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ITPOTHO3YBAHHS MOJU®IKAILII ITIPUPOTHUX KOMAPHHHX
OCEPEJKIB OCOBJIMBO HEBE3IEYHUX IHQEKIIN B
YKPAIHI I111, BITNTIMBOM KJIIMATUYHHUX 3MIH

JIbBIBCbKMI HALiOHaTbHUIA MEANYHUIA YHIBEPCUTET iMeHi JaHuna lranumubkoro MO3 Ykpainu

Moyamok HOBO20 MUCSIHOPIYYsi 03HaMeHyBaBCsl Cym-
mesuM 3pOCmaHHs piBHIB 6ios102iYHUX Hebe3nekK | 3a2po3,
He3BaXkaroyu Ha npoapec i HoBi 00Csi2HEHHS y 60pomb6i 3
iHehbekyitiHumu xBopobamu. 3MiHa KaiMamu4Hux yMo8 3
meHOeHyiero 00 36i/1blWeHHsI cepedHbobazamopidyHuUX
memnepamyp 3yMoBu/ia Nepeposnodis i CmpyKmypHi 3mi-
HU B apeasiax rnowupeHHs1 b6ios102idHuUxX BUOIB MBapPUH,
nmaxis, penmuili ma 6a2amb0X IHWUX KOMITOHEHMIB, SIKi
popmytoms napasumapHi cucmemMu 300aHMPOMNOHO3IB.
Mpocmoposi 3MiHU eH300MUYHUX mepumopill 3 nepeghop-
MamyBaHHSIM cyriepapea’iig 3yMOoBU/IU 3p0CMAaHHs1 PU3UKIB
YPa)XeHHS1 Hace/ieHHs1 36yOHUKaMu 0CO6/1UBO HEGE3NEYHUX
rpUpPOOHO-0CcePEOKOBUX IHGpeKYili ma iHBasill.

3 ypaxyBaHHSIM ICHYOHUX MeHOeHYil 3MiH HU3KU erli-
0emios102i4HO 3Ha4UMUX abiomuYHUX | GIOMUYHUX YUHHUKIB,
rpoaxasizosaHo HasiBHi ma rnomeHyitiHi 3a2po3u 07151 Ykpa-
THU BHAC/1i00K 3MiH KiiMamy U 06yMOoB/IeHUX YUuM rpPoCcmo-
POBUX 3MiIH MPUPOOHUX 0cepedKis, ix mpusasocmi hyHKYi-
OHYBaHHS1, 0sIBU HOBUX 30yOHUKIB. [1po2HO3yembCsi nosisa
HOBUX NamozaeHiB i (pOpMyBaHHSI aKmUBHUX aBMOXMOHHUX
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MPUPOOHUX | 3MiuaHuUx ocepedkis KOMapUHUX mpaHcMicus-
HUX iHGbekyill, nepesaxHO Ooughy3Ho20 muny. € Bucoka
UiMOBIpHICMb YKOPIHEHHST HA mepumopii 0epxxasu HOBUX
36y0HUKIB ab0 BUCOKOBIPY/TEHMHUX 2eHEeMUYHUX BapiaHmMIs
eHOeMiyHUX namozeHis. [TomeHyiliHy Hebesneky cmaHos-
719Mb 36YOHUKU 2apsivyoK YukyHayH's1, 0eHae, 3ika, 3axioHo-
20 Hiny (Hosi 2eHomunu), @ makox mMasisipii.

TepumopisiMu pu3uKy MOWUPEHHST 2apsiyoK OeHee,
YHukyHayH’s1, a makox Masisipii 6ydyme AP Kpum, Jly2aHcbka,
JoHeuybka, 3anopisbka, Mukonaiscbka, XepCOHCbKa,
Odecbka, YepHiseybka i 3akaprnamcbka obsiiacmi. [apsidka
3axioHo20 Hirny po3wupums apeasi 3 OXOrM/1eHHSIM MIBHIYHUX
mepumopili y 30Hi Noniccsi, a MaKoXx € peasibHa 3azpo3sa
3aMiHU Yb020 36y0HUKa y 3axiOHOMY pPe2iOHI Ha BUCOKOBI-
pyneHmHul HelpoiHeazusHuUl 2eHOMUI BHAC/1IO0K MowiU-
PEHHS1 0CmMaHHb020 3 mepumopii PymyHil. [pyrna komapuHux
iHbekyili cmaHe 0OMIHYHHOH ceped mpaHCMICUBHUX MpuU-
POOHO-0CcePedKoBUX IHGhbeKYil 3 nepesaxaHHsIM roJ1i2oc-
masibHUX ocepeokis.

Knrodosi csiosa: 0cob6/1uso Hebe3sreyHi iHgbekyii, npu-
POOHI ocepedku, KjimMam, npo2HO3yBaHHS.

TepuTopisa YkpaiHu 3a reorpadiyHumu, KnimaTtuyHUmu,
h1opo-hayHICTUYHUMN XapaKTePUCTUKaMU € CIIPUSATINBOIO
018 hopMyBaHHSA MPUPOLHMX ocepekiB 0cobnBo Hebes-
neyHux iHgekuii (OHI). CTpykTypa napasutapHuMx CUCTeM
MOXe CYTTEBO PIBHUTUCS B PerioHax i kimaro-reorpadiyHmx
30HaxX 3a/1eXHO Bif CTaLili pi3HOMaHITHUX BUAIB MNTaxiB i
TBapWH, SKi MOXYTb ByTN pe3epByapamu 30yAHMKIB, & TaKOX
LLUMPOKOrOo CrNeKTpa BEKTOPIB, WO 6epyTb yyacTb y nepesa-
i 30yAHVKIB iH(PEKLiiHMX 3axBoptoBaHb. baraTopiyHi fo-
CNiyKeHHS Ha TepuTopiT Aepxasy Big 50-X pokiB MUHYMOrO
CTOPIYYA BUABUIN LIUPKY/IALIK0 HU3KK NaToreHHuX 6iosoriy-
Hux areHTiB (MBA) 3 rpynun 300aHTPONOHO3iB. Byno BMBYe-
HO apeann X NOLUIMPEHHS, eni300To-enigemiosoriyHi 3a-
KOHOMIPHOCTI BipyCHOTO K/1iLLOBOTO eHLedanity, Tynsapemii,
nentocnipoasy, rapAaykn 3axigHoro Hiny, remopariyHoi ra-
PSAYKM 3 HUPKOBUM CUHAPOMOM TOLLO [1-7].



TakoX 6yn0 BCTAHOB/IEHO BaXK/IMBE 3HAYEHHS NTaxis
— JaJ/TbHIX MirpaHTiB Y 3aHECEHHI 3 iHLIMX AepXaB | TepuTo-
pin 36yaHukiB OHI. Y 3B’A3Ky 3 UMM TEPUTOPIAMU PU3NKY
NOLUMPEHHS HOBMX BapiaHTiB 36yaHukiB OHI 6ynun Bu3Ha-
YeHi perioHun, Hag, SKUMU NPOXOAATL TPAHCKOHTUHEHTa/TbHI
Kopugopu nepenitHnx ntaxis [8, 9]. [0 paHiwe BUBYEHMUX
ap60oBipyCHUX iHheKLil, SKi NoWMpPHOBaIACS 3 NePENiTHUMM
nraxamy, B OCTaHHi POKM [04aINCA BUCOKONATOrEHHI Bi-
pycu rpuny [10].
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[MpoTAroM OCTaHHIX pOKiB Ha TepuTopii YKpaiHn cno-
CTepiratoTbCA 3MiHU MeX | CTPYKTYpU apeasiB NpUpoaHo-
ocepepkoBux OHI, WO nepeBaxHO 3yMOB/IEHO CYTTEBUM
AHTPONOreHHWM BMJIMBOM Ha NPUPOAHI NnaHgwadTn
(Tabn. 1), 3MIHOIO K/TiMaTUUYHUX YMOB BHAC/iA0K rnobasib-
HOrO MOTEMJIIHHA, HU3KOK iHLWNX KOMMOHEHTIB Npouecis
rno6anizauii [11].

Tabnuua 1

3icTaB/IE€HHA @aHTPOMOreHHNX YNHHUKIB 3 MOTEHUINHUMMK TX HACNiAKaMy BNANBY HA TPAHCMICVBHI NPUPOAHO-0CEPEAKOBI
iHgoekuUiT [12]

AHTPOMNOreHHU YUNHHUK

MoTeHUiiHUIA HacNiAOK BNIUBY

Bupy06yBaHHs niciB, BNA0OYBaHHS KOPUCHMX KOMasnH

3MiHa apeasiB NOWMNPEHHS pe3epByapiB i BEKTOPIB, iX BUAIB

OcyLUeHHsA

3MiHa ekocucTem

Typu3m, Topriens

IHTpOAYKLiS 30YHUKIB | BEKTOPIB

Ypb6aHi3zauis

CTBOpEHHS ONTYMasIbHIUX YMOB /15 BUNIOAY BEKTOPIB (Aedes aegypti).
dopMyBaHHS aHTPOMyYPriYHNX ocepeskis

ByaiBHMLTBO pekpealiiHnX KOMMNIEKCIB, CTBOPEHHS
LUTYYHUX BOAONM

Mogaudikalis npupoaHMX ocepesKiB, X CTPYKTYpuU

P03BWTOK NTaxiBHMLUTBA | KOHSIPCTBA, 3aBE3EHHSA
€K30TUYHUX TBAPUH | NTaxiB

HoBi pe3epByapu
HoBi TepuTOpIl pr3nky

Oco6n1Be 3aHENOKOEHHS BUK/IMKAE 3MiHA TeMnepaTy-
pv B 3arasibHoMNaHeTapHOMy MacLuTabi. Tak, 3a AaHUMK
BcecsimHbOi MeEMEeOopPOo/102i4YHOI op2aHizayil, BNIPOLOBX
ocTaHHix 130 pokiB Temnepartypay CBiTi 36inbLunnach npu-
65113H0 Ha 0,85 °C, a 3a MuHyAi 25 pokiB TeMNK NOTeNiH-
HA CTPIMKO 3pocnu. BignoBsifHO, 3MIHIOETLCA XapakTtep i
KiNIbKICTb aTMOCepHUX onazis, WO Npu3BOAUTL A0 3MiH
rigponoriyHMx napameTpis TepUTOPIi. Bce e cnpuse 3Ha-

YHOMY MOAOBXEHHIO Ce30HIB nepeadi TPaHCMICUBHUX iH-
dhekLil, 3MiHi X reorpadiyHnX 30H NOLLUMPEHHS Ta CTPYKTY-
pv ocepepkis [12, 13]. NporHo3yetbca nofasibLue 3pocTaH-
HA TemnepaTypu, WO npu3sefe A0 NPOCTOPOBUX 3MIH
kniMaTo-reorpad)iuHmx 30H. IMOBipHNIA CLieHapii po3BUTKy
cuTyaLii B €Bponi 3 ypaxyBaHHAM YaCOBUX MPOMIXKIB Ha-
BEeZleHO Ha MaUltoHKY 1.
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KinbkicTb TponiuHux Hoyeit (< 20 °C) Ta cnekoTHux aHiB (< 35 °C)
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Man. 1. TeHaeHUii y 3MiHax knimaTty Ha nnaHerti [14].
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Paszom 3 Tim, CTpimMKi npouecy rnobanisau,ii, pO3BMTOK
iHppacTpyKTypu, 30Kpema iHTeHCMBHE OYAiBHULTBO pekpe-
auiiHMX KOMM/IEKCIB, CTBOPEHHS LUTYYHUX BOLOWM Crpus-
IOTb 3MiHi NnaHAwadgTiB, 3aBOAHEHOCTI TEPUTOPIl, 3MiHi
CTPYKTYPU EKOCUCTEM, a TakoX DOPMYHOTb HOBI YMOBWU, e
MOTEHLiHO MOXe BigbyBaTUCb abo NPUMUHATUCS BUMJIIA
crneyngiyHnX BEKTOPIB, K BU3HAYa/IbHOT NTaHKN TPaHCMi-
CVBHMX iHdpeKUi [15, 16]. Xoua abioTWYHI CK1afoBi € BKpai

po3MaiTMMK, iX BNAUB peastisyeTbCs Yyepes 6ioTUYHI ckna-
[0Bi NapasuTapHux CUCTEM | MOAUMIKYOTLCA CoLiaIbHUMM
YHHMKamMK (Man. 2).

LLi X YMHHMKM BypyTb NOPYLUYBAaTW €KOJOTiYHI 3B’A3KM
nTaxis BOAHO-60/10THOTO KOMIMEKCY, CTabiNIbHICTL apeasiiB
TBapVH-pe3epByapiB, Aki POPMYyHOTb NPUPOAHI Ta 3MiLlaHi
ocepekn HeTpaHcmicuBHUX OHI [17].

Biornuni

pe3epByapH, BEKTOPH,
CHPUIHSTINBA OIS

AOlioTHy4Hi
3MiHa KiIiMary
Cyma eekTHBHEX
TEeMIIeparyp
KinskicTs omnais,
BOJIOTICTb
3aBOTHEHICTh TEPUTOPIT
JlannmadTHO-reorpadivyni
YMOBH
ITyuHo cTBOpEHi BOIHI
00’exkTHn

Coniaabni
Typusm
Topriiust

Tloizaxu 3 MeTOXO
MIpaleBIAIITYBaHHS
(3apo0iTKH)

Exonomika
YpOanizairis

Mau. 2. Komnnekc 6i0TUYHMX, aBioTUYHUX i COLia/TbHUX YMHHMKIB, LLLO MOAMUMIKYHOTb MPUPOAHI OCepesKkn TPaHCMICUBHIX OCO-

6/11MBO He6e3neyHnX iHdeKLil.

Bri3Hava/IbHMK NapameTpamu y hopMyBaHHi ocepes-
kiB OHI € cyma echekTMBHUX Temneparyp, o 3abe3nevye
MOBHOL|iHHI LMK/ PO3BUTKY BEKTOPIB 30YAHNKIB iHCpEKLUIN,
3aBOAHEHICTb TepuUTOpIi Ta iHWi eKo/10ro-h/I0OPUCTUYHI
YMOBW, HEOBXigHI 4NA MeTamopdoo3y i BiTBOPEHHS BEKTO-
piB KOMapPVHUX i KNILOBUX iHGOEKLIi. HacTynHOH BaXK/TMBOIO
CK/1aZ10BOI0 € (payHICTMYHI KOMMNIEKCH, IK 6a3NC iCHYBaHHSA
6ionoriyHnx BMAIB — pesepByapiB 30yAHMKIB iHdeKLiii. Cy-
MapHO Lii NOKa3HVKM BU3HA4aloTb MPOCTOPOBI XapakTepuc-
TVKN apeaniB UMPKyNsauUii natoreHHnX 6ioN0riyHmX areHTiB
3 TPAHCMICMBHMM MEXaHi3MOM nepegadi natoreHis [18-20].

EBontoList IHTPOAYKLiT YOTUPLOX OCHOBHMX 30YAHUKIB
KOMapuHUX TPaHCMICUBHMX iH(DEKLI Ha €Bponeicbknii
KOHTUHEHT CBIAUYNTb NPO 3POCTaHHSA | PO3LUMPEHHS CNEKTPY
6i0/10rIYHNX 3arpo3 y UbOMy PErioHi, SK i B LiyIOMy Ha nna-
HeTi. Tak, Ha EBPONENCHKOMY KOHTUHEHTI aBTOXTOHHUIA
ocepenok Bipycy UmMKyHryH'ss BusiBrieHo y cepnHi 2007 p.
[21]. MicueBa obmexeHa nepepgava 36ygHuKa rapsyvkm
[OeHre Bneple BctaHoBneHay 2010 p. [22, 23], Bipycy 3ika
— y cepnHi 2019 p. [24]. 3arpo3a noBepHEHHA Manspii,
epagukauisa skoi B €Bponi ctanacs B cepeanHi XX cTopiy-
us1, € peasibHO y XXI cTopiuui [25].
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Ha nnaHeTi cnocTepiraeTbCs TEHAEHLiS A0 3pOCTaHHSA
cepefHbOpiYHMX TEMNepaTyp, Lo BNANBAE Ha apeasy no-
LLUMPEHHS TPAHCMICUBHUX iHOPEKLII, 3HAYHA YacTKa 3 SKMX
Hanexntb o rpynyu OHI. BcTtaHOBNEHO, WO NigBULLEHHS
Temneparypu Ha 1 °C 3MilLye MeXy KniMaTo-reorpadivyHmnx
30H y cepegHboMy Ha 100 KM Ha niBHiu [13].

BrnpoaoBx oCTaHHiX pokiB cepeHbOpiYHa Temnepary-
pa B YkpaiHi 3pocnia Ha 2 °C, w0 3yMOBU0 3MILLLEHHA MEX
KNiMaTU4HMX 30H Y pi3HMX perioHax Ha 150-200 km. Tak,
XepcoHWuHa, NiBAEHHI YacTMHU 3anopi3bkoi, Mukonais-
cbkoi Ta OfecbKoi obnacrteit 3a cymoto TemnepaTryp Ha-
6nunsnnnca go cybtponikie, a 30Ha lMonicca 3By3nnacs fo
[OEKiNbKOX kinomeTpis (Mas. 3). 3a nporHo3amu BcecBiTHLOT
METeOopOsIorNivyHOT opraHisalii, cepeHbOpiYHa Temneparypa
B YKpaiHi o 2100 poky Moxe nigsumtmcek Ha 3,2-4,5 °C.
MopibHa TEHAEHLS CNOCTepIraeTbCA Y BCiX EBPONENCHKMX
KpaiHax [26].

Y CyKyNHOCTI KniMaTu4Hi 3MiHuM | npouecu rnobanizauii
MatTb BaroMuii BN/MB Ha PO3LUMPEHHST MEX BifOMUX Npu-
POAHMX OCEPEAKIB Y CBITi Ta B YKpaiHi, & TakoX CnpusioTb
NOLUMPEHHS Jaseko 3a iX MexXi HU3KN akTyasibHUX Npupog-
Ho-ocepeakoBux OHI: BipyCHOro KnilloBOro eHuedanity,



300HO3HMX OOpeniosiB i pUKeTCio3iB, rapAayoK AeHre,
YunkyHryH'ss, Cungoic, 3axigHoro Hiny, >OBTOI rapsuku,
Mansapii, MOCKITH/X rapsiyok, Yymu TOLo. BuaHavasibHum
YMHHUKOM (DYHKLIIOHYBaHHA Takmx OCepefkiB € HasBHICTb
KOMMNETEHTHMUX BEKTOPIiB. HaluyTnmsiwnmmn [0 BNIMBY
TeMnepaTypHOro YMHHMKA y Uil rpyni € komapuHi OHI,
OCKI/IbKM Bi, LibOro 3a/1€XNTb iX BUAOBWIA i KiSTbKICHWUIA cKnag,
[18, 28]. MogentoBaHHs PO3BUTKY €Mi300TO-enigemMivyHoro
npouecy BHACMiA0K KNiMaTUYHKX 3MiH, L0 By0 34iiCHEHe

/6 °C
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eBpoCDC, cBigunTh NPO OAHOHaNpPaB/IEHICTb NPOLECIB
PO3LUMPEHHSA Y NIBHIYHOMY HaNpPsAMKY €H300TUYHUX Tepu-
TOpIN 3 KOMaPWHMX TPAHCMICUBHUX iHAPEKLn. BpaxoByBa-
nocs, wo e.poneiiceki nonynsuii Aedes albopictus Bono-
[it0Tb BUCOKOH BEKTOPHOI CMPOMOXHICTIO 0 MOLUMPEHHSA
iHLWKMX ap6oBipyciB — rapsukn 3axigHoro Hiny, 3ika, CuHabic,
XKOBTOI rapsAukm Ta iHLWKX, KOSIM BBaXXas10CH, LLO iX OCHOB-
HUMKU BEKTOpamMu € komapu pogy Culex [29].

8°C

/N

s

0

1981-2010

Man. 3. CepegHbopidHa npM3eMHa Temneparypa nositps y 6azosuii (1961-1990) Ta cyyacHuin (1981-2010) kniMaTuyHi nepioan

[27].

B YkpaiHi, 5K i B iHLIMX KpaiHax €Bponu, Komapi posis
Aedes Ta Culex € akTyas/ibHAMY e(DeKTUBHUMUN BEKTOPAMU,
a nocepep HUX HaibinbLle enigemionoriyHe 3HaYeHHs, K
BekTOopy OHI, matoTe Aedes albopictus i Aedes aegypti.

MogentoBaHHA py13nKiB NPOCTOPOBOI K/TIMaTUYHOI Crpo-
MOXHOCTI MOLUMPEHHSA BipyCy rapsaykn YnKyHryH’ss komapa-
mMu Aedes albopictus 6yno 34ilicCHEHO 3 ypaxyBaHHSM
MacLTabHux cnanaxis xBopobu B Anbatii, ITanii, IHaii Ta
IHLIMX KpaiHax, a TakoX MOTOYHOrO i MPOrHOCTUYHOIO 3Ha-
YEeHHA cepefHbOMICAYHOI TemnepaTypu B Pi3HUX KpaiHax
€BpOony BNPOAOBX Pi3HMX Nepiogis vacy [28]. BctaHOBNEHO,
Lo cepefHe 3HaYyeHHA Temneparypu 20-22 °C BNPOAOBX
He MeHLUEe SK OHOro Micausa € MiHIMaJTbHM NMOPOroMm, Lo
BM3HAYaE pU3NK 40 NOLUMPEHHA BIPYCY rapsaykn YUMKYHIyH'a
Komapamn Aedes albopictus, a 3Ha4eHHA 26 °C nigsuLLye
TaKWii pu3mMK y pasu. JaHi woa0 nporHo3y NpocTopoBKX 3MiH
TEPUTOPIA PU3UKY MOLUMPEHHS rapsyuky YnkKyHryH's ons
KpaiH EBPOMENCbLKOro perioHy HaBefeHO Ha MasltoHKy 4.

Bepyun fo ysaru nogibHoCTI kniMaro-reorpadivyHnx
XapaKTepucTuK y Haliii gepxasi A0 KpaiH LEeHTpasibHOI
€Bponu, MOXeMo nepenodadnT POPMyBaHHS EH300TUYHNX
ocepegnkiB rapsayukn YmkyHryn's 8 AP Kpum go 2040 p.,
MMOBIPHICTb NOLUMPEHHS 306YAHNKA Ha TepuTopii M'STN 06-
nacTei niBHIYHO-NPUYOPHOMOPCHLKOTO perioHy. binbla

YyacTmHa YKpaiHu 6yae y 30Hi BUCOKOro pu3nky oopmMyBaH-
HA cTabinbHMX ocepepkis Wiei OHI go 2070 p.

B iHLWKMX JOCNILKEHHAX BUBYEHO PU3MKN YKOPIHEHHSA B
€Bponi rapsykn geHre o 2100 p., 3 ypaxyBaHHAM MaKkcu-
MaJTbHUX | MiHIMa/IbHUX TemMnepaTypHUX napameTpis, no-
Ka3HWKiB BOMOIOCTI, KiIbKOCTi OnajiB, a TakoX BEKTOPHOI
CMPOMOXHICTb KOMapiB Aedes aegypti Ta Aedes albopictus
K OCHOBHMX enifemionoriyHo 3Haunmmx sektopis [30].
Pesynbratn mogentoBaHHA 3acBiguniu, wo CepensemMHo-
MOPCbKi perioHun MiBAeHHOT YyacTuHKU €Bponn Ta KpaiHu
3axigHoi €Bponun nepebyBatoTb Yy HalBULLi 30HI PU3NKY
(man. 5).

OTXe, fAK CBigyaTb HayKOBi LOCNIIKEHHS 3 NPOrHO3y-
BaHHSA pU3MKiB NOLWMPEHHA KoMapuHux OHI, fo cepeanHn
XXI cTonitTa Byae cnocrepiratucs 3HayHe po3LUMPEeHHs
MeX apeastiB LMPKYAALiT KOMapuHUX apboBipyCHUX IHAheK-
L Ha eBPONECbKOMY KOHTUHEHTI, a Maisipisi 3HOBY MOXe
cTatn aBTOXTOHHUM MapasnuTo3oM.

Ha nigcTtaBi aHanisy TeHAEHLjn 3MiH TemnepaTypHux
MOKA3HWKIB Y Hawili AepXaBi, a TakoX 3 BUKOPUCTAHHSAM
MEeTOLO0MOTIT iIHTepnoNALii 4aHnx 3a NPUHLMNOM NOLIGHOC-
Ti Ta BiMIHHOCTI NpoOLIeCiB B eKocucTeMax, 3 ypaxyBaHHAM
NMPOCTOPOBKX XapaKTepPUCTUK | BUAOBOTO CKNagy akTyasb-
HUX KOMapuHUX iHQEeKUili nepegbavyaemMo NOLWMPEHHS i
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MoToyHa cuTyauis

KniMaTiyHi yMoBu ans
nepesasi Bipycy YukyHryH's

P Henpuparti
:] [locuTb HenpuaaTHi
| YacTKoBo npupari
[ [Docutb npupatHi
B OntumManbhi

Man. 4. MogentoBaHHsA pU3KKiB MPOCTOPOBOI KNIMATUYHOI CIPOMOXHOCTI NOLUMPEHHS BipyCy rapsykm YnkyHryH'ss B €8poni Ko-
mapamun Aedes albopictus [30].

3 CaY v T o7 R R T 3 A
Baseline (1960-1990) | | Dengue fover incidence

= 3
Scenario 2011-2040

Dengue fever incidence
[average expected number per
100 000 inh per year, inhabitants per year,
per 10 x 10 km grid cell] per 10x 10 km grid cell
- 1000

[ 5.01 - 10.00

-500

Dengue fever incidence

| laverage expocted number per
100 000 inhabitants per year,
per 10 x 10 km grid cell]

Man. 5. MporHo3 NowWrpeHHs rapsykn feHre y KpaiHax eBponeiicbkoro cot3y Ao 2100 p. [31].
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YKOPIHEHHSA B YKpaiHi HU3kn HOBUX 36yaHukiB OHI. TepuTo-
piSMW PU3MKY MOLUMPEHHS rapsyvok AeHre, YukyHryH's, a
TakoxX manapii 6yayte AP Kpum, JlyraHcbka, [oHeubka,
3anopi3bka, Mukonaiscbka, XepcoHcbka, Ogecbka, YepHi-
Belbka i 3akapnarcbka obnacrti. Mapadka 3axigHoro Hiny
PO3LWMPUTL apeast 3 OXOMJIEHHSIM MiBHIYHUX TEPUTOPI y
30Hi MNoniccs, a Takoxk € peasibHa 3arposa 3amiHu Lboro
30yAHMKA Y 3axifHOMY PErioHi Ha BUCOKOBIPY/1IEHTHWI He-
MpOiHBa3UBHWIA FEHOTUM BHAC/ILOK MOLUNPEHHS OCTaHHbO-
ro 3 Teputopii PymyHii. pyna koMapnHuXx TpaHCMICUBHUX
iHOpeKL|in cTaHe AOMiHYHUYOH cepeq TPaHCMICUBHMX Npu-
POAHO OcepeaKoBUX iH(heKUI 3 nepeBaxaHHsIM Nosiroc-
Ta/IbHUX OCEepPeLKiB.

NiTeparypa

1. BuHorpag W.A. Ap6oBupychbl B YkpanHckoii CCP 1 nx meau-
KO-6ronornyeckoe 3HadeHune: Astoped. gucc. ... A-pa meg. Hayk / VLA,
BuHorpag, /IbBOBCKUIA MEANLMHCKNIA MHCTUTYT. — JIbBOB, 1983. — 21 .

2. BacunvwuH 3.1, JlabopaTtopHa AiarHOCTUKa KJ1il0BOro
eHuedaniTy Ta iKcoA0oBOro KNilloBOro 6openiosy cepen HaceneHHs
eHAEMIYHUX TEPUTOPINA: AKC. ... KaHA. Mea,. Hayk: 03.00.06 / BacunuvwmH
3opsHa lMeTtpiBHa, Hau. meg. yH-T iMm. O.O. boromonbus. — K., 2008.
—174c.

3. Ko3zak J1.IN. Cy4yacHi acnektu BipycO/IOriYHOI AiarHOCTUKM
remopariqyHoi rapsykn 3 HUPKOBUM CUHAPOMOM: AWC. ... KaHd. Me[.
Hayk: 03.00.06 / Kosak /llogmuna MeTpieHa, Hay,. mea. yH-T im. O.0.
Boromornbus. — K., 2008. — 174 c.

4. tOpueHko O.0. TpaHCcMiCcKBHI BipyCHI iHdeKL,i MiBHiYHO-3a-
XigHoro MpUYopHOMOP’S: ANC. ... KaHa. 6ion. Hayk: 03.00.06 / KOpyeHko
OkcaHa OnekcaHgpiBHa, Hau,. mef. yH-T im. O.O. boromonbus. — K.,
2013.-240c.

5. KomapeHko H.C. MikpoopraHi3aMu B 6i0LeHOTUYHMX CTPYKTY-
pax npupoAHNX OCepeaKiB KMILLOBUX TPAHCMICUBHUX 300aHTPOMOHO3IB:
aBToped. Auc. ... kaHa,. 6ion. Hayk: 03.00.07 / KomapeHko Hatanis
CepriiBHa; HAH YkpaiHu, IH-T 6ionorii knituHn. — fbBis, 2014. — 22 c.

6. LWynb Y.A. EnigemionoriyHi ocobnnBocTi rapsiuku 3axigHoro
Hiny Ta onTumisauis cuctemn enigemionoriyHoro Harnsgy Ha eHge-
MIYHUX TEPUTOPIAX: AWC. ... KaHA. Mefd. Hayk: 14.02.02 / lWynb YnaHa
AHppiiBHa, AY «IHCTUTYT enigemionorii Ta iHpeKuiiHMX XBOpPOO6 iM.
N.B. T'pomatuescbkoro HAMH Ykpainu». — K., 2017. — 163 c.

7. Esctathbes W.J1. KneweBoli aHuedanuT B Kpbimy (MTOrm
20-neTHero ndy4yeHus) // Mef. napasuTonorus n napasutapHble 60-
nesHn. — 2001. — Ne 2. — C. 53-57.

8. NbBoB [.K. Murpauuu ntul, n nepeHoc Bo3byauTenei
NHApeKLuiA (3Kkonoro-reorpacdmyeckme cBaA3n NTUL, ¢ BO30YAMTENAMU
nHdpekuuid) / 4.K. NibBo., B.A. Nnbuues. — M.: Hayka, 1979. — 271 c.

9. Cepebpsikos B.B. EkonoriyHi 3akoHOMipHOCTI Mirpavii ntTaxis
hayHun YKpaiHu B yaci Ta npocTopi: guc. ... g-pa 6ion. Hayk: 03.00.16 /
CepebpsikoB BaneHTVH BaneHTnHoBWY, KWIBCbKMIA HaLiOHaIbHUIA YH-T
im. Tapaca LLleBueHka. — K., 2002. — 486 c.

10. Pathogenic assessment of avian influenza viruses in
migratory birds / E.-H. Kim, Y. Kim, S.M. Kim [et al.] // Emerg Microbes
Infect. — 2021. — Vol. 10, N 1. — P. 565-577. Access mode: doi: 10.10
80/22221751.2021.1899769.

NMEPEANOBA CTATTHA

O3HayeHUn HaMK CUEeHapIn 3MiHK eni3ooTo-enigemiy-
HOro noTeHLUiasly KOMapUHNX TPAHCMICUBHUX iHADEKLi Ta
iHBa3in 3yMOB/1H0E HEOOXIAHICTb 3aNpPoBaKEHHS aKTVBHO-
ro KOMMNJIEKCHOIo enigeMiofnoriyHoro Harnagy, Wwo mae
BK/IOYATU MEAUNYHWIA, BETEPUHAPHWIA, €Ni300TOOrNYHUNA,
€HTOMO/IOTiIYHWIA, TigPOOriYHNIA, 300/10TIYHIIA, NabopaTop-
HWIA BipyCO/OTiYHWIA, MiKPOBIONOriYHMIA | Napa3nTONOTiYHNIA
6/10KM Y PEXUMI NMOCTINHOrO MOHITOPUHTY, BUKOPUCTAHHSA
reoiHchopMaLiiiHAX CUCTEM | KNIMAaTUYHMX NPOrHOCTUYHMX
MoZenei Ans afeKBaTHOro 3axXMCTy Hace/leHHs Ta TepuTo-
pii YkpaiHu Bif LbOoro Bugy 6iosoriyHnx 3arpos.

11. BunHorpag H.O. Ap6oBipycHi iHtbekuiT MiBHiYHO-3axigHoro
MpuyopHomop’a / H.O. BuHorpag, O.0O. HOpuetko, A.0. Ay6iHa //
IHdbeKwiliHI xBOpo6M. — 2013. — Ne 3. — C. 5-9.

12.  Fouque F. Impact of past and on-going changes on climate
and weather on vector-borne diseases transmission: a look at the
evidence / F. Fouque // Infectious Diseases of Poverty. — 2019. — Vol. 8.
— P. 51. Access mode: https://doi.org/10.1186/s40249-019-0565-1.

13. Paz S. Climate change impacts on vector-borne diseases
in Europe: Risks, predictions and actions / S. Paz // The Lancet
Regional Health Europe. — 2021. — Vol. 1. Access mode: doi:https://
doi.org/10.1016/j.lanepe.2020.100017.

14. Grist. The 16 scariest maps from the E.U.’s massive new
climate change report. https://grist.org/climate-energy/the-16-scariest-
maps-from-the-e-u-s-massive-new-climate-change-report/

15. Ecosystem perspectives are needed to manage zoonotic
risks in a changing climate / R. Gibb, L. Franklinos, D.W. Redding,
K.E. Jones // BMJ (Clinical research ed.). — 2020. — Vol. 371. — P. 3389.
Access mode: https://doi.org/10.1136/bm;j.m3389.

16. Forecasting zoonotic infectious disease response to climate
change: mosquito vectors and a changing environment/A.W. Bartlow,
C. Manore, C. Xu [et al.] // Veterinary Sciences. — 2019. — Vol. 6 (2).
— P. 40. Access mode: https://doi.org/10.3390/vetsci6020040.

17. Aguirre A.A. Changing Patterns of Emerging Zoonotic
Diseases in Wildlife, Domestic Animals, and Humans Linked to
Biodiversity Loss and Globalization / A.A. Aguirre // ILAR Journal. —
2017.-Vol. 58 (3). — P. 315-318. Access mode: https://doi.org/10.1093/
ilar/ilx035.

18. Bellone R. The Role of Temperature in Shaping Mosquito-
Borne Viruses Transmission / R Bellone, A.B. Failloux // Front.
Microbiol. — 2020. — Vol. 11. Access mode: https://doi.org/10.3389/
fmicb.2020.584846.

19. Do we know how mosquito disease vectors will respond to
climate change? / R.F. Andriamifidy, N.B. Tjaden, C. Beierkuhnlein,
S.M. Thomas // Emerg. Top. Life Sci. —2019. — Vol. 3 (2). — P. 115-132.
Access mode: doi: 10.1042/ETLS20180125. PMID: 33523151.

20. ChalaB. Feyissa Hamde Emerging and Re-emerging Vector-
Borne Infectious Diseases and the Challenges for Control: A Review /
B. Chala, F. Hamde // Frontiers in Public Health. — 2021. — Vol. 9.
Access mode: https://doi.org/10.3389/fpubh.2021.715759.

3(105)2021 IHOEKLIHI XBOPOBU



NMEPEANOBA CTATTHA

21. European Centre for Disease Prevention and Control.
Mission Report Chikungunya in Italy. Joint ECDC / WHO visit for a
European risk assessment, 17-21 September. — 2007. Access mode:
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/
Publications/0709_ MIR_ Chikungunya_in_lItaly.pdfChikungunya in
Italy).

22. Autochthonous dengue fever in Croatia, August-September
2010/ 1. Gjenero-Margan, B. Aleraj, D. Krajcar [et al.] // Euro Surveill.
—2011. — Vol. 16 (9). Access mode: PMID: 21392489.

23. Dengue virus infection in a traveller returning from Croatia
to Germany / J. Schmidt-Chanasit, M. Haditsch, |I. Schéneberg [et al.]
/I Euro Surveill. — 2010. — Vol. 15 (40). — Access mode: https://doi.
0rg/10.2807/ese.15.40.19677-en.

24. Vector-borne transmission of Zika virus in Europe, southern
France, August 2019 / S. Giron, F. Franke, A. Decoppet [et al.] //
Euro Surveill. — 2019. — Vol. 24 (45). Access mode: https://doi.
0rg/10.2807/1560-7917.ES.2019.24.45.1900655.

25. Malariain Europe: A Historical Perspective / M.A. Boualam,
B. Pradines, M. Drancourt, R. Barbieri // Frontiers in medicine. —
2021. — Vol. 8. — 691095. Access mode: https://doi.org/10.3389/
fmed.2021.691095.

26. Climate Impacts in Europe Under +1.5 °C Global
Warming / D. Jacob, L. Kotova, C. Teichmann [et al.] // Earth’s

References

1. Vynohrad, I.A. (1983). Arboviruses in the Ukrainian SSR
and their medico-biological significance. Extended abstract of D Med
Sci dissertation (Medical Sciences). Lviv National Medical University,
Lviv [in Russian].

2. Vasylyshyn, Z.P. (2008). Laboratory diagnostic of tick-borne
encephalitis and Ixodes tick-borne borreliosis among the population of
endemic areas. Candidate’s thesis. O.0. Bohomolets National Medical
University, Kyiv [in Ukrainian].

3. Kozak, L.P. (2008). Modern aspects of virological diagnosis
of hemorrhagic fever with renal syndrome. Candidate’s thesis. O.O.
Bohomolets National Medical University, Kyiv [in Ukrainian].

4. Yurchenko, O.0. (2013). Transmissible viral infections of the
North-Western Black Sea coas. Candidate’s thesis. O.0. Bohomolets
National Medical University, Kyiv [in Ukrainian].

5. Komarenko, N.S. (2014). Microorganisms in biocoenotic
structures of natural foci of tick-borne transmissible zooanthroponoses.
Candidate’s thesis. Institute of Biology Cell, Lviv [in Ukrainian].

6. Shul, U.A. (2017). Epidemiological features of West Nile
fever and optimization of the system of epidemiological surveillance
in endemic areas. Candidate’s thesis. S| “L.V. Hromashevskyi Institute
of Epidemiology and Infectious Diseases National Academy of Medical
Sciences of Ukraine”, Kyiv [in Ukrainian].

7. Evstafyev, I.L. (2001). Tick-borne encephalitis in Crimea
(results of a 20-year study). Medycynskaya parazitologiya i parazitarnye
bolezni — Medical Parasitology and Parasitic Diseases, 2, 53-57 [in
Russian].

8. Lvov, D.K., & llyichey, V.D. (1979). Bird migration and transfer
of infectious agents (ecological and geographic connections of birds
with infectious agents). Moscow [in Russian].

9. Serebriakov, V.V. (2002). Ecological regularities of birds
migration of fauna in Ukraine in time and space. Candidate’s thesis.
Taras Shevchenko Kyiv National University, Kyiv [in Ukrainian].

10 3(105)2021 IHPEKLITHI XBOPOBU

Future. — 2018. — Vol. 6. — P. 264-285. Access mode: https://doi.
0rg/10.1002/2017EF000710

27. 3miHa knimaty B YKpaiHi Ta CBITi: IPUYMHW, HAcAiaku Ta pi-
LeHHs ans npotugii // Ekogis. https://ecoaction.org.ua/zmina-klimatu-
ua-ta-svit.html

28. Teixeira M.G. Zika, chikungunya and dengue: the causes
and threats of new and re-emerging arboviral diseases / M.G. Teixeira,
L.C. Rodrigues // BMJ Glob Health. — 2018. — Vol. 3 (1). Access mode:
doi:10.1136/bmjgh-2017-000530.

29. Competence of Aedes aegypti, Ae. albopictus, and Culex
quinquefasciatus Mosquitoes as Zika Virus Vectors, China / Z. Liu,
T. Zhou, Z. Lai [et al.] // Emerging infectious diseases. — 2017. —
Vol. 23 (7). — P. 1085-1091. Access mode: https://doi.org/10.3201/
€id2307.161528.

30. Modelling the effects of global climate change on
Chikungunya transmission in the 21t century / N.B. Tjaden, J.E. Suk,
D. Fische [etal.] // Sci. Rep. —2017. —Vol. 7. — P. 3813. Access mode:
https://doi.org/10.1038/s41598-017-03566-3.

31. Climate change and the emergence of vector-borne diseases
in Europe: case study of dengue fever / M. Bouzid, F.J. Col6n-Gonzélez,
T. Lung [et al.] // BMC Public Health. —2014. — Vol. 4. — P. 781. Access
mode: doi: 10.1186/1471-2458-14-781.

10. Kim, E.-H., Kim, Y., Kim, S.M., Yu, K.M., Casel, M.A., Jang,
S., Choi, Y.K. (2021). Pathogenic assessment of avian influenza viruses
in migratory birds. Emerg. Microbes Infect., 10 (1), 565-577. Retrieved
from: DOI: 10.1080/22221751.2021.1899769.

11.  Vynohrad, N.O., Yurchenko, O.O., & Dubina, D.O. (2013).
Arboviral infections of the North-Western Black Sea coast. Infectsiini
khvoroby — Infectious Diseases, 3, 5-9 [in Ukrainian].

12. Fouque, F., & Reeder, J. C. (2019). Impact of past and
on-going changes on climate and weather on vector-borne diseases
transmission: a look at the evidence. Infectious Diseases of Poverty,
8 (1), 1-9.

13. Paz, S. (2021). Climate change impacts on vector-
borne diseases in Europe: Risks, predictions and actions. The
Lancet Regional Health Europe, 1. Retrieved from: doi:https://doi.
0rg/10.1016/j.lanepe.2020.100017.

14. Grist. The 16 scariest maps from the E.U.’s massive new
climate change report. Retrieved from: https://grist.org/climate-energy/
the-16-scariest-maps-from-the-e-u-s-massive-new-climate-change-
report/

15. Gibb, R., Franklinos, L., Redding, D. W., & Jones, K. E.
(2020). Ecosystem perspectives are needed to manage zoonotic
risks in a changing climate. BMJ (Clinical Research ed.), 371, m3389.
Retrieved from: https://doi.org/10.1136/bmj.m3389.

16. Bartlow, A.W., Manore, C., Xu, C., Kaufeld, K. A., Del Valle,
S., Ziemann, A., Fairchild, G. and Fair, J.M. (2019). Forecasting
zoonotic infectious disease response to climate change: mosquito
vectors and a changing environment. Veterinary Sciences, 6 (2), 40.
Retrieved from: https://doi.org/10.3390/vetsci6020040.

17. Aguirre, A.A. (2017). Changing patterns of emerging
zoonotic diseases in wildlife, domestic animals, and humans linked
to biodiversity loss and globalization. ILAR Journal, 58 (3), 315-318.
Retrieved from: https://doi.org/10.1093/ilar/ilx035.



18. Bellone, R., & Failloux, A.B. (2020). The role of temperature
in shaping mosquito-borne viruses transmission. Front. Microbiol., 11.
Retrieved from: https://doi.org/10.3389/fmicb.2020.584846

19. Andriamifidy, R.F., Tjaden, N.B., Beierkuhnlein, C., &
Thomas, S.M. (2019). Do we know how mosquito disease vectors
will respond to climate change? Emerg. Top Life Sci., 3 (2), 115-132.
Retrieved from: doi: 10.1042/ETLS20180125. PMID: 33523151.

20. Chala, B., Hamde, F. (2021). Emerging and re-emerging
vector-borne infectious diseases and the challenges for control: A
Review. Frontiers in Public Health, 9. Retrieved from: https://doi.
0rg/10.3389/fpubh.2021.715759.

21. European Centre for Disease Prevention and Control (2007).
Mission Report Chikungunya in Italy. Joint ECDC / WHO visit for a
European risk assessment, 17-21 September, 2007. Retrieved from:
https://lwww.ecdc.europa.eu/sites/default/files/media/en/publications/
Publications/ 0709_MIR_Chikungunya_in_lItaly.pdfChikungunya

inltaly).
22. Gjenero-Margan, |., Aleraj, B., Krajcar, D., Lesnikar, V.,
Klobuc€ar, A., Pem-Novosel, I. ... Mlinari¢-Galinovi¢, G. (2011).

Autochthonous dengue fever in Croatia, August-September 2010.
Euro Surveill, 16(9):19805. PMID: 21392489.

23. Schmidt-Chanasit, J., Haditsch, M., Schoneberg, I.,
Gunther, S., Stark, K., Frank, C. (2010). Dengue virus infection in a
traveller returning from Croatia to Germany. Euro Surveill., 15 (40),
19677. Retrieved from: https://doi.org/10.2807/ese.15.40.19677-en.

24. Giron, S., Franke, F., Decoppet, A., Cadiou, B., Travaglini, T.,
Thirion, L. ... Leparc-Goffart, I. (2019). Vector-borne transmission of
Zika virus in Europe, southern France, August 2019. Euro Surveill.,
24(45), 1900655. Retrieved from: https://doi.org/10.2807/1560-7917.
ES.2019.24.45.1900655.

FORECASTING THE MODIFICATION OF
NATURAL MOSQUITO-BORNE FOCI OF
EXTREMELY DANGEROUS INFECTIONS
IN UKRAINE UNDER THE INFLUENCE OF
CLIMATE CHANGE

N.O. Vynohrad, U.A. Shul
Danylo Halytskyi Lviv National Medical University

SUMMARY. The beginning of the new millennium was
marked by a significant increase in the levels of
biological hazards and threats, despite the progress and
new advances in the fight against infectious diseases.
Changes in climatic conditions with a tendency to
increase the average long-term temperatures have led
to redistribution and structural changes in the habitats
of biological species of animals, birds, reptiles and many
other components that form the parasitic systems of
zooanthroponoses. Spatial changes in enzootic
territories with the reformatting of superareas have led
to an increased risk of affection the population by
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pathogens of extremely dangerous natural focal
infections and invasions.

It is carried out the analysis of real and potential threats
to Ukraine due to climate change and the resulting
spatial changes of natural foci, their functional duration
and the emergence of new pathogens with taking into
account the existing trends of changes in a number of
epidemiologically significant abiotic and biotic factors.
The emergence of new pathogens and the formation of
active natural and mixed foci of mosquito-borne
transmissible infections, mainly of the diffuse type, is
predicted. There is a high probability of rooting in the
State territory of new pathogens or highly virulent genetic
variants of endemic agents. Potential dangers are the
pathogens of fevers — Chikungunya, dengue, Zika, West
Nile (new genotypes), and also malaria.

Risk areas of dengue fever, Chikungunya, as well as
malaria will be the Autonomous Republic of Crimea,
Luhansk, Donetsk, Zaporizhia, Mykolaiv, Kherson,
Odesa, Chernivtsi and Zakarpattia regions. West Nile
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fever will expand the range to cover the northern
territories in the Polissia area, and there is a real threat
of replacing this pathogen in the western region with a
highly virulent neuroinvasive genotype due to the spread
of it from the Romania territory. The group of mosquito-
borne infections will become dominant among
transmissible natural focal infections with a predominance
of polyhostal foci.

Key words: extremely dangerous infections; natural
foci; climate; forecasting.
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