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Pabora BemonHena B denepanbHOM O10HKETHOM yupexaeHun Hayku «CaHkt-IlerepOyprekuii
HAy4YHO-MCCIICIOBATEIbCKUI MHCTUTYT SHHAEMHOJOTHMM M MuUKpoOuosornu um. [lactepa»
DdenepabHOM CITYXKOBI IO HAI30PY B Chepe 3aluThl MpaB NOTPeOUTENeH U OJIaronoIydus: YeI0BEKa.

Hay4Hblii pyKOBOAUTE/Ib!

PomanenkoBa Haranbs MBaHOBHA — KaHIWJAT MEIULMHCKMX HAyK, BEAYIIMN Hay4dHBIM
COTPYIHHUK J1a00OpaTOpPHH STHOJIOTUM M KOHTPOJS BUPYCHBIX HH(EKUIUH, PYKOBOIUTENH TPYIIIIBI
MOJIMOMHUENUTA U JIPYTUX SHTEPOBUPYCHBIX HH(eKunid, PenepanbHOT0 OOHKETHOTO YUPEKIACHUS
Hayku  «Cankr-IleTepOyprckuii  HaydyHO-UCCIEAOBATEIbCKUNM  MHCTUTYT  SMNUJAEMHOJIOTUH U
Mukpoouonorun wMmeHu Ilactepay denepanbHON CIy)KOBI MO HAI30py B cdepe 3alUThl TpaB
noTpeduTene 1 01aronoay4us yenoBekKa.

O¢unuajibHbIe ONMOHEHTHI:

HNBanoBa Ouabra EBrenbeBHa — JOKTOpP MEAUIMHCKUX HAyK, BEIYIIHA HAYYHBIM COTPYIHUK
nabopaTopuy MOJIMOMHENINTA U JIPYTMX SHTEPOBUPYCHBIX MHpEKUil ¢ pedepenc-uentpom BO3 no
HaJ30py 3a nosroMuenutom denepanbHOro rocy1apCTBEHHOIO aBTOHOMHOTO HAYYHOTO YUPEKICHHUS
«®DenepanbHbI HAYYHBIH LHEHTpP UCCIIET0BaHUM U pa3pabOTKU UIMMYHOOHOJIOTHYECKUX MTPENapaToB UM.
M.II. YymakoBa PAH» (MHCTHTYT TOTMOMHUENTUTA).

OmunoBa Hapexna BacuiabeBHa — [1OKTOp OMOJOrMYECKHX HayK, 3aM. 3aBeayIOIIETO
otnenoM Bupyconoruu um. akan. O.I'. Anmxkanapuaze, IJIaBHbIM Hay4HbIH COTPYJHHK JabopaTtopuu
SMUAEMUOJIOTHH, aHAIN3a U MOHUTOPUHIa MH(EKIIMOHHBIX 3a00JieBaHUH, Mpodeccop acupaHTypbl
@denepallbHOTO TOCYJAPCTBEHHOIO OIOKETHOTO yupexkaeHus Hayku «HaydHo-uccienoBaTenbCKuit
WHCTUTYT BaKIMH U CBIBOPOTOK MMeHU U. 1. MeunukoBay.

Benymas opranm3anusi: denepanbHOe rocylapCTBEHHOE OFODKETHOE YUPEXKICHHE HAYKU
«XabapoOBCKHl HAyYHO-HUCCIICAOBATEIILCKUNH  WHCTUTYT OIHIEMHOJIOTHH W MHUKPOOHOJIOTHH»
denepanbHOM CITY>KOBI IO HA30pY B cepe 3aliuThl MPaB MOTpeOUTeNel u 0J1aronoydus 4eaoBeKa.

3ammTa AMcCepTaIllil  COCTOMTCS Ha 3acelJaHuu JUCCEPTAlMOHHOTO COBETa
J121.1.017.01 npu ®I'BY «HUU rpunma um. A.A. CmopoaunieBay MunzapaBa Poccun (197376,
Cankr-IletepOypr, yi. IIpod. ITonosa, . 15/17)

Ten.: (812) 499 15 00

C auccepranueid MOXHO 03HaKOMHTHCS B Onomotexke ®I'BY «HUU rpumnma um. A.A. CMOpoIuHIIEBaY»
MunszapaBa Poccun (197376, Caunkr-IlerepOypr, ym. Ilpod. Ilomoma, a. 15/17) u Ha caiite
www.influenza.spb.ru.
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OBILIAA XAPAKTEPUCTHUKA PABOTDBI

OutepoBupycHas undekius (OBU), Bei3biBacMas BupycamMu poja Enterovirus pasHeix THIIOB,
OTIIMYACTCSA BBICOKOM KOHTarno3HOCTHIO, IIUPOKUM PACIIPOCTPAHEHHEM, HAINYHEM OECCUMIITOMHOTO
BHUPYCOHOCHTEIBCTBA M pa3HOOOpa3reM KIIMHUYECKHX ()OPM U TUIIOB SHTEPOBUPYCOB.

[TommmoMuenuT — TspKenass HeBpOJOTHYecKass MHPEKIUs C KIMHUKOW OCTPOTO BSUIOTO Mapannya,
KOTOpas Bbi3biBaeTcs nojuoBupycamu (Poliovirus 1-3) u MoXkeT 3aKOHUUTBCSI OCTATOUHBIM MAPATUIOM.
C 1988 roma nmetictyer [mo6anpHas mporpamMma JIMKBUAANWHA MMOJMOMHENNTa. OCHOBHBIM CIIOCOOOM
BBISIBJICHUSI CITy4aeB MOJUOMHUEIUTA ABJISETCS HA/A30P 3a CHHIPOMOM OCTporo Bsutoro napanuya (OBII)
¢ 1aboparopHoit nuarHoctukoit Beex ciydaeB OBII y neteit B Bo3pacte 1o 15 net. [1ats pernonos BO3
W3 MIECTU CepTU(UIMPOBAHBI Kak CBOOOIHBIE OT mosmomMuenuta. Jukuii nmonmuosupyc (JI1B) Tumna 1
mupkyaupyet B Adranucrane u [akucrane. Kpome Poliovirus 1-3 surepoBupycsl BuoB Enterovirus
alphacoxsackie, betacoxsackie u coxsackiepol moryt BeizBats OBII.

DOHTepoBUpycHas HHGEKIUs BapuadeabHa M0 KIMHUYECKUM MPOSIBICHUSM U TSDKECTHU: OT JIETKOM
JUXOPAJIKU IO TeHepaTn30BaHHON MH(PEKINU ¢ TOpaXKeHUEM LIEHTpajIbHOU HEpBHOU cucTeMbl. Haazop
3a OBU Bo BreTHaMe OCHOBaH Ha MOHWTOPHMHIE CIIy4acB BUPYCHOM Iy3bIPYATKU IOJOCTH pTa U
koneunocrei (hand, foot and mouth disease, HFMD) ¢ Tunn4HO# CBITIBIO HAa pyKaX, HOTaX U CAM3UCTOM
nosioctu pra. B 2012 roxy B FOxxHoM BretHame co3mana cuctema Haazopa 3a HFMD ¢ o0s3aTenbHOM
a00paTOPHOU TUATrHOCTHKOM TSDKENBIX U CMEPTENbHBIX ciydaeB DBU — Tshkenoro s3KOHOMHYECKOTO
opemenn it Beernama [Nhan L.N.T, 2019]. Beicokast conpanbHO-3KOHOMHUYECKast 3HAYMMOCTh DBU
Y MacCOBBIE BCIIBIIKHU 3a00J1€BaHus TPEOYIOT U3yUeHUs 3aKOHOMEpHOCTEN pa3BuTHs cutyanuu ¢ 9BU,
IIOCTOSIHHOTO ~ KOHTPOJIsI ~ 3a00JIEBa€MOCTH  pa3iM4YHBIMU  KIMHMYeCKUMH  popmamu OB,
COBEpILEHCTBOBAHUS  JAMAarHOCTUKM U Hpoduiaktuku uHpeknuu. HeoOxoaumo  u3ydeHue
BUPYCOJIOTHYECKUX M  MOJEKYISIPHBIX CBOMCTB SHTEPOBUPYCOB, BBISBIEHHBIX Yy OOJBHBIX,
0COOEHHOCTEH LUPKYISALUN CPEU HACEIEHUS B Pa3HbIe MEPHObI B OTJACIBHBIX MPOBUHIMAX FOxHOTO
BretHama, u pa3paboTka NpoUIAKTUYECKMX Mep B ILelAX CHWXKEHHs 3a00JeBaeMOCTH
SHTEPOBUPYCHON UH(PeKuuel Bo BoeTHame.

Crenenpb pa3padOTaAaHHOCTH TeMbI HCCIEI0OBAHUS

Co3naHne HaIMOHAJIBHOW MporpamMmbl OOpsObI C TOJMOMHENUTOM BO BbeTHame wumeno
pelaroiiee 3HaueHWe I peanu3aliy IUlaHa JHUKBUAALMU HMH(QEKIUU B cTpaHe. BreTHaMm ObLl
aKKpeIUTOBaH Kak CBOOOJIHAsS OT MMOJIMOMHUENINTA CTPaHA B COCTaBe 3anagHo- T HXOOKEaHCKOTO pernoHa
BO3 B 2000 rony. ®uHaJbHBIM 3Tan JMKBUAALUU IOJUOMMEIUTA CONPOBOXKIAICA LIUPOKUM
npUMeHeHHeM Bo BreTHame opanibHON nosnmoBupycHoOU BakiuHbl (OI1B) s niaaHoBo# TpeXKpaTHOM
MMMYHH3AIUN JIETEN B BO3pacTe IBYX, TpeX M udeTbipex MmecdAues, ¢ 2019 roga BBeneHa yeTBepTast
NIPUBHMBKA WHAKTHUBUPOBAHHOW monnoBupycHoM BakuuHoi (MIIB) B Bo3pacte msTh MecsueB. ITO

NPpUBCIIO K CHHWKXCHHUIO HHUPKYIANHMU BAKOWUHHBIX TIIOJUOBUPYCOB — MHCTOYHHKA 06pa30BaHI/I}I
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MOJIMOBUPYCOB BakiuHHOTO TporcxoxaeHus ([IBBII, VDPV), 01u3kux 1mo BUPYJIECHTHOCTH K JTHKUM
BupycaM. COKpaTWJIOCh YHCJIO CIy4aeB OCTPOrO BsUIOTO I1apajiiya, BBI3BAHHBIX IOJUMOBUPYCAMH
(BakuuuubiMU Wi [IBBII). lupokas mupkyasiuss HEMOJIHMOMHEIUTHBIX 3HTepoBUpycoB (HIIOB)
BbI3BaJIa pOCT uncia ciaydaeB OBU, yacTo 0CcI0KHEHHBIX, MEHUHIUTAMHU U BSAJIBIMU MapATUYaMHU.

[Mocne nepsoii Benbiiku HFMD B Xommmune B 2003 r. [Van Tu P., 2007] nabiromanu poct
3aboneBaemoctu B 2011-2012 rr. (113000 ciywaes HFMD, 170 neranbhbix ucxomos [Nguyen N.T.,
2014]), snunemus pacnpocrpanmiack Ha Beetnam. B 2013-2017rr. unciio O0JbHBIX U CMEPTEH B CTpaHe
CHHU3UJIOCh, HO 3a00JeBaeMOCTh Obljla BbIIIE, YEM JI0 Haudaja SMUJIEMHH, 3aTeM 3a00JIeBa€MOCTh U
JeTaibHOCTh nepuoauuecku pociu [Hong N.T.T., 2018]. MunucrepcTBO 3paBooxpaHeHus: BreTHama
npu3Hano HFMD BeICOKO ommacHbIM 3a00JI€BaHHEM, TTOIICKAITUM €KEHEebHOM oT4eTHOCTH. B 2012
r. B FOxxnom BreTHame co3gaHa cucTema Haa30pa 3a 3TOW MH(EKIUeld ¢ MOCTOSIHHBIM KOHTPOJIEM
LHUPKYJISIUU SHTEPOBUPYCOB U BHPYCOJOTMYECKON IUATHOCTUKOW TSKEIBIX U JIETAJbHBIX CIIy4aeB
MH(EKIUN ¢ U3yIEeHUEM BBIJICTICHHBIX YHTEPOBUPYCOB.

AHanu3 BHPYCOJOTMYECKUX W MOJIEKYISPHBIX XapaKTEPUCTUK HEMOJIMO HSHTEPOBUPYCOB,
BBIJISJICHHBIX OT OOJNBHBIX Hemono DBU, KOHTpOIs CMEHBI JOMUHHUPYIOIIMX THIOB U TEHOTHIIOB
HUPKYIUPYIOUIUX SHTEPOBUPYCOB M YCTAHOBJIEHUE UX POJIM B PA3BUTHM PA3IUYHBIX KIMHUYECKUX
dhopm DOBU sBnsieTcst akTyallbHOM HAYIHOM 3a7aueld M1 UMEET BAKHOE 3HAUCHHUE ISl TPOTHO3UPOBAHUS
snuaemudeckoi cutyannu ¢ OBU B KOxxHoM BreTHame, u nmpuHaTHS PO QUIAKTUUECKIX MEP.

ean uccaenoBanusi

N3yunth BHpPYCOJOTHYECKHE U MOJIEKYJISIPHbIE CBOMCTBA SHTEPOBUPYCOB, OCOOEHHOCTH HX
UUPKyasuuu  cpeau  Hacenenust IOxknoro BbeTHama, W pojib 3HTEPOBUPYCOB B  3THOJIOTUU
MH(EKITMOHHBIX 3200JI€BaHU.

3agaun uccae0BAHUS .

1. Ompenenuth 4acTOTy BBIJACIICHUS MOJUOBUPYCOB U HEMOJMOMHEIIUTHBIX SHTEPOBUPYCOB OT
OOJIBHBIX C TUATHO30M CHHJIPOM OCTPOTO BsIoro mapanuya B FOxxHoM BretHame.

2. YCTaHOBUTH BUJIBI M TUITBI HEOJUOMUETUTHBIX SHTEPOBUPYCOB, CBSI3aHHBIX C SHTEPOBUPYCHOU
unpekuue B FOxHoM BreTHame, U OLEHUTH POJIb JOMUHUPYIOUIUX B IUPKYISIIMA SHTEPOBUPYCOB B
KayeCTBE 3TUOJIOTMUYECKUX areHTOB KIIMHUYECKUX (DOPM SHTEPOBUPYCHOU MH(EKITHH.

3. OueHuTh pacupoCTPAaHEHHOCTh HEMOJIMOMHUETUTHBIX 3HTEPOBUPYCOB PA3HBIX THUIOB CpPEIU
Hacenenus FOxuoro Bwernama. OmnpenenuTs BeAyllyl0 KIUHUYECKY0 (opMy  HEMoIHo
sHTepoBUpYCHOU nHpeknnu B FO>xHOM BheTHamMe U BBISIBUTH CBSI3aHHBIE C HEW DHTEPOBUPYCHI.

4. YcTaHOBUTh JMAMPYIOUIMHA B 3THOJIOTUM BeIyled KIMHUYECKOHW (DOPMBI 3HTEPOBUPYCHOM
WH(DEKIMU TUIl HETIOJHMOMHUEIUTHOTO IHTEPOBHPYCAa M OLIEHUTH €r0 POJb B ITHOJIOTUU WH(DEKIHIA,

00yCJIOBJICHHBIX SHTEPOBUPYCAMHU.



5. Oxapaktepu3oBaTh MOJICKYJISIPHBIE OCOOCHHOCTH U (WIOTCHETUYECKUE CBS3H psla
HETMOJIMOMHUETUTHBIX SHTEPOBUPYCOB, HANOO0JIEE IIUPOKO LU PKYITUPYIOUINX cpean Hacenenus KOxHoro
BbeTHaMa 1 4acTo BBISABISIEMBIX Y OOJIBHBIX C SHTEPOBUPYCHOUN MH(DEKIIHECH.

Hayunas HoBu3Ha

Ha ocHoBe aHanu3a BUPYCOJIOTUYECKUX U MOJIEKYJISIPHBIX CBOMCTB SHTEPOBUPYCOB, BbIICIEHHBIX
OT MAIMEHTOB C OCTPBIM BSUIBIM TAPAIIMYOM U Pa3IUYHBIMU (hOpMaMH SHTEPOBUPYCHOU WHQEKIHH,
MOKa3aHbl M3MCHEHHSI THUIIOB M T'CHOTUIIOB HENOJMOMHUEIUTHBIX 3HTepoBupycoB (HIIOB),
LUPKYJIUPOBABIINX cpeau HaceneHus HOxHoro BreTHama, B Te€YeHHE MHOTHX JIET HaOIOJCHUS.
BrisBiI€HBI TUITBI U TEHOTHITHI SHTEPOBUPYCOB, KOTOPHIE JOMHUHUPOBAIN B IIUPKYJISIIUA U BBI3BIBAIH
Benbiky Henosino DBU. Bnepsrie man ananu3 Benbiiek Henoimo 9BU B psae nposunnmii FOxxHOTO
BbeTrHamMa 3a MHOTHE TOJIBI C YIETOM KIMHUYECKUX (opM MHPEeKuu. V3ydeHa posb BeIyluX TUIIOB U
TF€HOTHUIIOB SHTEPOBUPYCOB KaK ATHOJIOTHYECKUX areHTOB KiIMHIYeckux hopm Hernoaro DBU B FOxxnoM
Brername. YcranoBneHna poisib 3HTepoBUpyca /1 kak stmosiorudeckoro arenta HFMD — Bemymeit
KIIMHUYEeCKOW (opmbl 3HTepoBUpycHOM HHGekiuu B IOxHoM Boername. Illtammbr OB71 Takxe
BBISIBJISUTM [IPH SHTEPOBUPYCHOM MEHMHTUTE U MIPH CUHIPOME OCTPOro BSUIOTO Mapajinya.

Teopernyeckass U NpaKTHYECKAs] 3HAYMMOCTD MOJY4YeHHBIX Pe3yJbTATOB

KomruiekcHbIil noaxoa K AuarHoctTuke Henosnmo 9BU ¢ ucnonb3oBaHMEM BUPYCOJIOTHUYECKUX U
MOJIEKYJIIPHBIX METOJ/I0B MCCIIEIOBAHNS MO3BOJIMII ITOJIYYUTh HOBBIE CHCTEMATU3UPOBAHHBIE IAHHBIE O
LUPKYJSIIUU HETOJUO SHTEPOBUPYCOB Pa3HbIX THUMNOB M reHoTHMNoB B KOxHOM BpeTHame 3a MHOrme
rojibl, B TOM 4uciie B TpoBUHIMAX. CO3/1aHbl IPEANOCHUIKY JUIS IPEAOTBPALLEHUs PUCKOB, CBA3aHHBIX
¢ "Henosmmo OBU B IOxHoM Beername. HanaxeH cucTeMaTHYeCKHMil MOHUTOPHUHI UUPKYISLHHU
sHTepoBUpYcOB. Ocoboe BHUMAaHUE YJEIEHO MOSBICHUIO U PACIPOCTPAHEHHUIO HOBBIX BAapUAHTOB
HIISB, uTo MO3BOJIUT MPOrHO3UPOBATH PAa3BUTHE MOABEMOB 3aboneBaeMocTd DBU U cBOEBpeMEHHO
MIPUHUMATh Mepbl TPO(UIAKTUKH, OCHOBAHHBIE HA HOBBIX TEXHOJIOTMUYECKUX PEIICHUSIX.

IHos10:%keHHs, BHLIHOCHUMBbIE HA 3ALIUTY

1. BrineneHue moauoBUPYCOB, B OCHOBHOM BAaKIMHHBIX KpoMe AByXx mmrtammoB IIBBII2, ot
OOJILHBIX C CUHAPOMOM OCTPOTO BSUIOTO Napaiuya He mpeBbimano 1%. Beinenenue oT 3TUX NAUEHTOB
11,6% HenoIMOMUETUTHBIX SHTEPOBUPYCOB CBSA3aHO C UX HIUPOKOH upKyssiiuei B FOxHoMm BreTHame
Y HEBPOJIOTUYECKUMHU OCIIOKHEHUSMU HETOJIMO SHTEPOBUPYCHOM MHPEKIIH.

2. JloMHMHHpOBaHHE B LHMPKYISIIMU SHTepoBUpycoB Buaa A (alphacoxsackie), Bkimrouas
sHTepoBUpyc 71, oOycnoBuino mnpeobnaganue HFMD — BupycHOW my3bIpyaTkd MHOJIOCTH pTa U
KOHEYHOCTEH Cpenu KIMHUYECKUX (OpM HEMOIMO SHTEpOBUPYCHOUM HH(ekiuu. CMeHa TUIIOB U
TE€HOTHUIIOB SHTEPOBUPYCOB B X0J1€ MHOTOJIETHEN LIMPKYJISLIUU IPUBOANIIA K IEPHOIUIECKUM IO IBEMAM

3a00J1eBaeMOCTH SHTEpOBUPYCHOI nH(pekuueit B FOxxHoMm BreTHame.



3. OurepoBupyc 71 ObUT JAUAMPYIOMIUM 3THOJOTUYECKUM AareHTOM BHUPYCHOHM My3bIpYATKU
nojoctd pra u koneuHocreir (HFMD) — Benymieli popMbl HEMOJIMO SHTEPOBUPYCHOW MH(DEKIMH B
HOxxnoMm BretHame. DHTepoBupyc 71 ObLT BRISIBIICH, HApsAy ¢ SHTepoBUpYycamu Buja B (betacoxsackie),
y OOJIBHBIX C AMArHO3aMH SHTEPOBHPYCHBI MEHUHTHUT M CHHAPOM OCTPOTO BSUIOTO Mapainya.

4. W3ydeHHble wWTaMMbl 3HTepoBuUpyca 71, uupkynuposasmue B IOxHOM BbeTHawme,
NPUHAIISKATH K JBYM TeHOTHNaM — reHotury C4 (OOJNBIIMHCTBO IITaMMOB) M reHotuny BS.
WnentudunmpoBannsie mTaMMbl SHTEpoBUpYca Kokcakn A10, BeIBICHHBIE Y OOJIBHBIX, B OCHOBHOM
npuHaUiekanu K reHotuny F3, onun mramm Bupyca Kokcaku A10 6611 oTHECeH k reHoTumy F1.

Metonosorus uccjiei0BaHUA

MeToa0I0THYeCKO OCHOBOM MCCIIEIOBAHUS TIOCIY)KUJIO COYETAaHHE BHUPYCOJOTMYECKUX H
MOJIEKYJISIPHO-OMOJIOTMUECKUX METOJ0B HCCleNoBaHMs. B ucciegoBaHWM NPHUMEHSIN BbIAEICHHUE
SHTCPOBHUPYCOB HA CTaHMApPTH30BaHHBIX JUHUAX KieTtok (RD, L20B wu Vero). WMaentndukammro
MOJIMOBUPYCOB TMPOBOJIMWIA METOJOM BHYTPUTHNOBOM nuddepeHunanuu. s MOJEKYISPHBIX
uccinenoBanuil ucnoasizoBanu Beiaesnenne PHK, TIHP ¢ obpaTHol TpaHCKpuminel, CeKBEeHUPOBaHHE
reHoMa M (PUIIOreHeTUYECKUN aHaju3 MOJHO- M 3HTEPOBUPYCOB. bosee moapoOHO MCMONb30BaHHbBIE
METO/Ibl MCCIIEIOBAHNS OTPaKEHBbI B pazjeine «Marepuasasl 1 METOIbI».

CooTBeTcTBHE AMCCEPTALMH NACIOPTY HAYYHOH CHEHHAIBHOCTH

OCHOBHBIE HAYYHBIE MMOJIOKEHHUSI JUCCEPTALUKM COOTBETCTBYIOT M. 4, 11. 8, 1. 10 macnopra Hay4HO#
crenranbHoCcTH 1.5.10. «Bupycosorusy.

Peanu3anus pe3yibTaToB padoThl

B ba3y nanusix GenBank nenoHMpoBaHbl 0OJIHBIE HYKIEOTHIHBIE [IOCIIE0BATEIBHOCTH 00JIACTH
resoma VP1 67 BupycoB DB71 nox nHomepamu MW139687 — MW139744, OR947996 — OR948003.

Pe3ynpTaThl ncciea0BaHus IPEACTaBICHbI B ABYX YU€OHBIX TOCOOMSX VIS CHIELIMATIMCTOB PA3HOTO
pouIIs — neauaTpbl, UHHEKIUOHUCTbI, BUPYCOJIOTH U AIUIEMHOJIOTH.

1. CmopaBounoe mnocobue «Ham3op W KOHTPOJb BHUPYCHBIX HMH(MEKUUH, aKTyaJbHBIX [UIs

Conuanuctuyeckoit Pecniyonuku Beetnam». Cankr-IlerepOypr. 2018. 72 c.

2. CmopaBoyHoe mocobue «CoOBEpIIEHCTBOBAHME  SMHJIEMHOJIOIMYECKOIO  Haja3opa U
JMAarHOCTUKU 3HTepoBHpYcHOM uHGekuuu B Comnmanucrtudeckoit Pecryonuke BberHam».
Cankr-IlerepOypr. 2022. 80 c. (pycckui, BeTHamckuil). ISBN978-5-904405-56-4.

Pe3ynbrarel, nOdy4eHHbIE B JAHHOM HCCIIEJOBaHMM, IIOJIE3HBI MHOTMM CIIELUAIMCTaM
(antmaemMuosioram, BupycosioraMm, UH@GekuuoHucram). OHM HUCHOIB3YIOTCS B JIEKIUAX MeTUIMHCKUX
YHHUBEPCUTETOB BbheTHamMa U MOT'YT MCIIOJIb30BaThCs M1 O0y4UEeHUsl Ha MEUIIMHCKUX (DaKyIbTeTax.

JIMYHBIN BKJIaJ AaBTOPa

JInuHBI BKJIAQJ aBTOpA 3aKJIOYAETCSI B OCBOEGHUM HAyYHOM JMTEpaTypbl, IUIAHUPOBAHUU U

MIPOBEJICHUU BUPYCOJIOTMUECKUX HCCIIEIOBaHNN MaTepuaia ot 6osbHbIX ¢ cuaapomoM OBII u ¢ OBU,
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MOJIEKYJISIPHO-TEHETUYECKMX MCCIEAOBAHUM M aHAIM3€ I[IOJyYEHHBIX pE3YJIbTaTOB C LENbIO
YCTAHOBJIEHUSI POJM 4YacTo LUPKyIupyromux B HOxHOM BpeTHame HENoauMo 3HTEPOBHPYCOB B
ATHOJIOTUU JHTEpOBUpYcHOUW uHGekiuu. [loctanoBka 3amay, o0oOUIeHME M aHAINW3 PE3YJIbTaTOB
WCCTIEIOBaHUM, CTaTUCTHYECKass 0Opa0oTKa, TMOATrOTOBKA MYyOJIMKallUi, HamUCaHUE TEKCTOB
JHCcCcepTallMK U aBTopedepara TakKe BBIIIOJHEHBI aBTOpOM. Ilpu ydactuu aBTOopa B MEXKIyHApOIHYIO
0a3y manHbix GenBank enmoHMpOBaHBI OJTHBIE HYKJICOTHUIHBIE TIOCIEA0BATEIFHOCTH 00JIaCTH TeHOMAa
VP1 67 Bupyco OB71 nox Homepamu MW139687 — MW 139744 u OR947996 — OR948003.

O0beM U cTPYKTYpa AuccepTaluu

Huccepramusi u3nokeHa Ha 132 cTpaHWIax, COCTOMT W3 BBEICHHSA, 0030pa IHUTEpaTyphl,
MaTepuajgoB U METOJIOB, 4 TJIaB COOCTBEHHBIX MCCIEOBAHUN, OOCYK/IEHUS U 3aKJIIOYCHHS, BHIBOJIOB,
MPAKTUYECKUX PEKOMEHIAIN, CIIMCKa JTUTEePaTyphl, BKIrodaromero 152 ncrounanka. TeKCT CONEpKUT
22 TabuIel U 29 pUCYHKOB.

OCHOBHOE COJAEPKAHUE PABOTbI
Matepuajbl 1 METO/IbI

Hamzop 3a cuHApOMOM OCTpOro BSJIOTO Mapaivya npoBeAeH B 29 mpoBuHimsAX FHOxHOTO
Bretnama B cootBercTtBUM ¢ Ilporpammoi mukBumanuu nonromuenuta BO3 u HanumonanbHoM
MpOrpaMMOl TIO0 HAA30Py W BHPYCOJIOTHYECKOW AMArHOCTHKEe KiaumHu4Yeckux (popm OBU — HFMD
(BupycHast my3bIpYaTKa MOJOCTH PTa U KOHEYHOCTEH) M SHTEPOBUPYCHBIN MEHUHTUT — B 20 IPOBUHIIHAX
HOxxHoro Beetnama. Marepuanom 1115 McClieI0BaHUS CIYKHJIM 00pa3Libl KIMHUYECKOTO MaTepuana oT
TOCIHUTATHU3UPOBAHHBIX JICTEH B Bo3pacTe A0 15 ner. beuto nccnemnoBano 6osee 11 teicsd mpo6 (tadi.1).

Taobnuma 1

Yucno npo0, uccienoBaHHbIX B BUpycojorudeckoi gsadoparopun B 2010-2021 romax

HcTounuk o6pa3uoB Kosn4yecTBo 00pa3nos

®ekanuu | Ma3zku U3 poTOrJIOTKU Bcero
MePBUYHBIN JMArHO3 — 2143 0 2143
OCTpPBIN BSUTBINA Mapainy
MEePBUYHBIN JIMATHO3 — 0 1004 1004
MEHHUHTUT/ MEHHHTO3HIIEPATUT
[TepBu4HBIN TUarHo3 — BUPyCHas 1186 6790 7976
my3plpyaTka TMOJOCTH pTa U
KOHEYHOCTEN
Bcero 11123

Bbinenenne  MoJMOBHPYCOB M HEMOJIMOMMEIMTHBIX ~ SHTEPOBHPYCOB  MPOBOAMIH
BHUPYCOJIOTHYECKUM METOJIOM Ha Tpex KierouHblXx JuHusax: RD, L20B u Vero mo amropurmy BO3.
WnenTudukanuio moJmoBUpycoB ocymecTBisin MerogoM I[P (BHyrputunoBas nuddepeHranus
MOJIMOBUPYCOB). THI HETIOJINO SHTEPOBUPYCOB OMPEAEIISIIN MOJIEKYIISIPHO-OMOJIOTHYECKUMHU METOIaMH

(HHP C MOCJICAYOIIUM CCKBCHUPOBAHNEM I'CHOMA BI/Ip}ICOB). DUI0TreHETUYSCKUE CBA3H HCCIICAYEMBIX



M30JSITOB U peepeHTHBIX H30JIATOB YCTaHABIMBAJIM, WCHONB3Yys 0asy mpanHbix GenBank.
[TocnenoBaTeIbHOCTH HWCCIEAOBAHHBIX H30JSTOB M PEPEpPEHTHHIX I[ITAMMOB BBIPABHUBAIHM IO
npunimny  ClustalW. Cratuctudeckyro 3HAYMMOCTh — Pas3iM4Yuid  MEXIY KOJHMYSCTBEHHBIMU
MOKa3aTeNIIMU  OIICHUBAJIM C HCIOJIb30BaHHEM IapaMeTpuueckux TecToB (t-recra CTbroJCHTA).
[IpunsTas B HacTosel padoTe BeauurHa ypoBHs 3HaunMocTH (P) cocrasinsna 0,05.

Pe3yabTaThbl COOCTBEHHBIX HCCIeI0BAHUI

IMouck n uaeHTU(PUKAIUA TOTHOBUPYCOB M HEMOJIMOMUEJIUTHBIX FHTEPOBHPYCOB Y JeTeii ¢
CHHIPOMOM OCTPOI0 BSAJIOT0 Mapajuya
3a nBenaauath jeT B HOxuoM BretHame u3 mpo0 ot 2143 nanuentoB ¢ auarHozom OBII 6b110

BBIJIEICHO 22 MOJMOBHUpYCa, YTO cocTaBmwiIo 1%. V3 22 u301MpoBaHHBIX MOJUOBUPYCOB 20 mITaMMOB
ObUIM BaKIMHHBIMH, JBa IOJIMOBUpPYca OBLIM KiIacCU(PUIMPOBAHBI KaK IMOJMOBUPYCHl BAaKIIMHHOTO
npoucxoxaenus tumna 2 (IIBBI12/VDPV2). Beero HaeHTHPUIIMPOBAHO MIECTh MOJIMOBUPYCOB THMA 1,
b [1B trma 2 u 11 nonuoBupycos tumna 3 (tadn.2). Baxkno moguepkuyts, uro [AI1B He BbIieneHbI, a
MOCJIETHUE TOJMOBUPYCHI BAKIIMHHOTO MPOUCXOXKIEHUS TUIA 2 ObUIM M30JMPOBAHbI A0 TJI00aIbHOIO

nepexoJia K BakumHanuu AsyxsasieHTHOW OIIB BMecTo ucnosibzyeMoi panee TpexsaneHTHon OIIB.

Tabmuma 2
Brinenenne noamoupycoB oT aeteit ¢ curaapomom OBII B 2010-2021 romax
Ton Yucno Yucmno Tumbl m30MUpOBaHHBIX MOMHOBHPYCOB (11B)
cllydaeB BBIZIETIEHHBIX
OBII HOJNOBHUPYCOB I1B1 11B2 11B3
2010 109 1 - - 1
2011 189 2 1 1 -
2012 291 5 2 2 1
2013 227 2 1 - 1
2014 136 - - - -
2015 175 - - -
2016 165 8 1 2 5
2017 194 - - - -
2018 173 4 1 - 3
2019 177 - - - -
2020 225 - - - -
2021 82 - - - -
Bcero 2.143 22 (1%) 6 5 11

B 2012 r. BeerHam coobuiui o aByx ciaydasx OBII, BbI3BaHHBIX MMOJIMOBHPYCAMH BaKIIMHHOTO
npoucxoxzaenus (IIBBI12) y nereit 3 Mano0CTyNHbIX paiOHOB ¥ 3THUYECKUX MEHBIINHCTB. Huzkuii
YPOBEHb OXBaTa BaKLMHAIMEH CIOCOOCTBOBA Iepefaye MOJIMOBUPYCOB OT BAKIIMHUPOBAHHBIX HE
BaKLIMHUPOBAHHBIM, YTO MpHBenao K oOpazoBanuio I[IBBII. OanH peGeHOK He ObUT BaKIIMHUPOBAH,
BTOpoM moJtyumn 1se 103bl OIIB. OcraTouHblX napanuued y Aered He BoIsBieHO. llommoBupycsl,
BbIJIEJIEHHBIE U3 JIBYX Mpo0 OT Kaxkaoro pedenka, spisuuck [IBBII2. CexBenupoBanue ydactka VP1

reHomMa MOJHMOBUPYCOB Mokazano, uro mrammbl SV3127LR-VP1 u SV3128LR-VP1 ot mepBoro
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pebeHKa MMeNu 10 MIeCTh HYKJICOTHIHBIX 3aMeH B obnactu reHoMa VP1, oTiimuue OT 3TaJoOHHOTO

Bupyca Cabmna tuma 2 6puto 0,66%. Llramm SV3129LR-VP1 ot BrOoporo peGeHka MMen MATh

HyKIeoTuaHbIX 3ameH, mramMMm SV3130LR-VP1 — mects 3aMeH, NpOIEHT AWBEPreHIMU ObLT paBeH
0,66%.

AnHanm3 BakIMHAIBHOTO cratyca 2143 nereii ¢ MIMarHO30M CHHAPOM OCTPOTO BSJIOTO Mapajnda

MOKa3aj, 4To mojaBiisitoiiee 00ybmmHCTBO M3 HUX (90%) ObLIM MPHUBHUTHI MPOTHUB MOJMOMHUEIHTA B

coOoTBeTCTBMHU ¢ HammoHanmpHBIM KalleHaapeM npuBHBOK BrerHama. CeMb jeTel, y KOTOPBIX ObUIH

BBIJICJICHBI TTOJTMOBUPYCHI, HE MoTydrii TpH 10361 OIIB, Brirouast nereii, naduuupoBanasix [IBBII2.

VY 249 u3 2143 60npHbIX ¢ AuarHo3oM OBII ObuTH BBIZETICHBI HEMOJIHOMHUEITUTHBIE DHTEPOBUPYCHI,

IpOIIEHT BhIAeeHUs coctaBmia 11,6 % (tadn. 3). U3 249 nereit, u3 oT koTopsix m3onupoBanu HIIOB,

Oosbias yacth 00sbHBIX (69,4%) ObuTH B Bo3pacTe 10 36 mecsues, 30,6% nereit ObLIM CTapIiie Tpex

net (p<0,05). U3 249 uzonupoBanusix HIIOB ynanocs uaentudunmposars 239 BUPYyCcOB Tpex BUIOB:

Buga A (Enterovirus alphacoxsackie), suma B (Enterovirus betacoxsackie) u Buma C (Enterovirus

coxsackiepol).

Tabmuna 3

Tunsl HENoOJaMO SHTEPOBUPYCOB, AEHTUPHUIIMPoBaHHBIE Yy 607abHBIX OBII B 2012-2021 rogax

Tozpr ng;gg]; THIIBI HETIOJTMOMHETUTHBIX SHTEPOBHPYCOB™

2010 12 1CVALOQ, 1CVB4, 1CVBS5, 1E6, 2E29, 1E30, 1IEVAT71, 1EVB75, 1EVB81, 1EVB34

2011 19 1CVA4, 1CVBL1, 1CVB3, 2CVB5, 1E3, 1E9, 2E14, 1E25, 1E33, 3EVAT1, 3EVAT5, 1IEVBS88

2012 35 1CVAQ9, 1CVAI10, 1CVBS5, 1E3, 1E11, 2E14, 1E33, 23EVAT1, 3EVB79

2013 23 3CVA10, 1CVA14, 1CVA24, 2CVB2, 1CVB3, 2CVB4, 1E6, 1E7, 4E11, 1E25, 5EVAT1,

2014 15 1CVAG, 2CVAI10, 1CVALS, 3E11, 1E30, 2EVAT71

2015 17 1CVAQ9, 1CVA16, 2CVB2, 1E3, 1E6, 1E9, 1E11, 1E25, 7TEVAT1

2016 14 1CVA4, 1CVA9, 6CVA10, 1CVA21, 1CVB5, 1E11, 3E18

2017 33 13CVALG, 4CVB4, 5CVBS5, 1E3, 2E7, 1E9, 2E11, 2E13, 2E14, 1EVB81

2018 22 1CVA9, 5CVAI1OQ, 1CVAle6, 2CVB2, 2E6, 1E11, 2E20, 8EVAT1

2019 15 2CVAILQ, 1CVALG, 1CVB4, 2E3, 2E11, 1E14, 5E18, 1IEVAT71

2020 22 10CVA4, 2CVAS, 4CVAIO0, 1E6, 3E14, 2EVAT1

2021 22 1CVA4, 1CVB1, 3CVB3, 2E16, 15EVAT1

Bceero | 249/239 | 67EVAT71, 4EVBT75, 3EVB79, 2EVB81, 1EVB84, 1EVB88, 13CVA4, 1CVAG6, 2CVAS,
4CVA9, 24CVAI10, 1CVAl4, 17CVA16, 1CVA21, 1CVA24, 2CVB1, 6CVB2, 5CVBS,
8CVB4, 10CVBS5, 6E3, 6E6, 3E7, 3E9, 15E11, 2E13, 10E14, 2E16, 8E18, 2E20, 3E25, 2E29,
2E30, 2E33

*CVA — Kokcaku A, CVB — Kokcaku B, E - ECHO

Cnextp HIIOB, BrisiBieHHBIX Yy AeTeill ¢ nuarno3zoM OBII, 6bu1 0OIIMPHBIM: UASHTH(PHUIMPOBAHO

239 surepoBupycoB 34 tumnos. [lomns 125 BupycoB Buna A (alphacoxsackie) 6suta camoit Beicokoit. 13




CeMH THIIOB BUpPYycoB Buaa A mrammbl DB71 cocraBwin Gonee mosnoBusbl, B 2012 rogy 23 u3 24
cnyqaes OBII Obutn BbI3BaHbl 3HTepoBUpycoM /1. DHrepoBupychl Buga B (betacoxsackie) Obuin
npezacrasnensl 25 Tunamu. Jonst Bupycos Buga C (coxsackiepol) Oputa Hanmensieit (2,1%), Bupycos

Buga D (deconjuncti) ue 6s110 (pHc. 1).
30
25 ——HEV-A —e—HEV-B HEV-C
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15
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Pucynoxk 1. Beiienenve HEMOJIMOMUETUTHBIX SHTEPOBUPYCOB OT OOJIBHBIX C JUATHO30M CHHIPOM
octporo Bsutoro napanuya B 2010-2021 rongax.

Jannble o BeiieneHnu 1% nommoBupycoB y neteit ¢ cunapomoM OBII BeicBeTHIIN /1BE KITFOUEBbIE
MO3HIIMKM. YCTOWMYMBOE TOIEpKaHUE CBOOOJHOTO OT TMOJHMOMHENINTa CcTaTyca BbeTHama cC
HMCKOPEHEHHEM JIMKHX IMOJMOBUPYCOB Onaronapst 3pQpeKTUBHOCTH HA/A30pa U MacCOBOW BaKLMHAIIUU
JIeTel, HO CHWKEHHWE OXBaTa BaKIMHAIIMEH B JBYX paloHax mnpuBeno K uupkyasanuu [IBBII2;
BoIzienieHne oT 6osbHBIX OBIT 11,6% HITOB mokaspiBaeT pacTyiiyto poJib MUPOKO MUPKYITHPYIOMINX B
IOxnom Bpetname HIIOB B 3Ttnosiornm Hemonno DBU, yacto OCIOXKHEHHOW HEBPOJOTHYECKON
CUMITOMATUKOH, B MIEPUO/]T OCTIE JIMKBUAALUU AUKUX TIOJUOBUPYCOB B CTPAHE.

ITHOJIOTHS PA3JIMYHBIX KJIMHUYECKHUX (DOPM HENOJIH0 SHTEPOBUPYCHOI MHpEeKIUN

Henonro 9BU noBcemectHo pacnpocTtpanHeHa B FOxHoM BeerHame. OCHOBHBIM KOMIIOHEHTOM
Hag3opa 3a OBU Bo BbeTHaMme SBIISICTCSI KOHTPOJIb M TMArHOCTHKA JTUANPYIOIICH KIMHUYECKON (GOPMBI
OBU (HFMD), kotopasi sBIsS€TCS OIHOW M3 TSDKEICHIINX MPOoOJieM 3apaBooXpaHcHHs BbeTHama.
Nudekuus yamie nopaxkaeT AeTell paHHUX BO3PACTOB, OTINYAETCS BHICOKUM YPOBHEM 3a00JI€Ba€MOCTH
1 JICTAJIbHOCTH B CBSI3H C TSDKECThIO TeueHus. B 2012-2021 rr. 632651 ciyuaii (104 cMepTebHBIX) ObLT
3adukcuposan B 20 npoBuHIuax IOxxuoro BoeTHama, yaiiie B rycTo HAaCeNEHHBIX U MHAYCTPUATIbHBIX.
Bbonbiie Becero ciaydaeB undexiuu 3apeructpupoano B 2012 u B 2017-2019 rr. IIposunuuu bapua-
Bynr Tay, Honr Tan, bun [Jonr, Jonr Haii, JIonr Ax u ropoa XoUMMUH OTJIMYAIUCh CAMOM BBICOKOM

3a00JIeBa€MOCTHIO, IPOLICHT city4yaeB uHpekuuu cocraBui 49-70% oT Bcex cirydaeB B cTpaHe (puc. 2).
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Pucynox 2. Yucno ciryaaeB HFMD y nereit B 6 mpoBunmmsx FOxxnoro Beetnama, 2012-2021 rr.
IIpn Bupycosoru4yeckoM wucciaeaoBaHun 7976 KIMHUYECKHX MpoO OT JeTeld ¢ BHUPYCHOU

My3bIPYATKON PTa U KOHEYHOCTEH ObIIO uaeHTHUIIMPOoBaHO 3611 Hemoano SHTepoBUPYCOB (TadI. 4).

Tunsl BHTEPOBUPYCOB, UACHTUPUIIMPOBAHHBIX Y OOJIBHBIX BUPYCHOM My3bIpYaTKOM MOJOCTH pTa U

2000

1500

1000

500

2012

2013 2014 2015 2016 2017 2018 2019 2020 2021

—=—Baria-Vung Tau =—Dong Thap Long An Dong Nai —=—Binh Duong —=—Tp HCM

Tabmnura 4

xoHeuHoctel B IOxuoMm Brername B 2012-2021 rogax

Toer | ‘ncno Tursl SHTEPOBUPYCOB
BHPYCOB

2012 240 212EVAT1, 10CVAG, 3CVA10, 15CVAL6

2013 186 174EVAT1, 2CVA6, 3CVA10, 6CVA1LG, 1ICVA24

2014 135 90EVAT1, 1CVA2, 1CVAS5, 12CVAG6, 19CVA10, 10CVALG, 1CVB3, 1IECHO16

2015 242 157EVAT1, 4CVA2, 4CVA4, 3CVA5, 37CVAGL, 3CVAS8, 2CVA9, 29CVALG,
1CVB4, 2E16

2016 415 320EVAT1, 2CVA2, 1CVA4, 3CVA5, 2CVA6, 7TCVAS8, 69CVA10, 9CVALS,
1CVB3, 1E18

2017 561 250EVAT71, 6CVA2, 9CVA4, 11CVA5, 154CVA6, 13CVAS8, 6CVAIlQ,
106CVA16, 1CVB3, 5CVB4

2018 535 196EVAT1, 31CVA2, 18CVA4, 17CVA5, 105CVA6, 6CVAS8, 154CVAIlQ,
4CVALG

2019 543 80EVAT71, 39CVA2, 15CVA4, 15CVA5, 247CVA6, 14CVAS8, 53CVAIO,
75CVAL6, 3CVB4, 2E18

2020 418 39EVAT1, 4CVA2, 35CVA4, 235CVAGL, 39CVAS, 35CVA1LQ, 1CVA1G6, 2CVB3,
28CVB4

2021 336 253EVAT1, 3CVA2, 5CVA4, 11CVAS5, 26CVAG, 4CVAS, 2CVA9, 17CVAIOQ,
4CVB3, 4CVB4, 7TE16

Bceero 3611 1771EVAT1, 90CVA2, 87CVA4, 61CVAS5, 830CVAGL, 90CVAS8, 359CVAIlQ,
255CVA16, 1CVA24, 4CVA9, 9CVB3, 36CVB4, 5CVB5, 10ECHO16, 3ECHO18

K Buny A (Enterovirus alphacoxsackie) oraecenst 98% Bupycos, Briouast 1771 Bupyc IB71,
KOTOPBIN ObUT JTUAUPYIOIIUM 3THOJOTMUECKUM areHTOM BUPYCHOM ITy3bIPYaTKH PTa U KOHEYHOCTEH.
Hpyrue OB, cBsi3anHbIe ¢ 370 hopmoii DBU, npunanexanu k pasubim tunam 9B — Kokcaku A 6, A10

u Al16. B 2012-2016 romgax momunupoBaiu mrtammbl OB71, B 2017-2020 rr. apyrue OB Koxkcaku A

BBISIBIISUH yarle, ¢ 2021 rona sHTepoBHpYC 71 BHOBB 3aHSIT TUAMPYIONIYIO MTO3UIHIO (puUC. 3).
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Pucynok 3. Jlunamuka nerekuuu 3HTepoBUpycoB Buaa A y OonbHbix HFMD nereii B FOxHOM
Brername B 2012-2021 ronax.

Cnydan BUPYCHOW ITy3BIPYATKH ITOJIOCTH PTa M KOHEYHOCTEH B OCHOBHOM OBLTH KIMHHYCCKU
soxensiMu (89,3%) ¢ HEBPOJIOTHYECKUMHU M CEPICUHO-TICTOYHBIMU OCI0KHEHUSMH B BHJIC MEHUHTHTA,
sHIe(annTa, MUOKApANTA WK OTeKa JIETKKX, B 1% CllydaeB HACTYIWIN JIETAIbHbIE HCXOIbI (Ta0I. 5).
Bonee 90% GonpHBIX OBLITH IETH B BO3pACTE A0 TPEX JeT, 7% aeTeit Obuth B BO3pacTe OT Tpex 10 15 ner.
[Tpu sTOM ManburKK 60J1€NIM TOCTOBEPHO Haie aeBodek (p<0,05).

Tabmuma 5
CeeneHus 0 MalMeHTax ¢ IMarHo30M BUPYCHAas My3bIpyaTKa MOJIOCTH PTa U KOHEYHOCTEHN C
y4eTOM KJIMHMYECKOW KapTHHBI, TI0JIa U Bo3pacTta 00abHbIX, 2012-2021 rT.

CreneHp TSHKECTH ITon Bo3spact

Ton 6qHCHO Jlerkas | Tsoxenas | JleranpHble 0-12 | 13-36 | 3-14
OJIBHBIX Ken. Myx.

dhopma dbopma HCXOJIbI Mec. Mec. JIeT
2012 243 12 211 20 82 161 84 146 13
2013 191 2 181 8 78 113 45 135 11
2014 137 24 113 0 62 75 18 96 23
2015 252 36 216 0 106 146 37 185 30
2016 423 55 368 0 148 275 123 262 38
2017 578 51 527 0 221 357 119 438 21
2018 550 32 516 2 218 332 113 414 23
2019 560 127 433 0 219 341 129 364 67
2020 419 37 382 0 167 252 100 308 11
2021 347 18 326 3 130 217 63 256 28
3700 394 3273 33 1431 2269 831 2604 265

(10.7%) | (88.4%) (0,9%) | (38.7%) | (61.3%) | (22.4) | (70.4% | (7.2%

C 2012 mo 2021 roas! npu BUPYCOJOTHYECKOM HCCIIEAOBAHUU MPOO OT OOJIBHBIX ¢ MEPBUYHBIM
JMArHO30M SHTEPOBUPYCHBIH MEHUHTUT/MEHUHIOAHIE(ATUT ObLIO BBIACICHO U HACHTU(DUIIMPOBAHO
228 surepoBupycos 24 Tunos. K Buny A (Enterovirus alphacoxsackie) oraeceno 57% mrammoB, kK BUIy
B (Enterovirus betacoxsackie) mpunamiexanu 42,5% »sHTepoBUpyCcOB, oiauH mTamm — EV-DG68,
BbIsiBIIeHHBIN B 2018 ., npunamiexan k Buay D (0,5%). UactoTa oOHapy)eHUs UACHTH(PHUIIMPOBAHHBIX

SHTEPOBUPYCOB BHIa A 1 BuJia B 0T O0IBHBIX B pa3HbIe ro/ibl He Obla 0AnHakoBoM. B 2012-2014, 2016
12



u 2021 rr. npeobnamanu Bupycel Buga A, a B 2015 u 2017-2019 romax npeBanupoBaiu BUPYChl BUaa B
(puc. 4).
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Pucynoxk 4. Beiienenue HeroJIMOMHUETUTHBIX 3HTEPOBUPYCOB BUJ0B A, B u D oT GosbHBIX C
JMArHO30M dHTEPOBHPYCHBIM MEHUHTUT/MeHHHTO3HIIeanuT B 2012-2021rr. B FOxHOM BheTHaMe.
Bricokuit nporieHT BUpycoB Buga A y O0JIbHBIX ¢ 3TOM (popmoit mHGEKINN CBS3aH ¢ MIMPOKOI
mupkymsinueit B FOxxaom Bretname DB71, xotopsiii mamuposai cpeau 130 BUpycoB Buaa A, cCOCTaBHB
74%. Btopoe mecto 3ansut Bupyc Kokcaku A6 (10% ot BupycoB Buaa A). CymmapHasi 107151 BUPYCOB
Kokcaku A2, A4, A5, A8, A12 u A16 cocraBmia 16%. Dt Bupychl 1 DB71 W3BECTHBI KaK THITHYHBIC

BO30YAMTENN BUPYCHOM My3bIPUYATKH PTa M KOHEYHOCTEH (puc. 5).

CVA5,8 CVA12
CVA2,4,16 4% 4%
8%

CVAG \\ EVA71
74%
10%

EVA71 = CVA6 CVA2,4,16 CVAS, 8 = CVA12

Pucynox 5. Tumnsl 3HTEpoBUpYCcOB BuAa A, NAeHTU(GULIHPOBAHHBIX Y OOJBHBIX SHTEPOBUPYCHBIM
MEHHHTUTOM WM MeHuHTO3HIeanmuTom B FOxxHoM BreTtname B 2012-2021 ronpax.

Hons sutepoBupycoB Buaa B (E. betacoxsackie) cocraBuma 42,5% oT Bcex BHPYCOB,
UACHTU(GHUIMPOBAHHBIX Y OOJBHBIX SHTEPOBUPYCHBIM MEHUHIHTOM (puc. 6). be3 ydyera sHTepoBupyca
71 nons BupycoB Buaa B Obna Beime monu OB Buma A. Cpean 14 tunoB BUpycoB Buaa B mporeHT
BupycoB Kokcaku B1, B2, B3, B4, u BS Ob11 Han6onbmm — 53,6%. IpeBanupoanu Bupycsl Kokcaku
B4 (20%), Kokcaku B3 (12%), Kokcaku B5 (11%) u Bupycst Kokcaku B1 u B2, B cymme coctaBuBIme
10%. [Hons supycoB ECHO cpenu 43 Bupycos Buna B 6bu1a paBHa 44,4%, muaepcTBO MPUHAATIEKAIO
Bupycy ECHO 11 (16%). DurepoBupychl B pa3neix tunos, takue kak ECHO 6, ECHO 9, ECHO 11,
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ECHO 30 u Kokcaku A9, M3BECTHBI KaK THUIHMYHBIC STHOJIOTUYECKHE AareHThl SHTEPOBHPYCHOTO

MEHUHIUTA.
CVA9
E21 294
2% E25,30
9%
E11
16%
12%
E6,9
14%
S CVB1,2
a% 10%
= CVvB4 CVB3 CVBS = CVB1,2 =E3,5 = ~ E6,9 =E1l mE21 = E25,30 = CVA9

Pucynok 6. Tunsl sHTEpOBHUPYCOB BuAa B, naeHTH(UINPOBAHHBIX Y OOJBHBIX SHTEPOBUPYCHBIM
MEHHHTUTOM/MEeHHHT03HIIehamnToM B FOxHoM BreTHame B 2012-2021 romax.

VY GONBHBIX C pa3IMYHBIMHM KIMHUYECKUMU (popmaMu Hernoiano DBU ObliM BBISIBICHBI BUPYCHI
yeThipex BumoB. DHTepoBupychl BuaoB C (Enterovirus coxsackiepol) u D (Enterovirus deconjuncti)
ObuTH 0OHapyXeHbI kpaiine penko. Bum A (Enterovirus alphacoxsackie) Obut npeacraBieH BUpycaMu
Koxkcaku A 10 tumoB — stronornueckumu areHTamu HFMD, BupycHO# my3pIpyaTKy MOJOCTH pTa U
KOoHeuHocTel. DB71 nmuaupoBan cpeau BCeX SHTEPOBUPYCOB, HAWJIEHHBIX Y OOJIBHBIX Pa3IUYHBIMU
dopmamu DBU. Bupycer Buga B (Enterovirus betacoxsackie): Kokcaku A9, Kokcaku B tumos 1-6 u
Bupycbl ECHO pa3spix TUMOB, WACHTU(GUIMPOBAHHBIC Yy OOJIBHBIX JETeH, daiie ObUIM CBSI3aHBI C
SHTEPOBHPYCHHIMU MEHUHTUTaMU. [JaHHBIMH MHOTOJIETHETO BHPYCOJIOTHYECKOTO MCCIICAOBaHUS P00
oT OOJILHBIX C Pa3HBIMU JMArHO3aMH TI0Ka3aHO, YTO SHTEPOBUPYC 71 ObLT OOHAPYKEH NPU Pa3TMYHBIX
KIIMHAYECKUX (popMax MHGEKIINH.

PoJb 3HTEpOBHpYCa 71 KaK 3THOJOTHYECKOI0 areHTa MH(eKUMOHHBIX 3200/ IeBaHUl B
IOxknom BrerHame

Ha npotsbkeHrr MHOTHX JieT u3ydeHus Hernosimo DBU BheTHaM mnepexus HECKOJIBKO IMHKOB
AKTUBHOW IUPKYIALHK SHTEpOBHPYca 71, COMPOBOXKIABIINXCS MaccoBbIMH Bembliikamu DB (2012,
2016, 2021). Benymeit dhopmoii Henonmmo OBU B FOkHom BrerHame Obuta HFMD — Bupychas
My3bIpYaTKa MOJOCTH pTa U KOHEYHOCTEH, OCHOBHBIM BO30ynuTeneM 3Toi nHpekuuu seisiics OB71,
OH k€ ObLT HCTOYHUKOM pacmnpocTpaHeHus 3a00eBanus. [JaHHBIMA MHOTOJIETHETO BUPYCOJIOTHIECKOTO
uccienoBaHusl Mpod OT OONBHBIX C pa3HBIMU JMArHO3aMU TOKa3aHO, YTO SHTEpOBUPYC 71 sABisCS
OIHUM U3 HaubOliee YacThIX STHOJOTUYECKHX areHTOB HMH(EKIIMOHHBIX 3a00JieBaHUN C pa3HOU
KJIMHHYECKOW KapTuHOW. Bupyc DB71 Obu1 uaeHTHUIIUPOBAH y OOJBHBIX C JUArHO3aMH BHPYCHAs

IMy3bIpYaTKa IMOJIOCTHU pTa U KOHC‘IHOCTGIZ, n 3HT€pOBpr0HLIfI MEHUHTUT/MEHUHT 03HI_IC(1)3.HI/IT, a TaKXKcC
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y NMalMEHTOB C NEPBUYHBIM JUArHO30M CHUHJIPOM OCTPOTO Bsijioro napanuya. [Ipouent mrammos OB71
cpead HWICHTU(UIMPOBAHHBIX HEMOJHO SHTEPOBUPYCOB OBLI BBICOKMM Y OOJBHBIX CO BCEMH
M3yYeHHBIMU (GopMaMu HH(EKUIUHU, MOCKOJIBKY C 3THM BHPYCOM OBUI CBSI3aH IIHPOKHH CHEKTP
CephE3HBIX OCIOKHEHUH (MEHHHTHT/MEHUHTOSHIE(ATHUT, CepIedHO-JIETOYHbIC TPOSIBICHHS, a TaKKe
OCTpBI€ BsUJIbIE MApPAIMUM, XapaKTEPHbIE AJIs1 IOJUOMUEIIUTA).

Jlyis otieHKH poiu 3HTepoBHpyca 71 B 3THONOTMM WH(EKIHMOHHBIX 3a0osieBaHuil B HOxHOM
BbeTHaMe Ba)XxHO ydecTb CleIylOIIME AaHHbIE. Y OOJbHBIX C JAMAarHO30M CHUHAPOM OCTPOTO BSUIOTO
napajinya MpoIeHT MTaMMOB 3HTepoBupyca 71 (67 u3 239 uaeHTuGUIMPOBaHHBIX Y HUX Henosmo DB)
Obur paBeH 28%. M3 228 BupycoB, HalJCHHBIX y MAlUEHTOB C THArHO30M SHTEPOBHPYCHBIN
MEHUHTHT/MEHUHTOdHIIeanmuT, 96 mTaMMoB ObIIM HACHTUPUIIMPOBAHBI Kak DB71, uto cocraBmiio
42%, ocraneuble 132 Bupyca Obutn SHTEpoBUpYycaMu Buaa B. Camast TecHas cBsi3b SHTEpoBUpyca 71
BBISIBJIEHA CO CIIy4asMU BUPYCHOU IMy3bIpUaTKU MOJIOCTH PTa U KOHEYHOCTEH, I/ie 10151 OOHApYKEeHHS
mraMmmoB Bupyca IB71 (1771) Obuia Hanbosbiei, coctaBuB 49% OT BBIJCICHHBIX OT ATUX MMAIUCHTOB
HETIOJIMO SHTEPOBUPYCOB (TabI. 6).

Ta6muma 6
Brigenenue Bupycos 9B71 oT manueHTOB ¢ pa3iMyHbIMU UH()EKIIMOHHBIMU 3a00JIEBAHUSMU B
IOxxuoMm Bretname ¢ 2010 mo 2021 roag!.

Ton OBII (239 BB) Menunrut/ [ly3bIpuaTka MojgoCTH pra u
suneanut (228 OB) koHeuHocTel (3611 OB)
OB71 | npyrue OB DB71 | apyrue OB DB71 | napyrue OB
2010 1 10
2011 3 15
2012 23 11 18 10 212 28
2013 5 17 15 4 174 12
2014 2 8 16 9 90 45
2015 7 9 10 28 157 86
2016 0 14 15 7 320 95
2017 0 33 3 18 250 312
2018 8 14 6 20 196 337
2019 1 14 4 22 80 465
2020 2 20 4 5 39 379
2021 15 7 5 9 253 84
Bcero | 67 (28%) | 172 (72%) | 96 (42%) | 132 (58%) | 1771(49%) 1840 (51%)

[Itammbl Bupyca 9B71 UHTEHCUBHO HUPKYJIMPOBAIHU B pa3HbIX MpoBUHIMAX OxHOTO BheTHAMA.
Oco0enHO MHOTO ciy4yaeB MH(MEKIMH, BBI3BAHHBIX dHTepoBHUpycoM DB71, 3adukcupoBaHo B ropoje
XommmuH 1 npoBuHIUAX Jonr Tan, Kan To, Auzsur u Taii-Huns.

Camoif MHOTOYHCIIEHHOM TPYNIOW CpeAu NalMEeHTOB C BbISABIEHHBIMH BUpycamu DB71 Obun
netu ot 13 1o 36 mecsties (72%), 4TO TOCTOBEPHO MPEBBIIANO A0 AeTei Apyrux Bo3pactos (p<0,05).
[Tpu sTom manbuuku (62%) 60aemu noctoBepHo uare (p<0,05) neBouek (38%) (Tab:.7).
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Tabmuna 7

Cnygyan nHpEKIIMOHHBIX 3a001eBaHmid, CBs3aHHBIX ¢ DB71 B FOxHOM BheTHame

Pacnpenenenne Pacnipenenenue 1mo Bo3pacty
Jluarsos Yucno 110 0Ty
CJIydacB MaJIbYUKA EBOYKH 0'6 McEC. 7'12 13'36 3'14
Mec. MeC. JIET
OBII 67 38 29 1 8 48 10
MeHUHTUT 96 68 28 6 10 70 10
Bupychas 1771 1093 678 66 254 1278 173
my3bIpYaTKa pra
1 KOHEYHOCTEH
Bcero 1934 1199 735 73 272 1396 193
(62%) (38%) (3%) (15%) (72%) (10%)

[IpoBeneHHble MccaeA0BaHNS MO3BOJWIM YCTAHOBUTH JIMAUPYIOLIYIO POJIb 3HTEpoBUpYyca 71 B
LUPKYJSLIUU CPEAN HACEJICHUS U €ro Ba)KHOE 3HAUYEHUE B 3TUOJIOTUN MH(PEKITMOHHBIX 3a00J1€BaHUI 111
lOxnoro Boernama. IlomydeHHble  pe3ynbTaThl — JTOKa3bIBAIOT ~ HEOOXOJMMOCTbh  YCHUIJICHHS
3¢ (GEeKTUBHOCTH KOHTPOJS LUPKYISLUU SHTEpOBHpYyca /1, MPOrHO3MPOBAHUS BCIHBIIIEK HEMOJHO
SHTEpOBUPYCHOM HHPekuu, cBsizaHHbIX ¢ OB71. TloBbimuenune 3¢G(EeKTHBHOCTH KOHTPOJIS U MeEp
NpOQUIAKTUKY SHTEPOBUPYCHOW WH(GEKUIHUH CTaHET CBOEBPEMEHHBIM IIAaroM Jjs YKperuieHus

HAIlMOHAJILHOM U PETMOHAJILHBIX MPOTPaMM HaJ[30pa 3a NHPEKIMOHHBIMU 3200JI€BaHUSIMHU.

MoJiekyasipHasi XapaKTePUCTHKA HEKOTOPBHIX HEIMO0JIM0 JHTEPOBHPYCOB, LIHPOKO
nupkyauposapmmx B FO:xxuom BbeTtHame
bbuin u3ydeHsl MoJIeKyNIIpHbIE OCOOCHHOCTH U (PUIIOT€HETUYECKHE CBA3H BaXXHBIX B ATHOJIOTHH
OBU u HanboJsiee mmpoko nupKyupoBasiux B FOxHoMm BretHame B nmocieanue roast HITDB. Tpexne
BCET0 3TO PHTEPOBUPYCHI, MpuHauIexkamux K Buay A (E. alphacoxsackie), nomuHupoBaBIie Bce roisl
B 1mupkymsinun cpeau HITDB. OcoOeHHO BakHO OBLIO HM3YyYUTh MOJICKYJISIPHBIC XapaKTEPUCTUKU

sHTepoBuUpyca /1 u suTepoBupyca Kokcaku A10, BbISIBJICHHBIX Y 00C/I€JOBAaHHBIX MAlMEHTOB.

MousekyJIIpHasi XapaKTePUCTHKA JHTepoBUpYyca 71, HMPKYJIMPOBAaBIIEro B 00JIbIIMHCTBE
npoBuHui FO:xkHoro Boernama ¢ 2010 mo 2021 roasl
MonexkyaspHbIil aHalIW3 MITaMMOB 3HTEpoBHpyca 71, JIUAMPOBABLIErO B LUPKYISLUU Cpead
HaceJeHUs1 MHOTHE TOJbl, IoKazal, 4to 88% mrammoB OB71 npunaanexanu k resoruny C4 u 12%
n3yueHHbIX mTamMmmMoB OB71 6bun oTHECeHB! K reHoTHITy BS. M3yuenHsle mtammbl Bupyca 9B71 6buin
UICHTUPUIIMPOBAHBI Y OOJIBHBIX C TUATHO30M BUPYCHAS IMy3bIpYaTKa MOJOCTU PTa U KOHEYHOCTEH, a
TaKXKe BBIIENIEHBI OT MAIIMEHTOB C CUHAPOMOM OCTpOro Bsioro napanuya. Llltammsel sHTEpoBHpYyCca 71
reHotuna C4, cocTaBUBIINE OCHOBHYIO YacTh HM3YYEHHBIX MmTaMMOB. DB71, mUpKyTupoBaBIIMX B
HOxxHOM BheTHame, Menu BRICOKYIO CTETIEHb POJICTBA CO IIITAMMaMHK YHTEPOBHpYca 71, KOTOpbIe ObUTH

oOHapyxeHbl B Kurae. Ot BUpychl Takke ObliM 013Ky mrammam u3 TaiiBans u Manaiizuu. Bupycst
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OB71 renotuna C4, BbigBiaeHHble B 2018-2019 rr. B ciaydasXx BHUPYCHOH Iy3bIpyaTKM pTa U

KOHEYHOCTEH, U OCTPBIX BSUIBIX MapaInyeil, OTIMYAINCh OT BUPYCOB, BhIsIBIEHHBIX B 2003-2005 1 2011-

2012 romax BO BpeMsi BCIBIIIEK HEMOJIUO 3HTepoBHpycHOW uH(pekuunun B HOxHOM n CeBepHOM

Brername. [lItamm VND18/227, nneHTH(UIIMPOBAHHBINA Y OJHOTO MAIIMEHTA C TSHKEIBIM KIMHUYIECKUM

TE€YEHUEM BUPYCHOMW Iy3bIPYATKH MOJIOCTH PTa U KOHEYHOCTEH, ObLT OIM30K K mTamMMam Bupyca IB71

(99,2-99,4% romosnorun) renoruna C4, BbIsIBICHHBIM B ['epMaHiu B TOT )K€ BPEMEHHOM nepuo/1 (puc.

7.

9,
97
EU753388 C4 CHN 2007

HQ676196 JPN 2005

99

O _VND18/237 VIN VNM 2018
VND19/21 BEN VNM 2019
@ 18/081 AFP VNM 2018
O GS18/1150 ANG VNM 2018
@ 18/144 AFP VNM 2018
O VND18/143 BEN VNM 2018
O VND19/02 BEN VNM 2019
O VND18/172 SOC VNM 2018
O GS18/1161 THD VNM 2018
O Gs18/538 HCM VNM 2018
O_GS18/1011 TAY VNM 2018
O _Gs18/668 DOT VNM 2018
——O VND18/176 ANG VNM 2018
—— @ 18/078 AFP VNM 2018
——O VND19/56 DOT VNM 2019
—O Gs18/1225 DOT VNM 2018
__|—_O VND18/28 CAN VNM 2018
O VND19/34 DOT VNM 2019
- O VND18/145 BEN VNM 2018
O GS18/1074 HCM VNM 2018
@ 18/127 AFP VNM 2018
L~ @ 18/130 AFP VNM 2018
_|O GS18/742 DOT VNM 2018
O VND18/26 DOT VNM 2018
O VND19/01 BEN VNM 2019
LC413022 B71-YN-CHN 2017
O VND18/39 CAN VNM 2018
_|:O GS19/275 DOT VNM 2019
VND18/44 DON VNM 2018
O VND18/150 CAM VNM 2018
[~ 'O VND18/177 ANG VNM 2018
O GsS18/1295 DOT VNM 2018
©_L.C413014 B49-YN-CHN 2017
@ _MT258869 18/YN/AFP_CHN 2018
LC516801 A147-KM-CHN 2018
MH644608 22/SZLG CHN 2017
MH716157 SHFMDO04/Shen CHN 2017

75

96
EU999178 CHN 2008

99 — A AM490151 540V/VNM 2005

1 MG756702 TW-70521 TWN 2005

99
96

88
99 MG756691 TW-50837 2016
KT428649 SZ50/CHN 2014

MN397855 46617/BB/GER 2018
MN397888 53527/SN/GER 2019
VND18/227 DOT VNM 2018
— MH716155 sHFMDO08/Shenn CHN 2016

99

A MF001389 E65 DakLak 2016

88

A MH557183 391TS/NHP VNM 2016
A KU887856 C4-129P-VinhLong 2013

A MF001393 HFM11-047 DakLak 2011
KP308413 399 KHM 2013
KX197464 SEP024 KHM 2012
KP308439 311 KHM 2012
A MH557140 107TS/NHP VNM 2015
KC222960 VNM 2011
KMO055005 HFMD12V LAO 2011
A KU159443 strain C4-ND-Hanoi 2012

A AM490155 718T/VNM 2005

AY895133 hzh03-105 CHN 2003

AF135934 C CHN 1987

AY 465356 C4 CHN 1998

69

AB465416 C4 JPN 2003
FN675346 C4 69 AUT 2004
o7 HQ676185 C4 CRO 2005
78 FN598741 C4 CF192013 FRA 2004
70 - HQ647171 C4 CAN 2006

| |

0.01

Pucynox 7.

DUIOreHETUYECKHUE  CBSA3H

mraMMOB Bupyca OB 71

A KU888097 C4-595S HoChiMinh 2004
A KU887779 C4-041-NinhThuan 2006

T'CHOTHIIA

C4,

I/I,Z[GHTI/I(I)I/IL[I/IPOBB.HHBIX B lOxxHOoM Bnername: o - mTaMMBI, BBIACJICHHBIC OT IMAIITMCHTOB C BHPYCHOﬁ
HYSLIpanKOﬁ MOJIOCTU pTa U KOHeqHOCTeﬁ, B IOxHOM BLGTHaMe; ® - MITaMMBbI, BBIACICHHBIC OT
IHaluCHTOB C OBII B OxnoM BLCTH&MC; A - BBETHAMCKHE IOTaMMBbI, OIMCAHHBIC B JPYIrux
UCCIICAOBAHUAX;, 4 - IITAMMEI, I/I,Z[eHTI/I(i)I/IL[I/IpOBaHHLIC Yy MNanucHTOB U3 KUTaNUCKOM IMPOBUHIINHA

OupHaue.
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Hyxneotuansie mocienoBaTelbHOCTH HM3YyYEHHBIX IITaMMOB SHTepoBupyca 71 reHoruma BS,
KOTOpBIE ObUTH MASHTH(PULIMPOBAHBI y 00bHBIX ¢ Auarno3zoM HFMD (BupycHast my3sIpyaTka moJIoCTH
pTa ¥ KOHEYHOCTEH ), a TakXkKe y OOJIBHBIX C AMArHO30M CHHJIPOM OCTpOro Bsutoro napanuya B 2018-2019
IT., 00pa3oBanu MOHO(UIETHYECKYIO rpymiy. Bee mtammel sHTEpoBHpYyca 71 reHotuna BS mmenn
TECHYIO CBs13b ¢ BUpycamu DB71 renotuna BS, BersiBnennsivu B Kutae B 2017 roay. B To e Bpems atu
LITaMMbI OTJIMYAIUCH OT IITAMMOB 3HTEpoBHUpyca 71 reHotuna BS, uupkynupoBasiuinx Bo BeeTHame B

nepuon ¢ 2011 o 2016 rozast (puc. 8).

72— O VND18/192 BAR VNM 2018
O VND18/147 BEN VNM 2018
O GS19/276 DOT VNM 2019
—— @ 18/121 AFP VNM 2018
_L—O VND18/148 BEN VNM 2018
O VND18/231 ANG VNM 2018
MG756694 TW-51031 TWN 2015
MG843983 CU2722 THA 2017
@ 18/114 AFP VNM 2018
KR045302 THA A1570 2014
KX372327 SIICRCO5/THA 2013
LK985324B5 B5 FRA 2013
KX372314 SilCRCOL/THA 2012
AB936541 1615-Yamagata 2012
K(C894866 EV1056-Terengg MAL 2011
A KU887961 B5-257TS-VinhLong 2011
| L KC894874 EVO744-Johor MAL 2010
- A KJ686270 171 VNM 2012
L A MH557209 EVHO04RS/NHP VNM 2013
A MF001386 BD14-04 DakLak 2014

100 - A MH557097 001TS/NHP VNM 2015
—r—A MH557208 478RS/NHP VNM 2016
o | A MH716352 B5-95 VNM 2014
100 {A MHS557212 EVHOLIRS/NHP VNM 2013
9 MK344771 J098-WS-YN CHN 2014
A KJ686137 B5 VNM 2012
’E

99

100

756728 TW-01485 TWN 2012

A KP691653 B5 02-0-035 VNM 2013
KF154306 B5-03647-TWN 2011

MG756754 TW-50144 TWN 2013

100

—

—— AY905548 B5 SAR 2003

AB059814 B1 BUL 1975

S —
0.02

PI/ICYHOK 8. OdunoreHeTHYECKHUE CBA3U IIITAMMOB OHTCPOBHUPYCA 71 renoruIia B5, BBISIBJICHHBIX B
IOxxnom Brername: o - mITaMMBbI, BBIACJIICHHBIC OT IIaIMCHTOB C BI/II)YCHOI‘/'I HYSLIpanKOﬁ IIOJIOCTH pPTa
U KOHe4yHocTer u3 HOxxHOTro BBGTHaMa; ® - INITaMMBbI, BBIACIICHHBIC OT OOJIBHBIX C OCTPBIM BSJIBIM
napajinviom u3 IOxHOTrO BLCTHaMa; A - BbeTHAMCKHE IOTaMMBI, OITMCAHHBIC B APYI'UX UCCICIOBAHUAX.

MouiekyJisipHasi XapaKTepucTHKa mraMmmMoB 3uTepoBupyca Kokcakn A10 (CVAL0),
uupkyJuposaBmux B FOxknom BoeTHame
Brinn u3yueHsl MoNleKyIsipHbIe XapakTepucTHky mrammoB Kokcaku A10, naeHTUUITTPOBAHHBIX
y 6onpHBIX B FOxHOM BheTHaMe. OTH mTaMmbl cpaBHUIH co mtammamu Kokcaku A10, BeigeneHHBIMU

U UACHTU(HUIMPOBAHHBIMU B JIpyrux crpaHax FOro-Bocrounoit Asum, a takxke B Poccuu. IlITammbl
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Bupyca Kokcaku A10, oOHapy>xeHHBIE Y 00CIIeTIOBaHHBIX OOJIBHBIX, MPUHAJICIKAIN K TPEM T€HOTUTIAM
C, E u F3 (puc. 9). BosiblIMHCTBO MITAMMOB OT 00OCIICIOBAaHHBIX OOJIBHBIX, MPOAHATM3UPOBAHHBIX B
JAHHOM HCCIIEJOBaHUM, IIPUHAJUIEKAIN K TeHOTUNY F3, a oauH mTaMM, BBIIEICHHBIN OT MalueHTa ¢
TsKENbIM 3a00seBaHueM, npuHaiexkan k reHotuny Fl. IIrammsr u3 FOxHoro BeerHama nmenu
reHeTU4YecKoe poJCTBO co mrammamu Bupyca Kokcaku A10 u3 Kutas u npyrux crpan FOro-Bocrounoit

Azun.

O GS/840 VNM 2019
GS/841 VNM 2019

O GS/740 VNM 2019

{3 G S/857 VNM 2019

{2 GS/523 VNM 2019

r GS/1056 VNM 2018

VND/137 VNM 2018
— L GS/993 VNM 2018
— {3 GSM1T6 VNM 2018
———— C}GS/679 VNM 2019

{3 S/983 VNM 2018
—{ @ 18/101 AFP VNM 2018
P 98 @ 18/104 AFP VNM 2018
QG S/I1364 VNM 2018

{3GS/1058 VNM 2018
97 VND/123 2b VNM 2018
18/167 AFP VNM 2018

HFM3 122 Da Nang VNM 2019
18/080 AFP VNM 2018
87, GS204 VNM 2019 F3
70 |— 4 18/076 AFP VNM 2018
—— MW929257 HP18-39 CHN 2018
MKB14855 HEWT92611 CHM 2018
¥ KX768201XMCDC-85-CHN 2015
MGB38868 SD2015-68 CHN 2015
¥ KX768199. XMCDC-241 CHN 2015
KP289407 CV-A10/P911 CHN 2013
4 3221 Vladimir 2017
KUBB5563 AYLA14167/HN/CHN 2014
KU578135 Qingdao1/SD/CHN 2014
4 2263 Saratov 2017
MH111060 C136/CHW/AUS 2016
4 2371 Stavropol 2017
MH111058 C116/CHW/AUS 2017
L KF999765 JL12-52 CHN 2012
71 KF246659 SJ712-0160T/HeB/CHN 2012
KIMO045106 284 CHN 2010
91 _JX473453 CVA10-8HZH2011-0301 CHN 2011
w KX 595290 Shenzhen10/CHN 2015
,—KFGBSHB HuM09-23 CHM 2009
KP861810 SPb 5120/13EM/Mur-3/14/RU 2013
HQT728262 SD CHN 2009

KF995744 HLJ10-16 CHN 2010
93 KMO48114 951 CHN 2013
796476 ESP0B/G4572 SPA 2006
A LC438291 HVUN13.020/Hai Phong/VNM/2013
gs LC430226 57-YN-CHN 2017
LCA03068 12-QU-YN-CHN 2019
£ LC438300 HVN16.070/Thai Binh/VNIW2016
2, 1.C438292 HVN14.213/Thai Binh NIW2014
LC411993 AD95-YN-CHN-2014

77 | A LC438295 HVN14 347NVinh Phuc AVNIW2014 F1

/4 LC438309 HVN16.132/Thanh Hoa/VNI2016

/4 LC438296 HVN15.088/Hai Phong/VNIM2015
A LC436289 HVN11.028/Bac Giang/ VNM/2011
85 A KX430807 7.1 VNM 2014
£ LC483983 HVN16 080 Hai PhongVNIM/2016
) VND/102 2b VNM 2018

33 a8 A LC438316 HVN17.195/Thai Binh/VNWM2017

Pucynok 9. ®unorenernueckue cBs3u mTamMmoB  Kokcaku  Al10  renortuna F,
UACHTU(GUIMPOBAHHBIMU BO BheTHaMe U B Ipyrux crpaHax, BKiatouyast PM: o - mraMMsl, BHISBICHHBIE Y
MALMEHTOB C BUPYCHOM ITy3bIpYaTKOM NOJIOCTU pTa U KOHEUHOCTe! U3 FOxHOro BeeTHama; @ - mrammsl,
BbIJIEJIEHHBIE OT OOJBHBIX C OCTPHIM BsUIbIM HapanudyoM u3 FOxHoro BrerHama; A - BbeTHaMckue
LITAMMBI, OITUCAHHBIE B JPYTUX UCCIIEI0BAHUSAX.

=~

71

87

—
0.01

BpIBOIbI

1. Or 2143 OoOJBHBIX C CHHIPOMOM OCTPOIrO BsUIOTO Mapainuya 3a 12 jer OblIo BbLAEICHO 22
nommoBupyca (1%), 20 mTamMmMoB ObUTM BakKIMHHBIMH, ABa mTamma [IBBII2 Obun monmoBupycamu
BAKIIMHHOTO NPOMUCXOKIEHUS, YTO CBUIECTEILCTBYET O BHICOKOM KauyeCTBE HAJ30pa M BAaKIMHALMU B
IOxxHom BrerHame. BrisiBieHne y Tex ke mauueHToB 11,6% HENoOJIMOMHENNTHBIX 3HTEPOBHPYCOB,
gacTo 1upKynmupoBaBmmMx B [OxHOM BbeTHame, CBf3aHO ¢ TSDKEIBIMH HEBPOJOTMYECKHMHU
OCJIOKHEHUSIMU HETIOJINO SHTEPOBUPYCHON MH(DEKLINH.
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2. MHoroyieTHUIl aHanu3 LMPKYIALUU HEMOJMOMUEIUTHBIX 3HTEPOBUPYCOB IIO3BOJIUI BBISBUTH
JOMUHHpOBaHKUE BUPYcoB Buaa A (alphacoxsackie), 3798 mrammoB 3TuX BHpycoB cocTaBmin 93% ot
BCEX BBISBIICHHBIX SHTEPOBUPYCOB. OJTHOJIOTMYECKAsl CBS3b AHTEpoBUpycoB Buga A ¢ HFMD —
BHUPYCHOM Iy3bIPYATKOMN MMOJIOCTU PTA U KOHEYHOCTEH 00YCIIOBMIIA BEAYIIYIO POJIb 3TOM KIMHUYECKOH
dbopmbl Hemosmo dHTEepoBHpycHOW wuHpeknmm B IOxHOM BheTHame. DHTEepoBHpYCH Buua B
(betacoxsackie) vamie ObIITH CBSI3aHBI C AUArHO30M SHTEPOBUPYCHBII MEHUHTHUT.

3. YcraHOBIIEHO, YTO SHTEPOBUPYC 71 SABJISUICS OCHOBHBIM 3THOJIOTMYECKHUM areHTOM 3HTEPOBUPYCHOMN
unpexknnu B KOxHOM BbheTHame, Bkimtouass ee Bemymyto (opmy. Illtammer Bupyca DB71 Obun
BBISIBJIIGHBl y TAIMEHTOB C pa3IMYHBIMU auarHozamu: B 49% y OGonpabix HFMD — BupycHOU
My3bIPYATKON TOJIOCTH pTa U KOHEYHOCTeH, B 42% y OOJIBHBIX C SHTEPOBUPYCHBIM MEHMHIHUTOM U B
28% y GOJIbHBIX C CUHJIPOMOM OCTPOTO BsUIOTO mapannda. CMeHa THIOB U T€HOTHIIOB YHTEPOBUPYCOB
MPUBOIMJIA K IEPUOIUUYECKUM MOJbeMaM 3a00J1€BAEMOCTH SHTEPOBUPYCHON HHPEKITUEH.

4. Ilokxa3aHo, 4TO cBsi3aHHBIE ¢ d3HTepoBUpYycoM 71 ciyuau HFMD — BupycHOM my3bIpuaTKy MOJIOCTH
pTa M KOHEYHOCTEH, yacTo ocioxHeHHble B IOxHOM BbeTHame TsDKEIbIMH HEBPOJIOTMYECKUMU
CUMITOMaMHU KaK MEHUHTUT WJIM OCTPBIM BSUIBIN Mapajud Ha paHHUX CpoKax OOJIe3HH, B psfe clydaeB
ObUIM JMAarHOCTUPOBAHBI U 3apETHCTPUPOBAHBI KaK SHTEPOBUPYCHBIM MEHMHTUT WJIM KaK CHUHIPOM
OCTPOTO BSUJIOTO Mapajanya.

5. MonekynspHbIM aHAJIU30M YCTaHOBIIEHO, 4TO 88% H3y4eHHBIX IITaMMOB 3HTepoBHpyca 71
npuHaiexkanu k reHoruny C4, 12% mrammoB sHTEepoBupyca 71 ObulM OTHECeHBI K TeHoTHry BS,
SHTEPOBUPYCHl 3THUX T'€HOTUIIOB HIMPOKO IupKyiaupoBanu B FOxHoM Brername. Bosnbmias gacts
M3yYEeHHBIX MTaMMOB sHTepoBUpyca Kokcaku Al0 nmpunamiexana k reHotuny F3, onuH mramm
sBisiica Bupycom Kokcaku A10 renotumna F1.

IIpakTHyeckue peKoOMeHIAIMT

1. Bpavyam nenuatpam, HHPEKIIMOHUCTAM M BUPYCOJIOTaM PEKOMEHTyeTCs UCITOIb30BaTh JaHHBIE,
ONyOJIMKOBAHHBIC B W3JIaHHBIX 110 MaTepHajiaM JaHHOTO HMCCIICIOBAHUS CIIPABOYHBIX MMOCOOMSIX ISt
ONTHUMU3AIMK AUATHOCTUKH CHHIPOMA OCTPOTO BSJIOTO IMapajinyva M Pa3jIMdHbIX KIMHUYECKUX (Hopm
HETIOJIMO SHTEPOBUPYCHON HHPEKIIHNH.

2. Bpauam BupycoJioraM M 3MHAEMHOJIOTaM TIOJIE3HO HCIOJIB30BaTh JAHHBIC TUCCEPTAIUU IS
paboThl PEKOMEHIAIMHU TI0 OpPraHU3AIMK BUPYCOJIOTHYECKUX HCCIACAOBAaHUN M MPO(UIAKTHUSCKHX
MEpOTNPHUATHI B OTHOIIIEHUHN PA3IUYHBIX KIMHUYECKUX POPM SHTEPOBUPYCHON MHGDEKIIHH.

I[lepcnexkTuBa najJbHelime pa3padoTKu TeMbI

[Inanupyercs npanpHeimnas pa3paboTKa JaHHOW TEMAaTUKH C MOCTOSHHBIM MOHHUTOPHUHIOM
HUPKYJSIUU TOJMOBUPYCOB M HETIOJIMO YHTEPOBUPYCOB B MpoBUHIMAX OxxHOTO BheTHAMa, a Takke ¢
paciupeHrueM MOJIEKYISIPHBIX UCCIEeTOBAaHUI.
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CnucoK MCIO0JIb30BAHHBIX COKPAIIEHU i
BO3 — BcemupHas opraHusanus 34paBOOXpaHEHUs
JAIIB — nukunii noJmoBUpyc
NIIB — nHakTUBUPOBAHHAs [TOJIMOBUPYCHAs BaKI[MHA
OBII — ocTpblii BsuTbliA apanuy (CUHHIPOM)
OIIB — opasibHas MOJIMOBUPYCHAs BaKI[MHA
I1B — nonunosupyc
[1BBII (VDPV) — nonuoBupyc BaKIIUHHOTO TPOUCXOKICHUSI
[ILIP — monumepasHas LenHas peakius
OB — suteposupyc; HIIOB — HenmonmmoMuenuTHeli SHTEPOBUPYC
OBMU — sHTEepoBUpYCHAS MHPEKIUS
HFMD — hand, foot and mouth disease, BupycHast my3bipuaTKa MOJIOCTH PTa ¥ KOHEYHOCTEH
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GENERAL CHARACTERISTICS OF THE WORK

Enterovirus infection (EVI) is highly contagious, widespread and has the diverse clinical forms,
asymptomatic or generalised. Multiple types of enteroviruses can cause it.

Poliomyelitis is a severe neurological infection caused by Polioviruses 1-3 manifested as acute
flaccid paralysis that can lead to residual paralysis. The Global Polio Eradication Program has been in
place since 1988. The effective way to detect polio cases is through surveillance for acute flaccid
paralysis (AFP) syndrome, with laboratory testing of all AFP cases in children under 15 years of age.
Currently, five of the six WHO regions are certified as polio-free. Wild poliovirus (WPV) type 1
circulates in Afghanistan and Pakistan. Non-polio enteroviruses of three species (Enterovirus
alphacoxsackie, Enterovirus betacoxsackie and Enterovirus coxsackiepol including Poliovirus 1-3) can
also cause acute flaccid paralysis syndrome.

EVI varies in clinical manifestations and severity, from mild fever to generalized diseases affecting
the cardiovascular and central nervous systems, which often complicated by severe neurological diseases
as meningitis which can lead to death. Surveillance for EVI in Vietnam bases on monitoring cases of
hand, foot and mouth disease (HFMD) with typical rash on the hands, feet, and oral mucosa. In 2012, a
surveillance system for HFMD was established in South Vietnam, with laboratory diagnosis of severe
and fatal cases. HFMD is a significant economic burden for Vietnam [Nhan L.N.T, 2019]. The high
socioeconomic significance of enterovirus infection and widespread outbreaks of infection require a
study of EVI1 patterns, ongoing monitoring enterovirus circulation among population and cases of various
clinical forms of EVI and improving prevention of enterovirus infection.

It is necessary to study the virological and molecular properties of non-polio EV detected in
patients, the EV circulation among the population at different time and provinces of Southern Vietnam,
and to develop preventive measures to reduce the incidence of non-polio EVI in Vietnam,

The degree of the research topic development

The establishment of a national polio control program in Vietham was crucial to the
implementation of the country's polio eradication plan. Vietnam was accredited as a polio-free country
within the WHO Western Pacific Region in 2000. The final stage of polio eradication was achieved
through the widespread use of oral poliovirus vaccine (OPV) for three-dose immunization of children at
2, 3, and 4 months of age. Since 2019, a fourth dose of inactivated poliovirus vaccine (IPV) has been
added at 5 months of age. This has reduced the circulation of vaccine and vaccine-derived polioviruses
(VDPVs), which are similar in virulence to wild-type viruses. Cases of acute flaccid paralysis caused by
polioviruses (Sabin-like or VDPVs) have also decreased. The widespread circulation of non-polio
enteroviruses (NPEVSs) led to an increase in the incidence of EVI, often complicated by conditions such

as flaccid paralysis.
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Following the first outbreak of hand, foot, and mouth disease in Ho Chi Minh City in 2003 [Van
Tu P., 2007], an increase in incidence recorded in 2011-2012, when 170 of 113,121 HFMD cases were
fatal [Nguyen N.T., 2014], the epidemic spread throughout Vietnam. From 2013-2017, the number of
patients and deaths in Vietnam decreased, but the incidence rate was higher than before the epidemic.
Periodic increases in incidence and mortality were then observed [Hong N.T.T., 2018]. The Vietnamese
Ministry of Health classified HFMD as a disease with high epidemic potential with weekly reporting. In
2012, the surveillance system for HFMD was established in South Vietnam, with continuous monitoring
of non-polio EV circulation and virological diagnosis of severe and fatal cases of infection, studying
isolated enteroviruses.

Analysis of virological and molecular characteristics of non-polio EV isolated from patients with
EVI, monitoring the changes in dominant types and genotypes of circulating non-polio enteroviruses,
and evaluation of their role in the development of various clinical forms of EVI is a scientific challenge
and is essential for predicting the epidemic situation with non-polio EVI in South Vietnam and for
implementation of preventive measures against non-polio enterovirus infection.

Purpose of the study

To study the virological and molecular properties of enteroviruses, the characteristics of their
circulation among the population of South Vietnam, and the role of enteroviruses in the etiology of
infectious diseases.

Research objectives:

1. To determine the frequency of poliovirus and non-polio enterovirus isolation from patients with
acute flaccid paralysis syndrome in South Vietnam.

2. To reveal the species and types of non-polio enteroviruses associated with non-polio enterovirus
infection in South Vietnam, and to evaluate the role of dominated in circulation non-polio enteroviruses
as etiological agents of various clinical forms of enterovirus infection.

3. To evaluate the prevalence of various types of non-polio enteroviruses among the population of
South Vietnam. To reveal the leading clinical form of non-polio enterovirus infection in South Vietnam
and to determine the types of non-polio enteroviruses associated with this form of infection.

4. To determine the leading in circulation type of non-polio enterovirus and to evaluate the role of
this enterovirus as etiological agents of various clinical forms of infection in South Vietnam.

5. To characterize the molecular features and phylogenetic relationships of enteroviruses most
widely circulated in South Vietnam and frequently detected in patients with non-polio enterovirus
infection.

Scientific novelty

Based on an analysis of the virological and molecular properties of enteroviruses isolated from

patients with acute flaccid paralysis and various forms of enterovirus infection, changes in the types and
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genotypes of non-polio enteroviruses circulating among the population of South Vietnam over a long-
term observation period were demonstrated. The types and genotypes of enteroviruses that dominated
circulation and caused outbreaks of enterovirus infection in different years were identified. For the first
time, an analysis of enterovirus infection outbreaks in several provinces of South Vietnam over a long
period was conducted, taking into account the clinical forms of this infection. The role of leading types
and genotypes of enteroviruses as etiologic agents of clinical forms of enterovirus infection in South
Vietnam was assessed. The role of enterovirus 71 as the leading etiologic agent of enterovirus infection
in South Vietnam has been established.

Theoretical and practical significance of the obtained results

A comprehensive approach to diagnosing non-polio enterovirus infection using virological and
molecular research methods has yielded new, systematic data on the circulation of non-polio
enteroviruses of various types and genotypes in South Vietnam over many years. The preconditions for
preventing risks associated with enterovirus infection in South Vietnam have been created. Systematic
monitoring of enterovirus circulation has been established. Particular attention is paid to the emergence
and spread of new enterovirus variants. This will allow us to predict the development of enterovirus
infection outbreaks and promptly implement preventive measures based on new technological solutions,
including those in the field of enterovirus vaccination.

Statements submitted for defense

1. The isolation of polioviruses, mainly vaccine-like except two VDPV2, from patients with acute
flaccid paralysis did not exceed 1%. The isolation from such patients 11,6% of non-polio enteroviruses
was connected with their widespread circulation in South Vietnam and with neurologic complications
of non-polio enterovirus infection.

2. The predominance in circulation of species A enteroviruses (Enterovirus alphacoxsackie),
including EVAT1, determined the domination of HFMD among clinical forms of non-polio enterovirus
infection. The changes in types and genotypes of species A enteroviruses in the course of long-term
circulation led to periodic peaks of enterovirus infection in South Vietnam.

3. Enterovirus 71 was the main etiological agent of the leading form of non-polio enterovirus
infection in South Vietnam. Enterovirus 71 was found as well as enteroviruses of species B (Enterovirus
betacoxsackie) in patients with enterovirus meningitis and acute flaccid paralysis syndrome.

4. Most studied enterovirus 71 strains circulated in South Vietnam belonged to the C4 genotype,
some strains were represented by B5 genotype. Identified strains of Coxsackievirus A10 isolated from
patients mainly belonged to F3 genotype, one strain belonged to F1 genotype.

Research methodology

The study's methodological basis was a combination of virology and molecular biology research

methods. Enteroviruses were isolated using standardized cell lines (RD, L20B and Vero). Poliovirus
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identification was performed by rRT-PCR ITD test. Molecular studies included RNA extraction, reverse
transcription PCR, genome sequencing, and phylogenetic analysis of enteroviruses. A more detailed
description of the research methods is provided in the "Materials and Methods" section.

Conformity of the dissertation to the passports of scientific specialities

The main scientific statements of the dissertation correspond to paragraphs 4, 8, and 10 of the
passport of scientific specialty 1.5.10. "Virology".

Implementation of work results

Complete nucleotide sequences of the VP1 genome region of 67 EVAT71 viruses have been
deposited in the GenBank database under accession numbers MW139687—-MW139744, OR947996—
OR948003. The study results are presented in two textbooks for specialists in various fields—
pediatricians, infectious disease specialists, virologists, and epidemiologists:

1. Reference manual "Surveillance and Control of Viral Infections in the Socialist Republic of
Vietnam." St. Petersburg, 2018, 72 pages.

2. Reference manual "Improving Epidemiological Surveillance and Diagnostics of Enterovirus
Infection in the Socialist Republic of Vietnam.” St. Petersburg, 2022, 80 pages (Russian, Vietnamese).
ISBN 978-5-904405-56-4.

The results obtained in this study are useful to many specialists (epidemiologists, virologists,
infectious disease specialists, and others). They are used in lectures at medical universities in Vietnam
and can be used in other medical schools.

Personal contribution of the author

The author's personal contribution includes reviewing the scientific literature, planning and
conducting virological studies of material from patients with AFP syndrome and non-polio EVI,
conducting molecular studies, and analysing the results to establish the role of non-polio enteroviruses
frequently circulating in South Vietnam in the etiology of enterovirus infection. The author analysed the
research results, summarize them, performed statistical processing and wrote the texts of the dissertation
and abstract. Complete nucleotide sequences of VP1 genome region of 67 Enterovirus 71 strains have
been deposited in the GenBank database under accession numbers MW139687-MW139744,
OR947996-0OR948003.

Volume and structure dissertation

The dissertation is 132 pages long and consists of an introduction, literature review, materials and
methods, four chapters of original research, a discussion and conclusion, conclusions, practical
recommendations, and a bibliography of 152 sources, including domestic and international ones. The
text contains 22 tables and 29 figures. The author analyzed the research results, summarize them,

performed statistical processing and wrote the texts of the work.
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MAIN CONTENT OF THE WORK
Materials and methods

Surveillance for acute flaccid paralysis syndrome was conducted in 29 provinces of Vietnam in
accordance with the WHO Polio Eradication Program. Surveillance and Virological Diagnosis of EVI
was done in 20 provinces of Southern Vietnam in accordance with the National Program for Surveillance
and Virological Diagnosis of Enterovirus infection. Clinical specimens from hospitalized children under
15 years old were studied. More than 11,000 samples were analyzed (table 1).

Table 1
Number of samples tested in the virology laboratory in 2010-2021

Source of samples Number of samples

Feces Oropharyngeal swabs Total
primary diagnosis — 2143 0 2143
acute flaccid paralysis
primary diagnosis — meningitis/ 0 1004 1004
meningoencephalitis
primary diagnosis — Hand, Foot 1186 6790 7976
and Mouth Disease
Total 11123

Enteroviruses were isolated in cell lines: RD, L20B and Vero according to the WHO algorithm.
Polioviruses were identified by rRT-PCR ITD/VDPV (intratypic differentiation/vaccine-derived
polioviruses) and sequencing. The non-polio type Enteroviruses were also identified using molecular
biological methods (PCR followed by sequencing of the viral genome). Phylogenetic relationships of
the studied isolates and reference isolates were established using the Base GenBank. Sequences of the
studied isolates and reference strains were aligned using ClustalW. The statistical significance of
differences between quantitative parameters was assessed using parametric tests (Student's t-test). The
significance level (P) adopted in this study was 0.05.

Results of own research
Search and identification of polio and non-polio enteroviruses in children with acute flaccid
paralysis syndrome

Over a twelve-year period, 22 polioviruses (1%) were isolated from samples from 2,143 patients
with acute flaccid paralysis syndrome in Southern Vietnam. Of the 22 isolated polioviruses, 20 were
vaccine (Sabin-like) polioviruses, and two were classified as vaccine-derived poliovirus type 2
(VDPV2). A total of six polioviruses of type 1, five PV type 2, and eleven PV type 3 were identified
(Table 2). It is important to emphasize that no WPVs were isolated, and the last vaccine-derived
polioviruses of type 2 were isolated before the global transition to bivalent OPV vaccination instead of

the previously used trivalent OPV.
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Table 2
Poliovirus isolation from children with AFP syndrome in 2010-2021

Year XLIJ:Q%%Z gg Niggigfg dOf Types of isolated polioviruses (PV)
polioviruses PV1 PV2 PV3
2010 109 1 - - 1
2011 189 2 1 1 -
2012 | 291 5 2 > 1
2013 | 227 2 1 i 1
2014 136 - - - -
2015 175 - - - _
2016 | 165 8 1 2 5
2017 194 - - - _
2018 | 173 4 1 : 3
2019 177 - - - -
2020 225 - - - -
2021 82 - - - -
Total | 2.143 22 (1%) 6 5 11

In 2012, Vietnam reported two cases of AFP caused by vaccine-derived polioviruses (VDPV2) in
children from hard-to-reach areas and ethnic minorities. Low vaccination coverage led to the
spontaneous accumulation of mutations during poliovirus transmission from vaccinated to unvaccinated
individuals, resulting in the formation of VDPV. One child was unvaccinated, and the other received
only two doses of OPV. No residual paralysis was observed in the children. The PVs isolated from two
samples from each child were VDPV2. Genome sequencing revealed that the SV3127LR-VP1 and
SV3128LR-VP1 strains from the first child each had six nucleotide substitutions in the VP1 genome
region, with a 0.66% difference from the Sabin reference virus type 2. The SV3129LR-VP1 strain from
the second child had five nucleotide substitutions, the SV3130LR-VP1 strain had six substitutions
(divergence 0.66%).

Analysis of the vaccination status of 2,143 children diagnosed with acute flaccid paralysis revealed
that the majority (90%) were vaccinated against polio in accordance with the National Immunization
Schedule. Seven children with polioviruses did not receive three doses of OPV, including those infected
with VDPV2.

Non-polio enteroviruses were isolated from 249 of 2,143 patients with AFP diagnosis. 239
enteroviruses were identified. The percentage of NPEV isolated was 11.6% (Table 3). Of the 249
children with detection non-polio EV, 69.4% of them were under three years old, 30.6% of children were
older (p< 0.05).
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Table 3

Types of non-polio enteroviruses identified in patients with acute flaccid paralysis in 2012-2021

Years | Viruses Non-polio types enteroviruses

2010 12 1CVAI10, 1CVB4, 1CVBS5, 1E6, 2E29, 1E30, 1IEVAT1, 1EVB75, 1EVB81, 1EVB84

2011 19 1CVA4, 1CVB1, 1CVB3, 2CVB5, 1E3, 1E9, 2E14, 1E25, 1E33, 3EVAT1, 3EVAT5, 1EVB88

2012 35 1CVA9, 1CVAILOQ, 1CVBS5, 1E3, 1E11, 2E14, 1E33, 23EVAT1, 3EVB79

2013 23 3CVA10, 1CVAl4, 1ICVA24, 2CVB2, 1CVB3, 2CVB4, 1E6, 1E7, 4E11, 1E25, SEVAT1L,

2014 15 1CVAG, 2CVAL0, 1CVA1S6, 3E11, 1E30, 2EVAT1L

2015 17 1CVA9, 1CVAlS6, 2CVB2, 1E3, 1E6, 1E9, 1E11, 1E25, 7TEVAT1

2016 14 1CVA4, 1CVA9, 6CVALQ, 1CVA21, 1CVBS5, 1E11, 3E18

2017 33 13CVALG, 4CVB4, 5CVB5, 1E3, 2E7, 1E9, 2E11, 2E13, 2E14, 1EVB81

2018 22 1CVA9, 5CVALOQ, 1CVA1LG, 2CVB2, 2E6, 1E11, 2E20, BEVAT1

2019 15 2CVA10, 1CVA16, 1CVB4, 2E3, 2E11, 1E14, 5E18, 1IEVAT1

2020 22 10CVA4, 2CVAS, 4CVAILO0, 1E6, 3E14, 2EVATL

2021 22 1CVA4, 1CVB1, 3CVB3, 2E16, 15EVAT71

Total |249/239 | 67TEVAT1, 4EVB75, 3EVB79, 2EVB81, 1EVB84, 1EVB88, 13CVA4, 1CVA6, 2CVAS,
4CVA9, 24CVAL0, 1CVA1l4, 17CVA16, 1CVA21, 1CVA24, 2CVB1, 6CVB2, 5CVB3,
EZSCEI;/OI?L;,E%%CVBS, 6E3, 6E6, 3E7, 3E9, 15E11, 2E13, 10E14, 2E16, 8E18, 2E20, 3E25, 2E29,

Spectrum of NPEV isolated from patients with AFP over 12 years was extensive and included 34

types. The proportion of 125 viruses of species A (Enterovirus alphacoxsackie) was the highest. Among

seven types of them Enterovirus 71 (67 strains) accounted for more than a half. In 2012, 23 of the 24

cases of AFP were associated with enterovirus 71. Enteroviruses of species B (Enterovirus

betacoxsackie) were represented by 25 types. The proportion of viruses of species C (Enterovirus

coxsackiepol) was 2.1%, and not a single species D virus was identified (Fig. 1).
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Figure 1. Isolation of non-polio enteroviruses of three species from patients with acute flaccid
paralysis syndrome in 2010-2021.
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Isolation of 1% of polioviruses in children with AFP syndrome highlighted two key points: the
sustainable maintenance of the polio-free status of Vietnam with the eradication of wild polioviruses due
to the effectiveness of surveillance and mass vaccination of children, the decline in vaccination coverage
in two districts led to the circulation of vaccine-derived PV; the isolation of 11.6% of non-polio
enteroviruses from patients with AFP demonstrate the growing role of viruses widely circulating in
South Vietnam in the etiology of EVI with neurological symptoms in the period after the eradication of

wild polioviruses in the country.

The etiology of various clinical forms of enterovirus infection

Non-polio EVI is widespread in Vietnam, especially in Southern provinces. A key component of
EVI surveillance in Vietnam is the monitoring and diagnosis HFMD, the main clinical form of EVI in
Vietnam and one of the most serious public health problems in Vietnam. HFMD primarily affects young
children, it is characterized by severity. From 2012 to 2021, 632,651 HFMD cases, including 104 fatal,
were recorded in South Vietnam, in densely populated and highly industrialized areas. HFMD cases was
recorded in 2012 and in 2017-2019, mainly in the provinces Ba Ria-Vung Tau, Dong Thap, Binh Dong,
Dong Nai, Long An and Ho Chi Minh City with 49-70% of HFMD in the whole country (Fig. 2).

500 — ———

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
——Baria-Vung Tau —Dong Thap Long An Dong Wai ——Binh Duong ——Tp HCM

Figure 2. Number of cases of hand, mouth and foot disease in children under 15 years of age in six
provinces of South Vietnam in 2012-2021.

3,611 non-polio enteroviruses were isolated of 7,976 clinical samples from children with hand,

mouth and foot disease (Table 4).
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Table 4
Types of enteroviruses identified in patients with hand, mouth and foot disease in South Vietnam in
2012-2021

Years | viruses Enterovirus types
2012 | 240 212EVAT1, 10CVAG, 3CVAL0, 15CVAL16

2013 186 174EVAT1, 2CVAG, 3CVALOQ, 6CVAL6, 1CVA24

2014 135 90EVAT1, 1CVA2, 1CVA5, 12CVAG, 19CVAL10, 10CVA16, 1CVB3, 1IECHO16

2015 242 157EVAT1, ACVA2, 4CVA4, 3CVAS5, 37CVAG, 3CVAS8, 2CVA9, 29CVALSG,
1CVB4, 2E16

2016 415 320EVAT71, 2CVA2, 1CVA4, 3CVA5, 2CVAG, 7CVAS8, 69CVAL0, 9CVALG,
1CVB3, 1E18

2017 561 250EVAT1, 6CVA2, 9CVA4, 11CVAS5, 154CVAG, 13CVAS, 6CVA10, 106CVALG,
1CVB3, 5CVB4

2018 535 196EVAT71, 31CVA2, 18CVA4, 17CVA5, 105CVAG, 6CVAS8, 154CVAIQ,
4CVAIlG6

2019 543 80EVAT1, 39CVAZ2, 15CVA4, 15CVAS5, 247CVA6, 14CVAS8, 53CVAIO,
75CVAIlG, 3CVB4, 2E18

2020 418 39EVAT1, 4CVA2, 35CVA4, 235CVAG6, 39CVAS, 35CVA10, 1CVAl6, 2CVB3,
28CVB4

2021 336 253EVAT71, 3CVA2, 5CVA4, 11CVAS5, 26CVA6, 4CVA8, 2CVA9, 17CVAI0,
4CVB3, 4CVB4, 7E16

Total 3611 1771EVAT71, 90CVA2, 87CVA4, 61CVAS5, 830CVA6, 90CVAS8, 359CVAIO,
255CVALG, 1CVA24, 4CVA9, 9CVB3, 36CVB4, 5CVB5, 10ECHO16, 3ECHO18

Ninety-eight percent of viruses belonged to species A (Enterovirus alphacoxsackie), enterovirus
71 (1,771 strains) was the leading etiologic agent of HFMD. Other EVs of species A associated with
HFMD were represented by Coxsackie A viruses of different types, most frequently Coxsackie A6, 10,
and 16. In 2012-2016, EVAT71 strains were prevalent; from 2017 to 2020, other Coxsackie A viruses

were detected frequently; since 2021, enterovirus 71 has again taken the leading position (Fig. 3).

) o
- Coxsackievirus 8 s Eal

o3 237
ECHO

460
68

349

iz
320

a3z 250 253
212 1906

aA7Aa 157

20 80
39

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Figure 3. Detection of species A EV in patients with HFMD in South Vietnam in 2012-2021.
Cases of hand, foot, and mouth disease were mostly severe (89.3%), with neurological and
cardiopulmonary complications such as meningitis, encephalitis, myocarditis, or pulmonary edema; fatal

outcomes occurred in 1% of cases (Table 5). More than 90% of patients were children under three years
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of age, and 7% were between three and 15 years of age. Boys were significantly more likely to be

affected than girls (p < 0.05).

Table 5
Data on patients with HFMD, including clinical picture, gender and age of patients
L Severity Sex Age
Patients
Year | Number Mild Severe Fatal Girls Boys n? c_jéh rr? éﬁ?h 3;%
2012 243 12 211 20 82 161 84 146 13
2013 191 2 181 8 78 113 45 135 11
2014 137 24 113 0 62 75 18 96 23
2015 252 36 216 0 106 146 37 185 30
2016 423 55 368 0 148 275 123 262 38
2017 578 51 527 0 221 357 119 438 21
2018 550 32 516 2 218 332 113 414 23
2019 560 127 433 0 219 341 129 364 67
2020 419 37 382 0 167 252 100 308 11
2021 347 18 326 3 130 217 63 256 28
3700 394 3273 33 1431 2269 831 | 2604 | 265
(10.7%) | (88.4%) | (0.9%) | (38.7%) | (61.3%) | (22.4) | (70.4% | (7.2%)

From 2012 to 2021, 228 enteroviruses of 24 types were identified during virological testing of

samples from patients with a primary diagnosis of enteroviral meningitis / meningoencephalitis. 57% of

strains were classified as species A, 42.5% belonged to species B, and one strain EVD68, identified in

2018, belonged to species D (0.5%). The detection rate of identified enteroviruses of species A and

species B from patients varied across years. In 2012-2014, 2016, and 2021, species A viruses

predominated, while in 2015 and 2017-2019, species B viruses prevailed (Fig. 4).
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Figure 4. Isolation of three species enteroviruses from patients with enterovirus meningitis.

The high percentage of species A viruses in patients with this form of infection is associated with

the wide circulation of enterovirus 71 in South Vietnam. EVA71 was the leader (74%) among 130

species A enteroviruses, coxsackievirus A6 was second (10% of all species A viruses). Total share of

coxsackieviruses A2, 4, 5, 8, and 12 was 16%. These viruses and EV71 are known as the typical

etiological agents of HFMD (Fig. 5).
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Figure 5. Species A EVs identified in patients with enterovirus meningitis in South Vietnam.

The proportion of species B enteroviruses (14 different types) was 42.5% of EV detected in
patients with enterovirus meningitis (Fig. 6). This proportion was higher than the proportion of species
A enteroviruses except EVA71. Among species B viruses, the percentage of Coxsackieviruses B1, B2,
B3, B4, and B5 was the highest - 53.6% (52 viruses). Coxsackievirus B4 was predominant (20%),
followed by Coxsackievirus B3 (12%), Coxsackievirus B5 (11%) and Coxsackieviruses B1 and B2 (10%
together). The proportion of Echoviruses among species B viruses was 44.4 %, the leadership belonged
to Echo 11 virus (15 viruses). Enteroviruses B of different types, such as Echo 6, Echo 9, Echo 11, Echo
30 and Coxsackie A9 are known as typical etiologic agents of enteroviral meningitis.
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Figure 6. Species B EV identified in patients with enterovirus meningitis in South Vietnam.

Enteroviruses of four species were identified in patients with various clinical forms of non-polio
EVI. Enteroviruses of species C and D were detected very rarely. Species A was represented by ten types
of Coxsackievirus A, the predominant etiologic agents HFMD. Enterovirus 71 was the leader among all
the viruses found in patients with various clinical forms of non-polio EVI. Representatives of Species B

(Coxsackie A9, Coxsackie B 1-5 and Echo viruses) identified in patients were more often associated
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with enterovirus meningitis. Analysis of the results of long-term virological study of samples from
children with various forms of non-polio EVI showed that enterovirus 71 dominated in the etiology of
various clinical forms of infection, it was associated with a wide range of severe complications —
meningitis, cardiopulmonary manifestations, and even of acute flaccid paralysis.

The role of enterovirus 71 as an etiologic agent of infectious diseases in South Vietnam

Over the years of studying non-polio EVI, Vietnam has experienced several peaks of enterovirus
71 circulation, accompanied by massive outbreaks (2012, 2016, 2021). The leading form of non-polio
EVI in South Vietnam and the country has been HFMD. The main causative agent of this clinical form
has always been EVA71, which was also the source of EVI spread. Enterovirus 71 was also one of the
most important etiologic agents of infectious diseases with diverse clinical manifestations. This virus
was identified in patients with HFMD, and enterovirus meningitis. Enterovirus 71 strains were as well
identified in patients with a primary diagnosis of acute flaccid paralysis. The percentage of EVA71
among identified species A enteroviruses was high in patients with all diseases studied.

To evaluate the role of enterovirus 71 as an etiologic agent of infectious diseases in South Vietnam,
it is important to consider the following data. The number of enterovirus 71 strains (67) isolated from
2,143 patients diagnosed with acute flaccid paralysis was 3.1%, the percentage of 67 EVAT71 strains
among 239 non-polio EV isolated in AFP patients was 28%. Among 228 viruses found in patients with
enterovirus meningitis, 96 strains (42%) were identified as EVA71, while 132 strains (58%) were species
B viruses. The closest enterovirus 71 association was found with HFMD: 1,771 (49%) EV71 strains

isolated from these patients (Table 6).

Table 6
Isolation of EVAT1 viruses from patients with various clinical forms of infections
Year AFP (n=239) Meningitis (n=228) HFMD (n=3611)
EVAT71 | other EVs EVA71 | other EVs EVAT71 other EVs

2010 1 10

2011 3 15

2012 23 11 18 10 212 28
2013 5 17 15 4 174 12
2014 2 8 16 9 90 45
2015 7 9 10 28 157 86
2016 0 14 15 7 320 95
2017 0 33 3 18 250 312
2018 8 14 6 20 196 337
2019 1 14 4 22 80 465
2020 2 20 4 5 39 379
2021 15 7 5 9 253 84
Total | 67 (28%) | 172 (72%) | 96 (42%) | 132 (58%) | 1771 (49%) | 1840 (51%)
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Non-polio EV circulated intensively in South Vietnam. High incidence of EVA71 infection was
recorded in Ho Chi Minh City and the provinces Dong Thap, An Giang, and Tay Ninh. The most affected
population group were children aged 13 to 36 months. Boys (62%) were more susceptible than girls
(38%) with p < 0.05 (Table 6).

Table 6
Cases of infectious diseases associated with EVA71 in South Vietnam
istrihnti Age distribution
Diagnosis Number Gender dIStI’Ibuj[IOI’] g
of cases boys girls 0-6 7-12 13-36 3-14
months months month years
AFP 67 38 29 1 8 48 10
Meningitis 96 68 28 6 10 70 10
HFMD 1771 1093 678 66 254 1278 173
Total 1934 1199 735 73 272 1396 193
(62%) (38%) (3%) (15%) (72%) (10%)

The leading role of enterovirus 71 in human circulation and in the etiology of various clinical
forms of infectious diseases has been established. Thus it is necessary to strengthen the effectiveness of
EVA71 monitoring in South Vietnam and to predict outbreaks of non-polio enterovirus infection
associated with this virus. Improving the monitoring effectiveness and preventive measures for
enterovirus infection, will be an appropriate step in strengthening national and regional surveillance

programs.

Molecular characteristics of some non-polio enteroviruses that circulated widely in South
Vietnam

Non-polio enteroviruses isolated in South Vietnam during the last decade were studied, especially
enteroviruses of species A, which were dominated enterovirus in circulation. It was important to study
the molecular characteristics of enterovirus 71 and Coxsackievirus A10 identified in the examined
patients.

Molecular characteristics of circulated enterovirus 71 strains
Analysis of the enterovirus 71 strains identified in patients with HFMD and patients with acute
flaccid paralysis showed that 88% of the studied enterovirus 71 strains belonged to the C4 genotype.
12% of the enterovirus 71 strains were classified as genotype B5 strains.

Most of the EVAT71 strains of the C4 genotype were highly related to enterovirus 71 strains
detected in China which were also closely related to the strains from Taiwan and Malaysia. EVA71
viruses of the C4 genotype identified in 2018-2019 from HFMD cases and from AFP patients differed
from viruses identified in 2003-2005 and in 2011-2012 during outbreaks of HFMD in South and North
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Vietnam. Strain VND18/227, identified in one of the patients with the severe clinical form of
complicated case of HFMD, was closely related to EVAT71 strains (99.2-99.4% homology) of the

genotype C4 strains identified in Germany during the same period (Figure 7).
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Figure 7. Phylogenetic relationships of EVA71 genotype C4 strains identified in Vietnam: o -
strains isolated from patients with hand, foot, and mouth disease in southern Vietnam; @ - strains isolated
from patients with AFP in southern Vietnam; A - Vietnamese strains described in other studies; ¢ - strains
identified in patients with AFP from Yunnan Province, China

The sequences of studied EVAT71 strains of the B5 genotype, which were isolated and/or identified
in patients with HFMD and in patients with acute flaccid paralysis, formed a monophyletic group (Fig.
8). All the enterovirus 71 strains of the B5 genotype showed close relationship with enterovirus of the
B5 genotype identified in China in 2017, but they differed from the enterovirus EVA71 strains of the B5
genotype circulated in Vietnam from 2011 till 2016.
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Figure 8. Phylogenetic relationships of enterovirus EVAT71 genotype B 5 strains identified in South
Vietnam: o - strains isolated from patients with hand, foot, and mouth disease from South Vietnam; e -
strains isolated from patients with AFP from South Vietnam; A - Vietnamese strains described in other
studies.

Molecular characterization of enterovirus CVA10 strains circulating in South Vietnam

The molecular characteristics of Coxsackievirus A10 strains identified in patients in South
Vietnam were studied. These strains were compared with Coxsackievirus A10 strains isolated and
identified in other countries of Southeast Asia, as well as in Russia. CVA10 strains detected in the
examined patients belonged to three genotypes: C, E, and F3 (Fig. 9). Most of the strains from the
examined patients analysed in this study belonged to the F3 genotype, and one strain isolated from a
patient with severe HFMD case belonged to the F1 genotype. The strains from South Vietnam were
genetically related to Coxsackieviruses A10 virus strains from China and other countries of Southeast
Asia.
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Figure 9. Coxsackie A10 genotype F strains identified in Vietnam and other countries.

Conclusions

1. From 2143 patients with acute flaccid paralysis syndrome during 12 years 22 poliovirus strains
(1%) were isolated. Only two of them were vaccine-derived polioviruses — VDPV2, that proved high
quality surveillance and vaccination policy in South Vietnam. The isolation from this patients 11.6% of
non-polio enteroviruses largely circulated in South Vietnam connected with severe neurologic
complications of non-polio enterovirus infection.

2. The long-term analysis of non-polio enterovirus circulation revealed the domination of species
A enteroviruses (alphacoxsackie), these 3798 strains constituted 93% of isolated enteroviruses.
Etiological association of species A enteroviruses with HFMD caused the leading role of this clinical
form of non-polio enterovirus infection in South Vietnam. Species B enteroviruses (betacoxsackie) were
more often found in patients with enterovirus meningitis.

3. Enterovirus 71 was the main etiological agent of non-polio enterovirus infection in South
Vietnam including its leading form HFMD. EVA71 strains were detected in patients with different

clinical diagnosis: in 49% of HFMD patients, in 42% of enterovirus meningitis patients, and in 28% of
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acute flaccid paralysis patients. The changes in enteroviruses types and genotypes led to periodical peaks
of enterovirus infection incidence in South Vietnam.

4. It was revealed that associated with enterovirus 71 HFMD cases in South Vietnam often
complicated by severe neurological symptoms as meningitis and acute flaccid paralysis in early stages
of infection were registered and hospitalised under the diagnosis enterovirus meningitis or acute flaccid
paralysis.

5. Molecular analysis showed that 88% of studied enterovirus 71 strains belonged to the C4
genotype, and 12% of enterovirus 71 strains were representatives of the B5 genotype, enteroviruses of
both genotypes largely circulated in South Vietnam. Most studied Coxsackievirus A10 strains belonged
to the F3 genotype, and one Coxsackievirus A10 strain belonged to F1 genotype.

Practical recommendations

1. Pediatricians, infectious disease specialists, and virologists are advised to use the data
published in reference manuals based on the materials of this study to optimize diagnostic work for acute
flaccid paralysis syndrome, meningitis/ meningoencephalitis, hand, foot, and mouth disease, and other
clinical forms of non-polio enterovirus infection.

2. Virologists and epidemiologists are advised to use the recommendations for organizing
virological research and preventive measures for various clinical forms of enterovirus infection for
further work.

Prospects for further development of the topic

The data obtained in the study will supplement the knowledge about the genetic diversity of non-

polio enteroviruses in Vietnam and will allow us to estimate the frequency of non-polio circulation

enteroviruses of different types and genotypes in Vietnam.
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