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N3MeHUYMBOCTb U MHOroO6pasne reHeTMYEeCKUX BapuaHToB
napBoBUpYyca — NpUYMHa NapBOBUPYCHOIO 3HTepUTa y cobak
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MoCKOBCKasi rOCyapCTBeHHast aKafieMust BETEPUHAPHON MeAULIMHBL U OHOTEXHOIOTHN
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AnHoTanms. ABTOpamMH NPOBe/ieH yIyTyO/IeHHbIM aHanu3 HayyHO! IMTepaTyphbl, MOCBAIL|EHHON U3MeHUH-
BocTH Bupyca CPV-2. 3Ta MyTal[liOHHasl H3MEHUMBOCTbL 00YC/IOB/IMBAET POCT 3a00/1eBaeMOCTH apBOBUPYCHBIM
9HTEpPUTOM Cpe/ii CODAK U TPe/ICTaB/IsieT UCK/IFOUUTETbHYH0 OITaCHOCTB /17151 HeBaKLIMHUPOBAHHBIX 1IIEHKOB, TpeOyst
MPUCTABHOTO BHUMaHHsI BeTepUHAPHOI0 cO001IIeCTBa U Pa3paboTKu 3heKTHBHBIX TPO(UIAKTUYECKUX Mep.
KposaBas guapes yalile opakaeT 11eHKOB YACTOKPOBHBIX [IOPOJ, B BO3pacTe [0 L1eCTU Hefe/lb. B uncie BU-
PYCHBIX IPUYMH JMaper y cobak BbIJe/SOTCS YyMa IUI0TOsIAHBIX, KODOHABUPYCHasi MH(eKL{Hsl, TapBOBUPYCHBIH
SHTEPUT U JIpyrue BUPYCHbIe 3aboseBannsi. Ocobyro 0macHOCTh npejcTaB/sieT napeoBupyc tuna 2 (CPV-2),
BO3HUKIIHNI B 1970-X IT., BBI3BIBAIOILMH TSKeIbIiA FTaCTPOSHTEPHT U, B psijie CIyuaeB, MUOKapAuT. Bupyc CPV-2
MMeeT HeCKOJIbKO TeHeTUUeCKUX BapuaHTOB, BK/Itouass CPV-2a, CPV-2b u CPV-2c. N3nauanbHo CPV-2 6611
BbIsIB/IEH Ha TeppuTopun Kurasi, a Bapuant CPV-2c BriepBbie 00HApy>KeH BO BheTHame, TOC/Ie Yero rosyuus
LIMPOKOe pacrpocTpaHeHue Mo BceMy Mupy. B Poccuiickoii ®efiepariyy mapBOBUPYCHBINA SHTEPUT COCTaB/IsIET
3HAUMTEJIBHYIO [J0/IF0 — 710 37 % — OT BCeX MH(EKIMOHHBIX 3a00/1eBaHUH, PerMCTPUPyeMbIX y cobak, 0coOeHHO
y LLIeHKOB B BO3pacTe JI0 1ecT MecsitieB. CPV-2 xapakTepu3yeTcsi BBICOKOH CKOPOCTBEO MYTaLUi, uTo TpebyeT
TIOCTOSTHHOTO MOHHUTOPHHTA €r0 FeHeTHYeCKO U3MeHUMBOCTH Ji/Isl OL{eHKU U MojiepyKaHust 3 (PeKTUBHOCTH
NIpUMeHsIeMbIX BaKLMH. BpICOKas M3MeHUMBOCTb BUPYCHBIX T€HOMOB I103B0JIsIeT UM YCKOJIb3aTh OT UMMYHHOIO
OTBeTa, UTo OOBSICHSET He BCer/a JOCTaTouHy0 3¢ (eKTUBHOCTD CyILeCTBYOIMX BaKL¥H. ONTHMAabHast Cxe-
Ma BaKI[MHallMH [Tpe/lyCMaTpUBaeT TPeXKPaTHOe BBeJjeHHe BaKIIMHbI, HaulHas ¢ Bo3pacTa 4 Hefienb. Crenyer
YUUTBIBaTh, UTO IMMYHHBII OTBET Ha BaKIMHAL[MIO MOXKeT BapbUPOBAThCsI B 3aBUCHMOCTH OT BO3pacTa )KUBOT-
HOT'0, MacChl TeJla ¥ yPOBHsI MaTePUHCKHUX aHTHTe/1. OCIO)KHEHUs TIOC/Ie BaKLMHALIMK Hab/TI0/al0TCsl KpaiiHe
peziKo. BakiuHbl, pa3paboTaHHble Ha 0cHOBe Bpyca CPV-2, obecrieunBaroT HaZIe)KHYH0 3allJUTy OT Pa3/IMuHbIX
LITaMMOB T1apBOBUpYCa.
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Genetic variability and antigenic diversity of canine parvovirus
as the cause of canine parvoviral enteritis
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Abstract. The present review provides a comprehensive analysis of the scientific literature concerning
the genetic variability of canine parvovirus type 2 (CPV-2). This mutational variability increases the incidence
of parvoviral enteritis among dogs and poses an exceptional threat to unvaccinated puppies, requiring the close
attention of the veterinary community and the development of effective preventive measures. Haemorrhagic
diarrheal is more likely to affect purebred puppies under the age of six weeks. Viral aetiologies of canine diarrheal
are carnivorous distemper, coronavirus infection, parvovirus enteritis and other viral diseases. Parvovirus
type 2 (CPV-2), which emerged in the 1970s, is particularly dangerous, causing severe gastroenteritis and,
occasionally, myocarditis. The CPV-2 virus has several genetic variants, including CPV-2a, CPV-2b, and CPV-2c.
CPV-2 was initially recognized in China, and the CPV-2c variant was first detected in Vietnam, then it spread
worldwide. Within the Russian Federation, parvoviral enteritis constitutes a considerable proportion — up to
37% — of all infectious diseases diagnosed in dogs, particularly affecting individuals under six months of age.
CPV-2 exhibits a remarkably high mutation rate, warranting ongoing molecular monitoring to evaluate and
preserve the protective efficacy of currently available vaccines. he substantial genomic flexibility of CPV-2
facilitates immune evasion, which explains the insufficient effectiveness of existing vaccines. The optimal
vaccination schedule provides for a triple injection of the vaccine, starting at the age of 4 weeks. Notably, the
post-vaccinal humoral response is influenced by factors such as age, body weight, and the titres of maternally
derived antibodies. Complications after vaccination are extremely rare. Vaccines developed based on the CPV-2
virus provide reliable protection against various strains of parvovirus.
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BesepeHue

Cpeziyi BHHOBHMKOB BUPYCHOM Ziaper y cobaK BbifIe/SFOTCs YyMa TioTosiiHbIX (CDV),
kopoHaBupyc (CCoV), mapeoBupyc 2-ro tura (CPV-2), kobysupycsl (CKoV) u 60kaBupyc
(CBoV) [1]. CPV-2 — IHK-Bupyc u3 ceMeiictBa Parvoviridae, pogcTBeHeH BUpYCY MaH-
nevikoniennu kouiek (FPV) [2]. Cuurtaetcs, uto CPV-2 nosiBuncs B 1970-X rT., MyTUpOBaB
u3 FPV-niofo6HOTro BUpyca KollleK, IpHoOpeTst CriocoOHOCTD 3apaxkaTh cobak [3]. Bupyc-
Hble TeHOMbI U3MEHUHMBEI, MyTHUPYIOT, YCKO/Ib3asi OT IMMYHHOIO OTBeTa. VccieoBaHus
T0Ka3bIBalOT, UTO CYLeCTBYHOLLMe BaKLJUHbI [IPOTUB IO/IMOBUPYCA 2-I0 TUIIA He BCerja
s¢dextrBHsI [4]. Cobaunii mapBoBupyc 2 (CPV-2) Bei3biBaeT y cobak racCTpOIHTEPUT
1 MuokapauT [5]. CyiliecTBytOT aHTUreHHbIe BapruaHTbl CPV-2: CPV-2a, CPV-2b u CPV-2c,
K/IaCCU(ULIMPOBAHHbBIE TI0 aMUHOKHKC/I0Te 426 Genka karicuga VP2 [6]. B 1979 1. B Co-
eqHeHHBIX [IITaTax AmMepuKy ObLT BISIB/IEH HOBBIN BapHaHT CO0aUYbero rmapBOBHUpYCa,
n3BecTHbIN Kak CPV-2a. Ero nosieneHue Ob1710 CBSI3aHO ¢ MyTalusiMu B 6esike VP2, uto
OTPa)KeHO B HAyYHOM HcciefioBaHuu [7]. BriocsieacTBym nosiBuiMch BapuanThl CPV-2b
u CPV-2c¢, omimuaroriyecs: u3MeHeHUsIMU B aMUHOKHC1oTe 426 VP2 [8]. Ucxoaubiii CPV-2
rcues, yCTYIIMB MeCTO HOBbIM BapuaHTam [9—11]. B 1982 r. CPV-2 BriepBbie 3ahyKCUpo-
Basii B Kutae, rjje oH CcTasn 2H/1eMHUKOM, TIOPOXK/lasi HOBbIe BapuaHThI [1, 12, 13], umeet
nATh MyTauumi B reHe VP2: M87L, 1101T, A300G, D305Y u V5551. CPV-2b BhisiB/ieH
B 1984 r. v ovmnuaetcs mytauusamu 1555V 1 N426D B rene VP2. B 2004 r. Bo BeeTHame
o6Hapy>xumu CPV-2c [14], KoTopelii 3aTeM pacripoCTPaHU/ICS 110 MUY, YTPaTHUB CTaTyC
«aszmarckoro» [8]. lo 2015 r. B Kutae nipeobnagam CPV-2a u CPV-2b, Ho B EBporte
1 AMepuKe pocsio uncio ciydaeB CPV-2c [1, 12, 15-24].

Knaccudukarusi CPV-2 3aBUCHT OT aMUHOKHUC/IOTHI B TIo3uLuu 426 6eska VP2:
N (CPV-2a), D (CPV-2b) u E (CPV-2c). I'eorpadusi pacripoctpanenust CPV-2 nemMoH-
CTpUpPYyeT ueTKHe perruoHaibHble 0C00eHHOCTH. B KOHTHHeHTanbHOUM EBporie UpKy-
JUPYIOT pa3/inyHble BapuaHThl: BO @paHiuu u benbruv — CPV-2a u CPV-2b, B Uta-
i — CPV-2a u CPV-2c. B Cepepnoii 1 FOxkHoit AMepuke ripeobsazaror CPV-2b/2¢
u CPV-2a/2c. B A3uu, Benvkobpurtanuu, ABctpanuu v AnoHuu qomMuanpyoT CPV-2a
1 CPV-2b. CeBepHasi AQpriKa xapaKTepu3yeTcsi COBMECTHOM LIMPKY/ISILIEN BCeX Tpex
ocHOBHBIX THMNOB CPV-2; a B FOkHO1 Adpuke uaiiie BctpeuatoTcss CPV-2a u CPV-2b.

Il TouHOM nAeHTUMKaK BapuaHTOB CPV-2 HeoOXoamM MOJEKY/ISIPHbIN aHa/TH3
reHa VP2. 3ToT aHa/iu3 1103BosIsieT OL|eHUTh reHeTU4YeCcKoe pa3Hoobpasue, poC/eJuTh
pacripocTpaHeHre BUPyCa U COBEPLIeHCTBOBATh CTPaTerny BakLMHALWMW. BakHbI Ha oc-
HoBe CPV-2 MoryT jaBaTh HeCTOMKUI UIMMYHUTET IIPOTUB HOBBIX BapUAHTOB BUPYCa, UTO
3aTpyJHseT JUarHOCTUKY TaCTPOIHTEPUTA Y MPUBUTHIX 1leHKOB. Ho BakiHbl CPV-2b
00bIuHO 3amuiaroT oT Bapuanta CPV-2c. ITo saHHBIM MCC/IeI0BaHUH, OC/IOKHEHUS
T0C/Ie BaKLMHALWY TIPOTUB ITaPBOBUPYCHOM MH(EKIMY OTMeUYar0TCsl PUOIM3UTeTbHO
B 3,8 % cs1yuyaeB, rpyueMm yvallje y KaCTPUPOBAHHBIX IJeHKOB, IIeHKOB C HeZl0CTaTOYHbIM
BECOM U Y KUBOTHBIX B Bo3pacTe 0 9 MecsieB. BakiiHbl, pa3paboTaHHbIe HA OCHOBE
mramma NL-35-D CPV-2, o6ecrnieunBarOT MOHYO 3alJUTY OT PA3/IMYHBIX LITAMMOB
napBoBupyca [25].

ITess 0030pa — CHCTeMHBIN aHAINM3 U3MEHUMBOCTU U PaclpoCTpaHeHus BUpyca
CPV-2 B Mupe, a TakKe OL|eHKa MeTO/|0B ero NMpOo(UIaKTUKKN U JIeUeHUs.
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Vicnonb3oBanuch AaHHble 0 pacrpocTpaHeHHOCTH CPV-2 B Mupe 1o mybnukanu-
sIM, OTpakKeHHbIM B 6a3ax gaHHbIX eLIBRARY.RU, PubMed, Google Scholar. Oco6oe
BHUMaHUe y/ie/leHO U3y4YeHUI0 3aKOHOMEePHOCTel pacrpoCTpaHeH sl, MeXaHU3MOB Bbl-
COKOM TeHeTHUeCKOoi N3MeHUYMBOCTH TeHOMOB cobaubero rapBoBupyca CPV-2, a Takke
JIeTa/IbHOMY PaCCMOTPEHUIO BOTIPOCOB 3MTHU300TOJIOTUH 3a00/eBaHusi, pa3paboTku 3¢-
(eKTUBHBIX NPO(UIAKTUYECKMX Mep U COBPEMEHHBIX METO/IOB JIeUueHHUs.

Kpogagas auapesi y cobak — BepHbIi ripu3Hak CPV-2, cripoBOIMPOBaBIIIEro 0CTpoe
KpPOBOTEeUeHHe B >KemyJKe U KuilleuHrke [1, 26]. Y 11jeHKOB YMCTOKPOBHBIX TIOPO/, 10 6
Hezienb CPV-2 Beisisiiics vaite (p < 0,05). Undekuys CPV-2 nopakaeT LeHKOB U Yd-
CTOKPOBHBIX CO0OaK uarile, 4eM B3pOC/IbIX JBOPHST. PaHee CPV-2 uarije o6HapyKUBasCs
y KUBOTHBIX 2—4 MecsieB [1, 27]. Hu3kast 3a60/1eBaeMOCTh TapBOBUPYCHBIM SHTEPU-
TOM Y LIIeHKOB /I0 MecsiIia 00BbsICHAeTCS MaTepUHCKUM UMMYHHUTETOM. Tlocsie ueThipex
MeCsIIeB IIIeHKU pexxe 00JIer0T 13-3a pa3BUTHsL COOCTBEHHOTO UMMYHUTeTa. Y Kobeseit
CPV-2 BcTpeuaeTcs yaille, ueM y cyK [1, 28]. Pe3ynbTaThl McciejoBaHUM YKa3bIBalOT
Ha yBenmueHue ymncia ciyuaeB CPV-2c B nmociegnue rogei [1, 10, 20-24, 29-33].

Onu300THYeCKasl KapTHHA CBU/IeTe/IbCTBYeT O HaCTOPaKUBaroLLel TeHIeHLUK:
MapBOBUPYCHBIN SHTEPUT 3aHUMaeT 37 % B CTPYKType UH(EKIIMOHHBIX MaToJ/IOTH,
perucTpupyemeix y cobak Ha Tepputopun Poccutickont ®epeparuu [34].

OMnU300TOJIOTHs TTAPBOBUPYCHOTO SHTEPUTA TPe/CTaB/IsieT CO00 C/I0)KHOe Tiepe-
rjieTeHUe (akTOpPOB, CPeii KOTOPBIX KJ/IFOUEBYIO POJIb MIPalOT BO3pacTHasi BOCIIPU-
MMUMBOCTb U CE€30HHAsI aKTUBHOCTH BUpyca. llleHKr B BO3pacTe [10 LIeCTU MeCALEB,
NWILIeHHbIe TTOTHOLIEHHOM MIMMYHHOM 3allIUThI, CTAHOBATCS Hanboree ysi3BUMOM IPYTIOi
Y OJHOBPEMEHHO BBICTYMAIOT B POJIM OCHOBHOT'O MCTOUHMKA MH(MeKIMU. BakijuHams
Kak /leliCTBeHHbIN UHCTPYMEHT NMpOo(UIaKTUKUA U CTPOTMI KapaHTHUH JJ1s1 YS13BUMbIX
TPYIII )KUBOTHBIX SIBJISIFOTCS HEOOXOJUMBIMHU MePaMHU [17isi KOHTPOJISI ¥ CHYDKEeHUST Mac-
mtaboB pacripocTpaHeHus 3aboneBanvst. [Tybokoe MOHUMAaHKMe 3TUX B3aMOCBSI3aHHBIX
acCreKkTOB — KpaeyroyibHbl KaMeHb 3((eKTHBHOM NMPO(YUIAKTUKN 3TTM300THYE CKOTO
pacripocTpaHeHust TapBOBUPYCHOT0 3HTepuTa [35].

Y HOBOPOXXIEHHBIX L[€HKOB MOJIO3UBHbIE aHTHTe/a 00eCreurnBaoT MacCUBHBIN
MMMYHUTET, OIHAaKO CHIKAIOT 3((eKTHBHOCTh BaKLJMHALMW. PaHHss BaKLIMHALIKA 11jeH-
KOB B 6 Hezienib «MynbsTkad DP» ¢ nocneaytomieit BakiuHatmeid « Mynbtrkan-DHP»
u «MynbTrkaH-L» B 9 Heflesnib, a Takke «MynbThkaH-DHP» u «MynbTrkadn-LR» B 12
He/lesTb, BbI3bIBAaeT BHIPAOOTKY CrieruruuecKuX aHTUTe KO BCeM BUPyCaM, BK/TIOUeH-
HBIM B BaKILMHbI, B TUTPAX, 00eCTeunBaroIX MUHUMAJIbHBIN 3aIMTHBIN ypoBeHb [36].

B ocHoBe BakIMHBI « My/IbTUKaH-8» JIeXXUT rapBoBUpyC cobak CPV-2 Ne 23, mipo-
meAmui aganTanyio K kietkam CRFK. Bbicokuii TUTP aHTHTET K TapBOBUPYCY COOaK
SIBJISIETCS TIOATBEPIKAeHNEeM CTIOCOOHOCTH BaKLIMHBI 00eCTieunBaTh Ha/IeXKHYTO 3alUTy
JKUBOTHBIX OT 3apakeHus [37].

HecMoTps Ha JOCTYNHOCTh BaKLIMHALIUM, TAPBOBUPYCHbIA SHTEPUT OCTAETCS
cepbe3Hoi rpobaemoit st momysuy cobak. BeicoKas MIOTHOCTh COZiepyKaHus
JKUBOTHBIX ¥ M@XaHU3M PACIPOCTPaHeHUsI BUPyCa B TTIOMeTe CO3/al0T O1aronpusT-
HbIe YC/IOBUS /i1l BOSHUKHOBEHUS U ITPOrpeccrpoBaHus 3aboneBanust. [IpumeHeHue
anb(a-uHTeppepoHa B KOMIJIEKCHOU Teparvy Mo3BOJ/IsIeT 3HAUMTE/IbHO MOBBICUTD 3¢-
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(eKTHBHOCTB JIeYeHUs U NPeJOTBPaTUTh Pa3BUTHE TSDKeIbIX (POPM SHTEPUTA, CHUKAS
PUCK JieTanbHOro ucxopa [38].

Oco0yto omacHocTh mapBoBUpyc CPV-2 mpezicTaBisieT [j1s1 IEHKOB B BO3pacTe OT 6
HeJiesb 10 6 MecsiLieB. BUpyc leMOHCTpUpYeT BBICOKYHO CKOPOCTb 3BOJIFOLIMH, TOCTOSTHHO
MOPOXK/iasi HOBbIe BapuaHThl, Takre Kak CPV-2a, CPV-2b u CPV-2c, KoTopbie akTUBHO
LIMPKY/TUPYIOT B pa3/IMuHbIX pernoHax Mupa. Hanbosee uacto 3apa>keHre pOUCXOAUT
B BECEHHUI U OCEeHHe-3UMHUI TIepUO/ibl, UTO CBSI3aHO C XapaKTePHbIMU /711 3TUX Ce30HOB
KosilebaHUsIMU TeMITepaTypbl M CHIDKeHHeM 0011iero IMMYHHTeTa )KMBOTHbIX. HecMoTpst
Ha IIMPOKOe TPUMeHeHHe BaKL[MH, BUPYC MPO/0/KaeT PACIPOCTPAHSTLCS, UTO 00yC/IOB-
JIeHO BJIMSTHUEM MaTepPUHCKUX aHTUTeN Y IIeHKOB, HUBeIUPYIOLUX 3P PeKTUBHOCTh
BaKI[MHALIMH, U HEeJIOCTAaTOYHOU CTeTeHbI0 3allUThI y B3POC/BIX co0ak. B cBsi3u ¢ aTUM
BO3HHUKAaeT 0cTpasi HeoOX0JMMOCTh B IOCTOSSHHOM MOHUTOPHHIe TeHeTUYeCKUX U aHTH-
TeHHbIX CBOMCTB BHOBb BBISIB/ISIEMbIX U30/I5ITOB BUPYCA, YTO TTO3BOJIUT CBOEBPEMEHHO
0OHOB/IATH COCTaB BAKIMH U MOBBIIIATh UX 3 HEKTUBHOCTD [34].

MHoroobpa3vie [UPKYIUPYIOIIUX W30/SITOB MapBOBUPYCa — SIPKOE CBUZETE/NBCTBO
ero BbICOKOM I'eHeTH4eCKOM U3MeHUMBOCTY U aJJalITUBHOCTU. PUjIOreHeTUUeCKUM aHa/Iu3
BBISIB/ISIET «TOPSTYME TOUKW» B T€HOMe BHUPYCa, OTpe/ie/stolie OCHOBHbIE HallpaB/IeHHs
ero sBostourd. Haripumep, mramm «3C-95» Bupyca CPV-2, usonuposanHsbiii B Poccuu,
obpa3yeT euHBIN K1acTep C u3osstamu, oOHapykeHHbIMU B KaHage, Ypyreae u Uta-
WM, 9TO YKa3bIBaeT Ha BO3MOYKHBIE ITyTH PaCIIPOCTPaHeHUsI BUPYCa U Ha/lnuke 00X
WCTOYHUKOB 3apakeHust [39].

[MapBoBupyc cobak 2 (CPV-2) — IHK-Bupyc, 6bicTpo myTupytommii [40] u u3me-
HSIIOLLMM CBOM cBoWcTBa. ['eHoM CPV-2 comep>XUT JjBe OTKPBITbIe PAMKU CUMThIBaHUS,
KOJUpYyHoIIHe HecTpyKTypHbie 6eku NS1 u NS2, a Takke KaricuHble 6esiku VP1
u VP2 [41]. Bapyaumu B CTPYKTYype Karcuzaa MOTyT YCUIMBATh paclpoCTpaHeHue
Y BUPYJIEHTHOCTb BUpYyca [42, 43]. BbisiB/ieHbl MyTallU, TTOTeHI[MaIbHO TIPUBO/SILITE
K YCTOWUMBOCTH K BakiuHaMm [44]. Benok VP2, kitoueBoi [ijist Karicy/ja ¥ COCTOSIIIAN
n3 584 aMHUHOKHCIIOT, OIpejesisieT, KOro 3apasuT BUpyc. OH UrpaeT Ba)KHYH0 pOJib
B BbIpabOTKe aHTHTeJT MPOTHUB MMapBOBUPYyCa CO0aK 2-TO THIA, BHI3bIBAIOLETO TSKEIOe
3abosieBaHMe C KPOBaBOi riapeeii, MUOKapJUTOM 1 BO3MOYKHBIM JIeTaIbHbIM UCXOZ0M
[1, 4, 23, 45, 46]. Benok NS1 BaxkeH /i/1s1 maToreHHOCTH BUpYyca [47]. B ro»kHOamMeprKaH-
cKux obpastjax o6Hapy>xeHbl MyTaruy N351K u N361S. MyTtauuu 160V u L630P [29]
CTaHOBATCS BCe Oosiee pacmpoCcTpaHeHHBIMU. PacripocTpaHeHre KOHKPeTHBIX MyTarui
MOKeT yKa3bIBaTb Ha I10sIB/IeHHe HOBbIX CBOMCTB, TAKMX KaK yCTOMUMBOCTD K JIeKapCTBAM,
YTO TIOB/UsIET Ha 3(PPeKTUBHOCTb BAKI[UH U PACIIMPUT KPYT HOocUTe el Bupyca [48].

VP1 u VP2 kogupytot 6e/iok Karcuza BUpyca IapBoBHUpyca cobak 2-To THIa.
VP1 gnuHHee v coflep)XUT cUrHasbl saepHoi gokanusanuu (MAPPAKRARRGLYV)
[49], BakHBIe /151 3apakKeHUs1 KNeTKU. bosbuHCcTBO MyTanuii B VP1 He MeHSIOT
aMUHOKUCJIOTBI ¥ MOTYT PeryIrpoBaTh 3Kcrpeccuto reHoB [50], He Bausist Ha 6emok
Karicuzia. OfHako Agpyrue N-KOHLeBble MyTaLlMi MOTYT B/IMSITh HA CKOPOCTb peIliv-
Kal[¥ BUpYyCa.

Iomouys VP2 nokassiBaeT poct myTauuii G5A 1 Q370R B CPV-2c. 3Tn My Tatmu
MOTYT 00BSICHITH He3(hheKTUBHOCTD BakI[H NPOoTHB CPV-2. [TpearnonokurenbHO, aMu-

VETERINARY SCIENCE 349



Jlanmes C.B., Ceauna M.B. BectHux PY/IH. Cepus: ArpoHomust ¥ >kuBoTHOBOZCTBO. 2026. T. 21. Ne 2. C. 345-355

HOKHCJ/I0Ta 5 B VP2 yuacTByeT B CBI3bIBAHWM JIMTAHZ0B Y IPOHMKHOBEHWH B KJIETKY, HO ee
posib HesicHa [51]. MyTatus Q370R MOXKeT BIUATH Ha reMarrIFoTUHALIMEO U KPYT X0351eB
CPV-2 [52]. VP2, kopupytoijas KaricugHbii 6e1ok CPV-2, Kputryecku BaykHa 151 BU-
pyCHoOI nlatoreHHoCTH. MyTaiuun VP2 [53, 54], Takve kak T440A, BefyT K aHTUT@HHOMY
JIpeidy 1 cHIWKaOT 3P PeKTUBHOCTD BakKivH. 3ameHa N93K, aHanornuHasi u3MeHeHUsIM
B BUpyCe MbIlllel Minute, BlvsieT Ha B3aUMOZENCTBHe C XO3MHOM U aHTUTeHHble CBOW-
ctBa VP2; oHa oOHapy»keHa B oOpasijax u3 MpaHa u Srmoruu [55]. OTa MyTaiys MOKeT
CHIKaTh 3(heKTUBHOCTh BaKLMH [56]. MyTauuu NS1 u VP2 Bb3bIBatoT 0cobyro 06ecro-
KoeHHOCTh B A3un 1 EBporte [57]. O60011ieHHast KapThHA 3BOJTFOLIMOHHOW M3MEHUUBOCTH
napBoBupyca CPV-2 o ntoram aHa/3a UCTOYHUKOB TIpeZiCTaBIeHa B TabsvLe.

OBONOLUOHHAsA U3MEHYUBOCTb NapBoBupyca CPV-2

MapBo-
BUpYC
cobak

lop,

M3meHeHus B reHe VP2
1 aMUHOKUcnoTe 426 6enka VP2

KpaTkas xapakTepucTuka

CPV-2

1978

HeT cBepgeHumn

MepBoHavanbHbI CPV-2 6onblue He BCTpeya-
eTcsa y cobak, yCTYnMB MecTo HOBbIM BapuaHTaMm.
McxopHbii CPV-2 3apaykan Tofbko cobak, Bbi3biBasi
KULLIEYHble pacCTpoicTBa. B oTinume ot Hero, Bapu-
aHTbl CPV-2a 1 2b cnoco6Hbl 3apaxaTb KOLLeK Kak
B TabopaTopuu, Tak U B 06bIYHOW XKU3HU

CPV-2a

1979

B 6enke VP2 Bupyca CPV-2 06HapyeHbl
NATb OCHOBHbIX MyTaLumii: M87L, 1101T, A300G,
D305Y 1 V555I. Kpome Toro, BbisiBNEHO n3me-
HeH1e aMMHOKUCINOTbI B No3uLmmn 426 Genka
VP2 (3ameHa N B CPV-2a)

Pasnununsa mexay CPV-2 n CPV-2a BosHuKatoT
ns-3a MyTaumii B CPV-2a. 3T MyTaummn nsmeHsioT,
HanpvMep, Kak BUpYC pearmpyeT Ha aHTuTena. OHu
TaK)Xe MEHSIIOT CMOCOBHOCTb BUPYCa CBA3bIBATLCS
C peLienTopoM TpaHcheppuHa Kolku. Kpome Toro,
MyTaLuu BAVSIOT Ha TO, KakK BUPYC pasMHOXaeTcst
B OpraHv3ame KoLuek

CPV-2b

1984

B reHe VP2, oTBevatoLLeM 3a KancuaHbli
6e10K, MPOM30LLIN MyTaLmMu. T MyTaLum
BbI3BasIM 3aMeHy aMUHOKMUCIIOTbI Mo, HOMe-
pom 426. B BapuaHTtax CPV-2 n CPV-2a Ha atoit
nosuuum Haxogutes Asn, a B CPV-2b — Asp.
Takum o6pasom, CPV-2b xapakTtepuayeTcs
HanuumeM Asp BMecTo Asn B nosuuum 426
6enka VP2

B CPV-2b, B 6enke VP2 npucyTCTBYeT MyTaums
N426D. [laHHas 3aMeHa Bbl3bIBAaET U3MEHEHMS B 610-
JIOrMYeCKMX XapaKTepUCTHKax, B YaCTHOCTH, B peak-
LM Ha MOHOK/0HanNbHble aHTUTeNa. BaykHocTb N426D
o6ycrioBieHa nosioxeHnem octatka 440. OH Haxo-
[MTCS Ha BepLUMHE TPexKpaTHoro wuna 6enka VP2,
3TOT 610K pacrosioXeH Ha NOBEPXHOCTH Kancuaa
1 ABNAETCSH OCHOBHbIM @HTUIeHHbIM CalTOM BMpyca

CPV-2¢c

lNpumeyaHme. HekoTopble MyTaLmn NapBOBMPYCa W MX 3HAYEHWE:

B koHUe
1990-x

leHeTMYecKve MyTaLMK, 3aTparvBatoLLme
reH, oTBevyarLuit 3a 6enok VP2 kancuaa,
BbI3Ba/Il 3aMeHy aMMHOKUCIIOTbI. B nosuumm
426 rnytamuHoBas kucnota (Glu) 3amenuna
acnaparuH (Asn). 3T0 U3MeHeH e NPOU3OLLSIO:
CPV-2 n CPV-2a umenu Asn, B TO BpeMsl Kak
CPV-2c conepxuT Glu. 3ameHeHwWsi B aMnHO-
kucnote 426 VP2 (E B CPV-2c)

CPV-2¢ 6bICTPO NPOHWK B pasHble CTpaHbl U Te-
nepb pacnpocTtpaHeH BMecTe ¢ CPV-2a n CPV-2b. MNo-
cne o6Hapy»eHua CPV-2c BbisiBunm B Asuu, EBporne,
CeBepHoii 1 l0xxHoM AMepuike, a Takxxe B Appuke

+ MyTauma T3241 yacto BcTpeyvaeTtcd B WwWrtammax CPV-2a B Asun 1 HOxHOM AMepuKe. VI3MeHeHNA B aMUHOKMCIOTE
324 MOTyT BNVATb Ha TO, KaKMX >XUBOTHbIX MOXET 3apasuTb BUPYC.

+ T440A BaxkHa ans CPV, Tak kak ocTaTok 440 HaxoaWTCs Ha NOBEpPXHOCTW 6enka VP2, KoTopbli ABNAETCA OCHOBHbIM
aHTUrEHHbIM CanToOM BUpyCa.
+ Y544F v E545V — 310 iBe MyTauum, 06Hapy>KeHHble BO Bcex noaTunax CPV-2a, CPV-2b n CPV-2c.

+ MyTaums E572K He Habntoganack B CPV-2¢, Ho 6bina HaraeHa B 20 o6pasuax CPV-2a n CPV-2b

+ B CPV-2¢, cobpaHHbix nocne 2015 r., 4acTo BCTpevaeTes n3mMeHeHne aMuHokmncnoTsl 630 (B 16 U3 24 cnyyaes).

MeTounumk: [26, 58-61].
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Evolutionary variability of parvovirus CPV-2

Canine Year Changes in the VP2 gene and amino acid Brief description
parvovirus 426 of the VP2 protein P
The original CPV-2 is no longer found in dogs,
giving way to new variants. The original CPV-2
only infected dogs, causing intestinal disorders.
CPV-2 1978 No data In contrast, the CPV-2a and 2b variants can
infect cats both in the laboratory and in the
common life

Five major mutations were detected in The differences between CPV-2 and CPV-2a

the VP2 protein of the CPV-2 virus: M87L, | arise from mutations in CPV-2a. These mutations
1101T, A300G, D305Y, and V555I. Moreover, | alter, for example, how the virus responds to
a change in the amino acid at position 426 of | antibodies. They also alter the virus’s ability

CPV-2a 1979 the VP2 protein was detected (N substitution | to bind to the feline transferrin receptor.
in CPV-2a) Furthermore, the mutations affect how the virus
replicates in cats

Mutations occurred in the VP2 gene, which In CPV-2b, the VP2 protein contains the

is responsible for the capsid protein.These | N426D mutation. This substitution causes

mutations resulted in a substitution at amino | changes in biological characteristics, particularly

acid 426. In CPV-2 and CPV-2a, this positionis | in the response to monoclonal antibodies. The

occupied by Asn, while in CPV-2b, it is occupied | importance of N426D stems from the position of

CPV-2b 1984 by Asp. Thus, CPV-2b is characterized by the | residue 440. It is located at the tip of the triple-
presence of Asp instead of Asn at position 426 | spike of the VP2 protein. This protein is located on

of the VP2 protein the surface of the capsid and is the main antigenic

site of the virus

Genetic mutations affecting the gene CPV-2c quickly spread to various countries
responsible for the VP2 capsid protein | and is now common along with CPV-2a and
resulted in an amino acid substitution. At | CPV-2b. Since its discovery, CPV-2c has been
Late position 426, glutamic acid (Glu) replaced | detected in Asia, Europe, North and South
CPV-2¢ 1990s | asparagine (Asn). This change occurred: | America, and Africa
CPV-2 and CPV-2a had Asn, while CPV-2¢c
contains Glu. The change is at amino acid
426 of VP2 (E in CPV-2c)

Note. Some parvovirus mutations and their significance:

+ The T324l mutation is common in CPV-2a strains in Asia and South America. Changes at amino acid 324 may
influence which animals the virus can infect.

+ T440A is important for CPV because residue 440 is on the surface of the VP2 protein, which is the major antigenic
site of the virus.

+ Y544F and E545V are two mutations found in all subtypes of CPV-2a, CPV-2b, and CPV-2c.
* The E572K mutation was not observed in CPV-2¢ but was found in 20 CPV-2a and CPV-2b samples.

- In CPV-2c collected since 2015, a change at amino acid 630 is common (in 16 of 24 cases).
Source: [26, 58-61].

AHanu3 aMUHOKUC/IOTHBIX MOC/Ie[,0BaTe/IbHOCTEeN BBISIBU/ PSifi 3aMeH, BK/IHOYast
K/toueBble MyTaluu (ASG, F267Y, Y3241, Q370R) u HoByto (1447M) B uzonsrax CPV-2.
MyTarus B no3uuuu 5 (A5G), pacrosioKeHHOM B HEMTPar3yIoIeM aHTUTEHHOM YYacTKe,
MO>KeT U3MEeHUTh aHTUTeHHble CBOMCTBA BUPYyCa U €ro B3aMO/eiCTBYe C UMMYHHOU
cucteMoi [19]. OcTaTok aMUHOKUCIOTHI 267 MPaKTUUYECKU He B/IUSIET HA aHTUTEHHOCTh
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BHPYCa, TaK KaK He BBIXOJUT Ha MOBEPXHOCTH Karcuza [62]. AMUHOKHUCIOTHI B TO3ULIMSX
324, 426 v 440, BeposITHO, BJIUSAIOT HA yCKO/Ib3aHWe BUPyCa OT UMMYHUTETa U CHU)Kat0T
3amuTy BakiwH [63]. Tenotun CPV-2c ¢ u3071eUlMHOM B 103ulin 324 IeMOHCTPUPYeT
Oonee paHHue 1UTONaTUUeCKUe 3¢pdekThl B KieTkax MDCK, uem CPV-2c ¢ TMpo3u-
HOM B 3TOM »Ke mo3uiiuu [64]. [eHeTHuecKre peKOMOWHAI[UN UTPAIOT K/TFOUEBYIO POJTh
B 9BOJIIOLIUM NTapPBOBUPYCOB [65, 66]. MyTarust [447M obHapykeHa B CPV-2 usonsrax
B Kutae u BretHame [14, 23], ogHako He o6Hapy>keHa B HUsAX CPV-2, momyyeHHBIX
B bpasunuu [67]. VcciieoBanust TOKa3bIBakOT, UTO aMUHOKUC/IOTHI 324, 426 1 440 B VP2
TOZIBep’KeHbI MOIITHOMY 0TOOpY. AMHUHOKHC/IOTA 324, COCeACTBYOIIasi C y4acTKoM 323,
M0-BUMMOMY, pPery/MpyeT B3auMO/ieHiCTBUe BUPYyCa C PeLielITOPOM U orpeiesisieT Kpyr
BOCIIPUMMYMBBIX OPraHM3MoB [22, 63].

3akoyeHue

BupycHbIe reHOMBI OT/IMYAOTCS BBICOKOM M3MEHUMBOCTBIO M CIIOCOOHBI MyTHPOBATB,
YTO TO3BOJISIET UM YCKOJIb3aTh OT IMMYHHOTO OTBeTa. OTO 00BSICHSET C/TyYar CHIYKEHHUST
3(PEKTUBHOCTA HEKOTOPBIX CYILIeCTBYIOIIMX BAKLMH MMPOTUB MapBOBUPYCA 2-T0 TUIMa.
MyTaluu B KJIFOUEBBIX yUacTKax Oesika, HarprMep B rojiokeHur N93K, pacroiokeHHOM
PSIZIOM C TieT/ield 2, MOTYT ObITh OIHOM U3 PUYMH 1MOJ00HOTO siB/ieHus1. [/s1 11IeHKOB
ONTHMMa/ibHa TpexKpaTHasi CXeMa BaKLIMHAL[MH, 3aBepIUarolLasics Moc/ie 10CTUXKeHUs
MU Bo3pacTa 16 Hefiesib. BBesieHue 1epBoii 103bI BO3MOXXHO YoKe C UeThIPeXHe/e/IbHOTO
BO3pacTa, ¥ BaKIMHALIUS MOXXET TIPOBOJUTHLCS IaKe y OepeMeHHbIX CyK. POpMHUpOBaHHe
MMMYHHOTO OTBeTa Ha MapBOBUPYCHYIO UH(EKLIMIO 3aBUCHT OT BO3pacTa U Macchl Tejia
JKUBOTHOTO, a TaK)Ke OT YPOBHSI MaTePUHCKUX aHTUTEJI, OAHAKO He 3aBUCUT OT 10Jia
1IIeHKa WIN TUIa UCI0JIb3yeMOW BaKLJUHbI. YPOBEeHb MaTEPUHCKUX aHTUTEN BapbUpY-
eT UHUBUAYaIbHO, UTO TpebyeT rMOKOro 1moxoja K BbIOOPY BpeMeHU BaKL[MHAI|H.
[TpumeHeHre UMMyHOMOZAYAsTOpoB U JJHK-BakiuH criocoO6cTBYeT opMHUPOBaHHIO
YCTOMYMBOIO U MPOJO/DKUTEBHOTO UMMYHUTETA K IMapBoBUPYCY. Oc/0)KHeHUsI M0-
CJle BaKI[MHAI[UU BCTPEUAOTCSI CPABHUTETBHO PeJIKO — OK0JI0 3—4 % ciydaeB, yarlje
Yy KaCTPUPOBAHHBIX I1IeHKOB, >KMBOTHBIX C HEJJOCTAaTOUHOM MacCOM TeJjia U B BO3pacTe
JI0 IeBATH MecsiiieB. BakiuHbl, pa3paboraHHbie Ha ocHoBe mtamMma NL-35-D CPV-2,
00eCIieurBaroT Ha/IEXKHYIO 3allUTY OT PAa3/IMUHBIX [[UPKY/TUPYIOIIMX IITaMMOB BUpYCa.
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