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AHHOTANUA

Bupycer rpurmma A SBISIOTCS BaKHBIMH ITAaTOT€HAME, TIPUCYTCTBYIOITMMH BO BCEM
MHPE W YTPOKAIOIMIUMH 3I0POBBIO JIIOJIEH W KUBOTHBIX. ODKOJOTHUS W OSITHIESMHOJIOTHS
BUPYCOB TPHUIMIMA A OYCHb CJIOXKHBI U MOSBJICHAE HOBBIX 300HO3HBIX IMTATOTEHOB, MMOCTOSHHO
Pa3BHUBAIOIIUXCS U IMPEOAOJICBAIOIINX MEXKBHIIOBONW Oapbep, SBISCTCS OJHOW M3 CaMBIX
CEPBE3HBIX MPOOIIEM IS TII00ANBHON 0€30ITaCHOCTH B 00JIaCTH 3IpaBOOXpaHeHU. Bupychl
rpurma A XapakTepHU3yITCs TCHETUYECKONH U aHTHUTEHHON W3MEHYMBOCTHIO, BO3HUKAIOIICH
32 CYET COYETAHMSI BBICOKOM CKOPOCTM MYTallMd U CETMEHTUPOBAHHOIO TEHOMA,
00€ecTeunBaONIeT0 CIOCOOHOCTh OBICTPO HW3MEHATHCS M aNalTHPOBATHCA K HOBBIM
xo3sieBaM. [103TOMy 3Ta KaTeropusi BUPYCOB UMEET Pa3HOOOPa3HbIi KPYT X035€B, BKIHOYAs
OONIBIIIOE KOJMYECTBO BHJIOB NTHI[ M MIEKOMUTAIONMX. B TeueHHEe MOCICIHETO
JECATUIICTUS] 3HAYUTEIHHOEC BHUMAHHUE YNEISUIOCh MH(EKIMAM BUpycCa TPHINIA Y COOAK,
MMOCKOJIbKY JiBa TroaTuria Bupyca rpurima H3N8 u H3N2 BeI3Banu HECKOJIBKO BCIIBIIIEK B
Coenunennbix Illtatax u FOxHON A3uM, CTaB SHAEMHUYHBIMU. XOTS y KOIIEK TPUII
MEHBIIIE ONHCaH B JHUTEpaType, OTH JKUBOTHBIE TIO-TIPEKHEMY OKa3bIBAOTCS
BOCIIPUUMYMBBIMH KO MHOTMM HMH(EKIMSIM NTHYbero rpunma. HecMmoTps Ha TO, 4TO
SMUIEMUU TPUIITIA TIPEJCTABISIOT YTPO3Y IS 30POBbs COOAK M KOIIEK, PUCKU IS JTIOCH
B 3HAUYWTEIbHOW CTETIEHW HEW3BECTHH. B JaHHON cTaThe paccMaTpPUBAIOTCS CaMble
MOCJCAHUE JaHHbIE 00 SMUICMHOJIOIMM BHPYCOB TIpumma A y cobak U KOIIEK,
CYIISCTBYIOIUE JIOKA3aTeJIbCTBA CIOCOOHOCTH aJanTallMd JTHX BHAOB K XO35UHY,
BHYTPUBH/IOBas Iepenadya W (QOPMHUpPOBaHWE HOBBIX JIMHUM Tpulna A TOCPEICTBOM
TEHOMHOM peaccopTanuu. Takoe yriyOJieHHOe MOHUMAaHUE MPe/IoaraeT HeoOX0AUMOCTh
YCWJICHHMSI MOHUTOPWHTA U UCCIICIOBAHUMN Il 00eCTeUeHNs ONTHUMAIbHON TOTOBHOCTH K
HEU30EXKHBIM BCITHIIIIKAM M TIAHAEMHSM, a TaKXKe HAOIIOJIEHUS 32 POJIbI0 B3aUMOJIEHCTBHS
JIOMAaITHUX J>KMBOTHBIX M YeIOBeKa B CBeTe KoHmenuuu «EmwHoe 3m0poBbe» [1] m
MOTCHIIMAIILHOTO TTOSBICHHS HOBBIX 300HO3HBIX BUPYCOB.

KuioueBble cJjioBa: BUpYC, TPUIIM, 300HO3, co0aka, KOIIKa, MEXBHI0BAs Ieperaya,
peaccopramus

BBenenune

Bupyc rpunma wumeer Oonblioe 3HAYCHHE, IIOCKOJIBKY MPEACTaBISET
HENIOCPEJCTBCHHYIO yrpo3y JUIS JIIOJeH M JKMBOTHBIX. Cpemu 4YeThIpeX THIIOB
Bupyca rpunna (A, B, C u D) Bupycel rpunna A (BI'A) sBisitorcss Hanbosee
BXHBIMHA C KIIMHWYECKOW TOYKW 3PEHUsS, BBI3bIBAS TSDKEIBIC SIHJIECMHUU CPEId
JTIOJ W JAOMAlIHUX >KUBOTHBIX. J[MKHe TepeneTHbIe MTHUIBI W JIETYYHE MBIIIN
SIBIITIOTCS. OCHOBHBIMHM €CTCCTBCHHBIMH pe3epByapaMH, OT HHX BHPYC MOXKET
MEPEHOCUTHCS Ha JIPYTHE BUABI )KUBOTHBIX-X035I€B, TAKHE KaK YTKH, KyPBbI, JTOLIA/IH,
CBHHBH, KUTBI, KOIIKHA, coOaku u T. 1. [2, 3, 4, 5, 6, 7, 8, 9, 10]. BI'A 06b14H0
UMEIOT OTPAaHWYCHHBIN KPYr X035€B, HO WHOTJA MEPEJaloTCs OT OJHOTO BHJIA



apyromy [11, 12, 13]. Bbicokas yactoTa MyTalluii B COYETAaHUU C BBICOKOM
CKOPOCTBIO  pEIUIMKAIIMM H  pPeaccopTalliil  TO3BOJISIET BHUPYCY  OBICTPO
aJIalTHPOBaThCcd K M3MEHEHHSIM B OKpykarouled cpene. B koHeuHoM urtore 3To
MOJKET MPUBECTH K CO3JAHUIO0 BHPYCa, CIIOCOOHOTO Pa3MHOXAThCS B OpraHU3MeE
YyesioBeKa U 00JIaaloniero HOBBIMU aHTUTEHHBIMU CBOMCTBAaMH, YTO MOXKET CTaTh
MPUYMHOM BCHBIIIKK MaHaeMuu. [IpuMeuaTenbHO, YTO CEPHE3HYIO YIrpo3y MJis
3/10pOBbS YEJIOBEKA B MEPBYIO OUEPE/Ib MPEICTABISIOT JOMAITHUE MTULIBI U CBUHBH,
MMOCKOJIbKY HCTOPHYECKHA OOJBIIMHCTBO YEIOBEYECKUX MAaHIACMHA BO3HUKAIU OT
ntuil u cBuHel [14, 15]. B cBs3u ¢ Tem, 4TO B HACTOSIIEE BPEMS B MUPE YHUCIIO
BIIQJICTIBIIEB KOIIEK W COOAK YBEIMYMBACTCS, a COIMAIBLHOE IOBEICHHUE HMEET
TEHJICHIIMIO PETUCTPUPOBATH 3TH BUIbI KUBOTHBIX B KaueCTBE WIEHOB ceMbH [16-
18], u3yuenne snunemuonorud BI'A y cobak M KOIIEK W MyTed MX Tepenadyu
OCTAIOTCSl aKTYaJIbHOM 3a/1aueid.

[TosiBnenne BI'A u mocnenytomiee pacupocTpaHeHUE Cpeid COOAK M KOIIEK

BonbIIMHCTBO TOMANIHUX YKUBOTHBIX COJIEPKATCS B HEOOIBIIIUX KOJINYECTBAX
B JKWJIBIX JJOMax, U MHOTHE U3 HUX HE UMEIOT WM UMEIOT JIHUIIb KPaTKOBpEMEHHbBIE
M HEYacCThle KOHTAKThl C JIPYTUMH MPEACTABUTEISIMH TOTO K€ BHUJA, MOITOMY
nepenada rpumnmna HedpdekTuBHa. TeM He MeHee, HEKOTOPhIE IOMAITHUE COOaKH U
KOIIKH COAEPKATCS B TUIOTHBIX MOMYJISIIHSIX, TAKHX KAaK MTUTOMHUKHA WJIA TPHIOTHI
JUIS KUBOTHBIX. B TakuX ycCHOBHSIX KOHTaKThl MEXIy co0akaMM M KOILIKaMU
Hen30eXKHBI, a MpH TMONAJaHUM BUPYCOB TPHUMINA B MOMYJISAIUIO BO3MOXKHA
yCcTOWYMBas Iepenaya HEKOTOPBIX JIMHUM, YTO MOXKET MPUBECTU K YCTOWYMBBIM
BCIBIIIKAM M SMUAEMHYECKOMY MM 3MHU300TUYECKOMY NOTEHIHany. TecHble
KOHTAaKThl CO0AaK M KOILIEK C JIFOJbMU TaKX€ MOTYT ObITh MPUYUHOM 300HO3HOTO
MOTEHIMajla BUPYCOB T'PUIINIA U CHOCOOCTBOBATH 3apaKCHHIO COOAK MM KOILIEK
BHUpYCaMH T'pUIITIA YeJIOBEKa.

B Hacrosiiee Bpems TpuI y KOIIEK W COOAK BBI3BIBAIOT MATH IMOATHUIIOB
BI'A, onucaHHbIX B JHTEpaType. ITO BapUAHTHI JIOWIAAUHOTO W nTuubero BI'A
H3N8 [19, 20, 21] m H3N2 [22, 23, 24], HU3KONAaTOT€HHBIM BUPYC NTUYLETO TPUIIIIA
(HBIII") H7N2, BwicokomaroreHHbii Bupyc nruubero rpunma (BBIIIY) H5NI, a
taxke nangemuueckuil Bupyc HIN1 [25, 26], nponomkaromuil HupKyIupoBaTh B
HACTOfAIEE BpeMs KaKk BHUPYC CE30HHOro rpumma cpenud moaei. Hmerorcs
COOOIICHHST O UUPKYIUPYIOUIMX CpeAM KOIIeK U Ccobak ¢ MpHU3HAKaMu
pecriupaTopHON WH(EKIMH IPYyruX MOATUIOB, Takux kak HSN6, H5N2, H3NI,
HON2 u HI10NS [27, 28, 29, 30, 31]. B 0CHOBHOM 3TO BUPYCHI IpUMIA MTUYHETO
MIPOMCXOXKACHNUSI WM TEHETUYECKHE PpEeaccOpPTaHThl, OOpa3oBaHHBIE MOCIE KO-
WH(EKINH Pa3TUYHBIMU NTHYbUMHU, CBUHBIMH U yenoBedeckumu BI'A. Coolmenus
0 3apaX€HUW KOIIEK U COO0aK 4YelloBeYeCKHMM BapuaHTOM BI'A Ce30HHBIX THITOB
ObUTH OITyOIMKOBaHBI, HO B TOPa30 MEeHbIIEH crenenu [32].

Bupyc rpunma co6ax (BI'C) moaruna H3N8 BmepBbie 3aperucTpupoBaH B
2004 r. BO BpeMs BCIHBIIIKH TSDKEJIOTO PECHUPATOPHOTO 3a00JeBaHUS Yy TOHYHX
OOpP3BIX, OJTHAKO UMEIOTCS CEPOJIOTHYECKUE ToKa3aTesbcTBa nosiBiueHus: BI'C-H3NSG
B 1999 1. [11, 23, 33]. C Tex mop BHpPYC CUMTAETCS SHAECMUYHBIM I coOauben
nonyssnun B CIHIA, mopaxaronuM Kak co0ak U3 MUTOMHHUKOB, TaK W JIOMAITHUX
cobak [23]. Y mopaxeHHBIX co0ak HaOIOAaNach MHEBMOHUS Pa3IMYHON CTETICHU
Tsokectr, 1 BI'C-H3N§ nerko mepenaBaicst oT MHPHUIIMPOBAHHBIX COOaK JPYyrUM
BOCIIPUMMYHUBBIM co0akaMm mpHu mpsiMmoM KoHTakte [34]. Uudexmms BI'C-H3NS
TaK)Ke CIIOpaJUYeCKH PEerucTpupoBajach B JAPYTUX 4YacTSIX MHUPA, TaKUX Kak
Kanana, BenukoOpurtanus, ABcrpanus, Kurait m Hurepus [35], HO mpu 3TOoM



npoaospkaronieica mupkyisiuun BI'C-H3N8 B 3Tux pernonax He otMeueHo. Puck
nosinenuss BI'C-H3N8 ocraercst ouens HuszkuMm [36-40]. Ilonrun BI'C-H3NS, no-
BUJINMOMY, LHUPKYJIUPYET B KPYIHBIX TOPOJCKUX MPUIOTaX ISl )KUBOTHBIX, IJI€
BOCHIPUUMYMBBIC  JKMBOTHBIC JKMBYT B  IUIOTHOW momyisiuuu  [41-45].
[TpumeuatenbHo, uto ¢ 2016 T. HE OBUIO 3apPETHCTPUPOBAHO CIIYYACB 3apaKCHUS
BI'C-H3NS.

B 2006 r. voBbiii moatunn BI'A H3N2 Bo3Huk y cobak B Kurtae n KOxnoi
Kopee, a 3aTem OBICTPO pacmpocTpaHuiIcs B HECKOJIbKUX paiionax FOro-Bocrounoii
A3um, rAe B Hacrosulee BpeMs OH CTaOWIBbHO LHMPKYJIUPYEeT B cobaubeit
MOMYJISIIIAK, CTaB dHASMHYHBIM [22-24, 46-48]. BI'C-H3N2 BrepBbie BBISBICH B
CIHA B 2015 1. kKak BO30OyIWUTENh OJNUIACMHUYECKHX BCHBIIMICK TKEIBIX
pecnupaTropHbIX 3abonieBaHuii, mopasuBmux Oonee 1000 cobak B Ymkaro u
omm3nexamux paiionax [49-51]. Pacnpoctpanenne BI'A B CIIIA u Kanage mormio
MIPOU30UTH B pe3ysbTaTe MOSIBICHUs CO0aK, MMIOPTUPOBaHHBIX W3 A3uu B CIIA
[52]. HecmoTpst Ha MeCTHBIE MEpPbI KOHTPOJISI, BUPYC MPOJOJLKAI IUPKYJIUPOBATH
cpenu cobaubell MOMYNSIA U PACIPOCTPAHUIICS HA HECKOIBKO IPYTUX paliOHOB
CTpaHbl. JTO CBHUACTEIBCTBYET 00 YyCTOMYMBOM mepenade WH(EKIUHU OT COOaKH
cobake B CIIIA wu3 Asum, B pe3ylnbTaTe COYETAHUS HECKOJBKHX JIOKAJIbHBIX
Bembiiek [49, 52]. CooOmianoch Takke O HEKOTOPBIX Clydasx MEXKBHIOBOU
nepenadu Bupyca Komkam [53].

HBIII' A mnoaruna H7N2, uupKyaupoBaBIIMH Ha MSCHBIX pBIHKAX,
TOPIYIOLIUX XUBOM NTUIEH Ha BOCTOKe U ceBepo-BocToke CIIIA B 1994-2006 rT.,
ObUT MIECHTU(DHUIIMPOBAH KaK BO30YIWUTENTh TPHUMIO3HON WH(MEKIMU B KOIIAYbeM
nputotre B Hobio-lopke B nexabpe 2016 r. BmocmenctBum —HH(peKIHs
PacIpOCTPaHMIACH HA HECKONBKO MPUIOTOB B mratax Heio-Mopk u ITeHcnibBanus.
VY 3apakeHHBIX KOIIEK HAOIIOJANINCh TaKhe KIMHUYECKUE MPU3HAKHU, KaK Kallelb,
YruXaHue U HacMOpK [54, 55]. B skcnepuMeHTaNbHbBIX YCIOBUSIX YCTAaHOBJIEHO, YTO
noatunt A/H7N2 3¢ pexkTuBHO perIuiupyeTcs B BEPXHUX U HUKHHUX JBIXaTeIbHBIX
OyTAX KOHIEK W 00JaJaeT CIOCOOHOCTBIO PACIPOCTPAHATHCS CPEeau ATHX
JKUBOTHBIX, UTO yYKa3bIBACT Ha aJaNTaluio NTHUbero Bapuanta A/H7N2 k komrkam.
Bo Bpemsi BCHBIIIKM BETEpUHAp, JCUMBIIMN >KMBOTHBIX, Takxke 3apaswics BI'A
H7N2 xomaubero MnpoMCXOXKIEHUS, U Yy HEro MOSBUINCH PECIUPATOPHBIE
cuMntoMbl [54]. Kpome Toro, ciaydaii mepegaun WHQPEKIMH OT KOIIKH YEJIOBEKY
OBLT 3aperuCTPUPOBAH y COTPYIHUKA TPHUIOTA ISl JKUBOTHBIX, y KOTOPOTO
OOHapyXWINCh  JIETKHE  CHUMIITOMBI ~ 3a00JeBaHUS U KOTOPBIA  HMel
HEMOCPEICTBCHHBIN KOHTAKT C OONBHBIMU KOMIKaMH. J[0 HACTOSIIEro BpeMEHU He
COO0IIAIOCH O CITyYasX Mmepeayd BUpyca OT YeJIoBeKa YeIoBeKy [56, 57].

BBIII' A/H5N1 nepBonauansHO Bo3HHMK B Kutae B 1996 r. u ¢ tex mop
pacnpocTpaHuiCs BO MHOTHE pallOHBbI MUPA, BbI3bIBas MH(MEKIMH Y MHOTHX BUJOB
ntun [58]. Cobaky M KOWIKK 3apa)kajuch MPU MPSIMOM KOHTAKTE C OOJIbHBIMH
NTHIIAMH, OCOOEHHO MpH YMOTPeOJIEHWH WX B MHUINY B ChIpoM Buae [59-61].
Oco0y10 03a00YEHHOCTb BBI3BIBAIN TSDKENbIE CHMIITOMBI, HE OTPaHUYMBAIOLINECS
MOPAKEHUEM TOJIBKO OPraHoB JbIXaHus. [Ipu 3TOM MposBIAANIOCh TaKkKe MOpaKEHNE
MEYEHU U JKENTyIOYHO-KUIIEUYHOIO TpaKTa, a BO MHOIMX CIIy4asX - CHUCTEMHas
nHpekua. Kpome Toro, coobmanoch O CyOKIMHHYECKOM 3apaKeHUHM KOIIEK
BupycoMm HS5NI1 mocne koHTakTa ¢ HMHQUUMPOBAHHBIMH NTHLAMH WU HUX
SKCKpeMeHTaMu [62], dYTO YyKa3plBaeT Ha CIOCOOHOCTh KOIIEK CIY>KUTh
NOTEHIMAJIBHBIM OecCUMNTOMHBIM pe3epByapoM A/HSN1. Tem He mMeHee, HU3Kas
pacmipoctpaneHHOCTh aHTUTenl K HS5NI1 Oblma oTMeueHa B CBHIBOPOTKaX KPOBH



KOWIEK JlaXke B pailoHaX, B KOTOPBIX B 3TO K€ BPEMS 3aperUCTPUPOBAHBI MTHULIBI,
uHpuuuposanusie BBIIT" HSN1 [26, 63-66].

B Uramuu B 2009 1. Bcmpimka nangemuudeckoro rpunma A(HIN1)pdm09
mpou3onuia B KOJOHUU U3 90 Ge3OMHBIX KOIIEK, COMEpKaIIiXcs B KiIeTKax [67].
[TonoBMHA KUBOTHBIX MMeJa MPHU3HAKU TSKENbIX PECHUPATOPHBIX U JKEITYIJOYHO-
KUIIeYHBIX HHGeKui. OOpa3ipl CBIBOPOTKM U Ma3KU U3 TJIOTKH ObUIM B3STH Y 38
u3 65 BbDKUBIIMX KouueK. bomee mosnoBuHbl (55%) mpoTEeCTHpOBaHHBIX ObLIN
cepono3uTHBHBIMU Ha Hanmuuue aHTuten K A(HIN1)pdmO09, nBa ma3ka okazanuchk
nonoxuteabHbiMU Ha TipucyTcTBHe A(HINI1)pdmO09 ¢ momompio TII[P-ananmu3a,
MOJTBEPXK/Iasi CIIOCOOHOCTH Mepeaayd BUpyca OT Kok kouike [67]. Kpome Toro,
3aperucTpUpPOBaHbl HECKOJIBKO CIIOPATUUYECKHUX CIy4aeB €CTECTBEHHOTO 3apa’keHUs
Bupycamu Tpunma A(HINI)pdm09 y pomamHux KOWIEK, MPOSBISIOIINX
KIIMHAYECKHUE MPU3HAKKA OCTPOH pecriupaTopHoi mHbeknuu [68—72]. B mocneanux
cllyyasix Ham0Ooiiee BEpOSATHBIM HCTOYHHKOM 3apaXEHHUsS OKa3alHMCh JIIOAM,
MOCKOJIbKY BIAAENblbl MHOUIMPOBAHHBIX KOIIEK TakXKe HMEIH B aHaMHe3e
TSDKENBIE PEeCIUpaTOpHble 3a00JieBaHUSI C TOATBEPKICHHBIM WH(DUIIMPOBAHHEM
BupycoMm A(HIN1)pdmO09 [69, 71]. Bonee Toro, HaMunue aHTUTEN K BUPYCY TPHUIITIA
A(HIN1)pdmO09 65110 00HapykeHO B TpH pa3a OoJIbIIE Y TOMALIHUX KOIIEK, YeM y
CBOOOJTHO TYJSIFOIIUX XKUBOTHBIX [73]. ¥V cobak Takke ObUTH 3aJ0KyMEHTHPOBAHBI
HEKOTOphIe peakue ciydan ecrtectBeHHON wuHpekuuu A(HIN1)pdmO09 ([74].
OpHako, HECMOTpsi Ha CIOCOOHOCTH BUpPYCa PEIUIUIMPOBATHCS B AbIXATEIbHBIX
nyTsx  cobak B OKCHEPUMEHTAIbHBIX  YCJIOBHUSX, CHUMOTOMBI  ObUIN
HE3HAYUTENIbHBIMH, M Tepeadya BUpyca OT cobaku cobOake HposBIsIach CKopee
HeapdexTuBHO [74].

PeaccopranTHbIe BUPYCHI rpUIina A, BCTpEYaroIuecs y KOIIEK U codak

VYenemnas MexBugoBas mnepenada BI'A 3aBUCHT Kak OT T€HETHYECKHX
(hakTopoB X035MHA, TAK U OT TCHETUYECKHX (PaKTOPOB BUPYCa, a MOCIEAYIOIIEe
pacnpocTpaHEeHHE BHpyca B HOBOW TOMYyIALMU XO03siMHA TpeOyeTr mnepuoaa
aganTaluu K HOBOMYy Xxo3siuHy [13, 75]. Omnwucansl Xo03si€eBa U BUPYCHBIE
JETEPMUHAHTBI, YYacTBYIOUIME B CHEUM(PUUYHOCTH BUpYca, U JajbHeilne
MEXaHHU3MBI aJJaNTalUU K KOIITKaM U coOaKam.

PeaccopranTHbie BUpYCHI TpUIITIA IITUIL

Cpemu nerepmuHaHT cnenuduanoctd BI'A s xo3simHa ocoboe 3HaYeHHE
MMEET HaJUYMe BUPYCHBIX PELENTOPOB, BOCHPUUMYMBBIX K KJIETKAM-XO35EB,
O0COOCHHO T€X, C KOTOPBIMH CIIOCOOEH CBSI3BIBATHCS BUPYCHBIM TI'e€MarryifOTUHUH
(HA). bonpmmuctBo BI'A nTtunm  u yenoBeka OTHAIOT — MPEANOYTEHUE
crenu(pUIECKUM THIIAM PELENTOPOB, UMEIOLIUM TJIMKaHbl ¢ OCTaTKaMU CHaJOBOM
KHUCJIOTHl B 0-2,3 (OTHUMil peuentop) wind B 0-2,6 (penenTop MIECKOMUTAIOIINX )
cBs13six [76]. TIockoNbKy MUTENHN BEPXHUX W HIDKHHUX JIBIXaTEIbHBIX MyTeH coOaK
MU KOILIEK COAEPKUT pPEelenTopbl 0-2,3 CHAJOBOM KHUCIOThI, BO3MOXKHA IMpsiMas
nepeavya MOJTUIIOB MITUYHETO TPUIINA OT JOMAILIHEH NTUIBI cO0aKaM MM KOILIKaM
[24, 77]. B ocHoBHOM ObLTM omucaHbl MexaHu3Mbl nepenadn BI'C-H3N2, xots
MMEJHCh CBEACHUS O eCTeCTBeHHbIX MHpekuusx BI'A nTuybero npoucxoxxaeHus B
Kurae: HON2 [27, 31], HSN1 [58, 65], H5N6 [78], HSN2 [28].

I'enernueckuii ananmu3 BI'’A H3N2 y cobak mokasai, 4To BCe T€HbI U30JISITOB
TecHo cBsizanbl ¢ BI'A H3N2 nruusero mpoucxoxaeHus. CremaHo
MPEIOJIOKEHNE, YTO BECh TEHOM BHpYyca NTHYbEro TpUMNa ObLI MepenaH codakam
0e3 Kakux-Inb0 MPU3HAKOB peaccopTauuu reHoB [22, 24, 79]. beuto oOHapyskeHO,



YTO BHUpYyC HauOojiee MIMPOKO PACIHPOCTPAHEH B NMHUTOMHUKAX, BEPOSTHO, H3-3a
TECHOTO (M3NYECKOr0 KOHTAKTa MEXIy MH()UIUPOBAHHON JOMAIIHEH NTUIEH H
cobakamu [79-81]. C MOJEKyISIpHOW TOYKH 3pEHUS OOHAPYXKEHO, YTO
OonpmHCTBO M30yATOB A/H3N2, BBIIETCHHBIX OT COOAK, UMEIOT KaK MUHUMYM
nee mytaruu B HA (Ser159Asn u Trp222Leu), KOTOphIE MOTJIA CIIOCOOCTBOBATH
nepexony Bupyca rpumnmna A/H3N2 ot ntur cobakam [50, 82]. Kpome Toro, BrosiHe
BEPOSATHO, YTO MOCTENEHHOE HAKOIUJICHHME MYTalluii B BOCBMHM T'€HHBIX CErMEHTax
MO0 TpuBecTH K crnenuduueckod amanranuu k BI'C-H3N2 [79, 83], xors
CKOPOCTh 3BOJIIOIIMM CETMEHTa HelpaMUHUIAa3bl ObUIa BBILIE, YEM Y CEMHU JIPYTHX
CerMeHToB [79]. D10 TaKke MOATBEPKAAaeTCs TeM (aKTOM, YTO KOPEHCKHUE U30JISATHI
BI'C-H3N2 2012-2013 rr. pemaumupoBaiuch C 0o0Jiee BBICOKUM THTPOM H
BBI3BIBAJIM 0OJIee TSDKEIbIC KIMHUYECKHE CHUMIITOMBI, 4eM u30isaThl 2009 r., 4To
SCHO yKasbiBaeT Ha TO, 4To BI'C-H3N2 mnoctosstHHO pa3BuUBaeTCs B MOIMYJISLIMHA
cobax.

[Tpumeuarenbro, uto BI'C-H3N2 B pmanmbHeimeM mnpuoOpesl CocoOHOCTH
3apa)xkaTh KOIIEK €CTECTBEHHBIM ITyTEM, O Y€M BIEPBBIE COOOIIMIN U3 MIPHIOTA IS
)kuBOTHBIX B Kopee [53]. AHanu3 reHOMHOW MOCIEIOBATEIILHOCTH KOILIAYbEro
usossita A/H3N2 nokasan BhICOKOE CXO/CTBO mocienoBarenbaocteit (98,0-99,8%)
¢ cobaubuMm m3osaToM A/H3N2, uro mo3BossieT mpennonoxuts, yto BI'C-H3N2
MOXET €CTeCTBEHHBIM 00pa3oM ImiepefaBaThcsi OT co0ak Komkam 0e3
npeasapurenbHoil agantanuu [S53, 84, 85]. CrmemoBarenbHO, 3TO YKa3bIBa€T Ha
CIIOCOOHOCTh KOIIIEK BHICTYNATh B POJH MPOMEKYTOYHOT'O XO3sIMHA B Tepeade
Bupyca A/H3N2 cpeau npencraBuTeneld ceMeicTBa KOIIAYbUX U TICOBBIX.

PeaccopTanTHbIe BUPYCHI TPUIINA JIOMIAICH

BI'C-H3N8 Bo3Huk mnocne nepenaud Bupyca rpunma somanei (BIJI)
co0akaM, BEpOSITHO, B pe3yJbTaTe TECHOTO0 KOHTaKTa € HHPHUIMPOBAHHBIMU
nomaapMu [11]. @unoreHeTnyecKuii aHaJIM3 TEHOMHBIX TTOceAoBaTeIpHOCTe HA
BI'A H3NS8 nomazei u cobak mokasai, 4To Bce nocieaosarensHocTd BI'C-H3N8
00BbEeTMHEHBI B OJJHY MOHO(QHIIETHUECKYIO rpymiry, orinyHyio ot BIJI [11]. Ho cux
op He cooO0IIaoch O KaKUX-IMOO J0Ka3aTesIbCTBAX peaccopTalM C APYTUMHU
noartunamu Bupyca rpunmna. CpaBHeHHe nocnenoarenpbHocted H3NS nomaneit n
co0aKk BBISIBUWIO KIIIOYEBBIE AMUHOKHCIOTHBIE OCTaTKU, KOTOPHIE MOTYT OBITh
BOBJICUEHBI B CIEIU(DUUHOCTH CBS3BIBAHUS PEIETITOPOB U TPOMHU3M KIETOK-X035EB
[23, 86, 87]. NHTepecHO, YTO CTPYKTYpHBIM aHAIU3 M aHAIU3 CBS3BIBAHUS C
peuentopamu B ciydae ¢ BI'A H3N2 noarsepxparor posp myranuun HA
Trp222Leu nnsa oGyerdeHus: MEXBUIOBOHM TIepenadyu BUpyca OT Jomajei codakam
[88-90]. Onmnako Her cBenmenuit o ¢eHorunuyeckux otauumsx BI'C-H3N8 ot
mrammoB BI'JI-H3NS ¢ Toukm 3peHHs BOCHIPOW3BOAUMOCTH W WH(MEKITMOHHOCTH,
YTO TMO3BOJISIET MPEANOJIOKUTh, YTO MEXKBHUJIOBAs Mepeiaya U ajarnTaluus BUPYCOB
TpUIIIIa MOTYT OBITH CKOpEE OMOCPEIOBAHBI TOHKHUMHM HM3MEHEHHSIMH B OHOJIOrHH
Bupyca [87, 91]. Kpome TOro, aHain3 aMHMHOKUCIOTHOM IOCIIE€IOBATEIbLHOCTU
coBpeMeHHbIX u30ysTOoB BI'C-H3N8 mokazan, 4ro BO3MOXHO HMEI MECTO
3HAYUTEJIbHBIN aHTUTeHHBIN apei¢. B nenom, ¢ MomeHnTa nosiBienus Bupyca BI'C-
H3N8 B monynsanuu cobak, UCCIEIOBAHUS TUHAMHUKH Pa3BUTHS MOKa3aJd, YTO OH
ABOJIIOLIMOHUPOBAJI U PA3JEIUIICA Ha HECKOJIbKO TUHUM [92].

PeaccopranTHbie BUpYCHI TpUIITIA YEJIOBEKA
Ha ceromnsmHuii JeHb MMEETCS MHOTO CEPOJOTHYECKUX JIaHHBIX,
CBUJICTENHCTBYIOIIUX O TOM, YTO KOIIKH M COOAKH BO BCEM MHPE MOTYT OBITh



WHPUITMPOBAaHBl YeloBeYeCKUMU ce30HHbIMH ImTammamMu  A(HINI1)pdm09 wu
A/H3N2, BeposiTHO, MyTeM MNpsSIMOW Tepeaadn OT HUX BiagensieB [93-96]. DOra
TUIOTe3a TMOJATBEP)KIAETCS HECKOJbKMMHU MoMeHTamu. [Ipexzae Bcero, B
OOJIBIIMHCTBE CIIYYaeB, JUIA, YXAKUBAIOIINE 3 )KUBOTHBIMH, WIH BIAACIbIIBI CAMU
UMEIH UCTOPHUIO TPUNNONOAOOHBIX 3a00JeBaHUil, U AJII HEKOTOPBIX U3 HHUX 3TO
obuto moxareepxknaeHo [ILP. Kpome Toro, BOCHpMUMYMBOCTD KOLIEK U COOaK
XOpOIIO KOppeInpoBajia ¢ paclpoCTPAaHEHHOCTHIO TPUIINA B MOMYJSILUY JIIOAEH U
JlaXKe CclefoBala CE30HHOW MOJENW Kak y Jrojei. Takke BbIIACICHUE BUpyca U
aHaJIM3 IOCJIEJIOBATEILHOCTH BCEX BOCHMH TI'€HOB COOAUbMX HM30JIATOB IOKa3alld
BBICOKOE CXOJCTBO HYKJIEOTHAOB, UTO IO3BOJIIET MPEANOJIOXKUTh, YTO
YEJIOBEUECKHE BUPYCH MOTYT HH(MUIIMPOBATH COOAK M KOIIEK 0e3 MpeaBapuTeIbHOM
amantanud. OOHAKO  MOAPOOHOCTH O  MOJIKYJSPHBIX  JETEPMHUHAHTAX,
MOTEHIIMAJIbHO CBA3aHHBIX C MEepeavyeii, 10 CUX MOP HE PACKPBITHI.

Jlpyrue peaccopTaHTHBIE BUPYCHI TPUIINA, BCTPEUYAIOLIUECS Y KOIIEK U co0aK

OcHOBHOE BHHMAaHHE TPAAUIIMOHHO YIEISUIOCHh CBHHBSIM KaK OCHOBHBIM
«CMEUIMBAIOUINM COCYAam» MIECKOMUTAIOMINX ISl peKOMOUHAIIMY BUPYCOB IpUIIIa
OT pa3HbIX BUAOB X03s€B [97]. IlockonbKy B [bIXaTENbHBIX NYTSIX CBUHBU
pacronoKeHbl pPeuenTopel 0-2,3 W 0-2,6 CHATOBOM KHUCIOTBI, OHA CIYXKHUT
HOCHTEJIEM JIJIsi TEHETUUYECKOM peaccopTallii BUpyca TPUIIITA, MTO3BOJSS NTUYBHUM,
CBHUHBIM U 4enoBeueckuM noarunam BI'A pexoMOMHHpOBaTh B MOCIEAYIONIEe KO-
uHpeKIMOoHHOe 3aboneBanue. 3Hasg, uTo o0a perenropa OOHAPYXKEHBI B
JBIXaTeIbHBIX opraHax cobak um komek [98-100], 3TH KUBOTHBIE MOTYT OBITh
OJTHOBPEMEHHO HJIY MOCIIEA0BATENHHO HH(UIIMPOBAHBI BUPYCAMH MITHYLETO TPHUIIIIA
W/WAM TPUNNA MIEKOMUTAIOUINX, YTO JeNaeT UX BO3MOXKHBIMHU XO3sieBaMH st
TeHepaIui BUPYCOB C HOBBIMH KOMOWHAITUSIMU T€HOMOB, C SMHISMUYECKUM H/WIN
MaHAEMHYECKUM MOTEHIIUAJIOM.

Y cobak OOHAapyKEHBI pa3IUnYHbIe TEHETHYECKH W3MEHECHHBIE TTOJTHUIIBI
Bupyca rpunmna. B 2012 r. B FOxxnoi Kopee ot cobak ObLT BIZIEJICH HOBBIN IITaMM
noaruna A/H3N1. [TomHOreHOMHOE CEKBEHHPOBAHME IITaMMa MOKA3aJio, YTO OH
coaepxkut cermeHT reHa HA BI'C-H3N2 u ocraBmmecs cemb APYrux CErMEHTOB
rera genoBeka A(HINIT)pdm09 [101-103]. C Tex mop, mo kpaiiHeil Mepe, 4eThipe
npyrux peaccopranta, Bikimoudaomme BI'C-H3N2 u A(HINI)pdmO09, Obum
BbIIeTIeHBI OT cobak B FOxuo# Azuu [104, 105]. TTosiBneHre HOBBIX peacCOPTAHTOB
BI'C-H3N2, BeposiTHO, BO3HUKJIO B pe3yibTaTte Ko-uH(peknuu BI'C-H3N2 u
A(HIN1)pdm09, yto xoppenupyeT ¢ JaHHBIMH O HAJIMYUHM AQHTUTEN MO3UTHUBHBIX
kak kK BI'C-H3N2, tak u k Bupycy rpunna denoeka A(HIN1)pdm09 B nonynsium
cobak [24, 103].

[IpumedaTenbHO, YTO MHOKECTBEHHAsi TEHOMHas peaccopTanus mexay BI'A
HIN1 cBUHOTO MpOUCXOXKIEHUS U dHIAEMUYHBIMU coOaubuMu TuHUSMU A/H3N2,
COBMECTHO LMPKYJIHUPYIOIIMMU Yy coOak, HEAaBHO ObUIa 3aperucTpupoBaHa y
nomamHuX cobak B Kwurae [106]. bomee Toro, riay0oOKuii aHamM3 aHHBIX
nocnenoBarenbHocTedt BI'A pa3nuunbix BumoB mokasai, uyto TeH NS BI'C-H3N2,
BBIJICTICHHBIN OT KUTaickoii cobaku B 2007 T., TECHO CBS3aH C BUPYCAMH NTHYbETO
rpunma A/HSN1, d9ro yka3piBaeT Ha BO3MOXXHOCTh PEKOMOWHAIIMH MEXIY
cobaupuM A/H3N2 wu nruusbum  A/HSN1  Bapmantamu [107].  OcoOyro
03a00YE€HHOCTH BBI3BIBAET TOT (haKT, 4TO HEKOoTophle peaccopTanThl BI'C-H3N2
MPOJAEMOHCTPUPOBAIHN CIOCOOHOCTh MHOUIMPOBATH U APPEKTHUBHO NEepeaaBaThCs
COBMECTHO IMPOXKUBAIOLIUM CO0aKaM B SKCIIEPUMEHTAIBHBIX YCIOBUSAX, TEM CAMbIM



NOJJIEP>KUBask MOTEHIMATBHYIO aJJalTallui0 HOBBIX MOATUIIOB K MOMYJIALUAM cOOaK
[104, 91].

Jlo HemaBHEro BpEMEHU CUUTAJIOCh, UTO Y KOLIEK peaccopTaunu Mmexay BI'A
NTULl U MJIEKOMUTAIOMINX HE MPOUCXOAUT. MHEHUE M3MEHWIOCh, KOrJa HOBBIN
peaccoptanT Bupyca rpumma mnoatuna HSN6 Ol BbIZIEICH OT ABYX KOIICK B
BocrouHoM Kwurae [108]. OGa mTamma Bupyca rpumnmna ObITM CEKBEHHUPOBAHBI, U
FeHEeTUYECKUN aHaju3 IMOKa3al, YTO 3TH BUPYCHl MOJYYWJIM CBOU T'€HBI OT TpeX
NTUYBHUX TOATUIIOB, BKIOYas BUpYychl rpumma noarturnoB H5N6 (HA, NA, PA),
HON2 (PB2, M, NS) u H7N9 (PB1, NP), Boimenennsix B Kurtae. Ananus
MPEANOYTUTENHHOCTH CBS3BIBAHUSL C PELENTOpPaMH H30JUPOBAHHOTO KOLIAYbEro
Bupyca H5N6 moka3zan, 9yTo oH 00s1aaeT cnenupuIHOCThIO, KaK K ITHYBUM, TaK U
K 4YejoBedeckuM peuentopaMm. Kpome toro, Bupyc A/HS5N6, xoTst u He ObLI
JIETabHBIM, MPOSIBUJI CIIOCOOHOCTh PEIUIMLIUPOBATHCS C BBICOKUM TUTPOM B JIETKHX
WHQUIIMPOBAHHBIX MBIIIEH, YTO yKa3blBaeT Ha aJaNTaldi0 K XO3SUHY-
miekonuTaromemy [108].

Oocyxnenue

YcTaHOBIIEHO, YTO COOAKU-KOMIAHBOHBI U KOIIKKA WUTPAIOT JABOWHYIO POJb B
KauecTBE XO3sieB BHUpyca TpuIa A, TaK KakKk TONJICPKHBAIOT MEX- U
BHYTPUBUJOBYIO Ilepefadyy U TeHepupyoT HoOBeli BI'A  mocpeactBom
pekomOuHanmu. HecMmoTpss Ha TO, YTO OOJBIIMHCTBO CIIy4aeB €CTECTBEHHBIX
MEXBHUIOBBIX HHPEKIIUI MPUBEIH K OTPaHUYCHHUIO TTOCIEAYIOIEH Mepenayn cpean
cobaK W KOIIEK, JBa TOJTWIIA TPHUIINA B HACTOANIEE BpeMs MPOAOJIKAIOT
mupkynupoBaTth cpenu cobak (BI'C-H3N8 u BI'C-H3N2). B To Bpemsi kak poiib
KOIIIEK MEHEE SICHa W MEHee 3aJ0KyMEHTHPOBaHA, OHHU IO-TIPEKHEMY OCTAIOTCS
BOCTIPUUMYHUBBIMU K BHPYCY TPHUITIA (B OCHOBHOM K MH(M)EKIHSIM MITUYLETO TPUIITIA).
DTO MOKHO BBI3BIBATH OECIIOKOWCTBO, OCOOCHHO y AMKHUX M OPOITYMX KOIIEK,
KOTOpBIC, KaK MPaBWIIO, MEHEE KOHTPOIUPYEMbIe M 00Jee TECHO KOHTAaKTUPYIOT C
NITUIIAMU U IPYTUMHU CEITBCKOX035HCTBEHHBIMU KUBOTHBIMU. OHAKO MOYKHO TaKKe
NPEANONOXKUTh, YTO U3-32 COLMAJIBHOM OpraHu3aluu  KOIIeK, KOTopas
MpEeAOTBpAIIaeT TMPSAMON KOHTAKT MEXKIY JKUBOTHBIMH, HEOOXOAMMBIA ISt
nepefayd BHpPYca, BHPYC MOXKET O4YeHb HedI(D()EKTHUBHO IepenaBaThbCs Cpenu
KOILIAYbe¥ MOMYJIALNY.

Bonee Toro, mmeroTcs naHHBIC, CBUACTEILCTBYIOIIME O TOM, 4TO co0ak u
KOIIIEK CIIEyeT pacCMaTpuBaTh KaK COCYABI JJIsi CMEIIMBAHHUS HOBBIX BHPYCOB
rpumnma. [IpuMedarenbHO, YTO BUPYCHl CO0QUbero TPUIA, U OCOOCHHO BUPYCHI
noatuna  BI'C-H3N2, ¢ MoOMeHTa CBOEro TMOSIBIECHHS  MHOTOKPATHO
PEKOMOMHHMPOBAIUCH C aJalNTHPOBAHHBIMA K TNTHIAM W  MIIEKOMUTAIOIINM
BUpYCaMU TPHUIINA, YTO SICHO MTOKA3bIBACT, YTO TCHO(OH I MTUYBUX, YEIIOBEUECKUX U
co0aybMX BHPYCOB JEHCTBUTEIBHO COBMECTUM. OTH HOBBIE BHPYCHI MOTYT B
JATbHEHIIIEM IHPOKO PACIPOCTPAHATHCS CPEAd TOMAITHUX COO0AK M KOIIECK H
MO3TOMY MOTYT MPEACTABIIATh YIpo3y IJisi 3J0pOBbs yenoBeka. Ha ceronusinmii
JIEHb 3apETUCTPUPOBAH TOJIBKO OJWH CIIy4dall MEXBHIOBOTO PACTIPOCTPAHCHUS OT
KOLIKM YEeJIOBEKY, U 3TO MPOU3OLUIO MOCTEe JUIMTEIBHOTO M HE3aIIMILIEHHOIO
KOHTaKTa C OOJIbHBIMH KOIIKAaMHU M WX PECHUPATOPHBIMH BBIACICHUSIMH, YTO
yKa3plBaeT Ha HM3KUHM pPHUCK mepeayd HMHQPEKIUH OT KOIIKU uenoBeky [109].
Cxopee MHGUIMPOBAHHBIE JIOJU MOTYT OBITh HCTOYHUKOM WH(EKIMU JTOMAITHHX
JKUBOTHBIX, a COYETAaHUE OOPATHOTO 300HO32a (OT YEIOBEKA JIOMAIIIHUM KUBOTHBIM ),
MOTEHIMAIbHAS  KO-MH(EKIHMS W  peaccopTalus TEeHOB MOTYT  CO3.1aTh



ONaronpusATHYI0 SKOCHUCTEMY JUIsl TPEOJNOJIEHHS BHJIOBOrO Oapbepa Mexay
JOMAaITHUMHU KUBOTHBIMU U JIFOIbMHU.

B cBete onyOaMKOBaHHBIX AMHIEMUOIIOTMYECKUX TaHHBIX U TEKYIIUX 3HAHUN
0 MOJIEKYJISIPHBIX MEXaHM3Max, JIeKAlUX B OCHOBE MEKBHJIOBOW Mepenadyd
TeHETUYECKOM peaccopTalluy, TPEACTAaBIAETCS BaXHBIM YCUJIUTh aKTHBHOE
HaOIIto/IeHNe 3a KOIIKaMu U cobakamu B pamkax «OOWH MHP, OJHO 30POBBE.
[IpumeuaTensbHo, 4TO peanuzanus KpYITHOMACIITaOHBIX porpamm
CEpOJIOTHUYECKOTO Haa3opa 3a anturenamu kK BI'A B momymnsiiusx cobak M KOIIEK
MOKET CIIYXHUTh OPUEHTHPOM JJIi MOHHTOPHHra OOLIero pucka BO3JAECUCTBUS Ha
YeJIOBEKa MOSBIISAIOMIMXCS 300HO3HBIX BUPYCOB Trpunma. Kpome Toro, nnpopmarus
0 BUpYCax IpUIINa, IUPKYIUPYIOUIUX B HOMYJISLIUIX CO0aK U KOIIEK, TAKXKE UMEeT
peliaroiiee 3HaueHUE B BBHIOOpE BUPYCOB Ui co3laHUS 3((PEKTUBHBIX BaKIMH
[110], w1, HecOMHEHHO, TMOMOXET B MpoduIaKTUKE U O0oppde C OyIymHUMH
snuaemusiMi. [losiBlieHHe OBICTPBIX MOJEKYISPHBIX JHATHOCTUYECKUX TECTOB,
takux kak [1[{P B peanpHOM BpemMeHU 1 OeCIPUCTPACTHOE CEKBEHHUPOBAHUE HOBOTO
MTOKOJICHUS, MOTYT HAaIIPSIMYIO BBISBIISTH BUPYCHBIE MMATOTEHBI, 00ECIIEYUTh PaHHEe
npeaynpexacHue u 0oJjiee aneKkBaTHYIO OOpbOy €O BCIBIIIIKAMH B Clydae
CHUMIITOMOB PECHUPATOPHOTO 3a00jeBaHus y Komiek u cobak. Ilockonbky renesuc
HOBBIX  BHPYCOB  HU3Y4YE€H  HEAOCTAaTOYHO,  JajbHEHIINe  MCCIEIOBaHUA,
HampaBlICHHbIE HAa W3YYCHHE OSKOJOTHH, HBOJIONMM M MexaHu3moB BI'A mpu
B3aMMO/JICIICTBUM 4YEJIOBEKAa M KMUBOTHBIX, MMOMOTYT Jy4YIlle MOHSATh, KaKOW BHUpPYC
MPEJCTABISET CEPhE3HYIO YIPO3Y JJIS YeIOBEKa.
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MBICBIKTAP MEH UTTEP HONIYJIAIUACBIHIATBI A TYMAYbBI
BUPYCbBIHBIH AUHAJIBIMbI

AHHOTaNUA

A Tymaybl BUpYCTapbl ajaMaap MeEH JKaHyapyapAblH JeHCAyJbIFbIHA Kayil
TOHJIPETIH eH KypAesdi BUpycTapAblH Oipi Ooubill TaObuIaAbl. A TYMaybl BUPYCTapbIHBIH
9KOJIOTHSICEI MEH SIHUAEMHOJIOTUACHL 6T€ KYpIeJl KOHE YHEMI JaMbIll OTHIPAThIH KOHE
TYpJIep TOCKAayBUIBIH KECill OTEeTiH J>XaHa 300HO3IBIK NATOTCHACPIIH maima Ooybl
»ahaHIBIK eHcayNbIK KayilCi3AiriHiH eH KYpAEeTi MacelnesepiHiH 0ipi OonbIn TaOblIaIbl.
A TyMaybIHBIH BUPYCTaphl )KOFapbl MyTalisl >KbIJIAMIBIFbl MEH CEIMEHTTEINCH F€HOMHbIH
yinecyl HOTIKECIHAE Taiima OOJIaThIH TeHETUKAIBIK JXOHE AHTHUTCHIIK ©3TePrillITiKICH
CHUIaTTajajibl, SIFHU T3 ©3Tepy KoHE JKaHa ueJepiHe OedimMaeny MYMKIHAIITIH KaMTaMachl3
ereni. COHABIKTAaH OCBl BUPYCTapIBbIH TYpJEpl KYcTap MEH CYTKOPEKTiNEepAiH KelTereH
TYPJIEPiH KOca aJFaHa, OpTYPIli apaliblK OpraHu3MIepli KO3AbIPAThIH BUPYCTAPFa KaTaIbl.
Conrbl omxbuIIbIKTa UTTEpAeri H3N8 xone H3N2 tymay BHpYCHIHBIH MH(EKIUUIApbIHA
Kell KeHin Oeminyne, edTkeHi Awmepuka Kypama Ilrtarraper men OHTYCTIK Asusiga
9HJIEMHUKAIBIK OOJIBIN, OipHeme aypyabl TYIBIPIbL. Oje0HeTTep/ie MBICHIKTap TyMmay a3
curarTaica Ja, Oyl jkaHyapjap KYC TYMaybIHbIH KOITereH WH(EKIWsuIapbiHa oIl Je
cesiMTan. bynm Makanaga UTTEp MEH MBICBIKTapAarbl A TyMaybl BHPYCTapbIHBIH
SMHUIEMHOJIOTHSCH] Typajbl COHFBI AEPEKTEp, OCHl TYPJEpAiH ueciHe Oeilimaeny kabineri,
TYpapaiblK Oepily >KoHE TeHOMJBIK peaccopTamusi apKbUTbl A TYMayblHBIH JKaHA
JMHUSIAPBIHBIH KAJIBITacybl Typajbl Oap Aoienaep KapacThIppliagbl. byn keHeWTinren
TYCIHIK XaKbplH apaja OoJaThIH iHAETTEpPre XoHE NaHAEMHUSFa OHTAMIBI JAHBIHIIBIKTHI
KaMTaMachl3 €Ty YIIiH KEHEHTIIreH MOHUTOPUHT TICH 3epTTeyNiepli KYLICHTyi
KOKSTTUIITIH, COHAal-aKk «bip Tyrac aeHcaynbIk» TYXKbIppIMaamachl [1] jxoHe jkaHa
300HO3/IbIK BUPYCTapIbIH BIKTUMaJ Haiga O0ybl TYPFBICBIHAH YH jKaHyapiiapel MEH ajam
OPEKETIHIH PeJIiH 0aKblIay KOKSTTUIITH YChIHAIBI.

Tyiiinai ce3mep: Bupyc, TyMay, 300HO3, HT, MBICBIK, TYp apajiblK Oepinty,
peaccopTauus
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Abstract

Influenza A viruses are important pathogens worldwide that threaten human and
animal health. The ecology and epidemiology of influenza A viruses are very complex and
the emergence of novel zoonotic pathogens, that are continually evolving and overcoming
the interspecies barrier is one of the greatest challenges to global security in the healthcare
sector. Influenza A viruses are characterized by genetic and antigenic variability resulting
from a combination of high mutation rates and a segmented genome that provides the
ability to rapidly change and adapt to new hosts. Therefore, this category of viruses has a
diverse host range, including a large number of avian and mammalian species. Influenza
virus infections in dogs have received considerable attention during the past decade since
two subtypes of influenza virus, H3N8 and H3N2, caused several outbreaks in the United
States and Southern Asia, having become endemic. Although influenza in cats has been less
described in the literature, these animals still appear to be susceptible to numerous avian
influenza infections. Although influenza epidemics pose a health hazards to dogs and cats,
the risks to humans are substantially unknown. This paper reviews the latest data on the
epidemiology of influenza A viruses in dogs and cats, the existing evidences for the ability
of these species to adapt to the host, intraspecific transmission and the formation of new
influenza A lines through genomic reassortment. This enhanced understanding suggests the
need to strengthen monitoring and research to ensure optimal readiness for imminent
outbreaks and pandemics, and surveillance of the role of companion human-animal
interactions in light of the One Health concept [1] and the potential emergence of novel
zoonotic viruses.

Key words: virus, influenza, zoonosis, dog, cat, interspecies transmission,
reassortment

Introduction

The influenza virus is of great importance because it poses an immediate
threat to humans and animals. Among the four types of influenza virus (A, B, C and
D), influenza A viruses (IAV) are the most clinically important, causing severe
epidemics in humans and domestic animals. Wild migratory birds and bats are the
main natural reservoirs, from which the virus can be transmitted to other animal
hosts such as ducks, chickens, horses, pigs, whales, cats, dogs, etc. [2, 3, 4, 5, 6, 7,
8, 9, 10]. 1IAVs normally have a limited host range, but are sometimes transmitted
from one species to another [11, 12, 13]. A high mutation rate combined with a high
speed of replication and reassortment allows the virus to quickly adapt to changes in
the environment. Ultimately, this could lead to the creation of a virus capable of
replicating in the human body and possessing new antigenic properties, which could
cause a pandemic outbreak. It is noteworthy that poultry and swine pose a serious
threat to human health in the first place, since historically most human pandemics
have originated from birds and swine [14, 15]. Due to the fact that the number of



cat and dog owners in the world is currently increasing, and social behavior tends to
register these animal species as family members [16-18], epidemiological
investigation of IAV in dogs and cats and the modes of their transmission remain a
relevant task.

Emergence IAV and subsequent spread among dogs and cats

Most pets are kept in small numbers in residences, and many have no or only
brief and infrequent contact with other members of the same species, so influenza
transmission is not effective. However, some domestic dogs and cats are kept in
dense populations such as kennels or animal shelters. Under such conditions,
contact between dogs and cats is unavoidable, and if influenza viruses enter the
population, sustained transmission of some strains is possible, which can lead to
persistent outbreaks and epidemic or epizootic potential. Close contact of dogs and
cats with humans may also be responsible for the zoonotic potential of influenza
viruses and may contribute to the infection of dogs or cats with human influenza
viruses.

Currently, influenza in cats and dogs is caused by five subtypes of 1AV
described in the literature. These are variants of equine and avian 1AV H3N8 [19,
20, 21] and H3N2 [22, 23, 24], low pathogenic avian influenza virus (LPAIV)
H7N2, highly pathogenic avian influenza virus (HPAIV) H5N1 as well as the
pandemic HIN1 virus [25, 26] which currently continues to circulate as the
seasonal influenza virus in humans. There are reports about circulating among cats
and dogs with signs of respiratory infection of other subtypes such as H5N6, H5N2,
H3N1, HON2, and H10N8 [27, 28, 29, 30, 31]. These are mainly influenza viruses
of avian origin or genetic reassortants formed following co-infection with different
avian, swine and human IAVs. Reports of infection with the human IAV variant of
seasonal types in cats and dogs have been published, but to a much lesser extent
[32].

The canine influenza virus (CIV) of the H3N8 subtype was first reported in
2004 during an outbreak of severe respiratory disease in racing greyhounds, but
there is serological evidence for the emergence of CIV-H3N8 in 1999 [11, 23, 33].
Since that time, the virus has been considered endemic among the canine population
in the USA, affecting both kennel and domestic dogs [23]. Pneumonia of varying
severity was observed in affected dogs, and CIV-H3N8 was easily transmitted from
infected dogs to other susceptible dogs due to direct contact [34]. CIV-H3N8
infection has also been sporadically reported in other parts of the world, including
Canada, UK, Australia, China, and Nigeria [35], but there has been no continued
circulation of CIV-H3N8 in these regions. The risk of appearing CIV-H3N8
remains very low [36-40]. The CIV-H3N8 subtype appears to circulate in large
urban animal shelters where susceptible animals live in dense population [41-45]. It
is noteworthy that no cases of CIV-H3N8 infection have been reported since 2016.

In 2006, a novel 1AV H3N2 subtype emerged in dogs in China and South
Korea, and further quickly spread to several areas of Southeast Asia, where it is
now stably circulating in the canine population, having become endemic [22-24, 46-
48]. CIV-H3N2 was first identified in the USA in 2015 as a causative agent of
epidemic outbreaks of severe respiratory disease that affected more than 1,000 dogs
in Chicago and surrounding areas [49-51]. The spread of 1AV in the USA and
Canada could have occurred with the emergence of dogs imported from Asia into
the USA [52]. Despite local control measures, the virus has continued to circulate in
the canine population and has spread to several other areas of the country. This



indicates sustained dog-to-dog transmission of infection in the USA from Asia,
resulting from a combination of several local outbreaks [49, 52]. Some cases of
interspecies transmission of the virus to cats have also been reported, which are
described in the “Interspecies transmission of influenza A virus in cats and dogs”
section of present paper [53].

LPAIV A of the H7N2 subtype, which circulated in meat markets selling live
poultry in the eastern and northeastern USA during 1994-2006, was identified as
the causative agent of influenza infection in a cat shelter in New York in December
2016. The infection subsequently spread to several shelters in the states of New
York and Pennsylvania. Infected cats have shown clinical signs such as coughing,
sneezing, and running nose [54, 55]. Under experimental conditions, it was found
that the A/H7N2 subtype effectively replicates in the cat upper and lower
respiratory tracts and had the ability to spread among these animals, which indicates
the adaptation of the avian A/H7N2 variant to cats. During the outbreak, the
veterinarian treating the animals was also infected with feline H7N2 AlIV and
exhibited respiratory symptoms [54]. In addition, a case of cat-to-human
transmission was reported in an animal shelter employee who showed mild
symptoms of the disease and had direct contact with sick cats. No cases of human-
to-human transmission of the virus have been reported up to this day [56, 57].

HPAIV A/H5N1 originally originated in China in 1996 and has since spread
to many parts of the world, causing infections in many bird species [58]. Dogs and
cats have become infected through direct contact with sick birds, especially when
they were eaten raw [59-61]. Of particular concern were severe symptoms, not
limited to the affection of the respiratory system only. At the same time, damage to
the liver and gastrointestinal tract was also manifested, and in many cases a
systemic infection as well. In addition, subclinical infection of cats with H5N1 virus
after contact with infected birds or their feces has been reported [62], indicating
thus the ability of cats to serve as a potential asymptomatic reservoir of A/H5N1.
However, a low prevalence of H5N1 antibodies was found in feline serums, even in
areas where birds infected with HPAIV H5N1 have been reported at the same time
[26, 63-66].

In Italy an outbreak of pandemic A(H1N1)pdmO09 influenza occurred in a
colony of 90 caged stray cats in 2009 [67]. Half of the animals exhibited signs of
severe respiratory and gastrointestinal infections. Serum samples and throat swabs
were collected from 38 of the 65 surviving cats. More than half (55%) of those
tested were seropositive for the presence of A(HLIN1)pdmOQ9 antibodies, with two
swabs positive for the presence of A(HIN1)pdm09 by PCR, confirming cat-to-cat
transmission of the virus [67]. In addition, several sporadic cases of natural
infection with A(HLN1)pdmOQ9 influenza viruses have been reported in domestic
cats showing clinical signs of acute respiratory infection [68—72]. In the latter cases,
humans were the most likely source of infection, as owners of infected cats also had
a history of severe respiratory disease with confirmed A(HL1N1)pdmQ9 virus
infection [69, 71]. Moreover, the presence of antibodies against the influenza
A(H1IN1)pdmO09 virus was found to be three times higher in domestic cats than in
free-roaming animals [73]. Some rare cases of natural infection with
A(H1IN1)pdmQO9 have also been documented in dogs [74]. However, despite the
ability of the virus to replicate in the respiratory tract of dogs under experimental
conditions, symptoms were insignificant and dog-to-dog transmission appeared to
be rather ineffective [74].



Reassortant influenza A viruses found in cats and dogs

Successful interspecies transmission of 1AV depends on both host and virus
genetic factors, and subsequent spread of the virus among the new host population
requires a period of adaptation to the new host [13, 75]. The hosts and viral
determinants involved in the specificity of the virus are described, as well as further
mechanisms of adaptation to cats and dogs.

Reassortant avian influenza viruses

Among the determinants of 1AV specificity for a host, of particular
importance is the presence of viral receptors that are susceptible to host cells,
especially those to which the viral hemagglutinin (HA) is able to bind. Most avian
and human 1AVs show preference for specific types of receptors that have glycans
with sialic acid residues in 0-2,3 (avian receptor) or a-2,6 (mammalian receptor)
linkages [76]. Since the canine and feline upper and lower respiratory tract
epithelium have a-2,3 sialic acid receptors, direct transmission of avian influenza
subtypes from poultry to dogs or cats is possible [24, 77]. The mechanisms for CIV-
H3N2 transmission have mainly been described, although there have been reports
of natural infections with IAV of avian origin in China: HON2 [27, 31], H5N1 [58,
65], H5N6 [78], H5N2 [28].

Genetic analysis of canine IAV H3N2 showed that all genes of the isolates
were closely related to IAV H3N2 of avian origin. It has been suggested that the
entire avian influenza virus genome was transferred to dogs without any signs of
gene reassortment [22, 24, 79]. The virus has been found to be most prevalent in
kennels, likely due to close physical contact between infected poultry and dogs [79-
81]. From a molecular point of view, it was found that most A/H3N2 canine isolates
have at least two mutations in HA (Serl59Asn and Trp222Leu), which could
facilitate the transition of A/H3N2 influenza virus from birds to dogs [50, 82]. In
addition, it is likely that the gradual accumulation of mutations in eight gene
segments could lead to specific adaptation to CIV-H3N2 [79, 83], although the
evolutionary rate of the neuraminidase segment was higher than that of the other
seven segments [79]. This is also supported by the fact that the Korean CIV-H3N2
isolates (2012-2013) replicated at a higher titer and caused more severe clinical
symptoms than the 2009 isolates, clearly indicating that CIV-H3N2 is constantly
evolving in the dog population.

It is noteworthy that CI\VV-H3N2 subsequently acquired the ability to naturally
infect cats, as first reported from an animal shelter in Korea [53]. Genomic
sequence analysis of the feline A/H3N2 isolate showed high sequence similarity
(98.0-99.8%) with the canine A/H3N2 isolate, suggesting that CIV-H3N2 can be
naturally transmitted from dogs to cats without prior adaptation [53, 84, 85]. This
therefore indicates an ability of cats to act as an intermediate host in the
transmission of the A/H3N2 virus among feline and canine species.

Reassortant equine influenza viruses

CIV-H3N8 emerged after transmission of an equine influenza virus (EIV) to
dogs, probably as a result of close contact with infected horses [11]. Phylogenetic
analysis of the HA AIV-H3N8 genomic sequences from horses and dogs showed
that all CIV-H3N8 sequences are combined into a single monophyletic group,
distinct from EIV [11]. No evidence of reassortment with other influenza virus
subtypes has been reported until now. A comparison of equine and canine H3N8
sequences has identified key amino acid residues that may be involved in receptor



binding specificity and host cell tropism [23, 86, 87]. It is interesting that structural
and receptor binding analyses for IAV H3N2 support the role of the HA Trp222Leu
mutation in facilitating interspecies transmission of the virus from horses to dogs
[88-90]. However, there are no reports of phenotypic differences between CIV-
H3N8 and EIV-H3NB8 strains in terms of reproducibility and infectivity, suggesting
that interspecies transmission and adaptation of influenza viruses may be rather
mediated by subtle changes in the virus biology [87, 91]. In addition, analysis of the
amino acid sequence from contemporary CIV-H3N8 isolates indicated that there
may have been significant antigenic drift. In general, since the emergence of the
CIV-H3NS8 virus in the canine population, evolution dynamics studies showed that
it has evolved and split into several lineages [92].

Reassortant human influenza viruses

As of today, there is much serological evidence that cats and dogs around the
world can be infected with human seasonal strains of A(H1IN1)pdm09 and A/H3N2,
probably through direct transmission from their owners [93-96]. This hypothesis is
supported by several aspects. First of all, in most cases, the animal caretakers or
owners themselves had a history of influenza-like illness, and for some of them this
was confirmed by PCR. In addition, susceptibility in cats and dogs correlated well
with the influenza prevalence in the human population and even followed a
seasonal pattern as in humans. Furthermore, virus isolation and sequence analysis of
all eight genes from the canine isolates demonstrated high nucleotide similarity,
suggesting that human viruses could infect dogs and cats without prior adaptation.
However, details about the molecular determinants, potentially associated with
transmission, have not yet been disclosed.

Other reassortant influenza viruses found in cats and dogs

The most attention has traditionally been paid to swine as the key mammalian
“mixing vessels” for the recombination of influenza viruses from different host
species [97]. Since the a-2,3 and a-2,6 sialic acid receptors are located in swine
respiratory tract, it serves as a vehicle for genetic reassortment of the influenza
virus, allowing the avian, swine, and human IAV subtypes to recombine into a
subsequent co-infectious disease. Knowing that both receptors are found in the
respiratory organs of dogs and cats [98-100], these animals could be simultaneously
or sequentially infected with avian and/or mammalian influenza viruses, which
make them possible hosts for generating viruses with the novel combinations of
genomes and an epidemic and/or pandemic potential.

Different genetically modified influenza virus subtypes have been revealed in
dogs.

In 2012, a novel strain of the A/H3N1 subtype was isolated from dogs in
South Korea. Whole-genome sequencing of the strain showed that it contained the
HA gene segment from CIV-H3N2 and the remaining seven other gene segments of
the human A(H1N1)pdmOQ9 [101-103]. Since then, at least four other reassortants,
including CIV-H3N2 and A(H1IN1)pdmO09, have been isolated from dogs in
Southern Asia [104, 105]. The emergence of novel CIV-H3N2 reassortants
probably has resulted from co-infection of CIV-H3N2 and A(H1IN1)pdm09, which
correlated with the data confirming the presence of antibodies positive for both
CIV-H3N2 and human influenza virus A(H1N1)pdmQ9 in the canine population
[24, 103].



It is noteworthy that multiple genomic reassortment between swine-origin
IAV HIN1 and endemic canine A/H3N2 lineages co-circulating in dogs has
recently been reported in domestic dogs in China [106]. Moreover, a deep analysis
of IAV sequence data from different species showed that the NS gene of CIV-H3N2
isolated from a Chinese dog in 2007 is closely related to avian influenza A/H5N1
viruses, indicating the possibility of recombination between canine A/H3N2 and
avian A/H5N1 variants [107]. Of particular concern is the fact that some CIV-H3N2
reassortants have demonstrated the ability to infect and effectively transmit to
cohabiting dogs under experimental conditions, thereby supporting the potential
adaptation of novel subtypes to canine populations [104, 91].

Until recently it was believed that reassortment between avian and
mammalian 1AVs did not occur in cats. This opinion has changed when a novel
reassortant of the H5N6 subtype influenza virus was isolated from two cats in
eastern China [108]. Both strains of the influenza virus have been sequenced, and
genetic analysis has shown that these viruses received their genes from three avian
subtypes, including influenza virus of subtypes H5N6 (HA, NA, PA), HOIN2 (PB2,
M, NS), and H7N9 (PB1, NP) isolated in China. The receptor-binding preference
analysis of the feline isolated H5N6 virus showed that it possesses specificity for
both avian and human receptors. Moreover, the A/H5NG6 virus, although not lethal,
demonstrated the ability to replicate to a high titer in the lungs of infected mice,
indicating adaptation to a mammalian host [108].

Discussion

It was established that companion dogs and cats play a dual role as hosts for
influenza A virus as they support inter- and intra-species transmission and generate
novel 1AV through recombination. Although most natural interspecies infections
have limited subsequent transmission in dogs and cats, two influenza subtypes
currently continue to circulate in dogs (CIV-H3N8 and CIV-H3N2). While the role
of cats is less clear and less documented, they remain susceptible to influenza virus
(primarily to avian influenza infections). This should be a cause for concern,
especially for feral and free-roaming cats, that tend to be less controlled and have
more close contacts with birds and other farm animals. However, it can also be
hypothesized that, due to the social organization of cats, which prevents the direct
contact between animals necessary for the transmission of the virus, the virus may
transmit very inefficiently among the feline population.

Moreover, there is evidence to suggest that dogs and cats should be
considered as mixing vessels for novel influenza viruses. It is noteworthy that
canine influenza viruses, and especially those of the CIV-H3N2 subtype, have
repeatedly recombined with avian- and mammalian-adapted influenza viruses since
their emergence, clearly showing that the gene pool of avian, human, and canine
viruses is indeed compatible. These new viruses may further spread widely among
domestic dogs and cats and may therefore pose a threat to human health. As of
today, only one case of interspecies cat-to-human spread has been reported, and this
occurred after prolonged and unprotected contacts with sick cats and their
respiratory secretions, indicating a low risk of cat-to-human transmission [109].
Rather infected humans may be the source of infection for domestic animals, and
the combination of reverse zoonosis (from humans to domestic animals), potential
co-infection, and gene reassortment may create a favorable ecosystem for crossing
the species barrier between domestic animals and humans.



In light of published epidemiological data and current knowledge of the
molecular mechanisms underlying interspecies transmission and genetic
reassortment, it seems important to strengthen active surveillance of cats and dogs
as part of “One World, One Health”. It is noteworthy that the implementation of
large-scale 1AV antibody serosurveillance programs in canine and feline
populations may serve as a guideline for monitoring the overall risk of human
exposure to emerging zoonotic influenza viruses. In addition, information about
influenza viruses circulating in canine and feline populations is also crucial in
selecting viruses for the development of effective vaccines [110], and will
undoubtedly help in the prevention and control of future epidemics. The advent of
rapid molecular diagnostic tests, such as real-time PCR and unbiased next-
generation sequencing, can directly detect viral pathogens, provide early warning
and more adequate outbreak control for respiratory symptoms in cats and dogs.
Since the genesis of novel viruses is not well understood, further research aimed at
studying the ecology, evolution and mechanisms of IAV in human-animal
interactions will help to better understand which virus poses a serious threat to
humans.

References:

1 WHO-One Health. Available at: https://www.euro.who.int/ru/health-topics/health-
emergencies/pages/action-plan/strategic-pillar-1/one-health.

2 Herfst S, Imai M, Kawaoka Y, Fouchier A. Avian influenza virus transmission to
mammals. In: influenza pathogenesis and control — volume 1. Current topics in
microbiology and Immunology. Cham (Switzerland): Springer; 2014. P. 137-55.

3 Krog J., Hansen M., Holm E., Hjulsager C., Chriel M., Pedersen K, Andersen L.,
Abildstrom M., Jensen T. and Larsen L. nfluenza A(H10N7) virus in dead harbor seals,
Denmark. Emerg Infect Dis., 2015, 21(4): 684-687. doi:10.3201/eid2104.141484.

4 Klivleyeva N., Ongarbayeva N., Baimukhametova A., Saktaganov N., Lukmanova
G., Glebova T., Sayatov M., Berezin V., Nusupbaeva G. and Aikimbayev A. Detection of
influenza virus and pathogens of acute respiratory viral infections in population of
Kazakhstan during 2018-2019 epidemic season. Russian Journal of Infection and Immunity,
2021, 11(1): 137-147. https://doi.org/10.15789/2220-7619-DOI-1348.

5 Waddell GH, Teigland MB, Sigel MM. A new influenza virus associated with
equine respiratory disease. J Am Vet Med Assoc, 1963, 143: 587-590.

6 Guo Y, Wang M, Kawaoka Y, Gorman O, Ito T, Saito T, Webster RG.
Characterization of a new avian-like influenza A virus from horses in China. Virology,
1992, 188: 245-255. http://dx.doi.org/10.1016 /0042-6822(92)90754-D.

7 Saktaganov N., Klivleyeva N., Ongarbayeva N., Glebova T., Lukmanova G. and
Baimukhametova A. Study on antigenic relationships and biological properties of swine
influenza A/HIN1 virus strains isolated in Northern Kazakhstan in 2018.
Sel'skokhozyaistvennaya Biologiya [Agricultural Biology], 2020, 55(2): 355-363.

8 Harder, T. and Vahlenkamp, T. Influenza virus infections in dogs and cats. Vet
Immunol Immunopathol, 2010, 134: 54-60.

9 Song D., Moon H., An D., Jeoung H., Kim H., Yeom M., Hong M., Nam J., Park
S., Park B., Oh J., Song M., Webster R., Kim J. and Kang B. A novel reassortant canine
H3N1 influenza virus between pandemic H1IN1 and canine H3N2 influenza viruses in
Korea. J. Gen Virol, 2012, 93: 551-554. doi:10.1099/vir.0.037739-0.

10 Song D., An D., Moon H., Yeom M., Jeong H., Jeong W., Park S., Kim H., Han
S., Oh J, Park B., Kim J., Poo H., Webster R., Jung K. and Kang B. Interspecies
transmission of the canine influenza H3N2 virus to domestic cats in South Korea, 2010. J
Gen Virol. 2011;92(Pt 10):2350-2355. doi:10.1099/vir.0.033522-0.

11 Crawford P.C., Dubovi E.J., Castleman W.L., Stephenson I., Gibbs E.P., Chen L.,
Smith C., Hill R.C., Ferro P., Pompey J., Bright R.A., Medina M.J., Johnson C.M., Olsen



https://www.euro.who.int/ru/health-topics/health-emergencies/pages/action-plan/strategic-pillar-1/one-health
https://www.euro.who.int/ru/health-topics/health-emergencies/pages/action-plan/strategic-pillar-1/one-health
https://doi.org/10.15789/2220-7619-DOI-1348

C.W., Cox N.J., Klimov A.l.,, Katz J.M., Donis R.O. Transmission of equine influenza virus
to dogs. Science, 2005, 310: 482-485. doi: 10.1126/science.1117950.

12 Wright, P.F., Webster, R.G. Orthomyxoviruses. In: Fields / B.N. and Knipe, D.M.
(eds.). Lippincott W. & W, Philadelphia, 2001.

13 Joseph U., Su Y. C., Vijaykrishna D., & Smith G. J. The ecology and adaptive
evolution of influenza A interspecies transmission. Influenza Other Respir Viruses, 2017,
11: 74-84. doi: 10.1111/irv.12412

14 Peiris J. S., de Jong M. D., Guan Y. Avian influenza virus (H5N1): a threat to
human health. Clin Microbiol Rev, 2007, 20: 243—-67. doi: 10.1128/CMR.00037-06.

15 Yang Z.F., Mok C.K., Peiris J.S., Zhong N.S. Human infection with a novel
Avian influenza A(H5N6) virus. N Engl J Med., 2015, 373: 487-9. doi:
10.1056/NEJMc1502983

16 Charles N. Post-human families? Dog-human relations in the domestic sphere.
Sociol Res Online, 2016), 21: 1-12. doi: 10.5153/sr0.3975.

17 Irvine L, Cilia L. More-than-human families: pets, people, and practices in
multispecies households. Sociol Comp, 2017, 11: e12455. doi: 10.1111/s0c4.12455.

18 AVMA. 2017-2018 Pet Ownership & Demographics Sourcebook. Schaumburg,
IL., American Veterinary Medical Association, 2018.

19 Said A.W., Usui T., Shinya K., Ono E., Ito T., Hikasa Y., Matsuu A., Takeuchi
T., Sugiyama A., Nishii N., Yamaguchi T. A sero-survey of subtype H3 influenza A virus
infection in dogs and cats in Japan. Journal of Veterinary Medical Science, 2011, 73: 541-
544 (doi: 10.1292/jvms.10-0428).

20 Coppinger R., Coppinger L. Dogs: A Startling New Understanding of Canine
Origin, Behavior & Evolution. Scribner, New York, 2001.

21 Wasik B.R., Voorhees 1., Parrish C.R. Canine and Feline Influenza. Cold Spring
Harbor Perspectives in Medicine, 2021, 11(2): a038562 (doi:
10.1101/cshperspect.a038562).

22 Li S., Shi Z., Jiao P., Zhang G., Zhong Z., Tian W., Long L.P., et al. Avian-origin
H3N2 canine influenza A viruses in Southern China. Infect Genet Evol. 2010, 10: 1286-8.
doi: 10.1016/j.meegid.2010.08.010.

23 Payungporn S., Crawford P.C., Kouo T.S., Chen L.M., Pompey J, CastlemanWL,
et al. Influenza A virus (H3N8) in dogs with respiratory disease, Florida. Emerg Infect Dis.
2008, 14: 902-8. doi: 10.3201/eid1406.071270.

24 Song D., Kang B., Lee C., Jung K., Ha G., Kang D, et al. Transmission of avian
influenza virus (H3N2) to dogs. 2008, 14: 741-6. doi: 10.3201/eid1405.071471.

25 Wang G., Borges L. G., Stadlbauer D., Ramos I., Gonzélez M. C., He J., Ding Y.,
Wei Z., Ouyang K., Huang W., Simon V., Fernandez-Sesma A., Krammer F., Nelson M. |,
Chen Y., Garcia-Sastre A. Characterization of swine-origin HIN1 canine influenza viruses.
Emerging Microbes & Infections, 2019, 8(1): 1017-1026. (doi:
10.1080/22221751.2019.1637284).

26 Songserm T., Amonsin A., Jam-on R., Sae-Heng N., Meemak N., Pariyothorn N.,
et al. Avian influenza H5N1 in naturally infected domestic cat. Emerg Infect Dis. 2006, 12:
681-3. doi: 10.3201/eid1204.051396.

27 Sun X., Xu X, Liu Q., Liang D., Li C., He Q., et al. Evidence of avian-like HON2
influenza A virus among dogs in Guangxi, China. Infect Genet Evol. 2013, 20: 471-5. doi:
10.1016/j.meegid.2013.10.012.

28 Song Q.Q., Zhang F.X., Liu J.J., Ling Z.S., Zhu Y.L., Jiang S.J., et al. Dog to dog
transmission of a Novel influenza virus (H5N2) isolated from a canine. Vet Microbiol.
2013, 161: 331-3. doi: 10.1016/j.vetmic.2012.07.040.

29 Lee ILH., Le T.B., Kim H.S., Seo S.H. Isolation of a novel H3N2 influenza virus
containing a gene of HIN2 avian influenza in a dog in South Korea in 2015. Virus Genes,
2016, 52(1): 142-5. doi: 10.1007/s11262-015-1272-z.

30Su S, Qi W., Zhou P., Xiao C., Yan Z., Cui J., Jia K., Zhang G., Gray G.C., Liao
M., Li S. First evidence of HLONS avian influenza virus infections among feral dogs in live
poultry markets in Guangdong province, China. Clin Infect Dis. 2014, 59(5): 748-50.



31 Zhang K., Zhang Z., Yu Z., Li L., Cheng K., Wang T., et al. Domestic cats and
dogs are susceptible to HIN2 avian influenza virus. Virus Res. 2013, 175: 52-7. doi:
10.1016/j.virusres.2013.04.004.

32 Borland S., Gracieux P., Jones M., Mallet F., Yugueros-Marcos J. Influenza A
Virus Infection in Cats and Dogs: A Literature Review in the Light of the “One Health”
Concept. Frontiers in Public Health. 2020, 8: 83. doi: 10.3389/fpubh.2020.00083.

33 Anderson T.C., Bromfield C.R., Crawford P.C., Dodds W.J., Gibbs E.P.,
Hernandez J.A. Serological evidence of H3N8 canine influenza-like virus circulation in
USA dogs prior to 2004. Vet J. 2012, 191: 312-6. doi: 10.1016/j.tvjl.2011.11.010.

34 Jirjis F.F., Deshpande M.S., Tubbs A.L., Jayappa H., Lakshmanan N., Wasmoen
T.L. Transmission of canine influenza virus (H3N8) among susceptible dogs. Vet
Microbiol. 2010, 144: 303-9. doi: 10.1016/j.vetmic.2010.02.029.

35 Kruth S.A., Carman S., Weese J.S. Seroprevalence of antibodies to canine
influenza virus in dogs in Ontario. Can Vet J. 2008, 49: 800-2.

36 Kirkland P.D., Finlaison D.S., Crispe E., Hurt A.C. Influenza virus transmission
from horses to dogs, Australia. Emerg Infect Dis. 2010, 16: 699-702. doi:
10.3201/eid1604.091489.

37 Daly J.M., Blunden A.S., MacRae S., Miller J., Bowman S.J., Kolodziejek J., et
al. Transmission of equine influenza virus to english foxhounds. Emerg Infect Dis. 2008,
14: 461-4. doi: 10.3201/eid1403.070643.

38 Zhou P., Huang S., Zeng W., Zhang X.Wang L. Fu X, et al
Seroepidemiological evidence of subtype H3N8 influenza virus infection among pet dogs
in China. PLoS ONE. 2016, 11: €0159106. doi: 10.1371/journal.pone.0159106.

39 Oluwayelu D.O., Bankole O., Ajagbe O., Adebiyi A.l., Abiola J.O., Otuh P., et al.
Serological survey for emerging canine H3N8 and H3N2 influenza viruses in pet and
village dogs in Nigeria. Afr J Med Med Sci. 2014, 43: 111-5.

40 Schulz B., Klinkenberg C., Fux R., Anderson T., de Benedictis P., Hartmann K.
Prevalence of canine influenza virus A (H3N8) in dogs in Germany. Vet J. 2014, 202: 184—
5. doi: 10.1016/j.tvj1.2014.07.008.

41 Hayward J.J., Dubovi E.J., Scarlett J.M., Janeczko S., Holmes E.C., Parrish C.R.
Microevolution of canine influenza virus in shelters and its molecular epidemiology in the
United States. J Virol. 2010, 84: 12636—45. doi: 10.1128/JV1.01350-10.

42 Barrell E.A., Pecoraro H.L., Torres-Henderson C., Morley P.S., Lunn K.F.,
Landolt G.A. Seroprevalence and risk factors for canine H3N8 influenza virus exposure in
household dogs in Colorado. J Vet Inter Med. 2010, 24: 1524-7. doi: 10.1111/}.1939-
1676.2010.0616.x.

43 Pecoraro H.L., Bennett S., Huyvaert K.P., Spindel M.E., Landolt G.A.
Epidemiology and ecology of H3N8 canine influenza viruses in US shelter dogs. J Vet Inter
Med. 2014, 28:311-8. doi: 10.1111/jvim.12301.

44 Holt D.E., Mover M.R., Brown D.C.Serologic prevalence of antibodies against
canine influenza virus (H3N8) in dogs in a metropolitan animal shelter. J Am Vet Med
Assoc. 2010, 237:71-3. doi: 10.2460/javma.237.1.71.

45 Dalziel B.D., Huang K., Geoghegan J.L., Arinaminpathy N., Dubovi E.J.,
Grenfell B.T., et al. Contact heterogeneity, rather than transmission efficiency, limits the
emergence and spread of canine influenza virus. PLoS Pathog. 2014, 10:e1004455. doi:
10.1371/journal.ppat.1004455.

46 Crispe E., Finlaison D., Hurt A., Kirkland P. Infection of dogs with equine
influenza virus: evidence for transmission from horses during the Australian outbreak. Aust
Vet J. 2011, 89:27-8. doi: 10.1111/j.1751-0813.2011.00734.X.

47 Bunpapong N., Nonthabenjawan N., Chaiwong S., Tangwangvivat R.,
Boonyapisitsopa S., Jairak W., et al. Genetic characterization of canine influenza A virus
(H3N2) in Thailand. Virus Genes. 2014, 48: 56-63. doi: 10.1007/s11262-013-0978-z.

48 Wang H., Jia K., Qi W., Zhang M., Sun L., Liang H., et al. Genetic
characterization of avian-origin H3N2 canine influenza viruses isolated from Guangdong
during 2006-2012. Virus Genes. 2013, 46: 558-62. doi: 10.1007/s11262-013-0893-3.



49 Voorhees L.E.H., Glaser A.L., Toohey-Kurth K., Newbury S., Dalziel B.D.,
Dubovi E.J., et al. Spread of canine influenza A(H3NZ2) Virus, United States. Emerg Infect
Dis. 2017, 23:1950-7. doi: 10.3201/eid2312.170246.

50 Pulit-Penaloza J.A., Simpson N., Yang H., Creager H.M., Jones J., Carney P., et
al. Assessment of molecular, antigenic, and pathological features of canine influenza
A(H3N2) viruses that emerged in the United States. J Infect Dis. 2017, 216: S499-507. doi:
10.1093/infdis/jiw620.

51 Voorhees |.E.H., Dalziel B.D., Glaser A., Dubovi E.J., Murcia P.R., Newbury S.,
et al. Multiple incursions and recurrent epidemic fade-out of H3N2 canine influenza A
virus in the United States. J Virol. 2018, 92: e00323-18. doi: 10.1128/JV1.00323-18.

52 Weese J.S. Emergence and containment of canine influenza virus A(H3N2),
Ontario, Canada, 2017-2018. Emerg Infect Dis. 2019, 25:1810-6. doi:
10.3201/eid2510.190196.

53 Song D.S., An D.J., Moon H.J., Yeom M.J., Jeong H.Y., Jeong W.S., et al.
Interspecies transmission of the canine influenza H3N2 virus to domestic cats in South
Korea, 2010. J Gen Virol. 2011, 92:2350-5. doi: 10.1099/vir.0.033522-0.

54 Hatta M., Gongxun Z., Yuwei G. Characterization of a Feline influenza A(H7N2)
virus. Emerg Infect Dis J. 2018, 24:75. doi: 10.3201/eid2401. 171240.

55 Belser J.A., Pulit-Penaloza J.A., Sun X., Brock N., Pappas C., Creager H.M., et
al. A novel A(H7N2) influenza virus isolated from a veterinarian caring for cats in a New
York City animal shelter causes mild disease and transmits poorly in the Ferret model. J
Virol. 2017, 91:e00672-17. doi: 10.1128/JV1.00672-17.

56 Jain S., Murray E.L. The cat’s meow: using novel serological approaches to
identify cat-to-Human influenza A(H7N2) transmission. J Infect Dis. 2018, 219:1685-7.
doi: 10.1093/infdis/jiy596.

57 Poirot E., Levine M.Z., Russell K., Stewart R.J., Pompey J.M., Chiu S., et al.
Detection of Avian influenza A(H7N2) virus infection among animal shelter workers using
a novel serological approach—New York City, 2016-2017. J Infect Dis. 2018, 219:1688—
96. doi: 10.1093/infdis/jiy595.

58 Li X., Zhang Z., Yu A. Global and local persistence of influenza A(H5N1) virus.
Emerg Infect Dis J. 2014, 20:1287-95. doi: 10.3201/eid2008. 130910.

59 Kuiken T., Rimmelzwaan G., Riel D.V., Amerongen G.V., Baars M., Fouchier R.,
et al. Avian H5N1 influenza in cats. Science. 2004, 306:241. doi: 10.1126/science.1102287.

60 Marschall J., Hartmann D.K. Avian influenza A H5N1 infections in cats. J Feline
Med Surg. 2008, 10: 359-65. doi: 10.1016/j.jfms.2008.03.005.

61 Rimmelzwaan G.F., van Riel D., Baars M., Bestebroer T.M., van Amerongen G.,
Fouchier R.A.M, et al. Influenza A virus (H5N1) infection in cats causes systemic disease
with potential novel routes of virus spread within and between hosts. Am J Pathol. 2006,
168: 176-83. doi: 10.2353/ajpath.2006.050466.

62 Leschnik M., Weikel J., Mostl K., Revilla-Fernandez S., Wodak E., Bago Z., et
al. Subclinical Infection with Avian influenza A H5N1 Virus in Cats. Emerg Infect Dis.
2007, 13:243. doi: 10.3201/eid1302.060608.

63 Songserm T., Amonsin A., Jam-on R., Sae-Heng N., Pariyothorn N., Payungporn
S., et al. Fatal Avian influenza A H5N1 in a dog. Emerg Infect Dis. 2006, 12: 1744-7. doi:
10.3201/eid1211.060542.

64 Klopfleisch R., Wolf P.U., Uhl W., Gerst S., Harder T., Starick E., et al.
Distribution of lesions and antigen of highly pathogenic avian influenza virus
A/Swan/Germany/R65/06 (H5N1) in domestic cats after presumptive infection by wild
birds. Vet Pathol. 2007, 44:261-8. doi: 10.1354/vp.44-3-261.

65 Zhao F.R., Zhou D.H., Zhang Y.G., Shao J.J., Lin T., Li Y.F., et al. Detection
prevalence of H5N1 Avian influenza virus among stray cats in eastern China. J Med Virol.
2015, 87:1436-40. doi: 10.1002/jmv.24216.

66 Marschall J., Schulz B., Harder Priv-Doz T.C., Vahlenkamp Priv-Doz T.W.,
Huebner J., Huisinga E., et al. Prevalence of influenza A H5N1 virus in cats from areas



with occurrence of highly pathogenic Avian influenza in birds. J Feline Med Surg. 2008,
10: 355-8. doi: 10.1016/j.jfms.2008. 03.007.

67 Fiorentini L., Taddei R., Moreno A., Gelmetti D., Barbieri I., De Marco M.A., et
al. Influenza A Pandemic (H1N1) 2009 virus outbreak in a cat colony in Italy. Zoonoses
Public Health. 2011, 58:573-81. doi: 10.1111/j.1863-2378.2011.01406.x.

68 Pigott A.M., Haak C.E., Breshears M.A., Linklater AKJ. Acute
bronchointerstitial pneumonia in two indoor cats exposed to the HIN1 influenza virus. J
Vet Emerg Crit Care. 2014, 24: 715-23. doi: 10.1111/vec.12179.

69 Campagnolo E.R., Rankin J.T., Daverio S.A., Hunt E.A., Lute J.R., Tewari D., et
al. Fatal Pandemic (H1N1) 2009 influenza A virus infection in a Pennsylvania domestic
cat. Zoonoses Public Health. 2011, 58:500-7. doi: 10.1111/j.1863-2378.2011.01390.x.

70 Knight C.G., Davies J.L., Joseph T., Ondrich S., Rosa B.V. Pandemic H1N1
influenza virus infection in a Canadian cat. Can Vet J. 2016, 57:497-500.

71 Lohr C.V., DeBess E.E., Baker R.J., Hiett S.L., Hoffman K.A., Murdoch V.J., et
al. Pathology and viral antigen distribution of lethal pneumonia in domestic cats due to
pandemic (HIN1) 2009 influenza A virus. Vet Pathol. 2010, 47:378-86. doi:
10.1177/0300985810368393.

72 Sponseller B.A., Strait E., Jergens A. Influenza A Pandemic (H1N1) 2009 virus
infection in domestic cat. Emerg Infect Dis. 2010, 16:534—7. doi: 10.3201/eid1603.091737.

73 Zhao F.R., Liu C.G,, Yin X., Zhou D.H, Wei P., Chang H.Y. Serological report of
pandemic (H1N1) 2009 infection among cats in northeastern China in 2012-02 and 2013-
03. Virol J. 2014, 11:49. doi: 10.1186/1743-422X-11-49.

74 Lin D., Sun S., Du L., Ma J,, Fan L., Pu J., et al. Natural and experimental
infection of dogs with pandemic H1IN1/2009 influenza virus. J Gen Virol. 2012, 93:119-23.
doi: 10.1099/vir.0.037358-0.

75 Long J.S., Mistry B., Haslam S.M., Barclay W.S. Host and viral determinants of
influenza A virus species specificity. Nat Rev Microbiol. 2019, 17:67-81. doi:
10.1038/s41579-018-0115-z.

76 Ito T.J., Couceiro N.S.S., Kelm S., Baum L.G., Krauss S., Castrucci M.R., et al.
Molecular basis for the generation in pigs of Influenza A viruses with Pandemic potential. J
Virol. 1998, 72:7367-73. doi: 10.1128/JV1.72.9.7367-7373.1998.

77 Lyoo K.S, Kim J.K, Kang B., Moon H., Kim J., Song M., et al. Comparative
analysis of virulence of a novel, avian-origin H3N2 canine influenza virus in various host
species. Virus Res. 2015, 195:135-40. doi: 10.1016/j.virusres.2014.08.020.

78 Yu Z., Gao X.,Wang T., Li Y., Li Y., Xu Y., et al. Fatal H5N6 Avian influenza
virus infection in a domestic cat and wild birds in China. Sci Rep. 2015, 5:10704. doi:
10.1038/srep10704.

79He W., Li G.,, Zzhu H., Shi W., Wang R., Zhang C., et al. Emergence and
adaptation of H3N2 canine influenza virus from avian influenza virus: an overlooked role
of dogs in interspecies transmission. Transbound Emerg Dis. 2019, 66:842-51. doi:
10.1111/tbed.13093.

80 Lee C., Song D., Kang B., Kang D., Yoo J., Jung K., et al. A serological survey of
avian origin canine H3N2 influenza virus in dogs in Korea. Vet Microbiol. 2009, 137:359-
62. doi: 10.1016/j.vetmic.2009.01.019.

81 Su S, Li H.T, Zhao F.R, Chen J.D, Xie J.X, Chen Z.M, et al. Avian-origin H3N2
canine influenza virus circulating in farmed dogs in Guangdong, China. Infect Genet Evol.
2013, 14:444-9. doi: 10.1016/j.meegid.2012.11.018.

82 Yang G, Li S., Blackmon S., Ye J., Bradley K.C., Cooley J., et al. Mutation
tryptophan to leucine at position 222 of haemagglutinin could facilitate H3N2 influenza A
virus infection in dogs. J Gen Virol. 2013, 94:2599-608. doi: 10.1099/vir.0.054692-0.

83 Lee LW., Kim Y., Lim G.J., Kwon H.l., Si Y.J., Park S.J., et al. Comparison of
the virulence and transmissibility of canine H3N2 influenza viruses and characterization of
their canine adaptation factors. Emerg Microbes Infect. 2018, 7:17. doi: 10.1038/s41426-
017-0013-x.



84 Jeoung H.Y., Lim S.1., Shin B.H., Lim J.A., Song J.Y., Song D.S., et al. A novel
canine influenza H3N2 virus isolated from cats in an animal shelter. Vet Microbiol. 2013,
165:281-6. doi: 10.1016/j.vetmic.2013.03.021.

85 Kim H., Song D., Moon H., Yeom M., Park S., Hong M., et al. Interand
intraspecies transmission of canine influenza virus. (H3N2) in dogs, cats, and ferrets.
Influenza Other Respir Viruses. 2013, 7:265-70. doi: 10.1111/j.1750-2659.2012.00379.x.

86 Rivailler P., Perry LA, Jang Y., Davis C.T., Chen L.M., Dubovi E.J., et al.
Evolution of canine and equine influenza. (H3N8) viruses co-circulating between 2005 and
2008. Virology. 2010, 408:71-9. doi: 10.1016/j.virol.2010.08.022.

87 Feng K.H., Gonzalez G., Deng L., Yu H., Tse V.L., Huang L., et al. Equine and
Canine Influenza H3N8 viruses show minimal biological differences despite phylogenetic
divergence. J Virol. 2015, 89:6860. doi: 10.1128/JV1.00521-15.

88 Collins P.J., Vachieri S.G., Haire L.F., Ogrodowicz R.W., Martin S.R., Walker
P.A., et al. Recent evolution of equine influenza and the origin of canine influenza. Proc
Natl Acad Sci USA. 2014, 111:11175-80. doi: 10.1073/pnas.1406606111.

89 Wen F., Blackmon S., Olivier AK., Li L., Guan M., Sun H., et al.
MutationW222L at the receptor binding site of hemagglutinin could facilitate viral adaption
from Equine influenza A(H3N8) virus to dogs. J Virol. 2018, 92:e01115-18. doi:
10.1128/JV1.01115-18.

90 He W., Li G., Wang R., Shi W., Li K., Wang S., et al. Host-range shift of H3N8
canine influenza virus: a phylodynamic analysis of its origin and adaptation from equine to
canine host. Vet Res. 2019, 50:87. doi: 10.1186/s13567-019-0707-2.

91 Gonzalez G., Marshall J.F., Morrell J., Robb D., McCauley J.W., Perez D.R., et
al. Infection and pathogenesis of canine, equine, and human influenza viruses in canine
tracheas. J Virol. 2014, 88:9208-19. doi: 10.1128/JV1.00887-14.

92 Pecoraro H.L., Bennett S., Spindel M.E., Landolt G.A. Evolution of the
hemagglutinin gene of H3N8 canine influenza virus in dogs. Virus Genes. 2014, 49:393-9.
doi: 10.1007/s11262-014-1102-8.

93 Jang H., Jackson Y.K., Daniels J.B., Ali A, Kang K.l., Elaish M., et al.
Seroprevalence of three influenza A viruses. (HIN1, H3N2, and H3N8) in pet dogs
presented to a veterinary hospital in Ohio. J Vet Sci. 2017, 18:291-8. doi:
10.4142/jvs.2017.18.51.291.

94 Ramirez-Martinez L.A., Contreras-Luna M., De la Luz J., Manjarrez M.E.,
Rosete D.P., Rivera-Benitez J.F., et al. Evidence of transmission and risk factors for
influenza A virus in household dogs and their owners. Influenza Other Respir Viruses.
2013, 7:1292-6. doi: 10.1111/irv.12162.

95Yin X., Zhao F.R., Zhou D.H., Wei P., Chang H.Y. Serological report of
pandemic and seasonal human influenza virus infection in dogs in southern China. Arch
Virol. 2014, 159:2877-82. doi: 10.1007/s00705-014-2119-y.

96 Ali A., Daniels J.B., Zhang Y., Rodriguez-Palacios A., Hayes-Ozello K., Mathes
L., Lee C.W. Pandemic and seasonal human influenza virus infections in domestic cats:
prevalence, association with respiratory disease, and seasonality patterns. J Clin Microbiol.
2011, 49:4101-5. doi: 10.1128/JCM. 05415-11.

97 Ma W., Kahn R.E., Richt J.A. The pig as a mixing vessel for influenza viruses:
human and veterinary implications. J Mol Genet Med. 2008, 3:158-66.

98 Ning Z.Y., Wu X.T., Cheng Y.F., Qi W.B., An Y.F., Wang H., et al. Tissue
distribution of sialic acid-linked influenza virus receptors in beagle dogs. J Vet Sci. 2012,
13:219-22. doi: 10.4142/jvs.2012.13.3.219.

99 Wang H., Wu X., Cheng Y., An Y., Ning Z. Tissue distribution of human and
avian type sialic acid influenza virus receptors in domestic cat. Acta Vet Hung. 2013,
61:537-46. doi: 10.1556/AVet.2013.030.

100 Zhao H., Zhou J., Jiang S., Zheng B.J. Receptor binding and transmission
studies of H5N1 influenza virus in mammals. Emerg Microbes Infect. 2013, 2:e85. doi:
10.1038/emi.2013.89.



101 Dundon W.G., De Benedictis P., Viale E., Capua I. Serologic evidence of
pandemic (H1N1) 2009 infection in dogs, Italy. Emerg Infect Dis. 2010, 16:2019-21. doi:
10.3201/eid1612.100514.

102 Su S., Chen J., Jia K., Khan S.U., He S., Fu X., et al. Evidence for subclinical
influenza A(HLN1)pdmO09 virus infection among dogs in Guangdong Province, China. J
Clin Microbiol. 2014, 52:1762-5. doi: 10.1128/JCM.03522-13.

103 Song D., Moon H.J., An D.J., Jeoung H.Y., Kim H., Yeom M.J., et al. A novel
reassortant canine H3N1 influenza virus between pandemic HIN1 and canine H3N2
influenza viruses in Korea. J Gen Virol. 2012, 93:551-4. doi: 10.1099/vir.0.037739-0.

104 Moon H., Hong M., Kim J.K., Seon B., Na W., Park S.J., et al. H3N2 canine
influenza virus with the matrix gene from the pandemic A/H1N1 virus: infection dynamics
in dogs and  ferrets. Epidemiol. Infect. 2015, 143:772-80. doi:
10.1017/S0950268814001617.

105 Hong M., Na W., Yeom M., Park N., Moon H., Kang B.K., et al. Complete
genome sequences of H3N2 canine influenza virus with the matrix gene from the Pandemic
A/HINL1 virus. Genome Announc. 2014, 2:e01010-14. doi: 10.1128/genomeA.01010-14.

106 Chen Y., Trovao N.S., Wang G., Zhao W., He P., Zhou H., et al. Emergence and
evolution of novel reassortant influenza A viruses in canines in Southern China. MBio.
2018, 9:e00909-18. doi: 10.1128/mBi0.00909-18.

107 Zhu H., Hughes J., Murcia P.R. Origins and evolutionary dynamics of H3N2
canine influenza virus. J Virol. 2015, 89:5406-18. doi: 10.1128/JVI. 03395-14.

108 Cao X., Yang F., Wu H., Xu L. Genetic characterization of novel reassortant
H5N6-subtype influenza viruses isolated from cats in eastern China. Arch Virol. 2017,
162:3501-5. doi: 10.1007/s00705-017-3490-2.

109 Lee C.T., Slavinski S., Schiff C., Merlino M., Daskalakis D., Liu D., et al.
Outbreak of influenza A(H7N2) among cats in an animal shelter with cat-tohuman
transmission-New York City, 2016. Clin Infect Dis. 2017, 65:1927-9. doi:
10.1093/cid/cix668.

110 Rodriguez L., Nogales A., Reilly E.C., Topham D.J., Murcia P.R., Parrish C.R.,
et al. A live-attenuated influenza vaccine for H3N2 canine influenza virus. Virology. 2017,
504:96-106. doi: 10.1016/j.virol.2017.01.020.



