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PucyHok 1. Mpumepsbl pe3ynbTata KOXXHOW peakuun Ha npenapat «KKopoHalepm-PS»

Figure 1. “CoronaDerm-PS” skin tests results

Mpumeyvanue. A) MonoXnTeNbHbIV pe3ynsTaT KoxXHOro Tecta «KopoHalepm-PS»; B) COMHUTENbHBINA pe3ynbTaTt KOXHOMo Tecta
«KopoHaZlepm-PS»; B) NOXHONONOXUTENbHbI pedynbTaT KOXHOro tecta «KopoHaZlepm-PS»; ') oTpuuatensHblii pesynbtaT
KoxHoro Tecta «KopoHaZlepm-PS».

Note. A) “CoronaDerm-PS” skin test positive result; B) “CoronaDerm-PS” skin test controversal result; C) “CoronaDerm-PS” skin
test false-positive result; D) “CoronaDerm-PS” skin test negative result.

WUnnioctpauum k ctatbe «<BnocuHTes HoBbIX HaHoKancyn MnO, ¢ nomowbio 3kcTpakTa C. spinosa

M XUTO3aHa MeA,0HOCHOW Nyesibl: U3y4eHne aHTUbaKTepuasbHbIX U NPOTUBOPAKOBbLIX CBOWCTB»

(aBTopbi: M.T. Anbxappud, H.A. Xacan, M. Lapad) (c. 1002-1016)

lllustrations for the article “Biosynthesis of novel MnO, nanocapsules via C. spinosa extract and honeybee-derived chitosan:
exploring antibacterial and anticancer properties” (authors: Elharrif M.G., Hassan N.A., Sharaf M.) (pp. 1002-1016)
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Figure 2. Physico-chemical characterization (A) UV-Vis spectroscopic, (B) FTIR of CSH, CSLe@MnO,NPs,
and CSH/CSLe@MnO,NPs, (C and D) SEM image (magnification 5 pm and 200 nm), and (E and F) EDX
microphotographs of CSLe@MnO,NPs, and CSH/CSLe@MnO,NPs composite



CEBEPO-3ANAJHOE OTAENEHME MEAVMUMHCKUX HAYK

CAHKT-METEPBYPICKUIA HAYYHO-UCCNELOBATE/IbCKUA UHCTUTYT
SMMAEMMONIOT NN 1 MMKPOBMOJIOT M UMEHW NMACTEPA

CAHKT-NETEPBYPICKOE PETMIOHAJIbHOE OTAENEHWE POCCUINCKON ACCOLMALN ANIEPTONIOTOB
W KIMMHNYECKNX UMMYHOJIOIrOB (CM6 PO PAAKW)

UHDEKLIUA
n

UMMYHUTET

2024, Tom 14 Ne 5

XKypHan nanaetcs npu yyactum OTaeneHus Bcepoccuiickoro Hay4yHo-npakTu4eckoro o6LecTsa anyaeMmosioros,
MUKPOBKMOIOroB 1 napa3nTonoros rno CaHkT-leTepbypry u JleHuHrpazacko obnactn

FnaBHbIN pepakToOp
TotonsH Aper A. I.M.H., npodeccop, akagemuk PAH, nupektop CaHkT-Metepbyprekoro HUAW anuaemmonorum u mukpo6uonorum umenn Mactepa,
3aB. nabopatopueit MonekynspHoi uMmyHonoruu, CankT-Metep6ypr, Poccus

3amecTuTenb rNaBHOro peaakTopa

Mokpoycos W.B. 1.6.H., 3aB. nabopaTopuei MoNeKynspHoii AMMAEMUONOrM 1 9BOMIOLIMOHHOI reHeTnki CaHkT-MeTepbyprekoro HAW anmuoemmnonoruu
1 Mykpobuonorun umenn Mactepa, CaHkT-MeTepbypr, Poccus

PepakunoHHas konnerus

AnTA.C. 0.6.H., npodeccop, 3aB. nabopatopueit immyHoreHeTukm LieHTpansHoro HAW Ty6epkynesa, Mocksa, Poccus

Bap6ewuto J1. I.M.H., npodeccop, 3aB. nabopatopueii HelipoaereHepauumn MuctutyTa Mactepa, MoHTeBuAaeo, Ypyraaii

Bpei . 0.6.H., npodeccop, 3aB. nabopaTopueit MeauLMHCKOR SHTOMONOT N M GUONOrMM NepeHocyMKoB 6onesHeit MHcTuTyTa Mactepa B Jlaoce,
BbeHTbsH, JTaoc

MmHuGypr A.J1. I.M.H., npocdeccop, akaaemvik PAH, aupektop @HWL, snuaemmonorum n Mukpobronornm nMenn noyetHoro akagemvika H.9. famanen M3 PO,

Mocksa, Poccus
JaBpenTtbeBa U.H. [.M.H., 3aB. nabopatopueit akcnepumeHTanbHoii Bupyconorn CaHkT-Metepbyprekoro HAW annaemuonorum u Mukpobuonorum
nmenn Mactepa, CankT-MeTepbypr, Poccus

J1o63uH 10.B. I.M.H., npodeccop, akagemuk PAH, Hay4HbIin pykoBoauTens GrBY [leTckuit Hay4HO-KNMHUYECKNIA LIEHTP MHGEKLMOHHBIX Gone3Heit DMBA,
CankT-MeTepbypr, Poccus

Jloyaup 3. npodeccop, npeaunaeHT MucTtutyTa Mactepa TyHuca, TyHuc

JlbBoB [.K. IL.M.H., npodeccop, akagemuk PAH, HW Bupyconoruv um. .M. MBaHosckoro ®HWL, anuaemmonorim u MUKpooronorim
MMeHU noyeTHoro akagemuka H.®. famanen M3 PO, Mocksa, Poccus

MaepaK. I.BET.H., Npodeccop, AMpekTop HaLoHanbHOro MHCTUTYTA MHOEKLMOHHBIX 3a00/1eBaHNiA, TOKNo, ANoHKS

MegyuuubiH H.B.  n.M.H., npodeccop, akagemuk PAH, 3acnyxeHHbiit gesitenb Hayku PO, rnaBHbIi HayYHbIiA COTPYAHUK Hay4HOro LieHTpa SKCnepTuMael
CpencTB MeaMLMHCKoro npumeHenns, Mocksa, Poccus

Mwuxaiinos M.U. I.M.H., npodeccop, YneH-koppecnonaeHT PAH, 3aB. nabopatopueii BupycHbix renatintos HAW BakumH v cbiBopoTok uM. U.W. MeuHnkosa,
3aB. kadenpoit Mukpobronorum v Bupyconorun Poccuinickoro yHueepcuteTa apyx6sl Hapopos, Mockea, Poccus
HaiipeHcku X. L.M.H., npodeccop, 3aB. 0TAENOM NHOEKLMOHHON MUKpobronor MHcTuTyTa Mukpobronorum M. CtedaHa Aurenodda,
Codwus, bonrapus
Onuuwenko LT, I.M.H., npodeccop, akagemnk PAH, 3am. npefcenatens Poceuiickoii akanemumn 0bpa3osaHis, Mocksa, Poccus
Mokpoeckuii B.B.  1.M.H., npodeccop, akagemuk PAH, pykosogutens ®egepansHoro HML, no npodunakTtuke n 6opbbe co CMLom, Mocksa, Poccus
CaHTOHM A. 3aM. AMPEKTOPa Mo Hay4Hoii pabote MHcTuTyTa Mactepa B PuMe, npodeccop MMMYHONOMAV M UMMYHOMATOMNOM MM OTAENa MOIEKYNSIPHOM

meanumnHel YHnsepcuteta CanveHua B Pume, Pum, Utanus

CumbGupueBA.C.  1.M.H., npodeccop, 4neH-koppecnoHaeHT PAH, HayuHblii pykoBoaumTens focHUI ocobo yucTeix Gronpenapato PMBA Poccum,
CaHkT-letepbypr, Poccus

[.M.H., npodeccop, YneH-koppecnoHaeHT PAH, 3acnyxeHHbIit fesTenb Hayku PO, rnasHbIil Hay4HbI COTPYAHWK MHCTUTYTa
3KCnepuMeHTanbHoi MeaunumHel, CaHkT-MeTepbypr, Poccus

Yepewnes B.A. L.M.H., npodeccop, akagemuk PAH, Hay4HbIiA pykoBoauTENb MHCTUTYTA MMMYHONOrUKM 1 Guanonoruu, Ekatepunbypr, Poccus

Wnurens A. L.M.H., npodeccop, anpekTtop MHcTuTyTa Mactepa Kambomxu, MHomneHs, Kamboaxa



PepakuuoOHHbIN coBeT

AnewkuH B.A. 0.6.H., npocdeccop, 3aCnyXeHHbI fesTens Hayku PO, HayuHbiil pykosoputens Mockosckoro HUW snupemuonorim u Mukpobuonoruv
um. [H. Tabpuyesckoro, Mockea, Poccust
ByxapuH 0.B. 0.M.H., npodeccop, akagemuk PAH, IHCTUTYT KNETOYHOrO 1 BHYTPUKNETOYHOro cumburosa, OpeHbypr, Poccus

BuwHeBckuit B.U. 1.M.H., npodeccop, raBHblii Hay4HbIA COTPYAHVK OTAENa nabopaTopHoil anarHoctukn CaHkT-MeTepbyprekoro
HWW pTusnonynsmoHonoruun, CaHkT-MeTepbypr, Poccus
DonrywuH U.U. 0.M.H., npodeccop, akagemuk PAH, 3acnyxeHHblii festens Haykn PO, npeanaeHT KOxHO-Ypanbckoro rocysapCTBEHHOTO MeANLMHCKOTO

yHuBepcuTeTa, Yenabuxck, Poccus

3BepeB B.B. 0.6.H., npodeccop, akagemuk PAH, HayyHbIi pykoBoauTenb HAW BakumH n ceiBopoTok nM. U.A. MeyHukoBa, 3aB. kadenpoii
MWUKPOBWONOriK, BUPYCONOriN 1 UMMyHonorin Mepeoro MoCKoBCKOrO rocyapCTBEHHOTO MEAULIMHCKOTO YHUBEPCUTETA
nm. V.M. CeyeHoBa, MockBa, Poccus

KadruipeBa JI.LA.  1.m.H., npodeccop, 3as. nabopatopueit kuwweyHblx Hdekunit CankT-Metepbyprekoro HAW anuaemvonorum n mukpobronorim
umenu Mactepa, CankT-Metepbypr, Poccus

Kawkwun K.1. 0.M.H., npodeccop, akagemuk PAH, npodeccop kadenpbl UMMYyHONOr M POCCUICKON MeAULIMHCKON akaAeMnui NOCAEANNNOMHOIO
o6pasosanus M3 PO, Mocksa, Poccus

Ky6apb O.U. I.M.H., npodeccop, BeayLumii Hay4HbIi coTpynHuk CaHkT-MeTepbyprcekoro HAW snugemuonornm u mukpobuonoriv umenn Mactepa,
CaHkT-Metep6ypr, Poccus

Manees B.B. 0.M.H., npodeccop, akanemuk PAH, coBeTHuk aupekTopa LieHTpansHoro HAW anugemmnonorni, 3as. 0T4e10M MHPEKLMOHHOK NaTonorum,
Mocksa, Poccus

CaBuyeBaA.M. 0.M.H., npodeccop, 3aB. nabopartopueit mukpobuonorum HAW akywepctsa, rusekonoriv n penpogyktonorv um. [1.0. OTTa,
CaHkT-lNeTtep6ypr, Poccus

Cenbkos C.A. I.M.H., ipodeccop, 3as. nabopatopueit immyHonorum HUW akywepcTsa, ruHekonorvn u penpogyktonoruv um. 4.0. OTTa,
CaHkT-MNetep6ypr, Poccus

Teu B.B. 1.M.H., npodeccop, 3aB. kadenpoit Mukpobronoruu 1 supyconoruu Mepsoro CaHkT-MeTepbyprckoro rocyaapcTBEHHOr0 MeANLMHCKOrO
yHueepcuTeTa um. W.M. Masnosa, CaHkT-Metepbypr, Poccus

Xapwut C.M. [.M.H., npodeccop, pykoBoAMTENb 0TAENA NPOGUNAKTUKI MHPEKLMOHHLIX 3aboneBaHuint IBY [eTckuii HayYHO-KAMHUYECKIA LLEHTP
nHdeKUMoHHbIX 6onesHeit DMBA, CankT-MeTepbypr, Poccus

YekHes C.B. I.M.H., 3aM. MpeKTopa no HayuHoii pabote GHWLL anraemuonorim n Mukpobronorui nMeHn noyetHoro akafemuka H.9. famanen M3 PO,
3aB. labopaTopyeit MexXKIeTO4YHbIX B3anmonencTuii, Mocksa, Poccus

Lkapwh B.B. 0.M.H., npodeccop, YneH-koppecnoHaeHT PAH, 3acnyxeHHbIit aestens Haykn PO, npeanaeHT Huxeropoackoii rocyaapcTBeHHOM

MeAMLMHCKO akafiemum, 3aB. kadeapoi anuaemuonoruu, Huxuuii Hosropog, Poccus

OTBeTCTBEHHbIN cekpeTapb: PakutaHckas H.B. (CankT-MeTepbypr)
PepakTtop nepeBoga: Mcakos [.B., k.M.H. (CaHkT-MeTepbypr)
Boinyckatowumii pegaktop: MypazsH A.9., k.M.H. (CaHkT-MeTepbypr)
PepakTop anekTpoHHoit Bepcun: Epodeesa B.C. (CaHkT-MNeTepbypr)

Yypeputenu

CeBepo-3anagHoe OTAeNeHnEe MEAULIMHCKUX HayK
CaHkT-MNeTepbyprckunin HAW anupemuonorum n Mukpobuonoruv umenn Mactepa
CaHkT-lNeTepbyprckoe pernoHanbHoe otaeneHne Poccuitckoii accoumaumm anneprosioroB U KIMHUYECKMX MMMYHOJIOr0B

XypHan 3apervucTpupoBaH Ynpasnernunem @enepansbHoit cnyxosl No Haa3opy B chepe ces3u,
MHOOPMALMOHHBIX TEXHOIOT WA 1 MACCOBLIX KOMMYHUKaLMii no CaHkT-MNeTepbypry v JIeHMHrpaackoi obnactu
CeuaeTtenbctso o permctpauum MU Ne TY 78-00578 o1 26 anpens 2010 T.

CeugetenbctBo o pernctpaumy MU Ne TY 78-00910 ot 24 nioHs 2011 T.

XypHan 3aperucTpuposaHn PenepanbHoii ciyx60ii no Haa3opy B cdepe CBs3U, UHHOPMALMOHHBIX TEXHONOTUIA U MACCOBbIX KOMMYHUKaLMIA
Caupetenbctso o peructpauum M Ne GC 77-64788 ot 02 hespans 2016 T.

AnekTpoHHas Bepcus XypHana: www.iimmun.ru u www.elibrary.ru

C 2012 ropa xypHan «UHekyns u UMMYHUTET» BXoAMT B llepedeHb poCCHIiCKUX peLeH3uPyeMbiX Hay4HbIX XYPHaioB, pekoMeHA0BaHHbIX BAK PO,
B KOTOPbIX BODKHbI ObITb OMY6/IMKOBaHbI OCHOBHbIE Hay4YHbIe Pe3ybTaTbl AUCCEPTAaLMii Ha COMCKaHUe YYeHbIX CTeNeHel AOKTOPa U KaHANAATa HayK

C 2014 ropa xypHan «MHpekyns u UMMYHUTET» BKJIIOYEH B MeXAYyHapoaHyto 6a3y Ulrich’s Periodicals Directory

C 2016 roga Bknto4eH B 6a3y AaHHbIX Russian Science Citation Index (RSCI), nHterpupoBanHyto ¢ nnatgpopmoii Web of Science

C 2016 roga xypHan «MHpekums n ummyHuteT» BkmoyeH B Web of Science (Emerging Sources Citation Index)

C 2017 roga xypHan «MHekuns u UMMYHUTET» BKJTIOYEH B MEeXAYHapoaHylo 6a3y Scopus

Appec pepakuum:
197101, CanxT-MeTepbypr, yn. Mupa, 14.
Ten.: (812) 233-08-58.

Moanucaro B nevats 28.10.2024 r. dopmart 60 x 90 1/8.

Meyatb opceTHas. Yen.-neu. n. 25.
Tupax 2000 ak3. (1-11 3aBog - 1000 3k3.).
3aka3 Ne 1205

Usparenbcteo HUNAM umenn Nacre
197101, CankT-MeTtepbypr, yn. Mupa, 14.
Ten./dakc: (812) 644-63-11.

E-mail: izdatelstvo@pasteurorg.ru

pa Tunorpacua 000 «Annerpo»
196084, CaHkT-MNeTepbypr,
Hab. O6BoaHOro kaHana, 88, nutepa C,
nomely. 7-H, od. 1, 2.
Ten./dakc: (812) 388-90-00.

© MHdeKuma n UMMyHUTET

© CeBepo-3anafHoe OTAeNeHVe MeAULMHCKUX Hayk, 2024
© HUNIM umenm Mactepa, 2024

© CIN6 PO PAAKW, 2024



NORTH-WEST REGIONAL BRANCH OF MEDICAL SCIENCES
SAINT PETERSBURG PASTEUR INSTITUTE

RUSSIAN ASSOCIATION OF ALLERGOLOGISTS AND CLINICAL IMMUNOLOGISTS,
ST. PETERSBURG REGIONAL BRANCH (SPb RAACI)

Russian Journal

of Infection and Immunity

(Infektsiya i immunitet)

September-October

2024, volume 14

No. 5

The journal is published with the assistance of the Branch of All-Russian Scientific and Practical Society

Editor-in-chief
Areg A. Totolian

of Epidemiologists, Microbiologists and Parasitologists for St. Petersburg and Leningrad Region

DSc (Medicine), Professor, RAS Full Member, St. Petersburg Pasteur Institute of Epidemiology and Microbiology, Director, Head
of the Laboratory of Molecular Immunology, St. Petersburg, Russian Federation

Deputy editor-in-chief

Igor V. Mokrousov

DSc (Biology), St. Petersburg Pasteur Institute, Head of the Laboratory of Molecular Epidemiology and Evolutionary Genetics,
St. Petersburg, Russian Federation

Members of editorial board

Alexander S. Apt

Luis Barbeito
Paul Brey

Alexander L. Gintsburg
Irina N. Lavrentieva
Yuri V. Lobzin

Hechmi Louzir
Dmitry K. Lvov

Ken Maeda

Nikolai V. Medunitsyn
Michael I. Michailov

Hristo Najdenski
Gennadiy G. Onishchenko
Vadim V. Pokrovskiy
Angela Santoni

Andrei S. Simbirtsev
Valery A. Chereshnev

Andre Spiegel

DSc (Biology), Professor, Central Research Institute of Tuberculosis, Head of the Laboratory of Immunogenetics, Moscow,
Russian Federation

MD, PhD, Professor, Institut Pasteur de Montevideo, Head of the Laboratory of Neurodeneration, Montevideo, Uruguay

PhD, Professor, Institute Pasteur du Laos, Director; Laboratory of Medical Entomology and Biology of Disease Vectors, Head,
Vientiane, Laos

DSc (Medicine), Professor, RAS Full Member, N.F. Gamaleya Federal Center of Epidemiology and Microbiology, Director, Moscow,
Russian Federation

DSc (Medicine), St. Petersburg Pasteur Institute, Head of the Laboratory of Experimental Virology, St. Petersburg,

Russian Federation

DSc (Medicine), Professor, RAS Full Member, Pediatric Research and Clinical Center for Infectious Diseases,

Scientiic Director, St. Petersburg, Russian Federation

Professor, Institut Pasteur de Tunis, President, Tunis, Tunisia

DSc (Medicine), Professor, RAS Full Member, D.I. lvanovsky Institute of Virology, N.F. Gamaleya Federal Center of Epidemiology
and Microbiology, Moscow, Russian Federation

PhD, DVM, Professor, National Institute of Infectious Diseases, Director, Tokio, Japan

DSc (Medicine), Professor, RAS Full Member, Scientific Center for Expertise of Medical Products, Moscow, Russian Federation
DSc (Medicine), Professor, RAS Corresponding Member, I.I. Mechnikov Institute of Vaccines and Sera, Head of the Laboratory
of Viral Hepatitis; Peoples’ Friendship University of Russia, Head of the Department of Microbiology and Virology, Moscow,
Russian Federation

PhD, Professor, Institute Stephan Angeloff; Head of the Department of Infectious Microbiology, Sofia, Bulgaria

DSc (Medicine), Professor, RAS Full Member, Deputy President of the Russian Academy of Education, Moscow,

Russian Federation

DSc (Medicine), Professor, RAS Full Member, Central Research Institute of Epidemiology, Head of the Federal AIDS Center,
Moscow, Russian Federation

PhD, Professor, Institut Pasteur in Italy — Cenci Bolognetti Foundation, Scientific Director; Full Professor of Immunology

and Immunopathology, Department of Molecular Medicine, Sapienza University of Rome, Rome, Italy

DSc (Medicine), Professor, RAS Corresponding Member, St. Petersburg Institute of Pure Biochemicals, Scientific Director,

St. Petersburg, Russian Federation

DSc (Medicine), Professor, RAS Corresponding Member, Institute of Experimental Medicine, Head Researcher, St. Petersburg,
Russian Federation

DSc (Medicine), Professor, RAS Full Member, Institute of Immunology and Physiology, Scientific Director, Yekaterinburg,
Russian Federation

MD, PhD, Professor, Institut Pasteur du Cambodge, Director, Phnom Penh, Cambodia



Members of editorial council

Vladimir A. Aleshkin
Oleg V. Bukharin
Boris I. Vishnevsky
llja l. Dolgushin
Vitaly V. Zverev
Lidiia A. Kaftyreva
Kirill P. Kashkin

Olgal. Kubar
Victor V. Maleev

Alevtina M. Savicheva
Sergei A. Selkov
Viktor V. Tets
Susanna M. Kharit
Sergei B. Cheknev

Vyacheslav V. Shkarin

DSc (Biology), Professor, G.N. Gabrichevsky Research Institute of Epidemiology and Microbiology, Scientific Director, Moscow,
Russian Federation

DSc (Medicine), Professor, RAS Full Member, Research Institute of Cellular and Intracellular Symbiosis, Scientific Director, Orenburg,
Russian Federation

DSc (Medicine), Professor, Research Institute of Phthisiopulmonology, Head Researcher, Department of Laboratory Diagnostic,
St. Petersburg, Russian Federation

DSc (Medicine), Professor, RAS Full Member, Chelyabinsk State Medical Academy, President, Moscow, Russian Federation

DSc (Biology), Professor, RAS Full Member, I.I. Mechnikov Institute of Vaccines and Sera, Scientific Director, Moscow,

Russian Federation; I.M. Sechenov State Medical University, Head of the Department of Microbiology, Virology and Immunology,
Moscow, Russian Federation

DSc (Medicine), Professor, St. Petersburg Pasteur Institute, Head of the Laboratory of Intestinal Infections, St. Petersburg,
Russian Federation

DSc (Medicine), Professor, RAS Full Member, Russian Academy of Postgraduate Medical Education, Professor of the Department
of Immunology, Moscow, Russian Federation

DSc (Medicine), Professor, St. Petersburg Pasteur Institute, Leading Researcher, St. Petersburg, Russian Federation

DSc (Medicine), Professor, RAS Full Member, Central Research Institute of Epidemiology, Adviser of the Director, Moscow,
Russian Federation

DSc (Medicine), Professor, D.0. Ott Research Institute of Obstetrics, Gynecology and Reproductology, Head of the Laboratory

of Microbiology, St. Petersburg, Russian Federation

DSc (Medicine), Professor, D.0. Ott Research Institute of Obstetrics, Gynecology and Reproductology, Head of the Laboratory

of Immunology, St. Petersburg, Russian Federation

DSc (Medicine), Professor, Pavlov State Medical University, Head of the Department of Microbiology and Virology, St. Petersburg,
Russian Federation

DSc (Medicine), Professor, Pediatric Research and Clinical Center for Infectious Diseases, Head of the Prevention Department

of Infectious Diseases, St. Petersburg, Russian Federation

DSc (Medicine), N.F. Gamaleya Federal Center of Epidemiology and Microbiology, Deputy Director on Science,

Head of the Laboratory of Cellular Interactions, Moscow, Russian Federation

DSc (Medicine), Professor, RAS Corresponding Member, State Medical Academy, President, Head of the Department of Epidemiology,
Nizhny Novgorod, Russian Federation

Assistant editor: Natalia V. Rakitianskaia (St. Petersburg)
Translation editor: Dmitrii V. Isakov (St. Petersburg)

Copy editor: Aram Ya. Muradyan (St. Petersburg)

Online version editorial manager: Vera S. Erofeeva (St. Petersburg)

Founders
North-West Regional Branch of Medical Sciences
Saint Petersburg Pasteur Institute

Russian Association of Allergologists and Clinical Imnmunologists, St. Petersburg Regional Branch (SPb RAACI)

The journal is registered by the Federal Service for Supervision of Communications, Information Technology

and Mass media in Saint Petersburg and Leningrad region
Certificate of registration Pl no. TU 78-00578 from April, 26, 2010
Certificate of registration PI no. TU 78-00910 from June, 24, 2011

The journal is registered by the Federal Service for Supervision of Communications, Information Technology and Mass Media

Certificate of registration Pl no. FS 77-64788 from February, 02, 2016

Electronic version: www.iimmun.ru and www.elibrary.ru

Since 2012, the Infection and Immunity journal is admitted to the Index of leading peer-rewieded scientific journals intended for publication of key
research results of MD Theses, as reccomended by the Higher Attestation Comission of the Russian Ministry of Education and Science

Since 2014 the Infection and Immunity journal is included into international Ulrich’s Periodicals Directory database

Since 2016 included in Russian Science Citation Index (RSCI) database, integrated in Web of Science

Since 2016 the Russian Journal of Infection and Immunity is included in Web of Science (Emerging Sources Citation Index)

Editorial Office

197101, St. Petersburg, Mira str., 14.
Phone: +7 (812) 233-08-58.

Passed for printing 28.10.2024. Print format 60 x 90 1/8.
Offset printing. Printed sheets 25.
Circulation 2000 copies. (1% edition — 1000 copies).

Since 2017 the Russian Journal of Infection and Immunity is included into international Scopus database

Publishing House of St. Petersburg Pasteur Institute
197101, St. Petersburg, Mira str., 14.

Phone/fax: +7 (812) 644-63-11.

E-mail: izdatelstvo@pasteurorg.ru

Produced at the Allegro Printing House
196084, Russian Federation, St. Petersburg,
Naberezhnaya Obvodnogo Kanala, 88,
build. C, suite 7-H, off. 1, 2.

Phone/fax: +7 (812) 388-90-00.

© Russian Journal of Infection and Immunity =
Infektsiya i immunitet
© North-West Regional Branch of Medical Sciences, 2024
© St. Petersburg Pasteur Institute, 2024
© SPbRAACI, 2024



NHdekumsa n ummyHuTeT
2024, T. 14, Ne 5

COOEPXAHUE
00630pbl

Kucenesa W.B., JlapnoroBsa H.B., XentyxuHa AU,
9BOJIOLIUSA BUPYCA IPUMNMA B: PASBHOOBPA3UE BUOJIOFMYECKUX CBONCTB CKBO3b MPU3MY

TEHETUYECKOM USMEHUMBOCTM ....cooeeeitrirriieissssssssssssssssessssssssssssssssssesssssssssssssssssesssssssssssssssssssssssnnns 845
JepessiHieHko NL.A., Kpaesa J1.A.

BUOJTIOrMYECKUE OCOBEHHOCTU U MEAULMHCKAS SHAYUMOCTb BAKTEPUN POJA LISTERIA ...eevvvveveeererennns 862
Opweraanble CTaTbM

3avikoBckas A.B., EsceeHko B.A., OnbkuH C.E., MbsiHkos O.B.

W3YYEHWUE AHTUTEHHbIX CBOWMCTB LLITAMMOB KOPOHABUPYCA SARS-CoV-2, OTHOCSILLIUXCS

K PA3HbIM CYBJIMHUSIM OMUKPOH-BAPUAHTA, B PEAKLIUW HEMTPAJTUSALMU C UCMOJIb3OBAHUEM
TUMEPUMMYHHDBIX ChIBOPOTOK MBILLEN .......ceeeieeeieeeeeeseeeseesssesssesseeessessessseesseesseessssesseessesssesssessssssssennes 881

Kysbmuy E.B., Masnosa W.E., asa+osa T.B., LLinnosa E.P., bybHosa J1.H.
WMMYHOTEHETUYECKWE MAPKEPBI TSIDKECTU TEYEHUS COVID-19 Y XXUTEJIEN CAHKT-NMETEPBYPTA .....ccvvvvees 891

CasuH T.B., MunndkmHa A.M., KpacHoB A.A., KyaHewoBa P.H., LLlenepkuHa E.E., Ceapsank A.B., LLlapoBa A.A.,

Pevivrapar [.3., OctaHkoBa [0.B., y6aHoBa A.B., [Metposa O.A., Xumbaesa O.b., PasymoBckas A.I1., po3a U.B.,

PybuHiTeiiH A.A., Toynes A.C., KyapsBues U.B., Pab4erkosa A.A., Ypak E.J1., Yvpak E.P., CaeHko A.W., Konats B.B.,

LyxosnnHos W.B., CumbupLies A.C., ToTonsH A.A.

OLIEHKA BE3OMACHOCTU U CNELUPUYECKONA AKTUBHOCTU PEKOMBMHAHTHOIO AIIEPTEHA

KOPOHABWPYCA SARS-CoV-2 (<KOPOHAJEPM-PS») NO PE3YJIbTATAM I-11 ®A3bI

KJIMHUYECKOTO UCCIIELOBAHUS ........ceieieieeenrnrernrnnrensnssnsssnsnsssssensesssnssnsensenssnssnssnssnssnsennsnssnssnnsnnen 900

C6apuanbs B.A., Thagkux A.C., MumnmnykmHa .M., baueBckasi A.B., loroBa M.P., LLlaposa A.A., YepenaHosa E.A.,

Jenkos B.I, TotonsiH A.A.

CTPYKTYPA OPBU B CEBEPO-3ANAQHOM ®EJEPAJZIbHOM OKPYTE B NEPUOA NAHOEMUWU COVID-19

(2021-2022 TT.) +uvurrurensensrnseasenssnseasenssnssassassassnssssssssnssssssssnssnsssssnssssssssssssssessesssssssssssssssnssassassnssassnssnnen 917

TiokaBkuHa C.10., Xapceesa I'I., KoctuHoB M.I1., AnneBa A.A., banaxHosa B.B., AnytuHa 3.J1.,

YavikuHa B.A., Bonkosa B.B.

YACTOTA OBHAPY)XXEHWUSl FEHOMOB NMATOIEHOB Y AETEW C OCTPbIMWU PECMTUPATOPHBIMU

L Lo Q1L 1 PN 927

[Nonkosa M.W., ®unarosa E.H., Mu+aesa C.B., CaxapHos H.A., YTkuH O.B.

OLIEHKA B3AMMOCBSA3W OCHOBHbIX TUMOB U FTEHOBAPUAHTOB BUPYCA 3MLUTEAHA-BAPP
C KJIMHUKO-JTABOPATOPHbIMU MOKA3ATENAMU Y BUM-UHOULIUPOBAHHBIX BBPOCSIBIX ....cvvvviiiiiierrennnnnnnns 936

Komuccaposa [.B., JlapyuHa N.M., lNMactywkosa J1.X., KawwmpuHa [.H., Ycarosa H.A., VnbuH B.K.
B3AUMOCBS3b E. COLI, ENTEROBACTER spp. U S. AUREUS, BbIAENIEHHbIX U3 KULLEYHOW

MUKPO®JIOPbI, C BEJIKAMU KPOBW, CBA3AHHBIMM C UMMYHHON CUCTEMOI M UHOEKLMOHHBIMU
3ABOJIEBAHUSIMW, BO BPEMS 3-CYTOUHOM «CYXOM» UMMEPCHUM .....coevveercneeecreesciseesssneesssnnesssneessnnessans 951

Argapeesa W.C., Mopo3osa B.B., KabaHos A.C.

WOEHTUOUKALWNSA U ONPEJENEHUE PEBUCTEHTHOCTU K AHTUMUKOTUYECKUM

®AKTOPAM KJIMHUYECKUX USONSTOB APOXOKEN, BbIAENEHHbIX NPU 3ABOJIEBAHUU

IBIXATETIBHBIX TTYTEM ...vvvtutrnnsrssnsnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssisssssnsssssssnssssssnnnns 961

3amsatuxa E.B., LLlesena A.W., MaHaenb U.A., Cuzos A.A., CtenaHos A.A., Cusos [1.A., Janunenko C.O.

OBLL1A UMMYHOTIOBYJIMH E KAK MTPEAUKTOP HAJINYUSA 300AHTPOMOHO3A
Y YCJ/I0BHO 340POBbIX JIUL,: OBCEPBALIMOHHOE UCCJIEAOBAHMUE ........coevviiiiiiiiniiinnnmss s 971

3arabiH 3.M., 3yanH A.b., Kobecos H.B., Bacunwesa T.I1., [anosH A.C., Bepbuukasi E.B.

CTPYKTYPUPOBAHHbBIE ®AKTOPbI PUCKA PACMTPOCTPAHEHWUS TYBEPKYJIESA B PETUOHAX
C HU3KOW 1 BbICOKOM MIOTHOCTBIO HACEJIEHUS .....c..veeieveeieesneeseesssessssessssesssnssssessssesssnssnsessnsssssessanens 981




CopepxaHve NHdekuma n ummyHuTeT

Ynna ., Asuz A., Ynna A., Ynna W., Ixab6ap A., Ymerip M., Ynna M., Ynna X., Yana M., Ann Y.

CTPYKTYPA YCTOWYMBOCTU K AHTUMUKPOBHbIM MPEMAPATAM U ®AKTOPbI BUPYJIEHTHOCTH
KNMWHUYECKUX U3O0JIATOB QHTEPOKOKKA B MAKUCTAHE ......couiceuiicmnnnimnrnnsssssssnss s s snsssssssssnssssnnns 995

Snbxappnd M.I, XacaH H.A., Wapagp M.

BUOCUHTES HOBbIX HAHOKAMCYJ1 MnO, C MOMOLLLbIO 9KCTPAKTA C. SPINOSA U XUTO3AHA
MEJOHOCHOM NYEJIbl: U3YYEHUE AHTUBAKTEPUAJIbHBIX M MPOTUBOPAKOBBIX CBOMCTB........c.cerveeneerneens 1003

KpaTtkue cooOuieHus
Xapurosa H.B., Cepatok H.C., Xunqerko E.b., KapanetsH M.I., benoseposa O.H.

W3YYEHWE BAKTEPULMAHOIO JEACTBUS KOMMEPYECKMX JE3UHOULUPYIOLLUX CPEACTB
L L0 2 2 | 1017

Apakenbsit P.C., Kapnerko C.®., Pacesuy tO.W., iemannos I1.3.

OLIEHKA 3ABOJIEBAEMOCTH KOPbIO B3POCJI0r0 HACE/IEHWSI ACTPAXAHCKOM OBJIACTH
3A 2019 TOA. PETPOCMEKTUBHBIA AHAJIUS ........oeireiireisseesssesssessseesssessssssssessssesssessssessssssssesssessssssnseas 1021

B MOMOLLb MPaKTU4YeCKOMY Bpa4vy
Cevitonyny K., Cramymmn M., Kannmopa 4., Mypunky A.
WHOEKLMUA MOYEBbLIX NYTEN, BbI3BAHHAS STREPTOCOCCUS EQUINUS:

CIYYAWN U3 NEANATPUYECKOM MPAKTUKM .....vovevevvressssssseseesesesesesesesesssssssssssssssssssssssssssssnsnssnssnsssens 1026
lO6unei

K 80-NETUIO BANIEPUSI AIEKCAHAPOBUYA YEPELLHEBA .......ccvcvvusesssssssssesesesesesssssessssssssssssssssssssssssnnns 1031
(RToF=T=37 02 E: 10 £ I -3 (0] o Lo - 500 1033
ABTOPCKUT YKABATEIID .....cvvveeaereeesesesesesesssss st ss s s s e e sssssssessssssssssssessssssssssnsasssssnssenens 1036
MTPEAMETHBIN YKABATESIb ...ttt ss st 1036

842



Russian Journal of Infection and Immunity (Infektsiya i immunitet)
2024, vol. 14, no. 5

CONTENTS

Reviews

Kiseleva I.V., Larionova N.V., Zheltukhina A.l.
INFLUENZA B VIRUS EVOLUTION: DIVERSITY OF BIOLOGICAL PROPERTIES THROUGH THE PRISM

OF GENETIC VARIABILITY ...cuieieieierecesarnssmnsassansnssassnnsnssassnnsessnsssssessessensessnssensensensensensensensenssnnennsnnens 845
Derevyanchenko I.A., Kraeva L.A.

BIOLOGICAL FEATURES AND MEDICAL SIGNIFICANCE OF THE LISTERIABACTERIA ........cc.coiiviiimimassanssssansaneans 862
Original articles

Zaykovskaya A.V., Evseenko V.A., Olkin S.E., Pyankov QO.V.

ANTIGENIC FEATURES OF THE STRAINS SARS-CoV-2 OF OMICRON SUBLINES ASSESSED
BY HYPERIMMUNE MOUSE SERUM NEUTRALISATION ........occiuuiiiiimniiiimin i snnsans 881

Kuzmich E.V., Paviova I.E., Glazanova T.V., Shilova E.R., Bubnova L.N.
IMMUNOGENETIC MARKERS OF COVID-19 SEVERITY IN ST. PETERSBURG RESIDENTS ......cccvturuienrarernrnnsnransnres 891

Savin T.V., Milichkina A.M., Krasnov A.A., Kuznetsova R.N., Shchederkina E.E., Svarval A.V., Sharova A.A.,
Reingardt D.E., Ostankova Yu.V., Gubanova A.V., Petrova O.A., Zhimbaeva O.B., Razumovskaya A.P., Drozd L.V,
Rubinshtein A.A., Trulev A.S., Kudryavtsev I.V., Riabchenkova A.A., Chirak E.L., Chirak E.R., Saenko A.1.,
Kopat’ V.V., Dukhovlinov I.V., Simbirtsev A.S., Totolian A.A.

SAFETY AND SPECIFIC ACTIVITY OF THE RECOMBINANT SARS-CoV-2 ALLERGEN (“CORONADERM-PS”)
BASED ON PHASE |-11 CLINICAL TRIAL RESULTS .......ccciiiiiiimimmmniininimssss s s 900

Sbarzaglia V.A., Gladkikh A.S., Milichkina D.M., Bachevskaya A.V., Popova M.R., Sharova A.A., Cherepanova E.A.,
Dedkov V.G., Totolian A.A.

ARVIPATTERN IN THE NORTHWEST FEDERAL DISTRICT DURING THE COVID-19 PANDEMIC (2021-2022) .............. 917

Tyukavkina S.Yu., Kharseeva G.G., Kostinov M.P., Alieva A.A., Balakhnova V.V,, Alutina E.L., Chaikina V.A., Volkova V.V.

THE FREQUENCY OF DETECTED PATHOGEN GENOMES IN CHILDREN WITH ACUTE
RESPIRATORY INFECTIONS .....ccuuuiiuuiinniensisnssis s ssns s sns s s sna s s na s s nas s nas s aansssnssssnnsssnnns 927

Popkova M.1., Filatova E.N., Minaeva S.V., Sakharnov N.A., Utkin O.V.

ASSESSMENT OF THE RELATIONSHIP BETWEEN EPSTEIN-BARR VIRUS MAJOR TYPES AND GENOVARIANTS
AS WELL AS CLINICAL AND LABORATORY PARAMETERS IN HIV-INFECTED ADULTS..........cccuiiiimmmninnimmnnnnnsnnn 936

Komissarova D.V., Larina I.M., Pastushkova L.H., Kashirina D.N., Usanova N.A., llyin V.K.

RELATIONSHIP BETWEEN E. COLI, ENTEROBACTER spp. AND S. AUREUS ISOLATED FROM INTESTINAL
MICROFLORA AND BLOOD PROTEINS ASSOCIATED WITH THE IMMUNE SYSTEM AND INFECTIOUS
DISEASES DURING 3-DAY DRY IMMERSION .........oiiuuiiinimnnimnrnssrssrss s s snsss s s snssssnnns 951

Andreeva I.S., Morozova V.V., Kabanov A.S.

IDENTIFICATION AND DETERMINATION OF RESISTANCE TO ANTIMYCOTIC FACTORS IN YEAST CLINICAL
ISOLATES DURING RESPIRATORY DISEASES ........cceuuuuiiiiiisimnnssnnnnsinsssss s s nnsasssss s snnsan 961

Zamyatina E.V., Shevela A.l., Mandel |.A., Sizov A.A., Stepanov A.A., Sizov D.A., Danilenko S.O.

TOTAL IMMUNOGLOBULIN E AS AZOOANTHROPONOSIS PREDICTOR IN HEALTHY VOLUNTEERS:
AN OBSERVATIONAL STUDY ...ctuuiiruuirnnsssnsisnssissssssssssssnssssnsssssassssssssssssssssssssssssnssssssss s ssnasssnnnnns 971

Zagdyn Z.M., Zudin A.B., Kobesov N.V,, Vasileva T.P., Galoyan A.S., Verbitskaya E.V.
STRUCTURED TB RISK FACTORS IN REGIONS WITH LOW AND HIGH POPULATION DENSITY ......coccoimuiimniinniennennns 981

Ullah J., Aziz A., Ullah A., Ullah 1., Jabbar A., Umair M., Ullah M., Ullah H., Ullah M., Ali .

ANTIMICROBIAL RESISTANCE PATTERNS AND VIRULENCE DETERMINANTS OF CLINICAL ENTEROCOCCUS
ISOLATES IN PAKISTAN ....uiiiuuiruuienussenssiessssssssssessssssssss s s s s sess s sa s e s s aa s e e s e s s e s s e a s e a s eR b n e R R nnnnns 995

843



Contents Russian Journal of Infection and Immunity

Elharrif M.G., Hassan N.A., Sharaf M.

BIOSYNTHESIS OF NOVEL MnO, NANOCAPSULES VIA C. SPINOSA EXTRACT AND HONEYBEE-DERIVED
CHITOSAN: EXPLORING ANTIBACTERIAL AND ANTICANCER PROPERTIES .........coovrmuuinimmmninmnnnnns s, 1003

Short communications
Zharinova N.V., Serdyuk N.S., Zhilchenko E.B., Karapetyan M.G., Belozyorova O.N.
STUDYING THE BACTERICIDAL EFFECT OF COMMERCIAL DISINFECTANTS ONBRUCELLA .......ccccovvveveirnvenrnnenes 1017

Arakelyan R.S., Karpenko S.F., Rasevich Yu.l., Ismailov P.E.
2019 MEASLES MORBIDITY ASSESSMENT IN ADULT POPULATION OF THE ASTRAKHAN REGION.

ARETROSPECTIVE ANALYSIS ....uveuvevessessessesssessessessessssassessessesssssssssessessessssssessessessessssssessessessessssssassens 1021
For the physicians

Seitopoulou C., Stamouli M., Kalliora G., Mourtzikou A.

URINARY TRACT INFECTION BY STREPTOCOCCUS EQUINUS: A PEDIATRIC CASE PRESENTATION ........cevereeruens 1026
Jubilee

FOR THE ANNIVERSARY OF VLADIMIR A. CHERESHNEV .....cecvesvessersessessessessesssssssssessessesssssssssessessssssssessenns 1031
INSTrUCTHIONS 1O AULROLS ... s sb e b e s b e saresresarens 1033
J T4 Lo T T3 o [ SRR 1036
SUDJECTINAEX ... s 1036

844



Reviews 00630pbI

Russian Journal of Infection and Immunity = Infektsiya i immunitet NHdekumns n uMmyHnTeT
2024, vol. 14, no. 5, pp. 845-861 2024, T. 14, Ne 5, c. 845-861

9BOJIIOLNA BUPYCA rPUINMNA B:
PASHOOBPA3UE BUOJIOTMYECKUX
CBOWUCTB CKBO3b NPU3MY FrEHETUMECKOM
N3SMEHYUBOCTU

N.B. Kuceaesa!, H.B. Jlapuonosa!, A.!. 2XKearyxuna?

'@I'BHY Hncmumym skcnepumenmanvhoii meduuunnst, Cankm-Ilemep6ype, Poccus
2@IbY HUHU epunna um. A.A. Cmopodunuesa Munzopasa Poccuu, Cankxm-Ilemep6ype, Poccus

Pestome. X0oTs ICTOPUS CYIIECTBOBAHUS BUPYCOB I'PUIINIA HACUYMTHIBACT HE OMHY THICSIIY JICT, IEPBBII BUPYC TPUIIIIA
YyeloBeKa (BUpyC IpuIma A) ObLI OTKPHIT TOJIBKO B 1933 I., Korma B apceHalic BUPYCOJIOTOB TTOSIBUJIMCH aleKBaTHBIC
MOJIEJIN 1 CYOCTPATHI IJISI BEIACJCHUS BUPYCOB; BCJIEH 32 HUM OB BEIICJICH BUpPYC TpHUIa B 1 HECKOIBKO IMO3IHEee —
Bupyc rpunna C. Haubosee ObICTPO 3BOJIOLIMOHUPYIOT BUPYCHI Tpumnna A. Bupycel rpunna B myTtupytot B 2—3 pasa
MeJJIeHHee U caMble KOHcepBaTuBHBIE — Bupychl rpunmna C. C MoMeHTa BbIJeAeHUs U 10 KoHua 1970-x rr. aHTu-
TeHHas 3BOJIIOLMS Y BUPYCOB TpuIlna B mpoxonuia nmiaBHO, BeIAEISIEMbIe IITAMMBI TEHETUYECKU OBLIM JOCTATOUHO
onHopoaHbl. B 1970—1980-x rr. mpou3oliia AMBEpreHI s BUPYcoB rputia B Ha nBe reHeTMYeCcKMe JUHUU, Ha3BaH-
HbIe B 4eCTh pedepeHC-BUPYCOB Kak «inHUs B/Victoria/2/87-mogo0HbIX BUpycoB» U «iuHUS B/Yamagata/16/88-
MomoOHBIX BUpYcoB». Kakoe-To BpeMsl BUPYCHI, TpMHaAIexaiiue JuHun B/ Yamagata, OblIM IIMPOKO pacmpocTpa-
HEHBI 110 BCEMY MUDPY, B TO BpeMs KaK apeas HUPKYIsiuu BupycoB JuHuu B/Victoria orpanunuuBaics BoctouHoit
Asueii. 3aTeM BUPYChl BAKTOPUMAHCKOM IMHUY HaYa i TpuyM@aabHOe iecTBUE 0 3eMHOMY 1iapy. C 3Toro MoMeHTa
00e TMHMU BUpYyca TpUIla B upKyanpoBaayu COBMECTHO C JOMUHUPOBAHUEM TOM WU IPYTOM IMHUHU B Pa3HBIX pe-
TMOHAX U Pa3HBIX SMUIEMUOJIOTHIECKUX ce30HaX. [o3mHee BO MHOTHX CTpaHaX rocroacTBoBaia 1uHus B/ Yamagata,
Ho K Havay manaemMuu COVID-19 yxxe mpeo6rananin BAKTOPUAHCKIE BUPYCHL. Torma ske ObLIY BBISIBIICHBI TIOCTICTHIE
npencraBuTeny TUHNN B/Yamagata. Ha cerogusimuamii neHp nuHus B/ Yamagata HacTONBKO McUe3y1a U3 IUPKYIIs-
uuu, 4To BceMupHasi opraHusaiius 31paBoOXpaHeHM s IPUIILIA K BBIBOMY, UYTO €€ BKJIIOUYEHHUE B COCTaB TPUTIITO3HBIX
BaKI[MH IITAMMOB 0OJIbIIE HE SIBJSETCS onpaBAaHHBIM. ONpenessionyo poib B 9BOJIOLUU BUPYCOB HECOMHEHHO
UTpaeT aHTUTEHHAs! U3MeHUYMBOCTh. OHa COMpoBOXaaeTCs (DEHOTUTTMUECKOM N3MEHYNBOCTBIO, TO €CTh U3MEHEHHUEM
OMOJIOTMUYECKMX XapaKTePUCTUK, KOTOPBIE B TOM MM MHOM Mepe OMpenesisiioT CIoOCOOHOCTh BUpYca K caMOCOXpaHe-
Hu10. Kakum Obl aHTMTEHHO HOBBIM He ObLJI OYepeHOM BapuaHT BUpYyca IpUIINa, OH OyaeT o0aaaTh OnpeaeeHHbIM
HabOpOM OMOJIOTMYECKUX CBOMCTB, KOMOMHAIIM S KOTOPBIX TTO3BOJIUT BO3OYAUTENIO HAMIYYIIUM 00pa3oM BbIKUBATh
B OpraHM3Me YyBCTBUTEIBHOTO X03siMHA. B HacTos11eM 0030pe Mbl CYMMUPOBAIX MHGOPMALIMIO 0 HauboJIee IpKUX
OMOJIOTMYECKMX CBOMCTBAX BUPYCOB TpuIna B, Takux Kak YyBCTBUTEIbHOCTD U YCTOMUMBOCTD K HeCTIEIIU(DUIECKUM
MHTUOMTOPAM CBIBOPOTKH KPOBH, PELENITOPHAS CIIEIIU(PUIHOCTb TEMATrTIIOTUHUHA U €70 TEPMOCTAOMIBbHOCTD, YYB-
CTBUTEJBHOCTh K HU3KUM 3HaYeHUSIM pH, TeMIiepaTypo4yBCTBUTEIHLHOCTD PEIIPONYKIINH.

Karuesvle caosa: epunn, 360a104us, supycsl 2punna B, buosoeuueckue céoiicmea.
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W.B. Kucenesa, H.B. JlapnoHoBa, A.W. XentyxuHa MHdekumns n uMmyHuTeT

INFLUENZA B VIRUS EVOLUTION: DIVERSITY OF BIOLOGICAL PROPERTIES THROUGH THE PRISM
OF GENETIC VARIABILITY
Kiseleva 1.V.2, Larionova N.V.?, Zheltukhina A.I.?

¢ Institute of Experimental Medicine, St. Petersburg, Russian Federation
b Smorodintsev Research Institute of Influenza, St. Petersburg, Russian Federation

Abstract. Although the history of the influenza virus existence goes back thousands of years, the first human influenza
A virus was discovered only in 1933, when proper models and substrates for virus isolation became available; then
theinfluenza Bvirus wasisolated and, some later, the influenza C virus. Influenza A viruses evolve most rapidly. Influenza B
viruses mutate 2—3 times slower, with influenza C viruses being most conservative. From the moment of isolation until
the end of the 1970s, the antigenic evolution of influenza B viruses proceeded smoothly; the isolates were genetically quite
homogeneous. In the 1970s—1980s, influenza B viruses diverged into two genetic lineages, “B/Victoria/2/87-like virus
lineage” and the “B/Yamagata/16/88-like virus lineage”. For some time, B/Yamagata lineage viruses were widespread
throughout the world, while the circulation area of B/Victoria viruses was limited to East Asia. Then the Victorian lineage
began its triumphal march across the globe. From this moment on, both lineages of influenza B virus circulated together,
with dominance of one or the other lineage in different geographic regions and different epidemiological seasons. Later,
the B/Yamagata lineage dominated in many countries, but by the onset of the COVID-19 pandemic, Victorian viruses
were already dominant. At the same time, the last representatives of the B/Yamagata lineage were identified. Today,
the B/Yamagata lineage has disappeared from circulation and the WHO has concluded that its inclusion in influenza
vaccine strains is no longer necessary. Antigenic variability undoubtedly plays a decisive role in the virus evolution. It is
accompanied by changes in biological characteristics that, to one degree or another, determine the virus’s ability to self-
preserve. No matter how antigenically new a next influenza virus variant is, it will bear a certain set of biological properties,
the combination of which will allow the pathogen to best survive in sensitive host. In this review, we have summarized
information on the most striking biological properties of influenza B viruses, such as sensitivity to nonspecific blood
serum inhibitors, hemagglutinin receptor specificity, its thermostability, sensitivity to low pH values, and temperature

sensitivity of reproduction.
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BeepgeHue

Buosiornyeckas 3BOJIIOLNS TIOOBIX XKUBBIX Op-
raHMU3MOB M MX COOOLIECTB HOCHUT IOCTYIIaTesb-
HBII M HampaBJeHHBIN XapakTep. Ee xom HeobOpa-
TUM. DTO B IIOJIHOI MEpe OTHOCUTCS U K BUpYyCaM,
YTO, KCTaTH, JIbeT BOAY Ha MEJIbHUIY BEYHOTO
cropa MeXay CTOPOHHMKAaMM TEOPUM TOIrO, 4TO
BUPYCHI SIBJASIOTCSI KMBBIMM OpraHusmamMu [26,
35, 59, 139] u ux mportuBHuKamMu [98]. Bupychl
YCTApeBIIEM AQHTUTEHHOM CTPYKTYpPbl HCYE3AIOT
U3 HUPKYISILIUU. A €ClIM B OYeHb PEAKUX CAydasx
BO3BpalllalOTCs, KaK 3TO cIy4yuyaoch B 1977 r., Kkor-
na Bupychl rpunina A(HIN1) BbI3Banu maHaeMuIo
«PYCCKOro TpuIlllia», TO IIPUPOIA 3TOrO sIBJICHMS
JI0 CUX IIOp He M3BecTHa. He MCKIIIOYeHO, 4TO Ta-
KO€ HapyllleHUe IPUBBbIYHBIX 3aKOHOB 3BOJIIOLIU
SIBJISIETCSI PYKOTBOPHBIM U CBSI3aHO CO C1y4YaiiHbIM
3aHOCOM BHUpYCa B YEJIOBEYECKYIO MOIIYJISILINIO
n3 naboparopuu. Psga Bupycosoros, B TOM 4ucCe
Kilbourne [68], Ha3bIBAIOT «pyCCKUii rpunim» 1977 r.
«IIceBaOmaHAeMuein». M3-3a HESICHOCTU IIPOUC-
XOXJIEHUSI BO30YyIUTEJIsI 1 OTHOCUTEIbHO HU3KOM
cMepTHOCTHU (0KOJ10 700 THIC. JIEeTAaIbHBIX UCXOIOB)
BO3 oduinmanbHO He MPU3HAET SMUIAEMUIO PyC-
ckoro rpunna A(HINI1) 1977—1978 rr. manaeMuei
M CYUTAET, YTO MUP MEPEXKUJ TOJIbKO 4 BUPYCOJIO-
TMYECKU JOKYMEHTUPOBAHHbIE T'PUIIIIO3HbIC ITaH-
NeMUU — <«ucItaHKy» 1918—2020 rr., «a3uaTcKuit
rpunm» A(H2N2) 1957—1958 rr., «rOHKOHTICKUNA

rputi» A(H3N2) 1968—1969 rT. u «CBUHOM TPUTIIT»
A(HINI1) pdm09 2009.

Yrto KacaeTcst BUpYCcOB Trpulina B, Takoro «or-
KaTa» Hazal K BHpycaM yCTapeBIICH aHTUTCHHOM
CTPYKTYPHI 3aperucTpupoBaHO He Obijo. [locie
pacxoxaeHuss B 1980-x IT. OBYX TeHETUYECKUX
nmuHuii  B/Victoria/2/87- u B/Yamagata/16/88-
MOJOOHBIX BUPYCOB [152], Kaxkaas U3 HUX He3aBU-
CHUMO OpYT OT ApyTa IIpomoJiKajia CBO€ ITOCTYyIIa-
TeJIbHOE 3BOJIIOIIMOHHOE pa3BuTHe, Imoka B 2020 1.,
Bckope Tiociae Havaiaa mnaHaemuu COVID-19,
B/Yamagata-nuHuS TpaKTUYeCKM He HcUue3sa
n3 nupKyasuuu [73]. [IpuIuHB TAKOTO MCUYE3HO-
BCHUS Ha CETOMHSIIHUI NICHb HE SICHBI.

DBoJIONUS Xe OMOJIOTUUECKUX XapaKTePUCTUK
BUPYCOB MOTUYMHSICTCS HECKOJIBKO MHBIM 3aKOHO-
MEpHOCTSIM. [ns TIomaBASIOMIETo OOJBIIMHCTBA
OMOJIOTMYECKUX TPU3HAKOB BUPYyCa U3BECTHHI TOJIh-
KO JIBa BapMaHTa — «Ja» U «HET», KOTOPBIE C OIpe-
IIEJICHHOW MepHUOTUYHOCTBIO CMEHSIIOT APYT ApyTa.
Hampumep, Bupychl In00 MUHTUOUTOPOYCTOMYUBHI,
00 UHTUOUTOPOUYYBCTBUTEIIbHBI; OHU JINOO CIIO-
COOHBI pa3MHOXATHCS 32 BEPXHUMM U/UJIN HUXKHU-
MH TIpefeIaMi TeMIIepaTypHOTO ONTHUMYyMa, JIM0Oo
HeT, U T. I. Ecii BOCTIONIB30BaThCSI TEPMUHOJIOTUEH
¢U3MKKN TBEPIOrO Tejla, TO MPH MOCTYIIaTeIIbHOM
XapaKTepe 3BOJIOINN aHTUTEHHOUW CTPYKTYPHI BU-
pycoB (ITOCTyIaTeJIbHOE TBUXCHNUE), U3MCHCHUE NX
OMOJIOTMYECKUX ITPU3HAKOB IPOMCXOOUT KoJieba-
TeJIBHO (KoJebaTeIbHOE IBUKEeHIE) (pHUC.).
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K coxaneHuio, o0beM HCCaeI0BaHUM, MOCBSI-
IMEHHBIX BUpycaM Tpulna B, cymecTBeHHO OT-
CTaeT OT M3yYeHUs BUPYcoOB rpuiriia A. B omHOI
TOJIBKO ITOMCKOBOI CHCTEeMe IT0 OMOMETUIIMHCKUM
ncciegoBanussm PubMed nacuutniBaetrcsa B 10 pa3
MEHBIIIE CCBIJIOK Ha BUPYCHI rpulinna B mo cpaBHe-
HUIO ¢ BUpycaMu rpunmna A. XoTs 3BOJIOLUU BU-
pYyCOB TpuIllla, B TOM YMCJIe BUPYCOB rpunmna B,
MOCBSIIIIEHO HEMaJIO cTaTeil, MpaKTUYeCKN HUTIE
He TIPOBOAMJIACH TTapaijie/ib MEX/1y TeHeTUUeCKOM
M3MEHUYMBOCTBIO BUpyca W M3MEHEHHUEeM ero de-
HOTUITMYECKUX IIPU3HAKOB. B HacTosImem o630pe
MBI cOOpaau JOCTYIHYIO JINTepaTypy o Hanuboaee
SIPKMM CBOICTBaM BMpPYCOB I'punmna B, Takum Kak
YCTOMYMBOCTh K HecHelIM(pUUECKUM HWHTUOUTO-
paM CbIBOPOTKHU KPOBM, pEeLIENTOPHAsT CIeluduy-
HOCTh remarmiotTuHuHa (HA), TemnepaTypodyB-
CTBUTEIBHOCTh PENPONYKIIUKU, TEePMOUYBCTBU-
TEJILHOCTh reMarrIloTUHUHA U 9yBCTBUTEIBHOCTD
K Hu3kuM 3HaueHusSIM pH. Ilommmo 3TOTO, MBI
MOITBITAJINCh OLCHUTh XapaKTep M3MEHEHMS 3TUX
MPU3HAKOB B IIPOIIECCE IBOJIOIIMOHNPOBAHUSI.

IBOIIOLMSA SNMAEMNYECKNX BUPYCOB
rpvnna B

WcTopus cyniecTBOBaHUSI BUPYCOB I'pUINa Ha-
CUUTHIBAET HE OAHY Thicsuy JieT [132], HO mepBbIi
BUpyc rpunma B 0611 oTKPHIT TOAbKO B 1940 1. [49,
BCJen 3a BUpycoM rpunma A d4ejgoBeka [131].
IMocnenHuM cpenu BUPYCOB TpUIINIAa YejoBeKa
OblT yctaHoBJieH Bupyc rpumnia C [135]. Bupychr
rpuria A 3BOJIOLIMOHUPYIOT HauboJiee OBICTPO.
Bupycel rpunna B myTupyior B 2—3 pa3a MeaiaeH-
Hee U caMbIMU KOHCEPBAaTUBHBIMU SIBJISIIOTCSI BU-
pycol rpunna C [105, 150]. B otauyue OoT IIMPOKO
pacrnpoCcTpaHEHHBIX B IIPUPOJIE BUPYCOB I'pUIIIia A,
MEPBUYHBIM XO3SIMHOM U pPe3epByapoM BHPYCOB
rpunna B sBasieTcs yenoBek [65]. U XoTs1 BUpycChI
rpuriia B crmocoOHBI IepenaBaThCs OT JIIOICH Ipy-
rum oumosiornyeckum Bugam [53, 80, 106, 108], sto
CKopee UCKJIIOYEeHUE, YeM ITPaBUJIO.

Co BpeMeHU BbleIeHUsT U 10 KoHua 1970-Xx IT.
aHTUTEHHAasI DBOJIIOLM S Y BUPYCOB I'puIiia B mpoxo-
JvJia JUWHEWHO, C TIOCTENEHHbIM HAKOITJIEHUEM MY-
TallUii, MO3BOJISIONIUX YKJIOHSITHCS OT YCUJIMBAIO-
IIeTOCs B MOMYJISIIUA UMMYyHUTETa. Boinensiembie
BUPYCHI TpuIliia B reHeTnYecKn OBIIN TOCTAaTOUHO
romoreHHbl. B 1970—1980-x rT. OT OCHOBHOI JU-
HUU OTIeInjJach BeTBb BUPYCOB [152], KoTopas
CHayaja IpeacTaBisijgach MaJjo MepCHeKTUBHONU
B IIJIaHEe MaJIbHEHIIEero mupoKOoro pacipocTpaHe-
HUSI, HO €€ TMOSBJIEHUE 03HAMEHOBAJIO HAvyaJo JUu-
BEpPreHIIMM BUPYCOB rpulina B Ha naBe reHeTHYecC-
KUe JTUHUW, Ha3BaHHBIC B YeCTh BUPYCOB-POIOHA-
JaJIbHUKOB Kak JuHus B/Victoria/2/87-110m06HBIX
BUpycoB u JuHusi B/Yamagata/16/88-nono6HbIX
BUPYCOB (BUKTOpUAHCKasl M sMararckass JUHUU
COOTBETCTBEHHO) [67].

PucyHok. XapakTep 3BONIOLUM aHTUT€HHbIX
¥ GMONOrMYEeCcKuX CBOMCTB BUPYCOB rpunna
Figure. The evolution pattern for influenza virus
antigenic and biological properties

C nHauausa 1980-x rr. HaGJIOIaJ1aCh COBMECTHAs
WJIN TIOTIepeMEHHas HUPKYISLMS IBYX aHTUTCHHO
pasolieamnxcsa IMHUM Bupyca rpunmna B [18], ko-
TOpbIC, HapsAAy C BUpycaMU IpuIina A, 3a4acTylo
SIBJISUIUCh BO3OYIUTENSIMMU TSIXKeJbIX 3abojieBa-
Huit [58, 119, 152].

C 1990 mo 2001 rr. B EBpone, Amepuke, Acbpuke
1 ABCTpaJIMU HUPKYJIUPOBAIH IIPAKTUYECKU TOJb-
Ko mrtamMmbl iMHUM B/Yamagata. [TocienHuii pa3
mwtamm aToid nunuu (B/Sichuan/379/99) 6b11 pexo-
meHnoBaH BO3 ajis BKIOYEHUS B COCTaB BaKIIMH
B anugeMudeckom cezoHe 2001—-2002 rr. (B mpo-
M3BOACTBE BaKIIMH HCHOJb30BaJUCh BUPYCHl B/
Johannesburg/5/99 niu B/Victoria/504/2000) [146].
B 1o e Bpems reorpadus UMPKYASILUU BUKTO-
PUAHCKMX BUPYCOB OblJa OrpaHMYeHa CTpaHAMM
IOro-BoctouHoit Azuu [42, 115, 119]. Illupokoro
pacnpoCTpaHEHUsI OHU HEe UMEJIU.

3atem B TeyeHue ce3oHoB 2000—2001 u 2001—
2002 rr. BUpPYChl BUKTOPUAHCKOU JIMHUU TOSIBU-
nuck B CeBepHoli AMepuke 1 EBporie u Murpupo-
BaJiu 1o Bcemy Mmupy [128].

C 2000-x rr. n1Be TUHUU rpunna B coBMecTHO
LHUPKYJIUPYIOT C IIOCTOSIHHOM M3MEHUYMBOCTBIO
C TOYKM 3pEeHUsI Teorpamueckoro pacipocTpaHe-
HUS M TeHOMHOI 3BoJitonnu [77, 94, 128]. I1pu aTom
B CeBepo-AMepUKAHCKOM permoHe LIUPKYJIUPOBa-
Jla OJlHa BETBb BUKTOPUAHCKMX BUPYCOB, a B Kurtae
u IOro-BocTtouHoii A3uu ObLJIM JIOKAJbHO pac-
MPOCTPAHEHBI IBE APYrue BETBU BUPYCOB JIMHUU
B/Victoria. BT Tpu BETBM 3BOJIOLIMOHUPOBAJIU
HE3aBUCHMO, HE MOKMIasi PerMoH HadaJIbHOM JIO-
KajnM3alluy Ha MPOTSIXKEHUU MATHU JeT, 4To K 2007—
2008 rr. mpuBeJIO K OOAHOBPEMEHHOI LIUPKYISIIUU
TpeX aHTUIeHHBbIX BapUaHTOB (JIMHUII) BUKTO-
PUAHCKMX BUPYCOB B pa3JIMUYHBIX YacCTSIX IJIaHE-
Thl [22]. HeckoJIbKO mo3aHee BUKTOPUAHCKHE BU-
PYCBI CTajli aKTUBHO PAcCIIPOCTPAHSIThCS 110 MUPY
U COLMPKYJIUPOBATh C IIPEBAJIMPYIOIIMMU paHee
B/Yamagata/16/88-1mogqo6HbiMu Bupycamu [119].
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CrnencTBueM COBMECTHOM WMPKYJISIIAUA JIBYX
JUHUN BUpyca rpunna B crano mosiBaeHue peac-
copTaHTOB, obnamaromux HA nuaum B/Victoria
n NA nunuu B/Yamagata (a umenHo — B/Sichuan-
MOJOOHBIX BUPYCOB) MM HaobopoT [82, 94, 136].
Ilonob6Hast peaccoprauus (Kak W JIJ51 BUPYCOB
rpurina A) MOXeT MIPUBOIUTH K CAMBIM HETIpeIcKa-
3yeMbIM TTOCJIEICTBUSIM, TOCKOJIbKY PeacCOPTaHThI
MOTYT IIpUOOpETaTh HOBbIE, HECBOMCTBEHHBIE PO-
JMIVTEJISIM CBOMCTBA BILJIOTH JIO BOSHUKHOBEHUSI HO-
BOTO, BBICOKOBUPYJIEHTHOTO Bupyca [148].

B 2003—-2004 rr. onsiTh B HUPKYJASLMIO BEPHY-
JIUCh BUpYChl TMHUU B/Yamagata, koTopble aHTU-
T€HHO OTOIIJIM OT MOCJEAHEro 3TaJOHHOIO IITaM-
Ma u3 aToli rpyribsl — B/Sichuan/379/99.

Ha mporsikeHUM >SNUAEMHYECKOro Cce30Ha
2004—-2005 rr. UMPKYAUPOBAIU BUPYCHl TPUII-
na B kak siMaraTckoil, TaK 1 BUKTOPUAHCKOM JI-
HWIi, HO COOTHOIIIEHUE TIPEACTaBUTEIEH ITUX IBYX
9BOJIIOIIMOHHBIX TPYNN OTIWYAIOCh IJISI Pa3sHBIX
ctpaH [3, 81, 101]. B Poccuu 2004—2005 rr. nipen-
CTAaBUTEJIM IMAraTrCKoOl U BUKTOPUAHCKOW JIMHU
BCTpEYaJUCh NMPUMEPHO C PABHOM 4YacTOTOWM, 3a-
TeM, B ce3oHax 2005—2006 u 2006—2007 rr., BUK-
TOPUAHCKME BUPYCHI TTOJYUYUIU LIUPOKOE pacipo-
CTpaHeHUEe U BBITECHUJIN U3 LIUPKYISIIUU BUPYCHI
nmuHuu B/ Yamagata [5, 11]. Omnako B 2007—2008 rT.
B Poccum cHoBa Hauaja mpeBajJMpoBaTh siMarart-
ckasg quHug [4, 11], ¢ 2008 mo 2011 rr. Bo30o6HO-
BUJIaCh aKTHMBHAasl LUPKYISIUS BUKTOPUAHCKOM
JIMHUMU, a 3aTeM ObljIa CHOBAa OTMEUYeHa COBMECTHas
HUPKYJISIMS BUPYCOB rpunna B BUKTOpuaHCKOM
M siMaraTckou auHui [11].

OnHoBpeMeHHasT MUPKYISIIUS BUPYCOB 00EUX
AHTUTEeHHBIX BETBEW oTMeyasachk BIJIOTh A0 2010—
2012 rr. [2, 4, 5, 8, 13, 23, 24, 29, 41, 42, 99, 115,
120, 153], HO B ompeAeieHHBIX peruoHax Mupa
npeBajiupoBaja aubo ta, Jubo apyras auHus [11,
119, 152]. Tak, Hanpumep, B ce3oHe 2011—2012 rr.
BUpYychl JuHUU B/Yamagata BmepBble MOSIBUTUCH
Ha TaiiBaHe, Torma KakK BUKTOPMAHCKHE BHUPYCHI
npeobaaganu B Kurae v uupKyamMpoBaJsiu elie B He-
KOTOpbIX peruoHax mupa [144]. [Toxoxast cutyauus
HabJronasach B TOM Xe Ce30He B ABCTpauu, Iie
JIOMUHUpPOBaJia BAKTOpUaHCcKas TuHusI, 1 B HoBoit
3enaHauu, rae B TO XK€ BpeMs TOMUHUPOBaJa JU-
Husg B/Yamagata [138].

ITo3nHee BO MHOTrMX CTpaHax MpooJKajaa J0-
MUHUpoOBaTh NTuHNSA B/Yamagata [39], a B ce30H
2017—2018 rr. mepBeHCTBO MPOYHO 3aXBaTUJIU sIMa-
raTckue BUpYychl [45, 46]. B 2019 r. mo BceMy MUpY
pPETUCTPUPOBAIUCH Apeiid-BapraHThHI BHYTPH 00e-
ux auHuii. B 2020 r. yxe npeobjagaiu BUPYCHI
BUKTOPUAHCKOW JTMHUM, HO €Ile BBISIBJISIJINCH IO~
cjleqHUEe K HacCTOsIIEMy BPeMEHU IMpPeIcTaBUTEIU
auHuu B/Yamagata [12, 111].

3aKOHOMEPHOCTU MI00aTBbHOM IMPKYISIIIUUA BU-
pycoB rpumniia B moka m3y4eHsbl He B ITOJTHOUW Mepe.
OHU OTJIMYAIOTCS OT 3aKOHOMEPHOCTEU LIUPKYIs-

uuu BupycoB rpunna A(H3N2) u A(HINI), korto-
pbie Tak>ke He CXOXU Mex 1y coboii. Chen et al. [32],
npoaHaJIu3upoBaB (HUIOreHETUUYECKUE 3aKOHO-
MEPHOCTHU 3BOJIIOIIMU BCEX CErMEHTOB reHoma 0o0-
see 100 Bupycos rpumnia B, BeigeaeHHBIX ¢ 1965 1.,
MPEITIOJIOXUIU, YTO IBOJIIOLIMOHHBIE W3MEHEHUS
Ccpenu aHTUTEHHO pa3JIWYHbIX JUHUI B/Yamagata
n B/Victoria sBisiioTcs pe3ysibTaTOM W3MEHEHUI
B KOJIJIEKTUBHOM MMMYHMTETE, a B3aMMOJICICTBIE
C BUPYCOM TpuUIllia A MOXET UTpaTh LEHTPAIbHYIO
poJib B (GOPMUPOBAHUHU IBOJIIOLIMOHHON TUHAMUKHA
BUpYyca rpurnma B, cmocobcTBysi cMeHe TOMUHUPO-
BaHMs Mexny TnHussMu B/ Victoria u B/ Yamagata.

OCHOBHBIM C€ITOCOO0M OOPHOBI C TPUMIIO3HON
vHpeKIMeir ocTaeTcss BaKIIMHOIPOMGUIAKTHUKA.
BakiimHHBIE ITaMMBI JISI TPUIIIIO3HBIX BaKIIMH
MEHSIFOTCSI B COOTBETCTBUU C €XETOMHBIMU PEKO-
MeHAauusaMu BceMupHO#l opraHM3aluu 34paBoO-
oxpaHeHus (BO3). 1o 2012 r. ce30HHbIE TPUIIIIO3-
HbIe BaKIMHBI OBUIM TPEXBAJGHTHBIMHU, TO €CTh
BKJIIOYAJIM TP IITaMMa BUPYCOB IPUINA — OIUH
mrtamMm A(HINI1), onun mitamm A(H3N2) u onun
mramMmM B nuHum namb6o B/Yamagata, nu6o B/
Victoria. Ho yxxe B 1999 r., npu BeIHECEHUU PEKO-
MeHJalMi 0 cocTaBe TPUMNIO3HbIX BakKMH, y BO3
BIIEPBbIE BO3HUKJIA MpoOeMa BbIOOpa MEXAY BY-
Ms JTUHUSIMU Bupyca rpurnima B. IIpo6iema oka3za-
JIach HACTOJIbKO CEPbE3HOM, UTO ABAXK bl (Ha CE30H
1999—2000 rr. mast CeBepHOTO ITOJYIIApU I U Ha Ce-
30H 2000 r. gy KOxHoro noaymapust) BO3 peko-
MeHJIoBaJla OTHOBPEMEHHO ABa BUpyca rpunna B
(B/Shangdong/7/97 kak mnpencTaBUTENs JUHUU
B/Victoria u B/Beijing/184/93 kxak mpenctaBUTe-
Jgsg nuHuu B/Yamagata). PemreHnue o Tom, Kakoit
U3 HUX gBJseTcs 6osee MOAXOASIIUM AJIsI BKJIIO-
YeHUSI B TPEXBAJEHTHYIO BaKIIMHY, ObIJIO OTIaHO
Ha pacCMOTpPEHUEe HAllMOHAJbHbBIX KOHTPOJUPYIO-
X OPraHOB M IPMHUMAJIOCh HA OCHOBE MECTHBIX
SMUAECMHUOJOTNIECKUX TaHHBIX [146].

K coxaneHuio, M3-3a MOCTOSTHHOI'O TMOsIBJIE-
HMSI aHTUITEHHO HOBBIX IITaMMOB 3(deKTUB-
HOCTb peKoMeHaoBaHHbIX BO3 KaHI111aTOB B Bak-
IMHBI HE TapaHTUPYETCS; TOJOBMHA MPOTHO30B
Ha 1999—2021 rr. Obl1a MpU3HAHA HEOIITUMAJIBHOM.
Hanpuwmep, B cezone 1997—1998 rr. 0bL10 3amMeue-
HO 3HAYUTEJbHOE HECOOTBETCTBUE MEXIY KOMIIO-
HeHTOoM BakuUuHbl A(H3N2) u Haubosnee pacrnpo-
CTpaHEHHBIM OBMNHUIESMUYECKUM BHUPYCOM TPHII-
na A(H3N2) [40]. B despane 2019 r. BO3 couna
3aTPyIHUTEIBHBIM CBOEBPEMEHHO PEKOMEHI0BATh
BaKLMHHBIN miTamM noatuna A(H3N2), u peko-
MeHmanuu no komrnoHeHTy A(H3N2) 6b11u o1iio-
JKEHbI Ha LieJibli Mecsily — 10 21 mapta 2019 1.

OTa npobysiemMa KocHyjdach M B KomIoHeHTa
BakIMH. B psime ctpan, BKiatovast u Poccuio, B anu-
NEeMWYECKOM IO TPUIMMNY CE30HE LMPKYJIUPOBAIU
mITaMMbl BUpyca rpunna B, mpuHamiexaiiue re-
HETUYECKOU JIMHUU, OTIWYHON OT BKJIOYECHHON’
B COCTaB BaKIIWH [23, 28, 60, 115, 133, 137].
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Bce aT0 mobynusio mpousBoauTesiell K co3ga-
HUIO KBaJpUBaJEHTHBIX BaKIWH, BKJIIOYAIOIIUX
ob6a KoMIToHeHTa B, 4To HOMKHO OBLIO HEUTpaIu-
30BaTh HECOBMAJACHUE MEXIY LUPKYJIUPYIIOIIEH
JIMHUEN Y TUHUEH, PEKOMEHIOBAHHON B KA4YECTBE
BakUMHHOI [23]. O1LleHUB CUTYyalIUIO C TTapasieb-
HOW LUPKYJSLUEN NBYX JIMHUNA U NPaKTUUYECKU
MOJHO HEBO3MOXKHOCTbIO peayragaTh, Kakas Ju-
HU S OyJeT NpeBaJIupPoOBaTh B KOHKPETHOM PETMOHE,
skcrepThl BO3 peuinau npobiaemMy, peKOMeH10BaB
BKJIIOUYUTH B BAKIIMHBI BUPYCHI I'pumina B obenx nu-
Huil. 23 deBpansg 2012 r. oas Tex, KTO MPOKUBaI
B CeBepHOM MOJIyLIAPUU U pacCMaTPUBa BO3MOX-
HOCTb Mepexojia Ha KBaJApuBaJeHTHBIE MMpernapaThl,
BO3 BniepBble pekoMeHJoBaja AJs BKJIOYEHUS
B cocTaB BakIIMH B ce30oHe 2012—2013 rr. BUpychl
obeux nuHuii [146]. Ouasa HOxHOro rmoJymapus
MepBble PEKOMEHIAIIMU 110 KBaAPUBAKIIMHE ObLIU
caenanbl 20 ceHTa6pst 2012 1. [146].

B nauvane 2020 r. Bupycel nuHumn B/Yamagata
CTajqu 3HAYUTEJIBbHO DEXe MOSBISTHCI B LIUPKY-
JISIMU, a B MapTe Mecslle BUKTOPUAHCKUE BUPY-
Chl MPAKTUYECKU MOJHOCTHIO BBITECHUJIU JTUHUIO
B/Yamagata [73, 145]. Ceronnsi, yepes 11 jet 1mo-
cje BbIXxoaa mepBbIX pekoMeHaauuii BO3 no kBa-
IpuBaKkiMHe, TUuHUS B/Yamagata HacTOJIbBKO MC-
yesjla M3 LUPKYJsuuu [73], 4TO BCTaja BOMNPOC
O BO3BpalllCHUU K TpUBAJEHTHOU BakiuHe [145].
B okTts6pe 2023 r. BO3 npuiia K BIBOAY, UTO 3a-
muTa ot iuHuu B/ Yamagata GoJsibliie He TpedyeTcs
U ee BKJIIOYEHUE B TPUMNMO3HbIE BAKIIMHBI OOJbIIIE
He SIBJISIETCSI ONpaBAaHHBIM. DTO CHOBA COKPATUJIO
KOJINYECTBO IITAMMOB, BXOASIIUX B COCTaB IPUTII-
MO3HBIX BaKIIUH, 10 Tpex [145].

IIpenckazaTh JOJTOCPOUYHYIO DBOJIIOLIUIO BUPY-
COB I'puIlla HeBo3MOXHO. [Toka HesICHO, TTOsIBSATCS
au Bupychl B/Yamagata cHoBa, BOSHUKHET JIU HO-
Basi, KapAWHAJbHO OTJIMYAIOLIAsICS TUHUS WU OY-
JIET SBOJIIOIIMOHMPOBATH TOJILKO TNHUS B/ Victoria.
B 2020 r. Virk u coaBnrt. [140] npennojoXuau, 4To
JnaJibHelIee pacxoxXJAeHUe BapuaHTOB reMarriio-
TUHUHA C TJIOXOU MEPEeKPECTHOU PeaKTUBHOCTHIO
MOTEHIIMAaJTbHO MOXET MPUBECTU K LUPKYISLUU
Tpex WM 0oJjiee pa3IUMYHbIX JUHUN BUpyca FpUIl-
na B. Mcue3HoBeHUEe B 3TO XXe BpeMs JuHuu B/
Yamagata BbI3BaJIO OypHBIE CIIOPbl O MPUYMHAX
9TOTO SIBJICHUSI, OJHAKO MPEAINOJ0XKEHHUE O TOM,
YTO MCUYE3HOBEHME SIMaraTCKUX BUPYCOB MOXET
OBITH CIEACTBUEM MeEp MO OOpbhOE C KOPOHABUPY-
COM, TTIOKa He MOATBEePXKIEHO JOKYMEHTAJIbHO.

NHrmbrTopoyCcTONYMBOCTb

leHeTHuYecKas AMBepreH1MsI BUPpYCOB rpuiina B
Ha JOBe JIMHUM IIpuBeJjia K U3MEHEHMSIM, MHOTIA
KapAMHAJIbHBIM, LIEJOr0 psiga UX OMOJOrMYeCKUX
(beHOTUIIMYECKMX) CBOMCTB, HauWOoOJIee SIPKUM
13 KOTOPLIX SIBJISIETCS TaK Ha3biBaemasl yCTOMYM-
BOCTb K MHIMOMTOpaM HOPMaJIbHOW (HEMMMYH-

HOI) CBIBOPOTKHM KpoBM Jjomanu. MHruduTopsl
OTHOCATCS K (haKTOpaM Hecnennbuieckon 3amim-
THl OpraHu3Ma OT MH(EKIIMOHHBIX 3a00JIeBaHUIA.
C 1960-x IT. BIuTepatrype CTaJivi MOsIBIASIThCSI CO00-
IIeHU s 0 BUpYycax rpuria A u B, Kak 4yBCTBUTE I b-
HBIX, TaK U YCTOMUYUBBIX K ICCTBUIO MHTUOUTOPOB
CBIBOPOTKHM KpoBH [21, 36, 56, 75, 84]. UHruomuTopsl
MOTYT HecneuubuIecK NOAaBaAsITh TeMarTJOTU-
HallMIO BUPYCOB I'PUIIINA, YTO B JIJAOOPATOPHBIX yC-
JIOBUSIX YETKO TPOSIBIISIETCS B PeaKIINU TOPMOXKE-
Hus remarraotuHanuu (PTTA).

Ho 1980-x rr. 00JBIIMHCTBO M30J5ITOB BUPYCOB
rpunna B o0iiagaso MHrUOUTOPOPE3UCTEHTHBIM
denorumniom. Illocrie pazgeneHWs Ha JIBE JIWHUWU,
HECMOTPS Ha TO UYTO B aHTUTCHHOM OTHOIICHUU
BUKTOPUAHCKME BUPYCHI JAJIEKO OTOLLIN OT BUPY-
coB rpunna B npousix jet [119], oHu coxpaHu-
JI1 BBICOKUI YPOBEHb YCTOWUYMBOCTU K MHTUOU-
TopaM. Bupycel nmuaum B/Yamagata, HampoTus,
coxpaHssl Oobllee (PUIIOTeHeTHYEeCKOe POACTBO
C «paHHUMW» BUpYCaMH, ITPUOOPETN BBICOKYIO
UHTUOUTOPOUYYBCTBUTEIBHOCTH [9].

DTOoMy TIpU3HAKY VYOCJISJIOCh CpaBHUTEIb-
HO MaJIo BHUMAaHUS 0 TeX Mop, moka B 1990-x rr.
HE BBISICHMJIOCh, YTO TaK Ha3blBaecMasi 4yBCTBH-
TEJIBHOCTH/YCTOMUYMBOCTL K HeCTeu(pruIecKum
MHTHUONUTOpPAM CBIBOPOTKM KPOBU HAIIPSIMYIO CBSI-
3aHa C CHMAJIOBBIMU pelLeNTOpaMU KJIETKU XO3sU-
Ha [124]. Torna crapsie pa6oTel 1960—1970-x 1. [21,
36, 75, 84] mpuobpenu COBEpIIEHHO HOBOE 3ByYa-
HUE; HY>XHO OBLIIO TOJIBKO 3aMCHUTDH TCPMUH «JIyB-
CTBUTEJIbHOCTh/YCTOMUYUBOCTh K MHTUOUTOpaAM»
Ha <«JyBCTBUTEJIbLHOCTH/YCTOMYMBOCTh K CIICIH-
duyeckum anbda-2,3 unu anbda-2,6-cUaTOBbIM
pelerrTopam».

PeuentopHas cneunduyHoCTb
remMarritoTMHUHA

HauanbHoil cTagmeil penauKaquOHHOTO LMK
SIBJISIETCSL aACOpOLMS BUPYCHOIO IeMarrjiloTUHU-
Ha Ha MOBEPXHOCTHU KJeTKU-xo3sauHa [129]. Bupyc
rpumnmna pacrno3HaeT N-aleTUJTHEeHPaMUHOBYIO
(cMaioBy10) KUCJIOTY KJIETOYHOM MeMOpaHbl B Ka-
yecTBe peuentopa. CuaaoBble KMCIOTHI IIPEACTaB-
JISIIOT CO0O0i IeBITH YIJIEPOIHBIX MOHOCAXapU/IOB,
00OHapy>XeHHBIX Ha KOHIIAX MHOTUX TJIMKOKOHBIO-
ratoB. OHUM IIMPOKO PaCIpOCTPaHEHbl B pa3jiny-
HBIX THUIIaX XMBOTHBIX KJIETOK. BTOpoii yriepona
KOHIIEBOI CMaJI0BO# KUCIIOTHI MOXKET CBSI3bIBATHCSI
100 ¢ TPEeThbUM, JTMOO C MIECTHIM YTJIEPOJIOM ra-
JIaKTO3bI, 00pa3ys cBsa3u Siao-2,3Gal (o-2,3) nm
Siac-2,6Gal (0-2,6) cooTBeTCTBEeHHO. Paznmuuus
B CITOCO0€ CBI3BIBAaHUSI IPUBOISIT K YHUKAJBHBIM
CTepUYCCKUM KOH(PUTYpalMsIM KOHIICBOM cua-
JIOBOM KMCJIOTBI. DTHU T'PYIIbl CUAJI0BOI KUCIOThI
pacrno3HalTCsl caliTaMU CBSI3bIBAHUS PELICIITOPOB
HA Bupyca rpunmna, KoTopble 00JanaiOT CHELu
(GUYHOCTBIO K CBA3IM o-2,3 uam o-2,6. Bupycer

849



W.B. Kucenesa, H.B. JlapnoHoBa, A.W. XentyxuHa

MHdekumns n uMmyHuTeT

rpurmmna A JejgoBeKa paclio3HAIOT B KayeCTBE KJie-
TOYHBIX PELENTOPOB TIJIMKOIIPOTEUHBI, COAEpXKa-
I CUAJIOBBIC KMCIIOTHI, CBSI3aHHBIC C TaJIaKTO30M
yepe3 cBsi3b 0.-2,6 [37, 51, 90, 118]. Takue cuanui-
coiepxKallue peuenTopbl MpeodaagaoT Ha MUTe-
JIMaJbHBIX KJIETKaX BEPXHUX AbIXaTeAbHbIX ITyTei
yenoBeka [38, 92, 130]. Bupycsl ITHYbEro M jola-
JTUHOTO TPUIIIA ITPEUMYIIECTBEHHO CBSI3BIBAIOTCS
¢ a-2,3-peuentopamu [37, 51, 90, 118], koTopsnle,
B YAaCTHOCTHU, IpeobamgaroT Ha SHUTeHaJbHBIX
KJIeTKaX KHUIIIeYHWKa BOHOITJIaBaIOIIMX ITHUIL [91,
134]. Bupycbl CBUHOI'O TPUIIa TPOSIBISIOT CPOJI-
CTBO K 000UM TUIIaM pelenTopoB [142]. DTu pas-
JUYUS B pelenTopHoi crneuududyHoctu HA saB-
JISIIOTCST pelIapiuM (akKTOpoM, OMpeaeIsTIONInM
KPYT X0351€B BUPYCOB rpumnmna [25, 147].

Yro KkacaeTcsl BUPYCOB Ipulilia B, mpakTtuue-
CKM BDHAEMUYHBIX IJIsl 4YeJoBeKa, TO BUPYCHI JU-
Hun B/Yamagata obmamaroT IIpeuMyIleCTBEeHHBIM
CPOICTBOM K peELIENTOpaM C O.-2,6-CBSI3bIO, TOTIa
Kak BUpYchl TMHUU B/Victoria MOryT cBSI3BIBATHCS
C 00OMMMU THUITAMMU PELIETITOPOB — CO CBSI3BIO O1-2,6
" 0-2,3, 9TO ¥ OOBSICHSICT YyBCTBUTEJIBHOCTD K MH-
THOMTOpPAM CHIBOPOTKM KPOBHM JIOIIAIU IIEPBBIX
M YCTOMYMBOCTH BTOPBIX. Kpome Toro, 11st uX mpe-
cTaBUTeJIel crneuuduueH TPEeTUM TUIT peLernTo-
poB — cyabdaTupoBaHHbIC TTTMKONPOTEUHHI [141].

30HANpPOBAaHUE BUPYCOB HEOTJIMKOKOHBIOTATa-
MU BBISIBUJIO CITeIIM(UUIECKOe CBOWCTBO CBSI3bIBa-
Hus 6'-HSO3LacNAc (HO He apyTrux cyiabdaTupo-
BaHHBIX OJIMTOCAXapua0B) IITAMMOB BUPYyCa TPUII-
ma A u B yenoseka [116].

PenieniTopeBsizbiBaloniasi akTuBHOocTh HA Bupy-
COB IpHIIIIa MOXET UHITMOMPOBAThCS Pa3IUIHBIMU
MOJIeKyJIaMH, IIPUCYTCTBYIOIIMMHU B CBIBOPOTKE
M CJIM3UCTHIX CEKpeTax.

Hawu6Gonee xopoino ucciemoBanbl Siao-2,6Gal-
TEPMUHUPOBAHHBIE O.2-MaKPOTJIOOYIUHBI KaK MH-
THOMTOPHI, MPUCYTCTBYIOIINE B CBIBOPOTKE KPOBU
snomraagu. OHM 3KCIIPECCUPYIOT MOAMGMUIIMTPOBAH-
Hy10 4-O-aueTua-N-alueTUuJIHeNpaMUHOBYIO KMC-
JIOTY, KOTOpasli yCTOMYMBa K TUAPOJIU3Y BUPYCHOU
HEMpaMMHUIA30 U NEUCTBYET KaK MMILEHb JIS
CBsI3bIBaHUS remarriioTuHuHa [114]. DTy nexkTu-
HBl UMUTHUPYIOT PELIETITOPHI KJIETKH C O-2,6 TUTIOM
CBSI3U, OHU OJIOKUPYIOT CAUT CBSI3bIBAHUSI PELIEITO-
pa BupycHoro HA u rakum o6pa3zom nu3duparTesibHO
UHTUOUPYIOT BUPYCHI IpuIina yeaoseka [50, 85, 8§9].
COOTBETCTBEHHO, JIJIsi BUPYCOB I'pUIIIA YeJoBeKa
XapakKTepHa YyBCTBUTEJIbHOCTb K ChIBOPOTOYHBIM
MHTUONTOpAaM HEUMMMYHHOI CHIBOPOTKH KPOBU
JIOIIAaaM, TOTAA KaK BUPYCHI TPUIIITA IITUIL U JIOIIA-
JIeil, TpeuMylleCcCTBEHHO pacro3Halue o-2,3 pe-
LENTOPbI, yCTONYUBBI K MHTMOUTOpaM JIolIa 1 HOU
ceIBOpOTKH [75, 89, 117].

HenMMyHHas CBIBOpOTKA KPOBU JIOIIAIH SIBJISI-
eTCsl yIOOHBIM MHCTPYMEHTOM JIJIs1 JJAaGOPaTOPHOTO
aHaJIM3a PeleNTOPHON CHelU(PUUIHOCTH BUPYCOB
rpunmna B PTTA u B peakuuu HeUTpaaiu3aluu.

OnmHaxko, SIBISISICh CUJIBHBIM MHTUOMTOPOM remMar-
TIIOTUHUPYIONIEN M MHPEKIIMOHHON aKTUBHOCTU
mHorux H2 u H3 BupycoB yenoBeka, oHa He WH-
rubupoBajia paHHHE BUPYCHI Tpurma B u BUpyCh
HINI1, uTo MOXeT 00BSICHATBLCS UX IBOMCTBEHHOM
0-2,3/0-2,6 peLienTOpHOM Ccreln(UIHOCTBIO.

briio mpoBegeHo cpaBHeHUE 22 aMUHOKMUC-
JOTHBIX TocaemoBaTesbHOCcTeit HA ycTouunBBIX
M YYBCTBUTEJbHBIX K MHTUOUTOPAM BUPYCOB IPUII-
na Biunawuit B/Victoriau B/Yamagata, mojiy4yeHHBIX
U3 MEXAYHapOAHBIX 0a3 faHHbIX [57, 104] 1 BBIPOB-
HEHHBIX C MOMOIIBIO KOMITBIOTEPHOM ITPOrpaMMbl
Clone Manager 9 for Windows. YcTaHoBJIeHO HaJlu-
g€ 1Mo MEHBIIIEe Mepe TpeX YHUKAJbHBIX aMUHO-
KMCJIOTHBIX To3uluii B Mojiekyjie HA1, koTopsbie
MOTYT OBITh CBSI3aHBI C TPHOOpPETEHWEM WHTH-
OUTOPOYYBCTBUTEIBLHOCTH BHpycaMU JIMHUU B/
Yamagata: Lys-86-Met; Asn-163-Ser, Lys-224-Asn
(JlapuonoBa H.B. u KuceneBa M.B., nuuyHoe co-
obuieHue). Bce BbISIBI€HHbIE aMUWHOKUCIOTHBIE
3aMCHBI HaXOHISTCsS BOJIM3M aHTUTEHHOTO caiiTa:
aMUHOKHUCIOTHBIE OCTATKU 86 1 224 paciioioKeHbl
B HEIIOCPEICTBCHHOM OJM30CTH OT aHTUTECHHOTO
caiita HA, a 163 ocrarok Haxogutca B 160 meTe.
Hu omHa u3 BBEIIBICHHBIX aMUHOKHWCJIOTHBIX 3a-
MEH He 3aTparuBacT HAIIPSIMYIO PELeNTOpP-CBSI-
3bIBAIOIIUM CAlT, HO BCE OHU HAXOIATCS Henalie-
KO OT Hero. AMMHOKMCJIOTHAS 3aMeHa B MMO3ULIUU
163, Kak BO3MOXXHas e TEPMUHAHTHI PeLENTOPHOK
crienMUIHOCTHU, OMMCcaHa Takke B padbore Wang
n coaBnT. [41]. KoHcepBatuBHasg mo3uims Asn-163
y BUpycoB 1nHuU B/Victoria siBasieTcst caliToM IJiu-
KO3UJIMpPOBaHUs, a y BUpycoB JuHuu B/Yamagata
OHa yTpauyeHa BCJeICTBUE AU U.

KinnHuyeckasi kapTuHa 3a00jieBaHUI, BbI3bI-
BaeMBIX BUpycaMM I'puIina B, BapeupyeT oT JIerkou
MHGEKIINY BEPXHUX ObIXaTeJIbHBIX ITYTEH IO TSKE -
soii nHeBMoHM U [31, 33]. Bupychl rpunmna B aunuu
B/Victoria, agcopbupymoiiuecss Ha cUaJIUJICOAEP-
JKAIIMX perenTopax 000onX TUTIOB U Ha CyJIb(paTr-
POBAaHHEIX OJIMTOCaXapHiaax, CKopee MOTYT OBITh
NPUYACTHBI K TSIXKEIBIM NHGEKIIUSIM C Pa3BUTUEM
OpPOHXONMHEBMOHHI M KEJTYTOYHO-KUIIEYHBIX 3a-
OosneBaHMit, YeM BUpPYCHl TuHuu B/Yamagata, mpu-
KperuIstiolecs: ToJabko K Siac-2,6Gal Tnukorpo-
TeMHAM BEepPXHUX AbIXaTeAbHBIX ITyTeH [41].

TemnepaTypo4yBCTBUTENILHOCTb
penpoayKuum

OmHuM 13 (PaKTOPOB YCIIENITHON PENMPOLYKIUU
SMUACMUYECKUX BUPYCOB I'PUIIIIA SIBJISICTCS UX LI~
pOKast IpUCIOCOOISIEMOCTh K TEMIIEPAaTyPHOMY AUa-
na3oHy (YHKIIMOHUPOBAHUSI OpraHM3Ma XO3siIMHa.

[TepBbie BUpycHl rpuIina yeioseka A u B, Bbige-
JICHHBIC Ha 3ape CBOEr0 OTKPBITUS, aKTUBHO pa3-
MHOXaJMCh TPU TeMmmepaTypax, IMPEeBbIIIAIOIINX
OINTUMAaJIbHbIC JJIsI MX PENpOAYKIIMU 3HAYCHUS
(32—-36°C), TO ecTh obJlamaid TaK Ha3bIBaACMBIM
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Bupycol rpunna B

non-ts (non-temperature sensitive, TemIiepaTypo-
YCTOMYUBBLIM) (peHOoTUrnoM. MHOrouYuciaeHHbIe
CBHIETEIbCTBA MPUBEIU K OTHO3HAYHOMY 3aKJTIO-
YEeHUIO O TOM, UYTO HUPKYIUPYIOIINE BUPYCHI TPUTI-
rma yeJioBeKa Bcerga 001aJaloT YCTOMYMBOCTBIO
K TOBBIIIEHUIO TeMIepaTypbl WHKYyOauuu, 4TO
onpeaessieT UX BUPYJICHTHOCTD, TI03BOJISIST YCITEII-
HO TIPOTHUBOCTOSITh Hecmenu(pUIeCKNUM (pakTopaM
3alUThl opraHusma [17]. belio yctaHOBIEHO, UTO
MNpeneabHO IOIMYyCTUMasl BEPXHSSI OTpaHUYUTEb-
Hasi TeMmIeparypa pernpoayKIUuu BUPYCOB TPUTI-
na A B pa3BUBAIOIMIMXCSI KYPUHBIX 3MOpHOHAX
(PK®) — 40°C, a y BupycoB rpunmna B — 38°C.
MHeHue 0 TOM, YTO BCE€ BIUAEMMUUYECKUE BUPYCHI
TPUIIIIa TIPEACTABJICHBI TEeMIIEPAaTypPOYyCTOMYM-
BBIMU BapuUaHTaMH, OBITOBAJO BIUIOTH OO KOH-
na 1970-x rr., moka B UMPKYJISLIUU HE TOSIBUIUCH
MepBble CO BPEMEHU OTKPBITUSI BUPYCOB T'pUIINa
ts-BapuaHTHI (temperature sensitive, Temrmepary-
POYYBCTBUTEIBHEIC) CHayaJla BUPYCOB TpHUIIa A
[16, 110], a mo3xe u B [9, 79]. B snuaemuyeckui
nepuon 1977—78 1. 17 u3 26 U30JIITOB CEPONOATU-
na A(HIN1) u 2 u3 11 uzonsaros A(H3N2) umenn
ts-cperorut. [1pu 3ToM BUPYCHI, BBIICICHHBIC B O~
HOM TOpojie 1 JaXe OT OJTHOr0O MHAWBUIYyMa, 3Ha-
YUTEJbHO BapbUpPOBAJM MO IMPU3HAKY TeMIepaTry-
pouyBcTtBUTenbHOCTU. M30omsat A(HIN1) ¢ temrie-
patypoii penponykuuu B MDCK, orpaHnuyeHHOI
38°C, okaszaJicd 4aCTUYHO aTTEeHYUPOBAHHBIM M5
yeyioBeka. Ts-MyTaHT, C OTpaHUYUTEIbHOMN TEeMIIe-
patypoii perrponykKnouu 37°C, mposiBUI ceOs elle
0OoJice aTTEHYHMPOBAHHBIM B TECTE Ha BOJIOHTEpPAX,
TOTHA KaK M3OJIST C MPeaeIbHO IOIMTYCTUMOM TeM-
nepatypoii penpoaykiuuu 39°C ObLI 3HAYUTETIBHO
oonee peakToreHHBIM [34, 110]. bein caenaH BbI-
BOI O TOM, UTO MOSIBJICHIE B IIPUPOIES BUPYCOB C ts-
deHoTUIIOM, HaApsIy C Non-ts, 03HA4YaeT, YTO BU-
pPYChl BapbUpylollleil BUPYJEHTHOCTHU JaXKe U3 Ofl-
HOT'O CEpOIIOATHUIA, ECTECTBEHHO COLMPKYIUPYIOT
B coobuectBe [110]. JanbHeime uccaenoBaHusd
OOHApyXWUJIM, YTO IIPOIOPLMS tS-BUPYCOB He-
YKJIOHHO BO3pacTaJjia ¢ TogaMu HabaoaeHus. Tak,
ecau B 1949—1957 rr. ts-Bupychl coctaBisiiu 8,3%
OT BCEX MCCJIEMOBAHHBIX M30JISITOB U PKYINPOBAB-
IIMX B TOT IMTaHAEMUYECKHU 1 CE30H BUPYCOB TpUTITIA
ceponoatuna A(HINI), To B 1979—1980 rr. oHU co-
craBuau 82,4% mnomnyislud aKTUBHBIX B TOT BIU-
nemuuyeckuit miepuon supycos A(H3N2) [34].

B MoJeKysIpHO-TEeHETUYECKUX MCCIIETOBAHMUSIX
BUPYCOB I'puIlna A 4yejoBeKa, NTUIl U peacCopTaH-
TOB MEXIY HUMU YyBCTBUTECIBHOCTHh K TeMIIepa-
Type peIIuKaluy Obljla O0yCJIOBJIEHA MYyTaIlMsI-
MU B Oejke mojimMepasHoro komruiekca PB2 [54,
55, 88, 93]. Insa BupycoB rpurnia B momoOGHbIX rc-
ClIeMOBaHMII HE IIPOBOAMJIOCH, OOHAKO B IIOJIb-
3y ONpenesIoneii poan OCJIKOB IMOJIUMEPa3HOTO
KOMILJIEKCa B TEeMIIepaTypodyBCTBUTEIBHOCTH/
YCTOMYUBOCTU PEINPOAYKLIMA BUPYCOB TIpUIIIA
Kak A, Tak u B cBuaeTenbCTBYyeT MOJIEKYJISIPHO-

TeHEeTUYEeCKUI aHallu3 JOHOPOB aTTeHYalluW IJIsI
SKUBBIX TPUTITIO3HBIX BaKIIUH, TTIOJTYYEHHBIX 32 CUET
XOJIOAOBOM ajanTallii 3MUJIEMUUYECKUX BUPYCOB
K perponykuuu B PKD npu nmonuxkenHoii 1o 25°C
TeMIIepaType U PeacCOPTAHTHBIX IITAMMOB MEXIY
AMUIEMUYECKUMU BUpycaMu Tpurnna A u B u joHo-
paMu aTTeHyalunu IJs BakuuH Yiabsrpasak® (HITO
MukporeH, Poccust) u FluMist® (CILIA) [6, 70].

AHaJIM3 TUTEPATyPHBIX TaHHBIX MO3BOJISIET CO-
IJ1aCUTHCSI C 3aKJIIOUEHUEM, UYTO CYIIECTBYET ONpe-
NeJIeHHAs! HUKJIUYHOCTD MPOSIBJICHU S ts-TTpU3HaKa
y BUpycoB rpunmna [7, 79].

Yacrora BbIAeICHUS tS SNMTUIEMUUYECKUX BUPYCOB
BapbUpPYET B 3aBUCUMOCTH OT MEPUOJA UX LIUPKYJISI-
uuu. [IpocnexxuBaercs caenyoliasi BOJHOOOpa3Hast
3aKOHOMEPHOCTD: KaX/IbIli HOBBIU ITUKJI OTKPbIBA-
eTCsl TIOSIBJICHUEM B LIMPKYJISIIUA aHTUTEHHO HO-
BBIX NON-ts-IIITAMMOB, KOTODBIE 3aT€M CMEHSIIOTCSI
mramMMaMH, objagaromumu  ts-peHotunom [7].
IMpu aTOM HambosbllIee YUCIO BOJH ObLIO 3auK-
CUPOBAHO [UJISI CaMbIX OBICTPO 3BOJIIOLIMOHUPYIO-
mux BupycoB rpurnma — A(H3N2). CyuiecTBeHHO
MEHBbIIIE NONOOHBIX BOJIH OBLJIO OTMEYEHO AJI51 MEHEE
nabunbHbix BUupycoB rpurima A(HINI) u eute MeHb-
11e — 1Jist BUpycoB rpuriia B. OTmedeHo nosiBieHue
TOJIBKO OJTHOU BOJIHBI MTPe00IaaH s TeMIIEpaTypo-
YyBCTBUTEJILHBIX BUPYCOB rpurimna B, koTopoe Haua-
JI0Ch B KOHIIE 1990-X TT. ¥ mpomokaeTcest 10 CUX Mop.
Bo3MoxHO, 3TO CBsI3aHO ¢ OoOJbIIe aganTanueit
Bupyca rpunmna B K yenoBeueckoil MOMmyasiiuu u3-
3a ero OoJjiee ApeBHETO npoucxoxaeHus [132], B pe-
3yJIbTaTe YeTO OH COXPaHSIET Ha MTPOTSKEHU U JOJITUX
JIET OINpEeJe/IEHHYI0 MPEeeMCTBEHHOCTh KaK CBOUX
AHTUTEHHBIX, TaK U PEHOTUTTMYECKUX MPU3HAKOB.

Bbl10 ycTaHOBJIEHO, YTO paHHUE HITAMMBI BU-
pycos rpunmna B: B/Lee/40, B/[dyian6e/62/66 u B/
CCCP/69 (Jlapuonosa H.B., Kucenesa U.B., nuu-
HO€ COOOUIEHUE), KAK U APYTUe ONMUCAHHBIE B JIN-
Teparype IITaMMbl 9TOTO TMEePUOAA BbIACIEHUS —
B/95/59 [14], B/Ann Arbor/1/66 [86], B/2/67 |71], B/
Hong Kong/8/73 [97] nposiBJIsSIIN HEYYBCTBUTE b-
HOCTb K MOBBILIEHHOU TeMIlepaType MUHKYOaluu.

AHann3 ITaMMOB, BbIJAEJIEHHBIX B IIepuos ¢ 1986
o 1998 rr., mokasas, uto 6 u3 10 BUpycoB obiana-
M non-ts-peHoTUNoM. DTo 3 mTamMmma JuHuu B/
Victoria (B/Ann Arbor/1/86 [20], B/Victoria/2/87,
B/Shangdong/7/97) w 3 wrtamma nauHuu B/
Yamagata (B/Beijing/203/89, B/Harbin/07/94 u B/
Yamanashi/166/98). OcTanbHbIe IITAMMBI TUHUU B/
Victoria (B/Ann Arbor/2/86 [15], B/Pura/3968/86,
B/CCCP/3/87) nu mrtamm nuHuu B/Yamagata (B/
IletepOypr/92/95) oKazaaucChb YYBCTBUTEIbHBI-
MM K NOBBILIEHHOUW TemIiepatype. Takum obpazom,
MpU3HAK TEMIEPaTypOYyBCTBUTEIbHOCTU BUPYCOB
1980—1990-x TT. BBIOEIEHUS TPOSIBIASIII MO3an4-
HOCTh C HEOOJIBIIIUM IPeodIajaHueM YCTOMIMBBIX
K TTOBBIIIIEHHOU TeMITepaType MHKYOaIluM IITaMMOB
(60% cocraBisiid ITaMMBI, 00Jiajalolie Non-ts-
denorumnom, u 40% — ts-ceHorunom) [9].
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Bupycel 1990—2001 rr. BbIOEIEHUS], KOTOpPbIE
oTHocunuchk Kk TuHuu B/Yamagata: B/Tokyo/53/99,
B/Johannesburg/05/99, B/Shanghai/72/99, B/Ar-
khangelsk/312/99, B/Sichuan/379/99, B/Oakland/1/
2000, B/Mexico City/84/2000, B/Guangdong/120/
2000 u B/Victoria/504/2000 oGysamain BbIpakKeH-
HBIM tS-(bEHOTHUIIOM, IIJIOXO Pa3MHOXAasICh IIPU
MOBBIIIIEHHOW TeMIlepaType WHKyOauuu. [lozxe
TEeMIIepaTypOyCTOMYMBbIE BUPYCHl BHOBb IOSIBU-
JUCh cpeau BupycoB rpummna B: B/Massachusetts/
2/2012 (muuaus B/Yamagata), B/Texas/02/2013
(tmaus B/Victoria). [lpuBeneHHbIe TaHHbBIE CBU-
JIETEJIbCTBYIOT O HaJWYUU ONpEeNeJIeHHON 1Iu-
KJIMYHOCTU M3MEHEHMS ts-MIpM3HaKa Cpeaud BU-
pycoB rpunma B. Ecanu mrammber 1940—1970-x rr.
BBIZICJICHU ST B TIOAABJISTIONIEM OOJIBIIIMHCTBE TTPe/-
CTaBJISIIN COOOW TeMIlepaTypOyCTOMUMBBIE Ba-
pUaHTHI, TO Ipymnna BupycoB 1999—-2001 rr. Bblae-
JICHUSI BKJIIOYAeT B CceOsl MCKIIOYUTEIBHO TEeMIIe-
paTypouYyBCTBUTEbHBIE ITaMMBbI. [IpoMexyTok
BpeMeHU ¢ Hadajia 1980-x mo koHma 1990-x rr.,
KOoriaa B LIMPKYJISILIMU ONHOBPEMEHHO HaXOIUIUCh
Kak BUpPYChI, obOjiagaronive Kak ts, Tak M non-ts-
(GEHOTUIIOM, MOXHO paccMaTpuBaTh KaK HEKUU
MEPEeXOIHBIN MEPUOI OT TEMIIEPAaTypPOPE3UCTEHT-
HBIX K TeMIlepaTypOuyyBCTBUTEJIbLHBIM BHUpYyCaM
(JTapmonosa H.B., tuuHoe coobIieHue).

I[MprnunHa Takoil BOJTHOOOpPAa3HOl M3MEHUYMBO-
CTU MOXET 3aKJII0o4aThCsl B 9BOJIIOIIMOHHOI 3aja-
ye BUpyca, KOTopasi COCTOUT B pacIpoCTpaHEHUU
B nonyiasuuu [69]. Hus peanusauuuy 3TOi 3ama-
4u BUPYCY, KaK Mapa3uTy, HeT MPUYNHBI, U JTaXKe
BPEIHO, YHUYTOXATh XO35IMHA, €CJIU BUPYC PECTIU-
paToOpHBIM ITyTEM Iepeaadyd CIocobeH CTaOUJIbHO
pacnpocTpaHsieTcss B coobiectBe. [loaTomy Tem-
MepaTypovyBCTBUTEIbHBIE BUPYCHI TPOJIOJIXKAIOT
JUTUTEJIBHO COXPaHSATh CHOCOOHOCTh K IIMPKYJIS-
LMY 33 CYET PECTUPATOPHOIN TPAHCMUCCHUU.

Kak momycTuMyio BepOSITHOCTH MOXHO pac-
cMaTpuBaTh TOSBJIEHUE B PE3yJbTaTe SBOJIOIU-
OHHOT'0 OTOOpa HOBBIX TEMIEPATyPOYCTOMYMBBIX
BaprMaHTOB, MOCKOJbKY BMPYCHI YeJOBEeKa HMMEIOT
TeHEeTUYECKUI MOTEHIIMAJ K MPOSBICHUIO non-ts-
deHoTHUTIA, KOTOPBIN YCUJIMBAET MTATOTEHHOCTH BU-
pyca. TeMnepaTypoycTOiUMBLIl BUpPYC, Kak OoJiee
CUJIbHBIM MAaTOreH, IIMPOKO PacCHpOCTpaHsIeTCs,
BBITECHSIET OCJIabJIeHHBIC BUPYCHI, HO IOCTEIIEHHO,
C YyCUJIEHUEM B COOOIIEeCTBE UMMYHHOU TTPOCIIOi-
KU, DBOJIIOIIMOHUPYET B CTOPOHY ITOSIBJICHU ST MEHEE
BUPYJICHTHBIX BADUAHTOB.

DBoaOIUS TEeMIIepPaTypOUIyBCTBUTECIbHOCTH
MTPOMCXOIUT MapajjieJIbHO C aHTUTEHHOM SBOTIOI M-
eil, Ho He3aBUCUMO OT Hee. OTMeuyeHbl (haKThl LIUP-
KYJSIIUYA aHTUTeHHO OMHOPOMAHBIX BUPYCOB, pa3-
JIMYAIONINXCS TI0 TeMIepaTypOYyBCTBUTEIBHOCTH.
OCOOEHHO TSIKeJIbIe AMUIEMUN BO3MOXHBI ITPU CO-
yeTaHWY aH TUTeHHO HOBU3HBI M non-ts-heHoTrIIA.

B pa6ote [78] Ha mpumepe BupycoB B/Ned/537/
2005 (muuusi B/Yamagata) u B/Malaysia/2506/

2004 (muuus B/Victoria) Obla cmeaaHa ITOTIBITKA
MOHSTh MeXaHU3M (OPMUPOBAHUS TEMIIEPaATypO-
YYBCTBUTEIBHOrO (peHOTHIa BUPYCOB rpuia B.
ABTOpPBI TpeAnojiaraloT, YTO TOYHAas HacTpoiika
aKcrpeccumn 6enka HA B cCOOTBETCTBUU C TeMIIe-
paTypoil OpraHOB-MHIIIEHE oOpraHu3Ma XO3sIU-
Ha MOXET OBITh ellie OAHOM cTpaTerueii BUpyCHOM’
ajanTalliy B JOIIOJTHEHHE K XOPOIIO M3BECTHBIM
MeXaHW3MaM, CBSI3aHHBIM C HCIOJb30BaHUEM
peleTITOPOB, AaKTUBHOCTBIO TIOJMMEpPa3bl WIIHA
YCKOJIb3aHUEM OT UMMYHUTETA.

BosBpamiasice K BOIIPOCY O 3IIUICMUOJIOTHYEC-
KOM 3HAYCHMM IBYX JIMHUUW BUPYCOB rpuria B
M O TOM, YTO B MOCJCAHNE HECKOJBKO JIET BUPY-
cel tmHUM B/Yamagata mpakTU4ecKu IiepecTalin
OUPKYJIUPOBATh, CTOUT IIPUBECTH MHeHME Laporte
u coaBT. [78], MoKa3aBIINX, YTO JIJS1 aKTUBAIlUU
pacmerieHss HAO 1 HaKkoTIeHU I TeMarTIloTUHU -
Ha B MH(PEKIIMOHHOI (popMe y BUPYyCOB ITUHUU B/
Victoria HaG0gaeTcs 0oJjiee CTporasi 3aBUCUMOCTb
oT TemIiepaTyphl 33°C 1 yMepeHHOM KMUCIIOTHOCTH.
HMMeHHO Takme MoKas3aTeJu TPUCYIIN BEPXHUM
IBIXaTSJIbHBIM MY TSAM YeJI0BeKa. ABTOPHI CUMTAIOT,
YTO ONTUMAaJIbHas Iias1 BUpycoB B/Victoria coHa-
CTpoOiiKa ¢ ImapaMeTpaMU BEpPXHUX IbIXaTeIIbHBIX
nyTei maet BupycaM JuHuUU B/Victoria mpeumy-
mecTBa B cpaBHeHUHM ¢ B/Yamagata-mogmoOHBIMU
BUpYCaMU.

YauteiBasg 3TOT (pakKT, OOBSICHEHUE HCUYE3HO-
BeHus B 2020 1. BupycoB rpumnia JuHun B/Yama-
gata BCJICOCTBUE OECIIpPEleNeHTHBIX IIPOTUBO-
AMUACMUYECKUX MEpP, Pa3BEPHYTHIX ST OOPBHOBI
¢ COVID-19, mpencraBisieTcss MaJio YOCOUTEIIb-
HBIM, IOTOMY UTO HE OOBSICHSICT M30MPaATEIBHOTO
ncuedHoBeHUsT B/Yamagata-1momoOHBIX BHUPYCOB
Opy aKTUBHOM LUPKYJISLIUHA APYTUX (PUHOBUPY-
cel, Bupychl rpunma H3N2, B/Victoria-mmomooHEbIe
BUPYCHI). A BOT C TOUKH 3pEHUS OCIAa0JICHUS BUPY-
coB muHUM B/Yamagata nx MCYe3HOBEHUE CTAHO-
BUTCS 00JIe€ IOTUIHBIM.

YCTOMYMBOCTE PENPOAYKLMNN
K MOHMXEHHOW TemMneparype

PetpocniekTuBHBINA aHaAU3 TOKa3ald, 4YTO
B TeueHue TmociueqHux 40—45 yeT HmUpKyIupo-
BaJll HE TOJBKO TeMIepaTypOYyBCTBUTEIIbHBIE,
HO U TIPUPOTHO-XOJIONOYCTOMYNBBIE BUPYCHI TPUTI-
na A u B, cnocoOHbie K peripoaykiuuu B PKD npu
NOHUXEeHHOU o 25°C temnepaType MHKYOAllUU.
Cpenu BUpPYCcOB Trpulinia B XomomoycToiiumBo-
CThIO PEeNpoOAYKIUU obnamanu, K MPUMEpPY, BU-
pycel iuHumu B/Yamagata — B/Jilin/20/03 u B/
Texas/06/11 [10]. CaenyeT OTMETUTb, YTO 3TU BUPY-
Cbl HE MPUOOPETU PNUIEMUYECKOTO 3HAUYCHHU .

Poib X0nm0a0yCcTOMYMBOCTU TIPUPOAHBIX M30-
JIATOB BUPYCOB TpPUIIMA HE HCCJeNOBaHa, OJHa-
KO COIOCTABJIEHUE C CEJIEKTUBHO MOJYYEHHBIMU
ts/ca-moHopaMu aTtteHyauuu A u B s xuBoi

852



2024, T. 14, Ne 5

Bupycol rpunna B

TPUTITIO3HOW BaKIMHBI [l] maeT ocHoBaHUS TMO-
JlaraTth, 4TO ca-(PeHOTHUIl «IUKUX» BUPYCOB, OCO-
OEHHO B COYETAHUU C TeMIEepaTypOUyBCTBUTEIb-
HOCTbBIO, SIBJISIETCSI OMOCPENOBAHHBIM YKa3zaHUEM
Ha UX CHUXEHHYIO BUPYJIEHTHOCTbH (ECTECTBEHHYIO
aTTeHyalulo).

Jlokanuzaius nmatoreHa B BEPXHUX JbIXaTeJIb-
HBIX MYTSAX YeJIOBEKa U HECIOCOOHOCTbh MPOHUK-
HYTh B HUXHUE OTAEIBl PECHUPATOPHOTO TpPaK-
Ta — 3TO, BEPOSITHO, €11I€ OAWH MEXAHU3M BbIXKBa-
HUS BUpYcCa B MOMYJISIIIUNA, UMMYHOPE3UCTEHTHOM!
3a CYET MPOULJIBIX SMUAEMUI U BaKIIMHALIMA, YTO
JTaeT BUPYCY ellle KaKOW-TO IIaHC IUPKYJIUPOBATh
B COOOIIIECTBE O BO3HUKHOBEHUSI HOBOIO aHTU-
TeHHOT'0 BapuaHTa.

TepMOHYBCTB NTENbHOCTb
reMarrnoTnHnHa

deHoOMEH TepMOYYBCTBUTEILHOCTHU/TEPMOCTA-
OMJBLHOCTH TeMarTJIOTMHWHA BHpyca TpUIIIIAa.
Bnepsoie Ob11 onucaH B 1985 r. Scholtissek [126],
KOTOPBIM TOKa3aj, YTO pa3HbIe IITaMMBI BUPY-
ca rpuIlia A Mo-pa3HOMY NEPEeHOCIT HarpeBaHue
JI0 BBICOKHMX TemIiepaTyp. IIpu 3ToM ogHM BUPYCHI
COXPaHSIJIN CITOCOOHOCTH K TeMarrioTUHAIIMY 110~
cne 20-MUHYTHOr0 HarpeBaHu s nipu 54°C, a npyrue
yxe npu 50°C MoJHOCTBIO yTpauyuBaau reMarrito-
TUHUPYIOILYI0 aKTUBHOCTh. C Tex Iop B JUTepa-
Type BpeMsI OT BPEMEHU IOSIBIISIIOTCS OTACTbHBIC
nyonukKauuu o TepMoycToitunBoctu HA Bupy-
coB rpunma A [19, 103, 126]. Tak, B aKcriepuMeH-
Tax in vivo TIoKa3aHa KOppessilus MeXIY YPOBHEM
TepMmoctabmibHOCTH HA Bupyca rpunna A(HINI)
pdm09 1 ero MaTOreHHOCThIO s J1abOPaTOPHBIX
XUBOTHHIX [19]. Hambonee maToreHHBIN OJIST MBI-
mreir Bupyc A/South Africa/3626/2013 A(HINI)
pdm09 coxpaHsin aktuBHOCTh HA make mipu 60—
65°C. JIoruaHO GbIJI0 GBI TPEAMOJIOKHUTh, YTO C TOU-
KU 3pEHHUs] COXpaHEHHUs BUIa BUPYCY BBITOIHEE
MMETh TeMarTJIIOTUHUH, YCTOMYMBEIN K TeMIlepa-
TYPHBIM BO3aeicTBUSIM. OIHAKO Cpeal BbICOKOIa-
TOT€HHBIX BUPYCOB T'PUIITA MITUI] BCTPEUYAOTCS KakK
TepMoJIaOUIbHbIE, TAK U TEPMOCTAOMJIbHBIC 1LITAM-
MBI [122, 126]. Ha ocHOBaHMM HEMHOTOYUCIEHHBIX
UMEIOIIMXCST JaHHBIX ITOKa TPYAHO BbISIBUTH 3BO-
JTIIOLIMOHHYIO HAITPaBJICHHOCTHh M UICTUHHOE OMOJIO-
TMYecKoe 3HaYeHUe TpU3HaKa TePMOYYBCTBUTEIb-
HOCTH TeMarTJIOTMHWHA BUPYyca TPUIINIA, KOTOPOE
ellle TOJIbKO MPEICTOUT ONPEACTUTD.

HexoTopbie aBTOpBI MBITAJIMCh HAWTHU TMapali-
JIEJTb MEXKY TEPMOUYYBCTBUTEILHOCTBIO TeMarTiiio-
TUHMHA BUpyca Ipunmna A U 4yBCTBUTEIbHOCTBIO
BUpyca K Hu3kuM 3HaueHussM pH [30, 83, 102, 121,
122]. DTu aBa cBOCTBa BUpyca I'puIllla A MHOIAa
paccMaTpuBaIOTCS IlapajUIeIbHO KaK (PaKTOpHI,
obyclyioBiuBawIMe crtabuabHocTh HA B 1ie10M
(cM. cenyrommuii pa3men).

briio mokaszaHo, 4yTo crabuiabHOCTh HA Kop-
penupyeT ¢ ero TepMocTabusibHocThiO [121]. B ka-
4YeCTBE MOJIEKYJISIPHOM OCHOBBI cTabuabHOCT HA
npearoaaraloT HaJU4ue MHOTOYMCIEHHBIX aMU-
HOKHUCJIOTHBIX OCTAaTKOB, PACITOJIOXKECHHBIX IT0O BCE-
my tpumepy HA. Ilpu 3ToM oTMeuaroT, 4TO 3TO
CBOICTBO CJIeNyeT KOHTPOJMPOBATh HE TCHOTUIIU -
4yecku, a peHoTunuuecku [123].

OTHOCHUTEJILHO K€ BUPYCOB rpumnmna B Habmo-
JaeTcs IMPaKTUISCKH TTOJTHBIN ITPOBajl B TaHHBIX.
Kak HU ynuBUTENIbHO, HO B IOCTYITHOU JTUTEpaTy-
pe MBI He HAIJIM YIIOMUHAHUN 00 aHAJIOTUIHBIX
UCCeIoBaHUAX ¢ BUpycamMu rpurnma B. Mmeercsa
eIMHCTBEHHAs paboTa, B KOTOPOI IT0Ka3aHO, YTO
BUpYCHI rpulinia B B lieJJoM 3HAYMTEIbHO MEHee
CTaOUJIbHBI B a3p030JisaX npu 55%-HOU OTHOCH-
TeJIbHOU BJIAXXHOCTU OKPYKalollei cpeabl, YeM BU-
pycel rpunina A(H3N2) [71]. Bo3amoxxHO, Takoe OT-
CyTCTBUE MH(pOPMAINU OOBSICHSICTCS TEM, YTO BU-
pychl rputiiia B Hukoraa He paccMaTpuBaJIUCh Kak
NOTCHIOMAJbHBI NCTOYHUK ITaHIEMUI, a UMEHHO
ctabunbHOoCTh HA psiin aBTOpOB MO3ULIMOHUPYET
KaK HeOOXOIMMBII MOMEHT IJIsT OOCCITeUeHU S TTaH-
JNIeMUYECKOro rMoTeH1Mana Bupyca. [lpeanoaraior,
9TO IJISI OLEHKU MaHASMHUUYECKOTO U ITaTOTEHHOTO
MOoTeHIIMajla BUpyca TpuIlna s Jioaei cienyeT
YUYUTBHIBATh HE TOJBKO CHEHHU(PUIHOCTH CBSI3BIBA-
HUS TIMKAHOBBIX PELENITOPOB, HO U YPOBEHb CTa-
ounpHOCcTU HA [122].

HyBCTBUTENBHOCTb K HU3KOMY YPOBHIO pH
(< 5-6)

be3obonoueunrbie BUPYCHI 9KOJIOTUUYECKU
YCTOMYMBBI K TTOBBIIIEHHBIM TeMIIepaTypaM U MO-
TYT JIETKO BBIIEPKUBATh CyXyl0 U KHUCIYIO Cpemdy.
Kaxk mmpaBum10, OHM XOPOIIO Pa3MHOXKAIOTCS B KUC-
Jioit cpene. HanmpoTus, cl0XXHOOpPraHMU30BaHHBIE
BUPYCHI C IUIUIHON 000JIOUKOM, TAKNE KaK BUPY-
col rpunna, PC-Bupycbl, SARS-CoV-2 uyBCcTBU-
TeJIbHBI K HarpeBaHUI0; KPOME TOT'0, OHU pa3pyIila-
OTCSI KMCJIOTaMU W JeTepPreHTaMU, YYBCTBUTEIb-
HBI K OKHUCJIUTENSIM, JUNUIHBIM PACTBOPUTEIISM
u YD-o6ayuenuro [43, 47, 48, 52, 61, 62, 63, 64, 66,
74, 76, 87, 96, 107, 109, 112, 113, 125, 143]. D10 06-
IHe IS BCEX CIIOXKHOOPTAaHW30BaHHBIX BUPYCOB,
obagaUIMX JUTTUAHON 000JI0UKOM, (PUBNKO-XU-
MHMUYECKHE XapaKTepucTuku. Kpome sKkomormuec-
KOTO BO3IEUCTBUS KMCJIOW Cpelbl HAa BUPYCHYIO
JacTUIy, HU3KMe 3HaueHUs pH HeoOXOmMMBI s
onpeAeJeHHbIX 3TaNOB perJIMKallMu BUpYyca, MpU-
YeM 3TOT MEXaHU3M IPaKTUYEeCKU YHUBEpcajaeH
W JIJISI BUPYCOB IPUIIIIA A, U ISl BUPYCOB rpuiIrma B.

HA BupycoB rpurina a1eMoOHCTPUPYeT KUCIOTO-
CTAOMJIBHOCTD U ITPEATIOYNTACT TEMIIEPATY Py OKOJIO
33°C, 4TO yKa3bIBaeT Ha BhIPAKEHHYIO aJIarnTalnio
K BepXHUM IBIXaTeIbHBIM ITYTSIM UejioBeKa, rue pH
cjerka KMCabli M TeMIleparypa 0ojiee HU3Kas, 4eM
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B Jerkux. OCoOEHHO YEeTKO TeMIlepaTypo3aBUCH-
MOCTb ITPOSIBJISIETCS Y BUpycoB rpumnmna B [78].

Kucnas cpenma (pH < 5—6) HeoOxomuma mjst
TOTO, YTOOBI B DHAOCOMAaXxX IMPOU3OILIO CIUSHUE
0007104KHM BUpYyca IPUIIIA U [IUTOIIa3MaTUYECKOU
MeMOpaHbl 3MUTENUAIBHON XO03SHCKOW KJIEeTKMU.
Ilon Bo3meiicTBueM Hu3KUX pH romorpumepHbIit
riukonporenH HA mpeteprieBaeT KoHGopMalu-
OHHBbIE U3MEHEHUSs, KOTOPbIe OMOCPEAYIOT CIUSI-
HHE BUPYCHOM OOOJOYKM C MeMOpaHO-MUIle-
HBIO [72 ]. DTO ABJIIeTCSI OAHUM U3 TIEPBBIX 3TAIIOB
penponykuuu Bupyca [121]. YctaHoBieHo, 4TO
B LIeJIOM JJ1s1 akTuBauuu HA Bupyca rpurnma A xa-
paxrtepeH nuanasod pH ot 4,8 no 6,2 [122]. C apy-
roil CTOPOHEBI, CYIIECTBYET HEKOE IIOPOroBOE 3Ha-
yeHue pH, HUKe KOTOPOTO MPOUCXOMUT Jerpaja-
uust HA. DToT noporoBbiii ypoBeHb pH sABisieTCs
mrammocrieuuuHbiM. Ilocie obpaboTku pas-
JIMYHBIX IITAMMOB IIPpA ITOHUKEHHOM 3HaYeHUU
pH cradbunbHOCTh X HA U MHOEKIIMOHHOCTh CHU-
xKarores [126, 127].

ITong xwucnorocrabunbHocThio HA moapas-
yMeBaIT Takoii ypoBeHb pH, mpu koTopom 3a-
NyCcKalTCcsI HeoOpaTMMble KOH(OpPMAIIMOHHEIE
n3MeHeHus. Eciu BUpHOH noaBepraeTcs BO3Ieii-
CTBUIO J1OCTAaTOYHO HU3Koro pH BHe KJaeTKu-Xo-
3s1MHa, 0esioKk HA npexaeBpeMeHHO aKTUBUPYET-
cs1, TIPOUCXOAST HeoOpaTuMble KOHMOPMAIIMOH-
HbIe U3BMEHEHM S, B PEe3yJbTaTe KOTOPBHIX BUPHUOH
UHakTuBUpyetcs [123].

CrabunbHocTh HA cTana BaxkHBIM (DaKTOPOM,
OTIpENEJISTIONIMM KPYT XO3s€B JJISI BUpyca TpUIIIIa,
ero MH(pEeKIIMOHHOCTh, TPAHCMHUCCUBHOCTD M ITaH-
NeMUYeCKHU i MoTeHIIMal 1Jis yeaoBeka [95]. B xone
SHAOLMTO3a MPOUCXOAUT IIOCJIeNOBATEeIbHOE II0-
HukeHue pH B sHI0CcOMax u usocomax (ot 6,0—
6,5 no 4,6—5,0) [95]. Pacwennennniii HA1/HA2
3anyckaeTcst HU3kuM pH, BbI3bIBasi HeoOpaTUMBbIe
KOH(MOPMAIIMOHHBIC M3MEHEHMS, KOTOPHIC BHI3bI-
BaIOT CJIMSTHUE MEMOpaH.

Eciu matepuanbl 006 U3yYEHUU CTAOUJIBHOCTU
MHGEKIIMOHHOIO BMpyca Ipulllla A MpU HU3KUX
3HAUYCHUSIX BOAOPOMHOTO IIOKA3aTessl PEryasipHO
nyb6aukoBajiuch, HauuHas ¢ 1980-x rr. [72, 121,
123, 126, 127, 149], To B HOCTYITHOM JIUTEpaType
HaIllJIOCh TOJBKO ABa YIIOMUHAHUS YYBCTBUTEb-
HOCTU BHMpYCcOB rpunma B k xucioii cpene [27,
100]. B pabote Mould u coant. [100] noka3aHa He-
00XOAMMOCTh AaKTMBHOCTM MOHHOIO KaHaja IJIs
«pa3aeBaHUsI» BUpyca rpurmna B B sHmocomax.
YcraHoBieHO, 4TO MeMOpaHHBIT Oeok BM2 Bu-
pyca rpurnima B oGnagaeT akTUBHOCTHbIO MOHHBIX
KaHaJoB, a Koakcnpeccusas BM2 ¢ HA npenorspa-
maeT u3MeHeHusi B KoHPopmauuu HA, uHay-
OupoBaHHBIE HU3KUM pH, Bo Bpems TpaHCIopTa
K TIoBepxHOCcTHU KjeTku. O630pHas cratbst Caffrey
u Lavie [27] mocBsiliieHa cKopee He yCTOMYMBOCTH/
YYBCTBUTEJIBLHOCTU BUpyca rpurnima B npu Hu3koMm
ypoBHe pH, a BBICOKO KOHCEPBAaTUBHOMY JIJIST BCEX

BUPYCOB rpumnma (He ToabKo A, HO u B) Tpurrep-
HOMY MEXaHU3MY, TOCPENCTBOM KOTOPOTO HU3KHUE
3HadyeHus pH 3amyckaroT KoH(bOpPMallMOHHBIE U3-
meHeHus HA.

K HacTosiieMy MOMEHTY MpsiMasi CBSI3b DBOJIIO-
LUOHHOU M3MEHUYUBOCTU AHTUTEHHOUW CTPYKTYPHI
BUPYCOB TpUIIIa C TEPMOCTAOMJIBbHOCThIO UX HA
U YyBCTBUTEJIBHOCTHIO K KUCJIOU Cpelie He ycTa-
HoOBJIeHa. MI3BECTHO TOJIBKO, YTO TIOBBILIICHUE TIa-
TOoreHHoctu Bupyca rpunma ntu A(HSN1) mag
KYyp CONpSIKeHO ¢ yBeauudeHueM pH akTuBauuu
HA [44], a 3HauuTenbHble pa3au4Us B TEPMOCTa-
ounvrHOCTU HA cpenu pa3HbIX IITAMMOB Ipumnma A
HE KOPPEJIUPYIOT C Pa3IUYUSIMU B UX CTAOUIBHO-
ctu pu Hu3KoMm pH [126].

Couertanue pH aktuBauuum HA u pH nnakrtuBa-
IIMY BUPUOHA TIPU 3HAYEHUU HUXE 5,6 ObIJIO CBSI-
3aHO c aganTtanueit yenoseka. [losararoT, uyTo 0ba
CBOUCTBa (TEPMOCTAOMJIBHOCTh TeMarrIIOTUHUHA
U YYBCTBUTEJIBHOCTh K HU3KUM 3HaueHusiM pH
clielyeT YYUThIBATh B aJrOpUTMax OIEHKU pUCKa
MaHAEMUYECKOTro MOTEHI[Mala BUPYCOB IpuIina A
[151]. AnanmoruuyHasi uHbOpPMalsd OTHOCUTEIBHO
BUPYCOB I'putina B B tuteparype oTCyTCTBYET.

3aknyeHme

HeBo3MOXHO caenaTh KaKMe-TO 3aTparuBalo-
M€ UWUPOKWUA BPEMEHHOW JOMana3oH Od0JTO0-
CPOUYHBIE MPOrHO3bl B OTHOIIEHWU HaIllpaBJe-
HUMU JaJIbHEUIIETO 3BOJIIOLMOHUPOBAHUS BUPY-
coB rpunna B. HeusBecTHO, MOSIBSATCS 1M CHOBaA
B NUPKYJISINIUU BUpychl JnuHuuM B/Yamagata,
BO3HMKHET JI1 HOBasl, paguKaJbHbIM 0O0pa3om
oTinyaIasicss JUHUS UIU OyneT pa3BUBAThCS
TOoJIbKO NMuHUS B/Victoria. JInutenbHass MUpPKy-
JISUMS BUPYCOB rpulina B monyasiuvu npuBOIUT
K UX 3HAYUTEJIbHOU reTepOreHHOCTU MO MHOTUM
OMOJOTUUYECKUM CBOMCTBaAM, B OCHOBE KOTOpOit
JIEXXUT MPUCTIOCOOJIEHHE K BO3pacTalOlIEMy UM-
MYHOJIOTUYEeCKOMY mpeccy. HenpepblBHOE MOSIB-
JIEeHWE MyTalluii B TeMarrjJloTUHUHE CO BpeMEeHeM
NPUBOAUT K M3MEHEHUIO AaHTUTEHHBIX CBOWCTB
W SABISCTCS TPUIMHONW aHTUTEHHOIrO apeiida;
aHajiu3 COIPOBOXAAIOIIEN aHTUTEHHBIU Apeid
9BOJIIOLIMOHHONW M3MEHUYMBOCTU MPEIOCTaBIIS-
eT 3HauYuMylo MHpopMalnuio 00 aHTUTEHHOCTH,
NaTOr€HHOCTU, PELENTOP-CBA3bIBAIOIIEH CIEI M-
GUYHOCTU, TTUKO3UJTMPOBAHUU U NPYTUX CBOWU-
CTBaxX BUPYCOB. buosiornueckue cBoiicTBa Bo30y-
JUTENS1 TAK UJIU MHAYE ONPENEasIIOT €ro Crnocoo-
HOCTb K caMocoxpaHeHu10. Kakrum 6bl aHTUTEHHO
HOBBIM HE ObIJT OUepeIHON BapUaHT BUpPYyCa IPUT-
na, BHE 3aBUCUMOCTU OT CBOEl aHTUT€HHOI HO-
BU3HBI U YHUKAJIBHOCTH OH OyJeT 00J1a1aTh OTIpe-
NIEJIECHHBIM HaO0oOpoOM OHOJIOTMYECKUX CBOMCTB,
KOMOWHAIMS KOTOPBIX ITO3BOJIUT BO30YIUTEIIO
HaWJy4dlIUM OOpa3oM BBIKMBATh B OpPraHU3Me
YYBCTBUTEJIbHOI'O XO3sIMHA.
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Abstract. Bacteria of the genus Listeria are widely distributed in the environment; they are isolated from soil and water
ecosystems, food products, environmental objects, and circulate in vivo. L. monocytogenes are pathogenic for animals
and humans. The ecological plasticity, stress resistance and tolerance of Listeria determines their ability to switch from
a saprophytic to a parasitic life cycle and survive under various environmental conditions. After thawing and subsequent
cultivation of Listeria on fresh nutrient medium, a pronounced populational heteromorphism is noted: formation of protoplast-
type cells, L-forms and convoluted revertant cells, which requires the use PCR and ELISA for bacteria detection. It is
known that non-pathogenic Listeria, as well as pathogenic microorganisms forming a biocenosis with L. monocytogenes,
can serve as a reservoir of pathogenicity and resistance determinants and be transferred to pathogenic Listeria by horizontal
transfer, which leads to the emergence of new, more virulent and antibiotic-resistant strains. In addition, the most important
adaptation mechanism of L. monocytogenes to adverse environmental factors is their ability to form biofilms markedly
enhancing survival and disinfectant resistance. The relatively high genomic similarity between L. monocytogenes and some
non-pathogenic Listeria species and often their coexistence in similar ecological niches, may provide an opportunity for the
transfer of resistance or virulence genes. At the same time, the transmission of pathogenicity genes from L. monocytogenes
to L. innocua is also possible, which predetermines the appearance of atypical hemolytic pathogenic strains, which, given
the greater environmental prevalence of the latter can pose a great danger to humans and animals. The increasing role
of Listeria in the pattern of human and animal infectious pathologies, the variability of their morphological, cultivable and
biochemical properties, as well as the constant modification of the surface Listeria antigens underlies a need to improve
listeriosis diagnostics and requires creation of new immunobiological preparations and modern regimens for isolation and
identification of various Listeriatypes. This review discusses current views on Listeria spp. prevalence and biological qualities,
virulence and pathogenicity factors of L. monocytogenes, as well as methods for identifying different Listeria species.

Key words: bacteria, Listeria, listeriosis, L. monocytogenes, L. innocua, pathogenicity.
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YCTOMYMBOCTH U TOJEPAHTHOCTD JIUCTEPUiT 0OYCIOBIMBAET UX CITOCOOHOCTD MEPEXOAUTH OT CanpPO@UTHOrO K Mapa3uTH-
YecKOMY 00pasy XXM3HM M CHOBA PEBEPCUPOBATh K calpopUTU3MY MPU MOMaJaHUU B OKPYXKAIOIIYIO CPeAY U BbIXKMBATh
MIPU pa3IMUYHbIX ee ycaoBUsX. [Ipr aTOM BBISIBICHO, YTO MOC/IE pa3MOPaKMBAHUS U MOCAEAYIONIET0 KYJIbTUBUPOBAHN S
JIUCTEPUI Ha CBEXKMX MUTATEIbHBIX CPEax OTMEUAETCsl BbIPaKeHHbBIM reTepoMopdU3M MOMYJISIIMHI, B TOM YKCIe 00pa3o-
BaHMe KJIETOK MPOTOILJIACTHOTO TUIa, L-(opM 1 M3BUTBIX KJIETOK-PEBEPTAHTOB, UTO YCIOXKHSIET UX OOHAPYKEHME U TU-
MMMPOBaHUE B pa3MOPOXKEHHBIX MUILEBBIX MTPOAYKTAX U TPeOyeT MPUMEHEHMST TAaKMX METOI0B OOHApYKEHUS OaKTepHiA,
kak [TLP u UDA. U3BecTHO, UTO HEMATOr€HHBIE INCTEPUU, a TAKKe TTaTOreHHbIe MUKPOOPraHU3MbI, 00pa3yoline 61o-
LIEHO3 ¢ L. monocytogenes, MOTYT CITY>KUTb pe3ePByapoM IeTEPMUHAHT ITAaTOTeHHOCTH 1 PE3UCTEHTHOCTH U OBITH ITepelaHbl
MTATOT¢HHBIM JINCTEPUSM ITYyTEM FOPU30HTAIBHOTO TIEPEHOCa, YTO 00YCIOBIMBACT MOSBICHUEC HOBBIX 00JIe€ BUPYJIEHTHBIX
1 NATOT€HHBIX, a TAKXe Pe3UCTEHTHBIX K aHTMOMOTUKAM IITaMMOB. KpoMe Toro, Bask HeMILIMM MEXaHU3MOM aJanTaluu
L. monocytogenes K HeOIaronpusiTHBIM (pakTopaM OKPYKaroLlei Cpebl SIBISETCS UX CIIOCOOHOCTh K 00pa30BaHUIO OUO-
IJIEHOK, CYLIECTBEHHO MOBBIILAIOLIMX BbIKMBAEMOCTb M YCTOMUMBOCTD K Ae3uH(puKaHTaM. CpaBHUTEIbHO BHICOKOE I'e-
HOMHOE CXOJCTBO MEXY L. monocytogenes 1 HEKOTOPbIMU HEMATOTEHHBIMY BUIAMU JIUCTEPUIA, B TOM uucie L. innocua,
1 3a4acTylo UX COCYIIECTBOBAHUE B CXOMHBIX IKOJOTMUYECKMX HUIIIAX MOXET MPeI0oCTaBUTh BO3MOXHOCTb JJI51 MePEeHO-
ca reHOB YCTOMYMBOCTHY UJIU BUPYJIEHTHOCTU U 00YCIOBIMBAET BO3MOXHOCTb CO30aHus y L. innocua pe3epByapoB reHOB
YCTOMYMBOCTHU, KOTOPBIE MOTYT IepenaBaTbcsl 0akTepusiM L. monocytogenes. B To e BpeMsi, BO3MOXHa Iepenaya reHOB
MaTOreHHOCTH OT L. monocytogenes K L. innocua, 9To IpefonpeneseT NosBIeHUE aTUMTMYHBIX TeMOJUTUYECKUX ITaTOreH-
HBIX IIITAMMOB, KOTOpbIE, YUUTHIBas 00JIee IMPOKOE paclpocTpaHeHHee L. innocua B OKpyKarolleil cpeie, MOTYT Ipel-
CTaBJISITH OOJIBIIIYIO OIACHOCTD JIJISI YeJIOBEKA U XKMBOTHBIX. YBEIUUYCHUE POJIU JIUCTEPUIA B CTPYKTYPe MH(PEKIIMOHHBIX
TIATOJIOTUIA YeTOBEKA U XKMUBOTHBIX, U3MECHIMBOCTD X MOP(MOIOTNIECKIX, KYIBTYpadbHBIX 1 OMOXMMUIECKIX CBOMCTB,
a TaK3Ke TIOCTOSTHHAST MOTM(UKAIINS TIOBEPXHOCTHRIX aHTUTEHOB JIUCTEPHII TIPEIOIIpeneiIeT HEOOXOMMMOCTh COBEPIIICH-
CTBOBAHMSI IMATHOCTUKH JIMCTEPUO3a U TPEOYET CO3MaHMST HOBBIX UMMYHOOMOJIOTUUECKUX TTPENapaToB U COBPEMEHHBIX
CXeM JJIS1 BbIIENEHUS U UACHTU(UKALIMY pa3IMUHbIX BUAOB JIMCTEpUil. B HacTosilieM 0630pe paccMaTpuBaloTCs COBpe-
MEHHbIE TTPEACTaBIEHUSI OTHOCUTEIBHO PACIPOCTPAHEHHOCTH M OMOJIOTMYECKUX CBOMCTB Listeria spp., (hakTOpOB BUPY-

JIEHTHOCTH Y MaTOreHHOCTH L. monocytogenes, a TAKXXe METOJIOB I/II[CHTI/I(l)I/IKaL[I/II/I J I/ICTGPHVI Pa3HbIX BUIOB.

Karouesnie caoea: 6axmepuu, aucmepuu, aucmepuo3s, L. monocytogenes, L. innocua, namoeennocme.

Inroducion

It is known that bacteria of the genus Listeria can
cause listeriosis, a severe infectious disease of humans
and animals characterised by polymorphic clinical
manifestations, high mortality (up to 20—40% among
adults and more than 50% in newborns) [28] and of-
ten complicated by meningoencephalitis [97]. At
the same time, while previously only L. monocytogenes
was considered pathogenic for humans, the literature
has recently begun to describe cases of listeriosis in-
fection caused by other Listeria species, including
L. ivanovii [66], L. seeligeri [140], L. innocua [103],
L. welshimeri |43], and L. grayi [150].

In general, it is currently accepted that L. mono-
cytogenes is the etiological agent of listeriosis in hu-
mans and many vertebrate species, including
birds, whereas L. ivanovii causes infections mainly
in ruminants [106].

The epidemic situation of listeriosis worldwide
continues to worsen due to a number of reasons, in-
cluding the unique plasticity of Listeria and its abil-
ity not only to persist but also to multiply in infected
products even at low temperatures (+4...+7°C, typi-
cal of a refrigerator) [120], acidic environments [124],
high salt concentrations [88], and under oxygen-
deficient conditions (in vacuum-packed finished
products) [45].

At the same time, one unfavourable external fac-
tor can increase the resistance of Lisferia to others.
For example, incubation of L. monocytogenes at low

temperatures was found to increase its resistance
to osmotic stress [115]. Similarly, high salt concen-
trations in the incubation medium can lead to cross-
protection of L. monocytogenes against other causes
of cell death including high temperature, acidity
and oxidative stress [128]. It has been revealed that
cultivation of L. monocytogenes under conditions
of vacuum packing and low temperature (+6°C), re-
gardless of the nutrient substrate, causes the forma-
tion of a capsule in the pathogen and the emergence
of resistance to some antibiotics from the penicillin
group [41]. In addition, under unfavourable condi-
tions, Listeria are capable of forming biofilms that
attach to abiotic or biological surfaces and serve as
a survival strategy for the bacteria, allowing them
to persist in unfavourable conditions, being protected
from the human immune system and various envi-
ronmental factors (ultraviolet light, acids, drying, sa-
linity, antimicrobial agents, disinfectants) [46].

The extremely high tolerance of L. monocytogenes
to stress conditions causes a serious problem of lis-
teriosis in the food industry, and the increasing role
of Listeria in the structure of infectious pathologies
of humans and animals predetermines the need
to improve the diagnosis, prevention and sanitary
and epidemiological surveillance of listeriosis, which
requires the creation of new immunobiological prep-
arations and modern schemes for the isolation and
identification of various Lisferia species.

The present review discusses the current under-
standing of the prevalence and biological properties
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of Listeria spp. and the virulence and pathogenic-
ity factors of L. monocytogenes, as well as methods
of identification of Listeria species.

The prevalence and biological properties
of species of the Listeria genus

Listeria spp. are gram-positive flagellated bacilli-
form bacteria, facultative anaerobes that do not form
spores and are motile at low temperatures [68], are
widely distributed in the environment, isolated from
soil and aquatic ecosystems, food, and environmen-
tal objects, circulate in the body, and some of their
species are pathogenic for humans and animals [137].

Initially (until 2009), 7 species were identified
in the genus Listeria (Pirie, 1940): L. monocytogenes,
L. ivanovii, L. grayi, L. murrayi, L. innocua, L. seeli-
geri, and L. welshimeri, of which L. monocytogenes,
the main causative agent of listeriosis, poses the great-
est threat to humans. In the last decade, due to the
rapid development of sequencing technologies, 13 new
species with diverse phenotypic and genotypic charac-
teristics have been identified within the genus Listeria:
L. marthii |83], L. rocourtiae [100], L. fleischman-
nii [47], L. weihenstephanensis [99], L. riparia [64],
L. grandensis [64], L. floridensis (64|, L. cornellen-
sis [64], L. aquatica [64], L. newyorkensis [141], L. boo-
riae [141], L. costaricensis [123] and L. goaensis [68].
In addition, two subspecies, subsp. fleischmannii and
subsp. colouradonensis, have been established within
the species L. fleischmannii [65].

Phylogenetic studies based on the 16S and 23S
rRNA sequences revealed that the genus Listeria in-
cludes two evolutionarily formed lineages: Listeria
sensu strictu, which includes L. monocytogenes,
L. innocua, L. welshimeri, L. seeligeri, L. ivanovii,
and L. marthii, and Listeria sensu lato, which unites
L. grayi, previously considered nonpathogenic, and
12 new Listeria species discovered since 2009 [58,
126]. All 6 species of Listeria sensu strictu share com-
mon phenotypic characteristics, such as the ability
to grow at low temperatures and flagellar motility,
whereas the 11 species of Listeria sensu lato represent
three distinct monophyletic groups that can be rec-
ognised as separate genera [126]. These three putative
genera of Listeria are immobile (except L. grayi), ca-
pable of nitrate reduction (except L. floridensis) and
give a negative result in the Voges—Proskauer test
(except L. grayi) [126]. Unlike all other Listeria spe-
cies, species of the proposed new genus Mesolisteria
cannot grow at temperatures below 7°C [126].

The prevalence of Listeria
in the environment
The main source and reservoir of Listeria are en-

vironmental objects, primarily soil. Listeria is also
excreted from plants, silage, dust, water bodies and

sewage [26]. There are 92 known animal species that
serve as reservoirs or participate in the circulation
of Listeria. The spread of the pathogen is particu-
larly intensive during the period of rodent migration
to places of their concentration (haystacks, hay-
fields). Rodents play a leading role in the transmis-
sion of Listeria to farm animals by contaminating
feed and water [22]. Transmission of the pathogen
between rodents in natural foci is supported by ar-
thropods, including mites.

In addition, Listeria can be present in water in the
environment, and therefore infection of animals
through water is possible [33], including live fish,
on whose body surface Listeria can multiply using
the esculin of the mucus covering the scales as a food
source [25]; cold smoking of fish creates specific con-
ditions (salt, smoking solution) that favour Listeria
multiplication [85]. Listeria can multiply in water and
in soil microecosystems at low temperature with pres-
ervation of virulence of populations [37], which deter-
mines the spread and long-term persistence of Listeria
in the external environment and economic objects.

Ecological plasticity and tolerance of Listeria
stipulates their ability to switch from saprophytic
to parasitic lifestyle and to reverse to saprophyticism
again when introduced into the environment and
survive under its various conditions. Listeria concen-
tration has been found to increase in the external en-
vironment in autumn and spring, stabilise in winter
and decrease in summer [7]. In addition, the ability
of Listeria to actively multiply in melt water (at a tem-
perature of 6°C) has been revealed, providing a 2-fold
increase in bacterial mass [7]. At the same time, no
significant changes in cell morphology in the popu-
lation were observed when Listeria survived at low
temperatures, including sub-zero temperatures, but
after thawing and subsequent cultivation on fresh nu-
trient media, a pronounced heteromorphism of the
Listeria population was observed, including the for-
mation of protoplast-type cells, L-forms, and twist-
ed revertant cells [5]. In this regard, the detection
of Listeria in unfrozen food products requires, firstly,
a long time for reversion in enrichment medium, and,
secondly, there is a need to apply bacterial detection
methods such as DNA diagnosis, PCR and ELISA.

The ability of Listeria to remain viable on food-
contact surfaces in packinghouses has been revealed,
which predetermines the likelihood of contamination
of food products, including fruit, with a subsequent in-
crease in the abundance of these bacteria as the prod-
ucts are stored [141]. In addition, there has recently
been a steady increase in the proportion of multiple
antibiotic-resistant L. monocytogenes strains world-
wide [44], with additional pathogenicity factors [18].

In addition to abiotic factors, Listeria biology
is also influenced by biotic environmental factors,
including saprophytic microorganisms that contami-
nate food products, form common biocenoses with
Listeria, and influence Listeria through exogenous
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metabolites or competition for nutrient substrates [36].
Nonpathogenic Listeria, as well as pathogenic mi-
croorganisms that form a biocenosis with L. mono-
cytogenes, can serve as a reservoir of pathogenicity
and resistance determinants and can be transmitted
to pathogenic Listeria by horizontal transfer [9].

L. monocytogenes and L. innocua are the most
common species of the genus Listeria, related
in a strict sense [94] and often co-exist in environ-
mental sites. It was initially hypothesised that the two
species evolved from a common ancestor but differ
due to the loss of virulence genes in L. innocua [55].
It was later hypothesised that L. innocua evolved from
the ancestors of four strains of the L. monocytogenes
serogroup and may have retained some charac-
teristics of its ancestor [116]. Atypical L. innocua
was found to induce a protective immune response
against L. monocytogenes, which is also in favour
of a close genetic relationship between L. innocua and
L. monocytogenes [111].

Genetically close to these two species is L. welshi-
meri, which is characterised by a smaller genome size
compared to L. monocytogenes, suggesting similar evo-
lutionary pathways of their genomes from a common
ancestor [86]. However, the genome of the ancestor
of L. welshimeriwas more compact than that of L. mono-
cytogenes, which led to the emergence of non-patho-
genic species of Listeria spp. [86]. At the same time,
the prfA virulence gene cluster present in the common
ancestor of Listeria species was eventually lost in L. in-
nocua and L. welshimeri [94, 116].

The bacteria of L. welshimeri species are found
in meat products and L. seeligeri in fish [17]. L. in-
nocua is the predominant species in seawater, espe-
cially in coastal waters, compared to other Listeria
species, which may cause contamination of fish,
squid, crustaceans and other animals (seafood) and
pose a risk to humans [74]. Bacteria of this species
are often found in meat (frozen minced meat and
semi-finished products, as well as smoked products
ready for consumption), fish (salted, raw smoked
fish, chilled and frozen semi-finished products), veg-
etables (onions, cabbage, potatoes, beetroot) stored
in vegetable warehouses [17, 73], and are capable
of adaptation in changing environmental conditions
(survival in a wide range of temperature, humidity,
pH of the environment), which significantly increas-
es their chances of survival in different environmen-
tal conditions, causes their widespread active distri-
bution and promotes the emergence of strains with
atypical properties [59]. Thus, in addition to food
products, L. innocua species are often present in si-
lage and organs of rodents [17]. L. innocua have dual
nature and are capable of both saprophytic and para-
sitic lifestyle depending on the habitat [15].

Bacteria of L. monocytogenes species were first iso-
lated and described in 1911 by the Swedish scientist
G. Hulphers from purulent pus. Hulphers from a pu-
rulent nodule of the liver of a fallen rabbit [93], and

a precise and detailed description of listeriosis was
made in 1923 by E. Murray et al. [119]. The first docu-
mented culture of the pathogen in humans was isolated
in France in 1921 by Dumont and Cotoni from a pa-
tient with meningitis, and its modern name was giv-
en in 1940 in honour of the English surgeon J. Lister,
the founder of antiseptic methods. Despite the fact that
L. monocytogenes is the main causative agent of lis-
teriosis in humans, it is typical of the normal micro-
flora of the middle and lower intestinal tracts of many
animal and human species [54]; therefore, it may be
excreted with faeces into the environment and subse-
quently contaminate soil, water, grass, etc.

The relatively high genomic similarity between
L. innocua and L. monocytogenes, and sometimes
their coexistence in similar ecological niches, may
provide an opportunity for horizontal transfer of re-
sistance or virulence genes [102]. And, in particular,
although antimicrobial resistance is less common
in L. monocytogenes than in L. innocua, but L. in-
nocua may form a reservoir of resistance genes that
can be transferred between bacterial species, in-
cluding transferring them to pathogenic L. monocy-
togenes [81]. In addition, the possibility of transfer-
ring antibiotic resistance genes to Listeria spp. from
enterococci via transposons is also accepted [92].

Biological properties
of L. monocytogenes, L. innocua
and L. ivanovii

Morphologically, L. monocytogenes, L. innocua
and L. ivanovii are short, gram-positive, non-spore-
forming bacilli of regular shape and are faculta-
tive anaerobes [26]. However, L. monocytogenes and
L. ivanovii can transform into L-forms and parasitise
intracellularly [26], showing the ability to survive
in macrophages and infiltrate a number of normally
non-phagocytic cells such as epithelial cells, hepato-
cytes and endothelial cells [139].

L. monocytogenes exhibits the ability to grow
in a wide range of temperatures (1—45°C, with the opti-
mum temperature for their growth being 30—37°C) and
pH (from 4.0—4.8 to 9.5—10.0) in the presence of NaCl
(20%) and 15% CO, [11]. At 70°C, Listeria die within
half an hour and at 100°C within 3—5 minutes [34].

L. monocytogenes is able to remain viable when
stored in semi-liquid nutrient medium and lyoph-
ilised under refrigerator conditions [4]. In this regard,
dairy products with a long shelf life, including soft
cheeses, ice cream and butter, are the most danger-
ous source of listeriosis, as they multiply at low tem-
peratures and accumulate dangerous doses of Listeria
in milk [18]. In addition, L. monocytogenes is detect-
ed not only in raw products, but also in cooked, un-
cooked and raw smoked meat products, frozen, pick-
led and preserved seafood, as well as various semi-
finished products [144].
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The high thermostability of Listeria is due to the
presence of a complex of genetic and biochemical
mechanisms that allow them to adapt to changing tem-
perature conditions and survive in many environmen-
tal objects. One of the mechanisms of thermoadapta-
tion is the induction and repression of genes acting at
the isoenzyme level, regulating the launch of synthesis
of “cold” and “heat” isoenzymes. Moreover, the num-
ber of “cold” isoenzymes in Listeria significantly ex-
ceeds the number of “thermal” isoenzymes, which
makes Listeria facultative psychrophiles. The most
important mechanism of adaptation of Listeria
to unfavourable environmental factors is their ability
to form biofilms, which significantly increase survival
and resistance to disinfectants [134].

The wide range of host organisms in which L. mono-
cytogenes can reproduce has caused antigenic hetero-
geneity of its outer envelope [23]. Thus, using molecu-
lar typing methods, it is possible to distinguish within
the species of L. monocytogenes, three evolutionary
lineages can be distinguished within the L. mono-
cytogenes species, characterised by different patho-
genic potentials: Lineage I are strains associated with
epidemic outbreaks of listeriosis (serotypes 1/2b, 3b,
4b, 4d and 4e); Lineage II are strains isolated during
sporadic cases of listeriosis (serotypes 1/2a, 1/2c, 3a
and 3c); Lineage III are strains rarely associated with
cases of listeriosis (serotypes 4a and 4c) and Lineage
1V (4a, 4b, 4¢) [107, 126, 131]. The most common se-
rotypes of L. monocytogenes in listeriosis patients are
4b, 1/2a, 1/2b [14]. At the same time, about half of all
cases of listeriosis in the world are caused by strains
of serovar 4b, whereas serovariants 1/2a, 1/2b, 1/2c,
and 3a are most often detected in infected products
and natural environment [58, 104, 105].

At the same time, no regularities between the bio-
logical type of the host and the serovars of the iso-
lated strains or the severity of the disease have been
found. At the same time, it has been established
that the course of the pathological process and host
specificity are determined by listeriolysin and in-
ternalins A and B, which act as pathogenicity fac-
tors of Listeria |38, 126]. It has been found that DNA
regions encoding Listeria pathogenicity factors are
more frequently found in strains of serovar 4b [118].

Intraspecific cross-reactions are characteristic
of Listeria: in particular, a culture containing DNA
fragments characteristic of other serovariants was
isolated within serovariant 4b [101]. In addition to in-
traspecies cross-reactions, Listeria also cross-reacts
serologically with typhoid-paratyphoid bacteria and
staphylococci [10].

The most genetically similar species to L. mono-
cytogenes is L. innocua, which serves as an indicator
of the possible presence of L. monocytogenes in prod-
ucts and can be pathogenic not only to animals [139],
but also to humans [117].

The bacteria of L. innocua species are character-
ised by stability of phenotypic manifestations: mor-

phology (short, randomly arranged bacilli, coccoid
forms and ovoid bacteria that stain positively ac-
cording to Gram stain), blue or bluish-green lumi-
nescence in oblique light, typical growth of colonies
on nutrient media with a characteristic fermented
milk odour, presence of catalase and absence of oxi-
dase activity, motility at temperatures of 22°C and
37°C. Bacteria of this species are catalase-positive,
most cultures show DNAase activity, and some
strains are characterised by haemolytic activity [15].
In addition, bacteria of the L. innocua species are
characterised by the presence of a gene encoding
lecithinase, typical of L. monocytogenes [82], but not
typical of L. monocytogenes, which retains lecithinase
activity when cultured on nutrient medium contain-
ing lecithin, both in the presence and absence of ac-
tivated carbon [21]. L. innocua is sensitive to penicil-
lins, aminoglycosides, carbapenems, fluoroquinolo-
nes, but resistant to nalidixic acid [15].

A peculiarity of L. innocua is the variability
of biochemical activity. Thus, some experts [15] have
established the ability of L. innocua to degrade glu-
cose, salicin, rhamnose, mannose, maltose, esculin
and fructose, along with the absence of degradation
of urea, dulcite, inulin, adonite, raffinose, melibi-
ose, starch and arabinose. The study of pathogenic-
ity factors in some cultures of L. innocua, especially
those isolated from fish, revealed haemolytic activity
uncharacteristic for bacteria of this species [15], in-
dicating the appearance of atypical strains and pos-
sibly due to the appearance of gene clusters similar
to L. monocytogenes in the genome of L. innocua [59].

Although L. monocytogenes and L. innocua dif-
fer markedly in virulence, they are virtually indis-
tinguishable by classical taxonomic criteria. Both
species are actively motile and produce flagellin
abundantly at 22°C. However, these species differ
in motility and flagellin production at 37°C. At this
temperature, L. monocytogenes strains are virtually
immobile and produce little or no flagellin, whereas
L. innocua strains are often motile and produce sig-
nificant amounts of flagellin [95]. These data point
in favour of differential regulation of flagellin pro-
duction in L. monocytogenes and L. innocua at 37°C.

L. monocytogenes strains are characterised by the
presence of both somatic O and flagellar H-antigens,
whereas L. ivanovii (serotype 5) and L. innocua (sero-
type 6) have only one somatic O-antigen each [42].

Biological properties of other Listeria
species

Phenotypic properties of other species of the ge-
nus Listeria: L. ivanovii, L. grayi, L. murrayi, L. seeli-
geri, L. welshimeri are not sufficiently defined, and
in some respects are similar to L. monocytogenes
bacteria, which may lead to inaccurate identifica-
tion. Thus, it is known that the new Listeria species
do not differ from L. monocytogenes and are short ba-
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cilli of regular shape with rounded ends, sometimes
almost cocci, gram-positive, capsules and spores
do not form, they are not resistant to acid, aerobes,
facultative anaerobes, chemoorganoautotrophs, but
in the external environment are chemolithoauto-
trophs, catalase-positive, oxidase-negative, exhibit
motility at 20—25°C [8].

Bacteria of L. marthii species grow well on con-
ventional nutrient media in the temperature range
of 1-45°C, the optimal temperature is 30—37°C.
They are motile, form an umbrella of 3—5 mm
in semi-liquid agar at 20—30°C and do not form it at
37°C. Nonhemolytic, hydrolyse esculin, produce hy-
drogen sulfide, tolerant to sodium chloride, positive
for methyl red, ferment D-glucose, lactose and malt-
ose; do not ferment D-xylose, D-mannite, sucrose
and L-rhamnose, reduce nitrates, active against
urease, form indole and hydrolyse gelatin. On dense
media, after incubation for 24 hours at 37°C, colo-
nies 0.2—0.8 mm in diameter, smooth, bluish-green,
translucent, slightly raised with a fine surface tex-
ture and a smooth edge grow. The type strain is FSL
S4-120T [83].

Colonies of L. rocourtiae species after 48 h of cul-
tivation at 30°C grow on trypticase-soya agar 0.5—
1.0 mm in diameter, round, translucent, convex with
a fine surface texture and a smooth edge. They re-
duce nitrate and manite, do not exhibit haemolytic
activity, are able to degrade to acid ribose, D-xylose,
galactose, glycerol, erythritol, adonite, D-glucose,
D-fructose, D-mannose, L-sorbose, rhamnose, dul-
cite, inositol, mannitol, sorbitol, methyl-D-glucoside,
N-acetylglucosamine, amygdalin, arbutin, salicin,
cellobiose, maltose, lactose, melibiose, starch, treha-
lose, glycogen and D-raffinose. It does not ferment
L-xylose, D-arabinose, L-arabinose, methyl-D-man-
noside, sucrose, inulin, melecitose, L-fructose, xylitol,
D-turanose, D-fructose, D-tagatose, D-arabitol,
5-ketogluconate or 2-ketogluconate. The type strain
is CIP 109804 (DSM 22097) [100].

The bacteria of L. fleischmannii species are typical
short bacilli arranged singly or in short chains (0.4—
0.6 mm diameter and 0.7—1.2 mm length). On nu-
trient agar at 37°C after 24 hours, colonies grow
0.4—1.0 mm in diameter, translucent, round, with
a low convex surface and smooth edges. Immobile,
although they contain the flagellin flaA4 gene. Reduce
nitrate, hydrolyse hippurate and esculin, and produce
hydrogen sulphide. The main differentiating charac-
ter that distinguishes this species from others is the
unique ability to ferment D-mannite and D-xylose.
The species L. fleischmannii is non-haemolytic, does
not invade Caco-2 cells and does not contain Listeria
virulence genes on pathogenic islet 1. The type strain
is LU2006-1T (DSM 24998) [47]. Based on molecu-
lar genetic studies, the species L. fleischmanni was
divided into subspecies according to genomic char-
acteristics: L. fleischmannii subsp. fleischmannii and
L. fleischmannii subsp. colouradonensis [65].

Bacteria of the subspecies L. fleischmannii sub-
sp. fleischmannii are characterised by an optimal
growth temperature of 30—37°C, are immobile at
25°C, are non-haemolytic, reduce nitrate, and de-
grade D-xylose to acid, D-arabitol, L-rhamnose,
o-methyl-D-glucoside, D-ribose, turanose, sucrose
and melecitose, and do not ferment glucose-1-phos-
phate, inositol, arylamidase, o-mannosidase and
D-tagatose. The typical strain is LU2006-1 [65].

Bacteria of the subspecies L. fleischmannii subsp.
soloradonensis are characterised by similar phenotypic
features to the subspecies L. fleischmannii subsp. fleis-
chmannii, but differ from it in their inability to ferment
sucrose, melecitose, and turanose, but ferment inositol.
The type strain is TTU M1-001 [47, 65]. The genomes
of both subspecies of Listeria fleischmannii contain pu-
tative enhancin genes; a mosquitocidal toxin has been
identified in the genome of Listeria fleischmannii subsp.
colouradonensis, suggesting possible adaptation to in-
sect habitation [47, 65].

Bacteria of L. weihenstephanensis species are
non-haemolytic bacilli 0.4—0.5 mm in diameter and
2.0—4.5 mm in length with rounded ends; colonies
1.0—2.5 mm in diameter, translucent, whitish, round,
smooth, slightly convex with slightly irregular edges
grow on trypticase-soya agar. The optimum tempera-
ture for their growth is 28—34°C, they do not grow at
38°C, their mobility is weak at 15—30°C, the optimum
pH is 7—8. Isolates can grow in broth at 3°C for 10 days
in anaerobic conditions. They grow well in nutrient
broth containing 6.5% NaCl. Test positive with me-
thyl red, negative with Voges—Proskauer and CAMP
test, do not hydrolyse urea and do not form indole
and hydrogen sulphide, reduce nitrate to nitrite. Do
not ferment o.-mannosidase, arylamidase, D-ribose,
1-phosphate-glucose and D-tagatose. Esculin,
D-arabitol, D-xylose, L-rhamnose and methyl-D-
glucopyranoside are fermented [99]. After 14 days
of anaerobic incubation, acid formation is noted from
glycerol, D-ribose, D-xylose, D-glucose, D-fructose,
D-mannose, L-rhamnose, inositol, D-mannite, and
methyl-D-glucopyranoside, N-acetylglucosamine,
amygdalin, arbutin, aequulin, salicin, cellobiose, malt-
ose, lactose, trehalose, starch, glycogen, xylitol, gentio-
biose, D-arabitol and potassium 5-ketogluconate. Not
able to degrade erythritol, D-arabinose, L-arabinose,
D-galactose, L-xylose, D-adonite, L-sorbose, methyl-
b-D-xylopyranoside, dulcite, D-sorbitol, methyl-D-
mannopyranoside to acid, melibiose, sucrose, inulin,
melecytose, raffinose, turanose, D-lyxose, D-tagatose,
D-fucose, L-fucose, L-arabitol, potassium 2-ketoglu-
conate and potassium gluconate [99].

Bacteria of L. floridensis species are morphologi-
cally bacilli with rounded ends, 0.6 x 1.3—1.9 mm
in size, unable to grow at temperatures below 7°C.
The optimum temperature for their growth is 37—
41°C; they do not show motility at temperatures of 4,
22,30 and 37°C. The species L. floridensis is the only
species of the genus Listeria lacking motility and
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unable to reduce nitrate, characterised by negative
Voges—Proskauer reaction and CAMP test. The typ-
ical strain is FSL S10-1187 [64].

The bacteria of L. aquatica species are 0.6—0.7 x
1.5—2.4 mm in size, like L. floridensis are unable
to grow at temperatures below 7°C, and the optimal
temperature for them is 37—41°C, are not motile at 4,
22,30 and 37°C, and show negative Voges—Proskauer
reaction and CAMP test. Unlike L. floridensis, they
reduce nitrate but do not reduce nitrite, do not fer-
ment maltose but are able to ferment D-tagatose.
The typical strain is FSL S10—1188 [64].

Bacteria of L. riparia species are straight bacilli
with rounded ends, measuring 0.5—0.7 x2.3—3.7 mm.
Like L. floridensis and L. aquatica, they do not grow
at 7°C and below, their optimum temperature is 37—
41°C, are not motile at 4, 22, 30 and 37°C, and show
negative Voges—Proskauer reaction and CAMP test.
Similar to L. aquatica and unlike L. floridensis, they
reduce nitrate and do not reduce nitrite. The main
differential characteristic from other species of the
genus Listeria is the ability to ferment L-rhamnose,
mannose, D-galactose and L-arabinose. The typical
strain is FSL S10—1204 [64].

The species L. cornellensis is represented by straight
sticks with rounded ends, measuring 0.4—0.7 x 2.4—
3.8 mm. The optimum temperature for their growth
is 30—37°C, they are not motile at 4, 22, 30 and
37°C, exhibit negative Voges—Proskauer reaction and
CAMP test. They reduce nitrate and do not reduce
nitrite. Phenotypic traits resemble the species L. gran-
densis. The typical strain is TTU A1-0210 [64].

Phenotypically similar to L. cornellensis are bac-
teria of L. grandensis species, which morphologically
are straight bacilli with rounded ends, 0.6—0.7 x 2.0—
3.1 mm in size. Their optimum growth temperature
is 30—37°C, and they are immobile at temperatures
of 4, 22, 30 and 37°C. Voges—Proskauer reaction and
CAMP test are negative. Reduces nitrate and does not
reduce nitrite. The type strain is TTU A1—0212 [64].
In addition, L. cornellensis and L. grandensis are
the only species of Lisretia unable to cleave L-rham-
nose. At the same time, L. cornellensis differs from
L. grandensis species in its weak lactose cleavage [64].

Bacteria of L. newyorkensis species are immobile
at all temperatures, able to grow in the temperature
range of 4—41°C, the optimal temperature for their
growth is 30—37°C. Able to reduce nitrate but do not
ferment nitrite. Show positive reaction with methyl
red, Voges—Proskauer test negative, unable to ferment
xylitol, D-fructose, o.-mannosidase, D-arabitol, but
do ferment D-galactose, D-ribose and L-arabinose.
The typical strain is FSL M6-0635 [152].

Bacteria of the species L. booriae are non-haemo-
Iytic bacilli, non-motile at all temperatures and capable
of growth between 4—41°C, the optimum temperature
for growth is 30—41°C. They differ from other species
in their ability to ferment D-arabitol, melibiose and
L-arabinose. The typical strain is FSL A5-0281 [152].

The species L. costaricensis shows the greatest
similarity in the structure of 16S rRNA genes with
the type strain L. floridensis (98.7%), which allowed
us to assign it to the same branch as L. fleishman-
nii, L. floridensis and Listeria sensu lato. The typical
strain is CLIP 2016/00682 [123].

L. goaensis are short non-spore-forming gram-pos-
itive immobile bacilli, oxidase-negative, catalase-pos-
itive and exhibit the ability to oi-haemolysis on dishes
with 5% agar with sheep and horse blood [68].

Thus, bacteria of the genus Listeria are ubiquitous
and have a wide adaptive capacity that allows them
to adapt to existence in different environments and,
at the same time, to acquire various uncharacteristic
properties. In this regard, knowledge of phenotypic
features of biological properties of different Listeria
species may be useful in determining approaches
to the detection of epidemically dangerous Listeria
from a variety of environmental objects.

Pathogenicity factors of L. monocytogenes

Currently, L. monocytogenes serves as a model
system for studying the main aspects of intracellular
pathogenesis, as its ability to parasitise in the cyto-
sol of mammalian cells, to use the actin-based mo-
tility system and to spread from cell to cell, avoid-
ing contact with the humoral immune system [150],
to overcome three principal protective barriers on the
way of spreading in the body has been established:
to penetrate through intestinal enterocytes, entering
the blood and lymph, and to overcome the blood-
brain barrier and placental barrier [63]. At the same
time, L. monocytogenes is able to penetrate into tar-
get cells by phagocytosis, including it in those cells
for which it is not characteristic, and, as a result,
to affect various cell types, suppressing at the initial
stages of infection the Thl-type immune response,
which is the main one for the elimination of intra-
cellular parasites, which significantly complicates
the organism’s fight against this pathogen [1].

The most typical features of L. monocytogenes are
an exceptionally large number of surface proteins, an
abundance of transport proteins, in particular pro-
teins designed for carbohydrate transport, and a vari-
ety of regulatory proteins [50].

Surface proteins play an important role in the
interactions of the microorganism with the environ-
ment, including target cells during infection of the
host organism. In this case, the main virulence fac-
tors of L. monocytogenes are such surface proteins as
internalins A and B, necessary for penetration into
eukaryotic cells, and actA, which plays a key role
in actin-based motility [50].

Pathogenicity islands identified in the L. mono-
cytogenes genome are LIPI-1 (prfA, hly, plcA, plcB,
mpl and actA) regulated by the PrfA protein [78],
LIPI-2 (inlABCJ) [151], LIPI-3 (IIsAXAXGHH-
BYDP) [57] and LIPI-4 (licABC, 1m900558-70013
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and glvA) [154]. It has been found that the presence
of the pathogenicity island LIPI-3 in the genome
of the bacterium causes a high level of its virulence
and is often accompanied by the development of the
meningoencephalic form of the disease [3].

The pathogenesis of L. monocytogenes requires
the coordinated expression of six genes, namely prfA,
plcA, hly, mpl, actA and plcB, which are mainly local-
ised to the pathogenicity island LIPI-1 [150] regulated
by the transcription regulator PrfA [56]. The processes
activated by PrfA are crucial for the infection cycle
of L. monocytogenes. They include phagosome lysis
with release of bacteria into the cytoplasm and ac-
tin-dependent intercellular mobility of bacteria [77].
For example, the prf4 gene encodes the transcription
activator prf4, which directly or indirectly induces
the transcription of more than 140 genes, including
the other five genes found in LIPI-1 [129]. The plcA and
pleB genes encode phospholipases C, which in combi-
nation with listeriolysin O (LLO) protect bacteria from
cytoplasmic phagosomes [143]. The mpl gene encodes
a zinc-metalloprotease required for pro-plcB matura-
tion [134], and the actA gene product is a multifunc-
tional virulence factor [149].

Auxiliary, or minor, virulence factors of L. mono-
cytogenes are the products of 13 genes, 5 of which
are associated with bacterial adhesion to and/or in-
vasion into mammalian cells. The iap (invasion-a-
associated p protein) gene encodes the extracellular
protein p60, which has murein hydrolase activity and
is required for bacterial division and invasion into
target cells [150]. The /peA gene encodes a protein
that belongs to the lipoprotein receptor associated
antigen I (Lral) superfamily. Lral proteins, in turn,
are associated with the bacterial surface and include
several adhesion proteins of many gram-positive
pathogenic bacteria, such as the adhesins PsaA, also
typical of Streptococcus pneumoniae, FimA, typi-
cal of Streptococcus parasanguinis, and EfmA, also
characteristic of Enterococcus faecium [110]. The lpeA
gene also encodes the extracellular domain of SBP
(“Streptococcal solute binding proteins”), which
in L. monocytogenes binds Zn>" and Mn?" and me-
diates entry into eukaryotic cells, including hepato-
cytes and macrophages [135].

The /psA gene encodes a protein of the same name,
which is a type II signal peptidase required for /peA
maturation [136], with genetic defects in IpsA4 causing
improper maturation of /peA, subsequent loss of its
proper surface localisation and ultimately a signifi-
cant weakening of L. monocytogenes virulence.

The lap gene encoding a protein of the same name
(Listeria adhesion protein p) promotes adhesion to in-
testinal epithelial cells and facilitates extraintestinal
dissemination of bacteria [51]. Specifically, the lap
gene product interacts with its cognate host cell re-
ceptor, heat shock protein 60 (Hsp60) on the apical
side and causes dysfunction of the epithelial barrier,
which favours translocation of L. monocytogenes across

it [71]. Lap is an alcohol acetaldehyde dehydrogenase
(Imo1634) present in both pathogenic and non-path-
ogenic Listeria species [91]. However, lap exhibits
virulent properties only in pathogenic Listeria due
to the lack of secretion and surface reassociation of /ap
in non-pathogenic species [52, 91]. The interaction
of lap with the host cell receptor Hsp60 leads to ac-
tivation and nuclear translocation of nuclear factor-
kB (NF-xB), which causes activation of myosin light
chain kinase (MLCK) [71]. Activated MLCK phos-
phorylates myosin light chain (MLC), which predis-
poses cellular redistribution of tight junction proteins
(claudin-1 and occludin) and adhesive junction protein
(E-cadherin) and opening of the intercellular junc-
tion [71]. Consequently, L. monocytogenes performs
efficient translocation across the intestinal barrier by
activating the Lap-Hsp60-NF-kB-MLCK axis [70].

The fbpA gene encodes an adhesin containing
fibronectin-binding domains; this protein provides
adhesion to target cells, especially hepatocytes [127].

The genome of L. monocytogenes also contains
genes encoding enzymes that protect bacteria from
the host immune system or increase their survival
in the cytosol of infected cells. For example, the pdgA
and oatA genes (peptidoglycan-N-deacetylase and
O-acetylase, respectively) may be required for re-
sistance to host lysozyme. Mutations in these two
genes result in increased sensitivity of peptidogly-
can to lysozyme inducing attenuation of L. monocy-
togenes virulence [133].

The IplA1 gene encodes a lipoatligase that pro-
motes cytosolic replication of Listeria in target
cells [96].

The gfcA gene encodes an enzyme that cataly-
ses glycosylation of teichoic acid in the envelope
of L. monocytogenes, which mediates key features
of pathogenicity: proper anchoring of the main sur-
face virulence factors (Ami and InlB); resistance
to antimicrobial peptides and reduced susceptibility
to antibiotics [114].

The prsA2 gene encodes a peptidylprolyl-cis-
trans isomerase that promotes proper protein fold-
ing, which is essential for the maturation and secre-
tion of some proprotein virulence factors (such as
phospholipase C PC-PLC) of L. monocytogenes, and
the IplA1 gene is required for intracellular survival
of Listeria [76].

The clpC, clpE and clpP genes encode proteases
that presumably act as mediators of the stress re-
sponse and promote intracellular replication [150].

Hypervirulent isolates of L. monocytogenes, in ad-
dition to the pathogenicity islet LIPI-1, also contain
islets LIPI-3 and LIPI-4 [112]. Moreover, the LIPI-3
islet contains genes encoding listeriolysin S, a second
haemolysin that enhances L. monocytogenes survival
in polymorphonuclear neutrophils, whereas LIPI-4
encodes a cellobiose phosphotransferase system [61]
that enhances invasion into the central nervous sys-
tem, along with maternal-neonatal infection. In ad-
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dition, the pathogenicity islet LIPI-3 contains genes
encoding important virulence factors, namely in-
ternalins. These include the operon InLab, which
promotes invasion of epithelial and other cells, and
inlC, which is involved in intercellular spread [60].
Hypervirulent strains of L. monocytogenes contain-
ing LIPI-3, having a bactericidal function, have been
found to promote intestinal colonisation and can
modulate the host microbiota [132].

Along with genes encoding pathogenicity and
virulence factors, the genome of L. monocytogenes
is characterised by the presence of SSI-1 (Imo0444,
Imo0445, pva, gadDI1 and gadT1) [130] and SSI-2
(1in0464 and 1in0465) stress tolerance islands [87].
It was found that SSI-1 predetermines bacterial re-
sistance to acids, salts, and growth in food [130],
whereas SSI-2 predetermines survival under alkaline
conditions and oxidative stress [57, 87].

It has also been shown that the presence in the
L. monocytogenes genome of the /in gene correlates
with resistance to the macrolide clarithromycin,
the sul gene — to the sulfonamide biseptol, the fosX
gene — to fosfomycin, the aad, ant, and aph genes —
to amikacin, and alleles 1, 8, 15, 18, and 28 of the
pbp-like gene — to beta-lactams [3].

An important specific feature of the genomes
of the genus Lisferia, probably also related to the abil-
ity of these bacteria to colonise a wide range of eco-
systems, is the presence of a large number of genes
encoding various transport proteins [50]. As in most
bacterial genomes, the predominant class of transport
proteins in Listeria is ABC-transporters. Moreover,
26% of the genes encoding Listeria transport proteins
are responsible for carbohydrate transport mediated by
the phosphoenolpyruvate-dependent phosphotrans-
ferase (PTS) system, which allows bacteria to utilise
different carbon sources. Furthermore, in many bac-
teria studied so far, PTS is a key link between metabo-
lism and regulation of catabolic operons [146].

Thus, the genome of L. monocytogenes is char-
acterised by the presence of a large variety of genes
responsible for invasion into target cells of the host
organism, survival in them, resistance to antibiotics
and disinfectants, which determines the high patho-
genicity and virulence of bacteria of this species.

Methods of identification of different
Listeria species

The increasing role of Listeria in the structure
of human infectious pathologies makes it necessary
to improve the diagnosis, prevention, and sanitary
and epidemiological surveillance of listeriosis, which
predetermines the creation of new immunobiological
preparations and modern schemes for the isolation
and identification of L. monocytogenes in accordance
with international standards [30]. In addition, it has
been established that L. monocyftogenes is character-
ised by variability in morphological, cultural and bio-

chemical properties, which causes difficulties in the
laboratory diagnosis of listeriosis. In particular, it has
been revealed that storage of food products at +22°C
and seafood and dairy products at +6°C may change
the pathogenic properties of Listeria and, in par-
ticular, the loss of haemolytic activity and decreased
production of lecithinase, which is important for the
differentiation of L. monocytogenes from other non-
pathogenic Listeria species [41].

Currently, morphological, bacteriological, bio-
chemical, serological and molecular biological meth-
ods are used to diagnose listeriosis.

Morphological diagnosis of listeriosis is based
on the detection during autopsy of granulomas (lis-
teriomas) in internal organs in the form of whitish,
greyish or yellowish nodules ranging in size from
a poppy seed to a millet grain, which are most of-
ten found in the liver, colon, pharynx, oesophagus,
lungs, spleen and brain [26]. In the initial stages,
listeriomas represent a small focus of inflamma-
tion, in the centre of which a large number of par-
tially phagocytised Listeria are found among decay-
ing leukocytes. Further the number of leucocytes
in the focus increases, and in its peripheral parts an
admixture of fibrin is found. At later stages of the
process on the periphery of the focus there are small
overgrowths of granulation tissue, consisting mainly
of macrophages, which can gradually completely re-
place the area of necrosis. Listeria is practically unde-
tectable in the granulation tissue [153].

The biochemical methods of L. monocytogenes dif-
ferentiation are based on catalase positivity, motility
at 18—25°C and immobility at 37°C, the ability to hy-
drolyse esculin and not to exhibit lecithinase activity,
typical of Listeria parasitising inside the cell, when
cultured on nutrient media containing lecithin [21].

The presence of the gene encoding lecithinase istyp-
icalnot only for L. monocytogenes, but also for L. seeligeri
and L. ivanovii, but not for L. innocua [82]. At the same
time, L. monocytogenes is characterised by induction
of lecithinase activity when activated charcoal is added
to the nutrient medium, whereas L. ivanovii is charac-
terised by lecithinase activity irrespective of the pres-
ence of activated charcoal in the incubation medium,
and L. seeligeri is characterised by the absence of leci-
thinase activity irrespective of the presence of activated
charcoal in the incubation medium [21], which is most
likely due to interspecific differences in the regulation
of the expression of pathogenicity factors. One of the
reasons for the increased production of lecithinase and
other pathogenicity factors in L. monocytogenes is the
activation of the positive regulator of pathogenicity fac-
tor expression PrfA [137], which is highly homologous
in L. monocytogenes, L. ivanovii, and L. seeligeri, but
differs by 3 amino acid residues in these species, pos-
sibly affecting its functionality:.

The increase in the production of pathogenicity
factors (particularly lecithinase) by L. monocytogenes
in the presence of activated charcoal is associated
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with its adsorption and, consequently, the elimina-
tion of the autorepressor product produced by Listeria
itself from the incubation medium [75]. In this con-
nection, the restoration of Listeria’s ability to produce
lecithinase upon addition of the sorbent to the incuba-
tion medium should not depend on the composition
of the cultivation medium. At the same time, in the
studies of some specialists a significant difference
in the induction of lecithinase activity on different
media, including media of the same name, produced
by different manufacturers, was found, which may be
due to the following reasons. Firstly, the components
of the medium can influence the adsorption capacity
of carbon, in particular, even trace amounts of deter-
gents can reduce the adsorption properties of carbon.
Secondly, the increase in lecithinase activity when
a sorbent is added to Listeria incubation medium may
be due not only to an increase in the amount of lecithi-
nase produced, but also to an increase in its lecithinase
activity depending on the influence of external factors,
the concentration of which in the medium may vary.

Differentiation of species of the genus Listeria
based on motility at certain temperatures is com-
plicated by the fact that some strains of L. innocua
showed motility at both 37°C and 20°C, while some
strains of L. welshimeri remained immobile at room
temperature [21].

Another biochemical feature of bacteria of the ge-
nus Listeria is the ability to hydrolyse 4 carbohydrates
(manitol, rhamnose, raffinose and D-xylose), but
this ability cannot be used to differentiate L. mono-
cytogenes from L. innocua [21].

Other methods of bacteriological identification
of Listeria, which allow differentiating pathogenic
and non-pathogenic species, often give contradictory
results. In particular, the B-haemolysis characteristic
of L. monocytogenes on blood agar is weakly expressed
in some strains, and some strains show no haemolytic
activity at all [21].

To date, bacteriological confirmation of listeriosis
is the only reliable way to make a final diagnosis [42],
which necessitates the development of new ap-
proaches for isolating, typing, and identifying viru-
lent strains of Listeria in order to identify the most
significant of them in human infectious pathology.

At the same time, the duration of investigations by
bacteriological methods varies from 3—4 days for neg-
ative results to 10—11 days to confirm a positive result.
In addition, the detection of L. monocytogenes in ani-
mal products by microbiological methods is often dif-
ficult due to the high concentration of competitive mi-
croflora, the presence of Listeria-inhibiting food com-
ponents and the generally low level of L. monocytogenes
in samples [122]. Finally, the bacteriological charac-
terisation of Listeria in clinical samples is sometimes
difficult due to the variability of Lisferia and its ten-
dency to form coccoid forms [21], predisposing cases
of false identification of Philococcus, Corynebacterium
and Enterococcus as L. monocytogenes and vice ver-

sa. At the same time, the parallel use of biochemical
methods, and, in particular, the typical for L. monocy-
togenes induction of lecithinase activity in the incuba-
tion medium in the presence of sorbents makes it pos-
sible to reliably identify L. monocytogenes from lecithi-
nase-producing Enterococcus spp. and Escherichia coli,
whereas the absence of lecithinase activity in the me-
dium without sorbents distinguishes L. monocytogenes
from staphylococci.

Although serological methods are adjunctive
in the diagnosis of listeriosis, they are often effective
and provide relatively rapid results, ease of reaction,
and the ability to test a variety of biomaterial.

Serological reactions used for the diagnosis of lis-
teriosis include enzyme-linked immunosorbent assay
(ELISA), agglutination reaction (RA), complement
binding reaction (CBR), indirect haemagglutination
reaction (IHGR), and indirect immunofluorescence
reaction (NIRF). Blood and cerebrospinal fluid can be
used as test material, and the result is considered posi-
tive when the antibody titre is from 1:250 to 1:5000 [32].

In the laboratory diagnosis of listeriosis, two se-
rological methods are most often used: complement
binding reaction with inactivated cytoplasmic anti-
gen and indirect haemagglutination reaction with
erythrocyte antigenic diagnosticum [2], which are
not highly specific. In general, serological diagnosis
of listeriosis is not sufficiently effective due to false-
positive results, the diverse antigenic structure of the
bacterium, the antigenic affinity of Listeria with oth-
er microorganism species, and the technical condi-
tions of the reactions [34].

Most serological methods for the detection
of Listeria are based on the use of monoclonal antibod-
ies, which was the first method for typing L. monocy-
togenes serotypes [72]. However, this method is time-
consuming and has a low differential capacity [98].
Therefore, molecular typing methods have become
increasingly popular for Listeria typing [72], includ-
ing ribotyping, multi-target enzyme electrophoresis
(MLEE), pulsed-field gel electrophoresis (PFGE), and
multi-target sequencing (MLST) [90]. Meanwhile,
PFGE is considered the gold standard method for de-
termining Listeria subtypes because of its differential
ability, reproducibility and repeatability [109].

The first monoclonal antibodies for the detection
of Listeria showed specificity to a common flagellar
H-antigen typical for L. monocytogenes, L. ivanovi,
L. innocua, L. weishimeri and L. seeligeri, but not
for 30 cultures of other species, including staphylo-
cocci and streptococci [80]. Subsequently, a genus-
specific panel of monoclonal antibodies developed
by B.T. Butman et al. [53], including 15 specific
antibodies showing affinity to thermostable rho-
dospecific protein with molecular mass from 30 000
to 38 000 Da and not cross-reacting with 21 species
of other microorganisms, including streptococci.
Two monoclonals from this panel were subsequently
used to create a commercial immunoenzyme test
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system (Listeria — EEK) for the detection of Listeria
spp. [62], which has found widespread use as an ad-
ditional, but not alternative, method for the detection
of Listeria spp. in food [138§].

At the same time, polyclonal antibodies used
in the immunofluorescence method and monoclonal
antibodies are currently not practically used for the
diagnosis of listeriosis and retain practical signifi-
cance only in livestock facilities for the prevention
of listeriosis in animals and service personnel [39].

Currently, serological methods used in clinical
laboratory diagnostics and aimed at detecting spe-
cific antibodies to Listeria have been developed. One
of the relatively specific serological methods is the
detection of antibodies to listeriolysin O, the termi-
nal polypeptide fragment of the recombinant mol-
ecule of which is the most specific when screening
sera of listeriosis patients compared to other protein
antigens [84]. At the same time, experts recommend
using this serological method only to detect non-in-
vasive asymptomatic forms of the disease in epidemic
outbreaks of listeriosis [53]. When analysing the sera
of donors and patients with listeriosis, it is advisable
to detect antibodies to the protein antigens of Listeria
(irpA, InlB and actA) associated with pathogenic-
ity [24, 84]. Specific antibodies to Listeria antigens
are detected in the blood from the second week of the
disease and persist for several years after recovery.

At the same time, it is known that Listeria serovars
and serotypes are not speciospecific and may be com-
mon to different Listeria species regardless of their
pathogenicity for humans. In particular, L. monocy-
togenes is characterised by one or more common an-
tigenic determinants with Listeria species other than
L. welshimeri. In this regard, serovar identification
alone, without the use of other methods, does not ac-
curately identify listeriosis [50].

Thus, serological methods for diagnosing listeri-
osis have a number of disadvantages, including low
specificity (Listeria antigens are very similar in struc-
ture to antigens of other microorganisms, so false-
positive or false-negative results are often obtained),
the possibility of detecting not the pathogen itself,
but only antibodies to it, low reliability of the results,
false-negative reactions in severe immunodeficiency
states even in very severe course of listeriosis, and
the possibility of performing the analysis of Listeria
antigens. In general, the results of serological tests
provide certain information about a patient’s possi-
ble contact with the pathogen, but do not allow diag-
nosing listeriosis with a high degree of accuracy even
when several serological methods are used, including
due to the antigenic affinity of Listeria with staphylo-
cocci, enterococci and erysipeloid [20].

The diagnosis of listeriosis can be suspected or made
if there is a reliable difference in antibody titres in paired
sera of patients with a characteristic clinical picture
(RA with coloured diagnostics, RBC, NIRF, RNAS),
cerebrospinal fluid (NIRF, PCR, ELISA, microscopy)

and bacteriological examination by enrichment with
charcoal immunoglobulin sorbent [13, 39, 42].

At the same time, serological methods of labora-
tory diagnostics of listeriosis remain the main meth-
ods in the practice of Russian bacteriologists and allow
establishing the presumed diagnosis with further con-
firmation by bacteriological methods [40]. However,
the slide agglutination method is relatively simple and
reliable, requiring the availability of agglutinating lis-
teriosis sera, the improvement of methods for obtain-
ing which is very important at present.

One of the relatively fast, highly effective methods
for the detection of L. monocytogenes is the molecular
biological method of PCR and enzyme immunoas-
say [27] using the highly specific chromogenic me-
dium ALOA-agar [48].

The specificity and high sensitivity of PCR have
been confirmed on various strains of pathogenic
Listeria, but poor lysis of some Listeria strains, appar-
ently related to the structure of the cell wall, may give
false-negative results [21]. In this regard, some spe-
cialists recommend PCR using Listeria cells added
to the reaction mixture without pretreatment with
lytic enzymes [67]. In addition, the multi-targeted
variable number of tandem repeats assay (MLVA),
a PCR-based typing method that characterises bacte-
ria by detecting tandem repeats at several specific loci
in the bacterial genome, is quite informative [79, 108].

Matrix Assisted Laser Desorption/lonisation
Time of Flight (MALDI-ToF) is a relatively ef-
fective method for the identification of L. monocy-
togenes [12]. At the same time, there are reports in the
literature that species identification of Listeria spe-
cies by MALDI-ToF is not always correct, which may
be due to the influence of various factors, such as cul-
tivation conditions, the composition of nutrient me-
dia, and the level of polymorphism of strains taken
for research [89, 125].

Real-time polymerase chain reaction is a com-
paratively fast and practical alternative to the micro-
biological method for the detection of Listeria [35].
Therefore, the development of species-specific PCR
methods for the detection of the L. monocytogenes
genome is an urgent task. For PCR identification
of L. monocytogenes, various genes are used as tar-
gets: 16S and 23S rRNA, prs, gyrB, rpoB, hly, inlA
and inlB, plcA, iap, etc. [17, 21, 69, 113, 121, 147]. At
the same time, the real-time PCR method does not
allow distinguishing viable bacterial cells from non-
viable ones; therefore, positive results obtained using
this method must necessarily be confirmed by a tra-
ditional microbiological method [35].

To determine the serological affiliation of Listeria
cultures, according to the world classification, it is
recommended to use the multiplex PCR method
based on the correlation between the serogroup af-
filiation of an isolate and the presence of specific
open reading frames in its genome [9, 16], which
makes it possible to identify the diversity of L. mono-
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cytogenes cultures and differentiate the strains of epi-
demic significance and danger to humans [39].

To obtain Listeria isolation media, it is neces-
sary to study the optimal conditions for their growth
and reproduction and to determine the optimal
concentrations of nutrient elements. Lisferia have
been found to grow on simple nutrient media, capa-
ble of reproduction in a wide range of temperatures
(4—45°C), pH (5.0-9.0), and humidity, in the pres-
ence of 20% NaCl and 15% CO, [29, 49]. The high
metabolic plasticity of Listeria determines the possi-
bility of their transition from the saprophytic phase
to the parasitic phase and vice versa; optimal culti-
vation conditions are necessary to preserve the viru-
lent properties of Listeria, which is important for the
accumulation of full biomass [29]. At the same time,
the cultivation conditions (composition of nutrient
media, temperature and incubation time) influence
the polymorphism of Listeria, which complicates
the estimation of the results of bacteriological analysis
and may lead to errors in diagnosis [5]. In particular,
the prolonged stay of Listeria in cold storage prede-
termines the presence of most of the microorganisms
at the L-transformation stage, which requires a long
time of their reversion in enrichment media for the
detection of pathogens [5]. In this regard, accurate
diagnosis of Listeria requires the use of methods such
as DNA diagnosis, PCR and ELISA [5].

At the same time, accelerated methods such as
ELISA, PCR, DNA-DNA and DNA-RNA hybridi-
sation, radioimmunological methods, and the use
of chromogenic nutrient media are the most suit-
able for the detection of L. monocytogenes in perish-
able products, which are characterised by high speed
of analysis, sensitivity and specificity, and low con-
sumption of nutrient media. High sensitivity and
specificity in detecting L. monocytogenes has been
shown for the test system LOCATE® Listeria, in which
highly specific monoclonal antibodies to thermosta-
ble O-antigens or somatic antigens of the Listeria cell
wall are used as antibodies [6]. Proteomics methods
involving mass spectrometric analysis of proteins are
also used to diagnose listeriosis [31].
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Listeria have developed a set of unique mechanisms
that allow them, along with a saprophytic lifestyle,
to switch to intracellular parasitisation, avoiding
contact with the humoral immune system and sup-
pressing at the initial stages of infection the Thl-type
immune response, which is essential for the elimina-
tion of intracellular parasites. In addition, L. mono-
cytogenes is able to switch on phagocytosis in those
cells for which it is not usually characteristic, which
predetermines the possibility of its invasion of a wide
range of target cells and significantly complicates
the course of listeriosis.

Ecological plasticity and tolerance of Listeria deter-
mine their ability to change from saprophytic to para-
sitic way of life and to reverse back to saprophyticism
when they enter the environment and survive under
different environmental conditions. At the same time,
non-pathogenic Lisferia, as well as pathogenic mi-
croorganisms forming a biocenosis with L. monocy-
togenes, can serve as a reservoir of pathogenicity and
resistance determinants and be transmitted to patho-
genic Listeria by horizontal transfer. Thus, the high
degree of genetic relatedness of L. monocytogenes with
L. innocua makes it possible for L. innocua to create
reservoirs of resistance genes that can be transferred
to L. monocytogenes, including virulence genes. In ad-
dition, pathogenicity genes can be transferred from
L. monocytogenes to L. innocua, which predetermines
the emergence of atypical haemolytic pathogenic
strains, which, given the greater prevalence of L. in-
nocua in the environment, may pose a greater threat
to humans and animals.

The constant evolution of pathogenic Lisferia and
their acquisition of new surface antigens, in turn,
complicate the laboratory diagnosis of listeriosis
and differential typing of Listeria in the food in-
dustry and require the development of new im-
munobiological preparations, culture media and
modern schemes for the isolation and identification
of L. monocytogenes.
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U3YYEHWE AHTUTEHHbIX CBOUCTB
LUITAMMOB KOPOHABUPYCA

SARS-CoV-2, OTHOCHLLNXCHA K PASHbIM
CYBJINHUAM OMUKPOH-BAPUAHTA,
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ObYH [ocydapcmeennblii Hay4HblI yeHmMp gupycoroeuu u buomexnosoeuu «Bexkmop» Pocnompebnadsopa, Hoeocubupckas
obnacmo, n. Koavyoseo, Poccus

Pesome. Bsedenue. Bo3HMKHOBEHME M paclpoCcTpaHEHWE HOBBIX reHeTMdyeckux BapuaHToB SARS-CoV-2 gaB-
JIeTCd TPUYMHON Tepuomnyeckoro mombeMma 3abdoneBaeMoct COVID-19. TlokazaHo, uyTo Hambojee OBICTPO
pacrmpocTpaHsIomuecs reHeTndeckye BapuaHThl SARS-CoV-2, ycTOMYMBE K aHTUATEIaM, CIIEIUGUIHBIM IPEIIIe-
CTBYIOIIMM BapMaHTaM KOpPOHaBMpYyca, 4To JejlaeT HeOOXOAUMbIM MPOBEAEHHME aHaJIM3a CIIOCOOHOCTU YKJIOHEHMUS
OT aHTUTEJ K paHee IIMPKYIMPOBABIIMM BapUaHTaM JUJIsl BHOBb BO3HUKAOUIUMX CyOBapuaHTOB. Llenbto paboThl SBU-
JIOCh U3YYEHUE KPOCC-PEaKTUBHOCTHU IITaMMOB KopoHaBupyca SARS-CoV-2, oTHOCAIIMXCS K pa3HbIM TeHETUYEC-
KuUM cyoBapranTaM OMMKpOHa, KOTOpble ObLIM BhIAEIeHBI Ha TeppuTopuu P® B mepuox 2020—2023 TT. B peakinu
HeWTpalu3aluy ¢ UCMOIb30BaHUEM TMIIEPUMMYHHBIX CBIBOPOTOK Mbllliel. Mamepuans: u memodsi. MpILIMHBIE TU-
MepUMMYHHBIE CBIBOPOTKH MoJy4deHbl K 10 mrammam kopoHaBupyca SARS-CoV-2, oTHOCAIIMMCS K cyOBapuaHTaM
BA.1, BA.2, CH.1.1, BN.1, BA.5.1, CL.1.2, BA.5.2, BQ.1.2.1 XBB 1,5 u XBB.3. Mbimeit ntnauu BALBc uMMyHu3u-
pOBaJM MHAKTUBUPOBAHHBIM KOHIIEHTPUPOBAHHBIM aHTUTEHOM B CMECH C aabloBaHTOM l:1, B KauecTBe KOTOPOTo
HCITOJIB30BaJIM BUPYCOMONOOHBIE MMMYHOCTUMYJIMPYIOIINE KOMIIIEKCHI Ha OCHOBE CalltOHMHOB KBHI1alin MBIIbHOM
(Quillaja saponaria). TUTp aHTUTE] OIPEACISIIN B peaKIMy HEUTpaan3alun. AHaIU3 HENTpaIu3yIolieil ak THBHOCTH
TUIIEPUMMYHHBIX CBIBOPOTOK ITPOBOIMJIN B OTHOIIICHUH K BUPYCaM, K KOTOPBIM OBLIH TTOTYUYSHBI CHIBOPOTKH, a TAKKE
K paHHUM TeHeTndecKnM BapuanTaM SARS-CoV-2 (Yxaup, Anbda, bera, lamma, [lenwra). Pesyasmamer. [TokazaHo,
HaJWuue KpOCC-peakKTUBHOCTH ISl BceX mTaMMOB OMUKPOH-BapuaHTa, UCMOJb30BAHHBIX B 9KCIIEPUMEHTE, CTe-
MEeHb KPOCC-PEAKTUBHOCTU 3aBUCEJa OT CTENEHU POJCTBA LITAMMOB. BrIpaxkeHHast Kpocc-peaKTUBHOCTD MOKa3aHa
IJIS LITAMMOB, KOTOpbIE SIBJISIOTCS cyOBapuaHTamu BA.S, B oTHolIeHUU peKOMOMHAHTHBIX JUHUI SARS-CoV-2
X HeUTpanusyloniass akTUBHOCTb CYLIECTBEHHO CHUXeHa. HelTpanusyloniyue TUTPHI CHIBOPOTOK, MOJYyYEHHBIX
K IITaMMaM, SIBASIOIUMUCS cyoBapuaHTaMu BA.S, B oTHolIeHUM reHeTnYeckKux BapuaHToB SARS-CoV-2, koTophbie
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ObLIY BbIIE/IEHbI B paHHME IIEPUOILI MAHAEMUU CHUXEHBI 6oJiee ueM B 60 pas. Buieode:. IpencraBieHHbIN METO I1O-
JIy4EeHU I M UCTIOJIb30BAHU S TUTIEPUMMYHHBIX CBIBOPOTOK MBIIIIEH JJIsT peaKLIMW HEUTpaIn3alM1 TO3BOJISIET OLIECHUTh
KpPOCC-peaKTUBHOCTD JJIS IITAMMOB, OTHOCSIIIIMXCS K pa3HbIM cyOBapuaHTaM SARS-CoV-2.

Karoueswie caosa: COVID-19, koponasupyc SARS-CoV-2, anmumena, Kpocc-peakmugHocmy, cunepumMmyHHble Col8OPOMKU, PeaKyus
Hellmpaauzayuu.

ANTIGENIC FEATURES OF THE STRAINS SARS-CoV-2 OF OMICRON SUBLINES ASSESSED
BY HYPERIMMUNE MOUSE SERUM NEUTRALISATION
Zaykovskaya A.V., Evseenko V.A., Olkin S.E., Pyankov O.V.

State Research Center of Virology and Biotechnology “Vector”, Novosibirsk Region, Koltsovo, Russian Federation

Abstract. Introduction. The emergence and spread of new genetic variants of SARS-CoV-2 underlies periodic upsurge
in COVID-19 incidence. It has been shown that the most rapidly spreading genetic variants of SARS-CoV-2 are resistant
to antibodies specific to the previous variant of the SARS-CoV-2, thereby necessitating to analyze the antibody evasion
ability of previously circulating variants for newly emerging subvariants. The aim of this work was to assess SARS-CoV-2
cross-reactivity of coronavirus strains belonging to different genetic subvariants of Omicron isolated in the territory
of the Russian Federation in the period 2020—2023 in microneutralization reaction using hyperimmune mouse sera.
Materials and methods. Mouse hyperimmune sera were obtained against 10 SARS-CoV-2 strains belonging to subvariants
BA.1, BA.2, CH.1.1, BN.1, BA.5.1, CL.1.2, BA.5.2, BQ.1.2.1 XBB.1.5 and XBB.3. BALB/c mice were immunized with
inactivated concentrated antigen mixed at 1:1 ratio with an adjuvant representing Quillaja saponaria saponin-based virus-
like immunostimulatory complex. The antibody titer was determined by neutralization test. The neutralizing activity
of the hyperimmune sera was analyzed against the relevant viruses as well as against previous genetic variants of SARS-
CoV-2 (Wuhan, Alpha, Beta, Gamma, Delta). Results. Cross-reactivity for all Omicron-variant strains analyzed here was
shown; the degree of cross-reactivity depended on the degree of inter-strain relatedness. A prominent cross-reactivity
was observed for subvariants of BA.5 so that their neutralizing activity against recombinant SARS-CoV-2 lineages was
markedly reduced. Neutralizing serum titers obtained for subvariants of BA.5 against genetic variants of SARS-CoV-2
isolated during the early periods of the pandemic are reduced more than 60-fold. Conclusion. The presented method
for obtaining and using hyperimmune mouse sera for neutralization reaction allows the assessment of cross-reactivity
for strains belonging to different SARS-CoV-2 subvariants.

Key words: COVID-19, SARS-CoV-2, coronavirus, antibodies, cross-reactivity, hyperimmune sera, test neutralization.

BeepgeHue

Bo3HUKHOBEHHE U paclpoCTpaHEHHUE HOBBIX
reHetndecknx BapuaHTOB SARS-CoV-2 gaBnsercsa
OPUYNHONA TEePUOIMYECKOro IToabeMa 3abosieBac-
moctu COVID-19. OmukpoH BapuaHT (B.1.1.529)
BIIepBbIe ObLI BbIsSIBJIEH B HOs1Ope 2021 r. B FOxHOM
Adpuke, o CpaBHEHMIO C MPEAIIECTBYIOIIUMU Ie-
HeTnyeckuMu BapuaHTamMmu SARS-CoV-2 (Anbda,
bera, 'amMma, Jlenpra) ero reHOM cozepskKa Han0O0JIb-
Imee KoJIM4ecTBO MyTaiuii. OH OBICTPO pacIpocTpa-
HUJICS TI0 BCEMY MUPY U BBITECHUJI IIPCHBIIYIITANA
noMuHupytouuii JIeasra-sapuant SARS-CoV-2 [3].
C nosiBneHrueM OMUKPOH-BapraHTa 3BOJIIOLIUS KO-
poHaBupyca SARS-CoV-2 3aMeTHO yCcKOpuJach.
IlepBast u3BecTtHasi reHeTuueckast amHus BA.l Ba-
puanta OMUKPOH OblJIa OBICTPO BBITECHEHA CyOBa-
puanToM BA.2, KoTOphIil 0Gsiagan GoJiee BBICOKOM
TPAaHCMUCCUBHOCTBIO MO cpaBHeHUIO ¢ BA.1, a Tak-
K€ CIIOCOOHOCTBIO YKJIOHSITHCS OT UMMYHHOI'O OTBE-
Ta, YTO TO3BOJIUJIO MTOBTOPHO 3apazkaTh JIMII, paHee
nepedosieBmnx BA.l [12]. Hakonienue mytaumii
B pa3HBIX KOMOMHAIIMSIX CIIOCOOCTBOBAJIO ITOSIBIIC-
HUIO B OBICTPOI MOCJEIOBATEILHOCTU OOJBIIOrO
yurcaa cyoBapuaHToB BA.2, KoTopble HUPKYIUPOBaA-

JI1 OMHOBPEMEHHO, HanboJee pacrpocTpaHEeHHBIMU
n3 Hux ctanu BA.2.75 u BA.4/5 [7, 24]. CyoBapuaHT
BA.5 cTan JOMMHUpPYIOIIMM BapuaHTOM B MUpE
c aBrycta 2022 r. [9, 16]. Pe3yabraTrom manbHei1ien
sBomou SARS-CoV-2 gaBuoch NnosiBaeHUe cyo-
BapuaHToB BA.4.6, BF.7, CL.1, BQ.1 u np. (TOTOMKHX
BA.4/5), a Takxke BA.2.75.2, CH.1, BN.1 u np. (1mo-
tomku BA.2.75) [14, 19, 21]. B pe3ynbraTte peKoMOu-
Hauum Mexay BJ.1 mw BM.1.1.1 (cyoBapuaHTsI BA.2)
BO3HUK XBB-BapuaHT, KOTOpbI coaepxan 14 my-
TallMii B JOMOJTHEHUU K TeM, KOTOpbIe paHee ObLIN
obHapyxkeHbl Yy BA.2. Cyo6Bapuantel XBB BbI3Ba-
JIM OYepPeaHON MoabeM 3a007eBaeMOCTH BO MHOTHX
cTpaHax mupa [28].

IlokazaHo, uTo HanboJiee OBICTPO pacIpocTpa-
Hsomuecs cyoBapuantel SARS-CoV-2, kak npa-
BUJIO, YCTOMYMBHI K TYMOPaJIbHOMY UMMYHUTETY,
WUHAYLUAPOBAHHOMY IIPENIIECTBYIOIIUM BapuaH-
TOM KopoHaBupyca [24]. Hanpumep, noxkaszaHa
ycroiiunBocTh OMMKpPOH-BapHMaHTa K CBHIBOPOT-
KaM, TIOJTYYeHHBIM B pe3yabTaTe NHGUIINPOBAHUS
Henbra-Bapuantom [23]. Bupycel cyOBapuaHTa
BA.2 ycToiiuuMBBl K CBIBOPOTKaM, IMOJYYEHHBIM
oT nepedojieBinx BA.l, a miTtamMMbl, OTHOCSIIIU-
ecs K cyoBapuaHTy BA.5 ycTOlUuMBBI K CBIBOPOT-
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Kam niepebosieBiiux BA.2, BUpyChbl cyOBapraHTOB
BQ.1.1 u XBB 3¢ (}peKTuBHO YKIOHSIIOTCS OT TYMO-
pajbHOTO UMMYHUTETA MOCJE TIePEHECEHHOW MH-
dexuunu BA.S [19, 28]. Takum oOGpa3om, npuodpe-
TEeHWEe UMMYHHOM YCTOMYMBOCTU SIBJISIETCS OTHUM
U3 BaXHbIX ()aKTOPOM B BBITECHEHUU TPEAbIIY-
IKUX TeHeTnYecKnX BapuaHToB SARS-CoV-2.

Bupyc SARS-CoV-2 HaxoauTcs B IPOLIECCE DBO-
JIIOLIMOHHOT'O pa3BUTU S, UTO TPeOyeT HempepbiB-
HBIX HAYUYHBIX UCCJEAOBAHUN C MCMOJIb30BAHUEM
HE TOJIbKO TIePEAOBBIX METOOB aHAINU3a €TO TeHe-
TUYECKUX TTOCIeN0BATEILHOCTEH, HO U CITOCOOHO-
CTU YKJIOHEHUSI OT aHTUTEJI, MHAYIITMPOBAHHBIX pa-
Hee UPKYJUPOBABIIMMHU BapuaHTaMU, AJI51 BHOBb
BO3HUKAIONIUX FTEHETUYECKNX CyOBAapUAHTOB.

Lenbio paboThl SBUIOCH WU3YUYEHUE KPOCC-
PEaKTUBHOCTU IITaMMOB KopoHaBupyca SARS-
CoV-2, oTHOCSIUXCA K cyoBapuaHTaM OMUKpPOHA,
KOTOpBbIEe OBIIM BbIJAEAEHBI Ha Tepputopun PO
B nepuoa 2020—2023 rr. B peaklilMu HeWTpasin3a-
UM C UCIIOJb30BaHUEM TUIIEPUMMYHHBIX ChIBO-
POTOK MBIIIIEHA.

Matepwnasbl U1 MeTOLbI

Kyaomypot kaemok. B pabore wucrnonb3oBaiu
KYJBTYpPY KJIeTOK Vero E6 (KJIeTKU 3ITUTENNS TTOY-
K1 adpuKaHCKoil 3eieHoit MmapTeimmku) (PBYH
I'HLI Bb «Bektop» PocmoTtpebHan3opa). Kietku
KyJabTuBUpoBaau npu 37°C B mUTaTEJIbHOUI cpele
DMEM (Gibco, Thermo Fisher Scientific, CILIA)
¢ L-tmyramnnaom, ¢ mob6asnenunem 10% smOGpuo-
HanbHOU Tensiubeil cbiBopoTku (Gibco, Thermo
Fisher Scientific, CIIIA), Antibiotic-Antimycotic
(Gibco, Thermo Fisher Scientific, CIIIA) B atmoc-
depe ¢ 5% CO,.

Bupycei. DKCIEpUMEHTBHl ¢ WH(EKIMOHHBIM
MaTepuajoM ObIJIM TIPOBEJCHBI B JlabopaTopuw,
COOTBETCTBYIOIIEH YPOBHIO OMOOE30MaCHOCTU
BSL-3. B paboTe ucnonab3oBajin LITAMMBI KOPO-
HaBupyca SARS-CoV-2, nemonupoBaHHbIe B [0cy-
JapCTBEHHOM KOJIJIEKLIMU BO30OyAUTENE BUPYC-
HbIX WH@ekuin m pukkercuozos MBYH T'HII
BB «BekTop» PocrmorpebHan3opa. Mudbopmanus
o mTamMMmax KopoHaBupyca SARS-CoV-2, wuc-
MOJIb30BAHHBIX B 3KCIEPUMEHTE ITPEACTaBICHBI
B T1abua. 1. llltaMMbl BUPYCcOB ObIJIM HapaOOTaHBI
Ha KyabType kKietok Vero E6, nnst mpoBeaeHust
peakuMy HEUTpaam3alldyd OBLIN TPUTOTOBJICHBI
aJIMKBOTBI, KOTOpbIe XpaHuau npu —80°C.

Ilooeomoeka anmueenog TIpoBeIeHA KaK ObLIO
omnrcaHo panee [1]. Kpartko. [Tynbl Bupyca Hapa6o-
TaHBI HA KYJIbTYpe KJeToK Vero E6, KOHLIEHTpUPO-
BaHBI [IPY IIOMOIIN HEHTPUPYKHBIX KOHLIEHTPATO-
poB (50 kDa, Amicon Ultra-15, Merck (Millipore)),
MHaKTHUBAIIMIO IIPOBOAMIIN OeTa IMIPOITMOJIaKTOHOM
(BPL) (Acros Organics).

Toayuenue mvluiuHbIX 2UNEPUMMYHHBIX CbIBOPOMOK.
Jass “MMyHM3alMyu ObLIM MCIIOJb30BaHbl MBI

muHun BALBc maccoir 18—20 r (ITuTtoMmHUK 1a060-
patopHbIX XuUBOTHBIX, ®PBYH TI'HII Bb «BekTop»
Pocniorpe6Hanzopa). 1o 6 >KMBOTHBIX B KaxXIOu
rpytre. UHaKTMBUpOBaHHBIN aHTUTEH BBOIVIJIV K1 -
BOTHBIM BHYTPUMBILIEUYHO ABYKPATHO C UHTEPBAJIOM
3 Hemenu o 0,1 MJI/SKUBOTHOE B CMECHU C aIblOBaH-
ToM 1:1. B KauecTBe aabloBaHTa UCMOJb30BaJIN BUPY-
COMOIOOHBIE UMMYHOCTUMYJIMPYIOIINE KOMITICKCHI
(MCKOM) Ha ocHOBe cannoHUHOB KBUJ1aiini MbLITb-
Hoit (Quillaja saponaria) B koHLeHTpauuu 160 MKr/
M. CozmepxxaHue carnioHMHOB KBuiiiaiiv MbLIBHOMU
B MCKOM anbioBaHTE OINpEneasiiu METOAOM BbI-
COKOA(P(PEKTUBHON KUIAKOCTHOI Xpomatorpaduu
(B2XKX) na xpomarorpadpe LC-20 Prominence
(Shimadzu) kak 6bL110 orrcaHo paHee [1].

OT160p NMpoO KPOBU ObLI MPOBEAEH IO UHbEK-
LMOHHBIM BHYTPUMBILIEYHBIM HapKo3oM Zoletil
100 (Virbac, ®paHuus) U3 opOMTAJIBHOIO CHHYCa
yepe3 6 Hemesib MOCjie Hadajla UMMyHu3aluu. Bee
9KCIIEPUMEHTBl Ha >KMBOTHBIX OBLJIM OHOOpPEHBI
buostnyeckum komutetroMm lLleHTpa u mnpoBomu-
JIUCH COTJIACHO COOTBETCTBYIOIIMM HAIIMOHAJIbHBIM
M MEXIYHApOOHBIM PYKOBONSIINM HPUHIIAIIAM
M0 YXOAy M TYMaHHOMY MCIOJIb30BAHU IO JKMBOTHBIX.

Peakyus netimpasuzayuu NpoBeAcHAa Ha KYJb-
Type KJieTokK Vero E6 kak Ob1J10 onmrcaHo paHee [1].
Kparko. HauasbHoe pa3BeneHUE CBIBOPOTOK
KUBOTHBIX 1:10. Pabouyass KOHUEHTpalus BUPY-
ca — 100 THOs,/0,Imn. Pe3ynbraT y4YyuTBHIBaIU
Bu3yajabHO Mo Hanuuwuto LITT/I mocne okpauimuBa-
HUSI pacTBOPOM reHliMaHBUOJeTa. TUTPOM CHIBO-
POTKM CUWTalM OOpaTHOE 3HAYCHHE €€ MOCIeI-
Hero pasBelieHMsI, B KOTOpoMm TmpusHakoB LIIT
HE PEruCcTPUPOBATIU.

AHnaau3 Oaunbix. AHAIWU3 JaHHBIX TIPOBEAEH
C MCIIOJIb30BaHUeM IIporpaMmbl Microsoft Excel,
Statistica v13.0. Iy 3HaueHUlT TUTPOB BUPYCHEN-
TPaJU3YIONINX aHTUTEJT BRIYUCIISIIN CPelHee Teo-
MeTpuyeckoe obpaTHbIX TUTPOB. [Ipu marematu-
YECKMX BBIYUCIEHUSIX CPEAHETO F€OMETUYECKOTO
3HAUYeHUsI OOpaTHBIX TUTPOB HUXe 10 MpUHSATHI
3a 5. 3HaueHue 5 ABJIsIeTCS OOpaTHBIM TUTPOM pa3-
BEIEHUs TPEeAbIAYIIEro IEePBOMY MCHOJb30BaH-
HOMY B peakuuu. CTaTUCTHUUYECKYIO 3HAYMMOCTH
Pa3HUIIBI TUTPOB aHTUTEJ OLICHUBAJIN C TOMOIIBIO
U-tecta ManHa—YuTHU. JloCTOBEpHOU cuuTaIu
pasauny npu p < 0,05.

Pesynbrarhl

Bbliy mosiy4eHbl MBIIIWHBIE TUTIEPUMMYHHBIE
CchIBOpOTKM K 10 mrrammam kKopoHaBupyca SARS-
CoV-2, oTHOcSIIMMCS K pasHbIM cyOBapraHTam
OMUKpOHA, KOTOpbIe ObIJIM BBIAEJIEHBI Ha TEPPU-
topuu P® B mepuon 20212023 rr. UccnenoBana
WX HEeWTpanusylollasi akTUBHOCTh B OTHOIIEHUU
BUPYCOB K KOTOPBIM OHU OBIJIM TOJTYyYEHBI, a TaK-
K€ B OTHOUIEHWU IITAMMOB, IIMPKYJIMPOBABIINX
B paHHUE MepUObl MaHaAeMuu (Tab. 2).
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JJ1s1 omyucaHus pe3ybTaTOB aHalu3a IITaMMbl
kopoHaBupyca SARS-CoV-2, wucnojgb3oBaHHbIE
B 9KCMEPUMEHTE, ObLJIU CTPYTNITMPOBAHBI COIVIACHO
UX POACTBY U BpeMEHU BblAcjeHUs. B TekcTe mis
yKa3zaHus IITaMMa MCIOJIb30BaJU COKpalleHHOe
OyKBeHHO€ 00O3HaYeHHWEe COrJacHO KJiaccuduka-
uuu Pango (Ta6J. 1).

IItammbl BA.1 1 BA.2, Obl1u BbIAEIEHBI B KOH-
e 2021 r. u Hayase 2022 r cooTBeTCTBeHHO. ['unep-
WUMMYHHBIE CBIBOPOTKW MBIIIEH, ITOJyYeHHBIC
K 9TUM IITaMMaM, xpaHuiu npu —20°C B TeueHue
rozaa, 3a 9TO BPeM s UX TUTP YMEHbBIIUJICS B CPEAHEM
B 2 pa3a. BbIsiBJIeHO TOCTOBEpHOE CHUKEHUE Heli-
Tpaju3ylolleidi aKTUBHOCTU CBIBOPOTOK, CII€LIU-
¢duuHbIX K BA.1 1 BA.2 B OTHOIIEHUM BCEX IITaM-
MOB BUPYCOB, UCMIOJIb30BAaHHBIX B 9KCIIEPUMEHTE.

JBa mramma BN.1.3 u CH.1.1, K KOTOpbIM ObLTH
MOJTy4YeHBI MBIIITMHBIC TUTIEPUMMYHHbBIE CBIBOPOT-
KU, SBASIOTCS cyOBapuaHTamu BA.2.75. AMuUHO-
KHUCJIOTHbIE MOCIEI0BATEIbHOCTU S-0eaKa 3THUX
IITAMMOB MMEIOT pas3juyus B MITU TO3ULUSX:
mraMM BN.1.3 nmMeer myrauuu K356T u F490S,
CH.1.1 xapakTepusyetcs Hanuuuem K444T, .452R,

F486S. bplyio moka3zaHo, 4YTO YeThIPE U3 ITUX MyTa-
LMl BIUSIOT Ha YKJIOHEHHE OT UMMYyHUTeTa [8, 21].

TuTpsl CHIBOPOTOK K TOMOJOTMYHOMY IITaM-
My BN.1.3 oTHOocuTenbHO HM3KUe. JocToBepHOE
CHUXXEHUE HEeUTpalu3ylolleil aKTUBHOCTU 3TUX
CBIBOPOTOK BBISIBJIEHBI Mo oTHomeHuto Kk CH.1.1
(B 12,7 pa3), a takxxe Kk mrammam BA.2, BA.5.1,
BA.5.2, BQ.1.2.1, XBB 1.5.

3acayXuWBalOT BHUMaHMS pe3yJb TaTbl aHa-
Ju3a Kpocc-peakTuBHOCTU Juig mtamma CH.1.1.
HefiTpanusyloniass akTUHBHOCTb ChIBOPOTOK, MOJTY-
YEHHBIX K 3TOMY BUPYCY, C TOMOJOTMYHBIM ILITaM-
MOM HUKE, YEM C OCTaJbHBIMU IITAMMAaMU BUPY-
ca, WCIIOJIb30BaHHBIMU B 3KCIepUMeHTe. TUuTpbl
HeWTpanu3aluu AJs ChIBOPOTOK, TTOJYYEHHBIX
KO BCE€M BHUpYyCaM, MCMOJb30BAaHHBIM B 3KCHEpU-
MeHTe, Mo oTHoweHuo K mrammy CH.I1.1 cyuie-
CTBEHHO CHUXXEHbI WJIM HUXE Mopora odHapy:xKe-
HUS, TIPU 3TOM KOHTPOJU paboyero TUTpa BUPY-
ca, TIpM MOCTAaHOBKE peakLWU HeUuTpaau3aluwu,
He ObLJIM HapyIlIeHbl, YTO TOBOPUT O MOBBIILIEHHON!
CINOCOOHOCTHU IITaMMa YKJOHSIThCSI OT BUPYCHEM-
TPaau3yOUIUX AHTUTEJI.

Ta6auua 1. Undopmaums o wuTammax KopoHaBupyca SARS-CoV-2, ucnosib30BaHHbIX B 9KCNEepPUMeHTe
Table 1. Data on SARS-CoV-2 coronavirus strains, used for experiment

Cokpawenus FeHeTnyeckas NMHUSA
Ha3BaHUg WITaMMa HaseaHue wramma, GISAID ID
L . (anbTepHaTUBHOE Ha3BaHue) [17]
Abbreviations Name of the strain, GISAID ID Genetic lineage (Alias) [17]
of the strain name 9
YxaHb hCoV-19/Australia/VIC01/2020, B 1
Wuhan EPI_ISL_406844 '
Anbda hCoV-19/Russia/M0S-2512/2020, B117
Alfa EPI_ISL 6565012 e
Berta hCoV-19/Russia/MOS-SAB-1502/2021, B.1.351
Beta EPI_ISL_6492245 o
Famma hCoV-19/Russia/SA-17620-080521/2021, B.1.1.28.1
Gamma EPI_ISL_6565014 e
Oensta hCoV-19/Russia/PSK-2804/2021, B16172
Delta EPI_ISL 7338814 e
hCoV-19/Russia/Moscow171619-031221/2021,
BA.1 EPI_ISL 8920444 B1.1.529
hCoV-19/Russia/Amursk-1603/2022,
BA.2 EPI_ISL. 12809000 B1.1.529.2
hCoV-19/Russia/OMS-SRC-8455/2023,
CH.1.1 EPI ISL_17730071 B.1.1.529.2.75.3.4.1.1.1.1
hCov-19/Russia/NVS-SRC-8571/2023,
BN.1.3 EPI ISL 17678725 B.1.1.529.2.75.5.1.3
hCoV-19/Russia/Moscow-48571/2022,
BA.5.1 EPI ISL 16613435 B.1.1.529.5.1
hCov-19/Russia/NVS-SRC-8572/2023,
CL.1.2 EPI ISL 17678727 B.1.1.529.5.1.29.1.2
hCoV-19/Russia/Moscow-49415/2022,
BA.5.2 EPI ISL_16613436 B.11.529.5.2
hCoV-19/Russia/KHA-SRC-8469/2023,
BQ.1.2.1 EPI ISL 17730077 B.1.1.529.5.3.1.1.1.1.1.21
hCov-19/Russia/TYU-SRC-8642/2023,
XBB.1.5 EPI_ISL 17770464 XBB.1.5
hCov-19/Russia/NVS-SRC-5581/2023,
XBB.3 EPI_ISL_16520275 XBB.3
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bblia nmpoaHanu3upoBaHa KPOCC-peakKTUBHOCTD
JIJIS1 YeThIpEX LITaMMOB, KOTOPBIE SIBJISIIOTCS CyOBa-
puantamu BA.5 (BA.5.1, CL.1.2, BA.5.2 u BQ.1.2.1).
CbIBOPOTKH, TTOJTyYEHHBIE K OTUM IIITAMMAaM, Xapak-
TEPU3YIOTCS BBICOKMUMHU TUTPaMU HeWTpaau3aluuu
C TOMOJIOTMYHBIMU IITaMMaMU. AHTHUTENA, CIell-
uduunbie K CL.1.2 1 BQ.1.2.1, ycrienrHo HelTpaau-
3yIOT BCE€ BUPYCHI 3TOil rpynmnbl. HeliTpanusylomas
AKTUBHOCTb CHIBOPOTOK, MOJYUYEHHBIX K IITAMMaM
BA.5.1 u BA.5.2 B orHomienuun CL.1.2 u BQ.1.2.1
JIOCTOBEPHO CHHUKE€Ha. AMUHOKUCJIOTHBIE IOCJe-
JoBaTeJbHOCTU S-0eyika mTammoB BA.S.1 u BA.5.2
OTJINYAIOTCS HaJIMYUEM TOJIbKO OOHOW MYyTalluu
R682P y BA.5.1, mociaenoBaTeIbHOCTU IITAMMOB
CL.1.2 u BQ.1.2.1 uMeroT pasauyus B 7 MO3ULU-
sax. Ecau cpaBHUTH mociaegoBarebHOCTHL BA.5.2
¢ CL.1.2u BQ.1.2.1 — umeroTcst OTJIMUYM S IO BOCbMU
MO3UIIMSAM AJI51 KaXKA0TO IITaMmMa.

JlocToBepHbIE pa3IU4Us JJISI TUIEPUMMYHHBIX
CBIBOPOTOK, MOJIYYEHHBIX K IIITAMMaM OTHOCS IIIXCS
K cyoBapuaHTaM BA.5, BeisiBiieHbl ¢ BA.1, BA.2, no-
TomkamMu BA.2.75 u X BB Bapuantamu. VickiitoueHremM
SIBJISIETCSI OTCYTCTBUE JOCTOBEPHBIX PA3/IMUUl THU-
TPOB HEUTpAJIU3ALIUU JIJISI CBIBOPOTOK CITELIUMDUUHBIX
mrammy BQ.1.2.1 ¢ BA.2 u XBB BapuaHTamu.

B pabGote Obliiu ucnosb3oBaHbl aBa XBB Ba-
puanta — XBB.1.5 u XBB.3, Habi1mogaetcs 10cTo-
BEpPHOE CHUXEHUE HEeUTpanusymolleili aKkTUBHOCTU
ChIBOPOTOK TOMOJIOTUYHBIX OTUM IlITAMMaM B OT-
HOILIEHUM TTPAKTUYECKU BCEX BUPYCOB, UCTOJIb30-
BaHHBIX B 9KCIIEPUMEHTE, 32 UCKJIOUEHUEM pa3iu-
YUi aKTUBHOCTU aHTUTEJI, crieliudruuHbIX K XBB.3
B oTHoweHuu BA.5.1 1 BA.5.2.

PesynbraThl aHanu3a HeWTpaausyloolleil ak-
TUBHOCTU CBIBOPOTOK, ITOJYYEHHBIX K pPa3HbIM
cyoBapuaHntaM OMUKpPOHA B OTHOILIEHUU PAHHUX
reHeTuueckux BapuaHToB SARS-CoV-2 (taba. 3)
YKa3bIBalOT Ha TO, YTO HEeWTpaju3ylolas aKTUB-
HOCTb ChIBOPOTOK JIJISI BCEX pAHHUX FT€HETUYECKUX
JIMHU M, UCTOJIb30BAHHBIX B 9KCIIEPUMEHTE, 10CTO-
BepHO cHUXeHa. CieayeT OTMETUTh, YTO AJISI BUPY-
COB, K KOTOPBIM TUTPBI HEATPpaJIU3all1 CBIBOPOTOK
C TOMOJIOTMYHBIM ITaMMOM OblIuM HuxKe 1:1000,
MOJTHOLIEHHBI! aHaIU3 KPOCC-PEaKTUBHOCTHU MPO-
BECTHU HE yIajoCh TaK KaK TUTPbl HEUTpaausaluu
ObLIM HUMKE Mpenea ooHapykeHusl. TUTPbI ChIBO-
pOTOK, moJiyueHHbIX K mrtammaM BA.5.1, CL.1.2,
BA.5.2 npoTuB paHHUX BapuaHTOB KOPOHAaBUPY-
ca cCHUXeHbI 6osee yeM B 60 pa3s, crienupuIHbIX
mrtamMmy BQ.1.2.1 — 6onee yem B 25 pas.

Ta6nuua 3. Pe3ynbraThl peakuun HeMTpanmsauum runepUMMYHHbIX CbIBOPOTOK MbiLLe, MOJy4eHHbIX
K pa3nuyHbiM cyoBapruaHTtam OMUKPOHA, C paHHUMU reHeTUMEeCKUMU BapuaHTaMu KOPpOHaBupyca

SARS-CoV-2

Table 3. The results of neutralization test with hyperimmune mouse sera obtained against strains of Omicron

subvariants with different SARS-CoV-2 genetic variants

LLtamm Bupyca, LLitamm BUpyca, UCNOJIb30BaHHbIIA B peakuuu HeTpanusauum
K KoTOpOMy Virus strains used in neutralization test
OblNIM NOJyYeHbl
runepuMMyHHble
CbIBOPOTKHU YxaHb Anbda Berta Famma Denbta FomonorunyHblii WITamm
Virus strain Wuhan Alfa Beta Gamma Delta Homologous antigen
with obtained
hyperimmune sera
CH.1.1 15,9” 6,3" 15,9" 79" 31,7* 2263
(10-40) (5-10) (10-20) (5-10) (20-80) (80-1280)
BN.1.3 50" 50" 5,0" 5,0" 31,7* 713
(5-5) (5-5) (5-5) (5-5) (10-80) (40-320)
BA.5.1 31,7* 20,0* 20,0* 15,9* 12,6* 2031,5
(20-40) (10-40) (5-80) (5-40) (10-20) (640-5120)
CL.1.2 12,6* 6,3* 7,9 25,2* 6,3* 1612,7
(10-20) (5-10) (5-10) (10-40) (5-10) (1280-2560)
BA.5.2 15,9* 12,6* 12,6* 10,0* 15,9* 1436,8
(5-80) (10-20) (5-40) (5-40) (10-40) (1280-2560)
BQ.1.2.1 25,2* 20,0* 15,9* 40,0* 25,2* 1015,9
(10-40) (10-40) (10-20) (20-80) (10-40) (320-2560)
6,3* 5,0* 6,3* 5,0* 7,9* 2111
XBB.1.5 (5-10) (5-5) (5-10) (5-5) (5-10) (160-320)
XBB.3 10,0* 10,0* 14,1* 14,1* 71" 176,7
(5-20) (5-10) (5-40) (5-40) (5-10) (80-320)

MpumeyaHme. 3HaueHUs ykasaHbl B BAE CPEAHEro reoMeTpuyeckoro 06paTHoro TUTpa CbIBOPOTOK (HaMMEHbLLEe 3HaYeHre —Hanbonbliee 3HaYeHNE).
Tutpbl HUXe 10 npuHATHI 3a 5. CepbiM BblAENEH PE3YNLTaT C FOMONOrMYHBIM @HTUreHoM. *CTaTncTuyeckas 3HaummocTb npu p < 0,05, aHann3 npoBeaeH

¢ nomoupbto U-Tecta MaHHa-YWUTHU.

Note. Values are presented as the geometric mean of serum inverse titers (the lowest value is the highest value). Titers below 10 are taken as 5. The result
with the homologous antigen highlighted in gray. *Significance level at p < 0.05, analysis performed using Mann-Whitney U-test.
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Ob6cyxaeHne

MBIIIMHBIE TUTIEPUMMYHHBIE CBIBOPOTKY OBLITN
noJiyueHbl K mrtammam BA.1, BA.2, n1ByM 1mTam-
maMm (CH.1.1 u BN.1), KOTOpHBIC SIBJISIOTCS IIOTOM-
kamu BA.2.75, mrammam BA.5.1, CL.1.2, BA.5.2,
BQ.1.2.1 npenkoM KOTOpbIX siBisieTcsa BA.S, u iBym
mramMMaM, OTHocsauumcss K XBB BapumaHTam
(XBB.1.5 1 XBB.3).

Bricokass cTenmeHb KpPOCC-pEaKTUBHOCTH ITO-
KaszaHa IS IITaMMOB, KOTOpPBIE SIBIISTIOTCSI CyOBa-
puantamu BA.5. Illtammbr BA.5.1, BA.5.2 Obl1u
BBIZICJICHBI B aBrycte u ceHTssope 2022 I. cOOTBeT-
CTBEHHO, WX AMMWHOKHUCJIOTHBIC ITOCICHOBATEIIb-
HOCTH S-0ejKa MMEIOT pa3jindyus TOJbKO B OJHOM
caiite. Illrammer CL.1.2 1 BQ.1.2.1 Obl1u BbIOE-
JIEeHBI TT031Hee — BecHoM 2023 r., aBasioTcs 6ojee
NO3AHUMU NMoToMKaMu BA.5 u Hakonuau GoJiblie
MyTalluii, OHU YCIIELIIHO HEUTPATU3YIOT aHTUTENa,
crienuduUIHbIe K OoJiee paHHUM IMoToMKaM BA.5 —
BA.5.1 1 BA.5.2, B TO BpeMs KakK HelTpalu3ylomas
aKTUBHOCTb 1141 mutammMoB BA.5.1 u BA.5.2 no or-
HOIIIEHUIO K UX IIOTOMKaM, KOTOPBIE CMJIBHO MYTH-
poBaiu, cCHUXeHa Oosiee ueM B 12 pas. ns mram-
MOB UMEIOIINX, PEKOMOMHAHTHOE ITPOUCXOKICHNE,
KPOCC-pPCaKTUBHOCTh CHUXXCHA B OOJIBIICH CTere-
HU, B OTHOILIEHU Y Fr'eHeTuUeCcKUX BapruaHToB SARS-
CoV-2, KoTophble ObLIU BbIJAEJEHbI B paHHUE ITEPUO-
JIbI MAaHACMUUY PAa3JIUYM S BBIPaXKeHHI e1le CUJIbHEE.

Pesynbrarel Halleir pabOTHI, a TaKKe JIUTEepa-
TYpHBIE CBEIEHUS IT0Ka3aJli BBEIPAXXEHHYIO CIIO-
COOHOCTB YKJIOHSITHCS OT BUPYCHEUTPATU3YIOIINX
antuten mias CH.1.1 [5, 11, 20], yTo yKka3bIBaeT
Ha HaJW4YWe Yy Hero IOTeHIIMalla HJIsT OBICTPOTO
pacrpocTpaHEeHUsI. DTOT TeHETUYCCKUI BapHaHT
SARS-CoV-2 BKJIO4YEH B CIIMCOK BapUMaHTOB MOJ,
HaomoaeHuem (VBM) [25], B Hauane 2023 r. oH
ObLI pacnipocTpaHeH B EBpore [4], oqHako ero 1o-
SIBJICHUE He TTPUBEJIO K YBEJIMYSHU IO YMCJTa HOBBIX
cnyyaeB B Poccum [20].

B nuTeparypHBIX HMCTOYHUKAX IIPEICTAaBICHO
MHOTO Pe3yJIbTaTOB UCCICIOBAHUA, TIOCBIIIICHHBIX
N3YYEHUIO BO3MOKHOCTH ITOBTOPHOI'O MHPUIIUPO-
BaHUs MAllMEHTOB, paHee nepeHecinx COVID-19,
HOBBIMM cyOBapuaHtamu SARS-CoV-2. Jlasee
npu ykazaHuu cyoBapuanta SARS-CoV-2 6buin
HUCIIOJb30BaHbl TOJbKO OYKBEHHOE O0O3HAueHUE
cornacHo Kkiaccudukauuu Pango. Hanpuwmep,
Lavezzo E. u coaBT. noka3ajiu CHUXXEHUE HEeUTpa-
JIN3YIONIel aKTUBHOCTH CBHIBOPOTOK IIepeOOJIeB-
mux COVID-19, co6paHHBIX B Hauaje MaHAeMUuU,
npotus neabra VOC (B.1.617.2) n omukpon VOC
(BA.1) B4 1 16 pa3 COOTBETCTBEHHO I10 CPABHEHUIO
c ucxonHbIM mtamMmoM B.1 [15]. Jiang X.L. u coaBT.
noKasaJii, YTO HeUTpaaIn3yroliast aKTUBHOCTH CHI-
BOPOTOK, nepedosieBiminx BA.1, B otHomeHnuu BQ.1
Obl1a cHuUxXeHa B 17,7 pa3 1o cpaBHeHU1O ¢ BA.1,
IpU 3TOM TONBKO 47,4% 006pa3uoB CbIBOPOTOK
ObLJIM CITOCOOHBI HelTpaauzoBaTh BQ.1.1 [13].

OnHako B JajJbHENIIeM ¢ BOBJICUEHUEM B MaHIe-
MUYECKUI Mpolecc Bce OOIBIIEro MpoleHTa Hace-
JICHUSI, TIOCJIe BHEAPSHUH BAaKIIMHHBIX ITPEIIapaToB,
C HapacTaHUWEM Pa3HOOOpa3usl TEHETUYECKUX Bapu-
aHToB SARS-CoV-2, BO3HUKHOBEHUS CJIy4yaeB IMO-
BTOPHOTO 3apaxkeHUsT OOJILIIMHCTBO O0pa3lOB Chl-
BOPOTOK UMECT CIOXKHBII aHaMHe3. B 00IbITMHCTBE
WUCCJIEIOBAHUUN MCHOJB3YIOTCS CBIBOPOTKM MallU-
€HTOB, KOTOpbIE COoJepKaT aHTUTEJa, TTOJyUYeHHbIe
B pe3yJbTaTe U UMMYHU3AlUU, U IEPeHEeCEHHOM UH-
dexnuu (ruOpUIHBIN UMMYHUTET).

Hanpuwmep, Uraki R. u coaBT. ncnonab3oBanu
JIJIST peaKIH HeNTpaau3ainuy ¢ MHGEKIIMOHHBIMU
unsonsitamMmu SARS-CoV-2 o6pa31bl 1aa3Mbl KPOBHU
nanneHToB, BakunHupoBaHHbIX MPHK BNT162b2
uin mRNA-1273 u B mocieaytoiieM rnepedosieB-
mux BA.2. beiio mokasaHo, 4TO OOJBIIMHCTBO
3TUX 0o0pas3uoB HeliTpanusoBanu BQ.1.1 u XBB,
OMHAKO TUTPHI HEWTpalM3allMM B OTHOIICHUU
BQ.1.1 u XBB 6b111 B 4,9 pa3 u 15,1 pa3 Huxe, yem
npotuB BA.5 1 BA.2 cooTrBeTcTBeHHO [27].

Haunbonee yacto wucciaegoBaHusI Kpocc-peak-
TUBHOCTHU IIPOBOIST C MUCIIOJIb30BAaHUEM IJISI TecTa
HeUTpanu3aluu NCeBAOBUPYCHBIX YacTull. s pe-
akMu HedTpanuzauuu Wang Q. U COaBT. UCIOJIb-
30BaJIv TICEBIOBUPYCHYIO CUCTEMY Ha OCHOBE BUPY-
ca Be3uKyJssspHoro ctomatuta (VSV) u CBIBOpOTKH
KPOBH C THOPUIHBIM UMMYHHMTETOM ITOCJIC TIEpEHE-
ceHHoit uHMek1u BA.1 unu BA.2. Belio nokasaHo,
YTO TUTPhI HelTpanuzauuu npotuB BA.2.75 Oblnu
1,8 pa3za Huxe, yem mpotuB BA.2, Ho B 1,7 pa3 BrIIIe,
yeMm 1ipotuB BA.4/5 [29]. B uccnenoanusx Cao Y.
M COaBT. UCMOJb30BaJIU IJIa3My KPOBU OT H00pO-
BOJIBLIEB, TPEXKPAaTHO BaKIIMHUPOBAHHBIX U TIepe-
ooneBminx BA.l. [loka3zaHO CHUXKeHME TUTpa Heu-
Tpanu3auuu B oTHomieHn BA.4/5 B 8 pa3 110 cpaB-
HEHMIO C TUTPOM HelTpanusaunu K BA.1 [6].

Qu P. 1 coaBT. ¢ UCIOJb30BAHUEM JICHTUBUPYC-
HOI CHCTEMBI ITOKAa3aJIi, 9TO CBIBOPOTKU ITAalIMEHTOB
C THOPUIHBIM UMMYHUTETOM, MIEPEOOJICBIINX B TIC-
puon BA.1 mim BA.4/5 BonH maHaeMun o0nagaroT
BbICOKOI YCTOMYMBOCTBIO K HEMTPAIMU3ALIMU [IPOTUB
BQ.1, BQ.1.1 u BA.2.75.2 [20]. A TUTpBI HEUTpaIU-
3allMU TUX XK€ 00pa310B CBIBOPOTOK B OTHOLICHUN
XBB.1.5u C.H.1.1 6b1s11 B cpenHeM B 14,6—7,3 1 16,7—
20,5 paza HuKe, uem ¢ BA.4/5, cooTBeTCTBEHHO [22].

PesynpTaThl, OnMcaHHBIC B JUTEpaTYPHBIX MC-
TOYHUKAX, COTJIACYIOTCSI C TIOJYUYeHHBIMU HaMU
pe3yabTaTaMU U MTOATBEPXKIAIOT PE3KOe CHUXKEHUE
HENUTpaIU3yIole aKTUBHOCTU CBIBOPOTOK, IEpe-
0OJICBIIMX paHHUMHM BaphMaHTaMU KOPOHABUPY-
ca B OTHOUICHWHU HOBBIX CyOBapuaHTOB. OIHaKO
OOJIBIIIMHCTBO aBTOPOB IMPENCTAaBISIOT JaHHBIE,
MOJIyYeHHbIE C MCIIOJIb30BaHMEM ChIBOPOTOK
OT MAalIUCHTOB C THOPUIHBIM UMMYHUTETOM. BBLI1O
MOKa3aHO, YTO HEUTPAJINU3YIOIIUE TUTPhI CHIBOPO-
TOK C TMOPUIHBIM MMMYHUTETOM CYIIECTBEHHO
BBIIIIE TI0 CPaBHEHUIO C TaKOBBIMM IIOCJI€ MOHO-
nHbexkuun [18], m pe3yabTaThl aHalIn3a KpoOcCcC-
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pPEeaKTUBHOCTMU JIJIst 0Opa310B C TUOPUIHBIM UMMY-
HHUTETOM U MOHOMH(MEKIIMEl MOTYT CYIIEeCTBEHHO
otmiimyaThess. KpoMe Toro, K HacTos1IeMy BpeMEeHU!
MOUCK JOOPOBOJIBIIEB C HAJIUYMEM B aHAMHE3€ MO-
HOMH(MEKIIMU CTAHOBUTCS 3aTPYAHUTEITbHBIM.

Pesynbrarhl TpencTaBJeHHOW pabOTHI CBUIE-
TEJABCTBYIOT O TOM, YTO KPOCC-PEaKTUBHOCTD IS
cyoBapuaHToB SARS-CoV-2 MOXeT ObITh OlLleHEHa
C WCIIOJIb30BaHWEM TUIIEPUMMYHHBIX MBIIITUHBIX
CBIBOPOTOK B peaKIlM1 HEeUTpaau3aluu.

IMockoJIbKy HOBBIE aHTUIEHHO OTJMYaoIne-
ca BapuaHTbhl SARS-CoV-2 mnpomoixkaloT MHOsB-
JIAThCSI, U HOBBIE MYTAIlMM TO3BOJISIOT BUpyCam
JIy4Ille YKJIOHSATHCS OT MMMYHUTETA, BO3ZHUKAET
BOIPOC O HEOOXOAMMOCTU CUCTEMATUYECKOTO Hal-
30pa 3a aHTUTEeHHbIMU BapuaHTamMmu SARS-CoV-2.
s ocyllecTBJIeHUsI 2TOU 3agadyud HEO0O0XOAMMO
opraHu3oBaThb COOp 00pa3lOB ChIBOPOTKU KPOBU
Yy J10OpOBOJIbLIEB, KOTOPbIE ObIIM MHMUIIUPOBAHBI
HMUPKYJUPYIOIIMMU M3BECTHBIMM CcyOBapHaHTa-
MU SARS-CoV-2. BToT npoiuecc MoOxXeT ObITh Cy-
IIIECTBEHHO YIIPOIIIEH 3a CYET TOJyUYeHUSs MaHeJau
TUTIEPUMMYHHBIX CBIBOPOTOK KMBOTHBIX K MMEIO-
IIMMCSI TEHETMUYEeCKMM BapruaHTaM BUpyca U Bak-
IIMHHBIM IIperaparam.

Taxoit moaxon CKpUHUHTA JIJIs1 TIPOrHO3UPOBaA-
HMSI 9BOJIIOIIMOHHBIX HAIIpaBJIEHMUI yXKe CO31aH
M YCIIEUTHO UCIIOJIb3YeTCsI — CYIIECTBYET I100ab-
Has CUCTeMa dMUAEMMUYECKOTO Haa30pa U OTBET-
HbIX MeponpusaTuii 3a BupycoMm rpunna (GISRS),
OTBETCTBEHHAasl 3a OTCJIEXKMBaAaHUE aHTUIEHHOM
9BOJIIOIIMM BUPYCOB T'PUIINA YeJT0BeKa U BHIPabOT-
Ky PEKOMEHIAIMii 0 COCTaBY BaKIIMHBI, KOTOpAas
koopauHupyetcsa BO3 [10].

Cnucok nutepatypsbl/References

3akJito4eHme

IlpencraBieHHbIli MeTOH peakKIUU HEUTpa-
JIU3allui C WCHOJb30BAHUEM TUNEPUMMYHHBIX
CBIBOPOTOK MBIIIEH MO3BOJSET OLEHUTH KPOCC-
PEaKTUBHOCTb JIJIS IITAMMOB, OTHOCSIIIUXCS K pa3-
HBIM TeHeTUYECKUM BapruaHTaM U/WUIu CyOBapruaH-
TaM SARS-CoV-2, 4To NOATBEPKAAIOT PE3YIBbTATHI
JaHHOUW paboOThl W MPEeAbIAYIINE HAIIU WUCCIEH0-
BaHU4 [l]. TunepuMMyHHBIE CBIBOPOTKHU MBIIIEN
collepXaT aHTUTeJa, CIIeUU(PUIHBIE K U3BECTHOMY
mrammy, a ucnoab3doBanue MCKOM-aabloBaHTa
JTa€T BO3MOXXHOCTb MOJYYUTh CBIBOPOTKU C BBICO-
KMMU HEUTPATU3YIOLIMMU TUTPAMU [2].

brl10 MOKa3aHO, HAJIMYUE KPOCC-PEAKTUBHOCTU
nasg Bcex wmramMmmoB OMHUKpPOH-BapuaHTa, WC-
MOJIb30BAHHBIX B 9KCIEPUMEHTE, CTEIIEHb KPOCC-
pEaKTUBHOCTU 3aBHCEJa OT CTEIeHU POACTBa
HITaMMOB. BbIpaxeHHast KpocCc-peakKTUBHOCTb IO~
KazaHa JJig [ITAMMOB, OTHOCSIIUXCS K MOTOMKaM
onHoro cyoBapuanta Omukpona (BA.5). B otHo-
ILIEHUU peKOMOMHAHTHBbIX JuHUL SARS-CoV-2
HeUTpanusywoomiass AakKTUBHOCTb  CYIIECTBEHHO
CHUXKEHA. B OTHOILIIEHUU TEHETUYECKHX BAPUAHTOB
SARS-CoV-2, KoTopble ObLIU BbIICJIEHBI B PAHHUE
nepuoabl MaHAEMUU Pa3TUYUSI BBIPAXEHBbI €llle
CUJIbHEe

IMomydyeHHBIE pe3yabTaThl CIAYXaT BaXHOU CO-
cTaBagwOIIed 1y HGOPMUPOBAHUS MaccuBa TaH-
HBIX, HEOOXOoaAUMOro i (pyHIaMEHTaJIbHBIX Ha-
YUYHBIX MCCJIEIOBAHUI B 0O0JIAaCTU HUMMYHUTETA
KOpOHaBUpYyca, a TakXe Npu paboTax, HaMpaBJIEH-
HBIX Ha ONTUMMU3ALNI0 BAKIITUHHBIX KOMITO3UIIUNA
s npodunaktuku COVID-19.
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UMMYHOIEHETUMECKUE MAPKEPBDI
TAXXECTU TEYEHWUSA COVID-19 Y XKXUTEJIEN
CAHKT-NETEPBYPIA

E.B. Ky3pmuu', I.E. I1aBnosa!, T.B. I'nazanosa', E.P. I1Iunosa', JI.H. Byonosa'?

OpMFVIHaﬂbeIe CTaTbu

NHdekumns n uMmyHnTeT
2024, T. 14, Ne 5, c. 891-899

'@I'BY Poccuiickuit HUH eemamonoeuu u mpancgyszuonroeuu ®MBA Poccuu, Cankm-Ilemep6ype, Poccus
2@IrbOY BO Ilepsviii Canxm-Ilemepbypeckuii eocydapcmeentvlii MeOUYUHCKUL YHUBEPCUMem UMeHU AKaA0eMUuKka
U1 [Tasnosa Munucmepcmea 30pasooxpanenus PO, Cankm-Ilemep6ype, Poccus

Pesiome. Bsedenue. Ponbr HLA-xoMmekca B uUMMYHHOM KoHTpoJie Hal SARS-CoV-2, HeBoCIpUMMYNUBOCTU K MH-
(uuKrpoBaHUIO BUPYCOM, XapaKTepe MHAMBUIYaJIbHOIO MMMYHHOTO OTBETa OMNpenensieTcss HeoObluaiiHO Bapua-
o6enpHOCTHIO HLA-reHOTHTIOB 1M BoBIeueHHOCThI0 HLA-MOeKy B MeXaHM3MBI KaK KJIETOYHOT0, TaK M TYMOPaJbHO-
ro ummyHutera. Lleabio Haieir padoThl sBiasiioch BeisiBaeHe HLA-reHeTnyeckux (pakTopoB, 00yCIOBIMBAIOIINX
tskenoe TeueHne COVID-19 y xureneit Cankt-IletepOypra. Mamepuanst u memods.. B vccienoBanne BKIIOYEHBI
78 metepOypxk1ieB B Bo3pacte oT 20 mo 84 et (MmenuaHa — 55 net), mepeHecmux COVID-19 B mepuox 2020—2022 1.
Pacnipenenenne o0caeq0BaHHBIX JIUIL TTO cTeneHN Tsxkectn TedeHuss COVID-19: nerkas — 41, cpenngag — 32, 14-
xemast — 5 venoBek. 1 manpHEMIIEro aHalnW3a JUIA CO CPEIHETSKEIBIM M TSIXKCIBIM TeUeHHUEM 3a00JIeBaHUS
ObLTM 00BbeaMHEHBI B ofnHY Tpynny (37 yenoBek). KOHTpoIbHYIO Tpymmy coctaBuin 1563 metepOypxiia, sSBIsSIIO-
HIUXCS TIOTEHIIMAJIBbHBIMU JOHOPAMHU T'€MOIOTUYECKUX CTBOJIOBBIX KJIETOK, B Bodpacte oT 18 mo 60 jer (Memu-
aHa — 32 roga). HLA-tunupoBaHue 6a30BOro ypoBHsI pa3pellieHUs] BLITIOJIHEHO METOIOM MOJMMEPA3HOM 1IeMHOM
peakL C UCITOTb30BaHNEM CUKBEHC-CITEIN(UIHBIX TTpAiMEPOB ¥ CUKBEHC-CIIEIU(PUIHBIX OJTUTOHYKIICOTUIHBIX
npo6. UMMyHoreHeTHueckoe odcaenoBaHue MpeacTaBuTeeit KOHTPOIbHOM IPYINbl BHITOJIHEHO 10 Havyaja maHie-
Muu SARS-CoV-2. Pezyasmamest. Y nui, nepeHecinx COVID-19 B nerkoii hopme, yCTaHOBIEHO CHUXKEHUE YACTOTHI
HLA-A*01 mo cpaBHEHMIO C TPYIIIION CO CPEMIHETSIKEIbIM/TSIKeIbIM TeueHreM 3a0oseBanus (0,0366 nportus 0,1351;
p = 0,04) u koHTponbHOI Tpymmoii (0,0366 npotus 0,1193; p = 0,02). BeisiBnena 6oee Boicokast yacrota HLA-A*11
y JIMII CO CPEMHETSIKEJIBIM/TSIKEeJIBIM TeYeHUEM 10 CPAaBHEHUIO ¢ MHIMBUAYYMaMu ¢ JerkuM TedeHuem COVID-19
(0,1081 mpotms 0,0244; p = 0,048). OT™Mevanach TeHACHIINS K 00ee BicoKoi yactoTe HLA-A*11 y nuir co cpenHeTs-
JKEJTBIM/TSKEJIBIM TeUCHUEM TI0 cpaBHeHUIO ¢ Tpyrmoil KoHTpois (0,1081 mporus 0,0582; p = 0,08). CorracHo maH-
HBIM MHOTO(aKTOPHOI0 aHaIu3a, puck Tsxenoro reueHust COVID-19 y xuteneit CankT-IleTepOypra accouunpoBaH
¢ HaimuuueM rpynnsl anneneir HLA-A*11 (O 7,38; AN 1,15—47,3; p = 0,032) u Bozpactom (O 1,05; AN 1,01-1,09;
p =0,008). Takke umesnaa MecTo TeHAEHIUS BIUssHUS Tpynibl ajneneil HLA-A*(1 Ha puck pa3BUTHUS TAXKEAbIX GopM
COVID-19 (OHI 3,88; A1 0,88—17,09; p = 0,068). 3akarwuenue. YcranoieHsl HLA-MapKepsl TSKEJIOro TEYEHUS
COVID-19, xapaktepHble o xkutenaeil CankT-IletepOypra. Y4uTbsiBast upe3BbluaiiHbIi ajaeJbHbII MOIUMOPGhU3M
HLA-reHoB, nccienoBaHusl, BKIOYAOLIIME MPEACTaBUTENCH pa3IMYHbIX MONYISIUUA, HEOOXOAUMBI 11 60Jee Iy-
6okoro moHuMaHus poau HLA cuctemsbl B ucxonax COVID-19 u pa3paboTku 3(pHeKTUBHbBIX BaKIIMH.

Karoueenie caosa: ummyHnoeenemuueckue mapxepul, maxcecms 3abonesanus, COVID-19, HLA-aaneau, HLA-2envt, SARS-CoV-2.
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IMMUNOGENETIC MARKERS OF COVID-19 SEVERITY IN ST. PETERSBURG RESIDENTS
Kuzmich E.V.?, Pavlova I.E.?, Glazanova T.V.?, Shilova E.R.?, Bubnova L.N.*"
¢ Russian Research Institute of Haematology and Transfusiology of the Federal Medical and Bilogical Agency, St. Petersburg,

Russian Federation
b Paviov First St. Petersburg State Medical University, St. Petersburg, Russian Federation

Abstract. Background. The role for the HLA complex in SARS-CoV-2 immunosurveillance, resistance to virus infection
and type of the individual immune response is accounted for by the extraordinary variability of HLA-genotypes as well
as involvement of HLA-molecules in the mechanisms behind both cellular and humoral immunity. The aim of our
study was to identify HLA-genetic factors underling severe COVID-19 course in St. Petersburg residents. Materials
and methods. The study included 78 St. Petersburg residents aged 20 to 84 years (median — 55 years) recovered after
COVID-19 in 2020-2022. The distribution of the examined persons based on COVID-19 severity was as follows:
mild — 41, moderate — 32, severe — 5 persons. For further analysis, subjects with moderate-to-severe disecase were
included into a single group (37 persons). The control group consisted of 1.563 St. Petersburg residents who were
potential hematopoietic stem cell donors, aged 18 to 60 years (median — 32 years). The low resolution HLA typing
was performed by polymerase chain reaction using sequence-specific primers and sequence-specific oligonucleotide
probes. HLA typing in control group was performed prior to SARS-CoV-2 pandemic. Results. A lower frequency
of HLA-A*01 group was found in individuals with mild vs moderate/severe COVID-19 (0.0366 vs 0.1351; p = 0.04)
and control group (0.0366 vs 0.1193; p = 0.02). A higher frequency of HLA-A*11 group was found in moderate/severe
course compared to mild COVID-19 (0.1081 vs 0.0244; p = 0.048). Compared to control group, HLA-A*11 frequency
in moderate/severe course (0.1081 vs 0.0582; p = 0.08) tended to increase. According to multivariate analysis, the risk
of severe COVID-19 course in St. Petersburg residents was significantly associated with detected HLA-A*11 allele
group (OR 7.38; CI 1.15—47.3; p = 0.032) and age (OR 1.05; CI 1.01-1.09; p = 0.008) along with an effect from
HLA-A*01 tending to contribute to a risk of developing severe COVID-19 (OR 3.88; CI 0.88—17.09; p = 0.068).
Conclusion. HLA markers for severe COVID-19 in St. Petersburg residents was identified providing deeper insight
into a role played by HLA system in COVID-19 outcomes.

Key words: immunogenetic markers, disease severity, COVID-19, HLA-alleles, HLA-genes, SARS-CoV-2.

BseneHnue

HLA-xoMmiekc, SIBJASIOIIUICI OOHOW U3 HaU-
0oJiee CIIOXKHBIX W TTOJUMOP(MHBIX TeHETUYCCKUX
CUCTEeM, O0eCNeYMBAET MMMYHOJIOTUYCCKYIO TO-
JIEPAaHTHOCTh U BBIXKMBaHMNE YEJIOBEYECTBA B yC-
JIOBUSIX BO3IEHCTBUS pa3HOOOpa3HBIX, OOJIama-
IOIINX BBICOKMM MYTAIIMOHHBIM ITOTEHIIMAJIOM
natoreHoB. HeoOXogMMOCTh  CyIIIeCTBOBAHUS
CIIOXHBIX 3allMTHBIX HMMYHHBIX MEXaHNU3MOB
IEMOHCTPUPYET B3aMMOIEHCTBUE YeI0OBEUYSCTBA
¢ Bupycamu cemeiictBa Coronaviridae (KopoHa-
Bupycol). KopoHasupychl, oTHocsimumecss Kk PHK-
comepxamuM Bupycam, mo 2002 r. paccmarpuBa-
JIUCh B KauecTBe WH(MEKIIMOHHBIX areHTOB, BbI-
3BIBAIOIIMX Y YeJI0BeKa HETSKeable 3a00JIeBaHUS
BEPXHUX IBIXaTCIbHBIX ITyTeil ¢ KpailHe peOAKUMU
netanbHbIMU Ucxonamu [3]. B 2002 r. Bupyc SARS-
CoV u3 poma Betacoronavirus BIIEpBBIC CTajl TPH-
YUHOW 3MUASMHUH aTUITMIYHOW ITHEBMOHUM (TsIXKe-
JIOTO OCTPOTO PEeCITMPaTOPHOTO CHUHIApoOMa, Severe
Acute Respiratory Syndrome — SARS) B pe3ynbraTe
KoTopoit mornoiu 774 yenoBexk u3 37 cTpaH Mupa.
B 2004 r. Ha ApaBHIICK1M ITOJYOCTPOBE BCIIBIXHYJIA
snuaemus B-kopoHaBupyca MERS-CoV. /1o 2020 .
or MERS (Bam:XHEBOCTOUHBII pecHnupaTOPHBIN
cunapom, Middle East respiratory syndrome) mo-
rnoau 866 uyenmosek [3]. Bcembimka 3aboneBaHus,
BbI3BaHHasl B-KopoHaBupycoM SARS-CoV-2, 3ape-
TUCTpupoBaHHas B fekadbpe 2019 r. B ropone YxaHb

Kuratickoit HapomHoit PecnyOivku, K Maprty
2021 r. npuHsaa popMy MaHAEMUU, COTJIACHO OU-
LUaJbHOMY 3aKJloueHuto BceMupHoli opraHu3za-
uuu 3apaBooxpaHeHust (BO3). Mo nanusim BO3,
obuiee yuciao cmepreit B 2020—2021 rr., npsiMo Uiau
KOCBEHHO cBsI3aHHBIX ¢ maHaemueit COVID-19, co-
CTaBUJIO IPUMEPHO 15 MJTH yesoBexk [4].

Ponr HLA-koMIIZIEKCa B UMMYHHOM KOHTpPOJIE
Hang SARS-CoV-2, HeBoCHpUUMUYUBOCTU K UHDU-
LUPOBAHUIO BUPYCOM, XapaKTepe WHAUBUIAYATb-
HOr0O MMMYHHOTO OTBETa OMNpEeAessieTcss HeOoObI-
yaliHoU BapuabenbHOCThi0O HLA-reHOTUnoB u BO-
BJieueHHOCThIO HLA-MosieKysT B MeXaHU3MBbI KakK
KJIETOYHOTO, TaK U TyMOpPaJIbHOTO UMMYHUTETA.
B cBs13u ¢ mosiBJIeHMEM HOBBIX LIITAMMOB U OBICTPO
pPa3BUBAIOIIUMCSI YKJIOHEHUEM OT UWMMYHHOIO
Hanzopa nocpenctBom 6enkoB SARS-CoV-2, us-
yueHune HLA-omocpenoBaHHOrO UMMYHUTETA NPU
COVID-19 kpuTrnyecku Ba>KHO, HO elle JajieKo
OT MOJTHOrO MOHUMaHus [7].

Llenblo Halieil pa®OThI SIBASIJIOCH BbISIBJIEHUE
HLA-reHetrnueckux ¢akTopoB, OOYyCJIOBJIMBaAIO-
mux Tsxenoe teyeHue COVID-19 y xurenei
Cankr-IletepOypra.

Matepuanbl n MeTob!

B unccnenpoBanue BKIIOYeHBI XuTeau CaHKT-
ITetepOypra. B cocraBe rpynnsl Jull, TepeHec-
mux COVID-19 B nepuon 2020—2022 rr., 78 ue-
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JoBeK B Bo3dpacte oT 20 mo 84 ner (MeauaHa —
55 net), 58 xxenuuH (74,4%) u 20 myxuuH (25,6%).
Pacnipenenenuve manueHTOB B 3aBUCMMOCTHU OT Ba-
puanTa SARS-CoV-2: ucxonnslii (Yxanbckuii) — 40,
Henpra — 29, OMukpoH — 9 ciaydyaeB. BapuaHThl
SARS-CoV-2 onpeneneHbl HAa OCHOBE JaHHBIX MO-
HUTOPUHTA 3a00JIeBAEMOCTU BUPYCHO MH(pEKIIU-
el U MUPKYJIUPYIOIINX TeHETUUYECKNX BAPUAHTOB,
ocyuectBiasiemoro BT. CankT-IleTepOypre coriac-
Ho pekomeHaauusam BO3 [11]. Pacnpenenenue 00-
CJICIOBAHHBIX JIUIL MO CTEIEHU TSIXKECTU TECUYSHMU ST
COVID-19 B cooTtBeTcTBUU ¢ BpeMeHHBIMU Me-
TOAMYECKUMH peKOMeHIalusIMu MUHUCTEPCTBA
3apaBooxpaHenus Poccuiickoit @enepaumu «[1po-
¢unakTukKa, TMarHOCTUKA U JIeYeHEe HOBOI KOPO-
HaBupycHoi mHpeknnn (COVID-19), Bepcus 18
or 26.10.2023: nerkas — 41, cpeausas — 32, Td-
xejlag — 5 deyioBekK. Jlis manbHelilero aHaau3a
JIULAa CO CPEAHETSIXKENbIM U TSIXKEJbIM TEUYCHUEM
3a00JieBaHUS ObLIM OOBEIMHEHBI B OJHY TPYINy
(37 yenoBek). KoOHTpOJIbHYIO TPYIINy COCTaBUIU
1563 uHAMBUAYYMA, SIBJISIONIMXCS MOTEHIIUATb-
HBIMU JOHOPAMU TEMOIO3TUYECKUX CTBOJOBBIX
kietok (I'CK), B Bozpacte ot 18 no 60 et (Menua-
Ha — 32 roxa), 808 xxenuH (51,7%) u 755 My K4uH
(48,3%).

MMmyHoreHetndeckoe obciemoBanne (HLA-
tunupoBaHue reHoB HLA-A, HLA-B, HLA-C,
HLA-DRBI, HLA-DQBI 6a3oBoro ypoBHs pa3pe-
LIEH U 1) BBITIOJTHEHO METOJIOM MOJIUMEPA3HOM 1Ien-
HOI peakliiy C UCTIOJIb30BAHUEM CUKBEHC-CIICI -
¢uuHBIX TpaliMepoB (peareHThl TPOU3BOACTBA
«Protrans», I'epMaHus) U CUKBEHC-CIeUMDUIHbBIX
OJIUTOHYKJIEOTUAHBIX TIPpoO (peareHThl IIPOU3-
BonctBa «BAG HEALTH CARE», I'epmanmus).
MMmMmyHoreHeTHUeCcKOoe 00CcieoBaHNe MPeICTaBU-
TeJell KOHTPOJILHOM IpyMHNbl BHIMOJTHEHO 10 Hava-
sa nanaemuu SARS-CoV-2.

O0OpaboTka pe3yabTaTOB MMMYHOTEHETHYEC-
KWUX WCCIEJOBAaHUMN OCYIIeCTBJIeHa METOoAaMu
MOIMYASIIIUOHHOW TEeHETUKU C UCII0Jb30BAHM-
eM T1porpaMmbl Arlequin, Bepcusa 3.5.1.2 [5].
CraTucTuYecKuil aHaJiu3 BBIMOJHEH C TIOMO-
mbto mporpammbl STATISTICA 10. dnsa cpaBHe-
Hus yactoT rpynn HLA-anneneir ucnoiab3oBaH
IBYXCTOPOHHUM TOYHBIM Kputepuii @Duirepa.
I[Mpu npoBeseHUUM MHOro(akKTOPHOTO aHain3a
TMPUMEHEH MEeTO/I TTOIaroBOil JIOTUCTUYECKON pe-
rpeccuu. CTaTUCTUYECKU TOCTOBEPHBIMM CUMTA-
au pazauuus npu p < 0,05.

Peaynbrathl

Ipynnot anneneti eenoe HLA xaacca 1. 'Y nuu,
nepeHeciiux COVID-19 B jnerkoii dopme, ycra-
HOBJICHO CHUXXeHue 4yacToThl rpynnbl HLA-A*01
MO CPaBHEHUIO C TPYIIION CO CPEIHETSIKEIbIM/
TSIKEJIBIM TedyeHueM 3abosieBanust (0,0366 mpoTus
0,1351; p = 0,04) u koHTpoJbHOM rpyIoii (0,0366

npotus 0,1193; p=0,02). BeisiBaeHa 60j1ee BbicoKast
yactoTa rpynibl HLA-A*11 y nuIi; co cpenHeTsIKe-
JIBIM/TSI3KE€TBIM T€YSHHEM I10 CPaBHCHUIO C WHIU-
BUAYYyMaMU ¢ Jerkum tedeHuem COVID-19 (0,1081
npotuB 0,0244; p = 0,048). Takxkxe oTmeuayach
TEeHIEHIIUs K OoJiee Bbicokol yacTtore HLA-A*11
y JIMII CO CPEOHETSIXKEIIBIM/TSIXEIBIM TCUYCHUEM
no cpaBHeHUIO ¢ rpymnmoit kontposs (0,1081 npo-
TuB 0,0582; p=0,08). I'pynna HLA-A*03 nocTtoBep-
HO yallle oIpeaeasiyiach y JUIL C JIETKUM TeUSeHUEM
COVID-19 no cpaBHEHHMIO ¢ KOHTPOJBHOI Tpym-
noit (0,2317 npotun 0,1481; p = 0,04). Paznuuus,
BBISIBJICHHBIC TIPU CPaBHEHWUW TPYNN C JIETKUM
U CPEIHETSIKEIBIM/TSIKEIBIM TEUYSHUEM, HE SIBJISI-
JINCh cTaTUCTUYecKU moctoBepHBIMU (00,2317 11po-
TuB 0,1315; p =0,15). YacToThl rpynmn ajjejnei reHa
HLA-A npencraBjieHbl B Tao1. 1.

Y nerepOypxiues, mnepeHecminx COVID-19
B JICTKOI1 (popMe, YCTaHOBIICHO CHUXKCHME YaCTOTHI
HLA-B*18 110 cpaBHEHUO ¢ KOHTPOJIBHOM TPYIIITON
(0,0122 ipotus 0,0736; p = 0,03); ipu cpaBHEHUU
C TPYTIION CO CPEAHETSKEIBIM/TIXKEIBIM TCUCHU -
€M IOCTOBEpHBIC pa3nmdus He BeIsIBACHBI (0,0122
npotus 0,0541; p = 0,19). HacToTsl rpynn ajjieneu
reHa HLA-B npeacraByieHbl B Ta0. 2.

Yactora HLA-C*03 y au1l ¢ Jerkum TeYeHUEM
3a00JIeBaHM I ObLJIa TOCTOBEPHO BBIIIIE, UeM Y IIPe/I-
cTtaBuTesieid KoHTpoabHoU rpynmbl (0,1950 npo-
tus 0,1104; p = 0,03); nmpu cpaBHEHUU C TpymIoi
CO CPEIHETSIXKEJIbIM/TSIXEeJIbIM TECUYeHUEeM CTaTH-
CTHUUYECKH JOCTOBEPHBIC Pa3Inuus HE YCTaHOBIIC-
HbI (0,1950 mpoTuB 0,1216; p=0,28). YacTOTHI TpyMII
anneneit renHa HLA-C nipencrasieHsl B Tadu. 3.

Ipynnot  anneneit eenoe HLA kaacca 1.
CTaTUCTUYECKHN HOCTOBEPHBIC Pa3JIMUMS YacTOT
rpyn ajieneit reHa HLA-DRBI1 B cpaBHUBaeMbIx
rpyrnrax He BbISIBJEHBI (Tab1. 4).

B rpynnax cpaBHEHUS TaKXe HE YCTaHOBJICHBI
pasnuuug yactot rpynn anieneit rena HLA-DQBI
(tabn. 5).

Muoeogpaxkmopnstit anasu3. 3aKOHOMEPHOCTH,
YCTaHOBJICHHBIE B  pe3yjJbTraTe OAHOMaKTOP-
HOTO aHajam3a, OB TIPOBEPEHBI C ITOMOIIBIO
CTaTUCTUYECKUX METOMOB, ITO3BOJSIONINX Olle-
HHUTb KOMIUJIEKCHOE BO3JICHCTBIE pa3JMUHBIX (hak-
TOPOB Ha M3y4dyaeMblil TToKa3aTtesb. [1pu BbITIOTHE-
HUM MHOTO(hAKTOPHOTO aHajn3a YYUTHIBAJINCHh
caenyolue mapaMeTpbl: BO3pacT (JIMHEHO), MOoJ,
BapuaHT SARS-CoV-2 u uMMyHOreHeTuyeckue
dakTopbl (Hamuuue KOHKpeTHBhIX rpynn HLA-
ajuIesieit). YCTaHOBJICHO, YTO PHMCK TSIKEJIOTO Te-
yeHuss COVID-19 y xuteneit Cankr-IlerepOypra
accouuupoBaH ¢ HanuuueM HLA-A*11 (oTHole-
Hue maHcoB — OII 7,38; noBepuTeNbHBIN UHTEP-
Banx — AU 1,15—47,3; p = 0,032) u Bo3pacTom (OILL
1,05; 1M 1,01—1,09; p = 0,008). Takxe oTMeyaaach
TeHaeHuus BiaussHuss HLA-A*Q1 Ha puck pa3BuTus
TsXKeJloro TedyeHus 3adoneBanus (OL 3,88; 1N
0,88—17,09; p = 0,068).
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Ta6auua 1. YacToTel rpynn annenei reda HLA-A
Table 1. HLA-A allele group frequencies

YactoTbl rpynn annenei/HLA-A allele group frequencies
Fpynna anneneii | Jlerkoe TeueHue CpepHeTaxenoe/Taxenoe KoHTponbHas
HLA-Aallele groups |  COVID-19 (1) TeyeHne COVID-19 (2) rpynna (3) P1s P23 P12
Mild COVID-19 (1) Moderate/severe COVID-19 (2) Control group (3)
01 0,0366 0,1351 0,1193 0,02 0,72 0,04
02 0,3415 0,2162 0,3183 0,63 0,08 0,11
03 0,2317 0,1351 0,1481 0,04 0,87 0,15
11 0,0244 0,1081 0,0582 0,33 0,08 0,048
23 0,0122 0,0135 0,0198 1 1 1
24 0,0732 0,1351 0,1068 0,47 0,45 0,29
25 0,0488 0,0541 0,0416 0,78 0,55 1
26 0,0488 0,0541 0,0403 0,57 0,54 1
29 0,0122 0,0270 0,0106 0,59 0,19 0,60
30 0,0366 0 0,0192 0,22 - -
31 0,0366 0,0405 0,0221 0,43 0,23 1
32 0,0122 0,0135 0,0272 0,73 0,72 1
33 0,0366 0,0135 0,0208 0,25 1 0,62
34 0 0 0,0003 - - -
36 0 0 0,0006 - - -
66 0 0,0135 0,0067 - 0,40 -
68 0,0488 0,0405 0,0387 0,56 0,76
69 0 0 0,0006 - - -
74 0 0 0,0006 - - -
MpumMeyaHme. «—» — pacyeT ypOBHS CTATUCTUYECKON 3HAYMMOCTY (D) HE NPOBOAWMINCA B CBA3M C OTCYTCTBMEM HLA-Mapkepa B O4HO 13 CPaBHUBAEMbIX FPYN.
Note. “-” — significance (p) level was not carried out due to the lack of HLA-marker in one of the compared groups.
Ta6nuua 2. YacToTtbl rpynn anneneii reHa HLA-B
Table 2. HLA-B allele group frequencies
Fpynna YactoTbl rpynn annenei/HLA-B allele group frequencies
annenei Jlerkoe TeyeHue CpepHeTaxenoe/Taxenoe KoHTponbHas
HLA-B allele COVID-19 (1) Teuenmne COVID-19 (2) rpynna (3) Pis P2, Pi.2
groups Mild course of COVID-19 (1) | Moderate/severe COVID-19 (2) | Control group (3)
07 0,1707 0,1892 0,1296 0,32 0,16 0,84
08 0,0366 0,0405 0,0611 0,48 0,62 1
13 0,0732 0,0405 0,0601 0,63 0,62 0,5
14 0,0366 0,0270 0,0253 0,47 0,71 1
15 0,0610 0,0676 0,0723 1 1 1
18 0,0122 0,0541 0,0736 0,03 0,66 0,19
27 0,0610 0,0270 0,0483 0,6 0,58 0,45
35 0,0976 0,1351 0,1177 0,73 0,59 0,62
37 0 0 0,0131 - - -
38 0,0732 0,0541 0,0365 0,13 0,35 0,75
39 0,0244 0 0,0237 - 0,72 -
40 0,0976 0,0811 0,0537 0,09 0,29 0,78
4 0,0122 0,0270 0,0256 0,72 0,71 0,6
44 0,1098 0,0676 0,1027 0,85 0,44 0,41
45 0 0 0,0016 - - -
46 0 0 0,0006 - - -
47 0,0122 0 0,0016 0,14 - -
48 0 0 0,0054 - - -
49 0 0,0135 0,0122 - 0,6 -
50 0,0244 0 0,0090 0,18 - -
51 0,0366 0,0541 0,0534 0,8 1 0,71
52 0,0122 0,0541 0,0186 1 0,054 0,19
53 0 0,0135 0,0010 - 0,09 -
54 0 0 0,0003 - - -
55 0 0 0,0070 - - -
56 0,0244 0,0135 0,0096 0,2 0,52 1
57 0 0,0405 0,0272 - 0,46 -
58 0,0244 0 0,0090 0,18 - -
73 0 0 0,0030 - - -
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Ta6auua 3. Yactotel rpynn anneneii reHa HLA-C
Table 3. HLA-C allele group frequencies

YacTtoTbl rpynn anneneun
Fpynna HLA-C allele group frequencies
annene HLA-C Jlerkoe TeyeHune Sﬂprg;:;?:f:::é P13 P23 P12
HLQ;()CU?)';E'G COVID-19 (1) COVID-19 (2) K°"Tg§rﬂ:;£; ;Eg '(13")3 @ ’ ’
Mild COVID-19 (1) Moderate/ severe
COVID-19 (2)
01 0,0122 0,0270 0,0365 0,37 1 0,60
02 0,0488 0,0541 0,0640 0,82 1 1
03 0,1950 0,1216 0,1104 0,03 0,71 0,28
04 0,1585 0,1621 0,1344 0,51 0,49 1
05 0,0122 0,0270 0,0425 0,26 0,77 0,60
06 0,0976 0,0676 0,171 0,73 0,27 0,57
07 0,2561 0,2838 0,2754 0,80 0,90 0,72
08 0,0366 0,0405 0,0301 0,74 0,49 1
12 0,1463 0,1351 0,1184 0,39 0,59 1
14 0 0 0,0093 - - -
15 0,0366 0,0541 0,0240 0,45 0,11 0,71
16 0 0,0270 0,0132 - 0,26 -
17 0 0 0,0246 - - -
18 0 0 0,0003 - - -
Ta6nuua 4. Yactotbl rpynn anneneii reHa HLA-DRB1
Table 4. HLA-DRBH1 allele group frequencies
YacToTbl rpynn annenem
a;':ly:::ﬁ HLA-DRBT1 allele group frequencies
HLA-DRB1 Jlerkoe Te4yeHue CpepHeTaxenoe/Tsaxenoe KoHTponbHas P13 P23 P12
allele groups 90VID-19 (1) TeuyeHue COVID-19 (2) rpynna (3)
Mild COVID-19 (1) Moderate/severe COVID-19 (2) Control group (3)
01 0,1220 0,1622 0,1296 1 0,38 0,5
03 0,0366 0,0405 0,0749 0,28 0,37 1
04 0,1463 0,1757 0,1132 0,38 0,1 0,67
07 0,1463 0,1351 0,1366 0,75 1 1
08 0,0122 0,0405 0,0397 0,38 0,77 0,35
09 0 0 0,0128 - - -
10 0,0122 0 0,0083 0,5 - -
11 0,1220 0,0946 0,1264 1 0,59 0,62
12 0,0122 0,0135 0,0266 0,72 1 1
13 0,1463 0,1216 0,1257 0,61 1 0,81
14 0 0 0,0186 - - -
15 0,1707 0,1892 0,1449 0,52 0,32 0,84
16 0,0732 0,0270 0,0429 0,17 0,77 0,28
Ta6nuua 5. YactoTtel rpynn anneneii reHa HLA-DQB1
Table 5. HLA-DQBH1 allele group frequencies
YacToTbl rpynn annenemn
a;my:;:ﬁ HLA-DQB1 allele group frequencies
HLA-DQB1 Jlerkoe TeyeHue CpepHeTaxenoe/Taxenoe KoHTponbHas P13 P23 P12
allele groups 90VID-19 (1) TeuyeHue COVID-19 (2) rpynna (3)
Mild COVID-19 (1) Moderate/ severe COVID-19 (2) Control group (3)
02 0,1584 0,1351 0,1811 0,67 0,36 0,82
03 0,3659 0,3243 0,3493 0,81 0,71 0,62
04 0,0244 0,0405 0,0368 0,77 0,75 0,67
05 0,2073 0,2027 0,2038 0,89 1 1
06 0,2439 0,2973 0,2290 0,79 0,16 0,47
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O6cyxaeHne

BiusiHue Bo3pacTa malmMeHTa Ha XapakTep Te-
yeHuss COVID-19, ormMedyeHHOe B mpoliecce Ha-
IIETr0 WCCIEOOBAaHUSI, COOTBETCTBYET paHEe OIly-
OJIMKOBaHHBLIM JaHHbBIM [9, 12, 13]. M3BecTHO,
YTO TIOKUJIOW BO3pacCT sBJIsIeTCS (haKTOPOM pU-
cka He Toabko npu COVID-19, HO u nipu Apyrux
BUPYCHBIX WHPeKnusax, Bkimodyas MERS-CoV
u SARS-CoV. [IpyurnHaMu TSXKEIOro TEYEHU ST BU-
PYCHBIX MHGMEKIIUN Y TOXUIIBIX JTIOIEe MOTYT OBITH
HEe TOJIbKO BO3pacTHbIe XpPOHMUYECKMHE 3aboJieBa-
HUS, HO U CHU3KeHHUEe 2PPEeKTUBHOCTU UMMYHHO
CHUCTEMBbI, HaOJII01aI01IeeCs 10 Mepe cTapeHus [2].

OnHako Ts:kenble popmbl COVID-19 BcTpeuaroT-
Cs1 Yy MOJIOJBIX TMAllMEHTOB 0€3 XpOHUYECKUX 3a00Jie-
BaHMS U Y JETEl, YTO CBUACTSIBCTBYET O BIAUSHUU
IPYyTUX (paKTOPOB, CBI3aHHBIX, BEPOSITHO, HE TOJIBKO
¢ MH(MEKIITMOHHBIM areHTOM, HO M C OPraHM3MOM Ye-
noBeka. Co CTOpOHbI MH(PEKIIMOHHOIO areHTa CTe-
MEHB TSIKECTU MOXHO OOBSICHUTH €ro BUPYJICHTHO-
CTBIO ¥ BUPYCHOM Harpy3Kkoii. Co CTOPOHHI ITalleHTa
XapakTep TeUYeHUsI 3abojieBaHUsI OOYCJIOBJIMBAETCS
peakurer MMMYHHOM CUCTEMBI U IIPEXIE BCETO Me-
XaHU3MaMM aJallTUBHOTO OTBETa, IIPEIOITpeacIcH-
HOTO UMMYHOT€HETUIECKUMH (haKTOpaMMU.

Ilocyie mpoHUKHOBEHUS B KJeTKY BUpyc SARS-
CoV-2 HeMenJIeHHO MHAYLIUPYET TPAHCISIIUIO0 COO0-
CTBEHHbIX OeJiIkoB. HekoTopble M3 mpoayLupoOBaH-
HBIX OEJIKOB BHpYyca MOoITagaloT B IIPOTeacOMbI MH(DU-
IIMPOBAHHOM KJIETKU 1 PaCIIETIISIIOTCS 10 TN THIOB,
KOTOpbIE€ MOT'YT CBSI3bIBATbCSI COOTBETCTBYIOIIMMU
monekyiamu HLA xiacca I. O6pa3zoBaBHimniicst Kom-
MJIEKC MOKET BCTYNaTh BO B3aMMOJICICTBUE C PEIICTI-
TopoM CDS8* T-nuMdOLUUTOB, YTO MPUBOAUT K aK-
TUBaLUMMU U jAejeHuto T-mumdbounutoB. B TeueHuun
5—7 nHeit oOpa3yeTcs onyasals BUpyccrenuduye-
ckux nuTorokcnmyeckux CD8* T-mumdonuTos, cro-
COOHBIX YHUUTOXKATh MH(OUIIMPOBAHHBIE KJICTKH ITO-
CpeACTBOM Iep(POPUHOB U CEPUHOBBIX TIpoTeas [22].
Takum obpazom, moJiekysibl HLA knacca I siBisirorcst
KJIIOYeBBIMM MeOMaTopaMM ITIEpBOTO 3BeHA B pas-
BUTHUM CITEU(DHUIECKOTO UMMYHHOI'O OTBETa Ha WH-
dekuuio, BeizBaHHYI0 SARS-CoV-2.

BrimonHeHHOEe HaMM UCCIIEIOBAaHWE TO3BO-
JINJIO YCTaHOBUTH, UYTO HAJIWYMWE TPYIIILI aJijie-
neii HLA-A*11 accoMupoBaHO C TSKEJbIM Teue-
Husa COVID-19 y xwuteneit Cankt-IletepOypra.
YcraHoBICHHAsT 3aKOHOMEPHOCTh MOJIy4uJja MOMI-
TBepKACHNE B XOIAe¢ MHOTI0O(GaKTOPHOTO aHaJINn3a,
BKJIIOUABIIIETO, IOMUMO WMMYHOT€HETHYECKUX
napameTpoB, BapuaHT SARS-CoV-2, Bo3spact
n 1on manmeHTta. Hamwmuwme rpymmmer HLA-A*01
TaKXe KOpPEJIMPOBAJIO C PUCKOM OoJiee TSIKEIo-
ro TedyeHUs 3a00JeBaHUS COIJIACHO pe3yjbTaTaM
onHodakTopHoro aHanauza. [lo maHHBIM MHOTO-
¢daKkTOpHOTO aHaiaM3a HaOJOHAaIach TEHIACHIIMS
K TIOBBIIIEHUIO pucka Tskenbix popm COVID-19
y malueHToB, uMeromux rpynny HLA-A*01.

CienyeT OTMETUTh, YTO HETaTMBHOE BIIMSIHUE
rpynibsl HLA-A*11 Ha xapakTep TeueHus1 COVID-19
YCTaHOBJICHO YUYCHBIMU PAa3IMYHBIX CTpaH. B gact-
HOCTHM, OTMeYeHa Oojiee BBICOKAsi CMEPTHOCTh
ot COVID-19 y xuteneit KaHapcKux oCTpOBOB C Ha-
aunuuem HLA-A*11. ITomumo HLA-A*11 x ¢dakTo-
paM HETaTMBHOTO IIPOTHO3a OBIJIM OTHECEHBI TaKKe
rpyrmsl HLA-C*01 m HLA-DQBI1*04 [14]. CoritacHO
3akaoueHuto Wang F. u koiner, aaiens HLA-A*11:01
Hapsay ¢ HLA-B*51:01 u HLA-C*14:02 npenpac-
moJjarajau K XyIIIeMy MCXOny 3a00aeBaHUsI Y IIpe-
cTaBUTeNe Kutarickoil monynsuuu [21]. Hanuuue
amnenss HLA-A*11:01:01:01, a Tak:ke rarmnJjoTura
HLA-C*12:02:02:01-HLA-B*52:01:01:02 accouiuupo-
BaJIoCh ¢ TsiKeabIM TedyeHrneM COVID-19 y xkuremneit
Anonun [13]. Cnenyet 0OpaTuTh BHUMAHUE, YTO pa-
Hee OblJla OTMEUeHa B3aMMOCBSI3b I'PYMITHI ajlleliei
HLA-A*11 ¢ BOCHpUUMUYMBOCTBIO UeI0OBEKA K BUPY-
cy rpurmra A (HIN1) [10].

B muTepaTypHBIX HMCTOYHUKAX TaKxXKe IIpelI-
CTaBJeHBl JaHHBbIE, TOATBEPXKIAIOIINE BIIUSI-
Hue annesneil u3 rpynnsl HLA-A*0l Ha xapakTtep
TEUCHUS HOBOM KOPOHABUPYCHON WHMEKIINMN.
kypuukoB M.IO. u coaBT. cooOuuaIu od6 acco-
nuanuu ajniens HLA-A*01:01 ¢ BBICOKMM PHUCKOM
pPa3BUTUS TSKEJIONO0 OCTPOro pPecrnupaTOpPHOIo
cuHapoma, Bei3BaHHOTO SARS-CoV-2. Hannune
amreneii HLA-A*02:01 m HLA-A*03:01, HanmpoTus,
KOPPEIMPOBAIO C HU3KUM PUCKOM KPUTUYIECKOTO
teyeHus1 COVID-19. YuyeHble TakxXe yCTaHOBUJIU,
4TO ToMO3UroTHocTh 1Mo HLA-A*01:01 Obura ac-
COIIMMPOBAaHA C paHHEW CMEPThIO, B TO BpeMsl KakK
romo3urotHocts mo HLA-A*02:01 umena mecto
TOJBKO Y OJHOIO TManueHTa 10 60 JieT, Moruouero
or COVID-19 [19]. JaHHBIC, TOJYYEHHBIM HaMU
paHee, CBUIETEILCTBOBAJIM, YTO HAJIMUME TPYIIITHI
annenein A*02 Takxke CHUXaeT BEPOSITHOCTH 3a00-
JIEBAaHM I HOBOIM KOPOHABUPYCHOI nHpeK el [1].

Anann3 ucxogoB COVID-19 y npencraBute-
Jieil 0oJITapCcKO#l TOIMYJISIIAN TIO3BOJIUJI YCTaHO-
BUTh, uTo HLA-A*01:01 BbIpaxk€HHO KOppPEIUpY-
IOT C IIPOrpeccCUpoBaHUEM 3a00JIEBAHUS U MOXKET
paccMaTpUBaThCS B KadeCTBE ajljIesI BBICOKOTO
pucka. K HeraTHBHBIM ITPOTHOCTHUUYECKUM MapKe-
pam nomrumo HLA-A*01:01 661711 OTHECEHBI TaKXKe:
HLA-B*35:03, HLA-B*40:06 u HLA-DRBI1*14:01.
Annenn HLA-A*23:01 u HLA-DQBI1*05:03 6b11m
aCCOIMMPOBAHBI CO CPEIHETSKEJIbIM TeYeHU-
em COVID-19. Annenu HLA-A*02:01 u HLA-
DQBI1*03:01 BcTpeyaauch TPEUMYIIECTBEHHO
y OECCUMIITOMHBIX MAallMCHTOB M B KOHTPOJbHOMI
TPYTITE, YTO CBUAETEIBCTBOBAIO 00 UX BEPOSITHOM
3amuTHOM 3 dekTe [15].

Kak usBectHo, Monekyabl HLA knacca I aB-
JISIOTCS  JIMTAaHIAMW  WMMYHOTJIOOYJIMHIIOH00-
HBIX perenTtopoB KuyiepHbix KieTok (killer cell
immunoglobulin-like receptors, KIR), yuyacTByio-
IMIUX B PEryasauuu (GpyHKIIMOHAJIbHONH aKTHUBHO-
ctu HaTypaJbHBIX KuiepoB (NK-xkmetkm). NK-
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KJIETKU UTPAIOT BaXKHYIO pOJIb B IPOTUBOBUPYCHOM
KOHTpoOJIe Ojarogapsi YHUKaJbHOW CIOCOOHOCTU
JIN3UPOBATh KJICTKU-MUIICHU O€3 MpeaBapUTEIb-
HOM MMMYHU3aIUHU. 3aKOHOMEPHOCTH, YCTAHOB-
JeHHble wucciegoBateasiMu U3 OO0beaAMHEHHBIX
Apabckux DMUPATOB, CBUIETEIbCTBYIOILINE O KOP-
pensuuyu MexXay TskeabiM TedueHueM COVID-19
n HannuueMm rpynmn HLA-C*04, HLA-B*35, a Tak-
xke ramjgotuna HLA-C*04-B*35, BeposiITHO, 00bsIC-
HSIIOTCSI B3aUMOCBsI3blo aTuX rpynn HLA-annenei
C MeXaHM3MaMM BPOXKISHHOTO MMMYHUTETa, pea-
nuzyemoro NK-knetkamu [20].

BuipaxkeHHast accoumanys TSKeJIoi (GOpMBI
COVID-19 u annens HLA-C*04:01 ycTaHOBIeHa
Opu OO0CIeIOBAaHUM HECKOJIBKUX EBPOICOUIHBIX
nomryasuuii. CorjlacHO 3aKJIIOUCHUI0 apMSIHCKHX
yuyeHbIX, Hannuue aaaenss HLA-C*04:01 oka3biBa-
eT BJIMsSIHUE Ha MPOLIECCUHT aHTUTeHAa U MTpe3eHTa-
MO SHIOTCHHOIO MENTUIHOIO aHTUTeHAa MOJICKY-
agamu HLA knacca I mocpenctBom aHaoMIa3MaTU-
yeckoro petukyiayma, NK-onmocpenoBaHHYO 1U-
TOTOKCUYHOCTb U BPOXJIEHHBIA UMMYHHBI OTBET
Ha 4y>XepoaHble areHThl [17].

BaxHyo poib B MMMYHHOM OTBeTe Ha SARS-
CoV-2 Takxe urpawoTt Mosekyiabl HLA kmnacca II
OJjarogapsi CBoeil CriocCOOHOCTH CBSI3bIBATh BUPYC-
HbIe aHTUTCHHBIC NOETCPMHHAHTBHI M IIPEACTaB-
9T 1 pacno3HaBaHus CD4' T-xeanepamu,
YTO SBIISICTCS KJIIOYEBHIM COOBITMEM B aKTHUBa-
uun  B-numdouuTtonB. KioHanbHas 3KCIaHCUS
B-numdouuton, ux nuddepeHInpoBKa B I1J1a3MO-
OUTH MPUBOAUT K BHIPAOOTKE aHTUTEJ, HaIlpaB-
JICHHBIX TIPOTUB MPE3CHTUPOBAHHBIX BUPYCHBIX
MHENTUIOB. AHTUTENa IIPOTUB pPElEenTOP-CBI3bI-
Batouiero gomeHa mumnoB SARS-CoV-2 — Spike
Protein S1 mpensgaTcTBYIOT MPUKPEIJICHUIO BUpYyca
K KJIeTKaM 3MIHUTEINS ajibBEOJI M, TAKUM 00pa3oM,
SIBJSIFOTCST «HEUTPaTM3YIOIMIMMUA UMMYHOTJI00YJ -
HaMu». AHTUTeIa, HallpaBJeHHbIE IPOTUB IIPOTE-
nHa Hykieokancuga SARS-CoV-2 — Nucleocapsid,
HE CITOCOOHBI CBSI3BIBATHCS CO CBOOOIHOI BHpYC-
HOU vactuneil. OmHaKo Takue aHTHUTeJla MOTYT
GbUKCHUPOBATHCSI KOMILIEKCOM «(hparMeHT aHTUTIe-
Ha Nucleocapsid + HLA kiacc I» kJieTok anutenus
W aKTUBHUPOBATh CUCTEMY KOMIIJICMEHTA, BHI3BIBAS
obpa3oBaHMe MeMOpaH-aTaKYIOLIEro KOMIIJIEK-
ca ¢ MOCJEeAyIOIIMM JIM3UCOM MHMUIIMPOBAHHONU
KJIeTKM W yCUJIeHHeM BocmajieHus. [lopaxkeHue
3HAYUTEIBHOTO KOJIMYECTBA aJIbBEOJIOLIUTOB U UH-
TEHCUBHAasI BOCITAJIMTEIbHASI peaKIlnsl 00yCIOBIIM-
BaloOT pa3sBUTUE TSIXKEJIOro OCTPOIo PeCIIpaTOPHOTo
cunapoma. CKOpOCTh U Ka4eCTBO OOPa3yIOIIUXCS
AHTUTEJ ONPEACIISTIOTCS CIIOCOOHOCThIO (hparMeH-
TOB BUPYCHBIX ITPOTEMHOB KOHKYPEHTHO CBSI3BI-
BaThbcs ¢ moJiekyJamu HLA knaccos I u 11, uto 3a-
BUCHT ITpexie Bcero ot cBoiictB HLA momexkyi [22].

3aKIoueHUS psiia UCCICIOBAHM, BHITOTHECH-
HBIXKHACTOSIIIIEMY BpEMEHH, TTO3BOJISTIOT BBIACITUTH
HLA xnacc Il reHeruuyeckue (akTopbl, HaubO-

Jiee 3HaUMMBbIe I TIporHo3a teyueHust COVID-19.
B wacTHOCTH, COriTacHO JaHHBIM POCCUMCKUX yUe-
HBIX, K HEraTUBHBIM ITPOTHOCTHUYCCKHM (PaKTO-
pam pa3BuTud Tskeabix opm COVID-19 u noBbI-
IIEHU I JIeTaJIbHOCTU TIOMUMO BO3pacTa maliieHTa
otHocatcsa amnenun HLA-DRBI1#01:01:01G, HLA-
DRBI1*01:02:01G 1 HLA-DQBI1*05:03:01G, a Takxe
rarmaotun HLA-B*14:02:01G-C*08:02:01G [9].

Astbury S. 1 coaBT. B pe3yabTaTe 00CeI0BaHUS
TPYIIIBI MEIUIMHCKUX pPaOOTHUKOB YCTAaHOBU-
nu, uto Hamuane ayuieiist HLA-DRB1*13:02 6w110
CBSI3aHO C MHOTOKPAaTHBIM YBEJIMYEHHEM pHCKa
KauHuvyeckux npospiaeHuit COVID-19. C touku
3peHUusI UMMYHHOI peakKTUBHOCTH, ajuenb HLA-
DRBI*15:02 accoummpoBaiica ¢ 0ojee HU3KUMU
T-KJIETOYHBIMU OTBETaMHU ITPOTUB ITyJla HYKJIEO-
npoTenHOBbIX MenTuaoB SARS-CoV-2. Haauuue
annensg HLA-DRBI*15:01 xoppeanpoBajio ¢ mOBbI-
IMCHHBIMU «CHAWKOBBIMW» T-KJIETOUHBIMU OTBE-
TaM¥ KaK IocJje TIepBOii, TaK U TTOCJIE BTOPOl JO3bI
BaKILMHALMK [6].

Kak geMoHCTpUpyeT KJIMHUYCCKUUA  OIBIT,
o MeHblIel Mepe 20% nroneit, THGUIIMPOBAHHBIX
SARS-CoV-2, He UMEIOT KJIMHUYECKUX TMPOsIBIIE-
Huii 3a0oneBaHus [18]. M3yueHune 6ecCUMIITOMHOT
WHGEKIINU TIPESIOCTABUIIO YHUKAJIBHYIO BO3MOXK-
HOCTh PacCMOTPETh MMMYHOJIOTMYECKNE OCOOCH-
HOCTH, CIIOCOOCTBYIOIINE OBICTPOMY BBIBEICHUIO
Bupyca. Augusto D.G. 1 coaBT. BBISIBUJIM acCOLIU-
anmmio HLA-B*15:01 ¢ acuMnToMaTU4eCKUM Tede-
HueM COVID-19. Yuenrble nokaszaiu, 4To T-KJIeTKHU
W3 IOTTaHAEMHWUYECKUX 00pa3IoB OT JINI, HECYIIINX
HLA-B*15:01, peak TMUBHBI IO OTHOILIEHUIO K UMMY-
HogomMmuHaHTHOMY Tientuay NQKLIANQF, mpo-
u3BogHoMy u3 mumna SARS-CoV-2. boablIMHCTBO
peakTUBHBIX  T-KJIETOK, JEMOHCTPUPOBABIINX
(EeHOTUIN MaMsITHU, ObIIU BBICOKO MOJUMYHKIIMO-
HaJbHBIMI M TICPEKPECTHO pearupoBajM C IICT-
TUOAMU, TIOJTYYCHHBIMHA U3 CE30HHBIX KOpOHAaBU-
pycoB. Kpucraiamndeckast CTpyKTypa KOMIIJIEKCOB
HLA-B*15:01-nentua AeMOHCTPUPYET, YTO TIEII-
Tuael NQKLIANQF u NQKLIANAF (13 BupycoB
0C43-CoV u HKUI1-CoV) o61aaai0T cXogHOM cno-
COOHOCTBIO CTAOMJIM3UPOBATHLCA U TPEICTABISITh-
cs1 HLA-B*15:01. TakuM o06pa3oMm, CTpPyKTYpHOE
CXOACTBO MEMNTHUIOB JICKUT B OCHOBE TTIEPEKPECTHOMN
peakTuBHOCTU T-KJIETOK C BbICOKOAMDMUHHBIMU
obmumu T-KJIETOUHBIMU pelieNTopaMu, obecrie-
yuBasi MOJIEKYJIsSIpHYIO ocHOBY aast HLA-B*15:01-
OMOCPETOBAHHOTO MPEACYIISCTBYIOIIETO UMMYHU-
Teta npoTuB SARS-CoV-2 [8].

Mentzer A.J. 1 coaBT. rToKa3aJjii, YTO HOCUTEIIN
rpynisl ayieneit HLA-DQBI1*06 nMeroT 60iee BbI-
paXX€HHBIA AHTUTEJIBHBIM OTBET MPOTUB CITAKO-
Boro 6eska SARS-CoV-2 u peuenrtopa cBsI3bIBalO-
IIero JOMEHA MPpU IPUMEHEHW Y TAKNX BAaKIINH, KaK
ChAdOx1, nCoV-19, BNT162b2. Hanmuuue HLA-
DQBI1*06 Takke accOLMMUPOBATIOCH CO CHUKEHUEM
pYICKa IIPOPBIBHON MH(MEKIINH TTOCIIC TICPBOM 036!
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BaKILIMHBI. YUYeHble UAEHTUGULIHUPOBAIU TIENTU,
npoudBoaHbIN M3 muna SARS-CoV-2, KoTopbiid,
Kak TpeanoJjiaraercs, crieliupuyecKu CBsI3bIBAET-
¢ ¢ HLA-DQBI1*06, 4TO IpUBOAUT K YIyYILIEHUIO
npoaudepauuu CD4" T-kaeToK M aKTUBALUMU
B-kieTok mamsartu [16].

B 3zaksioueHue ciieqyeT OTMETUTh, YTO MHOIO-
YUCJIEHHbIE UCCeIOBAaHUSI, BEITIOTHEHHbIE B TE€Ye-
HUEe ABYX JEeT IJ100aJIbHOM MaHAeMUU, TTO3BOJUIN

copmupoBaTh mnpeactaBjieHuss o poau HLA-
FeHeTUYeCKUX (HPAaKTOPOB B BOCHPUUMYMBOCTU
1 4yyBcTBUTEAbHOCTU K SARS-CoV-2. Pesynbrarsl
HACTOSIIEr0 MCCeIOBaHUS TaKXKe BHECIU OIpe-
NeJICHHBIM BKJIaJ B MOHMMAaHUE 3TUX MPOIECCOB
¥ TIO3BOJIMJIM M3 MHOXECTBAa MMMYHOTEHETHYEC-
KWX MapKepoOB BBIJICIUTh MAaKCUMaJIbHO 3HAYMMbIE
IU1s IporHo3a tskesioro redyeHust COVID-19 y xu-
Teneit Cankrt-IleTepOypra.
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Pesiome. Onienka kyetouHoro uMMmyHuteTa K SARS-CoV-2 aBnsgercs BaXKHBIM MHCTPYMEHTOM KOHTPOJIS 9 PEeKTUB-
HOCTY BaKLIMHALIMU 1 (POPMUPOBAHUS MOCTUH(GEKIMOHHOT0 UMMYHUTETa. [10 TaHHBIM JTUTEPATYPbI, BUPYCCIELIU-
(mueckme T-KIeTKH, B OTIMYHE OT CIICHIU(PUISCKIX AaHTUTEII, COXPaHSIIOTCS 00JIee IIUTEIbHBIN CPOK U 00ecTIeuBa-
10T 3G DEeKTUBHYIO STUMUHAIIAIO BUPYca U3 OpraHu3Ma yenoBeka. CyIIecTBYIOIIE METOIBI OLIEHKH CIeIIN(PIISCKIX
T-KJIEeTOK OCHOBaHBI Ha METOOMKE IMPOTOYHON LMTOMETPUHU, UYTO TpeOyeT CIeMaTu3MPOBAHHOTO JIAO0PATOPHOTO
000pymoBaHMS ¥ BHICOKOKBATU(MUIIMPOBAHHOTO MepcoHaia. AJIBTepHATUBON JaHHOTO METOJa SIBJISETCS TPOBEe-
HMe KOXHOI TTpOObI C OLIEHKOI peakIMK TUIEepYyBCTBUTEILHOCTH 3aMeIJIEHHOTO TUa. JIs mpoBeneHnsl KOXHOI
MpoObI ObL1 pa3padoTaH npenapat «KoponallepM-PS», apasiomuiicss CTepuibHBIM U30TOHUYECKHUM PACTBOPOM LTS
BHYTPHUKOXHOTO BBEIEHHU S, COlEPKAIIMM PEKOMOMHAHTHBIM THOPUIHBIN O€JTOK, BKIIOUYAIOIIMI YUYaCTKHU CTPYKTYp-
HbIX 0enkoB S, M, N, E kopoHaBupyca SARS-CoV-2, npoayuupyembiii reHeTUUECKY MOAU(PULIMPYEMOI KYJIBTYPOii
KJaeTok mrtamma Escherichia coli BL21. Tlocne mpoBeneHUsT JOKIMHUYECKUX UCCIENOBAHU I, CBUAETEIbCTBOBABILMX
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2024, T. 14, Ne 5 KnuHnyeckoe nccneposatue «Koponallepm-PS»

0 6e30MmacHOCTH Mpenapara, Obl10 TPUHSITO peleHue o nposeaeHue | u I1 ¢ha3bl KIMHUUYECKOro UCCIeI0BaHUS C Lie-
JIbIO OLIEHKHU 0€30MacHOCTH U crienuduyeckoi akTuBHoCcTH npenapata «KopoHallepm-PS» y yci1oBHO-310pOBBIX 10-
OpPOBOJIBIIEB C TOCTBAKLIMHAJIbHBIM U MTOCTUH(MEKIIMOHHBIM UMMYHUTETOM K SARS-CoV-2. Ha I ase nmpoBeaeHHoOro
KJIMHUYECKOTO UCCIEA0BAHUS ¢ yUYacTHEM He OOJIEBIIMX U HE TMPUBUTHIX JOOPOBOJIBLIEB OBLIU MOJYUYEHBI TaHHbBIE
0 0e30IMMacHOCTH M XOpOoIlel IEPeHOCUMOCTH Tpenapara, 4To rmo3soauio nposectu 11 dasy uccnenoBanus. Io pe-
synsraTaM 11 dassl moaydeHa mHpopMalus o 6€30MacHOCTHY Ipernapara y JIUIL C MOCTBaKIIMHAIbHBIM U TIOCTUHMEK-
LIMOHHBIM UMMYHHUTETOM K KOPOHABHPYCY ITYTEM OLIEHKH KIMHUYSCKUX U Ta00PaTOPHBIX TaHHBIX. 3a TIEPUOJ UCCTIe-
JOBaHUS CEPbE3HBIX HEXXeJaTeIbHbIX SIBJICHUI He 0TMEYaIoch, a B 93,5% Hexesare bHbIe IBJEHUS He MOTPeOOBaIN
HMKaKK1X TePaleBTUUCCKUX MJIM JUATHOCTUYECKUX BMeIIATeabCTB. s oleHKHU crenndruuecKoi akTHBHOCTHU IIpe-
rapaTa IIpOBOIMJIOCH CpaBHEHUE Pe3yIbTaTa KOXHOM IMPOOBI ¢ TIOJYUYCHHBIM MHICKCOM CTUMYIISILIUU MPOTYKIINT
IFNy CD4" T-numdouuntamn MeTonom npoTouHoii nutomeTpui. [To pesynsraraMm ROC-aHanu3a nmokasaTenan 4yB-
CTBUTEJIBHOCTHU cocTaBuin oT 76,6% no 84%, a nmokasarenu crneuuduaHoctd — ot 80% 1o 87,5%. Takum oOpasom,
npenapat «KoponalepMm-PS» siBnsieTcst uHGopMaTuBHBIM AnarHoctTuyeckuM tectoM (AUC = (,795), ¢ BEICOKOI Uy B-
cTBUTENBHOCTEIO (79,8%) 1 criennduaHOCTHIO (80,8%), TOKA3bIBAIOLIN1 COOTBETCTBYIOIINE PE3YIBTAThI B PA3TMIHBIX
rpynmnax 100poBobleB. [1o pesynbraTam aHaau3a MOJyYEHHBIX TaHHBIX ITOKa3aHo, uTo npenapat «Koponallepm-PS»
SIBJISIETCS] KAUECTBEHHOM aJIbTepHATUBO TaOOPaTOPHBIX METOOB OLIEHKU crieludruueckoro T-K1eTouHOro UMMyHU-
teta K SARS-CoV-2 ¢ Xopoliieit 4yBCTBUTEIBHOCTBIO U CIIEIU(UYHOCTHIO, B TOM YUCTIE IJIsI TPOBEACHU ST MaCCOBOTO
CKPUHMHTA.

Karuesvie caosa: SARS-CoV-2, COVID-19, kopornasupycuuiii anmueen Cord_PS, CD4* T-kaemxu, CD8* T-kaemku, IFNY,
T-kaemounbiii ummynHolii omeem, «Koponallepm-PS».

SAFETY AND SPECIFIC ACTIVITY OF THE RECOMBINANT SARS-CoV-2 ALLERGEN
(“CORONADERM-PS”) BASED ON PHASE I-I1l CLINICAL TRIAL RESULTS

Savin T.V.**, Milichkina A.M.?, Krasnov A.A.?, Kuznetsova R.\N.*", Shchederkina E.E.?, Svarval A.V.?,
Sharova A.A.?, Reingardt D.E.?, Ostankova Yu.V.?, Gubanova A.V.?, Petrova O.A.**, Zhimbaeva O.B.?,
Razumovskaya A.P.?, Drozd 1.V.?, Rubinshtein A.A.¢, Trulev A.S.¢, Kudryavtsev 1.V."<, Riabchenkova A.A.¢,
Chirak E.L.%, Chirak E.R.%, Saenko A.L.¢, Kopat’ V.V.¢, Dukhovlinov I.V.¢, Simbirtsev A.S.*", Totolian A.A.*"

@ 8t. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

b Paviov First St. Petersburg State Medical University, St. Petersburg, Russian Federation
¢ Institute of Experimental Medicine, St. Petersburg, Russian Federation

dLLC “ATG Service-Gene”, St. Petersburg, Russian Federation

Abstract. The evaluation of cellular immunity to SARS-CoV-2 is a critical tool for assessing vaccination efficacy and
development of post-infectious immunity. According to available studies, virus-specific T cells persist longer than antigen-
specific antibodies and play a pivotal role in the effective virus elimination from human body. Current methodologies
for assessing virus-specific T cells are mostly based on flow cytometry, which require specialized laboratory equipment
and highly trained personnel. An alternative approach involves a skin test conducted to assess delayed-type hypersensitivity
(DTH) reactions. For this, there has been developed the “CoronaDerm-PS” substance, a sterile isotonic solution
for intradermal administration, containing a recombinant hybrid protein that incorporates regions of SARS-CoV-2
structural proteins S, M, N, and E, produced by a genetically modified E. coli BL21 strain cell culture. Following preclinical
studies that demonstrated the safety of the above-noted medication, Phase I and Phase II clinical trials were initiated
to evaluate safety and specific activity of “CoronaDerm-PS” in apparently healthy volunteers with SARS-CoV-2 post-
vaccination and post-infection immunity. In Phase I clinical trial with COVID-19 unexposed or vaccinated volunteers,
the data were obtained demonstrating the safety and good tolerability of the medication, thus enabling the progression
to Phase II. The Phase II results provided additional evidence on the preparation’s safety in individuals with SARS-CoV-2
post-vaccination and post-infection immunity, as assessed by clinical and laboratory data. No serious adverse events
were observed during the study, and in 93.5% cases, adverse events required no therapeutic or diagnostic intervention.
To assess the specific activity of the preparation, the skin test data were compared with the IFNy production stimulation
index for CD4* T lymphocytes assessed by flow cytometry. The ROC analysis revealed sensitivity magnitude ranging
from 76.6% to 84%, and specificity level ranging from 80% to 87.5%. Based on ROC analysis results, “CoronaDerm-PS”
can be an informative diagnostic tool (AUC = 0.795), demonstrating high sensitivity (79.8%) and specificity (80.8%),
with consistent results across different volunteer cohorts. Analyzing the collected data suggests that “CoronaDerm-PS”
is a robust alternative to laboratory methods for evaluating SARS-CoV-2-specific T-cell immunity, with high sensitivity
and specificity, suitable for large-scale screening.

Key words: SARS-CoV-2, COVID-19, coronavirus antigen Cord_PS, CD4* T cells, CD8* T cells, IFNy, T cell immune response,
“CoronaDerm-PS”.
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T.B. CaBuH 1 ap.

MHdekumns n uMmyHuTeT

BeeneHue

COVID-19 — octpas pecniupatopHas WHGpEK-
U, BbI3bIBaeMasi KopoHaBupycoM SARS-CoV-2,
NPpUBOISIIAS K Pa3BUTUIO MTHEBMOHUTA, MOpaXxe-
HUIO CEPIeYHO-COCYJIUCTON CHUCTEMBI W JPYTUX
OpPraHOB, C BBICOKMM PUCKOM CMEPTU, OCOOEHHO
y noxuiablx moaeit. [lanagemuss HOBOl KOpOHAaBU-
pycHoit undpexuuu COVID-19, HauaBiasica B ca-
moMm koHl1ie 2019 r. B KHP, 6sicTpo oxBatuJjia BeChb
MWD U CcTajia OOJIBIIUM BBI30BOM MIJI5I CUCTEM 31pa-
BOOXpaHeHUs cTpaH. biaromaps ObICcTpoli pa3pa-
0OTKe BaKIMH IMPOTUB HOBOW KOPOHABUPYCHOU
UHGEKIINU yAAT0Ch IPEAOTBPATUTH OOJIBIIOE YUC-
JIO JeTaJibHbIX ucxonaoB 3abosieBaHus [11]. OnHako,
MOCKOJBbKY A0 CHUX IOp B MAacCOBOM AOCTYII€ HET
HU OAHOro 3(p@dEKTUBHOTO STUOTPOITHOTO Jie-
KapcTBeHHoro mnpenapara npotuB SARS-CoV-2,
MOXHO CUUTATh, YTO BCE CIIy4au BbI3IOPOBJICHUS
3200JIeBIINX CBSI3aHbI UCKJIIOYUTEIBHO C AKTUBHO-
CThIO UMMYHHOIW CUCTE€MBbI OpraHU3Ma, CTUMYJIS-
LU KOTOPOU ¢ HEU30EXKHOCThIO OCYLIECTBISIETCS
HEMOCPEICTBEHHO BUPYCOM MJIM BAKIIMHHBIM Mpe-
napaToM, UMUTHUPYIOIINM KU BO» BUPYC UJIU €TO
WUMMYHOT€HHbIE KOMITOHEHTHI.

OueHKka ypoBHS MMMYHUTETa, BbIPAOOTAHHO-
ro npotuB SARS-CoV-2, BaxHa i KOPPEKIIUU
JieyeHUus1 OOJIbHBIX, MOHUTOPUHTA pPE3yJIbTAaTOB
BakuuHauuu npotuB SARS-CoV-2, obGocHoBa-
HUSI HEOOXOAMMOCTU pEBaKIMHALIMU U HaA3opa
3a BBIPA0OOTAHHBIM «KOJITEKTUBHBIM» UMMYHMUTE-
TOM K KOpOHaBuUpycy. I3Hauaa1bHO OLIEHKA YPOBHS
crieuuUYecKOro UMMYHUTETA OblJla COCPENOTO-
YyeHa Ha UCTIOJIb30BaHU Y T€CTOB AJIs1 OOHAPYKEHU S
CBIBOPOTOUHBIX aHTUTEN Kj1acca A, M u G. OgHako
3TU TECThl HE [Aal0T MPEACTABICHUS O COCTOS-
HUU KJIETOYHOI'O 3B€Ha MMMYyHUTeTa. M3BecTHO,
YTO UMMYHUTET K OIPEACICHHbIM ITaTOreHaMm
onocpenyercs kKak T-kjeTkaMu, TaKk U aHTUTE-
namu. [IpyyeM aHTUTENIAa UTPAIOT BEAYIILYIO POJb
B OOpbO€ ¢ MaTOreHHbIMU OaKTEepUsIMU, HO JTUIIb
BCIIOMOTAaTEJbHYIO pOJib — B OOpb0OE C BUPYCAMU.
Benymiasa ponb B OoppdOe ¢ BUpycamMu MpUHAMA-
aexut CD8" muroTokcumyeckuM T-nmuMmdonmTam
(CTL) u CD4" T-xennepam I-ro tuna (Thl) [6].
Bupyccneuudpuueckue CTL pacriosdHaroT nHpU-
IIUPOBAaHHBIE BUPYCOM KJIETKU M <«yOMBAIOT» X
JI0 TOTO, KaK OHU CTAaHYT UCTOYHUKOM pEeIIuKa-
uuu BupycoB. Thl-numdouutsr odiMratHo yya-
CTBYIOT B aKTUBALIUU U PETYJSILUU UMMYHHOTO
OTBeTa, aHTUTesonponykuiuu B-kinetkamu. Takum
obpazoM, T-KJI€TKU UTPAIOT BaAXKHYIO POJIb B 3JTU-
MUWHAILIUU IaTOT€HAa U3 OpraHu3Ma, a T-KJIeTOYHBIN!
UMMYHUTET MOXET COXPAHATHCS TOAaMU WU TaxKe
JIecaTuIeTusIMu [4].

OcHoBHas npobemMa OLeHKHU cnenudruiecKux
T-kneTok 3aKjao4yaeTcs B TOM, UYTO BHUPYCCIEIU-
¢duueckne T-KIAETKU TPYAHO OIPENEJTUTH C ITO-
MOIIbIO PYTUHHBIX JTaOOPATOPHBIX TECTOB. XOTH

aHTHUTEJIa UTPAIOT JIUIIb BCIIOMOTraTeJbHYIO POJIb
B 3alllMTe OT BUPYCOB, UX JIeTYe U3MEPUTH B ChI-
BOPOTKE KPOBHU, UTO aKTUBHO MCITOJb3YETCS IS
oueHku umMMyHurteta K SARS-CoV-2. Hanuuue
AHTUBUPYCHBIX aHTUTEJ SIBJISIETCS CYppOraTHBIM
MapkepoM T-KJIETOYHOTO MMMYHUTETa K BUPY-
caM. OQHaKO aHTUTEJIbHBIN OTBET SIBISIETCSI BpE-
MEHHBIM U OOBIYHO 3aTyXaeT uepe3 6—9 MecsliieB
nociae 3apaxkeHus [7]. UsamepeHue T-KJaeTOUYHOro
orBeta Ha SARS-CoV-2 paer wuHboOpManuio
0 ToM, c(OPMUPOBAJICSI JU Y KOHKPETHOro Tia-
MEeHTa KJIETOYHBIM MMMYHUTET K KOPOHABUDPY-
cy SARS-CoV-2, 1 1o3BosIeT OUEHUTh, CKOJbKO
Joaeil Oblnu peajibHO WHGUUIUpPoBaHbI SARS-
CoV-2 1 CKOJBKO M3 HUX YCHEIIHO BBI3TOPOBE-
JIV, a TaK>Ke O JI0JIe YCIIEIIHO BaKIIMHUPOBAaHHBIX
gui. Mcrnonb3oBaHUWE TOJBKO CEPOJIOTUIYECKUX
TECTOB HE MO3BOJISIET MOJHOILIEHHO OLIEHUTH I10-
CTUH(MEKIMOHHBIM M TIOCTBAKIIMHAJBHBIA MM-
MYHUTET. Bo-niepBbIX, TYyMOpPaJbHbIi UMMYHUTET
CcO BpeMeHeM ociabeBaeT. Bo-BTOpbIX, HEKOTO-
pble JIIOAU, MO-BUAMMOMY, pearupyloT Ha BO3-
nevicteue uau uHbeknuio SARS-CoV-2 nytem
ycuiieHUusl T-KJIETOUHOTO OTBeTa 0e3 MPOAYKIIMHN
aHturen [5].

Kiaccuueckue momxoasl onpenesieHus T-Kie-
TouHOro UMMyHuTeTa K SARS-CoV-2 tpedyloT no-
pOrocTosIeii, MHOTO3TAITHON ITIOATOTOBKU MPOO
U CTUMYJSIUUU T-KJIETOK in Vitro ¢ UCTIONb30BaHU-
€M METOJIOB, KOTOPHIE ellle He CTaHIapTU3UPOBaHbI
M peaJiu3yloTCsI B BBICOKOCHEIINAJIN3UPOBAHHBIX
JabopaTopuii. DTU METOAbI BKJIIOUAIOT B €051 B3sI-
THUE OTHOCHUTEJIbHO OOJIBIIIOr0 KOJIMYeCTBA KPOBH,
BbIIeJIeHue T-KJIETOK M3 COOpaHHOW KPOBU, CTH-
MYJISIIMIO BBIICJIEHHBIX T-KJIETOK TeNTUAaMU NN
oenkamu SARS-CoV-2 npu KyJbTUBUPOBAHUM WU,
HaKOHell, aHaJu3 KYJbTUBUPOBAHHBIX T-KJIETOK
C UMCMOJb30BAaHMEM BHYTPHUIIMTOIIIa3MaTUIECKO-
ro (GayopecieHTHOTro OKpalllMBaHUS ITUTOKUHOB
(B yactHocTH, UHTEpdepoHa-ramma, [FNy) ¢ mo-
MOIIIbIO  MYJbTUIIAPAMETPUUYECKON TPOTOYHOM
LHUTOMETPUU. AJIbTEpHATUBOW JaHHOMY Jiabopa-
TOPHOMY METONY SIBJISIETCSI MPOBEAEHUE KOXHOI
npoObl 51 UCHOJb30BAaHMSI KJIACCUYECKOU pe-
aKIUU TUTNEPYYBCTBUTEIBHOCTU 3aMEIJICHHOTO
tuna (I'3T), B Buge Ty0epKyJIMHOBOW MPOOkI, HC-
MOJIb3YEMOM AJIsI AMarHOCTUKHU TyOepKyJie3a 6oJiee
120 net [8]. KoxxHast mpo6a I'3T He TpeOyeT crienu-
aJbHBIX METOAMK U MpeaHa3HayeHa JJisl IIPOBelIe-
HUS B YCJIOBUSIX MIPOIIEAYPHOTI0 KaOMHETA.

IIpenapat «Koponallepm-PS» paszpabotaH ais
OolleHKM T-KJIETOYHOro MMMYHHUTETa, KOTOPBIA
NpeAcTaBJISIET COOOI CTepPUIbHbBI I U3OTOHUYECKU A
pacTBOp JJIsI BHYTPUKOXHOI'O BBEICHUSI, COAepKa-
U peKOMOMHAHTHBINM TMOPUIHBIN O€JT0K, BKJIIO-
YA YyYaCTKU CTPYKTYPHBIX 0eakoB S, M, N,
E xoponaBupyca SARS-CoV-2, npoayuupyembliii
FeHEeTUYECKU MOAMMUIIMPYEMON KYJIBTYpPOMl KJie-
ToK wtamma Escherichia coli BL21 [1]. Ha ocHoBe
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JIUTEPaTypPHBIX JTAaHHBIX B CTPYKTypy aHTUTEHa
OBLIM BKJIIOYEHBl MMMYHOTI'€HHBIC YYaCTKU CTPYK-
TypHbIX 0eskoB S, M u E KopoHaBupyca, a Takxe
N-6e0K nesrkoMm. Takoil BBIOOP YYaCTKOB aHTU-
reHoB 0ej1koB S, M u E 060cHOBaH JaHHBIMU IO UX
MUMMYHOTE€HHOCTU. N-0€JIOK BKJIIOUYEH LIEIUKOM,
HUCXOs U3 JAHHBIX O TOM, YTO UMEHHO Ha HEro BbI-
pabaTbiBaeTCs CTOMKUN T-KJI€TOUHBIIA UMMYHHBI
OTBeT, a Tak:Xe IN-0eJJoK 3HAa4YMTeJbHO MEHbIIIEe
MOABEPXKEH MYyTallMsIM, YTO 0OeCIeuYruBaeT Crelu-
(GbUYHOCTH IpernapaTa BHe 3aBUCUMOCTH OT T'€HOBa-
puanTa SARS-CoV-2, Ha koTophblii chopMupoBa-
Jlacb MMMYHOJIOrTu4ecKas maMsith [2].

Ilpennapar  mnpemHa3HauyeH  1JS  OLEHKM
T-KJIETOUHOTO WMMYHMUTETa C ITIOMOIIbIO KOX-
HOM MpoOBI B3aMeH TecTta Ha mnponykmnuio I[FNy
T-kineTkamMu nepudepruyeckoil KpoBU B YCIOBUSX
in vitro.

IIpoBeneHHbIE NOKJIUHUYECKUE UCCIAECAOBAHUS
CBUJIETEBCTBYIOT O 0€30MMaCHOCTU pa3pabOTaHHO-
ro mnpernapara JJisi XMBOTHBIX U €ro MPUTOTHOCTU
JUISI TECTUPOBAHUST HAJIUYMS TUIIEPUYBCTBUTEIIb-
HOCTM 3aMeJIJIEHHOrO TUIla Y CEHCUOUTU3UPOBaH-
HbIX KOPOHABUPYCHBIM aJIJIEPreHOM K MBOTHHBIX [3].
DTO MOCHYKWUJIO0 OCHOBaAaHUEM IJis IMpoBeaeHus |
u I da3pl KIMHUYECKUX UCCAEAOBAHUN C LIETbIO
OLIECHKM O€30MacHOCTM MpernapaTra, a TakXe ero
crieudruIYecKo aKTUBHOCTH.

Llenpo wucciaegoBaHus SIBASIJIOCH HW3YyYEHUE
nokasaresieii 0e30MacHOCTU M PEaKTOIeHHOCTH,
a TakXe olleHKa creluduiecKoit aKTUBHOCTHU Mpe-
napata «Koponallepm-PS» y ycl10BHO-310pOBBIX
JIOOPOBOJIBLIEB C MOCTBAKIIMHAIBHBIM U MOCTUH-
GbeKIIMOHHBIM UMMYHUTETOM K SARS-CoV-2.

3agayu uccienoBaHUSI COOTBETCTBOBAIM CTa-
USIM KJIMHUYECKOTO UCCIeTOBAHUS:

Dasa I:

— OlleHKa 0e30MMacCHOCTU W IEePEeHOCUMOCTU

npemnapata «Kopona/lepm-PS» npu ogHokpar-

HOM BHYTPMKOXXHOM BBEIEHMH 3IOPOBBIM JIO-

OpoBoJibLlaM, paHee He OojeBimiuM COVID-19

U He BaKIIMHUPOBaHHBIM oT COVID-19;

Dasa II:

— OlleHKa 0e30IMMacCHOCTU U PEeaKTOT€HHOCTU

npemnapata «Kopona/lepm-PS» npu ogHokpar-

HOM BHYTPMKOXXHOM BBEIEHMH 3OPOBBIM JIO-

OpoBoOJIblIAM;

— orpenejeHue crenuduueckoil aKTUBHOCTU

npenapata «Kopona/lepm-PS» B 1o3e 0,2 M nipu

BHYTPMKOXHOM BBEJICHUYM B CPAaBHEHUM C IJ1a-

11e60 J00pOBOJbIIAM YEThIPEX MCHBITYEMbIX

rpymi (rpymma 1 — mpolreaine BakKIumHaIuo

«OnuBakKopoHa»; rpynmna 2 — mnpolieaiiue

BakuuHauuio «aMm-KOBU/I-Bak»; rpynmna 3 —

npoireniue BaknuHanuio «KosuBak»; rpymnmna

4 — nepeHecimue uHdekuw COVID-19, Ho He

BaKIIMHUPOBAHHbIE) W AOOPOBOJIbIIAM KOH-

TPOJIBHOU T'PYIIIbI (TpyIina 5 — He nepedoJieB-

mue COVID-19 1 He BakKIIUHUPOBaHHBIE);

— CpaBHEHMWE pPe3yJbTaTOB OLIEHKU HaTUu4us
MUMMYHHUTETa T0 pe3yJibTaTaM KOXHOU TMpOObI
U 10 KoJinyecTBY T-kJieTOK mnepudepuydecKoi
KkpoBu, mponyuupyrmomux [FNy B ycioBusx
ex vivo B oTBeT Ha npenapart «Kopona/lepm-PS»
y 1o0poBoJibLieB 1-1, 2-i1, 3-i1, 4-1i u 5-1i rpynm.

Matepuanbl n MeToapl

KnuHuuyeckoe ucciegoBaHue IIPOBOAUIIOCH
cormacHo 1porokoiry CD-PS-01/21 (omobpeHO
CoBeToM MO 3TMKe MHMHHUCTEPCTBA 3ApaBoOOXpa-
HeHus Poccuiickoit Menepannu (mpotokos Ne 298
ot 18.01.2022), pa3penrenne MuHHUCTEpCTBa 3apa-
BooxpaHeHust Poccuiickoii Degepauuu Ne 90
ot 10.02.2022) 1 B COOTBETCTBUU C NPUHSITHIMU
HOpPMaMM U IIpaBUIaMM MPOBEACHUS KIMHUYEC-
Kux ucciaenoBanuii. KnmHuyeckoe mMcciaegoBaHme
HIPOBOAUIOCHL B OTHCACHUM KJIMHUYECKUX MC-
neiTaHuii PegepalibHOIO OIOIXETHOIO yupexkie-
Hus Hayku «CeBepo-3amaaHblii HAy4YHBIA LIEHTP
TUTUEHBI M O0LIECTBEHHOI'O 3[I0POBbSI».

Bcero B pamkax I-II ¢a3bl KINMHMYECKOTO HUC-
ciaenoBaHus 325 1o6poBoJbLEeB (42,5% — MyxX4u-
HbI, 57,5% — XEHIUMHBI, CPSAHUI BO3pacT 100po-
BOJIbLIEB cocTaBus 42,36%+15,95 net, Bo3pacTHOM
uHTepBal — 18—92 meT) mpomuim 3Tar CKpUHUH-
ra, U3 HUX BKJIIOYEHO B nccaegoBaHme 289 noobpo-
BoJibLEB (42,2% — MyXuuHbl, 57,8% — XeHIIU-
HBI, CpeaHUt Bo3pacT coctaBui 43,18+15,95 ner,
BO3pacTHOM MHTepBal — 18—92 JeT), cooTBeT-
CTBYIOLLMI€ KPUTEPUSIM BKJIOYEHUS B MCCIENO-
BaHUE U HE MMEIOIINEe KPUTEPUEB HEBKJIIOUECHMU S
B MCCJICOBaHUE.

Kpumepuu exarouenus:

1. Haauume mognucaHHOTO U JaTUPOBAHHO-
ro MHGOPMUPOBAHHOIO CcOrjacusi A0OPOBOJIbLA
Ha y4acTue B KJIMHUYECKOM UCCAEA0BAHUHU 10 IIPO-
BeACHMS JII000M U3 ITPOLIEAY P UCCIEIOBAHUS;

2. BospacTt ot 18 neT;

3. Unmexkc wMaccol
1o 34,9 kr/m?;

4. CriocoGHOCTbD IOCETUTh BCE 3allJlaHUPOBaH-
Hble BU3UTHI U BBIIIOJHUTD BCE 3allJIaHUPOBAHHbIE
OpOLEAYPbl K UCCIIEIOBAHUSI;

5. Coracue Ha IMOJHOE II0JIOBOE BO3IepxKa-
HME WU KUCIOJb30BaHue 3(@OEKTUBHOrO METOaa
KOHTpaLEeNUUU B TEYEHME BCEro MCCJIeIOBaHUS
(no nHsa 7);

6. J1oGpoBoOJIeLl COOTBETCTBYET OJHOMY M3 CJie-
OYIOIIMNX YCIIOBUIA:

a) BaKIIMHUPOBaH BaKIIMHOU « O Bak KopoHa»

(cornmacHo PenepalibHOMY PErucTpy rpakiaH,

BakLuHUpoBaHHBIX 0T COVID-19) He MeHee

yeM 3a 14 1 He OoJiee yeM 3a 180 qHel 10 BKITIO-

YeHU s B UCCIIENOBAHNE;

0) BakmmHUpoBaH BakuuHON «['amM-KOBU/I-

Bak» (cormacHo ®DenepajbHOMY PErUCTPY

rpaxjagaH, BaKIMHUpoBaHHBIX oT COVID-19,

tena (MUMT) ot 18,5
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T.B. CaBuH 1 ap.

MHdekumns n uMmyHuTeT

TO €CTh IMOJIYYMBIIUX BTOPYIO T03Yy JIBYXKOM-
MOHEHTHOM BaKIWHBI TPW TIEPBUYHON BakK-
UHAIMKM WU TOJYYUBIINMX 03y BaKIIMHBI
«CnytHuk-JIaiiT> B pexxuMme peBaKIIMHAIIMM)
He MeHee yeM 3a 14 u He Oosiee yeM 3a 180 mHeit
JTO BKJIIOYEHM S B ICCJIEIOBAHUE;

B) BakKIIMHUpPOBaH BaklnHOU «KoBuBak» (co-

racHo DenepalbHOMY pETUCTPY TpaxniaH,

BakLMHUpoBaHHBIX OoT COVID-19) He MeHee

yeM 3a 14 u He 6oJiee yeM 3a 180 mHel 10 BKIIIO-

YeHU S B UCCJIEIOBAHUE;

r) nepeHec uHpekuuw COVID-19 (To ecTh

WMeeT BNUIEMHOJIOTMYeCcKUii HoMep B 0ase

naHHbIX PocrnorpebHaa3opa) ¢ gaToil BbI3IO-

POBJICHM ST HE MeHee YeM 3a 14 u He 6osiee yeM 3a

180 nHeit 1o BKJIOYEH WS B UCCJIeIOBaHUE, HO He

BakuuuHupoBaH ot COVID-19 (To ecth oTCyT-

cTByeT 3anuch B MenepaibHOM perucTpe rpax-

JaH, BakMHUpoBaHHBIX oT COVID-19);

n) He mnepeHocua uHpexkuuio COVID-19 (to

€CTh OTCYTCTBYET BIUIEMUOJOIMYECKUU HO-

Mep B 0a3ze maHHbIX PocnoTpebHan3opa) U He

BakuumHupoBaH oT COVID-19 (st ®aszwr I unm

st pyrimnet 5 B @ase 11).

Kpumepuu neexarouenus:

1. HeTckuii Bo3pact go 18 net;

2. bepeMeHHOCTb U MEPUOJ TPYIHOIO BCKAapM-
JIUBaHUS;

3. BoeHHOcCayXalue U COTPYIHUKU MPaBOOX-
PaHUTEJIIbHBIX OPTaHOB;

4. JIuua, HaxoaslMecsl MOJ CTpaxeil B clied-
CTBEHHBIX U30JISITOPAaX M OTOBIBAIOIIME HAKA3aHU S
B MeCTaXx JIMIIIEHUsI CBOOOJIBI;

5. KoHnTtakThbl ¢ 3a0o0aeBminmMu COVID-19 B Te-
yeHue 14 mHel 10 BU3UTa CKpUHUHTA;

6. CUMNOTOMBI JTIOOOr0 OCTpOro 3abojieBaHMS
Ha MOMEHT BU3WTa CKPUHUHTA;

7. JIroboe ocTpoe 3aboseBaHue, pa3pellBllIee-
Cs1 He MeHee YeM 3a 4 Hefle v 1O BU3UTa CKPUHUHTA;

8. JItoboe ocTpoe 3ab00JieBaHUE OPraHOB JIbIXa-
TEJIbHOM CUCTEMBI MEHEE YeM 3a 3 Mecsi1a 0 BU3U-
Ta CKDMHMHTA;

9. O6ocTpeHne XpOHUUYECKUX 3a00JeBaHUT Me-
Hee yeM 3a 4 HelleIu 10 HavyaJia UCCIeOBaHM S

10. TmnepuyyBCTBUTEIBHOCTh WU aJlaeprus
K JIIOOOMY KOMIIOHEHTY MCCJIeAyeMOro mnperapara
B aHaAMHe3¢e;

11. Hanuyume B aHamHe3de TyOepkyJie3a (jie-
TOYHBII U BHEJIETOYHBII), OHKOJOTUYECKUX 3a00-
JIeBaHUI, ayTOUMMYHHBIX 3a00JIeBaHU M, KOXHBIX
3abosieBaHMI (ITy3bIpUaTKa, ICOpras, 9K3eMa, aTo-
MUYECKHU I 1epMaTuT);

12. dnutenbHoe nMpuMeHeHue (6osee 14 nHeit)
MMMYHOJIETIPECCAHTOB, CUCTEMHBIX ITIOKOKOPTH-
KOCTEpPOUJIOB MJIM MMMYHOMOJYJIMPYIOIIUX TIpe-
nmapaToB B TeyeHUe 6 MecsIeB, MPEaIIeCTBYOIMINX
BU3UTY CKPUHUHTA;

13. TlonoxwurtenbHblii aHanu3 Ha BUY, Bupyc-
Hble renatuThl B u C, cudunuc;

14. BaxknuHauug NPYTUMU BaKILIMHaAMU
ot SARS-CoV-2, 3a UCKJIOUeHUEM TepeyuncCyaeH-
HbeiX: «DnuBakKopona», <«I'am-KOBHM/I-Bak»,
«KoBuBak».

IMpumeuanue. [TaniueHTH, BAKIIMHUPOBAaHHbBIE

BakIMHOI «CnyTHUK JlallT» HE B pexume pe-

BaKILMHALMU (TO eCTh O€3 paHee MPOBEACHHOI

BakKIIMHAIIMM JBYMs J103aMU BakKIMWHBI [am-

KOBHM/I-Bak) Tak:xXe He JOIyCKaJauCh K ydac-

TUIO B UCCJICIOBAHUU;

Bakuunanus 11000 Apyroit BaKIIMHOM B Teue-

HHE OJHOT'O MecsIa, IMPeIIeCTBYIOIIEeTro BU3M-

Ty CKPUHMHTA, UM 3alJlaHMpOBaHHAas BaKIIH-

HallK$ B XOJIe UCCJIEOBAHU .

15. Tlpuem nekapCTBEHHBIX IpenapaToB HUM-
MYHOTJIOOYJIMHA WJIY ITpenapaToB KPOBU B TEUCHUE
MocJIeMHUX 3 MeCsI1IeB 10 BU3UTAa CKDUHUHTA;

16. oHopcTtBO (450 MJI KpPOBU WM ILJIa3MBbl
1 6oJjiee) MeHee YeM 3a 2 Mecslia 10 BU3UTa CKPU-
HUHTA;

17. JIroOble mpouyue OCTpble U XPOHUUYECKUE
3a0o0yieBaHMsI, HAJIMUYME KOTOPBIX IT0 MHEHMIO MC-
cjenoBaTessl JejaeT ydyacTue J0OpoBoJjblla B HC-
cJiemloBaHUM HeOe30IMacCHBIM WJIM HECOBMECTUMO
C CcoOJIoIeHUeM pexXuma, IPeayCMOTPEHHOTro
MPOTOKOJIOM U MOJTyYEeHHUEM JOCTOBEPHBIX JaHHBIX
B XOJI¢ UCCJICTIOBAHUSI;

18. VYuacTue B Apyrux KIMHUYECKUX UCCIEO0-
BaHUSIX C TPUEMOM MCCIIeAyeMOro Ipenapara (Mjin
NpUMEHEHWEeM MEIUIIMHCKOTO W3JIeIns) MeHee
yeM 3a 1 MecsIl 10 BU3UTa CKDUMHUHTA;

19. Jluua c aakorojbHOM, JIEKAPCTBEHHOUW U
HapKoTUYeckoil 3aBucuMocThio. [Ipuem 6osee yem
10 emmHU1L aJiKOTOJIs B Henmeto (1 e. aJIKoToJIs 9K-
BuBajieHTHa 500 mu nuBa, 200 M BuHa nam 50 M
BOJIKM) MJIM aHAMHECTUYECKHE CBEICHU I 00 ajIKo-
rojim3Me, HapKOMaHMHU, 3J0YIIOTPEOJICHUM JIeKap-
CTBEHHBIMH TIpeIlapaTaMu;

20. Hanuuwue ncuxmyeckux 3a00JeBaHUI;

21. HecooTBeTCTBUE KPUTEPUSIM BKIIOUCHUST;

22. s @a3wl | v nj1s1 1OOGPOBOJIBIEB, 3asIBJICH-
HBIX K BKJIIOUEHUIO B I'pyIITy 5: MOI0XUTEIbHBIN
pe3yabTaT aHaiau3a Ha aHTuTtesia K SARS-CoV-2.

Ha nepBoil ¢a3ze uccienoBaHus MpoUELYPY
CKpMHUWHTa npouuiu 28 nodpoBosiblieB. B uccie-
JIOBaHUeE 10 pe3yjbraTaM CKpUHWHTA ObLIN BKJITIO-
yeHbl 20 10OPOBOJIbLIEB, paHee He TEPEHOCUBILIUX
HOBYIO KOpPOHaBUPYCHYIO WH(MEKIIMIO M HE Bak-
HUHUpOBaHHbIe TpoTUB Hee. Ha dasze | uccieno-
BaHUS pacrlpelnesieHusT ToOpPOBOJIbIIEB Ha T'PYIIIe
M MacKUpPOBKa JaHHBIX HE TIPOBOIMJIACH.

Ha Bropoii ¢da3e wucciaegoBaHMUs MPOLEAYPY
CKpyMHMHTra mpourau 297 poGpoBoJibleB. B wmc-
cJieloBaHue, 1O pe3yjbTaTaM CKPMHMHTra, ObLIU
BKJIIOUEHBI 269 BOJIOHTEPOB, COOTBETCTBYIOIIMM
KpUTEpH s BKIIOUEHUSI.

Ha ¢aze Il ucnbeiTyeMble 1O0OPOBOJIBIBI, OTO-
OpaHHBIE TT0 KPUTEPUSIM BKJIIOUSHUST M HEBKJIIOYUE-
HUS, OBUIY pa3/iesieHbl Ha MSTh TPYIIIL:
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KnuHnyeckoe nccneposatue «Koponallepm-PS»

— Ipynna I (n=79) — BHYTPUKOXHOE BBEICHUE

«Koponalepm-PS» B no3e 0,2 mJ auuam, Bak-

LMHUPOBAHHBIM BaKIMHOU «DnuBakKopoHna»

(Cornacuo MenmepaabHOMY PETUCTPY T'paskKaaH,

BakLIMHUpoBaHHBIX OT COVID-19);

— Ipynna 2 (n = 82) — BHYTPUKOXHOE BBeJE-

Hue «KoponalepM-PS» B moze 0,2 M quiam,

BaKLIMHUPOBAaHHBIM BaklinHoit «['am-KOBW/I-

Bak» (CornacHo ®DemepalbHOMY pETUCTPY

rpaxaaH, BakiuHuUpoBaHHBIX OT COVID-19);

— Ipynna 3 (n = 25) — BHYTPUKOXHOE BBeJe-

Hue npenapata «Koponallepm-PS» B 1o3e 0,2 M

JIMIIaM, BaKIIMHUPOBAaHHBIM BakKIuHOU <«Ko-

BuBak» (CornacHo ®DenepaibHOMY pETUCTPY

rpaxaaH, BakiuHuUpoBaHHBIX OT COVID-19);

— Ipynna 4 (n=_80) — BHYTPUKOXKHOE BBEICHUE

npenapata «Koponallepm-PS» B noze 0,2 M1 J1u-

naMm, nepeHecmium nHbpekuuo COVID-19 (To
eCTh MMEIIIMX 3MUAEMUOJOTUYECKU HOMEp

B 0a3e naHHbIX PocnoTpedbHan3opa), HO He Bak-

nuHupoBaHHbIM 0T COVID-19 (TO ecTh OTCYT-

cTByeT 3anuch B @eaepaaibHOM perucTpe rpaxk-

JIaH, BaklMHUpoBaHHBIX 0T COVID-19);

— Ipynna 5 (n =23) — BHYTPUKOXHOE BBEICHUE

npenapata «Kopona/lepm-PS» B no3ze 0,2 mu1 iu-

1aM, He repeHocuBIIMM UHp ek COVID-19

(TO ecTh C OTCYTCTBUEM 3IMUAEMHUOJIOTUYECKO-

ro HoMmepa B 0a3e naHHbIX PocrioTpeOHan3opa)

M He BakLIMHUpoBaHHBIM oT COVID-19 (To ecTh

OTCyTCTBYeT 3anuch B MeaepalbHOM pEeTUCTpe

rpaxnaH, BakiuHUpoBaHHbIX 0T COVID-19).

Ha d¢aze II pgobpoBoablly OIHOMOMEHTHO
Beonwmiicst Ilpenapar Ne 1 («Kopona/lepm-PS»)
n Ilpenapar Ne 2 (Harpus xjmopua Oydyc pac-
TBOPUTENb JJISI MPUTOTOBJIEHUS JeKapCTBEHHBIX
dopm mast mabeknuit 0,9%). Tlpenapatsl Habupa-
JIMCh B IIMPUILIBI TAKUM 00pa3oM, 4TO T10O0POBOJIb-
116l HE MOTJIM 3HATh MECTO BBEJICHM ST UCCIICYEMOTO
npernapara u rianeoo.

MaxkcuMabHBII CPOK YYacTUsl Ui KaXXI0ro
n0o0OpoBoJiblIa B UccliefoBaHUM Kak ¢dasbl I, Tak
u daswl Il coctaBasa 13 gHeit:

— nepuon ckpuHuHra (Busut 0) — 1o 7 cyToK;

— aMOyJ1aTOpHOE HaOIoaeHe — 6 CYyTOK.

B cnyuyae ecnu y 1o6poBosiblla OTMEYaIUCh He-
npeaBUIeHHBIC HeXelaTeIbHbIe PeaKIIuH, TT0 0CO-
OoMy 3ampocy MeIWIIMHCKOTO MOHUTOpa I00po-
BOJIBILY IIpeiJiarajioch OCTaBaThCsl 1O HaOIo/Ie-
HHMEM Bpada-ucCaeaoBaTelsi 10 TTOJHOIO BBI3I0-
POBJICHU ST UJIM CTAOMJIN3AIIY COCTOSTHU SI.

I'pacdhuk mpoBeaeHU S TIpOLEeaYp KIMHUYECKOTO
KCCJIENOBAHMS MpeacTaBJieH B TaOI. 1.

J71s1 olleHKM 6€30MacHOCTU U MEPEHOCUMOCTU
npenapata «Kopona/lepm-PS» Ha mnepBoM 3Ta-
ne (dpaza I) ucciaemoBaHue MPOBOAUJIOCH B OAHOM
rpyIine u 0e3 KogupoBaHUs Ipenaparta. JJaHHBIN
NV3aliH TTO3BOJIMJI B TIOJIHOW Mepe OLEHUTh Oe3-
OMMacHOCTh TIperapara, ero MmepeHOCUMOCTh, 4YTO
MO3BOJMJIO MEepeTH Ko BTOpomy atamy (dasza II)

ncciaemoBanus. Pa3za Il npeacrapistiia codoii mpo-
CcTOoe cJIeroe I11a1ed0-KOHTPOJUPYEMOE HUCCIIe-
JIOBaHUWe, HallpaBJIeHHOE Ha OILIEHKY 0e30ITacHO-
CTHU M PEeaKTOTE€HHOCTH MCCJIelyeMOro Iiperapara,
a TakXXe ero CIienuIecKoil aKTUBHOCTH Y JINII,
BaKIIMHUPOBAHHBIX Pa3IMYHBIMM BaKIWHAMU
M Yy TIEpEeHEeCIINX KOPOHABUPYCHYIO HHQEKIINIO,
B CpPaBHEHMU C JOOPOBOJIbIIAMU, paHee He TTIePeHO-
cuBmiuMu uHPpekuno COVID-19 u He BaKLIMHU-
poBaHHBIM OoT COVID-19, a Takxe T-KJieTOuHOTO
MMMYHHOT'O OTBETa Ha CIIeIUPUIEeCKIe aHTUTESHBI
SARS-CoV-2 y no6poBosbleB. JJaHHBIA nu3aiH
MO3BOJISIET CHU3UTH PUCK JIOKHBIX MECTHBIX U CU-
creMHbIXx HS Gnaromapsi mpruMeHEeHUIO OAHOBpE-
MeHHO ¢ UII nnauebo, a Takxke MOJy4yuTh OoJiee
TOYHYIO MH(OpPMaAINIO O TIEPEHOCUMOCTH IIperna-
pata «KoponalepM-PS».

JlabopaTopHble U MUHCTPYMEHTaIbHble MeToAbI
obcnepoBaHus

Daroopoepagusn. PeHTreHOIOrn4eckoe uccie-
MOBaHME JETKUX OCYIIECTBISIOCH Ha 3Tane CKpu-
HUHTa TIpU OTCYTCTBUHM JOKYMEHTHPOBAHHBIX
naHHbIX 0 npoxoxaeHun DJII' B reuenue 1 roga
10 CKPMHHWHTA.

Inexmporkapouoepagus. CranmaptHas IDKI
B 12 oTBeneHUsIX TpoBOoAMIAChH BO BpeMst BusuTa 0
(ckpunHuHra). Paciuungposka DKI npousBoauiach
BpauyoM, oOJialalolIUM JOCTaTOYHOM KBaJauduka-
1ueii, Y4ToObI MpaBUJIbHO paciundpoBaTsh DKI.

Kaunuueckuit anaauz kposu. Y KaxKJaoro noopo-
BOJIbIIA MCCIEOOBAUCh CJCAYIONIME MOoKa3aTe/lu:
KOJIMYECTBO 3PUTPOILUTOB, JEHKOIIUTOB, TPOMOO-
LIMTOB, YPOBEHb TIEMOIJIOOMHA, JIeHKOLUTapHas
¢dopmyna anmapaTHbIM METOAOM Ha aHaau3aTope
«Horiba ABX Pentra 60». CKOpocTb OcenaHusl 3pu-
TPOLIMTOB oNpeaeisiachk mo Metony IlaHueHKoOBA.

buoxumuueckuit anaruz kposu. belnu omnpene-
JIEHBI CJIeAyIollre MmoKa3aTeJau: aKTUBHOCTb dep-
MEHTOB aJlJaHMHTpaHCaMMHa3bl, acmapTaTpaHca-
MMHa3bl, JJAKTaTACTUAPOTreHas3bl, IIeJ04HOMi doc-
darasbl, XOJeCTepUH, OOLINI OeloK, oOIuii Ou-
AUPYOUH, TIIOKO3a, KpeaTUHUH, MmoueBruHa, CPBb,
a TakxXe OoOIuili ypoBeHb HWMMYHOIJIOOYJIMHOB
knacca E (IgE) Ha aBTomaTuyeckoM aHaimuzaTope
Furuno CA-270 MeTogoM TypOUIUMETPUU C UC-
nojb3oBaHueM peareHToB «JuaC» mpousBoacTBa
AO «JIMAKOH-IC».

Koaeynoepamma. TlpoBoauiioch onpeneyaeHue
MoKas3aTejie CBEePTHIBAIOIIEH CUCTEMbI KPOBU
(MHO, AYTB, ¢pubpuHOreH) KJIOTTUHTOBBIM Me-
TOOOM C KCIIOJIb30BaHUEM pPEareHTOB MPOM3BOJI-
ctBa «HITO Penam».

HUccaedosanue na BUHY, ecenamum B u C.
WccnenoBaHue Ha BUPYC MMMYHoaeduUIIMTa 4e-
JIOBeKa MPOBOAMJIOCH MYyTEM OIIpeneICHUST aHTU-
Ten Kk BUY ¢ momomikio Habopa peareHTOB IJis
MUMMYHO(EepPMEHTHOTrO BBISIBJICHM ST aHTUTEJ
K BUpycaM MMMYHoaebhuIuTa yejaoBeka 1 u 2 tu-
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TaGnuua 1. Fpaduk nposegeHns npoueapyp KJIMHN4eckKoro uccieposaHua

Table 1. Clinical trial schedule

UHbekuus,
CKPUHUHT | HAOnaeHue Ha6niopeHue
Screening Injection, Observation
observation
Buanut 0 Buaut 1 Busurt 2 Busut 3 Busut 4
WUccneposanus n npoueaypbi Visit 0 Visit 1 Visit 2 Visit 3 Visit 4
Event 1 cytkm nocne | 3 cyroknocne | 6 cytok nocne
OeHb ot -1 MHDbEKLUU MHDbEeKLUN MHbEeKLUU
no -7 (+24 y=2 y) (+72 4y£3 y) (+144 y£4 v)
Day from -1 1 day after 3 days after 6 days after
to-7 injection injection injection
(+24 h+2 h) (+72 hx3 h) (+144 h4 h)
MonyyeHne NUCbMEHHOTO
MHGOPMUPOBAHHOIO cornacus X
Informed consent form
CGop 1 perucTpauus aHaMHe3a X
Anamnesis
Co6op nemorpacpuyeckmx
M aHTPOMOMETPUYECKUX JaHHbIX
. . X
Demographic and anthropometric
data
CGop AaHHbIX N0 CONYTCTBYIOLEi
Tepanuu X X X X X
Concomitant therapy info
¢I/I3I‘/IKaJ1beIV.I ocmoTp X X X X X
Physical examination
ButanbHble nokasatenu (A4, HCC,
Y44, repmomeTpus) )
Vital signs (blood pressure, heart rate, X X X X X
respiratory rate, thermometry)
B3siTne KpoBU U3 BeHbI ANd
6GMOXMMUNYECKOr0, KTMHUYECKOTO
aHanusa KpoBu, Koarynorpammbi X X
Blood for biochemical analysis, clinical
blood test, blood clotting tests
BaaTtue kpoeu 3 BeHbl Ha BUY,
renatutbl B u C, cupunuc X
HIV, HBV, HCV, Syphilis tests
OT160p MOYM AN NPoBeeHuUs
obLuiero aHanusa Mo4m X X
Urine test
B3siTne KpoBU U3 BEHbI A1d
onpepeneHus aututen k SARS-CoV-2
B UDA X
Quantitative ELISA to Detect Anti-
SARS-CoV-2 IgG
B3siTne kpoBu U3 BeHbI ANd
onpepenenus odwero IgE X X
Serum IgE
B3siTme Ma3KoB U3 HOCOTNOTKU
(vunu potornotku) Ha Hannyue PHK X
Bupyca SARS-CoV-2
PCR Test for COVID-19
OueHka T-kneTo4HOro MUMMyHUTETa
B YC/TIOBMSIX EX ViVO C NOMOLLbIO X8 X80
NPOTOYHOW LUTOMETPUU
T-cells IFNy production test
®dniooporpadus
X
Fluorography
Tect Ha GepemMeHHOCTb®
X X
Pregnancy test?
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UHbekuuns,
CKpuHUHI | HaOnopeHue HaGniopeHue
Screening Injection, Observation
observation
Buant 0 Buaut 1 Buaurt 2 Busur 3 Busut 4
WUccneposaHus u npoueaypbl Visit 0 Visit 1 Visit 2 Visit 3 Visit 4
Event 1 cytkunocne | 3 cytoknocne | 6 cytoknocne
AeHb ot -1 NUHbEKUUN NHbEKUUN UHbEKLUMN
no -7 (+24 42 y) (+72 4£3 v) (+144 44 v)
Day from -1 1 day after 3 days after 6 days after
to-7 injection injection injection
(+24 h%2 h) (+72 h=3 h) (+144 hx4 h)
nposeneuqe 9Kr X X X v v
Electrocardiography
OueHka KpuTepueB BKIIOYEHUS/
HEBKJII04YeHUSs
. . . . X X5
Evaluation of inclusion/exclusion
criteria
WHbekuusa npenapara
«KopoHaflepm-PS» (v nnaue6o gna
dasbi 1) X
“CoronaDerm-PS” injection (and
placebo in Phase Il)
OueHka o0LWwmx peakuui
) . N X8 X X X
Systemic reactions examination
OueHka MEICTHI:IX pegxu,!nu X6 X X X
Local reactions examination
OueHKa annepruyeckux peakuum
. . o X8 X X X
Allergic reactions examination
OcmoTp apneproqorg X7 X X X
Allergologist examination
NamepeHue KoXHOI NpoObl
, X X X
Skin test measure
KoHTponb 32 BO3MOXHbIM
passutuem HA n CHS X X X X
AE and SAE monitorting
3anonHeHne nepBUYHOMN
AOKYMEHTaLUW 1 NepeHoc
nHdpopmaumm 8 UPK X X X X X
IRB/IEC records

Mpumeyanue. 'Kpatkuit GusnkanbHbIi OCMOTP Nepes, NPOBeLEHNEM MHBEKLMM (06LLEE COCTOSIHME, KOXA U CIN3UCTbIE 060/104KN, AbIXaHUE,
cepauedreHne, X1eoT); 2TepMOMETPUS Nepea NPOBEAEHNEM MHBbEKLIM, 3aTEM BCE BUTaNbHbIE Noka3aTenu Yepes 0,5, 1, 1,5 1 2 4 nocne uHbekuum;

3 NS XEHLLMH, CNIOCOOHBIX K AETOPOXAEHUIO; “Npr HEOBXOAMMOCTHU (MO Moka3aHWsM); KpaTkoe NOATBEPXAEHNE KDUTEPUEB B MMCbMEHHOM BULE;
54yepes 0,5, 1, 1,51 2 4 nocne nebekuwmn; “ocMoTp anneprosora Yepes 30 MuHYT 06s3aTenNeH, Aanee BoINONHANCS Mo nokasaHuam; S Takxe npoBeaeH
nogcyet cybrnonynsuuit CD4*, CD8* T-numcdOoLMTOB 1 X COOTHOLLEHMS ; Tonbko ans rpynn 1,21 3 (Pasa ll).

Note. 'Short physical examination; 2thermometry before injection, then vital signs in 0.5, 1, 1.5, 2 hours after injection; *woman only; *if required; ®short
confirmation of criteria; ©0.5, 1, 1.5, 2 hours after injection; 7 allergologist examination 30 minutes after injection necessary, another visit if required;
8CD4*, CD8" T cells, CD4*/CD8" ratio tests also; *group 1, 2, 3 only (Phase Il).

noB «Komoubect antu-BUY-1+2» (AO «BekTop-
bect»). UccnenoBanue Ha HajJauyue MOBEPXHOCT-
HOTO aHTUTEeHa BUpyca renaruta B m cymmapHBIX
aHTUTeN K BUpycy renatuta C MMpoOBOIMIN XeMHU-
JIIOMUHECIIEHTHBIM MMMYHOQHAaJIN30M C WCITOJIb-
3oBaHueM «<ARCHITECT» Abbott.

Obwuti anaau3 mouu. BeIJTU UCCIEIOBAHBI CIEAY-
oI ME TTOKAa3aTeIN: TPO3PavHOCTb, IIBET, YACIbHBII
Bec, pH, 6enok, rioKo3a, JEMKOLUTHI, 3pUTPOLIU-
THI, IAJUHAPHI, COIU, CJIN3b, SITUTENINI, 0aKTeprH,
OMIUpPYOUH, KETOHbI, HUTPUTHI, YPOOUJIMHOIEH
Ha aBTOMaTtuyeckoM aHaausatope Siemens Clinitek
Status Plus MeTOnOM «CyX0Oil XUuMUW».

Onpedenenue anmumen k SARS-CoV-2. Conmep-
KaHUe CIeu(pUIecKUX aHTUTEN OMpPenesioch
B 00pa3liax CBIBOPOTKU JOOPOBOJIBIEB C TOMOIIBIO
Habopa peareHTOB [IJIsI UMMYHOMEPMEHTHOTO KO-
JIMYECTBEHHOTO OMpeaesIeHUsI aHTUTEJ YeJloBeKa
kJjacca IgG k N-6eaky SARS-CoV-2 («N-CoV-2-
1gG PS») cormacHO MHCTPYKIIUU TTPOU3BOAUTEN S
(®BYH HUMU sniuneMuonorui 1 MUKpOONOIOTU Y
umeHu Ilactepa).

Onpeoenenue naruuuss PHK SARS-CoV-2 ¢ masz-
Kax uz Hocoearomiku (uau pomoeromiu). OnpenesieHue
Hanuuus u KoHueHtpauuu PHK SARS-CoV-2 B 06-
pa3iax OMONOTUYECKUX XKHMIAKOCTEH ITPOBOANIHN
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metonoM RT-PCR. Beiaenenne PHK wu3 Bcex 006-
paslioB, B TOM YHUCJE€ KOHTPOJIbHBIX, MPOBOAMUJIOCH
C UCMOJb30BaHUEM KOMILJIEKTAa peareHTOB ISl BbI-
nenennss PHK/JTHK u3 k1imHMYeckoro marepuasia
«PUBO-tiper» (PBYH LHHWUUN Dnunemuonaorumn
PocrnioTpebHan3opa) corjiacCHO MHCTPYKLIUU ITPOU3-
BoauTtens. Onpenenenue PHK SARS-CoV-2 B pe-
aKIMU 0OpaTHOU TPAHCKPUIILIUU, TIPOBOIUIU C UC-
noab3oBaHUeM HabGopa pereHTOB AJIs1 BBISIBJICHUS
PHK xoponaBupyca SARS-CoV-2 B KJIMHUYECKOM
MaTrepuralie MeTOIOM IOJUMEepPa3HON LEMHON peak-
oMU B peadbHoM BpemeHu («COVID-2019 Amp»)
corjacHO WHCTpyKuuu TpousBoautessi (PBYH
HHWMN snuaemMuojorum 1 MUKpOOUOJIOTUU UMEHU
TTacTepa). Pe3yabraThl UCCAeAOBAHUS UHTEPIIPETU-
pOBaJiM B COOTBETCTBUU C UHCTPYKIIUEN K HAOODY.

Ouenka T-kaemouHo2o umMmMyHumema 8 YcAO0-
8UAX €X VIVO ¢ NOMOUWbIO NPOMOYHOU UUMOMEMPUU.
IMposenenns ouenku npoaykumm IFNy CD4*
T-numpouuTaMu NPOBOAUIOCH MO CJeAYIOIIEMY
MPOTOKOJY UCCIENOBAHU .

B3sTre BeHO3HOIT KPOBU JOHOPOB OCYILECTBIISI-
JIM B TIpoOMpKU ¢ nobasieHueM remnapunHa (10 EJ1/
mi). KpoBb cMmeliMBaiu co CTEpUJIbHBIM (hU3uo-
JIOTUYECKUM pacTBOpoM, 3a0ydepeHHbIM ¢ocda-
Tamu (3®P) B cooTHomeHnn 1:2 W HaclanBaHUU
Ha rpaaueHT niaotHoctu 1,077 r/mn Histopaque-1077
(Sigma-Aldrich, CIIA), mocyie yero ueHTpudyru-
poBayiu B TedeHue 30 muH nipu 400g 1 Temneparype
18—22°C. Tlo 3aBepuieHUU LEHTPUDYTUPOBAHUS
cobupaliu cJIoil MOHOHYKJI€apHBIX KJIETOK, 00pa3o-
BaBIIMICS Ha rpaHulle paszaeia ¢a3s. [loayyeHHYy1O
CYCIIEH3MIO KJIETOK JABaXXIbl OTMBIBAJIU ITOJTHOU
KyabTypanbHoii cpenoii (ITKC), mpurotoBiieHHOMU
Ha ocHoBe RPMI-1640 (Buonot, Caukt-IleTep6ypr)
¢ nob6apneHueM 10% WHAKTUBUPOBAHHON 3MOpPU-
OHaJbHOU Tenssubeld cbhiBopoTkU (DTC, buosnor,
Cankr-Iletepoypr), 50 MKI/MJA TeHTaMUIIMHA
(buonot, Cankr-IlerepOypr) u 2 MM L-rimytamuHa
(buonot, Cankr-IleTepOypr) B TeueHUe 7 MUH TIpU
300g. ITocyie yero ompeaessiiv KOJAUUECTBO IOIY-
YEHHBIX KJETOK MNpU IIOMOIIM T'e€MOIIMTOMETpA.
JIJIsT TIOCTAHOBKM 3KCIEPUMEHTOB B JIYHKH 96-JTy-
HOYHBIX MIaHIeToB (Sarstedt, [epMaHus1) BHOCUIN
o 200 MKJ1 KJieTouHo# cycnieH3uu (1—2 x 107 kjieTok
B M) B IIKC. B kadecTBe MOJOXUTEJIBHOTO KOH-
TPOJII MpOTeKaHUsl peakuuu ucroab3oBaiu SEB
(Staphylococcus Enterotoxin B) B KoHe4HOIT KOHILIEH-
Tpauuu 1 MKr/mMi. PaBHbBINE 00beM KYJIBTYpaJbHOM
cpenbl, Ha KOTOPOW TOTOBUJU KOHEUYHBI pacTBOpP
SEB, ucnosib3oBajiyd B Ka4yeCTBE HETraTUBHOI'O KOH-
TPOAS TIpOTeKaHUsl peakuuu. s cTUMYTSIUUU
KJeTok npemnapata «Koponalepm-PS» B buHaibHOMU
KOHIIEHTpAallMM 5 MKT/MJI. JIJ1s1 momaBieHusT ceKpe-
LUU HMTOKUHOB KJIETKaMU BO BC€ 00pa31ibl BHOCUJIU
osokarop amnmnaparta ['oapaxu opedenauH-A B KO-
HeuHol KoHUeHTpauuu 10 mMxr/mia. Hanee oGpas-
bl nHKyOoupoBayim nipu 37°C B armocdepe 5% CO,
BTeueHUe 18 u. 1o 3aBepiieH MHKYOAallMKu KJIETKU

pecycrieHaupoBaiu B oxJiaxaeHHoMm 3PP, cogepxka-
muit 2% DTC, nepeHOCUIN B TIPOOUPKU TSI LICH-
TPUDYTUPOBAHUS U IBaXKAbl OTMbIBAJU M30BITKOM
3®DP (300g B TeueHue 8§ MuH). [ToaydeHHYIO CyCITeH-
3110 KJIETOK MCITOJIb30BaIU JTST OLIEHKY BHYTPUKJIE-
TOYHOM MPOAYKIIUY IIMTOKMHOB.

Haee ocylecTBISIIN OKpacKy 0Opa31ioB aHTU-
TeJaMU JJIsI HOBEPXHOCTHBIX aHTUTeHOB CD45R A-
ECD, CD4-PC7, CD3-APC-Cy7, a TakXe KpacH-
TejieM Zombie Aqua, MO3BOJSIIOLIUMM OTIUYUTH
JKVUBBIE KJIETKM OT IIOTHOIINX, B COOTBETCTBUU
C peKoMeHAauusIMU  QUPM-TIPOU3BOAUTEIICIH.
JanbHEWIyo NpoOOITOATrOTOBKY OCYIIECTBIISIIN
IpU TIOMOIIM Habopa IJIsSI OKPAacKW BHYTPHUKJIC-
TOYHbIX aHTureHoB IntraPrep Permaebilization
Reagent 1Mo MHCTPYKIIUU (PUPMBI-ITPOU3BOIUTES.
st BBISIBJICHUST KJIETOK, HAKOIMBIIMX B COCTa-
B€ LIMTOIJIa3MaTU4YecKoro koMmaptMeHThl [FNYy,
npuMeHs M aHTtutena npotuB [FNy uenoseka,
KoHblorupoBaHHele ¢ @OUTIL. Tlo 3aBeplieHUn
MOATOTOBKM O0pa3lloB K aHaIM3y KJETKH pecy-
cieHanpoBaiv B 2% pacTBope HEUTPaJIbHOTO hop-
manuHa Ha PBS. AHanu3 o0pa3noB MpoBOAWIU
Ha nmpoTtoyHoM uTodayopumerpe NovoCyte Flow
Cytometer, ocCHallleHHOM TpeMsl JUOAHBIMU Jia3e-
pamu 405, 488 u 638 HM. B kaxxaom 13 o6pasioB
OLIECHWBAJIM OTHOCUTeNbHOE coaepxaHue [FNy*
kJjeTok ¢ ¢peHorunom CD3"CD4*CD45RA-, pe-
3yJbTaTa Belpaxaiau B Bujae npoueHta [IFNy" num-
douuToB OT 0OIIero yuciaa T-xeamepoB MaMsTU
(CD3"CD4*CD45RA").

Tecm na 6epemernnocms. TecT Ha OEpEeMEHHOCTD
Yy XEHIIIWH C COXpaHEHHBIM PEIPOTYKTUBHBIM MO~
TEHIIMAJIOM MIPOBOAMJIICS B YCIOBUSIX KIMHUYECKO-
ro IeHTpa C TMOMOIIBIO TEeCT-TIOJIOCKU (MMMYHO-
XpoMaTorpaduieckoe ornpeneieHue OeTa-XoOpHuo-
HHMYECKOI0o TOHAJI0TPOIIMHA B MOYe).

Cmamucmuueckas obpabomika OaHHbIX.
st IpoBeneHusT CTaTUCTUYECKOTO aHaJiM3a ObLI
WCITOJIb30BaH TaKeT CTAaTUCTUYECKUX MpPOrpaMm
«IBM SPSS Statistics 26» (International Business
Machines Corp., CIIIA).

B craructuueckylo o00pabOTKy BKJIOYAIUCh
JMaHHBIE, TOJyYeHHBIE OT BCEX YYaCTHUKOB MHC-
cJIeOBaHM I, KOTOPbIE MOJABEPIJIMCH BO3IEHCTBUIO
M3yvyaeMoro Iiperapara, He3aBUCUMO OT CTEleHU
cJIeOBaHM I ITPOTOKOJTY B XO/I€ UCCJICTOBAHMSI.

Hemorpacduyeckre TaHHBICE W MEPBUYHBIE TMa-
paMeTpbl 3PHEKTUBHOCTU OLIEHUBAJIMUCh C TTOMO-
IO TTapaMeTPUUYECKMX M HelmapaMeTpUuIeCKUX
METO/IOB.

OcHOBHBIE J1abOpaTOpHBIE IIOKa3aTeau, II0-
JIydeHHbIE B XOJe HcCcCleaoBaHusI, oOpabaThIiBa-
JIUCh TIO0 TIpaBUJIaM OIMCATEIbHOM CTAaTUCTUKU.
BennunHbl MogoOHBIX MokKaszaTesaeir ObLJIU TIpe-
CTaBJIEHBI B BUJIE CPEIHETO 3HAYCHUST U CTaHIapT-
HOT'O OTKJIOHEHUS WJIM MeIMaHbl U MHTEPKBap-
TUJIBHOIO pa3dMaxa, B 3aBUCHUMOCTHM OT XapakTepa
pacnpeaesieHUsT OlIeHMBaeMOro Mpr3HaKa.
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JlaHHbIe O 6€30MaCHOCTY OLIEH M BAJIMCh M0 Ya-
CTOTE BBISBJICHUS HEXeJaTeJbHBIX SIBJCHUN.
Yacrotsl pazsutus HS/CHS u npyrux npu3HakoB
B Ipymnnax (4aCTOTHBIN aHaJIn3) CpaBHUBAJIU C MO-
MOILIbIO KPUTEPUST XU-KBaapaT (MperuMyIlIeCTBEH-
HO) MJIKM TOYHOTro Kputepus Puiiepa (eciam oxXu-
JlaeMasi yacToTa MpU3HaKa B OMHOW U3 MOATPYIIII
MeHee 5. CpaBHEHME BBIPAXX€HHOCTU IMOOOYHBIX
SBJICHUN (cimabasi, yMepeHHas, TsxXeas) MeXAy
rpynmnaMu NpoBOIUJIOCH C MMOMOIIbIO HemapaMeT-
puyeckoro trecta MaHHa—YUTHU.

Ilpu oueHke Oe30MacHOCTU Mpenaparta s
KJIWHUKO-1a00paTOPHBIX, OUOXUMUUYECKUX U UM-
MYHOOUWOJIOTUYECKUX TloKa3aTeseil paccuuThiBa-
JIOCh cpenHee apuPMeTUYECKOE U ero TOBEepUTEIb-
HBI UHTepBaJ ¢ focToBepHOCThIO p < 0,05.

Pesynbrathl

OueHka 6e3onacHoCcTU Npenapara
«Koponalepm-PS»

HecMmotpst Ha TO 4TO mperapaTt BBOJIMJICS BHY-
TPUKOXHO B MUHUMAaJIbHOU 103€ U HE OXUIaI0Ch
3HAYMMOTO TMPOHUKHOBEHUSI B CUCTEMHBIN KpO-
BOTOK, BBEJEHUE ITpernapara BbI3bIBAJIO PEeaKIINIO
opraHusma, KOTopasi MHOTIa WMejia KJIMHHUYeC-
Kyto MaHudectanuw. [IpoTokojsoM KiIWHUYEC-
KOro HccaeaoBaHUs Obljla MpeaycMOTpeHa KJjac-
cudukalvsg peaklMii Ha MECTHBIE, CUCTEMHBIC
U aJlJiepruyecKue.

O1leHKa MECTHBIX M CUCTEMHBIX PeaKIMii Mpo-
BOJAMJIACh 1O 4-0aJiIbHOM LIKaje (TadJ. 2).

OlleHKY TeMIIepaTypHOUl peaKlUU OCYIIeCT-
BJISUIY TIPU TTIOJIM BITIIEYHOM U3MEPEHU U T10 CIIEAY10-
MM KaTeropusiM:

— otcyTcTByeT < 37°C;

— cnabasg > 37°C — < 37,5°C;
cpenHss > 37,5°C — < 38,5°C;

— cuabHag > 38,5°C.

CBa3b HA ¢ nmpuMeHeHUeM n3ydyaeMbIX Mpena-
paToB OLIEHUBAJIUCh IO KpuUTepusiM BcemMupHoit
opraHuzauuu 3apaBooxpaHeHus (BO3) (tabn. 3).

Peructpanusi HexenateabHbiX sBiaeHuin (HA)
MPOUCXOAMUIa C MOMEHTa BBEIEHUS IIperapara
no Busura 4 BKJIIOUMTENIHHO HAa OCHOBAaHUU JaH-
HBIX, BHECEHHBIX JIOOPOBOJIbIIAMY B MHINBUAYaJTb-
Hble THEBHUKW CAMOHAOJIOICHM ST, a TAKXKE U3 yCT-

HBIX OIPOCOB NOOPOBOJBIIEB, MPOBEACHUST DU3U-
KaJIbHOrO M JiabopaTOpHOro oOcienoBaHUs MA0-
OpoBoJiblieB. KnuHUYeCcKUe CUMIITOMBI, KOTOPbIE
MOTJIM pa3BUBATBCS TTOCIIE TTOAMUCAHU S MH(MOPMHU-
POBaHHOIO COTJIaCUsl, HO 10 MIPUMEHEHMU ST UCCIIeNy-
eMOoro Ipenapara, perucTpupoBaIuCh Kak (haKThbl
aHaMHe3a, a He KaK HeXeJlaTeJbHbIe SIBJICHU .

Ilpu monydyeHuu vcciaenoBaTeseM WHGbOpMauu
0 Bo3HUKHOBeHuu H mpu HeobxoammocTtu Mor
ObLJI Ha3HAYEH BHEIMJIAHOBBIM BU3UT B UCCJEIOBA-
TEJbCKUU LIEHTP B OJMKaiilliee BO3MOXHOE BpeMs.
Ho6poBobly ¢ HA okasbiBasach HeoOxoamuMast Me-
TUIIMHCKAsI TOMOIIb. [Tpy BHEITJIaHOBOM BU3UTE UC-
clJiefoBaTelib pellaj BOIPOC O BO3MOXHOCTU NaJib-
Hel1ero yyactusi 106poBoJIblia B UCCJIEIOBAHUU.

IMpyn HaMYMY MOKa3aHUH MO PElIeHUIO Bpaya-
HUCCeIoBaTeIsl U Jiedalllero Bpaya MOTJI ObLJIU BbI-
MOJTHEHBI JTOTOJHUTEIbHBIE KIMHUYECKUE W/WJIN
JIabOpaTOPHO-MHCTPYMEHTAJbHBIE UCCIECIOBAHUS
MPU BHETJIAHOBBIX BUBUTAX 1/MJIU B Clydyae OTCYT-
ctBUs paspeweHus HA k momeHTy Busura 4.

Ha nepBom aTane (¢pasza I) HA ormeuanuch y 12
J100poBoJIbLIEB, Bcero 45 HA ciaGoii (n = 39, 86,7%)
U cpenHeil (n =6, 13,3%) cTerneHu BBIPaXXEHHOCTH.
Ilpu stom HA cpenHeilt cterneHU BbIpaxk€HHOCTU
MMeJIM COMHUTEIbHYIO (N = 5) U He MojJiexalryo
Kiaccudukanusg (n = 1) cBI3b C MUCCIAEAYEMbIM
npernapatoM. HexenaTeabHble SIBJIEHUS Caaboi
CTeNeHU BbIpakeHHOCTU uMenu cBa3b ¢ UIT pas-
HOM CTEIEeHU BbIPAaXXEHHOCTU:

e ornpeneyieHHas (n = 9);

e BeposiTHas (n = 1);

e BO3MOXHad (n = 5);

e COMHUTENbHAs (n = 24).

Bce HA ormeuaBimiuecss Ha TiepBOM 3Tarme
(bazal) uccnenoBaHu s 3aKOHYMUJIMChH BbI3IOPOBJIE-
HHUeM/pa3pelieHueM. TpeM 100poBOJIbIIaM ITOTpe-
OoBaJicsl mpueM JIeKapCTBEHHbBIX CPEICTB C LIEJbIO
KynupoBaHUus cumntomatuku HA.

Ha mepBoM stane (dbaza 1) HA, umeromiue
onpeaejeHHY0 (n = 9), BeposdTHY10 (n = 1) 1 BO3-
MOXHYI0 (n = 5) CBSI3b C BBEAECHUEM Iperapara,
OBbLIIM TIpeaCcTaBIeHBbl «oXumaeMbiMu» HS, numenn
ciabylo CTeNneHb BhIPAaXXEHHOCTU U He MoTpedoBa-
JIM IPUMEHEHUST Mep AJIsT KyNMpOBaHUS TaHHBIX
KJIMHHWYECKUX ITposiBiaeHu . HexxeraTeabHbIe Mpo-
SIBJIGHUW ST, UMEBIIIVE CPEIHIOI CTEIeHb BhIpakeH-

Ta6nuua 2. OueHkKa BbipaX€HHOCTV CUMMNTOMOB NO 4-0annbHOM WKane

Table 2. Assessment of the symptom severity

0 OTcyTcTBYyeT OTcyTCTBME CUMNITOMOB
Absent Absent of the symptoms

1 Cnabas Hanuuue cnaboBbipaXeHHbIX CUMNTOMOB
Mild Mild symptoms

2 CpenHas CvMNTOMBI, 3aMETHO HapyLUaioLw e HOPMaNbHYIO eXXEAHEBHYIO AeSATENIbHOCTb
Moderate Symptoms that significantly interrupt normal activity

3 CunbHas CvMNTOMBI, NPENATCTBYIOLLME HOPMaNbHOW €XXeAHEBHO AeaTeNbHOCTH
Severe Symptoms that prevent normal activity
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HOCTH, OBLJIM paclieHEHbl KaK MMEIOIINEe COMHM-
TEJAbHYIO WJIM HEe TOJJIeXKAIlylo KJIacCUuUuKanumu
cBs13b ¢ IT1. Cepbe3HbIX HeXXeJaTeIbHBIX SIBJICHU I
WJIU JIETAJIbHBIX UCXOMIOB He oTMevaJioch, HSI, mo-
TpeOOBaBIINX MPOJICHUS TepHroia HaOIIOACHUS
WJIUM BHEMJAHOBBIX BM3UTOB B MCCIENOBATEb-
CKMI LIEHTP, TaKXe HEe OTMeyaJioch. TakKuM 00-
pa3om, Ha ¢a3e | ucciaemoBaHus Obljia MOATBEPXK-
JieHa 0e30ITaCHOCTh U IePEeHOCUMMOCTh IIperapara
«Koponalepm-PS» y 100poBoOJIblLIEB.

Ha BTopowm atamne (daza II) HA 6111 3acpukcu-
poBaHBI y 167 1o6poBobIIEeB, Bcero 433 HX ciraboit
(n =383, 88,5%), cpenneit (n=42,9,7%) 1 cuabHOI
(n =8, 1,8%) creneHn BeIpaxkeHHOCTU. M3 0011IE-
rouucna HA 192 (44,3%) HexenaTebHbBIX SIBJICHU ST
OBLJIM paclieHeHBI KaK MecTHBIe, 235 (54,3%) — Kak
cucremuble HA, a 6 (1,4%) — Kaxk ajjieprudyeckue
HeXeJlaTeJIbHbIe siBJIeHus1. HekeaTelbHbIe SIBJIC-

HUS CJIa0O0i CTeIeHU BBIPaXKEHHOCTU MMEJU Clie-
JIyIol1y1o cBs3b ¢ BBeneHue UIT:

e onpedeneHHas (n = 156, 40,7% ot oO6iiero

yucia H cnaboii ctenneHu BhIpaskeHHOCTH);

e BeposiTHas (n = 11, 2,9%);

e Bo3MOXxHag (n =44, 11,5%);

e coMmHUTENBHas (n = 168, 43,9%);

e ycaoBHasd (n =2, 0,5%);

e He mojuiexalnas kKjaccupukauuu (n = 2,

0,5%).

HexenaTenbHble SIBJIEHUSI CpEeIHEN CTEIeHU
BBIPaKEHHOCTU UMEJIU CJICTYIONIYIO CBSI3b C BBEJIE-
Hue UIT:

e onpeaesieHHas (n = 10, 23,8% ot o011ero 4yuc-

Jga HA cpenHeli cteneHy BbIpaXkKeHHOCTH);

e BeposiTHas (n = 3, 7,1%);

e Bo3MoxxHag (n = 8, 19,0%);

e coMHUTeNbHas (n = 21, 50,0%).

Ta6auua 3. OueHka cBa3u HA ¢c npuMmeHeHnem uccnepgyemoro npenapara

Table 3. WHO-UMC causality categories

CteneHb [,OCTOBEPHOCTH
Causality term

Onpeneneuwe CcTeneHu AOCTOBEpPHOCTHU

Assessment criteria

OnpepeneHHas
Certain

KnuHuuyeckue nposienenus HYl, HapyweHus nabopaTopHbix Noka3aTtenei
BO3HMKAIOT B NepUoA Npuema npenaparta, He MoryT ObiTb 00bSICHEHbI HANIMYMEM
cyuiecTByiolwmx 3abonesanuii u BimsHuem apyrux ¢paktopos. MposeneHus HA
perpeccupyloT nocJjie 0OTMeHbl ieKapcTBa U BO3HUKAIOT BHOBb MPU NOBTOPHOM
HasHavYeHuu npenapara

Event or laboratory test abnormality, with plausible time relationship to drug

intake. Cannot be explained by disease or other drugs. Response to withdrawal
plausible (pharmacologically, pathologically). Event definitive pharmacologically or
phenomenologically (i.e. an objective and specific medical disorder or a recognised
pharmacological phenomenon). Rechallenge satisfactory, if necessary

BeposiTHasa
Probable/Likely

KnuHuyeckue nposenenuns HS, HapylieHus nabopaTopHbIX NOKa3aTesieii CBA3aHbl
no BpeMeHu C npuemMomMm siekapcTea, BpSA I UMEIOT OTHOLLEeHUe K ConyTCTBYIOLLUM
3a6oneBaHusaM unu gpyrum paktTopam, m KOTOpPbie PErpeccupyloT C 0TMEHOIA
npenapata. OTBeTHasi peakLuusa Ha NOBTOPHOE Ha3HaYeHne npenapaTta HeM3BecTHa
Event or laboratory test abnormality, with reasonable time relationship to drug intake.
Unlikely to be attributed to disease or other drugs. Response to withdrawal clinically
reasonable. Rechallenge not required

Bo3moxHas
Possible

be lacking or unclear

KnuHuuyeckue nposienenus HSl, uameHeHus nabopaTopHbix noka3aTenei

CB$I3aHbl N0 BPEMEHU C MPMEMOM Npenaparta, Ho UX MOXHO 00bACHUTb HAJIMYMEM
conyTcTBYlOLWMX 3a00neBaHNii MJIM NPUEMOM APYIUX NEeKapCTB U BAUSHUEM
XUMUYecKux coeauHeHunin. Unpopmaums o peakuum Ha OTMEHY eKapCcTBa HesICHas
Event or laboratory test abnormality, with reasonable time relationship to drug intake.
Could also be explained by disease or other drugs. Information on drug withdrawal may

ComHuTenbHas
Unlikely

KnuHuyeckue nposieneHuns H, uameneHus nabopaTtopHbix NokasaTesneil BOSHUKAOT
npu OTCYTCTBMM YETKOI BPEMEHHOI CBA3M C NPUEMOM JieKapCTBa; NPUCYTCTBYIOT
Apyrue ¢akTopsl (nekapcTea, 3a60neBaHus, XMMUYECK1e BelLecTea), KoTopbie
MOryT ObITb NPUYMHOI UX BOBHUKHOBEHUS

Event or laboratory test abnormality, with a time to drug intake that makes a relationship
improbable (but not impossible). Disease or other drugs provide plausible explanations

YcnoBHas
Conditional/Unclassified

KnuHuyeckue nposenenuns HS, HapyleHua nabopaTopHbIX NoKa3aTesnei,
oTHeceHHble K HA, TpyaHo oueHnBaTh. Heo06X0AMMbI OMONHMTENBHDbIE JaHHbIE
ANS OLLEHKM MU Xe 3TU laHHbIE B HACTOSLL,ee BPEeMS aHaNnn3npyioTcs

Event or laboratory test abnormality. More data for proper assessment needed,
or additional data under examination

He nopgnexauas knaccupukaumm
Unassessable/Unclassifiable

Coo0bweHue o nogo3peBaemoii HP Henb3s oueHUTb, Tak Kak MHpopmauus
Hep0CTaTO4Has U NPOTUBOPEYMNBas.

Report suggesting an adverse reaction. Cannot be judged because information
is insufficient or contradictory. Data cannot be supplemented or verified
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HexenatesbHble SBJACHUS CUJBHOU CTENEHU
BbIPA>KEHHOCTU MUMEJIU CIEAYIONIYIO CBSI3b C BBEE-
Hue UII:

e onpeaesieHHas (n =1, 12,5% ot o61ero yucia

HS cunbHOM cTeneHu BbIpaXXeHHOCTU);

e Bo3MoxHag (n =1, 12,5%);

e cOMHUTENBbHAd (n = 6, 75,0%).

Bce HSI ormeuaBimecst Ha Bropom atarte (pasza I1)
WCCJIeIOBAHM S 3aKOHYMJIMCH BBI3IOPOBJICHUEM,/pa3-
petreHueM. B 93,5% ciyuaeB HSl Hukakux Teparnes-
TUYECKMUX WJIM IUATHOCTUUYECKUX MEP B OTHOILICHUU
HEXXEJIaTeIbHOTO SIBJICHUSI HE TPeaNpUHUMAJIOCH,
KJIMHUYECKUE TMPOSBJICHUS pa3peliuinuch CaMo-
CTOSITEJIBHO B TE€UEHME CPOKa yyacTUsl JOOPOBOJIbLIA
B KJIMHUYECKOM MCCJICIOBAHUU.

Ha BTOpoM sTame (paza II) HA, mmeromue
omnpeaeiaeHHyo (n = 167), BeposiTHyo (n = 14)
M BO3MOXHYI0 (n = 53) cBsA3b ¢ BBEAEHUEM ITperna-
paTa umenu ciadyio (n = 211) u cpenHioo (n = 23)
CTeIleHb BBIPaXeHHOCTH

Taxkxxe ormeueHbl 2 HS ¢ onpeneneHHolt (oTek
B MeCTe BBEACHWUSI) U BO3MOXHOI (IMMOTJAMBOCTD)
CBSI3bIO C HCCJICAYEMBIM IIperipaTaToM, MMEBIIIE
CUJIBHYIO CTEIICHb BBIpaxkeHHOCTU. OTeK B Me-
CTe BBEIEHUS IMpernapara, BeposiTHee BCEro, uMesn
AJIJIEPTUYECKUIM KOMITOHEHT, OJHAKO CHUCTEMHOM
aJUIepruUecKoil peaKliuy B JaHHOM cjydae He OT-
Medasioch. Cepbe3HBIX HEXKeIaTeIbHBIX SIBJICHUU
WUJIY JIeTaJbHBIX UCXOA0B He oTMevasiock. HA, mo-
TpeboBaBillee MPOAJIEHUST TlepuoJa HaOII0JEHU ST
WJIM BHEIIJIAHOBBIX BU3UTOB B MCCJIEIOBATEIbCKU M
LeHTp, Ha BTopoM 3Tare (pa3a II) orMmedeHO OmHO-
kpatHo. OnHako faHHoe HA (xpoHuueckas peuu-
NUBUpYIOIIasi KpalMBHUIIA C HecnelurbuiecKoin
TUCTaMUHOJIMNOepaneii) sBISICTCSI XPOHUYECKUM
COCTOSIHMEM, CKJIOHHBIM K CITOHTAaHHBIM PELIUIN-
BaM. B ciyuae peranBa BO BpeMs UCCIENOBAHUS
NPOBOLMPYIOIIUM (DaKTOPOM, BEpOSITHEE BCETo,
SIBJISIJIOCH BBEJICHME Mpeltapara.

TakuMmob6paszom, Ha dasze [l uccienoBanus, Oblia
noATBepKaeHa O0e30MacHOCTh U TMEPEHOCUMOCTh
npenapata «Koponalepm-PS» y 106poBoJIbLIEB.

OueHka apPpeKTUBHOCTM NpenapaTa
«Koponalepm-PS»

Pe3ynbpTar KOXHOUM NpPOOBI OLICHUBAJICSI 4epe3
OJHU CYTKU (24 u£2 4), yepes3 Tpoe cyTokK (72 u+3 u)
M 4yepe3 mecThb CyToK (144 y+4 4) c MoMeHTa ee TTpo-
BeACHUS IIYTEM M3MEPEHUSI C MOMOIIbIO IIPO3pay-
HOM JIMHENKH TTOIIePEeUHOTO (IT0 OTHOIICHUU K OCH
npearJseubs) pa3Mepa TMnepeMun U MHpUIbTpaTa
(mamyapl) B MUJIIUMETpax ¢ uKcalueil nsoopa-
XKeHus Ha uudpoByIo KaMmepy. [ UIlepeMuIo y4uThi-
BaJIM TOJILKO B CJIydae OTCYTCTBUS MHMUIbTpAaTA.

KoxHas peakius Ha npernapat «KopoHalepM-
PS» cuuranace:

— OTpULIATE]IbHOM, IIPU IIOJHOM OTCYTCTBUU

WHOGUIBTPATa U TUIIEPEMUH VJIN IIPU HATUIUUT

«YKOJIOYHOI peakIilnmn»;

— COMHUTEJbHON, MPU HAJIWYUU TUIIEPEMUU

0e3 nMHGpUIbTpPATa;

— TIOJOXUTEIbHOM, IPpU HAJTUINH ITAITYJIIBI JTIO-

06oro pazMepa /M TUTIEpEMUU.

IlosoxxutenbHble peaklMM Ha  Ipenapar
«Koponalepm-PS» ycnoBHO pa3znnyajiu 1Mo cTerne-
HU BBIPasKEHHOCTH:

— cnabo BbIpaXkeHHas peakiius, TPy HAJTUIUU

UHbUIbTpaTa pa3Mmepom < 5 MM;

— YMEpPEeHHO BBhIpakCHHas peakIus, IMpU pas-

Mepe nHbmIbTpaTa > 5 MM, HO < 10 MM;

— BBIpaKeHHasl peakiivsi, MpU pasMepe WH-

dunpsTpara > 10 mm, Ho < 15 MM;

— TUIepepruyeckasi peakiivds, IIpU pa3Mmepe

uHUIbTpaTa > 15 MM, IIpU BE3UKYJO-HEKPO-

TUYECKUX U3MEHEHUSIX W (Mau) JuMdbaHTUTE,

JuMdaneHuTe He3aBUCUMO OT pa3Mmepa WH-

duabTpara.

Ilo pesymbpraTaM OIIGHKM COMHUTEIBHBIX TPOO
(HaMYue TUTIEpEMUU TIPU OTCYTCTBUU TAITYJIbI
Ha Busute 3) koppeassuuu Mex 1y rurepeMueit 1 nH-
nexkcoM ctumysissuuu nponykunu [IFNyCD4* T-num-
doruTaMu METOIOM ITPOTOUHOU LIUTOMETPUU HE BbI-
saBieHo (p = 0,063484). B cBsi3u ¢ 3TUM ObLI cliejlaH
BBIBOJI, YTO HAJTMUUE TUTIEPEMUU HE CBSI3aHO C YPOB-
HeM KJiIeTouHOro uMMyHuTeta Kk SARS-CoV-2, Ho ipu
3TOM YMEPEHHO CBsI3aHO C YPOBHEM TI'yMOpPaJIbHOI'O
nMmmyHutera K SARS-CoV-2 (p = 0,391044). Vcxons
U3 TIOJTyYeHHBIX JaHHBIX, COMHUTEIbHBIC pe3yIbTa-
ThI IPUHSITO CYUMTATh OTPULIATEIIBHBIM.

Ilo pesyabraTaM IMPOBEAECHHOIO UCCAECAOBAHUS
OBLJIO OTMEYEHO 74 OTpHMIATEIIbHBIX KOXHBIX pe-
akuuvu Ha BBeAeHue npemnapara «Koponallepm-PS»
(M3 KOTOpPBIX 45 COMHUTEJbHBIX peakluil) u 215
MOJIOXKUTENbHBIX peakuuii (puc. 1, II obmoxka).
Cpenn moJoKUTENbHBIX peaKIIUi IO CTEIICHU BHI-
PaXXeHHOCTU pa3inuyvaiu:

¢ 40 cnabo BbIpaxkeHHbIX peakuuii (18,60%

OT OOIIETO YKCa MOJOKUTEIbHBIX);

e 91 yMepeHHO BbIpaKeHHBIX peakiuii (42,32%);

e 48 BbhIpaxXeHHbIX peakiuii (22,32%);

e 36 rurepepruueckux peakuuii (16,74%).

I1pu olieHKe pe3yabTaTOB IO IPYIIIaM:

— rpynna l: 6 orpuuareabHbIX, 12 COMHUTENb-

HBIX, 61 mosioxkuTtesbHast (9 c1aboBbIpakeHHBIX

peak1uuii, 25 yMepeHHO BbIpaKeHHBIX, 15 BbIpa-

KEHHBIX peakluii, 12 runepepruuyeckumx);

— rpymma 2: 5 oTpulaTeabHbIX, 9 COMHUTEb-

HBIX, 68 11010XXUTENbHBIX (16 C71a00BbIPAXKEHHBIX

peakiuii, 34 yMepeHHO BbIpa>KeHHbIX, 13 BbIpa-

JKEHHBIX peakIUii, 5 TuIIepepruuyecKux);

— rpynna 3: 0 orpunaTeabHbIX, 4 COMHUTEIb-

HBIX, 21 momoxuTtenbHas (5 c1aboBBIpaKEHHBIX

peakuuii, 5 yMEpeHHO BBIPa>KeHHBIX, 4 BbIpa-

JKEHHBIX peakluit, 7 TMInepepruuyeckux);

— rpynna 4: 2 orpuuaTeJbHbIX, 15 COMHUTEIb-

HBIX, 63 nosoxuTeaAbHbIX (11 c1a00BbIpasKeHHBIX

peakiuii, 25 yMepeHHO BbIpaxkeHHBIX, 15 BbIpa-

KEHHBIX peakluii, 12 runepepruyeckux).
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IMomyyeHHBIE pe3yabTaThl KOXHBIX peaKIni
CpPaBHUBAJIMUCh C TIOJYYEHHBIMU IT0Ka3aTeJIsSIMU
nHaekca ctumyasuuu npoaykuuum IFNy CD4*
T-muMdpounuTaM METOIOM TPOTOYHON IIUTOME-
TpUMU (pUCc. 2) B CBSI3U C TEM, UTO TaHHBI METOJ SIB-
JISIETCST «30JIOTBIM» CTAHIAapTOM B OILIEHKE CIIeIIH-
(duryecKoro KJIETOYHOTO UMMYHUTeTa ex vivo [9, 10].

Ilpu npoBeneHun ROC-aHanusza AJisg OLEHKU
JIMAarHOCTUYECKOM TOYHOCTU MCCIIEAYyeMOro IIpe-
napara B 0o011eli BbIOOpKe JOOPOBOJIbLIEB MOJyYe-
HBbI CJIefyIolIre pe3yabTaThl: miomanb nog ROC-
kpusoit — 0,795 (SE = 0,048, p < 0,001, 95%11
0,701—-0,889) (puc. 3, A).

Ilpu npoBeneHun ROC-aHanusza AJisg OLEHKU
JIMAarHOCTUYECKOM TOYHOCTU MCCIIEAYyeMOro IIpe-
maparta B Tpynne 1 mojiydeHbI CJIeIYIONIe pe3yilb-
TtaThl: omanb nog ROC-kpusoit — 0,782 (SE =
0,053, p < 0,001, 95%1U 0,678—0,887) (puc. 3, b);
B rpynne 2 miomaab nmoa ROC-kpusoit — 0,843
(SE=10,047,p <0,001, 95%1M 0,751—0,935) (puc. 3,
B); rpynmne 3 muomanbs nox ROC-kpuBoii cocrta-
puua 0,870 (SE = 0,054, p < 0,001, 95%1U1 0,764—
0,975) (puc. 3, I'); B rpynne 4 nuaoiwaab noa ROC-
kpusoii — 0,844 (SE = 0,043, p < 0,001, 95%11
0,760—0,928) (puc. 3, 11).

YuutbeiBas gaHHble KoopaumHaT ROC-kpuBoit
M MpaBUJIa OLICHKU KOXHOM ITPOOKI, TOYKOI OTCe-
yeHus (cut-off value) pemeHo B3gTbh 3HaueHue 1,0.
Wcxonst M3 3TOro 3HAYEHUS YYBCTBUTEIBHOCTH
U cnelMpUUIHOCTU KOXHOW MpoObl B OOIIEll BbI-
6opke coctaBuiu 79,8% u 80,8% cOOTBETCTBEH-
Ho. B rpynmne 1 (BaklIMHMpOBaHHBIE BaKIIMHOU
«9nuBakKopoHa») mokazaTeau 4yBCTBUTEIbHO-
CTH W CITeIM(UIHOCTU cocTaBuiiu 76,6% wu 80%,
B rpynmne 2 (BakIIMHUPOBaHHbIE BaKIMHON «[am-
KOBU/-Bak») — 81,7% u 87%, B rpynie 3 (Bak-
LHUHUpOBaHHbIE BakuuHOi «KoBuBak — 84%
u 87%, B rpy1irie 4 (mepeHeclIne KOPOHaBUPYCHYIO
MHODEKIUIO, HO He BaKIMHUpPOBaHHbIC) — 79,7%
n 87,5% cOOTBETCTBEHHO.

O6cyxaeHune

B xome BBITTONTHEHUST KJIMHUYECKOTO MCCIIENO-
BaHUS KaKMX-TUOO CepPbE3HBIX CUCTEMHBIX, all-
JIEPTUYECKUX U MECTHBIX (CBSI3aHHBIX CO CITOCOOOM
BBEICHU S JIEKapCTBEHHOTO cpeactBa) HS He ObLIO
3apeructpupoBaHo. boabmumHcTBo HS  Oblim
KpaTKOBPEMEHHBIMU, He TPeOYIOUINMMHU Tepanuu
M CBsI3aHBLI C AEHCTBUEM U CIIOCOOOM BBEIECHMUS

PucyHok 2. Pesynbtatbl npoaykuuu IFNy CD4* T-numdountamm meToA0M NPOTOYHON LUTOMETPUN

Figure 2. T-cells IFNy production test results

Mpumeuanue. A) MonoxutensHblii pedynstat npoaykuuu IFNy T-numdoumntamu; B) OTpuuarensHbiii pedynstat npogykumm IFNy

T-numdoumtammn.

Note. A) T-cells IFNy production test positive result; B) T-cells IFNy production test negative result.
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PucyHok 3. Pesynbratbl ROC-aHanusa (ROC-kpuBbie)
Figure 3. ROC-analysis results (ROC-curve)

1 - CneundwnyHocTb/1 - Specificity

Mpumeuanue. A) ROC-kpuBas B 06Leli Bbibopke nobposonbLeBs; B) ROC-kpueas B rpynne 1 (SnuBakKopoHa); B) ROC-kpvBas
B rpynne 2 (fam-KOBW-Bak); I') ROC-kpuBas B rpynne 3 (KosuBak); 1) ROC-kpueas B rpynne 4 (nepeHecLune KOPOHaBUPYCHYIO

nHdekuMio). HepHas NMHMS — NUHKS PaBeHCTBa, cepas nnHna— ROC-kpueas. Ocb X — 4acToTa NOXHONONOXUTENbHBIX
Pe3ynbraTos, 0Cb Y — 4acTOTa UCTUHHO NONIOXUTENBHBIX Pe3ynbTaTos.

Note. A) ROC curve, overall population; B) ROC curve, group 1; C) ROC curve, group 2; D) ROC curve, group 3; E) ROC curve,
group 4. Black line — line of equality, grey line — ROC curve. X-axis: false-positive rate (1-specificity), Y-axis: true-positive

rate (sensitivity).

npenapara «Koponallepm-PS». HaubGosnee uyacto
BcTpeyaeMbiMu HS Obiiu: 60s1b, 3ya U TUTIEpEMUST
B MECT€ BBEJICHU IIpenapara.

B xone HacTos111ero ucciaeroBaHU s MPU OLIEHKE
nokasaTeJsieil OOLIEKIUHUYECKUX aHAJIU30B KPOBU
U MOYU, OMOXMMUYECKOTro aHajiu3a KpPOBM, Koa-
ryJorpamMmbl, (€HOTUTTUPOBAHUS CYyONMOMyIsIIIANA
JTUM@OUUTOB, MapaMeTPOB BUTATbHBIX (DYHKIIUHA
He ObUIO 3aperuCTPUPOBAHO KIMHUYECKU 3HAUYU-
MBIX OTKJIOHEHU OT HOPMbI, a TAaKKe HEraTuBHOM
IUHAMUKYW KJIWHUKO-TA00OPATOPHBIX W WHCTPY-
MEHTAaJIbHBIX UJINM OOBEKTUBHBIX TAPAMETPOB.

Ilpu aHanu3e MOTYYEHHBIX NAHHBIX ObIJIO BbI-
SIBJIEHO, UYTO OIlIEHWBaeMble WMMYHOJOTUYECKUE
nokKas3aTeJyd TakKXe HEe MMEIU KJIWMHUYECKU 3Ha-

YUMBIX OTKJIOHEHUI OT MHTepBajga pedepeHTHBIX
3HAYEHW i, YTO SIBISIETCS OMHUM W3 TOKa3aTesei
06e30MacHOCTHU U3yYyaeMoro Tpernapara.

ITo pesynbratam olieHKU M GHEKTUBHOCTHU TIpe-
napata «Koponallepm-PS» Oblj10 TOKa3zaHO, 4TO
B CpaBHEHUE C TTOKa3aTesIMU UHIEeKCAa CTUMYJIsI-
uuu npoaykuuu IFNy CD4" T-numdouutamu
METOJIOM IPOTOYHOHN ITUTOMETPUU, UCCIETYEMbINA
mpenapar SBJISIETCS XOPOIIUM ITUAarHOCTUYECKUM
TectoM (AUC = 0,795), 4TO gaBAsSIeTCS KaueCTBEH-
HOW TIPOTHOCTMYECKOW MOMAEIbI0O C JIOBOJBHO
BBICOKOI 4yBCTBUTENBbHOCTBIO (79,8%) u crnenu-
duuHocThio (80,8%). Takke MOKa3zaHbI COOTBET-
CTBYIOIIIME€ pPE3yJAbTaThl B Pa3fMUYHBIX TpyIIax
JTOOPOBOJIBIIEB, YTO TIO3BOJISIET MPUMEHSIThH TIpe-
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napat «KoponalepM-PS» cpenn rpyIin HaceJIeHU S
C TIOCTBAaKIMHAJIBHBIM M TOCTUHOEKIIMOHHBIM
T-KJI€TOYHBIM UMMYHHUTETOM K HOBOII KOPOHaBM-
pyCHOU nHMeKIUU.

B03MOXHOCTh PYTUHHOIO MOBCEMECTHOIO MC-
nonb3oBaHus mnpemnapara «Koponallepm-PS» nis
OLIEHKU CIelun(dUYECKOro KJeTOYHOTO MMMYHMU-
Teta K SARS-CoV-2 B coueTaHUU C ONMUCAHHBIMU
BBIIIE TIOKAa3aTeJsIMM IUarHoCTU4ecKou addex-
TUBHOCTHU J10Ka3bIBa€T KaU€CTBEHHbIE XapaKTepu-
CTUKMU UCCJIelyeMOro Mnpernapara Kak MHCTpyMeHTa
JIJI5I MAaCCOBOT'O CKPMHUHTA HACEJIEHW I Ha HaJIu4ue
uMmmyHuteTa K SARS-CoV-2 ¢ 11e1b10 TpoBeaeHU S
SMUAEMUOJOTMYECKUX UCCIECTOBAHUIN U MacCOBOM
ummyHonpodbuiaktuku COVID-19.

3akJyeHne

HacTtosimee mccnenoBaHue ITO3BOJIMIIO IIOJTY-
YUTh TaHHBIC IO 6€30ITaCHOCTU IIPUMEHEHM ST TIpe-
naparta «Kopona/lepm-PS» 1 ero mepeHocumMocTn
IOOPOBOJBIIAMU TYTEM OIEHKH KIMHUYECKUX,
GbU3NKaIbHBIX, 1a00PAaTOPHBIX 1 MHCTPYMEHTAJIb-
HBIX JAaHHBIX O00CJieAyeMbIX CyOBHEKTOB Ha (poHe
BBEICHMS Mpelapara.

ITo pesynbraTaMm olieHKU 3D (HEKTUBHOCTHU IIpe-
napara «Koponallepm-PS» Obl10 1TTOKa3aHO, 4YTO
B CpPaBHEHUHU C ITI0KAa3aTeJIIMU HMHICKCA CTUMY-
nsuuu npoaykuuu [FNy CD4" T-numdbouutamu
METOAOM IPOTOYHON IIUTOMETPUU, UCCICAYESMBIN
mperapaTr SIBIseTCsI KadeCTBEHHOW ITPOTHOCTH-
YeCKOl MoAesib ¢ JOCTAaTOYHO BBICOKOM UyBCTBU-
TesibHOCTBIO (79,8%) n cnenmduyHocThio (80,8%).
IToka3zaHBI COOTBETCTBYIOIIME ITOKA3aTeIM B pas3-

Cnucok nutepatypbl/References

JIMYHBIX TPYyHIax 100poBoJiblieB: rpymma 1 — 76,6%
u 80%, rpyrima 2 — 81,7% w 87%, rpynma 3 — 84%
u 87%, rpynna 4 — 79,7% w 87,5% cOOTBETCTBEH-
Ho. [ToslydyeHHBIE JaHHBIE MO3BOJISIIOT MPUMEHSITh
npemnapat «Koponallepm-PS» cpenu rpymnmn Hace-
JIEHUS C MOCTBAKIIMHAIBHBIM U MOCTUH(EKIINOH-
HBIM T-KJIeTOUHBIM UMMYHUTETOM K SARS-CoV-2.

HMccnenyemblil mpemapar mokasajJ CBOI0O 0e3-
OMAaCHOCTh C TOUKU 3PEHUSI BIUSHU S Ha )KU3HEHHO -
BakHble (YHKIIMU OpraHu3Ma, OOIIEeKJIWHUYEC-
KWe, UMMYHOJIOTUYECKUE U WHCTPYMEHTAaJbHbIE
nokaszateau. B xome HacTosllero KJWMHUYECKOTo
WCCJIEIOBAHUSI MPU HCCAEAOBAHUU KJIWHUYEC-
KUX M JIJaOOpaTOPHBIX IToKa3aTesjaeil He ObLIo 3a-
PErUCTPUPOBAHO CTATUCTUYECKU 3HAYUMBIX OT-
KJIOHEHU OT HOPMBbI, CBS3aHHBIX C BBEICHUEM
npernapara.

IIpumenenus mnpemnapara «Koponallepm-PS»
B PYTUHHOI IpakTUKe He TpedyeT crieunuduyec-
KOTo OO0OpYIOBaHMUS U CIELMAaIbHO OOYYEHHOTO
rnepcoHalia, croco0 BBENEHUS Ipenapara Mo3BO-
JISeT ero MpUMEHSTh MacCOBO B YCJIOBUSIX aMOy-
JIATOPHO-TIOJIUKJIUHUYECKOIO 3BeHa. YUYUTbhIBas
BHYTPUKOXHBIN MyTh BBEACHU S Mpernapara, Bepo-
SITHOCTb Pa3BUTU ST CUCTEMHBIX aJJIEPTUUYECKUX pe-
Akl KpariHe maJjia

Ilo pesyybTaTaM aHanu3a JaHHBIX KJIWUHUYEC-
KOTO UCCJIeNOBAaHUSI MOXHO CcGhOPMYyIUpOBaTh
BbIBOA O ToM, 4uTo Tipernapat «Kopona/lepm-PS»
SIBJISIETCS KQUYECTBEHHOI aJIbTepHATHUBOI Jlabopa-
TOPHBIX METOMIOB OLIEHKHU CIelnu(dUIYECKOro Kie-
TouyHOro uMMyHuTteta K SARS-CoV-2 nng macco-
BOrO CKPMHUHTIA, a TaKXke SIBASeTCsI Oe30MacHbIM
U XapaKTePpU3yeTCs XOPOIleil TepeHOCUMOCThIO.
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Pesome. OcTphie peciupaTopHbIe BUPYCHBIC MHMPEKIINK TO-TIPEXHEMY OCTAIOTCS aKTyaJbHOM Ipo0OIeMoii 3apa-
BOOXPaHEHMS, BBI3BIBASI KAK CE30HHBIC BCITHIIIKY 1 SMTUACMUM, TaK U IT00anbHbIC MaHaeMu . [losgBieHne HOBOM
KOPOHABMPYCHOM MH(MEKIINK CTAJIO CEPbe3HBIM UCIIBITAHMEM, IIOBJIEKILINM 3a cO000ii 6osiee 776 MIIH c1ydaeB 3a00-
JIleBaHMS 1 6oJyiee 7 MITH CMEPTEli BO BCEM MUPE, UTO He MOTJIO He OTPA3UThCS Ha MU PKYISINHA YKe CYIIeCTBYIOIINX
CE30HHBIX MATOreHOB. B 1aHHO# paboTe MpoBeaeH peTPOCIeKTUBHBIN aHanu3 cTpykTypsl OPBU B mepuon pas-
rapa manaemuu COVID-19 Ha npumMepe oTaeabHO B3sToro cyonrekra (CeBepo-3anagHoro (enepajsbHOro oKpyra)
B oceHHe-3uMHue nepuonbl 2021—-2022 rr., nmpeacrasieHa fuHamMuka 3aboaeBaemoctu OPBU u rpunmnom Ha Tep-
putopuu Poccum u C3®O, BHISBICHBI M MPOAHATU3MPOBAHBI ciiydan KoumHdek1uii. [TokazaHo, 4To B mepuon
¢ suBaps 2021 r. mo aBryct 2022 1. mpucoeIMHEeHe HOBOI KOPOHAaBUPYCHON MHMEKIIMHY YBEJIUUYMIO0 001IYI0 3200-
JIEBa€MOCTb PEeCIIMPATOPHO-BUPYCHBIMU MH(MEKIUSIMU, a TaKXe cHuxXeHue 3adoaeBaeMocT COVID-19 k KoH1y
2022 1. B cpaBHEHUHU ¢ 3a001€BAaEMOCTHIO IPYTUMU PECIIMPATOPHBIMU BUpycaMU. Bbliv BbISIBIEHBI BO3OYIUTEIN
OPBU, nupkynuposapiiue Ha ¢oHe nanaemuu COVID-19, a uMeHHO: BUpYC rpuria A, aieHOBUPYCHI, CE30HHbIE
KOPOHAaBUPYCHI, PUHOBUPYCHI, 00KaBHPYCHI, PECIIUPATOPHO-CUHIIMTHAIBHBIN BUPYC M BUPYC ITapaTrpuIna 3 TUa.
Pe3ynpraThel nccienoBaHms MOKa3adn, YTO BUPYC IpUIa A, 60KaBUPYCHI U PECIIMPATOPHO-CUHIIMTHATBHBIN BU-
pyC 4Yalle BBRISBIISIOTCS B BUIE MOHOMH(EKIINI M MOTYT BIMATH Ha pacIpoCcTpaHeHUE APYTUX PECIIUPATOPHBIX
BHPYCOB. B TO e BpeMs aJeHOBHPYCHI, pUHOBUPYCHI M BUPYCHI Maparpuiiia 3 THIIa Jalle IPYTUX BCTPEUIaroTCs
B Buae KouHpekuuu ¢ COVID-19, uto co3naeT 10MOJHUTENbHYIO BUPYCHYIO HATPY3KY Y MALlMEHTOB U MOXET OC-
JIOKXHSTH TeUeHUe 3a00IeBaHMS.

Karouesuie caosa: OPBU, epunn, nandemuss COVID-19, 3a60a1e6aemocms, pecnupamopHsie 8upychl, KOUH@eKyuu.
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B.A. Cbapuanbsi n gp. MHdekumns n uMmyHuTeT

ARVI PATTERN IN THE NORTHWEST FEDERAL DISTRICT DURING THE COVID-19 PANDEMIC
(2021-2022)

Sbarzaglia V.A.?, Gladkikh A.S.?, Milichkina D.M.?, Bachevskaya A.V.?, Popova M.R.%, Sharova A.A.?,
Cherepanova E.A.c, Dedkov V.G.*", Totolian A.A.?

aSt. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

b Martsinovsky Institute of Medical Parasitology, Tropical and Vector-Borne Diseases, Moscow, Russian Federation
¢ Federal Hygienic and Epidemiological Center of Rospotrebnadzor, Moscow, Russian Federation

Abstract. Acute respiratory viral infections still remain a pressing health problem, causing both seasonal outbreaks
and epidemics and global pandemics. The emergence of a new coronavirus infection has become a serious challenge,
resulting in more than 776 million cases of disease and more than 7 million deaths worldwide, which could not but
affect the circulation of existing seasonal pathogens. This paper provides a retrospective analysis of the structure
of acute respiratory viral infections during the height of the COVID-19 pandemic using the example of a single subject
(Northwestern Federal District) in the autumn-winter periods of 2021—-2022, presents the dynamics of the incidence
of acute respiratory viral infections and influenza in Russia and the Northwestern Federal District, cases of co-
infections were identified and analyzed. It is shown that between 2021 and 2022, the accession of a new coronavirus
infection increased the overall incidence of respiratory viral infections until August 2022, and the decrease in COVID-19
incidence by the end of 2022 compared with the incidence of other respiratory viruses. ARVI pathogens that circulated
during the COVID-19 pandemic were identified, namely: influenza A virus, adenoviruses, seasonal coronaviruses,
rhinoviruses, bocaviruses, respiratory syncytial virus and type 3 parainfluenza virus. The results of the study showed
that influenza A virus, bocaviruses and respiratory syncytial virus are more often detected as monoinfections and can
influence the spread of other respiratory viruses. While adenoviruses, rhinoviruses and type 3 parainfluenza viruses are
most often found in the form of co-infection with COVID-19, which creates an additional viral load in patients and can

complicate the course of the disease.

Key words: ARV, influenza, COVID-19 pandemic, morbidity, respiratory viruses, co-infections.

BeeneHue

OcTpble pecrupaTopHbIe BUPYCHBIE HH(DEK-
nuu (OPBU) — camas pacrmpocTpaHeHHas T'PyI-
na BUpPYCHBIX 3aboneBanunii. OPBU 3aHmmalor
BeIyIIee MECTO B CTPYKType oOIeit 3aboseBa-
eMOCTH HacCeJIeHUs U OOYyCJIIOBIMBAIOT OKOJIO
75% Bceii nHpeKuMoHHOI 3aboaeBaeMocTu [30].
Bosee Toro, ce30HHO-00YCIIOBJICHHBIC BUPYCHBIC
MHOEKIINU BBI3BIBAIOT €XKETOAHBIC SNUASMUN
BO BCEM MHUpPE, HECMOTPS Ha SITUICMHUOJIOTUICC-
KMl Ham30p MW IporpaMMBbl II0 BaKIIMHAIIWU.
Ha ceromusanraunii neHs n3sectHo okogo 200 ma-
TOTeHOB — Bo30yauTteneii OPBU, kK HUM OTHO-
carcss PHK-cogepxaiiue pruHOBUPYCHI, KOPOHa-
BUPYCHI, peCIIUPATOPHO-CUHIINTHAJIBHBIN BUPYC,
BUPYCHI IIaparpuIilia, 3HTEPOBUPYCHI, DSXOBU-
pyc, 4eI0BEYEeCKMiT METaITHEBMOBHUPYC U BUPYCHI
rpunna 1 JHK-cogepxamue ageHoBupychl [3].
IIpn stom Bo3oyautenu OPBUM mpencraBisgioT
c000i1 CITOXXKHBIN KOMIIJIEKC Pa3IMYHBIX BUPYCOB,
OUPKYJIUPYIONINX CE30HHO U BBI3BIBAIOIINX 3a-
0oJIeBaHUS CO CXOXEM KJIMHUYECKON KapTUHOIA,
nuddepeHIMpPOBaHNE KOTOPBIX BO3MOXKHO TOJIb-
KO JabOpaTOPpHBIMU METOIAMM.

OcooHsakoM B cTtpyktype OPBU paccmartpu-
BacTCcsa 3a0071eBACMOCTh TPUMNOM — TSKEIBIM
CC30HHBIM pecnupaToOpHBIM 3a00JIeBaHUEM,
WMEIOIIUM CKJOHHOCTH K IMaHIAEeMUYSCKOMY pac-
npocTtpaHeHUIo [2]. BpeMs Cce30HHBIX 3MUIEMUIA
BUpyca TpUIINa BapbUpyeT BO BceM mupe. B pe-
TMOHAX C YMEPEHHBIM KJIMMAaTOM OOJIBIIMHCTBO

€XETONHBbIX CIy4yaeB 3apa’keHWs BUPYCOM TpUINa
NPUXOAUTCSI Ha 3UMHUI niepuon [15]. Takoe mo-
BTOPEHUE CE30HHBIX AMUAEMUN OOBSCHSIETCS MPO-
JIOJIKAIOIIENCs BOJIIOLIMEN BUPYCOB TpUIINa, KO-
TOpas MO3BOJSIET €My U30eXKaTh UMMYHUTETA, BbI-
3BAaHHOT'O MPEIIIECTBYIOIUMU UHPEKIUSIMUA UIN
BaKLMHALMEH.

Bupycel rpunma A moapasaenasioTcs Ha MOJ-
TUNBI B 3aBUCUMOCTHU OT COUYETAHUS IJIUKONPOTE-
uHOB remarmoTuHuHa (HA) n HelipaMuHUIa3b1
(NA) Ha ux moBepxHOCTU. B HacTosIiiee BpeMs
cyuiectByeT 18 mogrunos HA u 11 noatunos NA,
OOJIBIIMHCTBO U3 KOTOPBIX LUPKYIUPYET Cpenu
JTUKUX TITULl, OAHAKO TPU KOMOWHAIMU LIUPO-
KO pacrpocTpaHeHBI cpenn aroneit: A/HINI, A/
H2N2 u A/H3N2. VI3 HUX BUPYCHI TTIOATUTIOB A/
HINI1 u A/H3N2 B HacTosiee BpeMs BbI3bIBAIOT
ce30HHBIC snuaeMun rpunmna [19]. 'mobampHas
KapTUHA HUPKYISLUU CE30HHOTO I'PUIINA BapbU-
pyeT B 3aBUCUMOCTU OT CKOPOCTU AHTUTEHHOU
SBOJIIOLIMU PA3JTUYHBIX TUIIOB U MOJATUIIOB BUPY-
ca [6]. Tak HOBble aHTUTEHHBIC BAPUAHTHI BUPYCOB
A/H3N2 nosiBisttoTCs Kaxabie 3—5 JeT, Torma Kak
HOBBIE aHTUTEHHBIE BapuaHThl BUpycoB A/HINI
u rpuntma B nogBisgiorcs pexe (2—35 JIeT A1 BUPY-
coB A/H3N2 o cpaBHeHHIO ¢ 3—8 TogamMu Iast A/
HINI1 u Bupyca rpunna B) [6, 8, 20, 24]. B otiu-
que ot BupycoB A/H3N2, KoTopbie eXXeroaHo pac-
NPOCTPAHSIOTCI MO BceMy Mupy u3 BocTouHoit
n lOro-Bocrtounoit Azuu u Muauu, Bupycsl A/
HINIl u rpunmna B cnopaauvyecku COXpaHSIIOT-
Cs JIOKAJbHO MEXIY SMUAEMUSIMU BO MHOTHUX
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permoHax Mupa, NPUBOASI K BO3HUKHOBEHUIO
MHOXECTBa COBMECTHO HUPKYJIUPYIOIIUX TIeHe-
TUYECKUX JUHUNU. DTU COBMECTHO LIUPKYIUPYIO-
Iye JUHUYW WHOTAA ITPUBOIUIN K JUBEPTCHTHBIM
aHTUTEeHHBIM BapMaHTaM, YTO yKa3bIBacT Ha He-
00XOAMMOCTh B KOMIIOHEHTaX BaKIIMHBI MPOTUB
BUpyca rTpumna B, crmeumdUYHBIX IJI pPeruo-
Ha [23, 31]. [IpoBeneHue exxeroaHol BakliMHAILIU U
MPOTHUB TPUIIIA MO-TIPEKHEMY MMEET pelllaoliee
3HaYeHUue 151 obOecrnedyeHUs] MMMYHHOR Ipo-
CJIOUKM HACEJIEHU S U IPEAOTBPALLIEHUS KPYITHBIX
SMUIEMUI.

IMosiBneHMe HOBOI KOPOHABUPYCHOW MH(MEKIIU Y
(COVID-19) He MOTJIO HE OTPa3uThCs Ha HUPKYJISI-
MU CE30HHBIX PeCIUpaTOpHBIX BUpycoB. Ha Ha-
yaabHbIX 2Tanax nanaemuss COVID-19 cosnana
MHOXKECTBO TpoOJieM [Jisi CUCTEM 3ApaBOOXpaHe-
HUS BO BCeM MUpE, B TOM UYMCJIe MpuBeJa K CHU-
XeHuo >(P@EeKTUBHOCTU HaJI30pa 3a TPUIIIIOM
u OPBU. Bce cuiibl 661511 HanlpaBJIeHbI HA TOAABJIE-
HUE MaHASMHWU, YTO TIPUBEJIO K CHUKEHUIO KOJIH-
yecTBa TECTOB Ha I'PUIIM U COOOIIIEHU I O pe3yabTa-
Tax Ha HAlIMOHAJIbHBIC U IT100aJIbHBIC TIaT(POPMBI.
CrpemutenbHoe pacrnpocTtpaHeHue COVID-19
cTalio OecrpeleleHTHBIM COOBITUEM B c(pepe 31pa-
BOOXpPaHEHM S, MOABEPIJO OIAaCHOCTM HaceJeHUe
BCET'O MUpa, BeI3BaB OoJiee 776 MIIH ciiydyaeB 3a00-
JieBaHUS U OoJjiee 7 MJTH cMepTell (exxeMeCSYHbII
oneparuBHbIii oTyeTr 0 COVID-19 Ha 06.11.2024,
BO3) [26]. B Poccuu B CeBepo-3anagHoM (dene-
panbHOM oKpyre (C3PO) B 2021—2022 rT. TMHAMU-
Ka 3aboneBaemoctu COVID-19 6b111a BOTHOOOpa3-
Hoil: B 2021 r. moka3zaTtesib 3a00JIeBa€MOCTU KOJie-
oascsa ot 258,8 mo 1185,8 (Ha 100 Thic. HaceaeHUsI/
Mecsir), B 2022 r. npeaenbHble 3HAYEHM ST TOKa3aTe-
s 3aboneBaeMocTt COVID-19 cocraBisanu 5544,3.
B aTOT TIepuoa cMEHMJIOCh HECKOJIBKO FeHOBapu-
aHToB SARS-CoV-2: «Aabdpa» (B.1.1.7); «beta»
(B.1.351); «'amma» (P.1) u «Henbra» (B.1.617.2),
BBITCCHUBIIUWI OPyTHe TCHOBAapWAaHTHI K aBTYCTY
2021 r. Ha cmeny emy B 2022 r. mpuluea reHoBa-
puaHT «OMukpoH» (B.1.1.529), uupkyaupyrommii
M B HACTOSIIIee BpeMsI U IIPETEPIEBAIOIINI BOJIIO-
OMOHHBIC U3MEHEHUS (ITOCJIeNOBATEIbHO CMCHUB-
mue npyr apyra cyoBapuaHTel BA.l, BA.2, BA 4,
BA.5, pekomounanTel XBB) [11, 12].

Pe3koe mosiBIeHME HOBOIO ITaTOTe€HAa HE MOT-
JIO HE TIOBIIUSATH HA CHOXUWBIIHNECS MEXaHU3MBI
OUPKYISIUNA PECHUPATOPHEIX BHUPYCOB, B TOM
yucje u rpunna [1]. Panee OblJ0 moka3aHoO, YTO
MOSIBJICHME HOBBIX MaHASMHUYECKHX BHUPYCOB MO-
XKET CIOoCOOCTBOBAaTh MCUE3HOBCHHMIO CE30HHBIX
mTaMMoB Bupyca rpunna [25]. Ceituac, korna CHAT
craryc «naHgemumn» COVID-19 (coobimenue BO3
ot 05.05.2023 r., [29]) 1 HOBasT KOpOHABHUPYCHAS
NHGEKIIMSI HAXOMUTCS TOH KOHTPOJIEM, MPUIIIO
BpeMsl 3a1aThCsl BOIIPOCOM: KaKHe elle pecnupa-
TOPHBIE BUPYCHbIE HMHMEKIUU LIUPKYJIUPOBATIU
B miepuon pasrapa nmangemuu COVID-19?

Llenb HacTOSIIIEro MCCIEOOBAaHUS 3aKJioda-
Jach B PETPOCICKTUBHOM W3yYEHUUW pecITupa-
TOPHBIX BUPYCOB, IMPKyJIuUpoBaBmnX B CaHKT-
ITeTepoypre n C3MO B oceHHE-3UMHUE DITUACMMU-
yeckue ce30HbI 2021 1 2022 rT. Ha (pOoHE BBICOKOI
3aboneBaemoctu COVID-19.

Matepuanbl 1 MeToOb!

AHaJin3 3a00J1eBa€MOCTH ITPOBEJCH MO JaHHbBIM
dopMBI (penepalbHOrO0 CTATUCTUYECKOTO HaAOIIO-
meHnst Ne 2 «CBegeHUsT 00 MH(PEKIIMOHHBIX U Ta-
pasuTapHbIX 3a00JieBaHUsAX» 3a 20212022 rr.

B nabopaTopHoe nccaegoBaHUe B3ST MaTepuall
OT ITaLIMEHTOB B Bo3pacTte 18—66 et (HazodapuH-
reajJbHble Ma3KH) C BBIpaXXCHHBIMU CHUMIITOMA-
mu OPBU, moctynmuBmux B nadboparopruio ®BYH
HHWMUM snuaemMuonoruu 1 MUKpOOMOJIOTUM UMEHU
ITacTepa n3 MmegunuHcKuxX opranuzanuii (MO) pe-
rnoHoB CeBepo-3araaHoro ¢penepaJlbHOTO OKpyTa.
OOpa3ubl TpaHcnopTupoBaau B 500 MKJI TpaHC-
noptHoii cpeanl (pH = 7,0), xpanunu npu —20°C.
B manHOM HCclIegoBaHUU HM3YUYEHUE CTPYKTYPHI
OPBU 11poBOIMIIOCH PETPOCTIEKTUBHO, UCTIONb3YSI
obpasusl 2021—2022 rr. Beidbopka u3 704 o6pa3110B
(centss6pb 2021 1. (212 06pas31oB), OKTAOPL 2022 T.
(412 o6pasnoB) u mekabpp 2022 r. (80 0Opas31oB)),
ObLIa paslejcHa B PaBHOM COOTHOIINCHHWE Ha Te-
CTOBYIO M KOHTPOJIbHYIO T'PYIIIbI, OCHOBBIBAsICh
Ha naHHbIX RT-PCR guarHocTuKu Ha OTCYyTCTBUE
unu Haanmdue KopoHaBsupyca SARS-CoV-2.

Hns skcrpakuuu totaibHoit PHK/JITHK wc-
MOJb30BaM KOMILJIEKT peareHToB «PUBO-npemn»
C mocJjenymolileit o0paTHOM TpaHCKpUIILMei Habo-
poMm «<PEBEPTA-L» (AMniunCenc, ®bYH LITHUU
Onunemuonoruu PocrmoTpedHanzopa, Mockaa,
Poccus). Beiaenennbie oopasusl PHK/IHK xpa-
Huau npu temneparype —70°C.

JleTek1iuio BO30yauTeJieid B KJIMHUYECKOM Ma-
Tepuajie TIpOBOANIN ¢ TmoMolIbio MeToga RT-PCR.
O0e uccaeayeMble rpynibl 00pa3loB ObLIM MpoaHa-
JIM3UPOBAHbl Ha HaJIMUKE CJEIYIOLIUX BO30yaUTe-
JIeli pecnupaTOPHBIX MH(MEKIINI: BUPYChI Tpunimna A
(Influenza virus A) u rpurmia B (Influenza virus B),
pecrMpaTopHO-CUHIUTHANBHBIA  BuUpyc (human
Respiratory Syncytial virus — hRSv), MeTanmHeBmMoO-
Bupyc (human Metapneumovirus — hMpv), Bupy-
cel mmaparpunmna 1—4 tumoB (human Parainfluenza
virus-1-4 — hPiv), kopoHaBupycsl BugoB OC43,
E229, NL63, HKUI (human Coronavirus — hCov),
puHoBHpychkl (human Rhinovirus — hRv), aneHoBu-
pycel rpynn B, C u E (human Adenovirus — hAdv)
u 6okaBupychl (human Bocavirus — hBov). J1J1s1 BbI-
SIBJICHUSI BUpyca TpUIINla MCIIOJb30BajJd HaObop
pearentoB AMmanCenc® Influenza virus A/B-FL
(AmminCenc, ®BYH IIHUMW Dnupemuosaoruu
PocnorpedbHanzopa, Mocksa, Poccust), kopoHaBUpY-
ca SARS-CoV-2 — Habop pearentoB COVID-19 Amp
(PBYH HWUW snumeMuosorum 1 MUKpOOMOJIOT T
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Figure 1. Dynamics of ARVl incidence rate in Russia and the Northwestern Federal District during periods
of circulation of various SARS-CoV-2 genovariants
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Figure 2. Comparative data on incidence rate for influenza, ARVI and COVID-19 in the Northwestern Federal District
in 2021-2022
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CtpykTypa 1 3abonesaemoctb OPBU

nmenu Ilactepa, Cankr-IlerepOypr, Poccus) [13],
Ipyrux BUpPYCcHbIX Bo30Oynuteneii OPBM — Ha-
o6op pearentoB AmmanCenc® OPBU-ckpun-FL
(AmMnmCenc, ®BbYH IHUWUN Bnunemuosioruun
PocrniorpedbHanzopa, MockBa, Poccust) coriacHo pe-
KoMmeHaauusaM mnpousBoauTteneit. [P B peanbHOM
BpeMeHU ¢ (hJIyOpeCLeHTHOM AeTeK el TPOBOAUIM
Ha nipubope CFX96 Touch (Bio-Rad Laboratories,
CIIIA). O6paboTKy pe3yabTaTOB MPOBOAUIU B ITPO-
rpamme Excel (maker MS Office).

Peaynbrathl

Amnann3s 3aboneBaemoctu OPBU B 2021-2022 1T
nokasaJjl 0oJjiee BBICOKUII YpPOBEHb 3a00JieBaeMO-
ctu B CeBepo-3anmagHoM (delnepalbHOM OKpYyTe
(C3dPO) no cpaBHEHHMIO ¢ TaKOBHIM B Poccuiickoit
®enepanuu (P®) B 1tenom. Ilpu a3ToM numHaAaMuKa
3aboneBaemoct OPBU B C3PO u PD 6n11a cxo-
XKa, 6ojiee TOro, BCe IMUKOBbIE COOBITHSI IIPOMCXO-
IUJIA CUHXPOHHO U O0YC/IOBJIEHbI BLICOKMM YPOB-
HeM ciydyaeB COVID-19 (puc. 1).

YuuThiBasi BBICOKMI BKJaJ HOBOM KOpOHa-
BUPYCHOI MH(peKLuu B 0O0LIYyI0 3a00/1eBaEMOCTh
pecrnupaTopHbIMU WHMEKLUUSIMU, ObLI MPOBEAEH

CpaBHUTENbHBIN aHanu3 3aboneBaemoctu OPBU
u COVID-19 (puc. 2). [Ipu aTOM HabaODaETCS CE-
30HHasl AMHAMWKaA C XapaKTePHBIM CITaoM B JIeT-
HUI TIepuoa. TpaekTopus TUHAMUKU 3aboJieBae-
moctu OPBU 1 COVID-19 noBTopsieTcst mpakTuye-
CKM B TOYHOCTHM BILJIOTH A0 aBrycra 2022 r., HeCMO-
TpsI Ha TIepuoa MaHU(ECTHOro pacipocTpaHeHUs
reHoBapuaHTa «OMUKpoH» SARS-CoV-2. OmHako
K KoHI1y 2022 1. oTMeUaeTcs CHUXeHue 3aboseBae-
moctu COVID-19 u Bo3pactaHue 3a0071eBa€MOCTH
JIPYTUMU PECTIMPATOPHBIMY BUPYCAMU.

Ecau paccmotperh 3a00JieBa€MOCTb T'pPUII-
MOM, TO MUK 3a00JIeBA€MOCTHU MPUXOAUJICS Ha Jie-
Kabpb-ssHBapb 2021—2022 rr. ¢ MoaAbeMOM B OKTSI-
ope 2022 1., YTO COOTBETCTBYET TUITUYHOUN dNUIE-
MWYECKOW KapTWMHE CE30HHOCTW BHMpyca TpuIINa.
OpHako 1o cpaBHeHUo ¢ 2021 r., ypoBeHb 3a001e-
BaeMOCTHU BUPYcOM rputia B 2022 1. 3HaYUTEIbHO
BBIILIE YTO, BOBMOXHO, O0YCJIOBJIEHO OCJlabJieHueM
OrpaHUYUTEIBHBIX Mep, YBEJIWYECHUEM COIMalb-
HBIX KOHTAaKTOB M HEIOCTAaTOYHOCTHIO BaKIIMHM-
POBAaHHBIX IIPOTUB IUPKYJIUPYIOIIUX IIITAMMOB
rpunna B nepuon nanaemuu COVID-19 (puc. 3).

Ha ocHoBaHUM 1a00paTOPHBIX TaHHBIX B CTPYK-
type OPBU B C3®PO B oceHHue mepronbl 2021—
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CeBepo-3anagHbili depepanbHblil okpyr/North-Western Federal District

PucyHok 3. innamuka 3a6onesaemocTu rpunnom B Poccuiickoit ®egepaumm u C3H0

B anuaemMuonornyeckue cesoHbl 2021-2022 rr. B ycnoBusx naHgemum COVID-19 B nepuogbl LMpKynsauum
pa3nuyHbix reHoBapuaHToB SARS-CoV-2

Figure 3. Dynamics of influenza incidence in the Russian Federation and Northwestern Federal District

in the epidemiological seasons 2021-2022 during COVID-19 associated with circulation of various SARS-CoV-2
genovariants

921



B.A. Cbapuanbsi n gp.

MHdekumns n uMmyHuTeT

%
60

50

40

30

20

10

mm [ ] o

e

In

m]

al

SARS-
CoV-2

Mpunn A
Influenza A

Hbov

hAdv

hCov

NL-63,

229E

hCov
HKU-1
0C43

hRv

hRSv

hMPv

hPiv1

hPiv2

hPiv3

hPiv4

Il OxTa6pk 2021/October 2021

15,7%

0,9%

0,9%

0,9%

2,8%

0,0%

8,5%

1,9%

0,0%

0,0%

0,0%

47%

0,0%

] CeHTs0pb 2022/September 2022

48,5%

0,0%

0,0%

1,0%

0,0%

0,0%

6,0%

1,0%

0,0%

0,0%

0,0%

9,5%

0,0%

[ nexa6ps 2022/December 2022

18,9%

2,5%

0,0%

0,0%

0,0%

2,5%

5,0%

5,0%

0,0%

0,0%

0,0%

20,0%

0,0%

PucyHok 4. PeTpocnekTuBHas oueHka cTpykTypbsl OPBU B anugemnyeckne oceHHe-3MMHNUE neproabl
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Figure 4. Retrospective assessment of ARVI pattern during the epidemic autumn-winter periods 2021-2022

Mpumeyvanue. B 2022 r. ¢ ysennyeHnem yncna 3aboneswmx COVID-19 npocnexmBaeTcs oTpuuaTenibHas Koppensuus
KONMYeCTBA C/y4aeB C PUHOBUPYCHOM 1 PECMIMPATOPHO-CUHLUMTHUANBHON HdeKUumuamu 1 ysenmyieHre dncna cnyvyaes OPBU,

BbI3BaHHbIX BUPYCOM Naparpunna 3 Tuna.

Note. In 2022, increasing number of COVID-19 cases negatively correlated with number of rhinovirus and respiratory syncytial
infection cases and increase in number of type 3 parainfluenza ARVI cases.

2022 rr. mpeobnaganu Bos3oymutean COVID-19,
PUHOBUPYCHI, PECITUPATOPHO-CUHLIUTUAJIbHBIN BU-
pyc, BUpYC Iaparpuimmna 3 tuna. PeTpocrieKTuBHas
OIlCHKa KOJHMYEeCTBAa  IIOJIOKUTCIBHBIX  IPO0
Ha COVID-19 cpeam obiero yuciaa mpod, MOCTy-
MapIIMX Ha HCCeIOBaHME, IoKa3aja, 4TO HOJIs
COVID-19 nonoXuTeabHBIX P00 oceHbio 2022 T.
BBIpOCJIa B 60Jjice yeM 3 pa3a o CPaBHEHMIO C TEM Ke
ce3oHOM B 2021 1.
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PucyHok 5. Ou,eHKa MOHO- U MUKCT-UHpEKLUi

B cTpykType OPBU 32 2021-2022 rr.

Figure 5. Assessment of mono- and mixed infections
in ARVI pattern in 2021-2022

Crpyktypa OPBU B oceHHe-3UMHUIT TIEpUO/
2021-2022 rT. pacrpeneiuiach CIeIyIOIIUM 00-
pa3oM: BeIsIBIIEHHBIe B 2021 . ce30HHBIE KOpOHAa-
Bupychbl NL-63 1 229E He oOHapyKeHbl B CEHTSIOpe
2022 r.; 9YMCJI0 MOJIOXKUTEIbHBIX TECTOB HA pUHOBU-
PYC M peCcITupaTOpHO-CUHIUTHUATBHBI BUPYC yMeE -
peHHoO cHuXaetcs ¢ 8,5% no 6% wu ¢ 1,9% no 1% (ok-
T16pb 2021 T. 1 ceHTsI0ph 2022 T. COOTBETCTBEHHO).
I[Ipn >TOM OTMeYaeTCs 3HAYUTEIBbHBIN ITPUPOCT,
OoJsiee 9yeM B 2 pasza, IMOJYYCHHBIX TOJIOXKUTEIIb-
HBIX Pe3yJIbTaTOB Ha BUPYC ITaparpunmna 3 THIIa.
Hanumane mogoKuTeabHBIX TECTOB Ha BUPYC TPUII-
na B oktsa6pe 2021 1. 10 cpaBHEHUIO C CEHTIOpeM
2022 1. (0,9% n 0% COOTBETCTBEHHO) COTJIACYETCS
C BNHUICMUOJOTUYSCKMMHU NaHHBIMM HapacTa-
HUS 3a00JIeBa€MOCTHU TPUIIIIOM B 0OoJice MO3THUE
ocenHue Mmecaubl 2022 1. Takue BUPYCHI, KaK MeTa-
MHEBMOBHUPYC, BUPYCHI maparpurmna 1, 2 u 4 TuIon
HEe 0OHapyKeHBI B MCCJICIyeMOil BEIOOPKE 3a yKa-
3aHHBIC MECSIIHI (pHC. 4).

Ha ocHoBaHMu wuMeromMxcs BbIOOPOK Oblia
IpoBeIcHA CpaBHUTEIbHAS TMHAMUKA CTPYKTYPBI
OPBU cenTabpe—nekadbpe 2022 r.: 1o XOay dBITH-
IeMUYSCKOTO Ce30Ha HaOII0MaloCh 3HAYUTEIIb-
HOE TIOBBILICHWE YMCJA TOJOXUTEIBHBIX TECTOB
Ha HaJIM4ue B 00pa3iiaX Ce30HHBIX KOPOHABUPYCOB
HKU-1, OC43, pecnupatropHO-CUHIMTHUAIBHO-
ro BUpyca, BUpyca ITaparpunna 3 THIa W BUpyca
TpuIlia A, 9TO TaKXKe COTJIAaCyeTCsl C PE3KUM pO-
cTOM 3a060JIeBa€MOCTHU TPUNTIOM B KOH1Ie 2022 T.

I[Ipn omeHKe CTPYKTYypBI MOHO- U MHKCT-
MHGEKIINN, BBI3BABIINX OCTPBIC PECIIMPATOPHBIC
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PucyHok 6. PacnpepgeneHnue cny4yaeB KOUH(EKLUIA Y NALLMEHTOB C MOJIOXUTENIbHLIM Pe3y/IbTaTOM

Ha SARS-CoV-2

Figure 6. Distribution of co-infection cases in SARS-CoV-2 positive patients

3a6oneBaHusa B 2021 1 2022 rr., OBIJI0 BEISIBJIEHO, YTO
moHouHPpekunu SARS-CoV-2 nuaupoBanu cpeam
Bcex uaeHTuduumposanusix OPBU: 73% B 2021 1.
1 72% B 2022 1. O0111€€ YNCI0O MOHOMH(MEKIIMIT BCEX
OCTaJIbHBIX PECIIUMPATOPHBIX BUPYCOB K0Jie0a10Ch
ot 12% no 14%. Mukcr-undexkuuu ¢ SARS-CoV-2
B 2021 1. 1 2022 1. moka3aju OAMHAKOBbBIE 3Ha4Ye-
HUsg — 12%. YpoBeHb MUKCT-MH(MEKILIUA APYTUX
pecriupaTopHbIX BupycoB B 2021 u 2022 rr. He-
3HaYKUTEJNbHO oTinyaucs (2021 r. — 2,7%; 2022r —
2,5%), ocTaBasiChb Ha OOBOJbHO HU3KOM YPOBHE
10 CPaBHEHUIO ¢ MOHOMHGMEKIUSIMU DTUX XKE BU-
pycoB (puc. 5).

I[Ipu paccMoTpeHMM 4YMCIa MOHOMH(MEKIIUA
SARS-CoV-2 n mukct-unpexknunii ¢ SARS-CoV-2
(ecnu KOHTpOJIbHasI rpyIima B3sTa 3a 100%) Bo Bceit
nccienyemoit Beioopke 3a 2021 m 2022 TIT. 4eTKO
MIPOCIEKUBAECTCS MOMABJSIONIUNA MIPOLEHT MOHO-
nHpexkuuit SARS-CoV-2 — 90% (puc. 6). B ciy-
yae MUKCT-MHPEeKIWA: MUKCT-uHpexkumusg SARS-
CoV-2 + mnaparpunmn 3 Tuma cocrasigina 8,6%
oT Bcex mnoJjioxkuteabHbix Ha COVID-19 o6pa3s-
noB, panee ciaemoBaau SARS-CoV-2 + puHoBuUpyc
(3,7%), SARS-CoV-2 + amenosupyc (1,6% cirydaes)
u 1o 1% ciydyaeB Mmukct-uHpekuuii SARS-CoV-2
C CE30HHBIMM KOpOHaBHpycaMu. B xome aHanusa
BbIOOPKM HE ObLIU BBISIBJIEHBI MUKCT-MH(EKIINU
SARS-CoV-2 ¢ TakuMu BUpycaM¥ KaK BUPYC TPUTI-
na A, MeTaltTHeBMOBHUPYC, OOKaBUPYChI, pecIiupa-
TOPHO-CUHLMTHUAJIbHBIA BUPYC U BUPYChI Iapa-
rpunmna 1, 2 u 4 tunoB. Takxke oTMe4YaauCh €au-
HUWYHBIE CIy4au HaJINU4ug Tpex nHdekmii: SARS-
CoV-2 + hRv + hPiv-3 u SARS-CoV-2 + ce30HHBIH
KopoHaBupyc + hPiv-3.

O6cyxaeHne

OtueThl BceMupHOli opraHu3alvu 3apaBOOX-
paHEHUsI KOHCTAaTHPYIOT, YTO €XErogHO B MUPE
CE30HHBIC BIUJIEMUM TpPUIIIIa MOLYT BbI3bIBaTh
3—5 MJaH TaxXenblx ciydyaeB u 290—650 ThIC. Jie-
TaJbHBIX MCXOIOB OT pPECIUpPaTOPHBIX 3abose-
Banuit (WHO, coobmenue ot 03.10.2023 r.) [28].
OnHaKoO HACTOSIIIUM <«OMYOM» HAIllero BpeMEeHU
cTajla CTPEMUTEIbHO 3BOJIIOIMOHUPYIOIIast HOBasI
KOpOHaBUpYyCHasi MHMEKIIUs, BbI3bIBacMasi BH-
pycom SARS-CoV-2, yHeciias 6onee 7 MJIH XXU3-
Hew [9, 17, 26]. Kputuyeckuii rnmepuoa maHaeMUu
2020—2022 rr., xkorga 3aboneBaecmocth COVID-19
JIOCTUTrajla MaKCUMaJbHbIX 3HAUCHUI M HE UMe-
Jla CE30HHOTO XapaKTepa, He MOI HE OTPa3UThCs
Ha LIUPKYJISALUUU IPYTUX PECITUPATOPHBIX BUPYCOB.
CHMXEHHE JTOCTYIMHOCTM U KOJIMYECTBAa TECTOB
Ha rpunn u apyrue OPBU He naBaio BO3MOXHO-
CTU OLICHUTh ILUPKYJISIIMIO CE30HHBIX BHUPYCOB
B peaJIbHOM BpPEMEHMU, IOCKOJIbKY JIMIA C PECHM-
paTOPHBIMM CUMIITOMaMM YacTO HaNpaBIsJIMCh
Ha olleHKY U TecTupoBaHue Ha SARS-CoV-2 B niep-
Byo ouepenb [17]. XapakTepHast KapTHMHa HabJI1oga-
J1ach 110 BCEMY MUPY B BeCEHHME U 3UMHUE SIUIC-
muogorndeckue nepuoabl 2020—2021 rr., a UMeH-
HO CHMKEHME KOJIMYECTBA BBISIBJICHHBIX CJydyacB
rpunmna Ha 90% mo cpaBHEHUIO C MPEIbIAYIIUMU
rogaMmu C IIOCJICAYIOIIMM TMOSBICHUEM 3UMHETO
nuka 3aboseBaeMocTtu B 2021—-2022 rr. [17, 21, 25].

Ha stoMm ¢oHe B HaydYHOM COOOILECTBE BO3-
HUKJIa IMCKYyccHusl, MorJia iu maHaeMust COVID-19
MOBJIMATh Ha LUPKYISIMIO CE30HHBIX BUPYCHBIX
MHMEKIU MU Xe IOJHOCTbIO BBITECHUTh HX.
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B HacTosiieM ucciaeaoBaHUU, HECMOTPSI Ha TO UTO
9KCMEPUMEHT IPOBEIeH Ha y3KOU BBIOOpPKE W 3a-
TparuBaeT TOJIbKO OTACAbHbIN peruoH Poccuiickoit
Denepanu, MoKa3aHoO, YTO LUPKYISIUS CE30H-
HbIX BUpycoB B mepuon nanaemuu COVID-19
npeTepriesa CylleCTBeHHbIe U3MEHEHUSI MO CpaB-
HEHUI0 ¢ JOMNaHAEMUUHBIM TiepuoaoM. Tak,
B CTpykType 3abojieBaemMoctTu OPBW B ce30HBI
2012—2016 rr. B Cankr-IleTepOypre npeobiamaimn
aJeHOBUPYChI, PUHOBUPYCHI, PECIUPATOPHO-CUH-
LMTHAJbHbIE BUPYCHI [4], B TO BpeMs KaK Ha OCHO-
BaHUU HCCJeNyeMOll BBIOOPKU B DMUIEMUYECKUE
ce30HbI 2021—-2022 rr. BMecTe ¢ SARS-CoV-2 Hau-
0oJiee 4yacTo LIMPKYJMPOBAIU CE30HHBIE KOpOHa-
BUPYChI, pPUHOBUPYCHI U BUPYC MTaparpunn 3 TuIa.

B nunamuke teueHusi OPBU BazkHy10 pojib MO-
TyT WUIrpaTh MUKCT-UH(EKIUU, O0OYCJIOBICHHbIE
CJIOXXHBIMU BUPYC-BUPYCHBIMU U BUPYC-OaKTepU-
aJbHBIMU acCOLMAlUsIMU C Pa3sBUTUEM BTOPUY-
HBIX MPOLIECCOB (MMPUCOEAUHEHUE K 3a00JeBaHUIO
JIPYroro BUPYCHOTO UM OaKTepuaabHOTO 3a00-
neBaHus). [lo cyTu Takoe OuoOJOrMyeckKoe B3au-
MOJAECUCTBUE MEXAY BUpPyCaMU MOXKET JUbO ycu-
JUBaTh, TMOO MHTUOUPOBATh UX pernaukKanuio [7].
OnucaHbl ciaydyau, Korja HUPKYJISLWsS OIHOro
pecrupaTopHOro BUpyca BeIeT K 3aJepXKe WU
NpeKpalleHUuIo pacrpocTpaHeHus apyroro. Tak,
OBLJIO TTOKa3aHO, YTO Ha pacHpoCTpaHEHUE BUPY-
COB T'puUIlNa BIUSIOT LIUPKYJIUPYIOIIME pecrnupa-
TOPHO-CUHIUTHATIBbHBIN BUpyc (hRSv), punoBupyc
(hRv), Bupyc naparpunmna (hPiv-3) u aneHoBupyc
(hAdv) [14]. 1 HaoGopoOT, MaHAEMUYECKUI1 BUPYC
rpurina Croco0eH cIepXuBaTh paclpocTpaHeHHEe
BCIBILIEK PECITUPATOPHO-CUHIIMTHATIBHOTO BUDY-
ca [10, 16]. [IpuunHOIT TOMY CITYKUT KOHKYPEHIIU ST
3a pecypchl KJIeTKHU-MUIIIEHU, 32 CYET Yero MOXKeT
MOAABJSIThCS perIMKalus BUpyca U JajibHe1as
ero nepegava [18]. AHanu3 ucciaeayeMou BbIOOp-
KM Tokaszaj, 4yTo Ha ¢poHe naHaemuu COVID-19
BUpYyC Tpumnmna A, OOKaBUPYChl W pecnupaTop-
HO-CUHIIMTHUAJBbHBII BUPYC MPOSIBISIU ceOs1 Kak
MoHouHMpekuuu, Boi3biBasi OPBU caMoctosTenb-
HO. B To BpeMs Kak aJAeHOBUPYCHI, PUHOBUPYCHI
U BUPYCHI ITaparpurnia 3 TUma MoryT co3/1aBaTh A0-
MOJHUTEJbHYIO BUPYCHYIO Harpy3Ky y nmaiueHTOB

Cnucok nutepatypbl/References

¢ COVID-19. AneHoBupycHasi UH(PEKI s, CE30H-
HbIe KOPOHABUPYCHI YETHIPEX TUIIOB Yallle MPOsIB-
JISLJIMCh B BUAe MUKCT-uHMpekuuit c COVID-19, B To
BpeMs KaK pUHOBMPYC 1 BUPYC maparpuriina 3 Tuma
MOTYT MPUCYTCTBOBAaTh B BUJE MUKCT-UWHMEKIINH,
HO yallle B Bujae MOHOUHGeKuu. I'punmn A, 60ko-
BUPYC, PECUPATOPHBI CUHIUUTUAIBHBIA BUPYC
yaiie MposiBJISIOTCS B BUJI€ MOHOUH(MEKI WU, UTO
MOXKET ObITh CBUJIETEJIbCTBOM KOHKYPEHTHOI'O BbI-
TECHEHU I OAHUX BO30yIUTENel NIPYyTUMMU.

Bupycet SARS-CoV-2 u rpunma He HMEIOT
ONWHAKOBBIX PELENTOPOB, U CJIEAOBATEIbHO, KO-
UHbEKIIMsS BUpyca T'pUIllla MOXET U3MEHUTh pe-
naukKaunuio u Tsaxectb TeueHus1 SARS-CoV-2 [22].
TToka3zaHo, 4TO y mMalMeHTOB, WHOUIIMPOBAHHBIX
oagHoBpeMeHHO SARS-CoV-2 u rpunmnom, Hab10-
JlaJIMCh 0oJiee TXKeble TTOCAeICTBU S 3a00IeBaHU S
B pe3yJibTaTe Hadu4yusd KOMHMEKIIUU IO CpaBHE-
HUIO C TAKOBBIMU B KOHTPOJbHOI I'pynmne 06e3 Hee.
Kpome TOoro y mammeHTOB C MUKCT-UHGEKIIMen
pUCK cMepTu ObIT Ha 5,9% BbIIIE, YeM y Talu-
€HTOB C MOHOUWHGpeKkuusaMu rpunna uim SARS-
CoV-2 [5]. 1o pe3yabTaTaM HACTOSIIIETO UCCJIENO-
BaHUS OTSATOIIEHHOCTb TEYEHUSI TPUCYTCTBUEM
MUKCT-UH(DEKIIMU ONMPENeJUTh He yAaaoch, MOMI-
TBEPXJAECHHBIE CJIyyau rpulina A UMeau CpeaHIO
TSI2KECTh TEUEHU S U IPOSIBUIUCH Y TTALIUEHTOB C OT-
punateabHbiM RT-PCR Ha SARS-CoV-2.

3aksyeHme

Hecomuenno, nmangemuss COVID-19 oxkasana
3HAYMTEJbHOE BIIMSTHUE Ha CTPYKTYpPY 3abojeBae-
Moctu ce3oHHbIMU OPBU. Tak kak sBodOLMA
JJaHHOTO BHpyca aKTWUBHO MNPOAOJIKAETCS, ellle
paHO TOBOPUTH O 3aKOHOMEPHOCTSIX €ro IIUpPKY-
nguun. CTaHOBJIEHWE BITUIEMUYECKOro IIpoliecca
HOBOT'O BO30YAMTEJNISI OKa3bIBAET CUJIBHOE BIIMSI-
HUE Ha LUUPKYISIIUIO PECITUPATOPHBIX BUPYCOB,
B TOM YMCJIe M BUpyca IpuIna, cMemass uX ce30H-
HBIe HMKJIbI. [ paMOTHBIN 1 BCECTOPOHHU I aHATN3
exeromHoi cutyauuu ¢ OPBU 1mo3BoJINT OLIEHUTH
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YACTOTA OBHAPY)XXEHUHA FTEHOMOB
MATOrEHOB Y AETENA C OCTPbIMMU
PECINMUUPATOPHbIMUA UHOEKLUNAMMU

C.10. Twkaskuna!, I.I". Xapceesa', M.II. Koctunos?*3, A.A. Aimesa', B.B. baraxnosa',
D.J1. Anyruna'!, B.A. Yaiikuna', B.B. Boskosa!
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Pe3iome. B cBs3M C BHICOKOU pacipOCTPAaHEHHOCTBIO OCTPBIX PECIUPATOPHBIX MHPEKIWH Y IeTell MPeACTaBIsIIo0 UHTe-
pec BBISICHUTb COCTaB OaKTepUalbHBIX U BUPYCHO-0aKTEpUATbHbIX acCOLIMAIlMf MUKPOOPIraHU3MOB, HACEJSIOIIUX pe-
CTIIMPATOPHBIIA TpakT. JIJ1s1 maeHTHUKAIIMY TTATOreHOB TbIXaTeIbHBIX ITyTeil, 0COOEHHO BUPYCOB U HEKYJIBTUBUPYEMBIX
OakTepuit, Liesecoodpa3Ho UCIOIb30BaTh MOJIEKYISIPHO-TEHETUYECK e METObI MccienoBaHus, B yactHocTu, ITLIP. Llens
pabOThl — CPaBHUTEIbHBIN aHATU3 YACTOTHl OOHAPYKEHUsI TEHOMOB MAaTOr¢HOB bIXaTeJIbHOIO TPaKTa y AeTelt C OCTPhI-
MU peCcIIPaTOpHbIMU MHMEKIMSAMU U TPaKTUUECKU 3M0POBBIX. Mamepuansi u memodst. O0cnenoBaHbl et (97 4eaoBek),
13 KOTOPBIX 35 4eJIOBEK — € OCTPHIMU PECITMPATOPHBIMU MHPEKIIMIMU BEPXHUX JAbIXaTeIbHBIX MyTel (Ha30(hapuHTUT,
apunrut, napunarut) (OPU B/IIT), 32 9enoBeka — ¢ OCTPBIMU PEeCIMPATOPHBIMU MHGMEKITUSIMU HUKHUX JbIXaTeIhb-
HBIX ITyTel (OCTPBI OPOHXUT, OCTPHIit 00cTpyKTUBHBIN OpoHXxuT) (OPY H/IIT) 1 30 yemoBeK — MpaKTUIECKH 3M0POBBIC
Ha MOMeHT o0cenoBaHust. B otaensiemom pororinotku ¢ momoinbto [T P onpenenstan PHK u JIHK BupycHbIX 1 OakTepu-
aTbHBIX MaToreHoB. Mcnonb3oBanbl TecT-cucteMbl nmpoussoncTsa ®BYH ITHUUW Bnupemuonornu PocriorpedHanzopa
u AO «Bektop-bect». Pezyrsmamsr. AHanu3 yactotsl BeisiBieHUus JJHK 1 PHK naroreHoB 6aktepuaabHON U BUPYCHON
TIPUPOJIBI TIOKA3aJT HAIMIUe WX ITUPOKOTro criekTpa (20 pa3IMIHbIX BUAOB/IITAMMOB U3 27 OIpe/ieisieMbIX) B OMoMaTepu-
aJie U3 POTOIJIOTKH Y BceX 00cenoBaHHbIX AeTeil. Haubombliiee pazHooOpasue 1 4acToTa OOHApyKEHUSI TEHOMOB TaTo-
TeHOB OOHApPYKEeHbI Y MPaKTUYECKU 300poBbIX 00caenoBaHHbIX U Aeteit ¢ OPM BIIT (AHK npenctaButeneit cemeiicta
Herpesviridae, S. pneumoniae, H. influenzae, MSSA, MRCoNS). B coctaBe Mukpodaopbl npeBaJupoBain acCouMaluu
13 4—6 TIaTOreHOB, a «IIPOM» KaK 0aKTepraJbHBIX, TAK U BUPYCHO-0aKTepUaIbHBIX aCCOLMALIUIA SIBJISTIOCh COYETaHME
S. pneumoniae u H. influenzae (B 93,3% 1 60,0% cityuaeB COOTBETCTBEHHO). B GakTepraIbHBIX aCCOLMAIUSIX Y 3I0POBBIX JIE-
Teit BeIsaBsUIM Takxke cTadhuaokokk (MRSA u MRCoNS) u P. aeruginosa, y neteit c OPU BAIT — MSSA u oueHb penko —
npyrue Buabl 0akTepuit. Y nereit ¢ undekunsamu HJITT, 6onpmHcTBO 13 KOTOPBIX (75,0£7,7%) OTHOCHIIMCH K KATETOPUK
JUTUTETHHO OOJICIONTNX ¥ MMEJIM OCJIOXKHEHHOE TeUeHHUE 3a00IeBaHMSsI, OOHAPYKEHO 3aMeTHOE 00emTHeHNE (YMCHBILICHUE
TaKCOHOMUYECKOTO pa3Ho00pa3us) HazohapuHTeaIbHON MIKPOOHOTEL. 3akaouerue. [IpencTaBieHHbIC JaHHBIE CBHUIC-
TENBCTBYIOT O TIPUCYTCTBUM B OMOMaTepraje 00CIeIOBAHHBIX AeTel MOJIEKYISIPHO-TEHETUUECKUX MapKePOB IIIMPOKOTO
CIEKTpa MaTOT€HOB B BUJI€ BUPYCHO-0AKTepUATbHBIX U OAKTEPUAIBHBIX ACCOLUUALINMI, COCTaB KOTOPHIX BapradesieH U 3a-
BUCHUT OT KJIMHUYECKOTO CTaTyca manueHToB. OOHapy:KeH1e TeHOMOB TTATOTe¢HOB SIBJISIETCST BAaXKHBIM IS PEIIEH U ST BOTIPO-
€a 0 BIOOPE ITUOTPOIHOI Teparuy Ha paHHKX dTarnax 3a00JieBaHus1, a TAKKe Ha3HAYEH WS TPOOUOTUYECKUX ITPEapaToB,
CTMIOCOOHBIX BOCCTAHOBUTH OalaHC MUKPO(IIOPHI IbIXaTeIbHBIX Ty TEH.

Karouesvie caosa: MLIIC])06MOM OJbIXAMeAbHbIX nymeﬁ, pecnupamopHsle qu)ekuuu, 0emu, BUPYCHblE NAMO2eHbL, 661Km€pua/lbﬂbl€ namocemsl.
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THE FREQUENCY OF DETECTED PATHOGEN GENOMES IN CHILDREN WITH ACUTE RESPIRATORY
INFECTIONS

Tyukavkina S.Yu.?, Kharseeva G.G.?, Kostinov M.P.>¢, Alieva A.A.?, Balakhnova V.V.?, Alutina E.L.?,

Chaikina V.A.?, Volkova V.V.?

@ Rostov State Medical University, Rostov-on-Don, Russian Federation
b I. Mechnikov Research Institute of Vaccines and Sera, Moscow, Russian Federation
¢ .M. Sechenov First Moscow State Medical University, Moscow, Russian Federation

Abstract. Due to the high prevalence of acute respiratory infections in children, it was of interest to determine
the composition of bacterial and viral-bacterial associations for respiratory tract inhabiting microorganisms.
To identify respiratory tract pathogens, especially viruses and unculturable bacteria, it is advisable to use molecular
genetic research methods particularly PCR. The work was aimed at comparatively analyzing rate of genome detection
for respiratory tract pathogens in children with acute respiratory infections and apparently healthy controls. Materials
and methods. Children (97 people) were examined, of which 35 people — with acute respiratory infections of the upper
respiratory tract (nasopharyngitis, pharyngitis, laryngitis) (ARI URT), 32 people — with acute respiratory infections
of the lower respiratory tract (acute bronchitis, acute obstructive bronchitis) (ARI NDP) and 30 people — apparently
healthy control at the time of examination. RNA and DNA of viral and bacterial pathogens were assessed in the
oropharyngeal smears using PCR. Test systems produced by the Federal Budgetary Institution Central Research
Institute of Epidemiology of Rospotrebnadzor and JSC Vector-Best were used. Results. An analysis of detection rate
for DNA and RNA of bacterial and viral pathogens showed the presence of a wide range of them (20 different species/
strains out of 27 identified) in oropharyngeal biomaterial from all examined children. The peak diversity and detection
rate of pathogen genomes were found in apparently healthy subjects and children with ART UDP (DNA of members
from Herpesviridae family, S. pneumoniae, H. influaenzae, MSSA, MRCoNS). Associations of 4—6 pathogens prevailed
in the microflora, and the “core” of both bacterial and viral-bacterial associations was the combination of S. pneumoniae
and H. influenzae (in 93.3% and 60.0% of cases, respectively). In bacterial associations, staphylococci (MRSA and
MRCoNS) and P. aeruginosa were also detected in healthy children, MSSA and other very rarely bacterial types
were detected in children with ARI UDP. In children with NPD infections, the majority of whom (75.0£7.7%) were
classified as long-term ill and had a complicated disease course, a noticeable depletion (decrease in taxonomic diversity)
of the nasopharyngeal microbiota was found. Conclusion. The presented data indicate the presence in the biomaterial
of the examined children of molecular genetic markers of a wide range of pathogens presented as viral-bacterial and
bacterial associations, with varying composition being related to patient clinical status. Detection of pathogen genomes
is important for choosing proper etiotropic therapy at early disease stages as well as prescribing probiotic drugs that can
restore a balance in respiratory tract microflora.

Key words: microbiome of the respiratory tract, respiratory infections, children, viral pathogens, bacterial pathogens.

BUTHUIO BTOPUYHBIX CPEITHUX OTUTOB, OaKTepUalb-
HBIX OPOHXMTOB UM MHEBMOHMUI1, HanboJiee YacTo

BBepneHue

Mukpodaopa nbIxaTeJbHBIX MNyTei obecre-
yuBaeT OWOJIOTMYECKMIT OajlaHC MeXay opra-
HU3MOM U OKpYXalollel Cpeaoil, urpasi BaxXHYIO
poJib B TOAJIEpXXKaHUU 310POBbs yeaoBeka [5, 13].
3amuTa AbIXaTeJbHBIX MYyTe OT MaTOTE€HOB OCY-
IIECTBISIETCS C MOMOIIbIO MHOTUX MEXaHU3MOB,
BKJIIOYasi MYKOUMJIUAPHBIA KJIUPEHC, (HaKTOPhI
BPOXJIEHHOTO U aJalTUBHOTO UMMYHUTETA, UM-
MYHOMOJIYJIUPYIOIIEe U aHTATOHUCTUYECKOE Neii-
CTBUE PE3UNECHTHOU MUKPODJIOPHI. AKTUBU3ALU S
KOMMEHCaJbHbIX OaKTepuil, TNPOHUKHOBEHUE
U3 BHEUIHEU Cpeabl MaTOreHoB, B TOM YMUCJE BU-
PYCHOII MPUPOJbI, MPUBOAUT K (POPMUPOBAHUIO
aucouosa pecriuparopHoro tpakrta [13]. Bupycel
CIIOCOOCTBYIOT aAre3uu OakTepuadbHBIX IaTO-
TeHOB K KJIeTKaM YeJOoBeKa W UX KOJOHU3ALUU
3a CYeT pa3pylleHUs SMUTEJUaIbHOro Oapbepa,
CHUXXEHUSI 0aKTepUalbHOTO KJIUPEHCca, MPSIMOTo
MUMMYHOcCynpeccuBHoro aeiictBust [2, 8]. Takas
CUTYyallMsI 3aKOHOMEPHO MOXET MPUBECTU K pa3-

BbI3BIBAEMBIX S. pneumoniae u S. aureus, pexe —
Haemophilus influenzae n Pseudomonas aeruginosa.
B cBolo ouepenb yBeJIMUYEHHE KOJIMYECTBA ITUX
MaTOTeHOB BO BpeMS$ BUPYCHON MHMEKIIMU TTPU-
BOJIUT K YCUJICHUIO DKCIIPECCUU PELENTOPOB ali-
re3uu JJsi NMPOHUKHOBEHUsT BupycoB [12, 14].
dopMmupyeTcst TaTOMOrMYECKU M 3aMKHYTHII KPYT,
rae 11ucOuo3 Moaep>KMBaeT BOcIlajJieHue, a BOC-
najieHue — AMcO103, YTO MPUBOIUT K BOBHUKHO-
BEHUIO OCTPBIX PECIUPATOPHBIX MHMEKIUN, UX
nepexony B XpOHMUECKYI0 (DOPMY U MOBBIIIEHU IO
purcKa pa3BUTHS cOMaTUYeCKUX 3aboJieBaHUi [9].

OcTpble pecrnuparopHblie MH@EKUUU y OeTeit
cocTaBisoT 6osee 70% MHOEKIIMOHHOM I1aTOJI0-
TMy, IpUYEM KaXXJbliA MSATHI peOEHOK OTHOCUTCH
K TpyIIe aeTeil ¢ peKyppeHTHBIMU PEeCIUpaTop-
HBIMU MHOMEKIUSIMU, MTPU KOTOPBIX HabII0maeTcs
4—6 u Gosee 3nM3040B 3abosieBaHus B rox [3, 4].
JIs1 ocTpBIX pecnupaTopHbIX MH(pEKIIMI XapaKTep-
Ha MOJMUATUOJIOTMYHOCTh. biarogapsi BHeIApEHUIO
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B MPaKTUKY MOJIEKYJISIPHO-TEHETUUYECKUX METOJI0B
WCCIEJOBAHUS BBISIBJIEH IIMPOKUU CHEKTP «CKPbI-
TBIX» PECIUPATOPHBIX TMATOTEHOB, HE AOCTYMHBIX
IS UACHTU(UKAIIMKU B <«KYJIBTYPAJIbHYIO» 3IIOXY
(BUpYChI, MUKOILJIA3Mbl, XJaMUAWU, ITHEBMOILIU-
CcThl U Ap.). UaeHTudukauus HeKyJIbTUBUPYEMbIX
1 TPYOIHO KYJIBTUBHPYEMBIX IIpeAcTaBUTENICt pe-
CIUpPaTOpHOt MUKPOMDIIOPH BO3MOXHA TIPU WC-
MOJb30BAaHUU BBICOKOITPOU3BOAUTEIBHBIX METO-
JIOB CEKBEHUPOBAHUSI METareHoMa MUKPOOUOTHI
pecrupaTopHOro TpakTa, OCHOBAHHBIX Ha aHAJIN3e
BapuabeIbHBIX YYaCTKOB TeHa 16S pubocoMabHbIX
PHK. BToT MeTognuecKkuii moaxon akTyajeH IJisl
Hay4YHBIX UCCJIENOBAaHUI, B TOM YHUCJIE U JJIs BHE-
CEHUSI HOBBIX JAHHBIX O HYKJICOTUIHBIX MOCIEI0-
BaTEJILHOCTSIX TEX WJIM MHBIX TIPOKAPUOT B COOTBET-
CTBylollIMe 0a3bl MTaHHBIX. B pyTMHHOW MpakTUKe
OCHOBHBIM METOIOM MOJIEKYJIIPHO-TEHETUYECKUX
WCCNIEAOBAHUM NJISI YCTAHOBJICHUST STHUOJOTUU WH-
dexuunoHHbIX 3a001eBanuit aBisiercs [TLP [12, 20].
Llesib uccienoBaHU s — CpaBHUTEIbHBI I aHATU3
YaCTOThl OOHAPYKEHUSI TEHOMOB ITaTOI€HOB JIbIXa-
TEJIbHOTO TPaKTa y NETEM C OCTPbIMU pPECTIUPATOP-
HBIMU WHOEKIUSIMU U TTPAKTUUECKU 3[I0POBBIX.

Matepuainbl 1 METOLbI

OO6cnenoBaHbl 1eTU: 35 YEIOBEK — C OCTPBIMU
pecrMpaTopHbBIMU WHMEKIIUSIMU BEPXHUX JIbIXa-
TeJAbHBIX TyTeill (Ha3oMapuHIUT, (hapuUHTUT, Ja-
punrut) (OPU BIII), 32 yenoBeka — C OCTpPBIMU
pecnupatopHbIMU WHGMEKIUIMNA HUXHUX JIbIXa-
TEJbHBIX IyTel (OCTPBIA OPOHXUT, OCTPBIA 0O-
cTpykTuBHbI OpoHxuT) (OPU HIAII) u 30 yeno-
BEK — MPAaKTUYECKU 3J0POBBIX HA MOMEHT 00CIIE0-
BaHUs. Bce manmeHThl HAXOMMJIMCh IO/ HAOIoAe-
HueM B 'BY PO «Jletckas ropoackasi MOJUKJIUHUAKA
KenesHonopoxxHoro paiioHa» B I. PoctoBe-Ha-JloHy
n I'BY PO <«Jletrckas roponckasi 6onbHuIa No 1»
B TI. PoctoBe-Ha-/lony B 2021-2022 1T. (B mepuon
MaHJAeMUW HOBOW KOPOHABUPYCHOW WHMEKIINN).
Bospact nereit coctaBua 3—15 netT, MearaHa Bo3pac-
Ta — 7 net. O6cienoBaHue AETei TIPOBEACHO B COOT-
BETCTBUU C TPeOOBAaHUSIMU XEJIbLCUHCKON NeKJapa-
v BecemupHoii MmenuuimHckoi accouanuu (BMA)
«DTUYecKkue MPUHIIMIBI TPOBENCHUST HAyIHBIX Me-
IULIMHCKUX WCCJIENOBAHUI C ydacTHEM 4YeloBeKa»
B pemakuumn 52-if ceccuu [eHepanbHOU AccamMoOiien
BMA (2000 r.) u «IIpaBryiaMu KJIMHUYECKON MpakK-
ik B Poccuiickoit Denepalinn», yTBEPXKICHHBI-
mu Ilpukazom MunzapaBa Poccuu ot 19.06.2003 1.
Ne 266. Ha mipoBeneHue KIMHUYECKOTO MCCIIEI0BA-
HUS TIOJIYyYEHO NOOPOBOJILHOE WHMOPMUPOBAHHOE
comiacue oT poauTeseit neteit 1o 15 net.

Y Bcex gereit MpoOU3BOAMIMN 3a00p OTHEJIsie-
MOTO POTOTJIOTKM [JIsI TIOCTAHOBKU TOJMMEpPa3-
Hoil nenHoi peakuuu (ITLIP). buomarepuan no-
MeElllaJi B TPAHCIOPTHYIO Cpeny W AOCTaBJISIIUA
B JJabopaTopuio B TedeHue 1—2 4. [l BeISIBICHUS

u KonmuecTBeHHOTO onpenencHus JIHK Bupycos
repreca yeiaoBeka 1 Tuma (BI'Y-1) u 2 Tuma (BI'Y-2)
UCNOIb30BaIN TecT-cucteMy «AMIinCenc HSV 1,
II-FL» (®bYH HHUWW BDnunemunonoruu Poc-
notpedHanzopa u AO «Bexktop-bect»); 9bB, [IMB
u BI4Y-6 — <«AmmiuCenc EBV/CMV/HHV6-
ckpuH-FL» (®BYH IHWUW BOnunemuonoruu
Pocnotpednanzopa u AO «BekTop-bect»). [lns ne-
Tekuuu PHK BupycoB rpumnma A (Influenza
virus A) u rpunmma B (Influenza virus B) mcmors-
3oBasin tecT-cucteMy <«AMmanCenc® Influenza
virus A/B-FL» (DBYH LHHWUW Brmmoemunoiornu
PocrniotpebHangzopa u AO «Bektop-bect»); nns
TUunupoBaHusl (MaeHTUudukanuu cyorunos HINI
u H3N2) Bupycos rpumnma A (Influenza virus A) —
«AMmmmmuCeHce Influenza virus A-tun-FL» (OPBYH
HHNWUHN Bnupemuosorun  PocnoTpedHanzopa
n AO «Bektop-bect»); PHK pecniupatopHo-cuH-
nuTuanbHoro Bupyca (human Respiratory Syncytial
virus — hRSv), MeramHeBMoBupyca (human
Metapneumovirus — hMpv), BUpycOB Ttaparpumnna
1, 2, 3 u 4 TunoB (human Parainfluenza virus 1—4 —
hPiv), xoponaBupycoB (human Coronavirus —
hCov), punosupycoB (human Rhinovirus — hRv),
AHK anenoBupycoB rpynn B, C u E (human
Adenovirus B, C, E — hAdv) u 6okaBupyca (human
Bocavirus — hBov) — <«AmmauCenc OPBU-
ckpuH-FL» (®BYH IIHWUWMW Bnumemuonoruu
PocniorpedHanzopa u AO «Bektop-bect»).

Jnst BBISIBJIEHUSI U KOJIWYECTBEHHOTO OIpe-
nenenus JHK MSSA m MRSA, MRCoNS wuc-
noyib3oBain Tect-cucreMy <«AMiuinCenc MRSA-
ckpuH-TUTp-FL» (®BYH I HUWW 3Bnunemuno-
noruu PocnorpedHanzopa u AO «Bektop-bect»);
HOHK  Neisseria  meningitidis, H. influenzae
u S. pneumoniae — «AmmanCenc® N. meningiti-
dis/H influenzae/S. pneumoniae-FL» (®BYH
HHUUN  Bnuagemuonorun  PocnorpebHaa3opa
n AO «BekTop-becT»); njsi BbISIBJIEHUSI U KOJIU-
yectBeHHOTOo omnpeneneHuss HHK Streptococcus
agalactiae — «AmmmCeHc® Streptococcus agalac-
tiae — ckpuH-TUTp-FL» (PO®BYH LHHUUN Bru-
nemuosiorun PocnorpedoHanzopa u AO «BekTop-
bect»); Streptococcus pyogenes — <«AmrnnuCeHc
Streptococcus  pyogenes  cKpuH/MOHUTOpP-FL»
(®bYH HIHWUN Bnuaemuonoruu PocrioTped-
Haazopa u AO «Bekrtop-bect»); AHK Mycoplasma
pneumoniae  wn  Chlamydophila  pneumoniae —
«AMminCenc Mycoplasma pneumoniae/Chlamy-
dophila pneumoniae-FL» (PBYH LIHUUW Dniune-
muonorun PocnorpedHanzopa u AO <«BekTtop-
bect»). AHK Klebsiella pneumoniae, P. aeruginosa,
Acinetobacter baumannii u Stenotrophomonas malfo-
philia Bergasisgnau metogoM [P B pexxume peasib-
HOTO BpEMEHHN ¢ ToMOIIbI0 TecT-cucteMbl (AO
«BekTop-bect»).

CraTuctuueckyio odbpabOTKy MaTepuaia Mmpo-
Boauiu ¢ momolibio nporpamMMbl STATISTICA 12.0
(StatSoft Inc., CIIA) u MedCalc (Bepcus 9.3.5.0).
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Pesynbrarhl

IMpu aHanu3e KIMHUYECKO-aHAMHECTUYCCKUX
JMaHHBIX yCTAaHOBJIEHO, YTO OOJBIIMHCTBO 00CIEI0-
BaHHBIX IIeTei KaK ¢ ITaTOJIOTUEH TbIXaTeIbHBIX ITY-
teit (OPU HAIT u OPU BJIIT), Tak 1 mpakKTU4YeCKU
3J0POBbIX UMEJIM HEOJAronpusITHBINA TTPeMOpOunI-
HBIU (DOH (OTATOIMICHHBIN aKyLIePpCKUIT aHaMHE3,
MCKYCCTBEHHOE BCKapMJIMBaHUE, MepUHATAJIbHOE
nopaxeHue LIHC, pekyppeHTHbIE peclTupaTOpHbIe
vWHEeKIIMU B aHaMHe3e). Ha moiaro HenmpuBHUTBIX
W IIPUBUTHIX C OTKJIOHEHUSIMHU OT HalimoHanpbHOTO
KaJleHTaps TpoGUIAKTUISCKUX ITPUBUBOK MPU-
LIJIOCh cpeau Bcex obOcienoBaHHBIX 33,3—45,7%
nanneHToB. OCIOXHEHUsT OCHOBHOTO 3a0oJieBa-
HUSI, CBSI3aHHBIE C TTOpaXXeHUEM JTUMQPOIIIOTOYHO-
ro konanla ITuporosa—Banbaeiiepa (runeptpodus
IJIOTOYHOM MUHIAJIWHBI 2—3 CTEIeHU, TUIePTPO-
Gust HeOHBIX MUHAAINH 2—3 CTENCHU, TUTIIEPTPO-
GbU S TI0TOYHOU U HEOHBIX MUHAAJIUH 2—3 CTEIIEHU)
peructpupoBanu y 34,4—50% neteii, 4TO He UMe-
JIO DOCTOBEPHBIX OTIMYMUIN MPU CpaBHCHHUU JIeTEH
¢ 3a00JICBAaHUSIMU IHIXaTCIIbHBIX ITyTeil M IIpak-
TUUYeCcKU 310poBbIX. [ToTpeOHOCTL B rocrnuTaiu-
3anuu cpenu nanueHtoB ¢ OPU BJIIT cocraBuna
34,3£8,0%, uto moctoBepHo (p < 0,05) HMXKe, yeM
y nerevi ¢ OPU HIIT (87,5+5,8%). InuTenbHOCTH
rocnuTajiu3anuu 0ojiee 5 KOMKO-AHEH y manueH-
toB ¢ OPU BAII (25,7£7,4%) nuxe (p < 0,05), yem
y neteit c OPU HAIT (53,1+8,8%).

%
80

70 -
60
50 -
40 -
30
20 -
10

0

[HK repnecsupycos
DNA of herpesviruses
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PucyHok. YacToTa BCTpe4yaemMoCT reHOMOB
repnecBupycoB 1 APYrux pecnupaTtopHbiX BUPYCOB
y aetein ¢ OPU n npakTuyeckm 340poBbixX

Figure. Rate of detected genomes for herpesviruses
and other respiratory viruses in children with ARl and
apparently healthy control

MpumevaHume. *JocToBepHOCTb OTAMYMiA p < 0,05.

Note. *Significance of the differences p <0.05.

Ilpn wuccrmenoBaHMM YacTOTBI BCTpeUYaeMO-
CTH pa3IMYHBIX TpeACTaBUTEJIC ceMeiicTBa
Herpesviridae B TILIP (tabn. 1) yctaHOBAEHO, 4TO
JHK Bupyca Dnmreitna—bapp Ha cimu3ucToit 060-
JIOUKEe POTOTJIOTKM oOHapyxkuBaiu pexe (p < 0,05)
y meTeil ¢ 3a00JIcBaHUSIMM IBIXaTCJIbHBIX ITyTei
(OPU BAIT — 17,1+6,4%, OPU HAII1 — 9,4+5,2%),
YyeM y MpaKTUUYECKU 3HO0POBBIX OOCIETOBAHHBIX
(40,0%£8,9%). Apyrue repnec-supycol (LIMB, BI'4-
6) BBISIBJISIIM Y BCeX OOCJIEHOBAHHBIX BHE 3aBU-
CUMOCTHU OT AMarHos3a C OJMHAKOBOW 4acTOTOM.
IIpuMmeuaTeapbHO, YTO HU Y OOHOrO U3 IMallMEHTOB
JHK BI'd-1 u BI'Y-2 B oTaensieMoM pOTOIIOTKU
He BBISBJIcHA. [IpM pacCMOTpEeHUM YacTOTHI BHI-
nenenus JJHK Bcex repriecBUpycoB B LieJI0M (pUC.)
ycTaHOBJIeHO, 4TOo pexe (p < 0,05) ee ompenens-
nu y nereit ¢ OPU HAIT (28,1% o6GcnenoBaHHBIX),
yem y aeteii ¢ OPU BAII (60,0%) u mpakTudecku
310poBbIX MaureHToB (73,3%). Ipu onpeneneHuu
BUPYCHOI Harpy3ku (kKonuuecTBo Komuii JIHK/
MJI) HUKAKHUX JTOCTOBEPHBIX OTJIWYUNA BBISIBUTH
HE YIaJ10Ch.

T'enomnbl (PHK, THK) BupycoB — B0O30yauTe-
JIE OCTPBIX pecnMpaTOpPHbIX MHMEKIMN (Tpumnra,
maparpuiiina, aaeHOBUPYCOB, PeCIMPaTOPHO-CHH-
TULIMAJBHOTO BUPYyca, KOpOHABHUPYCOB, OOKaBUPY-
COB, METAITHEBMOBMPYCOB) IPEACTaBJCHbI Yy NeTei
Cc 3a00JIeBaHMSIMU IOBIXaTSJbHBIX MYTEH M MNpak-
TUYECKHU 3IOPOBBIX OOCJIEMOBAHHBIX 3HAUYUTEIHHO
0oJiee CKy/IHO MO CPaBHEHUIO C BUpycaMU reprieca.
Tak, y nereit ¢ OPU B/IIIl ToJbKO B €AMHUYHBIX
caydasix B bmomarepuane ooHapyxkeHbl PHK Bu-
pycoB rpurmmiia A(H3N2) u A(HINI), maparpunmna
1—4, punoBupyca u IHK agenosupycos B, C, E.
V neteit ¢ OPU HAIT Tak>ke B eIMHUYHBIX Cay4da-
ax ooHapyxkupanu PHK Bupycos rpunmna A(H3N2)
n A(HIN1), ppuHOBHpYyCa U pecIIMPaTOPHO-CUHTH-
nuajgbHOro BHpyca. JJoCcToBepHBIC OTIMYMS B Ya-
CTOTE BbISIBJIEHUSI TEHOMOB ATOU I'PYIIIbl BUPYCOB
y OeTeil ¢ 3a00JIeBAHUSIMMU AbIXaTEIbHBIX MNYTEM
M IIPAKTUISCKH 3T0POBBIX OTCYTCTBYIOT (PHC.).

IIpn paccMOTpeHUU YaCTOTHI BBISIBICHUSI Te-
HOMOB OaKTepuajbHbIX MaTOT€HOB Ha CJIU3U-
CTOIi 000JI0OYKE POTOIJIOTKM YCTaHOBJIEHO, YTO
S. pneumoniae SBASIICS NOMUHUPYIOIINM BUIOM.
AHK S. pneumoniae obHapyxuBajiu B OuomMate-
puaje, OoTOOpaHHOM Y BCeX INMpakKTUYeCKU 300pO-
Boix aereit (100%), B mogaBJsiolieM OOJIbIIMHCTBE
(91,4+4,7%) y netreii c OPU BJII1 u Gojiee yeM y oJio-
BUHBI (68,8£8,2%) mauuenros ¢ OPU H/TII. Bropoii
Mo 4yacToTe BbIsIBAeHUs1 Bun H. influaenzae npen-
CTaBJICH ITOUYTHU Y BCEX ITPAKTUUECKU 3TOPOBBIX IETEH
(93,3+4,6%), 6osiee uem y noJioBuHbl gereit ¢ OPU
BAIT (57,1+£8,4%) u 21,9%£7,3% nauuentos ¢ OPU
HJIIT. Cnenyetr ormetuth, 4to JJHK 3THX Mukpo-
opranusmoB pexe (p < 0,05) BBISBISIN Y OOJTBHBIX
¢ OPU HUXHUX OBIXaTeIbHBIX ITyTEil, YeM BepX-
Hux. Cieayrolleil o 3HaUMMOCTHU TPYIIOi 0akTe-
puii IBUIMUCH TIpeacTaBuTenn poaa Staphylococcus:
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TaGnuua 1. YacTtoTa BCTpeyaemMocT reHOMOB naTtoreHoB y geteil ¢ OPU u npakTuyeckn 3p0poBbiX

Table 1. The rate of microbial genome detection in children with ARI

MaToreHsbl oPuBAON OPUHAON MpakTnyecku 3a0poBbie AeTn
Pathogens ARIVDP ARINDP Apparently healthy children
9BB 6 3 12
EBV 17,1£6,4%* 9,4+5,2%* 40,0£8,9%
LMB 7 3 5
CMmV 20,0£6,8% 9,4+5,2% 16,7+6,8%
Br4-6 8 3 5
HHV-6 22,9£71% 9,4+52% 16,7£6,8%
Br4-1uBry-2 B B ~
HSV-1 and HSV-2
Bupyc rpunna A(H3N2) 2 4 ~
Influenza A(H3N2) virus 5,73,9% 12,5+5,8%
Bupyc rpunna A(H1N1) 1 1 _
Influenza A(H1N1) virus 2,9+2,8% 3,1£3,0%
Bupyc rpunna B B _ _
Influenza B virus
Bupychl naparpunna 1-4 6 _
Parainfluenza viruses 1-4 17,1£6,4%
BokaBupyc B _ 1
Bocavirus 3,3+3,3%
ApeHoBupyc (B, C, E) 1 B ~
Adenovirus (B, C, E) 2,942 8%
PuHoBupyc 4 3 7
Rhinovirus 11,4£5,4% 9,4+5,2% 23,37, 7%
PecnupatopHO-CUHLUTUANbHDIA BUPYC B 1 :
Respiratory syncytial virus 3,1£3,0%
MeTtanHeBMmoBMpPYC _ _ _
Metapneumovirus
KopoHaBupyc B _ _
Coronavirus
. 32 22 30
S. pneumoniae 91,4+4,7%** 68,8+8,2%" 100%
. 20 7 28
H. influenzae 57,148,4% * ** 21,947,3%" 93,3+4,6%
8 3 14
MSSA 22,9+719%* 9,4+5,29* 46,7+9,1%
10 1 7
MRCONS 28,647,6%"* 3,143,0%" 23,3+7.7%
3 7
MRSA 8,6+4,7% - 23,37, 7%
S. agalactiae ! - 5
' 2,9+2,8% 16,7+6,8%
S. pyogenes - - 3
. 10,0+5,5%
P. aeruginosa ! 3 !
’ 20,0+6,8%* 9,4£5,2% 3,3%£3,3%
K. pneumoniae 2 - !
‘P 5,7+3,9% 3,33,3%
" 1
A. baumanii - 31+3,0% -
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OkoH4aHue Tabnuubl 1. YacToTa BCTpeyaemMocT reHOMOB natoreHoB y geteil ¢ OPU u npakTuyeckun

300pPOBbIX
Table 1. The rate of microbial genome detection in children with ARI (continued)
MaToreHsbl opuBan oPuHAN MpakTuyecku 3poposbie AeTn
Pathogens ARIVDP ARINDP Apparently healthy children
Stenotrophomonas maltophyla 57 i(23, 9% - 3.3 ;3’3%
N. meningitidis - - -
M. pneumoniae - - -
C. pneumoniae - - -
Bcero o6cnenoBaHHbIX AeTei 35 32 30
Total children examined 100% 100% 100%

Mpumeyanue. *JocToBepHoCTb 0TANYNMIA (p < 0,05) nokasaTeneit y feTei, ¢ pasnuyHsIMU GopMamm 0CTPOV PECNMPATOPHONR MHPEKLMMN NO CPABHEHIO
C aHaNOrMYHLIMK NoKa3aTensMm y NPaKTUYECKM 300POBLIX AETEN; **A0CcTOBEpHOCTL 0TAnywiA (p < 0,05) nokasateneit y aeteii ¢ OPY BAIM no cpaBHEHMIO

C aHanornyHeIMn nokasarensmu y neteii c OPU HAIM.

Note. *Significance of differences (p <0,05) in children with various acute respiratory infection compared with apparently healthy children; **significance
of differences (p <0.05) in in children with ARI of VDP compared with ARI of NDP.

MSSA, MRCoNS u MRSA (B nopsinke yObIBaHMS).
Y nereil ¢ 3a00jieBaHUSIMM BEPXHUX U HUXKHUX
neixatenbHbIX TyTeilt JJTHK MSSA 1 MRCoNS BbI-
aBisaan pexe (p < 0,05), yeM y IpaKTUYECKH 310-
poBbIx oocienmoBaHHBIX. [Tpu aTom JIHK MRCoNS
qaiie (p <0,05) ooHapyxupanu y neteit c OPU BT
no cpaBHeHMIO ¢ 6onpbHBIMU ¢ OPU HAII. JHK
P. aeruginosa BbISIBIISIIA Y BCeX 00C/IeIOBAaHHBIX JIe-
Teil, HO, 110 CPABHEHUIO C MPAKTUYECKU 310POBbI-
MU obcienoBaHHbIMHU, dalie (p < 0,05) y 60JbHBIX
¢ OPU BAII (20,0+6,8% ob6caenoBaHHbIX). K peako
BCTpeYaeMbIM MAaTOreHaM Ha CJIU3UCTON 000JIOUKe
poToryoTKu oTHocsATCca K. pneumoniae, A. baumanii
u S. maltophyla. Hu y Koro u3 o0cliemOBaHHBIX
nereit JHK dakynsratuBHBIX (N. meningitidis,
M. pneumoniae) n oonuratHbix (C. pneumoniae) BHY-
TPUKJICTOYHBIX IApa3UTOB HE OOHApyKeHa.

MukpobHsbie accoutmanuu y geteit ¢ OP BITI1
M IPpaKTUUECKHU 3T0POBBIX (TA0JI. 2) IpeaCTaBICHBI,
B OCHOBHOM, 4—6 Mukpoopranusmamu (60,0+5,9%
u 93,3+4,6% nanueHTOB COOTBETCTBEHHO). Y Je-
teit ¢ OPU HII Ha ciusucToit 000J0U4Ke pOTO-
TJIOTKM C OAMHAKOBOW YacTOTOM OOHapy>KMBa-
JI1 eNMHUYHBIC MaTOreHbl U accoluanuy u3 2—3
u 4—6 Mukpoopranusmos (21,9+7,3%, 31,3+8,2%
u 25,0£7,7% coorBeTcTBeHHO). [Ipn paccMmoTpe-
HHUU COCTaBa acCollMalluii ycCTaHOBJICHO, YTO y BCeX
00cIeqOBaHHBIX BUPYCHO-0OaKTepHuajibHble U 0ak-
TepuaibHble KOMOMHALIMU BCTPEYaIUCh IPUMEPHO
C ONVMHAKOBOI 4acTOTOM. Y Bcex 00ciea0BaHHBIX
nereit H. influaenzae oOHapy>XMBaJId TOJIBKO B 005~
3aTeJIbHOM COYETaHUMU C S. pneumoniae, Torma Kaxk
S. pneumoniae BBISIBJISIJIN B acCOLIMALIASIX O€3 TeMO-
dunbHOM manouku (21,6% ciydaes).

Tabnuua 2. KonmyecTBO MUKPOOPraHU3MOB-aCCOLMAHTOB B OTAENEMOM POTOMNIOTKU U CJIIOHE Y AeTel
Table 2. The number of oropharyngeal microorganisms isolated in children with ORI

KonuyecTtBO MNKpOOPraHN3MoB-acCOLNAHTOB oPuBAON OPUHAON MpakTnyecku 3p0poBbie AeTn
Number of associates ARIVDP ARI NDP Apparently healthy children
1 O/ K% 7 oLk 0
2,9%+2,8% 21,9+7,3%
2_3 10 1
31,4%7,8%* 31,3+8,2%* 3,3+3,3%
4-6 8 28
60,0£5,9%* ** 25,0+7,7%" 93,3%4,6%
1
7-8 5.7+3,9% - 3,3+3,3%
Bcero o6¢cnepoBaHHbIX geTei 39 30
Total children examined

Mpumeyanue. *JocToBepHoCTb 0TANYNMIA (p < 0,05) nokasaTteneit y aeTen ¢ pas3nnmyHeiMu Gopmamy 0CTPOI pecnnpaTopHoi MHGEKLMM N0 CPABHEHMIO
C aHanorMyHbIMU NOKa3aTeNMM y MPAKTUYECKM 3L0POBLIX AETEN; **L0CTOBEPHOCTL 0Tnuni (p < 0,05) nokasateneit y neteit ¢ OPY BAIN no cpaBHeHMO

C aHanornyHbIMy nokasartensmu y neteii c OPU HAIM.

Note. *significance of differences (p < 0,05) in children with various acute respiratory infections compared with apparently healthy children;
**significance of differences (p <0.05) in children with ARI of VDP compared with children with ARI of NDP.

932



2024, T. 14, Ne 5

MaTtoreHbl ApixaTenbHOro TpakTa AeTen

Ob6cyxaeHne

KnuHuyeckasgs cuMIITOMaTUKa OCTPbIX PECIU-
paTOpHBIX MHGMEKIUH y AeTell ¢ mopaskeHUeM Bepx-
HUX M HUXHUX OBIXaTeJIbHBIX MYTed BO MHOIOM
omnpenenaseTcss MUKpOdIOpoit, MepCUCTUPYIOMICH
Ha CJIU3UCTOI 000JI0YKE PEecCrMpaTOpHOIro TpakTa,
B TOM YUCJIE MUKPOIKOCUCTEMOM MIIOTOYHOU MUH-
nanuHbl. AHanu3 yactothl BeisiBjieHUs JHK u PHK
MaTOTC€HOB 0aKTepHAIbHON W BUPYCHON TIPUPOIBI
CBUIETEJbCTBOBAJI O HAAUYUU UX IIUPOKOTO CIeK-
Tpa (20 pa3sJaUYHBIX BUAOB/IITAMMOB U3 27 oIpe-
JIeIsIeMbIX) B OoMaTepuralie U3 pOTOIJIOTKH Y BCEX
obcrnegoBaHHbIX jAeTeil. OaHaKo HauOOJbIIUM
pa3HoOOOpa3reM M 4acTOTONW OOHapyXEeHUS Te€HO-
MOB MaTOT€HOB XapaKTepu3oBajach MHUKpodJopa
IBIXaTeJIBHBIX ITyTel Yy IIPAaKTUICCKH 3IOPOBBIX
ob6cnenoBaHHbIx 1 gereit ¢ OPU BAIL. ¥V sTtux na-
nueHToB yaie (p < 0,05) seigBasinu JHK npencra-
BuTesieil cemelictBa Herpesviridae, S. pneumoniae,
H. influaenzae, MSSA, MRCoNS. IIpu 3ToM B co-
cTaBe MUKPOQIIOPHI Ha CANU3UCTON 000JIOUKE POTO-
[JIOTKU Y HUX MPeBaJUpOBaIn acCoOLlMalnuu us3 4—6
natoreHoB (y 93,314,6% mnpakTUYecKU 3A0POBBIX
nmereit u 60,0+5,9% nereit ¢ OPU B/IIT). UHEbIE pe-
3yNbTaThl ITIOJIYYCHBI IIPU OOCIIEHOBAaHUM OETCU
¢ uHnbekuusamu HIAII, y koTopbix 0OOHapy>XeHO
3aMeTHOe o0OenHeHrue MUKPOQIOPbl JbIXaTe/lb-
HBIX ITyTeil. CleayeT OTMETUTh, YTO OOJIBIIMHCTBO
(75,0£7,7%) nauuentos ¢ OPU HJ/III oTHOCKIMCD
K KaTeropuu IJIUTEIbHO OOJICIOIIMX AeTE U UMeau
OoClOXHEeHHOe TedyeHue 3abosieBaHus (50,0£8,8%
o0cemoBaHHBIX), YTO, KaK M3BECTHO, COIIPOBO-
XKIaeTcs YMEHBIIeHNEeM TaKCOHOMMYECKOIO pa3-
HOOOpa3us HazodapuHreaabHOM MUKPOOUOTHI [,
3]. DT0 MOXeT ObITh OOYCJIOBJIEHO BHICOKOII MHBa-
3UBHOI aKTUBHOCTBIO M30JIITOB OT meteit ¢ OPU
HAIT na done dopMupyrommxcss y HUX BTOPUY-
HBIX MMMYHOIES(UIIUTHBIX COCTOSHHWI, YTO IIO-
3BOJISIET MUKpPOOPraHu3MaM IJIyOOKO IIPOHMKATh
B KJICTKM M TKaHU ObIXaTeabHBIX myTeid. [ToMmumo
3TOro, BaXXHOE 3HAYeHNE MMCIOT 1 KOHKYPEHTHBIC
B3aMIMOOTHOIIIEHU ST MEX Y MaTOreHaMU U IpeacTa-
BUTEJISIMU MUKPOOMOTHI peClMpaTOPHOro TpakTa,
OPUBOASIINE K BRITCCHEHUIO MHOTUX YCJIOBHO-TIA-
TOT€HHBIX MHUKPOOPTaHM3MOB. Takoe aHTaroHU-
CTUYECKOE BO3MIEHCTBUE MOXET pealu30BbIBATHCS
3a CUeT MPONYKIIMU MTaTOreHaMM MepoKCHUIa BOAO-
porna, bepMeHTOB, KOMIIOHEHTOB KJICTOYHOI CTCH-
KU, TOKCHOB, 0aKTECPHOILIMHOB, a TAKKE UCITOJIb30-
BaHUS CUCTeMbl KBOpyM-ceHcuHra [10, 11].

IIpu OGonee moapoOHOM aHaM3e cOCTaBa MU-
KPOOHMOTHI OTASIIEMOTO POTOTJIOTKHM YCTAHOBJICHO,
yto y aeteri ¢ OPU B/IT u npakTruyecku 310pOBbIX
«IIpOM» KaK 0aKTepuaIbHBIX, TaK U BUPYCHO-0aK-
TepUaJabHBIX acCOLMAllMil SIBJSIETCS CcodyeTaHUe
S. pneumoniae n H. influenzae (8 93,3% wn 60,0% cny-
yaeB COOTBETCTBEHHO). B GakTepuaabHbIX aCCOLIU-
alursax OHO AornojiHeHO cTaduaokokkamMu (MRSA

u MRCoNS) y 3n1opoBbIx aeteit u P. aeruginosa i
MSSA y nereit ¢ OPU BAII, oueHb penko — apy-
TUMM BUIaMU OakTepuii (S. agalactiae, S. pyogenes,
K. pneumoniae, P. aeruginosa, A. baumanii, S. malto-
phyla). BpicoKasi pacnpOCTpaHEHHOCTb ITHEBMO-
KOKKOB, BEpOSITHO, CBSI3aHA, CO CIIOCOOHOCTBIO
CTPEIITOKOKKOBBIX HefipaMUHMIA3 yIaIsITh OCTaT-
KU1 CUAJIOBBIX KMCJIOT C TIOBEPXHOCTH BMUTEINATb-
HBIX KJETOK causuctoin odonouku JAIT m cosnma-
BaThb OJIATOMPUSITHBIC YCIOBHUS M1 KOJOHU3ALIUU
S. pneumoniae. B cBoO ouepenb, KOJIOHU3AIIMSI
S. pneumoniae n S. aureus TPUBOIUT K OOJIBIION
MJIOTHOCTH 3aCeJICHU ST peCITUPaTOPHOTO TPaKTa Io-
nynsuueir H. influenzae. O6 3TOM CBUIAETEIbCTBYET
obs3aTenbHOE coueTtanue H. influenzaen S. pneumo-
niae, B TO BpeMsl, KaK S. pneumoniae CpaBHUTEIb-
HO YacTO BCTpeYaeTcs B accolMallvsiX U 0e3 Te-
ModuabHOM manoyku. Hwuskasg 1pencraBiieH-
HOCTB JAPYTUX BUIOB CTPEIITOKOKKOB (S. agalactiae,
S. pyogenes) y o0CieloOBAaHHBIX JIETEU MOXET ObITh
CBSI3aHa C BBIpAXXEHHOI MEXBUIOBOM KOHKYPEH-
LMei, KOoTopasi OCYIIECTBJSIETCSI ITOCPEICTBOM
KOMOMHAIIUK OOJBIIOTO KOJIMYecTBa OaKTepuo-
IIUHOB, BBINIEJISIEMBIX S. pneumoniae 1 KOTUPYEMBIX
BBICOKOBapuadeabHbIM oniepoHoM blp. [TonaBieHue
S. pyogenes MOXeET TaK:Ke MIPOMCXOAUTH B pe3yabTa-
T€ aHTarOHMCTUYECKOTO BO3ICHCTBUS Koaryja3o-
HEraTUBHBIX CTa@UIOKOKKOB. HekoTopkie mmTam-
Mbl CoNS criocoOHbI CUHTE3UPOBATh TAHTUOUOTUK
HykanuH VK45, nHruoupyommii XXuzHeaesTeIb-
HOCTh ITMOTEHHOTO CTPEIITOKOKKA U APYTUX ITpe-
craBuTesieir Mukpoouotsl 11 [1, 6, 7].

HM3onupoBanHoe BoiaeneHue B [P mMoneky-
JISPHO-TEHETUYECKUX MapKEepoB ITaTOTCHOB bI-
XaTeJbHOTO TpaKTa M3 MaTepHaja, IMOJyYeHHOIro
CO CIUM3UCTOW OOOJIOUKU POTOIJIOTKU, HE TIO-
3BOJISIET OJHO3HAYHO JuddepeHIUpoBaTh HO-
CUTEJIbCTBO OT 3abosieBaHus. BuisBienue JHK
S. pneumoniae He paeT MHGOPMAIIMN O MPUHAI-
JICKHOCTU B3TUX MHUKPOOPraHU3MOB K KaKOMY-
00 CepoTUIly, BCJEACTBHE 4YEro HEBO3MOXHO
nuddepeHIIMpoBaTh NaTOTeHHbIE U YCIOBHO-ITa-
TOTeHHBIC IIITAMMBI THEBMOKOKKOB. OIHAKO HC-
nonb3oBaHue [ILIP momMmoxeT BHECTU BECOMBII
BKJan B MpoOJieMy WM3y4YeHUs HEKYJIBTUBUPYE-
MBIX MUKPOOPraHM3MOB B COCTaBe MUKpoOMoma
IBIXaTeJIbHBIX MYTEil YeJoBeKa, a TaKxXKe OBICTPO
MOJIYYUTH JaHHBIC O HAJINUYUU BUPYCHO-0AKTEPH-
aJbHBIX acCOUMAIIUii U 3aKOHOMEPHOCTSIX B3aM-
MOIEUCTBUS MUKPOOPTaHU3MOB APYr C JIPYyrom
M ¢ KJIeTKaMU opraHmn3Ma-xo3siuHa. Takast mHpop-
Mallis B COUYETAHUUM C KIMHUYCCKOU KapTUHOMN
MOXET OKa3aThCsl Ba>KHOM JJIsl pelIeHUs BOpoca
0 BBIOOPE 3TUOTPOMHOM Tepalnuu U MpoOMoTHUYEC-
KHX IIperapaToB, OCOOCHHO Y IJIUTEIBHO OOJICIO-
IUX OeTell, TallMeHTOB C PEKKYPEHTHBIMU PECIIH-
pPaTOPHBIMU WH(MEKIUIMU, WMEIOIMNMA Heba-
TOTNIPUSATHBIN MPEMOPOUAHBI (DOH, B TOM YUCIE
«TepIIETUYCCKU» aHAMHE3.
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3akJito4eHme

CpaBHUTENbHBI aHAJIU3 YacTOThl OOHapyxke-
HUSI TEHOMOB MAaTOTE€HOB AbIXaTE€JIbHOTO TpakKTa
y AeTeN C OCTPBIMU PECTTUPATOPHBIMU UHMEKIU ST~
MU U TPAKTUYECKU 3IO0POBBIX NE€TEW CBUAECTEIb-
CTBOBAJl 0 HaubOJbIIeM pa3HOOOPAa3Un U 4YaCTOTE
oOHapyKeHN s TEHOMOB MUKPOOPTaHU3MOB B OT/IE-
JISEMOM ObIXaTeabHbIX TTyTell y aeteit ¢ OPU BT
U TIPAaKTUYECKU 3A0POBBIX IO CPAaBHEHUIO C 00-

cnepoBaHHbIMU ¢ OPU H/IIT. YuuTteiBasi, 4TO BbI-
JleJICHHbIE MaTOTeHbl HAXOMISITCSI B BUJE BUPYCHO-
OakTepuajlbHBIX U OaKTepualbHBIX aCCOIMAIIMIA,
COCTaB KOTOPBIX BapuabesieH W 3aBUCUT OT KJIM-
HMYECKOIo cTaTyca IalMeHTOB, MX OOHapy>XKeHUe
MpEeaCTaBJISIETCS Ba>XKHBIM ISl PEIIEHUST BOIlpoca
0 BBIOOPE 3TUOTPOMHON Tepanmuu Ha paHHUX 3Ta-
nax 3abojieBaHMS, a TakKXe Ha3HAYeHU S ITPOOUO-
TUYECKUX MpernapaToB, CHOCOOHBIX BOCCTAHOBUTH
OajtaHCc MUKPODJIOPHI AbIXaTEJIbHBIX MYyTEM.
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OLUEHKA BSAMMOCBA3U OCHOBHbIX TUIMNOB

U FTEHOBAPUAHTOB BUPYCA 3MNLUTENHA-BAPP
C KJIMHUKO-JIABOPATOPHbIMU
NOKASATEJIIMUN Y BUH-UHOULIMPOBAHHbIX
B3POCJIbIX

M.U. Ilonkosa', E.H. ®unarosa!, C.B. Munaesa?, H.A. Caxapuos', O.B. Yrkun'

'@FYH Huce20podckuil HAYMHO-UCCACO08AMEAbCKULN UHCIMUMYM SNUOCMUON0UU U MUKPOOUOAOUU UM. AKAOeMUKA

U H. baoxunoit Pocnompebnaosopa, e. Huxcnuii Hoéeopod, Poccus

2@I'BOY BO IIpusoaxcckuii uccaedosamenbckuii meouyunckuil ynugepcumem Munzopaea Poccuu, e. Huxcnuii Hoeeopoo,
Poccus

Peswome. Beedenue. Y nmroneit, XUBYIINX ¢ BUpycOM MMMYyHonedumura uejaopeka (BUY), vame HabmomaeTcs pe-
akTuBanus Bupyca dnureiitHa—bapp (BObB) u passutue BOb-accouunpoBanHbix 3aboneBanuii. B Poccun usy-
YyeHUe KJIMHUYECKON 3HAUYMMOCTU TFeHeTUuuyeckoro pasHoobOpasusi BOb y BUY-uHGOULUUMPOBAHHBIX MALlMEHTOB
He npoBoauock. Leab uccaenoBaHusi — olleHKa B3aMMOCBSI3M OCHOBHBIX TUTIOB BOb u renoBapuantos LMP-1
¢ KJIMHUKO-Ta0opaTOpHBIMU TokazatensiMu y BUY-unduuupoBaHHBIX B3pocabiX. Mamepuasvt u memoob.
UccnenoBansbl seiikoiuthl KpoBu 138 BUY-unbummpoBanHbix B Bo3pacte 20—69 net. s nuddepeHumranbHoii
nerekuuu TunoB BOb-1 u BOB-2 npumensancsa meton [T P. Onpenenenne HyKJI€OTUIHBIX TTOCTIEIOBATEIbHOCTEM
C-kon1eBoro ¢pparmerTa reHa L M P-1 BbITIOJTHEHO METOIOM ceKBeHUpoBaHusI 1o CaHrepy. bruonHbopMaimoHHbIi
aHaJM3 JAaHHBIX POBOAMIIN C MOMOIILIO TTporpaMMHoro obecnieueHnss MEGA X. JIng moucka B3aMMOCBSI3U TH-
oB BOB, BapmaHTOB 1 cyoBapmanToB LMP-1 manHOTO BUpyca ¢ KIMHUKO-Ta00paTOPHBIMHU TTOKa3aTeasiMu (KO-
mmaectBo CD4" T-numdbouuTos, BupycHas Harpy3ka BUY, BupycHas Harpy3ka BOB, mpuMeHeHNMe 1 IPUBEPKEH-
HOCTb aHTUPeTpoBUpPYCHOU Tepanuu (APT)) ucnonb3oBaH MEeTOA TIaBHBIX KOMIOHEHT U U-TecT MaHHa—YUTHU.
Pezyavmamui. TlokazaHo, 4TO onpeneasieMblil ypoBeHb BUPYcHOU Harpy3ku BMY Bo3pacTaeT y NallMeHTOB ¢ HU3-
kuM copepxanueM CD4* T-numdbouuToB, BEICOKOU BUpycHOI Harpy3koit BODb, Hu3koil npusepxeHHOCThI0O APT
WU B €€ OTCYTCTBUE. B 1esioM, npu uHGUIIMpoBaHUU ToJabKo BObB-2 unu BapuantoMm LMP-1 B95-8 BupycHas
Harpyska BOb 1 BUY 6bl11a MeHblIIe IO CpPaBHEHU IO C IPYTUMU BapMaHTaMU BUpyca. BeIsiBiIeHBI 3HaUMMble CyOBa-
puanTel LMP-1 BOb-1, buonornvyeckuit moTeHIMaJl KOTOPHIX peaJn30Balics B YCIOBUSAX UMMYyHoaehuLuTa (KO-
nuyectBo CD4* T-numdonuton < 200 knetok/mMki). [Ipu 3TOM y «<HaMBHBIX» NMallMEHTOB KouHbekus BOb-1/
LMP-1(5309N)+BHY npotekana ¢ 6ojee Boicokoit, a BOb-1/LMP-1(E3280Q)+BUY — ¢ HauMmeHblIei BUPYCHOI
Harpyskoit BUY. Haubonee Boicokuii ypoBeHb JJHK BDb y aTux mauumeHTOB HaOM104aJICs TP MOJIEKYJISIPHO-Te-
HeTrm4yeckoM npocduie BOb-1/LMP-1(0334R)+BUY. B rpymnrie «onmbeITHBIX» TaliueHTOB KoHIIeHTpanus JJHK BOb
B JICKOIIMTAaX KPOBU ObLJIa 3HAYMTEIBHO HUXe TIpu nHbuImpopanuu BOb-1/LMP-1(E3280Q)+BWY u, HaoboporT,
BBIIIIE, B T€X clydasix, korna BeisiBisian BOb-1/LMP-1(H358P)+BWUY. 3akauenue. Bnepsoie B Poccun BIsIBIECHBI
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2024, T. 14, Ne 5 KnuHuyeckoe 3HavyeHne LMP-1 BOb

0COOEHHOCTU KJIMHUKO-TabopaTopHbiX mokazateneit BOb+BUY-konHdpekuun npyu MHGUIUPOBAHUU Pa3HBIMU
cyoBapuantamu LMP-1 BOb-1 (Ha ypoBHe amuHokuca0THBIX 3ameH S309N, E328Q, Q334R, H358P). Heobxoanumo
n3yvyeHue GyHKIMOHAIBHON POJU BBISIBJCHHBIX MYTALIM in vitro U in vivo. B KOHTEKCTe U3yYeHU ST KIMHUYECKOM
3HAYMMOCTH MOJIEKYJISIPHO-TeHeTHUeCKOro pazHoobpasuss BOb nenecoodpasHo npoBeneHue 00Jiee MacIITAOHBIX
HCcClieIOBaHM M Ha pa3HBIX TeppuTOopusix Poccuu.

Karoueevie caosa: BOb-1, BOb-2, LMP-1, BUY-unghexuus, cexeenuposanue, I111P.

ASSESSMENT OF THE RELATIONSHIP BETWEEN EPSTEIN-BARR VIRUS MAJOR TYPES AND
GENOVARIANTS AS WELL AS CLINICAL AND LABORATORY PARAMETERS IN HIV-INFECTED
ADULTS

Popkova M.I1.2, Filatova E.N.?, Minaeva S.V.*, Sakharnov N.A.?, Utkin O.V.*

® Academician I.N. Blokhina Nizhny Novgorod Scientific Research Institute of Epidemiology and Microbiology, Nizhniy Novgorod,

Russian Federation
b Privolzhskiy Research Medical University, Nizhniy Novgorod, Russian Federation

Abstract. Introduction. People living with human immunodeficiency virus (HIV) are more likely to experience Epstein—
Barr virus (EBV) reactivation and develop EBV-associated diseases. In Russia, the clinical significance of EBV genetic
diversity in HIV-infected patients has not been assessed. The aim was to analyze a relationship between the major
EBV types and LMP-1 genovariants with clinical and laboratory parameters in HIV-infected persons. Materials and
methods. Peripheral blood leukocytes were collected from 138 HIV(+) individuals aged 20—69 years. Association
between EBV types, LMP-1 variants and subvariants with clinical and laboratory parameters (CD4* T-lymphocyte
count, HIV and EBV viral load, use and adherence to antiretroviral therapy (ART)), was performed using the principal
component analysis method and the Mann—Whitney U test. Results. It has been shown that detectable HIV viral
load increases in patients with low CD4" T-lymphocyte counts, high EBV viral load, and low or no ART adherence.
In general, infection with EBV-2 or the LMP-1 B95-& alone resulted in lower EBV and HIV viral loads compared
with other variants. Significant EBV-1 LMP-1 subvariants were identified, the biological potential of which was
enabled in immunodeficiency state (CD4* T-lymphocyte count < 200 cells/ul). In “naive” patients, EBV-1/LMP-1
(S309N)+HIV co-infection occurred with a higher, and EBV-1/LMP-1(E328Q)+HIV with the lowest HIV viral load.
The highest EBV DNA concentrations were observed with EBV-1/LMP-1(Q334R)+HIV. In “experienced” patients,
the level of EBV DNA was significantly lower when infected with EBV-1/LMP-1(E3280Q)+HIV and, conversely,
higher in case of detected EBV-1/LMP-1(H358P)+HIV. Conclusion. The features of clinical and laboratory parameters
EBV+HIV co-infection caused by different EBV-1 LMP-1 subvariants (at the level of amino acid substitutions S309N,
E328Q, Q334R, H358P) have been identified. It is necessary to study the functional role of such mutations in vitro and
in vivo. In the context of assessing a clinical significance of EBV molecular genetic diversity, it is advisable to conduct
larger-scale studies in different territories of Russia.

Key words: EBV-1, EBV-2, LMP-1, HIV infection, sequencing, PCR.

BoNbLIMHCTBO B3POCJIbIX JIOAEH, KOTOpPbIE 3a-
paxatorca BMY, yxe mHpuumpoBansl BOb [23,

BeepneHne

B Hacrosiiee BpemMsi BO BCeM MHUpPE HHDU-
LIUPOBAHHOCTb B3pocCjoro HaceiaeHust Human
gammaherpesvirus 4, W3BECTHBIM KaK BHPYC
Onireitna—bapp (BOB), cocraBisier 6osee 90%.
IlepBuuHoe wuHUOUpoBaHue BOb npoucxo-
IUT B paHHEM JETCKOM MJIM IOJPOCTKOBOM BO3-
pacte. Ilpy 3TOM Y MUMMYHOKOMMOETEHTHBIX JIMIL
B 60—80% cayuaeB HaOiiomaeTcss OCCCUMIITOM-
Hasl CEPOKOHBEpPCHUsI, pexXe pa3BUBaeTCs OCTpasi
dopma BOb-uHpekuunm — MHPEKLIMOHHBIN MO-
HoHykJIeo3 (MUM). BnocieacTBuu ueoBEK IO-
XM3HEHHO OcCTaeTcsl BUpycoHocutenaem BIOb [3].
OnHako y MMMYHOKOMIIPOMETUPOBAHHBIX JIMII
BOb-undexkuus nmporekaet ¢ 60Jiee BbIpa>kKeHHbI-
MU KJIMHUYECKUMU MPOSIBICHUSIMU U OCJIOXKHE-
Husmu [1, 2,9, 23, 35].

45, 49]. KnuHu4deckue HAOTIOOeHUS 3apyOeKHBIX
M POCCUUMCKUX CHCIHAJTUCTOB CBHIECTEIbCTBY-
OT O TOM, 4TO y Joneit, kxuBymux ¢ BUY (JIZKB),
y4JamaTcs W IIPOAJIEBAIOTCS SMMU30IbI peaKTUBa-
o BOB, 4TO MOXET CyImecTBEHHO BJIMSTH Ha T10-
KazaTtenau 3ab0JIeBaeMOCTHM U CMepTHOCTH [2, 23,
31]. BOb-nndexkuusg, Bkitoyas UM, BbIIBISIETCS
y 38% amOynaropubix BUY-umHGuULIMpOBaHHBIX
nauueHToB [1]. Jist cpaBHEHUSI: Y 340POBbIX JOHO-
POB KPOBH CEpOJIOTMYECKUE MapKephl peaKTHBa-
nuu BOBb-uHdekinm oOHapyXUBaIOT C YaCTOTON
13% [22]. BOb paccmarpuBaeTcss Kak KodakTop
nporpeccupoBanus BUY-undexkunn. B obiiem,
kKonHpuuupoBanne BOBb+BUY wMmoxeT npuBo-
IUTH K Pa3BUTHUIO XPOHMUYECKO aKTUBHOI BOB-
MHGEKIINN, BOJIOCATON JIEHKOIIIaKU1, JTUMMOUI-
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HbIM MHTEPCTULMAbHBIM ITHEBMOHUTAM, HEUpO-
UHGEKIIMU U IUPOKOMY CIIEKTPY 3J0KAYeCTBEH-
HBIX HOBOOOpa3oBaHuii [2, 9, 32].

HecMmoTpss Ha ycnexu aHTUPETPOBUPYCHOM
tepanuu (APT), MporHo3sl CIEUaIuCTOB CBO-
ISITCSI K TOMY, UYTO SMUIAEMUYECKUN MOTEeHIMAJ
BUY-undexkuuu Ha ¢dhoHe yBeIUYEHUS MPOAO-
KUTEJTbHOCTU KU3HU MAllMEHTOB OyJaeT COMpPOBO-
KJIAaThCSl POCTOM YHMCJIa ciiyyaeB BbisiBiIeHUsI BOb-
aCCOLIMMPOBAHHBIX OMYyXoJieil, 4yTO TpedyeT Mmpo-
JIOJIKEHUST MEXIUCLMIIJIMHAPHBIX HCCIeI0BaHUN
B KOHTEKCTe JaHHOI mpobaemsl [9, 19, 27, 28, 42,
45]. Cpenu HauboJjiee 3HAUMMBbIX OHKOT'€HOB, yya-
CTBYIOLIMX B BUPYCHOU Koomepaluu, OTMeYyaroT
cBa3aHHble ¢ BUY-1 rensl 7atu Vpu v renst BOb —
LMP-1n EBNA-219].

Mexanusmbl B3aumogneiicteuss BOb u BUY
Opu KOUHGEKIUU OCTaloTCd Majo W3YYEeHHBI-
MU. OTHOCUTENbHO HEJABHO ObUIM IIOJYYEHbBI
nepBble NaHHbIE 00 WMMYHOJOIMYECKOM IIpo-
dune BUY-uHPUUMPOBAHHBIX B 3aBUCUMOCTU
oT uHpuuupytomero Turna BOb — BOb-1 u BOb-2,
KOTOpbIE pa3jinyaldT Ha OCHOBE T'€HOB SII€PHO-
ro antureHa 2 u 3 (EBNA-2, EBNA-3). Y BUY-
uHbuMpoBaHHbIX BOb-1 0b1 accouuupoBaH
¢ MeHbIIUM KoJindyectBoM CD4* T-numdpouuTton
U BBICOKOW BUpycHOI Harpyskoit BUY, B To Bpe-
Ms kak BOb-2 vamnie Bctpevasica npu ypoHe CD4*
T-mumdbornToB> 500 KJ1€TOK/MKJ M HU3KOU BUPYC-
Hoil Harpy3ke BUY [35, 40]. UmeroTcs cBeneHus,
YTO OTCYTCTBUE WU Mo3nHee Havyaso APT y BUY-
UHGUIMPOBAHHBIX TAIIMEHTOB MOBBIIIAET PUCK KO-
nHbexknu BOb-1+-BOb-2 u pa3BuTre CUMIITOMOB
3aboneBanusd [34, 36]. [Toka enHCTBEeHHas1 paboTa
O pacrpocTpaHeHHOCTU BapuaHToB BOb mpu BUY-
UH(PEeKIIMU B KOHTEKCTe HauboJjiee TOMyJasipHON
kjgaccupukauuu R. Edwards u coaBt. [20], ocHO-
BaHHOI Ha moJiuMopdusMe C-KOHIIEBOI 00JacTU
reHa JJaTeHTHOTO MeMbOpaHHoro 6enka 1 (LMP-1),
onyo6ankoBaHa B mae 2023 r. [43].

B Poccuu wuccienoBaHus MOJIEKYJISIPHO-Te-
HeTUYeCKoro paszHooOpasuss BOb Bo B3aumMocCBsI-
31 C KJWHUKO-TaOOPAaTOPHBIMU TIOKa3aTeasIMU
y JIZKB no cux nmop He nmpoBoauauck. PacuiupeHue
3HaHU o mnaroreHeze BODb Ha MoJsieKyJIsspHOM
YPOBHE JIEXKUT B OCHOBE MEPCHEKTUBHOU pa3pa-
OOTKM METONOB crnenuduueckoit mpobuaakTUKH,
NUArHOCTUKU U Tepanuu BOb-accoummnpoBaHHbBIX
3abosieBanuii y narmeHToB ¢ BUY/CITNU/ [27].

Llens uccienoBaHusi — OlLIEHKA B3aMMOCBSI3U
OCHOBHBIX TUTIOB BBOb u reHoBapuantoB LMP-1
C KJIMHUKO-Ta00paTOpHbIMU MoKa3zaTteassmuy BUY-
UHOGULIMPOBAHHBIX B3POCIBIX.

Matepuainbl 1 METOLbI

Xapakmepucmuka epynn uccaedosanus. I1poBe-
JIEHO KOMIUJIEKCHOE KJIMHUKO-1a00paTopHOE 00-
cnemoBanue 138 BUY-mHPUIUMPOBAHHBIX Tallu-

eHTOB B Bo3pacte 20—69 JieT, KoTopble HaXOINJINCh
Ha nucnaHcepHoMm HabawoaeHuu B T bBY3HO «HOILL
CITW » (r. Huxuwuit Horopon) (rpymnma BUY(+)).

Ipynnot cpasenenus. ChopMupoBaHbl T'PYMIIbI
cpaBHeHUs BUY(+) mauimeHTOB HA OCHOBE KOMOU-
HaIlM¥ JaHHBIX O CTeTIEHU UMMYHHBIX HapyIIeHU I
(mo knaccudukanuum BO3 [46]) 1 aHTHUpPEeTPOBU-
pycHoii Tepanuu (APT): «HauBHBIE» MallUEHTbI
(6e3 APT), CD4" T-numbouutsl < 200 kiaeTok/
Mk (rpynna Gl, n = 30); «<HauBHBbIe» MallUEHTHI
(6e3 APT), CD4" T-numdouutsl >500 kiaeTok/
Mka (rpynna G2, n = 20); «ONbITHbIE» MallMeH-
Tol (rmonyyaromue APT B cpenHem 36 MecsleB),
CD4" T-numdonuutsl < 200 KIeTOK/MKJI (Tpynmna
G3, n = 43); «OnbITHBIE» MAaLlMEHTHI (MTOJIyJyaronue
APT B cpennem 36 mecsinie), CD4* T-mumbouuth
> 500 kiretok/MK (rpyria G4, n = 45).

«HauBHBIe» MallMEHTHI OBLJIU OOCTIETOBaHBI TTe-
pen HayanaoMm APT (Z, n = 50).

«OnbITHBIX» MalMEeHTOB (n = 88) pazanyanu
no crerneHu npusepxxeHHocTu APT: Boicokas (H,
n =155), cpeaHsasa (M, n =15), Huskas (L, n = 28).

Cobawdenue smuueckux mpebosarnuii. Pabota
NpoBOAUIACH €  JIENEePCOHAIU3UPOBAHHBIMU
JaHHbIMM TlauueHTOoB. MHMopMupoBaHHOE coO-
rjacve TallMeHTOB Ha IIPOBEIEHHE UCCJIeno-
BaTEJIbCKO paboOThl B COOTBETCTBUU C TIOJIO-
KeHUussMu  XeJIbCUMHKCKoM  aexkyaapauuu  (2013)
ObLJIO TIOJIyYEHO JeyallMMU BpayaMu MeAu-
LIMHCKOW opraHu3anuu. PabGoTta mosyuyuaa omno-
OpeHUe Ha 3acelaHUU JOKaJIbHOIO 3TUYECKOTrO
komuteta PBYH HHUUWUDBM wum. akagemuka
N.H. bnoxuHoii PocnotpebHanzopa (IIpoToxkon
Ne 3ot 11.11.2021 1.).

AHaJn3 KJIMHUKO-TabopaTOPHbIX MoKa3aTenei
KaxJoro maimueHTa (10JI, BO3pacT, MPUBEpPXKEH-
HocTh APT, pesyabTaTbl NPpOTOYHON HUTOMIYO-
pumerpuu, MDA, ummyHoomorTuHra u I[P ns
onpeneneHuss mMapkepo BUY-uHdbexkunun) mnpo-
BEJIEH PETPOCIIEKTMBHO Ha OCHOBE JaHHBIX MEAU-
LUHCKOUW JOKyMeHTauuu. s KOJW4YeCTBEHHOU
oueHku CD4" T-nuMdouUMTOB MCOOJb30BAIU
npotouHblii utTodayopumerp BD FACSCalibur
(Becton Dickinson, CIIIA). BupycHylo Harpys-
Ky BUY onpenensiau metogom IILP B peanbHOM
BpeMeHnu (ITLIP-PB) ¢ momolibio TeCT-CUCTEMBI
«Peanbect PHK BHWY konuuyecTtBeHHbIN» (AO
«BexkTop-bect», Poccust). PekomeHayemblii mpo-
U3BOAUTEIEM TECT-CUCTEMBbI IOPOT OIpPeeasieMO
BUpYycHOI Harpy3ku BUY B ni1a3zMe KpoBU cocTaB-
JISIeT 58 KOMMiA/MJI.

TTLP-uccnenoBanust u cekBeHUupoBaHue no CaH-
repy IHK BOb npoBoaunuce B Jlabopatopuu Mo-
JIEKyJIsipHOI Ouojjorun n OmorexHojorun OBYH
HHHWUMBM wum. akagemuka WM.H. broxuHoi
PocrniorpebHanzopa.

Cboop buonoeuueckoeo mamepuana. Marepuaaom
JUIST UCCTIEIOBAHU S MOCAYXUJIa LieabHas1 nepude-
puuyeckasi KpoBb, ctadbuiausupoBaHHass K ;DI TA.
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Ons monydeHWs: ¢paKMU JIEMKOIMTOB KpPOBU
ucroib3oBaan peareHT <«lemonutuk» (PBYH
HHHWHND PocnorpedbHan3opa, Poccust) B cooTBeT-
CTBUM C MHCTPYKIIMEN TPON3BOIUTES.
Onpedenenue JJHK BDF. BoiaejieHue TOTalb-
HOU HYKJIEMHOBOW KUCJOTHI MMPOBOAUIU C MOMO-
IIIbI0 KOMTLJIEKTa peareHToB s BeiaeaeHuss PHK/
JHK u3 kaununuyeckoro matepuana «PUBO-mipern»
(PBYH IHHUUND PocrioTrpedbHan3opa, Poccus).
BrisiBiieHue u KonnuyectBeHHoe onpeaeaeHue JTHK
BOb BeinonHsanu ¢ nomoubio IMIIP B peanbHOM
Bpemenu (ITLIP-PB) ¢ npumeHeHreM KoMMepyec-
koro Habopa <«AMmanCenc® EBV/CMV/HHV6-
ckpuH-FL» (DBYH HHUWHMD PocnorpebdbHan3opa,
Poccus) Ha ammiudukarope «Rotor-Gene Q Splex
HRM» (Qiagen, 'epmanus). JlabopaTopHbIil mpo-
TokoJ Ha Bcex aranax IILIP-PB coGmionanu co-
IJIaCHO MHCTPYKIIMY MPOU3BOIUTEIS.
Hupgepenyuanrvnas demexyus BOb-1 u BOBb-2
memodom ITI[P. JIns pa3aenbHOM OEeTEKLMU OC-
HOoBHBIX TUNOB BOBb (BOb-1 1 BOb-2) npumMeHeH
ONTUMM3UPOBAHHBIT HAMU paHee BapuaHT OJTHO-
paynaoBoii I1IIP Ha ocHoBe rena EBNA-2 [5].
III]P-anaauz u cexeenuposarue no CoHeepy
¢paemenma eena LMP-1 B3b. TlonoxutenbHble
ob6pasunl, cogepxaimue JJHK BDb (o pesyabra-
tam [11[P-PB), Obl11 McmioNb30BaHbI AJII aMITIU-
dukanuu C-koHueBoro dparmeHta reHa LMP-1
Bupyca wmetoaom I[ILIP B onTuMusnpoBaHHOM
HaMU OJHOPAyHIOBOM BapUaHTEe MCIOJIHEHUS [6].
JlaGopaTopHBIf TPOTOKOJ TOCIEAYIOIIET0 CeKBe-
HupoBaHus 1Mo CoHrepy dparmeHTa reHa LMP-1
BOb onucan Hamu paHee [6].
buoungopmayuonnwoiit  amasuz.  buouHdbop-
MallMOHHBIN aHaJiu3 JAHHBIX MPOBOAMJICS C IO-
MOIIIbIO OTKPBITONO MNpPOrpaMMHOIo obecrieye-
Huss MEGA X (Mega Software, CIIIA)! u s3bIKa
nporpamMmupoBanus R, Bepcus 2022.12.0+353
(The R Foundation for Statistical Computing, Inc)?.
ITonyyeHHBIE UCXOAHBIE HYKJEOTUIHBIE IIOCTIE-
JIOBAaTeJIbHOCTH BBIPABHUBAJIUCH IO aJTOPUTMY
ClustalW. B kauecTBe pedepeHCHBIX MocjealoBa-
TEJBHOCTEW CIYXUWJIU MOJYyYeHHbIEe U3 0a3bl MaH-
HbIXx GenBank?® mosiHOreHOMHBIE TOCEI0BaTE b~
HOCTU MNPOTOTUMHOTO IiTamMma B95-8 (V01555.1),
a TakXe HYKJIEOTUIHbIE I0CJeI0BaATeIbHOCTU
reHa LMP-1 — wrtammbl China 1 (AY337723.1),
China 2 (AY337724.1), Med— (AY337721.2),
Med+ (AY337722.2), NC (AY337726.2), Alaskan
(AY337725.1), CAO (X58140.1) wu  AGS76
(DQ279927.1). HykyieoTuaHble mocaea0BaTeIbHO-
CTU UcclieayeMbix n3o0JsaToB BOb u pedepeHcHbIe
MOCJeA0BaTEIbHOCTU TPAaHCIAUPOBAJINCh B aMU-
HOKHCJIOTHBIE TTO CTaHAAPTHOMY T'€HETUYECKOMY
Kony. IlpuHanAeKHOCTh UCCIAEAYEMbIX IOCJEN0-

URL: https://www.megasoftware.net

URL: https://www.Rproject.org

URL: https://www.ncbi.nlm.nih.gov/genbank
URL: http://www.rstudio.com

A& W oN o=

BartesbHOCTelt LMP-1 K omnpeneneHHBIM BapuaH-
TaM B paMkax kjaccudukanuu R. Edwards u co-
aBT. yCTaHABJMBaJIaCh IO HAJTUYUIO CUTHATYPHBIX
aMUHOKUCJIOTHBIX 3aMeH (coryacHo tadJ. 1 B [20]).
IlpeanonaraeMble pPEeKOMOMHAHTHBIE TIOCJIENO-
BaTEJbHOCTU (Fec) aHAJIU3UPOBAIU C IMOMOIIBIO
nporpaMmmMHoro obecreueHuss 3SEQ (Bonilab,
BrerHam—CIIIA). Ucnionb3oBanu nyauHy okHa 200
n.H. 1 mar 10 m.H. CTaTUCTUYECKYIO0 3HAUYUMOCTb
BEPOSITHBIX PEKOMOMHAIIMOHHBIX COOBITUIA OLIEHU -
BaJiu C MPMMEHEHUEM HelapaMeTpUyecKoro Mo3a-
MYHOTO TeCTa.

TlosyyeHHBIEe HYKJEOTHUAHbBIE TOCJEeN0BATEb-
HOCTHU 82 HUKEropoackux uzoystoB BOb us jeii-
KouuToB KpoBu BUY-uHGUIIMPOBAHHBIX B3pOC-
JIBIX JETOHUPOBAaHbBl B MEXIYHApOIMHYIO 0asy
manHbix GenBank: HoMepa moctyma OR862230-
OR&862311 (rmpucBoensl 12.12.2023).

Cmamucmuueckas obpabomka dannwvix. CTaTu-
cTuueckass o0paboTKa [JaHHBIX IPOBOAMJIACH
C WCIOJIb30BaHUEM SI3bIKa MporpaMMUpoBaHus R
u cpennl RStudio, Bepcus 2022.12.0+353 (RStudio,
PBC)%*. IIpuHaaeKHOCTh BBIOOPOK K HOPMasb-
HOMY pacHpeaesieHUI0 OMNpenesjii ¢ MOMOIIbIO
kputepus Ilanupo—Yuika u rpacduKoB KBaH-
TUei. s monmapHOro cpaBHEHUSI HE3aBUCUMBbIX
BBIOOPOK MCIOJIb30BaH KpUuTepuii MaHHa—YUTHU.
IMonyuennoe xonmuectBo JHK/PHK m kieTok
npeactapyisiau B Buae Me [Q1; Q3] (rne Me — me-
nuaHa, Ql, Q3 — mepBbId U TPEeTUI KBapTUJIN).
JoJito onmuchiBaJIu ¢ yKa3zaHUEeM CTaHIapTHOIO OT-
KJIOHeHU npoleHTHoil nonu (Ptc,), B %. OueHky
pa3nuuyuii OTHOCUTEJIbHBIX IOKa3aTesjeil B aHa-
JIU3UPYEMBIX TPYIIIax MPOBOAUJIN C MPUMEHEHU-
eM KpuTepus x* (Xu-KBajapaT) ¢ nonpaskoii Merca
u kputepus Puirepa. Pazanumst cauTanm craTu-
CTUYECKHU 3HaUMMbIMU nipu p < 0,05.

OLIeHKY BO3MOXKHOT0 BiusiHus BOb-nHpexkuuun
Ha KJWHUKO-1abopaTopHble nmokazateau y BHUY-
UHGUIMPOBAHHBIX MPOBOAUIN C UCHOJb30BAHU-
eM MeTona riaaBHbIX KomIoHeHT (PCA-ananus).
Ananuszuponanu pacnpeneieHue BUY(+) maunueH-
TOB B KOOpJIMHATAaX MEPBbIX IBYX IVIaBHBIX KOMIIO-
HeHT (I'K) B 3aBUCMMOCTH OT BUPYCHOU HArpy3kKu
BOb, comepxanus CD4" T-nuMbOLUTOB U HpU-
BepxkeHHOCTH manueHToB APT. I1pu aToOM npuBep-
JKEHHOCTh Teparuy BbIpa’kajiu B YMCJIOBBIX 3Ha-
yeHusix oT 0 go 1, rme 0 — 6e3 APT, 1 — BbricoKkas
NpUBEPXKEHHOCTh. BKJaa mepeMeHHbIX B COCTaB
KOMIIOHEHT OLIEHMBAJU IO TMOKa3aTeo Koppes-
MU BEKTOpa MEPEMEHHOU M OChIO KOMITOHEHTHI.
Bo3MoxHbIe (aKTOpbl T'PYNIIUPOBKU MAallMEHTOB
B KOOpPAMHATAaX JABYX MEePBbIX U3MEPEHUIA BbISIBIISI-
JIX METOAOM BU3YaJbHOI'O HaJIOXKeHU . I Koau-
YEeCTBEHHOU OLIEHKW CTPOWJIU JUHEHHYIO MOJEJb
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Ta6auua 1. Koppensiuus aHanuampyemMbix nepeMeHHbIX U 0Ceil KOMMOHEHT
Table 1. The correlation between analyzed variables and component axes

XapakTtepuctuka rpynnbsi BUY(+) n AHanusupyembie nepemMeHHble rK1 rK2
HIV(+) group characteristics Analyzed variables PC 1 PC2
MpuBepXeHHOCTb K Tepanuu
Adherence to ART 0.57 062
Bcero CD4' T-numdouunTbl, KNEeTOK/MKN
Total 138 CD4* T-lymphocytes, cells/ul 0,64 0,09
OHK B3B, x 10° konuii/10° kneTok
EBV DNA, x 10° copies/10° cells 0,52 0.78
MpusepxeHHocTb APT
Adherence to ART 0,53 0.75
C ycTaHOBNEHHbIM TUNOM B3B 97 CD4* T-numdoLUTbI, KNETOK/MKJI 064 005
With verified EBV type CD4* T-lymphocytes, cells/pl ’ ’
OHK B3B, x 10° konui1/10° kneTok B
EBV DNA, x 10° copies/10° cells 0,56 0,66
MpuBepxeHHocTb APT
Adherence to ART 0,55 0.74
C ycTtaHOBNneHHbIM BapuaHTom LMP-1 B3b 82 CD4' T-numbouunTbl, KNETOK/MKJI 0.62 004
With verified EBV LMP-1 variant CD4* T-lymphocytes, cells/pl ' '
OHK B3B, x 10° konuii/10° kneTok B
EBV DNA, x 10° copies/10° cells 0,56 0,67

PucyHok 1. PacnonoxeHue Touek BUY(+)
nauneHTOB B KOOpPAMHATaX ABYX NepBbIX

rnaBHbIX KOMMOHEHT C BU3yaJibHbIM HaJIOXXEHUem
dakTopa BbiseneHns PHK BUY Bbiwwie nnu Huxe
onpeaensiemMoro yposHsi

Figure 1. Location of HIV(+) patient points

in the coordinates of the first two principal components
with a visual overlay of the HIV RNA detection factor
above or below the detectable level

Mpumeyanue. Annunc otobpaxaeT 95%-i [OBEPUTENbHBIN
MHTepBan pacnonoxeHus 6apuueHTpa rpynn. CTpenkamm
00603HaYeHbl BEKTOPA N3Y4EHHbIX NEPEMEHHDbIX.

Note. The ellipse displays the 95% confidence interval

of the barycenter location of the groups. The arrows indicate
the vectors of the studied variables.

3aBUCUMOCTU BO3MOXHBIX (PaKTOPOB IpyMITUPOB-
KA OT MEPEMEHHBIX CO 3HAYUTEIbHBIM BKJIaJ0M
B COCTaB MEPBbIX ABYX INIaBHBIX KOMITIOHEHT.

OueHuBanu BUpPYCHYIO Harpy3ky BOb u BUY,
kosmuectBo CD4'Y T-numbonutros y BUYU(H)
NallMeHTOB B 3aBUCUMOCTM OT THUIIA, BapuaH-
Ta U cybBapuanta BOb. [Ing ananusza otbupa-
JIUCh CyOBapUaHTBhI, TOCTATOYHO IIUPOKO TMpe-
CTaBJIECHHbIE Cpenu OOCJIeNOBAHHBIX MAIlMEHTOB
(n > 3). Ucnonb3zoBanu U-tecT MaHHa—YUTHWU.
PaccuntanHble 3HaueHUs <«pP» KOPPEKTUPOBATU
C mpuMeHeHueM TonpaBku Xonama—boHdeppoHu
JUISI MHOXECTBEHHBIX CpaBHEeHU . Pa3znuuns omu-
ceiBaiu ¢ ykazanueMm A (JIN: CI.I1 — Cl.ul) u ypos-
HS CTaTUCTUYECKOI 3HAUMMOCTH (p), TIe A — pas-
Hula nosoxeHuit pacnpenenenuit, CLII u CI.
ul — HUXKHSS M BEepXHS IpaHUuLbL 95%-HOro noBe-
putenbHoOro nHtepnazia (W) paznuusl. Paznuuusa
CUUTAM CTATUCTUYECKU 3HAYMMBIMU TIPU CKOP-
pexktupoBaHHOM p < 0,05.

Pesynbrathl

Ha nepBom 3Tarie uccienoBaHusI BCe MOJYy4YeH-
Hble 00pa3lbl JEUKOLUTOB KPOBU TECTUPOBAIUCH
¢ nomouibio koauvyectBeHHoi [TLIP-PB. IHK BOb
ObL1a obHapyxeHa y 70,3+3,9% BUY(+) nauueH-
TOB, IIPU 3TOM BUPYCHasl Harpy3ka coctaBuia 18 [5;
139] xonuii/10° K1eTOK.

TTocnenyiomuit PCA-aHanu3 MO3BOJMI OXa-
paKTepU30BaTh 3aBUCUMOCTb MEXIY BUPYCHOM
Harpy3koit BOb, BupycHoit Harpyskoit BUY, ko-
audyectBoM CD4" T-numM@poOLUTOB U IIPUBEPKEH-
HocTbio APT. Ilpu ananusze scex BUY(+) manuen-
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TOB yAaJ0Ch YCTAHOBUTH UX paclipeeieHue B KO-
OpAuHAaTax JIBYX IEPBbIX KOMIIOHEHT, CyMMapHO
00BscHABIINX 79,5% nuctiepcuu. AHAJIU3NpyeMEbIe
NepeMeHHbIe BHOCUJIM Pa3JIMYHbII BKJIA B COCTaB
IrJ1aBHBIX KOMIIOHEHT (TaoJ1. 1).

BrisiBieHO, UTO B OTHOIIIEHUU TE€PBOM KOMIO-
HEHThI BKJIaJl BUPYCHOU Harpy3ku BODb comocra-
BUM, HO MPOTUBOMNOCTABJEH BKJIAaAy COAECPKAHUS
CD4* T-1umMdOoLUUTOB U NPUBEPKEHHOCTU Tepa-
nuu. B cocTraB BTOpPOil KOMIOHEHTBHI OCHOBHOW
BKJIaJ BHECJIM TaKue IMepeMeHHbIe KaK BUPYCHas
Harpy3ka BOb M npuBep>XeHHOCTbh Tepamuu, UX
BKJIaJ ObIJT COMMOCTABMM U OJTHOHATIPABJICH.

JJ1s1 OlleHKW BO3MOXHOTO 3HAue€HUS TJIaBHBIX
KOMITOHEHT MBI MPOBEJU BU3YyaJbHOE HaJI0XEeHUE
dakTopa BupycHoil Harpy3ku BMY Ha Touku pac-
noJjioxkeHust BUY(+) manueHTOB B KOOpAMHATax
JIBYX TI€PBBIX U3MepeHU il (puc. 1).

Ha rpaduke 6apulieHTpbI ABYX FPYMN pacrosia-
rajuch Ha BbIpak€HHOM yAaJleHUU IPYT OT Apyra
B MepBOM U TpeTheM KBaapaHTax. Mcxons us atoro
MOXHO MPEeAIoJoXUTh, YTO OCh MEPBOM KOMIIO-
HEHThbI B OojblIell cTeNeHU OoTpazkajia BUPYCHYIO
Harpy3ky BUY y manimeHToB, B TO BpeMs KakK OCh
BTOPOU KOMITOHEHTHI — UX MPUBEPKEHHOCTh Tepa-
nuu. MHTepecHO OTMETUTh, UTO MapaMeTp BUPYC-
HOU Harpy3ku BOb BHOCHMJI paBHOILIEHHBIN BKJa
B (hopMuUpoBaHUE KaK MEePBOI, TAK U BTOPOI IJIaB-
HbIX KOMITOHEHT.

Kpome Toro, Bce mcciaeqoBaHHble HAMU Tiepe-
MEHHBIE OKa3bIBaJU BJIUSHUE HA PUCK OMNpeaessie-
Mol BupycHoit Harpy3ku BHUY. Tak y maiiueHTOB
C HU3KOW TPUBEPXKEHHOCTHIO Tepanuu, HU3KUM
conepxxanueM CD4" T-1uM@OLIMTOB U BBICOKOU
BUpYycHOI Harpy3koil BOb puck BeisiBiaeHus PHK
BHMUY Boille 58 Konuii/ma Bo3pacTall, U HA0OOOPOT.

51 KOMMYeCTBEHHOU OLIEHKU 3aBUCUMOCTU
BO3MOXHBIX (haKTOPOB IPyMNITUPOBKU OT ITE€PEMEH-
HBIX CO 3HAYUTEJbHBIM BKJIaJOM B COCTaB IMEPBBIX
JIBYX IJIaBHBIX KOMIIOHEHT Obljla MOCTpOEHa JIu-
HeillHag MOJIeb:

[HIV] =516103 + 114 x [EBV] — 339 x [CD4*_abs| —
— 331575 x ther.code (1/0),

rae [HIV] — BupycHas Harpyska BHUY (komuu/
mia); [EBV] — BupycHass Harpy3ka BOb (ko-
nuu/10° knetok); [CD4" abs] — abGconoTHOE KO-
audyectBo CD4" T-numdouuToB (KJIETOK/MKJ);
ther.code (1/0) — Bbicokasi mpuBepXeHHOCTHL APT
(ectb/HeT).

Wcnionb3yst naHHYIO MOZEJb, TOKa3aHO, YTO BU-
pycHas Harpy3ka BUY yBenuuuBanach Ha 114+58
Konuii/mnpu nosbieHun koanvyectsa JHK BOb
Ha 1 konuio/10° kieTok (p = 0,049) nnu Ha 339+165
Konuii/mia npu cHuxeHuu CD4" T-numdbouuton
Ha ogHy KJeTKy (p = 0,042). Haob6opoT, KOHIIeH-
tpauusg PHK BHWY 3HauuTenbHO CHUXKajlach
(Ha 331 575+123 452 xonuii/MJ), €CAU y NallMeHTOB
Obls1a BhicoKas npuBepxkeHHocTb APT (p = 0,008).

OTMeTUM, 4YTO HebosiblIoe 3HaueHue Koadhduim-
eHTa R? mipu BBICOKOM ypoBHe 3Hauumoctu (R? =
0,156, p < 0,001) cBuIEeTEABCTBYET O TOM, UTO ITIO-
MMMO MCCJIEIOBAHHBIX HAaMU TEPEMEHHBIX B I10-
KaszaTesab BUpycHOU Harpy3dku BMY BHocAT BKIag
U npyrue GakTophl.

Ha craenyroomem »sTane paboTbl HaMU OCY-
IIECTBJIEH aHau3 B3aWMMOCBS3U MOJIEKYISIPHO-
reHeTUYeCKuX ocobeHHocTeit BOB ¢ ypoBHem
BUpycHoii Harpy3ku BWY, koaunyectBom CD4*
T-TuMbOUUTOB U CTENMEHbIO TPUBEPKEHHOCTU
APT y BUY(+) manueHTOB. AHaJU3 NPOBOIAUIU
no TpeM HarpaBjieHUsM: Tunbl BOb, BapuaHThI
u cyoBapuaHTel LMP-1 BOb.

Ilo pesynbratram auddepeHInaaIbHOR OeTeK-
uuu BOb-1u BOb-2y BUY(+) manireHTOB Oblj1a IO -
JlydeHa cjeaylolasi TUIoBasi CTpyKTypa U30JISITOB:
BBb-1—88,24+3,4%, BOb-2 — 5,4+2,3%, kouHdek-
uusg BOB-1+BDb-2 — 6,44+2,6%. Takxe omnpene-
JIeHa IITaMMOBasi NPUHAIJIEKHOCTb MOJYYEHHbBIX
HUXeropoackux uzonsitoB BOb no kinaccuduka-
uuu R. Edwards u coaBt. [20]. JOMUHUPYIOLIUM
BapuantoM LMP-1 BOBb y BWY(+) mnauueH-
TOB siBAstca B95-8 (62,245,4%), pexe BcTpeda-
auck NC (15,5+4,0%), Med— (11,9£3,6%), China 1
(4,8%2,3%), Alaskan (2,4%1,7%) v peKOMOMHAHT-
HbIC BapuaHTHI rec (2,411,7%).

s u3ydeHUsT BO3MOXHOTO BJMSHUS TuIIa
BOb wu Bapuanta LMP-1 Ha coctosinue BUY-
UHGUIMPOBAHHBIX, MOBTOpUIU Npouenypy PCA-
aHaJii3a AJis MallMeHTOB C YCTAHOBJIEHHBIM TUIIOM
BBOb u yctaHoBiaeHHBIM BapuaHTOM LMP-1 (Ta61. 1
U puc. 2). B cBsI3u c BBISIBJEHHOU paHee 0oJjiee BbI-
COKOUM NUBEPreHTHOCTBIO IIOCJIeNOBATEIbHOCTEN
LMP-1 BapuantoB Med—, NC, Alaskan v China 1,
MalMeHThl ObIJIM CTPYNMNUPOBAHBI MO MPUHIIMIY
«BapuaHT B95-8 — npyrue BapuaHTh» [6, 10].

N3 taba. 1 u puc. 2 BUAHO, UTO paclipeacieHue
MalreHTOB ¢ oxapakTepu3oBaHHbIM BOb B koop-
NUHaTaX ABYX IJIaBHBIX KOMIIOHEHT OBILJIO COIO-
cTaBUMO TakoBoMYy 1is Bcex BUY(+) manueHTOB.
AHanuzupyeMble TIepeMeHHbIe BHOCUJIU COIMOCTa-
BUMBIIi BKJIaJ B COCTaB KOMIIOHEHT, a UMEHHO: OCh
NepBOil KOMITOHEHTHI B OOJbIIEH CTENEHU OTpa-
Kaja BUpycHyto Harpy3ky BHUY y naieHTOB, OCh
BTOPOU KOMITOHEHTHI — UX MPUBEPKEHHOCTH Tepa-
nuu, mapaMeTp BUpPycHO Harpy3ku BODb BHocun
PaBHOLIEHHBIX BKJad B (popMUpOBaHUE KakK Iep-
BOM, TaK U BTOPO TJIaBHBIX KOMIIOHEHT.

BrisgBiieHO pacxoxaeHue O0apuLEHTPOB Ipymm
MalreHTOB B 3aBUCUMOCTH OT Tumna BOb (puc. 2A)
n/unu Bapuanta LMP-1 BOb (puc. 2B). [1pu aTom
B 00oMX cJlydyasix pacXoxjaeHWe Habaronaau
BIOOJb BEKTOpa MEepPEMEHHOU BUPYCHON Harpy3Ku
BBb. MoxHO mpeanosioXXUTh, YTO TUII U Bapu-
aHT BOb oka3biBaloT BJIMSHUE HAa BUPYCHYIO Ha-
rpy3ky BOb 1, KocBeHHO, Ha BUPYCHYIO Harpy3Ky
BUY y BUY(+) nauueHnToB. Mcxonst U3 moJiyyeH-
HBIX MaHHBIX, clenyeT oxXuaatrb, 4yto y BUY(+)
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PucyHok 2. PacnonoxeHue Touek BUY(+) naumeHTOB B KOOPAMHATaX ABYX NEPBbIX MaBHbIX KOMMOHEHT
C BM3yasibHbIM HanoxeHuem ¢pakrtopa: A — tuna B3b, b — Bapuanta LMP-1 B3b
Figure 2. Location of HIV(+) patient points in the coordinates of the first two principal components with visual overlay

of the factor: A— EBV type, B — EBV LMP-1 variant

Mpumeuanue. dnnnnc otobpaxaeT 95%-1i [OBEPUTENBHLIN MHTEPBA PacnoNioxeHns 6apuueHTpa rpynn. CTpenkamu

0603Ha4eHbl BEKTOPA U3YYEeHHbIX MEePEMEHHBIX.

Note. The ellipse displays the 95% confidence interval of the barycenter location of the groups. The arrows indicate the vectors

of the studied variables.

MalMeHTOB C COINOCTaBUMBIM ypoBHeM CD4*
T-muMbOLUTOB ¥ ONMHAKOBOW MPUBEPXKEHHOCTHIO
APT BupycHasg Harpy3ka BOb (a, ciengoBarenbHO,
U BUpycHas Harpy3ka BUY) npu konHpuupona-
HuUU obouMu Tunamu BOb (BOb-1+BOb-2) Oyner
BBIIIIE, a Yy MallUEHTOB, UHPULIUPOBAaHHBIX BOB-2,
Ha00O0pOT, HUXE MO CPABHEHUIO C TEMU, Y KOTO BbI-
gasieH BOb-1. ¥ nauuentoB ¢ Bapuantom LMP-1
B95-8 BupycHasg Harpy3ka BOb (1 BUY) Oyner
OXUJAEMO HUXKE IO CPaBHEHUIO C MallMeHTaMU
C UHBIMU BapraHTaMU BUpYyca.

IMocnenyromuit aHaau3 C MCOOJb30BAHUEM
KJTaCCUYECKUX METONOB CTATUCTUKU HE MO3BOJUJI
MOJYYUTh CTATUCTUYECKU 3HAYUMBbIE Pa3IUYdUS
YPOBHS$I BUpPYCHOI Harpy3ku BOb, BupycHoil Ha-
rpy3ku BUY u konunuectBa CD4" T-numMpouunTon
MEXAy TMalueHTaMu, WHMUIUPOBAHHBIMU pa3-
HBIMU TUINAaMU U BapuaHTamu BODb, kak B rpyrre
BUY(+) B uesioM, Tak v B pa3pe3e OTASTbHbBIX TPYIIIT
cpaBHeHUs. Mcxons U3 MOay4YeHHBIX JAHHBIX, MbI
npeanojaaraiu, 4YTO BbIPAXKEHHOCTh KJIMHUKO-JIa-
oopatopHbix mnposBiaeHuin BUY-uHbekuuum mo-
KET ObITh OOYCJIOBJIEHA TPOYUMU Fr€HETUUYECKUMU
ocobeHHocTsIMU BDbB, a uMeHHO HaJIn4YueM MoBTO-
POB, AeJielIMit U aMUHOKUCIOTHBIX 3aMeH B LM P-1,
0003HaYEeHHBIX HAMU KaK CyOBapUaHTHI.

J s moaTBepXKAeHUSI JaHHOW TUIOTE3bl Cpeau
BCEX BBISBJICHHBIX B TaHHOM MCCJE€IOBAaHUU MO-
JIEKYJISIPHO-TEHETUYECKUX XapaKTepucTukK C-KOH-
neBoii oobsactu LMP-1 BOb otobpanu Te, KOTopbie
ObLIM TIPEACTABJICHBI Y MMALIMEHTOB B JOCTATOYHOM
KoauudecTBe (3 u Gosiee ciayyaeB) (Tadu. 2). 1o tu-

MOBOM MPUHAMJIEXHOCTU BCE CreHEepUPOBAHHbIE
cyoBapuaHThl LMP-1 6b1711 nipeacTaBieHbl TOJIBKO
BOb-1. AHanus BbINIOJAHEH AU dEpEeHIMPOBAHHO
Brpynnax Gl, G2, G3 u G4, yautbsiBast UMMYHHBII,
APT-craTyc malilueHTOB U UX BAUSHUE HA aHAJIU3U-
pyeMble ToKa3aTteau (Tadi. 3).

B pesynabpraTe yCcTaHOBJIEHO, YTO CYIIECTBYIOT
cyoBapuantel LMP-1 B3Ob-1 ¢ onpeneneHHBI-
MU MOJIEKYJSIPHO-TEHETUYECKUMU MPU3HAKAMU
(Ha ypOoBHE aMUWHOKMCJIOTHBIX 3aM€H), KOTOpbIe
accolMUpoBaHbl ¢ U3MeHeHreM KojinyectBa PHK
BUY u JHK BBb no cpaBHeHUIO ¢ MallUEHTaAMU,
UHOUIMPOBAHHBIMU JIPYTMMU TE€HOBapUaHTAMU
(tabn. 4).

TTosiyyeHHBIE JTaHHbBIE CBUAETEIBCTBYIOT O TOM,
4YTO KJIMHUKO-TabopaTopHble ocobeHHocTu BOB+
BUY-konHpekuuu npu MHOULIUMPOBAHUU pas3-
HbIMU cyOBapuaHntamu LMP-1 BODb nposBisiioTcs
TOJBKO Y TMAIlMEHTOB C BBIPa’KE€HHBIM WMMYHO-
nepuuutoM npu koaudectBe CD4" T-numdpo-
outoB < 200 kietok/Mki (rpynmnel Gl m G3).
B rpynnax BUY(+) manumenToB, y kotopeix CD4"
T-mumbounTts 66111 > 500 KeToK/MKI (G2 1 G4)
B3aUMOCBS3b aHAJIU3UPYEMbIX KJIWHUKO-JTabopa-
TOPHBIX TOKa3arejeil ¢ UHGULIMPYIOIUM CyOBa-
puantoM LMP-1 BOD He BoisiBJIeHA.

YCcTaHOBJIEGHO, YTO Yy <«HAWBHBIX» ITAIIMCHTOB
B rpynne Gl cyosBapuant S309N (6bL1 npencras-
sieH B 100% mocienoBaresnbHocTeilr LMP-1 China 1,
Med—, NC, Alaskan w rec) ObL1 acCOUUMPOBAH
c OoJiee BBICOKMMM 3HAYEHUSIMU KOHIIEHTpalluu
PHK BMY B nimasme kpoBu. HanpoTus, npu vH-
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duuupoBaHuun cyoBapuaHToM FE325Q (ycTaHOB-
JIEH UCKJIIOUUTEbHO B u3oJisitax B95-§) B aTOil ke
rpynne BUY-uHbumpoBaHHbBIX ObIIY MTOH U KEH bl
ypOBHU BUpycHOU Harpy3ku BUY mo cpaBHeHUIO
C TeMHU, Yy KOro B TocieaoBaTeabHoCcTsIX LMP-1
MaHHas MyTalus oTcyTcTBoBaja. OOHapyXeHUue
cyoBapuaHTta (Q334R (cnieuuduyeckas MyTalus
nas BapuaHToB LMP-1 China 1 n Med—) xapakTe-
PU30BaJIOCh 3HAUYUTEJbHO 00Jie€ BBICOKUMU YPOB-
HSIMU BUPYCHOI Harpy3ku BODB.

VY «onbITHBIX» ManueHToB B rpynne G3 Oblaa
BBISIBJIEHA CBSI3b OTAECIBHBIX CYOBAPUHTOB TOJIBKO
¢ BupycHolt Harpy3koii BObB. Ilpu sTom ypoBHU

BUpPYCHOI Harpy3ku BODb ObliuM HUXe TpU WH-
dunupoBaHuu cyoBapuaHToM E3280 u, Haobo-
POT, BBILE, €CAU BbISIBASIACSA cyOoBapuaHT H355P
(TUMMMYHasi aMMHOKMCJIOTHAsI 3aMeHa B IITaMMax
NC). JonoMHUTEAbHO OTMETUM, UYTO UMEHHO U30-
asatel NC BOb-1 u3 nelikouutoB Kposu BUY(+)
JIVIL TTPOAEMOHCTPUPOBAIN HAUOOIBIIYIO TUBEP-
reHTHOCTh C-KoHLeBoit ob6iaactu LMP-1 no cpas-
HEHMIO CO BCEMU JPYTMMU BapuaHTamu. B mociie-
noBaTeabHOCTSAX NC MPUCYTCTBOBAJIO B CPEAHEM
Ha 2, 5 u 9 myTauuii 60Jiblle, Y4eM B BapuaHTax
Med—, China 1 v B95-8 coorBeTcTtBeHHO (p < 0,01
JUTST KaXK0T0 BapyuaHTa CpaBHEHM ).

Ta6auua 2. MpoaHanuaupoBaHHbie cy6BapuaHTbl LMP-1 BOb

Table 2. Analyzed EBV LMP-1 subvariants

CyoOBapuaHT LM P-1 B3b YacTtoTa cpeau Bcex MsonflTos B3b qa(;?p.r:azﬁ_ig?_:nb:: 11Be:;||;| bIX
EBV LMP-1 subvariant Frequency among all EBV isolates Frequency among identified EBV LMP-1 variants
346_del10_355 4/82 China 1 (4/4)
4*[PQDPDNTDDNG] 2*[PHDPL] 43/82 B95-8 (43/51)
3%3333%33“3} 1*[PHDPL] 3/82 Med-(3/10)
?:{gﬁgsngDDNG] 7/82 NC (7/13)
SISO 4/82 NC (3/13), rec (1/2)
62128 2182 Vea- L0/ 1OWNC @13 res 1/2)
D216H 3/82 B95-8(2/51), China 1 (1/4)
§229T 11/82 B95-8 (1/51), Med- (10/10)
D250N 13/82 NC (13/13)
G252A 5/82 Med- (3/10), rec (2/2)
L306Q 14/82 NC (13/13), rec (1/2)
S309N 31/82 ;\I/gs(;;g%(sz)/zrzecc(g/;g 1(4/4), Med- (10/10),
S313P 14/82 B95-8 (1/51), NC (13/13)
Q322E 10/82 Med- (9/10), rec (1/2)
Q322N 4/82 China 1 (4/4)
Q3227 14/82 Alaskan (2/2), NC (12/13)
E328Q 48/82 B95-8 (48/51)
G331Q 11/82 NC (11/11)
Q334R 15/82 China 1 (4/4), Med- (9/10), rec (2/2)
G335D 3/82 NC (3/13)
L338P 14/82 Alaskan (2/2), NC (12/13)
L338S 11/82 China 1 (2/4), Med- (8/10), rec (1/2)
D349A 3/82 Med- (2/10), rec (1/2)
H352N 11/82 NC (11/11)
H352R 12/82 B95-8 (1/51), Med- (9/10), rec (2/2)
G355C 3/82 B95-8 (1/51), China 1 (1/4), rec (1/2)
H358P 13/82 Med- (1/10), NC (12/13)
D372N 4/82 B95-8 (4/51)
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Ta6nuua 3. KnuHuko-nabopartopHblie nokasaTtenu B rpynnax BUY(+) naumeHToB
Table 3. Clinical and laboratory parameters in HIV(+) patient groups

Fpynna/Group
n
;:fa?;;’:" Gi G2 G3 G4 Bcero/Total
(n=30) (n=20) (n=43) (n=45) (n=138)

[~
§ g |ner 41 34 40 37 38
8 < |years [37; 46] [29; 37] [38; 46] [32; 42] [33; 44]
[11]

XEeHCKuM, n (%) 12 8 19 26 65
5 x |female,n (%) (40,0) (40,0) (44,2) (57,8) (47,0)
= 9 | myxckoit, n (%) 18 12 24 19 73

male, n (%) (60,0) (60,0) (55,8) (42,2) (52,9)
]
S€ lom,e% 48 34,9 91 33,8 19,6
3 8 |rel,in% [2,0; 10,4] [30,8; 37,9] 6,0 13,2] [27,1; 39,9] [7,4:337]
gs
s =
|~y
E % | knetok/mkn 52 628 127 658 260
é S |[cells/u [16; 142] [525; 787] [89; 159] [558; 910] [100; 605]
I <
@ Z |konmii/mn 270000 7300 1200 58 1200
X = |copies/ml [43 250; 660 000] | [2825; 18250] | [58;250 000] [58; 83] [58; 142 500]
o
B < |Piop,% 86,7+6,2 70,0+10,3 81,4%5,9 48,9474 70,3+3,9
m A
X @ [konuit/10° knetok 121 6 54 9 18
3 copies/10° cells [34; 252] [1;9] [8; 212] [2; 14] [5; 139]
- 30 20 50
o 0
<. Z,n (%) (100) (100) 0 0 (36,2)
5 < 23 5 28
Qo 0
g2 L, n (%) 0 0 (53,5) (11,1) (20,3)
o <
X Q o, 1 4 5
gg Mt ° ° 2.3 ®9) 36
m
s < 19 36 55
Q. 0,
s | 0 0 (44.2) (80,0) (39.9)

Ta6nuua 4. Paznuung nokasareneii konuyectesa CD4* T-numdpoumnToB n BUpPYycHoi Harpy3ku BOb n BUY
npu uHpuumposaHun BB ¢ pasHbIMM MONEKYNSPHO-TeHeTU4YeCKUMHU xapaktepuctukamu LMP-1

Table 4. Differences in CD4* T-lymphocyte counts and EBV and HIV viral load during infection with EBV with different
LMP-1 molecular genetic characteristics

CyGBapuaHT
LMP-1 B3b Fpynna MokasaTtensb En. uamepenus A (95% OMN), (HeT—ecTb) CKopp. p
EBV LMP-1 Group Indicator Units A (95% Cl), (absent-present) adj. p
subvariant
PHK B4 Konuu/mn
S309N G1 HIV BNA copies/ml -443 278 (-135 000 — -50 000) 0,049
PHK BUY Konuu/mn
E328Q G1 HIV BNA copies/ml 441777 (50 000-1 350 000) 0,049
OHK B3b konuu/10° kneTok _ _ .
Q334R G1 EBV DNA copies/10° cells 460 (-11 089 15) 0,049
OHK B3b konuu/10° kneTok B
E328Q G3 EBV DNA copies/10° cells 107 (1-875) 0,049
OHK B3b konuu/10° kneTok _ 3 s
H358P G3 EBV DNA copies/10° cells 872 (-1031 16) 0,049

Mpumeyanue. B TabnuLie NnpuBEAEHbI TONBKO BbIIBNIEHHBIE CTATUCTUYECKU 3HAYMMbIE PA3NNyus (CKOPPEKTUPOBaHHLIN p < 0,05).
Note. Significant differences are presented (adjusted p < 0.05).
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Ob6cyxaeHne

B Poccuu wuccienoBaHus MOJIEKYJISIPHO-Te-
HeTu4eckoro pasHooOpaszusi BOb u omeHka ero
B3aMMOCBSI3U C BBIPAXXEHHOCTHIO KJIMHUKO-T1a00-
paTopHbIx noka3arenei y JIZKB He mpoBoauaucCh.
3a pyOexxoM IIpM M3y4YeHUHM JaHHOro BoOIIpoca
aHaJM3UPOBAJIUCH TOJBKO OJHOPOIHBIE TPYMIMbI
ManMueHToB, c(hOpMUPOBAHHBIE HA OCHOBE OJHO-
ro npusHaka (konudectBo CD4" T-numdbouuTon
6o APT) [34, 35, 36, 40]. [Ipu 3TOM OCHOBHAas
4acTh WUCCJIENOBAaHUU Oblla MOCBSIIEHA OLIEHKE
TunoB Bupyca — BOb-1 nu BOb-2. B nHameit pabote
aHaJIM3 TaHHBIX BBITIOJTHEH KOMITJIEKCHO C YUYETOM
koauyectBa CD4" T-nuMdounuToB, BUPYCHOI Ha-
rpy3ku BWUY, nmpumeHeHUST U NPUBEPXKEHHOCTU
APT y mauiMeHTOB, ¢ OAHOW CTOPOHBI, 1 MOJIEKY-
JISpHO-TeHEeTuYecKux ocobeHHocteid BODb (tuna
BBOb, BapuaHTa u cyo6BapuaHta LMP-1 maHHOro
BUpYyca), C IPyroil CTOPOHBI.

Hamu mokaszaHo, 4TO omnpenesnsieMblii yPOBEHb
BUpycHol Harpy3ku BUY Bo3pacTaeT y mallueHTOB
¢ Huskum coaepxanueM CD4" T-numdpouuTOB,
BBICOKOI BUpYCHOI Harpyskoii BOb, Huskoit
npuBepxeHHocTbio APT uiau B ee oTCyTCTBHUE.
AHanu3 k03hOULINEHTOB JTUHEWHONW MOAEIU MO-
KaszaJl, 4yTO BUpycHasl Harpy3ka BODb BHOcCUT XOTh
Y MEHBIINM MO OTHOLIEHUIO K coaepkaHuio CD4*
T-numdonuToB u mpusBepxkeHHoctu APT, Ho cTa-
TUCTUYECKU 3HAYUMBbII1 BKJIaJ B U3BMEHEHNE BUPYC-
Hoii Harpy3ku BUY. [TonoxuTenbHast KOppeasiius
MeXJy BUpycHoit Harpy3koii BOb u BHUY u 00-
paTtHasi KOppensius UX YPOBHEU C KOJIUYECTBOM
CD4" T-numdouutoB paHee OblJla yCTaHOBJIEHa
B psile 3apyOexHbIX ucciaenoBaHuit [24, 28, 37].
OTMETUM, YTO KOJUYECTBEHHAs] XapaKTepUCTUKA
BOb y BUY-nuHOULIMPpOBAaHHBIX B KOHTEKCTE MPU-
BepxkeHHOCTU APT 1o cux mop He MpPOBOAMJIAC.

B ocHoBe Tunuposanusg BOb-1 u BOb-2 nexar
pas3auyus TocieaoBaTelbHOCTel reHoB EBNA-2,
EBNA-34, EBNA-3B n EBNA-3C. JlanHast Kjac-
cudukanusas BOB ucnonbdyercsa yxe B TeueHUE
40 netr. CoBpeMeHHble pabOThl MOATBEPKAAIOT
YeTKoe pas/ieJIeHUe BUPYCHOU MOMYJSIIIMU Ha 1Ba
ocHOBHBIX THNa [8, 49]. M3BecTHO, UYTO MOMUHU-
pYIOIIIMM TUIIOM BO BceM Mupe siBasiercs BOB-1.
Ero Haubonbliass pacrnpocTpaHEHHOCTb OTMe-
yaeTcss B EBpome, Asuu, CeBepHoii u HOxHoit
Awmepuke [49]. IlpencTaBieHBl TIEpBbIC CBEICHMS
0 TOM, 4TO nipeumyliectseHHO BOb-1 oOHapyxu-
BaeTcst U B Poccuu [6, 11]. BDB-2 Takxke BcTpeua-
eTcsl TIOBCEMECTHO, HO Haubosiee BbICOKasl YacTo-
Ta BBISIBJICHUSI JAaHHOTO TUIMA OrpaHUYMBAETCS
crpaHamMu Adpuku K 1ory ot Caxapbl M OTAETbHBI-
MU TpyIIIIaMu HacejleHus, BKitodas aui, ¢ BUY/
CITU [18, 38, 48]. OTrmeuaeTcs, uto BOb-2 peako
BBISIBJISIETCSI B OOILE €eBpONeOuJHOM MOMYJISILUN,
HO CTaJl DHIEMUYHBIM B COOOIIECTBE TOMOCEKCY-
anbHbIX MYyX4uH [48]. [To maHHBIM 3apyOeXXHBIX

nyogukanuii B nonyasuuu JIZKB npeobnanaet
BOb-1,3auum cinenyetr BOb-2 1 konHpekms 060-
uMu TunamMu supyca [18, 24, 35, 43]. [NlonydyeHHBIE
HaM¥ pe3yJIbTaTbl TUIIOBOU CTPYKTYPBHI HMKETO-
poackux uzonsitoB BOb y BUY(+) manmeHTOB co-
IJ1aCyIOTCs C 3TUMMU IIPEACTaBIACHUSIMU.

AHan3 B3aMMOCBSI3M HM3yYaeMbIX KIMHUKO-
J1abOpaTOPHBIX MOKAa3aTeNeN C BbISIBJICHHBIMU THU-
namu BOb y BUY(+) maiimeHTOB Ha OCHOBE MeTo1a
IJ1aBHBIX KOMIIOHEHT MoKas3aJl, YTO BUPYCHas Ha-
rpy3ka BOb u BUY nipu BOb-1+BBb-2 xonapu-
LUPOBAHUWU BhIIIIE, a y MAllTUEHTOB, UHPUIIMUPOBAH-
HBIX TOJIbKO BOB-2, HUXe 10 CpaBHEHUIO C TEMU,
y Koro BbisiBJiecH BOb-1. JlaHHbBIe APYTUX UCCIEOO-
BaTeJieil Ha 3TOT CYeT HEOJHO3HAYHBKI. B psane padoT
NPUBOJSITCS aHaJoOrMuyHble pesyybrathl [35, 38].
Ilpu 5TOM B UMMYHOJIOTUYECKOM Mpoduie mamu-
eHTOB MHULIMpoBaHue BOb-2 3HaunTeIbHO yalie
conpstkeHo ¢ KonmyectBomM CD4* T-nrumdpouuTon
> 500 xmetok/Mkia [40] M HM3KMMU YPOBHSIMHU
HUTOKWHOB, ocobeHHO [FNy n IL-4 [35]. B npy-
rMX MNyOJuKalusx, HaoObopoT, MNpU UHOUILIU-
poBanuu BOb-2 perucrpupoBanach 06oJiee BBI-
coKas BUpycHas Harpy3ka, 4dem Tipy BOb-1
u BOB-1+BOb-2 [43]. Boripoc, MOCBSILLIEHHbIN U3-
YUYECHUI0 OMOJIOrnYecKMX (yHKIIMA OCHOBHBIX TH-
noB BOb y JIZKB, TpebyeT nmpomojiskeHUsT Mccie-
noBaHHUI. B ToM 4mciae B KOHTEKCTE MOCICIHUX
JaHHBIX 0 TOM, uTo BOb-2, B oTninuue or BOb-I,
in vitro v in vivo uTHQULIMPYET He TOJbKO B-KieTku,
Ho u T-xnerkm [16, 17].

MonekyasipHO-TeHeTUYeCKasl XapaKTepUCTUKA
Ipyrux reHoB BOb Takxke JIeXXUT B OCHOBE psiia
KJaccudukanuii Bupyca [8]. Onnako y BUY-uH-
(GUILMPOBAHHBIX JMUII OHU MNPUMEHSIJIMCh PEIKO.
Tak mcciaemoBaTe OrpaHUYUINCH TOUCKOM OT-
nenbHbIX CAO-1onoOHbIX MyTaliuii B rene LMP-1
(nenenus 30 H.0./10 a.x. (a.K. 346—355) u Goyb-
U pa3Mep o0O0JIaCTU TaHIAEMHBIX IIOBTOPOB)
B KOHTekcTe usyuyeHuss BHMY-accouumupoBaHHBIX
aumbom [18, 24, 25, 29, 48]. OTMETUM, YTO HC-
MoJib30BaHUE Haubosiee MOMyasipHON Kyjaccubu-
kauuu 1o R. Edwards u coaBr. [20] y BUY-unpu-
OMPOBAHHBIX OBLIIO TIPEACTABICHO TOJHKO B OMHOM
nyonaukanuu B 2023 r. [43].

TlonyyeHHbIt HaMu crnieKTp mTaMMoB LMP-1
BOb y BUU-nHunmpoBaHHBIX BKJIOYal BapuaH-
Tbl B95-8, China 1, Med—, NC u Alaskan, a Taxxe
BapuaHThl rec BHe kjaccudukauuu R. Edwards
u coasT. [20]. Panee mocnegoBareabHocT LMP-1,
U30JMPOBaHHbBIE B Ipyrux peruoHax Poccuu, B oc-
HOBHOM Yy 3IOPOBBIX JIOACH M OHKOJIOTMYCCKHUX
0OJIbHBIX, OBIJIM OTHECEHbl K BapuaHTam B9S5-§,
China 1, Med+, Med— v NC [4, 10]. Poccuiickumu
YUYeHBIMU OBbIIM OOHapyKEeHBbl TaKXXe BapuaH-
el LMP-1 «BHe kinaccudukauumn», B TOM YHUCIC
YHUKAJBbHBIA CPeau U30JSITOB 3THUYECKUX TaTap
TToBosxxbst «LMPI1-TatK» [11]. CobcTBeHHbBIE pe-
3yJAbTaThl JOMOJHSIOT YXK& MMEIOLINECS CBEACHUS
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O IOMUWHHUPOBAaHUU Ha TeppuTopuu EBpormeiickoit
yactu Poccum BapuanTa B95-8(62,2% HUXKeropo/-
ckux usongaron) [6, 10]. Hanporus, B padore yue-
HbIX U3 Kurtasg mrammbl LMP-1 B95-8He Oblin 00-
Hapy>KeHbI COBCeM, a nmpeobJanan BapuaHT China 1
(73,8%) u comnpsixkenHbie ¢ HUM CAO-nogoGHBIe
myTauuu [43]. B HacTos1Iee BpeMsT HAKOITJIEHO JO-
CTaTOYHO TaHHBIX, CBUICTEIBCTBYIOIINX O B3aM-
MOCBSI3U LIUPKYJIUpyoux mrtamMmmoB BOb ¢ onpe-
JNeJIeHHBIM TeorpacduyYecKuM IIOJ0XKEHUEM WU
STHUYECKON TIPUHAMIEXKHOCThI0. OmTHAKO KIIIO-
YeBBIM BOIIPOCOM OCTAaeTCS OIleHKA KIMHUYECKOM
3HAYMMOCTHU Fr€HETUUECKOro pazHooopasus BOb.

AHau3 B3aMMOCBSI3M M3y4YaeMbIX HaMU KJIU-
HHUKO-JIaOOpaTOPHBIX ITOKa3aTesieil ¢ BBISIBICHHBI-
mu BapuaHtamMmu LMP-1 BOb Ha ocHoBe MeTona
MIaBHBIX KOMITOHEHT MoKa3aJl, YTO Mpu MHOUIIH-
pOBaHUM IalMEeHTOB BapuaHToM LMP-1 B95-§
BUpycHasts Harpy3dka BOb m BMY Oblta MeHbIIe
[0 CPaBHEHWIO C ApYyrMMM BapuaHTtamu LMP-1.
B npeablayuiux MCCAeIOBAHUSIX HaMU Ipoje-
MOHCTPUPOBAHO, 4YTO Yy JHeTeil, MHGUIMPOBAH-
HBIX BHUPYCOM C MOJIEKYJISIPHO-TEHETUYECKUM
npodusiem BOb-1/B95-§, BOB-UM mnporekan
Jlerye U C MEHbIIE BbBIPaXX€HHOCTBIO CHHIpOMa
MHTOKCcUKanuu [7].

MupoBoii ONBIT CBUASTEIBCTBYET O TOM, UYTO
MHOTOYMCJIEHHbIE TIONBITKU HAallTU BapuaHThl BOb
BBICOKOTO OHKOT€HHOI'0 pUCKa UM cleluduyec-
kue niast UM u npyrux BOb-accoumnnpoBaHHBIX
3a00JIeBaHUIT TIPU KUCHOJIB30BAaHUM KJIacCU(pUKa-
uuu R. Edwards u coast. [20] 6p1IM Mao qoKa3a-
TeJabHbIMU [4, 13, 41]. B TO e BpeMsI BbIXOJ 3a paM-
KU 3TOH KjaccubuKaly B HalpaBJIeHUU MTOMCKa
HOBBIX T€HEeTUYECKUX MapKepoB BOB (He Tombko
aHaJIM3 TPAHCIMPOBAHHBIX aMUHOKUCIOTHBIX 3a-
MeH B LMP-1, HO 1 nonomHUTEeNbHbIE XapaKTepu-
CTUKM 3TOTO U APYTUX F'€HOB) MO3BOJIUJ JOCTUYb
omnpeaeyieHHbIX ycrexoB. OTHOCHUTEIBHO HeIaB-
HO OBIJIO TOKAa3aHO, YTO BBICOKUU (32-KpaTHBI)
PUCK pa3BUTUSI pakKa HOCOTJIOTKY Ha DHIEMUYHOMN
TeppuTopuu tora Kurast accoumupoBaH ¢ aMUHO-
KUCJIOTHBIMU 3aME@HaMU B TPeX BUPYCHBIX OelKax
(BALF2 V317M, BNRF1 G696R, BNRF1 V12221,
RPMSI1 DSIE) [47]. CepOckue yyeHble OOHapyKU-
JIU, YTO TIOBBIIIEHHE IEYEHOYHBIX TpaHCaMWHa3
(AJIT u ACT) y 6onpubix UM, accouimmpoBaioch
¢ BapuaHtamu LMP-1 BOb, B cocTaBe KOTOpPBIX
ObLIM OOHapyxXeHbl 3 WJM 4 TaHIEMHBIX IOBTO-
pa [13]. B Hamux paHHUX MUCCJIEAOBAHUSIX ObIJIO
MOKa3aHO, YTO aMMWHOKMUCIOTHBIE 3amMeHBbl L338S
u S229T B 6esike LM P-1 cBsi3aHBI ¢ 00J1€€ TS KEIbIM
TeueHueM BOB-UM vy nereii [7].

B nanHoIi paboTe HaMU TaK>Ke MPUMEHEH KOM-
IJIEKCHBIM IIOJXOJ, OCHOBAHHBIMA Ha OLIEHKE IIU-
POKOTO CITeKTpPa BEISIBACHHBIX MYTallUi (IeIelnu,
KOJINYECTBO 1 COCTaB TAHJAEMHBIX TOBTOPOB, aMU-
HOKUCJIOTHBIE 3aMEHBbI), 0003HAYEHHBIX HAMU KakK
cyOBapuaHThl Bupyca. B pe3ynbrare yCTaHOBJICHBI

cyoBapuanTtel LMP-1 BOb Ha ypoBHe aMMHOKHC-
gotHbIx 3aMeH (S309N, E328Q, Q334R, H358P), ko-
TOpBIE ACCOLIMUPOBAHBI C UBMECHEHMEM KOJINYECTBa
PHK BHMY n IHK B3b 1no cpaBHeHUIO ¢ MallUeH-
TaMu, UHPUIIUPOBAHHBIMHY IPYTUMU BapruaHTaMU
¥ cyoBapuanTamMu Bupyca. [Ipm 3ToM moaydeHHBIE
pe3yabTaThl YKa3bIBAIOT HA TO, YTO OMOJIOTUUECKU I
NOTEHIIMAJ 3TUX MYTalluli peaJu3yeTcsl B YCIOBU-
ax ummyHonedunuta (BUY(+) manmeHTs B TpyII-
nax G1 u G3), korga BCAeACTBUE UCTOIEHUS TTyaa
CD4" T-numdbouuto < 200 kieTtok/Mxka BHUY-
MHGEKIINSI TIPUBOIUT K ITOTEPE MMMYHOJIOTHYEC-
Koro koHTpoJisg Hag BOb-undexkuueii [34, 40, 45].

HNszBecTtHOo, uto LMP-1 npeacraBiseTr coboit
OHKOTE€HHBI CUTHAJIbHBIH 0€JIOK, 9KCIIPECCUPYIO-
IMHcS KaK B JIJATCHTHOM, TaK W JIUTUYCCKOM M-
kjax [14, 33]. C-tepMUHaJIbHBIH LIUTOMJIa3MaTH-
YEeCKUU TOMEH OTBETCTBEHEH 3a MHIYKIIMIO MHO-
JKECTBa BHYTPUKJIECTOUYHBIX CUTHAJbHBIX ITyTEH,
BkJoyass NF-xB, mutoreH-akTuBupyemble Oei-
koBble KMHAa3bl JNK n p38, manyio 'Tda3zy cdc42
u JAK/API/STAT xackanwsli. Kpome Toro, B B-
W 3MUTEeNualIbHBIX KJeTKax 6eqok LMP-1 pa6o-
TaeT KaK TOMOJIOT CeMeMCTBa pellerrropa ¢pakTopa
Hekpo3sa onyxonu (TNFR) [44]. CnenoBaTenbHO,
MyTaHTHBIKM Oejok LMP-1 MoxeT oka3bIBaThb
BJIMSHUE Ha HOPMaJbHbIC KJICTOUYHBIC ITPOIIECCHI,
M3MCHSISI pe3yJIbTaThl KAHOHUYECKUX CUTHAIBHBIX
MyTei, HEeTTOCPEICTBEHHO BMEIITMBASICh B X peajiu-
3anuio. K HacTos11eMy BpeMeH ! JIUIL b HEOOIbIast
YacTh U3 ONIMCAHHBIX B IUTEpaType aMMHOKHUCIIOT-
HBIX 3aMeH B 6esike LM P-1 6b1i1a pyHKIMOHATIHHO
oxapakTepu3oBaHa.

Cpenu BbISIBJIEHHBIX HaMU 3HAYMMBIX CyOBa-
puanToB LMP-1 amuHokucinoTrHas 3ameHa E328Q
BCTpeYaaach MCKIIOUUTEIBHO B M30asITax B9IS5S-8
(c vacroroii 1o 100%). BreisiBieHHE 3TOTO CyOBa-
puanTa y BUY(+) nui OblJIO CBSI3aHO C MeHbIel
pernkaTuBHOM akTuBHOCTHI0O BUY (B rpynine G1)
n BOb (B rpynmax G1 u G3). HakonieHBI naHHBIE,
yto myTauus E328Q npeobiagaeT B pOCCUNACKUX
uzoyigtax LMP-1 B95-8kaKk y O0JbHBIX, TaK U 3/10-
poBeIx jaull [4, 6, 10]. B apyrux reorpadpuuecknx
pernoHax oHa BcTpeuaeTcs peako [12, 13]. CioenyeT
OTMETHUTH, UYTO B JINTEpaType ONMCAHBI U ApyTHUe
aMUHOKUCJIOTHbBIE 3aMeHbl B MO3ULIUU 328 Oel-
ka LMP-1. Hanmpumep, myTtanus E328A, kotopas
XapakTepu3yeT M3BecTHBIM mTaMM LMP-1 CAO,
nepBOHAYaIbHO BEIICJICHHBIN N3 00pa310B Kapu-
HOMBI HOCOTJIOTKM y nauueHTa u3z Kuras [10, 25],
niu 3ameHa E328D, obnapy:kenHast B 41% oGpas-
OB KapIIMHOMBI CIIOHHBIX 3KeJIe3 W HOCOIJIOTKH
B cTpaHax HOro-BocrouHoit Asuu [26]. [1pu uccie-
JIOBAaHUU poccUiickux n3ojsaToB BOb ¢ Habopom
yacTto BcTpeuaromuxcs mytauuit (I85L, F106Y,
E328Q, S366T) ObLIO mMOKa3aHO, 4TO UX (QYHKIIH-
OHaJIbHOE 3HAUYCHMWE IIPOSBIISICTCI B CHUKCHUU
LIUTOTOKCUYHOCTU M YCUJIEHUM TpaHCcHOpMUpY-
folieli akTuBHocTu 6enka LMP-1 [4, 39]. OmHako
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MaHHBbIE, 3KCIEePUMEHTAJbHO MOATBEPXKAAIOII1e
OMOJIOTUYECKYI0 POJib UMEHHO aMUHOKHUCIOTHOU
3aMmeHbl E328Q, moka OTCyTCTBYIOT.

Hpyroit 3Hauumbiii cyoBapuaHT S309N cBs-
3aH C IPYMIIOiNl BCeX OCTaJIbHBIX, TaK Ha3bIBa€MbIX
BBICOKOAMBEPIreHTHbIX BapuaHToB LMP-1 BOb
(He B95-8). B Hamem ucciaeqoBaHUU OH ObLIT acco-
LIMUPOBAH ¢ 0oJjiee BHICOKMMU 3HAYEHUSIMU KOH-
neHtpauuu PHK BY B mia3zme KpoBu NMallueHTOB
rpynnsl G1. HecMoTpst Ha To 4TO n1aHHasi aMUHO-
KHCJIOTHAsI 3aMeHa BXOAUT B MepeYyeHb U3BECTHBIX
CAO-nogoOHBIX MyTalluii, 0 €€ PyHKIIMOHATbHOM
3HAUY€HUU U3BECTHO MaJio. TOJbKO B paHHUX My0-
JIUKALUSAX TIPUBOASTCS CBUMIETEIbCTBA TOrO, YTO
3aMeHa cepuHa B noJjoxeHusax 309, 311, 313, kak
OCHOBHBIX CaliTOB (hbocHOpUINPOBAaHUS B UHTAKT-
HOoM LMP-1, MmoxxeT NpuBOAUTH K U3BMEHEH U0 OUO-
Joruyeckoi ¢pyHKUu 3Toro 6enaka [30].

Cyo6BapuaHt Q334R (cneuuduueckass myTa-
uus niag BapuaHtoB LMP-1 China 1 v Med—) xa-
paKTepru30BaJ 3HAYUTEIbHO 00Jiee BHICOKHE YPOB-
HU BUpycHoit Harpy3ku BOb y BUY(+) manueH-
toB B rpynne Gl. 3ameHna Q334R Tak:ke u3BeCTHa
kak CAO-myTanus. YcTaHOBJIEHO, UTO B OeJjike
LMP-1 oHa HaxoauTcsl B caiiTe pacno3HaBaHUs
T-numbouuto mojexkynoit HLA I knacca A24.
Taxk B mociaemoBatenbHocTsax LMP-1 BBOb, ycra-
HOBJIECHHBIX M3 00pa3lloB OMyXOJeil HOCOIJIOTKH,
OBLIM OXapaKTepU30BaHbl MYTallUU B SMUTOIAX
CBI3bIBAaHUS IIUTOTOKCUYECKUX T-TUMOOIUTOB,
B yactHoctTu KGGRDGPPS (mutammbl China 1
u Med—) B xoopauHatax a.K. 330—338, koTopble
no cpaBHeHUo ¢ KGGDQGPPL (tutamm B95-8)
npensaTcTByoT mnpeseHTauuu LMP-1 B cocra-
Be HLA I knacca, 4To mMpuUBOIUT K CHUKEHUIO
9(HEeKTUBHOCTU pacIrioO3HABaHUSI TaKUX OEJIKOB
KJeTKaMUu UMMYHHOU cucteMsbl [21].

YpoBHU BUpycHol Harpy3ku BOb B rpynne G3
OBLIM TaK>kKe BbIIIE, €CJAU BBISIBJISIJICS CyOBapuaHT
H358P. XoTs 2TO IOCTAaTOYHO pacHpocCTpaHEHHas
TUMWYHAs aMUHOKMCJIOTHAsl 3aMeHa B IITaMMax
NC, ee (dyHKIMOHaAJIbHAsI POJIb OCTAETCSI HEU3-
yuyeHHol [6, 10]. MyTaliiss HaXOaUTCsI B KOOpIMHA-
Tax oMHOTO U3 C-KOHIIEBBIX AKTUBUPYIOLIUX JOME-
HoB LMP-1 — CTAR2 (a.x. 351-386), KOTODbIi SIB-
JisieTcsl OCHOBHBIM akTuBaTopoM NF-xB mocpen-

Cnucok nutepatypbl/References

ctBoM TRAF2 u TRAF6 (KaHOHUYECKUI TYTh),
y4acTBYSI B PEryjasiiMM MHOXeCTBa KJETOYHBIX
NpoLECcCOoB, BKJwYas Tmpoaudepauuto, auddpe-
PEHLIMPOBKY UM aronTo3 kjetok [15]. Kpome Toro,
npeanojaraeTcsi, 4YTo yKa3aHHasi 3aMeHa MOXeT
NPUBOAUTH K HapylleHuto crnocodHoctu LMP-I1
cBa3biBaTh HOS 6eyiku, 4TO MPUBOAUT K MOBBIIIIE-
HUIO ero KoHIleHTpaluu B kaetke [10].

s BeisicHeHMST (byHKIIMOHAJIbHOW pPOJIM BbI-
sIBJIEHHBbIX MyTaliuii LMP-1 Heobxoaumo npoao-
JKEHME 9KCIIepUMEHTAJIbHBIX PAOOT in Vitro  in vivo.

3ak/yeHme

Brniepsbie B Poccuu BbISIBA€HBI OCOOEHHOCTU
KJMHUKO-TabopaTopHbIXxnoka3areneit BOb+BH1Y-
KOMH(MEKINW TIph WHGUIMPOBAHUU pPa3HBIMU
cyoBapmantamMu LMP-1 (Ha ypoBHEe aMWHOKNC-
noTHBIX 3ameH). KowmHpeknus BOb-1/LMP-1
(S309N)+BUY y «<HauBHBIX» MAIIUEHTOB C TSIKe-
JIBIM UMMYHOIE(GUIIMTOM IIpOoTeKajia ¢ 0ojee BbI-
cokoit, a BOb-1/LMP-1(E325Q)+BNUY — c Hawm-
MeHblIell BupycHoii Harpyskoit BUY. Ilpu stom
HauboJjiee BBICOKME 3HAYCHUSI KOHIECHTpPAIIUU
JHK BBb y atnx manneHTOB HAOMIOOAINCH TIPU
KOMH(MEKIINN BBb-1/LMP-1(0334R)+BUNY.
CyoBapuantel BOb-1/LMP-1(E3250Q0) nu B5Db-1/
LMP-1(H358P) B rpynmne <«OIbITHBIX» HNAallMEHTOB
C TSXEJIBIM UMMYHOIepUIUTOM Ha (hOHE MPOBO-
numoit APT (B TeueHue 3-x jieT u 6oJiee) U, Caeao-
BaTeJIbHO, HU3KOI WM HEOMpeAeasIeMoil BHUPYC-
Hol Harpy3koit BUY Oblyin accouuupoBaHbl C BU-
pycHoit Harpy3koit BOb. I1pu atom ypoBenb JTHK
BOBb B neiikonuTax KpoBM ObIJT 3HAYUTEIIBHO HUXKE
npu MHOUIMPOBAHUU BUPYCOM C MOJICKYISIPHO-
reHeTudeckum mpodunem BOb-1/LMP-1(E3250)
W, Hao0OpOT, BHIIIE, B ciiydyae npodwuisa BOb-1/
LMP-1(H358P).

Ha nHamr B3rmisim, BaXKHBIM acIIeKTOM SIBIISICTCSI
nmajpHelIIee n3ydeHne yHKIIMOHAIbHBIX CBOMCTB
MMEHHO 3THUX MyTaluii. B KOHTeKcTe pemaeMbIx
B TaHHOM MCCJIEIOBAaHUM 3a1a4 HEOOXOIMMO MPO-
BelleHEe OoJiee MacIITAaOHBIX M CUCTEMHBIX MCCIIC-
IOBaHMWI Ha pa3HBIX TeppuTopusax PD ¢ yuactuem
OpoPUIBHBIX CIIEIINAINCTOB HAYYHOTO M Bpayeo-
HOTO COOOIIIECTB.
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B3AMMOCBS3b E. COLI, ENTEROBACTER spp.
U S. AUREUS, BblAEJIEHHbIX U3 KULLEYHOM
MUKPO®dJIOPBI, C BENNKAMU KPOBMU,
CBA3AHHbIMY C UMMYHHOW CUCTEMOM

U UHOEKLMOHHBbIMU 3ABOJIEBAHUSAMM,

BO BPEMS 3-CYTOYHOM «CYXON» UMMEPCUM

J1.B. Komuccaposa, 1.M. Jlapuna, JI.X. ITactymkosa, JI.H. Kamupuna, H.A. Ycanosa,
B.K. Uabun

oerMHaﬂbele CTaTbu

NHdekumns n uMmyHnTeT
2024, T. 14, Ne 5, ¢. 951-960

@I'bYH locydapcmeennbiii Hayunsiii yenmp Poccuiickoii @Pedepayuu — Hucmumym meduko-6uonsocuveckux npodaiem
Poccuiickoii akademuu nayx, Mockea, Poccus

Pestome. «Cyxasi» UMMepcHUs IBISICTCSI OMHUM M3 METOIOB UMUTALIMU psAna (aKTOPOB KOCMUUECKOTO 1moieTa. B mpo-
BOIMMBIX paHee MCCIeTOBAHUSIX MUKPOOMOTHI KUIIEYHNKA Y UCTIBITATENIEH B «CYyX0i» MMMEPCUU OBIIO BBISIBICHO
CYIIIECTBEHHOE YXYAIIIEHUE COCTOSTHU ST MUKPO(IIOpBI. B TO e Bpemst ToKa3aHo, 4TO PETYISTOPHbBIE U MeTaboInyec-
KHe U3MEHEHMS, IIPOUCXOISIIIE BO BPEMST «CyX0il» UMMEpPCUH, OTPaXKaloTcs U Ha 0eTKOBOM cocTaBe KpoBH. Llembio
HACTOSIIIIETO UCCJENOBAHUS SIBJISIOCh M3YUYEHHME MEXaHWU3MOB TTOJIOXMTEIbHOW KOoppensiuuu KonudectBa E. coli
U OTPULIATEJIbHON Koppeasiuuu S. aureus u Enterobacter spp., HaXoASUIMXCS B KUIIEYHUKE, C KOJUUYECTBOM OEJIKOB
B KPOBH YeJIOBEKa, U3yUYEHHBIX C TOMOIIbIO METOIOB TPOTEOMMKH HAa OCHOBE MAacC-CIIEKTPOMETPUHM, B IKCIIEPUMEHTE
¢ 3-CyTOYHOI «Cyxoil» XeHCKoi uMMepcueit. B akcnepuMeHTe ¢ «cyXoi» UMMepcHeil TPoaOIKUTEIbHOCThIO 3 Cy-
TOK TIPUHSLIM yYacTHe 6 XeHIIMH-100poBOIIbIIeB B Bo3pacTe oT 25 mo 40 yeT. Bo BpeMst aKCIiepuMeHTa UCTIBITyeMbIe
He TIpUHUMaJI1 aHTUOAKTepUaTbHbIE TIpenapaTsl U UHbIE CPEACTBA, CIOCOOHBIE 0KA3aTh BIUSHUE HA MUKpodIIOpY.
OnHoKpaTHO 3a 1—2 CyTOK 10 Hayajia 3KCIePMMEHTa M OMHOKPATHO Ha 1—3 CYyTKM MOCJIe OKOHYaHUS «CyXOi» UMMep-
CUM OTOMPAUCH ITPOOHI (heKanii, B KOTOPBIX OLICHUBAJIOCh KOJMUECTBO MUKPOOPTraHu3MoB. O0pa3Iibl KalluIs pHOI
KPOBY OBLIH IOJTyY€HBI METOIOM ITPOKOJIa KOHIIEBOM (pataHTH Oe3bIMSIHHOTO IaIblia y JOOPOBOJIBIIEB 3a 2 THS 10 Ha-
YaJjia 9KCIIepUMEHTa, B 1, 2 1 3 CyTKU BO BpeMsI «CYXOii» MMMEPCUH 1 Yepe3 2 MHS Toclie e¢ OKOHYaHMsI. bruomarepuan
AHAJIM3UPOBAJICS XPOMATO-MaCC-CIIEKTPOMETPUUSCKIM MeTomoM Ha Macc-crekTpoMerpe «IimsTOF Pro» (Bruker
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1 S. aureus, BblAENEHHbIX 13 KULLEYHOW MUKPOdIOpSI, ¢ Gefkamu KpoBH,
CBS3aHHBIMU C UMMYHHO CUCTEMON U MHEKLIMOHHBIMI 3a601eBaHNSMM,
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isolated from intestinal microflora and blood proteins associated with

the immune system and infectious diseases during 3-day dry immersion //
Russian Journal of Infection and Immunity = Infektsiyai mmunitet, 2024,
vol. 14, no. 5, pp. 951-960. doi: 10.15789/2220-7619-RBE-17615

PaboTa BbinoNHeHa B pamkax Tem yHaamMeHTanbHbIX Hay4HbIX uccaenoBanHuii FMFR-2024-0032 «AHann3 MonekynspHO-KAETOYHbIX U3MEHEHWIA NPy MOAEANPOBaHIN
pakTopoB kocMudeckoro noneta» (Ne HIOKTP 124070300025-0) n FMFR-2024-0035 «MccnenoBarme crnocob0oB KoppekLmn MukpobHOro cTaryca YyesoBeka
1 ONTUMU3ELMY PU3NONOTNHECKOr0 COCTOSIHIS €0 NULLEBAPUTENIbHON CUCTEMBI B UCKYCCTBEHHON Cpese 06uTanus. MiccnenoBanmne crnocoboB 1 CPeACTB COXPaHeHus
(POTOTPOPHOr0 3BEHA OT MUKPOOHBIX MOPaXeHUid. VccnenoBanme agantawumm v BHyTPUMONYASLIMOHHOMK 3MEHYNBOCTY MUKDOOPraHN3MOB B YCIIOBUSIX UCKYCCTBEHHO
cpesbl 06MTaHs v Py aKCTpeMasnbHbix BodaericTausx» (Ne HIOKTP 124070300022-9).
The study was carried out within the framework of the topics of fundamental scientific research FMFR-2024-0032 “Analysis of molecular and cellular changes
in the simulation of space flight factors” (No. 124070300025-0) and FMFR-2024-0035 “Investigation of ways to correct the microbial status of humans and optimise
the physiological state of their digestive system in an artificial habitat. Investigation of ways and means of preserving the phototrophic link from microbial lesions. Study
of adaptation and intrapopulation variability of microorganisms in conditions of artificial habitat and under extreme influences” (No. 124070300022-9).
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Daltonics, CIITA). CBs3b Mex 1y ypOBHEM 0€JIKOB B 00pa3lax U YUCAEHHOCTbIO MUKPOOPraHM3MOB KM IIeUHH KA OblJ1a
oInucaHa C MTOMOIIbIO PErPeCCUOHHOI MOJIENIH, T/Ie B KAUeCTBE 3aBUCMMOI ITepeMeHHO BHICTYIIAJI ONpeieIeHHbII Oe-
JIOK B KPOBH, a KaueCTBE HE3aBUCUMOU — KOJMUYECTBO MUKPOOPTraHU3MOB. 17151 00pabOTKU pe3ybTaToOB UCITOIb30Ba-
nack mporpamma STATISTICA 12.0. I1pu aHanu3e mojy4eHHbIX JaHHBIX ObLIO BbIsIBI€HO 30 0€1KOB, MOJIOXUTEIbHO
KOPPENUPYIOIINX ¢ KOMMYEeCTBOM E. coli 1 oTpUILIaTeIbHO — ¢ KonudyecTBOM S. aureus u Enterobacter spp. I1pu pac-
CMOTPEHHUH TIPOLIECCOB, B KOTOPBIC BOBJICUEHBI OCJIKM B OpraHM3Me YeJI0BeKa, OHM ObLIU pa3aeeHbl Ha HECKOIbKO
IPYIII B 3aBUCMMOCTH OT XapaKTepa IIPOLeCCOB 1 JIOKyca sKcIpeccuu. B nanHoii paboTe paccMOTpeHbI 6 6€IKOB, CBsI-
3aHHBIX ¢ MH(peKInOoHHbIMHU 3a0oneBanusMu (PSMA2, PSMC3, PSME2, NCKAPI, LTF, ENOLI), u 10 6enkos, cBs-
3aHHBIX ¢ QYHKIIUSIMHI UMMYHHOH cucTeMBI (yrmoMsTHYTHIe BhItiie PSMA2, PSMC3, PSME2, NCKAPI, LTF, a takxke
oenku CCT2, APOB, FGB, CAl, STOM). TakuM 006pa3zoM, HEOOXOAMMO MTPOJOJIXKEHUE N3YyUEHMSI MEXaHU3MOB, Jie-
KaIIX B OCHOBE 3TOI B3aMMOCBSI3U, U BIUSHUS Ha Hee YCIOBUIA, MOICTUPYIOMINX 3(P(HEKTH KOCMUYECKOTO TI0JIeTa
B MHTEpecax 00eCTeueHIST METUITMHCKOM 0€30ITaCHOCTH KOCMUUECKUX TIOJICTOB.

Karouesnle caosa: kuweunas Mulcpoqb/zopa, npomeomuKa, KuievHas naaovka, 3010Mmucmblil cmagbu/mlcomc, 3Hmep06a/<mepuu,
«CyxXasa» ummepcus.

RELATIONSHIP BETWEEN E. COLI, ENTEROBACTER spp- AND S. AUREUS ISOLATED FROM
INTESTINAL MICROFLORA AND BLOOD PROTEINS ASSOCIATED WITH THE IMMUNE SYSTEM
AND INFECTIOUS DISEASES DURING 3-DAY DRY IMMERSION

Komissarova D.V., Larina [.M., Pastushkova L.H., Kashirina D.N., Usanova N.A., Ilyin V.K.

State Scientific Center of the Russian Federation — Institute of Medical and Biological Problems of the Russian Academy
of Sciences, Moscow, Russian Federation

Abstract. “Dry” immersion is one of the methods for simulating some factors of a space flight. Volunteer-derived intestinal
microbiota previously studied by “dry” immersion showed profoundly deteriorated state of microflora and blood protein
composition. The study was aimed to analyze mechanisms underlying a positive correlation with amount of intestinal
E. coli, and negative correlation between S. aureus and Enterobacter spp. with the number of human blood proteins assessed
by proteomics methods based on mass spectrometry, in a 3-day experiment “dry” female immersion. 6 female volunteers
aged from 25 to 40 years took part in the 3-days “dry” immersion experiment. During the experiment, the subjects did
not take any drugs that could affect the microflora. Fecal samples were collected once per 1-2 days before the onset
of the experiment and once on days 1-3 after the end of the “dry” immersion, number of microorganisms in the above-
mentioned samples was assessed. Capillary blood samples were obtained by puncture of the terminal phalanx of the
ring finger 2 days before the onset of the experiment, on day 1, 2 and 3 during dry immersion and 2 days afterwards.
The relationship between the level of proteins in the samples and the number of intestinal microorganisms was described
using a regression model in which the blood specific protein was a dependent variable, and the number of microorganisms
was an independent variable. The STATISTICA 12.0 program was used for data processing. When analyzing the data
obtained, 30 proteins were identified, which positively correlated with the amount of E. coli and negatively correlated
with the amount of S. aureus and Enterobacter spp. While considering the events in which these proteins are involved
in the human body, they were divided into several groups. In the current study, there were examined 6 proteins associated
with infectious diseases (PSMA2, PSMC3, PSME2, NCKAPI, LTF, ENOI) and 10 immune-related proteins (the above-
mentioned proteins, as well as CCT2, APOB, FGB, CAl, STOM). Thus, it is necessary to continue close examination
of the mechanisms underlying this relationship in the interest of ensuring spaceflight medical safety.

Key words: intestinal microflora, S. aureus, proteomics, E.coli, Enterobacter, “dry” immersion
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spp., Bifidobacterium spp., HE3HTECPOBUPYJICHT-
Hble WTamMbl E. coli, Enterococcus spp. YCI0BHO-

BeepneHue

Kuiieynass MUKpoOuoTa npeacTaBjeHa OrpoM-
HBIM KOJIMYECTBOM pPa3JMYHbIX MUKPOOpPraHu3-
MOB: OakTepuil, BUPYCOB, HEKOTOPBIX 3YKapHUOT.
CooTHOIIEHUE Pa3JUYHbBIX MUKPOOPTraHU3MOB
B KMIIEYHUKE Yy Ka’KAOro 4YejaoBeKa WHIWBUIY-
aJIbHO, CYILIECTBYIOT BUJibl, KOTOPbIE MPUCYTCTBY-
IOT TIpakKTUYECKHU Yy Bcex Jwoacii. B Hopme Bcex
npeacTaBuTeneii KMILIEYHON MUKPOOMOTHI MOXK-
HO YCJIOBHO pa3AcjiMTh HA ABE TPYMNBI: YCIIOB-
Ho-ntatoreHHBIe (YIIM) m mporektuBHBIE (ITM).
K mocnegHuM TpHHSATO OTHOCUTH Lactobacillus

NaToreHHble MUKPOOPTaHU3MbI B HEOOJIBIIUX TH-
Tpax (kak npasuio, 10 10* KOE/Mmi) He BBI3BIBAIOT
npo06JieM, HO TPU YMEHBIIEHUU KOJMYeCTBa MpPO-
TEKTUBHBIX MUKPOOPTAaHU3MOB U, COOTBETCTBEH-
HO, CHUXEHWUW WHTEHCUBHOCTH KOHKYPCHIIWWU,
MOTYT aKTUBHO Pa3MHOXAaThCsl, BBI3bIBASI CIIEKTP
nucouotuueckux cocrosinuii [12]. MccnenoBanus
CBUJIETEJIbCTBYIOT, YTO PSII TaCTPOIHTEPOJIOTH-
YyecKMX 3a00JeBaHUU (HaNpuMep, BOCHATUTEIb-
Hble 3a00JIeBaHUSI KUIIEYHUKA, HEAJIKOTOJIbHBIN
CTeaTorernaruT U HOBOOOPA30BaHUS XKEJTYJOUHO-
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KWUIIIEYHOrO TpaKTa) MOTYT OBITH CBSI3aHBI C Ha-
pyLIEHUEM KOJIOHU3AIIMOHHON pPEe3UCTEeHTHOCTU
KHUImeyHoit Mukpodopsl [14]. Mukpobuora Ku-
IIEYHUKA CBsI3aHa U ¢ ApyTruMU IIporeccamMu. OHa
UTpaeT BaXKHYIO PoJib B GOPMHUPOBAHUU MMMYH-
HbIX QYHKIIMH, MOCKOJIBKY MPUHUMAET aKTUBHOE
yJacTHe B Pa3BUTHUM JIUMMOMIHBIX TKaHEI, BHO-
CUT HEMOCPEICTBEHHBIN BKJIal B OOMEH MHOTHX
BEIIECTB, B YaCTHOCTH, BUTAMWHOB W JIUITUIOB |[3,
11]. UMmeroTcs Takske JaHHBIE O B3aMMOCBSI3U KU~
LIEYHOM MUKPOOUOTHI U HEPBHOI CUCTEMBI 3a CUET
NPOU3BOAMMBIX €10 HEeWpPOaKTHUBHBIX MeTabOoJu-
TOB [4]. TakuM 0oOpa3oM, M3ydyeHUE B3aMMOCBSI3U
MUKpPOOMOTa—OpPraHu3M XO035IMHA MOXET CIYKUTh
NOHMMAaHUIO KaK PyHIaMEHTaJIbHBIX 3aKOHOMEP-
HOCTell (OYHKIIMOHUPOBAHUS OpTraHM3Ma UeIoBe-
Ka, TaK 1 UMeTh MPaKTUYECKOe 3HAYeHUE B Tepa-
MUY 1 KOPPEKIIUU OTIPEJCJICHHBIX COCTOSIHUT.

HUccnenoBanme mpoTeoMa KpPOBU XO3SIMHA,
B 3TOU CBSI3U, UMeCT ABOsIKoe 3HaueHue. C omHOU
CTOPOHBI, KOJTMYECTBEHHBIN M Ka4eCTBEHHBIN CO-
CcTaB 0€JIKOB BHEKJIETOUHOM XKMIKOCTU CBUACTEb-
CTBYET O COCTOSIHUU Pa3HOOOpa3HBIX (DYHKIIUNA.
C Ipyroili CTOpOHBI, TOCPEACTBOM BIIUSHUS MHU-
KPOOMOTEI Ha KJIETKH SITUTEINS KUIIIEUHUKA U eTO
CEKPETOPHBIC BJIEMEHThI €€ KOMIIOHEHThI CII0CO0-
HBI OKa3bIBaTh BJIMSHHE Ha IIPOTECOM XO3SMHA.
B otnmume OoT IPUBBIYHOM B ITPOTEOMUKE CTPYK-
TYypbl MOJIEKYJISIDHBIX Leneil (0enoK-0e1KoBbIe
B3aMMOJCHCTBUS) BJIMSHUE TAaKOTO poda MOXKeT
OCYIIECTBUTHCS Uepe3 KIETKY: 0€JI0K (MJIN IPYTOi
areHT OT MUKPOOMOTHI)—KJIeTKa XO3IMHA—IIPOTE-
OM XO3S5IMHa.

«Cyxasi» UMMepcUsl SIBJISIETCS OMHUM U3 METO-
JIOB UMHUTAIIU HPakTOopoB (U 3P PEeKTOB, BHI3BIBAC-
MBIX UMH) KOCMUYECKOI'0 TT0JIeTa KaK TUIIOT PaBU-
Tanusl, ONOpHas pa3rpy3ka, mepepacrnpenesieHue
XKUIKUX cpen opraHusma [15]. B mpoBoaumbix
paHee HCCIeAOBaHUSIX MUKPOOMOTHl KHIIEYHUKA
Yy HUCITBITaTeIe B «CyXOil» MMMEPCHUH OBIJIO BHI-
SIBJIGHO CYIIECTBEHHOE YXYIIIEHUE COCTOSIHUS
MUKpOQIOpHL: yBeauduBagach goas YIIM, cHu-
KaJjoch KojmdyectBo [1M [6].

CuuTaeTcs, YTO ONpeAesICHHBIII BKJIAI B Te-
He3 npobiem ¢ ZKKT BHOCAT 3acToilHbIE SIBJEHUS
B CIJITAaHXHMYECKOM OacceliHe, KOTOpbIe ITPUBOISIT
K aKTUBAIIUU XKEJITYSOTASICHUS C YBEJINUCHUEM Ce-
KpELUEN KeJTYU C MEHBIIEN KOHLIEHTpALME B HER
KEJIYHBIX KUCJIOT [5], YBEJIMUEHUIO CEKPETOPHOI
aKTUBHOCTU WHCYJSIPHOI'O arirapara U MOHUXKEH-
HOI ceKkpeluu racTpruHa [1], a Takxke 3amMeaJIEeHUIO
CKOPOCTH JETOKCUKAIIMOHHONM aKTUBHOCTU TIC-
yeHu [2]. Takum oOpa3zoM, U3yUYeHUE COCTOSTHU S
KHUIIIEYHOr0 MMKpoOMoMa BaxKHO AJIsI TOIaepKa-
HUS 300POBbS YUYACTHHUKOB KOCMUYECKHUX IIOJIC-
TOB, OCOOECHHO IJIMTEIBbHBIX, KOTJa BO3ICHCTBUEC
CTPECCOPHBIX (PAKTOPOB, TAKMX KaK TTOBBIIIIEHHAS
TMICUXOAMOIIMOHAaJIbHAsI HAIPSI>)KEHHOCTh, TUIOAM-
HaMusl, IIpeObIBaHNE B TEUCHUE AJIUTEIBHOTO Bpe-

MEHHM B 3aMKHYTOM IPOCTPAHCTBE KOCMHUECKOTO
KOpaobJig I CTAHLIUU, MOTYT A€CTAOUTU3UPOBATh
mukpodaopy KKT.

B 10 Xe BpeMs IMmoka3aHO, YTO PEryasiTOpHbBIC
M MeTaboJIMYeCcKre WM3MCHEHMS, TPOMCXOISIINE
BO BpeMsI SKCIIEPUMEHTOB C «CyXOil» MMMepCHUeit,
OTpakarTcs Ha OCJIKOBOM COCTaBe KpPOoBU. Bbuin
nokKa3aHbl M3MEHEHMS YPOBHS ILJIa3MUHOTICHA,
¢dubpoHekTrHA, APYTUX (HaKkTOPOB CBEPTHIBAHUS
U (pubOpUHOJIM3a, TIOBBIIIEHUE COAEPXKAHUS MPO-
NYKTOB (puOpUHOJIM3A, aKTUBALIMSI CUCTEMbI KOM-
nnemeHTa [13]. [IporeoMHbIe METOABI MO3BOJSIOT
ONpencanuTh OCIKM, pearupyollnnue Ha CIOXHBIN
KOMILJIEKC (DAKTOPOB «CYXOW» UMMEPCUU, U YTOU-
HUTb MOJIEKYJSIPHbIE MEXaHU3Mbl M3MEHEHUN
B pa3JIMYHbIX DU3NOJIOTUYSCKUX CUCTEMAX.

Llempio HaACTOSIIIETO MCCICHOBAHUS SIBJISIIIOCH
U3yUYEeHUE MEXaHNU3MOB IOJIOXKUTETbHONU KOppes-
uuu koaudecTtBa E. coli n oTpuuiaTesibHOI Koppe-
nguum S. aureus n Enterobacter spp., HaXOIsSIIIMX~
csI B KUIICYHUKE, C KOJIMISCTBOM OEJIKOB B KpO-
BU 4YeJIoBeKa, M3YUYEHHBIX C MOMOIIbIO METOJIOB
NPOTEOMUKU Ha OCHOBE MacC-CIIEKTPOMETPUH,
B 9KCIIEPUMEHTE C 3-CyTOUHOM «CyXOil» 3KEHCKOU
UMMEPCHUEMH.

Matepuanbl n MeToapl

B skcnepuMeHTe ¢ «CyXxoil» mMMepcueit mpo-
NOJIKUTEJIBHOCTBIO 3 CYTOK TIPUHSIJIN YydacTue
6 XKCHIIMH-IOOPOBOJIBLIEB B BO3pacTte OT 25
mo 40 net. Bo BpeMs aKcnepuMeHTa UCITBITyeMbIe
He TIpUHUMAJN aHTHOaKTepUaJIbHBIC ITpeHapaThl
W WHBIE CPEICTBa, CIIOCOOHBIC OKa3aTh BIMUSHUE
Ha MUKpodaopy. B Hauaje UCIbBITAHU yYaCTHHULIbI
OB CUHXPOHU3UPOBAHHBI 110 (ha3e MEHCTpPYyasb-
HOTO LIMKJa (IJIT KaXI0i M3 HUX UMMEpPCHUS Ha-
yajach B (pOJNIUKYASIpHON (pase), YTOObl N30eXKaTh
paszanuusa 3p@eKTOB 3CTpaanoaa Ha MUKPOOHUOM
¥ OCJIKY T1J1a3Mbl. DKCIIEpPUMEHT OBLJI 0O00peH 610~
studeckorr komuccueit T'HI[ P® — MMBIT PAH
(mpoTtokoi Ne 544 ot 16 utons 2020 r.).

OpHokpaTHO 3a 1—2 cyTOK A0 HayaJlia 3KCIepu-
MEHTa M OMHOKpPATHO Ha 1—3 CyTKM mocje OKOH-
YaHUS <«CyXOil» WMMEpPCUU OTOMPAJIMCh TIPOOBI
dekanuii. U3 3Tux oO6pa3loB TOTOBUJIU PsIO Ae-
CATUKPATHBIX Pa3BeACHUI B CTePUIbHOM (hU3HO-
nornyeckoMm pactBope ot 107" mo 10~° u, 3arewm,
100 MK WHOKYJSITa BBICEBAadM B vamku Iletpu
C arapMu30BaHHBIMU MUTATCIBHBIMU CpeIaMU; KPO-
BsiHOM arap, arap MakKoHKU, MAaHHUTOJI-COJIEBOU
arap, cpena Cabypo, cpena MPC, cpena bakTodoxk,
OUTPATHBIN arap, arap AJIsI SHTEPOKOKKOB, Ondu-
noarap (mpous3BoauTesb Bcex cped — Himedia,
WNunus). Beipocline KOJOHUU TOACUYUTHIBATUCH
U UACHTUDUILITPOBAJIUCE.

O06pa3ibl KalmuUISIpHOT KPOBU OBIJIN ITOJTyYe-
HBI METOJIOM MPOKOJa KOHILIEBOU (anaHru Oe3bl-
MSIHHOTO Tlajiblia y JOOPOBOJIbLIEB 3a 2 AHS OO0 Ha-
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MHdekumns n uMmyHuTeT

yaJia 9KCIepuMeHTa, B 1, 2 U 3 CyTKU BO BpeMsI «Cy-
XOli» UMMEPCUU U Yepe3 2 ITHs MOcjae ee OKOHYa-
HUs. B HacTosImeM ncciaemoBaHUM UCIIOJIb30BaHBI
JMIaHHBIE 3a 2 MHS 10 Hayajla UMMEPCUU U Ha 2 IeHb
nocje OKOHYaHus sKcrnepumeHTa. [IpoObl ObLIU
BBICYIIICHBI TP KOMHATHOI TeMIepaType B Tede-
HUe 2 JyacoB, a 3aTeM XpaHuauch npu —20°C.

IIpoGonoaroroBka 6ruomMarepuraia CyxXxux NsaTeH
K XpOMaTO-MaccC-CIeKTPOMETPUUECKOMY aHaJIu3y
3aKJjmyJajjach B CACAYIOIIEM: OeJKH 3KCTparupo-
BaJiu B Oydepe, cogepxamiem 25 MM OukapOboHa-
Ta aMMOHMs, 1% ne3okcuxonata HaTpus u 5 MM
TCEP (rpuc-(2-kap6okcusatus) (pochuH TUapo-
xnopuna) (Thermo Scientific), mpu Temmepartype
60°C mpu 1000 rpm (repmomukcep, Eppendorf)
B TeueHue | 4, 3aTeM BOCCTaHaBJIWBAJIU, aTKUJIU-
poBaiM, ocaxkaalii W PaCHICIISIA TPUIICUHOM,
Kak OoIucaHo B cTaThe [25].

CMmecH TPUIITUYECKHUX TMENTUAOB pa3aeisiin
C MIOMOIIIBIO KUIKOCTHOW XxpoMaTorpaduu Ha oc-
HoBe HaHO-BD2XKX Dionex Ultimate3000 (Thermo
Fisher Scientific, CIIIA), 3aTeM aHaaIu3MpOBaIU
Ha Macc-crekrpomerpe «IimsTOF Pro» (Bruker
Daltonics, CIIIA) ¢ ucrnojsib30BaHUEM MeTona Ta-
paJuIeIbHOTO HAKOIIJIEHU I TIPU MOCJIeIOBATEIbHOM
dparmentauuu (PASEF) [29].

CBs13b MeXJy ypOBHEM OeJIKOB B o00pasiax
W YUCICHHOCTHIO MUKPOOPTaHU3MOB KHUIIICUHUKA
ObLJIa aJIeKBAaTHO OITHCaHa C TOMOII[bIO PerpeCcCUOH-
HOM MOOEer, B KOTOPOI B KAYECTBE 3aBUCUMOM TIe-
pPEeMEeHHOM BBICTYIIaJl OIIpeaeIeHHbBIN OeJIOK B KPO-
BU, a KaYeCTBE HE3aBUCUMOI — KOJIMUYECTBO MU-
KpoopraHusMmos [10]. das1 06paboTKU pe3yabTaToOB
ucrionb3oBanach nporpamma STATISTICA 12.0.
Jlnst pacnipeneneHus: 6eJ1KOB B 3aBUCUMOCTH OT Xa-
pakKTepa MpoleCCOB, B KOTOPBIE OHU BOBIICUYCHEI,
M JIOKyca DKCIIPECCUU MUCIO0JIb30BaHa Ijiatdopma
String.db.

Pesynbrarhl

IMpu aHaM3e MOTYYeHHBIX JaHHBIX OBIJIO BHISIB-
neHo 30 0eJIKOB, MOJIOXKUTEIbHO KOPPEIUPYIOLIUX
¢ Koin4yecTBOM E. coli 1 OTpHULIATEIBHO — C KOJIM-
yecTBOM S. aureus u Enterobacter spp. Ilpu paccmo-
TPEHUU ITPOIECCOB, B KOTOPHIC BOBJICUCHEI TaHHBIC
0eJIKM B OpraHuU3Me YeJIOBeKa, OHU ObLIM pas3elie-
HBI Ha HECKOJIBKO I'PYII B 3aBUCUMOCTH OT Xapak-
Tepa MPOLIECCOB U JIOKYCa 3KCIIpeccuu. B maHHOI
paGoTre pacCMOTpPEHBI 6 GEJIKOB, CBIA3aHHBIX C UH-
(GeKIIMOHHBIMU 3a00eBaHUSIMU U 10 6eIKOB, CBSI-
3aHHBIX ¢ GYHKIMSIMU UMMYHHOM CUCTEMBI.

O06o03HaYeHHBIE BbIIIE KATETOPUHU, 110 KOTOPBIM
ObLIM pacripefie/ieHbl OSJIKM, MCITOJIb3YsT BO3MOXK-
HocTtu mnaatgopmbl String.db, ObIIM OTOOpaHBI
0 OmpeneieHHOMY IpuHLuMIY. Bo-mepBbIX, IMo-
CKOJIBKY WuccieaoBajiach MUKpodopa MCIbITa-
TeJlell B 9KCIEPUMEHTE «CyXas» UMMEPCUS, B KO-
TOPOM, KaK M3BECTHO, QYHKIIMM CUCTEMbI UMMY-

HUTeTa cepbe3Ho moauduuupyercs [37], Obuia
BbIOpaHa KaTeropus «<MiMMYHHas cucteMa». Jlanee,
NOCKONBKY Enterobacter spp. u S. aureus OTHOCSTCS
K YCJIOBHO-TIATOT€HHBIM MUKpPOOpraHu3Mam, Obljia
BbIOpaHa KaTeropusi «MH(MEKLMOHHbIE 3a0o0JieBa-
HUs». B 3aBUCMMOCTHM OT 1esieil U 3aga4d aHaam3a
B3aMMOCBSI3H «0aKTepUSI—OEIIOK» MOTYT OBITh BHI-
OpaHbl U JpyTue MPUHIIUIIBI pa3fe/ieHus 0eJIKOB
Ha rpynnbl. M3ydyeHue rayOMHHBIX MEXaHH3MOB
B3aMMOCBSI3ell «OakTepusi—OeJIoOK», B KOTOPOM,
OYEBUIHO, HEOOXOOMMO pacCMaTpUBaTh MHOTHE
GYHKIIMU KOHKPETHOTO Oejika U OMOXUMUYECKUE
npolecchl 0akTepuii B IEpUOA SKCIIEPUMEHTA,
BJIEKYIIME 32 COOOM M3MEHEHUSI B KOJIMUECTBE OeJi-
Ka B KPOBUM XO35IMHA, €Ille MPEICTOUT B OyIyIIMX
HUCCIIeIOBAHUSIX.

Eem(u, CBfi3aHHble C UMMYHHbIMU NpolyeccamMun

Ob6pamiaeT Ha ceOsI BHUMaHUE TeCcHasl B3auMOC-
Ba3b Tpex 6enkoB PSMA2, PSMC3, PSME2, Bo-
BJICUEHHBIX NMPAaKTUYECKU BO Bce OOO3HAUYCHHBIC
npoliecchl (peryasuusi UMMYHHOTO OTBeTa, pa3s-
BUTHE MH(PEKIIMOHHBIX 3a00JIeBaHU).

PSMA2 gaBnsgercss cyObeAMHUIICH TIpOTEaco-
MBI ajibga-Tura 2, KOMIIOHEHTOM MTPOTEaCOMHOIO
KoMmruiekca 20S, ydacTBYIOLIEro B IPOTEOJUTHU-
YecKoil merpamanuu OOJBIIMHCTBA BHYTPUKIIC-
TOYHBIX OEJIKOB. DTOT OEJIOK MMEET MHOXKECTBO
dyHKIOM, HalpuMep, CBI3BIBasICh B KJIETKE C IBY-
MS PEeryjasiTOpHbIMU yacTuuaMu 19S, oH obpasy-
eT nmporeacoMy 26S U, TaKUM 0Opa30M, y4acTBYyeT
B AT®-3aBucnuMOi merpamaliuil YOUKBUTUHHPO-
BaHHBIX OEJIKOB.

PSMC3 gaBnsgeTcss KOMIOHEHTOM 26S mpoTtea-
COMBI, MYJIbTHOENIKOBOro Komruiekca B ATD-
3aBUCUMOI JeTrpamalluil yOMKBUTHUHHPOBAHHBIX
0enkoB. OH UTpaeT KJIIYEBYIO POJb B MEXaHU3ME
KJIETOYHOTO IpoTeocTasa, yaaiasss HelpaBUIbHO
CBEpPHYTBIC MJIM MOBPEXICHHBIC OCIKU, KOTOPHIC
MOTYT HapyIIuTh pabOTy KJIETKHU, a TaKKe OCIKU,
KOTOpBIC OOJIBIIE KJICTKE He HY:KHBI. MI3MeHEeHUS
B cTpyktype PSMC3 mMoryt cTtath HNpUYMHON’
IPOTEOTOKCUUECKOTO CTpecca, 4To, KaK oTMeda-
[OT, BelIeT K TIOBBIIICHUIO YPOBHS WHTepdhepoHa
I Tuna [23].

PSME2 gaBnsiercsl cyObeaMHUIIEN aKTHUBaTopa
26S mporeacoMbl. Y4acTBYeT B COOpKE MMMYHO-
npoTeacoM 1 HeobxoamM it 3 PeKTUBHOIT 0Opa-
0oTku aHTUTeHa [31].

Takum obpa3oMm, Bce Tpu Oejika CBsSI3aHbI C pa-
00TOIf TIpoTeacoMbl 26S, KOTOpast UrpaeT BaxKHYIO
pPOJIb B psIic BHYTPHUKJICTOUHBIX ITPOILIECCOB, B TOM
qycie 3aTparuBaloIInX (QYHKOIUH WMMYHHUTETA,
HarpuMep, B pacrio3HaBaHUU MOIUYOUKBUTUHMU-
POBaHHBIX IIEMOYeK. YOMKBUTUHUPOBaHUE OCIKOB
SIBJISICTCST BaXKHBIM BHYTPUKJICTOUHBIM PETYIISITOP-
HBIM MEXaHW3MOM, BIUSIONINM Ha Iepenady CUTHa-
JIOB MMMYHHOTO OTBeTa B yTu akTuBauuu NF-kB
¥ BKJIIOYEHU U TTPOBOCITAINTEIbHBIX peakiuii [38].
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M3BecTHO, YTO HEKOTOpPbIE MaTOTeHHBIE OaK-
TepUU KOAUPYIOT JeyOMKBUTHMHUpYIoLIUe ¢ep-
MEHTBI, BO3ICHCTBYSI Ha YOMKBUTUH-3aBUCHUMBIC
MPOIIeCCHl XO03sIMHA M Hapyllas, TeEM CaMbIM, COOT-
BETCTBYIOIINI YOMKBUTUH-3aBUCUMBIA aHTUOAK-
TepuaiabHbIN OTBET [38]. Takue cBoiicTBa IIPUCYILIU
BBICOKOITATOT€HHBIM OaKTEPHUSIM, MPOHUKAIOIIUM
¥ XKUBYIIUM BHYTPH KJIEeTKU-XO3sIWHA, Salmonella
enterica (Bo30yauTenb calibMoHese3a), Legionella
pneumophila (Bo30ynuTeNb JiernoHesiesa). OmHako
MMEIOTCS TaK>Ke CBEICHUS O TOM, UYTO 1 PsIJI YCIIOB-
HO-TIATOTCHHBIX OaKTepuii, Harpumep S. aureus,
Enterobacter spp., Tak:Ke CIIOCOOHBI BHEAPSThCS
B KJIETKM KMIIEYHUMKA M aKTUBHO Pa3MHOXAaTh-
cs [26, 30].

BuisgBieHHAass  oTpuuaTedbHasT KOPPESIIUS
YCJIOBHO-TTIATOTEHHBIX OaKTepUil ¢ KOJUUYECTBOM
0€JKOB, BXONSIIUX B IPOTEACOMHBIN KOMILJIEKC,
MOXXET CBUACTEIILCTBOBAaTh O HAJIWMYUU CHHTE3a
IeYyOMKBUTUHUPYIOIIUX (epMEeHTOB y S. aureus
u Enterobacter spp., 4TO MPOSIBISIJIOCH B YMEHbIIE-
HuUU KonudyectBa 06esikoB PSMA2, PSMC3, PSME2
C pOCTOM KOJMYECTBa OakTepuii. AKTUBHOE pa3-
MHOXeHue FE. coli, posIBASIONICn aHTarOHN3M
M0 OTHOIIEHMIO K S. aureus U KOHKYpPHUPYIOIICH
¢ Enterobacter spp., TO-BUAMMOMY, MOXKET ChITPaTh
BaXXHYIO POJIb B CHUKEHUU KOJIMUYECTBA YCIOBHO-
MaTOreHHBIX OAKTEPHil U, TAKUM OOpa30M, ITOBHI-
1meHuu ypoBHs 6eakoB PSMA2, PSMC3, PSME2,
YTO, BO3MOXHO, CKaKeTCs B YCUJICHUU UMMYHHOTO
OTBeTAa.

MHTEepecHO OTMETUTh, YTO JaHHBIC OCIKU TaK-
K€ OTPULIATEIbHO KOPPEJIUPOBAIH C KOJTMUYECTBOM
IPYTUX YCJIOBHO-MATONEHHBIX MMKPOOPraHU3-
MmoB: Candida spp., S. epidermidis, 1 TIOJIOXUTEIb-
HO — C HEKOTOPBIMHU IPOTEKTUBHBIMH MUKPO-
opranusmaMu (FEnterococcus spp., Bifidobacterium
spp.). Takum oOpa3oMm, JgajlbHelIee U3ydYeHUE
B3aMMOCBSI3U OCJIKOB MPOTEACOMHOI'0 KOMIIJIEKCa
MOXKET PacKpBITh HEKOTOPBIE MEXaHU3MBI OaKTe-
pYaJIbHOM WHBA3WU YCIIOBHO-TTIATOT€HHBIX MUKPO-
OpPraHM3MOB B KJETKHM KMIIEYHHKA, a TakKxXe ee
MOCJICACTBUS U B JaJIbHEHUIIIEM OBITh UCIIOJIh30BaH
KaK IMaTHOCTUYEeCKUU KPUTEPUU IUCOAKTEPUO30B
Pa3JIMYHOM 3TUOJIOTUH.

OTnenbHOTO BHMMAaHUS 3acjayXHBaeT B3a-
nMocBsa3b O6enkoB PSMA2, PSMC3 c¢ Oenkom
CCT2, KOTOpbIli CHOCOOEH 3KCIPEeCcCCUpPOBATHCS
B QHTEPOIIUTAX U CBSI3aH C UMMYHHOMW CUCTEMOI.
benok CCT2 cnocoOCTBYeT CBOpauMBaHUIO OeJi-
KoB nipu rTuapoanse AT® u B cocTaBe KOMILJIEKCa
TRiC y4yacTByeT B CBOpauMBaHUU aKTUHA U TYy-
oynuHa. IlokazaHo, 4TO MOAMEMOpPaHHBIN CHEK-
TPUH-aKTUHOBBIII IIMTOCKEJET, POJb KOTOPOIo
B PEryjsiliMM MOHHBIX KaHAJIOB JOKa3aHa B Pse
ucciaegoBanuii [17, 22, 36, 37], aBasieTcss MHUILE-
HBIO JIJIsI KMIIEUHBIX OaKTepHaJbHBIX ITAaTOTEHOB
(HarmpuMep, TMaTOreHHBIX ITaMMOB E. coli, a Tak-
xe S. Typhimurium, L. monocytogenes) 3a cdet

YCUJICHUST aAre3My KJETOK, UTpas pelIaiollyo
pOJib B IPOTrPECCUPOBAHUU TUCOUOTUYECKUX CO-
ctosgHui [33]. B npoBoauMoM paHee aHaJIu3e JaH-
HBIX TI0 BJIMSHHUIO KOJUYECTBA OEJIKOB B KPOBU
Ha KOJIMYECTBO OaKTEpHii Obljla BBISIBICHA ITOJIO-
xutesibHasg koppensauus ypoBHss CCT2 c¢ konu-
4yecTBOM OUPUI00aKTEpUil, TO €CTh YBEJIUUEHUE
YPOBHS TaHHOTO OejiKa B KPOBU BJIEKJIO 32 COOOM
pPOCT KOJIMYeCTBa IIPOTEKTUBHEIX Bifidobacterium
spp. BeposiTHo, MexaHu3M B3aumoaeiictBuss CCT?2
c OakTepualbHBIMMU KJETKaMU sBJseTcs Oosee
CIOXHBIM, YeM TPEeACcTaBIsI0Ch paHee, U HUMe-
€T MECTO B3aMMHOE BIMUSHUEC OelKa U OaKTepHuit
JIpyr Ha Apyra, MOCKOJIbKY MpU U3YYEHUU BIUSI-
HUS KoJinyecTBa OakTepuit Ha OeKu Obljla TaK>Ke
BBISIBJICHA B3aMMOCBSI3b KOHIIEHTPALlMU TaHHOTO
0eJIKa ¢ KOJIMYEeCTBOM KHUIITEIHOM IMaJIOYKHU (T10JIO0-
XKUTEJIbHAS KOPPESALUs) U ¢ KonyecTBoM YIIM
(orpuuaresibHass Koppessuus). McciegoBaHue
MEXaHU3MOB B3aMMOJCHCTBUSI TaHHOTO Oeyika
¢ OaKTepHMsIMU MOXET IIPEACTaBISITh HAYIHBIU
U MPAKTUYECKUI UHTEPEC C LEJbI0 ONpeaeIeHUs
0EJIKOBBIX OMOMAapKEpOB KPOBU, OIpeacisionine
HaJIM4ue U BBIPAXKEHHOCTH TUCOMOTUUYECKUX CO-
CTOSSHU M KUIIEYHOI MUKPODIIOPHI.

E1mie oguH KOMMJIEKC TECHO B3aUMOCBSI3aHHBIX
OEJIKOB, YYaCTBYIOIINX B UMMYHHOI PETYJISINH,
ato 6enku LTF (nakrtorpancdeppun), APOB (ano-
nunomnporenH) u FGB (pubpunoren).

B mpoBeaeHHBIX paHee MCCIETOBAHUSIX ObLIO
BBISIBJIEHO, YTO MBILIU C 1e(PULIUTOM allOJUNONPO-
TeWHa B r1a3me, Kogupyemoro reHom APOB, Ob111
BOCOPUMMYUBEI K WHBa3um S. aureus [32]. Xotsa
B UMEIOIIUXCS JINTePATyPHBIX JTaHHBIX HET WHMOP-
Malluu O CBSI3M JaHHOro 6enka ¢ Enterobacter spp.,
BO3MOXXHO, MEXaHU3M, JIeXKallluii B OCHOBE ajire-
3UM HAaHHBIX OAKTEpHil, CXOX C MEXaHM3MOM a-
re3Uu 30JI0TUCTOTO CTA(PUIIOKOKKA, YEM U OOBSIC-
HSIETCS OTpHUllaTeJIbHAsI KOPPEslins KoJudyecTBa
MaHHBIX YCJIOBHO-ITAaTOI€HHBIX OaKTEepUii ¢ OeJTKOM
APOB. CB43b ¢ KUIIEYHOM TMAaJIOUKOM, C KOTOPOit
B HallleM HCCJeI0OBaHUM OblJla OOHapyXXeHa IoJ0-
KUTEJIbHASI KOPPEsius, He OTMevYaach IPYyTUMU
HUCCIeIoBaTeIIMU, OMHAKO BO3MOXHO OHa 0Oojee
CIOXHAasl, 4YeM IIpSIMOE B3aWMMOACHCTBUE «DaKTe-
pusi—0enoK», U OCHOBaHAa Ha KOHKYPEHTHOM B3a-
UMOAEUCTBUY KUIIEUHON MaJIOYKU U 30JI0TUCTOTO
cTapMIOKOKKA.

Mexaunsm B3aumoxneiicteug FGB ¢ 0Oakre-
PUSMH, TIO-BUIUMOMY, HE SBISCTCS TIPSIMBIM.
N3BecTHO, 4TO (pubOpHHOreH cBs3bIBaeT (puodpo-
HEKTUH [28], KOTOPKIi1, B CBOIO OUepeab, UMEET MO-
JIOXXUTEIIbHYIO KOPPEISIINIO C S. aureus  ropas3nio
OoJsiee HU3KYIO Koppensuuio ¢ E. coli [34].

benok LTF (nmaktorpaHcheppuH) npeacTaBisieT
Cc000i1 XXeJ1e30CBI3bIBAIONI NI OEJIOK, KOTOPHI B3au-
MOJICHCTBYET C MOBEPXHOCTHIO OAKTEPU U MMeEeT
O6aktepunuaHoe neiictsue. benok LTF nposiBnser
CUJIBHYIO aHTUOAKTEpUaJbHYI0O U aHTU(hYHTab-
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HYI0 aKTMBHOCTb B OTHOLLIEHUU MHOTUX OaKTepuii
U TpudoB, Hampuwmep, S. epidermidis, Helicobacter
pylori, C. albicans 39, 40]. JlakToTpaHcheppruH TakK-
JKe BIIOCICACTBUM NPUMEHSIJICS IJIT KOPPEeKINU
JUCOMOTUYECKUX COCTOSIHUIM ydyacTHHULL 5-CyTO4Y-
HOM «CyXOil» UMMEPCUM U TNpPU AJUTEIBHOM YIIO-
TpebaeHUU 3apeKoMeHJ0Baa cedsl KaK CpPelacTBO,
HOpMaJIU3yolllee KUIIeUHbI I 1 BarMHAJbHbII OMO-
Ton [8]. BOo3MOXHO, akTUBalMs 3KCIPECCUU JaK-
ToTpaHCcdepprHa CBsI3aHa C yBEJIMUYEHHUEM KOJIYe-
CTBa MPOTEKTUBHOM KUILIEYHOU TMAaJIOYKU U HEU3-
0eXXHO, YIUTHIBASI €0 aHTUMUKPOOHBIE CBOICTBA,
BEJET K CHUXXEHM IO KOJIMYECTBA YCJIOBHO-TTATOTeH-
HBIX (hOPM MUKPOOPraHMU3MOB.

Takum o6pa3oM, MOJOXKUTEIbHAS KOPPEASILUS
C TIPOTEKTUBHOU KUIIEYHOU MAJIOYKOW U OTpULIa-
TeJIbHAasE — C YCJIOBHO-MAaTOT€HHBIMU 30JI0TUCTHIM
cTaUI0KOKKOM U SHTEPOOAKTEPOM, IMOATBEPXK 1a-
eT BaxkHOCTh 0enkoB LTF, APOB u FGB B uMmyH-
HOM peryJsnuu, U maJdbHelIllee M3ydeHUEe MeXa-
HU3MOB B3aUMOJIEUCTBUSI «MHUKPOOPTaHU3M—0e¢-
JIOK» MOXET MOCJIY>KUTh TEOpPETUUECKOI 0a30ii AJist
000CHOBaHM ST UCTIOJIL30BAaHUS IPOTEOMHOIO aHa-
JI3a BHEKJIETOUHOM XXUIKOCTH OpraHMU3Ma X035I1-
Ha J151 OLIEHKU PUCKOB Pa3BUTHUSI AUCOAKTEPUO30B.

Ewie 3 Genka, He MMeOIIME CBsI3€il ¢ APYTUMU
OeaKaMM, OCYIIECTBISIIOIIMMU MMMYHHYIO pery-
JISIINIO, U HE CBA3aHHBIE MEXAY CO0Oit, 3TO Oel-
ku CAl (kap6oanrumpasa 1), STOM (cTomaTtuH)
1 NCKAPI (Nck-accounnpoBaHHBI 6e0K 1).

benok CAl ocymiecTBisieT oOpaTUMYyIO THIpa-
TaIlMIO YIJIEKMCJIOrO Ta3a U CIIOCOOeH TUAPATUPO-
BaTh LIMaHAMUJA A0 MOYeBUHBI. MHTEpecHO oTMe-
TUTh, UYTO XOTS JaHHBI OEJIOK HE 9KCIIPECCUPYETCS
B MMMYHHBIX KJIETKaX, UMCIOTCS MCCJICIOBAHMS,
B KOTOPHIX IOKa3aHa poJib JaHHOTO OejiKa, IIpeu-
MYIIIECTBEHHO OOHapy>XKMBaeMOTO B 3PUTPOLIMTAX
M DHTEpOLIMTaX, KaK OTpullaTeJIbHOro OMoMapkKepa
ST IMaTHOCTUKU S. mansoni, TO €CTh IIHUCTOCO-
Mo3a [24]. XoTs1 mucTocoM03, 04eBUTHO, HE OTHO-
CUTCS K OaKTepHUabHbIM MH(MEKIMSIM, BO3MOXHO
poOJb JaHHOro Oejika B IaTOreHe3¢ MHBa3UBHBIX
3a00JIeBaHUI ropas3ao LIKWpE, YeM ObLJIO MPUHSTO
cunutaTh. TakuM oOpa3om, TpebyeTcs najibHeilee
OoJiee neTajibHOE UCCIEIOBAaHUE B3aUMOCBSI3U OeJ-
ka CAl ¢ yCJIOBHO-TTATOT€HHBIMU U MPOTEKTUBHbI-
MM 0aKTEePUSIMU KUIIEIHOU MUKPODIIOPHI.

benok STOM siBasieTcss UHTErpajbHBIM O€JIKOM
M JIOKAJIM3YeTCs Ha KJIeTOYHOI MeMOpaHe 2puTpo-
LIUTOB U IPYTMX TUIMOB KJIETOK, II€ OCYLIECTBIIET
pPeTyIsIni0 MOHHBIX KaHalioB. DYyHKIIMU JaHHO-
ro 0ejJKa OCTaloTCSI BO MHOTOM HEBBISICHEHHBIMMU,
OHAKO €ro MaccoBO€ IPUCYTCTBUE B CKJajKax
M pacIlIMPEeHMSIX MEMOpPaHbl yKa3blBaeT Ha ero BO3-
MOXHYIO CTPYKTYPHYIO pOJb B (pOpMUPOBAHUU
3TUX CTPYKTYP WM UX 3aIKOPHUBAHUU K aKTUHO-
BOMY ILIMTOCKeJleTy. YuacTue B (popMUPOBaHUU
LIMTOCKeJIeTa, KOTOPbIi, KaK ObIJIO yKa3aHO paHee,
SIBJISIETCSI OJHOW W13 MUIIEHE OaKTepualbHbIX

MaTOreHOB, BO3MOXHO, CBUJICTEIBCTBYET O BaXK-
HOM 3HAYE€HUU JAHHOTO 0eJika B BOBHUKHOBEHUU
M TIPOTPECCUPOBAHUM TUCOMOTUYECKUX COCTOSI-
HUH 3a cUeT yJIyUIIeHUS aare3uu 6akTepuaaibHbIX
KJIETOK Ha MeMOpaHe. TeM He MeHee B HaIlleM HC-
CJIeIOBaHUM JaHHBINM OEJOK TTOJIOKUTEIHLHO KOp-
peaupoBaj TOJbKO C KMIIIEYHOM MaJIOYKON U OTPU-
1aTeJIbHO — C YCJIOBHO-TTaTOT€HHBIMU 30JI0TUCTHIM
cTa(MIOKOKKOM U BHTepoOakTepoM. Bo3MoxkHO,
MeXaHU3M aJre3uu JaHHbIX 0aKTepuil TPOUCXOIUT
WHaJe, YeM y KUIIeYHOW MaJoYKu U He BKJIIoYaeT
B ce0s1 B3auMoericTBue ¢ 6eakom STOM.

WN3yuennbie pynkunm 6ea1ka NCKAPI B ocHOB-
HOM KacaroTCs €T0 yJacTHusI B Pa3BUTUU OITYXOJIEH.
Tak, 6b1710 BBISIBIEHO, uTO 3Kcnpeccuss NCKAPI
BBICOKO TKaHecnenuduyHa M oOHapyxKeHa Mpu
paKe TOJICTOIO KMIIIeUHUNKa, JISTKUX U TteaeHu [20].
Takxe maHHBI OEJIOK YdJacTBYET B PETYJISIIAN
aKTUHOBOI'O IIMTOCKeJIeTa. Y MBIIIei, ¢ HETTOJTHO-
neHHbIM TeHoM NCKAPI, Habmoganinuch aHoMma-
JIUUA Pa3BUTUS TUMPOLUTOB, (arommro3a U MU-
rpauuu HeUTpodUuIIoB. Y JroAeil xxe HabagaaIuch
cllyyal WMMYHoAehUIINTA TIPU HAJIUYUU IBYX
pelieccUBHBIX MyTaHTHBIX ajuteneit NCKAPI [19].
OuYeBUIHO, UTO KOOUPYEMBI TaHHBIM T'€HOM Oc-
JIOK UTpaeT BaKHEUNIYyI pOJib B UMMYHHOUW CU-
creMe. MexaHU3MBbl BO3AEUCTBUS KUIIIEYHOU ITa-
JIOUKH U YCITOBHO-TIATOTEHHBIX MUKPOOPTraHU3MOB
Ha TKaHW OpraHW3Ma, BBHI3BIBAIOIINN YCHUJICHUE
akcripeccuu reHa NCKAPI, ocraioTcs HeSICHbBIMU
M TPeOYyIOT MajbHEHIIIEero UCCAeIOBaH M.

Benku, cBsi3aHHble C MUHPEKLMOHHBIMU
3aboneBaHnaIMHU

C uHGpEKUIMOHHBIMU 3a00JeBaHUSIMU TakK-
XKe CBSI3aHBI yXe YIOMSHYThie Bbille PSMA2,
PSMC3, PSME2, NCKAPI u LTF. BTa cBs3b,
OYEeBUIHO, OOYyCJIOBJIeHAa B3aMMOOTHOIICHUSIMU
«<UMMYHUTET—0aKkTepus». Kpome 3TuXx OEJIKOB
¢ MHGEKIMOHHBIMY 3a00JeBaHUSIMU CBSI3aH Oe-
mok ENOI (enonaza 1). M3BectHo, uto ENOI
SIBJIIeTCST O€JIKOM, 0OeCcTeunBaIOIMM TOJIEpaHT-
HOCTb KJIETOK K TMITIOKCUH, OH TaKxe KaTaJIUu3U-
pyeT mpeBpaiieHue 2-docdoriuinepara B Poc-
¢doenonmupyBar B Tmporecce raukoamsza |[21].
B mmpoBoAMMEIX paHee MCCIeIOBAHUSIX OBIJIO TTO-
Ka3aHo, 4TO BbICOKMIT ypoBeHb ENOI1 Hab10-
Iajcs y MallMeHTOB, MHOUIUPOBaHHBIX H. pylori
(GaxkTepueii, obuTawIleil B cKJagkKax Keayaka
M acCOLIMMpPYIOUIecsT ¢ pa3BUTUEM SI3BEHHOU
oose3Hu xenayaka) [41]. CBeneHus o (GyHKIIU-
ax oenka ENOI, Tem He MeHee, OCTalOTCsI HE 0
KOHIa BBISCHEHBIMU. Tak, Hampumep, UMCIOT-
csa cBegeHuss o ToMm, uTo ENOI1 B kiaeTkax-mu-
IIeHsAX MnOpenoTBpaliaeT wuHTterpauuio BUY-1,
a CBepX3KCcHpeccus 0ejika B KJISTKaxX-IIpOAYIIeH-
Tax BUpPycCa, a TaK:Ke B KJIETKAX-MUIICHIX 3aMeT-
HO TMojaBJsja penjaunkalnuio supyca [27]. OgHako
B TO X€ BpeMs B JMUTepaType UMEIOTCS JaHHBbIE
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0 TOM, UYTO BBEICOKMI ypoBeHB 3Kcnpeccun ENOI
Takxke Habgmogagcsd Uy 00JbHBIX C HEKOTOPBIMU
pakoBeIMU onyxoisamu [18]. O60061Ias BeIIIIECKA-
3aHHOE, MOXXHO CIeJaTh BEIBOI O TOM, UTO ITOBHI-
meHue ENOI accoumupoBaHO C MaTOT€HHBIMU
MUKpPOOPraHu3MaMM M OHKOT€HEe30M, HO Ipu
9TOM MTIpPacT BaXKHYIO POJIb B OTBETE OpraHM3Ma
Ha BUPYCHYIO UHBA3MI0. YUUTHIBAS ITOJOXUTEIb-
HYIO KOPPENSILINI0 KUIMIECUHON ITaJOYKU U OTPH-
HaTeIbHYI0O — YCJIOBHO-MATOIM€HHBIX MUKPOOP-
TaHW3MOB C JAHHBIM 0€J1KOM, HEOOXOIUMO Jab-
Helillee ncciieqoBaHre GYHKIOUI TaHHOTO Oeka
M €T0 POJIV B PETYISIIU N YUCICHHOCTU KUIIICYHOMU
MUKPOOUOTHI.

Ob6cyxaeHne

CBs13b KOMIIOHEHTOB MUKPOOUOTHI KUIIIEUYHU-
Ka 1 OEJIKOBOrO COCTaBa KPOBU MOJIOABIX SKEHIITH
HnccaeaoBagachk Ha (pOHE MOIEIBHOTO BO3ICUCTBUS
Ha WX OpPraHW3M, UMUTHUPYIOIIEro paHHUI 3Tall
aganTanuu K HeBecoMocTu. IIpu aToM, HECMOTPS
Ha HEMJEHTUYHBIM MeXaHMU3M pa3BUTUS dPdek-
TOB B «CYXOli» UMMEPCUU U KOCMHUYECKOM IOJIETE
0 HU3KON OKOJO3eMHOW OpOMTE, MOCTUTAIIOCHh
omnpeAesieHHOe TMPUOJMKEHHE K BbIPa’KeHHO-
cTu (puU3noJoTNYeCKUX 3(PPEeKTOB HAa CUCTEMHOM
ypoBHe. Ha paHHUX 3Tamax «Cyxoil» UMMEpCHUH,
0€e3yCJIOBHO, MOTJIM HaOJIIOAAaThCsl 3aCTOMHBIE SIB-
JIEHUS B COCYIMCTOM ceTu OprolIHo# mogocTtu [1].
PaccMoTpeHue TMOAyYeHHBIX OJaHHBIX C BKJIIOUE-
HHEM TPEThbEero arcHTa BIWSHUS — BO3ICUCTBUS
MOJCJTBHBIX YCIIOBUM Ha OpPraHW3M XO3sIMHA U Ha
MMUKpPOOMOTY — Ha Hall B3TJISIJ ITOKa3bIBaeT, YTO
caM XapakTep CBSI3M MUKPOOMOTHI KMIIIEYHUKA
1 OEJIKOBOTO COCTaBa KPOBM XO3sIMHA MOXKET MO -
GUIIMPOBATHCS 3TUMHU YCIIOBUSIMMU.

OnvH U3 TUMNOB CTUMYJSLUU, KOTOPBII BOC-
NPpUHUMACET XMBasl KJIETKa, U KOTOPBIM M3MEHSI-
eTCsI MOMOCIBLHBIMU YCIIOBHUSIMU 3KCIIEPUMEHTA
B «CyXOli» MMMEPCHUHM — MEXaHWYeCKOoe HaIps-
XeHue. Mi3MeHeHue BHEILIHEro BO3ACUCTBUS (€ro
BEKTOpa, CUJBbI) Ha KJIETKY 3aKOHOMEPHO IIPUBO-
IUT K U3MEHEHUIO MEXaHWYECKOTO HAIIPSKCHUS
BHYTPU KJICTKM, 3aITycKas KacKalbl M3MEHEHUU
He TOJbKO BO BHYTPMKJIETOUHOM «JIOMAIIHEM XO-
3S1ICTBE», HO I B MEXKKJICTOUYHBIX KOHTaKTax. B Ha-
IIeM WCCIICNOBAHUM BBISIBJICHO B3aMMOACHCTBUE
KOMITOHEHTOB MUKPOOHMOTHI ¢ OeJIKaMM’, BXOHS-
IIMMHU B COCTaB OCHOBHBIX TUIIOB MEXaHOCEHCO-
poB. CumnTaeTcs, 4YTO UMM, B TCOPUHU, SBIISTIOTCS
BHCKJICTOUYHBIN MaTPUKC W CBSI3aHHBIC ¢ HUM HH-
TETpUHBI W (HOKAJTBbHO-aATe3UBHBIN KOMIIJICKC,
MEXaHOUYBCTBUTEJIbHbIE MOHHBIE KaHabl (B TOM
yucjie — OIUTeJWaJbHble HaTpPUEBbIe KaHaJIbI
ENaCs), momMeMOpaHHBIII IITMTOCKEJIET W KOM-
MJIEKCHI KOMITOHEHTOB BHYTPEHHETO IIUTOCKEIeTa,
MeTa0o0JIM3M KOTOPBIX aKTUBHO BJIMSIET HAa KJIeTOY-
HBII mpoTeocTa3. MexaHO3aBUCUMAsT PETyIsSIIIUS

MPOILIECCOB XKU3HEACSITSIBHOCTH KJIETKH 10 TIPaBy
CUUTAETCSI HOBBIM MEXaHMW3MOM HETyYMOpPaJIbHOM
peryasituu [16].

Eme omHo BaXkHOE OOCTOSTENBLCTBO IOBbIIIA-
T 3HAYMMOCTB IIPEACTAaBICHHBIX HAaHHBIX U 000-
CHOBAaHHOCTbH BBIBOZIOB, CACJIAHHBIX HA MX OCHOBE.
B onrcaHHOM 3KCIIepUMEHTe Y yYaCTHUII, B «CyXOi»
MMMEPCUU, COOMpalIUCh 00pa3lbl KanWJIJISIPHON
KpoBu. B npolecce moaroToBKy BBICYILLIEHHBIX 00-
pas3loB IIEJIbHOI KPOBU B IIPOOKI, aHAJIN3UPyeMbIe
Ha MC, nonamajiu Kak OeJKU Maa3Mbl KPOBHU, TaK
U BHYTPUKJIETOUHbBIE OCJIKHU 13 pa3pylIEHHBIX Ke-
TOK, MPUCYTCTBYIOIIMX B KPOBOTOKE. 1O eCTh ITys
aHaJIM3UPYEMBIX OCJIKOB COCTOSIJI B JAHHOM CJIy4ae
13 OEJKOB TUIa3Mbl M IIMTO30JIbHBIX OEJIKOB 23pU-
TPOLIMTOB, JIEUKOLIMTOB U T.A. AHaJlu3 IoOKa3zall,
YTO YUCJIEHHO OEJKM CyXuX IsATeH Ha 75% cocrosT
U3 BHYTPUKJIETOUHBIX 0€JIKOB [7]. DTO 1aJ10 BO3MOX-
HOCTb <«IIOJICMOTPETh» OCOOEHHOCTU BHYTPEHHEIO
XO35IMICTBa KJIETOK, a UMEHHO 3HauyeHUEe IMPOLIECCOB
MpPOTEOCTa3a, B TOM UMCJIE — UMMYHHBIX KJICTOK.

MMeroTcs HeocmopuMBIe TOKa3aTeJIbCTBA BIIMSI-
HUsI 0aKTepUii Ha SKCTIPECCUI0 OEJTKOB KOHTAKTH-
PYIOIIMX C HUMU KJETOK. Tak, Mpu BO3IEHCTBUU
JINMIUIOB KJETOYHON CTEHKM MUKoOakTepuii 166
O0enkoB MakpodaroB Tmokasanu auddepeHn-
anpHYI0 3Kcrnpeccuto. K HUM oTHocsTCS Oenkwu,
y4JacTBYIOIIME€ B MMMYHHOM OTBETE€, OKMCJIEHUU
M BOCCTAaHOBJICHUU, TPAHCIIOPTE BE3UKYJI, a TAKXKE
B IPYTHUX KJICTOYHBIX Mpolleccax. Peakiimsa KieTok
MaKpOOpraHu3Ma OTpaxaeT BPOXIESHHbIC 3alllUT-
HbI€ MEXaHMU3MbI KJIETKH, a TAK>Ke MaTOreH-uHIy-
OMPOBAaHHBIE TPOIIECCHI, KOTOPhIE MOT'YT MNpPUHE-
CcTU noab3y bakTepun [35].

WccnenoBaHusi TOCJIEIHUX JIET CYIIECTBEHHO
M3MEHUJU CTaHAapTHBIC IMPEACTaBJIeHUs O MaTo-
reHe3e MHOrux 3aboseBaHuii. Ha naHHBIIT MOMEHT
MOJy4eHbl MHOTOYMCJICHHBIC 1OKa3aTeJIbCTBA POJIN
KUIIEYHOM MUKPOOMOTHI B Pa3BUTUU Pa3INIHBIX
3a001eBaHUii, TaKMX KaK aTepoOCKJEpPO3, OXUpe-
Hue, 3a00JieBaHUS MEUYEHU, caxapHblii n1uabdeT, ap-
TepHaabHasl TUIIEPTeH3U U ap. [1pm 3TOM M3BeCT-
HO HECKOJIBKO MEXaHM3MOB, IOCPEICTBOM KOTOPBIX
KHUIlIeYHasi MUKpodJopa ydacTByeT B Pa3BUTUU
3a0o0jieBaHUIi: 4Yepe3 MPOAYKLHIO MeTaboJIUTOB
(PHIOOTeHHBIN 3TAHOI U ApP.), AKTUBALIUIO CUCTEM-
HOI BOCITAJIMTEJIbHOW peakiiuu, MU3MEHEHUEe Me-
Tabos3Ma xoauHa u Ap. [9]. OnHako elle MHOroe
MPEICTOUT BBISICHUTDH BO B3AMMOOTHOIICHUSIX «XO-
3IMH—KUIIeYHasT MUKpodopa», TaK KaK MHOTHE
MOATBEPXKAEHHBIC KOPPEJSIIIUU OaKTepruil KUIIey-
HUKa C MEepevyUCJeHHBbIMU 3a00JeBaHUSIMU MOKa
He MOr'yT ObIThb 00BbsicHeHbl. [loaTomMy muccienoBa-
HUE BIUSHUSI MUKPOQIIOPHl KUIIICYHNKA HAa OCTIKN
YyeJIoBeKa B HEO1aronpusTHBIX YCJIOBUSIX OCOOEHHO
aKTyaJIbHO, U KpoMe (DyHIaMeHTaJIbHOIO 3HaUYeHU S
MOXET CITOCOOCTBOBATH BBISIBJICHUIO Ba>KHBIX THA-
THOCTHMUYECKUX IIPU3HAKOB IJISI BBISIBJICHUS ITHC-
OMOTUYECKUX COCTOSTHU I KUIIIEUHOr0 OMOTOIIA.
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BbiBOAbI

1. B pesyibraTe NpoOBEAEHHBIX UCCJIeAOBaHUM
OblJla BbISIBJIEHA MOJIOXUTEIbHASI KOpPpPEeasLus
MeXy KonmudecTBoM E. coli m oTpuniatenbHass —
MEXAY KOJIM4YecTBOM S. aureus m Enterobacter spp.
B KUMIIEYHON MUKpOdJIIOpe U psIaoM OEJKOB B 00-
paslax CyXux NsTeH KanuJJISIPHOU KPOBU.

2. BbisiBJeHHBbIE OEJIKM MOXHO pa3AeuTh Ha He-
CKOJIBKO TPYIMI B 3aBUCUMOCTU OT MX (PYyHKUU
U JIOKYCa DKCIIPECCUU: PACCMOTPEHBI 6 OEJIKOB, CBSI-
3aHHbIe ¢ UH(PEKIIMOHHbIMU 3a0oieBaHusgAMuU, 10 —
C UMMYHHOW CUCTEMOM.

3. Ilo MexaHU3My AeUCTBUS OEJIKM MOXHO pa3-
JNIEeJIUTh HAa CTPYKTYPHBIE U METaOOJIUYECKUE.

4. TTonoxuTeabHast KOPPESIIMS C IPOTEKTUBHOM
KHUIIEYHOU MaJIOYKOU U OTPULIATEIbHAS — C YCJIOBHO-
MaTOreHHBIMU 30JIOTUCTHIM CTa(hUIIOKOKKOM 1 SHTE-
pobakTep, MOATBEPXKIAaeT BaXXHOCTh Psi/ia BbISIBICH-
HBIX OCJIKOB B PETYJISIIIMUA UMMYHHBIX (DY HKIIUIA.

5. HeobxonuMo mpogokeHue MNpUCTaJIbHOIO
U3yUYEeHUs MEXaHU3MOB, JIeXKalluX B OCHOBE ATOU
B3aWMOCBSI3U, U BIAUSHUS Ha Hee YCIOBUI, MoJe-
Jupyromux 3 deKThl KOCMUYECKOT0 MoJjeTa B UH-
Tepecax obOecredyeHus MEIUIIMHCKON Oe30macHo-
CTU KOCMUYECKUX TTOJIETOB.
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WOEHTUPUKALUA U ONPEAEJIEHUE
PESUCTEHTHOCTU KAHTUMUKOTUYECKUM
PAKTOPAM KJIMHUYECKUX U3OJIATOB
APOXOKEW, BbIAENEHHbIX NMPU 3ABOJIEBAHUU
ObIXATEJIbHbIX NMYTEW

N.C. Augpeena', B.B. Mopo3sosaZ, A.C. Kacanos'

'@FYH Tocyoapcmeennbiii HayuHbiil yenmp eupycoao2uu u duomextosozuu «Bexmop» Pocnompebnadsopa, n. Koavyoeo,
Hoeocubupckas obracms, Poccus
2 Hnemumym xumuueckoii 6uonozuu u pynoamenmanvioil meouyunvr CO PAH, e. Hosocubupck, Poccus

Pe3tome. PacripocTpaHeHHOCTD APOXKKEBBIX MH(MEKIIMI 3HAUNTETHHO BO3POCIIa 3a TIOCIEHUE HECKOIBKO JIECSITUIIe-
THIA, Bce OoJiee akTyabHa MpobiieMa pe3UCTEHTHOCTH BBIIEISIEMBIX BO30YIMTEN el K aHTUMUKPOOHBIM TIperaparam.
K 4JacTo BcTpeuaroniMmcsl maToreHHbIM rprudamM oTHOCATCS Apox:ku poaa Candida. JOMUHUPYIOLIUM BUIOM, Kak
B MTOBEPXHOCTHBIX, TaK M B MHBa3WMIHBIX MHMEKIIMOHHBIX TIpolieccax, siBisieTcst Bun Candida albicans. B HacTosimem
COOOIICHU Y TIPUBOMSTCS JaHHBIE 10 UACHTU(MUKALIMN U ONPeNeIeHUI0 YCTOMYMBOCTH K aHTUMUKOTUYECKUM TIpe-
rapaTam U30JITOB IPOKKeil, BbIACACHHBIX U3 KIMHUUECKOr0 MaTepuraja oT MallMeHTKY C XPOHUYECKUM OPOHXUTOM
U TaLIMEHTa ¢ TeHepaJM30BaHHON APOXKKeBOI MH(eKILue. B pe3yabraTe reHOMHON UASHTU(PUKALMY IITAMM, BbI-
3BaBIIIMIi reHepaJIn30BaHHYI0 MH(EKINIO, onpeaeneH Kak Candida utilis, 9T0 TOATBEPXKAACT TUTEpPATypHbIC TaHHBIE
0 Bce 0O0JIbIIIEM paclpoOCTPaHEHUH 3TOTO BUIa, CIUTABIIETOCS PEAKO BCTPEUYAIOIIMMCS BO3OYAUTEIEM MHBA3HOHHBIX
MIPOIIECCOB, B KAUeCTBE HOBOTO OTIACHOTO TaToreHa. TecTupoBaHMe Ha 9YBCTBUTEIBHOCTh K AHTUMMKOTHUKAM BBISIBH-
JI0 pe3UCTEHTHOCTH ImTamMa C. utilis K IMIpOKO MTPUMEHSIEMBIM ITPOTUBOT pPUOKOBEIM ITperiapaTaM, TAKMM KaK KETOKO-
Ha30JI, UTPaKOHA30J U (PIIYKOHA30JI, CJIa0yI0 YYBCTBUTEIBHOCTD K KJIOTPUMA30IY, HUCTATUHY W aMpOTepuInHY B.
[ltamMm u3 MaTepuaja MalMeHTKN ¢ XPOHUIECKUM OpOHXUTOM uaeHTUduimposan kak C. africana, CAUTAIOMUCS
pasHoBuaHOCTBIO C. albicans. 3a UCKIJIIOUEHUEM UTPAKOHA30J1a, IITAMM MPOSBUJI UYYBCTBUTEIBHOCTbD, BBIPAKEHHYIO
B pa3HOM CTEIMEeHH, K ITSITH aHTUMUKOTHYECKMM TperapaTaM, UCIIOIb30BaHHBIM B ombiTe. O0a BbIIEJIEHHBIX IITAMMA
JIPOXKEH 00aaiu akTUMBHBIM POCTOM ITPY TOBBIIIEHHON TeMIIepaType, ClIoCOOHOCThIO K 00pa30BaHUIO KATCyJIbl,
(bopmupoBaHuio THdhaIbHBIX TPOPOCTKOB U OMOMIEHOK — MpU3HAKAMU, OTIMYAOIIMMU TTOTEHIIMaJIbHO MaTOTeH-
HblE IITAMMBbI KaHIMJA OT canmpoTpodHbIX mTaMMoB. KoMOMHUpOBaHHAs MPOTUBOTPUOKOBAs TepaIusl BKIIOYaeT
B ce0s1 MTpUMEHEHMEe MTPOOMOTUIECKMX MPEerapaToB Ha OCHOBE MUKPOOPTaHU3MOB, MPOSIBISIONINX aHTaTOHU3M OT-
HOCHUTENBHO TpuboB. B HacTosIel paboTe mokazaHo 3¢ (GeKTUBHOEe MHTMOMpYIOIIee BIMSIHIUE Ha aKTUBHOCTh POCTa
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HCCAeyeMbIX IIITAMMOB MAaTOT€HHBIX IPOXKEN U TUITOBON KOHTPOJIbHBIN mTaMM C. albicans Y-583 cexpeTupyemMbix
BOAOPACTBOPUMBIX METAOOJIUTOB ClIOpooOpasytomux 6aktepuit Bacillus subtilis v Bacillus lichenformis, aHTUCENTUKOB
«OKTEHUCENT» U «XJOPreKCUAMH», a TAKKE MaCASHbIX 9KCTPAKTOB pO3MaprHa M caHIaJa.

Karouesnie caosa: dpoicicenodobusie epudvt, Kandudos, Oporxoseeounas unpexyus, kaunuveckue uzoaamol, Candida utilis, Candida
albicans, pezucmenmnocms K AHMUMUKOMUKAM.

IDENTIFICATION AND DETERMINATION OF RESISTANCE TO ANTIMYCOTIC FACTORS IN YEAST
CLINICAL ISOLATES DURING RESPIRATORY DISEASES

Andreeva 1.S.?, Morozova V.V.’, Kabanov A.S.?

@ State Research Center of Virology and Biotechnology “Vector”, Koltsovo, Novosibirsk Region, Russian Federation

b Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of Russian Academy of Sciences, Novosibirsk,
Russian Federation

Abstract. The prevalence of yeast infections has increased significantly over the past few decades, with resistance of isolated
pathogens to antimicrobial agents becoming progressively more pressing. Commonly occurring pathogenic yeasts include
genus Candida, with C. albicans species being the dominant in both superficial and invasive infectious processes. This
report presents data on the identification and determination of antimycotic drug resistance for yeast isolates obtained from
clinical material of a patient with chronic bronchitis and a patient with generalized fungal infection. As a result of genomic
identification, the strain causing the generalized infection was identified as Candida utilis, confirming the literature data
on its increasing prevalence, considered a rare pathogen of invasive processes, as a new dangerous pathogen. Antimycotic
susceptibility testing revealed resistance of C. utilis strain to commonly used antifungal drugs such as ketoconazole,
itraconazole and fluconazole, weak sensitivity to clotrimazole, nystatin and amphotericin B. The strain from a patient with
chronic bronchitis was identified as C. africana, considered to be a C. albicans species. Excepting itraconazole, the strain
showed varying sensitivity to the five antimycotic drugs used in the experiment. Both isolated yeast strains actively grew
at elevated temperature, were able to form a capsule, hyphal sprouts and biofilms, features which distinguish potentially
pathogenic Candida from saprotrophic strains. Combined antifungal therapy includes the use of probiotic preparations
based on microorganisms that exhibit antagonism against fungi. The present work shows an effective inhibitory effect
from secreted water-soluble metabolites of spore-forming bacteria Bacillus subtilis and Bacillus lichenformis, antiseptics
“Octenisept” and “Chlorhexidine”, as well as rosemary and sandalwood oil extracts on growth activity of the studied

pathogenic yeast strains and a typical control strain of C. albicans Y-583.

Key words: yeast-like fungi, candidiasis, bronchopulmonary infection, clinical isolates, Candida utilis, Candida albicans, resistance

to antimycotics.

BeeneHue

Jpox:kernogoOoHble TpUOBI IIMPOKO pacnpocTpa-
HEHBI BO BHEIITHEU Cpejie, Ha JIMCThSIX U TJI0/IaX pac-
TEHU, B MOYBE, BOJIE, B OPraHMU3Me YeJIOBeKa U XKU-
BOTHBIX, SIBJISIIOTCSI 9HAOCUMOMOHTAMU HACEKOMBIX,
CUMTAIOTCS YCIOBHO-MIATOTEHHBIMHU, HO TIPU OMpee-
JICHHBIX YCJIOBUSIX CITOCOOHBI BBI3BIBAaTh KaK ITOBEPX-
HOCTHBIC, TaK M MHBAa3UIHBIC MH(PEKIIMOHHBIC ITPO-
meccsl [16]. KanaumamMukos (KaHAUI03) — U3BECTHOE
3a00JIeBaHNE KOXH W CIIU3UCTHIX 000JI04YEK TTOJIOCTH
pTa, ypOreHUTAJIBHOTO TpaKTa, MMeeT JIOKaJIbHBIM
XapakTep, HO TP ocj1abJeHU UMMYHUTETa, CIIOCO-
OCH MmepexoAuTh B TeHepalIu30BaHHYIO (DOPMY, BbI-
3bIBaTh OMACHBIC IJI51 KM3HU MH(MEKIINU KPOBOTOKA,
WHBa3WBHBIN KaHAWI03 BHYTPEHHUX opraHoB [14].
I'pubnr poma Candida sBasioTcss carporpodaMu,
BXOIISIT B COCTaB TIOCTOSTHHO SKMUBYIIINX B MUKPOOMO-
M€ 3[I0POBBIX JIOEl MUKpoopraHusMoB [21], K na-
TOreHe3y UMeeT OTHoIlIeHue 21 BUI, Cpeanr KOTOPBIX
JTOMUHUPYIOLIMM SIBJISIETCS ONMNOPTYHUCTUUYECKUM
rpu6 C. albicans, onipenensieMmbiii B 90% cirydaes 11o-
BEpPXHOCTHOI'O Y MHBA3MBHOI'O KaHAUIOMMUKO3a [11].
Pexxe cpenu Bo3OymuTesaeii MHMOEKIMOHHBIX IIPO-

IIECCOB BCTpevaloTcsl BUIBI 3Toro pona C. tropicalis,
C. glabrata, C. krusei, C. parapsilosis, C. dubliniensis [11].
Pa3zBuTre MHMEKIIMOHHBIX IMTPOIIECCOB, BHI3BAHHBIX
Candida utilis, 1o HemaBHEro BpeMeHU ObLIU KpaiiHe
PEIKU: B JIMTEpAaType BCTPEYaIUCh SAMHUYHbBIC TTy0-
JIMKalMW, rae Oblja IoKa3aHa IaTOTeHHOCTb 3TO-
ro Buga. C. utilis, IpenMyIllIEeCTBEHHO, BCTpeUYasach
B KpOBU y feTeit B Bo3pacte 0—3 Mecs1IeB, IJIUTEITbHO
HaXOJISIIIIUXCST B OTICJICHUY WHTEHCUBHOM Tepanuu,
oOHapy>KeHa TaKKe y JTIo/Ieit ¢ 0CIabIeHHBIM UMMY-
HuUTEeTOM [4, 29].

Pa3zButnio KaHAMAO3HOW WHEMEKIMU CHOCO0-
CTBYIOT HECKOJIbKO (haKTOPOB M BUAOB aKTHUBHO-
CTH, KOTOPbIC YCUJIMBAIOT MAaTOr€HHbII MOTEHIIUA
rpubka. Cpenyd HUX HaJluW4ude MOJIEKYJ] aare3vu,
dopmupoBaHue 6MOTIIIeHKH [13], CTOCOOHOCTH ITPO-
HUKHOBEHUSI KAaHAWU B TKaHEBbIE CTPYKTYpPHI Oya-
romapst MOp¢OJIOTUIEeCKOM TpaHChOPMAIINT KJIETOK
B rudanbHyo ¢hopmy [18]. Tudsl B TKaHsIX pacmpo-
CTpaHSIOTCS ObICTpee, YeM JpokkeBas popma, 4YTo
obJieryaeT MUIpalMio KaHJIWI 4epe3 TOBPEeXIeH-
HbI€ TKaHU U SIBJISIETCS MPU3HAKOM HayaJja o0pa3o-
BaHUS OMOITJIEHKHU C MOCJENYIOINIMM HaKOIJICHUEM
BHEKJIETOUYHOTO MaTpukca [2]. Haanuuwne ononjieHku
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YMEHbBIIIAeT BOCIIPUMMYMBOCTh KaHIWUI K aHTUMMU-
KOTUYECKMM IMpernapaTraM, 3alluiaeT oT ¢aKTo-
pPOB HMMMYHHTETa. BO3MOXHOCTH TOPU30HTAJIb-
HOTO TIepeHOca I'eHOB B OMOIIEHKEe O0ecIieuruBaeT
OoJiee yCIEUIHYIO aJanTalyio K YCJIOBUSM CpPebl,
CIIOCOOCTBYET Pa3BUTUIO  IMOJUPE3UCTEHTHOCTU
KaHIUI K aHTUMUKOTHMUYECKMM IIperaparaM, 4YTO
3aTpyaHSIET JIeKapCTBeHHYI0 Tepanuto [15, 17, 27].
INepcneKTUBHBIM HaMpaBJeHUEM JUJISI KOMILIEKC-
HOTI'O JICUCHU S IMPU XPOHUYECKUX MHMEKIIMOHHBIX
3a00JIeBaHM X, BKJIIOUas KaHIWUOA03, MOXET CTaTh
MpUMEHEHWEe HEeMaTOreHHBbIX 0aKTepuii-aHTaroHu-
CTOB poaa Bacillus unyu aApyrux MUKpOOpPraHMU3MOB,
HMCMOJIb3YEeMbIX B KauecTBe ITpoonoTukos [20, 28].

AHanu3 BUIOBOTO COCTaBa W CBOMCTB IIaTO-
TEHHBIX JIPOXKXKEIMOMOOHBIX T'PUOOB, HCCIEAOBA-
HHUE JeHCTBUSI aHTUMUKOTUYECKUX IIpernapaToB
Ha OMoMJeHKHU, cOopMUPOBaAaHHBIE TprbaMU poaa
Candida, onpeneneHe MeXaHM3MOB BO3HUKHOBE-
HUS pe3UCTEHTHOCTU K aHTUMUKOTUYECKUM TIpe-
napaTtam, TMOUCK HOBBIX 3((PEeKTUBHBIX aHTUTPUO-
KOBBIX MpeIapaToB sIBJIsSIETCS aKTyaJbHON 3amadyeit
COBpPEMEHHOI MeTUIIMHEI [§].

Llenbio HacTosIIEl pabOTHI SIBJISIETCS UIEHTU-
dukanus v onpeaesieHue pe3UCTEHTHOCTU K aHTH -
MMKOTUUYECKMM TMperaparaM KJIWMHMYECKUX H30-
JSITOB JPOXKKENOJIOOHBIX I'PUOOB, CTaBIIUX MPU-
YUHOM TSIKEJIbIX XPOHUYECKUX, TeHepaTn30BaH-
HbIX 3200J1eBaHU 1 OPOHXOJETOYHOI CUCTEMBI.

Matepuasnbl 1 METOLbI

JIpox:kernogoOHble TpuObI, MHCIOJb30BaHHbIE
B paborte: u3onat apoxkkein Y-1370, BblaeIeHHbI
U3 KJIMHUYEeCKOro Marepuaia nauueHta (57 ner)
C TeHepaJIn30BaHHOM MHMEKIMeld U JeTaJIbHBIM
MCXOJOM; U3O0JIAT Apoxkeil Y-1395, BblaesieHHbI
U3 MOKpPOTHI ManueHTKu (78 neT) ¢ AMarHo3om
«XpOHUYECKUI OPOHXUT», KOHTPOJBbHBIN KOJIJIEK-
nuoHHBIN mtamMm Candida albicans Y-583.

ItamMmMbl OGakTepuii aHTAarOHUCTOB: Bacillus
subtilis B-652; Bacillus licheniformis B-847, Bacillus
subtilis B-1376.

Bce mnepeunciieHHBIE MHKPOOPTaHU3MBI Xpa-
HATCS B COCTaBe KOJIJICKIMU OaKTephii, OGakTe-
puodaros u rpubos ®bYH TI'HI[ BB «BekTop»
PocnorpebHanzopa.

Jast KyJTbTUBAPOBAHUS APOKIKE MCITOJIb30Ba-
JIV KYKYPY3HBI# arap (T/1): Kykypy3Hast myka — 40,
nentoH — 50, rioko3a — 20, arap — 15, BomonpoBo-
nHag Boga o 1 11, pH 6,5, u cpeny Cabypo; 1J1s1 6ak-
Tepuit npuMeHsan cpeny 'PM (cpenbl mpousBo-
crBa ®BbYH I'HII IIMB, Poccus). MukyoupoBaHue
BbIceBOB npoBonuau npu 37°C B TeueHue 24—48 u.
Bripociiive oTaeabHbIe KOJTOHUU MUKPOOPTaHU3MOB
WCITOJIb30BAIU IS TaJIbHEHIIIEr0 X N3YUCHM .

Moph0oI0THIO BEIICICHHBIX MUKPOOPTraHU3MOB
UCCeI0Badu IPpU HAOMIOAEHUM XUBBIX U (DUK-
CUPOBaHHBIX, OKpAalllEHHBIX MpernapaToB KJETOK

¢ nmpuMeHeHueM MUuKpockorna Axioskop 40 (Carl
Zeiss, I'epmannst). @U3NOJIOTNIECKUE U OMOXUMHU-
YeCKHe TMTPU3HAKU N30JISITOB IPOKKE I BBITIOTH TN
CTaHIAPTHBIMU METOIAMM, CITOCOOHOCTHD K YTUJIN-
3allMM YTJIEBOIOB YUYMTHIBAJIM, BhICeBasl KYJbTYPhI
Ha cpennl ['ncca [10, 22].

UyBCTBUTEIBHOCTh K aHTUOMOTUYECCKUM IIpe-
napataM  ONpeAesiiu  ITUCKO-AU(GDOY3MOHHBIM
METOAOM C MPUMEHEHUEM IMCKOB IPOM3BOICTBA
HUIL® (Poccus), mMcmoib3yss aHTUMUKOTHUYEC-
KWe TIpermaparbl ¢ KOHIIGHTpalmeil (MKT/INCK):
KeTokoHazosl (20); utpakoHaszona (10); ¢aykoHa-
301 (40); knorpumason (10), nucratun (80 E/I);
aMmdorepuniua B (40).

OmpeneleHUEe YYBCTBUTCIBLHOCTH BBIICIICH-
HBIX KJIWHWYECKUX W30JSITOB K CEKpeTHUpye-
MBIM MeTaboJuTaM IITaMMOB Oauuaa B. subtilis
u B. licheniformis BEIIOTHSIIN METOIOM OTCPOYCH-
HOTO aHTaroHusMma [19].

s ompeneeHUsT YyBCTBUTEITBHOCTH U30JISITOB
npoxckeit Y-1370 u Y-1395 K aHTUCeNITHUKAaM Ha ara-
PU30BaHHYIO ITUTaTEIbHYIO cpeny Cadypo B UalllKy
Iletpu BHOCUAM 100 MKJ CyTOUHOI HCcienyeMoit
KYJABTYpbl ¢ KOHLeHTpauueil kiaetok 10° KOE/mut.
B acenTrueckux yclIOBUSIX B 3aCESTHHOU cpene Ae-
JIaJIV IYHKW ¥ BHOCHUJIM B KaxXXKayio 1Mo 50 MKJI mpe-
naparoB: «OxkrteHucent» (Octenisept, I'epmanus),
«XgnoprekcuanH ournokaHar» 0,05% (Ilerpodapm,
Poccus); nacroiika kaneHayasl (OOO «['unmnokpar»,
Poccus); Hacroiika sBkanunta (OOO «KocmeTuk
Jlenn», Poccus); 10% macisiHble 3KCTPaKThl PO3-
MapuHa, caHpmana, ndaBaHmbl (Kwuraif). B xadectBe
KOHTpPOJIS B JIYHKM BHOcuau 1o 50 Mk 70% s>tu-
JIOBOrO cnupTa U (PU3MOIOTMYECKOro pacTBoOpa.
MukyOupoBanu BbICEBBI B TeueHUe 24—48 4, mpu
Temnepartype 37°C. YyBCTBUTEIBHOCTH MUKPOOP-
raHu3Ma K TiperiapaTry OIpeessiyii Mo HaJTUIUIo
W pa3Mepy 30HBI YyTHETEHHS pOCTa BOKPYT JIYHKH
C aHTUCENITUKOM (HCIIOJIb30BaHbI CPEAHUE AJaHHbBIC
10 TPEeM ITOBTOPAM OITBITA).

TakcoHOMUYECKYIO MPUHAIJICKHOCTD M30JISITOB
OIpeAessii 10 CyMMapHBIM pe3yJibTaTaM (eHO-
TUITMYECKOI'0 M TeHOMHOro aHajausza. Jjas uaeH-
TUDUKAITUA UCCIACAYEMBIX IPOXKKEH MOJICKYJISIP-
HO-T€HETUYECKUMU MeToaamMu ucnojb3zoBaiau ITS
(mocaeaoBaTeIbHOCTh MEXTE€HHOI0 puOOCOMab-
Horo cneiicepa). JJHK mpoxkkeit BeIACISIIN U3 CYy-
CIICH3WI MUKPOOPTraHM3MOB C MCIIOJIb30BaHUEM
Habopa <«JIHK-texnonorus» (JHK-Texnosorus,
Poccust) mo metonuke mpousBoauTesisi. Peakiimio
amniudpukauun  ITS-pparmenTa  ApoxkkeBOI
JIHK Besiv ¢ ucrosb3oBaHUEM OJIUTOHYKJIEOTHUI0B
ITSI u ITS4 nng nepBoro paynna [P (rmonyyeH-
HbI dparmeHT ~600 H.11.), ITS3 1 ITS4 115 BTOpO-
ro payHpga I[TLP (=300 H.mm.) [3]. B kauecTBe MaTpu-
LBl MCIIOJIb30BaJIM BblJeJeHHYI reHoMmHYy10 JTHK,
peakumio Beau ¢ ucrnoyb3oBaHuem SP-Taq-IHK-
nojsumMmepasbl (CuodH3um, Poccus). [MoaydyeHHBIE
TTLP-pparmenTsl ouuinanu satouueir nz3 GTG-
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arapo3sbl (Lonza, M3pauniip). Peakiinio ceKBeHUPO-
BaHUs ToaydyeHHbIX TTL[P-cdbparmMmeHTOB nmpoBOaU-
JIV C UCTIOJIb30BAHMEM TeX XK€ OJIUTOHYKJICOTHUI0B
upeaktuna BigDyev.3.1 (Applied Biosystems, CI11A)
B CTaHJAAPTHBIX YCJIOBUSX. DaeKTpodopeTnueckoe
pazjaeneHue MPOAYyKTOB peaKIIn CeKBEHUPOBAHU S
BeJIY C UCToJIb30BaHUeM Mpudopa «ABI Sequencing
Analyzer 3500». [TonydeHHBIe MOCJEA0BATEIbHOCTU
aHaJIM3MPOBAJIN C UCITOJIb30BAaHUEM ITPOrPAMMHO-
ro obecrieueHust ABI Sequence Scanner u FinchTV
4.1. CpaBHeHUE MOCJIeN0BaTEIbHOCTEN C UMEIOII M-
mucs B 6aze nanHbIX NCBI GenBank database (ncbi.
nlm.nih.gov) pedepeHCHBIMU TOCIeI0BATEIbHO-
CTSIMU pOOCOMAJIBHBIX CITEMCEePOB APOKKEN ITPO-
BOAMJIM C HcCIoJb30oBaHUeM ajiroputma BLASTN.
dunoreHeTYeCKU aHaIU3 AJIsT Hanbojee OaU3-
KX K UCCJIEAYEMBIM ITOCIIeI0BAaTEIbHOCTEN ITPOBO-
nunu B mporpamme MEGA 7.0.21.

PeaynbraThl

Wzomar Y-1370 BelAeieH Tpyu aHAJIM3e MUKPOO-
HOM TeHepaJaM30BaHHONW WHMEKINW MNallueHTa
C TWAarHO30M ITHEBMOHUS M JIeTaJIbHBIM MCXOIOM.
[1ats 0Opa3moB MaTepraioB OT 00JBHOIO (MoYa,
CMBIBBI U3 POTOTJIOTKU, HOCOTJIOTKHM) B M300MINN
colepxXaian 3yKapUOTHYCCKHE KJISTKU Karcyu-
POBAaHHBIX, IIOUKYIOIIMXCS  IPOKIKETIOTOOHBIX
rpu0OB Ha pa3HBIX CTAAMIX XKM3HEHHOTO IIMKJIA,
¢ muamMeTpoM 1Mo 5 MKM (puc. 1A), obpasyrommx
Ha arape Cabypo Genble, TacTOOOPa3HOM KOHCHC-
TEHIOMH, KyIoJ000pa3Hble, HeTIPO3padyHbIe KOJIO-
HHUHU CO CIIeUPUISCKUM (IPOXKXKEBBIM) 3aIIaXOM
(puc. 1B). I1aTh MOMYYEHHBIX UYUCTBHIX KYJIBTYDP

oKkpackoil mo I'pamy, oTpuuatesbHON peakliuen
o ypea3se. BoigesieHHbIe KYJIbTYPhI ITPOSIBUIIN CITO-
COOHOCTh K aHadpOOHOMY poOCTy, DepMeHTaluu
TJTIOKO3bI, MaJIBTO3bI M JIAKTO3BI IO KUCJIOTHI, B pe-
3yJIbTaTe TEHOMHOIO aHajn3a OHU WICHTU(hUIIH-
pOBaHBbI KaK MpuHaaiaexaiue K Buny Cyberlindnera
jadinii (tenemopda Candida utilis).

H3onsat gpoxxkeid Y-1395 BbineseH Mpu BbiceBe
MOKPOTBHI MAallMEHTKHN C XPOHUYECKUM OPOHXHUTOM
Ha cpeny Cabypo B BUJie MHOXECTBa KOJIOHU Oe-
JIOTO 1IBETa, KYI0JIOOOpa3HbIX, MATOBBIX, HEITPO3-
payHbIX, MacTOoOOpa3HOW KOHCUCTEHLUHU, obOpa-
30BaHHBIX T'PaMIIOJOXUTEIBHBIMU, KallCyJIupO-
BaHHBIMU, TTOYKYIOIIMMHUCS KJIeTKaMU, pa3MepoOM
2—5 MKM, aKTUBHO YTUJM3UPYIOUIMMU TJIIOKO3Y
u caxapo3sy. Ot Buna Candida albicans naHHbI U30-
JIAT OPOXKEH oTiMyajia YTUJIM3alusl caxapo3bl,
HECITOCOOHOCTh K YCBOGHUIO MaJbTO3bl U K POC-
Ty nipu 42—45°C. B pesysbraTe TeHOMHOI U de-
HOTUTIMYECKOU WMIASHTU(UKAIIUKA M30JSIT IPOK-
Keil Y-1395 onpenesieH KaK OTHOCSILIMICS K BUIY
Candida africana — npoxXXernoJoOHBbIM OIIOPTY-
HUCTUYECKUM TprubdaM, TakKKe MMEIOIINM KJIMHM-
YyecKoe 3HaueHMe B pa3BUTUU KaHAMUA030B [25].

Npentudpukauus MU30JSITOB APOKKEN C HC-
MOJb30BaHUEM ITOCJIEI0OBATEIIbHOCTEM MEXKTEHHBIX
puboCcOMaJIbHBIX CIEcepoB MpUBeIeHa Ha pUC. 2
u 3. IlocnenoBatenbHocTu ITS-dbparmMmeHTOB Npu-
BeJIEHbI HA pUC. 4 U 5.

B 3aBucMMocTH OT TeMIepaTypHBIX YCJIO-
BUII pocTa KaHIMIBI CHOCOOHBI MEHSITh MOP-
dosoruto kaetok. JduamazoH temmneparyp oT 37
1o 40°C copaeiicTByeT oOpa3oBaHUIO TU@aaibHBIX
(dopmM, xapakTepHBIX IJ5I MHBAa3WUBHBIX MPOIEC-

0Ka3aJuCh MIEHTUYHBIMU, C TIOJOXMUTEAbHONH  coB. Mcciaegyemble WITaMMbl KaHIMI XOPOILIO
LA(A) ]

Y-1395 Y-1370 Y-583
B (B)

Y-1395 Y-1370 Y-583

PucyHok 1. Mopdonorus knetok (A, x2500) u konoxwmii (B) wtammor apoxxei Y-1370, Y-1395, Y-583

(TunoBoii wtamm Candida albicans)

Figure 1. Cell (A, x2500) and colony (B) morphology of yeast strains Y-1370, Y-1395, and Y-583 (type strain

Candida albicans)
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PucyHok 2. dunoreHetuveckuii aHanus ITS-nocnepgoeatenbHocTu wramma Y-1370. BoipaBHMBaHMe
nocneaoBaTenbHOCTel npouseeneHo anroputmom ClustalW, punoreHetmyeckoe aepeBo
NocTpoeHo MeToA0M HauboJibLuero npaeaonoaoous, konuyecteo pennuk 1000. AHanusupyemas
nocnepoBaTeNbHOCTb OTMEeY€eHa YepPHbIM KBagpaToM

Figure 2. Phylogenetic analysis of strain Y-1395 ITS-sequence. The alignment was performed by the ClustalW
algorithm, the phylogenetic tree was constructed using the Maximum Likelihood method, with 1000 replicates.
The analyzed sequence is depicted as a black box

PucyHok 3. dunoreHetuveckuii aHanus ITS-nocnepoBatenbsHocTu gng wramma Y-1395. BoipaBHuBaHue
nocneaoBaTenbHOCTel npousseneHo anroputmom ClustalW, punoreHetumyeckoe aepeBo

NocTpoeHo MeToA0M HaubosbLiero npaesaonoaoous, konuyecteo pennuk 1000. AHanusupyemas
nocnepoBaTeNlbHOCTb OTMEYEHA YEPHbIM KPYXXKOM

Figure 3. Phylogenetic analysis of strain Y-1370 ITS-sequence. Alignment was performed by the ClustalW algorithm,
phylogenetic tree was constructed using the Maximum Likelihood method, with 1000 replicates. The analyzed
sequence is denoted by a black circle

>Y-1370
CTACTGATTGAGGTCAGCTTAGAAGGTTGTTCAGCCGAGCTCTGCCTGGAAGTCTGTCTGGAAA
ATAACGAGTTGGCAGAACCTAATACATTATTTCGGCCCAGAGGATTTCTAGGGGGAGCTCTGCC
TAGAGTATTTCAAGTTAACACAGAGTATCACTCAATACCAAGTCCCCTAGAGGATCTTGAGAGA
GAAATGACGCTCAAACAGGCATGCTCTCTGGAATGCCAGAGAGCGCAATATGCGTTCAAAGATT
CGATGATTCACGAAAACCTGCAATTCACATTACGTATCGCATTTCGCTGCGTTCTTCATCGTTG
CGAGAACCAAGAGATCCGTTGTTGAAAGTTTTGAAGATTAAAATTCAAATTGACTAGTTTCTAG
AGAAAATAAATTTCTGTGTTTAAAACCTTTGGCAGAGCCAAAGCAAAAGAAGCAAAATACACTG
TGTATTGGTTGGAGCCGCGCTAGAAGCGCAGGCCCAGGTTCTCTAATGATCCTTCCGCAGGTTC
ACCTACGGAAACCTTGTTACGACTTTTACTTCCTCTA

PucyHok 4. HykneoTtugHas nocnegoBartenbHocTb ITS-pparmeHTa wramma gpoxokein Y-1370
Figure 4. Nucleotide sequence of fungal strain Y-1370ITS fragment
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PucyHok 5. HykneotugHas nocnegoBatenbHocTb ITS-pparmeHTa wramma gpoxxen Y-1395
Figure 5. Nucleotide sequence of fungal strain Y-1395 ITS fragment

EAavHMYHbIE NOYKYIOWMECH KNETKN O6pa3oBaHne CKOMNEHWNIA KNETOK ®dopmupoBaHne 6UONNEHKN MMdanbHble NPOPOCTKM
Single budding cells Cell cluster formation Formation of biofilm Hyphal sprout

PucyHok 6. O6pasoBaHue 6monneHku u rudasnbHbIX NPOPOCTKOB Y APOXXKENOA00HbIX KNeTOK KaHaUA,
npv KyNbTMBMPOBAHUMN HAa KYKYPY3HOM arape; x2500
Figure 6. Hyphal sprout formation in Candida yeast-like cells cultured on corn agar; x2500

Ta6auua 1. OnpepeneHve YyBCTBUTENIBHOCTU LUTAMMOB UCC/IeAyeMbIX FPUOOB K aHTUMUKOTUYECKUM
npenaparam gUcKo-gup@Py3noHHbIM METOAO0M
Table 1. Determination of sensitivity of strains of the studied fungi to antimycotic drugs by disk-diffusion method

MpenapaTbl aHTUMMKOTUKOB/30Ha NOAABNIEHUS POCTa APOXOKEN (MM)
Antimycotic agents/growth suppression zone of fungal strains (mm)

[ [ o m

s _ = =

(] [« <]

Lramm 25 g% g S 8% Ec 55
Strain T S ER g =c 55 5
g s g5 g s 3£ 52 o3
o 8 c Q s O - = == 5 <
5 < g s =2 23 T &£
S =7 & e © s <

<

Y-1370 R R R I | S

Y-1395 S R S S I |

Y-583 R R R R | |

Mpumeuanue. S (Susceptible) — yyBcTBUTENBHBI; R (Resistant) — peancTeHTHbI; | (Intermediate) — ymepeHHO pe3NCTEHTHBIN.
Note. S (Susceptible) — sensitive; R (Resistant) — resistant; | (Intermediate) — moderately resistant.

Ta6auua 2. UHrmbupylowee BAMsSHUE Ha KNIeTKU LWITaMMOB apoxxei Y-1370, Y-1395, Y-583
ceKpeTupyeMbiX MeTaboIMTOB LUTAMMOB COPOoo0pa3ylowmx 6akTepuii

Table 2. Inhibitory effect of secreted metabolites from spore-forming bacterial strains on yeast Y-1370, Y-1395, and
Y-583 strains

LTaMMbl aHTaroHUCTbl/30Ha NoAaBNeHUs pocTa (MMm)
Wramm Antagonist strains/growth suppression zone (mm)
Strain B. subtilis B. licheniformis Bacillus subtilis
B-1376 B-847 B-652
Y-1370 35+1,0 35£1,0 35+1,0
Y-1395 20+£1,0 35%1,0 35%1,0
Y-583 30+1,0 15+0,7 20%1,0
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—Y-1370

Y-1395 s Y-583

PMCyHOK 7. Onpep,enemne 4YyBCTBUTEJIbHOCTU LULTAMMOB UccepyemMbiX rpuﬁos K aHTUCcenTukam
Figure 7. Determination of antiseptics fungal strain sensitivity

Mpumeuanue. 1 — «OkTeHNceNT»; 2 — «XnoprekcuaunH GurmokaHat» 0,05%; 3 — HacTolika kaneHaynbl; 4 — HacToiika
9BKANUNTa; 5 — MacnsHbI 3KCTPaKT PO3MapUHa, 6 — MaCAsHbIN SKCTPAKT caHaana, 7 — MacisHbIi 3KCTPakT NaBaHAbl;

8 — 70% ataHon; 9 — G13noNorMyeckmin pacTaop.

Note. 1 — “Octenisept”; 2 — “Chlorhexidine biglucanate” 0,05%; 3 — calendula tincture; 4 — eucalyptus tincture;
5 —rosemary oil extract, 6 — sandalwood oil extract, 7 — lavender oil extract; 8 — 70% ethanol; 9 — physiological solution.

pocau npu Temneparype 37°C, KJIEeTKU MpU PoO-
CTe€ Ha KYKYpy3HOM arape akTHMBHO OOpPa30BbI-
Bajin TUdaIbHbIE TIPOPOCTKU M HopMUpOBaIU
ouorieHku (puc. 6). MeHorunuueckass rMOKOCTh
SIBJISIETCSI Ba’XHBIM (DAKTOPOM BHUPYJICHTHOCTH
KaHIuI, o0ecreYnBalolIMM BTOPKEHUE B BIUTE-
JIVIA, pacripocTpaHeHue M0 OPraHu3My 1 BbIXKHMBa-
HUE B pa3JIMYHBIX HUIAX MakKpoopraHuszma [21].
BbIkMBaHUIO KJIETOK IPOXKXKE B HEOJIAaronpusiT-
HBIX YCJIOBUSIX CITOCOOCTBYeT pa3BHMTasl Karicya,
B COCTOSTHUM OMOTIJIEHKU o0ecTieunBalolias KJjeT-
KaM 3alIUTy OT BO3JCHUCTBUS UMMYHUTETA U aHTH-
MMUKOTUUYECKUX TpenapatoB. Bce aTu cBoiicTBa —
aKTUBHBII POCT MpPU MOBBIIIEHHOW TeMIiepaType,
CIOCOOHOCTh K O0Opa3oBaHUIO Kamcysbl, GopMu-
poBaHUU TU(ATbHBIX MTPOPOCTKOB U OUOIJIEHOK,
XapaKTepHbIe W AJISI U3y4aeMbIX KYJIbTYyp, — OT-
HOCSITCS K TpU3HAKaM MaTOTeHHOCTH M OTJMYa-
[OT MOTEHIIMAJIbHO MAaTOTEHHBIE IITAMMblI KaHIH /T
OT carpoTpo(HBIX I TAMMOB.

OmnpeneneHre YyBCTBUTEILHOCTU K aHTUMUKO-
TUKaM TokKaszajo, uto wrtamm C. utilis Y-1370 pe3u-
CTEHTEH K KeTOKOHA30JTy, UTPAaKOHA30JIy U (QIIyKO-
Ha30J1y, 00J1a1a€eT cJ1abo BhIpaKeHHOMN Yy BCTBUTE I b-
HOCTBIO K KJIOTPUMA30Jly U HUCTAaTUHY, HECKOJIBKO
B OOJIbIIIEH CTENeHU — K amdoTtepuninay B, uto ne-
JlaeT 2TU Tpenaparbl Majao3dO@MEeKTUBHBIMU MO OT-
HOIIIEHWIO K JJaHHOMY TaToreHy. TUmoBoil mramMm
C. albicans Y-583 Mo 4yBCTBUTEJIBLHOCTU K aHTU-
MHKOTHKAaM OBbIJT CXOJeH co mrtaMmmMoM Y-1370, B TO
BpeMsd Kak mrtaMM Y-1395 nposBUl yCTOMUUBOCTh
K MHTPAKOHA30JTy, K OCTaJIbHBIM UCITOJIb30BAaHHBIM
rnmperaparamM ObIJT YyBCTBUTEJIEH B Pa3HOU CTENEHU
(tra6j. 1). KetokoHazon, ¢payKoHa30J U KJIOTpUMa-
30J1 OblIM Haunbosee 3(P(HpEeKTUBHBIMU OTHOCUTEb-
Ho mtamMma Y-1395.

Cnopoo6pa3syioiiue 6akrepuu B. subtilis B-1376,
B. licheniformis B-847, B. subtilis B-652 TecTupoBaHbI
Ha HaJIMYue aHTUTPUOKOBOW aKTMBHOCTU OTHOCH-
TeJbHO WITaMMOB apox:keir Y-1370, Y-1395 u tu-
noBoro KoHtpoJsibHoro mramma C. albicans Y-583.
ITTokazaHo, 4TO KJMHMUYEeCKUE U30aIThl Y-1370,
Y-1395 mnposiBUJIM BBICOKYIO YYBCTBUTEJIbHOCTh
K CEKPEeTUPYEMbIM META00JIMTaM BCEX TPeX OariuJuI
(TabJi. 2), 30HbI YTHETEHU ST pOCTa JOCTUTAIU 35 MM.

Peakiiust Ha neiicTBUe aHTHUCENTUKOB, BKJIIOYAst
pacTUTENbHBIE 3KCTPAKThI, Y BCEX TPeX IITaMMOB
Y-1370, Y-1395 1 Y-583 Obl1a cXOXKel: moKka3zaHa BbICO-
Kast YyBCTBUTEJIBHOCTSD K ITpernapaTtaM «OKTeHUCETT»
M «XJIOPTeKCUINH», a TaKKe K MAaCISTHBIM 3KCTpaK-
TaM po3MapHHa, caH1aja U KOHTPOJbHOMY PacTBOPY
70% stanona (puc. 7). [1pu UCIioab30BaHUU HACTOM-
KU KaJICH1YJIbl U MACJISTHOTO 3KCTPAKTa JIJAaBaHIbI MO~
JIy4EH OTpUIIATE/IbHBIN pe3yJibTaT, 30HbI YTHETCHMUSI
pocTa KyJbTyp BOKPYT JIYHOK C 3TUMU ITperaparaMmun
OTCYTCTBOBaJIM, KaK M B KOHTPOJIBHOM BapHaHTe
¢ mprMeHeHneM (U3MOJIOTMYECKOTO pacTBoOpa.

Ob6cyxaeHne

HaomogaeMoe B HacTosiliee BpeMsl Bce OoJibliiee
pacrpocTpaHeHHe IPOXKKeBbIX TpnOoB pona Candida
CBSI3BIBAIOT C HEPAMOHAJIBHBIM HCITOJIb30BAHUEM
AaHTUMUKOTUKOB, HEOJIAroIpUsTHBIM BIUSHUEM
cpembl Ha UMMYHHYIO CHUCTEMY, OJIMTEIBbHOI TOC-
OUTaIn3alieii, HECheMHBIMU KaTeTepaMu W Opy-
TUMHU OTSTOIIAIOMINMU (akTopamMu. Y ITallMeHTOB
co CITM ]I, nociie XMuMHUOTEPATTNN OHKOJIOTUYECKOTO
3a00JIeBaHM S WJIM TPAHCIIJIAHTALIUM OPTaHOB TaKXKe
CYIIIECTBYET BBICOKasl BEPOSITHOCTb Pa3BUTHSI TeHE-
paIn30BaHHOIO KaHIMIAMMKO3a BILJIOTh IO CEIITH-
nemuu [21]. TTpu nHGEKIIMOHHBIX 3a0071€BaH U STX IbI-
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XaTeJbHOM CUCTeMBbI JJ1s1 rpuboB pona Candida noka-
3aHa BbICOKAs YaCTOTa BCTPEYaeMOCTH, KaK ITPaBUJIO,
B accolMaluu ¢ IpyruMyA MUKpOOpraHusmMamu [24].
Yarire BCero CONyTCTBYIOIMMU MUKPOOPTaHU3MaMU
B accolMalliM C KaHIWJIAMW OBLIM CTPENTOKOKKH,
KaK MbI 1 HAOJIIOIAIU TIPU BBIACICHUY U3 KIMHUYEC-
KOro Martepualia n3ojisita Y-1395, rioe B ImepBUYHOM
BBICEBE KPOMe IPOKKEH 0OHapyKeHBI HECITOPOHOC-
HBIe 0aKTEPUU U TEMOJTUTHYCCKIIE KOKK.
OTmMmeyaeTcss paclIMpeHUe BHUIOBOIO COCTaBa
LITAMMOB KaHAU, OTBETCTBEHHBIX 38 MH(EKIIMOH-
HBIe TIpolecchl. CpaBHUTEIBHO HEAaBHO OOHAPYXKEeH-
HbIl narored Candida auris [ 7] Bce yallie CTaHOBUTCS
NPUUYMHON KIMHUYECKUX UH(PEKIIU, C PUCKOM pa3-
BUTUS T€HEePaIN30BaHHBIX IIPOLIECCOB U BEPOSITHOC-
TBIO JIeTaJIbHOro rcxoaa a0 50%. OH oTinvaeTcs pe-
3UCTEHTHOCTBIO KO MHOTMM aHTU(MYHTaJIBLHBIM TIpe-
napatam [1]. 3a mocinenHue nBa AeCITUICTUS LIeAbI
psin BunoB pona Candida TipeBpaTUIIMCh U3 PEAKUX
MaTOreHOB B HamOoOJee BasKHBIC 1 YaCThIC YCIIOBHO-
MaTOreHHBIe MUKPOOPTraHM3MBbI, BbI3BIBAIOIIVE KaH-
NUIEMUIO U MHBA3UBHBIM KaHIUI03 Y TOCITUTAIU3U-
POBaHHBIX ITALIMEHTOB. PaHee He cunTaBIIKECs [1ATO-
reHHBIMU TpuokI Buna C. utilis (Cyberlindnera jadinii)
BCE Yallle SIBIISTIOTCS BO3OYIUTEISIMA WHBa3WBHBIX
npoieccoB [12]. DakTopaMu pucKa B TAKKUX CIyda-
SIX SBJISIJIUCH OciabjieHne MMMYHUTETA, JJIUTEIb-
HasI TOCITUTAIN3alINsI, BO3ACHCTBIC aHTUOMOTUKOB.
Yyactunuce cinydyau rpubkoBoit undekuuu C. utilis
KPOBOTOKA, CBSI3aHHBIC C JUIMTEIBHBIM ITOJTHOCTBIO
MMILIAaHTUPOBAaHHBIM BEHO3HBIM KaTeTepom [9, 23].
B ny6nukanuu 2021 t. Sreelekshmi T.S. ¢ coasr. [4]
By C. utilis Ob171 00bsSIBJIEH HOBBIM I'PUOKOBBIM I1AaTO-
TeHOM B KPOBU, BbIACJIEH y IeTeil B Bo3pacTe 0—3 Me-
csilieB, 3a00JIeBaHUE TSIXKEJIO MOI1aBaIOCh JICUSHUIO
M3-3a PE3UCTCHTHOCTU BO30OyIMTENIeil K aHTUMU-
KpOOHBIM TpelaparaM. B HacrosiieMm uccliienoBa-
HUM mTaMM Apoxskeit C. utilis BblaeIEeH U3 MOYM,
HOCOIVIOTKM U 3€Ba ITallMeHTa C TeHepaIn30BaHHOU
IPOXKKEeBOM MH(pEKIUE ¢ TMarHO30M ITHEBMOHMSI.
[ItaMM TOpOSBUJI PE3UCTEHTHOCTh K IIPUMEHSIE-
MBIM B HACTOsIIIIEil paboTe aHTUMMKOTUKAM, JJISI
ero WHTUOMpOBaHUS HeobOxomuM Oonee 3dhdek-
TUBHBII TTONOOP ITPOTHUBOTIPUOKOBBIX ITPETIapaToB.
CregyeT OTMETUTBD, YTO TTOJTyYSHHEBIC TaHHEBIE IO pe-
3UCTEHTHOCTU MUccieayeMbix 1mTamMMoB Candida
K aHTUMMKOTHKAM OTJIMYAIOTCI OT IIPUBEICHHBIX
cBeleHUi [6], PEKOMEHIYEMbBIX B KadyeCTBE OTJIM-
YUTETBHBIX TTPU3HAKOB IS UACHTU(MUKALIUN psaa
BUIIOB 3Toro pona. Bun Candida africana, x XxoTopo-
MY MOXKHO OTHECTHU U30JISIT Y-1395, paHee ObLI mpe/-
JIOKEH B KauyeCTBE HOBOTO, pexXXe BCTPEUYAIOIIETOCS
M MeHee MaTOreHHOro BHWIa, OJHAKO JajibHEHIIre
duoreHeTUYECKME aHaJM3bl IIOATBEPAUIN €ro
cratyc Kak HeoObryHOro Bapuanrta C. albicans (6],
OOHapy>XMBAaeMOTO IPU BarmHAJIBHBIX WHQEKIIU-
sax [25]. PeHoTunnyecku u3oiAT Y-1395 ornmyar-
cs1 ot C. albicans 3amenneHHBIM 0Opa3oBaHuEM TUd,
yTUIM3alMel caxapo3bl, OTCYTCTBUEM POCTa Ha Cpe-

JIe C MaJbTO30/ U TIPU TIOBBIIICHUU TEMIIepaTyphl
KyJbTUBUpOBaHUS A0 42—45°C, 4TO COOTBETCTBYET
npusHakam C. africana |6, 25].

Kaxk BbIsicHEHO, uccieayeMble LITaMMbl JIPOXK-
KEeH 9yBCTBUTEIBHBI K IIperiapaTy «OKTCHUCEIIT»,
mpeaHa3HAauYeHHOMY  JJisi  00pabOTKW  CIIM3U-
CTBIX, MOpPa’K€HHBIX TpUOKaMHU, M K aHTUCETITH-
Ky «XJjoprekcuauH owurnmiokaHar» 0,05%, npume-
HSIeMOMY IS 00pabOTKM HapyXHBIX ITOKPOBOB.
Hcrionbp30BaHHBIE HACTOWKMW KaJIGHAYJIBI W 2BKa-
JIMTITA B COOTBETCTBUY C MHOpPMAIIMEit Ha STUKETKE
OBLIIM ITPUTOTOBJIEHBI ¢ NpruMeHeHueM 70% sTaHoa,
CPOK MX TOTHOCTM He McTeK. OmHAKO B OTIMYMC
oT 70% KOHTPOJBHOIO PacTBOpa 3TaHOJa 00e OHU
HE OKa3bIBaJd aHTUIPUOKOBOTO ACHCTBUS Ha WC-
cliefyeMble IITaMMBbl IPOX3KEil, UYTO MOXKET OBbITh
CBSI3aHO C OCOOCHHOCTSIMU TEXHOJOTUHU ITPOU3BO/I-
CTBa U XpaHEHU I 3TUX BKCTPAKTOB. DPUPHBIE Macia
XBOMHBIX M TPAaBSIHUCTBIX PACTECHUM SIBJISTIOTCST MC-
TOYHUKAMU aHTUMUKPOOHBIX BEIICCTB IIMPOKOro
CIEeKTpa OeHCTBUS U CIOCOOHBI 3 (PEeKTUBHO Toaa-
BJISITh BO30OyAUTENE MUKO30B |5, 26]. B HacToseit
pabote mposiBUJIM 3DOEKTUBHOCTh MPOTUB IITAM-
moB kaHunun C. utilis B-1370 u C. africana B-1395
MacJIsITHBIC 3KCTPAaKThI po3MaprHa M caHaaj1a, K 9KC-
TPaKTY JJaBaHbI 00a IITaMMa ObLIV YCTOWMYUBHI.

3akJito4eHme

ITo pesynbrataM (PEeHOTUIHYECKOTO W TCHETH-
YeCKOro aHajau3a YCTaHOBJIEHa TaKCOHOMMYECKasi
MPUHAIJIEKHOCTD APOXKXKENOAOOHBIX I'pUOOB, BbI-
IEeJICHHBIX N3 KIMHUYSCKOro MaTepHasia IallieHTOB
C OpPOHXOJIETOYHBIMHY 3a00JIEBAHUSIMU, KaK OTHOCS -
muxcs K Bunam C. utilis, mramm Y-1370, u C. africana,
mramMmMm  Y-1395. Tlpu omnpenejieHUM peE3UCTEHT-
HOCTHU IUTAMMOB K 6-TH IIMPOKO IIPUMEHSIEMbBIM
Ha NpakTUKEe aHTUMHUKOTHMKAM YCTaHOBJIEHA YYB-
CTBUTEJBHOCTD K IATU U3 Hux mrtamma C. africana
Y-1395 u pesucteHTHOCTH mTamMMa C. utilis Y-1370.
IMonTBepKIeHBI paHee MMEIOIINECS CPaBHUTEIHHO
HEMHOTOUMCIICHHBIE CBEICHUSI O HEOOXOTUMOCTH
KOHTpOJAUpoBaTh rpubbl Buaa C. utilis Kak maToOreHbl,
COCOOHBIE BBI3BATH TSKeJIble MH(MEKIIMOHHBIC 3a-
00JIeBaHM S 10 BO3MOXHOCTH JICTaJIBHOTO MCXO/IA.

Ha nmpuMepe KITMHUYSCKUX IITaAMMOB JTPOKIKei
Y-1370, Y-1395 utunonsoro mtamma C. albicansY-583
noKa3aHo, YTO MCCIeIOBaHHbIC aHTUCENITUKU, pac-
TUTENbHBIC M OaKTepHaJbHBIC IIperapaTbl MOTYT
ObITh 3(h(HEKTUBHO UCITOJb30BaHbI B KAYECTBE J0-
MOJHUTENBHBIX CPEACTB IJISI Teparuyd U Ipodu-
JIAKTUKHU KaHIMA030B Pa3HOTO IMPOUCXOXKICHUSI.

BnarogapHocTu

ABTOpPBI BbIpakaloT 0JarogapHocTh bypsk I A.
u EmenssiHoBoii E.K. 3a pegakunMoHHBbIE ITpaBKU
M TEXHUUYECKYIO MTOMOIIb B MMOATOTOBKE MaTepua-
JIOB CTaTbMU.
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¢ DIAOY BO Hosocubupckuii HAUUOHAAbHBLI UCCACO08AMENbCKUL 20CYOapcmeenHblll yHusepcumem, 2. Hosocubupck, Poccus

Pesiome. 3HauuTeNbHBIN BKJIa B OAAEPXKaHUE OOLIECTBEHHOT0 3A0POBbSI BHOCUT KOHTPOJIb HaJl 300aHTPOTIOHO3HbI-
MU UH(PEKLIUSIMU — 3a00JIeBAaHUSIMU OOIIMMU JJIsI KMBOTHBIX U YesioBeka. MCTOYHUKOM BO30yauTe el 1151 YeioBe-
Ka SBJISIOTCS MPEXKIe BCErO Te JKUBOTHEIE, C KOTOPBIMU OH YacTO COIPHUKAcaeTCsd BO BpeMs CEITbCKOX03IMCTBEHHBIX
paboT, Ha OXOTe, BO BpeMs cOopa rpubOB UJIU SITOM B JIECY, a TAKXKE B OBbITY (COOaKHU, KOLIKU, APYTHe TOMAIIHUE KH1-
BOTHBIE, I'PbI3YyHBI). MiccienoBaHue nmpoBeneHo Ha 6a3e MHCTUTYTa XUMUUYECKON OMOJOTUM U (yHIaMEHTaIbHOM Me-
nuiael CO PAH coBmectHO ¢ OOO «LleHTp nepcoHanusupoBaHHoit MeauniHb (OO0 »LIITM>»), 1. HoBocubupck,
BKJII0UMJIO 111 3m0poBBIX 10OpOBOJBIEB. CrienuduUyecKuit UMMYHHBIN OTBET OMIPEAESIIN K CIeAYIOUIUM 300aHTPO-
MMOHO3aM: TOKCOKap03, TOKCOIJIa3M03, OpylLiesie3, IMCTepro3, JICTOCIMPO3, ONMMMCTOPX03, OMPeNeIsIeMbIX Ha OCHO-
BaHUM crenudpuyecknx nMmyHortooyanHoB Kinacca G (IgG). ConmoctaBisiin TaHHBIN apa3uTapHbIf MMMYHHBII
OTBET ¢ aHAMHE30M M HaJW4YMeM OTBeTa B BuIe MMMYyHoOIIoOyanHa E odmiero B cerBopotke kKpoBu (olgE). U3 111
obcienyeMbix y 39 (35%) yesioBeK BbISIBJIEHBI aHTUIIApasuTapHble 1gG K ceayOMM 300H03aM: JIENTOCIIUPE, TUCTE-
puM, TOKCOKape, TOKCOoI1azMe, onuctopxy. M3 nanHbix 39 oocnenyeMbix 11 yenoBek MMeIn aHTUTENA K ABYM U OoJiee
300aHTPOIIOHO3aM, UTO cocTaBuIo 10% 0T 061LEeil KOropThl 06cIenyeMbIX. YpoBeHb olgE npu Hanuyuu 11060ro 300-
AHTPOIOHO3a 3HAYMMO OTJIMYAJICS OT PECIIOHIEHTOB, He uMetomux cneruduueckux IgG, p = 0,0001. HopManbHbIi
ypoBHb OlIgE 06111y 47 00ce10BaHHBIX, M3 KOTOPHIX Y 8 (17%) uenoBeK BhissBIeHBI [gG K OMHOMY 13 UCCIIENyeMBIX 30-
0aHTPOMNOHO30B. [ToBhITIIEHHBIIT ypoBeHb OIgE Ob1T y 64 00CIenoBaHHBIX, 13 KOTOPBIX Y 31 (48%) yenioBeKa BHISIBIICHBI
IgG K omHOMY MJIM HECKOJBKUM 300aHTponoHo3aM, p = 0,001. YpoBeHb oIgE MoxeT ObITh MPeIUKTOPOM HaTUYUS
300aHTPOIIOHO3a Y YCJIOBHO 30POBBIX 1L Tpu ypoBHe olgE 6onee 0,226 OIT (mtoiaas moa kpusoii 0,73 [0,62—0,83],
p = 0,0001; wyBcTBUTENBHOCTD 76%, cnielincbuyHOCTb 62%). BhisiBIeHHbIE KPUTEPUM IMATHOCTUYECKOTO CKPMHUHTA
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E.B. 3amatuHa n gp. MHdekumns n uMmyHuTeT

300aHTPOITOHO30B MOT'YT YCKOPUTH AU G epeHIINATbHYI0 JUAaTHOCTUKY COCTOSIHUIA, CBI3aHHBIX C HECITEIM(PUIECKM-
MM kasobamu. Heobxoammo npoBeaeHe KPYITHBIX ITPOCIIEKTUBHBIX PAHAOMHU3NPOBAHHBIX UCCIEIOBAHWIA JJIsT BBI-
SIBJICHUST pAHHUX AUATHOCTUYECKUX KPUTEPHUEB MAaTOJOTUU.

Karouesnie caosa: 300103, cneyuguueckuil ummyHnoero0yaun kaacca G, oouui ummyHnoer00yiun E, arnepeuveckuii anammes,
napasumapHas UHeasus, c6s3b 4eA06eKa U JHCUBOMHORO.

TOTAL IMMUNOGLOBULIN E AS AZOOANTHROPONOSIS PREDICTOR IN HEALTHY VOLUNTEERS:
AN OBSERVATIONAL STUDY

Zamyatina E.V.*", Shevela A.1.>*, Mandel I.A.>¢, Sizov A.A.¢, Stepanov A.A.*", Sizov D.A.¢, Danilenko S.O.f

a Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian Academy of Sciences, Novosibirsk,
Russian Federation

b Center of New Medical Technologies, Novosibirsk, Russian Federation

¢ .M. Sechenov First Moscow State Medical University, Moscow, Russian Federation

4 Federal Research and Clinical Center for Specialized Types of Medical Care and Medical Technologies of the Federal Medical-
Biological Agency, Moscow, Russian Federation

¢ Siberian Federal Research Centre of Agro-BioTechnologies of the Russian Academy of Sciences, Novosibirsk Region, Novosibirsk
District, Krasnoobsk, Russian Federation

/ Novosibirsk State University, Novosibirsk, Russian Federation

Abstract. Control of zoonotic infections common in animals and humans profoundly contributes to maintaining public
health. The source of pathogens for humans is primarily presented by those animals with which they frequently come
into contact during agricultural work, hunting, and gathering mushrooms or wild berries as well as in domestic settings
(dogs, cats, other domestic animals, rodents). The study was conducted by the Center of New Medical Technologies,
Novosibirsk, and involved 111 healthy volunteers. The specific immune response against the following zoonoses was
analyzed: toxocariasis, toxoplasmosis, brucellosis, listeriosis, leptospirosis, and opisthorchiasis, based on specific IgG
antibodies. Specific parasitic immune response was compared with the clinical data of the participants and blood IgE
levels. Thirty-nine (35%) out of 111 participants had anti-parasitic IgG antibodies against the following zoonoses:
leptospirosis, listeriosis, toxocariasis, toxoplasmosis, and opisthorchiasis. Among these 39 participants, 11 had antibodies
specific to two or more zoonoses comprising 10% of the cohort. The IgE vs IgG level in the presence of any zoonosis
significantly differed (p = 0.0001). Forty-seven participants had normal IgE levels, of whom 8 (17%) had IgG antibodies
specific to one of the studied zoonoses. Sixty-four participants had elevated IgE levels, of whom 31 (48%) had IgG
antibodies specific to one or more zoonoses, p = 0.001. The IgE level may be a predictor of the zoonoses in apparently
healthy individuals at IgE level > 0.226 U (area under the curve 0.73 [0.62—0.83], p = 0.0001; sensitivity 76%, specificity
62%). The identified diagnostic criteria for screening zoonoses can accelerate the differential diagnosis for conditions
associated with non-specific complaints. Prospective randomized studies are needed to identify early pathology-related
diagnostic criteria.

Key words: zoonoses, serum specific immunoglobulin G, total immunoglobulin E, allergic history, parasitic invasion, human-animal bond.

BeepneHue

Jlvkast mpupoma, JIOOU U UX JOMAaITHUE KUBOT-
HBIC, a TaKXKe OKpyKarolasi cpea Hepa3pbhIBHO CBSI-
3aHBI MEXK Ty COOO0I1, TOCKOJIBKY OHHM UTPAIOT pa3Iind-
HYIO POJIb B Ilepenade MHOEKITMOHHBIX 3a00JICBaHUIA.
3HAYNTEILHBIN BKJIaI B TIOAIEPKaHNE OOIICCTBECH-
HOTO 3I0POBbSI BHOCUT KOHTPOJIb Hall 300aHTPOIIO-
HO3HBIMU MHOEKIMSIMI — 3a00JIeBAaHUSIMHI OOIIN-
MM JJISI XKUBOTHBIX U UeJioBeKa [2, 27]. BoJbIIMHCTBO
MHOEKIITMOHHBIX 3a00JIeBaHN, TIOPAKAIOIINX YeJIO-
BeKa, UMCIOT KMBOTHOE MPOUCXOXIeHNE. B mokia-
ne «Asmarcko-TuxookeaHcKasi cTparerusi 0opbObI
¢ BosHuKaromumMu oconesuamu 2010 r.» cooOiaeTcsd
0 TOM, 4TO Gojiee 60% HOBBIX MHGEKLIMI YeIoBeKa
MMEIOT 300HO3HYI0 pupony [37].

B wuccnemoBaHmm Takmx WHMEKIU KpaiiHe
BaXeH MEXIUCHUIIIMHAPHBIN ITOAXOHN W TeCHas
KOoIlepalis MeXIy BpadyaMU pa3IMIHBIX CIICIH-

aJbHOCTE, BeTepuHapaMu, yYeHBIMU-3KOJIOTaMH,
CheuuaJiucCTaMU OOIIECTBEHHOTO 3IPaBOOXpaHe-
HUS, 9KCTIEPpTaMU TI0 TUKOU MPUPOJIe © MHOTUMU
npyrumu [27, 33]. U3BecTtHO okoJsio 200 3abose-
BaHUU 300aHTPOTIOHO3HOW MPUPOABI, CPEIU HUX
HauboJiee PacnpOCTPAHEHHBIMU SBJISIIOTCS TOK-
coIIa3Mo3, opylesnies, JeNTOCOUPOo3, JUCTEPUO3,
TOKCOKapO03, pa3JIMUHbIE TeOTeJIbMUHTHI U IPyTHE.
HMcTouHrkoM Bo30ynuTene njisl 4yejaoBeKa SBJIISI-
IOTCSI TIPEXJIE BCETO T€ XXMBOTHBIE, C KOTOPHIMU
OH YaCTO COMPUKACAETCS BO BPeMS CEIbCKOXO35 M-
CTBEHHBIX pabOT, Ha OXOTE, BO BpeMs cOopa rpuboB
WJIU SITOJ, B JIECY, a TaK>KE B OBITY (COOAKM, KOIIKH,
JIpyTrye TOMallHUe XXUBOTHBIE, TPBI3YHBI) [27, 29].
CuMNOTOMBI OOJIBIIMHCTBA 300aHTPOIIOHO30B
Hecnenu@UuUHbl U MPOTEKAOT TMOJ MAacKoil pas-
JIMIHBIX TTAaTOJOTU I, BKTIOYAIOIINX OPOHXOJIeTOU-
Hble, TAaCTPOMHTECTUHAJIbHBIC, pPEBMAaTOUIHBIE,
HEBPOJIOTUYECKHME U NHbIEe 3a00JIeBAaHU .
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O6wwii IgE — npeanKTop 300aHTPOMNOHO30B

Cpenu HauboJiee 4acTO BCTpPEYalOLIUXCS KJIU-
HUMKO-JIa0OpaTOPHBIX MoOKa3aTejJeli MOXHO OT-
METUTh JHUXOPAaAKy, CHUHIPOM WHTOKCHKAIIUMU,
KOXHBIC TIPOSIBJICHUSI, oTeK KBHHKE, IIpU3HAKU
MopaxkeH!sl pecupaTopHOro TpakTa, MTUCITETICHU-
yecKui, abgoMUHaIbHbII, OOJEBOI, acTeHOBEre-
TATUBHBIM CUHAPOMBI, 303MHOMDUINIO, JCHKOIIH-
TO3, aHeMuiIo [2, 21, 29, 36].

B pyTWHHOI KJIWHWYECKON ITPAKTUKE BBISIB-
JIeHre JaHHBbIX MH(MEKI U 3aTpyaHEHO U TpebdyeT
KJIMHUYECKOTO MBIIIJIEHUS, MOCKOJIbKY WH(MEK-
M 3a9aCTYI0 IPOTEKACT B JIATCHTHOM MJIN XPOHU-
yeckoil (popMe M TMarHOCTMKAa, a TaKKe JieUeHHUe
KJIMHUYECKUX TPOSBICHUN MOXET UATU MO JIOXK-
Homy niyTH [5, 8, 10, 18, 24].

MIMeHHO 3TO U MOCIYXMJIO EJIbI0 HAIlleTo MC-
cienoBaHus. JlaTeHTHOMY TeYeHUIO WHMEKIIUi
CIIOCOOCTBYIOT OECKOHTPOJIbHOE TNpPUMEHEHUE
aHTHOaKTepHUaJbHOI Tepanuu, UMMYyHOOC(HUIINT-
HBIC COCTOSIHUSI, UTO BeJeT K YCTOMIYNMBOCTH HEKO-
TOPBbIX (GOpM MHGPEKIITMOHHBIX areHTOB. JIaTeHTHOE
U XPpOHUUYECKOEe TEYEHUE MOXET NPUBOIUTH K I1O-
JIMOPraHHOM HETOCTATOYHOCTH, HEBBIHAIIIMBAHUIO
OepeMEeHHOCTHU, IJUTEIBbHO CYIIECTBYIOIIEH Cy-
CTaBHOI 00JIM, KOTOPbIE MHTEPIPETUPYIOTCS O M-
6ouHoO [5, 8, 14, 26].

Ilpu annepruyeckux M mnapasmTapHbIX 3a00Je-
BaHUSX CYIIECTBYET OOIINIT UMMYHHBII MEXaHU3M
rnmaTtoreHe3a, BKJIIOYAIOIIWI ydyacTue Hecreuubu-
yeckoro uMmMmyHornooynauHa kiuacca E (oIgE). olgE
KaK MapKep aJUIepruuecKux 3a00JeBaHU U Mapa-
3UTApPHBIX MHBA3UI, MHIYIUPYCST aKTUBALIUIO TyU-
HBIX KJIETOK Yepe3 cBsi3biBaHue olgE ¢ ero BeIcOKO-
adppuHHBIM penentopomM FceR1 Ha moBepxHOCTHU
TyuyHbIX KjeTok. Ilocne cBszbiBaHusi olgE Tyu-
HbIE KJETKU BBICBOOOXIAIOT TUCTAMHWH, IpOTea-
3y TYYHBIX KJICTOK, MPOTEOIIMKAHBI, IIUTOKNHBI
M XEMOKMHBI, 3aIlycKasl KacKad MaTOJOTMYeCcKMUX
peaknuit 1 popMuUpPysl JIOKaJTbHOE WU CUCTEMHOE
BocnajeHwue [1, 3, 11, 12, 19, 20, 32].

B nuteparype MMeroTcs OTAebHBIE ITyOJIMKa-
MU, yKasbiBarliue Ha ydyactue olgE B maToreHe-
3¢ mapasuTapHoro BocnajeHus [22]. Ho mHorue
aCIIeKTHI, OllEHUWBaloOmIne 3HAUYMMOCTh OIgE mpm
MVArHOCTUKE ITapa3uTapHbIX MWHBa3Uil, OCTAIOTCS
OTKPBITBIMU, UYTO U ONPEACIUIO 1IeJb HACTOSIIETO
HNCCIeIOBaHMS.

Llesp MccenoBaHUsS COCTOSIIa B BBISIBICHUU
B3aMMOCBSI3U CITEIIM(PUIECKOT0 MMMYHHOTO OT-
BeTa K 300aHTPOMOHO3HBIM MH(PEKIIMSIM C OOLIUM
YypOBHEM UMMYHoT00y1nHa E y 3m0poBbIX 100pO-
BOJIbLIEB HA TeppuTOpuU HoBOCHOUPCKOW 00TaCTH.

Marepuanbsl n MeTopl

Hacrosiiee wuccienoBaHue ObLJIO IIpoBeae-
HO Ha 0aze MHcTuTyTa XMMMUYECKOU OHOJIOTUU
u ¢ynmnamentanpHoit mMenuuuHel CO PAH co-
BMecTHO ¢ OOO «lleHTp mepcoHaJIu3upOBaHHOM’

menuuuHb (. HoBocubupcek), rae ocyecTBIsII-
cs1 Habop manueHToB. MccienoBaHue ObIIO 0100-
PEeHO JIOKaJbHBIM 3TUYECKUM KoMutetom LITTM
(mpotokoa JIDK Ne 5 or 22.03.2023 r., Ilpuka3s
o HavaJie ucciemoBanus Ne 231 ot 01.06.2023 r.).
IMpoTokon wuccaeqoBaHUSI COOTBETCTBOBAJ ITU-
YeCKUM TIPpUHIMIIAM XeJTbCUHCKOUN IeKJaparuun
1975 1. ABTOpHI cleaoBaai KOHTPOJIBHOMY CIIUCKY
STROBE Checklist.

MeTonom ciydyailHOI BBIOOPKU ObLIU 0OCIeI0Ba-
HbI 111 4esloBeK M3 YUCja 3J0POBBLIX TOOPOBOJILIIEB,
ooparuBmnxcss B OO0 «LIITM». KputepussmMu BKITIO-
YEHUS SIBJISIJIOCh HAJIMYKME MUChbMEHHOTO MHMOPMU-
pOBaHHOrO corjacusi naiueHTta. B wuccienoBaHue
HE BKJIIOYAJIMCh JINIIA C HAJTMYMEM OCTPOro MH(DEK-
IIMOHHOTO 3a00JIeBaHUsI, a TaKXKe JIMIa, He TTOMITH-
caBiue nHpopMmupoBaHHoe cornacue (UC).

Hanuuue cnennduyecknux MMMYHOTJIOOYIU-
HOB KJjacca G K BO30OYIMTEISIM 300aHTPOTIOHO3-
HbIX UHGMEKIUU onpenesiiu MeToa0M TBepaodas-
HOTO MMMYHO(EpMEHTHOTO aHajlu3a C MCMOJb-
30BaHUEM CJIEAYIONINX TecT-cucTeM: Tokcokapa-
IgG-NUDPA-BECT; Onucropx — IgG-UDA-BECT;
Bpyuenna-IgG-UOA-BECT (Bce mnpousBoiacTBa
«BekTop-bect»); BektoTokco-IgG; Jluctepu O —
IgG (mpousBoncTBa «lamapr-JAMarHOCTUKYM»);
KS-031 Jlentoctupo3-UDA-IgG (mpousBoacTBa
00O «AHapomen»).

OnpeneneHue o0IIEro UMMYHOIIOOYJIMHA KJ1ac-
ca E (olIgE) B ceiBOpOTKE KPOBU NPOBOIUIU C UC-
MOJb30BAaHUEM JTUATHOCTUYECKON TECT-CUCTEMBbI
«IgE o6mmit UDPA-Bect» («BekTop-bect»). Bee nc-
CJIEIOBAHMST TIPOBOJAMJIM COTJIACHO TIpUJIaraeMbiM
K HabopaM MHCTPYKIIUSIM TPOU3BOIUTES.

B pabGore wucnonb3oBanu cienympoilee 000-
pyAoBaHUE: TepMOCTaTUpyeMbIii 1ielikep Stat
Fax 2200, aBTOMaTU3UpPOBAHHBIN TJIAHIIETHBIN
npombiBateb «[Ipomaan». ONTUYECKYIO IJIOT-
HocTh (OIT) u3Mepsinu B IBYXBOJHOBOM pEXUMeE
450 u 630 M Ha cnekTpodoTomerpe «[IuKOH».
HyneBoii ypoBeHb («01aHK») 3aJaBaJid MO BO3IYXY.
PaccuuteiBanu Ollkpur. o popmye:

Ollkput. = OITK—(cp.) + 0,2,

rae OITK—(cp.) — cpennee 3HaueHue OIl (OITK—)
no AByM JIyHKaM, a 0,2 — oOILIenpuHSTHIA dMITH-
punueckuii KoapduiumeHrt. [1pu 3nragenun OIT nyH-
KU 0osbiine OITKpuUT, pe3yabrar CUUTaAIN MOJOXKHU-
TeabHbIM. [loBbIlIEeHHBIM YpoBeHb OIgE cuuTanu
npu 3HayeHue 6osee 0,22 OIT.

s ToNyYeHUsT CBIBOPOTKHU TiepHudepuyec-
KYy10 KpoBb (B 00beMe 5 MJ1) 3a0upajii B COOTBET-
CTBYIOIIIME BaKyTeiHEpHl (IPpOOMPKU C aKTUBa-
TOPOM CBEPTHIBAHUS U PaA3ICIUTCIBHBIM TelIeM).
IIpoOupku WMHKYOMpOBaJIU TIpU TeMmeparype
37°C B TeyeHue 2 4. JIJIg JIyYIIEeTo BhIACICHUS ChI-
BOPOTKU OOpa3oBaBIIUICS CTYCTOK ¢UOpUHA OT-
JEeNSIIN OT CTEHOK MPOOUPOK CTEKJISTHHOM MmaJiou-
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Koit. [oTOBy10 CBIBOPOTKY cOOMpaiu W XpaHUJIU
10 UCMHOJb30BaHUS TPU TEMIIEepaType He MeHee
—18°C.

YV Bcex peKpyTUPOBAHHBIX B UCCIEAOBAHUE JIULL
aHAJIM3UPOBAIU CJIEAYIOIIUE XapaKTEPUCTUKU:
MoJI, BO3pacT, MECTO IPOXKHBaHUS, Npodeccuo-
HaJibHbIE BPEIHOCTU, aJJepruyeckuii aHaMHe3,
XpOHUYECKHE 3a00JieBaHUSI, BTOPUYHBIE HUMMY-
HomedUIIUTHl B aHaMHeE3e, B TOM YMCJIE CBSI3aH-
HbIE C OITyXOJIEBBIM MPOILIECCOM, OIlepaluu, rep-
necBupycHbole nHpexuuu, BUY, ayroumMyHHBbIe
3a00eBaHM S, a TaKxXe 3abojeBaHUS ria3 (yBeu-
Thl, KEPATUTHI), B TOM YMCJIE OINEepalluy Ha riaa3ax
C NJUTENbHBIM pPeadUJIMTALIMOHHBIM TI€PUOIOM,
NPUBBIYHOE HEBBIHAIIIMBAaHWE OepeMEeHHOCTH (ca-
MOITPOU3BOJIbHBIE a00PThI), YACTOTY MCITOJIb30Ba-
HUSI aHTUOAKTEepUaIbHOW Tepanuu 3a MOCAeTHUN
rol, TocJenHUil mpuemM aHTUOMOTUKOB. Hapsay
C OTUM aHaJU3UPOBaAJU y3KOcIeluuduyeckre
NaHHbIE, XapaKTEepHble [ 300aHTPOINOHO30B:
ynoTtpebaeHue peuyHoil pbIObl (pblOanaka, 3aroToB-
Ka), CyIIIH, TOTOBBIX MPOAYKTOB M3 CBEXeil PHIOBI
(pbIOHBIE MONyaOpuKaThl, BsJieHasi pbiba/pbida
K TIMBY; HaJIMYME JOMAITHUX XMUBOTHBIX (KOIIKU,/
cobakm), TocaeaHee oOcaeIOoBaHUE >XUBOTHBIX
Ha BBISIBJIEHUE TOKCOKap, TOKCOILJIa3M; YIOTpe-
OJieHUe B MUY Ha PEryJasipHO OCHOBE MOJOYHBIX
NPOAYKTOB JOMAITHEro MPOUCXOXIEHUS (ChIPHI,
cMeTaHa, KHUCJIOMOJIOUHbIE TPOAYKThI); HaJIU4YWE
JIOMAalIllHEro CKOTa; HaJu4yue AaYyHbIX YYacTKOB
U YIIOTpeOIeHUE «ypoxKas C TPSIIKU».

CraTtuctuueckasi oopadoTKa JaHHbBIX Obla TPO-
BegeHa B nmporpamme SPSS 26.0.0.0 (IBM, CIIIA).
KonnuecTBeHHbIE TaHHbIE MPENCTaBJACHbI B BUJE
meauaHbl (Me) u 25—75 mpoueHtunei [25; 75],
KaTeropuajibHble — B BHUJIE aOCOJIOTHOIO KOJIU-
yectBa (n) u gonu (%). HopmanbHOCTh pacrpene-
JIEHUsI BEJMYMH MPOBEPSIIM MPU MOMOIIM TecTa
KonmoropoBa—CMupHoOBa. KoppeasgiunoHHbI i
aHaJIU3 MPOBEIEH C MCMOJb30BaHUEM KPUTEPUS
Cnupmena — rho. HanpasieHnue (rmpsimasi uiau o6-
paTHasi) U CUy KOPPEJSILIMOHHOI CBSI3U OIpeacisi-

Jiv o BennuuuHe KoaddunreHta. [pu rho > 0, cBs3b
OLIECHMBAJM KaK MpsMyto, ipu rho < 0 — kak odpar-
Hy1o. Cuny cBsi3u oueHuBaau: tho < 0,3 — oudeHb
cnabas; 0,3—0,5 — cnabag; 0,5—0,7 — cpenHsas;
> 0,7 — cunbHag. Onpenessijii OTHOLIEHUE IIaHCOB
(O1ll), paccuuthiBanu 95% HOOBEpUTEIbHBINA WH-
TepBaa (JIM) u craTucTUYeCKyO0 3HAYUMMOCTh AJIsI
CpaBHEHMU S ABYX I'PYIIT OMHAPHBIX JTaHHBIX C LIEbIO
BBISIBJICHUSI TECHOTBI CBSI3U <«UCXOAa» C IIPUCYT-
CTBUEM UJIU OTCYTCTBUEM OIpeAeIeHHOTO (haKkTopa
(ypoBHs olgE HOpManabHOIO MM MOBBILIEHHOTO).
3a «ucxon» OBbLJIO MPUHSATO HAJMUYUE MMMYHHOTO
OTBETa Ha OIMH M3 300aHTPOINOHO30B, TUATHOCTU-
pOBaHHOIO IO YpoBHIO cneuudpuueckux IgG x on-
HOMY M3 IIECTU UCCIIeyeMbIX 3a00JIeBaHU .
JoCTOBEpHOCTh Pa3JMUYMil BEJIUYUH IS IBYX
HE3aBUCUMBIX TPy MNPOBOAUIU C IOMOIIBIO
Kkputepuss MaHHa—YutHu. ns Karteropuasb-
HBIX MPU3HAKOB (B IBYX HE3aBUCHMBIX I'pYIIIax)
MPUMEHSIJIN KPUTEPUil ¥’ C TOINPaBKOM Herca,
TOUHBIM Kputepuii Pumepa (eciu KOJUIECTBO
ONHOUW MJIM HECKOJbKUX siueeK B Tabyulie MEHb-
me 5). AucKpuMUHAlLIMOHHAsI CIIOCOOHOCTh U A0-
CTOBEPHOCTb MPOTHOCTUYECKUX BO3MOXHOCTEMH
¢daKkTOpOB B OMNpeneIeHU N BEPOSITHOCTU HAJIUYU S
300aHTPOIIOHO3a, a TaKXe TOYKA OTCEUYEeHUSs, YyB-
CTBUTEJBHOCTh U CHEUUGUYHOCTh IJI KaxkIo-
ro ¢gakrtopa oueHeHbl ¢ nmoMolbio ROC-ananusa
(Receiver Operating Characteristic). [Ipu npoBepke
CTaTUCTUYECKUX TMMOTE3 HaJTU4YUe CTaTUCTUYEC-
KOl 3HAUMMOCTH ycTaHaBauBaau rpu p < 0,05.

PesynbraThl

O6cnenoBano 111 370pOBBIX HOOPOBOJIBIIEB,
Y KOTOPBIX BEISIBJCHBI pa3HbIe YPOBHM aHTHIIapa-
sutapHBIX 1gG mpu HOpMAJIbHOM WMJIA TOBBIIICH-
HOM ypoBHe olgE (ta6i. 1).

VYpoBensb olgE npu Hanuuuu a1000ro U3 uccie-
NYEMbIX 300aHTPOMNOHO30B 3HAYMMO OTIMYAJICS
OT PECHOHIEHTOB, HE MMEIOIINX CHeHU(PUISCKUX
IgG (puc. 1, Tadmn. 2).

Ta6auua 1. YpoeeHb cneunduyeckux IgG npu HopMmasnbHOM UK NOBbILLEHHOM ypoBHe olgE, n = 111
Table 1. Specific IgG level related to normal or elevated IgE levels, n = 111

YpoBeHb IgG olgE (< 0,22) olgE (< 0,22) olgE (> 0,22) olgE (> 0,22)

IgG level n=47 n =47 min/max n=64 n = 64 min/max P
Leptospira 0,072[0,056-0,098] 0,036/0,251 0,119[0,079-0,171] 0,020/0,800 0,0001
Listeria 0,109 [0,077-0,166] 0,032/0,295 0,143 [0,095-0,204] 0,051/0,435 0,079
Toxocara 0,099 [0,076-0,122] 0,030/0,201 0,121 [0,103-0,163] 0,048/0,324 0,0001
Toxoplasma 0,077 [0,057-0,095] 0,030/0,315 0,103 [0,080-0,147] 0,042/0,357 0,0001
Brucella 0,048 [0,041-0,058] 0,027/0,119 0,076 [0,058-0,102] 0,023/0,194 0,0001
Opisthorchis 0,059 [0,042-0,074] 0,022/0,136 0,096 [0,069-0,139] 0,043/0,229 0,0001
Z’;’:pa“’ ner 34 [24-47) 39 [26,3-50,8] 0,199

Mpumeyanue. [laHHble NpeLCTaBNEHb B BULE MeAMaHbl [25-75-1 NpoLeHTUIN] nnv aBCONMOTHBIX 3HAYEHWIA (MPOLLEHTHI), P MEXAY rpynnaMu
paccyMTaHo MeTofomM MaHHa-YUTHY namn y2 1 To4Horo kputepus Puiiepa, B 3aBUCUMOCTY OT TUNA JAHHBIX.

Note. Data are presented as median [25th-75th percentiles] or absolute values (percentages), p between groups calculated by Mann-Whitney method

or x>and Fisher exact test, depending on data type.
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PucyHok 1. YpoBeHb 0lgE B 3aBUCMMOCTU

OT Hanuuus N6oro U3 UccniepyemMbix
300aHTPOMNOHO30B

Figure 1. olgE level related to zooanthroponoses
Mpumeuanue. XuvpHas nMHMs — MeamaHa, 60kcbl —
25-75 kBapTnnu, ycbl — 95% [OBEPUTENbHBIV MHTEPBAT,
KPY>OK 1 3B€3/[104Ka — BbINa[aloLLVe 3HAYeH s ; cepast
nnHus — pedepeHcHbIn yposeHb OlgE 0,220; ctaTnctuydecku
3HauMmMoe oTanyme mexay rpynnamu p = 0,0001.

Note. Thick line — median, boxes — 25-75 quartiles,
whiskers — 95% confidence interval, circle and asterisk —
outliers; gray line — olgE reference level 0.220; statistical
differences between certificates p = 0.0001.

W3 47 ob6cnenoBaHHBIX ¢ HOpMaJdbHBIM YPOBHEM
olgE y 8 (17%) BeIsiBneHbI IgG K omHOMY U3 UCCIIE-
JIYEMBIX 300aHTPOITOHO30B, a U3 64 00cIeqOBaH-
HBIX C TTOBBILIIEHHBIM ypoBHeM oIgE — IgG x ogHO-
MY MJIM HEeCKOJIBKUM (2 11 60Jiee) 300aHTPOIMOHO3aM
BbIsIBJIeHBI Y 31 (48%) uenoseka (puc. 2).

W3 111 obenenyembix y 39 (35%) 4enoBeK BbI-
aBiaeHbl crienupuuyeckue IgG K caeayoumm 300-
Ho3aM: Leptospira, Listeria, Toxocara, Toxoplasma,
Opisthorchis. I3 atux 39 o6cnenyeMbix 11 yemoBek
(28%) uMenu aHTUTEIA K IBYM U 00Jiee 300aHTPO-
MMOHO3aM, 4TO cocTaBuyio 10% oOT 06IIeil KOropThl
obcnenyembix (111 genmoBek). K Brucella nuarno-
CTUYECKM 3HAYMMOI'O TUTpPA Iapa3suTapHbIX aHTU-
TeJl B JaHHOU BBIOOPKE HEe OOHapyskeHo (Tab. 3).

YpoBeHb olgE mpsmMo yMepeHHO KOoppeaupyeT
¢ IgG x Leptospira (po = 0,549, p = 0,0001, n = 12);
Listeria (po = 0,283, p = 0,003, n = 20); Toxocara

40
30
20

KonuyecTtso yenosek/Number of persons

Hopma/normal BbILLIE HOPMbI/elevated
IgE rpynna/IgE group

Jio60¥i 300aHTPOMNOHO3/ANY Z00ANtropoNoSsIs

B Her/no [] mayyes

PucyHok 2. PacnpepgeneHne pecnoHaeHTOB

no ypogHio olgE Hopma (< 0,22) u BbiLLe HOPMbI
(>0,22) B 3aBUCUMOCTM OT HaNU4Us N0OOro
13 uccnepyeMbix 300aHTPONOHO30B, p = 0,001
Figure 2. Normal (< 0.22) and elevated (> 0.22)
olgE level distribution of respondents related

to zooanthroponoses, p = 0.001

(po = 0,388, p = 0,0001, n = 9); Toxoplasma (po =
0,387, p = 0,0001, n = 9); 11060i1 U3 TIepeYUCICH-
HBIX UHpeKkui (po = 0,372, p = 0,0001); HECKOJIb-
KUM UHGEKLUSAM onHOBpeMeHHO (po = 0,378, p =
0,0001).

Pacnipenenenue cneuuduueckux IgG cpeam pe-
CIIOHIEHTOB C HOPMaJIbHBIM U TTOBbIIIIEHHBIM OIgE
npeacTaBjieHO B Ta0J. 4. Y peCOHAEHTOB C MOBbI-
meHHbIM OIgE crielimpuyeckue aHTUTE A BCTpeya-
JIMCh 3HAYMMO Yallle, YeM IpU HOpMaJIbHOM YPOBHE
olgE. /IBa u 0Oojee 300aHTPOMNOHO3a BBISIBJICHBI
TOJIBKO Y PECIIOH/ICHTOB C MOBBIIIEHHBIM YPOBHEM
olgE.

XapakTepucTUuKa  PECIOHJIEHTOB  pPa3HOTO
Bo3pacTa, B 3aBUcCMMOCTU OT OIgE BwIle HOp-
MBI M aHaAaMHECTUYECKMX JaHHBIX MpeacTaBlieHa
B TabJ. 5. 3HAUYMMBIX OTJUYUN Y PECIOHIACHTOB
npu noBbIlIeHHOM ypoBHe olgE mo moka3zarensim

Ta6nuua 2. YpoeeHb olgE npu Hanuuum unm otcytcTeum cneunduyeckux IgG, n = 111

Table 2. olgE level related to specific IgG anibodies, n = 111

19G (-), 19G (+), p
n=72 (65%) n = 39 (35%)

olgE 0,194 [0130-0,274] 0,342 [0.251-0,616] 0,0001

olgE (> 0,22), n (%) 33 (46) 31(79) 0,001

:;:pa“’ ner 37 [25-49] 36 [28-51] 0,568

Mpumeyanue. [laHHble NPeLCTaBNEHbI B BULE MEAMaHbI [25-75-1 TPOLEeHTUNN] 1 aBCONMIOTHBIX 3HAYEHWIA (MPOLLEHTLI), P MEXZY rpynnamu
paccyuTaHo MeTofomM MaHHa-YWUTHW nam ¥% 1 To4Horo kputepus Guiiepa, B 3aBUCUMOCTY OT TUNA JAHHBIX.

Note. Data are presented as median [25th-75th percentiles] or absolute values (percentages), p between groups calculated by Mann-Whitney method

or x>and Fisher exact test, depending on data type.
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Ta6nuua 3. KonuyectBeHHOEe pacnpeneneHue no Bugam 300H030B Cpeam UL, C NOJIOKUTESbHbIM
cneundunyecKum UMMYHHbIM 0TBETOM, N = 39 (%)

Table 3. Zoonosis-specific quantitative distribution among individuals with positive specificimmune response, n = 39 (%)

IgG +, n =39 (35%)
I9G p OJVH U3 300HO30B 2 n 6onee 300HO3a Yy OAHOIO PECMNOHAEHTA
one of the zoonoses 2 or more zoonoses per respondent
n=28 n=11

Leptospira 0,0001 5 7
Listeria 0,0001 13 7
Toxocara 0,0001 5 4
Toxoplasma 0,0001 3 6
Opisthorchis 0,014 2 2
Bcero

Total 28 26

54 cnyyasi nonoXxuTenbHOro cneunguyeckoro UMMyHHoro otseta y 39 yenosek
54 cases of positive specific immune response by 39 people

Ta6nuua 4. Pacnpepgenenue cneundpuyeckux IgG cpeam pecnoHgeHToOB ¢ HOPMasibHbIM UJN NOBbILLEHHbIM

olgE, n =111
Table 4. Specific IgG distribution among respondents with normal or elevated olgE, n = 111
P, Xu-kBappat nnmn
olgE (_<‘:)7,22) olgE (_>604,22) KpuTepuii Guwepa
n= n= P, Chi-square or Fisher’s test

JioGoii 300H03
Any zoonosis, n (%) 8(20,5) 31 (43) 0,001
Listeria, n (%) 4(10) 16 (22) 0,027
Leptospira, n (%) 2 (5) 10 (14) 0,069
Toxocara, n (%) 1(2,5) 8 (11) 0,076
Toxoplasma, n (%) 1(2,5) 8 (11) 0,076
Opisthorchis, n (%) 0 4 (6) 0,136
2 nGonee 300H03a
2 or more zoonoses, n (%) 0 11(28) 0,005

Ta6nuua 5. XapaktepucTuka pecrnoHAeHTOB pa3HOoro BO3pacTa B 3aBUCMMOCTHU OT OlgE BbiLie HOpMbI
(>0,22) u aHaMHeCTUYEeCKUX AaHHbIX, n = 111

Table 5. Age-related characteristics of respondents related to increased olgE level (> 0.22) and anamnestic data, n = 111

Bspocnblie Oetu (po 18 neT) P, Xu-ksappar unm
) Kkputepuit Puwwepa
Adults Children (up to 18 years old) P Chi-square or Fisher’s
n =98 (%) n=13 (%) IrsauRre
IgE (> 0,22), n (%) 47 (48) 5(38) 0,568
Hanuuve gOMaLLIHUX XMBOTHbIX 65 (66) 13 (100) 0,018
Pets
YnotpebGsieHune «ypoxas ¢ rpaaku» 70(71) 13(100) 0,038
Farm harvest
Ta6auua 6. CyctaBHble 601m npu pasHom ypoBHe olgE
Table 6. Joint pain related to olgE levels
olgE (< 0,22) olgE (> 0,22) P, Xu-kBapgpat unu kputepuii Puwwepa
n=47 n=64 P, Chi-square or Fisher’s test
Hanuuue cyctaBHbix 6oneit, n (%)
Joint pain, n (%) 8(20,5) 21(29) 0,049
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yHnoTpebIeHre pedyHOM pPhIObI, TPOIYKTOB U3 CBE-
XKel pbIOBI, peryasipHOe YIOTpeOIeHUe B IMUIILY MO-
JIOYHBIX MPOMAYKTOB JOMAIITHETO MPOUCXOXKICHUS,
HaJu4ue OOMAITHETO CKOTa B JTaHHOI BBIOOpKE
HaiineHo He ObUIO. BBISBICHBI OTIIMYMS MO Ha-
JIMYUIO JOMAIIHUX >KUBOTHBIX U YHOTPEOJICHUIO
«ypOXasi C TPSIAKU».

BrisiBieHa CBSI3b MEXXAY HaJIWMYUEM CYCTaBHBIX
0oJrei ¢ moBBINIIEHHBIM ypoBHeM OIgE (Tabur. 6).

ITo pesynbraram ROC-aHanu3a BbISIBICH
OPEeIUKTOp HaJIW4YMUS JI000ro 300aHTPOIOHO3a
o ypoBHo olgE: [Tiomane nox kpusoii 0,73 [0,62—
0,83], p = 0,0001; Touka orceyeHus olgE Gosee
0,226 OIl, 4yBCTBUTENBHOCTL 76%, crieuuduy-
HOCTb 62% (puc. 3).

YposeHb o611ero olgE MoxeT ObITh MPEAUKTO-
POM HaJTMYUSI:

— TOKCOIJIa3MO3a — ILIOLIalb ITIOA KPUBOM

0,75 10,58—0,92], p = 0,021; Touka OTCeYCHM S

olgE oGosee 0,249, uyyBCTBUTEIbHOCTL 88%,

cnetuduyHoOCTL 59%;

— JleIToCOMpo3a — IIJOLIaAb IIOI KPUBOIA

0,84 [0,70—0,97], p = 0,0001; Touka oTceue-

Hug olgE 6onee 0,284, yyBCcTBUTENBHOCTD 91%,

cnetuduaHocTsb 74%);

— TOKCOKapo3za — IIJollaab IIOA KPUBO

0,72 [0,53—0,92], p = 0,026; Touka OTCEUYECHMUSI

olgE oGoisee 0,239, uyyBCTBUTEIBHOCTH 89%,

cnetuduaHOCTL 57%);

— OIMCTOpXO3a — IUIOLIaAb IIOA KPUBOM

0,88 [0,79—0,97], p = 0,010; Touka oTceYeHM S

olgE 6Gonee 0,307, uyBctBUTENbHOCTH 100%,

cnenuduyHoOCThb 76%);

— JIBYX pa3HbIX 300aHTPOIIOHO30B — ILJIOLIAb

noxa kpusoit 0,90 [0,80—0,99], p = 0,0001; Tou-

ka otceueHus olgE 6onee 0,249, yyBCcTBUTEb-

HocTtb 100%, crieumudHOCTh 61%.

O6cyxaeHne

Co BpeMEHEM CBSI3b YeJIOBeKa M SKUBOTHOTO 13-
MeHunack. K mpumepy, posib 1OMallHUX KWBOT-
HBIX M3MEHMJIach ¢ paboueil (oxpaHa XUJIMIIA,
JIOBJISI TPBI3YHOB-BpEOMTENCH) Ha COIMAJbHYIO
(ob6menue). JlomanrHe XUBOTHBIC, SIBJISSICH BaX-
HBIMU (DaKTOPOM (U3NYECKOTO U TCUXUIECKOTO
310POBbsI CBOUX BJIalleIblIeB, TaKXKe MOTYT ObITh
nepeHOCUYNKaMU 300HO3HBIX MHMekunii [27, 33].
Bricokmit puck mepegadyn 300HO3HBIX MWHMEKIINI
OT JOMAIITHUX XKWBOTHBIX YEJIOBEKY MOXET BO3-
HUKHYTh B cjlydyae HaJU4yUs y KMBOTHOTO MpU-
BBIUKM CIAaTh B TIOCTEJIM XO3sIMHA, MPU OOJIM3bI-
BaHUU XWBOTHBIMHU JIMIIA WJIA paH XO3sSWHa, IIPU
Ccollep>XKaHUM BK30TUYECKMX KMBOTHBIX B Kade-
CTBE AOMAIIHUX U MpPU KOHTakKTe ¢ mouBoil [37].
[TonyyeHHBIC B XOA¢ HAIEro MCCICAOBaHUS TaH-
HBIC COTJIACYIOTCS M C JAHHBIMU psIga IPYTUX aB-
TopoB. Tak, uccinenonarenu Cruz A.A., Cooper P.J.,
Figueiredo C.A. u coaBT. B cBOeil paboTe TaKxkKe
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PucyHok 3. MpepukTop Hanu4us niodoro
300aHTPONOHO3a — ypoBeHb olgE Gonee 0,226 OMN
Figure 3. olgE level > 0.226 OD as a zooanthroponosis
predictor

Mpumeyanwue. Mnowagab nog kpusoi 0,73 [0,62-0,83], p =
0,0001; 4yBCTBUTENBHOCTL 76%, CNeuMdUYHOCTL 62%.

Note. The area under curve 0.73 [0.62-0.83], p = 0.0001;
sensitivity 76%, specificity 62%.

YKa3bIBalOT Ha BaXXHOCTH BKJIIOUEHM S TTapasuTap-
HBIX aJIJIEPreHOB B IEPBOHAYAJIbHYIO TMATHOCTUKY
aJlJiIeprudyeckux 3adojieBaHu [7].

OCHOBHBIM Pe3yJIbTaTOM JaHHOI pabOTHI SIBJISI-
€TCSI OTIpeaeICHUE BePOSITHOCTU HAJTUUMS JTF000TO
300aHTPOIIOHO3a MO TOBBIIIEHHOMY YpOBHIO OIgE
oosee 0,22 OII.

H3sBecTHO, uTO OKOJMIO 60% Ciy4yaeB IMUILEBOW
aJUIepruM y B3pOCJbIX U JIeTeil couyeTaloTcs C pe-
CITUpaTOpHOIt anneprueii [4, 34], cuMIITOMaMu KO-
TOPOU SIBJISIIOTCS KallleJ b, OJBbINIKA, 3aTPyTHEHHOE
nbixaHue. MHOrourcaeHHbIe HayYHbIe UCCTIeI0Ba-
HUS yKa3bIBAIOT HA TO, YTO B OCHOBE 3TUX COCTOSI-
HUU JIeXUT HapylleHue GyHKIIMOHUPOBAHUS UM-
MYHHOI CHCTEeMBbI, KOTOpOE OIpEeHesIeTCsI TaKKe
o06pa3oM XU3HU U OKpPYKalollel cpeaoit, HemaJio-
BasXHYIO pOJIb B KOTOPBIX UTPAIOT 1 ITApa3UTO3HI |3,
9, 23, 32]. Ilo JaHHBIM JUTEPATYPbI, O0JEE 2 MIIPHI
YeJIOBEK BO BCEM MMpPE MHGUIIMPOBAHbBI KMUIIEU-
HBIMHY TTapa3suTaMM, a 5 MJIpA MPOXKMUBAIOT B palio-
HaX ¢ BBICOKMM PHUCKOM 3apakeH1 sl UHBa3UBHBIMU
Bo3oynutensamu [25]. HekoTopble mapa3uThl IBISI-
FOTCSI T€OTreJIbMUHTAMU, BBIIECIISIS SIiilla, KOTOpbIe
CTaHOBSTCS 3apa3HbIMU B mouBe [5, 8, 10, 14, 15, 18,
21, 24, 26, 28, 31].

MMMyHHBIE peaklivy, MpoTeKalollrue Mpu OT-
BeTe OpraHM3Ma Ha ITapa3uTapHYIO MHBA3HWIO U ajl-
Jiepruyeckue 3a0oJieBaHUSI, YaCTO HMEIOT CXOJd-
HYIO BHEIIHIOIO cuMmnrTomaTtuky [1, 3, 11, 19, 32].
B MHoOTOUYMCIIEHHBIX paboTax OMMUCaHbl aHAJIOTUY-
HbI€ CUMIITOMBI TP O0OMX BUOAX 3a00JIeBaHUIA.
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CxoncTtBO OOYCJIOBJEHO, TpPEeXAe BCEro, akTuBa-
el OMHUX U TeX XKe 3allIMTHBIX MEXaHU3MOB ITPH
KOHTaKTe C 4uyxKepoaHbiMU Oenkamu [1, 3, 11, 19,
32]. Peakiuu 1 UX TSXKECTb 3aBUCAT OT MHOXECTBa
dakTopoB. Croga MOXHO OTHECTU Tumnepepruyec-
KUe peaKluu, TaKue Kak cuHapom Jlepdaepa unu
903UHOGUIIbHAS TTHEBMOHMS, TpeOylolue Obl-
CTPOU M TapreTHOW Teparuu B BUAE CUCTEMHBIX
KOopTUKOCTepou10B. CHUMIITOMBI OCTPOTO ajljiep-
TMYECKOrO ajibBEOJIUTa HAIIOMWHAIOT CHUMIITOMBI
ocTpoit pecniupatopHoii nHpekuuu. K HUM oTHO-
CSITCSI OMIBIIIIKA, TOBBIIIIEHHAS TEMITepaTypa, 03HOO,
HeaoMoraHue, 00JiM B cycTaBax U Kaieab. Octpas
peaklivsi Ha Mapa3suTOB MOXET OBITh aHaJorMYyHa
OCTpOIl aNjepruyeckoil peakiiuu Ha WHTaJSIIM-
OHHBbIE MJM THUleBble ajiepreHbl [3, 32]. Takxke
B >KM3HEHHOM IIMKJIe HEKOTOPBIX Mapa3uTOB yda-
CTBYIOT JJMUYMHKU, KOTOPBIE UILYT YAOOHOE MECTO
IS pa3BUTUS B opraHusMe xo3suHa [10, 15, 28].
Murpanust JMIMHOK COITPOBOXK/IAETCS CUMITTOMA-
MU aJUIePTUH: TTAITyJIC3HBIMU, 3YISIITMMHU BBICHITIA-
HUSIMU, KPaITMBHUIIEH, peXe KOHBIOHKTUBUTOM,
CBHUCTSIIIVM JIBIXaHUEM, OABIIITKOI, MHOTIAa KPOBO-
xapkaHbeM [3, 7, 10, 15, 29]. Takum obpaszom, gua-
THOCTMKA Y AUATHO3 UMEIOT peliaroliee 3HauYeHUeE.

WNMMyHHBIN MEXaHU3M aJJIEPruIeCcKUX U mapa-
3UTApHBIX 3a00JIeBAaHU I BKJIIOUAET yyacTue oolle-
ro ummyHoraooyauHa kjacca E (oIgE). olgE nnnay-
UPYeT aKTUBAIIMIO TYYHBIX KJIETOK C MOCJIEIYIO-
IIIAM BBICBOOOXKIEHUEM Psijia TPOBOCITATIUTEIbHBIX
IIUTOKWHOB, 3aIlycKasi KacKaj ITaTOJOTrMYeCKMUX
peakuuii 1 popMupys JIOKaJIbHOE MU CUCTEMHOE
BocnaJjieHue [1, 3, 11, 12, 19, 20, 32].

Cnucok nutepatypsbl/References

Ha ceronHsmHuil n1eHb B JUTEpaType HeIo-
CTaTOYHO MyOJUKAIMil, Te U3MEPSJIMCh YPOBHU
olgE B chIBOpOTKE W TMPOBOAMJICSI aHAIU3 CBS3U
C CUCTEMHBIM BOCITaJICHWEM, BKJIIOUasl mapa3uTap-
HYIO UHBa3UIO, U €ro UCXOJaMU, XOTSI CTAHOBUTCS
Bce OoJjiee OYEBUAHBIM, YTO UMMYHOIIOOYyIuH E
urpaet 0oJiee LIMPOKYIO POJib, OXBAaThbIBasi MHOTHE
3200JIeBaHU .

OrpaHUYEeHUSIMU NAHHOTO MCCJEeNOBaHUS SIB-
JISIIOTCS  0O0CepBallMOHHBIN JU3aliH, OTCYTCTBUE
JIAaHHBIX B JTUHAMMKE, a TaKxXKe HeOOJIbIION 00beM
BBIOOpPKM.

Takum o06pa3oM, 3HAUMMOCTH 300aHTPOIIO-
HO30B B 00II€COMaTUYECKOUW MAaTOJOTUU B LIEJIOM
SIBJISIETCSl aKTyaJIbHOW HepelleHHOU MpobyeMoi,
OCOOEHHO YYUTBhIBasi pa3HOOOpa3ue W HecHelu-
(GUYHOCTh KJIMHUYECKOW KapTUHBI Mapa3uTO30B
U aJlJIepruYecKMX NposiBJIEHU I, 4acTOro Ha3Hayve-
HUSI aHTUOAKTepUaJbHOW Tepanmuu, CTEPOUTHBIX
TOPMOHOB AJI51 TIOJaBJEHU S aJIJIepruYeCKuX peak-
uuit. YpoeHb olgE MOXeT ObITh TPEAUKTOPOM Ha-
JIMYU ST 300aHTPOIIOHO3a Y YCJIOBHO 3J0POBBIX JUIL
npu yposHe olgE 6onee 0,226 OII.

BroisiBieHHBIE KPUTEPUUM THUATHOCTUYECKOIO
CKPUMHUWHIA 300aHTPOITIOHO30B MOIYT YCKOPUTh
nuddepeHIMalbHYI0 OUArHOCTUKY COCTOSIHUM,
CBSI3aHHBIX C HecneuubUUYeCKUMU KajJobaMu
U BO3MOXHBIMHU TMapa3uTo3amMu. KpymnHbie mpo-
CNEeKTUBHbBIE pAHIOMU3UPOBAHHbBIE UCCIENOBAHMU S
MOMOTYT BBISIBJEHUIO PAaHHUX JUArHOCTUYECKUX
KpUTEpUEB MATOJOTM MNpu HecneuubuIecKux
’Kajobax, ajajlepruyeckoM aHaMHe3e U HaJTuduu
300HO30B.
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CTPYKTYPUPOBAHHbIE ®AKTOPbI PUCKA
PACMPOCTPAHEHUA TYBEPKYJIE3A

B PETMOHAX C HU3KOW U BbICOKOM
NAOTHOCTbIO HACENNEHUA

3.M. 3arapin', A.B. 3yaun', H.B. Ko6ecos?, T.I1. Bacuabsena', A.C. I'anosan!, E.B. Bepounkas?

'"®@I'BHY Hayuonanvnoiiit HUH o6uwecmeennoco 300poevs umenu H.A. Cemawro, Mockea, Poccus

2I'BY3 PCO-Ananus Pecnybaukanckuil kaunuueckutl yenmp pmusuonyasmonosoeuu Munucmepcemea 3opasooxpanenus PCO-
Aananus, e. Bradukaexas, Pecnybauka Cesepnas Ocemus — Ananus, Poccus

T@IbOY BO Ilepsviii Cankm-Ilemepbypeckuii 2ocydapcmeeniblit MeOUYUHCKUL YHUBePCUMem UMeHU AKaA0eMuKka

HU.I1. [lagrosa M3 P®, Cankm-Ilemepbype, Poccus

Pesiome. B Poccuut Ha (hoHe MOBBIILIEHUS YPOBHSI XKM3HU HACEJICHUSI U YJIyULIEHUs SIMAeMUYECKON CUTyallu Beay-
LIMMU CTAHOBSITCSI COLIMAIbHO-AeMOrpacbuyecKre, MeANKO-OpraHu3allMOHHbIE, KIMMATUUECKIE 1 SKOJOTMYEeCKUE
(axTopsl prucka pacnpocTpaHeHus Tyoepkyiesa (TB), Takue Kak JIOTHOCTh HACEIEHUS, MHTEHCMBHOCTh COLIMAIIb-
HBIX KOHTAKTOB, JOCTYITHOCTh MEAMIIMHCKOM ITOMOILM, CE30HHbIE M3MEHEHUS KJIMMaTa, PobIeMbl 9KOJOIUHU, KO-
TOpBIE BIMSIOT Ha KAYeCTBO OOIIECTBEHHOTO 310POBhS. MeXIy TeM BBIPaXKeHHOCTh TeX MM MHBIX (PaKTOPOB PHCKa
3aboneBanus Th B pernonax Poccru B 3aBUCMMOCTY OT TIJIOTHOCTH HaceJeHUs He u3ydajach. Llenbio uccienoBanmst
SIBJISIOCH M3YUYEHME CTPYKTYPUPOBAHHBIX (PaKTOPOB PHCKa pacripocTpaHeHus Th B permoHax ¢ BEICOKOM M HU3KOM
IJIOTHOCTBIO HAaCceJIeHUsI, CHUXAIOIIMX Ka4eCTBO OOIIECTBEHHOTO 310pOBbsi. Mamepuanst u memods:. I1o MeTony uc-
CJIeIoBaHME COIMOJIOTMYECKOE, KJIACTePHO-KBOTHOE, C BHIOOPKOM, (DOPMUPYEMOIl pECTIOHICHTaAMM, U OYHBIM pa3-
JaTOYHBIM aHKeTupoBaHueM 2500 yenoBeK, u3 KoTopbix 1497 ob11u u3 Pecnybauku CeBepHast OceTuss — AnaHus
(PCO-Ananus) ¢ BBICOKOI TJIOTHOCTBIO HacedeHust, 1003 — u3 Pecnyonuku Kapenust ¢ HU3KOI MJIOTHOCTBIO Ha-
ceneHus. JJOCTOBEpHOCTh pa3IMumii OlleHMBaJach 3HaYeHMeM TOUYHOTo KpuTtepuss Duilepa ¢ UCIONb30BaHUEM Ta-
OMMIIBI COMPSIKEHHOCTU. Pe3yavmamet. B Peciyonmke Kapenus, mo cpaBHeHnto ¢ PCO-Ananus, HecMoTps Ha 6oJiee
BBICOKMIT BaJIOBBII permoHaNIbHBIN TPoayKT (527,8 ThIC. py0. TpoTuB 293,4 THIC. pyo., p < 0,000), conmmanbpHbIe U TIO-
BeseHYecKMe GaKTophl prcKa 3a6oaeBaHus Th ObLIM JOCTOBEPHO BhILIE: MEHbILIE PECIIOHAEHTOB C BHICIIUM 00pa30-
BaHueM (18,4% npotus 33,6%, p < 0,000), 6onblre passeneHHbIX (18,7% npoTus 26,9%, p < 0,022), 601bIIIe MPOKUBA-
IOLIMX B MHOTOKBAapTUPHBIX foMax (65,0% npotus 39,5%, p < 0,000), 6osiblie paboTaOLIKX [10 HAIMY, BHIITOJIHSIOLINX
Ce30HHbIE paboThI, 0€3pabdOTHBIX, IEHCUOHEPOB M0 BO3pacTy U MHBaaugHoctu (55,0% nporus 32,3%, p < 0,000),
0oJbIle YyOTpeOsIIomux ankoroib (67,4% npotus 34,3%, p < 0,000), «tsoxensix» Kypuabiiukos (20,8% mnpoTtus
7,2%, p < 0,000), 6osble MEIOIINX XpoHHUecKue 3aboneBanus (43,7% nportus 32,1%, p < 0,02); 6osbine TpodeM,
CBSI3aHHBIX C IOCTYITHOCTBIO K MEIUIIMHCKOM TTOMOIIM: MEHEee JOCTYIHBI MYHMIIUITIAJbHbIC TTOJUKINHUKNI (42,7%
npotus 85,6%, p < 0,000), yaiie oTMeUalOTCs yaaJleHHOE PACIoJoXeHe MeIUIIMHCKUX opraHnu3anuii (21,4% mnpo-
tuB 2,7%, p < 0,000), orcyTcTBUE TpaHCIOPTHOrO coobueHus (15,7% npotus 8,5%, p < 0,000), mioxue noporu (5,9%
npotuB 16,9%, p < 0,000) u HegocTaToK Bpaueii-crennaanucros (60,9% mporus 16,8%, p < 0,000). B PCO-Ananus
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PECIIOHIEHTHI Yallle UMEIU COLlMaIbHble KOHTaKThI ¢ 60oabHbIMU TH, yeM B Pecniy6nuke Kapenus (66,9% npoTtus
34,8%, p < 0,000). 3akarwuenue. OnipenensTIOIIMMU B pacipocTpaHeHn Th B permoHax ¢ BBICOKOM MIOTHOCTBIO Hace-
JICHUSI SIBJISTIOTCS SMTUAEMUOJIOrnYecKre (haKTOPhl PUCKa; B pETMOHAX ¢ HU3KOM IIJIOTHOCThIO HACeIEH U COXPaHSIeTCsT
AKTyaJbHOCTb COLIMAIbHBIX, TIOBEACHYECKUX (PaKTOPOB U JOCTYITHOCTh OKa3aHUs MEAMIIMHCKOI ITOMOIIIM, YTO He-
00X0AMMO YUYUTHIBATH ITPU pa3paboTkKe Mep 1Mo 3P (HEKTUBHOMY YIIPABICHUIO SMUAEMUYECKHUM ITPOLIECCOM.

Karouesnie caosa: mybepkynes, hakmoput pucka, HAOMHOCMb HACEACHUS, O0CMYNHOCMb MEOUYUHCKOU NOMOUU, 00UleCmMEeHHoe
300po8ve, 30pasooxpanerue.

STRUCTURED TB RISK FACTORS IN REGIONS WITH LOW AND HIGH POPULATION DENSITY
Zagdyn Z.M.?, Zudin A.B.?, Kobesov N.V.", Vasileva T.P.?, Galoyan A.S.?, Verbitskaya E.V.

@ N.A. Semashko National Research Institute of Public Health, Moscow, Russian Federation

¢ Republic Clinical Center of Phthisiopulmonology of Ministry of Health of the Republic of North Ossetia — Alania, Viadikakaz,

Republic of North Ossetia — Alania, Russian Federation
cI. Pavlov First St. Petersburg State Medical University, St. Petersburg, Russian Federation

Abstract. In Russia, socio-demographic, health care management, climatic and environmental TB risk factors such as
population density, intensity of social contacts, availability of medical care, seasonal climate changes, environmental
issues affecting quality of public health have been holding the leading place while a life standard elevates, and epidemic
situation becomes improved. However, the magnitude of specific population density-related TB risk factors in the Russian
regions has not been examined yet. The study aim was to assess structured TB risk factors in the Russian regions with
high and low population densities decreasing public health quality. Materials and methods. There was conducted a study
using sociological, cluster-quota approaches, with respondent-based sample and a face-to-face distribution questionnaire
provided by 2500 subjects, of which 1497 were from the North Ossetia-Alania Republic with a high population density,
1003 — from the Republic of Karelia with a low population density. A significance of differences was assessed by using
exact criterion Fisher using a contingency table. Results. In the Republic of Karelia, compared with North Ossetia-Alania
Republic, despite a higher gross regional product (527.8 thousand rubles vs 293.4 thousand rubles, p < 0.000), social and
behavioral TB risk factors were significantly elevated: fewer respondents with high education (18.4% vs 33.6%, p < 0.000),
higher divorced (18.7% vs 26.9%, p < 0.022), higher number of those living in apartment buildings (65.0% vs 39.5%, p <
0.000), more hired and seasonal workers, unemployed, pensioners due to age and disability (55.0% vs 32.3%, p < 0.000),
more alcohol abusers (67.4% vs 34.3%, p < 0.000), “heavy” smokers (20.8% vs 7.2%, p < 0.000), more subjects with chronic
diseases (43.7% vs 32.1%, p < 0.02); more issues related to accessibility to medical care: municipal policlinics are less
available (42.7% vs 85.6%, p < 0.000), the distant location of medical facilities (21.4% vs 2.7%, p < 0.000), lack of transport
links (15.7% vs 8.5%, p < 0.000), poor roads (5.9% vs 16.9%, p < 0.000) and few medical specialists (60.9% vs 16,8%, p <
0.000) are more often noted. In the North Ossetia-Alania Republic vs the Republic of Karelia, respondents had more
frequent social contact with TB patients (66.9% vs 34.8%, p < 0.000). Conclusion. The epidemiological TB factors in the
Russian regions with high population density hold a lead place; in regions with low population density, social, behavioral
and accessibility to medical care factors remain relevant, which should be taken into account while developing measures
for efficient management of epidemic process.

Key words: tuberculosis, risk factors, population density, medical care access, public health, health care.

BeepgeHue

Mcxonst u3 rj1aBHOrO IMPUHILIMIIA CUCTEMBbI 31pa-
BOOXpaHEHMsI O eAMHCTBE MPOMUJIAKTUKU U Jie-
yeHUsl OOJIe3HM, OCHOBOIIOJIOKHUKOM KOTOPOM
aBasiercsa H.A. Cemaluko, npu pa3paboTKe CUCTE-
MBbl MPOTHBOACHCTBUS PACIIPOCTPAHEHUIO OIpe-
JieJIeHHOTO 3a00JieBaHUSI HEOOXOAMMO YYUTHIBATh
ero ColMaJbHyI 3HAYMMOCTb JJisl OOIIECTBEHHO-
ro 3gopoBbsi (0O3) [2, 23, 24]. AKTyaabHOCTb U3-
yuyeHus1 pacripoctpaHeHus Tyoepkyse3a (Th) kak
coliajabHO 3HaUYMMoi nHdekuuu niast O3 He moj-
BepraeTcsi COMHEHMUIO: COIJIacHO IJI00aJIbHOMY OT-
yeTy BceMupHOIT opraHu3aliuy 31paBOOXPaHEHU S
(BO3) B 2021 r. B Mupe 0b1J10 BBIsIBICHO 10,6 MJTH
HoBbIX ciayudaeB Th, u3 koropeix 450000 unme-
JIM MHOXECTBEHHYIO JIEKAPCTBEHHYIO YCTONYU-

BocTh (MJIY) Bo3oynutensa, 703 000 — couetaHue
¢ BHUY-unHbpexkuueii; Takke 3aperdCTPUPOBAHO
1,6 muta ciiyyaeB cmeptu ot Th [31].

B Poccum 6opnba ¢ Th mucropmyeckm Besach
Ha ypoBHe rocynapctBa [12, 38]. Takas crparerus
COXpaHSETCSI W Ha COBPEMEHHOM 3Talle. COorjac-
Ho IloctanoBnenuto IlpaButenbctBa Poccuiickoii
Ddenepauuu (P®) or 2004 r., Th B cTpaHe Kaaccu-
dunupyercss KaK COLIMaJIbHO 3HAYUMOE U TIpe-
CTaBJISIONICE OMACHOCTh MJISI OKPYXKAaIOIIUX WH-
dekumonHoe 3aboneBaHue [18]. B mociennee ne-
CSITUJIETHE, HECMOTPSI Ha 3HAYUTEJIbHBIC TOCTUKE -
HUSI B NPOTUBOJAEUCTBUU pacnpocTpaHeHuio Th,
KoTopble Ob1IM oTMedeHbl BO3 BeiBomoMm Poccuu
M3 CIIUCKa CTPaH C BBICOKUM IJI00aJIbHBIM OpeMe-
HeMm 3a6oseBaHus B 2021 ., B P®D, kak 1 B 60J1b-
IIUHCTBE CTpaH MHUpa, HAOIIOIACTCS POCT CIy4JaeB
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Tb ¢ MJIY Bo30OyauTens u ero couetanust ¢ BUY-
nHpexkuueii [5, 17, 31]. YpoBeHb pacnipocTpaHeHUS
Th B cyobekTax PD HepaBHOMEPHHBII, YTO 3aBUCUT
OT COLIMAJbHO 3KOHOMMYECKHUX, JeMorpaduuec-
KX, KJIMMaToreorpauyecKnx 1 mpouymx 0CoOeH-
HOCTeil pernoHoB [13]. DTU peruoHaabHbIE OCO-
OEHHOCTH, SBJISIONINECS KIIOYESBBIMU (pakTOpaMu
pucka pacrpoctpaHeHuss Th, DoIXHBI nM3ydaTbCcs
Cc moclieayloueil pa3paboTKOW HOpMaTUBHO-TIpa-
BoBbIX akToB (HITA), HampaBiaeHHBbIX Ha 3¢ dek-
TUBHOE YIIPaBJICHUE 3MUICMUYCSCKIM IPOIIECCOM.

OcHoBHBIE (akTOpbl pucka 3abosieBaHust Th
KaK B OTEYECTBEHHOI, TaK 3apyOeXHOI JuTepa-
Type TipeactaBieHbl mupoko. BO3 omnpenenser
nsTh BeAylLIUX NpUUYMH 3a0oseBaHus Th Hacele-
HUS MUpa: IJa0xoe nutanue (Hemoenanwue), BUY-
nuHbekuus, caxapHblii auabetr (CI), Tabakoky-
peHHe M ynoTpeOJeHue aJIKOroJis, IMpUuHOocsIIee
Bpen 310poBblo [31]. Beimenstiorest coumaabHO-AE-
Mmorpaduueckue dhakTopsl pucka: Th yaie 3a60-
JIEBAIOT MYXYMHBI TPYJOCIOCOOHOrO BO3pacTa,
KpPOME TOro, ¢ MY>KCKMM TI0JIOM Yallle aCCOLunpPy-
JOTCsI HEGIaroNpUsTHBIE MCXObI 3a00J1eBaHMs [16,
30]. Takxe wucclieqoBaTeaM CBSI3bIBAIOT PUCK 3a-
ooneBaHus Thb ¢ ypoBHeMm obpa3zoBaHus: Th ualie
MOABEPXEHBI JIMlla ¢ HU3KUM YpOBHEM obOpa3oBa-
Hus [19]. [ToBeneHuyeckure hakKTOphl prcKa (hopMu-
PYIOT TabaKOKypeHHUE, KOTOPOe B CTpaHaX HU3KO-
r0 ¥ CpeIHEro 3KOHOMMWYECKOTO pa3BUTUS MMEET
CTPOTYIO accolMaluio C pPa3BUTUEM aKTHUBHOTO
Tb; ynorpebJieHUe aJlKOroJjsi, HApKOTUYECKUX Be-
mectB [34]. Hannuue mipoGieM ¢ TTpaBOBBIMU Op-
raHaMu (IpeObIBaHUE B MeCTaX JUILIEHU ST CBOOOIbI
(MJIC), 6e310MHOCTb, O€IHOCTh, MUTPALIMOHHbIE
MpPOIIeCChl, B TOM YHCJIe TPyAOBasi MUTpalus, Oe-
KEHIBI COCTABJISIIOT OCHOBY COIIMAJIbHO-3KOHO-
Muuyeckux paktopos pucka Th, ocobeHHo ¢ MJIY
Bosoynutens [3, 4, 8, 32]. 3aboneBaHusI, TPUBO-
ISIIue K CHUXXKCHUI0O UMMYHHOW peaKIIMU opra-
HU3Ma, TaKXe CocoO0CTBYIOT pa3sutuio Th: BUY-
uHpexkuus, CJ, xpoHuyeckue 3a00JieBaHUS Obl-
XaTEJbHOM, XKEJTYNOYHO-KUIIEYHOM CUCTEM, TIbI-
neBble 3a00JIeBaHUS JIETKUX, 00JIE3HU, CBSI3aHHbIE
C IIPUEeMOM KOPTUKOCTEPOUIOB, JTYICBOM Tepamu-
et mmip. [1, 14, 26, 27, 29, 36]. HanbGoJiiee BaxKHBIM
B pacnpoctpaHeHuu Th gaBasieTcss anmuaeMUuoJIoru-
YyecKoil (haKTop: KOHTAKT C OOJIbHBIM aKTUBHBIM
TyOepKyJIe3HBIM IIPOLIECCOM, TOe PUCK Pa3BUTUS
3a00JIeBaHUS 3aBUCUT OT YAaCTOTHI U JUIUTETBHO-
CTU TAKOIro KOHTaKTa M HaJU4YUs TePeUurCIeHHBIX
BhIlIIe (paKTOpOB pucka [21, 25]. Bo dtusunarpun
0Cc000 BBIICISIIOT TPYIITY MOpodecCuoOHaTbHBIX
TYOKOHTAKTOB, PUCK 3a00JIeBaHUST KOTOPBIX IMTPEU-
MYIIECTBEHHO 3aBUCUT OT CAHUTApPHO-3MUAEMUO-
JIOTUYECKUX MEp, peaJu3yeMbIX B MEIUIIMHCKOM
opranuzauuu (MO) [9, 20]. Mexnay TeM B Hayuy-
HOI TUTepaType MCCeJ0BaHU S, CBI3aHHBIC C U3-
yuyeHueM (aKTOpoB pucka pacrnpocTpaHeHus Th
Ha TEPPUTOPUSIX C pa3IMYHON IIJIOTHOCTHIO Hace-

JICHHWSI, BechMa OrpaHUYCHHBI. MBI HAIIJIM JHUIIb
OJHY 3apyO0eXHYI0 MyOJIMKAIUI0, KOCBEHHO OTpa-
KalIIylo CBsI3b pucka 3aboneBaHus Th xkxureneit
OT IJIOTHOCTU 3aCEJICHU S I BBICOTHI XK MJIBIX 3TaHU I
B ['onkoHre [33]. B oTeyecTBeHHOI INTEpaType MO~
JIOOHbBIe MyOauMKalM1M BOBCe OTCYTCTBYIOT. Ha co-
BpEMEHHOM 3Talle Ha (POHE MOBBILIEHUS YPOBHS
XKu3HU HaceneHus Poccuu pacrpoctpaneHue Th
BCce OOJbIIe 00yCIaBIMBAECTCS COIMAJIBLHO-IEMO-
rpaduyecKuMU, KJIMMATUYECKUMU U DKOJIOTUYEC-
KUMU OCOOEHHOCTSIMM, TaKMMHU KaK TIJIOTHOCTb
HaceJeHM s, Ce30HHbIe KojiebaHUs TeMIlepaTyphl,
BpeIHBIC BEIOPOCH B aTMOChEpYy.

B cBS3U ¢ 9TUM LIEbI0 HACTOSIIETO UCCIEI0-
BaHUS SIBJISJIOCHh U3YYEHUE CTPYKTYPUPOBAHHBIX
(dakTopoB pucka pacrnpoctpaHeHuss Th B peruno-
HaxX C pa3JIW4YHO# (BBICOKOW M HU3KOI) IJIOTHO-
CThIO HacCeJIeHUs, CHUKAIOIIMWX KayecTBO OOIle-
CTBEHHOTO  3J0pPOBbSI, OTPULIATEJbHO  BJIUSS
Ha 310poBbecOepekeHueE.

Matepuanbl n MeToapl

ITo MeTomy TpoBeaeHUS MCCIIENOBAaHUE — CO-
LMOJIOTUYECKOE, TTI0 BUAY — aHAJIUTUYECKOE C Op-
raHu3auveil MHIANBUIYAJTU3UPOBAHHOTO, OYHOT'O
(pa3maToyHOT0) aHKETHOTO OIlpoca KUTEIeH Ih-
JOTHBIX cyOBbeKTOB PD. [To MeTORY OTOOpa aHKETH-
PYEMBIX U3 TeHepaJIbHOI COBOKYITHOCTH (BEIOOPKE)
MorepevyHoe ucciaeaoBaHe OblJI0 MHOTOCTYIEHYA-
TBIM KJIACTEPHBIM C MaJbIMU (THE3AHBIMU) TPYII-
naMy W1 KBOTHBIM: Ha TIEPBOM 3Tame OTOMpPaINCh
paitoHBI PETMOHOB B COOTBETCTBUH C TPEOOBAHM SI-
MU MUHHUMaJbHBIX pa3JIMINil MEXXIY HUMUW 1 MaK-
CHUMaJIbHOI HEOOHOPOMTHOCTH COCTaBISIONIMX MX
ennaul [10, 22]. B pamMmkax camMux THe31 OTOOp
PECIIOHIEHTOB OCYIECTBJISJICS MO METOAY MHOT'O-
CTYNEHYAaTOM KBOTHOI BBIOOPKH, perpe3eHTaTUB-
HOI 110 OTHOLLEHMIO K COollMaibHO-neMorpaduyec-
KOI CTPyKType HaceJeHUs BBIOpaHHBIX pPailOHOB.
KBOTHBIMM MpU3HAKaMU ObLIM: TTOJ, BO3pacT, Me-
CTO MpOXUBaHUs (Tropo, ceao). Onpoc aHKETUpye-
MBIX MPOBOIUJCS MYyTEM BBIOOPKHU MO yIOOCTBY,
dhopMupyeMoil pecIoHIAeHTaM1, 1 aHOHUMHO, 0e3
NpedOCTABICHUS WIACHTU(PUKAIIMOHHBIX ITaHHBIX
pecnonaeHToB [11, 15]. Ilepen aHkeTUpoBaHUEM
OOYyYEeHHBIM CIIELIMAJUCTOM MPOBOAUIOCH YCTHOE
nHGOPMUPOBAaHUE PECHOHICHTOB O IIESIX, 3aja-
yax, ¢popMe ucciiefoBaHUs.

Coop nHpoOpMaLMKU NPOBOAUICS B ABYX peru-
oHax Poccuu: Pecnyonuke CeBepHassi Ocetusi —
Amaauss (PCO-Amanusi, PCO-A) c BBICOKOH
MJIOTHOCThIO HacejieHus1 U Pecniyonuke Kapenus
(PK) — apKTHU4eCcKOM peruoHe, MUMEIIINM HU3KY IO
TMJIOTHOCTH HaceJIeHU .

AHKeTa BKJIto4dasa 4l Borpoc, 5 13 KOTOPBIX ObITH
OTKPBITBIMU: 0€3 3aJaHHBIX OTBETOB Ha BOIIPOC
(puc. 1). Bonnpochkl cocTosiin U3 8 OJ10KOB, U OTBETHI
Ha HUX MPEIOCTaBISIJIN CIACAYIOIINE CBEICHUS: MO~
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JIOBO3pacCTHbBIC; COIIMAIbHO-3KOHOMUYECKHUE U T10-
BEICHYECKME; SITUIESMUOJIOTUYECKUE W MEIUKO-
COllMaJIbHbIE; KYJIBTYPHO-UCTOPUYECKUE, 3SKOJO-
TMYECKUe; O JOCTYITHOCTU MEIUIITMHCKON TTOMOIIIN;
0 JIOCTYITHOCTU MHTEPHETa, MOOMJIBHON CBSI3U, Te-
JIEMEAUIIMHBI M IPYTUX BUIOB IU(PPOBBIX TEXHOJIO-
TUii, UCTTOJIB3YEMBIX B 3paBOOXpPAaHEHUM; 00 YPOB-
He 3HaHuM no npodunaktuke Th.

B HacTosIIel cTaThe MpeacTaBIeHbl pe3yibTa-
Thl aHaJiM3a YaCTU ITPOBEJICHHOTO UCCJIeIOBaHMSI,
a MMEHHO: colluajbHO-AeMorpaduyeckue (I10J,
BO3pPAacT), COIIMAJIbHO-3KOHOMUYECKHE U TTOBEICH-
yeckue (ypoBeHb OOpa3oBaHMSI, MECTO >KMUTEJb-
cTBa (ropoJ, CeJio), YCIAOBUS MPOKMUBAHU S, CEMEN-
HOE TMOoJIOKEHWEe, HaJInuue paboThl, BUJ TPYIOBOM
NesITeIbHOCTU, YPOBEHD 3apIljiaThl, YIIOTpeOIeHue
aJIKOroJisl, TabaKOKypeHHe, OTHOIICHUSI C MPaBo-
BBIMHU OpraHaMM); MEIMKO-COIlMaJbHbIC (HaTU4re
XPOHUYECKUX 3a00JieBaHUU, OllEHKa COOCTBEH-
HOTO 3JI0pOBbSI, IPUYMUHBI IIJIOXOTO 3I0POBbS)
W MEIMKO-OpTaHM3aIlMOHHBIE (IOCTYITHOCTH Me-
MUITMHCKOM TTOMOIIY: BUABI U OTHajleHHOCTh MO,
TPaHCTIOPTHOE COOOIIIeHNe, HaJInIne Bpadeil-cre-

LMaJTMCTOB W TIp.), a TakKXe 3MUIEeMHUOJOrnyec-
Kue (akTopbl pucka 3abojieBaHusl Th (KOHTakThI
¢ OJIM3KMUMU, NaJbHUMU POJCTBEHHUKAMMU, COCE-
IsIMU, KojsteraMmu, umeroimumu Th).

Pasmep BbIOOpkM B ucciaegoBaHuu B PCO-
Ananus npu norpemrHoct £3,0%, 95,0% nosepu-
TEJIbHOM WHTEpBaje U reHepajibHOH COBOKYITHO-
ctr ~700 000 yesosek, a B PK — 620 000 yesioBex,
cocTaBul (c yuetom uckiarouyeHus ~150—200 ankeTt
c HeroJHbIMU oTBeTamMu) 1497 u 1003 pecnnoHaeHTa
COOTBETCTBEHHO, C COXpaHEHUEM KBOTHBIX COOT-
HOILIEHU 1 aHKETUPYEMBbIX T10 IMOJTy, BO3PACTy U Me-
CTy MPOXMBaHUS MO OTHOLICHUIO K reHepaabHOMI
coBokynHoctu. B PCO-AnaHus B ucciienoBaHue
ObLJIM BKJIIOYEHBI Bce 9 aIMUHUCTPAaTUBHBIX 00-
pa3oBaHuii (AO), B ToM uucie I. Braagukaskas,
B PK — Bce 6 apktuueckue AO M KJIaCTEPHO —
6 HeapKTUUYeCKHUEe pailoHbl (puc. 2).

B 4ucio pecnoHIeHTOB ObIJIM BKJIOUEHBI Ma-
LIMEHTHI C AKTUBHBIM TYOEPKYJIE3HBIM ITPOLIECCOM,
Jiilia, WMEKIINe KJIWHUYECKOe U3JIeYeHUue 3a-
OoJieBaHUSI, U TYOKOHTAKTbI, COCTOSIIIIME HaA UC-
MaHCEePHOM yuyeTe B MPOTUBOTYOepKyJe3HbiXx MO.

Xutenn PK (N =1003), PCO-Ananus (N = 1497)
Bcero (N =2500)

Population of RK (N = 1003), RNO-A (N = 1497)
Total (N =2500)
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CpaBHWTENbHbIV aHanu3 1 onpegenexHue Beaywmx GakTopos pucka Th B pernoHax ¢ pa3nmyHon na0THOCTbIO HACENEHNS
Compared analysis and assessing of leading TB risk factors in regions with different population density
. J
4 N
PaspaboTka pervoHanbHbix HOPMATVBHO-MPABOBbLIX aKTOB U BHEAPEHWE Mep MO CHUXEHMIO OCHOBHbIX hakTopoB pucka Thb,
B/IMSIOLLIMX HA KA4eCTBO 0OLLLECTBEHHOMO 3,0POBbSI
Development of regional regulations and implementation of measures to reduce the main TB risk factors
L affecting the quality of public health )

PucyHok 1. Cxema (pu3aiiH) uccnenoBaHus
Figure 1. The study scheme (design)

Mpumevanue. PK — Pecny6nuka Kapenus, PCO-AnaHns — Pecny6nuka CeBepras OceTust — Ananus, T — Ty6epkynes.
Note. RK — Republic of Karelia, RNO — Republic of North Ossetia — Alania, TB — tuberculosis.
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Onpoc nmauueHToB ¢ akTuBHbIM Th mpoBomuics
C 1IeJ1bI0 CPaBHEHM ST BBIPAKEHHOCTH (DAKTOPOB pU-
cKa ¢ pecrioHaeHTamu 6e3 Th; pe3yabTaThl TAKOTO
aHaJim3a OyayT IPeACTaBIEHBI B OTIAEIBHOM MCCIIC-
JIOBaHUU, HaJ KOTOPBIM aBTOPHI pabOTalOT B Ha-
cTosIIIee BpeMsl.

INepron ucciienoBaHUSI COCTaBMJI 9 MecCsIIeB:
¢ sTHBaps 1o ceHTs0pb 2023 ., uccienoBaHue Ol0-
opeHo DtuuecknMm Komutetom ®I'BHY «Hauwmo-
HanbHbIH HWUU 0011ecTBEHHOTO 310pOBbSI UMEHU
H.A. Cemamiko ot 14.01. 2023 r. MaTtemaTuueckas
00paboTKa pe3yabTaTOB UCCAEI0BAaHUS BbIMOJHE-
Ha Ha 06a3e riatrdopMbl SPSS.26; pa3nuuyus cpas-
HMBaeMbIX MEPEMEHHBIX OLEHUBAJIMUCH IO TOYHO-
My Kputepuio duiliepa ¢ MCMOJIb30BaHUEM TaOIM-
bl COTIPSIXKEHHOCTU M OIIpeAe/ieHUEM 3HadYeHMU S
BEPOSITHOCTH D.

OCHOBHOI THUIIOTE€30i HCCIAEAOBaHUS ObLIO
MPEANOJOXKEHNE O CIIOCOOCTBOBAHUM BBICOKOM
MJIOTHOCTH HacejieHus pacrnpocTpaHeHuto Th He-

Pecny6nuka Kapenusi/Republic of Karelia

6 apkTnyeckux Tepputopwmin/6 arctic territories
1 —r. Koctomykwa/Kostomuksha
2 — benomopckuii panoH/Belomorsky district
3 — Kanesanbckuii paiioH/Kalevalsky district
4 — Kemckuin panoH/Kemsky district
5 — Jloyxckuin paiioH/Loukhsky district
6 — Cerexckuii painoH/Segezha district
6 HeapkTuYecknx Tepputopunin/6 nonarctic territories
7 —r. NeTtpo3saBoack/Petrozavodsk
8 —r. CoprtaBana/Sortavala
9 — Myesepckuii paiioH/Muezersky district
10 — MegnBexeropckuii paiioH/Medvezhegorsky district
11 — OnoHewkuin paroH/Olonetsky district
12 — Mypoxckuii paioH/Pudozhsky district

3aBUCMMO OT BBIPa’KEHHOCTH COIMaJIbHO-3KOHO-
MUYECKUX (haKTOPOB, IJe TJIaBHBIM CTaHOBMUTCS
BMUIEMHUOIOTUYECKUI PUCK; B PpETMOHAX C HU3KOM
MJIOTHOCTBIO HaceJeHU sl (apKTUUECK1e) BEAY UM U
dakTopamu pucka 3aboneBaHus Th sBasoTcs co-
MaJIbHO-2KOHOMMWYECKHE, MEIMKO-COIIMaJIbHBIE,
MEINKO-OpraHu3allMOHHBIE U TTOBEAeHUYECKUE.

PesynbraThl

B Tabnuiie mpencraBieHa CpaBHUTENIbHAsl Xa-
pakTepucTrka oomux 1aHHbeIX PK 1 PCO-Amanus.

IMnomanes Tepputopun PK B 22 pasza mpeBbI-
maeT TakoByto PCO-Ananus (p < 0,000), a mioT-
HocTh HaceneHus PK, HaoGopoTt, B 29 pa3 HuXe
mioTHocTu HaceneHus1 PCO-Amanus (p < 0,000).
KoamuecTBO HaceaeHUS U COOTHOIIEHMS 1O TIOJTY
HE MMEIOT JOCTOBEPHBIX PA3JIMINI MEXIY PEruo-
Hamu (p > 0,05). T'opomckue kuTeaw mpeoOdiia-
IMaOT HaJ CEIbCKMMHU B TOM U APYTOM PETHOHE;

8
d ®
9
Pecny6nuka CeeepHas OceTus — AnaHus
Republic of North Ossetia — Alania

9 aAMUHNCTPATUBHBIX TEPPUTOPUIA

9 administrative territories

1 —r. Bnagnkaskas/Vladikavkaz

2 — Anarupckuii panoH/Alagirskiy district

3 — AppoHckuii parioH/Ardonskiy district

4 — OQuropckuin panoH/Digorskiy district

5 — Wpadckuin panoH/Irafskiy district

6 — Kuposckuii paioH/Kirovskiy district

7 — Mospokckuin paioH/Mozdokskiy district
8 — MNpaBobepexHbiii parioH/Pravoberezhniy district
9 — MpwuropoaHsbiii paioH/Prigorodniy district

PucyHok 2. Tepputopuu Pecnyonuku Kapenusa n Pecnyonuku CeeepHasa Ocetusi-AnaHus, sowiegLive

B UccrsegoeaHue

Figure 2. Territories of the Republic of Karelia and the Republic of North Ossetia-Alania included in the study
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TaGnuua. O6was xapaktepuctuka Pecnyonuku Kapenusa u Pecnyonuku CesepHaa Ocetuss — AnaHus

(Poccrart, 2022r., ¢. 8., 2023 r.)

Table. General characteristics of the Republic of Karelia and the North Ossetia-Alania Republic (Rosstat, 2022,

form no. 8, 2023)

Xapaktepuctuka PK PCO-AnaHus
Characteristic RK RNO-Alania P
O6wag nnowaab Tepputopun (km2)/Total area (km?) 180 520 8000 < 0,000
HaceneHue Bcero (a.u.)/Population totally (a.n.) 527 880 683 071 <0,04
MnoTtHocTb HaceneHus (yen/km2)/Population density (ppl/km?) 2,92 85,23 <0,000
My>xuumHbl (%)/Male (%) 43,5 44,8 >0,5
XKeHwwmHbl (%)/Female (%) 56,2 55,2 >0,5
lFopopackue xutenum (%)/Urban population (%) 79,7 63,2 < 0,021
Cenbckue xutenm (%)/Rural population (%) 20,3 36,8 <0,034
Banogblii peruoHanbHbiii npoaykT (BPM) Ha aywy HaceneHus (py6., 2021 r.)
. . <
Gross regional product (GRP) per capita (rub., 2021) 5278 Teic 2934 Thic 0,000
3aboneesaemoctb Tb (Ha 100 000 Hac., 2022r.)
TB incidence (per 100 000 pop., 2022) 217 315 <0,000
xm | 5 (B) ]
100 % oo%
1
8,6 03
57,5 56,6
50 42,5 43,4 50 77,0
. . . . 72 ]
PK/RK PCO-A/RNO-A PK/RK PCO-A/RNO-A
. My>xumnHbl/Male . XKeHuwuHbl/Female . Pycckue/Russians |:| OceTtuHbl/Osetians

. Kapenbl/Karelians
|:| Benopycsl/Belarusians
Dpyrve/Others

IpyauHbl/Georgians
E] Tapxukn/Tajiks

Beicwee/Higher

HesakoHyeHHoe Bhicwee/Incomplete Higher

CpepnHee cneumnanbHoe/Specialized Secondary
HesakoHuyeHHOe cpegHee/Incomplete Secondary
Cpenxee/Secondary

HauyanbHoe/Primary

[ PK/RK

[] PCO-A/RNO-A

Booseu (soosa)/Widower
Paseepnen(a)/Divorced
XonocT (He 3amyxem)/Single

Xenar (3amyxem)/Married

12,9

18,7

251

424

%

[ PK/RK

80
[] PCO-A/RNO-A

100

PucyHok 3. CoumnanbHo-pemorpaduyeckme paktopbl pucka: 3A — pas3nuuus no nony, 3b — aTHu4eckas
npuHagnexHocTb, 3B — ypoBeHb 06pasoBaHus, 3T — ceMeiiHoe NoJsioXeHue
Figure 3. Socio-demographic risk factors: 3A — gender differences, 3B — ethnicity, 3C — level of education,

3D — marital status
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B PCO-AnaHus ropoxaH 3HAYMMO MEHbIIE, YeM
B PK (63,2% npotus 79,7%, p < 0,021), a ceJIbCKUX
XKHUTeNeil mocToBepHO OGoJibiie, yeM B PK (36,8%
mpotus 20,3%, p < 0,034). ObpaiiaeTcss BHUMaHUe
Ha CYIIECTBEHHOE ITPEBbIIIICHUE BaJOBOTO PErvO-
HalbHOro mnpoaykra (BPIT) Ha nymy HaceneHus
3a 2021 rox B PK (527,8 ThIC. py0.) Ha1 aHAIOTUY-
HOM xapakTtepuctukoii PCO-Anmanusa (293,4 ToIC.
pyo., p < 0,000), kpome Toro, 3abosieBaeMocTh Th
3a 2022 ron B PK Obly1a 10CTOBEpHO HUXE TaKOBOI
B PCO-Ananus (21,7 mpotus 31,5 Ha 100 ThIC. Hac.,
p <0,000).

I[lo pesyabTaraM caMoOro COIIMOJIOTUYECKO-
ro MCCJEIOBaHMSI CPEIHUU BO3pacT PECIOHICH-
TOB HE MMeEJ ITOCTOBEPHBIX Pa3JM4Mil, COCTAaBUB
48,27£16,9 u 47,26x14,3 8 PK u PCO-Ananus co-
oTBeTcTBeHHO (p > 0,11). B cOOTBETCTBUU C KBOT-
HbeIMU xapakTepuctukamu kKak B PK (57,5%), Tak
u B PCO-Ananus (56,6%) cpenn pecrioOHIEHTOB
npeobiamany XEeHITUHBI 0€3 CyIIeCTBEHHBIX pa3-
JIMYUIT UX IO MEX Ty peruoHamu (puc. 3A).

OTtHuyecku B PK nmpeobi1anano pycckosi3bl4HOE
HaceseHue (83,8%), B PCO-AnaHuss — OCETUHBI
(77,0%, p < 0,000); npyrue HallMOHAJTBHOCTU CO-
craBuau ot 8,2% kapenos B PK no 0,3% Tamxu-
koB B PCO-Ananusg (puc. 3b). Ilo ypoBHIo 06pa-
30BaHUS B TOM U IPYTOM PErruoHe OOJIBIIMHCTBO
(6onee 40,0%) cocTaBUIM JIWIIA CO CpEeIHECTICII-
anbHBIM obpa3zoBaHueM (puc. 3B). Tem He MeHee
B PCO-AnaHus pecnoHAeHThI JOCTOBEPHO 4Yallle,
yem B PK, mMmenu Boiciiee obOpasoBaHue (33,6%
nporus 18,4%, p < 0,000), coorBeTcTBeHHO B PK
ObLJIO OOJIbIIE ULl C HAaYaJIbHbIM, CPEIHUM, U He-
3aKOHUEHHBIM CpeIHMM OOpa3oBaHUEM, HEXKeIUu
B PCO-Ananus (32,3% npotus 21,1%). Jdons nui
C HE3aKOHYCHHBIM BBEICIINM OOpa30oBaHUEM B pe-
ruoHax Oblja He3HauuTesnbHOI: 1,7% B PK, 3,7%
B PCO-Ananus. ITo ceMeliHOMY MOIOXKEHU IO OOJIb-
111e OBIJIO JKeHATHIX (3aMYXHUX) PECITOHASHTOB KakK
B PK (35,1%), Tak u B PCO-Ananus (42,4%), onHa-
Ko B PK 107151 pa3BeneHHBIX TOCTOBEPHO Mpeobia-
nmajia Hajx takoBoil B PCO-Ananusa (26,9% nipotus
18,7%, p <0,022) (puc. 3I'). B Lie;10M 00151 OMMHOKKUX
PECITOHICHTOB, 3a HCKJIIYEHWEM pa3BeIeHHBIX,
B 000MX pernoHax Obljia MOYTH paBHO3HAYHOM, CO-
craBuB B PK 37,9%, B PCO-Ananus — 38,0%.

Kak B PK, tak u B PCO-Ananusa npeobiana-
JIA TOPOICKHWE XUTEIM, COCTAaBUBIINE COOTBET-
ctBeHHO 77,2% n 68,7% (puc. 4A). B PCO-Ananus
KUTEIM dYalle MNpoXuBaiu B dacTHBIX (60,2%),
a B PK — yaiie B MHOrokBapTUpHBIX noMax (39,5%,
p <0,000). Kpome Toro, B PCO-Ananus nons nume-
JOLIMX KWJTbe TIIOIAnblo oT 51 M2 1 OoJsiblIe OblIa
B 1Ba pa3sa Bbllie, yeM B PK (68,3% niportus 34,5%,
p <0,000).

B uccienyembix peruonax 6osee 90,0% pecrioH-
JIEHTOB UMeEJIN paboTy, KOTOPbIE ITPEUMYIIeCTBEH-
HO TPYAMJIUCH B rocyupexacHusx: B PK — 75,3%,
B PCO-Ananus 87,0% (puc. 4B).

WHauBuayaabHbIM  MOpPEAIIPUHUMATEIHCTBOM
3aHMMAajlach HE3HAUYMTEJIbHAsI YacTh aHKETHUPYE-
MBIX, TIpeumyIinectBeHHO B PK (7,2%), a B PCO-
Ananus (3,4%). Tem He MmeHee B PK mpeoGia-
nanu  0e3paboTHBIC, paboTaroliue I10 HalMy,
BEITIOJTHSIOIINE CE30HHBIC PadOTHI, B TOM YHCIIC
BaxXTOBEIE, TICHCMOHEPHI TT0 BO3PACTy M WHBAJIWI-
HOCTHU, COCTaBUBIIME B cyMMe 55,0% ripotus 32,3%
takoBbIX B PCO-Ananus (p < 0,000). PaGoraromux
MO KOHTPAKTy B 0O0OMX peruoHax OBIJIO MaJio,
meHbIre 2,0%. [TpobiieMbl 6e3paboTUIBI B peTUOHE
ObIJIM MpPU3HAHBI OOJBIIMHCTBOM PECHOHACHTOB
kak B PK (80,3%), tak u B PCO-Ananus (78,0%).

ExeMecsuHas 3apmara y 6osee uem 60,0% pe-
CITOHICHTOB B 000uX pernoHax coctaBuia ot 10 000
1o 30 000 py6. B Mecan (puc. 4B). PecrionaenTos,
nmeromux 3apruaty 6oxee 30 000 py6. B Mecsir,
ObLJI0 moctoBepHo Oosbine B PK (29,6%), uem
B PCO-Ananusa (13,1%, p < 0,000), onHako B PK
ObILJIO OOJIbIIIE JIULI, XKUBYIIUX TTPEUMYIIECTBEHHO
Ha NEHCUOHHBIC BbIIIaThl, 4yeM B PCO-AnaHus
(19,4% npotus 5,3%, p < 0,000). Toas KUBYIIUX
NpeuMYIIECTBEHHO Ha Iocobue 1o 0e3pabdboTulie
M Ha MPOAYKTaX COOCTBEHHOTO HATypaJIbHOTO XO-
3s1iicTBa OblJla HE3HAYMUTEIbHA B TOM U IPYTOM pe-
ruoHe, coctaBuB oT 0,5% 1o 3,0% cooTBETCTBEHHO
B PK u PCO-Ananus.

TToBeneHueckue (pakTophbl prcka 3a00JieBaHUS
Tb onitu 60nee BeIpakeHbl B PK, Hexkenn B PCO-
Amnanus (puc. SA). B PK nosig ynotpebisgoomux ai-
KOTOJIb B 1I€JIOM Oblj1a B 2 pa3a, a JOoJIsl «TSXKETbIX»
KYpUJBLINKOB (KypeHue mo 1 mauyke u Ooyee cu-
rapert B I¢Hb) B 3 pa3a BbIle, ueM B PCO-AnaHusa
(p < 0,000) (puc. 5b.). IpedosiBanue B MJIC Ob1110
OTMeUeHO HecKoJibko yaile B PCO-AnaHus, yem
B PK (6,8% npotus 4,9%).

B PCO-Ananusg pecnoHJIEHTOB, CUYMTAIOLINX
ce0s1 3M0pOBBIMU, ObLIIO NOCTOBEPHO OOJBIIE, YEM
B PK: 59,8% nipotus 50,1%, p < 0,002 (puc. 5b). B PK
aHKeTHPYEeMbIC Yallle OTMeYaIi HaJIMYMe XPOHUYEC-
KUX 3a00JIeBaHMI, TaKMX KaK caxapHblil guaber,
OpoHXMaJIbHasE acTMa, 3a00JIeBaHUS KETYIOYHO-
KuIIegHoro Tpakra, yeM B PCO-Ananus (43,7% 1ipo-
TuB 32,1%, p < 0,000). Ha moctostHHOE OOJIe3HEHHOE
CcaMOYyBCTBME yKa3ajia HeOOJibllasi 4acTh PECIIOH-
neHToB: B PK — 6,2%, B PCO-Ananus — 7,9%.

B PK 0GoJiee mogoBUHBI YYaCTHUKOB K OCHOB-
HBIM INPUYMHAM IJIOXOTO 310POBbSI OTHECIU KO-
Jormdeckue npoodyeMnl, Torna Kak B PCO-Amanusa
5Ty Ipo6IeMy IIPU3HAaJIA JIUIIL OKOJIO '/, 4acTH pe-
crioHaeHToB (p < 0,000) (puc. 4B). Tak:ke B PK oko-
J10 '/, 4acTM aHKETUPYEMBIX CBOE I1JI0XO€ 3J10POBbE
CBSI3a/Ii C IUIOXMM ITMTAaHUEM M3-3a MaTepuajb-
Horo HegocTtatka, B PCO-AnaHust 00JisI TAKOBBIX
6bl1a okoJjio '/, wactu (p < 0,000). B Tom u apyrom
PErMOHE Ha HEXBATKY CPEIACTB IJI JEYEHUS yKa-
3aja /s yacTh, a Ha TSXKEJbIA TPYd KaK Ha MIpH-
YUHY MJIOXOT'O 3I0POBbSI — JIMIIb MaJjasl 4acTh
PECIOHAEHTOB.
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I1pu olleHKEe TOCTYMHOCTU MEAMIITMHCKOM MO~
MOIIIM HAaCceJIEHUIO Ha YPOBHE MEPBUYHON MeIu-
Ko-caHuTapHOU nomomu B PK, Mo oTHomeHMIO
K PCO-Ananusa, B 1,5 pasza mpeo0biagano oka-
3aHUE TOMOIIM BpavyeOHBIMM aMOyJaTOPUSIMU
(BA), B 6 pas — denballepcKo-aKyIepCKUMuI
nyHktamMmu (PAIT) m B 4 paza — BBIE3AHBIMHU
opuragamu cneuuanauctoB (p < 0,000) (puc. 6A).

Tak:xke B PK nonsi pecrioHAeHTOB, yKa3aBIIUX
Ha oTcyTcTBUe MO Ha TeppUTOPUU CBOETO ITPO-
XKHUBaHUS, OblJ1a JOCTOBEPHO BhIlIe, yeM B PCO-
Ananus (3,1% nportus 0,3%, p < 0,000). B PCO-
AnaHug, HaNpOTUB, B ABa pa3a yalie, yem B PK,
MeIWIIMHCKAas TTOMOIIb HACEJIEHU IO OKa3blBalach
palloOHHBIMU MNOJUKIMHUKaAMU (85,6% mpoTUB
42.7%, p < 0,000).

100 1 > «kB. M/sgm

51-99 kB. M/sgm

21-50 kB. M/sgm

KeapTtupa/Apartment

YacTHbin pom/Private house

Cenoy/Village

lopop/City

%

Mpo6nembl 6e3pabotuubl/Unemploymentissues
MeHcrorep no nHeanugHoctu/Disabillity pensioner
MeHcunoHep no Bo3pacTty/Aged pensioner
BespaboTHbiii/Unemployed

Mo Haimy/Hired work

Mo koHTpakTy (B T.4. B ApkTurke)/Contract (including Arctic)
Ce3oHHble (B T.4. BaxToBble)/Seasonal (including shift work)

YacTHbli npeanpuiumarens/Private business

locyupexpenune/Government institution

Pa6ortatoT (Bcero)/Employed (total)

> 30 Thic. B Mecsl/> 30 thous. per month

29,6

10-30 Tbic. B Mmecsu,/10-30 thous. per month

64,8
60,8

%

20 30 40 50 60 70

[ PK/RK

[] PCO-A/RNO-A

PucyHok 4. CoumnanbHo-3KOHOMUYeCcKue ¢pakTopbl pucka: 4A — MeCTO M YCJI0BUS NPOXMBaHUS,

4B — Hanuuue v Bup, pabotbl, 4B — noxonbl

Figure 4. Socio-economic risk factors: 4A — location and living conditions, 4B — availability and type of work,

4C — income
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B PK pecrioHaeHTBl TOCTOBEpPHO 4allle, YeM
B PCO-AnaHusi, umeau TmpoOJeMbl, CBsS3aH-
HbIE C JTOCTYIMHOCTBHIO MEIWUIIMHCKOW TMOMOIIH
(puc. 6B): B 3 pa3sa yale OTMEUYEHBI IJIOXHE J0-
poru M OTCYTCTBHME amlTeK, B 2 pa3a yalie — OT-
CYTCTBHE TPAHCIIOPTHOTO COOOIIEHUS, B 8 pa3s
yaile — JajabHee pacnoyoxeHue MO, u 060-
nee 60,0% yd4acTHUKOB yKaszaJld Ha OTCYTCTBHE
Bpayeli-cnenuaaiucToB (CTOMATOJOr, TWHEKO-
JIOT, KapJIMOJIOT), 4YTO MOYTU B 4 pas3a Bbllle, YeEM
B PCO-Ananus (p < 0,000). Ha ucnnonr3oBaHue
ycTapeBIIeTO MEIUIIMHCKOTO 00O0pyaoBaHUs,
Mo cyObeKTUBHOI OlleHKEe, yKa3aJaMu OKoJio !/s ya-
CTH PECHOHJEHTOB 0€3 MOCTOBEPHBIX pa3JINUYUid
B peruoHax (p > 0,05).

K snuaemuonornyeckum (akTopaM pucka Mbl
OTHECJIM OTBETHI PECIOHIEHTOB Ha BOITPOC «3HaeTe
1 Bel 4TO Takoe Ty0epKyJie3?», KOCBEHHO OTpaxKaro-
1111 YPOBEHb MJIV YaCTOTY TYOKOHTAKTOB B OKPYXe-
HUM pecrioHaeHTa (puc. 7). B PCO-AnaHus okosio
70,0% pecroHIEHTOB yKa3aJ1 Ha TO, YTO MX OJIU3KU I
W JajdbHUN POACTBEHHMK, TaKXke cOocel U KoJujiera
ooJsienu Th, Torna kak B PK 10151 TakoBbIX cOCcTaBuUIa
qyTh 6osiee !/, yactu yuactHukos (p < 0,000). B PK
aHKeTUpyeMble Tak:ke MeHbllle, yeM B PCO-AnaHus
NpUAATIU 3HAaYeHWE TPYIOBOM MUTPALINN KaK UCTOY-
HUKY pacrpocTpaHeHUsI MH(MEKIIMOHHBIX 3a00J1eBa-
Huii. Jlons nepeHeciuux camuMm Th B ToM u apyrom
pervoHe Obljla MOYTHU paBHOI, coctaBuB B PK 9,7%,
PCO-Ananusa — 9,4%.

. —
MJIC/Prison 2.0
"Taxenbii” Kypuiblimk/Heavy smoker 7,2 s0s

Ankoronb exenHeBHo/Alcohol every day ._—1| 31

Ankoronb exemecsiyHo/Alcohol monthly % 105

Ankoronb — la/Alcohol - Yes

34,3

%

0 20 40 60 80
B (B)
%
80
59,8
» >0 43,7
40 32,1
20
6,2 7.9
0 | —
3pnopos/Healthy XpoHuyeckne 6onesuun/Chronic diseases Bcerpa 6one3HeHHoe 4yBcTBO/Always feeling sick
X(9)

Taxenblh dusnyecknin Tpya/Hard physical work :' 787’2

Qkonorus/Ecology

BpeaHble npusbiuku/Harmful behavior

P

22,4
57,1

13,1

Mano cpencTs Ha nedenne/Few funds for medication

|

20,0
19,5

Hwuskuid poxon = nnoxoe nutanue/Low income = Poor nutrition

o

21,5
_ 31,8
%
10 20 30 40 50 60
[ PK/RK [] Pco-A/RNO-A

PucyHok 5. MoBepgeHyeckne n MeanKo-coumnanbHble pakTopbl pucka: 5SA — BpeaHble NPUBbIYKU
1 npo6siemMbl C NPpaBoOBbIMU OpraHamu, 5b — camooLeHKa COCTOSHUS 340PO0BbS, 5B — NpUYMHBI NIOXOro

300POBbs

Figure 5. Behavioral and medico-social risk factors: 5A — bad habits and problems with legal authorities, 5B — health

self-assessment, 5C — causes of poor health
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Het MO/No medical facilities
BrleapnHble 6puragsl/Mobile teams
®AIM/First aid station

BA/Medical ambulatory

ParionHas nonuknunuka/Municipal polyclinic

1 85,6

%

60 80 100

Mnoxve poporn/Bad roads
OTCyTCTBME TPAHCMOPTHOrO coobuweHus/Lack of transport links
LanbHocTb MO/Distant medical facilities

Crapoe mepo6opynosanune/Old medical equipment
Het Bpayeit-cneumanmctos/No specialists

Het antekn/No pharmacy

%

10 20 30 40 50 60 70

[l PK/RK [] Pco-A/RNO-A

PucyHok 6. Meauko-opraHusaumoHHbie ¢pakTopbl: 6A — BUAbI MEAULMHCKUX OpraHu3auuii nepBU4HOM
Me[OMKOo-caHuTapHo nomoluu, 66 — npoGaembl focTyna K MeAULUHCKOW NOMOLLU

Figure 6. Health care management factors: 6A — types of medical facilities in primary health care, 6B — problems

with medical care access

Ob6cyxaeHne

Pe3ynbpTaThl COLIMOJIOTUYECKOTO UCCIEN0BAHUS,
NPOBENEHHOIO B ABYX CYIIECTBEHHO OTJIMYAIOIIUX-
csl TI0 TUIOTHOCTU HacelieHust cyobektax PO (PK
n PCO-Ananus), TMOATBEPAMJIA HAIly TUTOTE3Y
0 MpeobIafaHUM ATTUIEMUOJIOTNYECKOTo (hakTopa
pucka pacrnipoctpaHeHust Th B peruoHe ¢ BhICOKOI
IJIOTHOCTBHIO HacedeHus1. B PCO-Ananus, B oT-

auuue ot PK, HecMoTpss Ha OGojiee HU3KUIT ypo-
BeHb BPII m OoJjiee HU3KME J0XOAbl HaCEJICHUS,
OOJIBIIIMHCTBO, KaK COLIMaJbHO-2KOHOMUYECKUX,
TaK U MEIWKO-COIMaJIbHBIX W IMOBEICHYECKUX,
dakTopoB pucka 3abosieBaHusi Th okazanucek Me-
Hee BbIPakeHHBIMHM, a COIlMaIbHble KOHTAKTHI pe-
CIIOHJEHTOB ¢ OoJbHBIMU Th oTMmeuanuch yaiie.
B PK, apkTuyeckoMm permoHe ¢ HU3KOW TMJIOTHO-
CTbIO HaceJieHUs, BeayluMu (akTopaMu pucka

Tpynosas uurpaus/ Labor migration *11 5 1o

Konnerw/Colleaguies #71—

1128

Cocea/Neighbor *13,3

]125,3
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Figure 7. Epidemiological risk factors for tuberculosis spread
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pacnpoctpaHeHus1 Th kpoMe moBeJeHYECKUX, CO-
1IMaJIbHO-2KOHOMUYECKNX, MEAMKO-COILMaJIbHBIX
NaTTepHOB OKa3aJIUCh MEIUKO-OpraHn3allnoH-
HBIC: HU3KAasI JOCTYITHOCTh MEANIIMHCKOM ITOMOIIINA
U3-3a OTHAJIEHHOCTU MPOXMBAHUS, HeZOoCTaTKa
Bpauyen-CcnenrajJucToB U IIp.

ITomaraem, 4TO HaIllle HCCIeHOBAHUE SIBJISICT-
csl TIepBOU paboToii, TAe TpoBeaeHa ITOJTHOIEH-
Hasl OlleHKa BBIPa’KeHHOCTH CTPYKTYPHUPOBAHHBIX
(dakTOpoB pucKa pacrpocTpaHeHust Th B 3aBucu-
MOCTH OT TUIOTHOCTHY HAaCEJIeHUSI, C YIETOM 30PO-
BbecOeperamimux 1 Ipyrux Tpaauliuii cpeau pas-
JIMYHBIX 10 9THUYECKOMY COCTaBY XKUTEJIei peruo-
HoB Poccuu

WccnemoBaHuii, CBSI3aHHBIX C U3YYECHUEM pac-
IpoCTpaHeHU I MHPEKIINOHHBIX 3a00IeBaHUI, TIe-
penarolInXcs BO3AYIIHO-KareJIbHbIM yTeM, Mpeu-
MYILIECTBEHHO BUPYCHBIX, B 3aBUCUMOCTU OT UH-
TEHCUBHOCTHU COIIMAJIbHBIX KOHTAKTOB B HaYYHBIX
OyOIMKAIMSAX JOCTAaTOUYHO MHOTO. ABTOPCKUN
KOJIJIEKTUB 13 35 CTpaH, U3y4YUB KOHTAKTHI 3,5 MJIpA
JIroneii noma, B I1KOJIe, Ha paboTe 1 B COLIMYME, pa3-
paboTany MaTeMaTHUYeCKYI0 MAaTpPHUILy CMEIIeHUS
colMyMa, M TOKa3aJil 3aBUCUMOCTh BMIUIAEMUYEC-
CKOTO TIpoliecca OT MHTEHCUBHOCTU COLIMAJIbHBIX
KOHTAaKTOB, UTO B CBOIO O4Yepedb OIlpeneasijiach
COLIMAJIbHO-9KOHOMUYECKUMHU,  JIeMorpaduyec-
KUMU, KYJBTYPHBIMU U JAPYIUMU PaA3IUYUAMU
ctpaH [35]. B apyroit pabote, Ha0OOOPOT, aBTOPHI,
U3YyUYMUB €XEIHEBHbIC collMalbHble KOHTAKThl 7290
PECIOHISHTOB B 8§ €BPOICUCKUX CTpaHaX, IIPUIILINA
K BBEIBOZIY O CXOXECTU ITaTTEPHOB CMEIIIEHUS COIIM-
yMa: IKOJbHUKU U MOJIOJbIC JIIOAU MpearoyuTa-
JIX O0IIAThCSI CO CBOMMM CBEPCTHUKAMM, U Cpenu
HHX 3a00JIeBaHNE BUPYCHBIMU MH(MEKIIUSIMHU OBLIO
caMbIM BBICOKMM B Hadaje BIHUISMUU TpUIIIa
u SARS, 4TO TOJKHO YyYUTHIBATHCS MPU pa3padboT-
K€ Mep IO KOHTPOJIIO 32 paCIpoCTpaHEeHEM BUPYC-
HbBIX nHPekuuit [35]. UccrnenoBarenu u3 3amMouu
n FOxHOW AdpUKU YyCTAaHOBUJIMU, YTO HACEJIEHUE
yale nMeeT COlMalbHbIe KOHTAKThI C B3POCIBIMU
oonpHbIMU TbB, mpenMyliecTBEHHO MY>KYMHaMU
M 4Yallle B ceabCKoM MecTHOCTH [28]. B Hamem uc-
CclIeMOBAaHWM MBI HEe M3ydaJld MHTEHCUBHOCTD, I1O-
JIOBO3pAaCTHbIE MATTePHbl U TeppUTOpUAbHBIC
OCOOEHHOCTHU COILIMaJIbHbIX KOHTAKTOB HacCeJICHUS
¢ 6ompHBIMU Th. DTUM Bonpocam OyAyT ITOCBSIIE-
HBI TIOCJIETYIOIIE UCCICIOBAHMSI.

OIHUM U3 OTPAaHUYEHUN HACTOSIIIETrO UCCIAEN0-
BaHUS SIBJSIJIOCH BKJIIOUYEHUE MallMeHTOB C aKTUB-
HbiM Th, cocTosiimiux Ha ydyeTe B MPOTUBOTYOEp-
KyJie3Hbix MO, coctaBuBLIMX A0 6,0% OT 00ILEro
Yycja PECNOHNIEHTOB IMUJOTHBIX PETMOHOB, UTO
MOXEeT HECKOJIbKO YCUIMBATh HEKOTOPbIE (haKTOPhI
pucka Th, ocobeHHO colMalbHO-3KOHOMUYECKUE.
Jpyrum orpaHUYeHUEM OBIJIO Majgoe KOJMYCCTBO
CpaBHUBAae€MbIX PErMOHOB (BCEro 2), 4TO HEAO-
CTaTOYHO IJI51 MaTeMaTUYE€CKOro MOJEIUPOBAHUS
BIUSIHUSI CTPYKTYPHPOBAHHBIX (haKTOPOB pHCKaA

Ha pacnpoctpaHeHue Th B permoHax ¢ pa3mnd-
HOW TIJIOTHOCTBIO HacejieHus. Marematuyeckoe
MOJEJMPOBaHUE IIUPOKO HCIOJb3YyeTCsSI B Hayuy-
HO-MPaKTUUYECKOM MMUpPE IJsI ITPOTHO3UPOBAHUS
BJAUSHUSI Ha OOIIECTBEHHOE 3I0POBHE OMOJIOTH-
YEeCKUX BBI30OBOB, HAllpUMEpP TaKWX, KaK MaHAe-
musga COVID-19 [7, 37]. CnenoBaTenbHO, coxpa-
HSIOIIMECS TeMITbl paclpOCTpaHEHUS COLIMAJIbHO
3HaunMbIX nHbekuui (Th, BUY-undexknus, nx
coyeTaHue, MapeHTepaJibHbie BUPYCHBIE TrelaTu-
Thl U 1p.) B Poccum yka3pIBaloT Ha HEOOXOAMMOCTh
MPOIOJIKEHUSI MOAOOHBIX MCCICIOBAHUN C yUYETOM
0COOEHHOCTEN pa3IMYHBIX CyObeKTOB P®M, B TOM
YHCJie TUIOTHOCTU HAacCeJeHU s, M0 pa3paboTaHHOMI
HaMU CTaHIAPTHOW METOAMKE C IOCJCAYIOUIUM
MOCTPOSCHUEM MaTeMaTU4YeCKOil MoAear sl Mpo-
THO3UPOBAHUS M YIPaBJICHUS SIUACMHUYCCKUM
MPOLIECCOM.

3akn4yeHme

B pervoHax c BBICOKOIH MJIOTHOCTBbIO HaceJe-
HUs pacnipoctpaHeHue Th npeumMylnecTBEeHHO 00-
YCIIOBIICHO SITUASMHOJIOTUUYECKUMH (DaKTopaMMu,
KOTOpbIE TOCTOBEPHO yalie npeodnaaganu B PCO-
Ananus (mo 70,0% pecnoHIeHTOB yKa3ajlu Ha Ha-
JIM4Yre KOHTAKTOB ¢ 00JbHBIM Th poacTBEeHHUKOM,
cocemoMm, koseroii, B PK — okono 35,0%), rme
MJIOTHOCTb HaceJeHUus B 29 pa3 mpeBbIlIaeT MJIoT-
HocTh HaceneHus PK. B PK, apkTuuyeckom perno-
HE C HU3KOH TJIOTHOCTBIO HaceJICHUsI, BENyLIUMU
dakTopamu 3aboseBaHuss Th OblIM couumaabHO-
SKOHOMMYECKHE (PeCHOHICHTHI Jalle OTWHOKUE,
yaile MNPOXMBAIOT B MHOTOKBAPTUPHBIX JOMax
C MaJIOW TUIOIIAAbIO, Yallle BBIITOJIHSIIOT CE30HHbBIE
pabOTHI UM PaOOTHI II0 HAMMY, Jallle JKUBYT TOJIb-
KO Ha IIEHCHUIO); ITOBeIeHYeCKMEe (aHKETHpPYyeMbIe
yalie ynoTpeoasitoT ajJKoroJb, 4alle KypsT, pexe
coOMIOJaloT 3ApOBbecOeperaloniue Tpaaulnun);
MEINKO-OpTaHM3aIllMOHHBIE (MEHBIIE 3I0POBBIX
0 CaMOOIIEHKE, OOJIBIIIe MMEIOIINX XPOHUYECKIE
3a00JieBaHM S, 4Yallle IJIOXO€ 3I0POBbE CBSI3aHO
C TUIOXMM TNHUTaHUEM HM3-3a MaTepUaJIbHOTO HEIO-
cTaTKa; HU3Kas JOCTYIHOCTH MEANIITMHCKOMN ITIOMO -
1M Yalle CBSI3aHO ¢ OTaaJeHHOCThio MO, mioxumu
JOporaMu 1 MJI0XMM TPAaHCHOPTHBIM COOOIIIEHUEM,
OTCYTCTBHEM Bpaueii-CIIelIaIuCTOB).

IIpu paspaborke HIIA mo mpoTuBoaeiicTBUIO
pacIpoCTpaHEHUIO COLIMAIBHO 3HAUYMMbBIX MH(PEK-
uuii, B ToM uucie Th, HeoOXOMMMO YUYMTHIBATh
OCOOEHHOCTH M NpeBaJMpOBaHUE TeX UM HMHBIX
(GaKTOpOB pHCKa PacIIpoCTpPaHEHUs 3a00JIeBaHUS
B KOHKPETHOM pernoHe. Pe3yapTaThl IMOJOOHBIX
COLIMOJIOTMYECKUX HCCIACAOBAHUM JOJXKHBI M-
POKO 00CYXKIaThCs B HAYYHOM COOOILECTBE U OO-
BOOMTHCS IO PETHMOHAJBHBIX ITPABUTEIBCTB IJIS
OPUHSATUS aleKBAaTHBIX YIIPAaBJICHUYECKUX peIIIe-
HUN 0151 cHuxkeHusi opemenu C3U3, Bausiiommx
Ha 00LIEeCTBEHHOE 3I0POBLE.
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Abstract. Background. The current study was designed to determine antibiotic resistance profile,detection of antimicrobial
resistance and virulence-related genes among enterococcus species. Materials and methods. Altogether, one hundred fifty
enterococcal isolates were collected from various clinical specimens and identified by Polymerase chain reaction (PCR).
Antibiotic susceptibility testing and MICs of vancomycin were carried out as per CLSI guidelines. A series of PCR reactions
were used to screen vancomycin-resistant genes (vanA, vanB, and vanD) and virulence-related genes (esp, ace, asal,
gelE & cylA) among VRE enterococcus species. Results. The isolated enterococcal strains comprised 62.6% E. faecalis,
33.4% E. faecium, and 4% of other species. Overall enterococcus showed a high level of resistance; 94% to erythromycin,
followed by ciprofloxacin 82.6%, levofloxacin 70%, and vancomycin 16%. The 57.4% of the isolates were recovered
from hospitalized patients and 96% of the enterococcus isolates were multi-drug resistant. The MICs of vancomycin-
resistant strains remained in the range of 32 pg/ml to 256 pg/ml for the majority of the isolates. The vancomycin-resistant
phenotypes vanA, vanB, and vanD were found in 29.2%, 37.5%, and 33.3% isolates respectively. Regarding virulence
determinants the observed percentages were as follows; esp: 16.6%, asal: 70.8%, gelE: 25%, ace: 33.3%, and cylA: 25%.
Conclusion. The majority of the isolates were E. faecalis and multi-drug resistant. The VRE isolates carried antimicrobial
resistance and virulence-related genes, and vanA, B, D phenotypes were the most common among VRE isolates.

Key words: antimicrobial resistance, Enterococcus, minimum inhibitory concentration, vancomycin resistant enterococci, virulence factors,
antimicrobial resistance gene.
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KJIMHUYECKUX 00pa3iioB. DT U30JISATHI ObLIM UACHTU(MUIMPOBAHHBIX C TIOMOIIBIO TOJIMMEPa3HOI LIENHOM peakinu
(ITLLP). TectupoBaHUEe YYBCTBUTEIbHOCTU K aHTUOMOTUKAM U OMNpeneeHue MUHUMAaIbHON MHTUOUPYIOLIeil KOH-
neHTtpauuu (MUMUK) BaHKOMUIIMHA TPOBOAUINCH B COOTBETCTBUM ¢ peKOMeHIauusIMU MHCTUTYTa KIMHUYIECKUX
u naboparopHbix ctangaptoB (CLSI). Cepus peakuwmii I[TLIP ucnonb3oBajack aisi CKpUHUHTA F€HOB YCTOMYMBOCTU
K BAHKOMULIUHY (vanA, vanB v vanD) n TeHOB BUPYJIEHTHOCTHU (esp, ace, asal, gelE v cylA) cpeny BUIOB BAHKOMU-
LMHPE3UCTEHTHBIX SHTEPOKOKKOB (BPD). Pesyavmamer. BbljeseHHbIe IITAMMbBI SHTEPOKOKKOB BKItouaiu 62,6%
E. faecalis, 33,4% E. faecium 1 4% npyrux BugoB. B 11eJ10M 3HTEepOKOKKY [MOKa3aJI1 BEICOKUIA YPOBEHD YCTOMUMBOCTH:
94% — K 5pUTPOMHUIIMHY, 32 KOTOPBIM CIeayioT nurnpoduokcannt (82,6%), nesodaokcant (70%) 1 BAHKOMUIINH
(16%). 57,4% 13014TOB ObLIM IOJIYYEHBI OT FOCIUTATIU31MPOBAHHBIX MALIUEHTOB, 96% 130 TOB 9HTEPOKOKKOB UMEIN
MHOXECTBEHHYIO JIeKapCTBeHHY10 ycToiiunuBocTh. MUK mist BPD 1mitaMMoB O0JBIIMHCTBA U305 TOB BapbUPOBATU
B IMana3oHe oT 32 MKr/mu 10 256 Mkr/mii. BPD deHoTunsl B Buae vanA, vanB u vanD 6blnu o6HapyxeHbl Y 29,2%,
37,5% u 33,3% 1301 TOB COOTBETCTBEHHO. B 0THOLIEH N (DaKTOPOB BUPYJIEHTHOCTH, ITOJYUYEHBI CIEAYIOLINE pacipe-
neneHus: esp — 16,6%, asal — 70,8%, gelE — 25%, ace — 33,3% v cylA — 25%. 3axarwouenue. BOTBITMHCTBO N30SI TOB
obL1u E. faecalis v iMea MHOXECTBEHHYI0 JISKAPCTBEHHYIO YCTOWUMBOCTh. BPD 130Tl HEC/IM Te€HBI YCTOMYNBOCTHI
K MPOTUBOMUKPOOHBIM TperapaTaM U FeHbl, CBSI3aHHbIE C BUPYJIEHTHOCTBIO, a (DeHOTUIIbI vanA, vanB, vanD Obl1n

HauboJiee pacipocTpaHeHbl cpenu BPD uzonsaros.

Karouesvle caosa: ycmoﬁlmeocmb K npomueomu}cpo6nbm npenapamam, SHMePOKOKKU, MUHUMANbHAA uHeu6upyiomaﬂ
KOHUenmpauyus, 6AHKOMUUUHDE3UCMEeHMHble SHMEPOKOKKU, d)akmopbt 6UPYNeHMHOCMU, eeH yCMOL?‘iMGOCIﬂI,l K npomueommcpo@bm

npenapaman.

Introduction

Enterococci persistently emerged as important no-
socomial pathogens globally and cause a wide range
of infections such as bacteremia, meningitis, urinary
tract infections, intra-abdominal and soft tissue infec-
tions, etc. [1]. The majority of the clinical enterococcal
infections are caused by two species; Enterococcus fae-
calis and Enterococcus faecium [2]. Due to the frequent
use of antibiotics in clinical practices, the emergence
and spread of multi-drug-resistant enterococci such
as vancomycin-resistant enterococci (VRE) has been
observed [1]. Globally, this rapid emergence of VRE
strains is considered a major public health concern.
Besides increased morbidity and mortality of VRE
infections, increased length of hospitalization and fi-
nancial burden have also been reported [3].

The resistance to vancomycin in enterococci
is mainly mediated by van gene phenotypes such
as vanA, vanB, vanC, vanD, and vanE genes, etc.
The vanA and van B have the highest clinical impor-
tance in enterococci among vancomycin-resistant
phenotypes [4]. The spread of multi-drug-resistant
enterococci strains and resistance-related genes has
serious health implications. Furthermore, treat-
ment options for VRE infections are quite limited
including linezolid, teicoplanin, and fosfomycin [3].
Moreover, various virulence determinants associ-
ated with pathogenesis such as aggregation substance
(Asal), enterococcal surface protein (Esp), cytolysin
(CylA), collagen binding protein (ace), and gelati-
nase (gelE) are important for the progress of infection
among these strains [5].

In Pakistan, the VRE is posing a challenge
for clinicians as well as for hospital infection con-
trol practitioners. Despite its increased prevalence,
data are scarce regarding its detailed characteriza-
tion from Pakistan. The aim of the current study was

to evaluate the frequency of enterococcal infections,
antibiotic resistance profile, detection of antimicro-
bial resistance and virulence-related genes in clini-
cal strains of enterococcus isolated from tertiary care
hospital in the northwest of Pakistan.

Materials and methods

Bacterial isolates. A total of one hundred and
fifty (n = 150) non-repetitive enterococcal iso-
lates were collected from various clinical speci-
mens of patients admitted at a tertiary care teaching
Hospital in Peshawar, Pakistan from January 2020
to February 2021. The isolates were re-identified
at the Department of Medical Lab Technology,
The University of Haripur by routine microbiological
techniques [6]. The Polymerase chain reaction (PCR)
was performed using specific primers ddl E. faecium
and ddl E. faecalis to confirm the identity of E. faeci-
um and E. faecalis as described elsewhere [7]. Ethical
approval was obtained from the departmental ethical
committee at the University of Haripur.

Antimicrobial susceptibility testing. Antimicrobial
susceptibility was carried out using the Kirby Bauer
disc diffusion method according to the guide-
lines of the Clinical Laboratory Standard Institute
(CLSI, 2020) [8]. The antibiotic discs were obtained
from (Oxide, England). The antibiotic discs and
concentrations used were as follows; Vancomycin
(30 pg), Linezolid (30 pg), Teicoplanin (30 pg), Gen-
tamicin (10 pg), Penicillin (10 pg), Amoxicillin
(10 pg), Doxycycline (30 pg), Minocycline (30 pug),
Ciprofloxacin (30 pg), Levofloxacin (30 ug), Nor-
floxacin (30 pg), Erythromycin (15 pg), Fosfomycine
(50 pg), Chloramphenicol (30 pg), Nitrofurantoin
(300 pg), Rifampicin (5 pg) and Ampicillin (10 pg).
The interpretation of the zone of inhibition was per-
formed as per CLSI guidelines [8].
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Determination of Vancomycin Minimum inhibitory
concentrations (MICs). The enterococcal isolates re-
sistant to vancomycin by disc diffusion method were
further tested for minimum inhibitory concentra-
tions. The MICs of vancomycin were determined
by E.test using commercially available strips (MTS,
Liofilchem, Italy). The interpretation of vancomycin
MICs was carried out according to CLSI guidelines.
The reference strains FE. faecium, (ATCC 19434)
and E. faecalis, (ATCC 19433) were used as control
strains [8].

Detection of antimicrobial resistance and virulence
related genes. Enterococcal genomic DNA was ex-
tracted from overnight culture by boiling method [9].
The vancomycin resistance associated genes vanA,
vanB, and vanD and virulence related genes (esp, ace,
asal, gelE, and cylA) among E. faecium and E. faeca-
lis were detected by using a series of PCR reactions as
described earlier [10, 11].

Statistical analysis. The descriptive variables were
expressed in percentages and frequencies. A Pearson
test was used for correlation among the variables.
The statistical analysis was done by SPSS (version 22)
and a p-value of < 0.05 was considered statistically sig-
nificant. Individual antibiotics sensitivity vs resistance
percentages were cross tabulated among E. faecalis and
E. faecium and the Odds ratio (OR) were determined.

Results

Characteristics of the study participant. During
the study period, 62.6% (n = 94) E. faecalis, 33.4%
(n = 50) E. faecium, and 4% (n = 6) of other spe-
cies were isolated. The distribution of the isolated
strains from different specimens is shown in Table 1.
The patient population of the isolated strains was
42.6% (n = 64) community-acquired whereas 57.4%
(n = 86) were hospitalized. The majority, 56% (n =
84/150) of the isolates were recovered from patients
who were > 50 years old and 58% (n = 49/84) of them
were inpatients. Interestingly 6% (n = 9/150) of the
total isolates were recovered from children (< 1 year)
and 66.6% (n = 6/9) of them were inpatients.

Antimicrobial susceptibility. Antibiotic suscepti-
bility was carried out and the predominant isolated
strain E. faecalis showed the highest level of resist-
ance, 95.7% (n = 90/94) to erythromycin, followed
by ciprofloxacin 84% (n = 79/94), amoxicillin 66%
(n = 62/94) and vancomycin 17% (n = 16/94). Low
percentages of resistance were observed against
linezolid as shown in Table 2. Among E. faecium
isolates the resistance against erythromycin was
90% (n = 45/50), followed by ciprofloxacin and gen-
tamicin 80% (n = 40/50 each), levofloxacin 76%
(38/50), vancomycin and linezolid 16% (n = 8/50)

Table 1. Distribution of isolated VRE and VSE strains among different specimens

Type of specimens, % (n) VSE (n = 126), % (n) VRE (n = 24), % (n) o p value
Urine 52.7 (79) 53.2 (67) 50 (12) 0.059 0.000
Blood 28.7 (43) 28.6 (36) 29.2(7) 0.013 0.00
Pus & Pus swab 10 (15) 9.5(12) 12.5(3) 0.178 0.010
Ascitic fluid 8 (12) 7.9 (10) 8.3(2) 0.003 0.072
Tracheal secretions 0.6 (1) 0.8(1) Nil 0.19 0.207

Note. VSE: Vancomycin sensitive Enterococci, VRE: Vancomycin resistant Enterococci, %: percentage, n = number; *¢2: The chi square was used

to check the distribution of VRE and VSE among clinical specimens.

Table 2. Antimicrobial resistance among Enterococcus isolates, % (n)

Antibiotics E. faecalis E. faecium pvalue OR value Other Enterococcus species Total
(n=94) (n=50) (n=6) (n=150)
Penicillin 59.5 (56) 68 (34) 0.041 0.889 66.6 (4) 62.6 (94)
Ampicillin 57.4 (54) 56 (28) 0.048 1.333 66.6 (4) 57.3 (86)
Amoxicillin 66 (62) 58 (29) 0.014 1.472 33.3(2) 62 (93)
Ciprofloxacin 84 (79) 80 (40) 0.042 1.28 83.3(5) 82.6 (124)
Levofloxacin 68 (64) 76 (38) 0.037 0.726 50 (3) 70 (105)
Norfloxacin 55.3 (52) 58 (29) 0.047 0.965 66.6 (4) 43.8 (85)
Gentamicin 70 (66) 80 (40) 0.028 0.597 83.3 (5) 74 (111)
Minocycline 32(30) 22 (1) 0.027 1.712 16.6 (1) 28 (42)
Doxycycline 29.7 (28) 24 (12) 0.04 1.193 16.6 (1) 27.3 (41)
Erythromycin 95.7 (90) 90 (45) 0.022 2.61 100 (6) 94 (141)
Teicoplanin 27.6 (26) 22 (1) 0.001 1.414 16.6 (1) 25.3(38)
Rifampicin 61.7 (58) 66 (33) 0.038 0.968 33.3(2) 62 (93)
Nitrofurantoin 42.5 (40) 34 (17) 0.039 1.572 33.3(2) 39.3 (59)
Chloramphenicol 45.7 (43) 38 (19) 0.018 1.322 16.6 (1) 42 (63)
Fosfomycine 29 (27) 30 (15) 0.049 0.937 50 (3) 30 (45)
Vancomycin 17 (16) 16 (8) 0.024 1.023 0(0) 16 (24)
Linezolid 3.1(3) 4(2) 0.05 0.757 0(0) 2.5(5)
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Figure 1. Mean distribution of MICs of E. faecalis (E.fs) and E. faecium (E.fm) among various clinical
specimens of patients attending a tertiary care hospital in Peshawar, Pakistan from January 2020

to February 2021

and 4% (n = 2/50) respectively. Other species of en-
terococcus (other than E. faecium & E. faecalis)
were resistant to erythromycin 100% (n = 6/6), fol-
lowed by ciprofloxacin and gentamicin 83.3% (n =
5/6) each. No resistance was observed among other
species against vancomycin and linezolid as shown
in Table 2.

Vancomycin Minimum Inhibitory Concentrations.
Sixteen percent (n = 24) of the isolates (E. faecium
and E. faecalis) were vancomycin-resistant. Whereas
no vancomycin resistance was observed against other
enterococcus species. The MIC values for vanco-
mycin against E. faecium and E. faecalis remained
higher and fell in the range of 32 pug/ml to 256 pg/ml
as shown in Supplementary Table 1. Overall, the dif-
ference in vancomycin MIC values among E. faecium
and E. faecalis was statistically not significant (p =
0.624). The mean distribution of MICs of E. faecium
and E. faecalis is shown in Figure 1.

Vancomycin-resistant phenotypes and virulence de-
terminants. The percentages of vancomycin-resistant

phenotypes among E. faecium vs E. faecalis were as
follows: vanA; 50% (n = 4) vs 19% (n = 3), vanB,
12.5% (n = 1) vs 62.5% (n = 10) and van D; 75% (n =
6) vs not detected. Overall MICs for vanA, vanB,
and vanD positive isolates remained above 16 pg/ml
(Supplementary Table 1).

Atotal of five different virulence factors were scru-
tinized among twenty-four VRE isolates. The preva-
lence of the virulence factors among E. faecium and
E. faecalis is shown in Table 3. Overall no significant
differences have been observed between E. faecium
and E. faecalis virulence genes prevalence.

Multi-drug resistant FEnterococci. The highest
percentage, 96% (n = 144/150) of the enterococcus
isolates had multi-drug resistant patterns. Overall,
94.4% (n 136/144) of the isolates were resistant
to > 5 tested antibiotics and 26.3% (n = 38/144) were
resistant to > 10 tested antibiotics and mainly were
penicillin, cephalosporin, monobactam, quinolone
and aminoglycosides as shown in Supplementary
Table 1.

Table 3. Correlation of virulence gene and resistant phenotype among VRE isolated from urine, blood, pus

and pus swab and ascitic fluid

Virulence Urine (n=12) Blood (n=7) Pus (n=3) Ascitic fluid (n=2) Total
Genes, |E. faecalis |E. faecium |E. faecalis | E. faecium | E. faecalis | E. faecium | E. faecalis | E. faecium (n=24)
% (n) (n=9) (n=3) (n=4) (n=3) (n=2) (n=1) (n=1) (n=1)
esp 1.1 (1) 33.3(1) 0 (0) 66.6 (2) 0(0) 0(0) 0(0) 0(0) 16.6 (4)
ace 33.3(3) 33.3 (1) 75 (3) 0(0) 0(0) 0(0) 100 (1) 0(0) 33.3(8)
asat 88.8 (8) 33.3(1) 100 (4) 33.3(1) 100 (2) 0(0) 100 (1) 0(0) 70.8 (17)
gelE 33.3(3) 0(0) 0(0) 66.6 (2) 50 (1) 0(0) 0(0) 0(0) 25 (6)
cylA 11.1(1) 33.3(1) 25(1) 33.3(1) 100 (2) 0(0) 0(0) 0(0) 25 (6)
Resistant Phenotype, % (n)
vanA 33.3(3) 33.3(1) 0(0) 66.6 (2) 0(1) 0(0) 0(0) 0(0) 29.2(7)
vanB 44.4 (4) 33.3(1) 75 (3) 0(0) 0(0) 0(0) 100 (1) 0(0) 37.5(9)
vanD 1.1 (1) 66.6 (2) 0(0) 66.6 (2) 0(1) 100 (1) 0(0) 100 (1) 33.3(8)
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Discussion

The current study was carried out to investi-
gate the growing importance of multi-drug-resistant
enterococcal infections in a tertiary care hospital
in Psehawar, Khyber Pakyhtunkhwa (KP), Pakistan.

The available collected clinical information con-
firmed the established risk factors for the acquisition
of various enterococcal infections such as hospitali-
zation, advanced age, and neonates which are paral-
lel to the other reports [12, 13]. In our study majority
ofthe enterococcal infections were observed in the ages
above 50 years which is similar to the other reported
studies [12, 13]. In the current study, the predominant
species is E. faecalis. The same pattern has been ob-
served among clinical isolates from other studies [11,
14]. It has been reported that majority of the entero-
coccal infections are caused by E. faecalis as compared
to other enterococcal species. Furthermore, it has
been reported that E. faecalis carries more virulence
factors in comparison to other Enterococcal species;
resulting in its higher pathogenicity [10].

Over the time, the bacteria acquired resistance
to anti-enterococcal antibiotics such as glycopeptides,
ampicillin, and aminoglycosides. This might contrib-
ute to the increased prevalence of E. faecalis infections.
However, recently certain studies have reported a rela-
tive shift in favor of E. faecium [2, 12, 15]. In our study
high level of resistance to E. faecalis has been observed
against erythromycin, ciprofloxacin, gentamicin, and
ampicillin which is in accordance with the previous
studies [16, 17]. The high level of resistance to entero-
coccal strains against gentamicin is a major concern
as this might limit the option of combination therapy
(Cell wall inhibitor antibiotics like ampicillin or vanco-
mycin plus aminoglycosides such as gentamicin) which
could be considered essential for the treatment of severe
infections. Linezolid which was available for the first
time in the year 2000 has been considered an alternate
drug of choice for treating VRE infection. This is ac-
tive against both E. faecalis and E. faecium [16]. In our
study, the resistance of linezolid against E. faecium and
E. faecalis was 4% and 3.1% respectively.

Surprisingly, in the current study, 96% of the en-
terococcus isolates were multi-drug resistant which
is parallel with the previous report from Iran [18].
In our country, the treatment for the infections as-
sociated with MDR enterococci is complicated due
to extensive misuse of antibiotics. Furthermore,
the acquisition of antimicrobial resistance and its dis-
semination through plasmid and conjugative trans-
posons play an important role in the progression
of MDR enterococci [18].

The prevalence of VRE in the current study was
16% which is slightly raised from the results reported
from Germany, Iran, and Italy; 11.2%, 9.4%, and 9%
respectively [19]. However, the prevalence of VRE var-
ies in different regions and a high frequency of VRE
has been reported in the UK: (14.5%), Saudi Arabia:

(17.3%), and Turkey: (80.2%) (14, 20, 21). The MICs
of vancomycin in the majority cases for both E. fae-
cium and E. faecalis fell in the range of 32 pg/ml
to 256 pg/ml. The emergence of VRE in enterococci
is considered one of the influential factor of ente-
rococcal nosocomial infections [10]. The increased
prevalence of VRE in Pakistan is a serious concern,
especially for the treatment of multi-drug resistant
Gram-positive infections.

In the current study, we observed various percent-
ages of vanA, vanB, and vanD phenotypes among VRE
isolates. A study conducted in Iran reported that all
VRE isolates were vanA phenotype [22]. One possible
explanation for this variation might be the presence
of other resistance genes such as vanB and vanD in the
current study and the presence of other resistance
mechanisms including thick cell wall production etc.
However, some studies have reported variations in van
phenotypes which are following our findings [2, 19, 23].

The observed prevalence of the ace gene among
E. faecalis and E. faecium were 44% and 12.5% respec-
tively. In other studies, the reported prevalence of ace
was42% and 39% respectively [11, 24]. Previously, it was
hypothesized that ace gene products facilitate bacterial
binding to the root dentin canal. Furthermore, they
found out a significant correlation between the intact
gene presence and subsequent attachment to dentin by
E. faecalis [25]. Thus the presence of the ace gene in en-
terococcus species might be considered as an impor-
tant virulence factor [11, 25]. Moreover, the frequency
of gelE gene (25%) almost remained the same in both
species. Gelatinase is a zinc metalloprotease with hyd-
rolytic ability [16]. The observed frequency is slightly
higher from the previous report which was 16% [26].
The percentages of cylA, asal, and esp genes among
E. faecalis and E. faecium were 12.5% vs 25%, 94% vs
25%, and 6% vs 37.5% respectively. Previously no cylA
gene was detected in any isolates of E. faecium and
low prevalence of asal (2%) and esp (17.5%) were re-
ported [2, 27]. Other studies reported a high frequency
of esp gene among clinical isolates of vancomycin re-
sistant E. faecium in comparison to fecal isolates. This
increased prevalence of the esp gene in clinical isolates
might indicate its role in enterococcal pathogenesis [2,
28]. The asal gene-encoded aggregation substances fa-
cilitate binding to the host epithelium and during con-
jugation mediate bacterial aggregation and participate
in plasmid exchange [16].

Conclusively, our study reported that E. faecalis
was most prevalent among other enterococcus spe-
cies. The majority of the isolates were multi-drug re-
sistant and the highest percentages of resistance were
observed against erythromycin, ampicillin, amino-
glycosides, and vancomycin. The VRE isolates car-
ried antimicrobial resistance and virulence-related
genes and the most common glycopeptides-resistant
phenotypes were vanA, B, D among VRE enterococ-
cus isolates. Furthermore, due to this increased preva-
lence of MDR enterococci in clinical isolates, appro-
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priate control measures and surveillance are essential
to control the transmission and emergence of these
isolates in hospitals.
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Abstract. This investigation delves into the integration of Capparis spinosa extract (CSLe) onto manganese dioxide
nanoparticles (MnO,NPs) and chitosan derived from honeybees (CSH) in a nanostructured configuration. The resultant
nanocomposites, namely CSLe@MnO,NPs and CSH/CSLe@MnO,NPs, underwent thorough characterization through
various analytical techniques. UV-Vis spectroscopy unveiled distinctive features, such as ligand-to-metal charge transfer
and photoluminescence, affirming the successful chitosan-functionalization of the MnO,NPs, thereby differentiating
them from their pristine counterparts. FTIR spectra corroborated the binding of chitosan and identified crucial molecular
functional groups. SEM-EDX analysis revealed the morphological properties, addressing non-uniform sizes in the as-
calcined MnO,NPs by the uniform coating of CSH on CSLe@MnO,NPs, while EDX confirmed the presence of essential
elements. TEM and SAED provided insights into the spherical morphology, crystalline structure, and lattice planes of these
nanoparticles. Size distribution measurements highlighted distinctions between CSLe@MnO,NPs and CSH/CSLe@
MnO,NPs. The nanomaterials underwent evaluation for their antimicrobial properties against a spectrum of Gram-
negative and Gram-positive bacterial strains, with CSH/CSLe@MnO,NPs exhibiting the highest bactericidal activity.
Additionally, they demonstrated low minimum inhibitory concentration (MIC) values, especially against S. aureus (MIC
as low as 12.5 pug/ml). Their efficacy extended to anti-biofilm formation, significantly diminishing biofilm development
in a dose-dependent manner, a pivotal factor in addressing biofilm-related infections. The study also scrutinized their
cytotoxicity against normal Vero and PC3 prostate cancer cells, revealing potential anticancer properties. Dose-dependent
reductions in cell viability were observed for both normal and cancer cells. In conclusion, these findings underscore
the versatility and promise of CSH/CSLe@MnO,NPs in diverse biomedical applications, including antibacterial, anti-
biofilm, and anticancer therapies.

Key words: C. spinosa, MnO,NPs, honeybees chitosan, antibacterial, anti-biofilm, anticancer.
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BMOCUHTE3 HOBbIX HAHOKATMCYJ1 MnO, C MOMOLLbIO 3KCTPAKTA C. SPINOSA U XUTO3AHA
MEZAOHOCHOW NYEJIbl: UBYYEHUE AHTUBAKTEPUAJIbHbIX U MPOTUBOPAKOBbIX CBOACTB
Dasxappud M.I.., Xacan H.A.2, IIlapadp M.3>4

! Yuusepcumem Illakpa, Illakpa, Caydosckasn Apasus

2 Hayuno-uccaedosamenbCckuili uHCMumym xumuueckoll npomviuinennocmu, Hayuonanvnoiii uccaedosamenvckuii yenmp, Kaup,
Eeunem

3 Yuueepcumem Anv-Asxap, Hacp-Cumu, Kaup, Eeunem

4Oxeanckuii ynueepcumem Kumas, Lundao, Kumaii

Pe3iome. Hacrosiiee rccieoBanue MOCBSIIEHO OMKMCAHUIO HaHeceHus1 akcTpakTa Capparis spinosa (CSLE) Ha HaHo-
yacTuibl nnokcuaa Mmaprania (MnO,NP) u xuto3an menoHocHbIX mue (CSH) B HAHOCTPYKTYpUpPOBaHHON KOH(DH-
rypauuu. [ToxyuyeHHbIe HaHOKOMITO3UTHI, a UMeHHO CSLE@MnO,NPS u CSH/CSLE@MnO,NPS, 6p1111 THIaTEIEHO
OXapaKTEePU30BaHHI ¢ TTOMOIIBI0 Pa3MIUUYHBIX aHATUTHICCKNX MeTomoB. CriekTpockonus B YO- 1 BUAUMOI 00J1a-
CTU OOHApYXKMJIA OTINYUTEIbHBIC 0COOCHHOCTH, TaKHe KaK MEePeHOC 3apsana «JIMTraHI—MeTall» U (POTOTIOMUHEC-
LEHIIMI0, TOATBEPXAas yCrelmHyo GyHKIIMoHaIu3anuo xutozana Ha MnO,NP, tem cambim nuddepeHunpys nx
OT COOTBETCTBYIOIIMX MHTAKTHBIX aHaJ0roB. CIIeKTpbl MH(MPaKpaCHOI CIIEKTPOCKOMUHM ¢ TpeobpazoBaHueM Pypbe
(MK®C) moaTBepamIn CBSI3bIBaAHNE XUTO3aHA M MACHTU(GUIINPOBATIN KITIOUEBbIe MOJIEKYISIpHBIe (DYHKIIMOHATBHBIE
I'PYIITBL. AHAJIKU3 C TOMOIIIBIO criocoba TuHeiiHoro ckanupoBaHust SEM-EDX BbissBUI MOpdoornyeckre CBOiCTBa,
Kacalolrecst HepaBHOMEPHbIX pa3MepoB KaJblMHUpoBaHHBIX MnO,NP ¢ moMoiibio paBHoMepHOro nokpuiTust CSH
Ha CSLE@MnO,NP, B To BpeMs1 KaK 3HEpProaucrlepCUuOHHbBIN peHTreHoCcneKTpaabHblii MuKpoaHanus (EDX) nmon-
TBEePAUJ HaJMYKMe HEOOXOMMMBIX 31eMeHTOB. [IpocBeunBaloias aneKTpoHHast Mukpockonus (TEM) u anekTpoHHas
nudpakiysa Ha oTaeabHBIX yuacTKax (SAED) manu npencraBieHue o chepruieckoit Mopdoaornu, KpucTaaanieckoi
CTPYKTYpPE ¥ KPUCTAJIMYECKON MIOCKOCTU TaKMX HaHOUacTu1l. Mi3MepeHus pacripeaeneHus o pazmepam BbISIBUITU
paznmuunsg mexay CSLe@MnO,NPs u CSH/CSLe@MnO,NPs. HaHomaTepuaisl MpoIIN OIeHKY Ha aHTUMUKPOO-
HBIE CBOIICTBA B OTHOIIECHUHU Pa3IMIHBIX IPAMOTPUIIATCIBHBIX M TPAMIIOIOXKHUTEIbHBIX OaKTepHaIbHBIX IIITAMMOB,
¢ MaKcMMalbHOM 6akTepunnnHoit akTusHocThio y CSH/CSLe@MnO,NPs. Kpome Toro, MuHUMaIbHASI UHTUOUPYIO-
mas konueHTpanus (MIC), ocodenno mpotus S. aureus (MIC He 6onee 12,5 MKT/MIT) olTrcaHa IIpH HU3KUX 3HAUCHU-
sax. Ux 2 peKTUBHOCTD TaKke paclipocTpaHsiiach Ha (hOpMUPOBaAHME AaHTUOMOILJIEHKH, TOCTOBEPHO J10303aBUCUMO
CHMXasi 00pa3oBaHMe OMOTIIEHKM KaK KJII0YeBOTO (haKTopa B OTHOLICHUN MH(MEKIINIA, CBI3aHHBIX ¢ OMOTIJICHKOM.
Taxoxe THIaTeIbHO M3yYeHa U TOTOKCUYHOCTh COCAMHEHW B OTHOIIEHU Y HOPMAaJIbHBIX KJIETOK Vero 1 KJIeTOK paka
npeacratenbHoii xkene3bl PC3, BbISIBUBIIAS 10303aBUCMMOE CHUXXEHME XU3HECTIOCOOHOCTH KJIETOK 00EUX JIUHUIA.
[TonyyeHHbIe pe3yabTaThl MOMYEPKMBAIOT YHUBEpCcaabHOCTh U mepcrnekTuBHocTh CSH/CSLE@MnO,NP nipu wuc-
M0JIb30BaHUHU B Pa3IMYHBIX OMOMEINLIMHCKHUX LIEJISIX, BKJI0Uast aHTUOaKTepuaabHOE IeiiCTBUE, TIOAaBJICHUE CUHTEe3a
AHTUOMOILJIEHKH U ITPOTUBOOITYXOJIEBYIO TePAIHIO.

Karouesoie caosa: C. spinosa, MnO,NP, xumo3an medoHocHOl nuevl, aHmubakmepuaibHole, GHMUOUONAEHKA, NDOMUBOPAKOBbLE.

Introduction

Nanotechnology has significantly transformed
the medical landscape, providing innovative solutions
to a myriad of healthcare challenges. Manganese di-
oxide nanoparticles (MnO,NPs) have garnered sub-
stantial attention owing to their unique properties and
promising applications in medicine [41]. MnO,NPs,
acting as carriers for therapeutic drugs, facilitate tar-
geted drug delivery to specific cells or tissues, thereby
minimizing side effects and amplifying the thera-
peutic efficacy of medications. The functionaliza-
tion of MnO,NPs allows for controlled drug release
at the desired location, making them indispensable
for personalized medicine and improved treatment
outcomes [72].

In the context of healthcare, MnO,NPs pos-
sess diverse pharmacological properties that ren-
der them invaluable for medical applications. These
properties encompass antioxidant, antimicrobial,

neuroprotective, anticancer, and wound-healing at-
tributes. The multifaceted pharmacological profile
of MnO,NPs positions them as promising agents
in disease treatment and healthcare, playing a pivotal
role in reshaping medical treatments, offering inno-
vative solutions across a spectrum of diseases, and
enhancing patient outcomes [57, 66].

Chitosan, a biopolymer derived from chitin found
in the shells of crustaceans like shrimp and crabs,
is a remarkably versatile material. Particularly in-
triguing is its utilization when sourced from honey-
bee exoskeletons in a nanostructured form, a rela-
tively novel and less-explored avenue [2]. Bee-derived
chitosan boasts intriguing pharmacological proper-
ties with potential applications across various medi-
cal and pharmaceutical contexts [33]. It exhibits bio-
compatibility and biodegradability, making it ideal
for drug encapsulation and controlled release, par-
ticularly in targeted cancer therapy. Chitosan nano-
particles can target specific tissues or cells, enhanc-
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ing drug absorption while minimizing side effects.
Additionally, its antimicrobial properties make it ef-
fective against bacteria and fungi, useful in wound
healing and medical device coatings. Chitosan’s abil-
ity to form gels and films also supports tissue engi-
neering and regeneration [60].

Capparis spinosa, commonly known as caper, has
been utilized in traditional medicine for centuries
due to its rich phytochemical composition and di-
verse pharmacological properties. Key compounds
like quercetin, rutin, catechin, and various flavo-
noids contribute to its therapeutic potential, offering
antioxidant, anti-inflammatory, antimicrobial, and
potentially anti-diabetic benefits. This botanical ex-
tract shows promise in managing conditions such as
arthritis, inflammatory bowel diseases, and combat-
ing microbial infections, while also potentially regu-
lating blood sugar levels [37].

Incorporating C. spinosa into nanostructures pre-
sents a promising avenue for enhancing its pharma-
cological properties. Nanostructured drug delivery
systems can significantly improve the bioavailability
and therapeutic efficacy of its bioactive compounds.
By encapsulating phytochemicals in nanoparticles or
nanocarriers, these formulations enhance solubility,
enable controlled and sustained release, and target
specific cells or tissues, thereby optimizing therapeu-
tic impact while minimizing side effects. This mod-
ern approach holds potential for making C. spinosa
more effective and efficient in various therapeutic
applications [3]

Furthermore, nanoencapsulation of C. spinosa’s
bioactive compounds safeguards them from degrada-
tion, boosting stability and shelf life, vital for herbal
medicine efficacy. Recent studies have effectively
encapsulated these compounds into nanostructures
like liposomes and nanoparticles, enhancing phar-
macokinetic and pharmacodynamic properties [48].
This advancement in nanomedicine offers promising
avenues for improving C. spinosa’s therapeutic poten-
tial, paving the way for enhanced drug development
and natural product-based therapies [34].

Precise targeting of therapies remains a challenge
despite the potential of nanostructures for targeted
drug delivery. Understanding their interaction with
specific cells or tissues is essential. Moreover, com-
prehensive studies on the long-term effects and poten-
tial toxicity of these materials are lacking. Ensuring
the biocompatibility and biodegradability of nano-
structures is crucial for their safe application in med-
ical treatments. Therefore, the primary goal of this
study is to assess the antibacterial and anticancer
properties of Manganese Dioxide (MnO,) combined
with extracts from the C. spinosa plant, incorporated
into nanoparticles and mixed with honeybee-derived
chitosan. This innovative combination is being in-
vestigated as a potential new pharmacologically ac-
tive compound. Additionally, we aim to identify and
characterize the nanoparticles used in this formula-

tion. This research endeavors to shed light on the po-
tential therapeutic applications of these compounds,
addressing both their antimicrobial and anticancer
effects

Materials and methods

Plant collection and preparation. C. spinosa, sam-
ples were collected from habitats at northwestern
coastal region (Alex-Marsa Matrouh Road, 62 km
west of El-Hammam city), at the recorded site
3044 46.88828°N, 29 12 8.0926°E, the collected
samples were identified, authenticated taxonomically
by the Herbarium, at Desert Research Center, Cairo,
Egypt. C. spinosa, samples were washed by distilled
water then were shade dried at lab-temperature till
constant weight. Then, grounded into fine powdery
form, sieved and finally stored in dry glass jar at room
temperature for further use.

Extraction of natural molecules of C. spinosa, sam-
ples. C. spinosa were dried at 60°C till a constant dry
weight and ground to powder. Then, 10 g of C. spino-
sa, powder was added to a conical flask with a 100 ml
capacity, 5 ml of 2% phenol water, and 10 ml of 30%
trichloroacetic acid. After shaking the mixture and
letting it sit for a whole night, the filtrate was created
up to 50 ml [1].

HPLC. C. spinosa, sample were subjected to iden-
tification of phenolic compounds using HPLC. 10 pl
of the sample was injection and analyzed at flow rate
0.7 mL/min using Agilent 1200 LC-MS-ESI instru-
ment (positive mode) with a diode array detector set
at 254, 280, 320 and 520 nm. Agilent Zorbax Eclipse
plus C18 column using nitrogen as nebulizing gas
was used. Mobil phase used was 1% formic acid (A)
and acetonitrile (B); gradient was 0 min 5% B, 1 min
20% B, 6 min 20% B, 8 min 80% B, 18 min 80% B,
19 min 5% B and 20 min 5%. Mass scanned in the
range m/e 0—1000 at fragmentation energy 20 eV and
potential 4.0 kV [9].

Chitosan bee’s extraction. Several phases were in-
volved in the extraction of biopolymers of chitin and
chitosan from a novel potential source which dead
corniolan honeybees hybrid were collected in front
of bee hives during the autumn season 2022 from
the commercial apiary located in Motobes region
Kafr El-Sheikh Governorate, Egypt. To extract chi-
tin, the protein (deproteination) and mineral (dem-
ineralization) elements of subpestilence are first
dissolved and removed. The raw honey bee Apis
mellifera material was first ground using (CM 190
Cemotec™, Denmark). Demineralization was then
performed using the Hackman technique with minor
modifications [21], by treating the crushed raw mate-
rial with 2 M hydrochloric acid (ratio, 1:10) for 5 h
at 25—27°C. Then, deproteination was accomplished
by treating the pulverized raw materials with a 1 N
sodium hydroxide solution for 1 h at a temperature
of 80—85°C. Then, dried at 60—65°C for 4h.
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Preparation of CSLe@MnO,NPs, and CSH/
CSLe@MnO,NPs. Co-precipitation and green chem-
istry methods were used to synthesize MnO,NPs.
To this end, 0.47 g KMnO, precursor was dissolved
in 20 ml of deionized water. C. spinosa extract was
then added drop by drop to the previous solution
and stirred at 40°C for 2 h using a magnetic stirrer.
The resultant solution was dried in an oven at 80°C.
The powder obtained was calcined at 400°C for 2 h.
For extracted chitosan from dead bees (CHN) so-
lutions was prepared by dissolving 1 g of chitosan
in 100 mL of 1.0% aqueous acetic acid and stirring un-
til the liquid became translucent. Then, the CSLE@
MnO,NPs were combined by ionic gelation process
with the create bees chitosan. Finally, the suspension
was stirred under magnetic stirring at room tempera-
ture and left to qualify for 30 min. The bee chitosan
NPs were then centrifuged at 3000 rmb for 15 min
at 3—5°C and freeze-dried with 10% (m/m) trehalose
in a Freeze-dryer for 24 h [5].

Characterization of prepared samples. A PerkinElmer
Spectrum 100 Fourier transform infrared (FTIR)
spectrometer (PerkinElmer, MA) with an attenuated
total reflection (ATR) accessory of germanium crys-
tal with a high-resolution index (4.0), performing 64
scans for each spectrum at 4 cm~! resolution, was used
to collect the FTIR spectra of CSLe@MnO,NPs,
and CSH/CSLe@MnO,NPs samples in the 500—
4000 cm~' range [70]. By applying 10 pl of diluted ma-
terial to holey carbon films on copper grids, TEM was
utilized to examine the shape and distribution of the
MnO,NPs, and CSH/CSLe@MnO,NPs. The sam-
ples were seen functioning at a 200 kV accelerating
voltage. ImagelJ software, version 1.52a, was used
to measure nanoparticle size. SEM with EDX analysis
(Tescan Vega3, Czechia) was performed at scale levels
of 20 um, 2 pm, 1 um and 500 nm with the magnifica-
tion of 1000x, 10,000x and 50,000x. ImagelJ software
was applied to calculate crystallite size from 2D SEM
images. X-ray diffraction (JEOL JDX-3623, Japan)
analysis was performed with CuKo (wavelength =
1.5418 A) radiation from 20 values of 10° to 80° with
applied current and voltage range of 2.5—30 mA and
20—40 kV, respectively [29].

Bacterial sample collection. All the isolated Gram-
positive bacteria Staphylococcus aureus, Staphylococcus
hominis, and FEnterococcus feacalis, Gram-negative
bacteria  Escherichia coli, Klebsiella pneumonia
and Acinetobacter baumannii were collected from
the Microbiology Department, Faculty of Medicine,
Cairo University, Egypt, through the proper protocol
and identified and diagnosed based on morphological
characteristics and biochemical examinations accord-
ing to the standard methods of diagnosis and con-
firmed with the “Vitek 2 compact” [20, 52]

Determination of minimum inhibitory concentra-
tion (MICs) and minimum bactericidal concentration
(M BCs). By using the usual dilution approach, a broth
micro dilution assay was used to estimate the MIC

of antibacterial activity in 96 multi-well micro titer
plates (CLSI M07-A8). 100 ul of TSB (Himedia)
were dispersed evenly across all wells. A volume
of 100 pl from each CSLe, CSLe@MnO,NPs, and
CSH/CSLe@MnO,NPs (1024 — 2.5 ug mL~") were
pipetted into the wells of the first row of the mi-
cro titer plate. Finally, 100 ul of freshly made, 0.5
McFarland matching turbid bacterial solution were
put to each well. Each plate contained two columns
that served as both positive and negative controls.
Wrapped plates were incubated for 18—24 h at 37°C.
The plates were visually inspected for the presence
or absence of turbidity against a dark background.
The MIC was determined as the lowest concentration
at which there was no discernible bacterial growth
when compared to controls. Additionally, stock in-
oculum suspensions were made in trek diagnostic
systems sterile saline with 1% tween 80 from 7 days
colonies on potato dextrose agar slants (provided
by Remel, Lenexa, Kans) used to estimate the MIC
of antifungal activities. A 95% of the stock inoculum
suspensions measured 0.9 x 10° to 4.5 x 10° CFU/
mL. On test day, each microdilution well was in-
fected with 100 ul of the diluted (Twofold) conidial
inoculum suspensions in liquid potato. Then, 200 pl
per well of Dextrose Agar (PDA) and microdilution
trays were tested after 4 days at 28°C. The MICs goals
were the lowest CSLe, CSLe@MnO,NPs, and CSH/
CSLe@MnO,NPs concentrations that inhibited
growth completely (100% inhibition). By sub cultur-
ing 20 ul from the clear wells of the MICs and MBCs
was ascertained.

Anti-biofilm viability assay. The crystal violet
staining test was determined the impact of CSLe,
CSLe@MnO,NPs, and CSH/CSLe@MnO,NPs
on biofilm formation by S. aureus, S. haemolyti-
cus, E. faecalis, A. baumannii, K. pneumoniae, and
E. coli [19, 62]. In brief, 20 ul of each isolated bac-
teria was added overnight to growth. Different con-
centrations of CSLe, CSLe@MnO,NPs, and CSH/
CSLe@MnO,NPs (1.562 and 25 mg/mL) were added
to 180 uL of LB medium with 0.2% (w/v) glucose
and incubated at 30°C for 24 h. Then, washing with
phosphate buffer pH 7.4 got rid of the planktonic
cells, and a 0.1% crystal violet solution was used
to color the biofilm that stuck to the surface. After
15 min, sterile-distilled water was used to wash
the crystal violet that had been taken apart. Last,
the crystal violet that was stuck to the biofilm was
released with 200 ul of 95% ethanol. The intensity
of the crystal violet at 570 nm was measured with
a UV-vis spectrophotometer.

% Biofilm formation = (OD control —
— OD sample)/(OD control ) x 100. (€))

Evaluation of cytotoxicity by MTT Assay. Both
control CSLe, CSLe@MnO,NPs, and CSH/CSLe@
MnO,NPs conjugates were subjected to cytotoxic-
ity evaluation by MTT assay. For this purpose, Vero
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ATCC CCL-81 normal cells and PC3 prostate can-
cer cell line were used to access the anticancer po-
tential, as reported by [4, 47]. Briefly, Vero ATCC
CCL-81 and PC3 cells were grown for 24 h at 37°C
in 96-well microtiter plates (pre-inoculated with
MnO,NPs alone, and CSH/CSLe@MnO,NPs con-
jugates) using a DMEM that was additionally sup-
plemented with 10% of FBS. After 24 h incubation,
the DMEM was removed. The Vero ATCC CCL-81
and PC3 cells were again incubated for 4 h at 37°C
in the presence of 20 uL of MTT (5 mg/mL in PBS)
supplemented fresh medium. Following that, DM SO
(150 pL/well) was used to solubilize the formazan
crystals resulting from the mitochondrial reduction
of MTT. Finally, the absorbance was recorded at 570
nm (2300 EnSpire Multilabel Plate Reader, Perkin
Elmer).

The OD should be directly interrelated to the
quantity of cellular activity.

% Cell viability = (OD test — OD blank)/
/(OD control — OD blank), 2)

where OD optical density, test indicates the cells ex-
posed to the CSLe, CSLe@MnO,NPs, and CSH/
CSLe@MnO,NPs sample, control in term the con-
trol sample, and blank in term the wells without Vero
ATCC CCL-8lIcercopithecus aethiops kidney nor-
mal cells and PC3 prostate cancer cell lines.
Statistics analysis. Data was presented as meant
standard error of mean. GraphPad prism software
program (version 7.0 (2016) Inc., San Diego, CA,
USA) was applied in statistical analysis. The sta-
tistical difference among groups was examined by
one-way ANOVA subsequently Post hoc-Tukey’s test
for comparison between groups. All p values (*P <
0.05, **P < 0.01, **P < 0.001 and ****P < 0.0001),
were regarded as statistically significant [44, 45].

Figure 1. HPLC chromatogram of C. spinosa extract

Results

HPLC

The HPLC retention durations of the phytocon-
stituents were compared to the retention periods
of the used reference samples to confirm their iden-
tities. Four compounds were found in the aqueous
extract of the C. spinosa after HPLC analysis. Some
identification was on the basis of evaluations against
current criteria. The substances that were found all
products of nature, two compounds of phenolic acids,
one compound of each glycoside, and hydroxybenzo-
ate as shown in Fig 1. 19 chemical compounds were
identified and purified using HPLC. The percentages
of the detected chemicals were computed and com-
pared to the total peaks in the HPLC chromatogram,
showing that naringenin (flavonoid), vanillin(organic
compound), chlorogenic acid (polyphenol), daidzein
(isoflavone), ferulic acid (polyphenol), and methyl
gallate (gallate ester) were the major isolated com-
pounds at a concentration of 22.41%, 14.05%, 13.97%,
9.59%, 9.45% and 5.71% respectively. Furthermore
the result showed catechin (flavan-3-ol) at a con-
centration of 2.72%, gallic acid (phenolic acids) at
a concentration of 2.89%, coffeic acid (phenolic ac-
ids) at a concentration of 3.40%, querectin (flavonol)
at a concentration of 0.527%, syringic acid (phenolic
acids) at a concentration of 0.250%, rutin (flavonoid)
at a concentration of 0.0559%, cinnamic acid (organic
compound) at a concentration of 0.0584% and hes-
peretin (flavonoid) at a concentration of 0.0626%.

Characterization of CSLe@MnO,NPs, and CSH/
CSLe@MnO,NPs

UV-vis spectroscopic. The UV-visible spectroscop-
ic analysis (Fig. 2A, see cover II) were demonstrated
the presence of ligand-to-metal charge transfer from

1006



2024, T. 14, Ne 5

MnO, nanocapsules: antibacterial and anticancer properties

chitosan to Mn?* ions in the MnO,N Ps. Additionally,
the room temperature photoluminescence exhibited
many distinct characteristics, which are not often
seen in unmodified MnO,NPs. The determination
and quantification of the production of chitosan,
CSLe@MnO,NPs, and CSH/CSLe@MnO,NPs
were conducted utilizing the intensity of UV-Vis
absorption peaks. Fig. 2A illustrates the presence
of a large absorption peak at wavelengths of 350 nm,
245 nm, and 250 nm, respectively.

FTIR spectra. The ligands were generated and
the molecules and functional groups were identified
by the acquisition of FTIR spectra for the as-calcined
MnO,NPs nanoparticles, CSLe plant, and the com-
posite of MnO,NPs with Hypericum. The findings
are shown in Fig. 2B. The vibrational modes associ-
ated with Mn-O-Mn interactions are responsible
for the absorption peaks seen within the wavenum-
ber range of 550—650 cm™'. The presence of covalent
bonding between the ligand chitosan and the CSLe@
MnO,NPs was verified by the observed alteration
in the FTIR spectra, namely in the region associated
with the stretching of C-N bonds at a wavenumber
of 1210 cm™'. The existence of C-O aromatic carbon
compounds is indicated by the absorption peak seen at
1300 cm™" in the combination of CSLe plant and NPs.
Furthermore, the presence of CO-O-CO stretching
vibrations may be detected by the emergence of a peak
at 1050 cm™! and surface OH groups at 3330 cm™
inthe CSLe and CSLe@MnO,NPs, as seen in Fig. 2B.

SEM-EDX. In order to investigate the morpho-
logical characteristics of the SCLe@MnO,NPs,
scanning electron microscopy (SEM-EDX) was
used. As shown in Fig. 2C, the SEM picture revealed
that the SCLe@MnO,NPs, which were subjected
to calcination, exhibited diameters ranging from 22
to 35 nm, as indicated in the inset. The mean size
of the NPs is determined to be around 25 nm. It is
important to acknowledge that the SCLe@MnO,NPs
exhibit heterogeneity and non-uniformity across var-
ious regions as a result of adhesion and agglomeration
phenomena. The phenomenon described may be at-
tributed to the process of calcination and subsequent
exposure to high temperatures, resulting in the ag-
glomeration of nanoparticles due to their inclina-
tion to minimize energy. Fig. 2D displays a scanning
electron microscopy (SEM) picture of the composite
material consisting of SCLe@MnO,N Ps incorporat-
ed with chitosan. The homogenous coating of CSH
on the surface of CSLe@MnO,NPs is evident, indi-
cating the effective attachment of CSH to the com-
posite. This may be attributed to the larger size and
less agglomeration of the resultant composite com-
pared to SCLe@MnO,NPs. In addition, the ener-
gy-dispersive X-ray (EDX) spectra of manganese
dioxide nanoparticles reveals the presence of oxy-
gen and manganese, with corresponding weight per-
centages of 40.21% and 60.89%. The provided data
illustrates a prominent peak seen at an energy level

of 0.2688 kiloelectron volts (keV), which is indica-
tive of the presence of a manganese-oxygen (Mn-0)
bond. The presence of elemental peaks of manganese
and oxygen in the data supports the conclusion that
the production of CSLe@MnO,NPs has occurred, as
seen in Fig. 2E. The composition of the shown ele-
ments includes oxygen (11.82%), carbon (21.39%),
gold (12.67%), and manganese (54.12%). The find-
ings presented in this study provide confirmation
of the successful production of a nanocomposite ma-
terial consisting of chitosan on CSLe@MnO,NPs.
The low proportion of manganese concentration
in the nanocomposite might likely be attributed
to the inclusion of manganese dioxide nanoparticles
inside the internal porous structure of the chitosan
support, as seen in Fig. 2F.

TEM (HRTEM) images and selected area electron
diffraction (SAED). In contrast, Fig. 3 illustrates
the TEM images ofthe as-calcined CSLe@MnO,NPs
and composited CSH/CSLe@MnO,NPs. The TEM
images demonstrates that the CSLe@MnO,NPs have
a shape resembling spheres (Fig. 3A). Furthermore,
the TEM examination provides further confirma-
tion of the observed accumulation of CSH/CSLe@
MnO,NPs and the subsequent increase in their di-
mensions (Fig. 3B). The interfering distance of the
high-resolution transmission electron microscopy
(HRTEM) was measured to be 0.49 nm, indicating
the presence of the (101) plane in the crystal lattice
of CSLe@MnO,NPs (refer to Fig. 3C). Additionally,
the interfering distance was found to be 0.65 nm,
corresponding to the (211) plane of the CSH/CSLe@
MnO,NPs crystal lattice (refer to Fig. 3D).The trans-
mission electron micrographs (TEM) reveal
the presence of spherical morphology and uniform
dispersion of CSLe@MnO, nanoparticles. The elec-
tron diffraction pattern obtained from the selected
area electron diffraction (SAED) technique exhibits
diffraction rings that may be attributed to the (101)
and (200) crystallographic planes, as seen in Fig. 3E.
The diffraction rings shown in Fig. 3F correspond
to the (211) planes, which provide evidence for the
presence of the spinel hausmannite structure in the
SCH/CSLe@MnO,NPs. Moreover, the size distri-
bution of NPswere determined and shown in Fig. 3G
and H. The experimental findings demonstrated
that the CSLe@MnO,NPs composite exhibited
a particle size of 25.27 nm, as shown in Fig. 3G.
Additionally, the CSH/CSLe@MnO,NPs compos-
ite displayed a particle size of 98.87 nm, as illustrat-
ed in Fig. 3H.

Antimicrobial activity by agar well diffusion assay
and MICS and MBC assays

The antibacterial potentialities of pristine CSLe,
CSLe@MnO,NPs, and CSH/CSLe@MnO,NPs con-
jugates were evaluated against the bacterial strains
of Gram-negative (4. baumanni, K. pneumoniae and E.
coli) and Gram-positive (S. aureus, S. haemolyticus, and
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Figure 3. Physico-chemical characterization

(A and B) TEM image. (C and D) High-resolution
TEM (HRTEM) image and (E and F) SAED pattern

of the same. of a single nanoparticle. (G and H) Size
distribution measured by TEM of CSLe@MnO,NPs,
and CSH/CSLe@MnO,NPs composite

E. feacalis) compared to leaves extract of CSLe. The re-
sults obtained are listed in Table 1 and shown in Fig. 4
(see cover III). After incubation period, CSLe were
found to be bactericidal up to a certain extent against all
the tested strains. CSLe were displayed lowest inhibi-
tion zone of 21 mm of E. coli and the largest inhibition
zone of 29 mm of S. aureus. However, the experimental
results showed that the CSLe@MnO,NPs are good an-
tibacterial agents. The lowest zones of inhibition have
been found as 25 mm for K. pneumoniae, and the larg-
est inhibition zone of 31 mm of S. aureus and E. fae-
calis. Furthermore, the optimally yielded CSH/CSLe@
MnO,NPs conjugate was found to be highly bacteri-
cidal against all test strains. As shown in Fig. 4, zone
value reduction from 33 mm against S. haemolyticus and
31 mm against A. baumannii was recorded.

The broth dilution technique was used to de-
termine the bacteriostatic effects of SCLe, SCLe@
MnO,NPs, and CSH/SCLe@MnO,N Ps against var-
ious harmful bacteria. As shown in Table 2, SCLe,
and SCLe@MnO,NPs showed antimicrobial against
Gram-negative and Gram-positive bacteria. At low
concentrations, However, coated CSH onto SCLe@
MnO,NPs were increased the activity significantly.
In contrast, the MIC results revealed that CSH/
SCLe@MnO,NPs were more potent against Gram-
negative bacteria than other nanosubstances. The re-
sults showed that MIC of the SCLe@MnO,NPs
for the selected Gram-positive bacterial isolates was
12.5 pg/ml of S. aureus. While the visual turbidity
test showed that CSH/SCLe@MnO,NPs inhibited
E. coli and K. pneumoniae strains (12.5 uyg mL~") was
close to the standard antibiotic gentamicin control
inhibition effectiveness varied (8 pg mL™")

Anti-Biofilm Formation

After 24 h treatment and incubation, our find-
ings indicate that the application of SCLe, SCLe@
MnO,NPs, and CSH/SCLe@MnO,NPs at sub-inhib-
itory concentrations resulted in a significant decrease
in the formation of individual bacterial biofilms, as
shown by the observed reduction in ODs,;, nm values.
The production of biofilms by S. aureus, S. haemo-
Wticus, E. faecalis, A. baumannii, K. pneumoniae, and
E. coli was shown to decrease in a way that was de-
pendent on the dosage of SCLe, SCLe@MnO,NPs,
and CSH/SCLe@MnO,NPs, as depicted in Figs. 5A,
B, and C. In comparison to the control group, the use
of SCLe resulted in a significant decrease in biofilm
formation. The greatest inhibitory effect was seen
with S. aureus bacteria, showing an inhibition rate
of around 73.62%. However, the percentage of inhibi-
tion was somewhat lower when SCLe was associated
with A. baumanni, at approximately 73.95% (Fig. 5A).
In addition, the experimental investigation involving
the application of nano-samples SCLe@MnO,NPs
and CSH/SCLe@MnO,N Ps for the treatment of bio-
films revealed noteworthy outcomes. Specifically,
the analysis indicated that the bacteria S. aureus ex-
hibited the highest inhibition percentage, with rates
of approximately 88.89% and 91.16% for SCLe@
MnO,NPs and CSH/SCLe@MnO,NPs, respectively.
Conversely, the bacteria K. pneumoniae demonstrated
the lowest inhibition percentage, with rates of about
79.28% and 89.62% for SCLe@MnO,NPs and CSH/
SCLe@MnO,NPs, respectively (refer to Figs. SB and
C). The quantity of biofilm that developed in the pres-
ence of these organisms was contrasted with the quan-
tity of biofilm that formed in their absence. That is,
without the use of SCLe, SCLe@MnO,NPs, and
CSH/SCLe@MnO,NPs. Hence, it can be inferred
that the use of chitosan-coated SCLe@MnO,NPs has
promise as a viable therapeutic approach for the man-
agement of bacterial infections and perhaps other ail-
ments connected with biofilm formation.
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Table 1. Zone diameter (mm) interpretative standards chart and tested samples for the disc diffusion method
of determining antimicrobial sensitivity and resistance status of common human bacterial pathogens

No. Isolate Name Antibacterial activity (mm)
-ve +ve SCLe SCLe @MnO,NPs SCH/SCLe@MnO,NPs
1 |Staphylococcus aureus 0 25 29 31 34
2 | Staphylococcus haemolyticus 0 21 23 29 33
3 | Enterococcus faecalis 0 22 27 31 35
4 | Acinetobacter baumannii 0 20 22 24 31
5 | Klebsiella pneumoniae 0 20 22 25 33
6 | Escherichia coli 0 22 21 26 33

Table 2. MIC determinations of the NPs against fungal and bacterial human pathogens micro-strains

Samples
Tested microorganisms SCLe (mg/ml) SCLe@MnO,NPs (ug/ml) CSH/SCLe@MnO,NPs (pg/ml)
MICs | MBCs MICs | MBCs MICs | MBCs

Gram positive bacteria

E. faecalis 25 100 25 50 50 100
S. aureus 50 100 12.5 25 50 100
S.hominis 50 100 25 50 50 100
Gram negative bacteria

E. coli 50 100 50 50 12.5 25
K. pneumoniae 50 100 50 50 12.5 25
A. baumannii 25 100 50 50 25 50

Cytotoxicity against and morphological features
of normal Vero ATCC CCL-81 and PC3 prostate
cancer cells

The literature extensively documents the cytotox-
icity of pure metal nanoparticles derived from vari-
ous sources. Nevertheless, there is a lack of available
data regarding the cytotoxicity of MnO,NPs synthe-
sized using green methods, specifically utilizing leaf
extracts from C. spinosa and conjugating them with
bee chitosan. This cytotoxicity assessment is intend-
ed to be conducted on Vero ATCC CCL-81 cells and
the PC3 prostate cancer cell line. These nanoparticles
have significant potential for various biomedical appli-
cations, particularly in combating human carcinoma.
To bolster the comprehensiveness of our research, we
undertook an inquiry into the cytotoxic properties and
anticancer potential of SCLe, SCLe@MnO,NPs, and
CSH/SCLe@MnO,NPs conjugates. The investiga-
tion was conducted on Vero cells, which are consid-
ered normal, and PC3 prostate cancer cells. The Vero
cells and PC3 cancer cells were cultivated in 96-well
microtiter plates at a temperature of 37°C in the pres-
ence of each SCLe, SCLe@MnO,NPs, and CSH/
SCLe@MnO,NPs. Three replicates were performed
for each concentration, and an untreated control
sample was included in the experiment. The toxico-
logical impact was quantified by evaluating the extent
of growth suppression shown by the SCLe, MnO,NPs,
and CSH/SCLe@ MnO,NPs in relation to the con-
trol group, which showed a growth rate of 100%. Fig. 6
(see cover III) illustrates the cytotoxic characteristics
of the chemicals under investigation, as represented by
the percentage of cellular viability.

The optimally generated CSH/SCLe@MnO,NPs
conjugates showed decreased cell viability in Vero
cells and PC3 malignant cells as compared to the
control sample. It was shown that this decrease
in cell viability was dose-dependent, with a 50% in-
hibitory concentration (IC,,). Furthermore, it was
noted that 48 h of incubation were required for the
IC50 of the evaluated SCLe, SCLe@MnO,NPs,
and CSH/SCLe@MnO,NPs conjugates against
Vero cells and PC3 cancer cells. The CSH/SCLe@
MnO, nanoparticle conjugates may have anticancer
effects, as shown by the observed inhibitory concen-
tration and rate of cell death/viability. At high doses
(250 pg mL-"), a considerable amount of cytotoxic-
ity (83.38%) was detected when Vero cells were ex-
posed to CSH/SCLe@MnO,NPs. It was found that
the IC,, values for this therapy were 116.11%£3.36
pg mL-!'. Comparatively, at the same concentra-
tions, the cytotoxicity of SCLe and MnO,NPs
alone produced lower levels of cytotoxicity (49.68%
and 51.54%, respectively). The results showed that
the IC;, values for SCLe and SCLe@MnO,NPs
alone were 2252.01+4.14 uyg mL~! and 245.35+4.9 ug
mL~!, in that order (Fig. 6A). Moreover, at high
doses of 250 ug/mL~!, PC3 cells treated with CSH/
SCLe@MnO,NPs showed a 69.39% cytotoxic im-
pact. The treatment’s IC,, values were found to be
205.25+2.53 uyg mL~'. By contrast, at the same doses,
SCLe and SCLe@MnO,NPs alone demonstrated
cytotoxicity of 55.20% and 64.44%, respectively.
The results showed that the 1Cs, values for SCLe
and SCLe@MnO,NPs were 236.84+8.58 ug mL™!
and 213.11+3.96 ug mL~!, respectively. Data shown
in Fig. 6B.
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Morphological features

The morphological properties of PC3 cancer cell
lines, untreated normal Vero cell lines, and cell lines
treated with different dosages of SCLe, MnO,NPs,
and CSH/SCLe@MnO,NPs are all reported and com-
pared in this work. The absorbance values acquired

100

from the 3T3 Phototox program were used to deter-
mine the amounts of prepared samples in various cell
lines. Following the red dye’s capture and account-
ing for the amounts of SCLe, MnO,NPs, and CSH/
SCLe@ MnO,NPs used in the viability assays, these
absorbance values were determined (Figs. 6C and D).
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Figure 5. Anti-biofilm activity of (A) SCLe, (B) SCLe@MnO,NPs, and (C) CSH/SCLe@MnO,NPs against

selected isolated bacteria pathogen’s
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Discussion

The demand for environmentally friendly syn-
thesis methods for nanoparticles has surged, driven
by the widespread use of metal-based nanomaterials
in diverse sectors, including industry, medicine, and
environmental applications [7]. In recent years, there
has been a growing emphasis on harnessing the po-
tential of herbal medicines, abundant in diverse phy-
tometabolites, for the eco-friendly synthesis of nano-
particles. This approach shows promise in combat-
ing bacterial infections and contributing to cancer
prevention [68]. Consequently, we utilized C. spinosa
for the synthesis of MnO,NPs. Through HPLC, we
identified and purified 19 chemical compounds.
Environmental factors, such as temperature, soil
composition, water availability, and humidity, have
been shown to impact plant growth, the production
of secondary metabolites, and biological activities,
potentially reflected in the HPLC results [25]. In our
research, we examined the enhanced antibacte-
rial, antibiofilm, and anticancer properties of CSLe
when employed in the biofabrication of MnO,NPs.
Importantly, the resulting CSLe@MnO,NPs did
not exhibit cytotoxic effects. Despite using identical
source materials, variations in surface composition,
aggregation patterns, and nanoparticle sizes gave rise
to differences in observed biological activities and
NPs related cytotoxicity [46]. The formation of the
absorption peak at 350 nm indicated the presence
of MnO,NPs [68]. The intensity of absorption peaks
at the same wavelength (350 nm) was used to meas-
ure the NPs yield. The peak at 350 nm is due to d—d
electron transitions of Mn*" ions in MnO,NPs [24].
Surface functionalizing ligands, nanoparticle size,
and surface charge represent three critical determi-
nants influencing the precise distribution of nano-
materials within living organisms. In this context,
we have modified CSLe@MnO,NPs by introduc-
ing a biocompatible ligand, chitosan, owing to its
established capacity to selectively target and adhere
to the outer membrane of bacteria. This strategic
modification is expected to enhance the penetration
of MnO,NPs and their interaction with cellular or-
ganelles within microbial cells [25, 46]. According
to our findings, FTIR spectra of SCLe, CSLe@
MnO,NPs and CSH/SCLe@ MnO,NPs exhibited
absorption peaks similar with previous report [67].
Furthermore, TEM and SEM results showed that
the particle size of clearly in CSH/SCLe@ MnO,NPs
greater than CSLe@MnO,NPs which indicates that
the addition of CSH increased the size of the SCLe@
MnO,NPs and the particals size dispersion was in the
desired range of reported nano [12, 38]. These obser-
vations deviated somewhat from the findings of Fabre
et al., 2020 [43], where they observed that unloaded
nanoparticles were smaller in size than loaded nano-
particles. The characteristics identified in the EDX
analysis align with prior research studies [13, 46, 63].

Our HPLC analysis revealed that the plant ex-
tract is rich in phenolic compounds, flavonoids, and
terpenoids, known for their active antimicrobial and
anti-biofilm properties [56, 69]. Phenolic compounds
play a pivotal role in biofilm formation at the cellular
level by inducing several significant changes. These
changes involve altering the stiffness of the cell wall,
increasing the permeability of the cell membrane, and
influencing various intracellular processes. These ef-
fects occur primarily through the formation of hyd-
rogen bonds between phenolic compounds and en-
zymes within the cell. This interaction can disrupt
the structural integrity of the cell wall, compromise
the integrity of the cell membrane, and interfere with
essential cellular processes [32]. Consistent with our
findings, numerous well-regarded studies have exten-
sively examined the correlation between the antibac-
terial effectiveness of flavonoids and their structural
characteristics. Additionally, several research groups
have elucidated the antibacterial mechanisms of spe-
cific flavonoids. For instance, the antibacterial activity
of quercetin has been attributed to its ability to inhibit
DNA gyrase, a critical enzyme involved in bacterial
DNA replication and repair processes [11]. Moreover,
in a separate study involving different flavonoids test-
ed against various strains of K. pneumoniae, all flavo-
noids demonstrated antimicrobial activity comparable
to the standard antibacterial agent ofloxacin. This
underscores the potential of flavonoids as effective an-
timicrobial agents and highlights the diversity of their
antibacterial mechanisms [44].

On the other hand, metal oxide nanoparticles,
including copper oxide (CuO), manganese oxide
(MnO), zinc oxide (ZnO), nickel oxide (NiO), mag-
nesium oxide (MgO), iron oxide (FeO), ferric oxide
(Fe,0,), and chromium oxide (Cr,0;), among others,
have garnered significant attention and exploration
for various biological applications. These nanoparti-
cles have been extensively studied for their potential
in antibacterial, antibiofilm, and anticancer applica-
tion [55]. Metal oxide nanoparticles exhibit unique
properties that make them suitable for a wide range
of biological uses. Their antimicrobial properties can
help combat bacterial and fungal infections. Our an-
timicrobial findings align with previous studies by
Manjula et al. [41, 50] and Kunkalekar et al. [36],
which also observed a stronger inhibitory effect
of Manganese dioxide (MnQO,) nanoparticles against
Gram-positive bacteria compared to Gram-negative
bacteria. This discrepancy in effectiveness might
be attributed to diverse mechanisms at play, such
as DNA damage and disruption of the bacterial cell
membrane. MnO,NPs have demonstrated a differ-
ential impact on Gram-positive and Gram-negative
bacteria due to variations in their cell wall structures.
The rigid peptidoglycan layer in Gram-positive bacte-
ria makes them more susceptible to damage, includ-
ing DNA strand breakage, induced by the oxidative
stress generated by MnO,NPs. In contrast, the outer
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membrane of Gram-negative bacteria, composed
of lipopolysaccharides, provides a protective barrier
against some nanoparticles, making them compara-
tively more resilient [28]. The antibacterial efficacy
of CSLe@MnO,NPs can be attributed to their rela-
tively small size, facilitating their penetration into
bacterial cells, and subsequent disruption of the cell
membranes. The small size of these nanoparticles al-
lows them to infiltrate the bacterial cells effectively,
where they interact with the cell membrane. As a re-
sult of this interaction, the cell membrane integrity
is compromised, leading to structural damage and
permeability changes. These alterations create an
environment where vital cellular processes are dis-
rupted, eventually culminating in the demise of the
bacterial cell [27]. In a study conducted by Khan
et al. [30], they successfully synthesized MnO NPs
through the utilization of A. indicum, followed by an
assessment of the green-synthesized AI-MnONPs.
Interestingly, the AI-MnONPs demonstrated a no-
tably high and comparable antibacterial effective-
ness against B. subtilis and S. aureus when compared
to conventional antibiotic drugs. This enhanced an-
tibacterial impact could be attributed to a variety
of factors, particularly the influence of the nanopar-
ticle structure and composition on key bacterial cell
membrane properties [37, 61]. In addition, a study by
Souri et al., 2018 [65], manganese oxide nanoparticles
were synthesized using lemon extract and curcumin
extract. The research yielded compelling results, in-
dicating that MnONPs modified with curcumin and
aniline exhibited superior antibacterial effectiveness.
These modified MnONPs demonstrated a remark-
able capability to prevent the growth of various bacte-
rial pathogens, including S. aureus, B. subtitles, S. ty-
phi as well as fungal strains like C. albicans, C. lunate,
and 7. simii [22, 58]. In 2015, Azhir and colleagues
synthesized manganese trioxide (Mn;0O,) nanopar-
ticles using the precipitation method. These Mn;0,
NPs exhibited robust antimicrobial activity against
bacterial pathogens, specifically E. coli and S. aureus.
Notably, when evaluating the antibacterial character-
istics of these nanoparticles, a noteworthy observation
emerged: E. coli displayed a higher degree of sensitiv-
ity to Mn;O,NPs in comparison to Gram-positive
bacteria like . aureus. This discrepancy in response
may be attributed to variations in the structural com-
position of bacterial cell walls [6]. In a separate study,
Joshi et al. in 2020 successfully synthesized manga-
nese dioxide nanoparticles, which exhibited notable
antimicrobial activity against a range of bacteria,
including S. aureus, P. vulgaris, S. typhi, S. mutants,
and E. coli [28]. Likewise, Kumar et al. conducted
experiments wherein Mn;O, nanoparticles were
prepared at various pH levels, and their antimicro-
bial properties were assessed using the disk diffusion
method. Their findings indicated that these nanopar-
ticles exhibited stronger antibacterial effects against
Gram-negative bacteria compared to Gram-positive

ones [35]. This differential response is attributed
to the presence of negative charge domains on the cell
walls of both Gram-positive and Gram-negative bac-
teria. However, Mn;0, nanoparticles are able to pen-
etrate the outer membrane and interact with the un-
derlying cell wall and membrane components [10].
Our hypothesis revolves around the idea that the in-
creased alkalinity of chitosan-coated SCLe@
MnO,NPs may be attributed to the presence of nega-
tively charged domains on bacterial cell walls. This
negative charge is believed to play a significant role
in how chitosan-coated SCLe@MnO,NPs interact
with bacterial cell walls, primarily through electrostat-
ic forces or coordination-derived forces. Additionally,
it’s important to note that metallic nanoparticles of-
ten carry a positive charge on their surface, which can
further contribute to their ability to disrupt bacterial
cell walls and enhance the permeability of nanoparti-
cles into the cells [23, 71].

The broth dilution technique employed to assess
the bacteriostatic effects of SCLe, SCLe@MnO,NPs,
and CSH/SCLe@MnO,NPs against a range of patho-
genic bacteria [59]. Notably, the heightened anti-
bacterial effectiveness of CSH/CSLe@MnO,NPs
can be attributed to a synergistic interplay between
the physical characteristics of the nanoparticles and
the adsorption of bioactive phytomolecules from
the leaves extract of C. spinosa onto their surface [39].
These results also highlighted that the synthesized
CSH/CSLe@MnO,NPs displayed greater activity
against Gram-positive bacteria in contrast to their
efficacy against Gram-negative bacterial species.
This differential response is likely linked to the struc-
tural and compositional differences between the cell
walls of Gram-negative and Gram-positive bacte-
rial strains [41]. Nanopolymers, particularly nanochi-
tosan, have been extensively investigated due to their
unique bioactivity and their utility as carriers for drug
delivery, as well as their antimicrobial, antitumor,
and gene delivery capabilities, either in isolation or
in combination with other active compounds [15, 18].
Numerous prior studies have also reported similar
findings, highlighting the greater efficacy of unmodi-
fied chitosan against Gram-negative bacterial strains
compared to Gram-positive ones [8, 14, 16, 64].

Numerous research studies have revealed the pres-
ence of various anticancer mechanisms linked to chi-
tosan-based nanoparticles. These nanoparticles have
exhibited substantial effectiveness in suppressing
the proliferation of human carcinoma cell lines in in
vitro experiments [26, 51, 53]. In our study, we con-
ducted an evaluation of SCLe, SCLe@MnO,NPs, and
CSH/SCLe@MnO,NPs in vitro against both normal
and cancer cell lines. We aimed to assess their im-
pact on cell morphology and potential cytotoxic ef-
fects. To do this, we utilized 3T3 Phototox software
to observe identifiable morphological features associ-
ated with apoptosis after exposing normal Vero ATCC
CCL-81 and PC3 prostate cancer cell lines to these
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samples for 24 h. The results of this evaluation revealed
concentration-dependent morphological changes
in the cells, particularly evident in the concentration
range of 250 to 500 ug mL~'. Notably, the enhanced
cytotoxicity observed with CSH/SCLe@MnO,NPs
can be linked to an increase in the generation of hy-
drogen peroxide (H,0,). This heightened H,O, pro-
duction follows the conversion of SCLe crude extract
into highly reactive superoxide or hydroxyl radi-
cals [54]. Furthermore, the antioxidant properties and
protective effects of the plant extracts can be attributed
to the presence of total phenolic, total flavonoid, total
saponins, and total alkaloids content in SCLe. These
compounds are capable of scavenging free radicals,
reducing reactive oxygen species (ROS), and thereby
minimizing oxidative stress. Additionally, these phy-
tochemical substances can influence intracellular re-
dox processes and the balance of ROS, leading to the
conversion of ROS into highly reactive superoxide or
hydroxyl radicals, subsequently resulting in oxidative
stress [31, 42]. This oxidative stress can lead to various
cellular outcomes, including apoptosis, DNA dam-
age, cytotoxicity, and disruptions in cell signaling [17].
Importantly, after 24 h of incubation with the various
cell lines, no discernible cytotoxicity or intracellular
ROS generation was observed in any of the samples at
doses up to 250 ug mL~". These findings suggest that
chitosan-based nanoparticles may hold significant
potential as therapeutic agents for the treatment of hu-
man carcinoma. Their selective cytotoxicity towards
cancer cells while sparing normal cells makes them
promising candidates for further development as an-
ticancer treatments.

Conclusion

In conclusion, this study has successfully devel-
oped a straightforward and cost-effective method
for synthesizing MnO,NPs utilizing leaf extracts
from C. spinosa. The nanoparticles underwent tho-
rough characterization, resulting in the synthesis
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U3YYEHUE BAKTEPULUAHOIO AENCTBUA
KOMMEPYECKUX AESUHOULUPYIOLLUX
CPEACTB HA BPYLEJJ1bI

H.B. ZKapunosa, H.C. Cepamwok, E.b. ZKnmuenko, M.I'. Kapaneran, O.H. Beio3eposa

DKY3 Cmasponoavckuii npomugouymuotii uncmumym Pocnompeonadsopa, e. Cmasponons, Poccus

Pestome. bosiesHeTBOpHbBIE MUKPOOPTaHU3MBbI, B YaCTHOCTU Brucella spp., IpeACTaBIsSIOT CEPbE3HYIO YIPO3Y 310PO-
BbIO UeJIOBEKa M XKUBOTHBIX. B KOMILJIEKce MPOTUBOAMUAEMUYECKUX U CAHUTAPHO-TUTUEHUYECKUX MEPOIIPUSITUH,
HampaBJIeHHBIX Ha MPOMPUIAKTUKY MH(PEKIIMOHHBIX 3a00eBaHMe, BAaXHYIO POJb UTpaeT XMMHUUecKas ne3nHdek-
s, DTOT METOI Ae3nHOEKINN ABISIeTCS ONHUM U3 3((GEKTUBHBIX, HAAEKHBIX U PaCIpOCTPAHEHHBIX CITIOCOOOM
00pBHOBI ¢ TATOTCHHBIMU OMOJOTMUYCCKUMM arecHTaMM. BaxkHast posib OTBOOUTCS COBPEMEHHBIM Ie3MHOUIIUPYIO-
IIUM CPENCTBAM Ha OCHOBE YeTBEPTUUYHBIX aMMOHUEBbIX coerHeHnil (HAC). [To oTHOIIEHNIO K XUMUYECKUM Jie-
3UH(PUIUPYIOIINM CPEeACTBAM BO30YAUTEIb OpyIIejie3a OTHOCUTCS K TPYIITIe MaJOYCTOMIMBBIX MUKPOOPTaHM3MOB.
BrIpaxkeHHOI 6aKTepUIIMIHON aKTUBHOCTBIO ITO OTHOIICHUIO K OpyIIesuIaM 001afatoT pacTBOPHI CYJIEMBbI, KPEOJINHA,
(eHona, cepHOW, CONSTHOM, a30THOIN U YKCYCHOU KUCIOT, popMaiiHa, XJJIOpaMUHA, MEPEKUCH BOJOPOIA, PACTBO-
Pl ne3uHGuuupyomux cpencts Ha ocHoBe YAC, TpuamuHa u nonurekcametuaeHryanuanaa (IIMI'X). Onnako
B MHCTPYKIMSIX K KOMMEPYECKUM Ne3MHOUIUPYIOIIUM TpernapataM YIIOMUHAeTCsl OaKTepullMaHasi aKTMBHOCTb
K BO30yaUTEISIM 0CO00 OMacHbIX MHGEKIMH (4yMa, TyJsipeMusi, Xojepa U cubupckas si3Ba), HO He OTMEUYEeHbl aHTU-
MUKPOOHBIE CBOICTBA B OTHOIIEHUU Opy1iesi. Lleapio paboThl ObLIO onpeaeseHe aHTUMUKPOOHBIX CBOMCTB TSITH
KOMMeEpUECKUX Ae3nH(PeKTaHTOB: «Anbdane3 ¢opte», «AMuHas-Ilnioc», «Bentonen», «Jlezapun» u «JlaitHa-meny,
MIPUMEHSIEMBbIX TIPU 00e33apakMBaHUU OOBEKTOB MPU 0COO0 OMACHBIX MHOEKIMIX 0aKTepruaJbHONW 3THOJIOTHUU.
HccnemoBaHus MpoOBOAUIN CYCIICH3MOHHBIM METOIOM, COIJIACHO PYKOBOACTBY «MeTombl 1abopaTOPHBIX UCCIeI0BA-
HUI ¥ UCTIBITAHWH Ae3UH(GEKIMOHHBIX CPENCTB IS OLIEHKH NX 3(D(EeKTUBHOCTH U 0€30IIaCHOCTH». B KadecTBe TeCT-
HITAMMOB IIPUMEHSUTM TPY BaKLIMHHBIX TamMa B. melitensis Rev-1, B. abortus 19 BA, B. suis 61. B pe3ynpraTe npose-
JIEHHBIX NCCIICAOBAHMI OBIIO YCTAHOBJICHO, YTO KOMMEpUYeCKIe Ne3MHDUIIMPYIOIIe Ipenapathl «Anbdane3 popre»,
«AMmHas-Ilmoc», «Bentonen», «/e3apun» n «JlaiiHa-MeI» B KOHIECHTPAUMIX, TPEIIOKEHHBIX TTPOU3BOIUTEIIIMUI
B MHCTPYKUUSX JJISI UCTIOJb30BAHU S MpU paboTe ¢ 0c000 OMmacHbIMU UHPEKIUSIMU (4yMa, TyJIsipeMus, Xojaepa) 00-
JIaJal0T 0aKTePULIUIHBIMU CBOMCTBAMU OTHOCUTEbHO BAKIIMHHBIX IIITAMMOB.

Karoueenie caosa: deaunpuyupyrowue cpedcmea, Brucella spp., mecm-kyaomypot, 6axkmepuyuonas akmueHoCmy, AHMUMUKPOOHAS
aKmugHoCMb, 0e3UHpeKmanmol, Oe3uH@eKyusl.
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STUDYING THE BACTERICIDAL EFFECT OF COMMERCIAL DISINFECTANTS ON BRUCELLA
Zharinova N.V., Serdyuk N.S., Zhilchenko E.B., Karapetyan M.G., Belozyorova O.N.
Stavropol Plague Control Research Institute, Stavropol, Russian Federation

Abstract. Pathogens, particularly Brucella spp., pose a serious threat to human and animal health. In the complex
of anti-epidemic and sanitary-hygienic measures aimed at preventing infectious diseases, chemical disinfection
plays an important role. This disinfection method is one of the effective, reliable and common ways to combat
pathogenic biological agents. An important role is played by modern quaternary ammonium compounds (QAC)-based
disinfectants. In relation to chemical disinfectants, the causative agent of brucellosis belongs to the group of low-
resistant microorganisms. Solutions of sublimate, creolin, phenol, sulfuric, hydrochloric, nitric and acetic acids,
formalin, chloramine, hydrogen peroxide, solutions of disinfectants based on QAC, triamine and polyhexamethylene
guanidine (PHMG) have pronounced bactericidal activity against brucellae. However, the instructions for commercial
disinfectants note a bactericidal activity against pathogens of particularly dangerous infections (plague, tularemia,
cholera and anthrax), but do not indicate antimicrobial properties against Brucella. The purpose of the work was
to determine the antimicrobial properties of five commercial disinfectants “Alfadez Forte”, “Aminaz-Plus”, “Veltolen”,
“Desarin” and “Laina-med”, used in the disinfection of objects with especially dangerous infections of bacterial
etiology. The studies were carried out using the suspension method, according to the manual “Methods of laboratory
research and testing of disinfectants to assess their effectiveness and safety”. Three vaccine strains B. melitensis Rev-1,
B. abortus 19 BA, B. suis 61 were used as test microbes. As a result of the studies, it was found that commercial
disinfectants “Alfadez Forte”, “Aminaz-Plus”, “Veltolen”, “Desarin” and “Lina-med” in the concentrations proposed
by the manufacturers in the instructions for use when working with particularly dangerous infections (plague, tularemia,

cholera) have bactericidal properties relative to vaccine strains.

Key words: disinfectants, Brucella spp., test cultures, bactericidal activity, antimicrobial activity, disinfectants, disinfection.

BeepneHue

bone3HeTBOpHBIC MUKPOOPTaHU3MEBI, B YaCTHO-
¢ty Brucella spp., TIpeacTaBASIIOT CEPbE3HYIO YTPO-
3y 3II0POBBIO YeJIOBEKAa M KMBOTHHIX. B KoMmiekce
NPOTUBOANUICMUYSCKIX U CAHUTAPHO-TUTHUCHU-
YEeCKHUX MEPONPUSITUIT, HAaTIpaBJICHHBIX Ha IIPOpU-
JAKTUKY UHMEKIMOHHBIX 3a00J€BaHUE, BaAXKHYIO
pOJIb UTpaeT XUMHUUECKas Ie3MHMEKIIN. DTOT Me-
TOO Ne3MHMEKIINH SIBJISICTCSI OTHUM U3 3(PHEKTUB-
HBIX, HAJIEXKHBIX M PacIPOCTPaHEHHBIX CITOCOOOB
OOpbOBI C MAaTOT€HHBIMU OMOJIOTUYECKUMU areHTa-
mu. K Hagany 90-x rr. XX B. B Poccum 6611 orpa-
HUYCHHBIA AaCCOPTUMEHT JIe3UH(PUINPYIOIMINX
cpencTB. s meneii MeIUIIMHCKON Oe3nHMEKIIUNT
HMCIOJIb30BaJIICh B OCHOBHOM CPEIACTBAa Ha OCHOBE
XJIOPAKTUBHBIX COCOMHEHUM, TEPEKUCh BOIOPO-
nIa, cripT, (eHOJIbHBIC COCIMHEHUSI, (DOopMabae-
rua. B HacTosiee BpeMs cuTyallss U3MEHUJIACh.
BaxxHast poJjib OTBOOUTCSI COBPEMEHHBIM JIe3UHM M-
OUPYIOIINM CPEACTBAM Ha OCHOBE YETBECPTUUYHBIX
amMmoHueBbix coenuHenuii (HAC) [3, 4, 5, 6, 8].
B 1euyeOHBIX yUpexKIeHUIX U 0aKTepUOJIOTUUYECKUX
J1abopaToOpUsIX IO-TIPEKHEMY YacTO MPUMEHSIOT
MepeKMCh BOIOPOa M XJIOpCcoAepKainue ae3nHGH-
OUpPYIOIMIKNe IIpernaparbl KaK OTHOCUTEIBHO HEIo-
porue u HagexXHBIe cpencTtBa. OMHAKO COBMECTHOE
WCIIOJb30BAaHUE OTUX JE3UWHMEKTAaHTOB OIACHO
u 3anpeuieHo (CaulluH 3.3686-21 «CanutapHO-
SIMUASMHUOJIOTUIYCCKHE TPeOOBaAHMS T10 TpOoUIaK-
THUKE NH(PEKIIMOHHBIX O0JIe3HEIT»).

ExxeromHo BBIITYCKAIOTCSI HOBBIE Oe3WMHGOEK-
TAHTBI, pPa3padaThIBAIOTCSI MYJIBTUKOMIIJIICKCHBIC
PELIETITYPHI C BEIPaXXKCHHBIMHY TTOTN(DYHKIINOHATb-

HBIMU CBOMCTBAMU, IITUPOKUM CHEKTPOM OAKTEPU-
LUIHOW aKTUBHOCTH [4, 7].

IMo oTHOIIIEHUIO K XUMUYECKUM JE3UHPUIIUPYIO-
IIIAM CPEICTBaM BO30yAUTENb Opyllesie3a OTHOCUT-
cd K TpyIIe MajJOyCTOMYUBBIX MUKPOOPTaHU3MOB.
BripaxkeHHOI 0aKTepULIUIHON aKTUBHOCTBIO IO OT-
HOIIEHUWIO K OpyLesaaM o0JlafatoT pacTBOPHI CyJe-
MbI, KpeoJinHa, ¢eHosa, CepHOU, COJSITHOMN, a30T-
HOW W YKCYCHOW KUCJIOT, (hopMaivHa, XJJOpaMUHa,
MEePeKrCcy BOAOPOa, PACTBOPHI A€3UHOU I PYIOLITUX
cpenctB Ha ocHoBe YAC, TpuaMuHa 1 TToJIUureKkcame-
TuneHryanuauHa (ITI'MTI'X). OgHako B MHCTPYKIIU-
SIX K KOMMEPUYECKUM Ae3UHOUIUPYIOIIUM Mperna-
pataM yIOMUHaeTcsd OaKTepUlluAHAsI aKTUBHOCTH
K BO30yIuTeIsIM 0cO00 OMAacHbBIX MHGMEKIUN (4yma,
TyJIIpEMUS, XoJepa U cubupckasl 3Ba), HO HE OT-
MEYEHbl aHTUMUKPOOHBIE CBOMCTBA B OTHOLICHUU
opyuenn [1, 2, 9].

Llens uccnenoBaHuii — ormnpeneaeHue OakTe-
PULIMIHBIX CBOWCTB HEKOTOPBIX KOMMEPUYECKUX
NEe3MHPUIUPYIOLINX CPECTB B OTHOIIEHU U BO30Y-
IUTess OpyLesesa.

Matepuanbl n MeToab!

B paboTe mcrnoyib30BaJIMCh KOMMEpPYECKHUE Je-
3uHGUIUpYIOIIKEe IpernapaTbl «Anbdane3 ¢op-
Te», «AMuHas-Ilmioc», «Benrtosen», «Jlesapun»,
«JlaiiHa-Men», KOTOpbIE MCIOJb30BAJIUCh HaMU
npu pabore ¢ 0co00 OmacHbBIMMU MHQPEKUIMSIMU
(uyma, TyasipeMus, XoJiepa).

B kauectBe neiicTBylomux BemiecTB (JIB) B co-
cTaB cpencTBa «Ajbdanes popTe» BXOTUT KOMILIEKC
YAC: OeH3aJKOHUS XJOPUI U ITUIACLIUIIAUMETHU-
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LevicTBre ne3nHdeKTaHTOB Ha OpyLenbl

JaMMOHUS xJiopua — 12%, TIyTapoBBI ajJbIeTU ]I
(TA) 4%, rnuokcanb — 8%, pH 4,0—6.,0. Cpenctso
«AmuHas-Ilmoc» B KayecTBe OEMCTBYIOIIMX Be-
mectB  coaepXUT  N,N-0O0uc-(3-aMUHOIPOITNII)
mogenuiaaMuH 6%, auaelUIIMMeTUIaMMOHMS
xjgopun 8%, cMech alKMJIAMMETUIIOCH3MIAMMO-
HUS XJOpHUIa U aIKMJIIUMETUIISTUIIOCH3UITIaMMO -
HUS XJIopuaa cymMMmapHo 3%, TOJUMEp TOJH-
rekcaMeTujeHryanuaud 2,5%, 2-npomnaHon 5%,
depMeHTHl (aMusiaza, MOpoTeasda, Junasa), pH
9,0%2,0. IIpenapat «BenatoseH» B kauyecTse B co-
IEPKUT KJaTpaT 4YeTBEPTUUYHOTO aMMOHHEBOTIO
coenuHeHus ¢ kapbamuaom (20%), pH 7,3-8,3.
«[de3apun» B KauectBe B comepxut N,N-0Ouc-
(3-amMmuHOIIpONMII) HomeuniaaMuH 2,5%, nuaenunii-
IUMETUIaMMOHU XJiopun 2,5%, cMech alKUJIIu-
METUJIOCH3MJIAMMOHUS XJIOPUOA, aJTKUITUMETH-
JIDTUJIOCH3UIIAMMOHHUS XJIopuIa cymMmapHo 2,8%,
MOJIMMEP TOJUTeKcaMeTuleHryanuaud 1%, pH
7+2. «JlaitHa-Men» B kauecTBe B copepkuT cmech
YAC: ankuaaumMeTuaoeH3uaaMMOH s xaopu 6%,
IUAEUMIAUMETUIIAMMOHU S XJ10pua 6%, nogenu-
gunponuiaeHnTpuamut 9,6%, pH 9,0%1,0.

B kauecTBe TeCT-IITAMMOB MCITOJIb30BaJIA BaK-
LMHHBIC IITaMMBI B. melitensis Rev-1, B. abortus
19 BA, B. suis 61.

PaboTty npoBonuiu B 0oKCe MUKPOOUOTIOTUYEC-
Kol 6e3onacHocTu Il B2 knacca. McciaenoBaHus
BBITIOJTHSIJIM COIVIACHO PYKOBOACTBY «MeTonbI Jia-
OOpaTOPHBIX UCCICAOBAHUN M UCITHITAHWIA NE3WH-
(GEeKLMOHHBIX CPEJICTB AJISI OLIEHKU UX 3P HEKTUB-
HOCTHU 1 0€30MaCHOCTU».

Jlast onipeieIeHNsI aHTUMUKPOOHOM aKTUBHOCTH
KOMMEPUYECKUX MEe3NH(PUIINPYIOMINX CPEICTB B OT-
HOIIIEHU Y OpYLIEIIJT IIPUMEH SUTY CYCTIEH3NOHHBI Me-
ToI. JIBYXCYTOUHYIO KYJIBTYPY BaKIIMHHBIX IITaM-
MOB CMbBIBaJIH C TIOBEPXHOCTEN CKOIIIEHHOTO Opy1Ie-
nmarapa 0,9%-M pacTBOpOM HaTpus XJIOpUaa, JOBO-
ITn 10 KoHteHTpauu 1 x 10° M.x./mMi. PacTBopbl
Ie3NHGUIUAPYIOMINX CPEACTB TOTOBUJIN HA CTEPUITb-
HOI1 BOJIOMPOBOIHOM BOJIE HEITOCPEICTBEHHO TMepe
TMOCTAaHOBKOM BKCIleprMMeHTa. PacTBOpBI pa3iinBa-
Jiv 110 4,5 MJ1 B CTE€pUJIbHbBIE TPOOUPKU, T10OABISIIIN
o 0,5 MJI B3BecU OpYLIEJIJI, TIIATEIBHO MepeMelIm-
Banmu. Yepes omnpenesieHHbIE WHTEPBAJIbI BPEMEHU
(30 muH, 60 muH) 0,5 My B3BecH (TeCcT-IUTAMM +
JNe3uH(UIMpYIollIee CpeacTBO) 100aBasan K 4,5 M
0,9%-M pacTBOpa HATpHUs XJIOPUIA, TIIATEIILHO
nepeMenuBain, octapiasau Ha 5 muH. [To 0,5 ma
BHOCHWJIU B TIPOOUPKY € 4,5 MJT CTEPUIbHOI MUThE-

Cnucok nutepatypbl/References

BOI BOJBI, 3aTeM U3 3TOI MpoOsI 1o 0,1 MJI BHOCUINU
B MPOOUPKU C 5 MJI SpUTPUT-O0yJIbOHA U HA TTOBEPX-
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Pesynbratbl 1 006CYyXaeHne

B HamreM skcrnepuMeHTe ObLIa oIlpenesieHa aH-
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OLUEHKA 3ABOJIEBAEMOCTU KOPbIO
B3POCJ1I0r0 HACENIEHUSA ACTPAXAHCKOM
OBJIACTU 3A 2019 rofl. PETPOCINEKTUBHbIN
AHAJIN3

P.C. Apakeapsan'?, C.®D. Kapnenko!, 10.1. Pacesuu!, I1.D. Mcmanjios!

'@I'BOY BO Acmpaxanckuii 2ocydapcmeeniblil meouyunckuil ynueepcumem Munucmepcemea 30pasooxpanenus Poccuiickoii
Dedepayuu, e. Acmpaxans, Poccus
2DFY3 Ilenmp eueuenvt u snudemuosocuu 6 Acmpaxanckoii obaacmu, 2. Acmpaxaus, Poccus

Pestome. Bsederue. DTaeMUONIOTUYECKHE UCCIEIOBAHMS YKA3bIBAIOT HA CEPhE3HYIO SMMAEMMYECKYIO CUTYAIIHIO,
CBSI3AaHHYIO C KOPbIO, 4TO MMOATBEpKAaeTcsl peructpaiueii 3251 ciyuas B 64 pernoHax Poccuu 3a mepsble mojirona
2019 r. Llenp wccmemoBaHUS: TIPOBEICHNE PETPOCIIEKTUBHOTO MHOTOILIEHTPOBOTO aHaIM3a 3a00JIeBacMOCTH KOpe-
BOI MH(peKIMeil cpenu B3pocaoro HaceireHus: ActpaxaHcKoit oonactu 3a 2019 . Mamepuaast u memods. 3a 2019 r.
Ha TeppUTOpUU ACTpaxaHCKOIl 00JaCTU 3aperucTpupoBaHo 232 3mu3oaa KOpeBoil MHGEKIIUU, Ha J0J0 B3POCIOTro
HaceJIeHUs pUIuIoch 64 snusona (27,6%). Ipesaaupylollee 4UC/Io caydaes 3a00eBaH Uil KOpeBOil MH(MEKLIKEN cpe-
JIA B3POCJIBIX 3aPETUCTPUPOBAHO B MENMITMHCKUX YUPEXKIEHUSIX, PACTIOJIOXKEHHBIX B TOPOACKOM cpene — 43 anu3ona
(67,2%). Pesyavmamuot u 06cyxcderue. HanGonbIIii TPOLIEHT BISIBJICHN ST KOPH ObLT 0OTMeUeH B [IprMBOIKCKOM paiioHe
ActpaxaHckoit oonactu — 28,7%. HapuMaHOBCKMI paiioH TaKKe MMEET BHICOKMIA ToOKa3aTeb 3a001eBaEMOCTH KO-
pbio — 33,4%. Hanbosee HebaronpusTHas 3MUAEMUOJOrMYecKass 00CTaAHOBKA 110 3a00J1eBAEMOCTH KOPBIO CJIOXKU-
nack B CoBeTcKOM paiioHe I. ActpaxaHb. I[Tokasaresnn 3a0oneBaeMocTy coctaBua 58,0%, 4To COOTBETCTBYET 25 Ciy-
yasiM KopeBoii nHGexkiuu. Cpeau opraHu30BaHHOIO HaceJieHUsI ObLJIO 3aperucTpupoBaHo 92,2% ciydaeB KOpU, YTO
COCTaBJIsIET 59 3MKM3010B. DIMU30IbI KOPEBOM MHMEKIINK C OCIOXHEHUSAMM OBLIN 3aperncTpupoBaHsl B 25,0% ciy-
yaeB (16 anu3onoB). Bo Bcex 16 ciayuasx ocioxHeHHeM KOpu Oblia mHeBMOHMS. ClefyeT OTMETUTh, YTO TopsuKe
TOYKH 3a00JIeBaHMS KOPEBOI MH(MEKIINEH cpenn B3pOCIOro HaceIeHUS TaKKe 0OHAPYKEHBI B pa3TMYHBIX PETHOHAX
Hateit ctpadbl. COrsTacHO IMPOBEAEHHOMY TIIATSIFHOMY aHAIU3Y 3a00J1eBaeMOCTH Kopbio, B Pecrrydnuke CeBepHast
Ocetust — Ananus 3anepuon c 2018 mo 2019 rr. 6b1510 3apMKCUPOBAHO pe3KOe yBEAMUEHUE YK CIIa 3a00eBIINX. DTO S1B-
JIEHUE MOXHO O0OBSICHUTh HU3KMM YPOBHEM BaKIIMHALIMU U peBaKIMHALIMY Cpeau HaceNeHus. 3akaruenue. B 2019 .
B ACTpaxaHCKO# 00JIacTy Cpeay B3pOCIOro HaceleHus1 Obliia 3ahMKCpOBaHa BCITbIIIKA KOPEBOW MHMEKIIMY, B X0OJIe
KOTOpPOIi OBIJIO 3aperucTpupoBaHo 64 ciayuas 3aboneBaHus. Haubosee mogBepKeHHbIM KOPEBOM MHMEKIIMN OKa3a-
JIOCh TOPOJCKOE OpraHn30BaHHOE HaceseHue. B 25,0% ciyuaes (16 an1n3010B) KopeBast MHGEKIM ObllIa OCIOXHEHA
ITHEBMOHME. Bak1IMHaIIMS OCTaeTCs OCHOBHBIM CPEICTBOM IIPOMUIAKTUKM KOPEBOil MHPEKIIMN.

Karoueenie caosa: 3111,{()9]‘41/[0/!0214}1, 3060ﬂeeaemocmb, KOpb, 63pocaoe Hacenerue, npod)uﬂaicmulca, 0emu, CblNb.
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2019 MEASLES MORBIDITY ASSESSMENT IN ADULT POPULATION OF THE ASTRAKHAN REGION.
A RETROSPECTIVE ANALYSIS
Arakelyan R.S.*", Karpenko S.F.?, Rasevich Yu.l.?, Ismailov P.E.?

@ Astrakhan State Medical University of the Ministry of Health of the Russian Federation, Astrakhan, Russian Federation
b Center of Hygiene and Epidemiology in the Astrakhan Region, Astrakhan, Russian Federation

Abstract. Introduction. Epidemiological studies point at a serious epidemic situation related to measles confirmed by 3251
cases recorded in 64 regions of Russia within the first six months of 2019. The aim of the study was to conduct a retrospective
multicenter analysis of 2019 measles morbidity in adult population of the Astrakhan region. Materials and methods. In 2019,
232 episodes of measles infection were recorded in the Astrakhan region. Of this, the adult population accounted for 27.6% or
64 episodes. The prevailing number of measles infections among adults was recorded in urban medical institutions — 67.2% or
43 episodes. Results and discussion. The top percentage of measles detection was observed in the Volga regions of the Astrakhan
region — 28.7%. Narimanovsky district also had a high rate of 33.4%. The most unfavorable epidemiological morbidity was
developed in the Sovetsky district of city of Astrakhan, with incidence rate reaching 58.0% or 25 of measles episodes. 92.2%
of measles cases were recorded in the organized population, which is 59 episodes. Episodes of measles infection with 25.0%
cases all complicated with pneumonia or 16 episodes were recorded in the Astrakhan region. It should be noted that the hot
spots of measles infection in adult population are also found in various regions of our country. According to a thorough
analysis on measles incidence in the Republic of North Ossetia-Alania within the period from 2018 to 2019, a sharp outbreak
in morbidity level was observed over the past year. This phenomenon can be explained by the low population vaccination and
revaccination level. Conclusion. In 2019, an outbreak of measles infection was recorded in adult population in the Astrakhan
region coupled to 64 cases of the disease. In particular, most susceptible to measles were associated with urban environment
and the organized population. At the same time, it was noted that in 25.0% of cases, or 16 episodes, measles infection led

to complications such as pneumonia. Vaccination remains the essential means of preventing measles infection.

Key words: epidemiology, morbidity, measles, adult population, prevention, children, rash.

BeepneHue

Kopps — ocTpoe nHdekiimoHHoe 3aboneBaHuUe,
KOTOpOE J0JITOE BpEMs CUUTAJIOCh MPEUMYIIIE-
CTBEHHO JETCKUM, — HEJaBHO CTaJjla BHI3BIBATh BCE
OOJIBIIIYIO TPEBOTY Cpelr B3POCJIOTO HaCEJCHUS.
DNuaeMUOoJIOTUYEeCKEe UCCIIEI0BAHUS TTOKa3bIBa-
FOT POCT YMCJIA CJTydYaeB KOPU CPEAU B3POCBIX, YTO
co3/1aeT HEOOXOAMMOCTD TTOBBIIIIEHHOTO KOHTPOJIS
W TIPUHSTUS COOTBETCTBYIOIIMX MEp IO TPENOT-
BpallleHU O pacnpocTpaHeHu s 3a0oaeBaHus [3].

DNUAEMUOJIOTUYECKME WCCIIETOBaHUST YKa3bi-
BalOT Ha CEPhE3HYI0 IMUAEMUYECKYIO CUTYAIINIO,
CBSI3aHHYIO C KOpbIO, UTO TIOATBEPXIAETCS pe-
ructpanmeii 3251 ciydyaii B 64 permoHax Poccuu
3a nepBoe noayroaue 2019 r. [4].

OnHa M3 OCHOBHBIX TIPUYWH BO3HUKHOBEHWS
SMUIEMUI KOPU CPelnr B3pOCJTIOr0 HaceJeHUsS —
HU3KUI OXBaT BakliMHaLuei. B otauuue ot netei,
KOTOPBIM TPUBUBKU OOBIYHO TIPOBOISITCS B 00s13a-
TEJIbHOM TMOPSJIKE, B3POCIbIE 3a4acCTy0 OCTAIOTCS
HEMMMYHU3UPOBAHHBIMU OT Kopu. bojee Toro,
HEKOTOpBIE JIIOAM MOTYT IOTEepPSITh UMMYHUTET
K KOPUW CO BpeMEHEeM UJIM U3-3a IPYTUX (pakTopos,
TaKMX KaK 0€pEMEHHOCTH W UMMYHOJIETIPECCU .
OT1o0 nenaet ux 6osee MoaABEPKEHHBIMU UH(MEKIIU U
U CIIOCOOCTBYET paclpOoCTpaHEHUIO 3a00JIeBaHUST
B oO1ecTBe [5].

Knunudeckue mMposSIBICHUSI KOPU Yy B3pOC-
JIBIX OTJIMYAIOTCS OT CUMIITOMOB, HaOJIIOIaeMBbIX
y neteit. OCHOBHBIE CUMIITOMBI KOPU Y B3POCJBIX
BKJIIOUAIOT BBICOKYIO TEMIIEparypy, Kallleib, Ha-
CMOPK M KOHBIOHKTUBUT. [1allMeHTHl TaKXe MOTYT

HUCITBITBIBATh C1a00CTh, TOJIOBHYIO 0OJIb U TIOTEPIO
amnretuTa [9].

OnHako KJIMHUYeCcKasi KapTUHA KOPHU Y B3pOC-
JIBIX MOXET OBbITh 00Jiee pa3zHOOOpa3HOU U MeHee
XapakTepHOW. Y HEKOTOPBIX MNAllMEeHTOB MOTYT
BO3HUKHYTh aTUITMYHBIE CUMIITOMBI, TaKue KakK
roJIoBHbIe 6oim uiau nuapes. MHorma Kopb MOXeT
npoTekaTh 0€3 SIBHBIX ITPU3HAKOB BBICHIITAHUI
Ha koxe [8, 11].

bopbba ¢ Kopblo JocTUrIa TpopbiBa O6iarogaps
CO3IIaHUIO U UCITOJIb30BaHMI0 BaKIIMH. [Tocie mpu-
HSTUS CTpAaTErMyecKoro IjaaHa mo 6opbbde ¢ 3Toit
uHbek1reir ocoboe BHUMaHuEe ObIJIO yIeIeHO IJI0-
0aJbHOM 1€MW CHMXKEHUSI CMEPTHOCTH OT KOpU
M MCKOpEHEeHMS 3aboJieBaHUS B Pa3HBIX YacTsIX
mupa, Bkiawdas Espomy [10].

HecmoTpst Ha 3HaUMTENIbHBIE YCTIEXU, KOPb T10-
MPEeXHEMY TPEICTaBISIET CEPbE3HYI0 YIPO3y IS
HEeMPUBUTHIX AeTeil U B3pocabix. Ee cnmocoOHOCTh
pacIpoCTPaHSATBCS OCTaeTCs HEM3MEHHOM, II0-
ATOMY HEOOXOAMMHBI NabHEH e YCUINs B 00pbhoe
c Hei [7].

Lenp vccnenoBaHusT — IIPOBECTU PETPOCIIEK-
TUBHBIA MHOTOIIEHTPOBOW aHaIM3 3abojeBaeMo-
CTU KOpeBOW MHMeKI el cpeny B3pOoCaoro Hace-
JieHust ActpaxaHcKoii obnactu 3a 2019 1.

MaTtepuanbl 1 METOAbI

3a 2019 . Ha TeppuTOpUM ACTpaxaHCKOI 06J1a-
CTM 3aperucTprupoBaHoO 232 smM301a KOPEeBOl WH-
dexuuu. [Tpu 5TOM Ha HOJIIO B3POCJIOro HACEIEHU S
npuIIock 64 ciayuas (27,6%).
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AHaIu3 JaHHBIX OCYIIECTBJISJICS MyTeM o0pa-
OOTKU cTaTUCTUUYEeCKUX (hOpM 3a00JIeBa€MOCTH,
npenoctaBlieHHBIX ®BY 3 «lleHTp TUTHEHBI U 31U~
JIEMUOJIOTUU B ACTpaxaHCKOI 00J1acTu».

IIpeBanupyoliiee YMcao ciaydyaeB 3aboeBaHUs
KopeBOil uHdeKIMeil cpeau B3pOCIbIX 3aperu-
CTPUPOBAHO B MEAMIIMHCKUX YUPEXKICHUSSIX, pac-
MOJIOXKEHHBIX B TOPOACKOi cpene — 67,2%, ninu 43
3MU30/a.

Cratuctuyeckasi oopadboTka pe3yabTaToB IMPO-
BOAMJIACh METOJaMU BapUallMOHHOU CTaTUCTUKU
MpU TOMOIIM ITlaKeTa CTaHJAapTU30BaHHON TIpO-
rpammbl BioStat Professional 5.8.4. u Microsoft
Office «Excel» (Microsoft, CIIIA). JlaHHbIe nipe-
CTaBJIEHbI B BUJE cpeaHelt apudmeTrudeckoir (M)
C yYeTOM OIIMOKM cpeaHero (m) U OTHOCUTEIbHBIX
BeJIunH (%).

Pesynbratbl 1 06CyXaeHne

Ha Ttepputopuu AcTpaxaHckoir  oOJjactu
B 2019 1. 6BLJIO 3aperucTpUpPOBaHO 232 cirydas Ko-
peBoii undekunu. M3 Hux 64 ciyyast NpULILIOCH
Ha B3pOCJIO€ HacejleHue, 4TO cocTaBisieT 27,6%
oT obmrero yucaa (tadm. 1).

B cenbckux parioHax AcTpaxaHCKOM oOJjacTu
CUTyalusi mo 3a00JeBacMOCTHU B3POCJIOTO Hace-
JICHUSI AEMOHCTPHUPYET CJICAYIOIINE IT0Ka3aTesn
(Tabm. 2).

HauGonbuinii npoLeHT BbISIBJEHUS KOPU ObLI
oTMedeH B [IpmMBOIKCKOM paitoHe AcTpaxaHCKON
objsactu — 28,7%. HapumaHOBCKUII paiioH Tak-
Ke MMeeT BbICOKMUI rmoka3aTtesib — 33,4%. JlanHas
nHGOPMAIIMS TIOATBEpPXIaeTCsT TPEACTaBICHHON
TaOJINIEN.

Kak ye OblJIO OTMEUYeHO paHee, HAaOOJIbIIMK
MNPOLEHT KOPEBOU MH(EKIIMU BBISBIEH B TOPOJI-
ckoii cpene — 67,2% (43 snuzona) (Tada. 3).

Hau6osiee HeGnaronpusTHas 3MUIEMUOJIOTU-
yecKasli CUTyallds Mo 3a00J1eBaEMOCTH CIIOXMJIACH
B CoBeTcKOM paitoHe T. AcTpaxaHb. [lokazarenb
3abosieBaeMocTu coctaBui 58,0%, 4TO COOTBET-
CTBYeT 25 ciiy4asiM KOpeBOil MHPEKIINN.

Cpenn opraHM30BaHHOTO HAaceJICHUs OBLIO 3a-
peructpupoBaHo 92,2% ciiyyaeB KOpU, UYTO COCTAB-
as1eT 59 31u30100B.

B3pocabie cTaIKMBAIOTCS C PSIIOM OCJIOXKHE-
HUil, CBSI3aHHBIX C KOpblo. Hamboiee Tszkenable
cpeaur HUX 3TO CJIETIOTa, MCHUHTUTHI, MCHUHTO3H-
nedaauThl U ITIOJTUHEBPUTHL. Takske BO3MOXKHO pa3-
BUTHE KOPEBOTO AHIIe(aINTa, KOTOPHI BHI3BIBACT
OTEK roJIOBHOTo Mo3ra. Bctpewaercs oH B 1-2 ciry-
yasgx Ha 1000 3ab6oneBmnx B3pocibix. Kopb Takske
MOXKET ITPUBECTH K IJApUHTUTY U JIADUHTOTPAXCUTY,
BBI3BIBAIOIIINM JIOXKHBIW KPYTI, Yallle BCETO y ACTCH.
I[THeBMOHMS TaKXe SIBJISICTCS OCIOKHEHUEM KOPH,
YTO yBEJIMYMBACT MEPpHOA M30asIIMu 10 10 mHEH.
OTuT, aKTUBU3AL NS TEUCHU S TYOCpKyJIe3a, oTeps
mjioma y OepeMeHHBIX KCHIIWH, SHIedalornaTus

Ta6bnuua 1. 3aboneBaemMocTb KOPEBOW MHEKLUENH
Ha TeppuTopuu AcTpaxaHCcKoro peruoHa sa 2019r.
Table 1. The 2019 measles morbidity in the Astrakhan
region

HaceneHnue Ac";’pﬁa:::::a" r. ActpaxaHub | Bcero
Population Astrakhan region Astrakhan Total

Bapocnbie

Adults 21 43 64

DAetun

Children 42 126 168

y 1 13 300 geTeit u TKeasa Auapess — BCe 3TU MPO-
GJ1eMBbI CBSI3aHBI C KOPbIO [2, 6].

Ha Tepputopuu ActpaxaHcKoii 00JacTu ObLIHU
3aperuCTPUPOBAHBI 3IU30/IbI KOPEBO MHMEKIIUU
¢ ocyoxkHeHussMu B 25,0% citydaeB (16 anu3010B).
Bce aTu 311130161 OCJIOXKHUJIUCH THEBMOHUEH.

CrielupryecKoro JeyeHus AJis KOpU HET, MOo-
3TOMY €AMHCTBEHHBIM U HanuboJiee 3((HeKTUBHBIM
crioco6oM IpeaoTBpalleH sl 3a001eBaHU I SIBJISICT-
cs1 BakumHalus. KopeBast BakliHa SIBJISICTCSI MSIT-
KMM U Oe30IlaCHBIM IIpeIapaToM, II03TOMY CHH-
COK ITPOTMBONOKA3aHUM K €€ MPOBEACHUIO OYEHb

Tab6nuua 2. Cenbckas 3a601eBaemMoCTb KOPEeBOW
nHdpekuuen 3a 2019r.
Table 2. 2019 Rural measles morbidity

Cnyuau KopeBoW MHdeKkuun
Cases of measles infection
Bcero, yen. | 9KCTEHCUBHOCTb, %

Total, people Prevalence, %

HaceneHHblit nyHKT
Population center

AXTYOUHCKMIT
Akhtubinsky
Bonopapckui
Volodarsky
EHoTaeBckui
Enotaevsky
UkpsaHuHckui
Ikryaninsky
Kambizskckui
Kamyzyaksky
KpacHosipckui
Krasnoyarsky
JlumaHckui
Limansky
HapumaHoBckui
Narimanovsky
MpuBonXxckui
Privolzhsky
XapaGanuHckui
Kharabalinsky
YepHosipckuii
Chernoyarsky
3ATO r. 3HamMeHCK
Znamensk
Bcero

Total

1 4,8

4 18,9

7 33,4

6 28,7

21 100
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Ta6nuua 3. Nlopoackaa 3a6oneBaemMocTb KOPEBOM
nHdekumei 3a 2019r.
Table 3. 2019 Urban measles morbidity

Cnyyau kopeBoi UHpeKkuumn
Fopopckoii painioH Cases of measles infection
Urban district Bcero, uen. Bcero, yen.
Total, people Total, people

COB_eTCKMM 05 58.0
Soviet
Kupogckuii
Kirovsky ! 16,3
TpycoBckui 8 18.5
Trusovsky
HEH.I/IHCKI/IM 3 72
Leninsky
Bcero
Total 43 100

orpanuyeH. Ecinu 6onee 98% HacesleHUS IIPUBUTO
BaKILIMHOM, pacIpoCTpaHEHUE BUPYCa CTAHOBUTCS
HEBO3MOXHBIM.

Crienyer OTMETUTH, UYTO «IrOpsSYre TOYKH» 3a-
0o0JIeBaeMOCTH KOPEBOI MH(EKIINE Cpeaur B3poc-
JIOTO HaceJIeHUsI TaK3Ke 0OHapy>KEHbI B Pa3JIMYHbBIX
peruoHax Haiueii ctpaHbl. CoOrjlacHO ITPOBEICHHO-
MY TIIATEJIbHOMY aHaJIM3Yy 3a00J1eBaeMOCTU KOPbIO
B Pecniyonuke CeBepHast OceTtuss — AllaHus 3a ne-
puon ¢ 2018 mo 2019 rr., OBLJIO 3aMEYEHO pPEe3KOe

yBEJIMYECHME Yrcia 3a00JIeBIINX 3a TIOCEIHM A TOI.
DTO sIBJIeHUE MOXHO OOBSICHUTH HU3KUM YPOBHEM
BaKIIMHAIIMU U PeBaKIIMHAILIMY CPEIU HACEJICHUSI.
PerpocnekTrBHOE McCIeqOBaHME TaKXKe IMOKa3bl-
BaeT, YTO CYIIECTBYET BO3pacTarollas TIoTpeOHOCTh
B Oosiee 3(PeKTUBHON BaKLIMHALIUM HACEJEHUS
npoTuB Kopu [1].

WUccnenoBanue A.JI. MuxaiijioBoil TakxXe yka-
3bIBa€T Ha 3HAYUTEJbHBI POCT 3a00JI€BAEMOCTHU
KOpBbIO 110 BceMy Mupy B 2019 1., IOCTUTHYB caMOro
BBICOKOTO YPOBH# 3a nociaeaHue 23 roga. B Poccun
3a 11 Mecsi1ieB 3TOro roaa ObIJI0 3aperuCTPUPOBAHO
3521 cnyyail 3ab6oneBaHusl. BenbllikKu Kopu ObLIU
3a()MKCUpPOBaHBl B TaKMX pernoHax, Kak MockBa,
Harectan, Bnagumupckas obiaactb, Cankt-IleTep-
oypr, Ekatepunoypr u HoBocubupck [6].

3aknyeHme

B 2019 1. B AcTpaxaHCKOM 00JIacTH CPeaH B3pOC-
JIOTO HaceJeHUSs Obla 3aUKCHUpoOBaHa BCITHIIIKA
KOpeBOM MHGEKIINU, B XOlIe KOTOPOI OBIJIO 3ape-
rucTpupoBaHoO 64 ciayuyas 3abosieBanus. Hanbonee
MOABEePXXECHHBIM KOpPEBOUM MHMPEKIUM 0Ka3zalocCh
ropojJcKoe opraHu3oBaHHOe HacejieHue. B 25,0%
ciyuaeB (16 anu3010B) KopeBass MHGpeKL s Oblia
OCJIOXHEHAa MHEeBMOHMEN. BakmmHanms ocraeTcs
OCHOBHBIM CPEICTBOM IIPOMUIAKTUKN KOPEBOM
WHOEeKIINN.
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URINARY TRACT INFECTION
BY STREPTOCOCCUS EQUINUS:
A PEDIATRIC CASE PRESENTATION
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Abstract. Strepfococcus equinus is a non-enterococcal group D Streptococcus, Gram positive, non-hemolytic, lactic
acid bacterium. The incidence of colonization in humans increases in rural areas, where there is high risk of exposure
to animal feces and fermented food products. It is associated with specific diseases, such as osteoarticular infections,
meningitis, biliary infections, infective endocarditis and colorectal cancer. A male 10-year-old patient, asymptomatic,
without underlying medical conditions, was referred for routine check-up at the Outpatient Pediatric Clinic of the Nikea
General Hospital, Piraeus, Greece. According to patient history, he had spent two weeks at a summer camp, where he
had direct contact with horses, such as horse riding, horse feeding, watering, horse care, etc. His brother, although he
had the same contacts and activities, did not present an infection. Examinations of the eyes, mouth, ears, nose, throat
and abdomen were normal. Laboratory tests showed mild leukocytosis (12 000/mm?, with 80% neutrophils) and slightly
increased erythrocyte sedimentation rate (30 mm/h). Urinalysis and microscopy revealed bacteriuria by nitrite test and
pyuria, so urine cultures were performed (Multistix 10 SG Reagent Strips, Siemens Healthineers). The urine culture grew
monomicrobial S. equinus > 10> CFU/ml. The bacterium was identified by the RapID™ REMEL ONE identification
system (Thermo Fisher Scientific). Antimicrobial susceptibility testing revealed resistance to Clindamycin, Tetracycline,
Cefotaxime and high susceptibility to Erythromycin. The patient received treatment with Erythromycin. Streptococcus
equinus has been isolated from the bowel in approximately 7% of the general population. Urinary tract infections are less
common. Risk factors for human colonization are considered living in rural areas and having contact with animal feces.
The patient, during his stay at the summer camp, had probably contact with horse feces during the relevant activities and
therefore infected.

Key words: Streptococcus equinus, monomicrobial, colonization, urinary tract.
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2024, T. 14, Ne 1 Streptococcus equines: case study

CKOJIBKY TaM CYIIECTBYET BBICOKMI PUCK KOHTAKTa ¢ (heKaJIusIMK XXMBOTHBIX ¥ (hepMEHTUPOBAHHBIMU ITUIIIEBBIMU
MPONYKTaMU. Streptococcus equinus acCOUMUPOBAHA CO crnielMdUIYECKUMU 3a00JeBaHUSIMU, TAKUMU KaK KOCTHO-
CycTaBHbIE MH(PEKIIMU, MEHUHTUT, MHOEKIUY XETUHBIX MyTei, MHOEKIIMOHHBII 9HA0KAPIUT U KOJOPEKTATbHbII
pak. ITammeHT Myxckoro noia 10 jeT, ¢ 6eCCUMMITOMHBIM Te€4eHUEM U 0€3 COMYTCTBYIOIIMX 3a001eBaHU M, ObLT Ha-
MpaBJieH Ha TJIaHOBBIM OCMOTP B aMOYJIaTOPHYIO MeAMaTPUIECKYI0 KIMHUKY O0MbHUIIE ob1ero npoduas Hukes,
[Mupeii, I'perns. CornacHo uctopuu 60J€3HHU, OH MPOBEJI ABE HENENU B JIETHEM Jlarepe, [1e MMeJ HEMOCPEICTBEH HbII
KOHTaKT C JIOLIaIbMU, HATIPUMED, B XO/I€ BEPXOBOU €3/1bl, KOPMJICHUS U TIOCHUSI JIOIIA/IEH, a TAKXKE yX01a 32 HUMU
u T. 1. OmHako WH(MEK1Ms He BhISIBJIEHA Y eTo Opara ¢ aHaTOTUYHBIMU KOHTAKTaMU U 3aHATUsAMU. OCMOTp T1a3, pTa,
yl1eit, Hoca, Topjia ¥ X1UBOTa 0COOEHHOCTEN He BhISIBUIL. JlabopaTopHble aHaIU3bl TIOKA3aJI1 YMEPEHHBIH JIeKOIn-
T03 (12 000/MM* ¢ 80% HelTPODUIOB) U HE3HAYUTEIbHOE YBETUUYEHUE CKOPOCTU OCETaHMST S3pUTPOIIUTOB (30 MM/4).
AHaJIM3 MOYY U MUKPOCKOITHSI BBISIBUIN OAKTEPUYPHIO IO HUTPUTHOMY TE€CTY U TTUYPHUI0, YTO 0OYCIIOBUIIO TTPOBEJIE-
Hue noceBa Mmoun (Multistix 10 SG Reagent Strips, Siemens Healthineers), rae 0611 o6HapyxeH S. equinus > 10° KOE/
MJI1. bakteputo uaeHTudOUIMpoBaiu ¢ moMoibio cucteMbl uaeHTUGUKanu RapID™ REMEL ONE (Thermo Fisher
Scientific). TecTupoBaHMe YYBCTBUTEIbHOCTH K MPOTHBOMUKPOOHBIM MIperapaTaM BbIsSIBUIO YCTOMUMBOCTD K KJIMH-
JAMULIHY, TETPALUKIUHY, 11e)OTAKCUMY U BBICOKYIO YYBCTBUTEIBHOCTD K 3pUTpoMULIMHY. [TalineHT nonyyvasn neve-
HUE S3PUTPOMUIIMHOM. Streptococcus equinus BbIACSETCS U3 KUIIIEYHUKA TPUMEPHO Y 7% Jtoeii B 0011eit momyasiuu,
a MHGEKIMY MOYEBBIBOISIIMX MyTeil BcTpevaloTes pexe. DakTopamMu prucka KOJOHM3AIUU YeJ0BeKa CUNTAIOTCS
MPOKMBAHUE B CEJIbCKON MECTHOCTHU U KOHTAKT C (heKaTusIMU XUBOTHbBIX. OTTMCAHHBIN B HACTOSIIIIEM MCCIEIOBAHU YT
MalMEeHT, TPeObIBABIINIi B IETHEM JIarepe, BEPOSTHO, KOHTAKTUPOBAT ¢ (heKaTUusIMU JIOIIAJEH, 4TO TIPUBEJIO K pa3-

BUTHIO MH(MEKIINY, BBI3BAHHOM Streptococcus equinus.

Karoueesuie caoea: Streptococcus equinus, MOHOMUKPOO, KOAOHUZAYUS, MOUEBbIGOOAUUE NYMU.

Introduction

Streptococcus equinus is a non-enterococcal
group D Streptococcus, which colonizes both humans
and animals and is involved in food fermentation.
Itis a Gram positive, non-hemolytic, lactic acid, bile-
esculin positive, non-lactose and non-mannitol fer-
menting bacterium. It is found predominantly in the
alimentary tract of horses, and it is associated with
specific diseases, such as osteoarticular infections,
meningitis, biliary infections, infective endocarditis
and colorectal cancer) (Marmolin et al., 2016; Kaiki
et al., 2021; Vinciguerra et al., 2021). The incidence
of colonization in humans increases in rural areas,
where there is high risk of exposure to animal fec-
es and fermented food products (Kaiki et al., 2021;
Vinciguerra et al., 2021). Urinary tract infections
are among the most frequent infections worldwide.
They are detected in hospital and primary care con-
sultations, and in some cases they are asymptomat-
ic. Timely diagnosis and treatment of urinary tract
infections can prevent from serious consequences.
Urinary tract infections from Streptococcus equinus
are very rare. The aim of our study is to present an
asymptomatic pediatric case of urinary tract infec-
tion by Streptococcus equinus, acquired due to leisure
time spent with horses.

Case presentation

A 10-year-old male patient, asymptomatic, with-
out underlying medical conditions, was referred
for routine check-up to the Outpatient Pediatric
Clinic of the Nikea General Hospital, Piraeus,
Greece. According to patient history, he had spent

two weeks at a summer camp, where he had direct
contact with horses, such as horse riding, horse feed-
ing, watering, horse care etc. His older brother, al-
though he had the same contacts and activities, did
not present any infection. Examinations of the eyes,
mouth, ears, nose, throat and abdomen were nor-
mal. Laboratory tests, such as complete blood count,
biochemical tests, urinalysis and urine culture were
performed.

Materials and methods

The complete blood count was measured on the
NIHON KOHDEN CelltacG hematology analyzer,
biochemical tests were measured on the KONELAB
60 biochemistry analyzer, urinalysis was performed
by the Multistix 10 SG Reagent Strips (Siemens
Healthineers), and the urine cultures were performed
on Columbia blood agar. For microbial identification,
RapID STR REMEL™ (Thermo Scientific System),
Gram stain and agglutination with streptococcal
group sera (Streptococcal Grouping Kit, Oxoid Ltd.,
Basingstoke, UK) were applied. In addition, the drug
susceptibility testing of the urine culture was per-
formed by the Kirby Bauer disk diffusion suscepti-
bility test, by implementing the EUCAST (European
Committee on Antimicrobial Susceptibility Testing)
2023 criteria.

Results

Haematology tests showed mild leukocytosis
(12 000/mm? with 80% neutrophils) and slightly in-
creased erythrocyte sedimentation rate (30 mm/h).
Biochemical test results were as follows: glucose
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86 mg/dL, urea 30.5 mg/dL, uric acid 6.63 mg/dL,
creatinine 0.98 mg/dL, GGT 22 U/L, GOT 20 U/L
and GPT 22 U/L. Urinalysis and microscopy re-
vealed bacteriuria by nitrite test and pyuria. The urine
culture grew monomicrobial Streptococcus equinus
> 10° CFU/ml. Antimicrobial susceptibility testing
revealed resistance to Clindamycin, Tetracycline,
Cefotaxime and high susceptibility to Erythromycin.
The patient received treatment with Erythromycin
and recovered quickly.

Discussion

Equines play an important role in transmitting
several zoonotic diseases to humans. The emer-
gence and re-emergence of equine zoonotic patho-
gens have been described by many authors in the
literature. Streptococcus equinus has been isolated
from the bowel in approximately 7% of the general
population. It has rarely been described as a human
pathogen. Infections in humans are most often as-
sociated with bacteremia, with or without endocar-
ditis (Chayakulkeeree et al., 2015; Marmolin et al.,
2016; Jans and Boleij, 2018; Pompilio et al., 2019).
Moreover, Streptococcus equinus has been detected
in food products including fermented milk in sub-
Saharan Africa, Asia and Southern Europe, ferment-
ed fish in Asia and fermented plants in sub-Saharan
Africa and Latin America suggesting a wide range
of habitats and its adaptability to different environ-
mental conditions (Khurana et al., 2015; Jans and
Boleij, 2018; Gonzalez-de la Cruz et al., 2021; Oberg
et al., 2022). Streptococcus bovis/Streptococcus equi-
nus complex (SBSEC), consists of commensal bac-
teria, mainly described as colonizers of the rumen,
crop, and cloaca of animals and colon of humans,
with a fecal carriage rate of SBSEC in humans rang-
ing from 5% to over 60% (Khurana et al., 2015; Oberg

et al., 2022). The variation of the percentage ob-
served, is attributed to different detection techniques
and regional differences. Moreover, most studies
include specific population groups and not the gen-
eral population (Jans et al., 2012; Lopes et al., 2014;
Dekker and Lau, 2016). Epidemiological data about
Streptococcus equinus are limited. The rare published
cases include infective endocarditis cases (Keerty et
al., 2021; Vinciguerra et al., 2021; Oberg et al., 2022;
Stummer et al., 2023), bacteremia (Chayakulkeeree
et al., 2015; Marmolin et al., 2016; Kaiki et al., 2021;
Oberg et al., 2022; Stummer et al., 2023) and one case
of endocarditis combined with histocytosis (Sechi et
al., 2000). In 2013 three cases of Streptococcus equinus
subspecies zooepidemicus were detected in Eastern
Finland, in patients who were horse trainers and
breeders. It is noteworthy that the disease in all three
patients was invasive and severe, requiring prolonged
treatment and rehabilitation. Human infections with
Streptococcus equinus subspecies zooepidemicus, are
very rare and are generally associated with contact
with horses, and consumption of unpasteurized milk
products, goat cheese or pork. In most cases S. zo-
oepidemicus leads to fulminant infections (Pelkonen
et al., 2013; Stummer et al., 2023). Urinary tract in-
fections are much less common and their role of the
SBSEC (Streptococcus bovis/Streptococcus equinus
complex) as urinary pathogens is not well known
(Matesanzetal., 2015; de Teresa-Alguacil et al., 2016;
Rosales-Castillo et al., 2022). In Greece, there are no
epidemiological surveillance data from the National
Public Health Organization for Strepfococcus equi-
nus infection, probably due to its rarity. In the re-
cent past, no similar infections have been detected
nor published in Greece, concerning any population
age group. The patient in this case, during the stay at
the summer camp, had probably contact with horse
feces during the relevant activities and therefore was

Figure. Identification of S. equinus by RapID™ REMEL ONE
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infected. No epidemiological data from the camp-
site were collected. The child was asymptomatic and
the urine culture was performed on the basis of rou-
tine testing, so there may be cases of infection which
have been under-diagnosed. The 10 year old patient
has a higher risk of being infected, due to poor ap-
plication of hygiene rules in his age group during va-
cations, without the supervision of parents or teach-
ers. In Greece, horse riding is not a widespread sport
and leisure with horses is very limited. Contact with
horses occurs in most cases due to agricultural activi-
ties. Moreover, a National Equine Registry has not
yet been established, despite the continuous efforts
of the relevant animal welfare associations (Hellenic
Society for the Equine Welfare and Panhellenic
Equine Welfare Society). There is an increasing evi-
dence that antibiotic resistance is widespread among
Streptococcus equinus clinical isolates, with variable
resistance rates reported for clindamycin, erythro-
mycin, tetracycline, and levofloxacin (Boyle et al.,
2018; Pompilio et al., 2019; Bohlman et al., 2023;
Chhabra et al., 2023). Given the increasing infec-
tion rates it is of utmost importance to continuously

evaluate the resistance profiles, as well as to deter-
mine the factors that enable colonization and estab-
lishment in animal and humans, in order to develop
strategies to reduce public health risks. The diseases
of equines put at risk significant part of the popula-
tion, such as veterinarians, animal handlers, horse
trainers and breeders, animal health personnel,
the population of agricultural communities, as well
as the general population that gets in contact with
horses during sports or leisure time (Bohlman et al.,
2023; Chhabra et al., 2023).

Conclusion

Streptococcus equinus is a rare Gram-positive bac-
terium, that may cause fulminant infection in hu-
mans. In this paper we describe a rare asymptomatic
pediatric case of urinary tract infection with S. equi-
nus, as a result of contact with horses. All clinicians
and laboratory physicians should be alert for timely
diagnosis and specific therapeutic treatment, aiming
to ensure the quality of life of patients and increase
their survival expectancy.
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K80-JIETUIO
BAJIEPUA AJIEKCAHAPOBUYA HEPELLHEBA

24 okTa6ps 2024 roma ucnonHsietcsa 80 jet akageMuky Banepuio AsnekcaHapoBuuy YepeurHeBy —
BBIIAIOILIIEMYCSI POCCUMCKOMY YUYEHOMY B o0OjacTu (pyHIaMEHTAJbHOM W IPUKJIAAHONU MMMYHOJIOTUU.
OCHOBHBIC HaIIpaBJICHUS HAYIHOU IesITeJIbHOCTU Baepust AJeKcaHApOoBHYA TOBOPST O IIMPOTE B3IJISI-
JIOB 1 MHOTOTPAHHOCTH €ro (UTYPHI: SKOJIOTUSI U UMMYHHUTET, UMMYHOMU3UOJIOTUS, UMMYHHBIE MeXa-
HU3MBI BOCITaJICHU I, CTpecca, CePACYHO-COCYAMCTOM MaTOJOruu, OIyxoJieii, ra3Hbix oosesHeit, CITU/I.
CBouMu paboTaMM OH BHEC CYIICCTBEHHBIN BKJIal B N3yUYeHNE KOMOMHNPOBAHHBIX paaIMallMOHHBIX I10-
paxkeHwuii. bosbiioe 3HaueHue Banepuii AjekcaHAPOBUY yAeSeT U MPaKTUUYECKOMY MPUMEHEHUIO MOy~
YeHHbIX 3HAYMMBIX pe3yJbTaTOB (DyHIaMeHTalbHBIX UccienoBaHuii. Tak, B.A. UepelrHeB ¢ coaBTopamMu
YCTAaHOBUJI OCHOBHBIC 3aKOHOMEPHOCTHU OTKJIOHEHU U (PyHKIIMOHUPOBAHUS UMMYHHOI CUCTEMBI, BO3HU-
KaloUIMX MO BJAUSHUEM Pa3JIMIHbBIX 9KOJOTMYECKU HEOJaronpusITHBIX (paKTOpOB, YTO MO3BOJIUIIO pa3-
paboTaTh METOJbl YCTPAaHECHUS 3TUX HapylleHull. BMecTe ¢ KOJJIEKTUBOM McclieaoBaTesieii OH 000CHO-
BaJI MPUHIINIHNAJIHFHO HOBYIO KOHIICITIINIO CUCTEMHOI'0 BOCHAJICHM S, OXapaKTEePH30BaB ero KaK TUIIOBOU
MaTOJIOTUYECKU 1 ITPOIIECC; KOHIEMIINI0 ayTOMMMYHHOM peryiasiiiuy roMeocTasa; o0IIe0noornieckKyo
KOHIIETILIMIO pa3BUTUS 3a00JeBaHUM, CBsI3aB 3TOT IPOILECC ¢ HapyIIeHUEeM 3KOJOTMYEeCKUX B3aMMOOT-
HOIIIEHU I MeXIy MaKpOOpraHU3MoM (4eJIOBEeK) 1 MUKpoopTraHu3MaMu (0akTepuu, BUpychl). Ha ocHoBe
dyHIaMeHTaJIbHBIX UcclienoBaHuit B.A. UepelrHeBa, ero y4eHMKOB U KOJUIET B MEIMIITMHCKYIO TTPAKTUKY
BHEAPEH Ps1 MHHOBAIIMOHHBIX TEXHOJIOTUil, B YACTHOCTU OPTaHU30BaHO ITPOU3BOACTBO 3D (HEKTUBHOTO
uMMyHomopyastopa «[Ipoderanb». [Ipenapat npuMeHsIETCS /15l IEYEHUSI Ay TOUMMYHHBIX 3a00JIeBaHUA,
a Tak>Ke B OMOTepanvy OHKOJIOTUUYECKUX U MH(MEKIITMOHHBIX 3a00IeBaH U i1

Banepuem AnekcaHapoBMUYEeM co3laHa U3BecTHas B Poccuu HayuHas 11koJia, K KOTOPOU MpuHaIIexaT
HE TOJIBKO COTPYAHMKHM €ro MHCTUTYTOB M Kadeap, HO U IMUPOKMUI KPYT UCCIea0BaTeIeil B pa3IMIHBIX
obGnacTsax ouosoruu u MmeauurHbl. Co3gaHa HayuyHas 1IKoJia, MoJiydyaBiiasl B TedeHue psaaa jet (2005—
2015 rr.) B pe3ynbTaTe KOHKYPCHOI'O OTOOpA rocyAapCTBEHHYIO MOAASPXKKY UCCISAOBAHMI B paMKax IrpaH-
toB [Ipe3unenta PO.

YepeirHeB B.A. u3BecTeH B Hallleil CTpaHe He TOJbKO KaK BbIIAIOLIUICS YUEHBI, HO U KaK YeJI0BeK, 00-
JlaTarlUIni He3aypsIAHBIMU OPTaHU3aTOPCKUMU CITOCOOHOCTSIMU. OH OpraHu30BaJl U SIBASIETCS 3aBEAYIO-
UM KadeapaMu MUKPOOHOJIOTUY 1 UMMYHOJIOTUH [IepMCKOro rocymapcTBeHHOTO YHUBEpCcUTeTa (HBIHE
TlepMmckuii rocyaapCTBEHHbBI HallMOHAJbHbBIN MCCleaoBaTeIbCKUN yHUBepcuTeT) (¢ 1994 1.), uMMYyHO-
XUMUHU YPaJIbCKOI'0 TOCYJIapCTBEHHOIO TEXHUYECKOTO YHUBepcuTeTa (HbiHe Ypaiabckuii DemepalibHbII
YHUBepCcUTET UM. IiepBoro npe3ugenta Poccun b.H. Enxpiiaa) (¢ 2000 1.), mmmyHonoruu I[lepMckoii ro-
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CyJlapCTBEHHOW MeAUIIMHCKON akageMuu uM. akana. E.A. BarHepa (HbiHe [lepMcKkuii rocyaapCcTBEHHbBI
MEOULMHCKUI YHUBEepCcUTET M. akaa. E.A. Barnepa) (c 2008 r.), npyHuUMaa ydyacTue B CO3JaHUU U ObLI
npodeccopoM Kadenpbl UMMYHOJIOTUU Ha Oroorudyeckom dakyiabretre MI'Y um. M. JlomoHocosa (2010—
2020 rr.).

Banepuit Anekcanaposuu YepeuiHeB co3gajl M BO3rjaBuJl BHadajle ExatrepuHOyprckuit duamuan
MHcTuTyTa 3KOJOTMU U TeHEeTUKU MUKpoopraHusMoB YpO PAH, Ha 6a3ze KoToporo B AajbHeHIIeM ObLI
coznaH WMHcTtutyT ummyHonoruu u dusuonoruu (MUP) YpO PAH, kotopsiM oH pykoBomua ¢ 2003
o 2018 r., a cerogHs Bajepuii AekcaHApOBUY — HaydHBI pykoBoautesb MM® YpO PAH.

ITon ero pykKoBOACTBOM M3AAIOTCSI BEAYIIME XYPHAJbl CTPAaHbl B 00J1aCTU MEAULIMHBI U UMMYHOJIO-
ruu. B.A. UepeliHeB — I1aBHBIN penakTop «Poccuiickoro MMMYHOJIOTMYECKOro XypHala», «BecTHuka
Vpanbckoii MeAMIIMHCKOM aKageMrudecKoii HayKn», BectHuka YpO PAH «Hayka. O6mecTtBo. YenoBek»,
KypHaJia «MIMMyHoJorust Ypaia», OH TaKxXe SIBJISIETCS YJIEHOM PEIKOJIJIErnid U pelaKIIMOHHBIX COBETOB
psifa LEeHTpaabHbIX XYPHAJIOB.

CBou cUJIbl M ONBIT Banepuit AnekcaHapoBUY BKJIAaAbIBA€T U B Pa3BUTHUE OTEUECTBEHHOUW HAyKU, SIB-
nssch 3amectuTesnieM npesuaeHTa PAH. bosabiioe BHUMaHue yaenasia pa3BUTUIO U TTPOABUKEHUIO OTeUe-
CTBEHHOII UMMYHOJIOTUHU, 22 roga oH padoTas Ha nocty IlpesuaeHTta Poccuiickoro HayuHoro o0iectBa
MMMYHOJIOTOB, a B TEKYIIIEM rony u3dopaH nmouyeTHoIM [Ipe3uneHToM ob1iecTBa.

Banepuit AnekcaHAPOBUY — UHUIIAATOP, OPTAaHU3ATOP U YYACTHUK MHOTUX MEXTYHAPOIHBIX U POC-
CUHCKUX HAYYHBIX (POPYMOB, CHE3/I0B, KOHIPECCOB MUPOBOI'0 YPOBHS MO pa3JIMYHBIM BOIIpocaM OUOIO-
TMU U MEIWIIMHBI. YUeHble Halllell CTpaHbl 3HAIOT €ro Kak OJIECTSILEro JIEKTopa ¢ 3allOMUHAaIOIIEeACs Xa-
PU3MOI U OPAaTOPCKUM OOASTHUEM.

Banepuii AnekcaHApOBUY BOCTIMTA LEAYIO MJIESAY BbICOKOKJACCHBIX CIEIMAaTIUCTOB, CTABIINX W3-
BECTHBIMU YUYEHBIMU, CPEAU KOTOPBIX NOKTOpPa HaykK, mpodeccopa, yieHbl-koppecnoHaeHThl. [loa ero
PYKOBOJICTBOM MOJAT'OTOBJIEHO W 3allMILEHO 35 KAHAUAATCKUX U 53 TOKTOPCKUX nucceprauuii. OH aBTOp
U coaBTOp 607ee 900 HayUHBIX TPYAOB, B TOM 4yucCie 74 KHUT U MOHOTrpaduii, 2 aTaacos, 45 yueOHbIX U3-
IaHW, 44 3aTTaTEHTOBAaHHBIX N300pETEHU, 2 OTKPBITUi, 169 00IIIeCTBEHHBIX MYOJIUKAIINA.

O npu3HaHWU TajaHTa Banepus AjlekcaHIpoBHYa KaK y4eHOro U HACTaBHUKA CBUIETEIbCTBYET U30pa-
HUE ero 4JICHOM psijia MeXAYHapOaAHbIX aKaJeMUid, B TOM Yuciie MexX1yHapoIHOI akaAeMU U HayK KO0~
ruu u 0e30MacHOCTH XKu3HenesTeabHocTH (1994), EBporneiickoit akagemun Hayk (2002), BcemupHoii aka-
nemun Hayk (2005), Washington Academy of Sciences (2005), The World Academy of Art and Science (2005)
u 1p. B.A. UepeniHeBy ITPUCYXIEeHO IToYeTHOE 3BaHre «[I0YeTHBINM TOKTOP» psiaa IMepeaoBbIX POCCUMCKUX
Hay4YHBIX UHCTUTYTOB U YHUBepcuTeToB: MHCTUTYTa sKcnepuMeHTanbHoi MenuiiiHbl PAMH (CaHKT-
IletepOypr, 2010), Poccuiickoii BoeHHo-MeauumnHckoit akagemuu (Cankt-IletepOypr, 2013), CaHKT-
ITeTepOyprckoro I'ymanutapHoro yHuBepcutera npodcoto3on (2014), Cankr-IleTrepbyprckoro Haiuo-
HaJbHOIO MCCIIENOBaTeNbCKOro AkageMudeckoro ynusepcurera PAH (2016), Caukr-IleTepOyprckoro
rocynapctBeHHoro yHuBepcutera (2019), CeBepHoro @enepajibHOro ApPKTUYESCKOTO YHUBEPCUTET WM.
M.B. JlomoHocoBa (ApxaHreabck, 2019); oH modeTHbIt podeccop MockoBckoro l'ocymapcTBeHHOro
MeIuKo-cToMaTtojornyeckoro yHuBepcutera uMm. A.M. EBmokumoBa «HONORIS CAUSA» (HbIHE
Poccmiickmit yauBepcuteT MenunHbI MuH3apaBa Poccun) (2016), YpaabCKOTO TOCYIapCTBEHHOTO 3KO-
HoMuyecKkoro yHuBepcurteta (2017).

3aa0CTUXEHU I BHAYYHON, HAYyYHO-OpTaHU3allMOHHOU 1 00111eCTBEHHOM AesiTeIbHOCTU B.A. UepeniHeB
oTMeueH opaeHamMu «ApyxoObl», «3a 3aciayru nepen OtedectBom» IV, III u Il cremenu, «AnekcaHapa
Hegckoro», a Takske Tpems mpemusimu [IpaBurtenbcTBa Poccuiickoit @enepanmm.

Bce uMmMyHoornyeckoe cooOIllecTBO LIeHUT Banepusi AjnekcaHApoBUYa 3a €ro 4YeJOBEYHOCThb, MY-
IPOCTh, NOOPOXKETATeIbHOCTh U BHUMATEJIBHOCTh B OTHOLIEHUSIX C JIOAbMU, HEUCCSIKAEMYIO SHEPTUIO
u onntuMusM. Kemaem Bam, noporoit Banepuit AjiekcaHapoBUY, 310POBOTO JOJITOJETUS, HOBBIX HAyYHBIX
JMIOCTUXKEHU I 1 MHOTO HOBBIX TaJIAaHTJIMBBIX YUCHUKOB!
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NPABUJIA AJ19 ABTOPOB

CTaTbhy IPEACTABISAIOTCS B PEIAKIIMIO Uepe3 CUCTEMY 3JIeKTPOHHOTO0 n3naTenabeTBa (http://iimmun.ru) B cooTBeT-
CTBUHM C TpeOOBaHMAMMU XypHana «MHbeKIusI 1 UMMYyHUTET» U «MHCTpyKIIMel 11T aBTOPOB», MPeACTaBICHHOM
Ha caiite. C despas 2016 rona xxypHai «MHDeKIMS 1 UMMYHUTET» NyOJIMKYET CTaTbU Ha IBYX SI3bIKaX (PYCCKOM
U aHTJIMIICKOM).

OcHOBHbIe BUbl cTaTeil, Nyo/IMKyeMbIX B XXypHane

OpHUruHaIbHAS CTAThA

CTaTbs A0JKHA OMUCHIBATH PE3YJIbTaThl 3aKOHUEHHOI0 uccieaoBaHus. Jlonmyckaercst 00beM cTaTb 10 20 Maliu-
HOMMUCHBIX CTPAHULL, BKJIOUast pUCyHKU, Tabauiibl. CTaThs JOJIXKHA colepkaTh: 1) BBeleHUe; 2) MaTepuaibl U METO-
IIbI; 3) pe3yabTaThl UCCIIENIOBaHMIL; 4) 00CyKIeHUe pe3yabTaToB; 5) 6J1arogapHOCTH.

e BBenenne conepXxuT o00CHOBaHME 1eJIU W 3a]a4 ITIPOBEIeHHOT0 UCCIeI0BAHUSI.

e MarepuaJibl M METObI MOTYT U3J1araThCsl B BUJE OTNEJIbHbIX (DPArMEHTOB C KOPOTKMMMU MOA3ar0JIOBKaAMU.

e Bce HeTpanuiimoHHble MOAU(PUKAIIMN METOIOB JOJIKHBI OBITH OTTMCAHBI C JOCTATOYHOI CTEIEeHbIO IO/~
pob6HocTH. JIJIsT BCeX UCIOJb3yeMBIX B pab0Te PeaKTUBOB, (KUBOTHBIX, KJIETOYHBIX KYJBTYp M T.1. HEOO-
XOJIMMO TOYHO YKa3bIBaTb IPOU3BOIUTENEH U/UJIN UCTOYHUKY TTOTYUYEeHU s (C HAa3BaHUSIMU CTPaHbI, GUp-
MBI, UHCTUTYTA).
PesyabTaThl ONMUCHIBAIOTCS B JIOTUYECKOIN MOCIEIOBATEILHOCTU B BUAE OTIEIbHBIX (DparMeHTOB, pa3je-
JICHHBIX MO/I3aTr0JIOBKaMHU, 6€3 2JIEMEHTOB OO0CYKAeHUsI, 6€3 MOBTOPEHUS METONUIECKUX ITOAPOOHOCTEM,
0e3 nyoJimpoBaHU s HU(PPOBBIX JaHHBIX, IIPUBEICHHBIX B TAOJIMIIaX U PUCYHKAX.
B 00cyKaeHuM ITPOBOAMTCS AeTaJbHBIM aHAJINU3 TTOJYYEHHBIX JaHHBIX B COMOCTABJICHUU C TAHHBIMU JIU-
TepaTypbl, UYTO CIYKUT 0OOCHOBAHUEM BbIBOJIOB U 3aKJIIOUYEHU I aBTOPOB.
Paznen «baaromapHocT» He sIBJIsIeTCS 00s13aTeIbHBIM, HO KpaiiHe xkeJlaTesieH. B aToM pasnesne aBTOpbI MO-
I'yT BBIPa3UTh MPU3HATEIBHOCTh OpPraHM3all1, CyOCUANPOBaBIIE TpOBEeAeHUE UCCIEIOBAaHUN, KOJJe-
ram, KOHCYJIbTUPOBABII MM pabOTy B ITPOIIECCE €€ BHITTOJTHEH U ST U/UJIM HATTUCAHU S, @ TAKXKE TEXHUYECKOMY
nepcoHaly 3a MoMolllb B BRINOJIHEHU U UccienoBaHuil. biaronapHocTu 3a npegocraBieHue creuduyec-
KUX peakKTUBOB UJIM 000pYyI0BaHMsI, KaK MIpaBUJIO, TIOMEIIAIOTCs B pasaeiie «MaTepuaibl 1 METOIbI».

Kparkue cooduenns

KypHan nyoinKyeT HeOoIblIe 0 00beMY CTaTbU, KOTOPbIE UMEIOT 0€3YCIIOBHYIO HOBU3HY M 3HAUYMMOCTh. DTHU
CTaThU MTPOXOJSIT YCKOPEHHOE PEelIeH3UPOBAHUE U TTYOIUKYIOTCSI B KOPOTKHME CpoKu. OO1IMit 00beM KpaTKOTO CO00-
IEHWsI OTpaHWYeH 8 MAITMHOMIMCHBIMU CTPAHUIIAMHU, KOJTMYECTBO PUCYHKOB M/MJIW TaOIUI] HE MOXET OBITH OoJiee 3,
a CMUCOK MCMOJb30BAaHHBIX IMTEPATYPHBIX UCTOUHMKOB He TOJKEH MpeBbIIaTh 15. TUTYNbHBIN TUCT oopmseTcs,
Kak onucaHo Huxe (cM. «[Togroroska crareii»). Pazaenbl KpaTKoOro cooOIIeHM ST aHAIOTMYHBI BBIIIEOMMCAHHBIM pa3-
JieJlaM OPUTMHAJIbHOM CTaTbU, HO HE BBIACJISIOTCS 3aTOJJOBKAMU U TOA3ar0JIOBKaMU, pe3yJIbTaThl MOTYT ObITh U3J10-
JKEHBI BMECTE C 00CYXICHUEM.

O030pHbBIE CTATHY U JIEKIUU

O0630pHbIE CTAaTbU U JIEKIIMY B OCHOBHOM 3aKa3bIBaIOTCS pelaKIIMeil UM MOTYT ObITh PEKOMEHI0BaHbI OMHUM U3 UJie-
HOB penkosuiernu. bosnee nonpodHylo nHbopmalnio o npaBuiax oHopmMIeHUsI ITUX CTATEI MOXHO Y3HATh B peaKIIUU.

Bubnuorpacpuyeckmne ctaHgapTbl ONMCAHUS LUTUPYEMbIX NyGnukaumni

Onucanue CTaTbU U3 XKypHAJIA:

Casnuna T.1O., Mopososa T.1. UmmyHoormueckue MeTonbl B tuddepeHimaibHoil nuarnoctuke // Ty6epkyies u 601e3HU JTeTKHX.

2011. T. 88, Ne 11. C. 50-53.

Salina T.Yu., Morozova T.I. Immunological methods in differential diagnostics. Tuberculosis and Lung Diseases, 2011, vol. 88, no. 11, pp. 50-53.

Onucanue craTbu N3 KHUTH (MOHOTpadum):

Llypeiruna U.A., Yecnokosa M.B., Kinumos B.T. [IceBnoTybepkynes. HoBocubupcek: Hayka, 2003. 320 c.

Shurygina I.A., Chesnokova M.V., Klimov V.T. Pseudotuberculosis. Novosibirsk: Nauka, 2003. 320 p.

IIpumepsl npaBubHOrO 0hOPMJIEHUS AHTJIOA3BIYHBIX CCHLIOK:

Turenne C.Y., Wallace R., Behr M.A. Mycobacterium avium in the postgenomic era. Clin. Microb. Rev., 2007, vol. 20, no. 2, pp. 205-229.

Goodman J.W., Parslow T.G. Immunoglobulin proteins. Basic and Clinical Immunology. Ed. Stites D.P., Terr A.1., Parslow T.G. Appletion &

Lange, 1994, pp. 66—79.

CchLIKY Ha TUTEPATyPHBIE MICTOYHUKU B TEKCTE CTaThU, B PUCYHKaAX M TaOIM11aX 0003HAYAIOTCS apaOCKUMU M-
paMu B KBaJpaTHBIX ckoOkax [1, 2, 3,...]. He momyckaioTcs cChlIKM Ha nUccepTalliu, aBTopedepaThl AMCCEPTaLUiA,
nyOauKauuu B COOPHUKAX, METOAMYECKUE JOKYMEHTBI MECTHOTO YPOBH 1. KoJIMuecTBO MICTOYHMKOB HE OTPaHUYEHO.
B xax1oii cchliike MpuBOASITCS BCe aBTOPbI paboThl. HeornyOanKoBaHHbBIE CTaThU B CIIUCOK HE BKJIIOUAIOTCS.

00603Ha4YeHNs, COKpaLLEHUS U eAUHULLbI U3MEepPEeHNs

J1s CIOXKHBIX TEPMUHOB MJIM HA3BaHU M, HaK0OJIee YaCTO UCTOJIb3YeMbIX B TEKCTE CTATbU, MOXHO BBECTH (B KPY-
[JIBIX CKOOKAaX MocJje MepBOro yoMMHaHUS TTIOJTHOTO Ha3BaHUsSI TepMUHA) He Oosiee 3—5 HEeTpaauMIIMOHHBIX COKpa-
IEHWA. Y3aKOHEHHBbIE MEXIyHapOTHBIMU HOMEHKJIATYpaMU COKpAIeHUST WCIOJb3YIOTCS B COOTBETCTBYIOIIEH
TpaHcKpunuuu. Hampumep, 171 TEpMUHA «MHTEPIENKUH» UCIIONB3yeTCs cokpateHue «IL», a He pycCKOSI3BIYHBII
BapuaHT «MJI»; aHaIOrn4Ho 3TOMY UcTonb3ytoTcst cokpaineHus: < NF», a He «TH®» unu «®HO»; «CD», a He «C».
HasBaHMsI MUKPOOPraHU3MOB ITPUBOISITCSI B OPUTHHAJBHON TPAaHCKPUITLIIMK C UCTIOIb30BaHUeM KypcuBa (F. coli,
Streptococcus pyogenes). ETWHUIIBI U3MEPEHU I TIPUBOSITCS O€3 TOUKHU TTOCJIe UX COKPaIlleHHOTO 0003HaUYeHMsI, peria-
MEHTHUPOBAHHOI'O MEXIYHAapOIHBIMU IIpaBUIaMu (C, 9, M, MJI, MT, kDa u T.11.).
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Od)OpMHEHMe WINIOCTPATUBHOINO Matepuana

WnnocTpaTuBHbI MaTepua J10JKeH ObITh OPUTMHAJTBHBIM, T.€. paHee HUTJAE He onyOJMKoBaHHBIM. O0lee Ko-
JINYECTBO MJUTIOCTPALIUi (TabJIUI] 1 pUCYHKOB) HE JIOJXKHO MpeBbIIIaTh BOCbMU. [1pu 60JibIlieM KOJTMYECTBE UIIJTIO-
CTpaluit uX MyoJIMKaIusI orjladynBaeTcs aBTopoM. [TyGmKanms MBETHBIX MILTIOCTPALINi (He3aBUCUMO OT MX KOJIH-
YeCcTBa) TaKKe OIJIaYMBaETCSI aBTOPOM.

Pa3meps! niocTpanmii:

* MakcuMaJibHasi Beicota — 210 MM

* MakcUMaJjbHas mupurHa 1Js 1 crondua — 82 mwm, st 2 ctoab1oB — 170 Mm

Ta6anupl. Kaxkaas Tabania mpenocTaBisieTcsl OTaeIbHBIM daiisoM. Tabauiiel HyMepyloTcs apabckuMu nudpa-
MU OTACJIBHO OT HyMepalluu PUCYHKOB (rpacdukoB u potorpacduii). HazBanue reuaraercs Han Tabauieii. Becb Tekcr
Ha PYCCKOM sI3bIKe, ColepKalluiics B Tabauile, BKIoUYash eAUMHUIBI U3MEPEHUsI, JOJKeH ObITh MepeBeleH Ha aH-
TJIMICKUIA SI3bIK; TPU 3TOM MEPEBOJL CIeAYET MOMEIIATh B SYEHKY C COOTBETCTBYIOLIUM PYCCKUM TEKCTOM OTAEIbHOMI
crpokoii. HazBaHue TabaUIIbl M TEKCT IpUMEYaHUsl K Hell TakkKe JOJIXKHBI ObITh MepeBeIeHbl Ha aHTJIMUCKUIA SI3bIK
U TIPUBEACHBI MO PYCCKUM TEKCTOM C HOBOM CTPOKH. JIJIst TOMETOK B TaGaMIaX ClIeayeT UCIOIb30BaTh OMHY WU
HecKoJbKo (*). [losicHeHMs IevaTaloTcs Iocjie COOTBETCTBYIOIIEro KojanuecTna (*) mon tadbnuueii. EquHuIbI n3me-
peHusl, TP HEOOXOAMMOCTH, BKJIIOUAIOTCS B 3aTOJIOBKHM CTPOK UJIU CTOJIOIIOB.

Pucynku (rpadmku u ororpacdun). B rekcte ctaTbu Ha3BaHUSI pUCYHKOB (rpacduKoB, hoTorpaduii) u TadbuLL pas-
MelaloTcs cpasy nocie abzalia, rae Ha HUX AaeTcs nepBasi cchliika. Bce pucyHKU HyMepyloTcsl OCiea0BaTeIbHO apad-
CKUMU IUdpaMu TT0 Mepe MX BKJIIOYEHUS B TEKCT cTaThi. HazBaHUsI pUCYHKOB U MOATIMCHA K HUM BBIHOCSITCSI B BUJIE
CIHCKa B OTACIBHEIN (aiin. B criucke yka3piBaloTcs: HOMEp pUCYHKa, Ha3BaHUe (C 00JbIIOI OyKBhI), TEKCT IIpUMeda-
Huit (111 MuUKpogoTorpaduii 10JXKHO ObITh yKazaHo yBeauuyeHue). [lonnucu K pucyHKaM J1aioTcsl KpaTKue, HO TocTa-
TOYHO MH(MOpMaTuBHbIe. HazBaHU s pUCYHKOB 1 TpUMEYaHU i K HUM, HApUCYHOUYHBIC IMOATUCHU, TEKCT JIETCH IbI JOJIK-
HBbI OBITH TTepeBeIeHbI Ha AHTIMICKUH SI3bIK M pa3MeIleHbI TTOJl COOTBETCTBYIOIIMM TEKCTOM C HOBOM CTPOKU. PUCYHKM
MOIYT OBITh IpPEACTaBIcHbBI B rpaduueckux popmarax ¢ pacuupeHueM .tif (paspeurenue He MmeHee 300 dpi mpu 100%
MaciiTaoe), .eps uin .ai. M3o0pakeHus1, BCTpoeHHBIe B TOKyMeHTHl Word, He mpuHuMaTcs. ['paduku u guarpaMMbl
MPEAOCTaBIISIOTCSI BMECTE C TaOJIMIIaMU, Ha OCHOBE KOTOPBIX OHU ObLJIM CO3JIaHbl, UJIM C YUCTEHHBIMU 0003HAUEHM I~
MU TTOKa3aTesieit, 0ToOpaXkaeMbIX COOTBETCTBYIOIIMMU rpapuuecKUMU 3JeMEHTaMU (CTOJIOMKAMU, CEKTOpaMU U T.I1.)
B BUJIe (haiiJIoB ¢ paciivpeHusiMu .doc Ui, pearnoyTuTenbHee, .XIs.

MnaTa 3a ny6nukauuio ctatei

[Ipu coGmromeHnM MpaBuUII MyOJIUKAILMs cTaTeil B XXypHaie «/HbeKInsa 1 UMMYHUTET» SIBJISETCS OecCIIaTHOMN
JUTS1 aBTOPOB M YUPEXIEHU I, B KOTOPBIX OHU paboTaloT. Penakiiys MoxXeT MoTpedoBaTh OIJIaTy B CIEAYIOIIUX Clyyda-
sx: 1) 3a myO6aMKaLMIO IIBETHBIX UJLJTIOCTPALIMii; 2) MPpU O0JbIIOM KOJIMYECTBE NILTIOCTPATUBHOIO MaTepuaJia (CBbIlIe
8 namocTpauuii).

MoprotoBka cTartei

IMpu penocTaBAeHUN CTATbU aBTOPBI TOJXKHBI pyKOBOJCTBOBATHCS TPEOOBAHUSIMU, TIPUBEICHHBIMU B HUXeCIIe-

nytomux nyHKTax. CTaTbsl MOXET ObITh OTKJIOHEHA, €CJIM OHa UM HEe COOTBETCTBYET.

1. HampaBiisist cTaThIo B >KypHaJ, aBTOPbI FapaHTUPYIOT, UTO MOJaHHbIE MaTepUasibl He ObLIU paHee OMmyOJIMKOBaHbI
MOJTHOCTBIO MJIU 110 YacTsIM, B JIt000# hopMme, B JIFOOOM MeCTe UM Ha JTI0OOM si3bike. Tak ke aBTOpbI rapaHTUPY-
0T, YTO CTaThsI He TIPEACTaBICHA IS pACCMOTPEHUS U MyOIUKaIlUK B IpyroM XypHaie. C MOMeHTa TIPUHSTUS
CTaThU K TeyaTu B KypHaye «MHbeKIns 1 UMMYHUTET» MTPUBEACHHBIM B Hell MaTepral He MOXKeT ObITh OITy-
O0JIMKOBaH aBTOpaMU IOJHOCTBIO MJIM I10 YaCTsIM B 1100011 (hopme, B TI0OOM MeCTe 1 Ha J1I000M sI13bIKe Oe3 coria-
COBaHUS C PYKOBOJCTBOM XypHasia. VICKTI0UeHEM MOXET SIBIAAThLCS: 1) MpeaBapuTeabHash UM MOCIeayIomast
nmyOGaMKallvsi MaTeprasoB CTaTbU B BUJE TE3UCOB UJIM KOPOTKOT'O pe3toMe; 2) NCIOJIb30BaHUE MaTepraioB CTaTbu
KaK 4acTH JIEKIIMW WU 0630pa; 3) UCTIOJb30BaHME aBTOPOM TPENCTABIEHHBIX B XKypHaJI MaTepHuaioB MpU Ha-
MUCAaHUU AUCCEPTALIMY MJIM KHUTH. Bocmpon3BeneHne BCero n3naHus M 4aCcTH JTIOOBIM CITOCOOOM 3arTpeliaeT-
cs1 6e3 MUCbMEHHOr0 pa3pelnieHus uznareneil. HapyiieHue 3aKkoHa OyaeT IpeciieaoBaThCs B CyaIeOHOM MOPSIIKE.
Oxpansiercss 3akoHoM PD Ne 5351-1 «O6 aBTOpCKOM IpaBe U CMEXHBIX TpaBax» oT 09.07.93 r.

2. Maiin oTpaBageMOii CTaThy NpeacTaBiieH B popmare .doc, .docx, .rtf.

3. [TomuMo daiina co cTaTbeid, MpeaoCcTaBiIeHbI Caeayome Gaib:

1) ®aiin ¢ MeTagaHHBIMHU (IIPU 3aTPy3Ke B CUCTEMY eMY IpUCBanBaeTcsa UM «MeTagaHHBIC»):
e haMuIMsI, UM, OTYECTBO, YUueHasl CTelleHb, yUYeHOe 3BaHHe, NOJXKHOCTb aBTOpa, OTBETCTBEHHOTO
3a TaJIbHEN YO TIepernucKy ¢ peaakiiieit (Ha pycCKOM U aHTJIMCKOM $I3bIKaXx);
e Ha3BaHUE YUPEXKJCHUS, T1e paboTaeT OTBETCTBEHHBI aBTOp (B PyCCKOM U O(UIIMaTIBHO ITPUHSITOM
aHIJIMIICKOM BapMaHTax);
TMOYTOBBIN apec IS IEPENUCKY ¢ YKa3aHUEeM ITOYTOBOTO MHIeKca (Ha pyCCKOM M aHTJIMHCKOM SI3bIKaXx);
TesnedoH, akc (c yKazaHMeM Koja CTpaHbl U ropojaa), e-mail;
daMuIMsa U MHUIIMAJIbBI OCTaJbHBIX COABTOPOB, UX YUEHbIE CTENeH U, yUeHbIe 3BaHU I, TOJXKHOCTH;
MOJIHOE Ha3BaHUE CTaThU, HAMTPaBISIEMO B pelaKI1InIo;
KOJIMYECTBO CTPAHUII TEKCTa, KOJTUYECTBO PUCYHKOB, KOJIMYECTBO TaOJIUIIL;
paszaena XXypHaia, IJisT KOTOpOro nmpeaHa3HavyeHa qaHHas paborta: «Jlekuuun», «O630pbl», «Opurn-
HaJIbHBIE CTAaThM», «KpaTKue coobIeHsI», «B MOMOIIbL TPaKTUYECKOMY Bpady»;
e /aTa OTIIpaBJeHU S PaOOTHI.
2) OrckaHUpoOBaHHas Konus daiiia ¢ MeTaJaHHBIMU MOANMMCAaHHAs BCEMU aBTOpaMu (ITpU 3arpy3Ke B CUCTe-
My eMy ImpucBanBaeTcst UMs «[Toamucu aBTOpoB»).
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3) TuTyabHBIN IUCT (IIPpU 3arPy3Ke B CUCTEMY eMy MpUCBauBaeTCsa UMsl « [UTYJIbHBIN JTUCT»), 10 (hopMe:

e Ha3BaHUeE CTaThy (0€3 UCIOIb30BaAHU ST KAKUX-TMOO COKPAIIIEHU i, HA PYCCKOM U aHTJIMICKOM SI3bIKaX);

e (hamMuIMsI, UMSI, OTYECTBO, yUeHasl CTEIeHb, yUeHOe 3BaHUe, JOJIKHOCTD KaXXI0ro U3 COAaBTOPOB CTaTbU
(ITOJTHOCTBIO, HAa PYCCKOM U aHTJIMMCKOM sI3bIKaX);

e MopasaelieHue 1 yuapekjaeHure, B KOTOPOM BBITIOJTHsIJIaCh paboTa; B ciiydae, eCJIM aBTOpaMU CTaTbU
SIBJISTIOTCSI COTPYTHUKM Pa3HBIX YUPEXKICHUI, TO MOCHeIHUEe HYMEPYIOTCS 10 MOPSAKY, HauMHas
C eAMHUIIBI, U COOTBETCTBYIOIIAS IIMdpa pazmeliaeTcs nocje aMuaIny aBTopa, MmpeacTaBisoero
NIaHHOE yupexkIeHue; AJs1 MapKMPOBKY aBTOPOB B aHIJIOSI3bIYHON YacTU CTaThbU BMECTO LMD UC-
MOJb3YIOTCS JIJAaTUHCKUE OYKBHI (a, b, ¢, d 1 T.11.);

e COKpalIeHHOE Ha3BaHUE CTAThbU [1JIsl BEPXHEro KOJOHTHUTYJIA (He 60jiee 35 CMMBOJIOB, BKJIIoUast po-
GeJibl M 3HAKU MPperMHAHU S, HA PYCCKOM U aHTJIMICKOM sSI3bIKax);

e He MeHee 6 KITI0UEeBBIX CJIOB Ha pPYCCKOM M aHIUIMHCKOM SI3bIKaX;

e ajpec IJIs MEpeNuCcKU ¢ yKazaHueM HoMmepa TejiepoHa, (pakca u agpeca e-mail.

4)

Pesiome (mpu 3arpy3ke B cucTeMy eMy npucBauBaeTcs uMs «Pe3iomMe»). [IpenocTaBisieTcs B BUe OJHOI0 ad-

3alla 6e3 cChlIoK U crielududeckux cokpaiieHuii. Oo6bem — He meHee 300 cioB. Pe3tome B MojHOM oObeMe
MpeACTaBIsIETCS TaKKe B IepeBO/Ie HAa aHIIMHACK U I3bIK. B OTHEIbHBIX CiTyuasx, 1o peleHu o peJaKIimoH-
HOM KOJIJIEr U, MOXET ObITh 3aTpe00BaH pa3BepPHYTHI 1 BADUAHT PE3IOME Ha aHTJIUHCKOM SI3bIKE.

5) PUCYHKM, €CJIM OHU €CTh — KaXXIbIX OTAEIbHBIM (haitioM (IMTpu 3arpy3Ke B CUCTEMY KaXKJIOMY PUCYHKY TTpH-
cBauBaeTcs uMs «PucyHoxk IlopsiakoBbiii HoMep pucyHKa. Ha3zBaHue pucyHKa»).

6)

®aiin B popmare .doc, .docx, .rtf co cmuckomM, B KOTOPOM yKa3bIBalOTCS: HOMEp pUCYyHKa, Ha3BaHUe (C 00JIb-

0¥ OYKBbI), TEKCT MpUMeuaHuit (st MukpodoTorpaduii 10JKHO ObITH YKa3aHo yBeaudyeHue). [lonnucu
K PUCYHKaM [Ial0TCsl KpaTKKe, HO JOCTATOYHO MH(MOPMAaTUBHBIE.

7)

BeICHEBI 3aT0JIOBKOM B (haiijie ¢ caMoil Tabauleit).
8) Maiin c HUTUPYEMOI TUTEepaTypoii (IIPU 3arpy3Ke B CUCTEMY eMy ITpucBauBaeTcs ums «JIuteparypa») B Buae
TaOJIMIIbI U3 YEThIPEX CTOJIOLOB (aJ1bOOMHAsI OpUeHTAaLI M), Te:

Tabnuibl, eci OHU €CTh — KakJasi OTACIbHBIM (haiiioM (Ha3zBaHUe KaxKI0M TaOJIUIIbI JOJKHO OBIThH TIPU-

ITopsakoBblit
HOMep CCHLIKH

ABTOpBI, HA3BaHHE MYOIMKALMH
M HCTOYHHUKA, I/Ie OHA
0ny0JMKOBAHA, BBIXOIHbIE TaHHbIE

®.1.0., Ha3BaHKe My0JIHKALMA H HCTOYHHKA
Ha aHIJIMIACKOM f3bIKe

IToanblii uHTEpHET-a/peC
(URL) uurupyemoii ctatou
u/umm ee DOI

Pasmematorcst

B Ta01M1Ie

B ajihaBUTHOM
MopsIAKe, BHAYaIe
PYCCKOSI3bIUHBIE,
3aTeM Ha sI3bIKax
C JJATUHCKOM
rpacdukoi

VKasbIBaTh

1o 6ubarorpapuyeckoMy
CTaHIapTy, MPEACTABIEHHOMY
BbILLIE

OdunmanbHoe aHTI03bIYHOE HA3BAHUE
nyoaMKaLny 1 UICTOYHHUKA, T1e OHa
ory0IMKOBaHa — JUIsI PyCCKOSI3bIYHBIX CTATEIA.
B penxux ciyyasx, Koraa He CyIIecTBYeT
ouLMaNbHBIX AHTJIOSI3bIUHBIX HA3BAHUIA,
penaKiius NpOCUT MPELOCTaBSATh UX NIEPEBOL,
0003Hayas ero KpacHbIM LIBETOM LIpudTa.
JLns aHI10A3bIYHBIX MYOIMKALMI 1 HCTOYHUKOB
B 3TOM CTOJI0LE CTABUTCS MPOYEPK

B oM ciyuae, eciu
nHdoOpMalus o cTaTbe
He pa3MelleHa

Ha o(UIIMaTbHOM caiiTe
U3IaHUs, IOTTyCTUMO
ucnosnb3oBath URL ctatbu
CO CTOPOHHUX CANTOB,

B T.4. CUCTEMBI
www.e-library.ru.

DOI cratbu npuBoauTCs
B KBaJpaTHBIX CKOOKAxX
nocie URL-aapeca

4. TekcT moJKeH ObITh HAOpaH C ONMHAPHBIM MEXCTPOYHBIM MHTEPBAJIOM; UCIIOJIb3yeTCs Kerlb mpudTa B 14 MyHK-
TOB; JIJIsI BBIJICJIEHU ST UCTIOJIB3YETCSI KYPCHB, a HE TTOIUePKMBAHUE; BCE CChIJIKY Ha MJLTIOCTpaluu, TpadKu 1 Tad-
JIVIIBI PACTIOJIOKEHBI B COOTBETCTBYIOIIMX MECTaX B TEKCTE, a HE B KOHIIE TOKYMEHTA.

(9,

. TeKCT COOTBETCTBYET CTUJIMCTUIYECKUM 1 OMOIMorpauuyecKuM TpeOOBaHUSIM.

6. Eciiu BBl OTIIpaBIIsieTe CTaThiO B PELIEH3MPYEMbIil pa3/iesl XKypHalia, TO Bbl COMIACHBI C TPEOOBAHUSIMU CJICIIOTO
peleH3MPOBaHMS, TOAPOOHEEe 0 KOTOPOM MOXHO y3HATh Ha caiite xypHaja (http://iimmun.ru) B pyopuke «Pe-
HeH3upoBaHue» paszaeiia «O KypHaje».

Boi MokeTe 0(hOpMHUTH MOANMMCKY HA XKYPHAJT
«Andekunsa 1 IMMMYHUTET» Yepe3 OTIAeJIeHUs CBI3H:

000 «Ypaa-ITpecc-Okpyr» u 21eKTPOHHBII KaTaJjor «Poccuiickas nepuoauka»

B ceTu Internet Ha caiite www.arpk.org.
TToanucHoii naaekc 41392.
Ioanucka Ha 3JIEKTPOHHYIO BEPCHIO XKyPHAJIa
Ha caiite www.elibrary.ru
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ABTOPCKWUW YKASATE/b

AnueBa A.A. ...
AnytuHa B.J1. ...
Angpeesa U.C. .
Apakenbsii P.C.
banaxHosa B.B.
Bauesckasi A.B..
benoseposa O.H
by6nosa JI.H. ...
Bacusbesa T.I1.
Bepouukas E.B.
Bonkosa B.B. .
lanosn A.C.
Imankux A.C..
nazanosa T.B. .
['y6aHoBa A.B. ..
Janunenko C.O.
Jlenxos B.T.
Jpo3n U.B. ...
Jyxosaunos 1.B.
EBceenko B.A. ..
XKapunosa H.B.
Kentyxuna A.U
XKunueuko E.B.
XKumbaena O.b.
3araeid 3.M. .....
3aiikoBckasi A.B
3amsartuna E.B...
3yaun A.b..
WUnwvun B.K. ...
Wcmannos I1.9.
Kab6anosB A.C. ...
Kapanersu M.T. .....
Kaprienko C.@. ....
Kawupuna 1.H.
Kucenesa U.B. .
KobGecos H.B. ......

.. 951

Komuccaposa /1.B. ..
. 900
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Unmoctpaumm k ctatbe «<BUocHHTE3 HOBbIX HaHOKancyn MnO, ¢ nomMoLblo 3kcTpakTa C. spinosa n xuto3aHa
MeOOHOCHOM Nuyenbl: U3y4yeHue aHTuGakTepuanbHbIX U NPOTUBOPAKOBLIX CBOWCTB» (aBTOpbI: M.I. Anbxappud,
H.A. Xacan, M. WWapad) (c. 1002-1016)

lllustrations for the article “Biosynthesis of novel MnO, nanocapsules via C. spinosa extract and honeybee-derived chitosan:
exploring antibacterial and anticancer properties” (authors: Elharrif M.G., Hassan N.A., Sharaf M.) (pp. 1002-1016)

Figure 4. The inhibition zone of different pathogenic bacteria strains S. aureus, S. hominis, E. faecalis,
A. baumannii, K. pneumoniae, and E. coli against by (A) negative control (dH,0), (B) positive control,
(C) SCLe, (D) SCLe@MnO,NPs, and (E) CSH/SCLe@MnO,NPs

Figure 6. Cytotoxicity of SCLe, MnO,NPs, and CSH/SCLe@MnO,NPs on normal Vero cells (A and B), and
prostate carcinoma PC3 cells (C and D) for 24 h. The results were taken from replicated (n = 3) (Mean+SD).
(B and D) Morphological features, the images were taken from the cells were treated with an average size
of 10 nm for 24 h
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