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PE3IOME

OenepanbHblii LieHTp oxpaHbl 300poBbA KUBOTHLIX (OFBY «BHUW3X», r. Bnagumup, Poccua) sasnsetca PernoHanbHoii pede-
peHTHoli nabopatopueii M3b no Awypy ana ctpaH Boctouoii Esponbi, LientpanbHoit A3um u 3akaBkasba 1 PedepeHTHbIM
uentpom ®AO no Awypy Ana ctpaH LlentpanbHoii A3um 1 3anagHoi EBpazuu. 3apaueii OIBY «BHUN3X» kak pernoHanbHoii
pedepeHTHol nabopaTopun/ueHTpa No ALYpy ABAAETCA HenpepbiBHOe HabnioeHue 3a BMPYCOM ALLypa, LMPKYAUPYIOLMM
Ha MOCTCOBETCKOM NMPOCTPAHCTBE, BbIABNEHNE HOBbIX FEHETIYECKUX BapUaHTOB BHUPYCA M CPaBHEHME WX aHTUTEHHbIX (BOWCTB
C UMELMMICA BAKLMHHBIMI WTaMMami. B faHHoi paboTe onucaHbl pe3ynbTaTbl GunoreHeTueCkoro aHanu3a Bupyca ALypa,
Bbi3BaBLLero B 2016 1. BCnblLuKy 60ne3H B ApMeHnn, 3abaitkanbckom kpae Poccun, CpepHeit A3um u Mowronuu. B pesynbrate npo-
BeeHHbIX UCCIe0BaHMIl YCTAHOBAEHO, UTO BCTbILLIK ALLypa B ApMeHIU BbI3BaHbI BUPYCOM, OTHOCALLMMCA K FeHETUYECKOA MHIM
A/G-VII, koTopas nonyuuna pacnpocTpaHenme Ha bauxHem Boctoke B 2015 1. 1 paHee HUKOTAA He perncTpupoBanach Ha NocTco-
BETCKOM MPOCTpaHCTBe. lpuunHa BCnbiLek Allypa B 3abalikanbckom Kpae B HoAbpe — aekabpe 2016 r. — BUPYC reHeTYeCKol
nukuu 0/Ind-2001d, 3k30Tueckoii Ans Poccum. Awyp B CpeaHeit A3un 6bin o06ycnonen Bupycom 0/ME-SA/PanAsia-2, suemuy-
HbIM B 3TOM perioHe. B MoHronun Benbiluka Alypa 6bina Bbl3BaHa BUPYCOM, NPUHAANEXALLMM K reHeTYecKoil iuHum A/Sea-97,
KOTOpasA ye perucTpupoBanach B 31oil cTpae B 2013 r. Pe3ynbTaThbl reHOTUNMPOBAHKA BUPYCA ALLYPA UMEIOT BaXKHOE 3HaueHue
ANA KOPPEKTUPOBKI MeponpuaTyii no 6opbbe ¢ 6onesHbio.

KnioueBble crioBa: Bupyc AiLypa, dpunoreHetinyeckiii aHanus.

BBEAEHUE

Allyp — BbICOKOKOHTarno3Has BupycHas 6onesHb fjo-
MaLUHUX U AVKUX MAaPHOKOMbITHBIX XUBOTHbIX. OTHOCKT-
CA K KaTeropum TpaHCrpaHUYHbIX 60ne3Hel, CNoCcobHbIX
npeoposeBaTh rpaHULIbl MeXAy roCyaapCcTBamMy, Bbi3biBaTb
3NU300TUN Y HAHOCUTb BOJbLLION SKOHOMUYECKNI YiLep6
KVBOTHOBOZCTBY.

Bo3byauTenem 6onesHn aBnsetca 6€3060104eUHbIN
PHK-copepxawuin Bupyc Auypa, npeactaButens poaa
Aphthovirus cemeincTBa Picornaviridae. PaznuuatoT cemb
cepotunos Bupyca: O, A, C, Asua-1, SAT-1, SAT-2 n SAT-3.
B npepenax Kaxgoro Tuna CyLecTByeT MHOXeCTBO reHe-
TUYECKUX 1 aHTUTEHHbIX BapMaHTOB BMpYyCa.

B HacToALlee BpemaA B MUpe CyLIeCTBYET CEMb SKOCU-
ctem (nynos) Bupyca Awypa: 1 - KOro-BoctouHasa Asua

BETEPUHAPUA CETOHA JEKABPb N°4 {23} 2017

n Kntan, 2 - IOxHaa A3us, 3 — bnvxHun n CpegHuin Boc-
TOK, 4 — 3anagHas u LleHTpanbHasa Adpuka, 5 — BocTouHas
Adpuika, 6 — lOxxHaa Adprka n 7 — OxHas Amepuka [3].
B kaxxaom nyne UMpKyaupyioT WTaMMbl BUpYCa Alypa,
OT/IMYaLMeCs NO FeHeTUYECKUM U aHTUTEHHbBIM CBON-
CTBaM. ITW YCTONYMBbIE TeHeTUYeCKNe rpynmnbl NOAyUYnIun
Ha3BaHuve TonoTunos [6, 8]. B npefgenax kaxkgoro TonoTrna
pasnuyaloT MHOTOUYMCIIEHHbIE FeHETUYECKME TUHNN 1 CyO-
NNHWVW BUpYCa ALLypa.

CrTyauma no Awypy B MMpe o4yeHb AnHaMnyHa. Exe-
rOAHO PErncTPUpPYIOTCA MHOFOUMCIIEHHbIE CITyYam 3aHOCa
60/1e3H1 U3 SHAEMUYHBIX PETMIOHOB B CTPaHbl, CBOO6OAHbBIE
OT Alypa. B 3HAEMMYHbIX PErvoHax B Cuily eCTeCTBEHHOM
3BONIOLMM BMPYCa NePUOMYECK/ BO3HUKAIOT HOBbIE re-



HeTnYeckne IMHUN NN CYGNNHUK, KOTOPble BbITECHAIOT
CyLLecTBOBaBLUVE paHee.

Lna s¢dexTnBHOM 6OPLOLI C ALLYPOM HEOOXOANMO OT-
CIIeXMBaTb NOSB/IEHNE HOBbIX FEHETUYECKUX U aHTUTeH-
HbIX BapMaHTOB BMPYCa, MPOTVB KOTOPbIX CyLLecTByioLMe
BaKLUUHbI MOTYT OKa3aTbCA HeaddEKTUBHBIMU.

B 2005 r. ¢ yenbio rnobanbHOro Haf3opa 3a ALYPOM
6bl1a co3faHa MexayHapoaHana ceTb pedepeHTHbIX nabo-
paTopuii, KOTopasa BKOYaeT OfHY BCEMUPHYIO, YeTbipe
PEervoHanbHbIX Y HECKOJIbKO HaLMOHanbHbIX nabopaTo-
pun. ®IBY «BHUU3X>» (r. Bnagmumup, Poccus) BxoguT B 3Ty
ceTb Kak PermoHanbHas pedepeHTHas nabopatopusa MIb
no AwWypy Ana ctpaH BoctouHon Esponsbl, LeHTpanbHomn
A3um 1 3akaBkasba 1 PepepeHTHbI LeHTp OAO no Awypy
ana ctpat LleHtpanbHon A3un n 3anagHon Espasun.

OpgHon n3 3apgay OIrbY «<BHUN3XK» AaBnaeTca HenpepbiB-
Hoe HabnioaeHne 3a BUPYCOM ALLYPA, LUPKYIMPYOLWUM
Ha MOCTCOBETCKOM MPOCTPAHCTBE, BblABIIEHVE HOBbIX re-
HeTMYeCKMX BapuaHToOB Bupyca (PrnoreHeTUYECKNn aHa-
NN3) N CPaBHEHVE NX aHTUTEHHbIX CBONCTB C UMELLMMICA
BaKUMHHbIMM WTaMmMmamu (matching).

B paHHoIn paboTe npeacTaBneHbl pesynbraTbl punore-
HeTUYeCKoro aHanu3a B1pyca Allypa, Bbi3BaBLUEro BCrblL-
K1 6011e3HM Ha MOCTCOBETCKOM NPOCTpaHCTBe 1 B MoHro-
nn B 2016T.

MATEPUANDBI U METOA1 bl

lMamonoeuyeckuti Mamepuan. Ina nccnegoBaHum nc-
nonb3oBanu Npobbl ahTO3HOrO SNUTENUA OT KPYMNMHOro
poraToro ckora.

BoideneHue PHK. PHK Bbigenanu 13 10%-# cycneHsnm
anuTenma metogomM adprHHON copbLMM Ha CTEKITOBOMOK-
HUCTbIX dunbTpax [2].

Puc. 1. lMonox<eHue apmAaHcKux uzonamoes 2016 a.

Ha ¢punozeHemuyeckom opese supyca auypa muna A
JleHOpozpamma ocHo8aHA HAa CPABHEHUU NOJTHbIX
HYK/1eomuoOHbIx nociedosamersibHocmet 2eHa VP1.

Fig. 1. Armenian isolates 2016 on Type A FMDV tree diagram
The tree diagram is based on VP1 gene sequence comparison.
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ObpamHas mpaHcKkpunyusa u nosuMepdsHas yenHas
peakyua (OT-MLP). Amnnndukaymto reHa VP1 nposoamnu
meTtogom OT-TLIP B cooTBeTcTBUM € «MeToanYecKnMm yKa-
3aHUAMU MO NHAMKALMY reHOMa U WTammoBol anddeper-
umrauumn Bupyca fAlypa MeTofoM noavmmepasHon LenHom
peakumn n cekBeHnpoBaHuem reHa VP 1» [1].

CekgeHupogaHue. CeKBeHMpPOBaHMe OCYLeCTBAANN
C ucnonb3oBaHuem Habopa BigDye® Terminator Cycle
Sequencing Kit n aBTomatnyeckoro cekseHaTopa ABI
Prism 3130 (Applied Biosystems, CLLA).

AHau3 HykeomuoHbIx nocedogamesibHocmel Npo-
BOAWMM C UCNOJSb30BaHMEM MakeTa nporpamm BioEdit.
OnAa rpaduyeckoro NocTpoeHUsa AeHApPOrpamMmm npwu-
meHAnn nporpammy MEGA 6, Neighbor-joining method,
1000 bootstrap replications.

PE3Y/IbTATbI U OBCYXAEHUE

B KoHLe fnekabps 2015 — aHBape 2016 I. B HaceNeHHOM
nyHKTe Apasan Ha rpaHuue ApmeHun c Typuueii 6bina 3a-
perncTpupoBaHa BCMblllKa ALlypa Cpefmn KpynHoro pora-
TOro CKOTa 1 CBMHeN. MaTonornyecknii matepran ot 60sb-
HbIX >KMBOTHbIX nocTynun B OIBY «BHUN3X» ana nabo-
paTopHbIx nccnepgosanuin. Metogom OT-TILP B peanbHoM
BpPEMEHU B YeTblpex Npobax matepuana 6bin 06HapyKeH
BMpYC Alypa. unoreHeTMyecknii aHanu3 nokasar, 4to
BbIABSIEHHDbIV BUPYC NPUHAANEXNT K FeHeTUYECKOW INHUN
G-VIl cepotuna A (puc. 1).

JTa reHeTUYeCKasa NMUHUA SHAEMMYHA B KOxKHOM A3umm
n po 2015 r. 3a npegenamu nonyoctpoBa NHgocTaH 06-
HapyuBanacb Tonbko B Caygosckon Apasun B 1995 r.
n B EBpone (An6aHua n MakegoHusa) B 1996 1. [5]. OceHbto
2015 r. Bupyc awypa A/G-VIl Bbi3Ban MHOrOYNCNIEHHbIE
BCMbILLIKM 60ONe3HU Cpasy B HECKOJIbKMX CTPaHax 3a npege-

Puc. 2. [MonoxeHue cpedHeasuamckux u3osiAmos

Ha ¢husiozeHemuyeckom opeee supyca auypa muna O
JleHOpozpamma ocHO8aHA HA CPABHEHUU NOJIHbIX
HYK/1eomuoOHbIx nocsiedosamesibHocmet 2eHa VP1.

Fig. 2. Middle Asian isolates on Type O FMDV tree diagram
The tree diagram is based on VP1 gene sequence comparison.
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namu CBOero ecteCcTBeHHoro apeasna: Cayaosckon Apasuu,
Typuumn n Vpane [7]. O4eBMAHO, MIMEHHO C TeppuUTOpUn
Typuum 3ToT BUPYC 6bIN1 3aHECeH B APMEHMIO.

[naBHasA onacHOCTb CMTyaL MK 3aKJiloyanacb B TOM, 4TO
TPaAVLMOHHbIE BAaKLMHHbIE LUITAMMbl HE CMIOCOOHBI 3alu-
LaTb »KMBOTHbIX OT BUpyca Awypa A/G-VIl. EBponeickasa
Komuccma no Awypy MpofoBonbCTBEHHON U CENbCKO-
X03AncTBeHHOM opraHm3auum OOH (Pum, Utanna) odu-
LumnanbHO npepynpeanna cTpaHbl 3akaBkasba 06 yrpose,
KOTOpYIo MpefCcTaBnAeT ANA HUX HOBbIV WTaMM BUPYCa,
1 peKkoMeHAoBana VM NpPYMeHATb HOBble, OrepaTVBHO
pa3paboTaHHble BaKLUHbI.

B anpene 2016 r. B ®I'BY «BHUW3X» noctynun ana
NccnefoBaHWin NAaToNoOrMYecKknii matepuman oT KpynHoro
poraToro ckota, NMojly4YeHHbli B OAHOW U3 ObIBLINX CO-
BeTCKUX pecny6nuk CpegHein Asuun. B natn obpasuax
metogom OT-MLP 6bin BbisiBNeH BUpycC Awypa trina O.
CeKBeHVpOBaHVE U pUOreHETUYECKNIA aHaNN3 NoKa3sa-
NN, Y4TO BUPYC, OOHAPYKEHHbIV B NCCIIe[0BaHHbIX NPO-
6ax, MPUHaZNEXNT K reHeTuyeckom nuHum O/PanAsia-2
N reHeTnyeckn 65IM30K K CpefHeasnaTckum 1n3onatam
2014-2015 rr. (puc. 2).

Bcnbiwku, Bbi3BaHHble BUpycom O/PanAsia-2, peru-
CTPUPYIOTCA Ha MOCTCOBETCKOM MPOCTPAHCTBE NnocegHne
10 net. B 2007 r. faHHbIV BUPYC pacnpocTpaHunca n3 Kx-
How A3uu Ha bavxHuin BocTtok n LeHTpanbHyto A3nio, Bbl-
TeCHWN U3 3TUX pernoHoB nuHuio O/PanAsia n gomnHUpY-
€T B HUX [10 HAaCTOSALLEro BPeMeHu. 3a 3TOT neprog BUpYC
3HauUUTENbHO AVBEPrpPoBas, 06pa3oBaB HECKOJIbKO reHe-
TUYecKux cyenuHui [7].

MpoBefeHHble NCCNeAOBaHMA CBUAETENIbCTBYIOT O TOM,
yTo CUTyauma no Awypy B CpeaHert A3um npuHLMNanbHO
He M3MeHMnach: 3aecb NOo-NpPeXxHeMy UMPKYMpyeT BUPYC,
npviHagnexawuin K reHetmyeckon nuuum O/PanAsia-2,
a 3HauuT, BaKUMHA Ha OCHOBE [AHHOrO WTamMma Mo-
npeXKHemy akTyasibHa /1A CTPaH 3TOro pervoHa.

12 aBrycta 2016 r. B OI'BY «BHUM3K» noctynun na-
TOSIOrMYEeCKNI MaTepuan OT KPYMHOro poratoro ckoTta
13 MoHronun. CornacHo conpoBOANTENbHOWN AOKYMEHTa-
uuun, Npobbl 6binr oTobpaHbl 17 nona 2016 1. B NPOBUHLMK
Govi-Sumber. B Tpex 13 NATU NOCTYNMBLUNX NPO6 MeTogoM
OT-NUP 6bin 06HapyxeH Bupyc Awypa. CekBeHMpoBaHue
1 GunoreHeTUYECKNIA aHan13 nokasasu, 4To OH OTHOCUTCA
K reHeTnyeckom nmHum Sea-97 tonotuna Asia cepoTuna A
(puc. 3).

Bupyc A/Asia/Sea-97 yxe peructpupoBanca B MoH-
ronuu B 2013 r. leHeTnyeckasa nuHna A/Sea-97 sHgemny-
Ha B cTpaHax lOro-BoctouHon Asnn. B 2013 r. oH Bbiwen
3a npejenbl CBOEro eCTeCTBEHHOroO apeasna 1 Bbi3Bas
naH3ooTunto, oxBaTtuslyto Kutair, Poccuio (3abaiikanb-
CKUI Kpait n AMypcKyto obnacTtb), MoHronuio 1 KasaxcraH
(BocTouHo-KasaxcTaHcKyto obnacTtb). B Poccuiickon Qe-
gepaunn, MoHronumn n KasaxctaHe awyp 6bii1 nMKBUAK-
posaH. OgHako B Kutae nckopeHutb supyc A/Asia/Sea-97
He yAanocb, N Bbi3BaHHbIe MM BCMbILLKN PErMCTPUPOBA-
nncb B cTpaHe B 2013-2015 rr. B 2016 . KHP He coobuiana
0 Allype TUNa A Ha CBOel TeppuTOprM, OAHAKO HEOOXO-
[MMO YUMTbIBaTb, YTO 3Ta CTPaHa TPagULMOHHO coobLlaeTt
He 0060 Bcex BCrblWwKax. MocKkonbKy HenocpeacTBeHHbIN
3aHoc Bupyca A/Asia/Sea-97 B MoHronuio ns ctpaH tOro-
BocTouHoM A3 MmanoBepoATeH, MOXXHO NPeAnoNoXnTb,
UYTO OH MO-NpeXHEMY LMpKynupyeTt B Kutae n umeHHO
C TeppUTOPUN 3TOV CTPaHbI Obls1 3aHeceH B MoHronuto.

Pe3ynbTaTbl nccnegoBaHnin CBUAETENbCTBYIOT O TOM,
41O BK/loYeHne wTamma A/Asia/Sea-97 B coctaB npoTu-
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Puc. 3. lMonoxeHue MOH20/1bCKUX U30/1imoe 2016 2.

Ha ¢hunozeHemuyecKkom opese supyca Awypa muna A
JeHOpozpamma ocHo8aHA HA CPABHEHUU NOJTHbIX HYK/TEOMUOHbIX
nocniedosamesnibHocmeti 2eHa VP1.

Fig. 3. Mongolian isolates 2016 on Type A
FMDV phylogenetic tree diagram

The tree diagram is based on VP1 gene
sequence comparison

BOALLYPHOW BakUMHbI Ans MoHronum n 6ydepHoi 30HbI
Poccunckon ®epgepauun no-npekHemy ABNAETCA aKTy-
anbHbIM.

B HoAbpe — pekabpe 2016 r. B HACENEHHbIX MyHKTax
CpepHeapryHck, Magb Lnpokan n Kannactyin 3abaiikanb-
cKkoro Kpas Poccuiickoin ®efiepaLym 6binv 3apernctprpo-
BaHbl BCNbIWKM Awypa Trna O. PunoreHeTnyecKnin aHanmns
roKasaJl, YTo BUPYC, BbI3BaBLUMI 3TU BCMbILIKK, OTHOCUTCS
K reHeTn4yeckon nuHum Ind-2001d, koTopasa paHee HUKOr-
[la He perncTpupoBasnacb B Poccum 1 Ha NOCTCOBETCKOM
npocTpaHcTBe (puc. 4).

M3 n3onAaTtoB BMpyca Awypa, YbW HYKNeoTUAHbIe Mo-
cnefoBaTeNibHOCTY NpeAcTaBaeHbl B MeXAyHapOAHON
6a3e gaHHbIx GenBank, K 3a6alikanbckomy BUpYCY Hanbo-
nee 6nr3knMm okasanca nsonat BAN/GO/Ka-236(Pig)/2015
(KX712091) - 99,7-99,8% romonoruu. No nepBuyHOn
cTpyKType reHa VP 1 3abalikanbckre N301aTbl OTANYAINCD
oT Bupyca u3 baHrnagew Bcero no 1-2 HyKneoTuaHbIM OC-
HOBaHMAM (H. 0.). icnonb3oBaHue 6a3bl AaHHbIX Bcemmp-
Hol pedepeHTHOIN nabopatopuu MIB/OAO no Awypy
(BennkobpuTaHmna) NO3BONMIO YCTaHOBUTb, YTO 3abaii-
KanbCKni BUPYC Ha 99,2% naeHTNYeH TaNCKUM n3onatam
TAI-225-2016R3 1 TAI-269-2-2016 1 Ha 99,1% — Henanb-
ckum nsonatam 2015-2016 rr. [7]. 3aHocC Brpyca Awypa
B 3abalkanbCKM Kpai U3 3TUX CTPaH MasoBEpPOATEH.
Bbonee BepoATHbIM NpeAcTaBnAeTCA APYroN CUeHapuii:
Bupyc Awypa nuHun O/ME-SA/Ind-2001 6bin 3aHeceH
13 OAHOW M3 3TUX CTPaH CHavana B Kutai, Tam nonyuun
[OCTAaTOUYHO LUMPOKOE PacnpoCTpaHeHne 1 3aTeM yxe
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Puc. 4. lNonoxeHue 3abalikanbckux uzonamos 2016 2. Ha hunozeHemuyecKkom opese

supyca awypa muna O

,ﬂEHapOZPGMMG OCHO8AHA HA CpasHeHUU NOJIHbIX HyK/'leomuaHbIX nocnedogamesibHocmeli 2eHa VP1.

Fig. 4. Zabaikalsky Krai isolates on Type O FMDV tree diagram
The tree diagram is based on VP1 gene sequence comparison.

c Tepputopun KHP nonan B npurpaHnyHble HaceneHHble
nyHKTbl 3abalikanbckoro Kpaa Poccun. B 2016 r. Kutai
coobLan o BcnbllwKax Awypa Tmna O Ha cBoeln TeppuTo-
pwvu [4], of[HAKO MX reHeTMYeCcKas XxapakTepucTrka noka
Heun3BecTHa.

B HacToALee BpemAa aKTyanbHOW 3agayen ABNAeTcA
onpepeneHve 3¢GEeKTUBHOCTM BaKLMHbI, MPUMEHAEMOI
B OydpepHoli 3oHe Poccuiickor Gepepaunn, NpoTrB BUPY-
ca Awypa nuHum O/Ind-2001d.

Taknum 06pa3om, MpoBefeHHble NCCIefoBaHUsA NOKa-
3a/K, YTO Ha NOCTCOBETCKOM NMpocTpaHcTee B 2016 r. no-
ABUINCH [1BE HOBble reHeTUYeckne NMHUK BUpYCa Allypa
(A/G-VII n O/Ind-2001d) 1 Nnpu 3TOM NPOAOIKAET LINPKY-
nuposatb Brpyc O/PanAsia-2. B MoHronnm noBTOpHO 3a-
peructpupoBaHa nuHuAa A/Sea-97.

3AKNKOYEHUE

Awyp B CpepHelr A3um 6bin 0OyCcnoBneH BMPYCOM
O/ME-SA/PanAsia-2, kotopbii B 2007 . pacnpocTpaHu-
cA n3 OxHom A3unn Ha bavxHu BocTtok n LieHTpanbHyto
A3ui0, BbITECHUN 13 3TUX pernoHoB nuHuto O/PanAsia n fo-
MUHUPYET B HMX MO HacTosALlee Bpema. 3a 3TOT Nepuos,
BMPYC 3HAUUTENIbHO AMBEPrPOBas, 06pa3oBaB HECKOb-
KO reHeTnyeckux cyenunHui. Mostomy BakLMHA Ha OCHO-
Be AAaHHOrO LWTaMMa No-rnpexHeMy akTyanbHa ana cTpaH
3TOoro pervioHa. CekBeHVpoBaHve 1 GUnoreHeTUYeCKnin
aHanu3 BMPYCa, BbIAENIEHHOTO M3 NPO6, MOCTYNMBLLINX
13 MoHronuu, nokasanu, 4To OH OTHOCUTCA K reHeTnve-
CKoM nuHUKM A/Sea-97, KoTopasa permcTprupoBanach B 3Tow
cTpaHe B 2013 T.
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SUMMARY

Federal Centre for Animal Health (FGBI “ARRIAH’, Vladimir, Russia) is an OIE Regional
Reference Laboratory for Foot-and-Mouth Disease for Eastern Europe, Central Asia and
Transcaucasia and FAQ Reference Centre for Foot-and-Mouth Disease for Central Asia
and Western Eurasia. The FGBI “ARRIAH'S” objectives as a Regional Reference Laboratory/
Centre include continuous FMDV monitoring in post-Soviet states, detection of new ge-
netic virus variants and matching their antigenic properties with antigenic properties of
available vaccine virus strains. The paper demonstrates results of phylogenetic analysis of
foot-and-mouth disease virus (FMDV) that caused the disease in Armenia, Zabaikalsky
Krai (Russia), Middle Asia and Mongolia in 2016. The test results are indicative of the fact
that FMD outbreaks in Armenia were caused by the virus belonging to A/G-VII genetic
lineage that was widely spread in the Near East in 2015 and had been never reported
in post-Soviet states before. The FMD outbreaks in the Zabaikalsky Krai in November —
December 2016 were caused by the exotic for Russia FMD virus of 0/Ind-2001d genetic
lineage. In Middle Asia FMD was caused by 0/ME-SA/PanAsia-2 virus belonging to the
0/ME-SA/PanAsia-2 genetic lineage and endemic for the region. In Mongolia the FMD
outbreak was caused by the virus belonging to A/Sea-97 genetic lineage that had been
previously reported in this country in 2013. Results of the virus genotyping are of particu-
lar importance for adjustment of the disease control measures.

Key words: foot-and-mouth disease virus (FMDV), phylogenetic analysis.

INTRODUCTION

Foot-and-mouth disease is a highly contagious viral di-
sease of domestic and wild cloven-hoofed animals. It falls
under the category of transboundary diseases capable of
crossing international borders, causing epidemics and in-
flicting major economic damage to the livestock industry.

The disease is caused by non-enveloped RNA virus of
genus Aphthovirus, family Picornaviridae. There are seven
serotypes of FMDV, namely O, A, C, Asia 1, SAT 1, SAT 2,
and SAT 3. Within each type a large number of geneticand
antigenic virus variants can be identified.

Currently there are seven FMDV ecosystems (pools):
1-South East Asia and China, 2 - South Asia, 3 - Near and
Middle East, 4 - West and Central Africa, 5 — East Africa, 6 —
South Africa and 7 — South America [3]. Antigenically and
genetically different FMD viruses are circulating in each
pool. Such stable genetic groups were named as topo-
types [6, 8]. Within each topotype multiple genetic FMDV
lineages and sub-lineages are differentiated.

Global FMD situation is highly dynamic. Annually
multiple cases of the disease introduction are reported
in FMD free countries. Due to the virus natural evolution
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new genetic lineages and sub-lineages emerge in endemic
regions thus replacing previously existing ones.

For the FMD control to be efficient, emergence on new
genetic and antigenic virus variants should be monitored
as currently used vaccines can be ineffective against them.

In 2005, an International Network of Reference Labora-
tories was established and included one World Reference
Laboratory, four Regional Reference Laboratories and
several National Reference Laboratories. The FGBI“ARRIAH"
(Vladimir, Russia) is a member of the Network as OIE Re-
gional Reference Laboratory for Foot-and-Mouth Disease
for Eastern Europe, Central Asia and Transcaucasia and FAO
Reference Centre for Central Asia and Western Eurasia.

Among the FGBI “ARRIAH’s” objectives is continuous
monitoring of FMDV circulation in post-Soviet states, de-
tection of new genetic virus variants (phylogenetic analy-
sis) and matching their antigenic properties with antigenic
properties of available vaccine virus strains.

The paper demonstrates results of phylogenetic analy-
sis of FMDV that caused the disease outbreaks in post-
Soviet countries and Mongolia in 2016.

MATERIALS AND METHODS

Pathological material. Aphthous epithelium samples
collected from cattle were used in the studies.

RNA extraction. RNA was extracted from 10% epithelium
suspension by means of binding on the fibrous glass filters [2].

Reverse transcription polymerase chain reaction (RT-PCR).
VP1 gene amplification was performed using RT-PCR ac-
cording to Methodical instructions on FMDV genome in-
dication and strain differentiation using polymerase chain
reaction and VP1 gene sequencing [1].

Sequencing. Sequencing was performed using BigDye
Terminator Cycle Sequencing kit and automatic sequencer
ABI Prism 3130 (Applied Biosystems, CLLIA).

Nucleotide sequences were analyzed using BioEdit soft-
ware. Tree diagrams were plotted using MEGA 6, Neighbor-
Joining method, 1000 bootstrap replications.

RESULTS AND DISCUSSION

In the end of December 2015 - January 2016, an FMD
outbreak was reported in cattle and pigs settlement lo-
cated in Arazap on the border between Armenia and Tur-
key. Samples from the diseased animals were delivered for
testing to the FGBI ARRIAH. FMD virus was isolated from
four samples using real time RT-PCR. Phylogenetic analysis
demonstrated that the isolated virus belonged to serotype
A of G-VII genetic lineage (Fig. 1, P. 4).



This genetic lineage is endemicin South Asia and before
2015 outside Indostan peninsular it was detected only in
Saudi Arabia (1995) and Europe (Albania and Macedonia)
(1996) [5]. In autumn 2015, A/G-VII FMDV caused multiple
outbreaks in several countries outside its natural range:
Saudi Arabia, Turkey and Iran [7]. The virus was obviously
introduced to Armenia from Turkey.

The key hazard of the situation is that conventional vac-
cines cannot protect animals against A/G-VII FMDV. The
European Commission for the Control of Foot-and-Mouth
Disease (EuFMD) of the UN Food and Agricultural Organi-
zation (Rome, Italy) officially warned the Transcaucasian
countries about the threat posed by the new strain and
recommended to use new and rapidly developed vaccines.

The pathological material collected from cattle in one
of the former Soviet Republics in Middle Asia was deli-
vered for testing into the FGBI “ARRIAH" in April 2016. RT-
PCR results demonstrated Type O FMDV in five samples.
Sequencing and phylogenetic analysis demonstrated that
theisolated virus belonged to O/PanAsia-2 genetic lineage
and it was genetically related to Middle Asian isolates of
2014-2015 (Fig. 2, P. 4).

Outbreaks induced by O/PanAsia-2 virus have been re-
ported in the post-Soviet states in the past 10 years. The
virus spread from the South Asia to the Near East and Cen-
tral Asia in 2007, it replaced O/PanAsia lineage from these
regions and have been dominating there until now. In the
meantime the virus significantly diverged and formed se-
veral genetic lineages [7].

The tests performed are indicative of the fact that FMD
situation in the Middle East has not radically changed: vi-
rus of O/PanAsia-2 is still circulating there and thus the vac-
cine based on such strain is still relevant for the countries
located in this region.

On August 12, 2016 pathological material collected
from cattle in Mongolia was delivered for testing into
the FGBI “ARRIAH". According to the accompanying
documents the samples were collected in Govi-Sumber
Aimag on July 17, 2016. RT-PCR results demonstrated
FMDV in three out of five samples. Sequencing and phy-
logenetic analysis indicated that the virus belonged to
Sea-97 genetic lineage, Asia topotype, serotype A (Fig. 3, P.5).

A/Asia/Sea-97 virus was reported in Mongolia already
in 2013. A/Sea-97 genetic lineage is endemic in South-
East Asian countries. In 2013 it spread out of its natural
habitat and caused panzootics that seized China, Russia
(Zabaikalsky Krai and Amur Oblast), Mongolia and Kazakh-
stan (East Kazakhstan Oblast). FMD was eradicated in the
Russian Federation, Mongolia and Kazakhstan. However,
China failed to eradicate A/Asia/Sea-97 virus, and its out-
breaks were reported in the country in 2013-2015.1n 2016,
the PRC did not notify any FMD outbreaks, however, con-
sideration should be given to the fact that this country tra-
ditionally notifies not all outbreaks. As direct introduction
of A/Asia/Sea-97 virus to Mongolia from South-East Asia
is hardly probable, is it likely to be still circulating in China
and it was introduced into Mongolia from this territory.

The test results are indicative of the fact that integra-
tion of A/Asia/Sea-97 strain into the FMD vaccine is still
relevant for Mongolia and for the protection zone in the
Russian Federation.

Type O FMDV outbreaks were reported in Srednear-
gunsk, Pad’ Shirokaya and Kailastuj settlements (Zabai-
kalsky Krai, the Russian Federation) in November - De-
cember 2016. The phylogenetic analysis demonstrated
that the virus, which caused these outbreaks, belonged to
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Ind-2001d genetic lineage that had never been reported in
Russia and post-Soviet countries before (Fig. 4, P. 6).

Out of all FMDV isolates deposited in the GenBank da-
tabase the isolate BAN/GO/Ka-236(Pig)/2015 (KX712091)
was the most closely related to the Zabaikalsky Krai virus
(homology: 99.7-99.8%). According to the primary VP1
gene structure the Zabaikalsky Krai isolates differed from
the Bangladesh virus in just 1-2 nucleobases. Data from
the OIE/FAO WRLFMD (Great Britain) allowed to establish
that the Zabaikalsky Krai virus was 99.2% identical to Thai
isolates TAI-225-2016R3 and TAI-269-2-2016 and 99.1%
identical to Nepal isolates recovered in 2015-2016 [7].
FMDV introduction to Zabaikalsky Krai from these coun-
tries is hardly probable. Other scenario is more possible:
FMDV of O/ME-SA/Ind-2001 genetic lineage was initially
introduced from one of these countries to China and wide-
ly spread there. Hereafter it was introduced from China to
the border settlements in the Zabaikalsky Krai, Russia. In
2016, China notified Type O FMD outbreaks [4], however
genetic data are not yet available.

Currently of topical significance is determination of the
vaccine efficacy against O/Ind-2001d FMDV in the Russian
Federation protective zone.

Thus the studies demonstrated that two novel genetic
lineages had emerged in the post-Soviet countries in 2016
(A/G-VIl n O/Ind-2001d). Moreover, O/PanAsia-2 virus still
circulates in the region. Virus of A/Sea-97 genetic lineage
was repeatedly reported in Mongolia.

CONCLUSION

In Middle Asia FMD was caused by O/ME-SA/PanAsia-2
virus that spread from Southern Asia to Near East and Cen-
tral Asia in 2007, replaced O/PanAsia viruses in these re-
gions and has been dominating there to the present day. In
the meantime the virus significantly diverged and formed
several genetic lineages. Therefore, the vaccine based on
this strain is still relevant for the countries of this region.
Sequencing and phylogenetic analysis of the virus isolated
from the samples from Mongolia demonstrated that the
virus belonged to A/Sea-97 genetic lineage that was re-
ported in the country in 2013.
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