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AHHOTAIMSA

B 0030pe o0cyxaaercss pojib MOPCKMX MIICKOIHUTAIOIINX B 3BONIOLNH, KOJIOTUH U LUPKYISIHN
BUpycoB rpumma A u B, cBuHOrO Bupyca mangemmudeckoro rpumma A (HIN1) u BeICOKOMAaTOreHHBIX
BapuaHTOB Bupyca rpunmna otun, HSN1 u HS5NS. IlomuepkuBaercs MOJOKEHHE O TOM, YTO MOPCKHE
JIACTOHOTHE MOT'YT CIIY>KMTh OJIHUM U3 pPe3epBYapoB IIMPOKOTO CIEKTpa BUPYCOB, B YaCTHOCTHU Ipunmna B
YCJIOBCKaA. OTMG‘-ICHO, YTO XapakKTCp U HUHTCHCUBHOCTL CBA3BIBAHUA BHPYCOB TI'pHUIIIa Pa3JIMA4YHOTO
NPOUCXOXKICHHUS C KJIETKAMHM OJIUTENUsl PECIUPATOPHBIX OPraHOoB MOPCKHX MJICKONHUTAIOMIHNX —
ONpEACHSAIONINI (PAKTOP HMX BOCIPHUMYUBOCTH K HH(MEKIHMH, a Takke ©€ NPOAYKTUBHOCTH U
ocobeHHOCTeH maToreHe3a. Takke BBIIBHIAETCS 3aKIIOYEHHE O HEOOXOJMMOCTH TPOBEACHUS
KOMIIJIEKCHOTO 3KOJIOTO-BHPYCOJOTHUECKOI0 MOHHUTOPMHIAa BHPYCOB TIPUINA, LHUPKYIUPYIOLIMX B
MONYJISINUAX THOJICHEH B Ka3axCTaHCKOM akBatopuu Kacnuiickoro Mops.

KaroueBble cjoBa: Bupyc TpuUNIa, SHU300THS, CEpPOJIOTHS, JIACTOHOTHE, MOPCKHE
MJICKOITMTAOIINE, KACHUUCKUH TIOJICHbD.

OTtcnexxuBaHuE COCTOSHUSA TMOMYJSIIMA MOPCKMX MIIEKONMUTAIOMIMX — OJHO W3 BaXKHBIX
HAYYHBIX HampaBJeHHH B OKOJOTMU. Hawmbonee B3HAYMMBIMH OCTAlOTCS HCCIEIOBAaHUS
KUBOTHBIX, MMEIOLIUX YacTble M JJUTEIbHBbIE KOHTAKTHI C dYeaoBeKoM. COriacHo JaHHBIM
NOAA's National Marine Fisheries Service [1], B mepuosa ¢ 1991 o 2007 rr. npu4rHO# rudeu
MOPCKHX MJIEKOTIUTAIONIMX SBUINCH: HHpEKIMOHHBIE 3a00eBanust (15%), 6uotokcuunl (29%),
skosorndeckue (akropsr (7%), uenoBeueckue BosneicTBUs (5%) M Opyrue HEW3BECTHBIC
(axropst (44%).

B ycnoBusix 0TCYTCTBHSI OYEBHIHBIX CTPECCOBBIX BO3JIEHCTBUH CYIIECTBEHHOE BIHUSIHUE HA
YHUCICHHOCTh MOMYJISIIIMA MOPCKHX MJICKONUTAIOIIUX OKa3bIBalOT BO30YIUTENN HH(EKIIMOHHBIX
Oose3Heil (BUpYCHI, OaKTepuH), a TaKKe Mapa3uThl, OTHOCAIIUECS MPAKTUYECKH KO BCEM
U3BECTHBIM CEMEIHCTBAM.

BupycHbie 3a005eBaHMsl UTPAIOT BAXHYIO POJb B JMHAMHUKE YUCICHHOCTH MOIYJISIHA
JMKUX KMBOTHBIX, OFPAaHUYMBAs MX MPUPOCT U YCUJIUBAs CEJEKIHIO Ha TEHETMYECKOM YPOBHE.
Bo3znelicTBue BUpycOB CTaHOBUTCS elle 00siee CYIIECTBEHHBIM JUIsl MOMYJISIMNA, HaXOIAIXCs
O] YrpO30il MCUE3HOBEHMS HIU (HparMEHTHPOBAHHBIX B pe3yibTaTe JEsTeIbHOCTH YeIOBEKa.
[TpsiMoe BIUSTHEE HA YUCICHHOCTH )KUBOTHBIX OKA3bIBAOT BUPYCHI TPHIIIA U MOPOUIIITHBHPYCHI.

Bupyc rpunmna criocodeH nepuon4ecky npeoaosieBaTh MEXBUI0BOM Oapbep B pe3ynbTaTe
MyTalli B OJHOM W3 TEHOB, IOBBIMAMOIIECH W3MEHYMBOCTh BO30yauTens. B pesynbrare
BO3HHMKAET 3HAUYUTENIBHO OOJbIIee KOJIWYECTBO €r0 BapUAHTOB, YTO CO3JAET JIyUIIHE YCIOBUS
JUTS a[IafTalliy B OPTraHU3Me PAa3IMYHbIX BUIOB MIICKOTUTAOIIUX U NTHII [2, 3].

Bonpoch! IUpKyIAIUN ¥ B3aUMOCBS3U BO30YAUTENEH IpUINa Y Pa3InYHbIX BUJOB X035€B,
BKITIOYAsl TPEOJI0JICHNE MEXBHIOBOTO Oaphepa, — OCHOBOIIOJIATAIONIEe HANPaBICHUE HAYYHOTO
MIOMCKa, HEOOXOIUMOro JJs TMOHUMaHHUS MEXaHU3MOB BO3HHUKHOBEHMS MAacCOBOW HH(pEKIUH
YeNoBeKa U )KUBOTHBIX.

Pacnpoctpanenue Bupyca rpumnmna A (BI' A) cpeau MOPCKUX MIIEKOIMUTAIONIUX CBSI3aHO C
IKOJIOTHEH ITHX KUBOTHBIX M TECHBIM KOHTAKTOM C ITHYBUM PE3epPBYapOM BO3OYIUTEIIS.
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B mpemraraeMmom 0030pe NpUBOAATCS CBEACHHA 00 OSNM300THUAX CPEId MOPCKHUX
MJIEKOIIMTAIONINX, OOYCIOBICHHBIX BUpycaMu rpumma poaoB A u B, oOGcyxmaercst ponb 3THX
KMBOTHBIX B 9KOJIOTUH U B 3BOJIIOLIMU BO30YAUTENIEH.

Bupyc rpunma A y MOPCKMX MJIEKONTMTAIOIIUX

BI' A u3onupoBaHbl OT LIMPOKOIO Kpyra xo3s€B, BKitoyas 105 BUIOB AUKUX U JOMAIIHUX
OTHUIL, pa3IUYHbIE BUABl  MJICKOMHUTAIOIIUX  (YEIOBEK, CBHUHbS, JIOMIAAb, MOPCKHUE
MJICKOMUTAIONINE, HOpKa, Komka u jap.) [4]. Jukue nTulbl, OTHOCSIIHUECS K OTpsaam
Anseriformes (yrku, rycu, nedeaun) u Charadriiformes (nmpubpekHbie BUABI BMECTE C YaliKaMu),
o0pa3yroT ecTecTBEHHbI pe3epByap BI' A B mpupone, U3 KOTOPOrO MOXKET NPOMCXOAUTH
TPAaHCMUCCHUS K JPYTUM XO3s5i€BaM.

[lepBast mHpOpMaLUs O BO3MOXKHOCTH HMH(UIMpoBaHUs TioneHed BT A momyuena Bo
BpeMs TSDKEJION AMU300THH Ha mooOepexbe HoBoilt AHriauum, B nepuoa ¢ aekadbps 1979 mo
okTsi0pb 1980 1r. B pesynbrare moru6imo okosno 600 MIEKONMHUTAIONMUX, OT OJHOTO M3 HHX
BoiziesieH BI' A /Tronenn/Maccauycerc/1/80 (H7N7) [5]. ['eneTnueckas xapakTepucTUKa BUpyca
nokaszana, yto Bce ydactku PHK Bupyca mmeroT OiM3KO€ CXOJICTBO C TaKOBBIMHU Y NTHUYBUX
mTaMMOB. BTopas smu300THs cpeay TIOJEHEW, MPOTEKaBIlasi ¢ BHIPAKEHHBIMH KIMHHUYECKUMU
IPOSIBJICHUSIMU ITHEBMOHHUH, BO3HUKJIA Ha noodepexxbe HoBoit Anriuu B uroHe 1982-aprycre
1983 rr. u 6su1a accoruuponana ¢ BI' A (H4NS) [6].

[To coobmenuto J.R Geraci u coaBropoB [4] mHGeEKIUsS cpeau TIOJICHEH MpoTeKaia
TSDKEJIO: Y YINUTAHHBIX J>KUBOTHBIX HAONIOAANUCh KOHBIOHKTHUBUTHI, MEHHUCTO-KPOBSIHUCTHIC
UCTEUEHUsI U3 HO3JpeH, caboCTh, MbIIIEYHAs! IpOXKb, HAPYIIEHUE KOOPAMHALUU JIBH)KEHUS U
IbIXaHUsl. Y OOJNBHBIX JKUBOTHBIX OTMEYAIOCh OIyXaHHE IIEH B Pe3ysibTaTe MPOHUKHOBEHUS
BO3Jyxa B (pacIiMM M MBIl U3 JbIXaTeNbHbIX MyTeH. JKHBOTHBIE TEPsUIM CHOCOOHOCTH K
IUTABAHUIO WJIM HBIPSHUIO, YTO MPUBOIIIO K BBIHYXIEHHOMY UX Jpeiidy M0 MOPCKOMY TEUEHUIO
WIM HallpaBJIIEHHWIO BeTpa. Y MAaBIIMX TIOJEHEW HalmroAanach IHEBMOHHUSA, KOTopas
XapaKTepU30BaIach HEKPOTHU3UPOBAHHBIMU OPOHXUTAMHU, OPOHXUOIUTAMHU M TeMOpPParuuyecKuMu
aJIbBEOJIUTAMH.

Co BpeMeHM ONMCaHUS AAHHBIX 3MHU300TUH CHCTEMAaTUYeCKOro 00CiIeIOBaHuUs TIOJIEHEH Ha
BI' A nHa moGepexxbe HoBoit Anrnuu e nmpoBoauiock. C saBaps 1991 nmo ¢espans 1992 r. ot
MJIEKOIIMTAIONIMX, MOrubmux OT NHeBMOHMHM Ha m-oBe Keiin-Kox (mrat Maccauycerc),
BbIJIeTIeHBI NIATh ITaMMOB BI' A, nBa u3 kotopbix uaeHtuguuuposansl kak A (H4N6), tpu — A
(H3N3). Tennt remarrmotunuHa (HA) H3 wusomsroB A/tronens/Maccauycetrc/3911/92 u
A/tronens/Maccauycerc/3984/92  okazanuce Ha  99,7% HMIEHTUYHBIMH MEXIy COOOH.
dunoreHeTHYECKUN aHAN3 MOKa3aJl TECHYIO CBSI3b UX IOCIeNI0oBaTelbHOCTEN ¢ TakoBbIMU HA
H3 niubero Bupyca A/kpsksa/Hpio-Mopk/6874/7, 4To yKa3bIBaeT HA JTUTENBHYIO HUPKYJISIHH
BI' sToro noxarumna B nonynsuusx TIOJIEHEH [7].

K. Ohishi ¢ coaBTopamu [8] mpu uccieoBaHUH CBIBOPOTOK KPOBU KAaCIUNCKUX THOJICHEH,
cobpanHbix B 1993-2000 rr., mnokaszajad, 4YTO MJIEKONUTAMOLME ObUIM HH(YUIKMPOBAHBI
snuaeMuueckuMu A/baHrkok/1/79-nogo6HBIMU BUpycaMy TPUIINA, HUPKYJIUPOBABIIMMU CpeU
monert B 1979-1981 rr. Anturena x Bupycy H3N2 takxke oOHapyKeHBI B CHIBOPOTKAaX KPOBU
Oaiikanbckux — Phoca sibirica u kompuatsix Hepnm — Phoca hispida Kapckoro mops [9]. Tlpu
CEpOJIOTHYECKOM HCCIIEIOBAaHUM CHIBOPOTOK KPOBHU KYPHJIBCKOTO MOJBHAAa OOBIKHOBEHHBIX
tioneneit (Phoca vitulina stejnegeri) Ha o-Be XOKKalI0 BBISBICHBI aHTUT€MAITIIOTHHUHBI K
Bupycam rpumnmna ¢ noarunamu HA H3 u H6, uro ykaspiBaeT Ha cHOCOOHOCTBH IOCIEIHEro
Bapuanta uHQumuposate wiekornuTarommx [10]. IlomydeHsl Tak K€ KOCBEHHBIC
CEepOJIOTHUECKUE JJOKa3aTeabCTBa HUPKYIAuN BT A B momynsnusx MOPCKUX MIIEKOMMUTAIOIINX
(xompuateie Hepmbl, Oenyxu — Delphinapterus leucas) B BapeniieBom Mope (TpeHIIaHICKHE
tiojienn — Phoca groenlandica u xoxmaum — Cystophora cristata) Apkruyeckoii Kanampr,
Ceseproro u bepunroBoro mopeit (tronenn u xkotuku) [11-12]. De Boer ¢ coaBTopamu [13]
BBISIBWIM HAJIMYUE aHTUTEI K BUpycaM ¢ noarunamu reMarrmotuauHoB: H1, H3, H4, H7, u H12
B CBIBOPOTKaX TIOJIEHEH, OTJIOBJICHHBIX B bepuHrosoM mope. B To e Bpems, CBIBOPOTKH KPOBHU
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cuBydeir (Eumetopias jubatus), momoxutenpHbie Ha Tpunm A B HW®DA, okazamuch
orpunatenbHbiMu B PTT'A (peakiust TOpMOXKEHHS T€MarriaOTHHALMKI), YTO MO3BOJIMIIO aBTOpaM
MPENIOJIOKUTh BO3MOYKHOE TMPUCYTCTBUE B CHIBOPOTKAX ATHX >KUBOTHBIX AHTHUTEN K paHee
HEU3BECTHBIM TojaTumaM remarrmoTHHIHOB BIT A. B 2008 1. P. Calle ¢ coaBropamu [14] He
obuapyxkunu antutena k BIT B ceiBopoTkax Mmopckoro 3aiima (Erignathus barbatus) na
noOepexbe AJSCKH, HO YCTAaHOBWJIM UX Hanumuue K remarrmotuHuHy H10 u Helipamunuaasam
N2, N3, N5, N7 B 21% u3 38 uccienoBaHHbIX CBIBOPOTOK KpoBu Mopskeit (Odobenus rosmarus)
[15]. Ilpu MOHUTOpPWHTE 300HO30B MOPCKHX ITO3BOHOYHBIX B MPUOpekHBIX Bomax Cesepo-
3amaiHON ATJIAHTHUKH OT TPEHJIaHACKOTO TIoJieHs ObuT n3oaupoBad BI' A (H3NS) [16].

BI' A (HIN3) uzonuposan /JI.K. JIbBoBbIM ¢ coaBT. [17] oT riaakoro kura (KapJnKOBbII
nojocaTuk — Balaenoptera acutorostrata) B rosxHoit wactu Tuxoro okeana B 1975-1976 rr. Ot
3y0arhix KuTOB (0ObIKHOBeHHAs TpuHIa — Globicephala melas) V. Hinshaw et al. [18] Bbiaenuiu
BI' H13N9 u HI13N2 B reHeTHYECKOM OTHOIIEHUHU Ou3kue K Bupycam H13, mupkyaupoBaBmm
cpeau YaiKoBBIX NTUI. HensBecTHO, BBI3BAIM JHM 3TH BUPYCHl OOJIE3Hb Y KWUTOB, WIH K€
MPOCTYIO OMIOPTYHUCTHUECKYIO HHPeKIuio. /loka3aTenbCTB, YKa3bIBAIOIINX HA TO, YTO BHUPYCHI
¢ satuMm noxrtunom HA mnepenaBanuch OT OAHOrO JKMBOTHOIO K JpyroMy He moiydyeHo. B
pe3yNbTaTe CpaBHEHUS UX MOJTHBIX TEHOMOB C HYKJIEOTHIHBIMHU nocienoBarensHoctsmu Bl H13
OKOJIOBOJIHBIX TTHI[ M BHPYCOB TPHIINIAa MOPCKHX MIICKONHTAIONINX OOHAapy>KeHa penKas
KOHCTEJUJISIMSI TeHOTHUIIOB, MOJYYEHHBIX OT 4aeK, Kpadek W KyiaukoB [19]. Kak moka3siBatoT
(GUIOreHeTUYECKUE HCCIIEOBAHUS, W30JMPOBAHHBIE OT MOPCKUX MJIEKONHUTAIOIIUX BUPYCHI
TPUIINA TPOUCXOMAAT OT MPEANISCTBEHHUKOB aJalTUPOBAHHBIX K I'yce000pa3HbIM. B cBsi3u sTUM
aBTOpHI CUMTAIOT, 4TO mTamMM A/kut/Maiin/328B/1984 — 310 emuucTBeHHBIM BI' waiikoBOoro
MIPOUCXOXKICHUS BbI3BABIINN HHPEKINUIO Y MOPCKUX MJICKOMUTAIOIINX.

B 2010 r. mpu BHPYCOIOrHYECKOM MOHUTOPUHIE CEBEPHBIX MOpPCKUX cioHOB (Mirounga
angustirostris) y xamudopHuiickoro modepexnbsi ObUTH BBISIBICHBI 0c00H, HHpHIUpoBaHHbe BI'
A. HocoBble CMBIBBI JIBYX B3pOCIBIX CaMOK W3 42 HCCIEIOBAaHHBIX YXUBOTHBIX, OKA3aJIUCh
noNokuTenbHbIMU Ha M-ren BI' A B mnommumepasHoil uenHoi peakuuu ¢ oOpaTHOMN
tpanckpunuueit (OT-ITLP) B pexxume peansHoro Bpemenu [20]. B mocnexyromieM BUPYChl ObUTH
BBIJICJIEHBl Ha Pa3BUBAIOIIMXCS KYpUHBIX 3MOpPUOHAX, CEKBEHHPOBAH HX IOJIHBIH Te€HOM, B
peakuuyd TOPMOXKEHHUS TeMarrjfoTUHUPYIONEH aKTUBHOCTH YCTaHOBJIEHA NPHUHAJJIEKHOCTD
mzonsatoB k. BI' A (HINI). B pe3ynbrare CeKkBEHMpPOBAaHUS T€HOMa BHpYyca TIpHIIA,
BBIZICJICHHOTO OT CEBEPHOTO MOPCKOTO CJIOHA, TMOKa3aHa Oosiee yeM 99% romosorusi ero ¢
MPOTOTUITHBIM BUPYCOM TMaHAeMUYeckoro «cBuHoro» rpumnma A/California/04/2009 (HIN1),
KOTOPBIN MUPKYIUPYET cpeau iroaei ¢ 2009 r.

[Mupkynsauus BI' A (HIN1) cpeay MOpCcKHX CIIOHOB KOCBEHHO MOJTBEP:K/IEHA ITPH aHAJIN3E
6omnee 300 cHIBOPOTOK KPOBHM ITHX JKUBOTHBIX. Y CTAHOBJIEHO, YTO B 00pasliax, COOpaHHBIX /10
anpens 2010 r., orcyrcTBoBanu aHTHTena K Bupycy HINI, cepono3utuBHBIE 0cOOM CTamu
00HapyXUBAThCS TOJILKO MOCJE MOSBICHUS B HUPKYISIIIMKA NAaHAEMUUYECKOTO BUPYCa «CBHHOIOY
rpunna [21]. ITo xapakrepy pemnukanuu Bupyca A/Elephant seal/California/1/2010 (HINT1) B
ANUTENUANBHBIX KIIETKAX PECIIUPATOPHBIX ITyTeH uenoBeka OblIO BBICKa3aHO MPEANONIOKEHHE 00
UX aJanTallid K MOPCKUM CIIOHaM. BoBiieueHHME MOpPCKMX MIIEKONHUTAIOLIMX B LUPKYJIALHIO
nanaemuyeckoro Bupyca HINI cBuaeTensCTByeT 0 MEXBHUIOBOM TPAHCMUCCHU ATHIEMUYECKHUX
BapHUaHTOB OT JIIOJIel OOPaTHO K TUKUM >KUBOTHBIM.

Ocensio 2011 r. B HoBo#t Aurnuu (mrat Maccauycerc, CIIIA) 162 TroneHst noru6iu ot
nHeBMOHMM, BbI3BaHHOM BI' H3N8, cxogHeiM ¢ BHpycamMu BOJOIUIABAIOMIMX MTHII,
nupkyaupoBaBmumMu B CeBepHoit Amepuke ¢ 2002 r. Bupyc obGnanan myrauueir B PB2 remne,
XapaKTepHOM BBICOKONATOT€HHOMY s Jironed BapuaHty HSNI, uTto ykaspiBaeT Ha ero
CIOCOOHOCTH K MEKBHJIOBOM TIepeIayue U aJanTaiui K MiaekonuTatomum [21].

Hmeercss psix cooOIIeHUH O BUPYCOJIOIMYECKOM MOHHUTOpUHTE HMpKyasiinuu BIT A B
NONYJISANUSIX MOpCKUX MiekonuTaromux CesepHoit EBpasnun. Tak, B nepuon ¢ 1976 no 1999 rr.
C.C. SImHuKOBa C COaBT. [22] B X016 MOHUTOPHHTA 32 LUpKyJsauuen BI' A B momymsinusx Tukux
ot CeBepHoro Kacrust uccnemnoBanu o0pasisl oT 152 ocobeii kacmuiickoro Tronens (Phoca
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caspica), HO UM HE yAaBaJlOCh OOHApYXHTh WH(HUIIMPOBAHHBIX JKUBOTHBHIX. [lo3xke,
WCCJICIOBAHMSI CBIBOPOTOK KPOBH KACIIMICKUX TIONEHEH, coOpanHbiX B 1993-2000 rr., mokazanu,
YTO MJIEKOIHUTAIOIINE ObLTH WHOUIMPOBAHBI AmujaeMudeckuMu A/banrkok/1/79-nmomo0HbIMH
BHUpYyCaMU, IMPKYJIUPOBABIIMMHU cpenu aroaen B 1979-1981 rr. [23].

[Tozmuee A.M. Illectomanos ¢ coaBt. [24,25] u 3.K. UyBakoBa ¢ coaBT. [26,27] cooOmman
00 m3omsuu BI' A (H7N7), u3 marepuanoB, COOpaHHBIX OT MaBIIUX KACIUHCKUX TIOJIEHEH BO
BpeMsi uX MaccoBoi rubenu B anpene-utone 2000-2002 rr. OgHako B JIMTEpaType HET KaKHX-
1100 MaHHBIX O (PUIOTEHETHYECKUX WM MATOOMOJIIOTMYECKUX CBOMCTBAX 3MU300THYECKOro BIT
A (H7N7).

B 2002 u 2012 rr. BI' A (H4N6) O6bu11 BBIICTCHBI OT KACHHUICKHUX TIOJICHEH B POCCUHCKUX
Bojax [28. DTOT TIONEHUH WU30JAT ObUI TECHO CBS3aH C BHpPyCaMH MNTHYBETO TpHUIIIA
KJIACCUYECKOU €BPA3UICKON JIMHHH.

B 2002-2010 rr. A.M. IllectonanoB ¢ coaBT. [29] mnpoBeau CepoJIOTHYECKUE
UCCJIC/IOBAaHHS CHIBOPOTOK KpoBU OT 298 kuTooOpa3Hbix (adamuubl - TUrsiops truncatus u
6emyxu) YepHoro u Oxorckoro mopeii Ha Hanuuue anturen kK BI' B PTT'A ¢ ucnons3oBanuem B
kauectBe antureHoB BupycoB (H1, H3, H4, H7 u HI13), xoTopbie paHee BBIACISUIM WU
JTUArHOCTHPOBAIM Y MOPCKHX MIIEKOMUTAIONIMX. AHTUTENA K yKa3aHHBIM mojatunam Bl Hu y
OJTHOTO U3 MCCIIeyeMbIX )KUBOTHBIX HE OBLITM OOHAPYKEHBI.

T. Harkonen c¢ coaBropamu[30] B 2007 r. uccienoBaau 3MU300THIO CPEIU THOJICHEH Ha
JAaTCKOM 0-Be. AHXOJBT M BIOJbh moOepexbs LlIBenuu, rae moruOiaMm HECKOIBKO THICSY
JKUBOTHBIX. Y MOPaKEHHBIX 0coOel HaOmoaanu cnabocTh, onyxaHue, IM(PU3eMaTO3HOCTh 1IEH,
OJIBIILIKY, KpoBOoxapkaHbe. [Ipy BCKpBITHH MaBIIMX TOJIEHEH OOHapy)KeHa MHTEpPCTULIMAIbHAas
ITHEBMOHMSI, HEKPOTHUECKUI TpaxeuT U OPOHXUT. B 3THX e permoHax, OTMEYEH BBIOPOC TYII
MOPCKHUX CBUHEH ¢ IMPH3eMaTO3HBIMU MPOSIBICHUSIMA. VICX011 M3 OTpHUILIATENILHBIX PE3yIbTaTOB
0aKTEpUOIIOrMUECKUX UCCIEAOBaHUN MaTepuaaoB OT maBmmux ocoOeil u I1LIP ananusa, aBTOpbI
[29] cuMTaroT, YTO 3TUOJIOTUYECKUM areHTOM MH(EKIMH TIOJIEHEH U MOPCKUX CBUHEHW MOT OBITh
npyroit Bupycubiii maroreH. V.C. White [31] obcyxnas Bompoc o BO3MOKHOM ydactuu BI' B
snu3ootun 2007 T. cpeau TaCTOHOTMX U KUTOOOpa3HbIX B CKaHAMHABHM, ITPEAIONIAraeT, YTo 3Ta
peakas BCHBIIIKAa MOTJIO MPOM30MTH B pe3ylbTaTe MHTPOJIYKLHMHM HOBOTO BapuaHTa BHpyca B
HOMYJISIIIMIO OJJHOTO U3 3TUX BUJIOB JKUBOTHBIX C MOCIIEAYIONIEH MEKBHI0BOM TPaHCMHCCHEH.

ONU300TUH Y MOPCKUX MIIEKONUTAIOIMX, BbI3BaHHbIe BI' A B Jpyrux dyactsax cBera,
BriepBbie 3apeructpupoBansl B 2014 r. BI' A (H10N7) uzonupoBaH OT NmaBIIUX OOBIKHOBEHHBIX
troneneit (Ph. vitulina) na mo0epexxse CeBepHoro mopst B IlIBenmnu, Jlanuu, ['epmanuu u
Hunepnannax [32-33], rae nmoru6:o ceoimie 1400 )KUBOTHBIX.

B BenukoOputanuu ObUTH 3aperMCTPUPOBAHBI CIOpPaJAUYECKUE clydau BbisBIeHUs Bl y
TiojieHel, Bkiarodas moatumnbl A (H3NS), Beimenenubie ot mojoasix Halichoerus grypus B
Kopnyome B 2017 r. [34], u A (HSNS) ot cepoix Troneneit u aByx Phoca vitulina 8 Hopdomke B
2020 1. [35]. W3-3a OTCYTCTBUSI PYTHHHOTO OSIMAHAI30pa 32 MOMYJISIUSAMH MOPCKHX
miekonuraromux B CoennHeHHOM KoposeBcTBE HEBO3MOXKHO OIPENEIUTb, ciaydaiHblid au BI'
OTHUI] Y 3TUX BUJIOB, JMOO OH MPOSBISET SHAEMHYHOCTb B MOMYJISIUU OPUTAHCKUX TIOJIEHEH
[36].

Beicokonarorennsiii BI' A (H5NS8) 6611 00HapyxeH B oOpasnax jerkux asyx Halichoerus
grypus, BbiOpomeHHbIX Ha Oeper banruiickoro mobepexbs [lompmm B 2016 u 2017 rr.
N3onupoBaHHbIi BUpYyC OBLT OTHECeH K kKiane 2.3.4.4 B, koTopas TECHO CBsi3aHa C NTHYBUM
BaprantoM H5NS, nupkynuposasmuM B To BpeMs B EBpornie [37].

B wurone 2022 r. B Ciy>x0e MHCHEKLIUHU 3/10pPOBbs KUBOTHBIX M pacTeHU MuHHCTEpCcTBa
cenbckoro xossiicrsa CIIA moarBepawin, yTo 00pasiibl YeThIpEX TIOJIEHEH, BEIOPOIIEHHBIX Ha
Oeper B mrTate MpdH, laiy MOJOKUTENbHBIN pe3yabTaT Ha BBICOKOMATOTEHHBIA TPUII MTHUI A
(H5NT1) [38]. BeisBnenne BI' nrun moarumoB H5N1, HSNS y TroneHel CBHIETENBCTBYET O
MOCTOSSHHOM PHCKE BO3HMKHOBEHMSI SIHU300TUU CpEAM TIOJEHEH, CTaJKMUBAIOIIMXCA C
BBICOKOMIATOTEHHBIMUA ~ BapuaHTaMH  BO30yauTeNed  TpUIMIO3HONH HWHQPEKIUH  NTUYBETO
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MIPOUCXOXKICHHUSI Ha IEpEeCEYCHUN MPOJIETHBIX IYTEHM, CE30HHBIX MUIPAlUW JIACTOHOTUX U
YEJI0BEYECKOU IESITENBHOCTH.

B o063opnoii crarbe V.C. White [31] 0600miensr ganHbsie mo Kpyrosopoty BIT B menu
nUTaHus oOuTarenei BoaHOW cpeabl. OCHOBHBIM (PaKTOPOM Mepeaaydl BUPYCOB TPHUIIA, TJ€ OHU
OCTalOTCA JKU3HECTIOCOOHBIMM B TEUYEHHE HECKOJIBbKUX MECSIEeB, CUMTaeTcs Boja. Bupycel
JUINTEIBHOE BPEMS COXPAHSIIOTCS BO JIbJaX BOJOEMOB, a TAK)XKE KOHIEHTPUPYIOTCS B OpraHU3Me
y ¢unsTpyromux 0ecrno3BoHOYHBIX [39,40]. PbIOBI MOT'YT NMUTATHCS JOHHBIMH OTJIOKCHUSMH,
MIOMETOM NTHIl U JETPUTAMH, COAEPKAIIMMHU B OOJIBIIIOM KOJMYECTBE BUPYCHI Tpumma. B cBoio
ouepellb, KOHTaMuHUpoBaHHble BI' ppiObl M OGECHO3BOHOYHBIE CTAHOBUTCS KOPMOM JIJIst
pBIOOSAHBIX NTHLL U TIoNeHe [41]. Ilpu anumMeHTapHOM ITyTH 3apa)KeHHUs BUPYCHI, IOCTYITHBILNE
B KEJIYJOYHO-KHUILIEYHBIM TPAKT IIOTOAHBIX KMBOTHBIX, MOTYT IPOHUKHYTh B I€UYE€Hb 4Y€pe3
NopTalbHYIO BeHy [34,42].

BI' umeet Tosnbko oAHY Ipynmy crenuduyecKux perenTopoB Ha KJIETOUHOM MOBEPXHOCTH.
Hx cTpykTypa 3aBUCUT OT BHJIOBOTO M TKAaHEBOIO IPOMCXOXKJIEHHUS KIETOK, KOTOpbIE
OTIPEIEIIIIOT BO3MOXKHOCTH MEXBHUIOBON TpaHCMHUCCHH BO3Oynutenei rpunma [43]. Paznuunbie
noarunel HA oTianyarotes no crnocoOHOCTH pacno3HaBaHUS U CBA3BIBAHUS CHATIOBOM KUCIIOTHI.
HA BI yenoBeka coequHsIETCS ¢ OCTaTKaMM CHAJIOBOM KHCJIOTHI B MOJIOKeHUH 2'-6" cBsa3u, a HA
nTHubuXx BHpycoB 2'-3' cBs3u. Pemenrtopnas crenuduunocts HA BIT A, M301MpOBaHHBIX OT
MOpPCKHMX  MJICKONHUTAIOIIUX, KOPPEIUpPYIT ¢  cuajooinurocaxapugamu  SAa2,3Gal,
00HApY>KCHHBIMH B MUTENIUSX JIETKUX TIOJICHEH U KUTOB [44]. DTO yKa3bIBaeT Ha BO3MOXXHOCTh
npsiMoil nepenaun BI' nTUIl K MOPCKMM MIIEKONIMTAIOIINM BBIIIEYKa3aHHbBIX OTPSAIAOB. B oTiinune
OT NTHII, y TIOJIEHEHN cuajmoonaurocaxapuanbie perentopbl SAa2,3Gal pacnoyioxKeHsl B JETKUX, a
HE KUIIEYHOM TPaKTe, YTO JesaeT uX 0oJjiee BOCIPUUMYUBBIMU K BO3AYIIHO-KANeIbHOMY MyTH
3apaxkenus. [37,45].

N3yuenue xapakTtepa U MHTEHCUBHOCTU CBs3bIBaHUS BI' pa3nuyHbIX X035€B € KIETKaMHU
SMUTENHS PECITUPATOPHBIX OPTaHOB MOPCKHX MIIEKONHTAIOMIMX — ONPENeNIomuil GpakTop mx
BOCIPUUMYHMBOCTA K MH(EKIUHU, a TaK *Ke€ €€ MPOAYKTUBHOCTH MU OCOOEHHOCTEW MaToreHesa.
[Tpu ructoxummuueckoM ananuze A.J. Ramis ¢ coaBropamu [38] ycranoBumam, uyto u3oisaTel BI'
BOJIOTIJIABAFOIINX IMTHI], CXOAHBIC C SMM300THYECKUMH ITamMmamu jactoHorux (H4NS, H7N7),
YMEPEHHO CBS3BIBAIOTCS C SMHUTENHAIBLHBIME PEIlenTOpaMu Tpaxeu u Oporxos Phoca vitulina u
Halichoerus grypus, a Tak e 4YacTHYHO B3aUMOJCHCTBYIOT C TAaKOBBIMH KHTOOOpa3HBIX
(Mopckasi cBUHBS, adanuHa). B TO ke BpeMsl KJIETKH SIUTENUsl ajbBEOJI BCEX UEThIPEX BUIOB
JKUBOTHBIX ~TPOSIBISUNIM K HHUM TOJNBKO 4YacTuuHyl addunHOCTh. Ha  ocHOBaHuuM
BBIIIEU3JI0’KEHHBIX JAHHBIX, BBICKA3bIBA€TCS MPEAINOIOKEHUE O BOZMOKHOCTH UHQUIIMPOBAHUS
TIOJIeHeH mMpokuM criektpoM BI' nmrury myrem mpsmoil TpancMmuccuu 0e3 NperBapUTENbHOM
aJanTanuu.

B BeimeykazanHoit pabGore [38] mnoka3aHo, YTO B3ATble B JKCIEPUMEHT BHUPYCHI
nangemuyeckoro («cuHoi» rpunn HINI1pdm) u cezonnoro (H3N2) rpunma genoBeka ciabo
CBSI3BIBAJIUCH C KJIETKAMH TPaxeoOpOHXUAIBHOTO MUTENUS KUTOOOPA3HBIX M HE MPUKPEIUISINCH
K TakoBbIM y TrosieHed. [lo MX MHEHHI0, 3TO OOCTOSATENbCTBO CIYXHUT J0Ka3aTebCTBOM
OTCYTCTBUS CIy4aeB BCIIBIIIEK TPUMIO3HBIX UH(EKIUH cpeln TIoJeHeH, BhI3BAHHBIX BUPYCaMHU
YyeloBeka. TeM HE MeHee, B JHTEpaType HMEIOTCS CBEACHHS 00 WHPUIIMPOBAHHOCTH
CBOOOTHOXKHUBYIIMX KaTU()OPHUNCKMX MOPCKUX MaHIEMHYECKUM «CBUHBIM» rpummoM [21], u
ceposioruueckue JaHHble 00 HWHQUUUPOBAHHOCTH Kacmuilckux TroneHedl A/banrkox/1/79
(H3N2)-nogo0HBIMY 3MTUAEMUYECKUMHU BUpycaMu [8].

Ob6napyxenue BI' A HEKOTOPBIX MOATUIIOB B MOMYJSALHUAX TIOJIEHEH M JIPYTUX MOPCKUX
MJIEKONIUTAIOIINX CBUAETEIBCTBYET O TOM, YTO 3TH JKMBOTHBIE MOT'YT Y4acTBOBATh B IPOLIECCAX
TEHETUYECKON peaccopTranuu Mexay Bl pasaM4yHOro mpoHCXOXKIEHHsS, HO OHM HE WIParoT
CYIIECTBEHHOM! POJIM B 3KOJIOTUHU U 3BOJIIOLIUHU BO3OYIUTEIS.
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Bupyc rpunna B y ToseHei

Jo 1999 r. BI' B cuunrancs HCKIIOUYHTEILHO YEIOBEUECKHMM ImaToreHom. OmHAKO,
OTHOCHUTEIIbHO HEJaBHO OBLJIO JOKa3aHO, 4YTO OOBIKHOBEHHBIE W CEpble TIOJICHH MOTYT
UHOPHUIMPOBATHCS 3TUM BHpycoMm [46]. BI' B, 3apaxaronuii KynbTypy KIETOK IN VIitro mouek
TIOJICHS, BBIIEJICH OT MOJIOJHSKA OOBIKHOBEHHOIO TIOJIEHS C MPU3HAKAMH PECIHUPATOPHOIO
3aboneBanusa. C MOMEHTa yCTaHOBJICHHS MOPCKUX MJICKOIUTAIOIINX B Ka4eCTBE HOBBIX XO35€B
MOSIBUJIMCHh HECKOJIBKO COOOIIeHUH Mo oOHapyxeHuto aHTHTen K BIT B y HEKOTOpBIX BHUIOB
yIIACTBIX W HACTOAUIMX TrojieHe Ha ocHOBaHMM STHUX MJaHHBIX OBUIO  BBIIBUHYTO
MPEOJIOKEHNEe, YTO TIOJIEHM MOTYT CIY)KUTh OJHOM M3 pe3epByapoB Bupyca rpunmna B
yesnoBeka [7, 47].

C uenpro ompeaesieHUss BO3MOXKHOCTH  mupkymsiuuun BT B cpeaum  Tronenei
uccienoBarenbckas rpynna u3 Menununckoro Llentpa Opasmyc (Porrepnam, Hunepnanasr)
npoaHaiu3upoBajia 615 o0pasoB CHIBOPOTOK KPOBH JIACTOHOTHUX (548 OT OOBIKHOBEHHBIX
TIOJICHEH U 67 OT CephIX TIOJICHEH), COOpaHHbIX Ha modepexbe Hunepnanaos, v MOCTYMUBIINX B
HeHTp peabunurauuu TiojeHei B [IurepOropene B 2002-2012 rr. B pe3ynbraTe B 00Opasmax,
coOpanubIx oT TrosieHe# B 2002 — 2009 rr. u mocne 2011 r., cienuduyaeckue anturena k BI' B
He BbIABJICHBI. OJTHAKO B JECATH ChIBOpoTKax, u3 170 coopannbix B 2010-2011 rr., B PTT'A B
BBICOKMX THTpax OOHapyXeHbl aHTHTena K ImTamMmy B/Yamanashi/166/98. B »stux ke
CBIBOPOTKAX B HU3KUX THUTPAX BBISABIEHBl AHTHUTEMAITIIOTUHUHBI K MPOTOTHUIIHOMY BUPYCY
B/Seal/Netherlands/1/99, BeineieHHOMY OT TIOJICHS B HUJICPJIAHICKUX IPUOPEKHBIX Bojax [48].
ABTOpBI CUMTAIOT, YTO TIOJIEHW MHOGUIUPOBAINCH BHPYcOM cXoAHbIM ¢ B/Yamanashi/166/98,
KOTOPBIi B QHTUTEHHOM OTHOWEeHWH otiaudaercs oT B/Seal/Netherlands/1/99. Crnenyer
OTMETHTB, 4TO B 79 CBIBOPOTKAX KPOBH MOPCKHX CBHHEH, coOpaHHBIX B 2003 - 2013 rr. B TeX ke
BoJlax HuuepnaHIoB, 4TO U CEPONMO3UTHBHBIE CHIBOPOTKH OT THOJIEHEH, aHTUTena K BI' B He
oOHapyxeHsl [49].

B nammx uccnenoBanusx WHGUIMPOBaHUE KacMicKuX TioneHed BI' B moareepikmaercs
CEpOJIOTMYECKUMU MeToJlaMu. HauBbICIIMe TUTPHI aHTUTEN BBISBIEHBI IPOTUB IITAMMa TpUIA
B/Anmatei/8/18, oTHOCsIIETOCS K BUpycaM JuHUU B/Victoria, HeCKOIbKO 0o0Jjiee HU3KHUE TUTPHI
antuten BeiABIeHbl K mTamMMy B/Florida/4/2006 nuaun B/Yamagata. AHTHTENa B BBICOKHMX
TUTpax ObLIN OOHapy>KeHbI B 00pa3lax CHIBOPOTKU MOJOJBIX TIOJIEHEH, YTO CBUJIETEIBCTBYET O
HEaBHEM 3apaXCHHH dTUX KUBOTHBIX TPUIIIOM B.

[IpoBeneHHBI aHaNU3 JAHHBIX JIMTEPATYpbl CBHUJETENBCTBYET 00 MH(UUIUPOBAHHOCTH
MOPCKHMX MIIEKOMHUTAIOIINX PAa3NUYHBIMU TMOATHIIAMU BHUpycoB rpunma A. K Hacrosmemy
BPEMEHHU OT JIACTOHOTUX U3o0aupoBanbl BI' A ¢ anturennsimu popmynamu HIN1, H3N3, H3NS,
H4NS5, H4AN6, H5N1, H5N8, H7N7, HI0ON7, ot kutoobpa3usix — HIN3, H13N2, HI3NO. B
€AMHUYHBIX MCCIIEOBAHUAX TOKa3aHa BO3MOKHOCTb LIUPKYJISALUU CPEIU KaCIUNUCKUX THOJIEHEH
BI" A (H3N2), A (H4N6) u B.

B cBs3u ¢ 3TUM, BaXHBIM IIPEACTABISETCS MPOBEACHHE KOMIUIEKCHOIO 3KOJOro-
BUPYCOJIOTUYECKOTO MOHUTOPHHIA BHUPYCOB TPUNINA, LHUPKYIUPYIOIIHUX CPEId KACIHICKUX
TIOJICHEH, SBISIOIUXCS OJTHUM M3 BO3MOXKHBIX PE3€pBYapoOB B MPUPOJE, I/I€ MOKET MPOU30UTH
peaccopranius TeHoB Bl mOTuUIl ¢ TOSBIGHHEM HOBBIX BapHaHTOB  BO30yIUTElNeEH,
aJlanTUPOBAHHBIX K MJIEKOMTUTAIOIINM KUBOTHBIM U YETIOBEKY.

HcTounuk puHaHCHPOBAHUSA

HccnenoBanue ¢punancupyercs Komurerom Haykn MuHHcTepcTBa 00pa30BaHUS M HAYKH
PecniyOonuku Kazaxcran (rpant Ne AP08856073 «MccnenoBaHue BUPYCHOW MeTamoOMyJsLUN
KaCIHMICKOTO TIOJIEHS JJIsl paHHEro oOHapy)KeHUs BO30ynuTeneil HOBBIX M BO3BPAILAOLIMXCS
UHGEKIUN»).
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TEHI3 CYTKOPEKTUIEPIHIAEI'I TYMAY BUPYCTAPDBI

Tyiiin
onynpIk Makanazna TEHI3 CYTKOPEKTiiepi apachlHIa A jxoHe B Tymay BUpycTapel TYFBI3FaH
iHAeTTep >KalbIHAA JepeKTep KenTipiared. by skaHyapiaapAblH TyMay KO3IBIPFRILITAPBIHBIH 3KOJIOTUSICHI
MEH SBOJIONMSCHIHIAFE pouli Tankbuianasl. JJoHe3 TymaybiHbiH A (HIN1) nmanaeMusuiblK BUPYCHIHBIH
JKoHe Kyc TymaybiHbiH HSNI1  xone HSNS 3apmantel HYCKalapbIHBIH aWHAJbBIMBIHA TEHI3
CYTKOPEKTUIEPiHIH KaTbICy JKardaijgapsl CHIATTaIFaH. [ymay BHPYCTAapbIHBIH KEH ayKbIMbI
UTOANBIKTapFa ajjblH-asa OeiliMuenmeii-ak Tikeneil ®yry MYMKIHAIr *aibiHaa mikip adTeurrad. HIsiry
TEri opTYpii TymMay BHUPYCTAPBIHBIH TEHI3 CYTKOPEKTIACPIHIH PECHUPATOPJIbIK ar3a 3MUTEITHHI
TOpIIANapbIMEH OalIaHbBICy CHIAaThl MEH KAapKbIHBI JKaHyapiapAblH HHQEKIusFa OeiliMTanIbIFbIHbIH,
aypy eplllyi MEH 3apJanTaHy epeKLIeNiKTepiHiH menrynn (akropsl ekeHairi aranrad. CoHIai-aK TeHi3
€CKEeKasKThUIaphl B Tymaybl BUPYCHIHBIH TaOHWFaTTarbl KOPHI JIET€H TYXKBIPbIM jkacanraH. Kacrmit
TEHI31HIH Ka3aKCTaHIbIK OeJiriHieri UTOANbIKTap apachlHAAFbl TYMay BHPYCTapbIHBIH aifHaIbIMbIHA
KELICH1 SKOJIOTHSUIBIK-BUPYCOJIOTHSUTBIK MOHUTOPHHT XKYPri3y KaXeTTiIr Typalibl O KOPTBUIFaH.
KiarTi ce3mep: Tymay BUPYCB, MOHHTOPHHT, iHAET, CEPOJIOTHs, HUTOAIBIK, €CKEKasKThUIAp,
KHATTIpI3/LIIep, TeHI3 CYTKOPEKTLIepi, KACITUI HTOAIBIFBL.
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Abstract

The review presents information about epizootic infections among marine mammals induced by A
and B influenza viruses. The role of these animals in the ecology and evolution of the pathogen is
discussed. Cases of involvement of marine mammals in the circulation of swine pandemic influenza A
(H1INZ1) virus and highly pathogenic variants of H5SN1 and H5N8 avian influenza viruses are described. It
is suggested that seals can be infected with a wide range of influenza viruses by direct transmission
without prior adaptation. It was noted that the nature and intensity of binding of influenza viruses of
various origins to the epithelial cells of the respiratory organs of marine mammals is a determining factor
in their susceptibility to infection, as well as its productivity and pathogenesis features. The position that
marine pinnipeds can serve as one of the reservoirs of human influenza B virus in nature is emphasized. It
is concluded that conducting a comprehensive environmental and virological monitoring of influenza
viruses circulating in seal populations in the Kazakhstan waters of the Caspian Sea is necessary.

Keywords: influenza virus, epizootics, serology, seal, pinnipeds, marine mammals, Caspian seal.

Monitoring the condition of marine mammal populations is one of the essential scientific
directions in ecology. Of particular relevance are studies of animals with frequent and prolonged
contact with humans. According to NOAA's National Marine Fisheries Service [1], during the
period from 1991 to 2007, 15% of marine mammals died from infectious diseases, 29% - from
poisoning by biotoxins, 7% - from ecological factors, 5% - from human impact and 44% - from
other unknown factors.

In the absence of direct stressors, a significant impact on the number of marine mammals
has infectious disease agents (viruses, bacteria) and parasites of almost all known families.

Viruses play a significant role in regulating the population dynamics of wildlife
populations, limiting their increase and enhancing selection at the genetic level. The effects of
viruses are even more important for populations endangered or fragmented by human activities.
Influenza viruses and morbilliviruses have a direct impact on animal populations.

The influenza virus (IV) is periodically able to cross the interspecies barrier due to a
mutation in one of the polymerase genes that increases the level of variability of the pathogen.
As a result, a much larger number of its variants emerge, which creates better conditions for
adaptation in the organisms of different species of animals and birds [2, 3].

The circulation and interrelationship of influenza pathogens in different host species,
including overcoming the interspecies barrier, is a fundamental area of scientific inquiry
necessary for understanding the mechanisms of mass infection in humans and animals.

The spread of influenza A viruses (IAV) among marine mammals is related to the ecology
of these animals and close contact with the avian reservoir of the pathogen.

The proposed review provides information about epizootics among marine mammals
caused by influenza A and B viruses. It discusses the role of these animals in the ecology and
evolution of the pathogens.

Influenza A virus in marine mammals

IAV are isolated from a wide range of hosts, including 105 wild and domestic birds and
various mammal species (human, pig, horse, marine mammals, mink, cat, etc.) [4]. Wild birds
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belonging to the Anseriformes (ducks, geese, swans) and Charadriiformes (shorebirds, gulls)
form a natural reservoir of AV in nature, from which transmission to other hosts can occur.

The first information about the possibility of seals being infected with 1AV was obtained
during a severe epizootic on the New England coast between December 1979 and October 1980.
As a result, about 600 mammals died, and the influenza A/seal/Massachusetts/1/80 (H7N7) virus
was isolated from one of them [5]. Genetic characterisation of the virus showed that all its RNA
segments closely resemble those of avian strains. The second epizootic among seals with
pronounced clinical manifestations of pneumonia occurred on the coast of New England from
June 1982-August 1983 and was associated with IAV (H4N5) [6].

J.R Geraci et al. [4] reported that the infection in seals was severe: in well body condition
animals, there was conjunctivitis, frothy-bloody discharge from the nostrils, weakness, muscular
tremors, impaired coordination of movement and breathing. Swelling of the neck as a result of
air infiltration into the fasciae and muscles from the respiratory tract was noted in sick animals.
Animals lost their ability to swim or dive, forcing them to drift along the sea current or wind
direction. Died seals had pneumonia characterised by necrotising bronchitis, bronchiolitis, and
hemorrhagic alveolitis.

No systematic examination of seals for IAV has been conducted on the New England coast
since these epizootics were described. From January 1991 to February 1992, five strains of IAV
was isolated from mammals that died of pneumonia on Cape Cod, Massachusetts, two of which
were identified as A (H4NG6) and three as A (H3N3). The hemagglutinin (HA) genes of H3
isolates of A/seal/Massachusetts/3911/92 and A/seal/Massachusetts/3984/92 were 99.7%
identical. Phylogenetic analysis demonstrated a close association of their sequences with those of
HA H3 of avian virus A/Mallard/New York/6874/7, indicating a long circulation of the IV of
this subtype in seal populations [7].

K. Ohishi et al. [8], in a study of blood sera of Caspian seals collected in 1993-2000,
showed that the mammals were infected with epidemic A/Bangkok/1/79-like 1V circulating
among humans in 1979-1981. Antibodies to the H3N2 virus were also found in the sera of Baikal
(Phoca sibirica) and ringed seals (Phoca hispida) of the Kara Sea [9]. Serological study of the
Kuril subspecies of harbour seals (Phoca vitulina stejnegeri) on Hokkaido Island revealed anti-
HAs to IV with HA subtypes H3 and H6, which indicates the ability of the latter variant to infect
mammals [10]. Indirect serological evidence of IAV circulation in populations of marine
mammals (ringed seals, beluga whales - Delphinapterus leucas) of the Barents Sea (harp seals -
Phoca groenlandica and hooded seals - Cystophora cristata) of Arctic Canada, Northern and
Bering Seas (seals and fur seals) was also obtained [11-12]. De Boer et al. [13] detected the
presence of antibodies to viruses with HA subtypes: H1, H3, H4, H7, and H12 in sera of seals
caught in the Bering Sea. At the same time, sera of sea lions (Eumetopias jubatus) positive for
IAV in NP-ELISA were negative in the hemagglutination inhibition test (HI), which allowed to
assume the possible presence of antibodies to previously unknown subtypes of HAs of influenza
A viruses in the sera of these animals. In 2008 P. Calle et al. [14] found no antibodies to the 1V
in the sera of the bearded seals (Erignathus barbatus) on the coast of Alaska. Still, they detected
their presence against HA H10 and neuraminidases N2, N3, N5, and N7 in 21% of sera from 38
samples of walruses (Odobenus rosmarus) studied [15]. IAV (H3N8) was isolated from harp
seals while monitoring marine vertebrates' zoonoses in the Northwest Atlantic's coastal waters
[16].

IAV (H1IN3) was isolated by D.K. Lvov et al. [17] from a minke whale (Balaenoptera
acutorostrata) in the South Pacific in 1975-1976. From toothed whales (pilot whale -
Globicephala melas), V. Hinshaw et al. [18] isolated 1V H13N9 and H13N2 genetically similar
to the H13 viruses circulating among gulls. It is unknown whether these viruses caused disease
in the whales or common opportunistic infection. Evidence indicating that viruses with this HA
subtype were transmitted from one animal to another has not been obtained. A comparison of
their complete genomes with the nucleotide sequences of influenza H13 viruses from water birds
and influenza viruses from marine mammals revealed a rare constellation of genotypes from
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gulls, terns, and waders [19]. As phylogenetic studies show, 1V isolated from marine mammals
originated from precursors adapted to Anseriformes. In this regard, the authors believe that strain
Alwhale/Main/328B/1984 is the only gull influenza virus that causes infection in marine
mammals.

In 2010, virological monitoring of northern elephant seals (Mirounga angustirostris) on the
coast of California revealed individuals infected with IAV. Nasal swabs of two adult females out
of 42 animals were positive for the IAV M gene by real-time reverse transcription-polymerase
chain reaction (RT-PCR) [20]. Subsequently, the viruses were isolated from developing chicken
embryos, their complete genome was sequenced, and the isolates were determined to be 1AV
(H1N1) by the hemagglutination inhibition test (HI). Genome sequencing of an influenza virus
isolated from a northern elephant seal showed more than 99% homology with the pandemic
swine influenza virus prototype A/California/04/2009 (H1N1), which had been circulating
among humans since 2009.

The circulation of IAV (H1N1) among elephant seals was additionally confirmed by
analysis of more than 300 sera of these animals. In samples collected before April 2010, there
were no antibodies to the HIN1 virus; seropositive individuals were detected only after the
appearance of the pandemic «swine» IV in circulation [21]. The nature of replication of the
AJ/Elephant seal/California/1/2010 (H1N1) virus in human respiratory epithelial cells suggested
their adaptation to marine elephants. The involvement of marine mammals in the circulation of
the pandemic H1N1 virus suggests cross-species transmission of epidemic variants from humans
back to wildlife.

In autumn 2011, 162 seals in New England (Massachusetts, USA) died of pneumonia
caused by IV H3N8, similar to the waterfowl viruses circulating in North America since 2002.
The virus had a mutation in the PB2 gene characteristic of the highly pathogenic human variant
H5N1, indicating its ability to transmit interspecies and adapt to mammals [21].

There are several reports on virological monitoring of IAV circulation in marine mammal
populations of coastal waters of Northern Eurasia. Therefore, between 1976 and 1999. S.
Yamnikova et al. [22], while monitoring the circulation of 1AV in wild bird populations of the
Northern Caspian Sea, examined samples from 152 individuals of Caspian seal (Pusa caspica).
Still, they were unable to find infected animals. Later, examination of blood sera of Caspian
seals collected in 1993-2000 showed that the mammals were infected with epidemic
A/Bangkok/1/79-like viruses circulating among humans in 1979-1981. [23].

Later, A. Shestopalov et al. [24,25] and Z. Chuvakova et al. [26, 27] reported the isolation
of IAV (H7N7) from materials collected from affected Caspian seals during morbillivirus
epizootics in April-June 2000-2002. However, in the references, there are no data on the
phylogenetic or pathobiological properties of the epizootic strain of IAV (H7N7).

In 2002 and 2012, IAV (H4N6) were isolated from Caspian seals in Russian waters [28].
This seal isolate was closely related to avian IV of the classical Eurasian lineage.

From 2002-2010. A. Shestopalov et al. [29] conducted serological studies of sera from 298
cetaceans (Tursiops truncatus and beluga whales) of the Black Sea and Sea of Okhotsk on the
presence of antibodies to 1V in HI test using as antigens viruses (H1, H2, H4, H7 and H13) that
had been isolated or diagnosed in marine mammals previously. Antibodies to these IV subtypes
were not detected in any of the animals tested.

T. Harkonen et al. [30] 2007 investigated the epizootic among seals on the Danish islands.
Anholt and along the coast of Sweden, where several thousand animals died. Weakness,
swelling, emphysematous neck, difficulties in breathing and coughing up blood were observed in
the affected individuals. Autopsy of dead seals revealed interstitial pneumonia, necrotising
tracheitis and bronchitis. The stranded harbor porpoise carcasses with emphysematous
manifestation were noted in the same regions. Based on the negative results of bacteriological
tests of materials from the corpses and PCR analysis, the authors [29] believe that another viral
pathogen could be the etiological agent of infection in seals and harbor porpoises. V.C. White
[31], discussing the possible involvement of the 1V in the 2007 epizootic among pinnipeds and
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cetaceans in Scandinavia, suggests that this rare outbreak could have resulted from the
introduction of a new virus variant into the population of one of these species with the
subsequent interspecies transmission.

Marine mammal epizootics induced by IAV were registered in European waters in 2014.
IAV (H10N7) was isolated from dead harbor seals (Phoca vitulina) on the North Sea coast in
Sweden, Denmark, Germany and the Netherlands [32-33], where over 1400 animals died.

In the United Kingdom, sporadic cases of IAV have been reported in seals, including
subtypes A (H3NS8) isolated from juvenile grey seals (Halichoerus grypus) in Cornwall in 2017
[34], and A (H5N8) from grey seals and two common seals (Phoca vitulina) in Norfolk in 2020
[35]. Due to the lack of routine surveillance of marine mammal populations in the UK
impossible to determine whether these are random IV or endemic to the British seal population
[36].

Highly pathogenic IAV (H5N8) was detected in lung samples of two gray seals stranded
on the Baltic coast of Poland in 2016 and 2017. The isolated virus was assigned to clade 2.3.4.4
B, which is closely related to the avian variant HSN8 circulating in Europe at the time [37].

In July 2022, the U.S. Department of Agriculture's Animal and Plant Health Inspection
Service confirmed that samples from four seals washed ashore in Maine tested positive for
highly pathogenic avian 1AV (H5N1) [38]. The detection of avian influenza virus subtypes and
H5N1, and H5N8 in seals indicates an ongoing risk of epizootic disease in seals encountering
highly pathogenic variants of avian influenza pathogens at crossings of flyways, seasonal
pinniped migrations and human activities.

A review article by V.C. White [31] summarizes the data on the IV cycle in the food chain
of habitants of aquatic environments. It is known that water is the main transmission factor of
IV, where they remain viable for several months. Viruses persist for a long time in the ice of
water bodies and are also concentrated in filtering invertebrates [39, 40]. Fish can feed on bottom
sediments, bird droppings, and detritus that contain large amounts of IV. In turn, fish and
invertebrates contaminated with 1V become food for fish-eating birds and seals [41]. In the
alimentary route of infection, viruses entering the gastrointestinal tract of carnivores can enter
the liver through the portal vein [34, 42].

IV has only one cluster of specific receptors on the cell surface. Their structure depends on
the species and tissue origin, which determine the possibilities of interspecies transmission of
influenza pathogens [43]. Different HA subtypes differ in their ability to recognize and bind
sialic acid, which is coupled to galactose in the cell membrane oligosaccharide. The HA of
human IV binds to sialic acid residues at the 2'— 6" bond position, while the HA of avian viruses
binds to 2'— 3’ bonds. The receptor specificity of HAs of influenza A viruses isolated from
marine mammals with the sialaoligosaccharides SAa2,3Gal found in the lung epithelium of seals
and whales [44]. This indicates the possibility of direct transmission of avian IV to marine
mammals. In contrast to birds, seals have sialoligosaccharide receptors SAa2,3Gal located in the
lungs rather than the intestinal tract, which makes them more vulnerable to the airborne route of
infection. [37, 45]

The study of the nature and intensity of binding of IV of different hosts to the cells of the
respiratory organ epithelium of marine mammals is a determinant of their susceptibility to
infection, as well as its productivity and pathogenesis features. In a histochemical analysis, A.J.
Ramis et al. [38] found that waterfowl IV isolates similar to epizootic strains of pinnipeds
(H4N5, H7N7) moderately bound to the receptors of the tracheal and bronchial epithelium of
harbor and grey seals and partially interact with those of cetaceans (porpoise - Phocoena
phocoena, Bottlenose dolphin). At the same time, alveolar epithelial cells of all four animal
species showed only partial affinity to them. Based on the above data, it is suggested that a wide
variety of avian 1V can infect seals by direct transmission without prior adaptation.

In the previous work [38], it was shown that human pandemic (H1N1pdm) and seasonal
(H3N2) IV taken in experiments weakly bound to the cells of the cetacean tracheobronchial
epithelium and did not attach to such in seals. In their opinion, this fact proves the absence of
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outbreaks of influenza infections in seals caused by human viruses. Nevertheless, in the
literature, there are data on the disease of free-living Californian elephant seals with pandemic
"swine" influenza (HIN1pdm) [21], and serological data on the infection of Caspian seals with
A/Bangkok/1/79 (H3N2)-like epidemic viruses [8].

The detection of some subtypes of 1AV in seal populations indicates that these animals are
able to participate in the processes of genetic reassortment between IV of different origins, but
they do not play a significant role in the ecology and evolution of the pathogen.

Influenza B virus in seals

Until 1999, the influenza B virus (IBV) was considered an exclusively human pathogen.
However, more recently, it has been shown that harbor seals and harbor seals can be infected
with this virus [46]. IBV was isolated from juvenile harbor seals with signs of respiratory disease
and infected in vitro seal kidney cell culture. Since the establishment of marine mammals as new
hosts, there have been several reports of detection of antibodies to IBV in some species of Otarid
and Phocid seals. Based on these findings, it has been hypothesized that seals could serve as one
of the reservoirs of the human influenza B virus [7, 47].

In order to determine whether IBV can circulate among seals a research group from
Erasmus Medical Center (Rotterdam, The Netherlands) has analyzed 615 serum samples from
pinnipeds (548 from harbor seals and 67 from grey seals) collected from the coast of the
Netherlands and taken to the Seal Rehabilitation Center in Peterburen in 2002-2012. As a result,
no specific antibodies to IBV were detected in samples collected from seals between 2002 and
2009 and after 2011. However, ten of the 170 sera collected in 2010-2011 showed antibodies to
B/Yamanashi/166/98 in high titers by HI. In the same sera, anti-HAs to the prototype virus
B/Seal/Netherlands/1/99 isolated from seals in Dutch coastal waters were detected in low titers
[48]. The authors believe that the seals were infected with a virus similar to
B/Yamanashi/166/98, which is antigenically different from B/Seal/Netherlands/1/99. It should be
noted that no antibodies to IBV were detected in 79 porpoise sera collected between 2003 and
2013 in the same Dutch waters as seropositive sera from seals [49].

In our studies, the infection of Caspian seals with IBV was confirmed by serological
analysis. The highest antibody titers were detected against the influenza B/Almaty/8/18 strain of
B/Victoria viruses; somewhat lower antibody titers were detected against the B/Florida/4/2006
strain of B/Yamagata-like viruses. Antibodies in high titers were detected in serum samples of
subadult seals, indicating the most recent infection of these animals with influenza B.

The analysis of literature data indicates that marine mammals are infected with various
subtypes of influenza A virus. IAV with the antigenic formulas HIN1, H3N3, H3N8, H4ND5,
H4N6, H5N1, H5N8, H7N7, H10N7 have been isolated from pinnipeds to date and H1N3,
H13N2, H13N9 from cetaceans. Single studies have shown possible circulation of 1AV (H3N2),
A (H4NG6) and IBV among Caspian seals.

In this connection, it seems important to conduct complex ecological and virological
monitoring of IV circulating among the Caspian seals being one of the possible reservoirs in
nature where reassortation of avian IV’ genes with the appearance of new variants of pathogens
adapted to mammals and people can take place.
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