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PE3IOME

Bupyc Awwypa cnocobeH BbIAENATLCA C MONOKOM UHOULMPOBAHHBIX KMBOTHBIX M TaKUM 06pa30om 3apaxaTb BOCNPUUMUMBbIX
0cobeil. OLeHnBany BOIMOXKHOCTb NPUMEHeHUA NONMMepa3Holi LieNHOM peakLyin ¢ 06paTHON TPAHCKpUNLMeEl: B pexuMe pe-
anbHOro BpemeHI AnA 06Hapy»eHuA BUpYCa ALLYpa B MOSIOKe KPyMHOro poratoro ckoTa. [ins npurotoneHus 06pasLioB Mono-
K, MHOULMPOBAHHDIX BUPYCOM ALLYpa, UCMONb30Bany WwiaMmbl A N© 2177/Amypckiii/2013, 0 N2 2123/10xHas OceTna/2011,
A3ua-1 N2 1987/Amypckuii/2005, C N 564, SAT-1 N 2033/botcBaHa, SAT-2/Caynockas Apasus, SAT-3/Bech 1/65. [ina npo-
Bepku cneumuuuroctu OT-NLP-PB ncnonb3oBany WtaMmbl U3 KonnekLum Wammos Mukpoopranuamos OIBY «BHUU3X»:
BUpYCa Be3UKyNApHoii 6one3xn cuHeii — 0-72, BUpyca Be3nKyNAPHON IK3aHTeMbl (BUHelt — A-48, BUpYCa BE3NKYNAPHOro
cromaTuta — MHanana. MonyyenHble AaHHble nokasany, uto OT-MNLP B peanbHoM BpeMeHU MOXET YCMeLHO MPUMEHATHCA
ANA 06HapyeHua BUpyca ALYpa B MONOKe MHOULMPOBAHHbIX KOPOB TaK Xe, KaK B dMUTENNANbHBIX TKAHAX U KyabTypax
Knetok. AHanuTiyeckas uyBcteutenbHoctb OT-MLP-PB B 06pa3uax monoka coctanset 1-10 TUR, /mn, cneunduyHocTb
meToza — 100%. Ipu onpeseneHi 0CHOBHbIX BanMALMOHHbIX XapaKkTepUCTK MeToAa AokasaHo, uto OT-MLP-PB obnanaet
BbICOKOI NPeLU3NOHHOCTbIO, CNELMGUUHOCTBIO 11 YYBCTBIUTENbHOCTBIO M CMOCOBHA 06HApY»K1BaTb BUPYC ALLypa BO BCEM €ro
reHeTyeckoM pasHooobpasun. Takum 06pasom, nonyyeHHble faHHble nokasanu, uto OT-MLP-PB ABnAeTcA LeHHbIM MeTooM
ANA KOHTPOAA MOJIOKA M MOOYHOIA NPOAYKLM.

Kntouesble cnioBa: Bupyc Awypa, monoko, OT-MLP B peanbHom BpemeHn, Bannaaums.
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BBEAEHUE

Ayp — BbICOKOKOHTarno3Hoe BUpycHoe 3abonesaHune
JOMALIHVX U AUKUX MaPHOKOMbITHBIX XMBOTHbIX, CNOCO6-
HOe HaHOCUTb SKOHOMUYECKMI yLlepb B HaLMOHaNbHbIX
MaclwTabax. CBo6ofHbIe OT Alypa CTPaHbl MOCTOAHHO
noABepKeHbl PUCKY 3aHOCa 3a6oneBaHUA 13 SHAEMUYHbBIX
pervoHoB, Takux Kak Asus, Appuka n IOxxHaa Amepuika.

Bo3byguTenem 6onesHu aBnsetcsa 6e3060104YEUHbBIN
PHK-copepxawmin Bupyc Awypa, npeactaButens poaa
Aphthovirus cemeincTBa Picornaviridae. PaznuuatoT cemb
cepotunos Bupyca: O, A, C, A3ua-1, SAT-1, SAT-2, SAT-3.
B npepenax Kaxzoro Tina cyLecTByeT MHOXeCTBO reHe-
TUYECKNX N @aHTUTEHHbIX BapVaHTOB BMpYCa.

B Poccum Awyp He sHAeMUYeH, OfHAKO CyLllecTBYy-
€T MOCTOAAHHaA Yrpo3a 3aHoca 60Ne3HN U3 CocegHUx
a3MaTCKMX CTpaH, npexae Bcero us Kntaa n Monronuu.
BcnblwKy ALypa, Bbi3BaHHbIe 3aHOCOM MH(EKLMM U3BHE,
perncTpupoBanncb B coBpeMmeHHon Poccun B 1995, 2000,
2004-2006 1 2010-2018 rr. [3].

BbicTpasa 1 TOUHaA AnarHOCTVKa ABNAETCA BaXKHbIM dre-
MEHTOM KOHTPOSIA 3Tol 6one3Hn, obnagatoLLein BbICOKON
KOHTarMo3HOCTbIO U TAXeNbIMU COLManbHO-3KOHOMMYe-
CKMMM NOCNeACTBUAMM.

Y MonouHbIX KOpoB 3aboneBaHre xapakTepusyeTca
BE3UKYNAPHbIMU NOPaXeHMAMN B POTOBOW MONOCTH, Ha
BbIMEHU, BEHUYMKE KOMbIT, B MEXKOMbITHON Lefn, NoBbl-

LIeHMeM TeMnepaTtypbl U NoTepelri MOJIOYHON NPOAYKTUB-
HocTh. Bupyc silypa BblaenseTca ¢ MOIOKOM nHbULMpo-
BaHHbIX XMBOTHbIX, y4acTBYs TakM 06pa3om B nepepave
nHdekuun [9].

Mornoko aBnsaeTca ugeanbHoOM cpepon ana nabopa-
TOPHO ANArHOCTUKM, MOCKOSbKY OHO IOCTYMHO B N1060M
KonuuecTBe 1 ero npobbl nerko cobpatb. Pag nccnenosa-
Tenell NPYMEHANN pasfinyHble JUarHoCTMyeckne noaxo-
Abl NPV NCMOJb30BaHUM 06Pa3L0B MOSIOKa Af1A KOHTPOSA
NHOEKUMIA KPYNMHOro poraToro ckota 1 ngeHtnduKkaymm
CTaTyca OTAENbHbIX XXMBOTHbIX MO 3abonesaHuto [5, 8.

Kak nokasanu nccnenosanua S. M. Reid n coaBT.,, Bupyc
AlLypa NOABNAETCA B MOJIOKE KOPOB Ha 2-e-3-1 CyT nocse
MHOMLMPOBAHUA 4O BO3HUKHOBEHUS KINMHUYECKUX NpK-
3HAKOB Yy 3KCMepUMEHTaNIbHO 3apa)KeHHbIX XUBOTHbIX.
Takxe 6blfI0 YyCTAHOB/IEHO, YTO BUPYC CNOCOOEH pennu-
LMPOBAaTbCA B TKAHAX MOJIOYHOW XeJfle3bl U BblAeNATbCA
C MOJIOKOM [0 23 cyT. [laHHbIMY aBTOpamu MOKa3aHbl npe-
MMyLLeCTBa UCCNIef0BaHMA MOMTOKa KOPOB METOLOM NOSM-
MEPa3HOW LeNHOI peaKkummn C obpaTHO TpaHCKpunuuen
B pexume peanbHoro spemenun (OT-MLIP-PB) B kauecTse
WHCTPYMEHTa AOKJIMHNYECKO ANarHOCTMKM Awypa [9].

Nccneposanua P. M. Tomasula n R. P. Konstance noka-
3aJ11, UTO BUPYC AilLypa 0GHapYKMBaeTCs B MOJIOKe nocsie
UHKy6auum npob npu 37 °C, nocsie XpaHeHUs Npyi KOMHAT-
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Hom TemnepaType 1 npu 4 °C B TeuyeHwne 2 Hepa. Kpome Toro,
BMPYC Alypa MOXHO OGHapyXWTb B NacTepr30BaHHbIX
npopaykTax. Takon MeTof, Kak BUPYCOBbIAeneHne, He no-
3BOJIAET BbIABNATb >KM3HECMOCOOHbIN BUPYC B TEPMUYECKN
o6paboTaHHbIX 06pa3zuax [7].

Kak nokasbiBatoT npeabigyLive nccnefoBaHus crnewma-
nuctos, OT-TMLP-PB ABnaeTcs UeHHbIM METOAOM ANA na-
60paTopHOro o6HapyXeHna B1pyca Allypa B BE3UKYyNax
SNMTENNanbHOW TKaHW, Ha3asbHbIX CMbIBaXx W NMULLEBOAHO-
rIOTOYHbIX 06pa3suax [3, 6, 8].

Llenbto paboTbl 661510 OLIEHNTb BO3MOXHOCTb NMPUMEHE-
Hua metoga OT-MNLP-PB gna o6Hapy»keHusa BMpYca Aulypa
B MOJIOKE, a TaKXKe onpeaennTb ero OCHOBHble Banngauu-
OHHbIE XapaKTEPUCTUKN.

MATEPWANbI U METO[ bl

Bupycel. B paboTe ncnonb3oBanu: BUPYChl Aulypa
ANe2177/Amypckunin/2013,0 N2 2123/0xHasa Ocetna/2011,
A3zna-1 N2 1987/Amypcknin/2005, C N2 564, SAT-1 N2 2033/
BotceaHa, SAT-2/CaynoBckan Apasusd, SAT-3/Bech 1/65,
a TakXKe WTaMMbl U3 KOMNEeKL MY LWTaMMOB MUKPOOpra-
Hu3moB OI'BY «BHUW3XK»: BupYyca Be3nKynsapHoi 6o5e3Hu
ceuHen (BBC) - O-72, Brpyca Be3UKYNAPHOI 3K3aHTEMbI
cBuHen (BOC) — A-48, Bupyca Be3nKynAapHOro cTomatu-
Ta (BC) - MHgwnaHa.

O6pasybl MosioKa, UHGULYUPOBAHHbIE BUPYCOM AWYpPda.
Ha Monoke 350poBbIX [OMHBIX KOPOB GblIM MPUroTOBIE-
Hbl 10-KpaTHble nociefoBaTeNibHble pa3BefeHna BMUpyca
Allypa Tpex akTyanbHbix cepotunos (A, O, A3na-1) C KOH-
ueHTpauven ot 107 go 107°1g TUA, /mn.

BoioeneHue PHK n3 monoka KPC nposoannu ¢ ncnonbso-
BaHMeM 6 M ryaHnaVMHM30TOLMAHaTa U CTEKNTOBONOKHUC-
Tbix dunsTpoB GF/F, Kak onucaHo A. Sherbakov 1 coasr. [4].

locmaroska OT-T1L|P & peaneHom 8pemeHu. B 25 mkn pe-
aKLMOHHOW cmecn cofepxanock: 5 nM npamoro n 5 nM
obpaTtHoro npamepos; 5 nM 3oHaaTagMan; 5 mkn PHK;
20 MK cmecu peakTuBoB AnA nposegeHua [MLP-PB

Tabnuua 1

(CviHTon, Mockga), coctoswein us 2,5 mkn MLUP-6ydepa
10-KpaTHOW KOHUeHTpaymu; 2,5 mkn 25 mM MgCIz; 2,5 mMKn
2,5 MM dNTP; 1 ep. Tag-AHK-nonnmepasbi; 10 eg. MMLV-
peBepTasbl; 12 mkn BoAbl. KOMNOHEHTbI CMeLwwunBanu
B 96-NyHOYHbIX ONTUYeCcKnx nnaHwetax (Axygen). MLP
nposoaunu Ha amnnudukatope C1000 Touch Thermal
Cycler (Bio-Rad) npwu cnegytollem TemnepaTypHOM pexu-
Me: 15 MUH — 06paTHOWM TPaHCKPMNUUK, 5 MUH — NnpegBa-
putenbHon AeHatypauuy npu 95 °C n 40 LMKNOB peakLm
(neHatypauma npu 95 °C — 15 ¢, omxkur npn 55 °C-15¢,
anoHrayma npu 60 °C - 20 c). CurHanbl GpnopecLeHLm
peructpupoBana cuctema CFX96 Real-Time System mynb-
TUKaHanbHow getekuun MUP-npoayKkToB B pexnme pe-
anbHoro BpeMeHu. lNonyyeHHble AaHHble aHanM3npoBanu
C MoMoLLblo NPOrpaMmMHoro obecneyeHus Bio-Rad CFX
Manager u Microsoft Excel. ina yctaHoBneHusa noporo-
BOro uvkna C ncronb3osanu fjBa OCHOBHbIX NapameTpa:
6a30BYI0 NINHWIO, ONPefensaemMyto Ans Kax4on UHANBU-
AyanbHOW KPUBOW, Y MOPOroBYIO NINHWIO, PacCUUTaHHYIO
ana paHHoro gnioopodopa. BennunHa noporosoro Lmk-
na obpaTHO NponopuroHanbHa log konuuecTBa MaTpuLbl
B PEAKLIVIOHHO CMEeCU — UeM Hike BennurHa C, TeM Bblle
KOHLeHTpauma matpuupbi [3].

Cmamucmuyeckas obpabomka 0aHHebiIx. MpeynsnoH-
HOCTb B YC/IOBUAX CXOAMMOCTU (MOBTOPAEMOCTU) U BOC-
Npor3BOANMOCTUN ONpefenAny Kak CTeneHb COrnacoBaH-
HOCTM pe3ynbTaTOB MHOMXECTBEHHbIX aHann30B OAHOro
o6pasuall, 2]. KoadpouumeHt Baprauum (C) paccumtoiBanm
no ¢opmyne [11:

-9 0
C= X, x100%,
rae X_ - cpeaHas BeMuMHa MOpOroBoro LuKna, onpe-
nensemoro B [NLP-PB;
0 - cpefiHee KBaflpaTUYHOE OTKIIOHEHME, KOTOpOe
onpepensetca no Gopmyne:

OnpepeneHune KOHLEHTpaLmm BUpyca awypa metogom OT-MNLIP-PB B 06pa3uax monoka

KoHueHTpauua Bupyca (pennee 3HaueHve noporoBoro UukAa (C), nonyyeHHoe B TpeX MOBTOPHOCTAX
Ailllypa B 06pasuiax,

6,0 16,09 16,76 18,36
50 17,74 20,30 21,00
4,0 21,58 23,81 24,09
3,0 23,73 27,67 27,66
20 26,69 30,80 29,84
1,0 29,40 36,83 32,48
0,1 32,38 H/0 34,1
0,01 H/0 H/0 H/o

0,001 H/o H/o H/o

0,0001 H/0 H/0 H/0

H/0 — C, He onpefieNieH, YTo 03HaYaeT oTpULATENbHBI pe3ynbrat OT-LP-PB.
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PE3YNIbTATDI N2 1987/AMypcKuii/2005 — 1 NpuUroToBneHbl No 10 passe-
Pa6oTa no oueHke ucnonb3osaHua OT-MLP-PB npyn 06-  geHuin Bupyca B MOMOKe.
Hapy»keHun Bupyca Awypa B mosioke KPC nposogunacb [nsa onpepeneHns cneundUUYHOCTN METOAA NCMOSb30-

B cooTBeTCTBUM ¢ nnaHom HUP. [ins peanvsaunm 310l 3a-  Banu 06pasubl MONoKa, copepative 10% BUPYCHOW Cyc-
faun 6biny NprUroToBneHbl 0b6pasubl Mosioka KPC, nHou-  neH3uy cemy CepoTUMOB BMpPYCa ALlypa U reTeponorny-
LMPOBaHHble BUPYCOM sAlypa. [pobbl roTOBUAN METOAOM  HbIX BUPYCOB C BE3VKYNAPHBIM CUHAPOMOM. Bce aHanu3bl
nocnefoBaTtesbHblX pa3BefeHnii ¢ 10-KpaTHbIM WAroM.  NMPOBOAUN B TPEX NMOBTOPHOCTAX.
Kaxxpaa npoba monoka copepxana 10% BMpPYCHON Cy- B xope uccnenoBaHusa Obiny onpefeneHbl Takue noka-
CMeH3UM TaknM 06pa3om, UTOObl KOHeYHaA KOHLEHTPaUMA  3aTenun, Kak aHanuTuyecKasa YyBCTBUTENbHOCTb peakuuu,
BMpyca B 0bpasue coctanana ot 107 o 10™°Ig TUA, /Mn.  NpeumsnoHHOCTb 1 aHannTNYeckas cneumdryHOCTb.
Mcxopa 13 ann3ooTnyeckor cuTyaumm 6biim BblbpaHbl Onpedenerue aHanumuyeckol 4yscmeumesabHOCMU
TPW aKTyanbHbIX WTamMmMma Brpyca Awypa: ANe 2177/Amyp-  peakyuu. AHanutuuyeckyto yysctsutenbHocTb OT-TLIP-PB
ckuin/2013, O Ne 2123/l0xHaa Ocetna/2011, Asna-1  onpepenanu Ha cepumn nocneposaTenbHbiX 10-KpaTHbIX
pa3BefeHnin B obpasLiax MosIoKa TpeX KynbTypasbHbIX
npenapartoB Bupyca Awypa (wtammbl A N2 2177/Amyp-

Tabnuua 2 ckuin/2013, O N2 2123/K0xHaa Ocetna/2011, A3sna-1
3HaueHua noporosoro UuKna u kodpuumentol Bapuauum OT-NLP-PB ana o6pasua Ne 1987/Amypckuin/2005) C N3BECTHOI NepBOHaYabHON
MOIOKa, COAepaLLiero BUPYC Awypa A N° 2177/Amypcknii/2013 KOHLEHTpaLMeil. KOHLeHTPaLMIo BUPYCa B MOYUYEHHbIX

obpasLax Mosioka onpeAenanmn NCXoAA U3 3HaYE€HUIA Nopo-

rosoro umkna (C). OT-MLIP-PB o6HapyviBana WTammbl BU-

pyca awypa A N2 2177/Amypcknin/2013 n Asuna-1 N2 1987/

Amypckuin/2005 B KoHueHTpauum fo 0,1 g TUA, /mn (1. e.
1

1TUA, /mn), a O N2 2123/t0xHasn OceTrs/2011 — B KOHLeH-

! 16,12 16.24 ! 16,32 Tpaumm go 11g TUA, /mn (1. e. 10 TUL, /mn) (Tabn. 1).
) 16,30 ) 17,02 ) 16,74 Taknm 06pa3om, NpoBeAeHHble SKCMEPUMEHTbI MOKa-
3anK, YTO aHanuTNYeckasa yyscteutenobHoctb OT-MLP-PB
3 16,14 3 16,66 3 16,08" npu BbIABNEHWNM BMUPYCa Allypa B MOJIOKe COCTaBnAeT
1-10 TUA, /mn. Paznnuve B aHaNMTNYECKON YyBCTBATENb-
4 16,17 4 16,06 4 16,16 HOCTW peakuuu ANA pasHbiX WTaMMOB, BEPOATHO, 06b-
ACHAETCA BbI6pPaHHbIM 10-KpaTHbIM LLIArom pasBefeHus
5 16,21 5 16,14 5 16,81 06pasLoB, a TakKe BO3MOXKHOW HETOUHOCTbIO NpwY onpe-
6 1627 6 17,01 6 1627 ,qenr(leHmm TUTPa BUPYCa B KyNIbType K/IETOK.
ONlyYeHHble pe3ynbTaTbl NOATBEPXKAAIOT, UTO METOA
7 16,31 7 16,83 7 16,98 OT—I'ILllf—PB CNocobeH BbISBNATL BUPYC fAllypa B MOJIOKe
C TaKOW »Ke YyBCTBUTENIbHOCTbIO, KakK B SMUTeNaNbHbIX
3 16,30 8 16,41 3 16,22 TKaHAX U KNETOUHbIX KynbTypax [3].
OueHka npeyu3uoHHocmu peakyuu. MpeLn3noHHOCTb
9 16,28 9 16,29 9 7.1 peakumu onpefenany B yCIoBUAX CXOAMMOCTU 1 BOCMPO-
N3BOAMMOCTH. [PeL3nNOHHOCTb B YCIOBUAX CXOAMMOCTH
10 16,27 10 17,04 10 16,17 OLIeHMBany, n3Mepsas BaprabenbHOCTb pe3ybTaToB peak-
L1V BHYTPU OLHOTO NMPOroHa. [151A 3TOro oAviH 1 TOT e 06-
n 16,23 1 16,21 n 17,01 paseu MoJioKa, copepxalumn 6 Ig TLL, /mn Bupyca swypa
12 1623 12 1647 12 1637 A Ne 2177/Amypcknin/2013, TecTpoBanca OGHOBPEMEHHO
B 20 NOBTOPHOCTAX OHVIM OMEepaTopOM Ha OfHOM npubope.
13 16,18 13 16,32 13 16,49 MpeLn3noHHOCTb B YCJIOBUAX BOCMPOU3BOANMOCTI
OLIeHUBaNU, N3MepsA BapuabenbHOCTb pe3ysbTaToB peak-
14 16,17 14 16,94 14 16,47 LUy MeXay NporoHamu. 1718 3Toro ofiMH 1 TOT e obpaszel|
TecTnpoBarnca B 20 NOBTOPHOCTAX OAHUM ONepaTopOM Ha
15 16,19 15 16,83 15 16,29 ABYX Npubopax B pasHoe BPEMS, a TakxKe [ByMsA OrepaTo-

pamu Ha pa3Hbix Nprbopax.

3HaueHue koadpduumeHTa Bapralmm coctasnano 1,23%
17 16,27 17 16,19 17 16,36 npu nposefeHnn OT-TLIP-PB B 20 nosTopax ogHnm one-
paTopom, 5,6% - Npu NpoBeAeHN peakLuumn ogHUM one-
18 16,12 18 16,71 18 16,18 paTopoMm Ha ABYX Npubopax B pasHoe Bpema 1 6,72% npu
npoBefeHnn peakumnn AByMA onepatopamu Ha AByX Npu-
19 16,32 19 16,29 19 16,41 60pax. CymMapHbIn KoabdULMeHT BapraLum cocTaBnan
6,76% (Tabn. 2).

20 16,26 20 16,28 20 17,19" MonyueHHble pe3ynbTaTbl CBUAETENLCTBYIOT O BbICOKON
npeumsnonHocTy OT-TLIP-PB.

OnpeodeneHue aHanumuuyeckol cneyuguyHoCmu peak-
56 yuu. AHannTtnueckyio cneynounyHocts OT-NMLP-PB npo-
Bepanu Ha PHK, nonyueHHon n3 obpasyos monoka KPC,
=672 cofiepxalynx BUPYChbl Allypa CeMU CepoTMNOB. Takxe
ncnonb3oBanu apyrue supycol (BBC, BSC, BC), passeneH-
* MuHUManbHoe 3Haverue C; ** MakcimanbHoe 3Hauenme C. Hble B MOJIOKE, U LieSIbHOe MOJIOKO OT 340POBbIX KOPOB.

16 16,21 16 16,81 16 16,64

(=123

~
1l
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Puc. AHanumuyeckas cneyugpuyHocme OT-ILP-PB onsa obHapyxeHusa PHK eupyca Awypa e mosoke

1-7 — 06pasuysl MoJI0Ka, cooepxaujue 8UPYC AWYPA cemu cepomunos;

8—11 - M0s10KO 300p08bIX KOPOB8 U 06pA3ybl MOMOKa, codepxaujue supycol B6C, BIC, BC.

MonoXuTenbHbIN pe3ynbTaT Obll NoTyYeH Npu ccnefoBa-
HVM 06Pa3LIOB MOJIOKA, COAEPKALUMX BUPYC ALLYpPa CEMU
cepoTnnoB (cm. puc.). Mpobsbl, copepxatme PHK gpyrux
BMPYCOB, @ TaKXKe MOJIOKO 3[J0POBbIX KMBOTHbIX AaNK OT-
puuaTenbHble pe3ynbTaThbl, YTO CBUAETENbCTBYET O Cre-
undrYHOCTU MeTofa.

OBCYXAEHUE

PaHee npoBepeHHble MccnegoBaHMA NoOKasanu, 4To
OT-TLP B peanbHOM BpemeHU ABNAETCA COBPEMEHHbIM
MeTOZOM [iNA BbIAB/IEHNA reHOMA BMpYyCa ALLypa B TKaHAX
aNUTeNnnA UHGULMPOBAHHBIX >KUBOTHbIX U KYJbTypax Kre-
TOK [3]. Pe3ynbTaTbl, MofyyeHHble B pamMmKax AaHHOW pabo-
Tbl, NoKa3biBatoT, 4to OT-MLP-PB moxeT ycnewHo npume-
HATbCA TaKKe AnA oOHapy»KeHNA BUpYca ALLypa B MOSTOKe
MHOULMPOBAHHbBIX KOPOB.

B pe3ynbraTe skcnepumeHTa onpefeneHbl HEKOTopble
BanvpauMoHHble xapaktepuctukn OT-NLP-PB: npeunsu-
OHHOCTb B YCJIOBUAX CXOAMMOCTY 11 BOCMPOU3BOANMOCTH,
aHanuTuyeckana cneyndUUYHOCTb U YyBCTBUTENIbHOCTD,
nokKa3aHa BO3MOXKHOCTb MCMONb30BaHMA MeToAa ANA Bbl-
ABMIEHVA BUPYCa ALLypa B MONIOKe KOPOB [JONHOro CTafa.

lMpoBefeHHble McCcnefoOBaHMA MOKasanu, 4TO
OT-NLP-PB obecneunBaeT BbICOKYIO MPELM3NOHHOCTb,
cneymoUYHOCTb 1 YyBCTBUTENIbHOCTb aHanu3a. Koadpdu-
LMeHT Bapuaummn coctaBnan 6,72%.

YyBCTBUTENBHOCTb METOAA B SKCNEPUMEHTaxX COCTaBNA-
naot1 a0 10TUA, /mMn B 3aBUCMMOCTM OT LWITaMMa BMpYCa
Awypa. OT-NMLP-PB no3sonaeT o6HapyXnTb BUPYC ALLY-
pa, pa3BefeHHbI B Monioke B 1 000 000 pas3. o gaHHbIM
S. M. Reid 1 coaBT. [9], TakasA 4yBCTBUTENIbHOCTb MO3BOSIA-
eT 06HapYKUTb Hannure NHOGULMPOBAHHOTO XKMBOTHOMO
B CTaje, CefoBaTeNlbHO, MeToA MPUrofeH Ana nccnepo-
BaHMA COOPHbIX NP6 Monoka. CylecTByeT BO3MOXHOCTb
BbIABMIEHNA MHPEKL MW faxe Nocsie TOro, Kak MOJIOKO OT
HEeCKONbKUX CTajl 06beanHAT B 06LWMIA TaHKeP.

Bupyc Awypa otnmyaetca ypesBblY4aiHO BbICOKUM
YPOBHEM reHeTnyecKoro pazHoobpasus. MposeneHHble
nccnefoBaHMA MOKa3biBaloT, YTO BCe CEMb CEPOTMMNOB
BMpYCa ycrelwHo obHapy»KMBaloTCA B MOJIOKE TaK e, Kak
1 B 3nuTeNnn 60MbHBIX XMBOTHbIX [3], UTO NoaTBEpPKAaeT
CMOCO6HOCTb MeToAa OOHaPYKMBaTb LMPOKMNIA reHeTnYe-
CKWI CNEeKTp BUpyca Aulypa.

BbiBObI

MNoka3aHa BO3MOXKHOCTb NpumeHeHnsa OT-TLIP B peanb-
HOM BpEMeH! Kak COBPEMEHHOTO MeTofa AJ1A OGHapy»Ke-
HUA BUpYca Awypa B monoke KPC. OnpepeneHbl OCHOBHble
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BaSIMAALMOHHbIE XapaKTePUCTUKM MeTOAa, NpeAHasHa-
YeHHoro anAa obHapyxeHua PHK Bupyca Awypa Bcex ce-
pOTUMOB.

Pe3ynbTaTbl 3KCNepUMEHTaNbHbIX MCCef0BaHUIA JOKa-
3bIBaIOT, YTO MeTOZ 06/1alaeT BbICOKON NPELM3VIOHHOCTbIO,
cneundnUYHOCTbIO U YYBCTBUTENBHOCTBIO U COCO6eH 06-
Hapy»XMBaTb BUPYC fiLLlypa BO BCEM €0 reHeTUYECKOM pas-
HOO6Pa3NK Jaxke NPV 3HAUUTENBHOM pa3BefeHNN.

KoHpnukm uHmepecos. ABTopbl 3aABNAOT 06 OTCYT-
CTBMMN KOHONIMKTa MHTEPECOB.
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SUMMARY

FMDV can be shed with milk of infected animals and infect susceptible animals. The
possibility of using real-time qRT-PCR for FMD virus detection in cattle milk was assessed.
To prepare samples of FMDV infected milk the following strains were used: A No. 2177/
Amursky/2013, 0 No. 2123/South Ossetia/2011, Asia-1 No. 1987/Amursky/2005, CNo. 564,
SAT-1No. 2033/Botswana, SAT-2/Saudi Arabia, SAT-3/Bech 1/65. For specificity test swine
vesicular disease 0-72 strain, Vesicular Exanthema of Swine A-48 strain and vesicular
stomatitis virus Indiana strain from FGBI “ARRIAH” collection were used. The obtained
data showed that real time qRT-PCR can be successfully used for the virus detection in
milk of infected cows as well as in epithelium and cell cultures. Analytical sensitivity of
real-time qRT-PCRin milk samplesis 1-10TCD, /ml, the method specificity is 100%. When
identifying basic validation characteristics of the method it was proven that real-time
qRT-PCR demonstrates precision and sensitivity and can detect FMDV in its genetic
diversity. So, the detected data showed that the real-time qRT-PCR is a precious method
of milk and dairy product control.

Key words: FMD virus, milk, real-time qRT-PCR, validation.
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INTRODUCTION

FMD is a highly contagious disease of domestic and
wild cloven hoofed animals capable of causing great eco-
nomic damage nationwide. FMD free countries are under
constant risk of the disease introduction from endemic
regions, such as Asia, Africa and South America.

The disease agent is non-enveloped RNA-containing
FMDV, Aphthovirus Genus, Picornaviridae family. There are
seven types of the virus: O, A, C, Asia-1, SAT-1, SAT-2, SAT-3.
Within each type there are many genetic and antigenic
variants of the virus.

FMD is not endemic in Russia, however there is a con-
stant threat of the virus introduction from the neighbo-
ring Asian countries, primarily from China and Mongolia.
FMD outbreaks caused by the infection introduction from
other countries were reported in Russia in 1995, 2000,
2004-2006 and 2010-2018 [3].

Rapid and precise diagnosis is a key element of the con-
trol of the disease having high contagiousness and hard
social and economic consequences.

In milk cows the disease is characterized by vesicular
lesions in the mouth, on the udder, on the coronary band,
in the interdigital cleft, by fever and decreased milk yield.
FMDV is shed with milk of infected animals facilitating the
infection transmission [9].

Milk is a perfect medium for laboratory diagnosis as
it is available in any quantity and its samples are easily

collected. Several researchers applied different diagnostic
approaches when using milk samples for cattle infection
control and identification of the disease status of indivi-
dual animals [5, 8].

According to the researches of S. M. Reid and et al.,
FMDV can be observed in cow milk on day 2-3 after in-
fection until the experimentally infected animals demon-
strate clinical signs. It was also established that the virus
can replicate in the mammary gland and shed with milk
for up to 23 days. The authors showed benefits of real-time
gRT-PCR tests of cow milk as an instrument of preclinical
FMD diagnosis [9].

P. M. Tomasula and R. P. Konstance’s investigations
demonstrated that FMDV is detected in milk after sample
incubation at 37 °C, after storage at room temperature and
at 4 °C for two weeks. Besides, FMDV can be detected in
pasteurized products. Such method as virus isolation can
not detect the viable virus in heat treated samples [7].

According to the previous researches real-time
gRT-PCR is a valuable method for laboratory FMDV detec-
tion in epithelium vesicules, nasal swabs and esophageal
samples [3, 6, 8].

The purpose of the research was to assess the possibi-
lity of real-time qRT-PCR use for FMDV detection in milk
and to identify its basic validation characteristics.

MATERIALS AND METHODS

Viruses. The following viruses were used in the
research: FMD viruses: A No. 2177/Amursky/2013,
O No. 2123/South Ossetia/2011, Asia-1 No. 1987/Amur-
sky/2005, C No. 564, SAT-1 No. 2033/Botsvana, SAT-2/Saudi
Arabia, SAT-3/Bech 1/65, as well as swine vesicular disease
virus strain O-72, VESV A-48 strain and vesicular stomatitis
virus Indiana strain from FGBI “ARRIAH" collection.

FMDYV infected milk samples. 10-fold FMDV serial dilu-
tions of three circulating serotypes (A, O, Asia-1) with the
concentration of 107'-10"°lg TCD, /ml| were prepared
using milk of normal milk cows.

RNA isolation from cattle was performed using 6 M
guanidine isothiocyanate and fibrous glass filter GF/F as
described by A. Sherbakov et al. [4].

Real-time gRT-PCR. 25 pl of reaction mixture contained
5 pm direct and reverse primers, 5 pm TagMan probe, 5 pl
of RNA, 20 pl of the reaction mixture for real time PCR
(Sintol, Moscow), containing 2.5 pl of PCR buffer (10-fold
concentration); 2.5 pl of 25 mM MgClL; 2.5 ul of 2.5 mM
dNTP; 1 unit. Tag-DNA-polimerase; 10 units MMLV-re-
verse transcriptase and 12 pl of water. The components
were mixed in 96-well optical plates (Axygen). PCR was

BETEPUHAPUA CETOHA MAPT N1 {28} 2019



ORIGINAL ARTICLES | BOVINE DISEASES OPUTUHATNBHbIE CTATbU | BONE3HU KPC

performed using amplifier C1000 Touch Thermal Cycler
(Bio-Rad) at the following temperature conditions: 15 mi-
nutes — reverse transcription, 15 minutes — preliminary
denaturation at 95° C and 40 cycles of reaction (denatura-
tionat 95 C°- 15s,annealing at 55 °C - 15 s, elongation at
60 °C - 20 s). CFX96 Real-Time PCR Detection System was
used for recording fluorescence signals. The obtained data
were analyzed using Bio-Rad CFX Manager software and
Microsoft Excel. To establish C, threshold cycle two basic
parameters were used: basic line determined for each in-
dividual curve; threshold line, calculated for this phluoro-
phore. The threshold cycle value is inversely proportional
to log of a matrix in the reaction mixture - the less C value
the higher the matrix concentration [3].

Statistical data processing. Precision in repeatability and
reproducibility was determined as the level of consistency
of results of multiple analyses of one sample [1, 2]. Coef-
ficient of variation (C) was calculated basing on the follo-
wing formula [1]:

=2 x100%,
X
where X - mean value of the threshold cycle deter-
mined by real-time PCR;
0 — mean square deviation, calculated using the
following formula:

RESULTS

The research aimed at assessment of real-time gRT-PCR
use for FMDV detection in cattle milk was performed ac-
cording to the Research Plan.To implement this task FMDV
infected cattle milk samples were prepared. The samples
were prepared using 10-fold serial dilutions. Each sample
contained 10% virus suspension so that the virus final con-
centration in the sample was 10"-10"°Ig TCD, /ml. Basing
on the epidemic situation three relevant FMD strains were
selected: A No. 2177/Amursky/2013, 0 No. 2123/South Os-
setia/2011, Asia-1 No. 1987/Amursky/2005 — and 10 virus
dilutions in milk were prepared.

To determine the method specificity milk samples
containing 10% virus suspension of seven virus serotypes
and heterologous vesicular viruses were used. All analyses
were performed in triplicates.

During the investigation such parameters as analytical
sensitivity of the reaction, precision and analytical specifi-
city were determined.

Determination of the reaction analytical sensitivity. Ana-
lytical sensitivity of real-time qRT-PCR was determined
using 10-fold serial dilutions of three FMDV cultural
FMDV virus preparations in milk samples (A No. 2177/
Amursky/2013, O No. 2123/South Ossetia/2011, Asia-1
No. 1987/Amursky/2005 strains) with known original con-
centration. The virus concentration in the milk samples
was determined basing on the threshold cycle values (C).
Real-time qRT-PCR detected FMDV strains A No. 2177/
Amursky/2013 and Asia-1 No. 1987/Amursky/2005 at the
concentration of upto 0.11gTCD, /ml (i.e. 1TCD, /ml), and
O No. 2123/South Ossetia/2011 - at the concentration of
up to 11g TCD, /ml (i.e. 10 TCD, /ml) (Table 1).

So, the performed experiments showed that when
detecting FMDV in milk analytical sensitivity of real-time
gRT-PCRis 1-10TCD, /ml. Difference in analytical sensitivi-
ty of the reaction for different strains is probably explained
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Table 1
Determination of FMDV concentration in milk samples using real-time qRT-PCR

FMDV concentration Threshold cycle mean value (C), in triplicates
:g el ANo.2177/ | ONo.2123/South | Asia-1 No. 1987/
50 Amursky/2013 Ossetia/2011 Amursky/2005
6.0 16.09 16.76 18.36
5.0 17.74 20.30 21.00
4.0 21.58 23.81 24.09
3.0 23.73 27.67 27.66
20 26.69 30.80 29.84
1.0 29.40 36.83 3248
0.1 3238 n/d 34.71
0.01 n/d n/d n/d
0.001 n/d n/d n/d
0.0001 n/d n/d n/d

n/d - (t not determined, which means that real-time qRT-PCR result is negative.

by the chosen 10-fold sample dilution and possible inac-
curacy of the virus titer determination in the cell culture.

The obtained results confirm that real-time qRT-PCR
can detect FMDV in milk and the sensitivity is the same as
in epithelium tissues and cell cultures [3].

Assessment of the reaction precision. Precision of the re-
action was determined under repeatability and reproduci-
bility conditions. Precision under repeatability conditions
was assessed by measuring the variability of the results
within one run. For that purpose the same milk sample
containing 6 Ig TCD, /ml of FMDV A No. 2177/Amur-
sky/2013, was tested simultaneously in 20 replicates by
one operator using the same machine.

The coefficient of variation was 1.23% when real-time
gRT-PCR as performed by one operator in 20 replicates,
5.6% — when performing reaction by one operator using
two machines at a different time, and 6.72% when per-
forming the reaction by two operators using two machines
(Table 2).

The obtained results are indicative of high real-time
qRT-PCR precision.

Determination of the analytical specificity of the reaction.
Analytical specificity of real-time qRT-PCR was determined
using RNA from cattle milk samples containing seven sero-
types of FMDV. Other viruses (SVD, VES, VS), diluted in milk
and unskimmed milk from normal cows were also used. A
positive result was obtained when testing milk samples
containing seven FMDV serotypes (figure). Samples con-
taining RNA of other viruses as well as milk from normal
animals demonstrated negative results which is indicative
of the method specificity.

DISCUSSION

The previously performed tests showed that real-time
gRT-PCR is a contemporary method for FMDV genome
detection in epithelium of infected animals and cell
cultures [3]. Results obtained during this research showed
that real-time qRT-PCR can be successfully applied for
FMDV detection in milk of infected cows.
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Fluorescence units

Table 2
Threshold cycle values and real-time qRT-PCR coefficients of variation for the milk
sample containing FMDV A No. 2177/Amursky/2013

Different machine Different operator
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No Run G No repeat G No repeat G
1 16.12 1 16.24 1 16.32
2 16.30 2 17.02 2 16.74
3 16.14 3 16.66 3 16.08"
4 16.17 4 16.06 4 16.16
5 16.21 5 16.14 5 16.81
6 16.27 6 17.01 6 16.27
7 16.31 7 16.83 7 16.98
8 16.30 8 16.41 8 16.22
9 16.28 9 16.29 9 7.1
10 16.27 10 17.04 10 16.17
n 16.23 n 16.21 n 17.01
12 16.23 12 16.47 12 16.37
13 16.18 13 16.32 13 16.49
14 16.17 14 16.94 14 16.47
15 16.19 15 16.83 15 16.29
16 16.21 16 16.81 16 16.64
17 16.27 17 16.19 17 16.36
18 16.12 18 16.71 18 16.18
19 16.32 19 16.29 19 16.41
20 16.26 20 16.28 20 17.19™
(=123
(=56
‘ (=6.72

811
;

10 20 ] 40
Run number

Figure. Analytical specificity of real-time qRT-PCR
for detection of FMDV RNA in milk

1-7 — milk samples containing seven FMDV serotypes;
8-11 -milk from normal cows and milk samples containing SVDV, VESV, VSV.

28

As a result of the performed research several validation
characteristics of real-time qRT-PCR were determined: pre-
cision under repeatability and reproducibility conditions,
analytical specificity and sensitivity. Also the results of the
research demonstrate the possibility to apply the method
for FMDV detection in milk of a dairy herd.

The performed tests showed that real-time qRT-PCR
has high precision, specificity and sensitivity. Coefficient
of variation was 6.72%.

Sensitivity of the method was 1-10 TCD, /ml depen-
ding on the FMDV strain. Real-time gRT-PCR allows de-
tection of 1:1,000,000 FMDV dilution in milk. According
to S. M. Reid et al. [9] such sensitivity allows detecting an
infected animal in the herd, so, the method can be used
for testing composite milk samples. It is also possible to
detect the infection even after the milk from different has
been pooled into one tanker.

FMDV is characterized by a high level of genetic diver-
sity. The performed tests show, that all seven FMDV sero-
types are successfully detected in milk as well as in epithe-
lium of sick animals [3], which confirms the capability of
the method to detect a wide spectrum of the FMD virus.

CONCLUSIONS

The possibility of real-time qRT-PCR use as a contempo-
rary method for FMDV detection in milk was demonstrated.

Major validation characteristics of the method for de-
tection of RNA of all FMDV serotypes were determined.

Results of the experimental tests prove that the method
has high precision, specificity and sensitivity and can de-
tect FMDV in its genetic diversity even if it is diluted.
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interests.
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