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AJIVIEPTOJIOTUA 1 UMMYHOJIOI'UA B ITEJIMATPIN
Towm 23, BiTIyCK 2, utonn 2025

AJLIeproJiorust 1 MUMMYHOJIOTHS B HeUaTPUK — O(UIHAIbHBIN )KypHaJ ACCOIMAINK IETCKUX aJJIepProioroB nu uMMmyHosioroB Poceun. JKypuas
usnaercs ¢ 2003 romga. Bee mosuiuoHHbie JOKYMEHTBI ACCOIMAIINI BBIXOISIT B BUJIE CTaTell JKypHAJa 1 TOCTYITHB CBOOOHO JIJIS CIIEI[HATICTOB.
B skypHase my6IMKYIOTCSI OPUTHHATbHBIE HCCJAETOBAHIS U TeMaTHYeCKUe 0630PHbIE CTaThU POCCHIICKUX U 3apyOesKHbIX yueHbx. Ocoboe BHUMA-
HI€e y/IeJIEHO PErMOHANBHBIM U TeorpauyecKiM 0COGEHHOCTSIM BOSHUKHOBEHUS 1 PACIIPOCTPAHEHHOCTH aJIEPTHYeCKUX 3a60JeBaHmil Y feTeit
Poccun. B cocraBe aBTOPOB KJIIOUEBbIe JTUAEPHI BEAYIIUX KPYITHBIX PETHOHANBHBIX YHUBepcuTeToB PM. Hammmu 1iesnsiMut siBiisietcst obecriederne
MPE0CTABIEHNsT OTKPBITOTO I0CTYIA K COBPEMEHHOI Hay4YHO! MH(OPMAIINU U Pe3yJIbTaTaM HAYYHBIX UCCIETOBAHUI IPAKTUYECKUM [eHATPAM,
JIIeproJioraM — UMMYHOJIOTaM, JIEPMAaToJIOTaM M yaeHbIM — ucciemoparesimM. C 2023 rofa sKypHaJI CTa ABYSI3BIYHBIM (PYCCKUIT U aHTJIMIICKUIT ),
YTO COOTBETCTBYET MPUHIIMIIAM MEXK/YHAPOAHOTO HAYYHOTO COTPYAHIYECTBA. MBI IIPe0CTaBIsieM BpayaM 1 yueHbIM (aJIJIeprosioraM, renaTpam,
JIEPMATOJIOTaM, IMMYHOJIOTaM ) BO3MOKHOCTD JIJIsi OTKPBITBIX HAYYHBIX ICKYCCUIT I IyOIUKAINE KINHUIECKUX CITyYaeB 1 OPUTHHAIBHBIX CTATel,
0630pPOB, CBSI3aHHBIX C U3yYEHHEM IPIYUH U METOJIOB JIEUEH NS ajJieprudecKux 6osesHel, hopMUPOBaHIsI UMMYHHOTO OTBETa B HOPMAJIbHBIX yC-
JIOBUSIX ¥ TIPH 3200JIEBAHUT.

ODUIHAJIBHBIN NEYATHBII OPTAH ACCOIIUAIINU JTETCKUX AJIJIEPTOJIOTOB 1 MUMMYHOJIOTOB POCCHUHU (AJIAHP)

Yupenuresb 1 U3/aTesb: O6mepoccuiickast 06IIeCTBEHHAsT OPraHu3aIust « ACCOIMAIs IeTCKUX alJIeProJIoroB 1 NMMYHOJI0roB Poccnn», Poccust, 117513,
. Mocksa, yi1. OctpoButsiHoBa, 1. 6, ren.: +749522571 04, www.adair.ru * adair@adair.ru

ITpu nouiepsxke  OTBOY BO «KazaHckuit rocy1apcTBeHHbIIT MeMIMHCKNIA yHuBepcuTeT> Munsapasa Poccnn
DTBOY BO «Camapcknii rocy1apcTBEHHBIN MEUIINHCKUI yHUBepcnTeT> Mumsapasa Poccun
Axanemus noctauniomuoro obpasosanust @TBY @HKIT ®MBA Poccun

[nasupiii pegaktop 0. C. CMOMKHH, I.M.H., 11podeccop Kadeapbl KIMHUYECKOIT UMMYHOJIOTHI U aJ/IEPTOJOruN AKaeMUHU TIOCT/UTLIIOMHOTO 00paso-
sanust «OTBY OHKIT DeepanbHoro MeanKo-6no0rn4ecKkoro arenTeTBas, npeaunent O61epoccuiickoit o6mecTBeHHOi opra-
HU3AINH «ACCOINAINST IETCKUX JIEPrOJI0r0B U HIMMYHOJIOTOB Poccnin», HaydHbIil pyKOBOANTE/b, BPAy aJLIeProJIor-HMMYHOJIOT,
Bpay mnejuarp OOO «Hay‘{HO'KJIl/IHM‘{CCKOI‘O KOHCYJIBTAaTUBHOI'O [IEHTPa a/lJICProJIOru 1 UMMYHOJIOT U, MOCK,Ba, Poccust

3amectutess rasHoro  H. A. JIsH, K.M.H., IO1eHT, Bey it HayuHblii cotpyanuk, TAY 3 MHITI MeanunHcKoii peabunTannm, BOCCTaHOBUTETBHOI
pejakropa  u cnoptuBnoii Meauinet M. C. M. Cracokykorkoro /I3M, MockBsa, Poccust

[masnent mayamnsiii koncyasrant W, W. Bana6omknn, 1M1, 1pod., wr.-kopp. PAH, HMUIL 3noposbs neteit, Mocksa, Poccust

Hayumsrit koncynsrant P SI. Memkosa, 1.M.1., ipod., 3aBetytomuii kadbenpoit mmmynosorun u anneprosoruu, DTEOY BO CTMY Munszzapasa Poccu,
Cwmostenck, Poccus

Hayumnpiii peakrop  C.C. Macanbckuii, K.M.1H., oTBeTeTBeHHbI cekperaps A/JIAVIP, Ob6mepoccniickast 00mecTBeHHast Opranusanust «Accornmanust
JIETCKHX aJUIEPTOJIOrOB I HMMYHOJI0r0B Poccun», Mocksa, Pocenst

Penaximonnas konserng 3.5, Beaan — 1.1, pod., 3aBeyronmii kadeapoit uvmynonornn u aaeprosioruu, DTEOY BO BoarTMY Munspasa Poccu, Bosrorpay,
Poccust; P.A. BenoBososa — j1.M.H., ipodeccop kadeapsl nporieseBkTikn BHyTpertix 6omesteit, DTBOY BO PoctTMY M3 Poccuiickoit
deneparn, Pocros-wa-/oty, Poccust; O. B. Bopucosa — s, ipod., ODTEOY BO CamI'MY Munsnpasa Poccun, Camapa, Poccrst;
E. A. Bopoxymna — j1.M.H., ipod., axcriept PAH, saBenyronmit kadenpoit dhrusuarpun u mymsmonosorin, OTBOY BO CamI'MY Mun-
3npasa Poccyn, Camapa, Poccust; B. A. BysrakoBa — ji.M.H., pod., 3aBe/Lyo1iHii 0T/1e/10M HaydHO-nHbopMmarnonHoro passurusi, OI'GHY
IlenTpanbHast KnHndeckast Gombruia Poceuiickoii akazemnn Hayk, Mocksa, Pocenst; M. A. JTogoxoBa — J1.M.H., 3aBe/LyIONIast [IeHTPaTbHOI
Hay4HO-HCCIIEI0BATEILCKOM JTaGopatopui, podeccop Kadepsl natonormueckoii pusnosornu TBOY BO PoctTMY Munsapasa Poccu,
Pocros-Ha-/[ony, Poccusi; A. B. JKectkoB — juM.H., podh., 3aBejtytonmii Kadeapoit o6uieii 1 KIMHn4ecKoii MUKpOOUOIOriH, IMMYHOJIOTUI
u asueprosiorun, DTEOY BO CamI'MY Munsapasa Poccun, Camapa, Poccust; O. B. 3aiiieBa — 1.m 1., ipod., 3aBeytonmit kadbenpoit
nemuarpurt, DTEOY BO MTMCY um. A. 1. Enoknmosa Munsapasa Poccrn, Mocksa, Poccust; . H. 3axapoBa — 1.M.H., ipod., 3aBe/ty-
tommit kadespoit nemarpun, GIHOY 11O PMAHIIO Munsapasa Poccun, Mocksa, Poccust; A.B. KapaynoB — .m.H., 1pod., akaieMik
PAH, zaBezyrommii kadeapoit kimrmdeckoit nmmyrosornn u asuieprosorus, OTAOY BO Ilepeoiit MTMY um. 1. M. CeueroBa MunsipaBa
Poccun, Mocksa, Poccust; . B. Konaparenko — 1.m 1., ipod., DTBY «Poccuiickast ieTckast kiHndeckas 6ombHutia» Munsapasa Pocenn,
Mocksa, Poccust; H.I. Kopotkuii — j1.M.H., pod., 3aBejtyoliuii kadeipoit iepMaToBeHeposiornu enarpideckoro daxyJisrera, DTAOY BO
PHUMY um. H. 1. TTuporosa Munszpasa Poccun, Mocksa, Poccus; . M. Kopeynekast — v, ipod., DTBY Llentp Teoperndeckux mpobiiem husnKko-XuMiaecKoii hapMakonorimn
PAH, Mocksa, Poccust; 1. M. Kotrea — jLM.H., ipodeccop, TPOPEKTop 110 HayuHoii paboTe, 3asetytontuii kadeapoii narosornueckoii pusnosnornn GTBOY BO PoctTMY Munsapasa
Poccun, Poctos- na-/{omy, Pocenst; A. B. KyapsBuesa — M1, iotienT, ipoceccop kadenpo aetckix Gosesieit, DTAOY BO Iepsoiit MTMY nm. 1. M. Ceueroa Munsapasa Pocenn,
Mocksa, Poccust; JI. B. JIyce — i, ipod., DTBY «THI Unctutyt ummyromnoruis @MBA Pocenn, Mocksa, Poccust; C.T. Makaposa — j.M.H., ipod., pykoBoautens [lenTpa
npodunakrudeckoit neanarpun, HMUIL 3nopossst nereit, Mocksa, Poccust; T. I. ManannueBa — v 1., ipod., @ITBOY BO Kazanckuit TMY Munsipasa Poccnn, Kazanbs, Poccrs;
H. B. Mamosunckast — JLM.H., pod., 3aBeyionmuii kadenpoil getckux Gosesmeit nemarpudeckoro dakyssrera, DTEOY BO BoarTMY Munsapasa Pocenn, Bosrorpaz, Pocenst;
T.II. MapkoBa — ji.M.H., pod., 3aBetyroniuii Kadeapoit nmmyHorarosoruu 1 ummyHorarsoctki, AIIO @TBY OHKI] MBA Poccrn, Mocksa, Poccust; . 1. Mavapazige — 1.M.H.,
B. H. ¢. KnHnueckoro otena OBYH MHUMOM um. ['H. TaGpuuesckoro PocriorpeGrazopa, Mocksa, Pocens;; H. B. Murauésa — j1.M.H., 3asejytoumii kadepoit nemarpuu, ODTEOY
BO CamI'MY Munsapasa Poccui, Camapa, Poccust; . B. Myu6mar — gmui., DTAOY BO ITepsbiit MTMY nm. 1. M. CeuernoBa Munsapasa Poccui, Mocksa, Pocenst, Imperial College
London, JTouzon, Bernko6puranus; [T 0. OBCAHHUKOB — JLM.H., JI0OLEHT, 3aBetyiomuii kadeapoii nesmarpu, DTAOY BO Poccuiickuii yrusepentet apyskGpl Hapoaos, Mocksa, Poc-
cust; A H. Iammypa — jiM.H., 1pod., 3aBe/LyIoNinii OT/eIeHIeM a/LIeproioruu 1 KinHudeckoit ummysosiornu, OTAOY BO PHUMY um. H. 1. ITuporosa Munsapasa Poccnn, Mocksa,
Pocenst; 1. B. IleukypoB — M., pod., 3aBeyionmii kadeapoii aercknx Gosesieit, DTBOY BO CamI'MY Munsapasa Poccnn, Camapa, Poccust; B. A. Pesikuna — M., pod.,
sasejtyionii otaenenuem aseprosoruu, OTBYH OUIT [Muranus, 6uorextomnoruu u 6esonacnocty iy, Mocksa, Poceust; T . CmupHOBa — LM 1., 11pod., ipodeccop Kadepol
neMaTpyuu 1 IeTCKuX nHbekmonnbix 6osesteii, ®TAOY BO Ilepsbiit MTMY um. 1. M. Ceuetnosa Munsapasa Poccun, Mocksa, Poccus; O.B. Tampazosa — npod. PAH, M.,
Kaezipa 1IepMaTOBEHEPOTIOTIH € KYPCOM KOCMETOIONMN (haKyJISTeTa HEIPEPhIBHOTO MEAMIIMHCKOro oOpasoBaus Memimickoro nictntyta PY/[H; P. ®. XakumoBa — 1M1, 1pod.,
DIBOY BO Kazanckuii TMY Munszpasa Poccnn, Kazaris, Poccns; M. A. Xan — gL, ipod., 3asesytontmii Lerrpom memimrckoii peabusmraiu, TBY 3 ITKE um. H. @. @uatosa
J13M, Mockga, Poccust; A. A. YeGypkun — j1.m.H., ipodp., ipodeccop kadeapsbt aetckux utbeximonnbix Gosesteii, DTBOY IO PMAHIIO Munsapasa Poccun, Mocksa, Poceust;
9.B. UypiokuHa — K.M.I., JIONEHT, HaYaJIbHIK 0T/ AJ/IEPIMYeCKIX 1 ayTOMMMYHHBIX 3a00sesanyii B neanarpun, DTBOY BO PoctTMY Munsapasa Pocenn, Poctos-ia-/lomy,
Poccusi; M. A. IleBuos — 1.6.1., DTEOY BO IICII6IMY um. U1 TTasiosa Munsapasa Poccun, Cankr-ITerepOypr, Poccust, Technical University of Munich, Mionxen, Tepmarus;
M. Ulypun — j.6.H., 1pod)., AUPEKTOP OT/IeJIEHNs] KIIMHUYECKOi uMMyHonatosiornu, Yausepeurer [urreGypra, Iurrc6ypr, CIITA.

Pemaxmms sxypnana «Asneprosiornst u Ummynosorus B [leanarpun» 117513, r. Mocksa, yir. OcTpoBuTsIHOBS, 1. 6, oduic 9, Temr.: 8(495) 225-71-04
Daxc: 8(495) 225-7107. E-mail: adair@adair.ru

Penakius HeceT OTBETCTBEHHOCTD 32 pa3dMellleHHe PEKJIAMHBIX MAaTE€PUAJIOB B IIpe/ieJlaX, YCTAHOBJIEHHBIX PEKJIAMHOI NOJUTHKOI sKypHaia <«Ateprojorusa u iMmmyHoso-
rust B [leauarpuns, https://adair.elpub.ru/jour/about/editorial Policies#custom-13). Peaakiysi npeiIpuHEMaeT BCe YCTAHOBJIEHHbIE 3AKOHOM MEPbI JUIs1 Iy OJIMKAIUK
NPaBOMEPHOM M KOPPEKTHOI peKJIaMbl.

Pemenuem Boicuieii arrecrannonnoii komucenu (BAK) Munucrepcrsa o6padoBanus u Hayku P skypHau «AJUieprosiorust 1 MMMYHOJIOTHS B leZIMaTpun»> BKoveH B [lepen
YeHb BeYLINX PELeH3UPYEMbIX HAYYHBIX JKYPHAIOB M U3/1aHuii, BbiTycKkaeMbix B Poccuiickoii Meznepaniy, B KOTOPIX pEKOMEH/I0BaHa Iy GJIMKALNSI OCHOBHBIX PE3YJIbTaToB
JIMCCEePTALMOHHBIX HCCIE0BAHHIl HA COUCKAHHE YYEHBIX CTeleHeil JOKTopa i KaHau1aTa HayK 1o cnenuaapHocTsM: 3.1.21. Ilexnatpus (Menunuuckue Hayku), 3.1.23.
IlepmatoBeHepoJiorust (MeIMIMHCKHIE HAYKH ), 3.2.7. AJUIeproJiorust ¥ MMMyHoJorust (Guonoruyeckue u meununckue nayku). C 1.01.2024 npucsoen K2 cpokom na 3 roza.

JKypHam «Asuieprosiorust 1 MIMMYHOJIOTUS B IEANATPUI» 3aPETHCTPUPOBAH B MUHMCTEPCTBE T10 iesIaM TIeYaTH, TeJIePaJnoBEIaHus 1 CPE/ICTB MACCOBBIX KOMMYHUKAIIIT

PO®. Perucrpanunonnsiii Homep: [T Ne77-17742 ot 9.03.2004 r. JKypuau ornedaran B tunorpabun OAO «ITDOII», Poccus, 142100, r. Iogosnbek, PeBosmonnoHHbIi

npocrext, 1. 80/42. Tupax: 1000 sx3. Homep noanucan B neuars: 20.06.2025 r. Marepuaiisi xypHajia pacupocTpansiores nog annensueii Creative Commons [EROCH

JKypHau BexoauT 4 pasa B rojt. [loamucky Ha sKypHAI «AJUIEPrOJIOTHs 1 IMMYHOJIOTHS B TIEIMATPHI> MOKHO OHOPMUTD B JIEOOOM OT/IE/IEHNN CBsA3K Ha Tepputopun Poccui.
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Abstract

Introduction. Tryptase, a mast cell-derived protease, plays a significant role in the diagnosis and pathogenesis of allergic and in-
flammatory diseases. The baseline serum tryptase level is used as a biomarker for the diagnosis of conditions associated with mast
cell activation, which may be accompanied by severe allergic reactions and anaphylaxis. Studying tryptase isoforms, along with
their structural and functional variations, aids in understanding genetic predisposition and the mechanisms underlying inflamma-
tory diseases such as bronchial asthma and chronic inflammation.

Materials and Methods. A detailed investigation of the structure and function of various tryptase isoforms was conducted. Bi-
ochemical properties human tryptase isoforms were examined. The analysis included the study of the genes TPSAB1, TPSB2,
TPSGH1, and TPSD1, which encode different forms of tryptase, and the assessment of their activity. Tryptase secretion has been
investigated, along with various factors influencing its release.

Results. Tryptase, a mast cell-derived enzyme, is represented by four major isoforms—a, B, y, and 8. Among the secreted isoforms,
a- and B-tryptases are the most prominent, B-tryptase exhibits the highest catalytic activity, whereas «-tryptase demonstrates
limited enzymatic function. The tryptase genes are located on chromosome 16 and show a high degree of homology. Key genes
TPSAB1 and TPSB2 encode active forms of tryptase, and an increased number of TPSAB1 copies leads to elevated baseline
tryptase levels, heightening the risk of allergic reactions. Tryptase plays a role in inflammatory and allergic processes, including
mast cell degranulation, affecting vascular permeability and leukocyte recruitment.

Conclusion. The collected data on the secretion and functions of tryptase produced by mast cells suggest that it can be regarded
as a multifunctional mediator, acting through specific molecular and cellular mechanisms. Tryptase is critically involved in the
pathogenesis of inflammatory processes and allergic responses across multiple organs and systems, including the respiratory tract
and the skin. Understanding the biochemical characteristics and genetic features of tryptase isoforms opens new opportunities for
the development of diagnostic and therapeutic approaches for high-impact allergic diseases.
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AuHOTanUsA

AxrtyanpHocTh. Tpunrasza, (epMeHT TYYHBIX KJIETOK, UTPAeT 3HAYMMYIO POJIb B JIMATHOCTUKE MU ITaTOTeHe3e aJIepPriuyecKux
U BOCIIAJIUTEIbHBIX 3a00JieBanuil. BasoBblil yPOBEHb TPUIITA3bl B CBIBOPOTKE UCIOJIB3YETCsI KaK MHAUKATOP JJISI TMATHOCTHKI
3a00JIeBaHU, COIIPOBOKIAIUINXCS AKTUBAIMEH TYUHBIX KJIETOK, KOTOPbIE MOTYT COIPOBOXKIATHCS TSIKEJIBIMU aJLJIEPIUIeCKUMIE
peakiusamMu 1 aHaduaakcueil. Misydenne nzohopm TpUNTA3bl, X CTPYKTYPHBIX U (DYHKIIMOHAIBHBIX BAPUAIIUIA, TOMOTAET MTOHATH
FEHETUYECKYTO TIPEIPACTIOIOKEHHOCTh U MEXaHU3MbI BOCHIAJITE/bHBIX 3a00JI€BAHNUIT, TAKMX KaK OPOHXUAIbHAS aCTMA U XPOHUH
YecKoe BOCIAJIEHUE.

Martepuaist u MeTozbl. [IpoBe/ieHO fieTanbHOE HCcyieloBaHie CTPYKTYPBI U (DYHKIUI PasinyHbX 130(hopM TpunTassl. V3yyeHbr
GuoxuMuUecKre 0COOEHHOCTU Pas3IMYHBbIX U30(hOPM TPUIITA3bl YeJoBeKa. AHamu3 BKItouan usydenue renos TPSAB1, TPSB2,
TPSG1 u TPSD1, kogupyomux pasHbie (hOPMbI TPUIITA3bI, a TAKKe OIIEHKY MX aKTUBHOCTH. VI3yueHa cekperus TpUITasbl, a TakG
ke (DaKTOPBI, BJIUSIONINE HA €€ CEKPEINIO.

Pesyabratel. Tpunrasa, GepMeHT TYYHBIX KJIETOK, IPEACTABIEHA YeThIPhMS OCHOBHBIMU M30(opMaMu — o, B, y 1 8. Cpein HUX «-
U B-TPUIITA3bI SBJISIFOTCS CEKPETUPYEMBIMU, [IPH 3TOM B-TPHUIITaza 00JaaeT HauboJIbIlel KaTaJluTUIeCKOil aK THBHOCTBIO, TOT/A
KaK o-TPUIITa3a UMeeT HU3KYI0 (ePMEHTATUBHYIO aKTUBHOCTD. [erepoTeTpamepsl o/B 001aat0T YHUKAIbHOI aKTUBHOCTBIO 110
CPaBHEHUIO C TOMOTETPaMepaMu B, 3aIeCTBYS MOJIEKYJIbI-MUIIIEHU, HEAKTUBHBIE /17151 3-TOMOTETPAMEPOB, YTO OKA3bIBAET BJAUSHUE
Ha aKTUBHOCTH TYYHBIX KJIETOK. [€HbI TPUIITA3bI PACIIOIOKEHB HA XpoMocoMe 16 1 MMEOT BBICOKYIO CTeIIeHb TOMOJIOTHH. BaskHbie
rerabl TPSAB1 u TPSB2 konupytor akTusHbie (hopMbI, a yBeiudeHue urcia Kornuit TPSAB1 npuBoaut K nosbimenuto 6azajibP
HbIX ypOBHefI TPUIITA3bl, yBEJIMYNBAA PUCK PA3BUTUA aJIJIEPTUYECKUX peaKHI/IfI. TpHHTaSa UrpaeT poJib B BOCHTAJIUTEJIbHBIX U aJIX
JIEPTUYECKUX MPOIIECCAX, B TOM YHUCJIE B JIETPAHYJISIINN TYYHBIX KJIETOK, B HA COCYAMCTYIO IPOHUIIAEMOCTb U TIPUBJICUCHUE
JIEWKOIIUTOB.

3axmouenue. CoOpaHHbIE IaHHBIE O CeKPelny 1 (DYHKIMSIX TPUIITA3bL, IPOAYIIUPYEMOU TYUHBIMU KJIETKAMH, [IO3BOJISIIOT CYUNTATD
ee MHOFOq)yHKLII/IOHaJIbeIM MEANaTOPOM, BOSHeﬁCTByIOHlHM ITOCPEACTBOM CHeLII/I(I)I/I‘{eCKI/IX MOJIEKYJIAPHBIX 1 KJIETOYHBIX MEXaH
HU3MOB. TpuIITasa Urpaet BasKHYy0 POJib B IATOTEHE3€ BOCIAIMTENbHBIX [TPOIECCOB U A/UIEPTHUECKIX PEaKI[il B PAa3HOOOPa3HbIX
OpraHax U CHCTeMax, BKJIUAs PECIMPATOPHYIO CUCTEMY U KOXKY. [loHMMaHue GUOXUMUYECKUX XaPAKTEPUCTUK U T€HETHYECKIX
ocobeHHocTel n30(hOPM TPUIITA3bI OTKPHIBAET BO3MOKHOCTH JIJIs Pa3pabOTKU HOBBIX METO/IOB JIUATHOCTUKY U JICUCHUS AJLJIEPIUO
yecKUX 3a00JI€BaHIIl ¢ BBICOKOU COUAIbHON 3HAUNMOCTBIO.
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INTRODUCTION

Tryptases belong to the family of serine proteases
of mast cells. In healthy individuals, baseline serum
tryptase levels are stable. Baseline serum tryptase
concentration is an important diagnostic marker, as
its elevation may indicate the presence of diseases as-
sociated with mast cell dysfunction and increase the
risk of severe allergic reactions. Studies show that
even tryptase levels within the normal range may
be associated with an increased likelihood of aller-
gic conditions. In acute cases, such as anaphylaxis,
tryptase levels rise significantly, reaching peak val-
ues. Therefore, it is extremely important to perform
sequential peak and baseline measurements of serum
tryptase in acute situations, especially during the as-
sessment of anaphylaxis [1].

Tryptases can have different genetic variants,
perform different functions, and participate in the
development of diseases in different ways. Future re-
search on tryptase requires the improvement of lab-
oratory methods that will allow for a more accurate
assessment of its biological functions, participation in
pathological processes, and clinical significance.

ISOPHORMS AND STRUCTURE OF HUMAN
TRYPTASE

Human tryptases consist of four isoforms, in-
cluding secreted «- and B-tryptases encoded by the
TPSAB1 and/or TPSB2 genes, §-tryptase encoded
by the TPSD1 gene, and membrane-bound y-tryptase
encoded by the TPSG1 gene (Table 1).

Human 8-tryptase has a C-terminal truncation
and lacks important substrate-binding residues.
Thus, human 8-tryptase is considered a protein with
no biological activity.

Tryptase, a mast cell enzyme, is represented by
four main isoforms: «, B, y, and 8. Among them, «- and
B-tryptase are secreted, with B-tryptase having the
highest catalytic activity, while «-tryptase has low en-
zymatic activity. In most serine proteases, including
B-tryptase, a glycine residue is found at position 216,
which is necessary for the proper functioning of the
active site. a-tryptase has virtually no catalytic activ-
ity, partly due to the replacement of aspartic acid at
this position. In a-tryptase, this position is occupied
by aspartic acid, which reduces its catalytic ability. In
addition, the amino acid substitutions p.G216D and

Table 1. Biochemical characteristics and enzyme formats of various human tryptase isoforms (author’s table)
Tabnvua 1. Buoxummnyeckmne ocob6eHHoOCTU U popmMaTbl GEPMEHTOB PA3NIUYHbLIX N30OPM TPUNTa3bl YeNoBeka (Tadbnu-

ua aBTOpa)
Tryptase isoforms Gene Activity
«-tryptase TPSAB1 inactive
Bl-tryptase TPSABT1 nnn TPSAB2  triptych
Bll-tryptase TPSAB1 vnn TPSAB2  triptych
Blll-tryptase TPSAB2 triptych
y-tryptase TPSG1 triptych
d-tryptase TPSD1 inactive

Protein-enzyme format

Inactive promo number

Inactive homotetramer

Active heterotetramer o/

Inactive promonomer and monomer
Active tetramer

Inactive promonomer and monomer
Active tetramer

Inactive promonomer and monomer
Active tetramer

Active; with membrane mounting
Truncated; probably monomeric
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p.D189K cause changes in segment 214—-220, which
leads to partial filling of the S1 pocket, the active site
region necessary for substrate binding. These struc-
tural features prevent substrate access to the active
site, which explains the low activity of a-tryptase [2].

B-tryptase has three main isoforms: BI-tryptase,
lI-tryptase, and BIII-tryptase. These three isoforms
of B-tryptase have more than 95% homology and
similar catalytic activity. Among B-tryptases, approx-
imately 23% of people of European descent carry a
nonsense variant of BITI-tryptase, resulting from the
insertion of a single base pair, which leads to a reading
frame shift and a premature stop codon (BIII FS). In
the case of expression, the resulting protein will have
alarge truncation at the C-terminus and will not have
an active site [3].

The ratio of active B-tryptase alleles to inactive
alleles (including «-tryptase and BIIT FS-tryptase)
determines the activity of tryptase in mast cell gran-
ules. [2].

The genetic basis of frequent and recurrent loss-
of-function variants that led to the formation of
a-tryptase, truncated BI1T FS-tryptase, and 8-tryptase
during human evolution, as well as how active and
inactive tryptase alleles affect human disease and
host defense, is not fully understood at present [2].
a-tryptase does not have a functional active site and
does not possess any catalytic activity of its own.
However, pairs of a-tryptase with g-tryptase form
active a/B-tryptase heterotetramers.

Tryptase is a tetrameric trypsin-like protease with
astrictly controlled assembly mechanism. Full-length
tryptases contain a propeptide at their N-terminus
(protryptase zymogen); cleavage of the propeptide
by cathepsins in mast cell granules appears to be nec-
essary for tryptase activation [4]. Mature tryptase
monomers (with removed propeptide sequences)
form tetramers in the secretory granules of mast cells,
which have an acidic pH environment and abundant
heparan glycosaminoglycans. Since tryptase mono-

mers have negligible catalytic activity under phys-
iological conditions, tetrameric tryptases are the
predominant enzymatically active protease in mast
cell granules. Tetramer formation is facilitated under
low pH conditions and by binding to heparin glycos-
aminoglycan. Structural analysis of mature tryptases
reveals a toroidal, doughnut-like tetramer comprising
protomers that interact with their neighbors at both
large and small interfaces. In this tetrameric form,
each tryptase protomer serves as a cofactor to sta-
bilize the neighboring tryptase in a catalytically ac-
tive conformation [5]. Although «-tryptase does not
possess any intrinsic catalytic activity, the «-tryptase
promoter can stabilize and activate the adjacent
B-tryptase in the o/B-tryptase heterotetrameric for-
mat. Interestingly, «/B-tryptase heterotetramers are
reported to have altered catalytic activity toward cer-
tain substrates, such as EMR2 and PAR2 cell surface
receptors, compared to B-tryptase homotetramers.
In addition, tryptase may have unique effects when
interacting with neighboring B-tryptases to regulate
the overall catalytic conformations of 8-tryptase and/
or substrate accessibility [6]. Interactions between
promoters within tryptases are stabilized by heparin,
which is negatively charged and binds to a large posi-
tively charged surface encompassing both small inter-
face surfaces. Since there are no known endogenous
inhibitors of tetrameric tryptase, low concentrations
of extracellular heparin in the peripheral circulation
may serve as a natural mechanism of inactivation. The
concentration gradient of heparin from high concen-
trations inside cells to low concentrations in the ex-
tracellular space promotes the gradual dissolution of
active tryptase tetramers, i.e., their conversion into
inactive forms [7]. A distinctive feature of a-tryptase
compared to B-tryptase is its ability to activate inde-
pendently of heparin, as well as at lower pH values in
insufliciently vascularized areas, which is particularly
important for tissues with chronic inflammation or in
the pathogenesis of bronchial asthma [8].
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HUMAN TRYPTASE GENETICS

The human tryptase locus is located in the subtelo-
meric region of the short arm of chromosome 16 at po-
sition p13.3. All four known genes encoding tryptase
(TPSG1, TPSB2, TPSAB1, and TPSD1) are located
in this locus [9, 10]. As it is typical for subtelomeric
regions, the tryptase locus contains large segments of
homologous repetitive sequences that facilitate gene
conversion and replication. Human tryptases are be-
lieved to have evolved in this region through tandem
duplication, which may help explain the high degree
of homology between human tryptase isoforms. The
two most studied loci are TPSB2 and TPSAB1, which
encode biologically important secreted tryptase iso-
forms consisting of «- and B-tryptase. While TPSAB1
can encode either « or B-tryptase, TPSB2 encodes
only B-tryptase (BI, BII, or BIII-tryptase) [2].

Elevated basal serum tryptase levels, consisting
of secreted zimogen a-protryptase and 3-protryptase,
consisting of secreted zimogen «-protryptase and
B-protryptase, are inherited in an autosomal domi-
nant manner in humans. This increase in basal serum
tryptase levels is the result of TPSAB1 duplications,
which encode a-tryptase, a genetic trait known as he-
reditary «-tryptasemia. However, the increase in ba-
sal serum tryptase levels far exceeds what would be
expected based solely on the excess number of copies.

It has been suggested that the increase in basal serum
tryptase levels is mainly the result of overexpression
of tryptase on the replication-competent allele, but
this has not been proven. Indeed, individuals car-
rying up to four additional copies of TPSAB1 have
been reported to date, and it has been shown that
basal serum tryptase levels follow a dose-response
effect, with each additional replication of TPSAB1
increasing basal serum tryptase levels by approxi-
mately 9.5 ng/ml [11, 12].

There have also been reports of copy number loss
in the tryptase locus, but it is unclear whether these
structural variants exist in the TPSAB1 or TPSB2
locus. An increase in the number of copies encoding
B-tryptase has also been reported, but where it is pres-
ent, it has not been shown to correlate with elevated
basal serum tryptase levels, and it is currently un-
known whether these replicates exist in TPSAB1 or
TPSB2. Ultimately, the location of these duplications
or deletions may be arbitrary, given that any locus can
encode any of the known active versions of B-tryptase
(8I- TIT) [13].

The tryptase gene undergoes various mutations,
leading to insufficient transcription, zymogen acti-
vation, catalytic site conformation, and even gene
deletion as a whole [14]. Tryptase gene polymor-
phisms are numerous, and the number of functional
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tryptase alleles that a person can carry varies from
two to four [15]. The number and type of functional
alleles carried by an individual can alter baseline sys-
temic tryptase levels. Genetics aftects baseline serum
tryptase levels [16, 17].

TRYPTASE SECRETION

Tryptase is produced in the form of «-, B-, y-, and
3-subunits in the endoplasmic reticulum. While the y
subunit remains bound to the membrane of secretory
granules, « and g monomers are continuously released
as enzymatically inactive propeptides into the blood-
stream without a specific stimulus and constitute the
tryptase normally present in serum [18]. In addition,
the «- and B-subunits undergo sequential proteolyt-
ic cleavage (activation). Initially, various forms of
tryptase are expressed as pre-tryptases, then they
rapidly convert to pro-tryptases to become mature
(mainly B) tetrameric tryptase, which is active, sta-
bilized by heparin, and stored in secretory granules,
awaiting appropriate stimuli to induce degranulation.
Cathepsins B, L, or C are also required for conversion
to mature tryptase. In addition, B-tryptase remains
stable after proteolysis with the help of heparin. Hep-
aranase deficiency leads to an increase in tryptase
stores in mast cells due to the formation of larger
heparin chains [4, 18]. Conversely, defects in heparin
synthesis contribute to a decrease in the accumula-
tion of the active form of tryptase [4].

Genetic factors (number and type of functional al-
leles) or activation of mast cells for other reasons also
affect tryptase content. Thus, mast cell activation and
tryptase levels are determined by genetic, exogenous,
and cellular factors [19].

Mature heterotetrameric B-tryptase has high bi-
ological activity against tissues, cells, and molecules
and consists of four non-covalently bound subunits,
each monomer containing an active enzyme site.

a-tryptase also forms mature homotetrameric com-
plexes, but in smaller quantities. Both tetrameric
«- and B-tryptase are released by activated (degran-
ulating) mast cells, and a temporary increase in se-
rum tryptase levels reflects this process. For exam-
ple, in IgE-dependent allergic reactions, an increase
in serum tryptase concentration can be measured as
early as 15 minutes after activation, with a peak in
2 hours [3, 20].

When mast cells are activated, the release of con-
tents into the extracellular space occurs within min-
utes. Regardless of the cause, as a result of mast cell
degranulation, a rapid increase in histamine levels in
peripheral blood is observed within 5 minutes after
the onset of the first symptoms, while the detection
of tryptase is delayed by 15 or 20 minutes due to the
bulky heparin shell. This difference cannot be over-
looked in human medicine because it explains why
histamine and tryptase cannot be optimally measured
in the same blood sample. Indeed, while histamine
can peak 5-10 minutes after the onset of anaphylax-
is symptoms, tryptase measurements at such early
time points often yield values below 12 pg/L, which
are mistakenly considered “normal” or even “nega-
tive” [21, 22].

Baseline serum tryptase levels are the result of
continuous release of immature «- and B-tryptase
monomers; mature tetrameric g-tryptase is stored in
specialized secretory granules, where it is stabilized
by the interaction of proteoglycans with heparin [19,
22]. Mature B-tryptase is not released continuously,
but as a result of mast cell activation. Thus, serum
tryptase levels measured after mast cell degranulation
include both immature and mature forms of «- and
B-tryptase. y-tryptase is a membrane-bound mono-
mer [23].

From a functional point of view, mature tryptase
performs sequential actions (Fig. 2) After degranula-
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tion of mast cells, mature tryptase acts as a vasoactive
agent in the early stages, increasing vascular perme-
ability and promoting edema, as a pro-inflammatory
mediator activating various types of immune cells,
including neutrophils and eosinophils, as a chem-
otactic factor attracting leukocytes and enhancing
the inflammatory response, and as a priming agent
increasing tissue sensitivity to affect other inflam-
matory mediators, including histamine and prosta-
glandins [24, 25]. Under the action of degranulated
tryptase, the formation of bradykinins from kinins
contributes to increased vascular permeability, while
the extracellular matrix is destroyed, which promotes
cell migration. Tryptase induces the recruitment and
activation of leukocytes with a specific chemotactic
effect on neutrophils and eosinophils, which par-
ticipate in the late phase of allergic inflammation.
Tryptase promotes interaction between mast cells
and the mononuclear phagocytic system. In the late
stages of the inflammatory process, tryptase activates
a regenerative function, promoting tissue repair [26].

It stimulates the proliferation and activation of fibro-
blasts, which promotes the synthesis of extracellular
matrix components such as collagen and fibronectin.
Tryptase also promotes angiogenesis to activate en-
dothelial cells and induce the formation of new capil-
laries. These processes are an important part of tissue
remodeling and ensure the restoration of tissue struc-
ture and function after inflammatory damage. More
recent data indicate the role of tryptase in the onset
of pain, such as postoperative pain due to the acti-
vation of nociceptive receptors activated by protease
[27, 28].

Research has traditionally focused almost exclu-
sively on tryptase as an extracellular mediator, but
the latest data indicate the role of tryptase in the
homeostasis of nuclear histones in mast cells and in
the disorganization of histone frameworks during cell
death [29].

Human tryptase is considered to be almost specific
to mast cells, which can contain large amounts, up
to 35 pg per cell. Basophils also contain and release
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tryptase, but they do not contribute significantly
to tryptase levels, according to reports that showed
their tryptase content was 100 times lower than that
of mast cells [30]. Tryptase load varies greatly both
in mast cells, depending on their microenvironment,
and in basophils, ranging from 1 to 100 in different
human donors. Human basophils are capable of se-
creting tryptase upon IgE-mediated activation [31].
In accordance with tryptase synthesis and exocytosis,
as described above, it is important to bear in mind
that the level of circulating tryptase measured at any
given time in a given individual is the combined re-
sult of the activation of the total number of mast cells
(“mast cell load”), their genetically determined level
of «- and B-tryptase production, and their status lead-
ing to the release of mature tryptase.

CONCLUSION

The collected data on the secretion and functions
of tryptase produced by mast cells allow us to con-
sider it a multifunctional mediator that acts through
specific molecular and cellular mechanisms. Tryptase
attracts particular attention due to its involvement in
the pathogenesis of inflammatory processes and aller-
gic reactions in various organs and systems, including
the respiratory system and skin. In addition, tryptase
plays a key role in the regulation of tissue remode-
ling and healing processes, ensuring homeostasis and
tissue repair after damage. Studying the biological
effects of tryptase helps deepen our understanding of
the functional capabilities of mast cells, opening up
new avenues for the diagnosis and treatment of dis-
eases of high social significance.

REFERENCES

1.

Elieh A. Komi D., Wohrl S. et al. Mast Cell Biology at Molecular Level: a Comprehensive Review. Clin Rev Allergy Immunol.
2020; 58 (3): 342-365. https://doi.org/10.1007 /s12016-019-08769-2.

Lyons J.J., Tangsheng Y.T. Mast cell tryptases in allergic inflammation and immediate hypersensitivity. Current Opinion in Im-
Maun H.R,, Jackman J.K., Choy D.F. et al. An allosteric anti-tryptase antibody for the treatment of mast cell-mediated severe
Pecar Fonovi¢ U., Kos J., Mitrovi¢ A. Compensational role between cathepsins. Biochimie. 2024; 226: 62—76. https://doi.
Maun H.R., Liu P.S,, Franke Y. et al. Dual functionality of beta-tryptase protomers as both proteases and cofactors in the active
Le Q.T, Lyons J.J.,Naranjo A.N. et al. Impact of naturally forming human alpha/beta-tryptase heterotetramers in the pathogenesis
Ma., Li B, Zhao X. et al. Computational modeling of mast cell tryptase family informs selective inhibitor development. iScience.

Atyakshin D.A., Burtseva A.S., Alexeeva N.T. Tryptase as a multifunctional component of Mast cells’ secretome. Journal of Anat-

Akin C., Siebenhaar F, Wechsler J.B. et al. Detecting Changes in Mast Cell Numbers Versus Activation in Human Disease:
A Roadblock for Current Biomarkers? J Allergy Clin Immunol Pract. 2024; 12 (7): 1727—1737. https://doi.org/10.1016/j.

Lyons].J., Greiner G., Hoermann G. et al. Incorporating tryptase genotyping into the workup and diagnosis of Mast Cell diseases
Lyons J.J., Yu X, Hughes J.D. et al. Elevated basal serum tryptase identifies a multisystem disorder associated with increased

Glover S.C., Carter M.C., KoroSec P. et al. Clinical relevance of inherited genetic differences in human tryptases: Hered-
itary alpha-tryptasemia and beyond. Ann Allergy Asthma Immunol. 2021; 127 (6): 638—647. https://doi.org/10.1016/].

Wu R, Lyons J.J. Hereditary Alpha-tryptasemia: a commonly inherited modifier of anaphylaxis. Curr Allergy Asthma Rep. 2021;

Faulkner E., Wetherly K., Yu J. et al. Normal serum tryptase levels can be associated with tpsab1 mutation in hereditary alpha
tryptasemia patients. J of Allergy and Clin. Immunol. 2025; 155 (2): AB173. https://doi.org/10.1016/j.jaci.2024.12.547.

2.
munology. 2021; 72: 94—106. https://doi.org/10.1016 /j.c0i.2021.04.001.
3.
asthma. Cell. 2019; 179 (2): 417-431.
4.
org/10.1016//j.biochi.2024.04.010.
5.
tetramer. ] Biol Chem. 2018; 293: 9614-9628.
6.
of hereditary alpha-tryptasemia. ] Exp Med. 2019; 216: 2348—2361.
7.
2024; 27 (9): 110739. https://doi.org/10.1016/j.isci.2024.110739.
8.
omy and Histopatology. 2017; 6 (1): 121—132. (In Russ.) doi: 10.18499/2225-7357-2016-6-1-121-132.
9.
j2ip.2024.03.010.
10.
and reactions. J Allergy Clin Immunol Pract. 2022; 10 (8): 1964—1973. https://doi.org/10.1016/j.jaip.2022.05.003.
11.
TPSAB1 copy number. Nat Genet. 2016; 48: 1564—1569.
12.
anai.2021.08.009.
13.
21 (5): 33.
14.
15.

Robey R.C., Wilcock A., Bonin H. et al. Hereditary alpha-tryptasemia: UK prevalence and variability in disease expression. J
Allergy Clin Immunol Pract. 2020; 8: 3549—-3556.




AJIIEPTONIOMNA N IMMYHOJIOT A B MEAVATPUM, N2 2, nioHb 2025 / ALLERGOLOGY and IMMUNOLOGY in PEDIATRICS, N2 2, june 2025

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

0630p / Review

Lyons J.J. On the complexities of tryptase genetics and impact on clinical phenotypes. J Allergy Clin Immunol. 2021; 148 (5):
1342-1343. https://doi.org/10.1016 /j.jaci.2021.08.011.

Lyons J.J. Inherited and acquired determinants of serum tryptase levels in humans. Ann Allergy Asthma Immunol. 2021; 127 (4):
420-426. https://doi.org/10.1016//j.anai.2021.06.019.

Levi-Schaffer F,, Gibbs B.F, Hallgren J. et al. Selected recent advances in understanding the role of human mast cells in health
and disease. Journal of Allergy and Clinical Immunology. 2022; 149 (6): 1833—1844. https://doi.org/10.1016 /j.jaci.2022.01.030.
Michel M., Klingebiel C., Vitte J. Tryptase in type I hypersensitivity. Annals of Allergy, Asthma & Immunology. 2023; 130 (2):
1081-1206. https://doi.org/10.1016/j.anai.2022.08.996.

Mateja A., Wang Q., Chovanec J. Defining baseline variability of serum tryptase levels improves accuracy in identifying anaphy-
laxis. Journal of Allergy and Clinical Immunology. 2022; 149 (3): 1010-1017. https://doi.org/10.1016/].jaci.2021.08.007.

Lin R.Y,, Schwartz L.B., Curry A. et al. Histamine and tryptase levels in patients with acute allergic reactions: An emergen-
cy department—based study. Journal of Allergy and Clinical Immunology. 2000; 106 (1): 65—71. https://doi.org/10.1067/
mai.2000.107600.

Atiakshin D.A., Shishkina V.V., Gerasimova O.A. et al. Combined histochemical approach in assessing tryptase expression in the
mast cell population. Acta Histochemica. 2021; 123 (4): 151711. https://doi.org/10.1016/j.acthis.2021.151711.

Michel M., Giusti D., Klingebiel C. et al. What the clinician should know when ordering a mast cell tryptase test: A review article
for the North American practicing clinician. Ann Allergy Asthma Immunol. 2025. https://doi.org/10.1016/j.anai.2025.03.003.
Levi-Schaffer E, Piliponsky A.M. Tryptase, a novel link between allergic inflammation and fibrosis. Trends in Immunology. 2003;
24 (4): 158-161. https://doi.org/10.1016/S1471-4906(03)00058-9.

Jia T.,, Che D., Zheng Y. et al. Mast cells initiate type 2 inflammation through tryptase released by MRGPRX2/MRGPRB2 acti-
vation in atopic dermatitis. J Invest Dermatol. 2024; 144 (1): 53—62.¢2. https://doi.org/10.1016/.jid.2023.06.201.

Varricchi G., Marone G., Kovanen P.T. et al. Cardiac Mast Cells: underappreciated immune cells in cardiovascular homeostasis
and disease. Trends in Immunology. 2020; 41 (8): 734—746. https://doi.org/10.1016/1.it.2020.06.006.

Zhao X.0., Lampinen M., Rollman O. et al. Mast cell chymase affects the functional properties of primary human airway fibro-
blasts: Implications for asthma. J Allergy Clin Immunol. 2022; 149 (2): 718-727. https://doi.org/10.1016 /].jaci.2021.07.020.
Toyoshima S., Okayama Y. Neuro-allergology: Mast cell-nerve cross-talk. Allergol Int. 2022; 71 (3): 288-293. https://doi.
org/10.1016/j.alit.2022.04.002.

Melo FR., Wallerman O., Paivandy A. et al. Tryptase-catalyzed core histone truncation: A novel epigenetic regulatory
mechanism in mast cells. The Journal of Allergy and Clinical Immunology. 2017; 140: 474—-485. https://doi.org/10.1016/].
jaci.2016.11.044.

Macharadze D.Sh. Mast cells and tryptase. Modern aspects. Medical Immunology (Russia). 2021; 23 (6): 1271—1284. (In Russ.)
https://doi.org/10.15789,/1563-0625-MCA-2193.

Fernandez-Bravo S., Palacio Garcia L., Requena-Robledo N. et al. Anaphylaxis: mediators, biomarkers, and microenvironments.
J Investig Allergol Clin Immunol. 2022; 32 (6): 419—439. https://doi.org/10.18176 /jiaci.0854.

JINTEPATYPA

32.

33.

34.

35.

36.

37.

38.

Elieh A., Komi D., Wohrl S. et al. Mast Cell Biology at Molecular Level: a Comprehensive Review. Clin Rev Allergy Immunol.
2020; 58 (3): 342-365. https://doi.org/10.1007 /s12016-019-08769-2.

Lyons J.J., Tangsheng Y.T. Mast cell tryptases in allergic inflammation and immediate hypersensitivity. Current Opinion in Im-
munology. 2021; 72: 94—106. https://doi.org/10.1016 /j.c0i.2021.04.001.

Maun H.R., Jackman J.K., Choy D.F. et al. An allosteric anti-tryptase antibody for the treatment of mast cell-mediated severe
asthma. Cell. 2019; 179 (2): 417—-431.

Pecar Fonovié U., Kos J., Mitrovi¢ A. Compensational role between cathepsins. Biochimie. 2024; 226: 62—76. https://doi.
org/10.1016/j.biochi.2024.04.010.

Maun H.R., Liu P.S., Franke Y. et al. Dual functionality of beta-tryptase protomers as both proteases and cofactors in the active
tetramer. ] Biol Chem. 2018; 293: 9614—9628.

Le Q.T, LyonsJ.J., Naranjo A.N. et al. Impact of naturally forming human alpha/beta-tryptase heterotetramers in the pathogenesis
of hereditary alpha-tryptasemia. ] Exp Med. 2019; 216: 2348—2361.

MaY,, Li B, Zhao X. et al. Computational modeling of mast cell tryptase family informs selective inhibitor development. iScience.
2024; 27 (9): 110739. https://doi.org/10.1016/].isci.2024.110739.

12




AJIIEPTONIOMNA N IMMYHOJIOT A B MEAVATPUM, N2 2, nioHb 2025 / ALLERGOLOGY and IMMUNOLOGY in PEDIATRICS, N2 2, june 2025

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

35.

56.

57.

38.

39.

60.

61.

62.

0630p / Review

Araxmn /I.A., Bypuesa A.C., AnekceeBa H.T. Tpunrasza kak nosn@yHKIMOHAIbHBI KOMIOHEHT CEKPETOMA TYUHBIX KJIETOK.
JKypuanr anatomun u ructornarosorun. 2017; 6 (1): 121-132. https://doi.org/10.18499,/2225-7357-2016-6-1-121-132.

Akin C., Siebenhaar F, Wechsler J.B. et al. Detecting Changes in Mast Cell Numbers Versus Activation in Human Disease:
A Roadblock for Current Biomarkers? J Allergy Clin Immunol Pract. 2024; 12 (7): 1727—1737. https://doi.org/ 10.1016/j.
j2ip.2024.03.010.

Lyons ] J., Greiner G., Hoermann G. et al. Incorporating tryptase genotyping into the workup and diagnosis of Mast Cell diseases
and reactions. J Allergy Clin Immunol Pract. 2022; 10 (8): 1964—1973. https://doi.org/10.1016//j.jaip.2022.05.003.

Lyons J.J., Yu X, Hughes J.D. et al. Elevated basal serum tryptase identifies a multisystem disorder associated with increased
TPSAB1 copy number. Nat Genet. 2016; 48: 1564—1569.

Glover S.C., Carter M.C., Koro$ec P. et al. Clinical relevance of inherited genetic differences in human tryptases: Hereditary al-
pha-tryptasemia and beyond. Ann Allergy Asthma Immunol. 2021; 127 (6): 638—647. https://doi.org/10.1016/j.anai.2021.08.009.
Wu R., Lyons J.J. Hereditary Alpha-tryptasemia: a commonly inherited modifier of anaphylaxis. Curr Allergy Asthma Rep. 2021;
21 (5): 33.

Faulkner E., Wetherly K., Yu J. et al. Normal serum tryptase levels can be associated with tpsab1 mutation in hereditary alpha
tryptasemia patients. J of Allergy and Clin. Immunol. 2025; 155 (2): AB173. https://doi.org/10.1016/j.jaci.2024.12.547.

Robey R.C., Wilcock A., Bonin H. et al. Hereditary alpha-tryptasemia: UK prevalence and variability in disease expression. J
Allergy Clin Immunol Pract. 2020; 8: 3549—-3556.

Lyons J.J. On the complexities of tryptase genetics and impact on clinical phenotypes. J Allergy Clin Immunol. 2021; 148 (5):
1342-1343. https://doi.org/10.1016/jjaci.2021.08.011.

Lyons J.J. Inherited and acquired determinants of serum tryptase levels in humans. Ann Allergy Asthma Immunol. 2021; 127 (4):
420-426. https://doi.org/10.1016 /j.anai.2021.06.019.

Levi-Schaffer F, Gibbs B.E, Hallgren J. et al. Selected recent advances in understanding the role of human mast cells in health
and disease. Journal of Allergy and Clinical Immunology. 2022; 149 (6): 1833—1844. https://doi.org/10.1016 /j.jaci.2022.01.030.
Michel M., Klingebiel C., Vitte J. Tryptase in type I hypersensitivity. Annals of Allergy, Asthma & Immunology. 2023; 130 (2):
1081-1206. https://doi.org/10.1016/j.anai.2022.08.996.

Mateja A., Wang Q., Chovanec J. Defining baseline variability of serum tryptase levels improves accuracy in identifying anaphy-
laxis. Journal of Allergy and Clinical Immunology. 2022; 149 (3): 1010—1017. https://doi.org/10.1016/j.jaci.2021.08.007.

Lin R.Y,, Schwartz L.B., Curry A. et al. Histamine and tryptase levels in patients with acute allergic reactions: An emergency depart-
ment—based study. Journal of Allergy and Clinical Immunology. 2000; 106 (1): 65—71. https://doi.org/10.1067 /mai.2000.107600.
Atiakshin D.A., Shishkina V.V, Gerasimova O.A. et al. Combined histochemical approach in assessing tryptase expression in the
mast cell population. Acta Histochemica. 2021; 123 (4): 151711. https://doi.org/10.1016 /j.acthis.2021.151711.

Michel M., Giusti D., Klingebiel C. et al. What the clinician should know when ordering a mast cell tryptase test: A review article
for the North American practicing clinician. Ann Allergy Asthma Immunol. 2025. https://doi.org/10.1016/j.anai.2025.03.003.
Levi-Schaffer F, Piliponsky A.M. Tryptase, a novel link between allergic inflammation and fibrosis. Trends in Immunology. 2003;
24 (4): 158—161. https://doi.org/10.1016/S1471-4906(03)00058-9.

Jia T, Che D., Zheng Y. et al. Mast Cells initiate type 2 inflammation through tryptase released by MRGPRX2/MRGPRB2 ac-
tivation in atopic dermatitis. J Invest Dermatol. 2024; 144 (1): 53—62.e2. https://doi.org/10.1016/j.jid.2023.06.201.

Varricchi G., Marone G., Kovanen P.T. et al. Cardiac Mast Cells: underappreciated immune cells in cardiovascular homeostasis
and disease. Trends in Immunology. 2020; 41 (8): 734—746. https://doi.org/10.1016/.it.2020.06.006.

Zhao X.0., Lampinen M., Rollman O. et al. Mast cell chymase affects the functional properties of primary human airway fibro-
blasts: Implications for asthma. J Allergy Clin Immunol. 2022; 149 (2): 718-727. https://doi.org/10.1016 /j.jaci.2021.07.020.
Toyoshima S., Okayama Y. Neuro-allergology: Mast cell-nerve cross-talk. Allergol Int. 2022; 71 (3): 288-293. https://doi.
org/10.1016 /j.alit.2022.04.002.

Melo ER., Wallerman O., Paivandy A. et al. Tryptase-catalyzed core histone truncation: A novel epigenetic regulatory
mechanism in mast cells. The Journal of Allergy and Clinical Immunology. 2017; 140: 474—485. https://doi.org/10.1016/j.
jaci.2016.11.044.

Mauapazze JI.111. Tyunsie knetkn 1 tpuntaza. CoBpeMenHble mpeacraBienns. Meauimackas ummyHosorus. 2021; 23 (6): 1271—
1284. https://doi.org/10.15789,/1563-0625-MCA-2193.

Fernandez-Bravo S., Palacio Garcia L., Requena-Robledo N. et al. Anaphylaxis: mediators, biomarkers, and microenvironments.
J Investig Allergol Clin Immunol. 2022; 32 (6): 419—-439. https://doi.org/10.18176 /jiaci.0854.

13




AJIIEPTONIOMNA N IMMYHOJIOT A B MEAVATPUM, N2 2, nioHb 2025 / ALLERGOLOGY and IMMUNOLOGY in PEDIATRICS, N2 2, june 2025

0630p / Review

FINANCING SOURCE
The authors declare that no funding was received for this study.

NCTOYHUK ®OMHAHCNUPOBAHUA
ABTOPBI 3a51BJISIIOT 06 OTCYTCTBUU CIIOHCOPCKOIT TIOIEPKKH ITPU MTPOBEEHUH UCCIIE0BAHUSI.

AUTHORS CONTRIBUTIONS TO THE WORK

Natalia E. Tarasova — conceptualization, methodology, data curation, writing — review & editing — prepa-
ration, creation and/or presentation of the published work by those from the original research group, specifi-
cally critical review, commentary or revision — including pre- or post-publication stages.

Alexander A. Lebedenko — supervision, project administration.

Olga E. Semernik — conceptualization, validation, project administration.

Natalya V. Dobaeva — supervision, project administration.

Viktoriya O. Skosar — investigation, writing.

Nina U. Haygetyan — visualization.

Ilya P. Krivokhlyabov — data curation.

Stepan P. Shkilnyuk — visualization.

BKJIA/I ABTOPOB B PABOTY

Tapacosa H. E. — paszpaGoTka KOHIIEIIIIH, TPOBEIEHIE NCCIE0BAHNUS, TOJATOTOBKA TEKCTAa — OI[EHKA U Pe-
JIaKTUPOBAaHUE — MOATOTOBKA, CO3/[AHNE U MIPE3eHTaIMs OIyOJUKOBAHHOMN PabOTBI.

JleGenenko A. A. — KOHCYJIBTAIlUH, YIIPABJIEHNE TPOEKTOM.

Cemepnuk O. E. — pazpaboTka KOHIIEIIMH, IPOBEPKA, YIIPABJIECHIE TPOEKTOM.

Io6aea H. M. — KOHCYJIBTAIINH, YIIPABJIEHHUE TPOEKTOM.

Ckocaps B. O. — moaroroska Texcra.

Xeitrersin H. 10. — Busyanmmzarus.

Kpusoxusioos U. II. — noaroroska, pabora ¢ JaHHbIMU.

IMxunsuiok C. II. — Busyanuzaius.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

The study was conducted taking into account the requirements of the Helsinki Declaration of the World As-
sociation “Ethical Principles of Conducting Scientific Medical Research with human Participation” as amend-
ed in 2000 and the “Rules of Clinical Practice in the Russian Federation” approved by Order of the Ministry
of the Russian Federation dated 06,/19/2003, No. 266. This study was approved by the Interdisciplinary Local
Ethics Committee of the Pacific State Medical University of the Ministry of Health of the Russian Federation.

ITUYECKOE O/[OBPEHUE U COIJTIACUE HA YYACTUE

Hccneposanue ObLIO IPOBEAEHO € yueToM TpeboBanuii XeJIbCUHKCKOI fekaapaiun BeemupHoii accorma-
IIUU «DTUYECKIE TTPUHITATIBI IPOBEIEHUS HAYYHBIX MEUITNHCKUX UCCJIEIOBAHUI C y9acTHEM YeJI0BeKay C 1o-
npaskamu 2000 r. u «IIpaBuit kuHnveckoii npaktuku B Poccuiickoit Menepainuy, yreepskaeHHbix [Ipukazom
Munucrepcersa sapasooxpatetust PO or 19.06.2003, Ne 266. [lanHoe uccienoBatiie 66110 0106peHo Mexic-
UTIJIMHAPHBIM JIOKaTbHBIM KoMuTeTOM 110 9THKe DI'BOY BO TITMY Munucrepcrsa 3apaBooxpanerust PD.




ANINEPFONOTNA M MMMYHONOT A B MEAVATPUIA, N2 2, nioHs 2025 / ALLERGOLOGY and IMMUNOLOGY in PEDIATRICS, N2 2, june 2025

0630p / Review

Allergic rhinitis in children with obesity: a modern view of the problem

REV — 0630pHas ctatbs

https://doi.org/10.53529/2500-1175-2025-2-15-28

Date of receipt: 29.12.2024
Date of acceptance: 10.05.2025

Date of publication: 17.06.2025 ’ '.) Check for updates
Anna E. Koroleva, Vladimir V. Bekezin, Raisa Y. Meshkova
Smolensk State Medical University, 28 Krupskaya Str., Smolensk, 214019, Russia

Anna E. Koroleva — Cand. Sci., Assistant Professor, Department of Children’s Diseases of the Medical and Dental Faculties, Smolensk
State Medical University, ORCID ID:0000-0003-2655-1284; e-mail: anna.ochkurenko@gmail.com.

Vladimir V. Bekezin — Dr. Sci., Professor, Head, Department of Children’s Diseases of the Medical and Dental Faculties, Smolensk
State Medical University, ORCID ID: 0000-0001-9141-5348, e-mail: smolenskbvv@yandex.ru.

Raisa Y. Meshkova — Dr. Sci., Professor, Head, Department of Clinical Immunology and Allergology, ORCID ID: 0000-0002-7806-
9484, e-mail: meshkova.raisa@yandex.ru.

Abstract

Relevance. In recent decades, there has been an increase in a number of non-communicable chronic diseases and treated as a
global health priority. There is an increase in the prevalence of allergic diseases, including allergic rhinitis (AR), and obesity in the
pediatric population. In this regard, the study of AR in children with comorbid obesity is of particular interest.

The aim of the review is to summarize current data on the immunological and clinical-epidemiological features of AR in children
with comorbid obesity.

Content. The review presents current information on the role of individual cytokines and adipokines in the development of
chronic systemic inflammation in children with AR and obesity. An analysis of literature data on the significance of obesity as a
possible risk factor for the development of AR in childhood is conducted. Clinical and epidemiological features are discussed, and
individual studies are presented on some aspects of AR therapy in obese patients.

Conclusions. The analysis showed that the currently available data on the relationship between AR and overweight/obesity in
children are contradictory and require further research.
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Pesiome

AKTYaJIbHOCTb. B rociie/IHUe NeCSTUIETUSI OTMEYAETCS SIUAEMUYECKUIT POCT Psijia HeMH(EKIIMOHHBIX XPOHUUYECKUX 3a00/1eBaH
HUIA, SBJISIIOIUXCS T1006aJIbHOIT TIPOOIeMOi 31paBooXpateHust. B eTckoil momysaimu HabIiaeTcsl yBeJInueHne PacipoCTPat|
HEHHOCTH Kak ajuieprudeckoro punura (AP), Tak u okupenusi. B cBsiau ¢ atuM mpezcrasiisier ocoOblii uHTepec usydenue AP

y ZeTeil ¢ KOMOPOUIHBIM OKUPEHUEM.

Ileapio 0630pa sBAsETCS 0600UIEHIE COBPEMEHHDBIX JaHHBIX 00 MMMYHOJIOTHYECKUX U KIMHUKO-IMUAEMHOJOIMICCKUX 0COOEH-

Hoctsix APy ziereii ¢ KOMOPOUIIHBIM OKUPEHUEM.

Conepskanue. B 0630pe Ipe/cTaBeHbl aKTyallbHBIE CBEIEHUS! O POJIM OTAEJbHBIX IIUTOKUHOB U A[UIIOKMHOB B (DOPMUPOBAHIU
XPOHUYECKOTO CUCTEMHOTO BOCIiasieHust y jieteii ¢ AP Ha hone nsbbiTka skupoBoil Macchl Tesia. [IpoBejieH aHaIus JIMTepaTypHbIX JAHHBIX
0 3HAYEHUU OJKUPEHUST KAaK BO3MOKHOTO (hakropa pucka passutist AP B erckom Bospacte. O6CY KIEHbI KIMHUKO-3IUAEMUOIOIMIECKIE
0COGEHHOCTH, @ TAKIKE IIPUBE/IEHDI €[IHUYHBIE UCCIIEI0BAHNS, KACAIOIINECS] HEKOTOPBIX ACIIEKTOB Teparuu AP y IaIMeHTOB ¢ 05KUPEHUEM.
3akmouenue. [IpoBeeHHbII aHAINS TOKA3aJl, YTO UMEIOIINECs Ha CErOAHAIIHII IeHb JaHHbIe O HAMNYUU CBsA3u AP 1 u30biTKa
MACChI TeJla / OKUPEHUsT Y IeTeil HOCSAT IPOTUBOPEYNBbIIL XapaKkTep U TPeOYIOT IPOBEIEHNUST JaIbHENIINX UCCIIE[OBAHUIL.

KmoueBble cioBa: ajjieprudecKii pUHNT, OKUPEHIE, ITUTOKUHDI, MHTePICHKIH-33, MHTEPJAeHKNH- 18, TenTHH, a/ANTOHEKTHH

Koudaukr unrepecos:

Merkosa P.SI. — ujieH pelakiimOHHON KOJUIETHU JKyPHAJIa, HO He BJIMSJIA HA PelleHue OmyOarMKoBaTh 9Ty crarbio. CTaThs IpoILIa
MPUHATYIO B ’KypHAJIe MpoIeAypy perersupopanust. O6 HHBIX KOH(BINKTAX HHTEPECOB aBTOPBI HE 3aSIBJISIIN.

Jnsa uurupoBanusi: Koposena A. E., Bekesun B. B., Memkosa P. f. Anneprudeckuii punuT y feTeii ¢ 0;KMpeHneM: COBPEMEHHbBIIN B3TJIS
Ha nipobemy. Aniepzonozus u ummynonozus 6 neduampuu. 2025; 23 (2): 15-28. https://doi.org/10.53529/2500-1175-2025-2-15-28

INTRODUCTION

In recent decades, the epidemic growth of aller-
gic diseases has become a serious problem for global
health [1]. AR is one of the most common chronic dis-
eases in the world and is associated with a significant
deterioration in the quality of life of patients [2]. Risk
factors for AR include genetic predisposition, high so-
cioeconomic status, maternal smoking during the first
year of a child's life, and a history of cesarean section
[2]. At the same time, recent studies show that excess
body fat in children can be considered one of the pre-
dictors of AR development [3]. It is assumed that the
link between excess body weight/obesity and AR is
due to common pathophysiological mechanisms |3,
4]. Obesity is characterized by hypertrophy of white
adipose tissue and impaired metabolic activity of adi-
pocytes, leading to chronic systemic inflammation [4,
5]. In turn, changes in the levels of adipokines secret-
ed by adipose tissue can cause a shift in the immune
response toward the Th2 type, which increases the
risk of allergic diseases [4, 6, 7].

It should be noted that modern literature provides
contradictory data regarding the link between obesi-
ty and AR [3, 8]. Thus, it is important to summarize
current data on the possible effect of obesity on the
development of AR and the characteristics of the dis-
ease, as well as on the mechanisms underlying these
processes.

PATHOGENETIC FEATURES OF ALLERGIC
RHINITIS IN CHILDREN WITH OBESITY

It is assumed that there is some commonality be-
tween obesity and AR in terms of pathophysiological
mechanisms, in particular, changes in the produc-
tion of pro- and anti-inflammatory cytokines and
adipokines [9, 10]. However, the exact mechanism
explaining the possible link between obesity and AR
remains unclear [7,10].

Leptin is one of the hormones produced by adipose
tissue that regulates energy metabolism. Leptin pro-
motes the production of cytokines such as interleu-
kin-6 (IL-6), tumor necrosis factor-alpha (TNF-«),
interleukin-12 (IL-12), and stimulates the prolifera-
tion of Th1 cells [10]. Recent data indicate that pa-
tients with RA and comorbid obesity have elevated
serum leptin levels, which correlate with the severity
of RA [11-15, 23].

According to Wang X. et al., children with AR
and obesity had a significant increase in leptin and
ILC2 (type 2 innate lymphoid cells) levels in the
blood compared to children with AR and normal
body weight, as well as the control group (healthy
children). It has been shown that the administration
of recombinant leptin to children with AR and obesi-
ty led to an increase in ILC2 levels in the blood [11].
It is worth noting that similar results were obtained
in another study in adult patients with AR who were
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obese [12]. According to the authors, the leptin/ILC2
axis in obese patients may exacerbate chronic system-
ic inflammation and contribute to the development of
severe AR [11, 12]. It is assumed that leptin enhanc-
es the activation of inflammatory cells in AR against
the background of obesity. In a study by Liu W. et
al., elevated serum leptin levels in children with AR
were positively correlated with levels of eosinophils,
eosinophil cationic protein (ECP), C-reactive pro-
tein (CRP), interleukin-5 (IL-5), and interleukin-17
(IL-17) [13].

The possible role of osteopontin protein in allergy
and obesity is discussed. Osteopontin is a pro-inflam-
matory cytokine secreted by osteoblasts, fibroblasts,
epithelial cells, activated macrophages and T-lym-
phocytes [16]. A number of studies have shown that
in children with AR and obesity there is a significant
increase in the level of leptin and osteopontin in the
serum of rabbits compared to the control group, as
well as a positive correlation with the severity of AR.
The level of osteopontin was found to correlate with
the level of eosinophils and ECB in serum. Thus, in-
creased expression of leptin and osteopontin may play
an important role in the pathogenesis of chronic in-
flammation in AR and morbid obesity, contributing
to the enhancement of Th2 response, as well as regu-
lating apoptosis, adhesion, migration and activation
of eosinophils [16, 17].

It should be noted that there are studies in the
literature that did not reveal statistically significant
differences between leptin levels and the severity/
character of AR course in obese patients [18, 19].
Thus, a cross-sectional study showed that in 7-10
years old overweight/obese children (according to
bioimpedance-sometry data) no significant differenc-
es in serum leptin levels were found depending on the
nature of AR course (persistent/intermittent) [18].
In a study by Kalpa- klioglu A.F et al. there was no
association between serum leptin levels and the se-
verity of AR, as well as sensitization to allergens in
adult patients [19].

Altered adiponectin secretion possibly contributes
to the development of chronic systemic inflammation
in patients with AR and comorbid obesity. However,
there are very few studies devoted to this problem [4,
7]. It is known that in obesity there is a decrease in
the level of adiponectin, an adipose tissue hormone
with an anti-inflammatory effect [5, 7]. n an exper-
imental study on a mouse model, it was shown that
exogenous administration of adiponectin attenuated
the development of ovalbumin-induced airway hy-
perreactivity by reducing the number of eosinophils
and decreasing the level of Th2-type cytokines [22].
In a cross-sectional study, it was found that children
4-10 years old with first-diagnosed AR had lower se-
rum adiponectin levels compared to healthy controls
and positively correlated with the severity of AR. Ad-
iponectin levels were negatively correlated with se-
rum ECB levels, while there was no correlation with
interleukin-1g (IL-1B), IL-6, TNF-«, IL-10 and total
IgE levels [14]. In another study, serum adiponectin
levels in children 7-10 years old with AR and obesity
had no significant differences compared to the control
group. Comparative analysis of adiponectin levels in
children with AR and obesity did not reveal statisti-
cally significant differences depending on the nature
of AR course [18].

Interleukin-1g (IL-1B) is considered as another
mediator of allergic inflammation. In AR, IL-18 lev-
els may be associated with inflammation caused by
exposure to allergens, as well as with the main clini-
cal symptoms of the disease - nasal itching and rhin-
orrhea [21]. It should be noted that there are single
clinical studies in the literature devoted to the study
of the role of IL-18 in AR on the background of ex-
cess adipose tissue. According to a number of authors,
IL-18 can be a potential biomarker and predictor of
severe persistent AR [22, 23, 24]. According to Han
M.W. et al. data, IL-1p level positively correlates
with AR severity and is also a significant risk factor
for the development of moderate and severe persis-
tent AR (4.7-fold increase in risk) [22]. According
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to another study, children with AR and obesity have
higher TL-18 levels compared to children with AR
and normal body weight. It is shown that elevated
IL- 18 level (5.8-fold increase in risk) and elevated
leptin level (11.3-fold increase in risk) are significant
risk factors for moderate to severe persistent AR. The
authors found that the majority of children with AR
have increased serum IL-18 and leptin levels during
weight gain. In turn, in some children with obesity
and AR, a decrease in blood levels of IL-13 and lep-
tin was observed during weight correction [23]. In
another study, the authors showed that in the group
of obese children IL-18 level depends on the nature
of AR course, namely TL-18 level in children with
persistent AR was significantly higher compared to
children with intermittent AR course [24].
Interleukin-33 (IL-33) is a cytokine “alarmin”
(alarm signal) that can accumulate and be rapidly re-
leased into the extracellular space during cell /tissue
damage, affecting immune cells expressing ST2 re-
ceptor on their surface [25, 26]. IL- 33 is synthesized
mainly by epithelial cells, fibroblasts, endothelial
cells, and adipose tissue cells - adipocytes. It is known
that I1.-33 is produced by the cells of the first line of
defense, in particular epithelial cells, when they are
exposed to allergens [27, 28]. In vitro studies have
shown that IL-33/ ST2 causes activation of ILC2,
which induce Th2 response and tissue remodeling by
producing Th2-type cytokines [29, 30]. In adipose
tissue, IL-33 is involved in the interaction between
adipocytes and immune cells [31]. Exposure of IL-33
to ILC2 cells leads to their activation and secretion
of IL-5, IL-13. In turn, IL-13 directly affects pre-ad-
ipocytes and promotes their maturation [32]. IL-33
interacts with Treg having ST2-receptor on its sur-
face, which causes synthesis of IL-10 by these cells,
which causes alternative activation of macrophages
and their synthesis of catecholamines aimed at mat-
uration of pre-adipocytes into adipocytes [32, 33].
According to Gliick J. et al., adult patients with in-
termittent seasonal AR have elevated serum IL-33
levels that correlate with the severity of AR [32].
In a cross-sectional study, it was shown for the first

time that children 7-10 years old with overweight/
obesity and AR showed increased serum IL-33 lev-
els compared to the control group. In children with
excess body fat mass the I1.-33 level depended on the
nature of AR course, in particular, in children with
persistent AR the TL-33 content was significantly
lower compared to children with intermittent AR. An
inverse correlation between IL-33 level and %FMT
was found to be lower in intermittent AR compared
to children with intermittent AR [24].

Thus, few data from the literature suggest a pos-
sible role of cytokines 1113, IL-33, osteopontin and
adipokines (leptin, adiponectin) in AR and comor-
bid obesity in children. However, further prospective
studies are needed to clarify the potential mechanisms
of the association between AR and pediatric obesity.

IS OBESITY A RISK FACTOR FOR ALLERGIC
RHINITIS: WHAT IS KNOWN?

Currently, there is no consensus on the role of
overweight/obesity as a risk factor for the develop-
ment of AR (Table 1). A large number of studies indi-
cate an association between high BMI and the risk of
AR development in children [34-37]. It is important
to note that the cross-sectional and retrospective de-
sign of these studies does not allow assessing whether
increased BMI preceded the development of AR in
children.

There are few examples of prospective studies on
this topic in the current literature. For example, Ve-
hapoglu A. et al. found that prepubertal obese chil-
dren have a higher risk of developing AR and BA
compared to children with normal body weight [38].
In another study, an increase in BMI in children aged
16-18 years was associated with an increased risk of
developing AR, but not BA and AD [39].

Few studies are available to assess the dynamics
of body weight after birth and its possible impact on
the future development of AR in children. In a retro-
spective study, excessive weight gain after birth was
found to be associated with the risk of developing
AR and atopic dermatitis (AD) in adolescence, es-
pecially in children born with low birth weight [40].
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However, Mai X.M. et al. reported that no associa-
tion between large birth weight (=90 percentile)
and the presence of AR and AD symptoms was found
in 4-year-old children [41]. Chang C.L. et al. studied
the association between BMI after birth and the risk
of allergic diseases (AR, food allergy) in children aged
6, 12, and 18 years.The risk factors for AR in children
were found to be delayed fetal intrauterine develop-
ment, insufficient weight gain, maternal heredity for
allergy, but not excessive weight gain during the first
two years of life [42].

In a meta-analysis of 30 studies, high BMI was
associated with an increased risk of AR in children
but not in adults [3]. In another systematic review
and metaanalysis of 32 studies, high or low BMI was
not associated with the risk of developing AR in both
children and adults [8]. However, in this paper [8],
unlike the previous meta-analysis [3], data in chil-
dren were evaluated in age-dependent subgroups:
under 12 years of age and between 13-18 years of age.
It is worth noting that both meta-analyses included
studies based on self-reports of AR symptoms and
self-reported anthropometric measurements, which
could influence the authors' conclusions in a differ-
ent way [3, 8].

There are also data in the literature in which ex-
cess body fat mass in children was not a risk factor
for AR [43-47]. According to the results of phase 1T
studies, ISAAC (“International study of asthma and
allergies in childhood”) involving 10,652 children
8-12 years of age found no association between high
BMI and AR [43]. In several cross-sectional studies
in children, high BMI had a negative association with
AR [44, 45]. A study by Scaaby T. et al. using Men-
delian randomization found an association between
overweight/obesity and higher prevalence of AD, de-
creased lung function in patients older than 16 years,
but not with AR [46]. According to the data present-
ed by Han Y.Y. et al. in children, central obesity is
associated with a reduced risk of AR [47].

The ambiguity of the study results is probably re-
lated to the design features, as well as to the different
methods of AR verification and overweight/obesity
in children. It is worth noting that the literature on
this problem is dominated by studies with a cross-sec-

tional or retrospective design, which do not allow to
determine the presence of causality [33-37, 40, 43,
44, 46, 47]. In some studies, the criterion for children
inclusion was the presence of a physician-verified di-
agnosis of AR [33, 37, 38, 41, 42], whereas in other
studies the assessment of AR symptoms was based
only on parent/child questionnaire data [36, 39, 40,
44, 47]. A number of studies analyzed self-reports of
patients and /or parents of children, which served to
further identify groups of children for additional al-
lergologic examination and confirmation of AR diag-
nosis [34, 35, 43, 46]. The children's anthropometric
indicators at the time of their inclusion in the study
were assessed both by medical personnel [33- 35, 37,
38, 41, 43, 44, 47] and parents [39, 36, 40, 42, 46]. All
this causes certain difficulties when analyzing scien-
tific works on this topic.

Thus, there are few and rather contradictory stud-
ies investigating the possible role of overweight /obe-
sity as a risk factor for AR in children. It is still un-
clear which values of increased BMI are associated
with the development of AR, since both overweight
and obese children were included in the studies. It
should be noted that in most studies the presence of
excess body fat mass in children was diagnosed using
the BMI criterion [33-46], which does not allow de-
termining the actual distribution of body fat [48, 49].
According to a meta-analysis, BMI is characterized
by low sensitivity and does not identify more than a
quarter of overweight/obese children [49]. This rais-
es the question of whether further studies investigat-
ing AR in children with excess body fat mass should
use the generally accepted BMI or use other more
accurate methods of assessing body composition. In
addition, the propensity of obese children to devel-
op AR is likely to be influenced by interactions with
other factors such as sex, race, aggravated heredity
and the presence of comorbid allergic diseases, which
should be considered in future studies.

PECULIARITIES OF CLINICAL SYMPTOMA-
TOLOGY AND PREVALENCE OF ALLERGIC
RHINITIS IN CHILDREN WITH OBESITY

It is of interest to study the clinical features of
AR in children with excess body fat mass. Thus, in




AJINEPTONOTNA M MMMYHONOT A B MEAVATPUIA, N2 2, nio

52025

ALLERGOLOGY and IMMUNOLOGY in PEDIATRICS, N2 2, june 2025

0630p / Review

Table 1. Results of clinical studies in children with allergic rhinitis and obesity (authors’ table)
Tabnnua 1. Pe3ynbTaTbl KIMHUYECKUX UCCNIEA0BAHNIA Yy AeTel C anneprnyeckum pUHUTOM U KOMOPOUAHBLIM OXUPEHN-

em (Tabnuua aBTopa)

Author, year Country Type of study Sample Age of Main outcome
size children
LeiY., etal., China Cross-sectional 3327 3 age groups: Obesity in children is a risk factor of AR
2016 [33] study children 2-6,7-12, and AD, but not BA, FA and DA
13-14
Saadeh D. etal., France Cross-sectional 6733 9-11 High BMl is a risk factor for AR and BA
2014 study children
[34]
Baumann L.M. et Pery Cross-sectional 1441 13-15 High BMl is a risk factor for AR
al., 2015 [35] study children
Lim M.S. etal., South Cross-sectional 53769 12-18 High BMl is associated with AR and AD
2017 [36] Korea study children
Vehapoglu A., et Turkey Prospective study 707 children 3-10 Overweight/obesity is associated with a
al., 2021 high risk of AR and BA
[38]
KreiBl S. et al., Germany Prospective study 3000 Evaluation Increase in BMl is associated with a high
2014 children atthe age risk of AR, but not BA and AD
[39] of 9-11 and
16-18
Lin M.H. etal., Taiwan Retrospective 74 688 13-15 Excessive body weight gain. after birth
2015 [40] study children may be a risk factor for AR and AD
development
Mai X.M., etal.,  Sweden Prospective study 4089 Evaluationat  Birth weight > 90" percentile and high
2007 [41] children the age of 1,2 BMI in early childhood are not a risk for
and 4 AR at the age of 4
Chang C.L., et Australia Prospective study 620 children Evaluative at  Excess body weight is not associated with
al., 2022 [42] the age of 6, arisk of AR at the age of 18
12and 18
T. Kusunoki etal., Japan Cross-sectional 50 086 7-15 The inverse association is between
2007 [44] study children childhood obesity and prevalence of AR
and AC. Obesity in children is associated
with prevalence of BA and severity of AD
Leung T.F., etal., China Cross-sectional 486 children 14-16 Obesity is not associated with AR and BA
2009 [45] study
Y.Y.Hanetal., USA Cross-sectional 2358 6-17 Central obesity is associated with a
2007 [47] study children decreased risk of AR, particularly among

Note: FA — food allergy, DA — drug allergy, AC — allergic conjunctivitis.

some studies, the authors demonstrated the presence
of an association between obesity and the severity of
AR [13, 18, 24, 39]. According to a prospective study
of 1794 children observed from 9-11 years to 16-18
years, an increase in BMI was a risk factor for persis-
tent AR [50]. In the work of Han M.W. it was shown
that in some children with mild AR and normal body
weight on the background of weight gain there was
observed aggravation of nasal symptoms and develop-
ment of severe AR [23]. At the same time, in the work
of Kusunoki T. et al. no association was found be-

20

boys

tween obesity and severity of AR in children. In this
paper, the presence of AR was assessed by parental
questionnaires and patients with other allergic dis-
eases (AD, AD, AU) were included in the study [44].

It should be noted that in the vast majority of
studies, the authors used BMI to assess obesity,
which does not distinguish between fat and muscle
mass in the body, nor does it take into account the
distribution of fat deposits [49, 50]. In a few studies,
the presence of obesity was assessed by bioimpedan-
ceometry [13, 18]. In particular, by the % body fat
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mass (%BFM), which reflects the presence and de-
gree of fat deposition in the body [51, 52]. Thus, Liu
W. et al. found that in 3126 children aged 7-12 years,
obesity (according to %BFM, waist circumference,
and BMTI) was a risk for severe year-round AR [13].
According to a cross-sectional study, 7-10 years old
overweight/obese children (according to %BFM)
had an earlier manifestation of AR (up to 3 years of
age) with nasal pruritus predominating as the main
manifestation of rhinitis. Excess body fat mass was a
predictor of persistent AR course in primary school
children [18].

Children with AR and comorbid obesity may be
more susceptible to air pollution. The results of Li R.
L. et al. indicate that carbon monoxide (CO) and am-
bient particles less than 10 um in diameter (PM10)
and PM2.5 lead to worsening nasal symptoms of AR
in obese children compared to the ones of control
group [53].

It is of interest to study the possible role of excess
body fat mass in the formation of a certain type of
sensitization. According to a study, children 4-8 years
old with AR and increased BMI were 2.64 times more
likely to be monosensitized to aeroallergens of house
dust mites compared to children with AR and normal
BMI [54]. It has also been shown that skin reactivity
to histamine in adult patients with AR may depend
on body fat mass. According to a study by Park D.
Y. et al. observed a positive correlation between high
BMI and skin reactivity to histamine in patients with
AR [55]. In experimental studies it was shown that
histamine level can be increased as a result of the re-
lease of substance P, which leads to neurogenic in-
flammation [56, 57]. Thus, according to the authors,
the increased content of substance P may be a me-
diator of allergy, providing higher skin reactivity to
histamine in obesity [55, 56, 57].

A number of epidemiologic studies have estab-
lished higher prevalence rates of AR among over-
weight/obese children compared to children with

normal body weight [33, 35, 37]. At the same time,
Liu W. et al. found that the prevalence of obesity in
the group of children with AR was comparable to
children in the control group [13].

In addition, children with AR have a pronounced
decrease in quality of life parameters related to phys-
ical activity. According to Park J. H. et al., children
with AR symptoms (rhinorrhea, nasal congestion,
sneezing, nasal itching, sleep disturbance) are more
prone to sedentary lifestyle than AD patients and
control group children. At the same time, higher
BMI values were observed in the group of children
with AR at the time of the study compared to chil-
dren in the control group. According to the authors,
children with AR have a higher probability of obe-
sity. It should be noted that in the study, the level
of physical activity was assessed based on children's
self-reported physical activity rather than objective
measurements (e.g., accelerometer), which may have
led to underestimation or overestimation of the rela-
tionship between the level of physical activity, BMI
and AR [58].

Given that most studies have a cross-sectional
design, it remains unclear whether excess body fat
mass/obesity in children precedes the development
of the identified clinical features of AR. On the other
hand, it is possible that patients with certain features
of AR are more likely to gain weight. To answer these
questions, further prospective studies using strict di-
agnostic criteria for AR and the use of methods to
assess the presence and degree of body fat deposition
are needed. In addition, epidemiologic studies are
needed to assess the prevalence of AR in children of
different ages with comorbid obesity.

TREATMENT OF PATIENTS WITH ALLER-
GIC RHINITIS AND OBESITY

Despite the fact that the principles of therapy
have not been developed for individuals with AR
and obesity, single studies have demonstrated var-
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ious aspects of treatment in these patients [23, 59].
According to the data of Han M.W. et al., improve-
ment of nasal symptoms from severe to mild AR was
observed in a part of children on the background
of BMI reduction [23]. At present, it is difficult to
say whether body fat mass affects the response of
patients with AR to treatment with intranasal glu-
cocorticosteroids (INGCS). In a recent prospective
study of the efficacy of INGCS in adult patients with
AR and elevated BMI, it was shown that symptom
improvement was observed after a 30-day course
of treatment in both obese and normal weight pa-
tient groups. AR symptoms were assessed using the
Visual analogue scale (VAS), SNOT- 22 (Sino-Nasal
Outcome Test-22) and NOSE-5 (Nasal obstruction
symptom evaluation-5) questionnaires, as well as
an increase in peak nasal inspiratory flow (PNIF).
At the same time, the authors showed that patients
with AR and obesity had a statistically significant
decrease in IL-10 levels in the nasal mucosa after
therapy compared to the group with AR and normal
body weight. Thus, according to the authors' opin-
ion, individuals with AR and obesity have a weaker
anti-inflammatory response to INGCS therapy [59].
Thus, no studies on the efficacy of INGCS in chil-
dren with AR and obesity were found in the litera-
ture available to us. This leads to another unanswered
question: whether weight loss in obese children can
improve the results of AR treatment with the use
of INGCS. In general, there is insufficient work on
the role of weight loss as an additional factor in in-
fluencing symptoms and efficacy of AR treatment in
children. Further study of the impact of obesity on
the treatment of children with AR, as well as weight
correction is important from the point of view of per-
sonalized tactics of managing such patients.
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Abstract

Introduction. Contact allergic dermatitis (CAD) is known to be one of the most prevalent allergic diseases of skin, so its research
is of a high interest. Besides clarification of modern approaches to the treatment of contact allergic dermatitis is undoubtedly of
current interest. The increase in the growth of contact allergic dermatitis in children explains the relevance of solving the problem
of treating the disease in this age group.

Purpose of the lecture. The purpose of this lecture is to review modern approaches to the treatment of contact allergic dermatitis
taking into account current clinical guidelines with an emphasis on childhood.

Materials and Methods. This lecture presents consideration of modern principles of treatment of contact allergic dermatitis tak-
ing into account the specific features of pediatric practice. A non-systematic literature review was conducted. Pharmacological
mechanisms of main medications used are discussed. Focus is based on rational skin therapy. Besides information is given about
topical glucocorticosteroids and principles in choosing of concrete group and formulation of them. Also characteristics of topical
calcineurin inhibitors are given, and their role in treatment of contact allergic dermatitis is explained. In addition, mechanism of
the “vicious circle” during secondary infection and treatment tactics are described.

Results. Increased prevalence of contact allergic dermatitis in children depends primarily on household contact with chemicals
and metals, as well as on the use of topical medications. This should be taken into account in prescription of elimination regime.
Choice of the class and the formulation of topical corticosteroids should be made differentially taking into account the age, struc-
tural features of the child’s skin, its sensitivity in different areas and the stage of the inflammatory process. Based on indications
topical calcineurin inhibitors might be used in treatment of contact allergic dermatitis especially in pediatric practice. They are
characterized by the absence of those side effects which are common during use of topical corticosteroids. Secondary infection
which is quite often observed in CAD in childhood requires timely administration of antiseptics and combined topical medica-
tions containing corticosteroids, antibiotics and antifungal components.

Conclusion. Contact allergic dermatitis has good prognosis in case of implementation of elimination measures, adherence to
treatment algorithm in accordance with clinical guidelines and age-based characteristics.

Keywords: contact dermatitis, contact allergic dermatitis, topical glucocorticosteroids, topical calcineurin inhibitors
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AHHOTanUsA

AKTYaJIbHOCTb. AJIJIEPIrUYECKII KOHTAKTHBIN IEPMATUT SIBJISCTCS OJIHUM U3 HanboJiee PacipOCTPAHEHHBIX aJlIePrUYecKuX 3ab0JIeBa-
HUIT KOKH, B CBSI3U C YeM BBICOK HAYYHO-IIPAKTHYECKUI HHTEPeC K JAHHOH MaTOJIOTUH. YBeJINIeHHe POCTa AJITIEPTITIEeCKOT0 KOHTAKTHO-
TO JIEPMATHTA Y JIeTell U TIOAPOCTKOB 0OBSICHSIET aKTYAIBHOCTD PEIICHIS TTPOOJIEMBI JIeUeHNUsI 3a00JIeBaHNsSI B 9TON BO3PACTHON IpyIIITe.
ITens nexym. [lesbio TaHHOI JIEKITNHN SIBJISIETCST PACCMOTPEHIIE COBPEMEHHOTO TTO/IX0/IA K JIEUEHNIO aJ/IePIIYeCKOr0 KOHTAKTHOTO
JIepPMaTHUTA C YIeTOM aKTYaTbHBIX KINMHIUECKUX PEKOMEHIAII C aKIIEHTOM Ha JIETCKII BO3PACT.

Marepuanst 1 MeToapl. Hacrosias JeKiyst pecTaBisieT coboil H3I0KeHe COBPEMEHHBIX TIPUHITUIIOB TePaii ajiepriude-
CKOTO KOHTaKTHOTO JIEPMATUTA € YY4ETOM 0COOEHHOCTEH B IeTCKOM npakTrke. [IpoBeien HecueteMaTiaecKuii 0030p JINTepaTyphbl.
OO6CyRIAIOTCS MEXaHU3MBbI, JIeXKAIIUe B OCHOBE JCHCTBUS OCHOBHBIX TPYIII JIEKAPCTBEHHBIX TPEMAPaToB. Y/EJASeTCs BHUMAHUE
PaIMOHAJIBHON HApY>KHOI Tepamny KOKHOTO BOCHAJIUTEIBHOTO TIpoIiecca. PaccMaTpuBaioTCsl TOMNYECKHE TJIIOKOKOPTHKOCTE-
POUJIBI ¥ MIPUHIAITHI BEIGOPA KaK KOHKPETHON TPYIIIIBI JAHHBIX TPENapaToB, Tak U UX JeKapcTBeHHOH (hopMmbl. [laeTcs xapakre-
pUCTHKa 1 OOBSCHIETCST MECTO TOMTMYECKUX HHIMOUTOPOB KATbIIMHEBPUHA B TEPATUH aJUIEPIUYECKOTO KOHTAKTHOTO JIEPMATUTA.
OmnmceIBaeTCsT MEXaHN3M «IIOPOYHOTO KPYTay P BTOPUYHOM HH(GUIIMPOBAHUY W PACCMATPUBAETCS TAKTHKA JTI€UCHHUS.
Pesyabratel. PocT pacipocTpaHEHHOCTH aJIJIEPIUYECKOTO KOHTAKTHOTO [€PMATUTa Y €Tl 3aBICHUT MPEK/IE BCETO OT OBITOBOA
TO KOHTAKTa C MIPOJYKTAMH XMMUYECKOI MPOMBIIIJIEHHOCTH 1 METAJIaMH, & TAKKe OT FCIOJIb30BAHNS HAPY’KHBIX JIEKAPCTBEHA
HBIX TIPEMAPaToB. JTO CJEAYeT YYUTHIBATE P 0OECTIEYeHNH 2TMMUHAIIMOHHBIX MeponpusTiil. BeiGop kiacca tonnyeckux TKC
1 (hOPMBI TPENapaToB CIeLyeT OCYIECTBIATH IHhHOEPEHIINPOBAHHO € YYETOM BO3PACTA, OCOGEHHOCTEH CTPOCHUS KOKHU PEOEHKA,
ee YyBCTBUTEIBHOCTI HA PA3HBIX YYACTKaX U CTA/UH BOCIATUTEIBHOTO mpoiecca. B mevennu AK/L, ocobeHHo B 1€TCKOI TTpaKkTHe
Ke, C YYETOM MOKA3aHWH MOTYT OBITh MCITOJIb30BAHBI TOMMYECKIE HHTHOUTOPBI KATbIIHHEBPHUHA, He NMeIolne moOG0YHbIX ahdexr-
tos, npucynux TTKC. Bropuutoe nndunuposanue, yacto Habmomnaemoe nipu AK/L y nereii, TpeGyer cBOEBPeMEHHOIO HazHAUEH
HVIST aHTHCENTTUKOB U KOMOWHUPOBAHHBIX TOMMYECKUX TIPpenaparos, cogaepkammx ['KC, anTuGHOTHKY 1 aHTUMHKOTHKH.
3akiouenne. AJIePrudeckKuii KOHTAKTHBIN IEPMATHT UMeeT GJIarompHUsITHEIN IIPOTHO3 MPH TPAMOTHO OCYIIECTBIISIEMBIX DJIMI-
HAI[MOHHBIX MEPOIPHUSTHUSX, TPU COOTIOICHIN ATOPUTMA JICYEHUS B COOTBETCTBUHU € KINHUYECKIMI PEKOMEH/IAIMSIMHE 1 C yue-

TOM BO3PAaCTHBIX 0COOEHHOCTEIA.

KioueBble coBa: KOHTAKTHBIIN JIEPMaTuT, aJIJIepFI/I‘IeCKI/Iﬁ KOHTaKTHBIHT JAEPMATUT, TOMNYECKUE TVIIOKOKOPTUKOCTEPOU/IbI, TOITNUYECKUE

I/IHFI/I6I/ITOpr KaJIbITUHEBPUHA

Koudmkr unrepecos:
ABTOD 3astBJIsieT 00 OTCYTCTBUM KOH(IINKTa UHTEPECOB.

Jlnst paruposanus: Bacubesa A.A. [IpHHIAITEL TepaTAN a/lIePrIYecKOro KOHTAKTHOTO IEPMATUTA: 0COGEHHOCTH Y JIETeH 1 MTOAPOCTKOB.
Annepeonoeus u ummynonozus 6 neduampuu. 2025; 23 (2): 29-37. https://doi.org/10.53529,/2500-1175-2025-2-29-37

INTRODUCTION

Contact dermatitis is a fairly common inflamma-
tory skin disease that occurs when the skin is direct-
ly exposed to various external factors and may have
an acute or chronic course. There is known simple
irritant contact dermatitis and allergic contact der-
matitis (ACD). While simple irritant contact derma-
titis has no immune mechanism, ACD is an allergic
skin disease, the pathogenesis of which is based on
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a delayed-type hypersensitivity reaction (DTH) .
The most frequently mentioned contact allergens
are: metals chromium, cobalt and nickel, rubber and
rubber products, some medicines, disinfectants, for-
maldehyde, resins and a number of other substanc-
es[1,2].

There is a rather high (about 16.5%) prevalence of
ACD in children of different ages [3]. This is due, in
particular, to the widespread use of chemical industry
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products in the home: detergents, cleaning agents, as
well as contact with dyes used in the manufacture of
children's clothing and toys. In children of the first
year of life, ACD is mainly associated with the use
of children's cosmetics and laundry detergents [4].
A high prevalence of ACD to nickel is noted in all
age groups (about 10%). This may be due to contact
with toys, stationery, hairpins, etc., and may be due to
exposure to nickel. In adolescence, nickel-associated
ACD is often associated with wearing metal jewelry
made of nickel alloys, piercing products, contact with
hardware, etc. Allergic contact dermatitis to various
cosmetics is also more often observed in adolescents
[5, 6]. Regardless of age, the cause of ACD in children
may be contact with rubber products and medicines.

Clinical signs of ACD appear 10-14 days or more
after the initial contact with the allergen. In the case
of repeated contact with the allergen (hapten), 12-48
hours must elapse before symptoms appear. In situa-
tions of repeated skin exposure to neomycin sulfate,
nickel, paraphenylenediamine and thixocortol piv-
alate, late delayed manifestations of ACD may occur,
i.e. in this case several days later. The clinical symp-
toms of acute ACD are hyperemia, edema, and some-
times papules and vesicles at the site of contact with
the allergen. In some cases, short-term, unexpressed
areas of mottling may form (eczematized ACD). In
chronic ACD there is stagnant erythema, infiltration,
lichenification, and in exacerbation there is eczemati-
zation with mottling [7].

In some cases, systemic allergic contact dermatitis
is observed, with localized or generalized cutaneous
inflammation resulting from systemic re-exposure to
the allergen. This variant of dermatitis has been de-
scribed in sensitization to certain drugs, nickel, ros-
in, Peruvian balsam, parabens, cinnamon aldehyde,
spices (cloves, cinnamon, nutmeg, cayenne pepper).
The skin process may form both in places of previous
localization of ACD and on previously unaftected are-
as and accompanied by general symptoms (headache,
weakness, arthralgia, nausea, vomiting, diarrhea) [8].

SPECIFICS OF ELIMINATION MEASURES
Elimination measures to exclude or reduce con-
tact with causative allergens are important in the

management of patients with allergic diseases. Rec-
ommendations for elimination of the causative aller-
gen play a crucial role in the management of patients
with ACD. It is often not possible to achieve complete
elimination in ACD because a large number of com-
monly used household and industrial products may
contain substances that cause the disease. Therefore,
when recommending elimination of contact allergens
to the patient or the child's parents, it is important to
outline the range of possible uses of these substanc-
es, which can be very extensive, making it difficult to
achieve complete elimination.

When providing recommendations for patients,
it should be considered that continued exposure to
nonspecific skin triggers exacerbates the course of
ACD and reduces the effectiveness of therapeutic in-
terventions.

PHARMACOTHERAPY

Pharmacotherapy of ACD should be prescribed
regarding the severity, stage of the inflammatory pro-
cess and its prevalence, the patient's age, as well as
the presence of comorbidities. In the external therapy
of ACD, topical glucocorticosteroids (TGCS) remain
the “gold standard” of anti-inflammatory external
therapy [1]. Currently, they have no alternative in
terms of both speed and severity of anti-inflammatory
action [9]. In the course of therapy with TGCS, it is
necessary to follow the instructions for the use of the
drugs, including the frequency of their application to
the skin, duration of use and age restrictions. TGCS
classifications take into account the strength of their
anti-inflammatory effect. The international classifica-
tion implies division of all TGCS according to this
criterion into 7 classes [8].

One of the main factors determining the efficacy of
topical glucocorticosteroids is the rate of absorption
of the drugs by different skin layers. There are two
known ways of TGCS penetration into the skin: it
can occur directly transepidermally (the main way)
or through hair follicles, sweat or sebaceous glands. A
number of factors determine the degree of skin per-
meability for TGCS: properties of the active compo-
nents of the drug and its base, the place of application
of the drug, skin condition, etc. The patient's age is




ANNEPFONOTNA M MMMYHONOT A B MEAVMATPUIA, N2 2, nioHb 2025

ALLERGOLOGY and IMMUNOLOGY in PEDIATRICS, N2 2, june 2025

0630p / Review

Table 1.

Topical corticosteroids which are used in treatment of allergic contact dermatitis in accordance with clini-

cal guidelines and instruction to medication (author’s table)

Tabnuua 1.

Tonuyeckue NKC, pekomeHaoBaHHbIe K NpuMeHeHuto npu AKZL B cooTBeTCTBUM ¢ KnuHUYeckumm peko-

MeHAaLMNAMN U UHCTPYKLUMAMU MO NPpUMEHeHUIo (Tabnunua aBTopa)

International non-proprietary name

Clobetasol propionate 0,05 %, cream

Betamethasone dipropionate 0,05 %, ointment, cream
Mometasone furoate 0,1 %, ointment

Betamethasone valerate 0,1 %, ointment

Fluticasone propionate 0,005 %, ointment
Mometasone furoate 0,1 %, cream

Methylprednisolone aceponate 0,1 %, cream, ointment, oily ointment,

lotion

Betamethasone valerate 0,1 %, cream

Hydrocortisone butyrate 0,1 %, cream, ointment, emulsion
Fluticasone propionate 0,05 %, cream

Hydrocortisone acetate 1 % ointment

important, which is associated with the peculiarities
of skin structure in children, affecting the absorption
of the drug. The skin of the face, neck, folds (as well
as other large folds) and groin area is characterized
by high sensitivity to the action of TGCS [10, 11]. If
inflammation in ACD is localized in these areas, the
use of TGCS with a lower degree of activity is recom-
mended [12, 13].

The depth of TGCS penetration into the skin
depends on the form of the drug, which is select-
ed regarding the stage of inflammation. Thus, in
acute inflammation characterized by edema, vesi-
cles, maceration and maceration, high skin perme-
ability is observed. In this situation, there is the
choice of products in the form of lotion, aerosol,
cream and lipocrem depending on the specific skin
manifestation. This is due to the fact that the low-
est permeability is observed in drug solutions and
lotion. If the drug is in the form of cream, its skin
penetration will be greater than that of solution
but less than that of ointment. Maximum dermal
absorption of topical GCS is possible when using
preparations in the form of ointment. Therefore,
when choosing the form of TGCS in chronic der-
matitis manifested by dry skin and lichenization,
when there is difficult accessibility for penetration
of topical GCS, it is advisable to choose ointment
forms of preparations (ointment, oily ointment)
for application to the skin. The ointment base of
the preparation also contributes to moisturizing
the stratum corneum of the epidermis, which, in
turn, increases skin permeability [10]. The high fat
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Activity group Age
Class 1 (very strong) From 1 year
Class 1 (very strong) From 1 year

Class 2 (strong)

(

( From 2 years
Class 2 (strong)

(

(

(

From 6 months
From 10 years
From 2 years

From 4 months

Class 2 (strong))
Class 4 (moderate strength)
Class 4 (moderate strength)

From 6 months
From 6 months
From 10 years
From 2 years

Class 5 (moderate strength)
Class 5 (moderate strength)
Class 5 (moderate strength)
Class 7 (weak)

content in the base of the preparation can provide
an additional occlusion effect [14]. When choos-
ing the form of topical GCS, the localization of the
inflammatory process is also taken into account,
which affects the penetration of the drug due to the
peculiarities of the skin structure in different areas.
In case of inflammation in the scalp, face and folds,
preference should be given to aerosols, lotions, gels
and creams that do not contain a fatty base [10].

Age-specific skin characteristics in children,
among other criteria, are considered in the instruc-
tions for the drugs when determining the age barriers
for prescribing specific TGCS, their dosage forms and
mode of use! (Table 1).

Methylprednisolone aceponate 0.1% in the form of
cream, ointment, emulsion can be used from 4 months
of age.

Etamethasone valerate 0.1% (cream, ointment) is
approved for use in children from 6 months of age,
and betamethasone dipropionate 0.05% in the form
of cream for the treatment of ACD - from the age of 1
year. Betamethasone dipropionate 0.05% in the form
of a spray and mometasone furoate (cream, ointment
0.1%) can be used in children over 2 years of age.

Cream for external use clobetasol propionate
0.05%, according to the instructions, is allowed for
use in children over 1 year of age.

Hydrocortisone butyrate 0.1% (ointment, cream,
lipocrem, emulsion) is allowed for use from 6 months
of age. According to the instructions, hydrocortisone
acetate 1% in the form of ointment can be used from
the age of 2 years.
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Fluticasone propionate 0.05% cream is contraindi-
cated for use in children under 10 years of age.

Safety of TGCS when administered in children is
one of the key factors in selection of a particular drug
and its dosage form.

Should be borne in mind that for the use of TGCS
in children from the activity group “very strong”:
clobetasol propionate 0.05% (cream), betamethasone
dipropionate 0.05% (ointment, cream, spray) - there
should be strict indications. Great caution is required
when prescribing the above drugs during the growth
period in children. In the Clinical Guidelines for Con-
tact Dermatitis there is an indication to avoid the use
of clobetasol propionate 0.05 % in children, author-
ized according to the instructions for use from 1 year
of age.

Regarding the nature and localization of the skin
process in dermatitis, the child's age in the acute
period of dermatitis, it is preferable to use TGCS
of medium or strong activity. These groups of drugs
effectively control the symptoms of inflammation,
quickly restore the barrier function of the skin and
thereby reduce the systemic absorption of drugs. It is
indicated that short courses (3 days) of strong drugs
are comparable in efficacy and safety to long courses
(7 days) of weak TGCS. The duration of a continu-
ous course of TGCS in children should be, on the one
hand, sufficient to achieve the effect and at the same
time, in order to ensure safety, minimized as much as
the clinical situation allows. It is emphasized that in
children the continuous course of this group of drugs
should not exceed 2 weeks, and a gradual reduction
in the frequency of their application to the skin is
recommended if there is a significant reduction in in-
flammatory symptoms [14].

The group of topical calcineurin inhibitors (tac-
rolimus and pimecrolimus) used in the treatment of
contact dermatitis deserves special attention.

These drugs may be the drugs of choice when
inflammation is localized in the face, especially in
children. Prolonged use of TGCS in the face can
lead to a number of complications: skin atrophy,
development of steroidal rosacea. The use of cor-
ticosteroids in the periorbital region may cause an
increase in intraocular pressure. In such situations,
replacement of TGCS with calcineurin inhibitors is
justified. The use of tacrolimus and pimecrolimus
in the treatment of contact dermatitis is indicat-

ed in the presence of contact hypersensitivity to
TGCS [15, 16].

Topical calcineurin inhibitors belong to the class
of ascomycin macrolactams with anti-inflammatory
and immunosuppressive action. The drugs have high
affinity for the skin, local immunotropic activity and
high selectivity of anti-inflammatory action. Unlike
corticosteroids, they do not affect the structure of the
skin and, therefore, can not cause its atrophy. Topical
calcineurin inhibitors are able to inhibit proliferation
and activation of CD4+ T-lymphocyte-helper cells.
In addition, they influence on nerve fibers, affecting
the functioning of ion channels associated with the
release of neuropeptides and substance P. The action
of substance P is associated with a transient burning
sensation after application of the drugs. These prepa-
rations are also characterized by short-term stimula-
tion of excessive release of inflammatory factors with
their subsequent depletion. These mechanisms ex-
plain the subsequent antipruritic effect of the prepa-
rations [15, 16, 17].

Having a more selective mechanism of action than
TGCS, topical calcineurin inhibitors do not cause
side effects inherent to TGCS. At the same time, their
clinical efficacy has been described, in particular in
the treatment of ACD [8, 15].

It should be noted that pimecrolimus (1% cream
for external use) is contraindicated for use in children
under 3 months of age. Tacrolimus (0.03% ointment)
is approved for use in children from the age of 2 years,
and in the form of 0.1% ointment it is contraindicated
for use in children under 16 years of age.

The question of systemic glucocorticosteroids
is raised in severe, widespread and systemic al-
lergic contact dermatitis, when external thera-
py alone is ineffective. Dermatitis is considered
widespread when more than 20% of the skin is af-
fected. In these cases, systemic short-acting oral
or parenteral GCS are administered depending on
the severity of the skin process and body weight
of the child: in the dose of prednisolone from 0.5
to 1 mg / kg (maximum 60 mg per day). Equiv-
alent doses of other glucocorticosteroids may be
used'. The course is 3-5-7 days. [6, 8]. The algo-
rithm of systemic GCS withdrawal is carried out
in each specific case in accordance with generally
accepted rules depending on the course duration
and drug dose.

! Allergology and Clinical immunology (Edition: clinical guidelines) / edited by R. M. Khaitova, N. . Ilyina... C. 18.
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In both simple contact dermatitis and ACD, ex-
coriations and fissures are often observed in the in-
flamed area and secondary infection must be prevent-
ed or eliminated. These situations occur most often in
pediatric ACD. The use of antiseptics, disinfectants
and methylene blue can be considered for this pur-
pose. For external application, a solution of fucorcin
can be used. On the skin area treated in this way, after
the liquid dries, you can use preparations in the form
of ointments. Fucorcin is contraindicated in women
during pregnancy, as well as during breastfeeding.
The use of 1% aqueous solution of methylene blue
is allowed during pregnancy and breastfeeding. The
drug is authorized for use in children from the mo-
ment of birth®.

In contact dermatitis (simple and allergic) against
the background of itching, as a rule, excoriations are
observed, which leads to the violation of skin integri-
ty with the subsequent accession of secondary infec-
tion. In this case, the predominant bacteria are Staph-
ylococcus aureus and group A hemolytic streptococci
[18]. With secondary infection of simple irritant and
ACD in the clinical picture there is an increase in er-
ythema and the appearance of pustules. Precipitation
boundaries are clear. Pronounced fine-platelet des-
quamation, as well as crusts of honey-yellow colour
may appear in the inflammation area [19].

The formation of a “vicious circle” in case of sec-
ondary infection in skin diseases is of interest. Inter-
leukins 31 and 33 (IL-31 and IL-33) are involved in
the mechanism of skin itching and inflammation. In
turn, skin scratching stimulates additional release of
IL-33 from keratinocytes, which is also responsible
for suppressing the production of protective skin
proteins and, as a consequence, for disruption of the
mechanical skin barrier [20]. The situation is aggra-
vated in case of secondary skin infection. Infectious
agents can induce IL-31 production by monocytes
and macrophages, which leads to increased itching
and skin damage due to scratching. This causes in-
creased inflammation and bacterial colonization of
the skin [21].

Considering the issues of secondary infection in
dermatitis, it is necessary to separately touch on in-
fections of fungal etiology. Patients with various skin
diseases are at risk for the occurrence of mycoses. My-
cotic infection in dermatitis for a long time remains

! Clinical guideline. Contact dermatitis. [internet]. 2021.

undetected, often considered as a manifestation of
the underlying disease, supports the skin inflamma-
tory process, aggravating the course of the disease.
Patients with various skin diseases are at risk of my-
cosis occurrence [21, 22].

In case of ACD complicated by microbial in-
fection, timely use of combined topical medicines
containing GCS in combination with an antibiotic
(gentamicin, fusidic acid, neomycin, etc.) or GCS
in combination with an antibiotic and antimycotic
component (natamycin, clotrimazole, etc.) is indi-
cated [8].

The following combinations of topical GCS
and antibiotic are available: betamethasone + gen-
tamicin; hydrocortisone + oxytetracycline, or hy-
drocortisone + chloramphenicol, or hydrocorti-
sone + fusidic acid; betamethasone + fusidic acid. In
contrast, the drugs containing topical GCS, antibi-
otic and antimycotic in their composition include:
combination of betamethasone with gentamicin and
clotrimazole or combination of hydrocortisone with
neomycin and natamycin. When using combined
agents containing TGCS, antibiotic and antimy-
cotic, high concentrations of active substances in
the focus of lesions in the skin area are provided. In
this case, it is reasonable to recommend short cours-
es of combined topical glucocorticosteroids (usually
lasting 1 week).

Systemic antibiotics are indicated if there is no re-
sponse to topical combination therapy and in cases of
widespread bacterial infection on the skin?.

The question of the advisability of using system-
ic antihistamines in ACD is often raised. There are
no convincing data demonstrating the eflicacy of
H1-histamine receptor blockers in the treatment of
ACD [8]. There are recommendations for their use
to reduce pruritus. Clinical guidelines indicate the
expediency of parenteral administration of systemic
antihistamines, belonging to the first generation, in
case of severe pruritus. In case of indications for the
use of systemic antihistamines in children, preference
should be given to oral non-sedative antihistamines
of IT generation as safer drugs®.

Systemic blockers of H1-histamine receptors can
be used to reduce the intensity of itching, but only as
part of the complex therapy of allergic contact der-
matitis.

2 Allergology and Clinical immunology (Edition: clinical guidelines) / edited by R. M. Khaitova, N. I. Ilyina ... C. 18.
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H1-histamine receptor blockers in forms for top-
ical application (gels, creams, etc.) are not recom-
mended for the treatment of ACD.

CONCLUSION

If elimination can be achieved, allergic contact
dermatitis most often has a favorable prognosis.
Thus, in case of timely elimination of contact with
the identified causative allergen, clinical symptoms
completely regress in 1-3 weeks [23]. Otherwise,
the disease acquires a chronic course, in which,
even after the elimination of the causative factor,
the pathologic skin process may continue for a long
time and require therapy in accordance with the
peculiarities of the clinical picture in each case.
However, chronic ACD in children is observed very
rarely, as it is mainly associated with occupational
factors, and it is not always possible to exclude con-
tact with them. The modern approach to the thera-
py of ACD provides, first of all, the prescription of
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Resume. Over the past decades, the proportion of obese children has increased 4-fold. At the same time, there is an increase in allergic
pathology in the children’s population.

The aim is to present modern data on the relationship between childhood obesity and allergic diseases.

Materials and methods. A search was conducted for domestic and foreign literature on the relationship between various links in
the pathogenesis of allergic pathology and obesity using the databases Scopus, Web of Science, PubMed, Google Scholar, eLibrary,
Cyberleninka. The review includes studies published from January 2016 to January 2025.

Results. Data on the mechanical and inflammatory effects of obesity in relation to atopy in children are described. In addition,
obesity is associated with increased production of inflammatory cytokines and adipokines, which supports low-activity systemic
inflammation and increases the risk of exacerbations of allergic diseases. Allergic rhinitis, atopic dermatitis, food allergies, and
chronic urticaria also appear to be associated with the chronic systemic low-activity inflammation characteristic of obesity. Vi-
tamin D deficiency, characteristic of obesity, appears to play a role in the development of bronchial asthma and allergic rhinitis,
while dyslipidemia and skin barrier defects may explain the link between obesity and atopic dermatitis.

Conclusion. Further research on the relationship between obesity and atopy is needed, confirming the role of adipose tissue in the
development of allergic diseases, in order to develop new therapeutic strategies.
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Pesiome. B Teuenne nocieiHUX AecsATUIETUI Y/Ie/IbHBIN Bec /ieTel, CTpa/laloluX OKUpeHneM, yBeandusics B 4 pasa. Ilapamiensno
B JIETCKOI MOIYJIALMU OTMEYAETCS POCT aJLJIEPIUYeCKO MaTONOTIH.

Ileab — mpeCcTaBUTh COBPEMEHHDIE IAHHBIE O B3AUMOCBSIZM MEK/TY IETCKUM OKMPEHUEM | aJJIEPTUYECKUMU 3200 I€BAHUSMH.
Marepuasbl u MeTobl. [IpoBe/IeH OUCK 0TeUYeCTBEHHOI U 3apyOeKHOI JINTEPATYPbI O B3AUMOCBSI3U PA3JIMYHBIX 3BEHBEB [ATOrea
Hesa aJlJIepruYecKoil MaToJOruU U OKUPEHI ¢ NCIIOIb30BanueM 6a3 ganubix Scopus, Web of Science, PubMed, Google Scholar,
eLibrary, Cyberleninka. B 0630p exmouenvt ucciedosanus, onybiuxosannvie ¢ sueapsi 2016 200a no smeaps 2025 200a.
Pesyabratel. Onucanbl JaHHbIE O MEXaHUYECKUX M BOCHATUTEIbHBIX 3(heKTax OXKUPEeHUs B OTHOIIEHUU aTOIHH Y JIeTeil.
Kpome Toro, o;KupeHne cBI3aHo ¢ HOBBIEHHONH BEIPAOOTKON BOCIIAJIUTEIbHBIX UTOKUHOB M aIMIIOKUHOB, YTO II0JePKIUBAET
CHCTEMHOE BOCHA/IeHIe HU3KOIl aKTMBHOCTU U IIOBBINIAET PUCK 00OCTPEHUIT ajl/lepruyeckux 3a00aeBaHnil. AJjieprudeckuii pue
HUT, aTOHI/I‘{eCKI/II‘;I JAE€PMATUT, TMUIIEBaA a/lJIEPTyA U XPOHUYECKaA KPallMBHUIIA TaKKe, l_[O-BI/II[I/IMOMyy CBA3aHbI C XPOHUYECKUM
CUCTEMHBIM HU3KOAKTUBHBIM BOCIHAJICHUEM, XaPaKTEPHBIM JIJIA OKUPEHWA. ﬂeq)I/I]_[I/IT BUTaMUHaA Dy XapaKTeprIﬁ JULA OKUpPEeHnsd,
HO-BI/I[[I/IMOMy, urpaet OHpeZ[e]IeHHyIO POJIb B pa3BUTUUN 6pOHXI/IaJIbHOI>'I ACTMbI 1 QJIJIEPTUYECKOIO PUHUTA, B TO BPEMA KaK JIUCJINA
nuaeMus 1 1eHeKThl KOKHOTO Gapbhepa MOTYT OOBICHUTD CBSA3b MEKLY OKUPEHUEM M aTOMMIECKUM JIEPMATUTOM.

3akmouenue. HeoOX0anMbI fanbHERIIIE UCCTeI0BAHNS B3AUMOCBS3U MEKLY OKUPEHUEM U aTOTIHEH, TIOATBEPKIAIONIIE POJTb
SKMPOBOI TKAHK B PA3BUTUU aJLIEPIUYECKUX 3a00/1eBaHUI, 111 pa3paOOTKU HOBBIX TEPALEBTHYECKHIX CTPATET A,

Kmouesbie cioBa: OJKMpeHue, ajlJaeprus, aTOINYECKUIT JIEPMaTHUT, 6pOHXI/IaJIbHa$I acCTMa, J1eTH

Koundaukr uarepecos:
ABTOPBI 3as1BIISTIOT 06 OTCYTCTBUN KOH(JIUKTA HHTEPECOB.

st nutupoBanust: Benpix H.A., Jlebenesa V.H., ITusuiop N.B., Korosa I1.0., /leesa 10.B. Anrepruyeckue 3a60/eBaHus U IE€TCKOE
OJKUPEHUE: €CTh JIU CBsI3b? Aliepeonozust u ummynonozus 6 neduampuu. 2025; 23 (2): 38—49. https://doi.org/10.53529,/2500-1175-
2025-2-38-49

INTRODUCTION At the same time, the prevalence of allergic diseases

Obesity and allergic diseases are a major public  is also increasing significantly. Allergic rhinitis (AR)
health burden today [1]. The World Obesity Fed- is the most common allergic disease, affecting 20 to
eration predicts that by 2035, more than 1.5 billion ~ 30% of adults and up to 40% of children in industri-
adults and nearly 400 million children will be over-  alized countries [3]. Atopic dermatitis (AtD) affects
weight and obese, and the global prevalence of child-  up to 12% of children and 7.2% of adults worldwide,
hood obesity will more than double between 2020  and in Russia, according to the results of studies, the
and 2035, from 10% to 20% among boys and 8% to  prevalence of AtD among children 7-8 years old var-
18% among girls [2]. ied from 5.5% to 49.2% depending on the region, and
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among children 13-14 years old - from 3.3% to 45.3%
[4, 5]. The prevalence of bronchial asthma (BA) in
childhood is registered with a frequency from 6 to 9%
in different countries of the world and has a steady
tendency to increase. In Russia, according to a recent
epidemiologic study, the prevalence of BA among
adults is 6-8% in children and up to 1.5% in adults [6].
Also in recent decades, there has been a significant
increase in the frequency of food allergy (FA) - up to
6.7% [5]. Up to 1% of the population in the USA and
Europe suffter from chronic urticaria (CU) [7]. At the
same time, there is increasing evidence that obesity
raises the risk of developing allergic diseases [8].

OBJECTIVE of this review is to present current data
on the association between childhood obesity and al-
lergic pathology.

MATERIALS AND METHODS. A search of Rus-
sian and foreign literature on the relationship be-
tween various links in the pathogenesis of allergic
pathology and obesity was conducted using Scopus,
Web of Science, PubMed, Google Scholar, eLibrary,
and Cyberleninka databases. The review included
studies published from January 1, 2015 to January 1,
2025 in English and Russian languages.

RESULTS. Allergic diseases arise not only from the
interaction of genetic factors, but also from external
causes that may increase susceptibility to allergic
diseases through epigenetic changes. In particular,
obesity represents an external factor involved in im-
munologic changes leading to a switch of the immune
system to a Th2 cytokine profile and increasing the
risk of developing atopy [9]. However, studies on the
association between obesity and atopy have conflict-
ing results. Some data indicate a correlation between
BMI and the prevalence of atopy, while other results
demonstrate a lack of association between atopy bi-
omarkers such as serum IgE levels and blood eosino-
phil counts with obesity [10].

Inflammation caused by an imbalance of immune
cells in adipose tissue may be associated with de-
creased tolerance to allergens and damage to the
intestinal barrier. Adipose tissue contains many im-
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mune cells: mast cells, Th cells, cytotoxic T cells (Tc),
regulatory T cells (Treg), regulatory B cells (Breg),
invariant natural killer cells (iNKT) and M2 mac-
rophages, which maintain immune balance. Obesity
increases the number of pro-inflammatory immune
cells, which secrete large amounts of pro-inflamma-
tory cytokines (TNF-q«, IL-6, etc.) and decreases the
number of anti-inflammatory Treg, while anti-inflam-
matory M2 macrophages turn into pro-inflammatory
(M) macrophages. Large amounts of pro-inflamma-
tory cytokines can activate the nuclear factor kappa
B (NF-«B) signaling pathway, induce the production
of pro-inflammatory cytokines, chemokines, etc. and
exacerbate the pro-inflammatory immunological ef-
fect. TNF« also activates NF-»«B, which can increase
the permeability of the epithelial barrier, disrupting
the tight junctions of intestinal epithelial cells [11].

Treg dysfunction is one of the important links in
the development of allergic diseases, since Treg are
able to inhibit the proliferation of Th cells, reduce al-
lergen-specific IgE secretion and migration of T cells
into tissues, limit the interaction of eosinophils, mast
cells and neutrophils with resident tissue cells [11].
This leads to decreased tolerance to allergens, pro-
motes differentiation of native CD4+ T cells (ThO)
into Th2 cells, causing allergic reactions. Elevated
circulating levels of adipose tissue-derived pro-in-
flammatory cytokines may impair the survival and/
or maturation of circulating Treg cells.

Mast cells are effector cells, secrete inflammatory
mediators, and in allergic reactions cause symptoms
in the skin, respiratory tract, and digestive tract. Mast
cells are abundant in adipose tissue and can interact
with adipocytes to recruit inflammatory cells.

Adipose tissue secretes a variety of adipocytokines,
including leptin, adiponectin, IL-6 and TNF-« etc.,
which are actively involved in metabolic homeostasis.
In adipose tissue accumulation, adipocyte dysfunc-
tion and dysregulation of adipocytokines are noted,
which can cause local or systemic effects, leading to
pathological processes associated with inflammation.

Leptin activates CD4+ T cells, stimulates the se-
cretion of proinflammatory cytokines (TNF-«, IL-6,
IL-12), which, in turn, suppresses Treg activity. Ad-
iponectin enhances fatty acid degradation, reduces
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blood glucose levels and increases insulin sensitivi-
ty, has anti-inflammatory, antioxidant activity, and
counteracts TNF-« expression in adipocytes and
macrophages. In addition, adiponectin, the level of
which is reduced in obesity, suppresses the synthesis
of IL-10 secreted by macrophages and adipocytes. All
these changes impair the immunoregulatory function
of Treg, resulting in decreased antigen tolerance.

PPARy DYSREGULATION AND ALLERGIC RE-
ACTION. Peroxysome proliferator-activated recep-
tors (PPAR's) are a class of ligand-dependent nuclear
receptors expressed in various organs and tissues, in-
cluding adipose tissue. PPARy is expressed in vari-
ous immune cells, regulates genes involved in lipid
metabolism, immune and inflammation-related genes,
and exerts anti-inflammatory effects by inhibiting the
expression of pro-inflammatory genes. The pro-in-
flammatory effects of adipose tissue may attenuate
the anti-inflammatory effects of PPARy by reducing
its expression.

There is evidence that supplementation with ©-3
and w-6 polyunsaturated fatty acids (PUFAs) can alle-
viate inflammation by upregulating PPARy expression
[12]. The effect of PUFAs on PPARy also mediates
changes in adipocytokine levels. The reduction of
PPARy in adipose tissue in obesity may affect Treg
activity. Because PPARy is a key regulator of mast cell
maturation, decreased PPARy expression in obesity
accelerates mast cell differentiation, and increased
mast cell activation may lead to intestinal barrier
damage and increased risk of food allergy through the
secretion of more tryptase.

OBESITY AND BRONCHIAL ASTHMA. Epide-
miologic studies in recent years have demonstrated
an association between BA and obesity. Although the
mechanism of this relationship from the pathophysio-
logic point of view is not yet fully understood, obesity
has been shown to be a risk factor for BA [9]. Accord-
ing to some authors, obesity increases the risk of BA
development by 2.7 times, and overweight - by 2 times

compared to patients with normal body weight [5]. J.
E. Lang et al. (2019) showed that the highest risk of
obesity-associated asthma is observed in prepubertal
children in the absence of AR. The authors hypoth-
esized that at this age, the likelihood of developing
obesity-associated asthma would increase, especially
in girls, while in boys this pattern is observed after 12
years of age [10]. But in a study conducted by R. Par-
lar-Chun et al. (2020), with the participation of 995
children, there was no association between childhood
obesity and the severity of asthma course, resulting
in prolonged hospitalization and intensive care [13].

L. B. Orriéns et al. (2020) suggested that over-
weight/obese children with BA have a high risk of
intentional discontinuation of inhaled corticosteroid
therapy, which, in turn, may lead to an increased fre-
quency of asthma exacerbations [14]. An analysis of
16 European cohorts involving 21,130 children aged
3 to 8 years demonstrated that persistent wheezing
and early onset of BA are associated with an increased
risk of obesity [8].

The association between BA and obesity can be
explained partly by mechanical factors and partly by
the presence of chronic low-grade inflammation due
to obesity. In some patients, obesity precedes asthma;
in others, BA precedes obesity. This suggests that BA
or its therapy may be a risk factor for obesity [15].
Bronchial asthma associated with obesity is more dif-
ficult to control. Patients tend to have more frequent
exacerbations and have a lower quality of life [16].
Various studies show that obesity-associated BA
differs from the classical phenotype, demonstrating
a non-Th2-mediated response. BA exacerbations in
obese patients are often characterized by a reduced
response to baseline therapy [5]. This phenotype of
BA is characterized predominantly by women and
is accompanied by the absence of eosinophilic air-
way inflammation [5]. A significant negative corre-
lation between the percentage of eosinophils in in-
duced sputum and BMI and waist circumference was
found, which may indicate the role of visceral fat in
the maintenance of non-eosinophilic airway inflam-
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mation, typical of obese individuals.

Several studies have focused on the association be-
tween BMI and exhaled nitric oxide (FeNO) concen-
tration with opposite results. Some authors describe
a positive relationship between FeNO concentration
and BMI, concluding that FeNO may be a systemic
link between airway inflammation and obesity. Sep-
arate studies demonstrate a negative correlation be-
tween BMI and FeNO in patients with obesity-asso-
ciated asthma [5].

A diet rich in carbohydrates and saturated fatty
acids and low in fiber and antioxidants increases the
risk of obesity and respiratory symptoms [17]. Vita-
min D deficiency may also increase the risk of BA in
obese patients [18]. Dyslipidemia and insulin resist-
ance (IR) are associated with impaired forced vital
capacity of the lungs (FVC) and the severity of BA.
Insulin is a trophic stimulus for lower airway smooth
muscle cells; it promotes laminin production, which
increases airway hyperresponsiveness by stimulating
parasympathetic innervation, thereby contributing
to airway obstruction. High levels of total cholester-
ol and low-density lipoprotein are more common in
children with obesity-associated BA and are associ-
ated with impaired lung function [19]. However, the
exact mechanism by which dyslipidemia affects lung
function is not yet known.

Maternal obesity before and during pregnancy
also appears to play a role in the development of BA
in children later in life. In a study of the effect of
maternal diet on bronchial hyperresponsiveness in
adult offspring in a mouse model, it was found that
maternal diet during pregnancy, rich in saturated
fatty acids, plays a key role in the development of
airway hyperresponsiveness in the offspring [5].
The increased risk of allergic reactions in children
born to obese mothers appears to be due to exces-
sive synthesis of pro-inflammatory cytokines caused
by excess adipose tissue. Such changes are proba-
bly the result of long-term changes in the expres-
sion of miR-155 and miR-133b microRNAs [10]. In
addition, environmental factors play a role: various
studies show that air pollution and passive smoking
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are independent risk factors for the development of
both asthma and obesity in children [20]. Impaired
lung development and growth also play a role: obese
children have increased lung volume relative to air-
way diameter (“dysanapsia”), as reflected by a low-
er ratio of forced expiratory volume in 1 second to
forced vital capacity (FEV1/FVC), despite normal
FEV1 and FVC values. Dysanapsia is associated
with decreased airway patency, more frequent exac-
erbations of BA, and use of systemic glucocorticoids
in obese children [21].

Mechanical factors also play a role: obesity causes
significant changes in lung and chest mechanics that
cause asthma-like symptoms such as dyspnea, wheez-
ing and airway hyperresponsiveness. Excess fat mass
in the chest and abdomen reduces functional residual
lung capacity (FRLC) [17]. It is also associated with
decreased FVC and FEV1 [19-22]. Breathing with
reduced respiratory volume due to excess fat in the
thorax and abdomen leads to decreased lung volume,
causing alveolar hypoventilation and increased air-
way resistance. These phenomena, in turn, cause air-
way hyperresponsiveness, leads to increased respira-
tory rate and increased chest elasticity. Collectively,
all these changes lead to stiffness of airway smooth
muscle in obese individuals, which leads to a decrease
in bronchodilator effect [5].

In addition, the function of immune cells is also
altered: traditionally, BA and other atopic diseas-
es are thought to be associated with type 2 Th and
increased levels of IgE and eosinophils. In obesity,
the functions of adaptive and innate immune cells
are impaired. Some studies show suppression of Th2
function in obese patients, i.e., the immune response
shifts toward Th1 type [23]. Visceral inflammation
with increased numbers of pro-inflammatory mac-
rophages (M1) is also observed in patients with obe-
sity-associated asthma and may determine systemic
inflammation and the severity of BA [5]. In obese
patients, oxidative stress, cell necrosis products, and
excess free fatty acids lead to polarization toward the
M1 phenotype, while the number of anti-inflammato-
ry M2 macrophages decreases [24].
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Eosinophil function is also altered in obesity. While
the number of submucosal eosinophils is increased in
obese patients with BA, the number of eosinophils in
peripheral blood and sputum is not increased in obe-
sity. All these aspects may explain why current drugs
used in the therapy of BA, including corticosteroids,
leukotriene inhibitors, and biologics that affect Th2
response and eosinophils, are less effective in patients
with obesity-associated BA [19].

Adipose tissue mediators also play a role in the
pathogenesis of BA. Adipose tissue is an active endo-
crine organ that can influence the functions of other
organs, as well as a source of proinflammatory cy-
tokines, chemokines, and growth factors [5]. Obesity
is associated with increased production of inflamma-
tory cytokines (IL-6, IL-13 and TNF-alpha), leading
to low activity systemic inflammation and increased
risk of frequent exacerbations of BA [8, 19]. High cir-
culating IL-6 levels are associated with poor control
of BA, and inflammatory biomarkers such as C-re-
active protein (CRP) and fibrinogen are elevated in
patients with obesity-associated asthma compared to
patients with non-obese BA [5, 19].

In recent years, several cytokines produced by
adipose tissue, the so-called adipokines, have been
identified. Adipokines play a crucial role in energy
homeostasis as well as in inflammatory and immune
responses, supporting inflammation [24]. Leptin and
resistin are pro-inflammatory cytokines, while adi-
ponectin has anti-inflammatory properties. Leptin
levels are positively correlated with adipose tissue
mass, so it is considered one of the factors explaining
the association between obesity and BA. The most
important role of leptin is to suppress appetite by in-
hibiting the hypothalamic nuclei that stimulate hun-
ger and activating the nuclei that induce the feeling
of satiety. However, in obesity, patients develop leptin
resistance with decreased sensitivity to anorexinergic
stimuli. Leptin dysfunction leads to hyperphagia, rap-
id weight gain, and IR. Leptin stimulates neutrophil
activation and chemotaxis, oxygen radical release
and survival of macrophages, eosinophils, basophils
and natural killer cells. Leptin and IL-6 decrease
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the activity of regulatory T lymphocytes (Treg), re-
ducing immunologic tolerance to antigens, thereby
increasing the risk of developing allergies and other
immune-mediated diseases [25]. Adiponectin reduc-
es the risk of AD, independent of BMI [25]. In mac-
rophages, adiponectin promotes polarization of the
M2 phenotype, decreases TNF-alpha secretion and
enhances phagocytic activity. In addition, adiponec-
tin stimulates the release of IL-10, one of the major
anti-inflammatory cytokines that plays a key role in
regulating the immune response and increasing insu-
lin sensitivity. The role of resistin in the development
of BA in obesity remains unclear. Some studies have
found higher levels of resistin in patients with BA,
and correlation of its levels with worsening disease
control, while other authors have suggested that re-
sistin prevents the development of BA [25]. Thus,
adipokines play a key role in realizing the association
between obesity and changes in the immune response,
resulting in poorly expressed systemic inflammation
and decreased immune tolerance. Body weight reduc-
tion combined with lifestyle modification effectively
suppresses the level of serum markers of inflammation
and IR in obese children and adolescents, resulting in
improved BA control, lung function parameters and
quality of life of patients [5, 25].

OBESITY AND ALLERGIC RHINOCONJUNC-
TIVITIS . Several studies have investigated the rela-
tionship between obesity and AR and rhinoconjunc-
tivitis. A meta-analysis of 30 observational studies by
Zhou J. et al. (2020) found a statistically significant
association between obesity and the risk of AR in
children [26]. The authors suggested that this asso-
ciation may be due to a common inflammatory etiolo-
gy. Immunologic changes caused by obesity may lead
to decreased immunologic antigen tolerance, thereby
increasing the risk of developing AR. However, other
factors, such as vitamin D deficiency, may also con-
tribute to the association between obesity and AR:
obese patients with vitamin D deficiency appear to
have an increased risk of developing atopic diseases
[5]. A positive correlation was found between obesi-
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ty and atopic dermatitis and AR in adults, as well as
a positive correlation between increasing BMI and
the prevalence of AR and conjunctivitis, especially
among young women and children [5]. M. W. Han
et al. (2021) investigated the mechanisms by which
obesity can influence the severity of AR. The authors
analyzed the levels of leptin and inflammatory bio-
markers in serum and found that the level of TL-18,
a biomarker of active inflammation, was significantly
higher in patients with AR than without AR, as well
as in obese individuals than in the group of people
with normal body weight. Data analysis showed that
leptin levels were associated with increased IL-18
expression in children with AR. In multivariate anal-
ysis, elevated leptin level and high I1L.-18 expression
were found to be significant risk factors for the de-
velopment of moderate to severe persistent AR [27].

Also, recent studies suggest a role for leptin in the
development of AR in obese children. Leptin appears
to increase the expression of innate lymphoid cell
type 2 (ILC2), which may be involved in the develop-
ment of AR [28]. These results suggest that obesity is
asignificant risk factor for exacerbations and severity
of AR course. Allergic rhinitis is often a prerequisite
for the subsequent development of AD (the so-called
“atopic march”). Therefore, it becomes extremely im-
portant to control body weight to prevent the devel-
opment of AR and subsequent BA [28].

OBESITY AND CHRONIC POLYPOUS RHI-
NOSINUSITIS (CPRS). In recent years, several
studies have been published to evaluate the associa-
tion between obesity and CRPS. In a recent prospec-
tive population-based study conducted in Norway
(2013-2018) involving 5769 patients, the authors
found that the likelihood of developing CPRS was
53% higher in the obese group compared with the
normal weight group [29]. Thus, BMI seems to be an
important risk factor for the development of CPRS
and should be taken into account in therapy. In a
cross-sectional study by S. Nam et al. analyzed data
from 32,384 patients aged 19 to 86 years and found
that the prevalence of CPRS was higher in obese pa-
tients than in those with normal body weight [30].
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In patients with asthma, CPRS is associated with
increased eosinophilic airway inflammation and wors-
ening lung function as measured by spirometry. The
shared pathophysiology of CPRS and BA has impor-
tant implications for the therapy of these conditions
and provides a rationale for systemic therapy with
new biologic agents targeting common Th2 inflam-
matory processes, such as dupilumab and omalizum-

ab [31].

OBESITY AND ATD. A significant correlation was
found between high BMI and AtD in children. In
addition, obese children are significantly more like-
ly to have a severe course of the disease. There is
also evidence that prolonged obesity (more than 2.5
years) in early childhood is a modifiable risk factor
for childhood AtD, while short-term obesity does not
increase the risk of developing ATD. This suggests
that rapid reduction of body weight is an important
non-pharmacologic intervention for the prevention
and treatment of AtD in children [32]. Chronic slug-
gish inflammation caused by excess adipose tissue is
probably involved in the pathogenesis of AtD, and
increased leptin expression and decreased adiponec-
tin expression in obese patients may contribute to the
pathogenetic link between obesity and AtD [33, 34].
A. K. Jaworek et al. (2020), while evaluating the lev-
els of various adipokines in the blood of adult patients
with normal body weight, suffering from chronic AtD
since childhood, found increased levels of leptin and
decreased levels of adiponectin in patients with AtD
compared to healthy people. The level of adiponec-
tin was negatively correlated with the severity of the
disease [35]. However, the direct role of adipokines in
the pathogenesis of AtD is still not fully understood.
S. P. Bapat et al (2022) studied 2 mouse models of
AtD and found marked differences in the immune re-
sponse in lean and obese mice. Obesity transformed
the classic Th2-dependent inflammation, into a more
severe form of the disease with a predominance of
Th17 inflammation. The authors also observed a dif-
ferent response to biological therapies targeting Th2
cytokines, which protected lean mice but worsened
the condition in obese mice [36]. This may be impor-
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tant for the development of effective treatments for
children with obesity and allergic diseases.

Another mechanism that may explain the associa-
tion between obesity and AtD is related to changes in
lipid profile. A recent study by J. H. Kim et al. (2022)
showed that children with AtD had significantly high-
er levels of total cholesterol and triglycerides, and this
is associated with the AtD index (SCORAD) indicat-
ing the involvement of dyslipidemia in the pathogen-
esis of pediatric AtD [37]. It is also believed that me-
chanical factors such as skin maceration and stretch
marks, often observed in obese patients, may also
contribute to the development of AtD. Excess subcu-
taneous adipose tissue may adversely affect epidermal
barrier function, as obese children have significantly
higher rates of transepidermal water loss through the
skin than normal body weight [5]. This suggests that
obesity may exacerbate the course of AtD by compro-
mising the integrity of the skin barrier, thereby facili-
tating transdermal penetration of allergens, leading to
AtD. Further prospective cohort studies are needed
to confirm the association between AtD and obesity.

OBESITY AND FOOD ALLERGY. Various studies
show that obesity may contribute to the increase in
the prevalence of FA in children. In a study conduct-
ed by K. Hayashi et al. (2021) in Japan, an analysis of
data from 1,772 children revealed that in girls, excess
weight was statistically significantly associated with
FA (OR 1.99, p = 0.046), while in boys, no such asso-
ciation was found [38].

Dietary lipids can affect innate immune function
and antigen presentation to adaptive immune cells.
Lipids appear to alter the immunostimulatory prop-
erties of proteins and affect their absorption in the
intestine, thereby altering the bioavailability of aller-
gens [39]. A correlation has been found between CRP
and total IgE levels, atopy, and food hypersensitivity
[5]. This result suggests that the presence of low-
grade inflammation in obese children may contribute
to the development of FA. Some authors hypothesize
that damage to the gastrointestinal barrier caused
by a high-fat diet, hyperglycemia, and chronic sys-
temic low-grade inflammation may explain the link
between obesity and FA [40]. However, the patho-
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physiological mechanisms underlying this phenom-
enon have not yet been fully studied. L. Torres et al.
(2023), in a study of changes in the intestinal mucosa
in mice with alimentary obesity, found that they had
increased permeability and reduced numbers of in-
traepithelial Tregs, and after oral administration of
ovalbumin, tolerance did not develop, but a stronger
reaction to ovalbumin was observed [41]. In addition,
changes in the intestinal microbiota also play an im-
portant role in the development of obesity and FA.
Further prospective studies are needed to identify the
causal link between obesity and FA.

OBESITY AND CHRONIC URTICARIA. An Ital-
ian study analyzed the influence of various risk fac-
tors associated with CU and showed that the risk of
developing CU was statistically significantly higher
in obese patients. Chronic low-grade systemic inflam-
mation in obesity may reduce immunological toler-
ance to antigens, thereby increasing the risk of CU
[42]. There is evidence that central obesity is more
common in patients with CU and correlates signif-
icantly with levels of TNF-alpha, total serum IgE,
and eosinophil cationic protein [5]. However, further
research is needed to confirm these findings and the
possible link between obesity and the onset of CU.

CONCLUSIONS. Obesity is one of the risk factors
for developing allergic diseases and, at least in part,
is responsible for their recent increase. Disorders of
innate and acquired immunity in obese patients also
affect the development and severity of asthma. Polari-
zation of the immune response towards Th1 and Th17
and an increase in the number of pro-inflammatory
macrophages (M1) lead to an increase in the severity
of asthma and explain the low eftectiveness of basic
therapy in patients with obesity-associated asthma.
Excess body weight is associated with increased pro-
duction of inflammatory cytokines (IL-6, IL-13, and
TNF-alpha) and adipokines (leptin and resistin),
which leads to the formation of chronic systemic
inflammation and increases the risk of BA exacerba-
tions. However, the exact mechanism linking obesity
and other atopic diseases remains unclear. Vitamin D
deficiency appears to play a role in the development of
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AR, while dyslipidemia and skin barrier defects may  obesity and atopic diseases to clarify the role of adi-
explain the link between obesity and AtD. Therefore,  pose tissue in the development of allergic diseases for
further research is needed on the association between  the development of new therapeutic strategies.
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Abstract

Introduction. Bronchial asthma (BA) in combination with obesity is a complex phenotype, an important pathogenetic factor in
the formation of which is low-intensity systemic inflammation accompanied by the secretion of a spectrum of proinflammatory
cytokines, including interleukin-18 (IL-18). However, the effect of IL-18 on the formation of bronchial obstruction syndrome in
children and adolescents with BA obesity cannot be considered established.

Objective: to study the content of IL-18 in blood serum in children and adolescents with asthma and its relationship with the
body mass index of patients, taking into account obstructive disorders.

Materials and methods. A single-center observational cross-sectional pilot study was conducted. 85 patients with asthma aged from
8 to 17 years were examined. Anthropometric and spirometric parameters were measured, and serum 1L-18 levels were assessed. The
study participants were divided into 2 groups: 1 — patients with low and normal body weight, 2 — overweight and obese.

Results. A direct statistically significant correlation was established between the level of IL-18 in blood serum and zZBMI, R =
0.30, p = 0.008. In the general group and in patients with obstructive disorders, the level of IL-18 was statistically significantly
higher in group 2 compared with group 1, 247.0 [207.0; 334.5] against 208.0 [134.0; 293.0] pg/ml, p = 0.012 and 349.0 [176.0;
452.0] versus 212.0 [148.0; 250.0] pg/ml, p = 0.02, respectively. In the absence of obstructive disorders, the level of IL-18 was
comparable in children of these groups, 242.0 [194.5; 313.0] and 204.0 [134.0; 304.0] pg/ml, p = 0.282.

In patients of the second group and in the general group, the level of IL-18 was statistically significantly higher in the pres-
ence of obstructive disorders, 227.5 [171.0; 352.5] versus 223.0 [163.0; 307.0] pg/ml, p = 0.048 and 349.0 [176.0; 452.0] versus
242.0 [194.5; 313.0] pg/ml, p = 0.046.

Conclusion. In patients with asthma and overweight or obesity, the presence of bronchial obstruction is characterized by a statis-
tically significantly higher level of IL-18 in blood serum compared with patients without bronchial patency disorders. This may
indicate the inclusion of this interleukin in the genesis of bronchial obstruction in overweight and obese patients.
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Aunnorauus

AxryasnsHocTb. Bponxuanbhas actma (BA) B couetannu ¢ o;KupeHneM npeacTaBasierT cOO0M CI0KHBIN (PEHOTHUIL, BasKHBIM [1aTO-
reHeTHYeCKIM (hakTOpPOM (OPMUPOBAHNUST KOTOPOTO SIBJISIETCS HIBKOMHTEHCHBHOE CHCTEMHOE BOCIAJIEHIIE, COTIPOBOIK/IATOIIIEECST
ceKperell CreKTpa MPOBOCTATUTENbHBIX ITUTOKUHOB, BKIoyas natepiaerknd-18 (MJI-18). Oxnaxo Banguue NJI-18 va dop-
MUPOBaHUE CHHAPOMA GPOHXHMATBHON OGCTPYKIMMHU Y JIeTeli U MOAPOCTKOB ¢ BA 1 0KUPEHIEM HeJb3st CAUTATh YCTAHOBIEHHDIM.
exp nccneqoBanusi: n3yunts cozpep:kanve V1JI-18 B ceIBopoTke KpoBH y jieTell 1 MOAPOCTKOB ¢ BA 1 ero B3anMocBsI3b ¢ WHIEK-
COM MAcCChI TeJia TAIUEHTOB € Y4eTOM 0OCTPYKTUBHBIX HAPYIICHUH.

Marepuasst 1 MeToAbl. BblI0 IPOBeIeHO 0HOIIEHTPOBOE HAGJIIOATEIbHOE OTIEPEYHOE TIIOTHOE HccenoBatme. O6cienoBano
85 manmenTtos ¢ BA B Bo3pacte ot 8 10 17 jet. IIpoBenieno uamepemie aHTPOIOMETPHYECKIX U CIIMPOMETPUYECKIX TIOKa3aTesel,
orleHKa ypoBHs chiBopoTouHoro WMJI-18. YuacTHuku mccsefoBanns pasesenbl Ha 2 IPyHbl 1-9 — MaIrueHTsl ¢ MTOHKEHHOM
¥ HOPMAJTbHOW Maccoi Tera, 2-s1 — ¢ M36BITOUHON MaCCOM Tesla U OKUPEHUEM.

PesynbraTel. YcTaHOBJIeHA TPSIMAsT CTATUCTUYECKN 3HAYMMAsT KOPPEJIIIIMOHHAST B3aNMOCBSI3b Mesky ypoBHeM 1J1-18 B cbiBopoTke
kposu u zMMT, R = 0,30, p = 0,008. B o6uieii rpyiiie u y nai@enToB ¢ HaJimuueMm 0OCTPYKTUBHBIX Hapyiuenuii yposerb WJI-18 GbLt
CTaTUCTUYECKH 3HAUYMMO BbIIlIe B IpyIIe 2 1o cpaBHeHMIO ¢ rpymmoit 1, 247,0 [207,0; 334,5] nporus 208,0 [134,0; 293,0] rir/mu, p =
0,012 u 349,0 [176,0; 452,0] mportus 212,0 [148,0; 250,0] rir /M1, p = 0,02, coorBeTcTBeHHO. [IpH 0TCYTCTBUN OOCTPYKTHUBHBIX HAPYF
mennii ypoerb MJI-18 6b11 conoctaBuM y aereii qannbix rpymi, 242,0 [194,5; 313,0] u 204,0 [ 134,0; 304,0] ir/mu, p = 0,282.

V nanueHToB BTOPOIi Ipy bl 1 B 061ei rpyiiie yposehb JI-18 6bLI cTaTHCTHYECKN 3HAUMMO BbIIIE TIPH HAJIUYUK 00CTPYKTUB-
HBIX Hapytrenwii, 227,5 [171,0; 352,5] mporus 223,0 [163,0; 307,0] nir/mu1, p = 0,048 1 349,0 [176,0; 452,0] mpoTtus 242,0 [194,5;
313,0] it /M, p = 0,046.

BoiBoapl. Y naiuenTos ¢ BA u u3GpITouHOI Maccoii Tesia WK OKMpeHreM Hajinuue OPOHXUANIbHOM 00CTPYKIMK XapaKTepU3yeT-
Cs1 CTATHCTHYECKH 3HAYMMO OoJiee BBICOKHM ypoBHeM VJI-18 B cbIBOPOTKE KPOBHU 110 CPABHEHUIO C TTAIIMEHTAMH, HE HMEIOTIIMI
HapyieHuii GPOHXUATBLHON MPOXOIMMOCTU. DTO MOKET CBUIETENHCTBOBATH O BKJIIOYECHUH JAHHOTO HHTEPJICHKIHA B rene3 GpoH-
XUAIBHOW OOCTPYKIINH Y HAIMEHTOB ¢ U30BITOYHOI MACCON TeJIa U OKMPEHIEM.

KiroueBsbie ciroBa: GpoHXHATbHAS ACTMA, OKUPEHIE, CITIPOMETPHsI, HHTepIeiikuH-18, netn

Koundukr unrepecos:
ABTOD 3astBJIsieT 00 OTCYTCTBUM KOH(IIUKTA UHTEPECOB.

st muruposanus: Xpamosa P. H. BaanMocssiab ypoBHst cbiBopoTounoro NJI-18 ¢ nHmeKcoM MacChl TeJia, HaTHIueM 00CTPYKTUBHBIX
HapyILeHWii y ieTell 1 II0APOCTKOB ¢ GPOHXUANBHON acTMOI. Aiepzonozus u ummynonozus ¢ neduampuu. 2025; 23 (2): 50-56. https://
doi.org/10.53529/2500-1175-2025-2-50-56

INTRODUCTION of therapy aimed at relieving T2-dependent inflam-

Bronchial asthma (BA) combined with obesity = mation [1]. It is assumed that the cause of the torpid
is a complex phenotype, an important pathogenetic ~ course of BA associated with obesity is low-intensity
factor in the formation of which is low-intensity sys-  systemic inflammation generated by excess adipose
temic inflammation induced by excess adipose tissue,  tissue [3]. Adipocytes and macrophages in adipose
accompanied by the secretion of a spectrum of proin-  tissue secrete various proinflammatory cytokines, in-
flammatory cytokines, including interleukin-18 (IL-  cluding interleukin-18 (IL-18), which may potential-
18) [1, 2]. This disease phenotype is characterized ly affect the pathogenesis of the “asthma and obesity”
by reduced disease control and insufficient efficacy ~ phenotype [4].

o1




ANNEPFONOTNA M MMMYHONOT A B MEAVMATPUIA, N2 2, nioHb 2025

ALLERGOLOGY and IMMUNOLOGY in PEDIATRICS, N2 2, june 2025

OpuruHanbHas ctates / Original article

The role of IL-18 in the pathogenesis of the BA
phenotype combined with obesity is currently under
debate. Studies by Zhang H. et al., Wong C. K. et al.,
and Tanaka H. et al. have demonstrated a relationship
between the course of BA and serum IL-18 levels in
adult patients [5—7]. Studies by C. Jung et al. have
shown an increase in I1L-18 levels in obese children
[8]. It has also been found that IL-18 levels rise in
people with metabolic syndrome [9]. However, stud-
ies of IL-18 levels in patients with combined asthma
and obesity are few and far between and only concern
adult patients [10]. Thus, at present, the influence of
IL-18 on the development of bronchial obstruction
syndrome in children and adolescents with the “asth-

ma and obesity” phenotype cannot be considered es-
tablished.

STUDY OBJECTIVE: to study the content of IL-18
in the blood serum of children and adolescents with
bronchial asthma and its relationship with the pa-
tients' body mass index and the presence of obstruc-
tive disorders.

MATERIALS AND METHODS

Study design

A single-center observational cross-sectional
study was conducted.

Terms and conditions of the study

The study was conducted at Children's City Clin-
ical Hospital No. 1 in Nizhny Novgorod, Russia, in
2021-2024.

Study participants

The study included patients with atopic asthma
aged 8 to 17 years who were receiving treatment for
this disease. Family history related to atopy (asthma,
allergic rhinitis, conjunctivitis, atopic dermatitis, ur-
ticaria) was assessed. Sensitization to major airborne
allergens (house dust mite, cat, dog, and pollen aller-
gens) was investigated using in vivo (prick tests) or
in vitro (specific IgE determination) methods.

The criteria for inclusion in the study were:

1. diagnosis of BA established in accordance with
applicable international consensus documents
(GINA, 2016—-2021),

2. patients’ age from 8 to 17 years.

The criteria for exclusion were:

1. patients with BMI higher than +2.5Z,

2. presence of acute infectious diseases and fever,
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3. presence of diabetes mellitus, autoimmune
disorders, primary immunodeficiencies, on-
cological diseases, atopic dermatitis, parasitic
diseases,

4. severe course of BA [1],

5. systemic use of glucocorticoids,

6. use of nonsteroidal anti-inflammatory drugs,

ACE inhibitors, drugs used to treat epilepsy.

Data sources

Anthropometric indicators

All patients were assessed for basic anthropomet-
ric parameters. All measurements were taken without
shoes, outer clothing, or headwear. Anthropometric
parameters (height, body weight, and BMI) were as-
sessed using tables developed by the WHO, consider-
ing the patients' gender and age. (https://www.who.
int/tools/child-growth-standards).

BMI calculation: BMI = body weight (kg) /
height (m)2

Based on BMI assessment data in this study, chil-
dren were divided into two groups:

Group 1 — underweight and normal weight (BMI
values from =27 to +17),

Group 2 — excessive body weight and obesity
(BMI values above +1Z7),

Spirometry

Spirometry tests were performed using a Mas-
tercreen pneumospirometer (Jaeger, Germany). The
following parameters were evaluated when analyzing
spirometry data:

FVC (1) — forced vital capacity, reflects lung volume;

FEV, (L/s) — forced expiratory volume in 1 second;

FEV,/FVC — an index that is the main parameter
of spirometry for diagnosing obstructive disorders.

Spirometry data were measured in absolute values
and the FEV,/FVC ratio was calculated.

The FEV,/FVC z-score was used to diagnose ob-
structive disorders, with z-score values < —1,645 [11].

In addition,z FVC,zFEV,and z FEV,/FVC c were
calculated using the Global Initiative for Chronic
Obstructive Lung Disease calculator (http://gli-cal-
culator.ersnet.org/index.html), developed with the
support of the European Respiratory Society (ERS,
https://www.ersnet.org).

IL-18 determination
Serum interleukin levels were determined using
Interleukin-18-1FA-Best test systems manufactured
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Table 1. Clinical characteristics of patients, spirometric parameters (authors’ table)
Tabnuua 1. KnnHuyeckasi xapakTepmcTuka naumeHToB, CMpoMeTpryYeckue napameTpbl (Tabsn. aBTopa)

Underweight and normal weight

Excess body weight and

Parameters (N = 50) obesity (N = 35) Value p
Age, years 13,5[10,0; 15,0] 13,0 [11,0; 16,0] 0,865
Boys, n =66 76,0% (38/50) 80,0% (28/35) 0,669
z Height 0,30[-0,45;0,97] 1,21[0,58; 1,84] <0,001
z BMI -0,09 [-0,43; 0,53] 1,40[1,22; 1,92] <0,001
GS %, % 18,18+7,83 27,26+8,15 <0,001
zFVC 0,96+1,26 1,44+1,01 0,032
z FEV1/FVC —1,14%1,41 -1,56+0,95 0,075
IL-18, pg/ml 208,0[134,0; 293,0] 251,0[207,0; 346,0] 0,012

by Vector-Best JSC. Russia, on the ALISEI-QS auto-
mated immunoassay analyzer, RADIM GROUP, Italy.
The sensitivity of serum IL-18 detection was 0.5 pg/
ml, with a range of 0-800 pg/ml.

Statistical analysis

Statistical analysis was performed using Stat-
graphics Centurion v.16. Quantitative indicators
were assessed for compliance with normal distribu-
tion using the Shapiro-Wilk test (for fewer than 50
subjects) or the Kolmogorov-Smirnov test (for more
than 50 subjects), as well as asymmetry and excess
indicators. The data are presented as Me [Q;; Qs],
where Me is the median, [Q;; Q3] is the 1 and 3™
quartiles in the case of abnormal distribution of val-
ues, and as M+o, where M is the mean value, o is the
standard deviation in the case of normal distribu-
tion. The Mann-Whitney test was used to compare
quantitative variables in two independent groups.
Differences between two dependent groups were
determined using the Wilcoxon W test. Correlation
analysis was performed for normally distributed var-
iables using Pearson's correlation coefficient, and for
non-normally distributed variables using Spearman's
rank correlation coeflicient. Categorical data were de-
scribed using absolute values and percentages. Dif-
ferences were assessed using Pearson's y? test. If the

number of expected observations in any of the cells
of the four-field table was less than 10, Fisher's exact
test was used to assess the significance level of the
differences. Differences were considered statistically
significant at p < 0.05.

The study was a pilot study, so no sample size cal-
culation was performed. Only patients who had no
gaps in the data from previous studies were included
in the study.

RESULTS

Patients with “low/normal body weight” and
“overweight/obesity” were comparable in terms of
gender and age (Table 1). The parameters z Height
and z BMI were statistically significantly higher in
patients who were overweight and /or obese, p < 0.05.
z FEV1 values were statistically significantly higher,
p=0.032,and z FEV1/ FEV1 ratios were lower in the
group of patients who were overweight and obese; the
differences were of a trend nature, p = 0.075. Serum
IL-18 levels were statistically significantly higher in
the group of patients with overweight and obesity,
p = 0.012, with individual values not exceeding the
threshold values (800 pg/ml).

In study participants with low and normal body
weight, serum IL-18 levels did not differ significantly
(p = 0.898) between patients with and without ob-

Table 2. IL-18 level of study participants, depending on the presence or absence of obstructive disorders (authors’

table)

Tabnunua 2. YpoBeHb UJ1-18 y4acTHUKOB UCCIEA0BaHUS B 3aBUCMMOCTY OT HAJIMYUS UIIN OTCYTCTBUS OOCTPYKTUBHBIX HAPY-

LeHui (Tabn. aBTopa)

All (n = 85)

Underweight and normal
weight (N = 50)

Excess body weight and
obesity (N = 35)

All (N = 85)

Value p

208,0[134,0; 293,0]

247,0 [207,0; 334,5]

223,0[164,0; 311,0]
0,012

Without obstructive
disorders (n = 36)

204,0[134,0; 304,0]

242,0[194,5; 313,0]

223,0[163,0; 307,0]
0,282

With obstructive

disorders (n = 49) VIR
212,0[148,0; 250,0] 0,898
349,0[176,0; 452,0] 0,046
227,5[171,0; 352,5] 0,048

0,021
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Table 3. Correlations between the level of IL-18 and z BMI. The data is presented in the form of R, p (authors’ table)
Tabnuua 3. KoppensiuMoHHble B3auMocBa3n mexay yposHem UJ1-18 u z UMT. JaHHble npeacTaBneHsbl B Buae R, p (tadn.

aBsTopa)
_ Underweight and normal Excess body weight and
Parameters All (N =85) weight (N = 50) obesity (N = 35)
3,4+ 1,4} 2,61
e/
24 N 4 e . i s
Y L ]
0,4 *"e 2+
1.4 - LX [
= Lot — o 3t
2 BMI 2o "06 -//E. ¢ “a
° [
[ ]
0,6 1,1 : 2 11+ e
’ ° ..
-1,6 L 1 1 1 N N 1 -1 vG CL 1 L L 1 1 L 0,8 H , .I i i i L
0 100 200 300 400 500 600 0 100 200 300 400 500 600 0 100 200 300 400 500 600
un-18 un-18 un-18
0,32; 0,004 0,09; 0,545 0,34; 0,047

structive disorders (Table 2). In the overweight and
obese group, IL-18 levels were statistically signifi-
cantly higher in patients with obstructive disorders
than in patients without them, p = 0.046.

In patients without bronchial obstruction, IL-
18 levels were comparable in patients with different
body weights. In patients with obstructive disorders,
IL-18 levels were higher in the group of overweight
and obese patients, p = 0.021.

Positive correlations were found between 1L-18
and z BMI in the general group and in the group of
participants who were overweight and obese, R =
0.32, p=0.004, R = 0.34, p = 0.047, respectively. No
such correlations were found in the group with low
and normal body weight.

DISCUSSION

This study is the first to examine the serum IL-18
content in children and adolescents with asthma and
its correlation with the patients' body mass index and
the presence of obstructive disorders. The statistical-
ly significant higher serum IL-18 levels in patients
with asthma combined with overweight and obesity,
compared to patients with asthma who are under-
weight or of normal weight (251.0 [207.0; 346.0] pg/
mL versus 208.0 [134.0; 293.0] pg/mL, p = 0.012) is
likely to reflect systemic low-intensity inflammation
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generated by excess adipose tissue. This is confirmed
by the presence of a statistically significant direct
correlation between serum IL-18 levels and z BMI,
which was R = 0.32, p = 0.004 in the general group
and R = 0.34, p = 0.047 in the overweight and obese
group. Elevated 1L-18 levels were noted in the work
of M. Bantula et al. [10], which is consistent with our
data.

The level of IL-18 depended on the presence or ab-
sence of obstructive disorders, which were diagnosed
using spirometry, namely, a z-score of FEV1/FVC less
than —1.645.

In patients with obstructive disorders, IL-18 lev-
els were statistically significantly higher in the group
of overweight and obese children. In the absence of
obstructive disorders in patients, no statistically sig-
nificant differences in IL-18 levels were found in chil-
dren with low/normal body weight and in children
who were overweight or obese. This may indicate
the effect of non-T2-dependent inflammatory mech-
anisms on the formation of an obstructive pattern in
overweight and obese children. We found no litera-
ture data on the role of IL-18 and its connection with
lung function in asthma combined with excessive
body mass and obesity in children. However, several
studies suggest that in adult patients, IL-18 may be
the basis for lowerFEV1 [12, 13].
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CONCLUSION of bronchial obstruction. This may indicate the in-

Thus, patients with asthma and overweight or  volvement of this interleukin in the pathogenesis of

obesity, but not patients with low or normal body  bronchial obstruction in patients who are overweight
weight, have higher levels of IL-18 in the presence  or obese.
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A clinical case of community-acquired pneumonia of mycoplasmic etiology
complicated by spontaneous mediastinal emphysema in a child with bron-
chial asthma
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Abstract

Introduction. In the period from October to December 2024, there was an increase in cases of community-acquired pneumonia in
children caused by Mycoplasma pneumoniae in the Republic of Bashkortostan, which has important epidemiological and clinical
consequences. Mycoplasma infections have a cyclical pattern of epidemics, frequent outbreaks in organized groups, and a significant
seasonal pattern, which makes children particularly vulnerable. In children with bronchial asthma, mycoplasma infection can worsen
the course of the disease, contributing to bronchial hyperreactivity and complications such as spontaneous mediastinal emphysema.
Objective. The aim is to perform a clinical and pathogenetic analysis of the course of community-acquired pneumonia caused by
Muycoplasma pneumoniae in a child with bronchial asthma complicated by spontaneous mediastinal emphysema.

Presentation of the clinical case. The case of a 15-year-old boy with bronchial asthma and polyvalent sensitization, who de-
veloped community-acquired pneumonia of mycoplasmic etiology with a complication in the form of spontaneous mediastinal
emphysema, is presented. The clinical picture of the disease included a dry cough, chest pain, difficulty breathing, and fever. The
laboratory confirmed the diagnosis of mycoplasma pneumonia with a positive PCR result for Mycoplasma pneumoniae. X-ray
examination revealed signs of inflammation and emphysema. Complex therapy included antibiotics, anti-inflammatory drugs and
inhalation therapy, which contributed to the positive dynamics and improvement of the patient’s condition.

Conclusion. The presented clinical case illustrates the specific course of community-acquired pneumonia of Mycoplasma etiology
in a child with bronchial asthma complicated by spontaneous mediastinal emphysema. The combination of chronic airway in-
flammation and atypical bacterial infection contributed to the development of a severe complication. Timely diagnosis, including
pathogen identification, comprehensive antibacterial and anti-inflammatory therapy, as well as maintenance of baseline asthma
treatment, ensured a favorable clinical outcome and prevented adverse events.
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AnHOTanusa

Beenenue. B nepuon ¢ oktsabps no aekaGpb 2024 roga B PecniyGimke Bamkoprocran HabIo4aioch yBeJInYeHHe Caydaes
BHEOOJIBHUYHOI TTHEBMOHMK Y jieTeil, BbI3BaHHOU Mycoplasma pneumoniae, 9T0 WMeeT BaXKHBIE HIHIEMHOJOTNYECKUE
7 KIMHAYECKIE TIOCAEICTBISA. MUKOTIa3MeHHbIe UH(MEKITNT 001a1aI0T ITHKIMIHOCTBIO ATTHICMUH, 9aCTBIMHU BCIIBITIIKAMHU B OpPTa#H
HU30BaHHbBIX KOJJIEKTUBAX U 3HAUMTEJIbHBIM CE30HHBIM XapaKTePOM, UTO JIEJIaeT AeTeli 0COGEHHO ysA3BUMbBIMU. Y jieTeii ¢ GPOHXUH
aJIbHOIT aCTMON MUKOIIa3MeHHast MH(EKIIUST MOKET yCyryOuTh Tederne 3a60J1eBaHus, CriocoOCTBYS OPOHXUAIBHON IuIieppeaxt
TUBHOCTH U OCJIO’KHEHUSIM, TAKMM KaK CIIOHTaHHAas aM(pu3eMa CpeioCTeHUSI.

Ilenb. KianHMKO-TIaTOTEHETUUYECKUIT aHAMM3 TeuyeHus] BHEOOJbHUYHON ITHEBMOHWM, BbI3BAaHHOW Mycoplasma pneumoniae,
y pebeHka ¢ OPOHXHMAIbHOI ACTMO, OCIOKHEHHOIN CIIOHTaHHON HM(DU3EMOIi CpelOCTeHUs.

H3105KeH1e KIMHAYECKOro ciyyvast. [Ipeacrasien ciydail 15-j1eTHero Majibunka ¢ OpOHXHMAIbHOI aCTMOM, OJIMBAJIEHTHON CEeHA|
cubumsalei, y KOToporo pasBujiach BHeOOJbHUUHAST THEBMOHUS MUKOILIA3MEHHON 9THOJIOIUH € OCJIOKHEHUEM B BUJIE CIIOHA
TaHHOiT aMpuseMbl cpepocterns. KinHuueckas kapTuHa 3a00seBaHis BKIIOUaIa CyXoi Kalesb, 60Jb B TPY/IM, 3aTPyAHEHHOE
JIbIXaHue ¥ TIOBBIINIEHHYIO TemIieparypy Tea. JIabopaTopHO MOATBEPAMIICS AUATHO3 MUKOIIA3MEHHON THEBMOHUU C HOJIOKUE
TesbHbIM pesysbratom TP wa Mycoplasma pneumoniae. Tlpy peHTTEHONOIMYECKOM UCC/AE0BAaHIMKM OOHAPYKEHbBI MPUSHAKK
BocraieHus u sMmpusembl. KoMiuiekcHas Tepanus BKIoYana aHTHOMOTUKY, TIPOTHBOBOCIIAIUTEbHBIE IIPENapaThl U WHIAJISIIUE
OHHYIO TEPAIHIO, UTO CIIOCOOCTBOBAJIO MOJMOKUTENBHON ANHAMUKE U YITYUIICHUIO COCTOSTHUS TIAI[EHTA.

3axmouenue. [IpejcraBieHHbIA KIMHUYECKHIT CIydall MITIOCTPUPYET 0COOEHHOCTH TeUeHUs] BHEOOJbHUUHOI THEBMOHUY M€
KOIIJIa3MEHHO#1 9THoJI0THH y peGeHKa ¢ GPOHXUANBHON aCTMOM, OCJIOKHEHHOIT CIIOHTaHHOI aMbusemoit cpenocterus. Couetanue
XPOHMUYECKOTO BOCIANUTENLHOTO 3a00I€BAHUS JbIXaTeIbHBIX IyTeil 1 aTUNINYHOM GakTepraibHON WHMEKIN CrIoco6CTBOBATIO
hopMHpOBaHHUIO TsKETOr0 ocokHeHus. CBOEBPEMEHHAs IMArHOCTHKA, BKIIOYas BepUDHUKAIMIO BO3OYANTEs, KOMILIEKCHAS
aHTHbOaKTepUaIbHAs U IPOTUBOBOCIIA/IMTE/IbHAS TEPATINs, a TAKKe TI0//IepsKaHie 6aziCHOTO JIiedeH st aCTMbI 00ecieunIn 110106
JKUTETLHYIO KIMHUIECKYIO ANHAMUKY U TTPEOTBPAIeHIe HeOIarompusiTHBIX HCXO/I0B.

Kimouessie coBa: Oponxuaibias actMa, Mycoplasma pneumoniae, ciontannasi sMpu3eMa CpeloCTeH s, IeTH

Koundmkr unrepecos:
ABTOPBI IEKJIAPUPYIOT OTCYTCTBHE SIBHBIX U OTEHIIMAIBHBIX KOHMIMKTOB HHTEPECOB, CBS3AHHBIX ¢ MyOINKAIel HACTOAIIEH CTAThH.

s wuruposanus: Daiizynmna P. M., Yepnbimosa A. E., Tadyposa P. P, Tony6sraukos B. B. Knuanueckuii crydail BHeGOIbHUYHON
[THEBMOHUY MUKOILJIA3MEHHOI1 9THOJIOTU Y, OCJIOKHEHHOI CIIOHTAaHHOU aM(pU3eMOil cpeocTeHus y pedeHKa ¢ OPOHXMATbHON aCTMOI.
Annepzonozus u ummynonozus 6 neduampuu. 2025; 23 (2): 57—64. https://doi.org/10.53529,/2500-1175-2025-2-57-64
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INTRODUCTION

Between October and December 2024, the Repub-
lic of Bashkortostan saw an increase in the incidence
of community-acquired pneumonia among children
and adolescents caused by the atypical pathogen My-
coplasma pneumoniae. Mycoplasma infections are
characterized by epidemic outbreaks with a cycle of
3-7 years, spreading across large regions and individ-
ual countries [1].

Mycoplasma pneumoniae is transmitted by air-
borne droplets, but due to its low survival rate in
the external environment, infection is only possible
through close contact with patients who have clini-
cally pronounced or subclinical forms of the disease.
This determines one of the key epidemiological fea-
tures of respiratory mycoplasmosis — the spread of
infection in organized groups, especially in closed
institutions (boarding schools, orphanages) [2]. The
incidence of the disease is highly seasonal, peaking in
the fall and winter, which contributes to the active
spread of infection among children attending educa-
tional institutions. During this period, Mycoplasma
pneumoniae becomes the leading etiological agent of
community-acquired pneumonia in schoolchildren,
being detected in 40—-60% of cases, and in closed
communities this figure can reach 70% [3, 4]. The
transmission of Mycoplasma pneumoniae is slow —
the incubation period is 1-3 weeks, and in some cas-
es reaches 4 weeks. In addition to organized groups,
there are also cases of infection within families, which
is due to close domestic contact. However, unlike oth-
er respiratory infections, the spread of Mycoplasma
pneumoniae within families is slow. [5].

The clinical manifestations of mycoplasma in-
fection vary from asymptomatic to severe forms.
Mycoplasma pneumoniae often causes atypical com-
munity-acquired pneumonia, which can be severe in
children. The infection also plays a significant role in
the pathogenesis of bronchial asthma, provoking its
exacerbations and increasing the risk of complica-
tions. [6, 7].

In bronchial asthma, mycoplasma infection exac-
erbates chronic inflammation of the respiratory tract,
induces bronchial hyperreactivity, suppresses y-inter-
feron production, and disrupts mucociliary clearance.
This creates favorable conditions for the persistence of
the pathogen and the progression of the disease. [8, 9].

In addition to damaging the bronchial tree, My-
coplasma pneumoniae has a pronounced effect on the

59

interstitial tissue of the lungs. Activation of innate
and adaptive immunity is accompanied by the release
of pro-inflammatory cytokines (IL-1, IL-6, TNF-«)
and chemokines, which contributes to the intensifica-
tion of the inflammatory process, increased vascular
permeability, the development of edema, and cellular
infiltration. Prolonged inflammation can stimulate
fibroblast activity, increasing the risk of pulmonary
fibrosis [10].

In patients with bronchial asthma, mycoplasma
infection can lead to the development of subcutane-
ous emphysema, which is associated with structural
changes in lung tissue. Rupture of the alveoli with
subsequent migration of air into the interstitial space
may be caused by inflammatory damage to the alveo-
lar walls, barotrauma due to intense coughing, or de-
struction of the bronchial epithelium by an infectious
agent. The combination of these factors exacerbates
respiratory failure and reduces the effectiveness of
supportive therapy. [11].

Thus, Mycoplasma pneumoniae in children with
bronchial asthma contributes to the intensification
of inflammatory processes in the lungs, disruption of
the integrity of the alveolar-capillary membrane, and
an increased risk of subcutaneous emphysema. This
underscores the need for early diagnosis and a com-
prehensive approach to treatment.

OBJECTIVE: present a clinical case of communi-
ty-acquired pneumonia of mycoplasmal etiology in
a child with bronchial asthma complicated by spon-
taneous mediastinal emphysema, with an analysis of
pathogenetic aspects, the effect of Mycoplasma pneu-
moniae on the course of respiratory pathology, and
factors contributing to the development of compli-
cations.

CLINICAL CASE DESCRIPTION

The patient is a boy, born in 2010 (15 years old),
delivered by an ambulance team to the emergency
room of the city children's clinical hospital (CCCH,
hereinafter referred to as the Clinic) in Ufa with the
following referral diagnosis: "Community-acquired
right-sided pneumonia, acute course, mild, uncompli-
cated, RF I. Bronchial asthma, allergic form, moder-
ate severity, moderate exacerbation. Polyvalent sensi-
tization (pollen, household, fungal),” with complaints
of frequent, persistent, unproductive dry cough; sore
throat and hoarseness; pain in the neck and chest,
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worsening when breathing in and coughing; difficulty
breathing during physical exertion; increased fatigue
and body temperature up to 39 °C.

MEDICAL HISTORY. The child was born from the
second pregnancy, which proceeded against the back-
ground of a threat of termination in the first trimester.
The delivery was urgent, second, independent, with-
out complications. Birth weight was 3400 g, length
was 52 cm, Apgar score was 8/9 points. Breastfed
for the first 6 months, then gradually transitioned
to mixed feeding. Complementary foods were intro-
duced on time, and tolerance of foods was satisfactory.

In early childhood, episodes of atopic dermatitis
were noted. There is a family history of allergic dis-
eases: the mother has hay fever. Living conditions are
satisfactory: lives in a city apartment, no pets. Vacci-
nations were administered according to an individ-
ual schedule based on age and medical indications.
Influenza vaccination was not administered due to
parental refusal. Vaccination with Prevenar 13 was
not administered. Since the age of 13, the child has
been registered with a clinic with a diagnosis of bron-
chial asthma. At the time of admission to the hospital,
he received anti-inflammatory therapy with a combi-
nation drug containing inhaled glucocorticosteroids
and long-acting 2-agonists (IGCS/LABA) — flutica-
sone propionate/salmeterol at a dose of 125/25 mcg/
dose per inhalation in the form of a metered dose in-
haler as needed.

DISEASE HUSTORY. The child fell ill seven days
ago. The illness began with a rise in body tempera-
ture to 37.3—37.5°C, a runny nose, sore throat, and
headache. On the third day of the illness, a dry, per-
sistent cough, difficulty breathing, and slight hoarse-
ness appeared. Over the next two days, the condition
worsened: dull chest pains appeared, intensifying
with inhalation and coughing, radiating to the arm-
pit area, and breathing difficulties increased, which
led to a visit to a medical facility. On an outpatient
basis, without consulting a pediatrician, the mother
administered antiviral, inhalation, and symptomatic
therapy, but no positive dynamics were observed with
this treatment. On the seventh day after the onset of
the disease, the patient was examined by a pediatri-
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cian at his place of residence. Given the epidemiolog-
ical history and worsening symptoms, it was decided
to refer the patient for inpatient treatment for further
examination and to prescribe the necessary therapy.

The epidemiological history shows that the pa-
tient has a younger sister, aged 6, who attends kin-
dergarten. Three weeks ago, she had mycoplasma
pneumonia, which was confirmed by laboratory tests:
Mycoplasma pneumoniae was detected in a throat
swab using PCR. In addition, the sister underwent
serological testing (ELISA), the results of which con-
firmed the presence of specific antibodies to Myco-
plasma pneumoniae. Cases of infection among other
children have been reported at the childcare facility
she attends.

The child had no injuries or bruises.

CLINICAL DATA. On admission: height—168 cm,
body weight—51 kg (BMI 18.07). Body tempera-
ture—37.8 °C, respiratory rate—24 per minute, heart
rate—102 beats per minute, blood pressure — 106 /62
mm Hg, SpO2 — 95%. General condition upon ad-
mission — moderate severity. The child is active.
Skin is pale, warm, with slight periorbital and peri-
oral cyanosis, which intensifies with coughing and
physical exertion. Nasal breathing is difficult, with
mucous-serous discharge. The pharynx is moderately
hyperemic, tonsils are loose and clean. Nasal breath-
ing is free. The chest participates evenly in the act of
breathing. Shortness of breath is expiratory in nature.
Palpation above the jugular notch and in the subcla-
vian areas reveals an area of subcutaneous emphy-
sema (up to 60 cm?). Palpation of the chest reveals
slight tenderness and a slight feeling of tension in the
neck. Percussion over all lung fields reveals a boxy
percussion sound, with shortening noted on the right.
Breathing is stiff, with prolonged exhalation, dry rales
are heard, scattered throughout all lung fields, weak-
ened in the lower right sections, where small-bubble
wet rales and crepitus are also heard. Auscultation of
the patient reveals a positive Hammann's sign (crep-
itus in the precordial region, synchronous with heart
contractions, intensifying on inspiration in the supine
position). Heart sounds are rhythmic, slightly muf-
fled. The abdomen is soft and painless. Stool is formed
and regular.
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Laboratory test results: complete blood count at
the time of hospitalization: leukocytosis with a left
shift in the leukocyte formula (WBC 12.7 x 109/L,
NEUT 59% (eosinophils 52%, neutrophils 7%), in-
creased ESR (24 g/L). In the general urine analysis,
coprogram, biochemical blood analysis, and coagulo-
gram — no pathology.

Increase in CRP levels: 13 mg/1, PCT: 0,024 ng/ml.

Overview X-ray of the chest (frontal and lateral
projection): moderate reduction in lung field trans-
parency, small focal shadows in the lower right lung
field. Lung pattern is enhanced due to vascular-inter-
stitial component, enriched. Lung roots are densified.
The median shadow is not displaced, the contours are
clear and even. The heart is not enlarged in cross-sec-
tion. The domes of the diaphragm are clear and even.
The sinuses are free, with thickening of the transverse
interlobar fissure on the right.

Based on the complaints, medical history, and ob-
jective data, spontaneous mediastinal emphysema
was suspected. A CT scan of the chest was performed.
Conclusion: multiple areas of air were found in the
neck, subclavian regions, and mediastinum. The
lungs are airy, adjacent to the chest, and the density
of the pulmonary parenchyma is 1003 Hu. The pul-
monary pattern is enhanced, the roots of the lungs
are not enlarged, and the bronchi are traceable to
the subsegmental level. Linear accumulations of air
(McLean's effect) are detected in the perivascular
and peribronchial connective tissue, located mainly
in the root zone. The pleura is unchanged, there are
no signs of fluid accumulation in the pleural cavity.
The lung fields are symmetrical, with inflammatory
infiltration of the lung tissue measuring 27*17 mm in
S4 of the right lung.

When conducting an external respiration test
(FER) with a bronchodilation test (salbutamol 200
mg), the following results were obtained: initial
FEV,— 73%, FVC, — 84% of the expected values,
bronchodilation test positive (+18%) according to
FEV)).

Severe obstructive impairment of lung ventilation
capacity.

Electrocardiography (ECG): rhythm with a heart
rate of 122—130 beats per minute, vertical position
of the electrical axis of the heart. To clarify the possi-
ble etiological nature of community-acquired pneu-

monia, the patient underwent molecular diagnostics
using PCR of the nasopharyngeal and oropharyn-
geal mucosa: positive for Mycoplasma pneumoniae;
C. pneumoniae, RS virus, parainfluenza virus types
1—4, metapneumoviruses, coronavirus, adenoviruses,
bocavirus, rhinovirus — negative.

Bacteriological sputum culture for flora with de-
termination of sensitivity to major antibiotics: Strep-
tococcus pneumoniae growth obtained: 1*10° CFU/
ml. Sensitive to: amoxiclav (amoxicillin/clavulanic
acid), norfloxacin, imipenem, cefepime, cefoxitin,
ceftazidime, linezolid, erythromycin, clarithromycin.

ELISA blood test to detect antibodies to Myco-
plasma pneumoniae: IgM detected, IgG not detected.

Based on the combination of epidemiological his-
tory, clinical and laboratory-instrumental data, the
child was given a clinical diagnosis:

Primary: community-acquired segmental (S4)
right-sided pneumonia, acute course, mild, compli-
cated, RF I.

Concomitant: bronchial asthma, allergic form,
moderate severity, moderate exacerbation, partially
controlled course. Polyvalent sensitization (pollen,
household, fungal).

Complications: spontaneous mediastinal emphy-
sema (pneumomediastinum), subcutaneous emphyse-
ma. Based on the diagnosis and identified pathogens,
the child was prescribed comprehensive therapy, in-
cluding antibacterial, anti-inflammatory, bronchodi-
lator, and symptomatic treatment. A combination of
B-lactams and macrolides was used for antibacterial
therapy: amoxicillin/clavulanic acid at a dose of 50
mg/kg/day (1 g twice a day) orally, azithromycin 500
mg/day orally for 5 days. Ibuprofen 200 mg 3 times a
day was prescribed to relieve pain during coughing.
Inhalation therapy with a 3% hypertonic solution
twice a day was prescribed. Basic therapy was contin-
ued with the use of a combination drug — fluticasone
propionate/salmeterol at a dose of 125/25 mcg, one
dose twice a day, in the form of a metered dose inhaler.

Against the background of the treatment, positive
dynamics in the patient's condition are noted. The
patient has no complaints, and the clinical manifesta-
tions of intoxication and respiratory symptoms have
disappeared. Palpation of the neck and chest reveals
no subcutaneous emphysema. Body temperature is
36.8 °C, respiratory rate is 18 per minute, heart rate
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is 102 beats per minute, blood pressure is 96,/60 mm
Hg, SpO2 is 98%. Laboratory tests (clinical and bio-
chemical blood tests, urine tests) revealed no patho-
logical abnormalities. Follow-up CT scans of the
chest showed no signs of mediastinal, subcutaneous,
or intermuscular emphysema. The total length of stay
in the hospital was 12 days.

This clinical case illustrates the impact of Myco-
plasma pneumoniae infection on the course of bron-
chial asthma in a child. The atypical pathogen exac-
erbated bronchial hyperreactivity and reduced the
effectiveness of the immune response, leading to se-
vere bronchial obstruction and deterioration of the
patient's general condition. As a result of the com-
plex combination of asthma and mycoplasma infec-
tion, the child developed a complication—spontane-
ous mediastinal emphysema. This case highlights the
importance of timely diagnosis and a comprehensive
approach to the treatment of infections in children
with bronchial asthma in order to prevent the devel-
opment of such complications. It is noteworthy that
one of the most serious forms of respiratory myco-
plasmosis, community-acquired pneumonia, was di-
agnosed in this family.

This case demonstrates the typical epidemiological
characteristics of mycoplasma infection: seasonality
(autumn-winter increase in incidence), slow spread
and development of the disease with close family con-
tact (within three weeks), and the patients’ age.

DISCUSSION. This clinical case demonstrates the
impact of Mycoplasma pneumoniae on the course of
bronchial asthma in children and the development
of complications, including spontaneous mediasti-
nal emphysema. Mycoplasma pneumoniae is a com-
mon cause of atypical pneumonia in children and can
contribute to the exacerbation of chronic respiratory
diseases, including bronchial asthma. In this case, the
infection led to the development of segmental pneu-
monia and severe bronchial hyperreactivity, which
caused significant bronchial obstruction and deterio-
ration of the general condition [10]. It is known that
mycoplasma infection can induce hyperproduction
of proinflammatory cytokines (IL-6, IL-8, TNF-«),
which can exacerbate airway inflammation and re-
duce the effectiveness of basic asthma therapy [12].
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Spontaneous mediastinal emphysema (pneu-
momediastinum) is a rare complication that occurs
when intra-alveolar pressure increases, which can be
observed against the background of intense cough-
ing, severe bronchial obstruction, or enhanced lung
ventilation [13]. The pathogenesis of this condition is
explained by the Maclin effect: rupture of the alveoli
followed by the spread of air through the perivascu-
lar and peribronchial spaces into the mediastinum.
In this case, the development of emphysema was fa-
cilitated by severe bronchial obstruction against the
background of an asthmatic process and mycoplasma
pneumonia.

The diagnosis was based on a comprehensive ex-
amination, including molecular and serological meth-
ods for detecting Mycoplasma pneumoniae, as well as
imaging methods (X-ray, chest CT scan). Hammann's
sign, characteristic of spontaneous mediastinal em-
physema, was of particular diagnostic significance.
Computed tomography allowed for a detailed assess-
ment of the extent of emphysema and ruled out oth-
er potential causes of mediastinal pathology. Treat-
ment included antibiotic therapy with macrolides
in combination with 8-lactams, which ensured rapid
elimination of the pathogen. An important aspect of
treatment was the continuation of basic therapy for
bronchial asthma, including inhaled corticosteroids
and bronchodilators, which allowed for control of
bronchial obstruction and reduced the risk of recur-
rence.

CONCLUSION. This clinical case demonstrates a
complex combination of community-acquired myco-
plasma pneumonia and bronchial asthma, complicated
by the development of spontaneous mediastinal em-
physema. The effect of the infection on the pathogen-
esis of asthma manifested itself in increased bronchial
hyperreactivity, worsening disease control, and the de-
velopment of severe bronchial obstruction. This case
highlights the importance of timely detection of atyp-
ical respiratory infection pathogens in children with
bronchial asthma and the need for a comprehensive ap-
proach to therapy, including antibacterial, anti-inflam-
matory, and bronchodilator treatment. In addition,
the clinical case reflects the epidemiological features
of mycoplasma infection: family clusters, a long incu-
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bation period, and gradual development of the clinical Further research into the impact of Mycoplasma
picture. This emphasizes the need for epidemiological ~ pneumoniae on the course of bronchial asthma may
surveillance, timely diagnosis, and adequate antibiot-  contribute to the development of more effective strat-
ic therapy to prevent complications, especially in pa-  egies for the treatment and prevention of exacerba-

tients with chronic respiratory diseases.. tions in this patient group.
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