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PE3IOME

(raTb NoCBALLEHa NPOGAEME LIMPOKOTO PACMPOCTPAHEHUA BUPYCa rpUnna NTAL B MUpe
W acneKTam cTpateruu NpodunakTUKI 11 KOHTponA 3aboneaHus B ycnosuax Poccum.
Heo6xo4uMoCTb MOHUTOPUHIA GGEKTUBHOCTU MHAKTUBUPOBAHHBIX BAKLMH MPOTUB
rpunna NTuL, BbI3BAHHOTO «aKTyaNbHbIMM» JNU300TUYECKMM LUITAMMaMK, (BA3aHa
€ 3BoNoLMeil 1 U3MeHUMBOCTBI0 BUpYCa. lpoLiecc peaccopTaLimm BUpYca rpunna A Hecet
60nbLLyto ONacHOCTb AnA YPGEKTUBHOCTU CTPaTErM BAKLMHALMM B KAUECTBE aNlbTepHa-
TUBbI PaAuKanbHbIM Mepam. NpOTUBOCTOSAHME HOBBIM YTPO3aM Yepe3 Npu3my Bpeme-
HI — OCHOBHOI CMbICT €N aHHOi paboTbl.

KntoueBble cnoBa: rpunnnrid, BbICOKOMATOreHHbII, HU3KONATOreHHbIIA, ﬂpO(i)MﬂaKTI/IKa/
KOHTPOJIb, 3NN300TNYECKaA CUTYaL A, BakKLMHALNA.

Mpwn aHanmn3e 3NM300TNYECKON CUTyaL MK MO Fpunny
NTUL BO BPEMEHMN CTAaHOBUTCA OYEBMAHbIM, YTO ObCTa-
HOBKa ABNAETCA HECTaOUbHON 1 N3MEHAETCA C KaXabIM
rofoM. Tak, BeTepuHapHble cnyx6bl Kutaiickoli Hapog-
Hon Pecny6nuku B 2014 r. coobwmnu o nabopatopHo
NoATBEP>KAEHHbIX Cly4YaaX BbICOKOMATONEHHOro rpun-
na, obycnosnexnHoro cepotunamu H5N1, H5N2, H5N3,
H5N6, H5N8. A Hu3KonaTtoreHHbIn ana ntmy Bupyc H7N9
BbI3blBaJl CEpbe3HOe OCTponpoTeKaLee pecnupaTop-
Hoe 3aboneBaHue y YenoBeKa C BbICOKOW NIeTaIbHOCTbIO.
Linpkynupytowme Bupycbl ogHoro noatuna (H5N2 n H7N1
B tOAP; H5N6 B Jlaoce; H5N2 B TaiBaHe) 6b111 MpuymHOW
KaK BbICOKOMATOreHHOro, Tak Y HU3KOMaTOreHHOro rpun-
na. PacnpocTpaHeHue «HoBoro» Bupyca H5N8 B eBponei-
CKMX CTpaHax NPOAEMOHCTPMPOBaNo He3alunweHHOCTb
rocygapctB OT 3aHOCa BO3bGyauTenell sMepaKeHTHbIX
N KapaHTUHHbIX UHGEKLMIA.

AKTYanbHOCTb NPo6neMbl TPOPUNAKTUKI 1 KOHTPOSA
rpvnna ntuy Tuna A onpegenAaeTca onacHOCTbIO 3aHOCa
BO36yauTens Ha TeppuTtopuio Poccuiickoin Gepepaumm us
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conpeaenbHbIX FOCYAapPCTB, M3MEHUYNBOCTbBIO U MHOFO06-
pa3mem BapuaHTOB BUPYCa B NPUPOLE, PUCKOM NPOHVK-
HOBEHWSA BO3OYAUTENSA B NMOTONOBbE NTUL, MPOMbILLIEHHbIX
NpeanpuATAi 3aKPbITOro TWMNa 1 peasnbHON yrpo3oii Ana
3[10pPOBbA YeNoBeKa.

MegnvuuHCKre Bpaun pacLeHMBaloT rpynm Kak 300-
aHTponoHo3. MpupoaHbIM pe3epByapom BUpYCa rpunna
TUNa A B Nprpofe ABAAITCA NTULbI OKOJIOBOLHOIO KOM-
nnekca, NPenMyLLecTBEHHO 13 OTPSAOB ryce- U PXKaHKo-
06pa3sHbIX, HOCUTENICTBO Yy KOTOPbIX YacCTO HE COMpPO-
BOXAAETCA KIMHNYECKUN BblpaXKeHHOI 6one3Hblo, a ux
MOCTOSAHHbIE MUTPALMM CNOCOOCTBYIOT PAaCNPOCTPAHEHNIO
W UMPKYNSLMW BUPYCa B NPUPOAE U ero 6biCTPO 3BOSIH0-
UMK, BONbLWMHCTBO CNyYaeB BbICOKOMATOreHHOro rpunna
UMenn NPUYNHHO-CNIEACTBEHHYIO CBA3b CO BPEMEHEM Me-
peneTa NTUL K MecTaM rHe3fioBaHUA 1 3MMOBOK. QeKanb-
HO-OpabHbI NYTb 3apaXkeHUs yCKopAeT npouecc pac-
npocTpaHeHus BrpYca B SkocncTeme. bonbLuas yactb Bcex
M3BECTHbIX BapVaHTOB BUpPYCa rpvnmna 6bi1a 1n30a1MpoBaHa
ot nTuu. CywecTByeT riunoTesa, YTo NeTyyre Mbiliy ABNS-
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I0TCA AOMONHUTENbHBIM MPUPOAHBIM Pe3epByapoM AnsA
HeKOTOpbIX BapnaHTOB BMpyca rpunna A [5]. Tak, coBcem
HepaeHo (2010 r.) B monynAaumm netTyunx moiwen Sturnira
lilium cemeiictBa NUCTOHOCHIX B LleHTpanbHon Amepuke
obHapy»eH HoBbI noaTVN BUpYyca rpunna H17N10.

Cnopaguyeckme ciiyyau 3apakeHua nogen BUpycom
rpvnna noatuna H5N1 pernctpupytoTca n no cen feHb,
KaK MpaBusIo B a3naTcKuX 1 apprKaHCKUX cTpaHax. B EB-
pone noaTBepXAeHHbIX ClyyaeB 3aboneBaHNA YenoBeka
rpunnom A/H5N1 He 3apernctpupoBaHo. XoyeTca oTme-
TWTb, YTO 3a nepuog 2003-2014 rr. B 16 cTpaHax Konuye-
CTBO JTabOPATOPHO NOATBEPXKAEHHbIX CJTyYaeB 3aparkeHns
yenoseka rpunnom H5N1 coctaBuno 668, n3 Hux 393 cny-
Yan 3aKOHYNNNCH NeTanbHbIM NCX0A0M. Kak BUAHO, cMepT-
HOCTb OT rpunna NTuy cpeamn MHGULMPOBaHHbIX Ntofei
cocTaBnAet okono 60%. HanbornbLliee KONMYECTBO Clyya-
eB 3aboneBaHus (374) n rnbenu yenoseka (228) 3aperu-
cTpupoBaHo B Ermnte n IngoHeswnu, rge rpunn H5 npu-
3HaH 3HAeMnYHbIM. HoBbIi nogTvn Brpyca H7N9, wmnpoko
pacnpocTpaHmBwminca ¢ mapta 2013 r. B Kutae, Hocutenem
KOTOPOro ABAAIOTCA NTULbI, BbI3BaN Cepbe3Hyto 03aboyeH-
HOCTb CNy»6 3apaBooxpaHeHus. Bcero B 2013-2014 rr.
B KHP 3apeructprposaHo 458 noatsepxAeHHbIX Cllyyaes
3apaXkeHnsa yenoBeka faHHbIM NOATUNOM, U3 HUX — 175
c nieTanbHbIM ncxogom (okono 40%) [7]. CnepyeT oTMeTUTD,
yto BUpYC H7N9 He ABNAETCA NaTOreHHbIM ANA AOMALUHUX
NTWL 1 BbIABNAETCA, NPENMYLLECTBEHHO, NPU MOHUTOPWH-
roBbIX MCCNeAoBaHuAX. BcemnpHas opraHnsauma 3apaso-
oxpaHeHus (BO3) o6ecrnokoeHa BbICOKOW YCTONUMBOCTbIO
[JaHHOrO BMpYca K TaknM NPOTUBOBKPYCHbIM Mpenapartam,
KaK 03e/IbTaMUBUP 1 3aHaMMBUP, @ TaKkxKe CNocobHOCTbIO
BMPYCa NPUCOEANHATBCA K KNeTKkaM pecnmpaTopHOro
TpaKTa YenoBeka.

B 2014 r. umpokoe pacnpocTpaHeHne noayymn supyc
nogaTtvina H5N8, npuyem He TONbKO B a3MaTCKUX CTPaHax,
Ho 1 B EBpone (fepmanus, lonnanana, BennkobputaHus,
WTanna). Hecmotps Ha T0, uto cneynannctol BO3 onpepe-
NAT pUCK BO36yanTena faHHOro cepotuna Aana 3popo-
BbA YesloBeKa Kak HU3KMIA, ANA MPOMbILLIEHHOrO NTuLe-
BOACTBa BblcoKonaToreHHbi rpunn H5N8 npepacrasnsaet
peanbHble Yrpo3bl B MaHe SKOHOMUYECKMX U COLNAITbHbIX
nocneacTesui. Bupyc nmeer asnaTckoe NponCxoxaeHue,
1N MHOTME yyYeHble CK/IOHAKTCA K TOMY, YTO 3aHOC BMpYyCa
N ero pacnpocTpaHeHre Ha TeppuToprn eBPONencKnx
CTpaH 06yCNOBNEHbI MUTPALMOHHBIMUN MepeMeLLeHUAMN
OVKMX Bogonnasaowmx ntuy. CnegyeTt nogYepKHyTb, YTO
BbICOKaA CMePTHOCTb OTMeYaeTca cpean Kyp 1 HU3Kaa —
cpenu yTok.

BbicTpan 3Bontouna Bupyca noatuna H5, koraa Bo36y-
AuTenb rpunna nTul, MMeLWmMn POACTBO C peLenTopamm
anuTenuna a-2,3 Tuna y NTuu, nerko HPUUMpyeT KNneTku
HVXHUWX OTAENOB pecnnpaTtopHOro TpakTa yesoBeka
C cnanornukonportengamn a-2,6 Tmna, AemoHcTpupyet
BbICOKMI NaHAEMNYECKNI NOTeHLMan BUpyca Co CMEHOMN
beKanbHo-opaNbHOro MexaH13ma nepegayn MHGeKLmn
Ha BO34yLIHO-KanenbHbIN NyTb [3]. Tomy noatsepxaeHun-
eMm ciyyam 3apakeHus kowek B spanne n Poccum, Trpos
1 neonappos B Tannange, NanbMOBOW LMBETTbl BO BbeT-
Hame. B 2004 r. 6binn ony6nnkKoBaHbl cBefileHna 06 3Kc-
nepuMeHTaNbHOM 3apa)keHUN KoleK BUPYCOM rpunna
H5N1 npu ckapmnnsaHuy UM MACa 3apakeHHbIX LbINAAT.
YueHbIM yAanocb BOCMPOU3BECTM MHPEKLMIO Ha KOLLKaX,
KOTOpas NPOABUNIACH TAXKENbIM PECNUPATOPHbIM CUHAPO-
MOM C NMOpaKeHneM anibBeONAPHON TKaHW nerkux [6].

BbicokonaTtoreHHbI rpunn nogTuna H5N1 Ha Teppu-
Topumn Poccun BnepBble 6bin 3aperncTpupoBaH sieToM
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2005 r. B HoBocnbupcko obnactu, rge pacnosioxKeHsl
06LWYpHbIE 03epHble 1 6ONOTUCTbIe NpocTpaHcTBa bapa-
OGUHCKOI NIeCOCTENM C BaXKHENLLIMMU BOCMPON3BOACTBEH-
HbIMM palioHamu BoJonnasalowmx ntuu. MoasneHue
BCEX o4aroB 3ab6o0sieBaHMA B pervoHax 3anagHon Cnbupun
1 lOxHoro Ypana B none-oktabpe 2005 r. 66110 cBA3a-
HO C 3aHOCOM BMpyca rpunna u3 KOro-BoctouHon Asnn
1 NepPBUYHBIM BO3HUKHOBEHUEM 3a60NeBaHNA Y OUKNX
BopgomnnasatoWwux ntuy. Mocnegyioliee pacnpocTpaHeHye
BbICOKOBUPYNeHTHoro supyca H5N1 B npomblwwieHHble
nTMUeBoAYecKme NpefnpuATUA 3aKpbITOro TMna npree-
N0 K MacCOBOMY YHUUTOXKEHWIO BOCMPUUMUYMBON NTUL b
1 KONOCCaNbHbIM 3KOHOMUYECKM noTepAm. Kpome pa-
OVKanbHbIX Mep, 13-3a Yrpo3bl WIMPOKOro pacnpocTpa-
HeHMA BbICOKOMATOreHHOro rpunna ntuy B Poccuinckom
Qepepaumm c 2006 r. gericTBOBaNa cTpaterna orpaHu-
YeHHO LeneBoi BakLMHALMN AOMALLIHUX NTUL, KOTOpas
npoBoAnnachk Bo Bcex cybbekTax. BakunHauma oxeatbi-
Basia NorosIoBbe JINUYHbIX NOACOOHBIX XO3ANCTB U NTULe-
dbepm OTKPBITOro TUMa, PacrnonoXKeHHbIX B6aM3n Bofo-
€MOB — CTOAHOK JVKMUX BOZOM/IaBaloWMX NepeneTHbIX
ntuy [1]. na ummyHU3aLmm npMMEHAANCL oTeYeCTBeH-
Hble MHAaKTUBMPOBAHHbIE SMYJIbCUOHHbIE BaKUMHbI Ha
OCHOBE 3MN300TMYECKOrO LWTaMMa BMpyca rpunna nTuy,
H5N1, 3aHeceHHOro Ha Tepputoputo PO B utone 2005 r.
MpumeHeHVe faHHOW cTpaTeruy 6biNo HanpaBneHo Ha
npefoTBpalleHre nepejayun Bupyca BOCNpMMMYrBOMy
NOrofioBblo, KOrga PUCK KOHTaKTa Mexay AoOMalHUMM
N AVKMMU NepeneTHbIMU NTruaMu 6b11 MakcManbHbIM.
Pe3synbTaTbl nccnegoBaHMin NPOTEKTUBHOWM aKTUBHOCTHU
BaKLWHbl HAa OCHOBE LITaMMa BbICOKOMATOreHHOro rpun-
na ntuy «<HoBocnbmpcknii» 2005 T. (reHeTUYecKas Knaga
2.2), npoBefeHHbIx B OIBY «BHUWN3MK», nokasanu 3awuty
nTuy 6onee 90% Npu 3apakeHUy roMOIOrMYHbIM BbICOKO-
BVIPYNIEHTHbBIM BUPYCOM.

B cBA3M co cTabunusaumen n ynyyweHmem snm3ooTu-
yeckon cuTyaumm no rpunny ntuy H5 B Poccun, HaumHasa
€ 2010 1. 06beEM NPOPUIAKTUUYECKON BAKLMHALNN C KaXK-
ZbIM rofloM yMeHbLUaNCcA Kak Mo KONn4yecTBy NpuUBUBOK,
Tak 1 no oxBaTy permoHos Poccun. Lienesas nummyHusauma
NpoBoAUNach TONbKO B paHee HebnarononyyHbix cybbek-
Tax PO. Tak, ecnv B 2010 r. 66110 NpUBUTO OKONO 70 MJTH
ronos ntuu, ToB 2011 r.— 30 mnH ronos, a B 2013 . — He
6onee 15 MiH ronos.

Heo6XxoaMmMocTb MOHUTOPUHTA 3PEKTUBHOCTU MHAK-
TUBUPOBAHHbIX BaKLMH MPOTUB rPpMnna NTuL, BbI3BaHHOrO
«aKTyaJibHbIM/» 3MM300TUYECKMM LUTaMMaMW, CBA3aHa
C HenpepbIBHON 3BOJIOLMEN BUPYCA, C U3MEHUYNBOCTBIO
€ro NMOBEPXHOCTHbIX aHTUFEHOB — FreMarriioTUHHA U Helt-
pamunHugasbl. OCHOBHbIe NPOLIeCChl 3BONOLNOHNPOBA-
HUA BMpYCa TUna A cBA3aHbl C Manol (apend) n rnybokoi
(lwndT) M3meHUMBOCTbIO. Mo MHeHMIO A.A. CMopoauHLEBa
n /. AnekcaHapOBOW, KONMYECTBEHHbIE N3MEHEHNA rem-
arrnioTVHYHA U HelpaMrHKAasbl, NpoucxoadaLwme npu
apeide, HapyLwaloT POACTBEHHbIE CBA3N C MCXOAHBIM
BMPYCOM NULLIb YaCTUYHO, YTO He NPenATCTBYeT 3ddek-
TUBHOMY MCMONb30BAHMIO BaKUWUH M3 NpefLecTBYOWmX
wrammoB. Mpu rny6oKo N3MeHUMBOCTN CoXpaHAeTcA
TONbKO BHYTPEHHUI pUBOHYKNeonpoTens 1 NofaHOCTbIO
3aMeHAeTCA reMarrioTUHUH, pexe — HepaMunHugasa
[4]. Takne wWTammbl NOABAATCA B cTpaHax tOro-BoctouHon
A311 1 cNOCO6HBI BbI3bIBaTb KPYMHbIE SNUAEMUN.

MoABneHne HOBbIX BapMaHTOB BUpyca rpunna oby-
CJIOBNNBaET HEOBXOAMMOCTb OOHOBNIEHWA NPOTUBOTPUN-
NO3HbIX BaKUWH Ha OCHOBE COBPEMEHHbIX BaKLUMHHbIX
LUTaMMOB.
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HecmoTps Ha BbICOKYI0 3bPeKTMBHOCTb paguKanbHbIX
Mep Npv NNKBMAALMN BCMbIWEK rpumnna N1l 1 KOHTponsA
fanbHenwero pacnpocTpaHeHna BUpYyca, BO MHOMMX 3H-
LEeMMNYHbIX CTpaHax onpaBAaHHON Mepoi ABAAETCA NPOo-
dunakTnyeckas BakLUUHaUUA BBUAY HECOU3MEPUMOCTHU
3KOHOMMYECKMX NOTEPb U HEraTMBHbIX COLMANbHbIX MO-
cneacTBUN MPY MaccoBON AenonynAaLMmn NPOMbILLIEHHOTO
noronosbA NTuy (Mekcuka, Kutan, bnvixxkHnin Boctok n gp.).

B ycnosuAx meHAOLWENCA MUPOBOW CUTyaunu, NOABe-
HWA HOBbIX BapVaHTOB BMpPYCa FPUMMa, ero reHeTUYecKom
1 QHTUTEHHOW N3MEHUMBOCTU HEOOXOAMMO NEepecMoTpeTb
Te NpueMbl 1 CNOCcobbl KOHTPONA HaZ rPUMNMom, KoTopble
eule 3 roga Hasag 6biny akTyanbHbIMK. B anpene 2008 1. Ha
TeppuTopumn MNpUMopPCKOro Kpasa 6ol 3aperncTpupoBaH
Cnyyar BbICOKONATOreHHOro rpunna y AoMallHUX NTuL,
B pe3ynbTaTte yero 6bii n3onvposaH Brpyc H5N1, KoTopbli
oTnnYyanca ot wramma 2005 1. v 6bia OTHeCeH K Knage 2.3.2,
ano3s»e, B COOTBETCTBUM C OOGHOBIEHHOW HOMEHKIIATYPOA,
K Knage 2.3.2.1. B ceHTAGpe 2014 . BUPYC, NpUHaanexalyuia
[aHHOW reHeTMYecKo Knage, 6bin BblgeneH oT AOMaLLIHMX
nTuy B AnTaickom Kpae. Pe3ynbTaTbl n3yyeHna npoTek-
TUBHOWN aKTUBHOCTU «TPaAVNLMOHHOW» BaKLMHbI Ha OCHO-
Be Wwrtamma «HoBocnbupckuiny, npumensiemon ¢ 2006 r.,
NPV KOHTPONIbHOM 3apaXeHUn NPUBUTbLIX NTHL, HOBbIM
3MN300TMYECKUM WTaMMOM «[pnmopcKniny nokasanu,
YTO 3aLuTa NTUL, OT KNNHUYECKOrO NPOoABNeHNs 6one3Hn
1 rnbenu He npesbiwana 70%. Mpy 3ToM B CEPONOrNYECKNX
nccnefoBaHuax 6blna NnoATBEpPXKAeHa BapuabenbHOCTb
BMPYCOB [ABYX reHeTUYeCKMX IMHUIA B npejenax ogHoro
wramma. HeobxoaMmMo oTmMeTUTb, UTO pesynbTaTbl MOHU-
TOPVHIOBbIX UCCNeAOBaHNIA B HEKOTOPbIX cybbekTax PO
B pAfe C/lyyaeB NoKa3blBalOT HU3KYIO HaNPAXXeHHOCTb UM-
MyHUTETa K BUpYCY rpunna H5 y gomaluHyX NTUL INYHBIX
noaco6HbIx x03AKUCTB (JIMX), uTo CBUAETENBCTBYET O HEMOJI-
HOM OXBaTe NMOrofloBbA NPU BaKUUHaUuW. [JaHHble 06CTOo-
ATeNbCTBa BeAyT K HeaddeKTNBHOCTY NPOdUNaKTUYECKIX
Mep B OTHOLIEeHMM rpunna ntuy. Kpome Toro, BO3HMKaloT
onpepfeneHHble TPYAHOCTY NPY NIaHNPOBAHUK CTPaTerum
BaKLUMHaLMWN Ha NEPCNEKTUBY, Tak Kak HEBO3MOXHO npef-
yrafjaTb, Kakoi UMeHHO BMPYC rpunmna ntul MoxeT 6biTb
3aHeceH Ha TeppuTopuio PO. CoxpaHAeTca yrposa 3aHoca
B036yauTens B PO 13 conpefenbHbIX rocyqapcTs, npexae
Bcero tOro-BoctouHon Asumm n JlanbHero BocTtoka, rae pac-
NPOCTpaHeHbl BUPYCbl BbICOKONATOreHHOro rpunna nruy
H5N1, H5N2, H5N8 n Hmn3konaTtoreHHoro rpunna H7N9,
H10N8, HON2. BeccumnTOoMHOE TeueHue rpunna y AUKnxX
nepeneTHbIX NTUL MaCK1PYeT BUPYCOHOCUTENbCTBO U Npe-
NATCTBYET paHHEMY BbIAIBAIEHNIO NOTEHLMANbHbIX YrPO3.

Y. Sakoda (YHusepcutet Hokkaido, Sapporo, Japan)
CYMTAET, YTO CTPaTerms BakLMHaLUM NPOTUB FPUMMa B Ka-
yecTBe aNnbTepHaTMBbl PaguKanbHbIM Mepam He MOXeT
6bITb NMonesHol, 6onee Toro, oHa HeceT B cebe 6onbLyO
OMacHOCTb AN1A peaccopTaumnmn BUPYCOB U MOXET CTaTb
NPUYMHON NOCNEeAYIOWNX HENPeACKasyeMbIX SNN300TUN,
06ycnoBneHHbIX HOBbIMU WITaMMaMu-myTaHTamu. Mpu
5TOM aBTOP yKa3blBaeT, YTO BaKLMHaLMA NPOTUB BbICOKO-
naToreHHOro rpunna Nty ABNAETCA NPeAnoCbINKON Ana
ceneKkuMmn HOBbIX aHTUIeHHbIX BapuaHToB Bupyca [8].

C yyeTOM COBPEMEHHOI 3MN300TUYECKOWN CUTyaummn
B MUPE NpeAcTaBnAeTca LenecoobpasHbiM BHECEHUE U3-
MeHeHWI B cTpaTernto KoHTponda. OTmeHa npodunakTu-
YecKow BaKUMHaLMM NPOTMB rpunna ntuy nogtina H5 Ha
Tepputopun Poccuiickon ®epepauym 6yaet npuemnemoit
npy ycnoBumn nogaepxaHus pesepsa 3GdeKTUBHON Bak-
LWHbI ANA NpoBefeHNA KONbLEeBOW BaKLMHaLU BOKPYT
HebnarononyyHbIX 04aros B Clyyae BCrblek 6onesHu.
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OnpepeneHHo, caMbiM 3PGEKTUBHBIM OPYKMEM MPOTHB
NPOHUKHOBEHMA BMpPYCa rpuUnmna Ha TepprUTOpPUIO 3aKpbl-
TbIX NTVMLEBOAYECKMX NPeANPUATUI OCcTaeTcs obecneye-
HUe BbICOKOro ypoBHA 61o3awuTsl. [posoaumsble B Poc-
cuiickont Oepgepauni MOHUTOPVHIOBbIE MEPONPUATUA
Cnoco6CTBYIOT CBOEBPEMEHHOMY OOHapPYXeHUIo ClyyaeB
3aHoca unu ovaroB uHbekuun [2]. Hanbonee ys3sumbimm
CermMeHTaMm 1 No cei AeHb OCTalOTCA JIMYHbIE NMOABOP-
Hble XO3ANCTBA 1 MeNKMe ToBapHble pepmbl C BbIrybHbIM
cnocobom copepKaHua NTul. AGeKBaTHON Mepol, C ue-
Nblo paHHero o6HapyXeHUs yrpo3 N CBOeBPEeMEHHOro
pearnpoBaHuA Ha HUX, ABNAIOTCA MOHUTOPUHIOBbIE KC-
cnegoBaHuA NONYAALUA AUKUX U CUHAHTPOMHbIX NTUL Ha
npeamMeT BbIABMEHUA Kak cneynduyeckux aHTuTen, Tak
1 BO36yauTens uHGEKL MK, a N30naLUMA HOBbIX BAPUAHTOB
BMpYCa rpunna u nx nsy4yeHune no3BoAT onepaTnBHO pas-
paboTtaTb KoMneKkc NpodunakTUyeckmx MeponpuaTni,
Hanbonee afekBaTHbIX HOBbIM Yrpo3am. Beuay Toro, uto
nocnepHue 2 caiyyas (2008, 2014 rr.) BbICOKONATOreHHOro
rpynna ntmiy H5N1 y gomawHux Nty B Poccum caAsaHbl
¢ 3aHocoM Bupyca B JIMNX c oxoTHUYbKMMK Tpodesamu, He-
06x0a1MO yAenATb NpucTanbHoe BHMMaHre nHpopmaLm-
OHHOMY obecneyeHuto HacenieHNA B OTHOLEHWN Npodu-
NaKTUKKW rpmnna.

Takm 06pa3om, MOXXHO BbIIENUTb OCHOBHbIE NMPUOPU-
TeTHble HaMnpaBJIEHUSA B CTPATErIM KOHTPONA Hag rpynrom
nTuL:

1. NpoBepeHne 3nNN300TONOTMYECKOTO MOHUTOPUHIa
C OLeHKOW pM1CKa NoTeHUManbHbIX NyTel 3aHOCa BMpYyca
rpvnna Ha Tepputopuio Poccninckon Qegepaunn.

2. MoppepxaHue pesepBa 3GHEKTUBHON BaKLUMHbI
NPOTUB rpunna NTuL C Liefbio OnepaTMBHOIO KynupoBsa-
HMA OCHOBHBIX MyTel pacnpocTpaHeHnsa NHbeKLnN.

3. Pa3paboTka M MOHUTOPUHT 3GGEKTUBHOCTN MHAKTU-
BMPOBaHHbIX BaKLVH B OTHOLLEHWN COBPEMEHHbIX 3M300-
TUYECKMX LITaMMOB BMpYCa rpunna nTuy,.

4. N3yuyeHne umpKynaumm Bupyca rpunna B npuposa-
HbIX 6MOoTONaX AVKMX BOAOMABAOWMX NTUL U NTUL aH-
TPOMOreHHOro KOMMeKca C NPUMeHeHNEM CPeACTB aK-
TUBHOTO MOHUTOPWHTA.

5. OcyulecTBneHne KOHTPONA BO3MOXHbIX PUCKOB Npui
NPOBeAEHNN SKCMOPTHO-UMMOPTHBIX Ofepaunii B COOT-
BETCTBMM C peKOMeHAaunaAMY BcemmnpHoi opraHvsauunm
34pPaBOOXPaHEHNA KUBOTHbIX (MIB) 1 egnHbIMKN BeTepu-
HapHO-CaHMTapHbIMK Tpeb6oBaHMAMYN TaMOXEHHOTO Co-
103a.

6. Ceponornyeckuim n BUPYyCconornyecknin MOHUTO-
pyHr cpeamn goMawwHux Nty JINX n depmepckrx Xo3aMcTs
OTKPBITOrO TUMA C LieNbl0 YCTaHOBMIEHNA BO3MOXHOMO MNX
KOHTaKTa C UICTOYHVKaMU NMofeBoro B1pyca rpunna.

7. KoHTponb obecneyeHnsa BbICOKOrO ypoBHA 6rono-
rMYecKom 3almTbl Ha MPOMBbILLIEHHbIX NTULEBOAYECKNX
npeanpUATAAX 3aKpbITOro TMna.

8. MNpoBepeHne NHGOPMaLIMOHHBIX MEPONPUATUIA MO
NPOTVBOAENCTBUIO PACNPOCTPAHEHNIO rpUMMa Cpeam Ha-
cerleHnA CTpaHbl.

9. Pa3paboTKka nporpamm no BO3MeLLeHMI0 SKOHO-
MUYecKnX yObITKOB BRafenbLam NTuL Npu NMKBMAALUN
BCMbllWeK (CoLManbHO-3KOHOMMYECKINIA acneKT B 6opbbe
C rpunmnom).

3AKNIOYEHNE

SNN300TONOrMYECKN MOHUTOPUHI ABNAGTCA KIlove-
BbIM 3/1EMEHTOM B O6LUEl CTpaTErMy KOHTPONA Haj rpuvn-
nom nTuu. lNepcnekTrBHbIE NNaHbI peanu3aunm MOHUTO-
PUHFOBbIX NCCNeAO0BaHWI JOMKHbBI CTPOUTLCA C yYeToM
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pa3BUTUA SNN300TMYECKON cMTyauun B Poccum n B mupe
(ncTopurKo-reorpaduyeckmin acnekT NaHNPOBaHNS), pac-
npeaeneHna NIOTHOCTU CENbCKOXO3ANCTBEHHOW NTULLbI HA
TeppPUTOPUM CTPaHbI U MAFPALIMOHHBIX MOTOKOB NepeneT-
HbIX NTWL,.

bbicTpasa ssontouna supyca rpunna A, BblICOKas CKO-
POCTb M3MEHEHMA ero NaToreHHbIX CBOWCTB, WMPOKOoe
pacnpocTpaHeHune B NPMPOAE, BO3MOXKHOCTb Npeogore-
HUA MeXBULOBbIX 6apbepoB, paclinpeHne crnekTpa Boc-
NPUMMUYMBBIX XUBOTHbIX, €r0 NAaHAEMUYECKUA NOTeHLMan,
HenpepacKasyemble NOCNeACTBUA OT MPOHVMKHOBEHNA Ha
NPOMBbILLNIEHHbIE NPeAnpUATAA 06YCIIOBNMBAIOT HEOOXO-
AVMOCTb YCUNEHMA MepP SNUAEMMONOrMYECKOro 1 3nmn3oo-
TONOrMYeCKoro Hag3o0pa, CoBepLUIEHCTBOBAHNA CPEACTB
1N METOA0B KOHTPONSA.
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SUMMARY

The paper is devoted to wide spread of avian influenza virus in the world and the disease
prevention and control in Russia. It is necessary to monitor efficacy of inactivated vaccines
against avian influenza caused by the currently circulating epizootic strains due to the
virus evolution and variability. Reassortment of influenza A virus poses a serious threat
to effectiveness of vaccination as an alternative to drastic measures. The message of the
paper is to demonstrate how to better meet new challenges from the perspective of time.

Key words: avian influenza, highly pathogenic, low pathogenic, prevention, control,
epizootic situation, vaccination.

56

BOJIESHW TITULL AVIAN DISEASES

M.A. LinBaHtok [n gp.] // BeTepunHapua cerogHa. — 2014. —
Ne 4 (11). — C.54-57.

3. PykoBoacTBO no Bupyconoruu. Bupycol n Bupyc-
Hble UHdeKUMN YenoBeka n XnBoTHbIX / OI'BY «<HUW Bu-
pyconorum nm. .1. lBaHosckoro» MuHsgpasa Poccuu;
pea. O.K. lbBoB. — M.: Meg. nidpopm. areHTcTBO, 2013. —
1197 c.

4. CmopopgunHues A.A., AnekcaHpposa L. / NTorn
1 NepcneKTUBbl BakKLMHONPodunakTuky rpunna // Bonpo-
cbl Bupyconormn. — 1977. — N2 3. — C. 259-271.

5. WenkaHos M.IO., JlbBoB [1.K. / HoBbil1 cy6TUN BMpyca
rpunna A oT NeTyurx Mblllei 1 HOBble 3afaun SKONOro-
BMPYCOJSIOrMYeCKoro MoHUToprHra // Bonpocel Bupycono-
rmmn. — 2012. — N2 1. — C. 159-168.

6. Avian H5N1 influenza in cats / T. Kuiken, G. Rimmel-
zwaan, D. Van Riel [et al.] // Science. — 2004. — Vol. 306,
N2 5694. — P. 241.

7. Cumulative number of confirmed human cases of
avian influenza A (H5N1) reported to WHO / WHO. — URL:
http://www.who.int/influenza/human_animal_interface/
H5N1_cumulative_table_archives/en (naTa o6patieHus:
22.03.15).

8. Sakoda ./ Characterization of avian influenza virus-
es recently isolated in Japan // International Conference on
Avian Influenza: Prevention and Control, November 18-19
2014, New Taipei City/Taiwan. — Taipei, 2014. — 249 p.

Chronological analysis of Al epizootic situation clearly
demonstrates how unstable and changeable the situation
is. Thus, in 2014 the veterinary services of the People’s Re-
public of China reported on HPAI outbreaks caused by
serotypes H5N1, H5N2, H5N3, H5N6, H5N8 that had been
confirmed by the laboratory tests, whereas H7N9, a low
pathogenic avian virus, caused severe acute respiratory
disease in humans with high mortality rates. Circulating
viruses of the same subtype (H5N2 and H7N1 in the RSA;
H5N6 in Laos; H5N2 in Taiwan) caused both highly and low
pathogenic avian influenza. Spread of «<new» H5N8 virus in
the European countries demonstrated how unprotected
the countries are from introduction of emerging and quar-
antine diseases.

BETEPVHAPVIA CETOAHA V110S1b Ne3 {14}
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An urgent need to address the issues of Al A virus
prevention and control is explained by the danger of the
agent introduction into the Russian Federation from adja-
cent countries, by the virus variability and a great number
of the virus variants circulating in the wild, by the risk of
the agent introduction into the closed-type commercial
poultry farms and by the real threat to human health.

Medical doctors consider avian influenza as a zooan-
throponosis. Semi-aquatic birds, primarily Anseriformes
and Charadriiformes, are natural reservoirs of Al type A in
the wild and their carrier state is often not accompanied by
clinical signs; and continuous migrations facilitate the virus
spread and circulation and its rapid evaluation. Most cases
of HPAI were causally connected with migration of birds
to nesting and wintering areas. Fecal-oral infection route
accelerates the virus spread in the ecosystem. Most known
AlV variants were isolated from birds. Bats are assumed to
be another natural reservoir for some of the AlV variants
[5]. For example, a new AlV subtype H17N10 was detected
not long ago (in 2010) in Sturnira lilium bat population of
the American leaf-nosed family in Central America.

Sporadic cases of H5N1 are still reported in humans,
as a rule, in Asian and African countries. No confirmed
human cases of H5N1 were reported in Europe. It is nec-
essary to note that 668 confirmed human cases of H5N1
were reported in 16 countries from 2003-2014 and 393 of
them were fatal. The mortality rate in humans because of
avian influenza is 60%. Most cases (374) and most deaths
(228) were reported in Egypt and Indonesia where H5 in-
fluenza was endemic. New virus subtype H7N9 reported
in March 2013 in China carried by birds caused serious
concern of the public health authorities. Totally, 458 con-
firmed cases of human infection with the subtype were
reported in 2013-2014, 175 of them were fatal (approxi-
mately 40%) [7]. It shall be noted that H7N9 virus is not
pathogenic for domestic poultry and is primarily detected
during monitoring activities. The World Health Organiza-
tion is concerned about strong resistance of the virus to
such antiviral preparations as olzeltamivir and zanamivir
and by the virus ability to adhere to the cells of human
respiratory tract.

In 2014 H5N8 subtype was widely spread not only in the
Asian countries but also in Europe (Germany, the Nether-
lands, Great Britain, Italy). Despite the fact that the WHO
experts define the agent as «low risk for human health»,
the highly pathogenic HSN8 AlV poses real threats to poul-
try farming due to potential economic and social conse-
quences. The virus is of Asian origin and many scientists
tend to think that the virus introduction and its spread in
the European territory could be explained by migrations
of wild waterfowl. It shall be pointed out that high mortal-
ity rates are reported in chickens, but the mortality rate in
ducks is low.

Rapid evolution of H5 subtype, when Al agent which
is closely related to epithelial a-2,3 type receptors of birds
easily affects cells in lower parts of human respiratory tract
with a-2,6 type sialoglycoproteids, demonstrates high pan-
demic potential of the virus; and fecal-oral transmission is
replaced by airborne transmission [3]. This statement can
be exemplified by influenza cases in cats reported in Israel
and in Russia, tigers and leopards in Taiwan, palm civets in
Vietnam. In 2004 results were published on experimen-
tal infection of cats with H5N1 virus via infected chicken
meat fed to them. The researchers successfully reproduced
infection in cats and severe respiratory syndrome with af-
fected alveolar tissue could be observed [6].
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In the summer of 2005 HPAIH5N1 virus was first report-
ed in Russia in the Novosibirsk Oblast where vast wetlands
and lakes are located (Barbinsky Forest Steppe with the
most important waterfowl breeding areas). The outbreaks
in West Siberia and in the Southern Urals in July-October
2005 were caused by Al introduced from South East Asia
and by primary occurrence of the disease in wild water-
fowl. Further spread of HPAI H5N1 in commercial closed
type poultry farming resulted in mass destruction of sus-
ceptible birds and drastic economic losses. In addition to
it, since 2006 due to the risk of wide spread of HPAI, the
Russian Federation had implemented the strategy of lim-
ited target vaccination of domestic poultry. This vaccina-
tion programme was implemented in all the RF Subjects.
The vaccination covered backyard poultry population and
population of open-type farms located close to water bod-
ies — staging area for migratory waterfowl! [1]. Inactivated
emulsion vaccines of domestic production containing
epizootic H5N1 Al virus introduced to Russia in 2005 were
used for vaccination. The strategy was aimed at prevent-
ing the virus transmission to the susceptible population
when the risk of contact between domestic and wild mi-
gratory birds was the highest. Tests for protective activity
of the vaccine containing HPAI strain Novosibirsky 2005
(Genetic Clade 2.2) were carried out in the FGBI «<ARRIAH»
and the tests results demonstrated 90% protection in birds
infected with homologous high virulent virus.

Taking into account that the epizootic situation on
H5 Al in Russian stabilized and improved, since 2010 the
scope of preventive vaccination has been gradually nar-
rowed. The number of inoculations decreased, as well as
the number of regions in Russia included into the vaccina-
tion campaign. Targeted vaccination was carried out only
in the previously affected RF Subjects. Thus, if in 2010 ap-
proximately 70 million poultry were vaccinated, only 30
million poultry were vaccinated in 2011, maximum 15 mil-
lion poultry were vaccinated in 2013.

Continuous evolution of the virus associated with vari-
ability of its surface antigens—hemagglutinin and neu-
raminidase, makes it necessary to monitor efficacy of the
inactivated vaccines against Al caused by currently circu-
lating epizootic strains. Key evolution processes of type A
virus are related to its minor (drift) and major (shift) chang-
es. According to A.A. Smorodintseva and G.I. Alexandrova
hemagglutinin and neuraminidase quantitative changes
during the drift just partially break the ties with the original
virus and they do not hinder efficacy of vaccines contain-
ing the previous strains. If major changes take place, only
inner ribonucleoprotein is preserved and hemagglutinin
is totally replaced (neuraminidase is seldom replaced) [4].
Such strains occur in South East Asia and are able of caus-
ing large-scale epidemics.

New variants of Al virus justify the update on anti-
influenza vaccines containing new, currently circulating
vaccine strains.

Despite the fact that the drastic measures taken to fight
Al and to control its further spread are rather effective,
many endemic countries treat preventive vaccination as a
rather appropriate tool due to non-measurable economic
losses and negative social consequences caused by de-
population of commercial poultry (Mexico, China, Middle
East and etc.).

Taking into account changing global situation, occur-
rence of new AlV variants, the virus genetic and antigenic
variability, it is required to review those Al control tools
that used to be up-to-date three years ago. In April, 2008
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an outbreak of HPAI in poultry was reported in the Primor-
sky Kray, when H5N1 virus was isolated. The strain differed
from the one isolated in 2005 and was first assigned to
Clade 2.3.2 and then due to updated classification to Clade
2.3.2.1.In September 2014 the virus from this genetic clade
was isolated from poultry in the Altai Krai. Tests for pro-
tective activity of the «conventional», Novosibirsk strain-
based vaccine that had been used since 2006 demon-
strated, following the challenge of the vaccinated poultry
with new epizootic strain «Primorsky», that the protection
of poultry from clinical signs and death was maximum
70%. The serological tests also confirmed variability of the
virus of the two genetic lineages within one strain. It is
necessary to note that the monitoring tests carried out in
some RF subjects demonstrated low immunity level to H5
Al virus in backyard poultry, thus, suggesting insufficient
scope of vaccination leading to non-effective Al preventive
measures. In addition to it, there may be certain difficul-
ties when drafting vaccination strategy for future, since it
is impossible to predict which AIV might be introduced to
the RF territory. The risk of AIV introduction from adjacent
countries is still there, primarily from South East Asia and
the Far East, where HPAI viruses H5N1, H5N2, H5N8 and
LPAI virus H7N9, H10ON8, HON2 circulate. Asymptomatic Al
in wild migratory birds simply conceals the virus carrier
state and hampers early detection of potential threats.

Y. Sakoda (Hokkaido University, Sapporo, Japan) thinks
that vaccination against Al cannot be a useful alternative
to drastic measures, in addition to it, it poses great risk as-
sociated with the virus reassortment and can be a reason
for the following unpredictable epizooties caused by new
mutated strains. The author points to the fact that vacci-
nation against HPAI can be a precondition for selection of
new antigenic variants of the virus [8].

Taking into account current epizootic situation in the
world, it is reasonable to put amendments into the control
strategy. It will be acceptable to cancel preventive vaccina-
tion against H5 AlV in the Russian Federation, if reserves of
efficient vaccine are maintained in order to ensure ring vac-
cination around the affected areas in case of an outbreak.

High-level biosafety is definitely the most effective way
to prevent Al virus from penetrating into closed-type poul-
try farms. Monitoring measures taken in the RF facilitate
timely detection of Al introduction and outbreaks [2]. Back-
yards and small commercial farms with free-range poultry
are still most vulnerable. In order to early detect the threats
and timely respond to them, it is appropriate to ensure
monitoring in populations of wild and synanthropic birds
for specific antibodies and for infectious agents and to iso-
late new AlV variants. Research into the new virus variants
will help to rapidly develop a set of preventive measures to
control the new risks. Taking into account that the two lat-
est outbreaks of HPAIH5N1 (2008, 2014) reported in poultry
in Russia were caused by the virus introduced to the back-
yards with hunting trophies, it is required to pay special
attention to public awareness campaign for Al prophylaxis.

The following major priority directions can be, thus,
determined to control Al:

1. Epizootic monitoring with the risk assessment for
potential Al virus introduction to the RF territory.

2. Reserves of efficient vaccines against Al shall be
maintained in order to rapidly block major routes of infec-
tion transmission.

3. Development of inactivated vaccines against cur-
rently circulating epizootic AlV strains and monitoring
their efficiency.
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4. Study Al virus circulation in natural biotopes of wild
waterfowls and birds of anthropogenic areas using active
monitoring tools.

5. Control of possible import/export risks in compli-
ance with the recommendations of the World Organiza-
tion for Animal Health (OIE) and common veterinary and
sanitary requirements of the Customs Union.

6. Serological and virological monitoring of backyard
poultry and poultry on the open-type commercial farms
in order to establish if they may have any contact with the
field Al virus.

7. Control of ensuring high level of biosafety at com-
mercial closed-type poultry farms.

8. Public awareness campaigns for Al prevention.

9. Development of economic loss compensation pro-
grams for poultry owners implemented during outbreak
eradication (social and economic aspect of Al control).

CONCLUSION

Epizootological monitoring is a key element in the
overall Al control strategy. Future monitoring tests shall
be planned in accordance with the epizootic situation in
Russia and in the world (historical and geographical plan-
ning), density of the agricultural poultry population in the
country and migration routes.

The strong need to strengthen epidemic and epizootic
surveillance and to improve control tools and methods is
explained by the rapid evolution of type A Al virus, rapid
changes of its pathogenic properties, wide spread in the
wild and its ability to overcome interspecies barriers, wide
range of susceptible animals; the virus pandemic potential
and unpredictable consequences of its penetration into
the commercial farms.

REFERENCES

1. Prognosis for HPAIH5N1 in the Russian Federation in
2014 /V.N.Irza, M.S.Volkov, A.V.Varkentin [et al.]; FGBI «AR-
RIAH» // Prognoses for some animal diseases in the Russian
Federation in 2014.—Vladimir, 2014.— 24 p.

2. Expedition to the Republic of Tyva within moni-
toring of Al and Newcastle disease / I.A. Chvala,
A.V. Andriyasov, M.A. Tsyvanyuk [et al.] // Veterinary To-
day.—2014.—N2 4 (11)—P. 54-57.

3. Virology Manual. Human and animal viruses and vi-
ral infections / FGBI «lvanovsky Institute of Virology» of the
Ministry of Health of the Russian Federation; ed. D.K. Ly-
vov.— M.: Med. Inform. Agency, 2013 — 1197 p.

4. Smorodintsev A.A., Alexandrova G.|. Results and
prospects of Al vaccine prophylaxis // Voprosy Virusolo-
gyy.— 1977.—Ne 3.—P. 259-271.

5. Schelkonov M.Yu., Lyvov D.K. New subtype
of Al A type isolated from bats and new objectives
of eco-virological monitoring // Voprosy Virusolo-
gyy.—2012.—Ne 1—P. 159-168.

6. Avian H5N1 influenza in cats / T. Kuiken, G. Rimm-
elzwaan, D. Van Riel [et al.] // Science.— 2004.—Vol. 306,
Ne 5694.—P. 241.

7. Cumulative number of confirmed human cases of
avian influenza A (H5N1) reported to WHO / WHO. — URL:
http://www.who.int/influenza/human_animal_interface/
H5N1_cumulative_table_archives/en (data of application:
22.03.15).

8. SakodaY. Characterization of avian influenza viruses
recently isolated in Japan // International Conference on
Avian Influenza: Prevention and Control, November 18-19
2014, New Taipei City/Taiwan.—Taipei, 2014.— 249 p.

BETEPVHAPVIA CETOAHA V110S1b Ne3 {14}

BOJIESHW TITULL AVIAN DISEASES
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[IMTATEABHOU CPE/BI

OYNTbBEKKO DMEM/F12 HAM 1A KYJIbTUBUPOBAHIA
BUPYCA bONE3HII MAPEKA B KYJIbTYPE KITETOK
OWBPOBNACTOB SMBPUOHOB KYP
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PE3IOME

/3yyeHa BO3MOXHOCTb NpuMeHeHUA nuTatenbHoi cpefsl ynb6ekko DMEM/F12 Ham ana kynbu-
BUpOBaHMA BUpyca 6one3Hn Mapeka B kynbType knetok dubpobnactos 3mbpuoHoB kyp. Onpegenu-
/W, 4TO NPV ONTUMANbHO NOA06PaHHBIX NapameTpax KyNbTUBMPOBAHUA BUPYCa B MOHOCIIOE KNETOK
UCNoNb30BaHMe JAHHON Cpefibl N03BONAET NOMYUUTb BUPYCHDIA MaTepUan ¢ BbICOKOI MHGEKLMOH-
HOIA aKTUBHOCTbIO areHTa.

KnioueBble cnoBa: Bupyc 6one3qn Mapeka, kynbTypa knetok Gprbpo6nactos 3MOpuoHoB kyp,
nuTatenbHad cpea lynb6ekko DMEM/F12 Ham, uhdeKumoHHan akTMBHOCTb.
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USE OF DULBECCQO'S

MODIFIED EAGLE'S MEDIUM

DMEM/F12 HAM FOR MAREK’S DISEASE VIRUS CULTIVATION
IN CHICKEN EMBRYO FIBROBLASTS
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SUMMARY

The opportunity of using Dulbecco’s Modified Eagle’s Medium DMEM/F12 Ham for Marek's disease
cultivation in chicken embryo fibroblasts was studied. It was determined that if appropriate virus
cultivation parameters are chosen the abovementioned medium enables to prepare virus material
with high agent infectivity.

Key words: Marek’s disease virus, chicken embryo fibroblasts,
Dulbecco’s Modified Eagle’s Medium DMEM/F12 Ham, infectivity.
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