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AHHoOTaNUSA

B craTre npencTaBieHb COBPEMEHHBIEC CBEACHHS O TePIIECBUPYCaX, BRI3EIBAIOIINX PHHOITHEBMOHHUIO
y nomaaeh. [IpuBomsgTcs AaHHBIE O KIMHUYECKUX IPOSBICHHUSIX OONE3HM, METOJaX JIMATHOCTHKH U
BaKIMHONPODUIAKTAKH. [IpuBEIeHBI pe3yNbTaThl CepOIOTHUECKUX HuccienoBannii B MDA moroiaosws
somaseit AMMaTHHCKON 00JIacT - HalieHb! aHTuTena kak kK EHV-1, tak u k EHV-4. Pa3zpaborannas tect-
cucreMa s [P mo3Bonser >()(eKkTHBHO AMArHOCTHPOBATh PHUHOIMHEBMOHUIO Y JiolIaaed B
KOHEBOAUeCcKnX xo3siicTBax Kazaxcrana. IlomHOreHOMHOE CEKBEHMpOBAaHHWE MecTHOro mramma EHV-1
[I0Ka3aJI0 U3MEHEHUsSI B T€HOME MOCJIEe aTTEHYHpPOBAaHUS IITaAMMa METOJOM MHOTOKPATHBIX MAaCCaKel B
KYJbTYp€ KIETOK.

KuarwoueBbie caoBa: rtepnecsupyc, EHV-1, EHV-4, punomneBmonus, Kazaxcran, Jommans,
JUArHOCTUKA, KIIMHHKA, BAKLIMHA, CEKBEHUPOBAHUE.

Bupycsr reprieca nmomaaeit (EHV), npencraBisror co00ii BBICOKOKOHTaruO3HbIE BUPYCHI,
BBI3BIBAIONINE 3a00JIeBaHUSA BEPXHUX JbIXaTENIbHBIX MyTeH, HeBpoJiorndyeckue 3a00JieBaHUS,
a0opThl W/WIM HEOHaTalbHYI0 cMepTh. [1,2]. PunomneBmonus nomaneii (PILJI) — »at0
HUCTOPUYECKH CJIOKUBIIeecss oOiiee Ha3BaHue 3a0osieBaHus, BbI3bIBaeMoro nByms JIHK-
BHUpycamu u3 cemeiictBa Herpesviridae: Equid herpesvirus-1 u Equid herpesvirus-4 (EHV-1 u
EHV-4) [3]. O6a Bupyca otHocstcst k poay Alphaherpesvirus u ux resomst ot 55% mo 84%
UJCHTUYHBI TI0 HYKJICOTHIHOMY COCTaBY, a IO aMUHOKHCIIOTHOMY CXOJICTBO COCTaBIsieT A0 96%
[4,5]. Ha ceromusmuuii nenp EHV-1 m EHV-4 xnaccupunupoBaHbl Kak MpeacTaBUTENN
noxacemeiictsa Alphaherpesvirinae poxa Varicellovirus [6].

B cemeiicTBe nomaauHbie HISHTUGUIUPOBAHBI BOCEMb FE€PIIECBUPYCOB, U3 KOTOPHIX MSATh
npuHaIeKat K mojacemeiictBy Alphaherpesvirinae u tpu - k Gammaherpesvirinae. Jlomaan
SBIIAIOTCS TpUPOAHBIMH Xxo3sicBamu st Alphaherpesvirus tumos 1 (EHV-1), 3 (EHV-3,
KOoHWTanbHas dk3antema), 4 (EHV-4), Gammaherpesvirus tumos 2 (EHV-2) u 5 (EHV-5). HenasHo
Obul onucad BapuaHT EHV-1, Bo3HMKIINI B pe3ynbTaTe OJHOW TOYEYHOH MyTalMM B TEHE
BupycHoit JIHK-monmmepasbl M accOMUpYOMUNCS ¢ HEBPOJOTUYECKUMHU 3a00JeBaHHEM -
nomaguHoN repnecHor muenosHnedanonaruerr (EHM). M3onsius HOBOro HEHPOTPOMHOTO
Bupyca EHV-9 [7] ot razenu (Gazelle herpesvirus-1) ykaspiBaet Ha TO, 4TO CITHCOK W3BECTHBIX HA
CEerO/IHAIIHUIN JIeHb I'epIEeCBUPYCOB JIOLMIAJUMHBIX €l1e MoXeT nomnonHuthes. EHV-1 u EHV-4
KIIMHUYECKH, STTM300THYECKH U SKOHOMHUYECKH HanboJiee 3HaYUMble TATOTEHBI IS JIOIAIEH.

Anuzoomonozus. PAHOTHEBMOHMS JIOIIA I ITMPOKO pacpoCcTpaHeHa BO MHOTHX CTpaHax
mupa. B xossiictBax EHV-1 Bcrpeuaercs wame (>60%) mno cpaBHenuto c EHV-4,
MH)EKIHS TOCJIe OCTPOrO TEUEHHUs Y YKUBOTHBIX MPUHUMAET XapakTep 3aTsSKHOW JIaTEHTHOU
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uHoeknuu. [IpoucxonuT yepenoBaHrne BHE3AMHBIX OCTPBIX TEUCHUN C MEPHOJAMU aTUITHYHOTO
npoTtekanus 0osie3Hu. Takke XapakTepHa CE30HHOCTB: Yallle BCIBIIIKH MPOUCXOIST OCCHBIO U B
Hayaje 3UMbl.

Ilamozene3s. JlateHTHOCTH ajb(areprnecBUPyCcOB — BaKHast BUPYCHAsl CTpaTerus, KOTOpas
o0ecrieynBaeT €My BBDKMBAHHE M pPACHpOCTpaHEHHE BHYTpU mnomymsauuu jomanaedt [8]. Ha
CETOMHAIIHUN JIEHb SICHO, YTO JIATEHTHO WH(UIIMPOBAHHBIC JICWKOIMTHI HE PACIO3HAIOTCS
UMMYHHOU cucrtemMoil xo3smHa. EHV-1 mepcuctupyer npeumymiectBeHHO B T-numMdornurax
CD5+/CD8+ wu  axkTHBHpYyeTCS  WHTEPJICHKMHOM-2 ¥  JIOMIAJWHBIM  XOPHUOHUYECKUM
roHagotponuHoM [9]. [Ipeanosaraercs, 4To peakKTUBUPOBAHHBIH JTATEHTHBINA BUPYC, BHIACIIAEMbII
C HOCOBBIMHU HCTEUEHHUSMHU, UrpaeT KIO4YeBYO poJib B snuzoorosiornn EHV-1 u EHV-4.
®uznosiornyeckue (QakTopbl, OTBETCTBEHHBIE 32 PEAKTHUBALMIO IIOKA HEU3BECTHBI, HO
YCTaHOBJIEHO, YTO CIIOHTAaHHOE BbIJIEJICHHE BUpYCa CIEAYET 3a TaKUMU CTpecc-(pakTopaMu Kak
O0THEM, KacTpalus, mepeMenieHre KUBOTHOTO U peMutupyromue 6omesnu [10].

Knunuka. Tlpu 3apaxeHUN B3pOCIIBIX KHUBOTHBIX MHKYOAIIMOHHBIN MIEPHO]] COCTABIseT 2-8
cyT. Y OOJBHBIX XKMBOTHBIX TOBBIMAeTCs Temrepatypa Tena mo 39,5-40 °C, mabmomarorcs
KOHBIOHKTUBHT, CEPO3HBbIM PUHUT, y4allleHHOE JbIXaHHe U cepiaueduenue. YacTelii mpHU3HaAK
00JIe3HN - OTEYHOCTh TA30BBIX KOHEYHOCTEW wiu noarpynaka. [lpu nHduumpoBanun BHUpycoM
EHV-1 xepeObie kK0OBUTBI aOOPTHPYIOT BO BTOpPOW TonoBHHE kepeboctu Ha 7-10-m mec. B
HEKOTOPBIX CIIy4asiX BBIKHABIIIM MPOUCX0aT Y 90 % koObLIL

Bakyunonpogunaxmuka. B nacTosee Bpemsl cTpaTerus BaKI[MHAIIMM HaIlpaBJIeHa Ha
MpOQUIAKTUKY 3a00JIEBAEMOCTH CPEIU KEepeOsAT-COCYHKOB, TaK KaK MMEHHO OHM CUHUTAIOTCS
OCHOBHBIM pe3epByapoM U (aKTOpoM TPAaHCMUCCHU BHUPYCOB puHOMHEBMOHUHU [11].
CymecTBytoT, 0 KpaitHel Mepe, 12 MoHO- 1 nosimBaieHTHBIX BakivH K EHV-1 u EHV-4. Tonbko
OJHA M3 HUX JMIeH3upoBaHa B EBpocoroze: mHaktuBHpoBaHHas EHV-1 u EHV-4 Bakuuna,
cojepxariasi aJbloBaHT KapOoMep U obecrieunBaromias nNpopuIakTuKy abopTOB, BBI3BIBAEMBIX
EHV-1 [12]. B Poccun n Kazaxcrane mis cnenuduueckoid mpoPrIaKTUKA UCTIOIB3YIOT KUBYIO
BHPYC-BaKIMHY MMPOTHB pUHOMMHEeBMOHMH 13 mTamma CB/69. Baknunanuio mpoBoAsST ABYKpaTHO
¢ uHTepBasioM 3—4 Mec. XKepeObx KoObUT HMMYHH3UPYIOT Ha 2-3-M MeC ®KepeboCTH, ITOBTOPHO
Ha 6-7-M Mec. B mociennee Bpems pa3pabaThIBaOTCs )KUBbIE TEHHO-UHKEHEPHBIE BaKIIUHHI [ 13],
OJIHAKO MPHU UCIIBITAHUU UX UIMMYHOT€HHOCTh MOKA OKa3bIBAE€TCS HEBBICOKOM.

HaubGonee »s¢ddextuBHON sBNsSETCS BaklMHA, IOJIY4Y€HHAs METOJOM KJIACCHUYECKOTO
MyTareHesa in vitro, KoTopas Kpome pecrnupartopHor ¢opmbl u aboproB npu EHV-1, Taxke
amumaer or EHV-4, mpu 3ToM BBOAUTCA TOJBKO OJHOKpPaTHO HHTpaHazaibHO [14]. B
Kazaxcrane paspabaTbiBaeTcs cOOCTBEHHas BakllMHA Ha OCHOBE aTTEHYMPOBAHHOIO IITaMMa,
BBI3BABIIIETO MAacCOBBIE A0OPTHI HA FOTO-BOCTOKE CTpaHsbl [15].

Juaznocmuka. JIns wzonduuMu BUpyca M3 OHOJOTHYECKMX O0O0pa3loB HCHOJIb3YIOT
MIEPBUYHBIE KYyAbTYphl KIeTOK mouku sMOpuona nomanu (EEK) wumm munauu ¢pubpobractos,
MOJIy4YEHHBIC U3 AIHUJIEPMATILHON U JIETOYHON TKaHel XUBOTHBIX. JlanmpHeiyro JeHTUQUKAIUI0
BUpyca TMPOBOAAT B PEAKIUU HUMMYHO(MIYOPECHEHIIMM C HCIOJBb30BAHMEM MEUEHBIX
MOHOKJIOHAJIbHBIX aHTHUTeN [16]. Ilpu rucronoruyeckom MccieIOBaHWU NaTMarepuana B BHJIE
napa@UHU3UPOBAHHBIX O00pa3lOB HCMHOJIb3YEeTCSd HMMYHOIEPOKCHAA3HOE OKpAIlUBAaHUE C
oOHapy)KeHHEeM BHpyca IOJ CBETOBbIM MHUKpPOCKONOM. OJHOBpEMEHHO MOKHO HaOIIOIATh
XapakTepHble MOP(POJIOrHYeCcKre N3MEHEHH B TKaHsX [17].

Ceposornyeckasi TMarHoCTUKa OCHOBAHA HA BBISBICHWH IIPUPOCTAa TUTPOB AHTUTEN IIPH
HCCIIEIOBAaHUH MAPHBIX CHIBOPOTOK, B3SATHIX BO BPEMs OCTPOTO Mepro/ia 3a00JIeBaHus U B CTaIUU
pekoHBajiecueHun (uepe3 2—4 Henenu). AHTUTENa B CBIBOPOTKAX KPOBHM TaKKe MOXKHO
ONPENIETUTh B PEaKLUsIX CBSI3bIBaHUA KoMIuieMeHnTa u MDA [18].

[Tonmumepaznas nenHas peaxuus (ITHP) mcnons3yerca anst ObicTpoil ammiaudukanud u
OoOHapyXeHHUsS HYKJIEHHOBBIX KHCJIOT BHPYCOB PHHONHEBMOHMM B KIMHHUYECKHX 00pasuax,
napauHUPOBAHHBIX TKAHAX U KyJIbTypax KieTok. HaOmromaeTcst BrICOKasi CTENEeHb KOPPELuu
Mexy pesyabtatamu [P u n3omnsuueil Bupyca B KyabTypax KIeToK mpu auarmocruke EHV-1
nm EHV-4 [19]. Onnako mnpu wuHTepnperauuu pesyinbratoB IILIP crnexyer ydumTeiBath
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MPUCYTCTBUE BHPYCa B HEKOTOPBIX TKAHAX MpHU JaTeHTHoU nHpekuuu [20]. MOb pexomenayeT
rae3noBoi [P mis o6napyxenus EHV-1 unu EHV-4 B KIMHMYECKHX WM MAaTOJIOTHYECKUX
Mmatepuanax [21]. B maGoparopun sxonoruu BupycoB HIIL] mukpoOuonoruu u BUPYCOIOTHH
pazpabotana coOcTBeHHas TecT-cuctemMa Ha ocHoBe III[P ans  omgHOBpemeHHOU
middepeHnnanbHON TMarHOCTUKY TPUIIIIA ¥ PUHOITHEBMOHHH Jlommazei [22].

MatepuaJjibl 1 METOAbI

JUia  ceposIoTMYECKUX  MCCIEAOBAHMN  HCIIOJIb30BAJIM  TECT-CUCTEMY Ha OCHOBE
moauduiposannoro Crabb and Studdert (1993) metomna UDA, 11 1MarHOCTHKY TePIIECBUPYCOB
nomanedt ¢upmbr «Svanova Biotech AB» (IllBemusi), OCHOBaHHOW Ha HCIOJIB30BAaHUU
pekomOuHanTHbIX OenkoB EHV1 u EHV4 - “Eguine Herpes Virus type 1 and 4 Discriminating
Test (EHV1/EHV4-Ab)”, xotopasi mO3BOJIIET PAcIO3HABaTh MH(UIIMPOBAHHBIX JIOMIAZCH OT
HeuHuuuposanubix EHV1 u EHV4 xuBOTHBIX.

JI1st MOJIEKYJISIpPHOM TUAarHOCTHUKU MCTOJIb30BAIM COOCTBEHHYIO TECT-CHCTEMY Ha OCHOBE
[NOP nnst ogHOBpemeHHOM audQepeHuanbHON AUArHOCTUKM TpUINIa U PUHOIHEBMOHUU
nowmazaent. J{is [P 6b11 BeIOpaH koHCepBaTUBHBIN yuyacTok reHoma EHV-4 —ren noBepxHOCTHOM
MemOpansl gB, koToperit umeet 89,6% HUASHTUYHOCTH C COOTBETCTBYIOIUM reHoM EHV-1 [8] u B
kommbioTepHO# iporpamme OligoAnalyser pazpaboTans! mpaiMepsbl.

Jlnst  BBIENIEHUS] TEPIIECBUPYCOB JIOMIAZEH MaTephaibl OT OOJBHBIX KMBOTHBIX
WCIIOJIb30BANIUCh JJISl 3apakeHUsl INepeBHBaeMod KyabTypbl kieTok Tpaxen tensat (KKTT).
Brinenennsriii mramm puHonHeBMoHNH Jomraneit AK-2011 pazmuorxkanm u HakarummBamu B KKTT
B tutpe 5,75 lg TCID50/cM3 u Bbllie (TUTP LHUTONATHYECKUX J103, BBI3BIBAIOIIUX KJIETOYHOE
noBpexxaeHrue MoHocnoss 'y 50% wuHbuummpoBaHHbIX). LluTonmaToreHHoe neiicTBue BuHpyca
MPOSIBIISIIOCh B MOHOCJIOE MH(MUIIMPOBAHHBIX KIIETOK Yepe3 72—90 dacoB mociie HHOKYIISIUN 1
pacrnpocTpaHsiock Ha Oonee yem 85% kieroynoro moHocnosi yepe3 110-144 uaca mocie
WHPUITUPOBAHMS.

Jlst cekBeHUpOBaHUs HOBOTO TokoJsieHus BupycHyto JIHK Beimensumm ¢ momomisio Habopa
QIAmp Viral RNA Mini (Qiagen, 'epManusi) B COOTBETCTBHH C IMPOTOKOJIOM MPOU3BOIUTEIIS.
bubmmoreky monyuyanu ¢ momomisio Habopa JJHK NEBNext Ultra (NEB, CIIA) u kauecTBO
ounbmmotekn oreHuBaan ¢ nomoinsio Agilent 2100 (Agilent, I'epmanus). CexkBeHUpOBaHHE
poBoauiK Ha pubope MiSeq ¢ ucnoas3oBanuem Habopa V.3 (Illumina, CIIIA). I[Tporpammuoe
ob6ecrieuenne FastQC [23] wcmosb30BaJIOCh AJI OLIGHKW KadecTBa mpouTeHui. [lomydeHHbIe
npourenus OblM oOpe3ansl Ha 3' u 5'-konmax. s coopku de NOVO mcnosb3oBain acceMobiep
SPAdes [24] B cocraBe mporpammuoro makera Geneious Prime (Biomatters, Hosast 3esanust)
[25].

Pe3yabTaTsl M 00Cy:KIeHHE

B KazaxcTtane Bupychl pUHOITHEBMOHHH JIOIIA/IEH 4acTO LHUPKYIUPYIOT B XO3SUCTBaX, IIe
He npoBoadTcs npodunakruaeckue meponpusatus. Tak, ¢ 2000 mo 2007 rr. B AIMaTHHCKON
00JacTH peryIsipHO U30JIUPYIOTCS BUPYChl pPUHOITHEBMOHUHU HA TIEPBUYHO-TPUTICHHIU3UPOBAHHBIX
KyJIbTypax KJIETOK Mouku 3MOpuoHa nomanu. Ilpu ceponorumueckom uccienoBanuu B MDA
Haiiens! anTuTena kak kK EHV-1, tak u k EHV-4 [26].

ITpu momomu “Eguine Herpes Virus type 1 and 4 Discriminating Test (EHV1/EHV4-Ab)”
ObUIM MPOMCCIIEOBAHbl CHIBOPOTKH KpoBU OT 30 KOOBUI OJAHOTO M3 XO3AWCTB AJIMAaTHHCKOMN
obOmactn KazaxcraHa, B KOTOPOM €XKErOJHO PErHCTPUPOBAIUCH CIydad abOpPTOB KOOBUI Ha
MOCIEIHUX MecsIax >KepeOOCTH, a TaKKe CIydyau POKICHUS HEKHU3HECHOCOOHBIX >KepeosT,
MOruOAOUINX B MEPBbIE YacChl )KM3HU. Pe3ynbTaThl HCCIe10BaHMs TPECTaBICHbI B Ta0bmue 1.
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Tabmuna 1 -Hduddepennmanus antuten k EHVI/EHV4 u EHV4 B ceiBopoTkax somazeir B ELISA-
EHV1/EHV4-Ab tecte pupmbl «Svanova Biotech ABy» (IlIBerst).

Ne jomaau EHV1/EHV4 EHV4 Ne nomamn | EHV1/EHV4 EHV4
1 - + 16 - +
2 + + 17 + +
3 - + 18 + +
4 - + 19 - +
5 - + 20 - +
6 + + 21 + +
7 - + 22 - +
8 - + 23 - +
9 - + 24 - +

10 - + 25 - +
11 - + 26 - +
12 - + 27 - +
13 - + 28 - +
14 + + 29 - +
15 + + 30 + +

Bce uccienoBanusie jgomany uMenu antureiaa K EHV4. 27% 3Tux )KUBOTHBIX TaK)XKe UMETH
antutena k EHVI. IlonydeHHble pe3ynapTaTbl CBUAECTENBCTBYIOT O LUPKYJISALHMM B JIAHHOM
MOTOJIOBBE JIBYX THUIIOB TepriecBupycoB yommaaeii - EHV1 u EHV4. Pacnipoctpanennio nadpexum
CIOCOOCTBOBAJIO CKYYEHHOE COJCp)KaHUE >KMBOTHBIX, OTCYTCTBHE PETYJSIPHOW BaKI[MHAIUH,
HECOONIIOICHHE KapaHTHHHBIX MEPONPHUATANA TIPU BBO3€ B JIAaHHOE XO3SHCTBO BHOBH
NpUOBIBAIONINX JOHIaJel, a TakkKe IMpH IMEepeMEIleHUH >KUBOTHBIX BHYTpPH Xo3siicTBa. Ha
OCHOBAHUU MOJYyYEHHBIX PE3YJIbTAaTOB, KOOBLIBI, HMetomue antutena k EHV1 Ob1mm oTnenens: ot
OCTaJbHBIX JKUBOTHBIX, @ U3 OCTABIICTOCS IOT0JIOBhS JIoIIacH, nMeronux antureiia kK EHV4,+
ObutH cpopmHpoBaHBl HEOONbIIME TPYHNNbl. B JaHHBIX NOArpyMNax JoIIaaell peryispHoO
MPOBOJUTCS M3Y4Y€HHE HMMMYHHOTO (OHA K TIeplecBUPYCHBIM MH(EKIUSIM Ha OCHOBAaHUU
HCCIe0BaHUsI CHIBOPOTOK JKMBOTHBIX B UMMYHO(GEpMEHTHOM TecTe (pupMmbl «Svanova Biotech
AB». OT0 1103BOJISIET, IO TTOJTYYEHHBIM pe3ynbTaTaMm UDA, oTaensaTh cepoHeraTUBHBIX ) KMBOTHBIX
OT CEpONO3UTUBHBIX, HE JIOMYCKas MX KOHTAKTa, TEM CaMbIM IIPEJOTBpaIlaTh AAJbHEUIIYIO
LHUPKYJSIUIO TePIIECBUPYCOB JIOMIA/IEH M CHU3UTh KOJMYECTBO a0OPTOB B IaHHOM XO35HCTBE.

B naboparopun skoj0ruM BHPYCcOB pa3zpaboTaHa COOCTBEHHAas TECT-CUCTEMa Ha OCHOBE
[P ans omHOBpemeHHOW nudQepeHnnaIbHOW NUAarHOCTHKA TpHUINAa W PHHOITHCBMOHHH
nomaznei. IIpoBeneHo BblpaBHUBaHME T'eHa gB ¢ aHAJIOTMYHBIMU TOCIIEIOBATEIBHOCTIMU W3
MeXAyHapoAHOUW Oa3bl JOaHHBIX ['eHOaHK U ompeaereHbl KOHCEPBATUBHBIC YYACTKH IS
KOHCTpYHpOBaHus mpaiimepoB. B pesynpTaTe uccrnenoBanuii uyBctButensHoctu [ILIP-Habopa
ycTaHoBJeHO, uto oTAenbHO ¢ JIHK Bupyca puHOIHEBMOHUM JOMIAAeH TeCT-cucTeMa paboTaer
no 10-5 pazBenenus (25 mukorpamm), 4TOo COMOCTABHUMO C MEXKIYHAPOIHBIMU TPEOOBAHUSAMU,
npenbsBiasieMbiMH K uyBcTBUTENbHOCTH [ILIP (pucynok 1). JlaHHas TecT-cucTeMa MO3BOJISET
3¢ GEeKTUBHO AUATHOCTUPOBATh PUHOITHEBMOHHUIO Y JIOIIA/Iel B KOHEBOIYECKUX X03siiCTBaX.

1

il

Pucynok 1 — UyscrurensHocTb [1LIP TecT-cuctemsl pu pa3BeneHrH UCXOAHBIX 00pa3nos Ao 10-5
pa3BeneHHUs
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B 2011 r. mpousonuia BelbllIKa pUHONMHEBMOHMU Jowaned B KazaxcraHe B 0JHOM U3
X034HCTB 10ro-BocToka Kazaxcrana, B KOTOPOM €KETr0JHO PEerucTpUpOBAINCH A00PTHI KepeObIX,
POXKICHNE HEXH3HECTIOCOOHBIX )KepeOsT, MOTHOAIONINX B TeUCHHE NMEepBhIX 12 yacoB ku3HU. B
HacTosiel cratbe B KazaxcraHe ONMCHIBAETCS MOJIEKYISIPHO-TEHETUUYECKAsh XapaKTepUCTHKA
BBIJICJICHHOIO M30J5Ta M IPUBOJUTCA CTPOEHHE €ro IOJHOro TIeHoMa. B  pesyinbrare
CEKBCHUPOBAHUS MOJYYCHHBIC MpoYTeHHs ObL coOpanbl de NOVO u KapTUpOBaHbI Ha ATAJOHHOM
nocienoBareiabHocty reoma EHV-1 (pucynok 2).

> D EDE [ | D aaaasss—— s > &=
<amsemm € : <E@ee’ ea=m'a - - ‘e ‘amm " &L=
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Pucynok 2 — Cxema aHHOTaIMu reHoMa Ka3zaxcTanckoro mramma EHV-1

AHanu3 reHOMOB BHPYCOB PHUHOMHEBMOHHUM METOJOM CEKBEHHPOBAHHS IOKa3aj, 4To y
EHV-1 on cocrout u3 150 223, ay EHV-4 u3 145 597 map ocHoBaHuii. Y 000uX BUPYCOB OHH
YCIOBHO pa3fiefieHbl Ha JJIUHHBIA YHUKQJIbHBIA peruoH, (GIaHKUPOBAHHBIH KOPOTKUM
WHBEPTUPOBAHHBIM MOBTOPOM, U KOPOTKUH YHUKAJIbHBIM PErnoH, (praHKWPOBAHHBIN OCHOBHBIM
WHBEPTUPOBAHHBIM MOBTOPOM, U COCTOAT U3 76 OTKPBITBIX paMOK cuuThiBaHud [27]. B Hamem
MpPEeIBAPUTEIILHOM HCCIEIOBAHUU ONPEIEIIEHO, 4YTO TMOJHBI T'€HOM MECTHOTO IITamma
puHOTTHEBMOHMM cocTaBui Oosiee 145000 HYKJICOTHIOB M COCTOMT M3 74 OTKPBITBIX PaMOK
cuutbiBaHus. Ilpu arTeHyupoBaHMM mITaMMa METOJOM MHOTOKPATHBIX Maccaxked uyepes
KJIETOUHYIO KYJIBTYPY, OUEBHUIHO, BUPYC MOTEPSIT TPU OTKPHITHIX PAMKHU CUYUTHIBAHUS (HA PUCYHKE
2 MoKa3aHbl CTPEIKaMu).

3akioueHue

B Ka3zaxcrane BHUpYChl PpHUHONHEBMOHUHM OCTAOTCS  AKTYaJbHbIMH BHPYCHBIMU
MHGDEKIMUSIMH, HAHOCSIIMMU 3HAYUTENbHBIM ypOH KOHEBOACTBY. Ilpu ceponoruueckom
uccnenopanun B MDA nalinensl antutena kak kK EHV-1, tak u k EHV-4 npu oGcnenoBanun
MOTOJIOBbs JlomIazielt AnmatuHckoil oOmactu. [lomydennsie pesynabTatel MDA mo3Boiuiu
OT/ENIUTh CEPOHEraTUBHBIX >KMBOTHBIX OT CEPONO3UTUBHBIX, HE JOIyCKash MX KOHTAKTa, TEM
CaMbIM NPENOTBPAaTUTh AAJBHEHUIIYI0 LUPKYJALUIO T'EpIeCBUPYCOB JOWAACH M CHU3UTH
KonuuecTBO aboptoB. PaspaboranHas tect-cuctema s I[P mo3Bomser s3ddexTrBHO
JUAarHOCTUPOBATh PUHOIMHEBMOHHUIO Yy JIOWIAJAEH B KOHEBOAYECKMX Xo3sicTBax KaszaxcraHa.
[lonHoe cexBeHupoBaHHe TeHOMa MecTtHoro mramma EHV-1 B nanpHelmem pacmmput
MOHUMAaHHe OHWOJOTHMM JSTHUX BUPYCOB M OTKPOET JOMOJHUTEIbHBIE BO3MOXKHOCTH TS
MMMYHOTIPO(PHIAKTUKH.

Kak mpaBuno, 3HaYuTEeNbHOE KOJIWYECTBO aOOPTOB, BBI3BAHHBIX BUPYCOM, CBSI3aHO C
OTCYTCTBUEM  PYTMHHBIX JUAarHOCTHYECKUX TECTOB, HHU3KUM YyPOBHEM  BaKLIHMHALWH,
HEKOHTPOJMPYEMBIM BBO30M JIOIIAEH, CHUKEHUEM PE3UCTEHTHOCTH K BUPYCY B 3UMHE-BECEHHU I
MEepUOJ U JUTUTEIIbHON BEIKMBAEMOCTBIO MATOre€Ha B OKpYyXkatouiei cpene [28].
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PduHaHCHPOBaHHME

Pabora Bemonnena B pamkax HTII BR10764975 «Pa3zpaGoraTte M THpEIOKUTH JUIS
MIPOU3BOJICTBA METO/bI JTMArHOCTUKHU, MPO(UIAKTUKHM OOJe3HEeH, Tepanuu HHQUIMPOBAHHBIX
KUBOTHBIX U 00€33apaXMBaHUs TIOYBCHHBIX CHOMPESI3BEHHBIX 04aroB» MHUHHCTEPCTBA HAYKU H
BbIcIIero oopasoBanus Pecnyonuku KazaxcraH.
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KA3BAKCTAHJATBI EHV-1 )KOHE EHV-4 )KBIJIKBIJIAP TEPITIECBUPYCTAPBI

Tyiiin

Makanaza >KbUIKbIJIap PUHOIMHEBMOHMSICH! aypyblH KO3[BIPAThIH T€PIIECBUPYCTAp KOHIHAE Ka3ipri
3aMaHHBIH MaJiMerTepi Oepinemi. AypyablH KIMHHUKAIBIK KOpIHICTepi, Oanay jKoHe BaKIMHAMEH allJbIH
ay amictepi KeHiH/e MamiMeTTep Oepinesni. AaMaTsl 00IBICH XKBUTKbITApEl MDA oniciMeH cepolIOTUsIIBIK
3eprreynep oTkizinai — EHV-1 sxone EHV-4 kapcel antuaenenep taObuinel. O3ipienren [ITP tect xylieci
KaszakcraHHBIH JKBUIKBI IIApyalIbUIBIFBIHAA KBUIKBUIAPIBIH PUHOIHEBMOHUSCHIH OalayFa MYMKIHIIK
oepeni. XKeprinikti EHV-1 mraMMbIHBIH TOJIBIK TEHOMBIH CEKBEHJEY, JKaCyIlla KyJIbTypacklHaH OipHerre
pET OTKi3Y 9iCiMEH aJiCipereHi reHOMBIHAAFHI e3repicTep/i KopCeTTi.

Kint ce3aep: repnecBupyc, EHV-1, EHV-4, punonneBmonus, at, Oanay KIMHHKA, BakIHMHA,
CEKBEHJIEY.

37


mailto:kobey.karamendin@gmail.com

MMUKPOBHOJIOI'US )KOHE BUPYCOJIOI'UA ISSN 2304-585X Ne4 (39) 2022 www. imv-journal.kz

IRSTI: 34.25.39

K.O. KARAMENDINY', A.l. KYDYRMANOV?, A.A. ABISHOV?,
Zh.Zh. KUMEKBAYEVA? M.N. AKHMETZHANOVA*
1Scientific and Production Center for Microbiology and Virology, Almaty, Kazakhstan
2 SPE DiaVak-ABN, Almaty, Kazakhstan
3 EquiLab, Almaty, Kazakhstan
4 Antigen, Almaty, Kazakhstan
*e-mail: kobey.karamendin@gmail.com

EQUINE HERPESVIRUSES EHV-1 AND EHV-4 IN KAZAKHSTAN
doi:10.53729/MV-AS.2022.04.03

Abstract

Contemporary data on equine herpesviruses causing rhinopneumonitis in horses are present in this
paper. Data on clinical manifestations, methods of diagnosing and vaccine prophylaxis are given. The
results of serological studies of the population of horses in the Almaty region in ELISA are presented -
antibodies were found both to EHV-1 and EHV-4. The developed PCR makes it possible to effectively
diagnose rhinopneumonitis in horse breeding farms in Kazakhstan. Whole genome sequencing of the local
strain EHV-1 showed changes in the genome after strain attenuation after multiple passages in cell culture.

Keywords: herpesvirus, EHV-1, EHV-2, rhinopneumonitis, horse, diagnostics, clinics, vaccine,
sequencing

Equine herpesviruses (EHV) are highly contagious viruses that cause upper respiratory
disease, neurological disease, abortion and/or neonatal death. [1,2]. Equine rhinopneumonitis is
the historically common name for a disease caused by two DNA viruses from the Herpesviridae
family: Equid herpesvirus-1 and Equid herpesvirus-4 (EHV-1 and EHV-4) [3]. Both viruses
belong to the genus Alphaherpesvirus and their genomes are from 55% to 84% identical in
nucleotide composition, and in amino acid - the similarity is up to 96% [4,5]. To date, EHV-1 and
EHV-4 are classified as members of the Alphaherpesvirinae subfamily of the genus Varicellovirus

[6].

In the Equidae family, eight herpesviruses have been identified, of which five belong to the
Alphaherpesvirinae subfamily and three to the Gammaherpesvirinae subfamily. Horses are natural
hosts for Alphaherpesvirus types 1 (EHV-1), 3 (EHV-3, coital exanthema), 4 (EHV-4),
Gammabherpesvirus types 2 (EHV-2) and 5 (EHV-5). A variant of EHV-1 has recently been
described, resulting from a single point mutation in the viral DNA polymerase gene, and associated
with the neurological disease Equine herpes myeloencephalopathy (EHM). The isolation of the
new neurotropic virus EHV-9 [7] from the gazelle (Gazelle herpesvirus-1) indicates that the list
of currently known equine herpesviruses may still be complemented. EHV-1 and EHV-4 are
clinically, epizootically and economically the most significant pathogens for horses.

Epidemiology. Equine rhinopneumonitis is widespread all over the world. In horse
populations, EHV-1 infection is supposed to occur at a higher (>60%) frequency compared to
EHV-4. Equine rhinopneumonitis, having arisen in a horse breeding farm, become a stationary
infection. Acute outbreaks alternate with periods of an obscure, atypical course of the disease. In
affected herds, the virus persists due to the ability to survive for a long time in the organism of
horses, the universality of the transmission mechanism and the short duration of post-infection
immunity. In addition, equine rhinopneumonitis is characterized by seasonality - the largest
number of sick animals is registered in autumn and early winter.

Pathogenesis. The latency of alphaherpesviruses is an important viral strategy that ensures
its survival and distribution within the horse population [8]. To date, it is clear that latently infected
leukocytes are not recognized by the host's immune system. EHV-1 persists predominantly in
CD5+/CD8+ T-lymphocytes and is activated by interleukin-2 and equine chorionic gonadotropin
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[9]. It is assumed that reactivated latent virus excreted with nasal discharge plays a key role in the
epidemiology of EHV-1 and EHV-4. The physiological factors responsible for reactivation are not
yet known, but spontaneous viral shedding has been shown to follow stress factors such as
weaning, castration, animal movement, and remittent diseases [10].

Clinics. When adult animals are infected, the incubation period is 2-8 days. In sick animals,
the body temperature rises to 39.5-40 °C, conjunctivitis, serous rhinitis, rapid breathing and
palpitation are observed. A common symptom of the disease is swelling of the pelvic limbs or
dewlap. When infected with the EHV-1 virus, pregnant mares are aborted in the second half of
pregnancy at the 7-10th month. In some cases, abortions occur in 90% of mares. In the period
preceding the abortion, the mares have no visible signs of the disease, the normal development of
pregnancy continues. Abortions occur suddenly without noticeable precursors or dead foals are
born. An important step in understanding the pathogenesis of rhinopneumonitis is to define that
necrotizing vasculitis and thrombosis due to lysis of endothelial cells lining the capillaries of the
CNS, the fertilized uterus and other organs of the horse are the main factors causing abortions and
paresis.

Vaccination. Currently, the vaccination strategy is aimed at preventing morbidity among
suckling foals, since they are considered the main reservoir and transmission factor of EHV [11].
There are at least 12 mono- and polyvalent vaccines for EHV-1 and EHV-4. All of them are
intended for parenteral administration and serve to prevent the respiratory form of the disease.
Only one of them is licensed in the European Union: an inactivated EHV-1 and EHV-4 vaccine
containing a carbomer adjuvant and providing the prevention of abortions caused by EHV-1 [12].
In Russia and Kazakhstan, a live vaccine from the SV/69 strain is used. Vaccination is carried out
twice with an interval of 3-4 months. Pregnant mares are immunized at the 2-3rd month of
pregnancy, again at the 6-7th month. Young animals are first vaccinated at the age of 3-4 months.
For their passive immunization, hyperimmune antiserum is used, but it does not have a protective
effect during abortion. Recently, live genetically engineered vaccines have been developed [13],
however, during testing, their immunogenicity was found to be low. Testing of another
recombinant vaccine, using the Canarypox virus as a vector expressing EHV-1 gB, gC, and gD
proteins, provided only partial protection of horses from the respiratory form. In the USA, the
vaccines with the greatest ability to limit nasal shedding and viremia of the neuro virulent strain
include the vaccines licensed for control of abortion (Pneumabort-K & Prodigy), Calvenza and the
MLV vaccine (Rhinomune) [14].

The most effective was the vaccine obtained by classical in vitro mutagenesis, which, in
addition to the respiratory form and abortions in EHV-1, also protects against EHV-4, while being
administered only once intranasally [15]. Another important characteristic of this live vaccine is
its ability to confer immunity to EHV-1 and EHV-4 in suckling foals via mother's milk [16].
Kazakhstan is developing its own vaccine based on an attenuated strain that caused mass abortions
in the southeast of the country [17].

Diagnostics. To isolate the virus from samples, primary cultures of equine embryonic kidney
(EEK) cells or fibroblast lines obtained from epidermal and lung tissues of animals were used.
Virus identification was carried out in an immunofluorescence assay using labeled monoclonal
antibodies. Frozen sections [18] can be investigated using this method.

In the histological examination of the pathological material in the form of paraffinized
samples, immunoperoxidase staining is used with the detection of the virus under a light
microscope. At the same time, specific morphological changes in tissues can be observed [19].

Serological diagnosis is based on the detection of an increase in antibody titers in the study
of paired sera taken during the acute period of the disease and in the convalescence stage (after 2-
4 weeks). The limiting antibody titer in the neutralization assay is considered to be the highest
dilution of serum, which 100% prevents infection of the cell monolayer from the cytopathic effect
of the virus [20]. Serum antibodies can also be detected by Complement Fixation Test and ELISA
[21], the advantages of which are that these methods provide faster results and do not require cell
cultures. During an outbreak of infection, antibodies to EHV1 and EHV4 were detected, which
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can be differentiated using the ELISA, which allows not only to speed up the diagnosis, but also
to take timely measures to combat this disease.

Polymerase chain reaction (PCR) is used for the rapid amplification and detection of nucleic
acids of EHV in clinical specimens, paraffinized tissues and cell cultures. There is a high degree
of correlation between PCR results and virus isolation in cell cultures in the diagnosis of EHV-1
or EHV-4 [22]. However, when interpreting PCR results, the presence of the virus in some tissues
during latent infection should be considered [23]. The OIE recommends nested PCR for the
detection of EHV-1 or EHV-4 in clinical or pathological specimens [24]. The Laboratory of
Ecology of Viruses of the Scientific and Production Center for Microbiology and Virology has
developed its own PCR-based test for the simultaneous differential diagnosis of influenza and
equine rhinopneumonitis [25].

Materials and Methods

For serological studies, an ELISA kit based on the modified Crabb and Studdert (1993)
method was used, for the diagnosis of equine herpesviruses (Svanova Biotech AB, Sweden), based
on the use of recombinant proteins EHV1 and EHV4 Discriminating Test (EHV1/EHV4-Ab). This
test allows to distinguish infected horses from non-infected EHV1 and EHV4 animals, monitor the
immune background of horses to herpesvirus infections and manage possible outbreaks of
abortions in pregnant mares.

For molecular diagnostics, we used our own PCR-based kit for the simultaneous differential
diagnosis of influenza and rhinopneumonitis in horses. The compatibility of the primers with each
other was checked in the OligoAnalyser software. For PCR, a conservative region of the EHV-4
genome, the gB surface membrane gene, was chosen, which has 89.6% identity with the
corresponding EHV-1 gene [8].

To isolate equine herpesviruses, samples from sick animals were used to infect a calf tracheal
cell line. The isolated strain of equine rhinopneumonitis AK-2011 was propagated and
accumulated at a titer of 5.75 Ig TCID50/cm3 and higher (the titer of cytopathic doses that cause
cell damage to the monolayer in 50% of the infected). The cytopathogenic effect of the virus was
manifested in the monolayer of infected cells 72-90 hours after inoculation and spread to more
than 85% of the cell monolayer 110-144 hours after infection.

Next Generation Sequencing. Viral DNA was extracted using the QIAmp Viral RNA Mini
kit (Qiagen, Germany) according to the manufacturer’s protocol. The library was obtained using
the NEBNext Ultra DNA kit (NEB, USA) and the quantity of the library was assessed using
Agilent 2100 (Agilent, Germany). Paired-end sequencing was performed on a MiSeq instrument
using v.3 kit (Illumina, USA). FastQC [26] software was used to assess the quality reads. The
obtained reads were trimmed at the 3’ and 5’ ends. SPAdes assembler [27] within the Geneious
Prime software package (Biomatters, New Zealand) [28] was used for de Novo assembly.

Results and Discussion

In Kazakhstan, EHV circulates in farms where preventive measures are not taken. Thus,
from 2000 to 2007 in the Almaty region, EHV were regularly isolated on primary equine embryo
kidney cells. Serological testing in ELISA revealed antibodies to both EHV-1 and EHV-4 [29].

Using the EHV type 1 and 4 Discriminating Test (EHV1/EHV4-Ab), blood sera from 30
mares of one of the farms of the Almaty region of Kazakhstan were examined, in which cases of
abortions of mares in the last months of pregnancy, as well as cases of birth non-viable foals dying
in the first hours of life. The results of the study are presented in table 1.
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Table 1 - Differentiation of antibodies to EHV1/EHV4 and EHV4 in equine sera in the ELISA-
EHV1/EHV4-AD test (Svanova Biotech AB, Sweden)

Horse # EHV1/EHV4 EHV4 Horse # EHVZEHV EHVA4
1 - + 16 - +
2 + + 17 + +
3 - + 18 + +
4 - + 19 - +
5 - + 20 - +
6 + + 21 + +
7 - + 22 - +
8 - + 23 - +
9 - + 24 - +

10 - + 25 - +
11 - + 26 - +
12 - + 27 - +
13 - + 28 - +
14 + + 29 - +
15 + + 30 + +

All horses studied had antibodies to EHV4. 27% of these animals also had antibodies to
EHV1. The results obtained indicate the circulation in this population EHV1 and EHV4. The
spread of the infection was facilitated by the crowded rearing of animals, the lack of regular
vaccination, non-compliance with quarantine measures when newly arriving horses were imported
into this farm, as well as when animals were moved within the farm. Based on the results obtained
using this ELISA kit, mares with antibodies to EHV1 were separated from the rest of the animals,
and from the remaining population of horses with antibodies to EHV4. In these subgroups of
horses, the study of the immune background to herpesvirus infections is regularly carried out based
on the previous study. This allows, according to the results of ELISA, to separate seronegative
animals from seropositive ones, preventing their contact, thereby preventing further circulation of
EHV and reducing the number of abortions in this farm.

The Laboratory of Viral Ecology has developed its own PCR kit system for the simultaneous
differential diagnosis of influenza and rhinopneumonitis in horses. When designing primers, a
conservative region of the EHV-4 genome, the gB surface membrane gene, was chosen, which has
89.6% identity with the corresponding EHV-1 gene [8]. The alignment of the gB gene with similar
sequences from the Genbank was carried out, and conservative regions for primer design were
identified. As a result of the sensitivity studies of the PCR Kkit, it was found that the kit works
separately with DNA of the equine rhinopneumonitis virus up to 10-5 dilutions (25 picograms),
which is comparable to international requirements for PCR sensitivity (Figure 1). This kit allows
effective diagnosing of rhinopneumonitis in horses.

Figure 1 - The sensitivity of the PCR kit with diluted DNAs up to 10 dilution
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In 2011, there was an outbreak of equine rhinopneumonitis in Kazakhstan in one of the farms
in the south-east of Kazakhstan, where abortions of foals and the birth of non-viable foals that die
within the first 12 hours of life were recorded annually. This article in Kazakhstan describes the
molecular genetic characteristics of the isolated isolate and provides the structure of its complete
genome. In the result of sequencing, obtained reads were de Novo assembled and mapped on the
reference EHV-1 genome sequence (Figure 2).
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Figure 2 - Scheme of annotation of the genome of the Kazakhstani strain EHV-1

Analysis of the EHV genomes by sequencing showed that in EHV-1 consists of 150,223
base pairs, and in EHV-4 of 145,597 base pairs. In both viruses, they are divided into a long unique
region flanked by a short inverted repeat and a short unique region flanked by the main inverted
repeat, and consist of 76 open reading frames [30]. In our preliminary study, it was determined
that the complete genome of the local EHV strain was more than 145,000 nucleotides and consisted
of 74 open reading frames. When the strain was attenuated by multiple passages through cell
culture, the virus apparently lost three open reading frames (shown by arrows in Figure 2).

Conclusion

In Kazakhstan, EHV is important viral infection that cause significant damage to horse
breeding. The article shows cases of diagnosis, isolation and genetic characterization of local EHV
strains.

Serological examination in ELISA revealed antibodies to both EHV-1 and EHV-4 when
testing the horse population of the Almaty region. The obtained ELISA results made it possible to
separate seronegative animals from seropositive ones, preventing their contact, thereby preventing
further circulation of equine herpesviruses and reducing the number of abortions.

The developed PCR kit makes it possible to effectively diagnose rhinopneumonitis in horses
in farms of Kazakhstan.

Complete genome sequencing of the local EHV-1 strain will further expand our
understanding of the biology of these viruses and open additional opportunities for
immunoprophylaxis.

As a rule, a significant number of abortions caused by the virus is associated with a lack of
routine diagnostic tests, low vaccination rates, uncontrolled importation of horses, a decrease in
resistance to the virus in the winter-spring period, and a long survival of the pathogen in the
environment [31].
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