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PEKOMBHUHAHTHBIX BEAKOB
30, pK205R 11 pB602L

B CEPOUATHOCTUKE AOPUKAHCKOW YYMbI CBUHEWN
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PE3IOME

Jkenpeccueii B £. coli nonyyeHbl pekombuHanTHble 6enkin p30, pK205R n pB602L Bupyca
adpuKaHcKkoii uymbl (BUHeN. Ha OcHOBe peKOMOUHAHTHbIX aHTUreHOB pa3paboTaH He-
NpAMOIA BapUaHT UMMYHOQEPMEHTHOTO aHanu3a AnA 0BHapYXeHUA aHTUTen K BUpYCy
adpuKaHcKoli uymbl CBUHeid. [luarHocTuueckas cneuuuuHocTb Tect-cuctem pK205R-
n pB602L-MOA coctaBnana 99,8%, p30-MOA — 99,5%. Ha pedepeHTHoii naHenu no-
NOXWTESIbHBIX CbIBOPOTOK AMArHOCTUYeCKas YyBCTBUTENbHOCTL cocTaBnana 100% ana
p30-MOA 1 pK205R-NDA 1 94,12% — ana pBE02L-UOA. Mpu nccnenoBaHum cbIBOPOTOK OT
3KCMepUMEHTANbHO 11 eCTeCTBEHHO MHULIMPOBAHHBIX X1BOTHbIX p30-UDA u pK205R-NOA
MPeBOCXOAUNN MO YYBCTBUTENHOCTU KOMMepYecKile TecT-CucTeMbl 11 Obiu CpaBHUMbI
€ UIMMyHodepMeHTHbIM aHan30M, KoTopblii BcemnpHas opraHy3auma 3paBooxpaHeHua
KUBOTHBIX PEKOMEHAYeT ANA CepoAMarHoCTUKI ahPUKaHCKOI Yymbl cBiHeN. MexpyHa-
POAHbIe CMYUTENbHbIE UCMbITAHINA N0 AUArHOCTUKe adPUKAHCKOI YyMbl CBUHEl NOATBEP-
AV BbICOKYH CMELMPUUHOCTb U YyBCTBUTENbHOCTB TecT-crictem p30-UOA 1 pK205R-NOA.

Knioueble ¢n1oBa: agpukaHCKas uyma cBUHeN, MMYHOGEpPMEHTHbII aHanu3, peKkom-
OWHaHTHbIe benKK, aHTuTena.

BBEAEHUE

AdpukaHckas yyma ceuHen (AYC) — BupycHasa 60-
Ne3Hb CBMHEWN, XapaKTepm3yoLanca TNXopagKon, LmaHo-
30M KOXW 1 O6LWIMPHBIMI reMopparvaMm BO BHYTPEHHNX
opraHax. Ana AYC xapakTepHO MHOroobpasue Gpopm Teue-
HKA 6ONe3HU: OT CBEPXOCTPON 1 ocTpoit co 100% neTanb-
HOCTbIO ;0 XPOHNYECKON.

AYC sHpemnuHa B Adpuke, CapauHun (Utanus),
a 2007 r. B 3akaBKa3be 1 Poccmmn. SkKoHOMUYeCKn yiepb,
HaHocumbi AYC, cKnagblBaeTca U3 NPAMbIX NOTEPb NO pa-
[OVKanbHOW TMKBMAALMM 6ONE3HU, OrPaHNYEHWIA B MEXAY-
HapoAHOW TOProene n N3mMepAeTCA COTHAMU MUINIMOHOB
ZJOnnapos.
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Bo3byanTtenb AYC — KpynHbIii 0601104eUHbI BUPYC
cemeiicTBa Asfarviridae, popa Asfivirus. TeHom Bupyca AYC,
npeacTaBneHHbIN gByxuenoveyHon JHK anuHon 170-192
TbICAYM NAP HYKNeoTUAOB, Koaupyet Ao 150 6enkos, us
HNX He MeHee 28 ABNAITCA CTPYKTYPHbIMK [11].

B cBA3M ¢ TeMm, uTO 3 deKTUBHbIE 1 Ge30nacHbIe Bak-
umHbl npotme AYC He pa3paboTaHbl, 6opbba ¢ 6onesHbio
BeLeTCA NyTem ee ANarHoCTUKM 1 INKBUAALMM OYaroB 3a-
6oneBaHus.

JlabopatopHas gnarHoctmka A4YC ocHoBaHa Ha BblsiB-
neHun Bo3byamTena 601e3HM UK aHTUTEN K HEMY B KPOBU
N opraHax UHPULIMPOBAHHDBIX XUBOTHbIX. MeToabl NpPAMO-
ro obHapyxeHusA Brpyca (BblaeneHne Ha KynsType KIeTok,
PMNO®, MLP) asnalTca NpUOpPUTETHLIMA ANA ANArHOCTU-
K1 CBEPXOCTPbIX 1 ocTpbiX popm AYC. Ceponorunvyeckune
MeTOAbl NPeAnoYTUTENbHbI ANA ANArHOCTUKN NOJOCTPbIX
N XpoHUYecknx ¢opm 6onesHn, obHapyKeHne aHTUTeN
K Bupycy AYC ABNAeTCA OCHOBHbIM CNOCO6OM BbisiBNE-
HUA KUBOTHbIX, NHOULMPOBAHHbIX HU3KOBUPYNEHTHLIMU
wrammamum [3].

B KauecTBe OCHOBHOro MeTofa Ceposiornyeckon gua-
rHoctukn AYC BcemnpHasa opraHm3auma 3gpaBooxpaHe-
HMA XMBOTHbIX (M3B) pekomeHAyeT UMMyHObEPMEHTHBI
aHanu3 (MOA), rge B KauecTBe aHTUreHa UCMONb3YyOTCA
YaCTMYHO OuMLLEHHble NpenapaTbl 6enkoB Bupyca AYC,
BbIpaLLeHHOro B KynbType Knetok MS (ganee M3b-UOA)
[6]. MonyyeHne Takoro aHTUreHa TPYAHO CTaHAAPTU3NPO-
BaTb, M OHO CBA3aHO ¢ bronornyeckumn prckamu. Kpo-
Me TOro, Npu BbICOKOW YyBCTBUTENbHOCTM MIB-UDA ero
cneymdrYHOCTb OTHOCUTENBHO HeBbicOKa [4]. B ¢BA3M
C 3TUM aKTMBHO BeAyTCA UCCIIeAO0BaHUA MO MONYYEHUIO
N 1CNoSIb30BaHUI0 B cepopmarHocTuke AYC pekombu-
HaHTHbIX aHTUreHOB, KOTOpble 6ronormyeckn 6eaonacHol,
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60nee TEXHOMOIrMYHbI B MPUIroTOBEHUN 1 ObecrneumBatoT
60onee BbicoKyto cneuunduryHocTb MOA. K HacToALemy Bpe-
MEHW ONKMCaHO NpUMeHeHue B cepogmarHoctke AYC He-
CKOJNbKMX PeKOMOMHAHTHbIX 6enkoB: p54 (7, 8], p301[9, 12],
pp62 [5], p10, p72, pA104R, pC44L, pCP312R [13], pK205R
1 pB602L [10].

Llenb gaHHo paboTbl cOCTOAA B TOM, UTOObI SKCMpec-
cuein B E. coli nonyuntb pekoMbuHaHTHble 6enkn p30,
PK205R 1 pB602L, paspaboTtaTb Ha UX OCHOBE HEMPAMON
BapuaHT DA n cpaBHuTb p30-, pK205R- n pB602L-MOA
Mexay coboi u ¢ KoMMepYeCcKnMn TecT-ccTemami ans
cepopunarHoctmkm AYC.

MATEPWAJIbI U METO/bI

Bupycel. Kak nctounmk IHK snpyca A4C ucnonbsosanu
poccuiickmin nzonat «OpeHbypr-2008».

BoideneHue supycHou [JHK ocyliecTBnanm metogom ad-
bUHHOI copbLUM Ha CTEKNTOBONOKHUCTBIX GUIbTPaX.

MYP. Ansa npoBeneHus MLP cobupanu peakymoHHyo
cMmecb, KoTopas cogepxana 5 mkn 10x 6ydepa ana MLP,
3 MM Mg?*, 0,2 mM dNTPs, 2 ea. Taqg JHK-nonmmepassl,
no 10 nmonb nNpanmepos, 5 Mkn pactsopa [IHK n Boay Ao
KOHeuHoro o6bema 50 MKk, Peakumio nposogunu B JHK-
amnnudukatope Mastercycler (Eppendorf, lepmanus).
Mporpamma BKntovana 3 MUH HayanbHOWM JeHaTypauun
npu 94 °C n 35 unknos lMLP: 30 cek. geHaTypauuun npu
94 °C, 30 cek. omxura npanmepos npu 55 °C n 40 cek.
anoHraumy npu 72 °C. NpoayKTbl peakumm aHannsnmpoBsa-
N1 ¢ noMoLbio 3nekTpodopesa B 2,0% arapo3HoOMm rene,
copepxatem 0,001% 6pOMMCTOro STMANA, NP Crme ToKa
50 MA.

MonekynapHoe K/T0OHUpOB8aHUe aMMIMKOHOB OCYLLeCT-
BAANW NO 06LWenprHATBIM MeToAnKam [1].

SKcnpeccus u 04UCMKA peKOMOUHAHMHbIX 6esiko8. Kynb-
TBMpoBaHue E. coli npoBoaunu B opbutanbHOM Lwelike-
pe npu 150 06/muH 1 37 °C. inAa nHAYKLUUN SKCnpeccun
B KYNIbTYPY KJEeTOK, JOCTUrLWYto noraprdmmuyeckon dasbl
pocTa, pobasnanu IPTG (Promega, CLUA). YpoBeHb 3Kc-
npeccun 1 pasmep pekoMOMHaHTHbIX 6eIKoB onpeaenany
C nomoLubio 3nekTpodpopesa B 12% nonvakpunammgHom
rene (MAAT).

OumnCTKY PEKOMOVHAHTHBIX GEJIKOB NMPOBOAMUIIA METO-
[OM MeTann-xenaTHon xpomatorpadum, MCnonb3ys B Ka-
yectBe copbeHTa His-Select Nickel Affinity Gel (Sigma,
CLUA).

Cbi80pOoMKU KpoBU c8uHel. PedpepeHTHble CbIBOPOTKMY,
cofepxalime aHTuTena K Bupycy AYC, 66111 nonyyeHbl 13
pedepeHTHO NnabopaTtopum EBponeickoro cotosa no AYC
(ASF-URL, CISA-INIA, Magpwg, icnaHwua). MNonoxutenbHyto
pedepeHTHy10 CbIBOPOTKY (koA B KaTanore — ASF-CP) npu-
MEHANN B KayecTBe NOJSIOXKNTENbHOro KoHTpons B VIDA.
PedepeHTHyI0 MaHeNnb CbIBOPOTOK (KOA B KaTasnore —
ASF-Ref-1) ucnonb3oBanu ans oLeHKN ANarHoCTUYECKON
yyBCTBUTENBbHOCTU NDA.

CbIBOPOTKM OT CBUHBU, SKCMEPUMEHTaNIbHO MHOULN-
POBaHHOW NONEBbIM POCCUNCKMM 130nAaTOM Brpyca AYC,
BbleneHHbIM B xofe Bcnbilkn AYC B [ckoBCKOI 06n1acTu
B 2014 r., 6611 NpefoCTaB/IeHbl COTPYAHUKAMU pedepeHT-
Hoit nabopatopum no A4YC OIbY «BHUWN3X». CBMHBA BbI-
»Kunna nocne 3apaxeHua n3onatom «AHToHoBo 07/14» 1 Ha
32 cyT. nocne nepeoro nHoMUMpoBaHnA Hbia 3apaxeHa
Brpycom A4C noBTOpPHO.

MoneBble CbIBOPOTKM OT €CTeCTBEHHO UHPULIMPOBaH-
HbIX BUpYycom AYC fOMALLIHUX CBUHEN ObININ NMOyYeHb U3
000 «[MX «JlazapeBckoe» Tynbckol 06nactu, rae B sHBape
2014 . 6bina 3apermcTprpoBaHa Bcnbiwka AYC,
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[lna onpepeneHns AMarHoCTUYecKon cneympmnyHocTm
NOA B KauecTBe 3aBeJOMO OTPULIATESIbHbBIX MPUMEHANN
CbIBOPOTKM KPOBM OT NJIEMEHHbIX CBMHEN, BBe3eHHbIX B PO
u3 cTpaH EBponeiickoro coto3a, cBobofHbix oT AUC.

N®A. Pazpabotka MDA Ha ocHOBe peKOMOMHAHTHbIX
6enkos p30, pK205R 1 pB602L aBnAnacb npegmMeToMm mc-
CcnefoBaHWiA, YCNIOBUS NPOBeAeHUs aHanm3a OnucaHbl
B pa3gene «Pe3ynbTtatbl U 06CyKAeHME.

NDOA c kommepuecknm Habopom INGENASA INGEZIM
PPA COMPAC (Ingenasa, cnaHna) nposoannu B COOTBET-
CTBUW C MHCTPYKLIMEN K TeCT-CUCTEME.

Cmamucmudeckas o6pabomka 0dHHbIX. JnarHoctmye-
CKY!0 YyBCTBUTENbHOCTD 1 cneundunyHocTb DA Bblumcns-
nun no dopmynam, pekomeHaoBaHHbIM M3b:

A, = /NN +J10) x 100%;

A e, = (MO /MO + 1) X 100%,

rae WM — MCTMHHO NONOXUTENbHbBIN Pe3yfbTaT;

J1O — noxKHooTpULaTeNbHbIN pe3ynbTar;

NO — UCTNHHO OTpurLaTeNbHbIA pe3ynbTaT;

JIN —— noXHoNoNoXNTeNbHbIN pe3ynbTar [3].

PE3YNIbTATbI U OBCYXAEHUE

MonyueHue pekoMbUHaHMHbix 6esko8. feHbl CP204L,
K205R v B602L amnanduumposanu metogom MUP, ncnonb-
3ya [JHK poccuiickoro nsonara supyca AYC. B peakunn
NPUMEeHANN Npaimepbl, COAeprKaLlme CanTbl PeCTPUKUNN
Bam HI v Hind Ill. Mocne 06paboTkn cooTBeTCTBYOWMMN
pecTprKTa3amMm aMMNKOHbI KIIOHMPOBANMN B SKCNpeccu-
pyownin nnasmngHbin BeKTop nog T5-npomoTop.

B pesynbraTe TpaHchopmauny peKoMOUHaHTHbIMU
naasMmaamm KomneTeHTHbIX Knetok JM109 E. coli nonyun-
NN KNOHbI, 3KCNpeccupytolme pekomorHaHTHble 6enku
p30, pK205R 1 pB602L Bupyca A4YC. MonekynapHbIN Bec
PEKOMOUHAHTHBIX 6e/TKOB COOTBETCTBOBA PAaCYETHOMY
(punc. 1).

C uenblo NOBbIWEHUSA BbIXOAA PEKOMOUHAHTHBIX 6en-
KOB NPOBefAeHbl SKCNePUMEHTbI MO ONTUMK3aLNN YCIOBUN
JKCnpeccmm n oYNCTKU. B pesynbrate onTummsauum Bcex
napameTpoB YAAN0Ch MNOAYYMTb OUULLEHHbIE NpenapaTbl
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Puc.1. 3kcnpeccus 8 E. coli pekombuHaHmHeix 6eskos p30,
K205R u pB602L supyca AYC, ananu3s 8 12% [MAAle.

1 u 9 — mapkep monekynapHol maccel 6es1ko8
(Fermentas);

2 — nu3am HepekoMbuHaHmMHozo wmamma E. coli
(ompuyameneHbili KOHMPOSIL);

3, 5u 7 — 3kcnpeccus 8 E. coli pekombuHaHmMHwix 6es1k08
p30, pK205R u pB602L coomeemcmeeHHo;

4, 6 u 8 — o4uWeHHble npenapameol peKOMOUHAHMHbIX
6enkos p30, pK205R u pB602L coomsemcmeeHHO
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Puc. 2. AHMu2eHHaa akmugHOCMb PeKOMOUHAHMHbIX
6esnkos pK205R (K1), pB602L (K2) u p30 (K3) supyca
AYC 8 Henpamom sapuaHme VIOA ¢ KOHMPObHbIMU
CbIBOPOMKAMU Kpo8U c8UHel

PEKOMOVHAHTHBIX GEIKOB C BbICOKOW KOHLIEHTpauuei.
Bbixop ounwieHHoro npoterHa co 100 mn KynbTypbl E. coli
coctasun 1,75 mr gna p30, 1,5 mr — gna pK205R n 2 mr —
anAa pB602L.

AHTUTEHHYI0 aKTVBHOCTb PEKOMOMHaHTHBIX 6eKoB
nposepAny B HenpAmoMm BapuaHte MDA ¢ KOHTPOSIbHbIMUK
CbIBOPOTKaMU CBUHeEN, B3ATbIMMY B pa3BegeHnn 1:20. 3aBu-
CMMOCTb CpefiHel ONTUYECKOW NIIOTHOCTN KOHTPOSbHbIX
CbIBOPOTOK OT KOHLEHTPaLMM PEKOMOUHAHTHBIX aHTW-
reHoB NpeacTaBneHa Ha puc. 2. Bce Tpu 6enka obnaganu
BblPaXeHHOW aHTUIreHHOWN aKTUBHOCTbIO.

Paspabomka p30-, pK205R- u pB602L-VIDA. Ha ocHoBe
peKOMOUHAHTHbIX aHTUreHoB P30, pK205R 1 pB602L pas-
pabotaH Henpamow BapuaHT DA ans BbisiBNeHWA aHTUTEN
K Bupycy AYC B cbiIBOpPOTKax KpoBM CBUHeN. B npouecce
paboTbl onpefeneHbl oNTYMasnbHble YCNIOBUA peakLmn: pa-
60u4anA KOHLeHTpaLVsA aHTUIeHOB, Pa3BefieHNe CbIBOPOTOK
1 KOHblOraTa, CocTaB 6/10KMpYHoLLEro pacTBOPa, TemMnepa-
TYPHO-BPEMEHHON pexnm ana kaxgoro stana NOA. Tak-
e 6bInK onpefeneHbl JONYCTUMbIE 3HaYEeHWs ONTUYECKON
NAOTHOCTU KOHTPOJbHbIX CbIBOPOTOK, NO3UTUBHO-HEra-
TUBHBIV MOPOT 1 BOCNPOM3BOAMMOCTb pe3ynbratos VDA,

B pesynbTtaTe onTUMM3auny BCex napameTpos Obina
NpViHATa cnepytoLias cCxema NnocTaHOBKM HEMPAMOro Bapui-
aHTa VIOA. B Kaxkayto nyHKy nnaHweTta BHocunm no 100 mkn
PEKOMOUHAHTHOrO 6esika B pabouem pa3BegeHumn B 0,05M
KapboHaTHO-6rKap6oHaTHOM 6ydepe (pH 9,6) U MHKYOK-
poBanu 16-18 u npu +4 °C. 3aTem nNnaHwWeTbl OTMbIBaNM 3
pa3a 6ydepom PBST (Ha 1 n pactBopa: NaCl — 8,0 r; KCl —
0,2r;Na,HPO, —2,8 ;K. HPO, — 0,2 r; Tween-20 — 0,05%);
pH 7,3). JlyHkn nnaHweToB 6MoK1poBanu 3% pacTBOPOM
Mosoka B PBST, BHoca no 100 MK pacTBopa B Kaxayto 13
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HUX, U nHKY6MpoBanu 1 4 npu 37 °C. MnaHwWweTbl OTMbIBA-
nun 3-KpaTHO pacTBopom PBST. TecTnpyemble CbiIBOPOTKH,
pa3BefeHHble 1:20 B 6nokupytowiem 6ydepe, BHoCMNN
B o6beme 100 MKN Ha TlYHKY U HKY6UpOBanv B TepMoCTa-
Tupyemom wernkepe 1 4 npu 37 °C. [oBTOPANM OTMbIBKY
NnaHLWeToB, BHOCUAN KoHbtoraT (Sigma, CLLIA) B pabouem
pa3BefeHUN 1 UHKYO6UpoBanu B Tex xe ycnosusax. Mo-
crlie OTMbIBKY BHOCUAM cybcTpat ABTS, uepes 10-15 MuH
oCTaHaBnMBanu peakuuio gobasneHvem 1% pactBopa
popeunncynbdata HaTpUA 1 YUUTbIBaNn pesynbTaThbl pe-
aKLMU Ha CreKTpodoToMeTpe Npu AJIHE BOJHbI 405 HM.
3HauyeHunA npoueHTa nosutmusHocTy (M) nccnegyembix
npo6 onpegensnu no popmyne:

(ON npo6bl — OM K) / (OMN K* — 0N K) x 100%,

roe ON npobbl — onTryeckasa NAOTHOCTb Uccnepye-
MOW CbIBOPOTKM;

OlN K — onTtnyeckasa NNOTHOCTb OTPULIATENIbHOWN KOH-
TPOJIbHOW CbIBOPOTKU;

OlN K* — onTrnyeckas NNOTHOCTb MNONIOXKNUTENbHOW KOH-
TPONbHOW CbIBOPOTKU.

CbIBOPOTKM cunTanu otpuuatenbHbiMuy, ecnu MM 6bin
MeHblLue 20%, nonoxutenbHbiMu — npu MM 6onblue nunm
paBHOM 25% 1 comHUTeNbHbIMY Mpu MM 6onbLue 20%, HO
MeHbLue 25%.

OnpedenieHue aHanumu4eckol cneyugudHocmu u 4ys-
cmaumensHocmu UOA. AHanuTnyeckyto cneunduyHoCTb
N®A npoBepanu Ha CbIBOPOTKax KPOBW CBUHE, COfepKa-
LMX aHTUTENA K BUPYCaM KNacCUYeCKon Yymbl CBUHEN, pe-
NPOJAYKTUBHO-PECNNPATOPHOrO CUHAPOMA, LIMPKOBUPYCY
CBWHeN 2 Tuna, rpunna, 6onesHu Ayecku, napBoBrPYCHOM
MHPeKL K. Bce CbIBOPOTKM NOKa3anu oTpuuaTenbHbli pe-
3ynbtat B pK205R-, pB602L- 1 p30-VDA.

[nAa npoBepKM aHanNUTMYECKON YYBCTBUTENbHOCTU
N®A npurotoBunmn cepuio 2-KpaTHbIX pa3sefeHuin pede-
PEHTHOW NONOXNTENbHOW CbIBOPOTKU. [peaenbHoe pas-
BefleHVe CbIBOPOTKU, B KOTOPOM Obii BbISIBNIEHbI aHTU-
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Ta6bnuua 1
Pesynbtatbl DA ¢ pedpepeHTHOI NaHENbIO CbIBOPOTOK

BONE3HN CBUHEN SWINE DISEASE

TecT-cuctema

ﬂig:;g&%‘ W3onat Bupyca AYC
1 oTpuLaTenbHas - -3,01% -2,54% -1,19%
2 NONOXUTENbHAA E75/E70 (SPAIN) 115,18% 128,48% 138,47%
3 MoNoXMTeNbHaA E75/E70 (SPAIN) 106,23% 51,07% 47,97%
4 NONOXUTENbHASA Ken05.Tk1 (KENYA) 97,14% 85,39% 33,82%
5 oTpuLaTenbHas - -2,54% -1,18% -1,54%
6 cnabononoxuTenbHas E75/E70 98,33% 45,16% 36,98%
7 MoNoXuTeNbHasA E75/E70 (SPAIN) 108,75% 130,17% 135,21%
8 cnabononoxuTenbHas E75/E70 86,58% 46,15% 36,58%
9 oTpuLaTenbHas - -2,94% -1,15% -2,38%
10 NONOXUTENbHAA E75/E70 69,39% 63,38% 39,46%
n MONOXMTENbHAA E75/E70 104,71% 122,62% 103,50%
12 NoNOXMUTebHaA E75/E70 65,92% 62,93% 39,07%
13 CUIIbHONOSIOXKNUTENbHASA NHV/L60 96,81% 80,17% 38,80%
14 MoN0XMTENbHAA NHV/L60 83,37% 75,73% 5.29%
15 CUIbHONONOXMUTENbHASA NHV/L60 113,64% 94,10% 40,24%
16 CUIIbHOMOSOXNUTENbHASA NHV/L60 103,00% 118,47% 76,04%
17 oTpuLaTenbHas - 0,68% 1,16% -4,92%
18 oTpuuaTenbHas - 0,29% 0,97% -6,49%
19 CUIIbHONOSIOXKNUTENbHASA NHV/L60 112,96% 114,51% 76,16%
20 CUNbHOMONOXKMTENbHAA NHV/L60 100,29% 58,99% 63,78%
21 NONOXMTENbHAA NHV/L60 107,93% 99,71% 44,08%
22 MoN0XMTENbHAA NHV/L60 71,85% 107,25% 98,86%

p30-, pK205R- 1 pB602L-UDA: MM>25% — nonoxutenbHblil pesynbrart,
MM<20% — oTpuLaTeNbHbIN pe3ynbrar,
20%<1M<25% — COMHUTENbHbIN pe3ynbrar.

Tena K Bupycy AYC, coctaBnano 1:640 ana pK205R-NOA,
1:1280 gna p30-UOA n 1:320 gna pB602L-NDA. Takum
06pa3om, Camyio BbICOKYHO aHAJIUTUYECKYIO YyBCTBUTENb-
HoCTb npofeMoHcTprpoBan p30-MOA, y pB602L-VIDA oHa
6bls1a cCaMoWi HU3KOM.

OnpedeneHue duazHocmudeckoli cneyuguyHoCMu U yys-
cmeumenbHocmu MOA. ina onpefneneHna guarHoctnye-
ckon cneunduryHoctn QA Tectuposanu 1000 3aBefomo
oTpuruaTenbHbix Ha AYC CbIBOPOTOK KPOBY OT CBUHEN, BBE-
3eHHbIx B PO 13 cTpaH 3anagHoii EBponbl, cBO60AHBIX OT
AYC. Npwn 31om B pK205R-UDA 1 pB602L-MDA 6bin0 nony-
YeHO MO 2 NIOXHOMONOXKMTENbHbIX pe3yrbTaTa, a B p30-MOA
— 5 NOXXHOMONOXMTENbHbIX pe3ynbTaToB. TaknM 06pa3om,
cneunduuHocTb pK205R-MOA 1 pB602L-UIDA coctaBnana
99,8%, cneuuduruHocTtb p30-UOA — 99,5%.

YysctButenbHocTb IOA nposepsanmn ¢ ncnonb3oBaHu-
eM pedepeHTHOI NaHeNn CbiIBOPOTOK, NpefHa3HauYeHHOM
ANA BanvaaumMm MeTofoB CePOSIornyeckol AnarHoCTUKN
AYC. MaHenb 6bina NpepocTaBeHa pepepeHTHON Nabopa-
Topuen EBponeiickoro cotoza no AYC (ASF-URL, CISA-INIA,
Magpwuga, Wcnanuws) u Bkmoyana 22 obpasua: 17 nonoxm-
TesbHbIX 1 5 oTpuuatenbHbix Ha AYC. B p30- n pK205R-

N®A aHTuTena K Bupycy AYC 6binn BbIABNEHbI BO BCEX MO-
NOXUTeNbHbIX 0bpasuax, B pB602L-MOA nonoxuTenbHasa
cbiBopoTKa N2 14 npogeMoHCTprpoBana oTpuLaTebHbIn
pe3synbtat (Tabn. 1). CnegoBaTenbHO, ANarHoCTMYeCKas
4yBCTBUTENBHOCTb P30- 1 pK205R-UIDA Ha pedepeHTHOI
naHenu cbiIBOPOTOK cocTaBmna 100%, a UyBCTBUTENbHOCTb
pB602L-VIOA — 94,12%.

Taknm 06pa3om, B pesynbraTe CPaBHUTENbHBIX UCCe-
JoBaHUi 6bINo ycTaHOBEHO, YTo PB602L-VIDA ycTyna-
eT pK205R-MDA n p30-UDA Kak no aHanUTUYeCKom, Tak
1 MO ANArHOCTUYECKON YyBCTBUTENbHOCTU. Kpome TOro,
B npouecce paboTbl y pekombrHaHTHOro 6enka pB602L
BbIABWICA elle OAUH HeJOCTaTOK: MPU XPaHeHNN OH [0-
BOJIbHO ObICTPO TEPAN aHTUreHHY aKTUBHOCTb. /3-3a
3TO HeCTabUNbHOCTM NPU XPaHEHUWN ero NPUXOoANNOCh
perynapHo «nepeTUTPOBbIBaTb, T.e. 3aHOBO onpeaenATb
pabouyto KOHLEeHTpaLuto. B oTnnume ot 6enka pB602L, pe-
KOMOVHaHTHble aHTureHbl pK205R 1 p30 oTnmMyanmcb xo-
poLuei cTabnnbHOCTHIO MPU XpaHeHUN. YUnTbiBasA BCe 3TO,
13 Tpex pa3paboTaHHbIX TECTOB ANA AaNbHelwWweln paboTbl
6b111 0To6paHbl ABa: P30-MOA n pK205R-UDA. Oba TecTa
nokasanu Ha pedepeHTHOI naHenn 100% 4yBCTBUTENDb-
HOCTb, a NX cneundUYHOCTb Npesbiwana 99%.

CpasHeHrue p30- u pK205R-UIDA ¢ KommepyecKUMU Ha-
6opamu. OgHa 13 3apay faHHoW paboTbl 3aknovanacb
B CpaBHEHWM pa3paboTaHHbIX TECT-CUCTEM C KOMMepYe-
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BONE3HN CBIHE SWINE DISEASE
Ta6nuua 2

Pesyana'rbl ucaiefoBaHnA CbiIBOPOTOK KPOBU OT CBUHDU, SKCNEePUMEHTaNIbHO 36pa)KeHHOI7I BUpycom AYC

TecT-cuctema

p30-UDA pK205R-1OA BHUNBBuM AYC-MOA INGENASA

4 3,15 9,34 0,106 384
9 65,19 53,66 0,270 66,7
12 74,59 67,43 0,300 82,0
16 74,80 69,14 0,328 80,8
21 92,53 70,42 0,453 88,5
24 95,73 72,88 H.1. 87,3
40 106,41 88,36 0,6009 93,5
L] 105,66 89,64 0,6107 96,8
50 115,27 80,35 H.M. 97,4
63 119,75 102,88 1,0559 100,0

p30- 1 pK205R-UOA: MM1>25% — nonoxuTenbHbIA peynbrar,

MN<20% — oTpuuatenbHblit pe3ynbrat, 20%<MM<25% — cOMHUTENbHDIN pe3ynbar;

INGENASA: <40% — otpuuatenbHblii pesynbrart, >40% Ho <50% — cOMHUTENbHbIR pe3ynbTat, >50% — nonoXxuTenbHblii pe3ynbar;
BHUNBBuM AYC-NOA: nonoxutenbHblii koHTponb — 1,874, oTpuiiatenbHblit KoHTponb — 0,118,

Mpo6bl ¢ O B 2,5 n bonee pa3 BbilLe OTPULATENLHOTO KOHTPOAA, T.e. 6onee 0,295, — nonoxutenbHble, MeHee 0,295 — oTpuLaTeNbHble;
BHUBBUM AYC-WOA gna nepenposepkin cbiBopoTki Ha 9 [N B HoBOiA cepum Habopa:

NONOXKMUTENbHbIN KOHTponb — 1,407, oTpuuaTenbHblii KoHTponb — 0,10095.

Mpo6bl ¢ O B 2,5 n bonee pa3 BbilLe OTPULATENLHOIO KOHTPONA, T.e. 6onee 0,252 — nonoxuTenbHble, MeHee 0,252 — oTpuLaTeNbHbIe;

H.W. — He uccnenosanu.

CKUMK Habopamu ans cepopmnarHoctmkn AYC. CpaBHuU-
TeSIbHbIV aHann3 YyBCTBUTENIbHOCTU TECT-CUCTEM NPOBO-
AVAN C NCMNONb30BaHNEM CbIBOPOTOK KPOBW OT CBUHbM,
3KCNeprIMeHTaNbHO MHOUUMpPOBaHHOW Bpycom AYC.
B p30- n pK205R-UDA aHTuTena k Bupycy AYC 6binun
BbISIBNIEHbI BO BCEX Npobax, 0To6paHHbIX Ha 9-63 AHM
nocne nHoumymposauus (AMNN) (tabn. 2). AHanornyHble
pe3ynbTaTbl 66U NONyUYeHbl C NCNoNb3oBaHNeM Habopa
INGENASA INGEZIM PPA COMPAC (Ingenasa, icnaHua).
B «<Habope ana ummyHodepMeHTHON ANArHOCTUKN ad-
puKaHckor yymbl crHen (BHUMBBuM AYC-UIOA At/Ar)»
(THY BHUMBBUMM, r. Mokpos, Poccra) B CbiIBOPOTKE, OTO-
6paHHoN Ha 9 ANW, nsHavanbHO aHTUTeNa He obHapy-
KM1BaNNCb, HO NPY NOBTOPHOM MCCIeOBaHNN HaboPOM
LpYroii ceprmn CbiIBOPOTKa Nokasana c1abononoxurenb-
HbI pe3ynbTaT (AaHHble, MOTyYeHHbIe C UCMOJNIb30BaHNEM
3TOW TeCT-CMCTEMBI, TPEAOCTABNIEHbI COTPYAHUKOM pede-
peHTHOWM nabopaTtopun no A4YC OrbY «BHUN3XK» Mepin-
HbiM A.C.).

WiccnedosaHus nosesbix CbIBOPOMOK Kposu. B AHBape
2014 r. 6binn nonyyeHbl 18 NPo6 CbIBOPOTKU KPOBU CBU-
Hen 13 oyara AYC (OO0 «[X «JlazapeBckoe» TynbcKom
obnactn). Bo Bcex 18 npob6ax metogom MMLP 6bina obHa-
pyxeHa [1HK Bupyca AYC. 3To nogTBepxaeT, YTo KPOBb
6bl1a B3ATa OT 3aPaKEHHbIX >KMBOTHbIX. AHTUTENA K BUPYCY
AYC 6b1n1 06Hapy»KeHbl B 14 Npobax C MCNONb30BaHNEM
p30-UOA u B 13 npobax ¢ ncnonbzosaHrem pK205R-NOA
(Tabn. 3). CxofHble pe3ynbTaThl (12 MONOXUTENBHBIX NPO6)
6b1nn nonyyeHbl B MIB-UDA (pesynstatbl MOB-UDA npe-
[JOCTaBJIeHbl COTPYAHUKOM pedepeHTHOI nabopaTtopun
M3b no AYC (Maapuga, Vicnanus) JluHon Myp). A BoT ¢ npu-
MeHeHVeM Kommepueckoro Habopa INGENASA INGEZIM
PPA COMPAC (Ingenasa, VicnaHna) aHTutena K BMpycy
AYC yganocb o6HapyXuTb TONbKo B 2 npobax. Huskas
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yyscTBuTenbHOCTb INGENASA, a TakxKe pasHoUTeHMA No
HekoTopbIM Npobam (NeNe 1, 2, 6, 11, 12 n 14) mexay p30-,
PK205R-VIOA n M3B-UDA B gaHHOM cnyyae, O4eBUIHO,
06BACHAITCA TEM, YTO YPOBEHb aHTUTen K Bupycy AYC
B NOJIEBbIX CbIBOPOTKAX Oblfl OUEHb HU3KUM, MOCKOMNbKY
C MOMEHTa 3apaeHnA XNBOTHbIX A0 0T6opa Npob npo-
LUNO Mano BpemMeHw.

OueHka p30-UDA u pK205R-UDA 8 MexOyHapOOHbIX C/1u-
yumesibHblx ucneimanusx. B 2013 r. p30-MOA n pK205R-
NOA 66111 nprMeHeHbl B MeXXAYHAPOAHbIX CPaBHUTENb-
HbIX UCMbITaHUAX NO AnarHoctnke AYC, opraHn3oBaHHbIX
pedepeHTHOI Nnabopatopuei no AYC EBponeickoro co-
to3a (URL-CISA-INIA, Magpwug, VicnaHuna). B xope ncnbiTa-
HWI 6blN NPaBMIbHO onpefeneH MHGEKLMOHHBIN CTaTyC
BCEX 3aKOAUPOBaHHbIX CbIBOPOTOK [2]. Pe3ynbTaThbl ncnbl-
TaHWI NOATBEPXKAAIOT, UTO pa3paboTaHHbIE TECT-CUCTEMbI
p30-MDA n pK205R-NDA aBnalTcA YyBCTBUTENbHBIMMY,
cneymoUYHbBIMU 1 NO3BONAIOT JOCTOBEPHO onpefenaTb
aHTuTena K snpycy A4C B CbIBOPOTKax KPOBU CBUHEN.

BbIBOJbI

1. Ha ocHOBe peKOMOUHaHTHbIX aHTUreHoB pK205R,
pB602 1 p30 paspaboTtaH Henpamoii BapuaHT DA gna
BblABNEeHNA aHTUTenN K Brpycy AYC B CbIBOPOTKaX KpoBK
CBUHEN.

2. Ha pedepeHTHO NaHenu nonoXuTenbHbIX CbiBO-
POTOK AMArHoCTMYecKasa YyBCTBUTENIbHOCTb COCTaBNA-
na 100% gna p30-IOA n pK205R-UDA n 94,12% — pna
pB602L-UDA. inarHoctuueckaa cneynduryHoctsb p30-,
pK205R- 1 pB602-UDA npesbiwana 99%.

3. TNpw nccnepoBaHNmM CbIBOPOTOK OT IKCNEPUIMEHTaSTb-
HO 1 eCTeCTBEHHO MHPULMPOBAHHBIX XMBOTHbIX p30-MOA
1 pK205R-VIOA npeBocxoannu No YyBCTBUTESIbHOCTU KOM-
MepyecKue TecT-cmctembl 1 6biin cpaBHUMBI ¢ M3B-UOA.
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Tabnuua 3
Pe3ynbraTbl uccnef0BaHuii NoNeBbIX CbIBOPOTOK M3 oyara AYC
(000 «IX «Jla3apeBcKoe»)

BONE3HN CBUHEN SWINE DISEASE

TecT-cuctema

T 2
p30-NDOA pK205R-NOA INGENASA M35-NOA
oTp. oTp.

1 26,87 18,89

2 36,27 21,46 (cOMH.) oTp. non.
3 32,28 42,93 oTp. non.
4 45,06 51,09 non. non.
5 39,91 41,95 oTp. non.
6 23,59 (comH.) 39,38 non. oTp.
7 11,09 14,55 oTp. oTp.
8 41,60 38,14 oTp. non.
9 35,12 43,02 oTp. non.
10 17,03 16,23 otp. otp.
n 27,94 51,09 oTp. otp.
12 13,30 13,48 otp. non.
13 30,60 48,43 oTp. non.
14 32,1 42,22 oTp. oTp.
15 35,30 50,91 oTp. non.
16 54,99 54,46 otp. non.
17 53,84 49,14 oTp. non.
18 31,93 55,43 otp. non.

p30- 1 pK205R-NDA: NN>25% — nonoxuTenbHblii pesynbrar,
MM<20% — oTpuLaTenbHblil pe3ynbrar,
20%<M<25% — COMHUTENbHbII pe3ynbrar.

4. Pe3synbTaTbl BHYTPWIabopaTOPHbIX U MeXAyHapos-
HbIX CPaBHUTENbHbBIX UCMbITAaHUI NOATBEPXKAAIOT, UTO TECT-
cuctembl p30-UDA n pK205R-MOA aBnaioTca uyBCTBUTENb-
HbIMK, CNeLndUUHBIMUK 1 NO3BOJIAIOT AOCTOBEPHO onpefe-
nATb aHTUTenNa K Bupycy AYC B CbIBOPOTKaX KPOBM CBUHEN.
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SUMMARY

p30, pK205R and pB602L recombinant proteins of African swine fever (ASF) virus were
generated by expression in E. coli. Indirect ELISA for detection of antibodies to ASF virus was
developed on the base of the said recombinant proteins. Diagnostic specificity of pK205R-
and pB602L-ELISA tests systems was 99,8%, p30-ELISA — 99,5%. Diagnostic sensitivity
p30-ELISA/pK205R-ELISA and pB602L-ELISA was 100% and 94,12%, respectively, when the
reference panel of positive sera was used. The sensitivity p30-ELISA and pK205R-ELISA used
for testing sera from experimentally and naturally infected animals was found to be higher
than that one of commercial test systems and comparable to the ELISA recommended by
the World Animal Health Organization for ASF serological diagnosis. High p30-ELISA and
pK205R-ELISA specificity and sensitivity were confirmed by results of international profi-
ciency testings for ASF diagnosis.

Key words: African swine fever (ASF), enzyme-linked immunosorbent assay (ELISA),
recombinant proteins, antibodies.

INTRODUCTION

African swine fever (ASF) is a viral disease of pigs char-
acterized by fever, cyanosis of skin and extensive hemor-
rhages of internal organs. Clinical ASF forms range from
hyperacute and acute forms causing 100% lethality to
chronic form.

ASF is endemic in Africa, Sardinia (Italia) and in Tran-
scaucasia and Russia from 2007. Economic losses due to
ASF include direct costs associated with the disease eradi-
cation, restrictions in international trade and amount to
million dollars.

ASF agent is an enveloped virus of Asfarviridae family,
Asfivirus genus. The ASF virus genome is a double-strand-
ed DNA of 170-192 kbp which encodes up to 150 proteins
including at least 28 structural proteins [11].

Due to lack of efficient and safe vaccines against ASF
the control of the disease is carried out by its diagnosis and
outbreak eradication.

Laboratory ASF diagnosis is based on detection of the
disease agent and antibodies against it in blood and or-
gans from infected animals. Methods of direct virus detec-
tion (virus isolation in cell culture, direct immunofluores-
cence test, PCR) are preferred for diagnosis of hyperacute
and acute forms of ASF. Serological tests are preferable
for diagnosis of subacute and chronic forms of the disease
and detection of antibodies to ASF virus is the main tool
for identification of animals infected with low virulent virus
strains [3].
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The World Animal Health Organization (OIE) recom-
mends to use enzyme-linked immunosorbent assay (ELI-
SA) with partially purified proteins of ASF virus propagated
in MS cell culture as an antigen (hereinafter, OIE-ELISA)
as the main method for serological diagnosis of ASF [6].
Preparation of such antigen is difficult to standardize as
well as associated with biological risks. Moreover, though
OIE-ELISA has high sensitivity its specificity is rather low
[4]. Therefore, extensive investigations are carried out to
develop recombinant antigens that are biologically safe,
easily producible and confer high specificity to ELISA and
to use them for ASF serodiagnosis. So far, use of some re-
combinant proteins, p54 [7, 8], p30 [9, 12], pp62 [5], p10,
p72, pA104R, pC44L, pCP312R [13], pK205R and pB602L for
ASF serological diagnosis has been reported [10].

The works described in the paper were aimed at devel-
opment of p30, pK205R and pB602L recombinant proteins
by their expression in E. coli and development of indirect
ELISA based on them and comparison of p30-, pK205R-
and pB602L-ELISA against each other and with commercial
test systems designed for ASF serological diagnosis.

MATERIALS AND METHODS

Viruses. Russian ASF virus isolate «Orenburg-2008» was
used as a source of ASF virus.

The virus DNA extraction was performed by affine sorp-
tion on glass fiber filters.

Polymerase chain reaction (PCR). A reaction mixture is
prepared for PCR that contains 5 pl of 10x PCR buffer, 3 mM
Mg?**, 0,2 mM dNTPs, 2 units of Taqg DNA-polymerase, prim-
ers (10 pmol/primer), 5 pl of DNA solution and water to
bring the volume up to 50 pl. The reaction is performed in
the Mastercycler DNA amplifier (Eppendorf, Germany). The
procedure includes initial 3 min denaturation at 94°C and
35 PCRruns: 30 sec denaturation at 94°C, 30 sec primer an-
nealing at 55°C and 40 sec elongation at 72°C. The reaction
products were analyzed by electrophoresis in 2,0% aga-
rose gel containing 0,001% ethidium bromide at 50 mA.

Molecular cloning of amplicons was performed using
common methods [1].

Expression and purification of recombinant proteins.
E. coliwas cultivated in orbital shaker at 150 rpm and 37°C.
IPTG (Promega, USA) was added to induce expression in
log-phase cell culture. The level of expression and sizes
of recombinant proteins were determined by 12% poly-
acrylamide gel electrophoresis.
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The recombinant proteins were purified by metal-che-
late chromatography using His-Select Nickel Affinity Gel
(Sigma, USA) as a sorbent.

Porcine sera. Reference sera containing antibodies to
ASF virus were obtained from the EU Reference Laboratory
for ASF (ASF-URL, CISA-INIA, Madrid, Spain). Positive refer-
ence serum (catalogue code — ASF-CP) was used as posi-
tive control in ELSIA. Reference panel of sera (catalogue
code — ASF-Ref-1) was used for ELISA diagnostic sensitivity
assessment.

Sera from a pig experimentally infected with Russian
ASF virus isolate recovered in ASF outbreak occurred in
the Pskov Oblast in 2014 were provided by staff members
of the FGBI «<ARRIAH» Reference Laboratory for ASF. The
pig survived after infection with «Antonovo 07/14» virus
isolate and was re-infected with ASF virus on day 32 after
first infection.

Field sera from naturally ASF infected pigs were ob-
tained from OOO «PKh «Lazarevskoe pig farm», Tula Oblast,
where ASF outbreak was reported in January 2014.

To determine ELISA diagnostic specificity sera collected
from breeding pigs imported to the Russian Federation
from ASF-free EU member states were used as known
negative sera.

Enzyme-linked immunosorbent assay (ELISA). Develop-
ment of ELISA based on p30, pK205R and pB602L recom-
binant proteins was the subject of our investigations. The
ELISA procedure is described in Results and Discussion
section.

The ELISA using INGENASA INGEZIM PPA COMPAC test
kit (Ingenasa, Spain) was performed in accordance with its
manufacturer’s instructions.

Statistical processing of data. ELISA diagnostic sensitiv-
ity and specificity were calculated using the OIE recom-
mended formulas:
= (TP /TP + FN) x 100%;

peciicy= (TN/ TN+ FP) x 100%,
where TP - true positive result;
FN- false negative result;

TN - true negative result;
FP - false positive result [3].

sensitivity

RESULTS AND DISCUSSION

Production of recombinant proteins. CP204L, K205R and
B602L genes were PCR amplified using DNA of Russian ASF
virus isolate. Primers containing Bam HI n Hind Ill restric-
tion sites were used for PCR. Amplicons previously treated
with appropriate restriction enzymes were cloned in the
expression plasmid vector downstream to T5 promoter.

Transformation of E. coli IM109 competent cells by re-
combinant plasmids resulted in generation of clones ex-
pressing p30, pK205R and pB602L recombinant proteins
of ASF virus. Molecular weights of recombinant proteins
corresponded to the estimated ones (Fig. 1).

Experiments aimed at the optimization of expression
and purification conditions were carried out to increase
the yield of the recombinant proteins. Purified highly con-
centrated recombinant protein preparations were success-
fully produced owing to the optimization of all parameters.
The yields of purified protein per 100 ul of E. coli culture
were as follows: 1,75 pg of p30, 1,5 pg of pK205R and 2 ug
of pB602L.

The recombinant proteins were tested for their anti-
genicity with indirect ELISA using control porcine sera at
1:20 dilution. Relationship between mean optical density
of control sera and recombinant antigen concentration
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Fig. 1. Expression of p30, K205R and pB602L recombinant
proteins of ASF virus in E. coli, analysis in 12%
polyacrylamide gel

1 and 9 - protein molecular weight marker (Fermentas);

2 —E. coli non-recombinant strain lysate (negative control);
3, 5and 7 - expression of p30, pK205R and pB602L
recombinant proteins, respectively, in & E. coli;

4,6 and 8 - purified p30, pK205R and pB602L recombinant
proteins, respectively.

is given in Fig. 2. All three proteins had pronounced an-
tigenicity.

Development of p30-, pK205R- and pB602L-ELISA. Indi-
rect ELISA for detection of antibodies to ASF virus in por-
cine virus was developed on the base of p30, pK205R and
pB602L. Optimal conditions of the assay was determined:
working antigen concentration, serum and conjugate dilu-
tion, composition of blocking solution, temperatures and
timing of each ELISA step. Also, acceptable optical densi-
ties of control sera and cut-off value and reproducibility of
the ELISA results were determined.

Based on the optimization results the following indirect
ELISA procedure was established. Recombinant protein at
working dilution in 0,05M carbonate/bicarbonate buffer
(pH 9,6) was added to each well of a plate (100 pl per well)
and incubated at +4°C for 16-18 hours. Then, plates were
washed three times with PBST buffer (NaCl - 8,0 g; KCI -
0,2 g; Na,HPO, - 2,8 g; K.HPO, - 0,2 g; Tween-20 - 0,05%
per litre of the solution; pH 7,3). The wells were blocked
with PBST supplemented with 3% milk solution: 100 pl of
the solution were added to each well and the wells were
incubated at 37°C for 1 hour. The plates were washed with
PBST three times. Tested sera diluted at 1:20 in blocking
buffer were added to wells (100 pl per well) and incubated
at 37°C in thermostatic shaker for 1 hour. Then, the plates
were again washed and conjugate (Sigma, USA) at working
dilution was added. The plates were incubated under the
same conditions. After washing ABTS substrate was added
and the reaction was stopped by adding 1% sodium do-
decyl sulfate solution 10-15 later. The results were read by
spectrophotometer at 405 nm. Positiveness percentage of
(PP) was calculated using the following formula:

(OD of sample - OD C) / (OD C*- 0D C) x 100%,

where OD of sample - optical density of tested serum;

OD C - optical density of negative control serum;

Or C* - optical density of positive control serum.

The sera were considered negative if PP was less than
20%, sera were considered positive if PP was greater than
or equal to 25% and sera were considered inconclusive if
PP is more than 20%, but less than 25%.
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Determination of ELSIA analytical specificity and sensi-
tivity. The ELISA was tested for its analytical specificity in
porcine sera containing antibodies to classical swine fever,
porcine reproductive and respiratory syndrome viruses,
porcine circovirus 2, influenza Aujezsky’s disease viruses
and parvovirus. All sera were negative when tested with
pK205R-, pB602L- and p30-ELISA.

To test ELISA for its sensitivity two-fold serial dilutions
of reference positive serum were prepared. The end-point
serum dilutions where ASF antibodies were detected were
as follows: 1:640 for pK205R-ELISA, 1:1,280 for p30-ELISA
and 1:320 for pB602L-ELISA. Thus, p30-ELISA had the high-
est analytical sensitivity and pB602L-ELISA demonstrated
the lowest analytical sensitivity.

Determination of ELSIA diagnostic specificity and sensi-
tivity. To determine ELISA diagnostic specificity 1000 sera
known to be ASF negative collected from pigs imported to
the Russian Federation from the ASF-free West European
countries were tested. Therewith, 2 false positive results
were obtained when the sera were tested with pK205R -
ELISA and pB602L-ELISA and 5 false positive results were
obtained when the sera were tested with p30-ELISA. Thus,
pK205R-ELISA and pB602L-ELISA specificity was 99,8%,
p30-ELISA specificity was 99,5%.

The ELISAs were tested for their sensitivity using the
reference panel of sera designed for validation of serologi-
cal methods of ASF diagnosis. The panel was provided by
the EU Reference Laboratory for ASF (ASF-URL, CISA-INIA,
Madrid, Spain), it contained 22 samples: 17 ASF- positive
and 5 ASF-negative ones. Antibodies to ASF virus were
detected in all positive sera tested with p30- and pK205R-
ELISA. Positive serum N2 14 was tested negative by pB602L-
ELISA (Table 1). Hence, the diagnostic sensitivity of p30-
and pK205R-ELISA used for testing the reference panel of
sera was 100%, and pB602L-ELISA sensitivity was 94,12%.

Thus, comparative tests showed that both analytical
and diagnostic sensitivities of pB602L-ELISA were inferior
to those ones of pK205R-ELISA and p30-ELISA. Moreover,
during investigations pB602L recombinant protein was
found to have another disadvantage it rather quickly lost
its antigenicity under storage. Due to such non-stability
during the storage it had to be regularly «re-titrated» i.e.
its working concentration was to be determined all over
again. Unlike with pB602L protein, pK205R and p30 re-
combinant antigens were highly stable under storage.
Taking all of this into account two tests, p30-ELISA and
pK205R-ELISA, out of three developed ones were selected
for further works. Both tests showed 100% sensitivity with
reference panel and their specificity was greater than 99%.

Compatrison between p30-ELISA/pK205R-ELISA and com-
mercial test-kits. Comparison of the developed test-systems
and commercial test-kits for ASF serological diagnosis was
one of the aims of the works. Comparative analysis of the
test systems for their sensitivity was performed using
porcine sera from a pig experimentally infected with ASF
virus. p30- and pK205R-ELISA detected antibodies to ASF
virus in all serum samples collected from the pig on day
9-63 after infection (Table 2). Similar results were obtained
when the samples were tested with INGENASA INGEZIM
PPA COMPAC test-kit (Ingenasa, Spain). No antibodies were
initially detected with the ELISA test-kit for diagnosis of
African swine fever in pigs (ARRIVV&M ASF-ELISA Ab/Ag)
(GSI ARRIVV&M, Pokrov, Russia) in serum collected from
the pig on day 9 after infection but the said serum was
found to be weakly positive when it was retested with the
same test-kit of another batch (the data on tests with the
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said test-kit were provided by A.S. Pershinin, staff-member
of the Reference Laboratory for ASF, FGBI «<ARRIAH»).

Tests of field sera. Eighteen serum samples from pigs
were obtained from ASF outbreak (OOO «PKh Lazarevs-
koe», Tula Oblast) in January 2014. ASF virus DNA was
detected by PCR in all 18 serum samples. It confirmed
that the blood samples had been collected from infected
animals. Anti-ASF antibodies were detected in 14 and 13
serum samples tested with p30-ELISA and pK205R-ELISA,
respectively (Table 3). Similar results (12 positive samples)
were obtained when the sera were tested with OIE-ELISA
(OIE-ELISA results were provided by Lina Moor, OIE Refer-
ence Laboratory for ASF (Madrid, Spain)). However anti-
ASF antibodies were detected only in 2 samples tested
with INGENASA INGEZIM PPA COMPAC kit (Ingenasa,
Spain). Low sensitivity of INGENASA test-kit as well as dis-
crepancies in results of p30-, pK205R-ELISA and OIE-ELISA
for some samples (NeN2 1, 2,6, 11, 12 and 14) in this particu-
lar case can be accounted for by very low ASFV antibody
titres in field sera, since little time has passed since the
infection of animals.

Evaluation of p30-ELISA and pK205R-ELISA during inter-
national proficiency tests. In 2013 p30-ELISA and pK205R-
ELISA were used during international proficiency tests for
ASF diagnosis organized by EU Reference Laboratory for
ASF (URL-CISA-INIA, Madrid, Spain). During tests the infec-
tious status of all coded sera was correctly determined [2].
The test results confirmed that the developed p30-ELISA
and pK205R-ELISA were sensitive, specific and reliably de-
tected antibodies to ASF virus in porcine sera.

CONCLUSIONS

1. Indirect ELISAs were developed on the base of
pK205R, pB602 and p30 recombinant antigens for detec-
tion of antibodies to ASF virus in porcine sera.

2. Diagnostic sensitivity of p30-ELISA and pK205R-
ELISA determined with reference panel of positive sera
was 100% and diagnostic sensitivity of pB602L-ELISA was
94,12%. Diagnostic specificity of p30-, pK205R- and pB602-
ELISA exceeded 99%.

3. When sera from experimentally and naturally in-
fected animals were tested with the said ELISA test-kits

Fig. 2. Antigenicity of pK205R (K1), pB602L (K2) and p30 (K3)
recombinant proteins of ASF virus tested by indirect ELISA
with control porcine sera

serum optical deasity (0D)
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Table 1
Results of testing reference panel of sera with ELISA test-systems

Ne Sample status Test-system

Sample (serum p30-ELISA pK205R-ELISA PB602L-ELISA

)

ASF virus isolate

b e e wew m s

p30-, pK205R- and pB602L-ELISA: PP>25% — positive result, PP<20% — negative result, 20%<PP<25% — inconclusive result.

Table 2
Results of testing sera collected from the pig experimentally infected with ASF virus

p30-ELISA pK205R-ELISA ARRIVV&M ASF-ELISA INGENASA

Day after infection

88,36 0,6009

p30- and pK205R-UOA: PP>25% — positive result, PP<20% — negative result, 20%<PP<25% — inconclusive result;

INGENASA: <40% — negative result, >40% but <50% — inconclusive result, >50% — positive result;

ARRIVV&M ASF-ELISA: positive control — 1.874, negative control —0,118.

Samples with OD that is 2,5 or more times higher than that one of negative control, i.e. more than 0,295, — positive, less than 0,295 — negative;

ARRIVV&M ASF-ELISA used for retesting the serum collected on day 9 after infection (new batch of the test kit): positive control — 1,407, negative control —
0,10095. Samples with OD that is 2,5 or more times higher than that one of negative control, i.e. more than 0,252, — positive, less than 0,252 — negative;
n/t - not tested.
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Table 3

Results of testing field sera from pigs in ASF outbreak (000 «PKh Lazarevskoe»)

Ne Serum

Test-system

p30-ELISA pK205R-ELISA INGENASA OIE-ELISA

p30- and pK205R-ELISA: PP>25% — positive result, PP<20% — negative result, 20%<PP<25% — inconclusive result.

p30-ELISA and pK205R-ELISA sensitivity were superior to
that one of commercial test-kits and were comparable with
that one of OIE-ELISA.

4. Results of intralaboratory and international profi-
ciency tests confirm that p30-ELISA and pK205R-ELISA test
systems are sensitive, specific and reliably detect antibod-
ies to ASF virus in porcine sera.
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