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PEKYPEHTHI PECMIPATOPHI 3AXBOPIOBAHHA Y AITEMN:
K/IIHIKO-NMATONEHETUYHI XAPAKTEPUCTUKMU,
MPEBEHUIA

A6amypos 0. €., Tokapesa H. M.
/Jlninpoecwkuli depacasHuli meduyHull yHieepcumem, M. /[Hinpo

Peswme. Bcmyn. 3a fanumu BOO3, y cTpyKTypi 3arajibHOI 3aXBOPIOBAHOCTI AiTel rocTpi pecnipaTopHi iH-
dekuii (I'PI) 3aiimMaloTh nepuie Mice i ck/1afaoTb A0 65% BCiX 3apeecTpoBaHUX rocTpux iHPeKuiiHKUX 3axXBo-
ploBaHb. 0cO6IMBY yBary NpuBepTAIOTh AiTH, Y AKUX PeCIipaTOPHi 3aXBOPIOBAHHSA XapaKTepPHU3YIOThCA He JIKIIe
BHUCOKOIO YaCTOTOI0, ajie 1 HeCIPUATIANBUM Iepebirom. Y pasi noBTOpHUX eNi30/iB rocTpux pecnipaTOpHUX iH-
¢dekniit 6e3 9iTKOTO «IIPUB’sI3yBaHHS» JI0 IeBHOI HO30J10Ti4HOI $OpPMHU 3aXBOPIOBAHHSA 3aCTOCOBYETHCS TEPMiH
«peKypeHTHI pecnipaTopHi iH}eKIii».

Mema docaidxceuns. IlpoaHasisyBaTHU pe3yJabTaTHU AOCJAiKeHb BILJINUBY pecHipaTOPHUX BipyCHUX
areHTiB Ha WMOBIpHICTb PO3BUTKY PeKYPEHTHHUX peclipaTOpHUX 3aXBOPIOBaHb y AiTel Ta MOXJUBOCTI
npeBeHLil.

Mamepiaau ma memodu. 3AiicHeHO aHaJli3 JiTepaTypPHUX JyKepeJl K 3aKOP/IOHHOI, TaK i BITYU3HSAHOI Ha-
YKOBOI JIiTepaTypH 3a OCTaHHI IeCATh POKiB 32 TEMAaTHUKOIO peKYPEHTHHUX peclipaTOPHUX 3aXBOPIOBAHb Y AiTel
Ha ocHOBIi iHpopMauiiiHoro nomyky B 6i6siorpadiyaux 6asax ganux: PubMed, American College of Physicians
(ACP), Web of Science, Scopus, Springer, Acronym Finder, ACP Journal Club.

Pesynemamu docaidscens. PekypeHTHi pecnipaTopHi iHgekuii Moy Tb MPU3BOAUTH 10 NOpYyIIeHHS pizny-
HOTO PO3BHUTKY, 3HIKEHHS1 PYHKIiOHAIBbHOI aKTUBHOCTI iIMYHITETY Ta 3pHMBY KOMIIEHCATOPHO-aAaNTalliiHUX
MexaHi3MiB i3 paHHIM PO3BUTKOM XPOHIYHHUX 3axBOpPOBaHb. OCHOBHUMH NPUYUHHO-3HAYYIIUMH 30YAHUKAMU
rocTpux pecniparopHux iHdekii € BipycHi arenTu. PecriipaTopHi Bipycu po3ni3HalOTbCs pi3HUMH MOJIEKYJIaMHU
CEHCiHTra BpOPKEHOI iIMyHHOI CUCTEMHU, IKi aKTUBYIOYHM BHYTPIIIHbOKJIITUHHI CUTHAJIbHI LJIAXH, IPU3BOAATD [0
PO3BUTKY 3amajeHHs, BiANOBiAl afanTUBHOI iIMyHHOI CCTEMH Ta aKTHBaLii MexaHi3MiB epaaukauii iHpeKmii-
HUX areHTiB.

P03BUTOK 3anaJsieHHsl Ta NOPYLIEHHS CTPYKTYPHOI LiJIiCHOCTi TKAHWH pecnipaTOpHOro TPaKTy 3yMOBJIIOE
3HIKEHHS MiCIleBOI pe3UCTEHTHOCTI 10 pecnipaTopHUX iHPeKIIHHNUX areHTiB i CIpHsi€ MOBTOPHOMY iHQiKyBaH-
HIO IUXaJIbHUX ILIAXIB. AyTodaris BiTHOCUTBCSA J10 MPOLECY HeCeJIEKTUBHOI BHY TPIIIHBOKJIITHHHOI lerpaganii
NOIIKO/PKEHUX OpraHeJi, CTPYKTYPHUX KOMIIOHEHTIB i NPOTeIHiB, AKUH NiATPUMYE KJAITUHHUN roMeocTas. AyTo-
darig mig yac BipycHoi iHdekii eniMinye iHpeKTH Ha paHHIH ¢asi iX BHYTPIlIHbOKJIITHHHOI iHBa3ii peryJtoe ak-
THBAIlil0 BPO/KEHOI iIMYHHOI CUCTEMHM LIJISIXOM CEJIEKTUBHOI Jierpajallii naToreH-acoliioBaHUX MOJIEKYISIPUX
NaTepHiB MaToOreHiB, Ta nMpe3eHTallil0 BipycHUX aHTUreHiB T-1iMdonuTaM, CipusoYyd aKTHUBalil aanTUBHOL
iMyHHOI cucTeMH 6e3 nonepeAHbOr0 36y/PKEHHS BPOPKEHOT IMyHHOT CUCTEMH.

BucHogku. TakuM YMHOM aKTHBAllis MeXaHi3MiB ayTodarii Tak caMo siK MOCHUJIEHHSI IMyHHUX MexaHi3MiB
esiiMiHanii iHpeKIiHHUX areHTiB, JOTPUMaHHs MPaBUJ 0COGUCTOI ririeHy Ta npoBeJieHHs cnenudiyHoi npodi-
JIAaKTHKH, BiJlirpa€e BaroMy poJib y NpeBeHIlii peKypeHTHOT0 Nepebiry pecnipaTOpHUX 3aXBOPIOBAHb.

Kiro4oBi cioBa: [iTH, peKypeHTHI pecnipaTopHi iHekuil, rocTpi pecnipatopHi iHbekuil, npeguKTOpHU
PO3BUTKY, KJIiHIKO-IaTOT€HETUYHI XapaKTePUCTHUKH, IPEBEHLid.

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.

Bcryn

PekypeHTHi pecmipaTopHi iHdeKLil Ayxe
NnoumupeHi y JAiTed, ajne iHoAi MOXyTb OyTHU
03HAKOK OCHOBHOIO 3axBOPHOBaHHS, MOYHUHA-
I04H BiJ, BpO/PKEHHUX aHOMaJil JiereHb i 3akiH-
YyIOUM NEePBUHHUMM CHUHJpPOMaMH iMyHozAedi-
uuTy. OQHAK OCKIJIBKU B cCeEpeJTHbOMY MaJleHbKa
JUTHHA XBOpi€ MiCTb-eCATh «IPOCTYJHUX 3a-
XBOpIOBaHb» Ha PiK, MOXe 6yTH BaXKKO 3p03yMi-
TH, KOJIM BapTo XButoBatucs [1]. [litu 3 peky-
peHTHUMHU pecnipaTopHuMHU iHdekuismu (PPI)
€ L0JleHHUM BHUKJIMKOM JJid NejiaTpa Ta OTO-
JIAPUHTOJIOTa B KJIIHIYHIA NpakTuLi. PekypeHT-
Hi pecnipaTOpHi 3aXBOpIOBaHHA 3a3BUYail BCTa-
HOBJIIOIOTbCSl 32 TAKMMU KPUTEPIAMU: Y AiTeH
1-3 pokiB >6 a6o Gisbiie enizoiB 'PI (roctpux
pecnipaTopHuX iHeKNid, 1 3 AKUX MOXKe OYTH
MHEBMOHI€I0, BKJKYAK4YM BaXKKy MHEBMOHIIO)
Ha pik; a6o >2 Jierkux BUIAJKiB NMHEBMOHIH,
NiATBepA>KeHUX KJiHIYHMMU Ta/abo peHTTeHo-
JIOTIYHUMHU KpHUTepismMy; y AiTelt 3-6 pokiB >5
a6o 6inbire enizoaiB I'PI (1 3 akux moxe 6yTH
MHEeBMOHI€I0, BKJIYAK4YM BaXKKy MHEBMOHIIO)
MPOTSATOM POKY ab0 emni3oAiB >2 JierKUx BUMA/I-
KiB MHEBMOHIH, MNiATBEpP/KEHUX KJiHIYHUMHU
Ta/abo peHTreHOJOTIYHUMU KPUTEPIAMU; V [Ii-
Tell 6-12 pokiB >3 a6o 6inbiie enizoais I'PI (1
3 JKMX MOXXe OyTH IHEBMOHi€I0, BK/IIOYAIOYH
BaXKKy THEBMOHII0) IPOTATOM POKY a60 >2 Jjer-
KUX BUNAJKiB MHEBMOHIH, NiATBepAKeHUX KJIi-

HiYHUMH Ta/a60 PeHTreHOJIOTIYHUMU KPUTEPi-
siMu [2,3]. PekypeHTHi pecnipaTopHi iHdeKIii €
Jy)Ke MOUIUPEHUM KJiHIYHHUM CTaHOM y JiTeH,
0CO6JIMBO B MepioZi MOJIOALIOrO HIKIJIBHOTO
BiKy, 110 CYTTEBO BIJIMBA€E HA CTaH 3J10pOB’s Ai-
Telt. 3rijHO 3 pe3yJibTaTaMH emijieMioorivHux
JocCJimKeHb, NpUGAKM3HO y 25% aiTelt nepiioro
POKY UTTs Ta y 6% AiTell y JOUIKIJIbHOMY Ta
MOJIOALIOMY WIKIJIBHOMY Billi CIOCTEPIraloThbcA
PPI [3-6]. [loBTOpHI iHpeKLii MOXyTb NpHU3BecC-
TH [0 YCKJIaZHeHb, ajie caMi 1Mo cobi MOXKYTb
MaTH BeJIMYe3HWUH BIJIMB K Ha JUTHHY, TaK |
Ha il poguny. ®izuuyHo pekypeHTHi iHdekuii B
JUTUHCTBI € OCHOBHOIO MPUYHMHOI0 OGPOHXOEK-
TasiB, Tuny X03Jl, w0 xapaKTepU3yeTbCs PO3-
IIMPEHHAM AUXaJbHUX IJIAXIB | HAAJIUIIKOBUM
YTBOPEHHSIM CJIM3Y. SHUXKeHHSA QYHKIIil JiereHiB
€ cepio3HO0 npobseMolo, aconioBaHoi 3 PPIL.
Jity, gki ctpaxgatoTs Big PPI, Takox 4yacTo no-
TpeOyTh Tepamnii aHTUO6iOTUKaMU, i HellloAaB-
HO 0y/10 MOKa3aHo, 1[0 BUKOPUCTAHHS aHTUGI-
OTHKIB HEeraTHUBHO BIIJIMBA€E Ha Mikpobiom abo
dopy KulleYHUKY (KUIIKOBI 6akTepil) i HaBiTh
NiABULIYE PU3UK paKy TOBCTOI KUIIKU. BUKO-
pUCTaHHS aHTUOIOTUKIB TaKOX MOXe MpU3Bec-
TH [0 PO3BUTKY aHTUGIOTUKOPE3UCTEHTHOCTI
[1]. NoBTOprOBaHi iHdekIii MOXYTh BILIUHY-
TH Ha eMOLIMHUN CTaH yCiX 4JeHiB pOAUHHU Ta
3MIHUTH CiMelHY AWHaMiKy Ha HeraTUBHY. /s
GaTbKiB BTpayeHHWH 4Yac Ha pPoOOTi, EKOHOMIY-
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HUU TATAp OXOPOHU 3/0POB’sl, CTPeC y 3B’SI3KY 3
HapOJ KeHHAM XBOPOi IUTUHHU Ta HEJJOCUIaHHA
MOXYTb Pa3oM Lie GiJiblle BIJIMHYTH Ha CiM’Io0.

KpiMm 4yuc/ieHHHUX | pi3HOMaHITHHUX €H/I0reH-
HUX PaKTOPiB OpraHiaMy AWTHHH, peciipaTopHi
BipycHi areHTH MatoTb 0COGJIMBUH i 6e3mocepen-
Hill BIUVIMB Ha HecneuuiyHi MexaHi3MHU 3aXUCTY
pecnipaTOpHOTO TpPaKTy Ta WMOBIPHICTb mep-
cucTteHnil iHpeKIiHHUX areHTiB, THM CaMHUM 3y-
MoBJIIOKOYY BUHUKHeHHA PPI. [IpoTte BriuB pec-
nipaTOpHUX BipyCHUX areHTiB Ha HMOBIipHiCTb
po3BUTKY PPl y foctynHiii HaykoBii aiTepaTypi
BUCBITJIEHO MaJIO.

MeTa gociaiaKeHHs

[IpoaHasisyBaTh pe3yabTaTU JOCHIIPKEHD
BIJIMBY pecnipaTOPHUX BIpyCHUX areHTiB Ha
MMOBIpHICTb PO3BUTKY PEKypeHTHHUX peclipa-
TOPHUX 3aXBOPIOBAaHb y JiTeH Ta MOKJIMBOCTI
MpeBEeHIil.

MarTepiasim Ta MeTOAH

3/ificHeHO aHaJi3 JliTepaTypHUX KepeJ
4K 3aKOpJOHHOI, TaK 1 BITYU3HAHOI HAyKOBOI
JiTepaTypu 3a OCTAaHHI AecATb POKIB 3a TeMa-
THUKOI0 DEKYPEHTHUX PeclipaTOpPHUX 3aXBOPIO-
BaHb y AiTel Ha ocHOBI iHdopmauiliHOTO NOIY-
Ky B 6ibuaiorpadiunux 6a3ax manux: PubMed,
American College of Physicians (ACP), Web of
Science, Scopus, Springer, Acronym Finder, ACP
Journal Club.

Pe3y/IbTaTH A0CTiIKEHb

PecnipamopHi gipycHi azenmu, aKki cnpus-
10Mb CYymMmegomMy ypajrxceHHI0 J1e2eHe8oi mKa-
HUHU

BipycHi areHTH € OCHOBHUMHU NPUYHUHHO-
3Hauywumu 36yaHukamu [Pl, y Tomy 4ucni
NMHeBMOHINA. OcTaHHIM YacoM BCTaHOBJIEHO, 110
cepef roctpoi pecnipatopHoi iHpekniitHoOI na-
TOJIOTii 3HaUHe Miclle 3aliMalOTh MTHEBMOHII, BU-
KJIMKaHI BipycaMu: Irpuily, naparpuiny, reprnec-
BipycaMu, aZieHOBipycaMHu, JIOJCbKUMHU MeTa-
NHeBMOBipycaMHu, KopoHaBipycamMu, 60KaBipy-
caMu. 3TilHO 3 J@aHUMU MeTaaHaJli3y, BipycH €
€IVHUM NaToTreHoOM, BuAijeHuM Big 10 go 30%
IMyHOKOMIIETEHTHUX [JOPOCJUX, COCHiTali30-
BaHUX i3 NpUBOAY MO3aJiKapHAHOI THEBMOHIl.
[lozarocnitTajsbHa MHEBMOHIdA y AiTel 6ysa BU-
KJIMKaHa BipycHuMu areHTamu B 40-70% Bu-
nagkis [7-9].

3a ocTtaHHi 15 pokiB 0c06GIUBY yYBary BUKJ/IU-
KaJId TPU pecnipaTopHoTponHi BipycH, iHiky-
BaHHS fKMMM 4YaCTO CYNPOBOJKYETbCA 3arpo-
YKYIOUMM JKUTTIO IepebiroM 3aXBOPIOBAHHS: Lie
Bipycu rpumny, oco6sinBo rpumny A/HIN1 pdm09
i 1IBa HOBI KOPOHaBIPYCH — KOPOHABIipyC BaXKKO-
ro rOCTPOro pecnipaTOpPHOTro CUHAPOMY (severe
acute respiratory syndrome coronavirus - SARS-
CoV) i kopoHaBipyc bausbkocxifHoro pecmipa-
TopHoro cunapoMy (Middle East respiratory syn-
drome - MERS-CoV) [10,11]. [ITHeBMOHIi MOXXyTb
OyTH BUKJHKaHI GakTepisiMu, Bipycamu, rpuba-
MM, HAaUNPOCTIIIMMU Ta iX acoujianissMu. Tpusa-
JIMMA Yac BBaXkaJsiocs, 1110 MHeBMOHII € iHdeKITiii-
HUMM 3aXBOPIOBAHHSMH, IepeBa)KHO OaKTepi-
anpHoOi eTiosiorii. OgHAK cydyacHi MeToAU AeTeK-
Lil BIpyCHMX areHTIiB MOKa3aJ/y, L0 NMHEeBMOHII
aCOLIIIOTHCS 3 BipycaMH SIKINO He B GiJbLIIN, TO
sIBHO He B MEHIIIiH Mipi, Hi>k 3 iHINMMH 36y JHHKA-
MH. Y NOPOCJUX HA YACTKy BipyCHUX IHEBMOHIH
npunazae 6Jusbko 22%, i HalbiIbII 4aCTO BOHU
BUKJIMKAIOTbCS PUHOBIpyCOM, BipycoM rpumy Ta
RSV [12-14].

Y eriosioriyHid CTPyKTypi BipyCHUX NMHEB-
MOHIN y JiTel JOUIKIIBHOTO BiKYy MepeBaXXHUM
MaTOTEHOM € pechnipaTopHO-CUHIUTIaJIbHUN
Bipyc (respiratory syncytial virus - RSV) - B
28-37% Bunazakis, 3a AKUM CJIIAYIOTH Bipycu
rpuny tuny A/HIN1 pdm09 (5-10%), Tuny
A/H3N2 (5%), Tuny B (4%), punoBipycu (14-
27%), meTanHeBMOBipycH (5-13%), aneHoBipy-
cu (3-12%), koponaBipycu (5-7%), 60kaBipycu
(7-12%), Bipycu naparpuny 1/2/3 (2-8%) Ta
iHWi. Y gited no n’ATUpiyHOro BiKy SIK NIPUYHH-
HO-3Hauyuli 30yAHUKH NHEBMOHII IepeBaKHO
ineHTUdikyoTbcsa: RSV, ageHoBipycu Ta MmeTa-
nHeBMoOBipycu [14-17].

Bnaue pecnipamopHux gipycHUX azeHmie
Ha enimeaiil pecnipamopHoz2o mpakmy ma Ha
pPO038UMOK 3ana/1eHHA

EnmiTesiasbHi  KJIITUHU  pecHipaTOpPHOro
TPaKTy CPalTb KJIWYOBY pOJib y NPOTUBIpYyC-
HiM BigNoBiAi MakpoopraHiamy mif, 4ac rocTpux
pecnipaTopHuX BipycHUX iH¢ekIii. Omocepes-
KOBaHe BipycoM mopyuleHHs1 QYyHKLiOHYBaHH:A
eniTeJiOLUTIB SIK eJleMeHTiB NpoTHiHeKLiiHO-
ro 3aXMCTy NPU3BOAUTD L0 iHPiKYBaHHS TKaHU-
HM JieTeHi U JeBialisaM peakuii iMyHHOI cucTeMU
(Taba. 1).
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Tabauys 1

BnJIMB BipyCHHX areHTIB HA 3aXMCHY QYHKILiI0 eniTes1il0 pecripaTopHOro Tpakry [18]

IlaToreHwu, 0 HEraTUBHO
BIUIMBAKOTh Ha QYHKIiOHYBaHHSA
eniTesiaJbHUX KJIITHH

MosiekyaspHi Lijii # CECHCUTHBHI
KOMIIOHEHTH

EdekT

RSV, Bipyc rpuny A, Bipyc Cenpaii

Penentopu TLR, NLR, RLR

Mopaynsuis po3nisHaBaHHs 06pasiB
1 aKTUBHOCTI HU3XIIHOT'O CUTHAJLy

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

IL-1B, IFN I Tuny, IFN-y, TNF-q,
dakTop Tpanckpunuii NF-kB

[HyKLig 3ana/1eHHA

Bipyc rpuny A, ageHoBipyc, Bipyc
Koxkcaki, RSV puHoBipyc

Kiaygunu, oknrogus, E-kagrepus,
KaTeHUH

[TopywenHsa 6ap’epHoi pyHKLT
eniTeJiito

Bipyc rpuny A, RSV, puHoBipycu

[nikoH’roroBaHi MyI[UHH,

Mopayssnis cekpellii aHTUMiKpo6-

6isiok D

B-nedensunu, cyppakTaHTHUH

HUX NEeNTH/iB

Bipyc rpuny A

IFN Ii Il Tunis, CCL5, CCL2, CCL8

PekpyTHHI IMyHHUX KJIITUH

Bipyc rpuny A, RSV

PesosBiny, IL-10, TGF-f, [FN -A

Po3spilienHs 3anaseHHs

Bipyc rpuny A, RSV

ADAMTS4

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

36inb1eHHd npoJsidepariii,
AudepeHIitoBaHHS KJIITHH

EniTeJstianbHi KJIITUHU pecnipaTOPHOI0 TPaK-
Ty nicJis 36y/XKEHHSI BipyCHUMU areHTaMu o6pas-
po3ni3HaBaJbHUX PELENnTOpPiB CEKPETYIOTh YUC-
JgeHHi nutokinu (IL-6, TNF-a, G-CSE, GM-CSF Ta
inmux), xemokinu (CCL2/MCP-1, CCL5/RANTES,
CXCL8/IL-8, CXCL10/1P10 Ta iHmMX), aHTUMI-
KpOOHi pe4oBUHU (AedeH3UHH, Ji3011M, JJAKTO-
¢depuH, iHriGiTOp CeKkpeTOpHOI JEWKOLUHTAPHOI
npoTeiHasu), sKi 0Ge3nocepeAHbO 3IiHCHIOTh
KIJIMHT MaTOreHHUX MiKkpoopradi3mis. [IpoTarom
nepmux 3-24 roAuH micad 3apakeHHA BipycoM
TPUINY IOCUJIIOETbCA MNPOAYKLisA iHTepdepoHiB
(interferons - IFN): IFN-a, IFN-B, IFN-y; nuTo-
kiniB: IL-1pB, IL-6, IL-12p40/p70, TGF-B, TNF-q;
xeMmokiniB: CCL2/MCP-1, CCL4/MIP-13, CCL5/
RANTES, CXCL8/IL-8, CXCL9/MIG, CXCL10/IP-10,
y ToH 4dac sk iHikyBaHHA RSV iHinitoe npoay-
kyBaHHs IL-6, IFN-qa, IFN-§3, CCL2/MCP-1, CCL5/
RANTES, CXCL8/IL-8, CXCL10/1P10 [19-21].

LluTOKiHM, WO CEKPEeTYHThCA emiTeJionu-
TaMHM y BiZ[IOBiZb HA BILJIUB BipyCiB, NepeBaKHO
BUKJIMKAKOTh 3aNajbHy peakuiw. Ekcnpecia uu-
TOKiHIB Ma€ MOC/IiJOBHUI XapakTep i MOo4YMHa-
eTbco 3 akTuBaii ekcrpecii IL-1f ta TNF-q«, aki
PeKPYTYIOTb HEUTPODINHN Yy BOTHUIIE ypaKEHHS
TKaHUH. Takoxx TNF-a akTuBye eHpoTesianbHi
KJITHHH, CUHTE3 TpPaHyJOLUTAPHOTO KOJIOHI-
ectumysorodoro ¢akropa (granulocyte colony
stimulating factor - G-CSF) i rpanynonutapHoro
Makpo¢daraabHOro KOJOHIECTUMYJTIOI0UYOT0 daK-
Topa (granulocyte macrophage-CSF - GM-CSF),

ki iHAYKyIOTh AudepeHllitoBaHHS KJIITUH Mie-
JIOIHOTO NoXo/KeHHH; a IL-6 ctumynioe pekpy-
TyBaHHS, AUdepeHLil0BaHHS i aKTUBHICTb MOHO-
uuTiB i T-kaiTuH [22,23].

XeMOKiHH, AKi NPOAYKYIOTHCA LAUXaJbHUM
eniTesliEM, CTUMYJIIOKOTh Mirpaniro iMyHOLLMTIB
4K BPO/KEHOI, TaK i afanTUBHOI iIMyHHOI cUCTe-
MU B TKaHUHY JereHb. XeMokin CCL2/MCP-1 €
aKTUBHHUM XeMOaTPaKTaHTOM MOHOLMTIB i Ma-
Kpodaris [24, 25].

Xemokinu CXCL9/MIG, CXCL10/IP-10 nigcu-
Jo1oTh Mirpanito kaiTUH CXCR3*-akTUBOBaHHUX
CD8*T-, Th -kiiTiH Ta iHribyTh Mirparmito
CCR3*kaitTuH (CCR3 € xapakTepHUM pelenTo-
pom T-xenmnepiB 2 Tumny). [laHi XeMOKiHU CTUMY-
JIIOTb Mirpainito rnepeBaxHo MoHouuTtis, Th,-
kJiTHH, NK- i NKT-kaitun. Xemokinu CXCL9/
MIG i CXCL10/IP-10 iHri6yroTh Mirpaiiito eo3u-
HodiniB y TkaHuHy JiereHi [17]. [TocuneHa npo-
AYKLid npo3anaJbHUX LUTOKIHIB I peKpyTUHI
nposanajbHUX ePeKTOPHUX IMyHHUX KJITHH B
iHpiKOBaHI TKaHMHHU Ge3Mocepe/IHbO MOB’sA3aHi
3 TSDKKICTIO 3aXBOPIOBaHHA i MMOBIpHICTIO po3-
BUTKY THeBMOHii. [HdeKIIil, BUK/INKaHI BipycaMu
rpuny i RSV MoxKyTbh BUKJHKATU TOCTPUN peciii-
paTOpPHHUM IucTpec-cuHapoM [38].

TxkaHuHHI Makpodaru jsiereHp, 30KpeMa ajlb-
BeoJIsIpHI Makpodaru, JOKami3ylTbcsd B MOBi-
TPSAHOMY IIPOCTOPIi BCepeAvHi albBeOJI i IpaloTh
KJIIOYOBY POJib B 0OMeXeHHi JiuceMiHallii Bipycy
B JlereHeBil TKaHUHIi. AnbBeoJisipHi Makpodaru
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HeoOXiJiHi miZ 4ac rocTpux pecnipaTOpHHUX Bi-
pycHux iHdeknint (I'PBI). AnbBeossipHi Makpo-
daru € ofHUMH 3 NepLIUX KJITHH, IKi pearyoTb
Ha pecripaTopHi BipyCcH, BOHU BiJirpamThb KJIIO-
YOBY POJib Yy PO3BUTKY BPOMKEHHUU IMYHHOI Bif-
noBiai. [Ipu I'PBI anbBeosisipHi Makpodaru npu-
AMalTh nNpo3anajbHUNA GeHOTHUN U iHilliloIThb
iMmyHHY BignoBiab. Tak, mij yac iHpikyBaHHs RSV
aJbBeoJIsipHi Makpodaru BiANOBial0Th 3a paH-
HI0 BUpOGJieHHs 1UTOKiHIB Ta IFN, sakuil opra-
Hi30By€ MOYAaTKOBUIM NMPOTUBIPyCHUM BiAMOBiAb.
BifcyTHicTh anbBeosipHUX MakpodariB cripusie
HEKOHTpPOJIbOBAHOI penJiikanii Bipycy rpuimy, Lo
MPU3BOLUTH O BUPAXKEHOI THAKKOCTI 3aXBOPIO-
BaHHSA | CMEPTHOCTI B eKClIepUMeHTa/IbHUX TBa-
puH [26].

IHbiKyBaHHS JiereHeBOi TKAHWHHU BipycaMH
MPU3BOJUTL [0 PEeKpPyTYBaHHsS HeWTpodisis.
HeliTpodinu ay>ke paHo - NIpOTAroM nepuux 48
roAyH nicjsa iHpiKyBaHHS — NOTPAIJISIIOTh Y Mic-
Lle ypaXKeHH JIeTeHb | pa3oM i3 pe3uJleHTHUMU
MakpodaraMu € npeAcTaBHUKAMHU Nepuiol JiHil
KJIITUHHOTO 3aXWCTy MaKpoopraHiaMmy BiJi maTo-
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reHiB. [liciis paronurosy HeHTPOisKM BUKOPHUC-
TOBYIOTb 6e3J1i4 NpoTeoniTUYHUX PepMeHTIB i
AHTUMIKPOOHUX MENTHU/AIB, [0 BUBIIbHAIOTHCS 3
BHYTPIIIHBbOKJITUHHUX I'PAHYJI; | aKTUBHUX KHUC-
HeBMicHHX MeTaboutiTiB (AKM) aJis 3HUIIEHHS
abo iHakTuBauii naroreHis. Ilig yac 6yab-s1KOI
BipycHoi iHdek1ii, ajse 0co6/MBO NpU iHPeKIi-
SIX, CIPUYMHEHHUX BipycaMH NMaHAeMi4yHOr'o I'pH-
ny, RSV, puHoBipycoM y pecnipaToOpHOMY TpPakKTi
36iJIbIIYETHCS KiJBbKICTh HEHTpOOiNiB 3a paxy-
HOK IX peKpyTyBaHHsI 3 KDOBOHOCHOTI'0 pycJia mif,
Ji€0 XeMOKIiHIB, siIKi NMPOAYKYIOThCs iHdikoBa-
HUMMU eliTesiaJIbHUMHU KJIITUHAaMHU peclipaTop-
HOro TpakTy (TabJ. 2). 3a/1MIIaeTbCsl HE3PO3Y-
MiJIUM, YH 1 32 JONIOMOTO0 AKHMX OCHOBHUX IMy-
HOJIOTIYHUX MeXaHi3MiB HeHTpoiN CIPUSIIOTh
KOHTPOJIIO Bipycy, UM 3a6€e3Me4yrTh 3aXUCT Bif
BHYTPILIHbOKJITUHHOrO matoreHy. Kpim Toro,
HelTpodinm HEo6XiHO KOPCTKO peryJoBaTH,
106 YHUKHYTH TMOLIKOJKEHHS CTOPOHHIX CIO-
CTepiradiB TKaHUH rocnogaps<. PiBeHb npejcras-
HUIITBA HEUTPOPiiB y HIXKHIX AUXaJbHUX LIS~
XaX KOpeJIloe 3 TSKKICTIO 3aXBOproBaHHA [27,28].

Tabauys 2
BipycHi areHTH, 110 CIPUAIOTh PEKPYTYBaHHIO HeHTpodiiB [27,28]
IlepBUHHA KJIiTUHA- IIpeacTaBHULITBO
Bipyc MillleHb y pecnipaTopHOMY IlaToJsi0risA HeUTpoQisiiB y TKAHUHU
TpaKTI JiereHi

PecnipaTopHi Bipycu 3i (-)PHK

pecnipaTopHOTo TPAKTy

0OCTPYKIList 6POHXi0J

Bipyc rpuny A EniTesnianbHi KAITUHH PuHiT i TpaxeiT, noMipHuUii: +++
pecnipaTopHOIro TPAaKTy HEKPOTHUYHHUU OPOHXIOJIT i
a/lbBeoJIiT, AUdYy3He ajbBe-
oJISIpHE MOIIKO/>KEeHHS
RSV EmiTesianbHi KJIITUHU BpouxioJiT i anpBeoJIiT, +++

EniTesnianbHi KJIITUHHU
pecnipaTopHOTo TPAKTy

MeTanHeBMOBipyc

3anajieHHs JUXaJbHUX
LIJISIXiB

Bipyc naparpuny Biituactuii enitenii

BpOHXUOJIIT, IapUHTIT |
a/bBeoJIiT

He BU3HayeHO

TOPHUH AUCTPEC-CHHPOM

PecnipaTopHi Bipycu 3i (+) PHK
Punosipycu Eniteniit HelTpodinbHuil puHiT, +++
OPOHXIOJIIT i a/IbBEOJIIT
AzneHoBipycu EmiTeniii BpoHXIiT i anbBeoJiT ++
(HAdv3, HAdv7)
SARS-CoV EniTeniit AnbBeoJiT, rocTpUll pecnipa- ++
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He#iTpodisim mepeBakHO BUAAJISAITH iHOI-
KOBaHI, 3ary6Jii KJIITUHH Ta MiKpOGHIi MaTOTeHH.
B3aemogist RSV i3 HefiTpodisiaMu NpU3BOAUTE A0
BuBiIbHeHHs CXCL8/IL-8, CCL3/MIP-1a, CCL4/
MIP-1B, siki 3a/y4aroTb HeUTPOdiaHU «HOBOI XBU-
Ji». [licas daronyTo3y HeUTpodisk BUKOPUCTO-
BYIOTb YMCJIEHHI MpoTeoJiTU4YHi depMeHTH i aH-
TUMIKpOOHi nentuau (AedeHsiHH, 1aKTOdEPHH,
JII30IMM 1 KaTesilM/iH), 10 BHUBIJIBHSIOTHCS 3
BHYTPILIHbOKJITUHHUX rpaHyJ, i AKM, ski npo-
aykyoTbcss HAJ|®-okcupaasoro, [yl 3HUIEHHS
abo iHaktuBauii matoreHiB. OpgHak HajaMipHa
KiJIbKiCTh HeUTpOodisiB MOXKe NMPU3BECTH J0 Je-
CcTpyKii mereHeBoi TkaHuHU [29,30].

Po3BUTOK 3amnajieHHs1 Ta MOPYLIEHHS CTPYK-
TYPHOI LIIJIICHOCTI TKaHMH PeCHipaTOPHOro Tpak-
Ty 3yMOBJIOE 3HWKEHHS MICI|eBOI pPe3UCTEeHT-
HOCTi Z0 pecnipaTopHUX iHQEKIiHHUX areHTiB
i cnipusie noBTOpHOMY iHQIKYBaHHIO AUXaJbHUX
LLJIAXIB.

Bnaue pecnipamopHux gipycHUx azeHmis
Ha Ko/10Hi3ayilo pechipamopHo2o mpakmy ha-
mozeHHUMU 6akmepiamu

[HpiKyBaHHSA pecnipaTOpHOTO TPAKTY Bipyc-
HUMHM areHTaMHu CyIpPOBOJPKYETBHCA IiJBUILEH-
HAM pU3UKYy iHQiKyBaHHA Ta KOJIOHi3aljii maTo-
reHHUMHU GaKTepisiMU.

Tak, Bipyc rpumy, iHpikyoun i po3MHOXKY-
IOYMCh B elliTeJsiaJIbHUX KJITUHaAX AUXaJbHUX
LUJIAXIB, IPU3BOAUTE 4K [0 iHAYKLIl NpOoTHUBI-
PYCHUX MeXaHi3MiB, Tak i 0 NOWKOAKeHHA elli-
TeJIil0 3a paxyHOK BipyCHOI LUTONATUYHOI Aii Ta
Ail IMyHHOI cucTeMy, AKa JIi3y€ BJIACHI 3apakeHi
KJITUHU. [[OLIKO/KEHHS emiTeNnit0 AUXaJbHUX
LUISXiB COPUSIE MOCUJIEHHIO KOJIOHi3auil 6ak-
Tepil, 0COGJIMBO CTPENTOKOKIB, HA 6a3ajibHil
MmeM6pani [31]. BakrepianbHi koiHdeknii BU-
sABJeHO Yy 26-55% 3pas3kiB ayTormncii TKaHUHU
pecripaTOpHOIro TPaKTy NOMeEpJIMX XBOPUX Ha
rpun A (H1N1) 2009 poky [32]. BipycHe ypa-
)KEHHS pecIipaTOpPHOTO0 TPAaKTy CYNPOBOIKY-
€TbCHA MOCUJIEHHAM MPOAYKUII CJIU3Y, 10 MOXe
MOpyulyBaTH ApeHaxkHy QYHKI[iI0 TpaxeoOpoH-
xiaJbHOTO JepeBa i CNpUATH OGaKTepiaJbHiM
koJsioHizanii [33]. Takoxk pecmnipaTopHi Bipycu
NPUTHIYYIOTh QYHKLIOHYBaHHS MyKoLuJiap-
HOTO KJipeHCy - 3HWXKYIOTb 4aCTOTy OUTTA Bi-
HOK, MOPYIIYIOTh CUHXPOHHICTh OUTTA Bikok i
BUKJIMKAIOTbh 3MeHIIeHHsI KiJIbKOCTi Bil4acTux
KJIITHH, 110 NPU3BOAUTH A0 NMOCUJIEHHS 6aKTe-
pianbHOI koJioHi3zauii [34]. [lopymieHHsT MyKoO-
LMJIiapHOTO KJipeHCcy Iij yac 3apakeHHH Bipy-
COM TpUNy NPU3BOAUTH [0 36i/bLIEHHS PiBHA

0aKTepiasIbHOrO HaBaHTAXKeHHs Streptococcus
pneumonide BXe 4epe3 2 TOAWHU Ticas iH}i-
KyBaHHs [35-37]. Bipyc-acoriioBani monyssi-
1ii iMyHHOI CUCTEMH SIK Y TOCTPHUH, Tak i B me-
pios peKOHBaJieCUeHLil CIPUSIOTb PO3BUTKY
bakTepianbHOI iHQeKLil B jsiereHeBil TKaHMWHI.
['pumnosHa iHdeKIliss cynmpoBOKYEThCS BHCHA-
KEHHSIM TyJy aJibBeOoJIIpHUX MakpodariB i
NPUTHIYEeHHSIM aKTHUBHOCTI IHTepCTULiaJIbHUX
darouuTiB uepe3 TpU A06U micas iHQiKyBaHHS,
0 CIpUSIE PO3BUTKY GakTepiasbHOI cymnepiH-
dekuii. He3aBaxkatouu Ha Te, 1[0 Ha BiMiHy Bif,
BipyciB rpumny, puHoBipycH i RSV He 3apaxaroThb
abo TinbkKu o6MexxeHO iHOiIKyIOTH Makpodary,
BOHHM TaKOX IPUTHIYYIOTb QYHKI[IOHYBaHHS
aIbBeoJIIpHUX Makpodari [38,39].

Bipycu rpuny Ta RSV ranbmyioTh ekcrpe-
cilo MakpodaraJbHOr0 peLenTopa CMITTApa
CD36, akult 6epe y4yacTb y parouuTosi 6akTepint
Streptococcus pneumoniae. besnocepegHs pe-
CTPHKIIis MyJy aAbBeoJIIpHUX Makpodaris i npu-
rHiyeHHs1 paronuToldy pecnipaToOpHUMH Bipyca-
MU CIPUSIE PO3BUTKY, 30KpeMa, MHEBMOKOKOBOI
nHeBMOHii [40]. 3HMKeHHS aKTUBHOCTI daronu-
TO3y alONTOTUYHUX HelTpoodiniB (epepouuTo-
3a) B nepioji po3pillleHHs 3aNaJbHOTO MPOLECY
NPU3BOJAUTH 10 PO3BUTKY BTOPHMHHOTO HEKpO-
3y JiereHeBOi TKaHWHU | BUBiIbHeHHIO DAMP,
4Kl IHAYKYIOTb BUpPAXXeHy 3alaJIbHy peakLilo.
EdepounTos i kiipeHc 6GakTepiit Streptococcus
pheumoniae i3 3apa)XeHoi JiereHi BUKOHYIOTbCH
33 OJHUMH W THMH K MexXxaHizMaMu. Po3BUTOK
edepouuTO3-3a/1€KHOr0 3aMajeHHs] MOXe MpPHU-
3BeCTHU [0 10JA/IbIIOTO MMOLKOJAXKEHHA TKAHUHU
JiereHi i niiBUIleHHSA KMOBIpHOCTI BUHUKHEHHS
BTOPHHHOI 6akTepiasbHOl iHeK1il Ha Tiai rpu-
ny Ta COVID-19 [21,41,42]. Bipycu rpumny Ta RSV
NiICUII0I0Th aKTUBHICTb BUKUAY HEUTpoQinb-
HUX MO3aKJITHMHHUX nactok (neutrophil extra-
cellular trap - NET), asie BoHU He 3a6€31e4yI0Th
3aXHUCT Bijj maToreHHux 6akTepii Streptococcus
pneumoniae i Staphylococcus aureus yepes 4acT-
KOBY Jerpajaljilo i BTpaTy aHTUOAKTepiaibHOI
aktuBHocTi NET [43].

IIposoHzo8aHe iH2iGy8aHHA IMYHHOI cuc-
memu pechipamopHumu gipycCHUMU a2eHmamu

PecrnipaTopHi BipycH po3Mi3HalOTbCS pi3HU-
MU MOJIEKYyJIaMU CEHCiHra BpOJXKeHOl iMYHHOI
CUCTEMH, AKi aKTUBYIOYU BHYTPIIHBOKJIITUHHI
CUTHAJIbHI LJIAXY, IPU3BOAATH [0 PO3BUTKY 3a-
naJieHHd, BiANOBIiAI afanTUBHOI iIMYHHOI cUCTe-
MU Ta aKTHUBallii MexaHi3MiB epaguKallii iHpek-
nifHuX areHTiB (Ta6Jr. 3).
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Tabauysa 3
PekorHinis pecnipaTopHux BipyciB Ta BiANIOBigb iMyHHOI cucTeMH [44]
IMyHHM# .
MexaHiaM Bipyc rpuny RSV SARS-CoV-2
BpopaxxeHna imyHHa BignoBigb
Penentopu | TLR3, TLR7, TLR8, RIG-1in- |TLR2, TLR3, TLR4, TLR7, TLR8 |TLR2 po3ni3Hae Bipyc, BUKJIHUKaAO-
Bpo/pkeHOI | iyKytoThb ekcripecito IFN I/111 | po3nizHatroTe PAMP Bipycy, yy BUBiIbHEeHHA TNF-a Ta [FN-y.
iMmyHHoOI |i mpo3amanbHux uuTOKiHiB, |RIG-1 Ta MDAS po3ni3HaoTh TLR3 ingykye npoayxkuito IL-
CHCTEMH |CTUMYJIIOIOYHU NpOoTUBipycHi |BipycHy PHK. 1B Ta IL-18, aktuByst NLRP3-
reHy, i pekpyTyloTb iMyHHI | AktuBauia NLRP3 cnpuse ce- inpsamacomy. TLR4, TLR1, TLR5,
KJIITUHU. kpeuii npo3ananbHux nuToki- | TLR7, TLR8 i TLR9 BuaBasA0THE
NLRP3-iHdsramacoma akTH- | HiB. BipycHy PHK, ingykyrouu npoayx-
Bye IL-1 Ta IL-18, Bukauka- | AktuBauisg NLRC5S perysntoe ekc- | nito putokiniB Ta IFN [ /111
104y niponTo3s B iHdikoBanux | npecito IFN [ Tuny. RIG-1 Ta MDAS akTUBYIOTH Iiepe-
KJIITUHAX. JAady curHajiB NF-kB Ta [FN I/IIL
IFN IFN I/IIl ctumys010Th po- | BipycHi 6i1KK NpUTrHiYy0TH IFN I/IIl akTuByroThb JAK/STAT-
TUBIpPYCHI r'eHU Ta peKpyTy- |npoaykuito [FN. IJIAX | IHAYKYIOTb eKCIPECito
I0Th Npo3anasbHi kjaiTuHu. | IligBuiienns piBus [FN-A nos’sa- | MHC kJacy 1.
3aHe 3 TAXKICTIO 3aXBOPIOBAHHS.
ApanTvBHA iMyHHa BiJANOBigb
BianoBigb |CD4*T-kiaiTuHu BUpoO6/sA0Th | CD4'T-kJIiTHHU cipusiioTh AU- | CD4*T-KJIITUHU CTUMYJIIOIOTh
T-xaitun |IFN ta IL-2, fonoMaraioTb bepeHIlif0BaHHIO ITUTOTOKCUY- | B-k/1iTHHU Ta akTUBY0TH CD8"T-
B-ks1iTHHAM BUPOGJIATH HUX KJITHH CD8*T- 1 B-KJIITHH. | KJITHHHY, KI COPUAIOTh 3HUILEH-
AHTUTIJIA TA CIPUSIOTH Th,-aconjilioBana BiANOBIAb HIO iH}iIKOBaHUX BipyCOM KJIITHH.
YTBOPEHHIO Ta Bi/IHOBJIEHHIO | CIPUAE CUHTE3y aHTUTIJL
nam’sati T-xkaitun CD8. Kii-
TuHU CD8 cnpusoThL BUBe-
JIeHHIO BipyCy Ta 3MEeHIIYITb
TAXKKICTb 3aXBOPIOBaHHA.
BignoBiab | B-KJiTHHU BUPOGJISIOTH B-KJIITHHY BUPOGJISIOTE @HTUTI- | B-KJIITUHU BUPOG/ISIIOTE HEH-
B-kniTuH |aHTUTIIA, HaLiseH] Ha no- J1a, a aHTHUTNA mpoTH Gisika F Bu- | Tpastisytoui antutina. loctpuii

BepxHeBi riikonpoTteinn HA
i NA. Lli aHTUTI)Ia HENTpa-
JII3YIOTb BIpyCHI YaCTHUHKH,
NPUTHIYYIOTb IPOHUKHEHHH
Ta BUBIJIbHEHHA Bipycy Ta
CIIPUATH ONCOHI3aLil A1
¢daronuTosy.

ABJIAIOTH YyZ|0OBY HelTpaJlizyody
3J]aTHICTb. B-KJIITUHY HOBOHApPO-
JLKEHUX CIPUSIOTh IOCUJIEHHIO
Th,-acouiiioBanoi Bignosizi.
3HuxeHHda cuHTe3y IFN no-
TEHIIHHO MOKe MPU3BECTH 0
3HWKeHHA QyHKLiT B-KJIiTHH y
HOBOHapO/»KEeHUX.

COVID-19 xapaKTepu3yeTbcs Biji-
CYTHICTIO 3apO/JKOBUX LIEHTPIB,
1110 IPU3BOJUTD J10 reHepaLil
«IOB’SI3aHUX i3 3aXBOPIOBAHHSAM»
B-KJIiTHH 3 06MeXeHO0I0 3aXUC-
HOM 3/JaTHICTIO.

MexaHi3MHU yxXuJieHHA BipyciB

MIBuaki myTanii HA i NA
JI03BOJIIIOTH BipyCy YHUK-
HYTH pO3Ii3HaBaHHA. AHTH-
reHHUU fipeiid i 3pylieHHs
NPHU3BOJATH /10 OSIBU HOBUX
ITaMiB 31 3MiHEHUMHU aHTH-
FeHHUMHU BJIACTUBOCTSMH,
1110 YCKJIAJIHIOE IMyHHe po3-
nisHaBaHHA. NS1 npurHivye
BignoBiab [FN. Buksiukae
iMyHOCyIIpecito, CIPUSIOYU
NepcyucTeHLil Ta NoWrpeH-
HIO Bipycy.

Binku NS1 i NS2 npurHiuyoTb
NpOAYKLIIO | Nepesady CUTrHaJIiB
IFN-I. binku G, N, M i SH nopy-
IIyIOTb BPO/»KeHe iIMyHHe po3-
nizHaBaHHA PRR i mogyo0Te
BPO/I>KEHY IMyHHY BiJlIOBiJib
rocno/iaps, CpusA4HY CTIMKIN
indekuii Ta peUINBYIOUUM
iHpeKuiaM AUXaIbHUX HMIIAXIB.

[Ipurxivye npozykuio Ta nepe-
Jady curHaJsis [FN, 3aTpumyrouu
aKTUBaLil0 IMyHHOI BiANOBIiA].
YXundeTbcs BiJf po3Mi3HaBaHHA
TLR i RLR i MmozyJ1t0€ npe3eHTa-
L[iI0 aHTHUTEHY.

MaHiny/10€e CUrHaJIbHUMH LLISIXa-
MU JMTOKIHIB, 3arOCTPIOI0YH 3ana-
JICHHA Ta TSHKKICTb 3aXBOPIOBAHHS.
3a3Ha€ aHTUTeHHOI Bapialil, yxu-
JIAIOYHUCh BiJi po3Mi3HaBaHHA iCHY-
I0YMM IMYHITETOM I IPU3BOAAYH 10
MOBTOPHOTO 3apa’keHHs 260 3HU-
*KEHHS epeKTUBHOCTI BaKI[MHH.
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Bipycu rpuny, RSV, punoBipycH, kopoHaBipy-
CH BUKJIMKAIOTh IIPOJIOHTOBaHi 3MiHU Ta GYHKIIi-
OHYBaHHS IMYHHOI CUCTeMH, TUM CaMHUM COpHUS-
I0Th 3HKEHHIO PE3UCTEHTHOCTI OpraHi3aMy [0
pecnipaTopHUX MaToreHiB [45].

Bipycu rpuny iHri6yoTb OpPOTHUBIpyCHI Me-
XaHi3MM MaKpoopraHiama, Taki sk cucteMa IFN,
JI03BOJISIIOYU Bipycy 6€3KOHTPOJIbHO PO3MHOXY-
BaTtucs. KpiMm TOro, Bipycu rpuny BUKJIHUKAKOThb
iMyHocynpecito abo AucperyJsijilo iMyHHOI cuc-
TeMH MaKpoopraHiama, TUM CaMUM CHPHUSIOYH
nepcucTteHnii Bipycy Ta HoBoMy iH}ikyBaHHIO.
BaratodbyHKuIioHaNbHI 6i1KH Bipycy rpuny PA-X
i NS1 Moayno0Th BpoJpKeHy iMyHHY BiANOBIiJb i
MaTOreHHICTh Bipycy. [IpuMiTHO, 1110 1i fBa Bipyc-
Hi 6i/IKM MaIOTh CHHEPTreTUYHUN ePeKT NPH iHTi-
OyBaHHI CHHTE3y MPOTHUBIPYCHHUX OiJKiB MaKpo-
opraHisma B iHpiKoBaHUX KJaiTUHaX [44,46,47].

Bipyc RSV cuHTe3ye HECTPYKTYypOBaHi O6iJKK
NS1 i NS2, aki npurHiuyoth npoaykuito IFN-I Ta
nepejiady 10ro CUrHasliB, 3MeHILYOYU ePeKTUB-
HicTb iMyHHOTO 3axHUCTy Bif Bipycy [48,49]. Kpim
TOTO, 3a JornoMororo 6iikiB G, N, M i SH RSV no-
pyllye BpoJKeHe iMyHHe po3Mi3HaBaHHS, mepe-
HIKO/DKAYM PO3Mi3HABAaHHIO BipyCHUX KOMIIO-
HEHTIB, 3pellITO0 CIPHUSIOUU MPOJIOHIOBAHOMY
nepe6iry iHQeKI[iHHOro Mpolecy Ta PO3BUTKY
PPI [50].

Bipycu SARS-CoV-2 npurHiyywoTbh NpPOAYK-
niro IFN I ta Il Tuny Ta nepegayy Moro curHa-
JIiB, 3aTPUMYIOYM aKTHUBALil0 NPOTHUBIPYyCHOTO
3axucty. Pi3Hi 6inku (NSP1, NSP6, NSP8, NSP12,
NSP13, NSP14, NSP15) SARS-CoV-2 cnpusioThb
YXWJIEHHIO BipyCy BiJj iIMyHHOI CUCTEMU MaKpoO-
OpraHiamMa LJIAAXOM TMNpPUTHiYeHHd NPOAYKIil
IFN-B Ta aktuBHOCTi kKackany TANK-3B’a3yro4oi
kiHasu 1 (TANK-binding kinase 1 - TBK1)/pery-
asaTopHoro ¢pakropa iHTepdepoHny 3 (interferon
regulatory factor 3 - IRF3)/¢dakTopa Tpanckpun-
nii STAT1 (signal transducer and activator of
transcription) Ta ¢ocdopuaoBaHHa QakTopa
TpaHckpunuyii STAT2. Bipycu SARS-CoV-2 Takox
NPU3BOAATE [0 NOPYLIEeHHA perydanii iMyHHOL
BiANOBIiZi, CIPUAIOYN THAXKKOCTI 3aXBOPHOBAHHA.
Hapewrti Bipycu SARS-CoV-2 Moxxe 3a3HaBaTH
aHTUreHHOI Bapiauil, Wo NpPU3BOAUTH A0 MO-
BTOPHOI'0 3apakeHHS ab0 3HUKEHHS ePEeKTHUB-
HOCTI BakLIMHU [51].

TakuM 4MHOM, pecnipaToOpHi BipycH, Moay-
JIIIOYU aKTUBHICTh BPO/KEHOI Ta aJlalTHUBHOI
iMyHHOI cMCTeMH, 3/1aTHi BUXKMBATH BipioHU Ta
nepcucteHniro iHdekIi, a TakoX NiJBUINYBa-
TH pU3MK iHOIKYBaHHS iHIMMMH iHPEKIIHHUMHU
areHTaMH.

Bn.ue pecnipamopHux gipycHux iHgheKkyiti
Ha npoyecu aymodpazii

AyTodaria HaJeXXUThb 10 NPOLLECY HeceseK-
TUBHOI BHYTPILIHBOKJITUHHOI Jerpajauii mo-
LIKO/PKEHUX OpraHeJI i NpOTeiHiB, AKa MiTpUMYE
KJITUHHUM roMeocTas [52]. Po3pi3HAITE Makpo-
aytodarito, MikpoayTodarito Ta ayTodarito, orno-
cepekoBaHy uanepoHamu (chaperone-mediated
autophagy - CMA). MakpoayTtodariss BHyTpilI-
HbOKJITUHHUM Mpolec, 3a JOMNOMOTOK SKOTO
MOIIKO/KEHI a60 4yKOpiAHI CTPYKTYpHi KOMIIO-
HEHTH, pO3TallOBaHI B LIMTOIJIa3Mi KJIITUHHY, 3a-
XOIUIIOIThHCA parodpopamu, AOCTABJISIOTD HUMHU
JII30COMHU JAJ14 NOAAJIBILO]I Aerpajalii; MikpoayTo-
daris € mexaHiZaMoOM, KU 3a6e3neyye Ge3noce-
peAHE NOIJIMHAHHA LIUX CTPYKTYP JIi30COMaMHy; a
B CMA 6epyTb y4acTb IIallepOHH, sIKi IOB’SI3YI0Th
ayTodariyHi MillleHi Ta AOCTaBJATD iX A0 Jii30-
coM [53]. AyTodarig € He Tinbku yHAaMeHTab-
HUM NPOLLECOM, HEOOXiIAHUM [JISl JKUTTS KJITHH,
aJjie BOHA TPa€ OJIHY 3 HalBaXK/IMBILIUX poJieil y
NMPOTUBIPYCHOMY 3aXUCTi OpraHiaMy Ta y 3amo-
6iraHHi BUHHKHeHHS KaiHiYHUX dopM ['PBI. BBa-
»KaloTh, 1[0 ayTodaris — oJiUH i3 KJIYOBUX Me-
XaHIi3MIB, fIKi KJIITUHU CCaBILiB BUKOPUCTOBYIOTh
151 1o30aBJieHHs BiJi BHYTPIIHbOKJIITUHHUX
NaTOTeHiB, BKJIOYal04H Bipycu. AyTodaris BUKo-
PUCTOBYETHCS iHPiKOBAHMMMU KJIITHHAMU A5 Je-
rpagauil BipyCHUX KOMIIOHEHTIB ycepearHi ayTo-
¢darostizocom. Ayrodaris nif yac BipycHoi iHdek-
1ii He TinbKM eniMiHye iHdeKTH Ha paHHiK dasi ix
BHYTPILIHBOKJIITHHHOI iHBa3ii, ase i: 1) perysroe
aKTHBallil0 BPOJKeHOI IMYHHOI CUCTEMU LLJIAXOM
CeJIEKTHBHOI Jerpajarii nmaToreH-acolilioBaHUX
MoJIeKy/JIsipHUX maTepHiB (pathogen-associated
molecular patterns - PAMP) naTtoreHiB, TUM ca-
MUM 3amnobirarodyd pPO3BUTKY CyNepPaKTHBHOTO
3anajibHOIO Mpollecy; 2) AOCTaBJs€ BipycHi aH-
TUIFeHU y KOMNAPTMEHTU aHTUTeHIPEe3eHTYIo-
YUX KJIITUH AJid npededTanii ix T-nimbouuTtam,
CIIPUAKYU aKTUBaLil aJanTUBHOI iMyHHOI CUC-
TeMH 6e3 IomnepeIHbOro 30y/PKEHHs BPOKEHO1
imyHHoi cucteMu. Takox ayTodaris BigpisHI€TD-
C BUCOKHMM piBHEM KoJsiaboparmii 3 pyHKIioHY-
BaHHSM MexaHi3MiB pekorHiuii PAMP BipyciB Ta
acoLiiOBaHUX i3 HUMU BHYTPIlIHbOKJITUHHHUX
CUTHAJIbHUX LJIAXIB, 1[0 6epyTh y4acTb y pery-
Jsuii ekcrpecii iHnTepdpepoHoBux rexis [54]. Ak-
THBallisg a60 NPUAYLIEHHS aKTUBHOCTI ayTodarii
NOYMHAETHCA 3 TOTO MOMEHTY, KOJIU 4Yy>KOpiHi
NaTOreHHi opraHiaMH, Taki K BipycH, iHQiKyIOTh
KJIITUHU MaKpoopraHiamy [56,56].

OfHak 6iibLIICTh BipyciB BUpPOOWJM CTpa-
Terii XKUTTEAIANBHOCTI, fAKi 3a6e3MnedyTh M
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MOXKJIMBICTh YHUKATHU MeXaHi3MiB ayTodarii a6o
BUKOPUCTOBYBATH ayTodarito /sl BHyTPiLIHbO-
KJITUHHOIO BW)XXHMBaHHf, 10 NPU3BOAUTL [0
nepcucTteHnii inpekuii [57-59, 60].

Mooicauei wiasaxu npegeHyii pozeumky pe-
KYpeHmHux pecnipamopHux 3aXe0pl08aHb

Baromy poJsb y npeseHnii po3BuTky PPI
BifiirpatoTh Mopudikaiisgs o6pa3dy KUTTH, MpPO-
THeniJleMiyHi 3aX04u Ta JOTPUMaHHS MpPaBUJI
0co6MCTOI TirieHu, mgBUIeHHI aKTUBHOCTI Me-
xaHi3MiB ayTodarii, mocuseHHs iMyHHUX MeXa-
Hi3MiB esliMiHanii iHeKNiHUX areHTiB, Ta Npo-
BeJleHHs crnenudiyHol npodisakTUKH, 30KpeMa
BaKIUHallig npoTurpunosHoi, RSV-indekuii ta
COVID-19. BakuuHalia 3aJHIIa€ETbCA HaHGiAbII
epeKTUBHUM CIOCOOOM 3an06iraHHs CE30HHOTO
IpUIy Ta NOB’sA3aHUX i3 HUM yckJIaaHeHb. 3 2010
poky KoncysnpraTuBHuil komiteT CDC i3 npakTH-
KU iMyHi3anil pekoMeHAy€e NPOBOAUTH LIOPIYHY
BaKIMHAI{l0 POTH IPUILY /s BCiX ocib cTapie
6-MiCAYHOTrO BiKY, Y 1KMX HEMA€ IPOTUIIOKA3aHb.
[llopoky, sk MpaBuUO, HPUGJIU3HO B JIIOTOMY,
CTBOPHOKOTHCA HA OCHOBI JaHUX eNigHarasaay
peKoMeH/alil CTOCOBHO CKJIaZly BaKLUH IPOTH
rpuiny i ny6JiKyeTbcs 3BiT, NPUCBAYEHUN HEOO-
XiJHUM 3MiHaM KOMIIOHEHTIiB BipyCHUX aHTH-
reHiB BaKLMH NIPOTH Ce30HHOIO I'PUIlY, JJA I0-
CcTavya/bHUKIB BakiuuH [61-63]. Elena Chiappini
Ta KoJsieru [3], ski 6pasu y4acTb y po3pobii
KOHCeHcycy 1mogo npeseHuii PPl, nizTpumytoth
NPY3HAYEeHHA LIEIJIEeHHS NPOTH BipycCiB rpumy,
RSV ta SARS-CoV-2 ansa npodinaktuku PPI, xoua
cuJia Liel pekoMeHanil 3aTUIIAETHCSA CIAOKOM.
[lacuBHa iMyHONpOdisaKTHKa 3 BUKOPUCTAHHAM
naJiBizymMaby, 10 MiCTUTh MOHOKJIOHAJIBHI CIie-
uudiyni anTuTina IgG,, sHWKy€E pU3KK rocmiTasti-
3auii Ta HiMoBipHicTb po3BUTKY RSV-iHdekiii Ha
39-78% y pi3HUX AiTel i3 rpynu BUCOKOI0 PU3H-

KY, sIKi CXUJIBHI 0 pO3BUTKY BaXKKOTro Iepeoiry
3axBOPIOBaHHA [64].

BycCHOBKH

TakuMm uyuHOM, PPl € momwupeHuM KiiHi4-
HUM CTaHOM y AiTeH, KOTPUU CYNpPOBOIKYETH-
€l 3HIDKEHHS AKOCTI XUTTA AUTUHU. Pecnipa-
TOPHI BIPYCHI areHTH, L0 COPUYUHAIOTb FOCTPi
pecnipaTopHi 3axBOplOBaHHs, 6e3mMocepefHbO
CripusiloTh BUHUKHeHHIO PPl [H}ikyBaHHS pec-
nipaTOPHUMHU BipycaMU NPU3BOUTD HE JIUIIIE J10
IHAYKLil 3aXMCHUX NPOTUBIPYCHUX MeEXaHi3MIB,
a ¥ copusie CTBOPEHHI0 YMOB JJis MepPCUCTEH-
Ll DaTOreHHUX MIKpOOpraHi3MiB Ta 3HUXKEHHIO
PE3UCTEHTHOCTI AMXaIbHOI cUCTeMHU M0 iHOIKy-
BaHHs iHIIMMU 30yAHUKAaMH. 30KpeMa, BipycHi
iHdekuil BUK/IMKaOTh: 1) NopylieHHs LiliCHOCTI
emniTesiaJbHOrO 6ap’epy AMXaTbHUX LLIAXIB; 2)
AUCOYHKIII0 BpOKEHOI Ta afaTUBHOI iMyHHOI
cucteMy; 3) 3HM)KEHHSI MOXJIMBOCTEH MexaHi3-
MiB ayTodarii Ta 4) CTBOPIOIOTb YMOBH ZJisl KO-
JIOHi3alil pecnipaTOpHOro TPaKTy NaTOTeHHUMHU
6akTepisaMu. Ha »kasib, BHKOPHUCTAHHS 6i1bIIOCTI
JIiKapChbKUX IpemnapaTiB Ta C1ocobiB JIiKyBaHHS,
po3pobieHUx A nonepemkeHHs PPl (Mogudi-
KaTopiB 6iosioriuHOI BifiMOBiZi, GaKTepiaabHUX
J1i3aTiB, npe-, Npo6ioTHKIB, Npenaparis, 10 Mic-
TATb BiTaMiHM Ta MiKpoeJieMeHTH; Ha3aJbHUX
npoueayp) He CyHIpPOBOKYETbCA [AOCTAaTHIM
3MeHIeHHAM 4acToTH RRI [3]. Mu BBaxkaeMo, 1110
KpiM BakuuHalii nporurpunosnoi, RSV-inpekunii
Ta COVID-19, po3po6ka npenapatiB, cipsiMOBa-
HMX Ha MOAYJIALIK aKTUBHOCTI MexaHi3MiB ay-
Todarii Ta iHIi MexaHi3MHU esiMiHalii BipycHUX
MaTOreHiB, MOXe MOTeHLiAHO CHPUATH 3amobi-
raHHIO0 BUHUKHeHHI0 PPl y niTei.

KoHQuiiKT iHTepeciB: aBTOpU MOBiAOMJISA-
I0Tb PO BiICYTHICTb KOHQJIIKTY iHTepeciB.
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