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PEKYPEHTHI PECMIPATOPHI 3AXBOPIOBAHHSA Y AITEN:
KNIHIKO-NATOTEHETUYHI XAPAKTEPUCTUKM,
NPEBEHL|IA

A6amypos 0. €., Tokapesa H. M.
JHinpoecbkutl deprcagHutl meduuHull yHigepcumem, M. [JHinpo

Pe3stome. Bcmyn. 3a januMu BOO3, y cTpyKTypi 3arajibHOi 3aXBOPIOBAHOCTI JiTell rocTpi pecnipaTopHi iH-
¢dekuii (I'PI) 3aiimMaroTh nepiue Micle i ckJ1aarTb 0 65% BCix 3apeecTpPOBaHUX FOCTPUX iHPeKIiHHUX 3aXBO-
proBaHb. OcO6/IMBY yBary NpuUBepTalOTh JiTH, Y IKUX pecllipaTOpHi 3aXBOPIOBaHHS XapaKTepPU3YOThCS He JIUIIIe
BUCOKOIO YaCTOTOM0, ajie i HeCIPUSAT/IMBUM IlepebiroM. Y pasi HOBTOPHUX eNi30/1iB TOCTPUX peciipaTOPHUX iH-
ekl 6e3 YiTKOro «NpHUB’A3yBaHHA» [I0 IEBHOI HO30JI0TiYHOI $OPMH 3aXBOPIOBAHHS 3aCTOCOBYETHCA TEPMiH
«peKypeHTHI pecnipaTopHi iHpeKIii».

Mema docaidsxcenns. [lpoaHasisyBaTu pe3yjbTaTH AOCJi[XKeHb BIJIMBY peclHipaTOpHUX BipycHUX
areHTiB Ha WMOBIpHICTb PO3BUTKY PEKYPEHTHUX pecHipaTOPHUX 3aXBOPIOBAHb y JiTel Ta MOXJIHUBOCTI
npeBeHLil.

Mamepiaau ma memodu. 3ailicHEHO aHa/i3 JAiTepaTypHUX [JpKepesl siK 3aKOPAOHHO], TaK i BITUM3HSAHOI Ha-
YKOBOI JIiTepaTypH 3a OCTaHHI [1ecATh POKIB 32 TeMaTHUKOI0 peKYPeHTHUX pecnipaTOpHUX 3aXBOPIOBaHb y JliTel
Ha ocHOBI iHpopMauifiHoro nouyky B 6i6aiorpadiuyHux 6a3ax gaHux: PubMed, American College of Physicians
(ACP), Web of Science, Scopus, Springer, Acronym Finder, ACP Journal Club.

Pesynomamu docaidxceHs. PekypeHTHI pecniipaTopHi iHdeKIil MOXXyTh NPU3BOAUTHU 10 NOpYyLIeHHSA pi3uy-
HOTO PO3BHUTKY, 3HWKeHHS QyHKIiOHaJIbHOI aKTUBHOCTI iMyHITeTy Ta 3pUBY KOMIIEHCATOPHO-aAanTaliiHUX
MeXaHi3MiB i3 paHHIM pO3BUTKOM XPOHIYHMX 3axBOPIOBaHb. OCHOBHMMU NPUYMHHO-3HAYYIIUMU 30yAHUKAMU
roCTpUX pecnipaTopHux iHdek1ili € BipycHi areHTH. PeciipaTopHi Bipycu po3ni3HaloThCs pisSHUMU MOJIeKy/IaMU
CeHCiHra BpoJXeHol IMyHHOI CUCTeMH, SIKi aKTUBYIOUYHM BHYTPIIUHBOKIITUHHI CUTHa/IbHI LIJIAXU, IPU3BOJAATD [0
PO3BUTKY 3alajieHHs, BiINOBi/i alalTUBHOI iMyHHOI CUCTEMHU Ta aKTHUBaLil MexaHi3MiB epaaukalii iHbeKuili-
HUX areHTIB.

Po3BUTOK 3anaJjieHHs1 Ta NOPYILIeHHsI CTPYKTYPHOI LiJiCHOCTiI TKAHUH pecnipaTOPHOI0 TPaKTy 3yMOBJIIOE
3HWXKEHHS MicIeBoi pe3UCTEHTHOCTI 10 pecnipaTopHUX iH$eK1iHHUX areHTiB i cipusie HoBTOpHOMY iHdikyBaH-
HIO IUXaJIbHUX ULIAXIB. AyTodaris BiJHOCUTLCS [0 MpolLiecy HeceJleKTUBHOI BHYTPIIIHbOKJIITUHHOI Aerpajanii
NOIUKO/PKEHUX OpraHesl, CTPYKTyPHHUX KOMIIOHEHTIB i IpoTeiHiB, AKWH NiATPHUMY€E KIITUHHUN roMeocTas. AyTo-
daris nig yac BipycHoi iHdekii eniminye iHpekTH Ha paHHiN dazi ix BHYTpilIHbOKIITUHHOI iHBa3il peryJoe ak-
THUBallil0 BPO/>XeHOI IMyHHOI CHCTeMHU IIJIIXOM CeJIeKTUBHOI Jlerpajalii naToreH-acouiioBaHUX MOJIEKY/IPUX
naTepHiB maToreHis, Ta npe3eHTalito BipycHUx aHTuUreHiB T-siMdonuTaM, COpUSIOYU aKTUBAlil alanTUBHOL
iMyHHOI cucTeMHU 6e3 nonepeJHLOro 30yAKeHHsI BPO/>KeHOI IMyHHOI CUCTEMH.

BucHosku. TakuM YMHOM aKTHUBallis MexXaHi3MiB ayTodarii Tak caMo sIK MOCHUJIEHHS] IMyHHUX MeXaHi3MiB
esimiHanii iH$ekiiHUX areHTiB, JOTPUMaHHS NPaBUJ 0COOUCTOI ririeHU Ta NpoBeAeHHs crienudiuHoi npodi-
JIAKTUKY, BiZiirpae BaroMy poJib y npeBeHILii peKypeHTHOro [lepebiry pecnipaToOpHUX 3aXBOPIOBaHb.

Kiw4oBi caoBa: fjiTy, pekypeHTHi pecnipaTopHi iHdekuii, roctpi pecnipaTopHi iHdekuii, npefukTOpHU
PO3BUTKY, KJIiHIKO-IaTOT€HETUYHI XapaKTepUCTUKHU, TpeBeHLifl.

Recurrent respiratory diseases in children: clinical and pathogenetic characteristics, prevention
Abaturov O.E., Tokarieva N.M.

Abstract. Introduction. According to WHO data, acute respiratory infections (ARIs) rank first in the overall
structure of childhood morbidity, accounting for up to 65% of all registered acute infectious diseases. Particular
attention is drawn to children whose respiratory diseases are characterized not only by high frequency but also
by an unfavorable course. In cases of repeated episodes of ARIs without clear attribution to a specific nosological
form, the term “recurrent respiratory infections” is used.

The aim of the study is to analyze the study’s results of the respiratory viral agents influence on the likelihood
of recurrent respiratory diseases developing in the children and the possibilities of prevention.
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Materials and methods. An analysis of literary sources, both foreign and ukrainian scientific literature on the
of recurrent respiratory diseases topic in children by the past ten years was carried out based on an informa-
tion search in bibliographic databases: PubMed, American College of Physicians (ACP), Web of Science, Scopus,
Springer, Acronym Finder, ACP Journal Club

Results. Recurrent respiratory infections can lead to impaired physical development, reduced functional ac-
tivity of the immune system, and disruption of compensatory and adaptive mechanisms with the early develop-
ment of chronic diseases.

Viral agents are the main causal agents of acute respiratory infections. Respiratory viruses are recognized
by various sensing molecules of the innate immune system, which, by activating intracellular signaling pathways,
lead to the development of inflammation, the response of the adaptive immune system, and the activation of
mechanisms for the eradication of infectious agents.

The development of inflammation and disruption of the structural integrity of respiratory tract tissues
reduces local resistance to respiratory infectious agents and promotes reinfection of the respiratory tract. Au-
tophagy is a non-selective process of intracellular degradation of damaged organelles, structural components,
and proteins that maintains cellular homeostasis. During viral infection, autophagy eliminates infectants in the
early phase of their intracellular invasion, regulates the activation of the innate immune system by selective
degradation of pathogen-associated molecular patterns of pathogens, and presentation of viral antigens to T
lymphocytes, promoting the activation of the adaptive immune system without prior excitation of the innate

immune system.

Conclusions. Thus, the activation of autophagy mechanisms, along with the enhancement of immune mecha-
nisms for eliminating infectious agents, adherence to personal hygiene rules, and specific preventive measures,
plays a significant role in preventing the recurrent course of respiratory diseases.

Key words: children, recurrent respiratory infections, acute respiratory infections, developmental predic-

tors, clinical and pathogenetic characteristics, prevention.

Beryn

PekypeHTHi pecnipaTopHi iHdekuii myxe
NOIIMpeHi y JiTeHd, ajie iHOAI MOXYTb OyTH
03HAKOI0 OCHOBHOT'O 3axXBOpPIOBaHHf, NMOYHHa-
I0YM BiJi BpOJ»KeHUX aHOMaJliii JiereHb i 3aKiH-
YyI0YM NepBUHHUMH CUHAPOMaMH imMyHozedi-
nuTy. OLHAaK OCKIZIbKY B CEpeJHbOMY MaJleHbKa
JAUTHUHA XBOPI€ IWICTb-AeCATh «IPOCTYLHUX 3a-
XBOPIOBaHb» Ha PiK, MOe Oy TH BaXKKO 3p03yMi-
TH, KOJIM BapTo xBUJtoBaTucs [1]. JliTu 3 peky-
PEHTHUMH pecnipaTopHuMH iHdekuismu (PPI)
€ L0/leHHUM BUKJMKOM JJi NeAiaTpa Ta OTO-
JIApMHTO0JIOTa B KJiHIYHIN npakTuli. PekypeHT-
Hi pecnipaTopHi 3axBoploBaHHs 3a3BUYall BCTa-
HOBJIOIOTBCS 32 TAKUMU KPUTepiAMU: y JiTel
1-3 pokiB >6 a60 6isbiie enizoaiB I'PI (roctpux
pecnipaTopHuX iHbeKIi#, 1 3 AKUX MOXKe OYTHU
IIHEBMOHI€I0, BKJIIOYAYH BaXKKy MHEBMOHIIO)
Ha pik; abo >2 JIeTKWX BUMAJKiB MHEBMOHIH,
niATBepMKEeHUX KJIHIYHUMU Ta/abo PeHTTeHO-
JIOTIYHUMHM KPUTEpisiMH; y AiTed 3-6 pokiB >5
a6o 6Gispme enizoniB I'PI (1 3 AkuUX MoXKe OyTH
IIHEBMOHI€I0, BKJIIOYAYM BaXKKy MHEBMOHII)
NPOTATOM POKY abo eni3o/iB >2 JIerKUX BUNAJ-
KiB NMHEeBMOHIH, MigTBepAKeHUX KJAIHIYHUMU
Ta/abo PeHTreHOJIOTIYHUMHU KPUTEPIIMU; Y [i-
Tell 6-12 pokiB >3 a6o Ginbiie emizoznis I'PI (1
3 SAKHUX MOXe 6yTH NMHEBMOHIE€I, BK/IYaK4H
Ba)KKYy THEBMOHII0) MPOTSATOM POKy abo >2 Jjier-
KHUX BUIA/IKiB MHEBMOHIHN, MiITBEP/PKEHUX KJIi-

HiYHUMHU Ta/ab0 PEeHTreHOJIOTiYHUMHU KpUTeEpi-
amu [2,3]. PekypeHTHi pecrnipaTopHi iHdeKii €
Jly>Ke MOIIKMPEeHUM KJIiHiYHUMM CTaHOM y AiTel,
0CO0JIMBO B mepioAi MOJIOAIIOrO MIKIJIBHOTO
BiKy, 1[0 CYTTEBO BIJINBAE HA CTAH 3/10POB’s [i-
Tell. 3riHO 3 pe3yJibTaTaMM eNifeMiooriYHuxX
JOCJTiKeHb, TPUOJIN3HO Yy 25% JiTel mepuioro
POKY UTTA Ta 'y 6% JiTell y JOWKIIBHOMY Ta
MOJIOAIOMY LIKIJIBHOMY Bilji CIOCTEPIraldThbCs
PPI [3-6]. [loBTOpHI iHeKIii MOXyTb NpU3BecC-
TH [0 YCKJIaJAHEeHb, ajle caMi Mo co6i MOXYyTb
MaTH BeJIMYe3HUU BIJIMB K Ha JUTHUHY, TaK i
Ha ii poguHy. ®i3u4HO peKypeHTHi iHdekIii B
JUTUHCTBI € OCHOBHOIO IPHUYUHOI OPOHXOEK-
Ta3iB, Tuny X03JI, 0 XapaKTepu3yeThbCA pPO3-
IIMPEHHAM AUXaJbHUX LJIAXIB | HAAJUIIKOBUM
YTBOPEHHSAM CJU3Y. SHHKeHHS PYHKIIII iereHiB
€ Cepii03HOI0 NMpPo6JIEeMOIO, acoliiioBaHoi 3 PPI.
Jity, aki crpaxaaoTs Bifg PPI, Takox 4acTo no-
TpeOyTh Tepanii aHTH6IOTUKAMH, i HelloAaB-
HO OyJIO OKAa3aHo, 1[0 BUKOPUCTAHHS aHTHOI-
OTHUKIiB HEraTUBHO BIJINBA€E Ha MiKpo6ioM ab6o
dy10py KUIIeYHUKY (KUIIKOBi 6aKTepii) i HAaBiThb
MiBUILYE PU3UK paKy TOBCTOI KUUIKHU. BHUKO-
pUCTaHHS aHTUOGIOTUKIB TaKOX MOXKe IMpHU3Bec-
TH [0 PO3BUTKY aHTHUOIOTHUKOPE3UCTEHTHOCTI
[1]. MoBTOprOBaHi iHGEKIII MOXYTb BIJIHHY-
TH Ha eMOLiMHUN CTaH yCiX 4JeHiB pOAUHH Ta
3MiHUTH CiMelHy AMHAMiKy Ha HeraTUBHY. Jig
0aTbKiB BTpaueHUH 4Yac Ha po6OTi, EKOHOMIU-
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HUH TATap OXOPOHU 3/10POB’s, CTpec ¥ 3B’A3KYy 3
HapOJpKeHHAM XBOpPOi JUTUHU Ta HeJJOCUIIaHHA
MOXYTb pa3oM lLie 6ibllle BIJIMHYTH Ha CiM'I0.

Kpim ync/ieHHUX | pi3HOMaHITHUX eHJ|0reH-
HUX QaKTOpiB opraHiaMy AUTHHHU, pecnipaTopHi
BipycHi areHTH MalOTh 0COGJIMBUM i 6e3nocepes-
Hill BI/IMB Ha HecneluiuyHi MexaHi3MHU 3aXUCTY
pecnipaTOpHOro TPaKTy Ta MMOBIPHICTBb mep-
cucTteHlil iHQeKIiHHUX areHTiB, TUM CaMUM 3y-
MoOBJIIOIOYM BUHUKHeHHd PPL [IpoTe BouiuB pec-
MipaTOPHUX BIpyCHUX areHTiB Ha HMMOBipHICTb
po3BuTKy PPl y noctynHiil HaykoBiH JiiTepaTypi
BUCBITJIEHO MaJIo.

MeTa aoc/aigXeHHs

[IpoananisyBaTh pe3yabTaTU [OCIIPKEeHb
BIJIMBY pecCHipaTOPHUX BipyCHUX areHTiB Ha
WMOBIpHICTh PO3BUTKY pEKypeHTHHUX peclipa-
TOPHUX 3aXBOPIOBAaHb Y JiTeHd Ta MOXJUBOCTI
IpeBeHLil.

Marepiaau Ta MeTOAU

3[iMiCHeHO aHaJi3 JliTepaTypHUX [XKepes
AK 3aKOPAOHHOI, TaK 1 BITYU3HAHOI HAYKOBOI
JiTepaTypH 3a OCTAaHHI [lecATb POKiB 3a TeMa-
THUKOI0 peKYPEeHTHUX pecllipaTOpHUX 3aXBOPIO-
BaHb y AiTel Ha 0CHOBI iHpopMaljiiiHOTO noury-
Ky B 6ibuiorpadiunux 6asax fgaHux: PubMed,
American College of Physicians (ACP), Web of
Science, Scopus, Springer, Acronym Finder, ACP
Journal Club.

Pe3yibTaTH J0CHiAXKEHb

PecnipamopHi gipycHi azenmu, AKi cnpus-
10mMb Cymmegomy ypaxceHHI0 je2eHegoi mKa-
HUHU

BipycHi areHTH € OCHOBHUMH NPUYUHHO-
3HayymuMu 36yaHukamu ['Pl, y Tomy uwuchai
nHeBMOHiN. OcTaHHIM YacoM BCTaHOBJIEHO, 1110
cepeJ; rocTpoi pecnipaTopHoi iHdekIifiHOI ma-
TOJIOTiI 3HA4YHe Miclie 3aliMarThb MTHEBMOHII, BU-
KJIMKaHI BipycaMu: rpuIly, naparpuiy, reprec-
BipycaMu, aJleHOBipycaMH, JIOJCbKUMHU MeTa-
NMHeBMOBipycaMH, KOpoHaBipycamMu, 60okaBipy-
caMU. 3rilHO 3 JaHUMHU MeTaaHaJi3y, BipycH €
€JMHUM NaToreHoM, BuAijieHUM Bij 10 no 30%
iIMyHOKOMIIETEHTHUX JOPOCJUX, TOCIiTani3o-
BaHUX 13 NpUBOAY M03aJiKapHAHOI MHEBMOHIl.
[lo3arocniTasbHa NHEBMOHIA y JiTel Oysa BU-
KJIMKaHa BipycHUMHU areHTamMu B 40-70% Bu-
nagakie [7-9].

3a octaHHi 15 pokiB 0c06/IMBY yBary BUKJIU-
KaJll TpU pecnipaTOpHOTPOINHI BipycH, iHOiKy-
BaHHA AKHMH 4YacTO CyNpPOBOJKYETbCS 3arpo-
’KYIOUUM KHUTTIO NlepebiroM 3aXBOpIOBAaHHS: Lie
Bipycu rpumy, oco6auBo rpuny A/HIN1 pdm09
i IBa HOBI KOPOHaBipyCHU — KOPOHABipyC BaXKKO-
ro TOCTPOro peclipaTOpPHOIo CUHApPOMY (severe
acute respiratory syndrome coronavirus - SARS-
CoV) i kopoHaBipyc bausbkocxigHoro pecnipa-
TopHoro cuuapomy (Middle East respiratory syn-
drome - MERS-CoV) [10,11]. [lHeBMOHiI MOXYTb
OyTH BUKJMKaHI 6aKTepisiMu, Bipycamu, rpuba-
MM, HAUMPOCTIIIUMHU Ta ix acouianismu. Tpusa-
JIMM Yac BBaXKaJlocCs, 1110 MHEBMOHII € iHpeKIil-
HUMHU 3aXBOPIOBAaHHSIMH, IepeBaXHO OaKTepi-
anbHOI eTioJsiorii. OfHaK Cy4yacHi MeTOAU [eTeK-
Lil BIpyCHUX areHTiB I[OKa3aJy, 10 MHEeBMOHIl
acoliThCs 3 BipycaMHu fIKILO He B GiJbIIiH, TO
sIBHO He B MeHIi# Mipi, Hi> 3 iHIIMMU 36y HUKA-
MHU. ¥ JOPOC/IUX HA YaCTKy BipyCHUX THEBMOHIN
npunajiae 6au3bko 22%, i HalbiIbII YacTO BOHU
BUKJIMKAIOTbCA PUHOBIPYCOM, BipyCOM I'pHUIly Ta
RSV [12-14].

Y eTiosI0TiYHIN CTPYKTYpi BipyCHUX MHEB-
MOHIH y fjiTel JOLIKIJIBHOrO BiKy nepeBaKHUM
NIaTOTeHOM € pecnipaTOpPHO-CUHLIUTIaJIbHUN
Bipyc (respiratory syncytial virus - RSV) - B
28-37% BunNazkiB, 3a AKUM CJiAYIOTb BipycH
rpuny tuny A/HIN1 pdm09 (5-10%), Tuny
A/H3N2 (5%), Tuny B (4%), puHoBipycu (14-
27%), metantHeBMOBipycH (5-13%), aneHoBipy-
cu (3-12%), kopoHaBipycu (5-7%), 6okaBipycu
(7-12%), Bipycu naparpuny 1/2/3 (2-8%) Ta
iHmi. ¥ giTe# o m’ATUPiIYHOrO BiKy IK NPUYHH-
HO-3HauyIlli 36yHUKKU MHEBMOHII NMepeBaXKHO
inenTudikywTbca: RSV, ajeHoBipycHu Ta MeTa-
nHeBMOBipycu [14-17].

Bnaue pecnipamopHux gipycHux azeHmie
Ha enimeiii pecnipamopHo2o mpakmy ma Ha
P0368UMOK 3ana/1eHHA

EniTenianbHi  KJITHHM  pecnipaTOpPHOro
TPaKTy I'palTh KJKYOBY pOJib y NPOTHUBIpyC-
Hill BiZIMOBiJli MaKpOOpraHiaMy miJi 4ac roCTpUx
pecnipaTopHux BipycHUX iHdekuiil. Onocepeg-
KOBaHe BipycoM mopylleHHs QyHKIiOHYBaHHS
emiTeJIioOLUTIB K eJleMeHTiB MpoTUiHpeKIiHO-
ro 3aXMUCTy NPU3BOAUTH A0 iHQiKyBaHHS TKaHU-
HU JiereHi i AeBianism peakiii iMyHHOI cucTeMu
(Tab.s. 1).
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Tabauys 1

Bn/iMB BipyCcHMX areHTiB Ha 3axXucHY QyHKIIiI0 eniTe1il0 pecnipaTopHOro TpakTy [18]

IIaToreHu, 1m0 HEraTUBHO
BIUIMBAKOTh Ha QYHKI[IOHYBaHHA
eniTesria/IbHUX KJIITHH

MoJieKyIsipHi 1iJ1i 1 CECHCUTUBHI
KOMIIOHEHTH

EdexT

RSV, Bipyc rpuny A, Bipyc Cenzian

PenenTopu TLR, NLR, RLR

Mopynsiuis po3nisHaBaHHS 06pasiB
1 aKTUBHOCTI HU3XiTHOI'O CUTHAJLY

Bipyc rpuny A, RSV, yutomerasnosi-
pyc, Bipyc Enmrreiina-bapp, kopo-
HaBipyc

IL-18, IFN I Tuny, [FN-y, TNF-a,
dakTop Tpanckpunuii NF-kB

[HayKLia 3anaieHHa

Bipyc rpuny A, ageHoBipyc, Bipyc

Kokcaki, RSV punoBipyc KaTeHUH

Knaynunu, okiatouH, E-kaarepus,

[TopyuieHHs1 6ap’epHOI PyHKIIIT
enireJio

Bipyc rpuny A, RSV, punoBipycu

610Kk D

[nikoH'toroBaHi MyIMHH,
B-nedensuny, cypbakTaHTHUN

Mopynsiuis cekpelii aHTUMiKpo6-
HUX MENTU/IB

Bipyc rpuny A

IFN Ii I Tunis, CCL5, CCLZ, CCL8

PeKpyTHHT IMYHHUX KJIITUH

Bipyc rpuny A, RSV

Pe3osBiny, IL-10, TGF-B, IFN -A

Po3pimeHHs 3anaseHHd

Bipyc rpuny A, RSV

ADAMTS4

TGF-B, AREG, IL-22, IFN-A, FGFR2b,

36isnbienHs npoJsideparii,
JudepeHLitoBaHHS KIITHH

EniTeniasbHi KJITUHY pecripaTOPHOTro Tpak-
Ty Iic/1A 36y/P>KeHHs BipyCHUMU areHTaMu o6pas-
poO3Mi3HaBa/IbHUX PeLEeNnTopiB CEKPETYOThb YUC-
JeHHi nutokinu (IL-6, TNF-a, G-CSF, GM-CSF Ta
inmux), xemokinu (CCL2/MCP-1, CCL5/RANTES,
CXCL8/IL-8, CXCL10/IP10 Ta iHIIMX), aHTUMi-
KpoOHi pedyoBUHM (AedeH3UHHY, Ji3011UM, JIAKTO-
depun, iHri6iTOp CcekpeTOpHOi JIEUKOIUTAPHOI
npoTeiHasu), ski 6e3nocepeHbO 3[iHCHIOIOTH
KIJIMHT MaTOTeHHUX MiKpoopraHi3mis. [IpoTarom
nepmux 3-24 rofuH micjag 3apaKeHHs BipycoM
IPUIly TOCUJIOETHCS MPOAYKIis iHTepdepoHiB
(interferons - IFN): IFN-«, IFN-B, IFN-y; uuto-
kiniB: IL-1f, IL-6, IL-12p40/p70, TGF-B, TNF-a;
xeMmokiHiB: CCL2/MCP-1, CCL4/MIP-1B, CCL5/
RANTES, CXCL8/IL-8, CXCL9/MIG, CXCL10/1P-10,
y Tol 4ac sk iHikyBaHHa RSV iHinioe npogy-
kyBaHH# IL-6, IFN-a, IFN-, CCL2/MCP-1, CCL5/
RANTES, CXCL8/IL-8, CXCL10/IP10 [19-21].

LUTOKIHY, 110 CEeKpeTyITbCAd eNiTeaioLu-
TaMHU y BifIOBib Ha BIJIUB BipyCiB, IepeBaxKHO
BUKJ/IMKAIOTh 3allajibHy peakuito. Ekcnpecisa nu-
TOKiHIB Ma€ MOC/JiJOBHUIN XapakTep i MO4YHWHa-
€Tbcs 3 akTuBalii ekcrnpecii [L-1 Ta TNF-q, ski
pPeKpyTYIOTb HeUTpodisu y BOTHULE YPaKeHHS
TKaHUH. Takoxk TNF-o akTHBYye eHOTeJia/bHI
KJITUHH, CHHTEe3 TIpPaHy/JOLUTApPHOTO KOJIOHI-
ectumystoodoro ¢akropa (granulocyte colony
stimulating factor - G-CSF) i rpanynonuTapHoro
MakpodarajibHOro KOJOHIECTUMY/II0I040ro dakK-
Topa (granulocyte macrophage-CSF - GM-CSF),

sKi iHAYKyIOTh AudepeHLiloBaHHS KJITUH Mie-
JioigHOoro noxoa:keHHd; a IL-6 cTumyJsoe pekpy-
TyBaHHS, AudepeHIitoBaHHS i aKTUBHICTb MOHO-
uuTiB i T-kaiTuH [22,23].

XeMOKIHM, fAKI NPOAYKYIOTbCA AUXaJbHUM
eniTesliEM, CTUMYJKIOTH Mirpalnilo iMyHOLUTIB
AK BPOJKEHOI, TaK i afanTUBHOI iMyHHOI cucTe-
MU B TKaHUHY JjereHb. XemokiH CCL2/MCP-1 €
AKTHUBHUM XeMOATpPaKTaHTOM MOHOLIMTIB i Ma-
kpodaris [24, 25].

Xemokinu CXCL9/MIG, CXCL10/IP-10 migcu-
JTh Mirpaniro kiaitTuH CXCR3*-akTHBOBaHUX
CD8'T-, Th -kaiTMH Ta IHri6yHOTb Mirpaiirwo
CCR3*knaitTun (CCR3 € xapaKTepHUM pelenTo-
poMm T-xenmnepiB 2 Tumny). /lani xeMOKiHU CTUMY-
JIIOTh Mirpauiro nepeBaxHo MOHOUUTIB, Th, -
kJiTHH, NK- i NKT-kaitTuH. Xemokinu CXCL9/
MIG i CXCL10/1P-10 inri6ytoTs Mirpaiuito eosu-
HoiniB y TkaHuHy JereHi [17]. [locunena npo-
AYKLid Mpo3alajJbHUX LUATOKIHIB I peKpyTHUHT
npo3anajbHUX ePeKTOPHUX IMyHHUX KJITHH B
iHpikoBaHI TkaHUHU Ge3nocepeZHbO MOB’sI3aHi
3 TSKKICTIO 3aXBOPIOBAaHHSA i UMOBipHicTIO po3-
BUTKY NHeBMOHil. [H)ek1il, BUKIMKaHi Bipycamu
rpuny i RSV MoXXyTh BUKJIMKATH FOCTPUH pecti-
paTopHuUit [ucTpec-cuHpoM [38].

TkanuHHI Makpodaru jiereHb, 30KpeMa aJjb-
BeoJIApHI Makpodary, JIoKasli3yloTbcs B MOBi-
TPAHOMY IIPOCTOPi BCepeUHI a/ibBeoJ1 i FpalTh
KJIIOUOBY pOJib B 00MexXeHHi AuceMiHalii Bipycy
B JlereHeBil TkaHUHI. AlbBeoJisipHi Makpodaru



12

HeoOXiZiHI miJ Yac rocTpux pecnipaTopHUX Bi-
pycuux iHndekuin (IPBI). AnbBeosisipHi Makpo-
daru € ofHUMHU 3 NeplIMX KJIiTHH, IKi pearyoTb
Ha peclipaTOpHi BipycH, BOHU BiirpaloThb KJIIO-
YOBY POJIb Y PO3BUTKY BPO/JKEeHUN IMyHHOI BiJ-
nosizi. [Ipu I'PBI anbBeonsipui Makpodaru npu-
WMaloTh Npo3anajbHuil ¢eHOoTUN U iHilliIOITH
iMmyHHy BianoBiap. Tak, nij yac inpikyBaHHs1 RSV
aJbBeoJisipHi Makpodaru BiiNOBiAalOTh 3a paH-
HI0 BUpOGJieHHA 1UTOKiHIB Ta IFN, sikuii opra-
Hi30BY€ MOYaTKOBUU NPOTUBIpYCHUH BiANOBiAb.
BifcyTHicTh anbBeossipHUX MaKpodariB cpuse
HEeKOHTpPOJIbOBAHOI peruliKanii Bipycy rpuily, 110
NPU3BOJUTDL [0 BUPAXKEHOI TAXKKOCTI 3aXBOpIO-
BaHH# | CMEepTHOCTI B eKCllepUMeHTaJIbHUX TBa-
puH [26].

[HdikyBaHHS JiereHeBOi TKAaHUMHU Bipycamu
NpPU3BOAUTL [0 PEeKpyTYBaHHS HeUTpodiiB.
He#iTpodinu ayxe paHo - npoTAroMm nepiux 48
TO/IVH MicJs iHpiKyBaHHS - MOTPAIISIOTh Y Mic-
Lle ypaXkeHHs JiereHb | pa3oM i3 pe3uJieHTHUMHU
MakpodaraMu € npeAcTaBHUKAMHU mepuioi JiHii
KJIITUHHOIO 3aXUCTY MaKpOoOpraHisMy Bij maTo-
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reHiB. [licaia ¢daronurosy HelTpodinu Bukopuc-
TOBYIOTb 6€3/1i4 NPOTeoJITUYHUX GEepPMEHTIB i
AHTUMIKPOOHUX NMENTHU/IIB, [0 BUBIIBHAOTHCA 3
BHYTPILIHbOKJIITUHHUX I'PAHYJ; i aKTUBHUX KUC-
HeBMicHUX MeTaboJiTiB (AKM) a/s 3HUIEHHS
a6bo iHaktuBauil nartorenis. [lix yac 6yAb-sgKoi
BipycHoi iHdekii, ase ocobiuBo npu iHdeKIi-
AX, CIPUYMHEHUX BipycaMU NMaHJEeMIiYHOI'0O I'pH-
ny, RSV, puHOBipycoM y pecnipaTOpHOMY TpaKTi
36iJbIIYEThCS KiJMbKICTh HelTpodiniB 3a paxy-
HOK X peKpyTyBaHHS 3 KPOBOHOCHOTO pycJia IiJ
Jlielo XeMOKiHiB, siKi MpPoAyKylTbcsA iHiKOBa-
HUMH elnliTesliaJIbHUMU KJIITUHAMU pecnipaTop-
HOro TpakTy (Tab6J. 2). 3aJUIIaETbCcs HE3PO3y-
MIJIMM, 4¥ i 32 JONOMOI00 AKUX OCHOBHUX iMy-
HOJIOTIYHUX MeXaHi3MiB HeUTpodinu cpusioThb
KOHTPOJIIO Bipycy, UM 3ab6e3MeuyloThb 3aXUCT Bif
BHYTPIIIHBOKJIITUHHOTO nartoreHy. Kpim Toro,
HeUTpodisu HeoOXiZHO MKOPCTKO pEry/oBaTH,
11106 YHUKHYTH MOLIKOJKEHHS CTOPOHHIX cro-
CTepiradiB TKaHUH rocrnogaps. PiBeHb npejcras-
HUITBA HEUTPOPiJIiB y HIDKHIX JUXaJbHUX HLISI-
XaX KOPeJIIoE 3 TSHKKICTI0 3aXBOploBaHHA [27,28].

Tabauys 2
BipycHi areHTH, 10 CIPUAIOTH peKPYTyBaHHIO HelTpodiiiB [27,28]
IlepBUHHA KJIiTUHA- IIpeacTaBHULITBO
Bipyc MillleHb y pecniipaTOpHOMY IlaTonorisa HelTpoQiiiB y TKAHUHUA
TPaKTi JiereHi

PecnipaTopHi Bipycu 3i (-)PHK

Bipyc rpuny A EnitesnianbHi KJAITUHU PuniT i Tpaxeit, nomipHuit: +++
pecripaTopHOro TPakTy HEKPOTHUYHUHN OPOHXIOJIT i
aJIbBEOJIIT, [Uudy3He a/bBe-
OJIsSIpHe MOILKO/PKEHHS
RSV EniTesnianbHi KJIITUHHU BpoHXioJiT i a/IbBEOJIIT, +++

pecnipaTopHOro TPakTy

06CTPYyKIIist GpOHXIO

EmnitenianbHi KJIiTHHHN
pecnipaTopHOro TPaKTy

MeTanHeBMOBIipyc

3amnaJjieHHs AUXaJIbHUX
HIJISIXIB

Bipyc naparpuny Biliuactuii enitesniit

BpOoHXUOJIIT, IApUHTIT i
aJIbBEOJIIT

He Bu3HauyeHO

PecnipaTopHi Bipycu 3i (+) PHK
PunoBipycu EniTeniit HelTpodinbHuit puHiT, +++
6pOHXIOJIIT i abBEOJIIT
ApenoBipycu Enitenii BponxiT i anbBeosiT ++
(HAdv3, HAdv7)
SARS-CoV EniTeniit AnbBeoJiT, rocTpUl peciipa- ++

TOPHHUH AUCTPEC-CUHAPOM




HeliTpodisn nepeBaxHO BUJANATbL iHI-
KOBaHi, 3arubJii KJiTHHU Ta MiKpoOHi MaToreHuU.
B3aemogis RSV i3 HeliTpodisamMu npu3BOAUTS /10
BuBinbHeHHs CXCL8/IL-8, CCL3/MIP-1a, CCL4/
MIP-1, siki 3an1y4aroTh HeUTpodinu «HOBOI XBU-
Ji». [licas paronuToly HeUTpodisu BUKOPUCTO-
BYIOTb YHUCJIEHHI NPOTEONITUYHI PepMeHTH i aH-
TUMiKpOOHi nentuau (AedeHsiHY, JaKTODEPUH,
Ji3onuM i KaTeninuAiH), 10 BUBIIBHAOTbLCS 3
BHYTPILUHBOKJAITUHHUX rpanys, i AKM, aki npo-
aykyroTbcst HAJJ®-okcuasoro, [l 3HUIEHHS
abo iHakTuBalii matoreHiB. OAHak HaJMipHa
KibKicTh HEUTPOOiNiB MOXKe MPU3BECTH [0 Jle-
CTpyKIii iereHeBoi TkaHUHU [29,30].

P03BUTOK 3anajieHHs Ta NOpYLIeHHS CTPYK-
TYPHOI LiJIICHOCTI TKaHUH peclipaTOpPHOIo TpakK-
Ty 3yMOBJIIOE 3HMXXEHHA MicCLleBOi pe3uCTeHT-
HOCTi A0 pecnipaTopHuX iHQEKIiHHUX areHTiB
i cipusie NOBTOPHOMY iHQIKYBaHHIO AUXATbHUX
LIJIAXIB.

Bnaue pecnipamopHux gipycHux azeHmie
Hd Ko/10Hi3ayilo pechipamopHo20 mpakny na-
mozeHHUMu 6akmepiamu

[HQiKyBaHHS pecnipaTopHOro TPaKTy Bipyc-
HUMM areHTaMH CYIpPOBOJKYETbCH IMiJBUIIEH-
HAM pU3UKy iHiKyBaHHS Ta KoJIOHi3auil narto-
reHHUMH GaKTepisiMHU.

Tak, Bipyc rpuny, iH}ikyro4d i pO3MHOXKY-
IOYUChb B emiTesiia/IbHUX KJITUHAX AUXaJbHUX
IJIAXIB, MPU3BOAUTDL fAK A0 IHAYKLII NPOTHUBI-
PYCHUX MeXaHi3MiB, TaK i 0 MOMKO>XKeHH elli-
TeJIi10 32 paXyHOK BipyCHOI [UTONATHUYHOI Ail Ta
Al IMyHHOI CUCTeMU, AKa JIi3Y€ BJACHI 3apaeHi
KJiTUHU. TlolKOMXKeHHS emiTesilo AuXaJbHHUX
HIJISIXiB CIPHUSE MOCUJEHHIO KoJioHi3anii 6ak-
Tepii, 0COGJIMBO CTPENTOKOKIB, Ha 6Ga3asbHil
MeM6paHi [31]. bakTepianbHi KoiHdeKIii BuU-
siBJeHO Y 26-55% 3paskiB ayToIcii TKaHUHU
pecripaToOpHOro TPakTy MOMepJIMX XBOPUX Ha
rpun A (H1IN1) 2009 poky [32]. BipycHe ypa-
)KEHHA pecHipaTOpPHOTO TPaKTy CYyNpPOBOJXY-
€TbCA MOCUJIEHHAM NPOAYKILII CaIU3Y, 0 MOXKe
NOpYyIIYBaTHU APeHaXXHY QYHKIiI0 TpaxeoOpOoH-
xiaJbHOTO JlepeBa i CHpUATH 6GaKTepiaibHiN
kosoHi3auii [33]. Takox pecmipaTopHi Bipycu
NpPUTHiIYYI0OTh QYHKIIOHYBaHHS MYKOIWaiap-
HOTO KJIipEHCY - 3HWKYIOTb 4YacTOTY GUTTS Bi-
HOK, MOPYUIYIOTh CUHXPOHHICTb OUTTS BiliOK i
BUKJIMKAIOTh 3MEHIIEeHHs KiJIbKOCTI BiluacTux
KJIITHUH, 1[0 NIPU3BOAUTDb [0 NOCUJIEHHS OaKTe-
pianbHOi KoJsioHizauii [34]. [lopyuwieHHs MyKo-
LMJIIapHOTrO KJIpeHCy IiJ yac 3apa)keHHd Bipy-
COM TpUINY NPU3BOAUTH [0 306i/blIeHHS PiBHSA

HayKoBo-npaKTHM4HMI KypHan AN negiaTpie Ta nikapis
3ara/ibHOT NPaKTUKK — CiMeMHOT Me ML MHM 13

6akTepiaJIbHOTO HaBaHTa)KeHHs Streptococcus
pneumoniae BXe 4yepe3 2 TOoAUHU micas iHOi-
kyBaHHs [35-37]. Bipyc-acouilioBaHi Mojaynsi-
[il iMyHHOI CUCTEMHU [K y FOCTPUH, TaK i B Ie-
pioZ, peKOHBaJieCUeHLil CIHPUAITbL PO3BUTKY
b6akTepiasbHOl iHdek1ii B JiereHeBill TKaHUHI.
['punosHa iHdek1isas CynpoBOJXKYeTbC BHUCHA-
)KeHHAM TyJly aJibBeoJApHUX Makpodaris i
NPUTHIYEeHHAM AaKTHUBHOCTI IHTepCTULiaJbHUX
darouuTiB yepes Tpu 06U miciasa iHPpiKkyBaHHS,
II0 CIIPUSIE PO3BUTKY 6GaKTepiajibHOI cymepiH-
dekuii. He3Baxkatouu Ha Te, 1[0 Ha BiAAMiHY Bij
BipyciB rpuny, puHoBipycH i RSV He 3apaxatoTb
abo Tinbku o6MexeHo iHQIKYyIOTh Makpodary,
BOHM TaKOX INPUTHIYyIOTb QYHKLiIOHYBaHHSA
albBeoJIApHUX Makpodaris [38,39].

Bipycu rpuny ta RSV ranbMywTb ekcrpe-
cito MakpodarajJbHOTO pelenTopa CMITTspa
CD36, sxuit 6epe y4yacTb y dparonutosi 6akTepint
Streptococcus pneumoniae. be3snocepefHa pe-
CTPUKIis MyJy aJIbBEOJISPHUX Makpodaris i mpu-
rHiveHHs $aronyTo3y pecnipaTopHUMHU Bipyca-
MU CIIPUSAE PO3BUTKY, 30KpeMa, THeBMOKOKOBOI
nHeBMOHii [40]. 3HMXKeHHS aKTUBHOCTI paroiu-
TO3y aloONTOTUYHUX HeUTpoodiniB (edpepouuTo-
3a) B nepiofi po3pillieHHs 3anaJbHOro MPoIecy
NPU3BOJUTL [0 PO3BUTKY BTOPUHHOIO HEKpO-
3y JlereHeBOI TKaHWHU i BuBiJibHeHHIO DAMP,
4Kl IHAYKYIOTb BUpPaXeHy 3ala/ibHy peaklLilo.
EdepounTos i kjaipeHc 6akTepiit Streptococcus
pneumonide i3 3apa)keHoi JiereHi BUKOHYIOTbhCA
32 OAHUMHU W THUMHM X MexaHi3sMaMU. Po3BUTOK
edeponuTO3-3a/1€KHOI0 3aNajleHHs MOoXe MpHU-
3BeCTH /10 NI0aJIbIIOr0 NOUIKOPKeHHA TKaHUHHU
JiereHi ¥ MiJiBUILleHHS UMOBIPHOCTI BAHUKHEHHS
BTOPUHHOI 6akTepiasbHOl iHdekIii Ha Ti rpu-
ny Ta COVID-19 [21,41,42]. Bipycu rpumny Ta RSV
NiICUII0I0Th aKTUBHICTh BUKUAY HeUTpPOPib-
HUX MO3aKJITHHHUX mnacTok (neutrophil extra-
cellular trap - NET), ane BoHU He 3a6€3MeUyOTh
3axMUCT Bijj MaTOreHHUX GakTepill Streptococcus
pneumoniae i Staphylococcus aureus yepes 4yacT-
KOBY Jerpajalii i BTpaTy aHTUOaKTepiaJbHOI
aktuBHocTi NET [43].

IIposnoHzoeaHe iH2i6y8aHHAA IMYHHOI cuc-
memu pechipamopHuUmuU 8ipycCHUMU a2eHmamu

PecnipaTopHi Bipycu po3nisHalOTbCA pi3HU-
MU MOJIEKYJIaMH CEeHCIHra BpPOJpKeHOI IMYHHOI
CUCTEeMH, AKi aKTUBYIOUYM BHYTPIIIHbOKJIITUHHI
CUTHaJIbHI IJIAXH, IPU3BOJATH 0 PO3BUTKY 3a-
MaJIeHHd, BiANOBIiAl afanTUBHOI IMyYHHOI CUCTe-
MM Ta aKTHUBallil MexaHi3MiB epaaukalii iHpek-
LiHUX areHTiB (Tab1. 3).
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Tabauus 3
PekorHinisa pecnipaTopHux BipyciB Ta BiAnoBiAb iMyHHOI cucTeMu [44]
IMyHHU# .
MexaHiZM Bipyc rpuny RSV SARS-CoV-2
Bpop:xeHa iMyHHa BiAnoBigb
PeuenTopu | TLR3, TLR7, TLR8, RIG-1in- |TLRZ, TLR3, TLR4, TLR7, TLR8 |TLR2 posni3Hae Bipyc, BUKJIUKALO-
Bpo/keHol | AykytoThb ekcnpecito [FN I/I1I | po3nisHatoTs PAMP Bipycy, yy BUBiJIbHEeHHA TNF-a ta IFN-y.
iMyHHOI |inposananbHux nuToKiHiB, |RIG-ITa MDAS po3nizHatoTb TLR3 ingykye npogykuito IL-
CUCTEMH | CTUMYJIIOI0YHM NpOoTUBIipycHi |BipycHy PHK. 1B Ta IL-18, akTuByst NLRP3-
reHy, i pekpyTywoTb iMyHHI | AktuBauisga NLRP3 cnipusie ce- inpsiamacomy. TLR4, TLR1, TLRS5,
KJIITUHU. Kpeuii npo3anaspHux uutoki- | TLR7, TLR8 i TLRY BusaBs0TH
NLRP3-indpsamacoMa akTu- | HiB. BipycHy PHK, iHayKyo4u npoayk-
Bye IL-1 Ta IL-18, Buksnka- | AktuBanisg NLRC5 perysioe ekc- | ijito nutokiHis Ta IFN /111
104yH niponTo3 B iHdikoBaHux | npecito IFN I Tumny. RIG-1 Ta MDAS akTUBYIOTB iepe-
KJIITUHAX. Jauy curnajiB NF-kB Ta [FN I/IIL
IFN IFN I/1Il crumynotoTh npo- | BipycHi 6in1ku npurHiuyoTh IFN /11l aktuBytoTh JAK/STAT-
THUBIPYCHI r'eHU Ta pekpyTy- |npogykuiro IFN. LJIAX 1 IHAYKYIOTb eKCIIpecito
I0Tb Npo3ana/bHi kiaiTnHu. | [ligBuinenns piBusa IFN-A nos’s- | MHC kuacy 1.
3aHe 3 THKKICTIO 3aXBOPIOBaHHS.
ApanTuBHaA iMyHHa BigNOBigb
Bignosiap | CD4*T-kiiTuHu Bupo6sitorh | CD4*T-kiniTHHY cnipusiioTh Au- | CD4*T-K/IiTHHU CTUMYJIOIOTD
T-xkaitTun |IFN Ta IL-2, nonmomararoTb ¢depeHIiI0BaHHIO IUTOTOKCUY- | B-ki1iTHHM Ta akTUBY10TH CD8*T-
B-kJiiTUHAM BUPOOJISATH HUX KJITUH CD8*T- 1 B-K/IITUH. | KJIITUHY, AKI CHPUAIOTH 3HUILEH-
AHTHUTIJIA Ta COPUAIOTH Th,-aconilioBana BianoBigL HIO iH}iKOBaHMX BipyCcOM KJIITHH.
YTBOPEHHIO Ta BiJHOBJIEHHIO |CIIPUSAE CHHTE3Y aHTUTLIL.
nam’sati T-xaitun CD8. Kii-
ThHU CD8 cnipusoTh BUBe-
JIeHHIO BipyCy Ta 3MeHUIYI0Tb
TAXKKICTb 3aXBOPIOBaHHA.
BignoBiap | B-kyiTHHU BUPOGJISIOTH B-KJIITHHY BUPOGJISIIOTE aHTUTI- | B-K/IiTHHY BUPOGIAIOTE HEll-
B-KJIITUH |aHTUTINA, HALliJIeHi Ha no- JIa, a aHTUTiNa poTtw 6iska F Bu- | Tpasisytoui antuTina. loctpuit

BepxHeBi riikonpoTteiny HA
i NA. [li anTUTI/NIa HEUTpa-
JIi3YIOTh BipyCHI Y4aCTUHKH,
NPUTHIYYIOTh NPOHUKHEHHS
Ta BUBIJIbHEHHA BipyCy Ta
CIIPUAIOTH ONICOHI3aLil A
daronuTo3sy.

ABJIAIOTD YyZ|0OBY HEUTpasi3yrouy
3[1aTHICTb. B-KJIITUHU HOBOHapO-
JDKEHUX CIPUAIOTH NOCUJIEHHIO
Th,-aconifioBanoli Bignosizi.
3umxkeHHda cuHTe3y [FN no-
TeHLiM1HO MOXKe IPU3BECTH 0
3HWKeHHA QYHKLUIT B-kaiTUH y
HOBOHAPO/»KEHMUX.

COVID-19 xapakTepHu3y€eThCA BiJi-
CYTHICTIO 3apOJIKOBUX LI€HTPIB,
110 NPU3BOJUTH JI0 FeHepanil
«IOB’sI3aHUX i3 3aXBOPIOBAHHAM»
B-KJIITHH 3 06MeXXeHOI0 3aXH1C-
HOI0 3[JaTHICTIO.

MexaHi3MM yXUJIeHHS BipyciB

IBuaki myTauii HA i NA
Jl03BOJISIIOTh BipyCy YHUK-
HYTH pO3Ni3HaBaHHA. AHTH-
reHHUH Jipeid i 3pyuIeHHs
NPU3BOAATH [0 TOSIBU HOBUX
LITaMiB 31 3MIHEHUMU aHTHU-
TeHHVMMHU BJIACTUBOCTSIMH,
1110 YCKJIaHIOE IMyHHe po3-
nisHaBaHHA. NS1 npurHiuyye
BignoBiab IFN. Bukaukae
IMYHOCYIIpECiIo, CIPUAI0YH
MEPCUCTEHILII] Ta MOIIKUPEH-
HIO Bipycy.

Binku NS1 1 NS2 npurHiyyoTtb
NIPOAYKLIIO i lepeady CUTHAJIIB
IFN-I. Binku G, N, M i SH nopy-
UIYIOTh BPO/PKEHE IMyHHE PO3-
nisHaBaHHA PRR i mogysro0Th
BpOJKeHY IMyHHY BIJIIOBIib
rocrnojiaps, ClIpUsitouM CTiMKiN
iHdexkuii Ta peruUByIOYNM
iHpeKLisIM AUXaTbHUX IJISAXIB.

[IpurHiuye npoaykuito Ta nepe-
Aady curHauis IFN, 3aTpumyrouu
aKTHUBaLil0 IMyHHOI BIZIIOBIJ].
Yxungerbcd Bij po3nisHaBaHHA
TLR i RLR i Moay.t0€ nnpe3eHTa-
L[II0 aHTUTEHY.

MaHinyJt0e CUrHaJIbHUMU 1JISIXa-
MM LIMTOKIHIB, 3aroCTPIOI0YH 3ama-
JIEHHS1 Ta TSXKKICTb 3aXBOPIOBAHHSI.
3a3Ha€ aHTUTeHHOI Bapiaii, yxu-
JIIIOYMCH BiJi pO3Ii3HAaBaHHA iCHY-
I0YMM IMYHITETOM i IPU3BOASAYHU [0
MOBTOPHOTO 3apaXKeHHsI 260 3HU-
»KeHHS eeKTUBHOCTI BaKIIMHH.




Bipycu rpuny, RSV, puHoBipycH, KopoHaBipy-
CH BUKJIMKAIOTh [IPOJIOHTOBaHi 3MiHU Ta QyHKIIi-
OHYBaHHA IMyHHOI CUCTEMH, TUM CaMHUM CIIpUS-
I0Tb 3HWKEHHIO pe3UCTeHTHOCTI OpraHismy [Jo
pecnipaTopHUX naToreHiB [45].

Bipycu rpuny iHri6yroTh NpoTHBIpyCcHI Me-
XaHi3MU MaKpoopraHisma, Taki gk cucrtema IFN,
Jl03BOJISIIOYH Bipycy 6€3KOHTPOJIbBHO PO3MHOXKY-
BaTUcA. KpiM TOro, Bipycu rpuny BUK/JIHUKAIOTb
iMyHocynpecito abo aucperynsiito iMyHHoI cuc-
TeMH MaKpoopraHisMa, TUM CaMHUM CIIPUAIOYU
nepcucTteHlii Bipycy Ta HoBoMy iHQiKyBaHHIO.
BaratodyHKIioHa/lbHI 6i1KkuU Bipycy rpuny PA-X
i NS1 Mozyn00Th BpoJKeHy iIMyHHY BiZiIOBiAb i
naToreHHictsb Bipycy. [IpumiTHoO, 110 i ABa Bipyc-
Hi 6i71KM MalOTh CHHEPreTUYHUM ePeKT NMpH iHTi-
OyBaHHI CMHTE3y NPOTUBIpycHUX GiNKiB Makpo-
opraHisma B iHpikoBaHUX KaiTUHaX [44,46,47].

Bipyc RSV cuHTe3ye HeCcTpyKTypoBaHi 6ijku
NS1 i NS2, aki npurniuytots npoaykuito IFN-I ta
nepejayy Moro cUrHajiB, 3MeHUIYIOUU ePeKTUB-
HicTb IMyHHOTO 3aXUCTY BiJ Bipycy [48,49]. Kpim
TOTO, 3a flonnoMoroto 6iskiB G, N, M i SH RSV mno-
pyllye Bpo/pKeHe iIMyHHe po3Ili3HaBaHH4, lepe-
IIKO/PKAK4HX pO3Ii3HABaHHIO BIpYCHUX KOMIIO-
HEHTIB, 3pellTOl0 CIPUANYUA IPOJIOHTOBAHOMY
nepebiry iHdekuiliHOro mpoiiecy Ta pPO3BUTKY
PPI [50].

Bipycu SARS-CoV-2 mnpurHidyroTbh OpOAYyK-
gito [FN I Ta Il Tuny Ta nepefgady 1Moro curHa-
JIiB, 3aTpUMYHOYU aKTHUBALi0 NPOTUBIPYCHOTO
3axucrty. Pi3Hi 6inku (NSP1, NSP6, NSP8, NSP12,
NSP13, NSP14, NSP15) SARS-CoV-2 cnpusiioTb
YXWUJIEHHIO Bipycy BiJ iMyHHOI CUCTE€MU MaKpo-
OpraHiamMa UILJIAXOM IPUTHIYeHHA MPOAYKIil
IFN-B Ta aktuBHOcTi kackagy TANK-3B’s13yrouoi
kiHasu 1 (TANK-binding kinase 1 - TBK1)/pery-
JastopHoro gaktopa inTepdepony 3 (interferon
regulatory factor 3 - IRF3)/dakTopa TpaHckpun-
nii STAT1 (signal transducer and activator of
transcription) Ta ¢ocdopunoBaHusa ¢akTopa
TpaHckpunuii STAT2. Bipycu SARS-CoV-2 Takox
IPU3BOAATH [0 MOPYILIEHHs peryadauii iMyHHOI
BIANOBIZi, CIPUAIOYU TAXKKOCTI 3aXBOPIOBAHHA.
Hapewrti Bipycu SARS-CoV-2 Moxe 3a3HaBaTH
AHTUreHHOI Bapialii, 110 OpPU3BOAUTL [0 IIO-
BTOPHOT'O 3apa)keHHs abo 3HU:KeHHA epeKTUB-
HoCTi BakUuHHU [51].

TakuM 4YMHOM, pecnipaTOpHi BipycH, MoOAy-
JIIOIOYY aKTHUBHICTb BPOJXKEHOI Ta aJalTHUBHOI
iMyHHOI cuCcTeMH, 3jaTHI BMXKMBATHU BipiOHU Ta
nepcucTeHlilo iHeknil, a Takox mifgBuUlyBa-
THU pU3UK iH}iKyBaHHSA iHIIMMU iHPeKUiHHUMU
areHTaMM.
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Bnaue pecnipamopHux gipycHux iHgexkyiii
Ha npoyecu aymodpazii

AyTodaria HaleXUTb [0 Npoliecy HeceJek-
TUBHOI BHYTPIUHBOKJITUHHOI Jerpajauii Imo-
LIKO/PKEHUX OpraHeJ i IPOTeiHiB, AKa NiATPUMYE
KJITUHHUY romeocTas [52]. Po3pisHsoTh Makpo-
ayTtodarito, MikpoayTodarito Ta ayTodarito, ono-
cepe/ikoBaHy lianepoHamu (chaperone-mediated
autophagy - CMA). MakpoayTodaris BHyTpill-
HBOKJITUHHUM TNpolec, 3a JONOMOIOKl fAKOIo
MOIIKO/KEHI ab0 YyXKOPiJIHI CTPYKTYpPHI KOMIIO-
HEHTH, pO3TAlLlOBaHi B IUTOILJIa3Mi KJIiTHHHY, 3a-
XOILIIOIThCA darodpopaMy, JOCTaBAAIOTb HUMU
JII30COMM [JiJ14 TOJaJIbLIO] AerpajaLii; MikpoayTo-
daris € mexaHizMoM, sAkui 3abe3nevye 6e3noce-
peHe NOTJIMHAHHA UX CTPYKTYP JIi30COMaMH; a
B CMA 6epyTh y4acThb LIANIEPOHH, SIKi OB’ A3YI0Th
ayTodariuni MileHi Ta J0CTaBASOTS iX 70 Ji30-
coM [53]. AyTodaris € He Tiibku QyHAaMeHTab-
HUM IpOLeCOM, HEOOXiJHUM [JIJISl )KUTTS KJITHH,
aJle BOHA I'pa€ OJHY 3 HAaWBAXJIUBIIINUX poJied y
MPOTUBIPYCHOMY 3aXWCTi OpraHi3My Ta y 3allo-
6iraHHi BUHMKHeHH KJiHiuHuX ¢opMm ['PBI. BBa-
KalTh, WO ayTodaria - oAUH i3 KJIIYOBUX Me-
XaHi3MiB, AAKI KJIITUHU CCaBLiB BUKOPUCTOBYIOTH
JUIl T030aBJIEHHSI Bifi BHYTPILIHbOKJITHUHHHUX
NaTOTeHiB, BKJIOYaK4uu Bipycu. AyTodarisi BUKo-
PUCTOBYETHCSA iHPiKOBaHMMHU KJIITUHAMU A5 Jie-
rpazauii BipyCHUX KOMIIOHEHTIB ycepeuHi ayTo-
darousizocoM. Aytodaris niz yac BipycHoi iHpek-
1ii He TinbKU enliMiHye iHeKTH Ha paHHiHN da3zi ix
BHYTPILIHbOKJIITUHHOI iHBa3lii, aJse i: 1) perystoe
aKTUBALil0 BPOKeHOI IMyHHOI CUCTEMHU LIJIAXOM
CeJIEKTUBHOI JerpaZialii naToreH-acouiioBaHUX
MoJIeKyJIsIpHUX TaTepHiB (pathogen-associated
molecular patterns - PAMP) naToreHiB, TUM ca-
MHUM 3anobiraloyvd pO3BUTKY CYIepaKTHBHOTO
3anajbHOTO INpolecy; 2) LOoCTaBJ/sI€E BipycHi aH-
TUIeHU y KOMIAPTMEHTU aHTUIeHIIpe3eHTYIo-
YUX KJITHH AJs npeseHTanii ix T-niMmdornyTam,
CIIPUAKYU aKTUBALil afalTUBHOI IMyHHOI CHUC-
TeMHU 6e3 MonepesHbOro 30y KeHHS BPOJIKEeHO]
iMmyHHOI cuctemu. Takox ayTodarist Biipi3HAEThb-
cs1 BUCOKMM piBHEM KoJsiabopalii 3 ¢yHKIioHY-
BaHHAM MexaHi3MiB pekorHinii PAMP BipyciB Ta
acolifoBaHUX i3 HUMHU BHYTPILIHBbOKJITUHHUX
CUTHAJIbHUX LLISAXIB, 10 6epyTh y4acTb y pery-
Jauii ekcnpecii iHTepdepoHOBUX reHiB [54]. Ak-
THBallisl a0 NpUAYLIEHHS aKTUBHOCTI ayTodarii
MNOYMHAETBLCA 3 TOITO MOMEHTY, KOJIU Yy>KOpiJHi
naToreHHi opraHiamy, Taki ik BipycH, iHpikyoThb
KJIITUHU MaKpoopraHizmy [56,56].

OpHak 6isblIicTh BipyciB BUpOOUIUA CTpa-
Terii KUTTEAIANBHOCTI, SKi 3a6e3MeuyoTh iM
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MOXKJIUBICTh YHUKATH MeXaHi3MiB ayTodarii abo
BUKOPHUCTOBYBATH ayTodarito JJjisi BHYTPIillIHbO-
KJITUHHOIO BHKMBAHHS, W0 NPU3BOAUTH [0
nepcucteHuii inpexuii [57-59, 60].

Mooicausi wasixu npeeeHyii po3zeumky pe-
KYypeHmMHUX pecnipamopHUXx 3axXe0pi068dHb

Baromy posib y mnpeBeHLii po3BUTKY PPI
BifiirpatoTe Moaudikalis obpasy KUATTH, Hpo-
TUeNiJeMiyHi 3aXoAu Ta AOTPUMAHHA MpPaBUJI
0COOHUCTOI TirieHy, niiBUILLEHHS aKTUBHOCTI Me-
XaHi3MiB ayTodarii, nocuseHHsl iIMyHHUX MeXa-
Hi3MiB eJjiiMiHalii iHeKI[iIMHMX areHTiB, Ta Mpo-
BeJleHHs crnenydivyHol npodilakTUKH, 30KpeMa
BaKIMHaIisg npoturpuno3sHoi, RSV-indekiii Ta
COVID-19. BakuuHalisi 3a/IMIIAETbCS HaHOiJIbIII
epeKTUBHUM CIIOCOOOM 3am06iraHHs CE30HHOTO
IpUIY Ta NOB’A3aHUX i3 HUM ycKaaAHeHb. 3 2010
poky KoncyasratTuBauii komiteT CDC i3 mpakTu-
KU IMyHi3alil peKOMeHAyE NPOBOAUTH LIOPIYHY
BaKIMHallil0 IPOTH IPUMY AJis BCixX 0cib cTapiie
6-MiCAYHOTO BIKY, y AIKUX HeMa€ IPOTUIIOKa3aHb.
[[lopoky, ik MpaBWJoO, NPUOJU3HO B JIIOTOMY,
CTBOPIOKOTBCA HA OCHOBI JaHUX eNiJgHaradany
pexkoMeHJaLil CTOCOBHO CKJIaAy BaKLUH NPOTH
rpuny i ny6JiKyeTbCsl 3BiT, IPUCBIYEHUN HEOO-
XiJHUM 3MiHaM KOMIIOHEHTIB BIpYCHUX aHTHU-
reHiB BaKLMH IPOTU CE30HHOIO TPUILY, AJIA I0-
cTavya/JIbHUKIB BakuuH [61-63]. Elena Chiappini
Ta KoJjerd [3], aki 6pasu y4yacTb y po3pobii
KOHCeHcycy wwogo npeseHnii PPI, nizTpumyroTs
NpU3HaYeHHs IUelJIeHHd NPOTU BipyciB rpumy,
RSV ta SARS-CoV-2 nasa npodinaktuku PPI, xoua
cuJa 1iiel pekoMeHAallil 3aJUIIAEThCS CIabKO0.
[lacuBHa iMyHOnpodinaKTHKa 3 BUKOPUCTAHHSAM
nasiBizyma0y, 110 MiCTUTh MOHOKJIOHAJIBHI cIie-
uuivHi aHTUTINA IgG , 3HMXKYE PU3UK roCiTasli-
3anii Ta HMOBipHiCTb po3BUTKY RSV-iHdekuii Ha
39-78% y pi3HUX AiTeH i3 rpyU BUCOKOTO PU3HU-
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KY, SIKi CXWJIbHI 10 pPO3BUTKY BaXKKOTO Mepebdiry
3aXBOpIOBaHHA [64].

BHCHOBKH

Takum uyuHOM, PPl € nmomupeHum KiiHiu-
HHUM CTaHOM Yy JiTel, KOTPUH CYNPOBOXKYETh-
CA 3HMKEHHS fAKOCTI KUTTA AUTHUHU. Pecnipa-
TOPHI BIPYCHI areHTH, 10 CIIPUYHUHAKTDL IOCTPI
pecnipaTopHi 3aXBOpIOBaHHf, 6Ge3nocepesHbO
cnpusTh BUHUKHeHHI0 PPl. IHpikyBaHHsA pec-
nipaTOpPHUMM BipycaMU IPU3BOAUTH He JIMILIe 10
IHAYKLiT 3aXUCHUX NMPOTUBIPYCHUX MeXaHi3MiB,
a ! crnpusie CTBOPEHHIO yMOB [iJ1s1 NIepCUCTeH-
il IaTOTeHHUX MIKpOOpPraHi3MiB Ta 3HUKEHHIO
PE3UCTEHTHOCTI AUXaNbHOI cUCTeMU [0 iHPiky-
BaHHA iHWKMMHU 36yJIHHMKaMU. 30KpeMa, BipycHi
iHdekuil BUK/INKaOTh: 1) mopyleHHs 1iicHOCTI
eniTesiasbHOro 6ap’epy AUXaJbHUX HUIAXIB; 2)
JUCOYHKIIiI0 BPO/XKeHOI Ta a/lalTUBHOI iIMyHHOI
CUCTeMH; 3) 3HMKEHHS MOXXJIMBOCTEH MeXaHi3-
MiB ayTodarii Ta 4) CTBOPIOIOTbh YMOBH [/l KO-
JIOHi3auil pecnipaToOpHOro TPaKTy NaTOTeHHUMU
6akTepisMu. Ha xasib, BUKOPUCTAHHS GI/IbIIOCTI
JiKapChbKUX MpenapaTiB Ta crnoco6iB JIiKyBaHHS,
po3pobJieHux Jis nonepemxeHHs PPl (Moaudi-
KaTopiB GiosioriuHoi BiAgmoBigi, 6akTepiabHUX
Jli3aTiB, mpe-, Npo6ioTUKIB, NpenaparTis, 10 Mic-
TATb BiTaMiHU Ta MiKpoeJIeMEeHTH; Ha3a/JbHUX
npouesyp) He CYNpPOBOAXYETbCA JOCTATHIM
3MeHleHHsaM yacToTH RRI [3]. Mu BBaxkaeMo, 1110
KpiM BakuMHalii npoturpunosHoi, RSV-indexkuii
Ta COVID-19, po3pobka npemnaparis, cnpssMoBa-
HUX Ha MOJAYJALII0 aKTUBHOCTI MeXaHi3MiB ay-
Todarii Ta iHmi MexaHi3Mu esiMiHanil BipycHUX
NaToreHiB, MOXe MOTEHLiAHO COPUATHU 3amo006i-
raHH0 BUHUKHeHHI0 PPl y niTeil.

KonduikT iHTepeciB: aBTOpU mnoBigomJs-
I0Th NIPO BiJICYyTHICTh KOHQJIIKTY iHTepeciB.
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