢ Sysed e, | Tyeac tf getge e
i

\/’; S p,‘ {:" Sed e ce(5' 3') Pes k¥ Py'-d‘ ctske A ea’s'ke Accessy -,
y J i 4 g" .
(Stan)
DNAg}_s
SPPV 4 SPPVF ACTAAACTTGTTACATTGTGA 119555 119576 177’1) ORF112 AY077832.1

(TU V02127)
SPPVR AACTTCTCCATCAATACATGA 119731 119711
GTPV
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Fg1 Agfusegeleldy Cespofte  lal;PeR”d cis(130h & FMDY,
257h € BTV, 687 R PPRV, 1770 &'SPPvi413h & GTPVd d 5q7h €
ORFV) sigd ¥ ¢ ta HETDL1000 DNA ladd® " wlec

Kely e $IE.

ealigte , € at”es Mﬁ"
gte » y

1 six tested viruses

PPRV 687by

y 500bp- -ORFV 507b
» 400bp- -GTPV 413by
b BTV 257t

200bp- -SPPV 177t

-FMDV 130!

» fe;a d k
y % diw s. MY DL 1000 DRA ladd® ™ lec " e g ¢
£ 18 . NTC egat e o el ddH,0; alls jtested i ses, FMDV, BTV, BPRV, SPPV,

GTPV,a d ORFV.

Fg.2 Age'ir'-se gefefec'fyfp &yes Feft e ft,i 3 ;P'Cls.”rbd cfsa p h
fied" § t ey ti
v

ix tested viruses

herichia coli
-21 cells

ine testis cells

o cell lines

>

\Y%

rker

. "V y 4 i "V
Fg. 3. Se skighy'-f "’E) fe;PCR.T eua’DNAa dRNATw , S ,"] ses™ e e
? " ﬁedya d i}éd as(!ete_! ate, t ete, p fatew as 10 ﬁ-fd <& nityd ‘,tyed.T e
ce 'fat’- Stef t e."‘a’DNAa dBNA“" € e ) d kgted abege eac la é.Aé% '-se'ge’
e ec'f_':p 'E'e[: Fof ol ke Ji PC’R,";-d cis® as ca‘_ kd .."}.LNIC‘ egat ige C= {
ddH,0. M¥ V&, bL 1660 DNA Hdd? u-ecy,ﬁa gt %IE.

3.3. The sensitivity and reproducibility of the multiplex PCR

Twdetectt ese skighy=ft e Jt,i fevPCR,t el";a’ge - I
DNAa dRNAW as d Atcs;l‘t'-beac‘ ce T atye Wf100 g/pJa d
Jhedast ete , lat€ f se skighyassayf ) e;PCR.T e
’t,i ’e; PCR¥ as ab fert‘- detect at/ least 109, g'-fsf;g'iafDNA
aRNA(FE 4).1 © & ofed chilbytestSt  la fe; PCR,”
[ wE Jith

es_ & egealedt att eta getée estef s ]"i, se’.! cea p Fiéd,
id'tatigt att e ,}.’Eb‘.' e;PCRF B ’91'-drcbe(F'g.5).

i

3.4. Multiplex PCR in positive samples
RNAa dDNA" & e e;’fyacted'fyb cellc ,ft",'et at" as ) fected

sigly® k FMDV,BTV,PPRV,SPPV,GTPV, 3’ dORFV.D i€ ¢ fom
bl athe sb-f."‘ysesw & ea p ’ﬁedbys i}" i Esalls i;."ia’DNAs
J »
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Fga.$echickyeft e dle;ad lale;PCRSkd ses (FMDV, BTV, PRV,
SPPV, (".:[PV,a dORFV) adellas " e’atye’& g"l ‘sesy(BVDV),!dEscherichia coli, BHK
21 ce”s, Beg) e test § ce”s, ad ‘J('e‘ \-ce” ’f e ke testedy] t Fst dy t\-ela’ ate
tegpechiciyefte 'e; ad 't; e;PCR.T e e lated .'{ des, bact? B,
BHK 21 ce”s,B-ll e féstb ce”s,'a a¥e b-cg” [ es® &e tested by JE,J fe; PCR.
T etX get ;'1 ses, e fated ("‘ ses, bacté‘v had ce”; sre )d 'tétet‘! abege eac

2 e ME JE ,5L 1080 DNA hda? wlec K egt 5§HENIC, egatigece 7ol

(ddH,0); alls ) tested o) ses. FMDV, BTV, PPRV, SPPV, GTPV, a d ORFV.

e"'_@"'-d S b i yef

Fg.5. T fd le;PCR. T ege « EDNAa dRNAWft g5l
' ‘ses""g'e‘ ;ed‘E’-‘ t eépal el“- hf:‘g"ybd ‘cphyhft e fs,i le PCR. Age'i'bse
ge(e’ec'f:? - es \ef .E){e; PCR," wd ot 'fdb' 10 feld s‘gh”yy di_ted DNA
a d RNA sa_p lesfe s{j; tested .'T sesWas & pd. T e cw ce Fatp’swf g"‘a’
ge =, r DNA 3 dRNA §e ‘d}:ate abege eac fa eadte ,’t,\i e; PCR¥ as
€& ed ) ¥ [pates. M§ €, DL 1000 DNA hdd®  wlec £ y1E,
,»cfe ed ]t lyates. Ma /€, adde ecya egt ar’e;
NTC, egat jge O ?'-’(ddeO).

I+ORFV+GTPV+BTV+SPPV

X ;&( tested viruses

ORFV+ORFV+GTPV

‘ PPRY+ORFV+GTPV+BTV

(s

J{) ’e i l‘?C_IS,"’hd‘ cts 'frt-
sedT e tested ."Y ses® é‘ E" d ta{ed abege

L' y "V . .

F 2.6. Aga wse e'e’ec’f\; wesk-ft e  J fe;a d
sigee %eo- b'fati- s'-f."l i Gy
cac_h e Ki% V¢ bL 1000 DNA haf® bfecyﬁ‘ W egt 1

,Le ; NTC,
o= ¥l(ddH,0).

egat ige

a dRNAscw_ldbedetectedsi _ka e s ’y.T ePC’l}"'l-d cis? e
130h (FMBV),257h (BTV), 687 (PPRV), 1775 (sPPY), 413p
(GTPV),a d 5071y (ORFV)” es ectigely (F k. 6).

p p J
3.5. Screening of clinical specimens by the uniplex and multiplex
PCR

43cfi tafs 9 [gwats g ech e

| sicldi 9 €c) e scw skt
) gefsH) scabs, “ 0 lEs§e s, bl E

Zbs gs,9 lee s, Y.’
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Fg.7. Aga -se fe’ ’ec'{', - e<}-f43 chi ta’@ ec) e sdetected by
DNA ladd®
PCR.

Ta'e2
Detectie f (5 getl'i ses ) 43 ch ta’g ech) e <c.\-”ected'f0- <LL< €9 |g=ats
byt ey K ’e*a d il W ’e*PCR

Assay \/ly‘ses
J
FMDV ~ SPPV BTV ~ GIPV ~ ORFV  PPRV
U, ,a le s PCRIRT PCR 3 0 0 8 22 7
M u 7e ; PCR 3 0 0 8 22 7
Tape3
Fe‘ e cy'-f."] sesal e oo ifecti 3 43cli tafg ec) e s collected fe
ee‘/g'-at<’
\/]y_ses N, bE of i fectir Pes ki ate (%)
FMDV 3 6.98
SPPV 0 0
BTV 0 0
GTPV 6 13.95
ORFV 19 4419
PPRV 6 13.95
GTPV + ORFV 2 4.65
ORFV +PPRV 1 2.33
V "V ’V V
wdesa ds& s Eecellectedfe t ese ot est? h.i ces
W C Ja a, d*etected by A ’e/ a d 'tj e; PCRﬁFg 7) T e
es.. ftcw e ile tral™y eac “wt ¥ (H‘abfe 2). Al PCR, wd
ct!“'ee<e4ecedt'-|a ?atete$ eclickyw=it e ,ire«ad
't)e R A bg43c Ia gecie<’37$ec‘y

,l'-y<khe by ’5‘ le s PC&E cigre PCR assays. G- ‘fecti- " k
" w ) _sds s ge . X ated 1 3 sa_p les {6.98%). Q= ] fect i
Wk tYeek l-e.] <ec“' as i-tdetected } tesec f Falsa

2 "e}s (Tables 2 a d 3) I & es tcbbtajeclpyt e ’e ; PCR
"’eel s Fte t‘i'i '-b{lh'-fea g t$t-t< {c digte
PCR £ SPPV, GTPV a d ORFV (Ve/ atesa etaf 2014 eta
2012),a da lt,a le ; PCR £ BTV, FMDV, PPRV (Q 1 et al, 2015).

k le 4PCR.Eac testigsa p & es It as ) d kated abege eac h e V] }5 DL 1000.
ecyﬁa Weg ¢ Y V€ NTC, egatie o= ’fu!(ddHZO)JB-h.eo- %! FMDV +SPPV ¥ BTV + GTPU/ + ORFV + PPRV, Negat ke, u.i s detected by yﬁu ke,
/

/

4. SSia

, ’t} le ;PCRa dRT PCR, Y e ls? & ede.e‘T ed) ¢ ¥
st_dy £/ e <i ka ew s detgcti- -f ﬂgf(; as™ell as Jed
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Ta" He. T Eefle, ar H a d, ec fe crhg mt;
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ate, a,." eq¥ sst dy as "des? bed ) t e detecti Wft” ee
<e<a d<l’RN 'ﬁ ses, bdratigt at ’t,i fePCR/RT
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aftwdt e ile E“fFMD,GP,ORFa dPPR. ’
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