ISSN 2220-7619 (print)

Tom 14, Ne 2. C. 201-400 ISSN 2313-7398 (online)

2024

MHDOEKLINA
7

VIMMYHUTET

Jlannblii 86inyck peasus3oeat npu unarcosol noodepiucke llpasumerscmea Cankm-Ilemepobypea



UnniocTpauus K cTatbe «AyTOMMMYHHbIE HapyLUeHUs Y 60JIbHbIX rpaHy/ieMaTo3HbIMU 3a00neBaHMaMU
nocne COVID-19: pyHKkumMoHupoBaHue cyononynsaumii T- u B-knetok» (aBTopbi: A.A. CTapmHoBa,
WU.B. KyopsBues, A.A. PyouHwTeiiH, A. Mankoea, X. JluH, M. YxyaH, A.10. CtapwuHoBa, U.P. floeraniok,

I.A. Kyanaii) (c. 251-267)

lllustration for the article “Autoimmune disorders in patients with granulomatosis diseases after COVID-19:
T- and B-cells subsets function” (authors: Starshinova A.A., Kudryavtsev V., Rubinstein A.A., Malkova A., Ling H.,
Zhuang M., Starshinova AYu., Dovgaluk I.F., Kudlay D.A.) (pp. 251-267)

Sarcoidosis

Q Lung damage due to
autoimmune

mechanisms

2® 1 Peripheral immune
® 7° § ; )

" suppression with autoimmune
j_ ) i
) Je imbalance

“MFibrosis / o

1 Risk of immune-related
complications
J{/ Risk of severe COVID19
due to high ACE2

Tuberculosis

Lung damage due to
bacterial infection

»* Peripheral immune

I ° suppression

Sars-Cov2 infection

Lung damage due to:
o * Viral infection
* Microcirculatory collapse

¢ Autoimmune reactions
1 Fibrosis

1 Risk of severe/chronic TB,
drug resistance
J Risk of immune-related
complications

Figure. Scheme of immune response in COVID-19, sarcoidosis and tuberculosis



CEBEPO-3ANAJHOE OTAENEHME MEAVMUMHCKUX HAYK

CAHKT-NETEPBYPICKUIA HAYYHO-UCCNELOBATENIbCKUA UHCTUTYT
SMMAEMMNONOT N 1 MMKPOBMOJOT M UMEHW NMACTEPA

CAHKT-NETEPBYPICKOE PETMIOHAJIbHOE OTAENEHWE POCCUINCKON ACCOLMALN ANIEPTOIOTOB
W KIMMHNYECKNX UMMYHOJIOIoB (CM6 PO PAAKW)

UHDEKLIUA
n

UMMYHUTET

2024, Tom 14 Ne 2

XKypHan nanaetcs npu yyactum OTaeneHus Bcepoccuiickoro Hay4YHo-npakTuyeckoro o6LiecTsa anyaeMmosioros,
MUKPOBKMOIOroB 1 napa3nTonoros rno CaHkT-leTepbypry n JleHuHrpazacko obnactn

FnaBHbIN pepakToOp

TotonsH Aper A. I.M.H., npodeccop, akagemuk PAH, nupektop CaHkT-Metepbyprekoro HAW anuaemmonorum u mukpo6uonorum umenn Nactepa,
3aB. nabopatopueit MonekynspHoi MmyHonoruu, CankT-Metep6ypr, Poccus

3amecTuTeNb rMaBHOro pepakropa

Mokpoycos W.B. 1.6.H., 3aB. nabopaTopuei MoNeKynspHoii ANMAEMUONOrM 1 3BOMIOLIMOHHOI reHeTuki CaHkT-MeTepbyprekoro HAW anuoemmonoruu
1 Mykpobuonorun umenn Mactepa, CankT-MeTepbypr, Poccus

PepakunoHHas konnerus

AnTA.C. 1.6.H., npodeccop, 3aB. nabopatopueit immyHoreHeTukm LieHTpansHoro HUAW Ty6epkynesa, Mockea, Poccus

Bap6ewuto J1. L.M.H., npodeccop, 3aB. nabopatopueii HelipoaereHepauumn MuctutyTa Mactepa, MoHTeBUAaeo, Ypyraaii

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

MmHuGypr A.J1. I.M.H., npodeccop, akaaemvk PAH, aupektop @HWL, snuaemmonorum n Mmukpobronornm nMenn noyetHoro akagemvika H.9. famanen M3 PO,

Mocksa, Poccus
JlaBpentbeBa U.H. [.M.H., 3aB. nabopatopueii akcnepumeHTanbHoii Bupyconorn CaxkT-Metepbyprekoro HAW annaemuonorum u Mukpobuonorum
umenn Mactepa, CankT-MeTepbypr, Poccus

J1o63uH 10.B. I.M.H., npodeccop, akagemvk PAH, Hay4HbIin pykoBoauTens GrBY [leTckuii Hay4HO-KNMHUYECKNIA LIEHTP MHGEKLMOHHBIX 6one3Heit DMBA,
CankT-MeTepbypr, Poccus

Jloyaup 3. npodeccop, npeanaeHt MucTtutyTa Mactepa TyHuca, TyHuc

JlbBoB [.K. IL.M.H., npodeccop, akagemuk PAH, HW Bupyconorum um. .M. MBaHosckoro ®HWL, anmaemmonorim n MUKpooronorim
MMeHU noyeTHoro akagemuka H.9. famanen M3 PO, Mocksa, Poccus

MaepaK. [.BET.H., Npodeccop, AMpekTop HaLoHanbHOro MHCTUTYTA MHOEKLMOHHBIX 3a601eBaHNiA, TOKNO, ANoHKS

MepyuuubiH H.B.  f.Mm.H., npodeccop, akagemuk PAH, 3acnyxeHHbiit gestenb Hayku PO, rnaBHbI HayuHbIi COTPYAHUK HayyHOro LieHTpa SkenepTuabl
CPEACTB MeAMLMHCKOro npuMeHerus, Mocksa, Poccus

Muxaiinoe M.W. I.M.H., npodeccop, YneH-koppecnonaeHT PAH, 3aB. nabopatopueii BupycHbix renatintos HAWM BakumH v cbiBopoTok um. U.W. MeuHnkosa,
3aB. kadenpoit Mukpobronoruu v Bupyconorumn Poccuinickoro yHueepcuteTa apyx6el Hapoaos, Mocksa, Poccus
HaiipeHcku X. LL.M.H., npodeccop, 3aB. 0TAENOM MHAEKLMOHHOW MUKpobronor MHcTuTyTa Mukpobronorum M. CtedaHa Aurenodda,
Cocdus, Bonrapus
Onunwenko IL.T. I.M.H., npodeccop, akagemvk PAH, 3am. npefcenatens Poccuiickoii akafemumn 0bpa3osaHns, Mocksa, Poccus
Mokposckuii B.B.  1.M.H., npodeccop, akagemuk PAH, pykoBoautens ®enepansHoro HML, no npodunaktuke n 6opbbe co CMLom, Mocksa, Poccus
CaHTOHM A. 3aM. AMPEKTOPa Mo Hay4Hoi paboTe MHcTuTyTa Mactepa B PuMe, npoheccop MMMYHONO M M UMMYHOMATONIOM M OTAENA MONEKYSPHOM

MeanumnHel YHrsepcuteta Canuenua B Pume, Pum, Utanus

Cumb6upueBA.C.  1.M.H., npodeccop, 4neH-koppecnoHaeHT PAH, HayuHblii pykoBoamTens focHUW ocobo yucTeix Guonpenapatos PMBA Poccuu,
CaHkT-MNeTepbypr, Poccus

[,.M.H., npodeccop, YneH-koppecnoraeHT PAH, 3acnyxeHHbI fesTenb Hayku PO, rnaBHbIil Hay4HbI COTPYAHWK MHCTUTYTa
3KCnepuMeHTanbHon MeaunumHel, CaHkT-MeTepbypr, Poccus

Yepewnes B.A. L.M.H., npodeccop, akagemuk PAH, Hay4HbIiA pykoBOAMTENb MIHCTUTYTA MMMyHONOrMKM 1 Guanonoruu, Ekatepunbypr, Poccus

LWnurens A. I.M.H., npodeccop, apektop MHcTutyTa Mactepa Kamboaxw, MHomneHb, Kamboaxa



PepakuuoOHHbIN coBeT

AnewkuH B.A. 0.6.H., npocdeccop, 3acnyXeHHbI fesTens Hayku PO, HayyHbiil pykosoautens Mockosckoro HUAW snupemuonorim u Mukpobuonoruv
um. [H. Tabpuyesckoro, Mockea, Poccus
ByxapuH 0.B. I.M.H., npodeccop, akagemuk PAH, IHCTUTYT KNETOYHOrO 1 BHYTPUKNETOYHOro cumbrosa, OpeHbypr, Poccus

BuwHeBckuit B.U.  1.M.H., npodeccop, raBHblii Hay4HbIA COTPYAHVK OTAENa nabopaTopHoit anarHoctuki CaHkT-MeTepbyprekoro
HWW pT1usnonynsmoHonorum, CaHkT-MeTepbypr, Poccus
Donrywux U.N. 0.M.H., npodeccop, akagemnk PAH, 3acnyxeHHbI festens Hayku PO, npeaunaeHT FOxHo-Ypanbckoro rocyaapCTBEHHOr0 MEANLIMHCKOTO

yHuBepcuTeTa, Yenabuxck, Poccus

3Bepes B.B. 0.6.H., npodeccop, akagemuk PAH, HayyHbIi pykoBoauTenb HAW BakumH u ceisopoTok M. U.A. MeyHukoBa, 3aB. kadenpoii
MVKPOBMONOruM, BUPYCONOrM 1 MMyHONorum NMepBoro MoCKoBCKOro rocyapCTBEHHOO MEAULIMHCKOrO YyHNBEPCUTETA
M. .M. CeyeHoBa, Mocksa, Poccus

Ka¢teipesaJI.LA.  f.M.H., npodeccop, 3aB. nabopaTopueit kuwedHsix Hpekumin CankT-Metepbyprekoro HAW anuaemmonorim n mukpobuonorim
umenu Mactepa, CankT-MeTepbypr, Poccus

Kawkwun K.I. 0.M.H., npodeccop, akagemuk PAH, npodeccop kadenpbl MMMYHONOr M1 POCCUINCKON MeAULIMHCKON akaaeMni NoCAEANNNOMHOTO
o6pasosaHus M3 PO, Mocksa, Poccus

Ky6apb O.U. I.M.H., npodeccop, BeayLumii Hay4HbIin coTpyaHuk CaHkT-MeTepbyprcekoro HUW snugemuonornm u mukpobuonoriv umenn Mactepa,
CaHkT-Metep6ypr, Poccus

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

CaBuyeBa A.M. 0.M.H., npodeccop, 3aB. nabopartopueit mukpobuonorum HAW akyluepctsa, rusekonoruv n penpogyktonoru um. [1.0. OtTa,
CaHkT-TNetepbypr, Poccus

Cenbkos C.A. I.M.H., npodeccop, 3as. nabopatopueit ummyHonorum HAN akywwepcTsa, ruHekonorin u penpogyktonoruv um. 4.0. OTta,
CaHkT-TMetepbypr, Poccus

Teu B.B. 1.M.H., npodeccop, 3aB. kadenpoit Mukpobronorum 1 supyconoruu Mepsoro CaHkT-MeTepbyprckoro rocyaapcTBEHHOr0 MeANLMHCKOTO
yHuBepcuTeTa um. W.M. Masnosa, CaxkT-Metepbypr, Poccus

Xaput C.M. [.M.H., npodeccop, pykoBoaMTeNb 0TAENA NPOGUNAKTUKM MHPEKLMOHHLIX 3aboneBanuini PIBY [eTckuii HayYHO-KAMHUYECKIIA LLEHTP
nHdeKUMOHHbIX 6onesHeit DMBA, CankT-MNeTepbypr, Poccus

YekHes C.B. I.M.H., 3aM. MpeKTopa no HayuHoii pabote GHULL anuaemuonorim u Mukpobronorui nMenn noyetHoro akafemuka H.9. famanen M3 PO,
3aB. labopaTopyeit MexKNeTo4HbIX B3anmonencTeuii, Mocksa, Poccus

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

MeANLMHCKO akafemmm, 3aB. kadeapoi anuaemuonorum, Huxuuii Hosropog, Poccus

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

Yuypeputenu

CeBepo-3anagHoe OTAeNeHNEe MeAULIMHCKUX HayK
CaHkT-MNeTepbyprekunini HAW anupemuonorum n mukpobuonoruv umenn Mactepa
CaHkT-lNeTepbyprckoe pernoHanbHoe otaeneHe Poccuitckoii accoumaumm anieprosioroB U KIMHUYECKMX MMMYHOJI0roB

XypHan 3apervcTpupoBaH Ynpasnernnem @enepansHoil cnyxosl No Haa3opy B chepe ces3u,
MHOOPMALMOHHBIX TEXHOIOT WA 1 MACCOBbIX KOMMYHUKaLMii no CaHkT-MNeTepbypry v JIeHMHrpaackoin obnactu
Ceuaetenbctso o permctpauum M Ne TY 78-00578 o1 26 anpens 2010 T.

CeugetenbctBo o pernctpaumv M Ne TY 78-00910 ot 24 nioHs 2011 .

XypHan 3aperucTpupoBaHn PenepanbHoii ciyx60ii no Han3opy B cdepe CBs3U, UHHOPMALMOHHBIX TEXHONOTMIA U MACCOBBIX KOMMYHUKaLMIA
Caupetensctso o peructpauum M Ne @C 77-64788 ot 02 pespans 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 BOJDKHbI ObITb OMY6/IMKOBaHbI OCHOBHbIE Hay4YHbIe Pe3yNbTaTbl AUCCEPTAaLMii Ha COMCKaHUe Y4YeHbIX CTeNeHel AOKTOPa U KaHAUAAaTa HayK

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

C 2016 roga Bknto4eH B 6a3y AaHHbIX Russian Science Citation Index (RSCI), nHterpupoBatHyto ¢ 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 nevatb 25.04.2024 r. Gopmart 60 x 90 1/8.

Meyatb opceTHas. Yen.-neu. n. 25.
Tupax 2000 ak3. (1-11 3aBog - 1000 3k3.).
3aka3 Ne 1100

Usparenbcteo HUNAIM 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
© HUN3SM 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

March-April

2024, volume 14

(Infektsiya i immunitet)

No. 2

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 . 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
lljal. 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 Immunologists, 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.

Ten.: (812) 233-08-58.

Passed for printing 25.04.2024. 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: (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: (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



NHdekuma n ummyHuTeT
2024, T. 14, Ne 2

COAEP>XAHUE

00630pbI
®aznannnyp M., Monnawm X.P.
POJ1b PHK-BUPYCOB B OHKOTEHESE YEJIOBEKA .......ccuuiiiiennisrernnsnssrrsnssssrnnssssrsssssssrsnsssssrnnssssrnnnssssnnnnns 209

OpVIFVIHaﬂbeIe CTaTtbM

Tanaes B.10., Hosukos /1.B., S3anyexko W.E., CBetnosa M.B., BoporuHa E.B., babarikuHa O.H., JlanvH B.A.,
Menentees [].A., Houkosa H.A., Karukos A.fO., Hosukos B.B.

XWMEPHbIE BUPYCOMOAOEHbIE YACTULbl, COAEP)XALLUE ®PArMEHT BEJIKA LUMNA KOPOHABUPYCA,
CTUMYNUPYIOT CO3PEBAHUE AEHAPUTHBIX KIETOKYEJTIOBEKA .......oveuiiiiiiicrninirninnn s ennns 227

CasuH T.B., Konate B.B., Ps64eHkoBa A.A., Ypak E.J1., Ynpak E.P., CaeHko A.W., yxoanHos U.B., Ceicoesa M.,
lamaneii C.I., lWnmuna ITT, TapaHos O.C., HaHunerko E.[., Cumbupues A.C., TotonsiH A.A.

3KCMNEPUMEHTANIbHOE UCCNEAOBAHUE CMELIUDUYECKON UMMYHONOrMYECKO AKTUBHOCTH
W BE3OMNACHOCTU NPENAPATA «<KOPOHALEPM-PS» A1 OLLEHKW KJIETOYHOIO UMMYHUTETA NPOTUB
KOPOHABUPYCA SARS-COV-2 ...cuuuieuuureuussenssiensssenssssesssessssssssssnssssnsssnss s sesss s 238

CrapuwmHoBa A.A., KyapsiBues W.B., Pyouriuteiin A.A., Mankosa A., Jiun X., YxyaH M., CtaplumHosa A.1O.,
Josranox N.@., Kyanai [.A.

AYTOMMMYHHbBIE HAPYLLUEHUS Y BOJIbHbIX TPAHYJIEMATO3HbIMW 3ABOJIEBAHUAMU NOCJIE COVID-19:
OYHKLMOHUPOBAHUE CYBMONYMALMM T- U B-KJTETOK ....uverueerneeseesssessssessssssssessssesssnssssesssessnssssnsssaneas 251

WBaroBa N.A., Gunnnnerko A.B., [aBnosny H.B., ApoHosa H.B., Linmbanuctosa M.B., AHucumosa A.C.,

Owmensyenko H.A., Toygarosa A.A., Yemmncosa O.C.,

UMMYHHbI CTATYC NALMEHTOB C BHEEOJIbHUYHbIMU MHEBMOHNSIMU, ACCOLMUPOBAHHLIMU
C HOBOW KOPOHABUPYCHOW UHAEKLIMEA U APYTUMU BOSBYAUTENIAMY .....o.eeevneerrenriessiensnesseessnes s 267

CagpoHosa 3.A., Pabosa J1.B., 3ypoyka A.B., JobpbiHnHa M.A.

OCOBEHHOCTU T-KJIETOYHOIO U TYMOPAJIbHOTO UMMYHMWTETA NALUEHTOB C OCTPbIM
KOPOHAPHbIM CUHAPOMOM, BOJIEBLLMX U HE BOJIEBLLUUX COVID-19, B BABUCUMMOCTH
OT COAEP)XXAHMS B-IUMOOLIUTOB C GEHOTUNOM CD3-CD19*CD5* B NEPUDEPUYECKON KPOBM .................. 277

PewwetHukosa W.4., TiopuH 10.A., Myctagun W.I., AragpoHoBa E.B., Llaiixpasnesa H./.

W3YYEHUE MOJIEKYNAPHO-TEHETUMECKUX U UMMYHOJIOTMMECKUX MPEOUKTOPOB
TEYEHWS COVID-19 B FPYNME PUCKA «MEOULIMHCKNE PABOTHUKMY .....cuvvivnniiiniiiniicnnnicnn s s s 289

[opat @., laHmx baxw A., Atan [iucgann P., Goprabanm P., [Ixanambanaxm 3.

ACCOLMALNGA MEXAY YNOTPEBJIEHUEM NULLEBBIX JOBABOK (BUTAMWUHOB W1 MUHEPAJIOB)
U COVID-19 B NEPCULCKOM KOTOPTE HACEJIEHMS ........cerueeeerrersesessseessesssesssessnessesssesssesssssnssssssssesssennns 299

Jlamut A.B., Buruuk A.B., MocTHukoB M.A., BuHrHuk C.B., Monos H.B., Anexcees /].B.

CTOMATOJIOrMYECKUIA U MUKPOBUOJIOTMYECKMWIA CTATYC MALMEHTOB C NPOCTbIM MAPTUHAJIbHBIM
TMHIMBUTOM, NEPEHECLUMX HOBYIO KOPOHABUPYCHYHIO MHDEKLIMIO .......oooviviiiininiin i nsnnnnnnnns 306

Ceba /1., benanne K.

NPOrHO3NPOBAHUE YPOBHS NETAJIbHOCTU NMPU COVID-19: OLLEHKA 3 ®EKTUBHOCTHU
HEKOTOPBIX TMBPUAHBIX MOZEJIEM .......coiiiuieeiiueessisseesssesssseesssesssseesssnnesssnessannesssssessensessssesssnsnnnsnn 313

OcrtaHkosa K0.B., XynHx X.K.T., Cepukosa E.H., LLiemene A.H., PeiiHrapar 4.3., asbigeHko B.C., TotonsH A.A.

MONEKYJIAPHO-TEHETUHECKASI XAPAKTEPUCTUKA BUPYCA TEMATUTA B Y JIOHOPOB KPOBU
N3 HOXKHOTO BBETHAMA ... i s s s e 320

Horovibaesa K.A., Tobokanosa C.T., bopoHbaesa 3.K.

NOTEPSIHHBIE rOAbl NOTEHLIMANIbHON XXU3HW, CBASAHHBIE C FEMATUTOM B NPU HANIUYMU
WM OTCYTCTBUM JENBTA ATEHTA, B KbIPTbI3CKOM PECTIYBJIUKE ........ceeveeeressseessseesssessssesssessssessssnssnnesas 331




CopepxaHuve NHdekuma n ummyHuTeT

Camoiinosa A.A., Kpaesa J1.A., Muxaiinos H.B., Cantosa A.T., Mones [.E., BawykoBa M.A., lopaeesa C.A.,
CmupHoBa E.B., benstuy J1.W., onrosa A.C., LLlabanvHa A.B.

FTEHOMHbIA AHAJIN3 BUPYNIEHTHOCTU U AHTUBUOTUKOPESUCTEHTHOCTY LUTAMMOB
KLEBSIELLA PNEUMONIAE .........coouuiietuiennicnsssinssssnsssenassssasssrssssssssssnssssnssssnssssssssssnssssnssssnssssnnsssnnssssnnss 339

INonkosa M.W., ®unarosa E.H., MuHaesa C.B., HeymouHa H.B., lNepgunosa K.M., YrkuH O.B.

KOJIMYECTBEHHASI XAPAKTEPUCTUKA BUPYCA SMLUTEAHA-BAPP B JIEAKOLIUTAX KPOBU
Y B3POC/JIbIX BUY-UHOULIUPOBAHHDBIX MALUEHTOB .....ccuuiirrnniirirnnsisennssissnsssssssnsssssssnsssssssssssssssnsssssnn 351

Anb-Hyaiimm B.A., Cannym [.@.

YPOBEHb MATPUKCHOW METAJIJIONPOTENHASbI-3 (MMP-3) B CbIBOPOTKE U TEHETUYECKMWA
NONMMOP®U3M, CBASAHHbIN C PEBMATOUAHBIM APTPUTOM ......cveiiveerrensneesssesssesssessssessssssssessssessnnesas 365

Mpokonetko .M., CrenaHoBa E.A., Matiowenko B.A., Yuctakosa A.K., Koctpomutura A. L., KotomuHa T.C.,
Pax A.41., Pybuniwteiit A.A., Kyapsisues U.B., Houukas B.B., Pynenko J1.I., McakoBa-Cuak U.H.

ONTUMU3ALUA CUCTEMHOIO M JIOKAJIBHOIO T-KNETOYHOrO UMMYHHOIO OTBETA HA XXUBYIO
rPUNNO3HYIO BAKLMHY NPU BKJIFOYEHWUU B COCTAB BAKLLMHHOIO LUTAMMA FrEHA HYKJIEOMPOTEMHA
OT ANMUAEMUYECKOTO BUPYCA TPUIMIIA.......iireniieuiernirnnsierassssss s sna s ras s sras s rsa s ena s na s s nas s s nnnssnnssssnnsssnnns 371

Kpatkue coobieHus

KpusoLwenHa E.WN., Kaptawos M.IO., HaiigeHosa E.B., YiukaneHko H.4., Ceupur KA., ba M.b., Hypau+ W.,
Bym6amm C., TepHoBoif B.A.

BbIABJIEHUE CNELNPUYECKNX AHTUTEN KNTACCA IgG K HEKOTOPbIM ®JIABUBUPYCAM
Y HACEJIEHWUS TBUHENCKOM PECTTYBJIUKM ......cocueeireecieiceessseessesssesssnesssessnesssnessnessnesssnesnnssnsessnnennnes 381
KoHTapos H.A., baxpomeesa A.A., lonrosa E.W., Morapckas W.B., KoHtaposa E.Q., lOMuHoBa H.B.

NPOTUBOBUPYCHASI AKTUBHOCTb NOJIMAJIJINJIAMWUHA B OTHOLLUEHWW BUPYCOB IPUMMA
M OPBH B PASJIUYHBIX KNETOYHBIX KYJIBTYPAX ..euuiiiiiiiininiisnimnisnssms s s s sns e 387

B nomolub npaKkTu4yecKkomMy Bpavy
Cevitonyny K., Cramymun M., Kannmopa I, Myp3uky A.

PEAKWIA CNYYAI MHOEKLMM MOYEBBIX MYTEN, BbI3BAHHOW STENOTROPHOMONAS MALTOPHILIA ...........c... 392
MPABUIIA BJIA @BTOPOB ..ot ettt 397
ABTOPCKUM YKABATEIID ....c.cuviiriiririsisss s ss s sssss st s s ssssssssnsnen 400
MTPEAMETHBIN YKABATESIb ... bbbt 400

206



Russian Journal of Infection and Immunity (Infektsiya i immunitet)
2024, vol. 14, no. 2

CONTENTS

Reviews

Fazlalipour M., Mollaei H.R.
THE ROLE OF RNA VIRUSES IN HUMAN CANCERS ........ccituiiiiiiiiiirsiis s s s s ssssssassnassnsssnsssssssnsssnnses 209

Original articles
Talayev V.Yu., Novikov D.V., Zaichenko I.Ye., Svetlova M.V., Voronina E.V., Babaykina O.N., Lapin V.A., Melentiev D.A.,
Novikova N.A., Kashnikov A.Yu., Novikov V.V.

CORONAVIRUS SPIKE PROTEIN FRAGMENT-CONTAINING CHIMERIC VIRUS-LIKE PARTICLES STIMULATE
HUMAN DENDRITIC CELL MATURATION .....ceuuiiisiiinnmissiessisssssnss s s ssss s sss s snssssnssssnasssssssssnssssnnsssnnss 227

Savin T.V., Kopat V.V., Riabchenkova A.A., Chirak E.L., Chirak E.R., Saenko A.l., Dukhovlinov I.V., Sysoeva G.M.,
Gamaley S.G., Shimina G.G., Taranov 0.S., Danilenko E.D., Simbirtsev A.S., Totolian A.A.

EXPERIMENTALLY INVESTIGATED “CORONADERM-PS”-DRIVEN SARS-CoV-2-SPECIFIC CELLULAR
IMMUNITY AND SAFETY ...uituuieuusennssrnusirssssssssssrsssesssssssssssssssssssssssssessssessssssssssnssssnssssnssssnssssnnsssensssennss 238

Starshinova A.A., Kudryavtsev L.V, Rubinstein A.A., Malkova A., Ling H., Zhuang M., Starshinova A.Yu., Dovgaluk I.F., Kudlay D.A.

AUTOIMMUNE DISORDERS IN PATIENTS WITH GRANULOMATOSIS DISEASES AFTER COVID-19:
T- AND B-CELLS SUBSETS FUNCTION .....ccuuiiiiieiiiiiiiainiiirss i s nsan s s nsann e 251

Ivanova I.A., Filippenko A.V., Pavlovich N.V., Aronova N.V., Tsimbalistova M.V., Anisimova A.S., Omelchenko N.D.,

Trufanova A.A., Chemisova O.S.,|Noskov A.K.

IMMUNE STATUS OF PATIENTS WITH COMMUNITY-ACQUIRED PNEUMONIA ASSOCIATED WITH
ANEW CORONAVIRUS INFECTION AND OTHER VIRAL AND BACTERIAL PATHOGENS ..........ccooiiimniiniiiiiiniinnn 267

Safronova E.A., Ryabova L.V., Zurochka A.V., Dobrynina M.A.

FEATURES OF T-CELL AND HUMORAL IMMUNITY OF PATIENTS WITH ACUTE CORONARY SYNDROME,
WITH AND WITHOUT COVID-19, DEPENDING ON/PERIPHERAL BLOOD B-LYMPHOCYTES
WITH THE PHENOTYPE CD3 CD19*CD5* LEVEL ...uvvuviiiiiiiisssssin s nssssss s s snanasnnnn 277

Reshetnikova I.D., Tyurin Yu.A., Mustafin I.G., Agafonova E.V., Shaikhrazieva N.D.

ASSESSING MOLECULAR GENETIC AND IMMUNOLOGICAL PREDICTORS OF COVID-19 COURSE
IN HEALTHCARE WORKER RISK GROUP. .......ccuiiiiiiiiiiiisi i s s s naaans 289

Ghorat F., Ganj Bakhsh A., Ataee Disfani R., Borghabani R., Jalambadani Z.

THE ASSOCIATION BETWEEN THE HISTORY OF SUPPLEMENT USE (VITAMIN OR MINERAL)
AND COVID-19 DISEASE IN THE PERSIAN COHORT POPULATION ........ccevuiiiimmnniniimmsinnsssnnss s 299

Lyamin A.V., Vinnik A.V., Postnikov M.A., Vinnik S.V., Popov N.V., Alekseev D.V.

DENTAL AND MICROBIOLOGICAL STATUS OF COVID-19 CONVALESCENT PATIENTS WITH SIMPLE
MARGINAL GINGIVITIS ...ceeuiiiiiisiiiiisin s s s s s s s e e n s 306

Seba D., Belaide K.

FORECASTING INFECTION FATALITY RATE OF COVID-19: MEASURING THE EFFICIENCY
OF SEVERAL HYBRID MODELS ....uiceuuicruuiinssiinssisssisnsssnsssssssssssssnssssnssssnss s sssss s 313

Ostankova Yu.V., Huynh H.K.T., Serikova E.N., Shchemelev A.N., Reingardt D.E., Davydenko V.S., Totolian A.A.

MOLECULAR GENETIC CHARACTERIZATION OF HEPATITIS B VIRUS IN BLOOD DONORS
FROM SOUTH VIETNAM ....oiiuuiiuiiinuiinnisnsssrs s sessssss s sss s s s s s s a s e s s s naa s s naa s nnnsssnssssnnsssnnns 320

Nogoibaeva K.A., Tobokalova S.T., Boronbaeva E.K.

YEARS OF POTENTIAL LIFE LOST DUE TO HEPATITIS B WITH OR WITHOUT DELTA AGENT
INTHE KYRGYZ REPUBLIC ......cccuuiiiiiiiiiiiinniiissn s s s s s s s s nn s 331

Samoilova A.A., Kraeva L.A., Mikhailov N.V., Saitova A.T., Polev D.E., Vashukova M.A., Gordeeva S.A.,
Smirnova E.V., Beljatich L.1., Dolgova A.S., Shabalina A.V.

GENOMIC ANALYSIS OF KLEBSIELLA PNEUMONIAE STRAINS VIRULENCE AND ANTIBIOTIC RESISTANCE .............. 339




Contents Russian Journal of Infection and Immunity

Popkova M.1., Filatova E.N., Minaeva S.V., Neumoina N.V., Perfilova K.M., Utkin O.V.
QUANTITATIVELY ASSESSED BLOOD LEUKOCYTE EPSTEIN-BARR VIRUS IN ADULT HIV-INFECTED PATIENTS ......... 351

Al-Nuaimy W.A., Salloom D.F.

MATRIX METALLOPROTEINASES-3 (MMP-3) SERUM LEVEL AND GENETIC POLYMORPHISMS
ASSOCIATED WITH RHEUMATOID ARTHRITIS ..ccuuiituuiirsuinssssnsisna s ssss s s sss s s ssnanssnanss 365

Prokopenko P.1., Stepanova E.A., Matyushenko V.A., Chistyakova A.K., Kostromitina A.D., Kotomina T.S.,
Rak A.Ya., Rubinstein A.A., Kudryavtsev L.V., Novitskaya V.V., Rudenko L.G., Isakova-Sivak I.N.

EPIDEMIC INFLUENZA VIRUS NUCLEOPROTEIN GENE INCORPORATED INTO VACCINE INFLUENZA
VIRUS STRAIN GENOME TO OPTIMIZE SYSTEMIC AND LOCAL T-CELL IMMUNE RESPONSE AGAINST
LIVE ATTENUATED INFLUENZA VACCINE .....ccuuiituimmnunrmnummnsisssisnsssnsss s s ssssssssssssnssssnssssssssssnssssnssssnnss 371

Short communications
Krivosheina E.I., Kartashov M.Yu., Naidenova E.V., Ushkalenko N.D., Svirin K.A., Bah M.B., Nourdine .,
Boumbaly S., Ternovoy V.A.

IDENTIFICATION OF SPECIFIC IgG CLASS ANTIBODIES TO CERTAIN FLAVIVIRUSES IN THE POPULATION
OF THE REPUBLIC OF GUINEA .....uiiuiiiiniinaniinsinss s sna s sna s s sna s na s na s s aaas s snas s snasssnansssnnsssnnas 381

Kontarov N.A., Bahromeeva A.A., Dolgova E.., Pogarskaja I.V., Kontarova E.O., Juminova N.V.
POLYALLYLAMINE ANTIVIRAL ACTIVITY AGAINST INFLUENZA AND ACUTE RESPIRATORY

VIRAL INFECTION IN VARIOUS CELL CULTURES ....vevtiseiusesessessessesssssessessessessesssessessessesssssssssessessesssssensenes 387
For the physicians

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

CASE PRESENTATION OF URINARY TRACT INFECTION BY STENOTROPHOMONAS MALTOPHILIA .....cvvvererversene 392
INSTrUCTIONS 1O AULROLS ... resre e resarens 397
N0 {3 (0T (o L= G 400
SUDJECTINAEX ... 400

208



Reviews 00630pbI

Russian Journal of Infection and Immunity = Infektsiya i immunitet NHdekumns n uMmyHnTeT
2024, vol. 14, no. 2, pp. 209-226 2024, T. 14, Ne 2, c. 209-226

THE ROLE OF RNA VIRUSES IN HUMAN
CANCERS

M. Fazlalipour®’, H.R. Mollaei*

*WHO Collaborating Center for Reference and Research on Rabies, Pasteur Institute of Iran, Tehran, Iran
b Research Center for Emerging and Reemerging Infectious Diseases, Pasteur Institute of Iran, Tehran, Iran
¢ Kerman University of Medical Sciences, Kerman, Iran

Abstract. Many RNA viruses have been reported to be oncogenic (or carcinogenic) in a variety of animal and human
cancers. The increase in the incidence and prevalence of cancer-causing viruses in human populations can be known
as a key precursor to the development of various cancers. The retrovirus family and Hepatitis C virus (HCV) are also
reported to cause cancer. Viral oncoproteins such as Tax of HTLV 1 interacts with cellular ubiquitination complex such
as cyclindromatosis tumor suppressor, ubiquitin-specific proteases 7, 11, 15 and 20, A-20 and signal-transducing adaptor
molecule binding protein-like-1 in order to improve the cellular signaling pathways. The viral oncoproteins binding
to DUB, leading to proliferation of virus-infected cells and cell transformation. Proto-oncogenes (c-onc genes) are
the cellular form of v-onc genes. The activation of c-onc genes leads to cell growth. C-onc genes are transformed into
an oncogenic form by viral infection. C-onc genes play some roles such as protein kinases, growth factors, growth factor
receptors, and DNA binding proteins. The study of transforming retroviruses and their oncogenes and the multiple
mechanisms deployed by other RNA viruses to use the growth-suppressive and proapoptotic function of tumor
suppressor genes has been added to our current understanding of cancer biology. Oncogenic RNA viruses are important
experimental models to study molecular investigation such as cellular networks, including the discovery of oncogenes
and tumor suppressors. Understanding of different strategies of RNA viruses as well as the function of their proteins helps
to make more extensive plans regarding the adoption of follow-up, prevention and treatment strategies in cancer patients
caused by viral origin.

Key words: RNA virus, cancer, oncogenesis, tumor, carcinogen, Iran.

POJ1b PHK-BUPYCOB B OHKOINEHE3E YEJIOBEKA

®@azaaaunyp M., Mosiau X.P.3

I Compyonuuarowyuii yenmp BO3 no cmandapmam u uccaedosanusm bewencmea, Uncmumym Ilacmepa Hpana, Teeepan, Hpan
2 HcenedosamenbCkuii yeHmMp HOBbIX U HOBb B03HUKAIOWUX UHDEKYUOHHbIX 3a001e6anutl, Hnemumym [lacmepa Hpana,
Teeepan, HUpan

7 Kepmanckuii ynusepcumem meduyunckux Hayk, e. Kepman, Hpan

Pesiome. M3BecTHO, uTo MHOrue PHK-Bupych aBASIIOTCS OHKOT€HHBIMU (MJIM KaHLIEPOT€HHBIMU) TIPU Pa3TUYHbBIX
BUJIaX paka y (KMBOTHBIX U UYeJOBeKa. YBeJMueHUe 3a001eBaeMOCTHU U PACIIPOCTPAHEHHOCTH BUPYCOB, BHI3bIBAIOIIMX
pak, B YeJOBEUECKOM MOMYISIIMY MOXHO PaclieHMBATh KaK KJIIOUEBOI MPenIIeCTBEHHUK Pa3BUTHUS Pa3IUYHBIX BU-
noB paka. CemeiicTBo petpoBupycoB u Bupyc remaruta C (BI'C) Takke BBI3BIBAIOT pak. BupycHble OHKOIIPOTEHHBEI,
takue Kak Tax T-mumdoTpormHoro Bupyca yenoBeka (HTLV-1), B3auMoaeiCTBYIOT ¢ KJIETOYHBIM KOMILJIEKCOM YOH-
KBUTUHUPOBAHMUSI, TAKAM KaK CYTIPECCOP OIMYXOJIH MUINHAPOMAaTO3a, YOMKBUTHUH-CIIeIIndrIecKre mpoTeassl 7, 11,
15120, A-20 u STAMBPLI nns ycuneHus KI€TOUHBIX CUTHATBHBIX TTyTel. BUupycHbIe OHKOTIPOTEWHBI CBSI3BIBAIOTCS
¢ IeyOMKBUTHHA301, YTO IMIPUBOAUT K TIpoudepallni HHOUIINPOBAHHBIX KJIETOK U KJIETOYHOM TpaHC(HOpMaLINN.
[MpoTooHKOTEHBI (TEHBI C-0NC) MPEACTABISIIOT CO00i KIeTOUHYI0 POPMY FeHOB V-0nc. AKTUBAIMSI TEHOB C-0NC TIPHU-
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M. Fazlalipour, H.R. Mollaei

MHdekumns n uMmyHuTeT

BOIUT K POCTY KJEeTOK. ['eHBI c-onc TpaHC(HOPMUPYIOTCI B OHKOTEHHYIO (hOpPMY IIPH BUPYCHON MH(PEKIIMU MOTYT
BBICTYIATh B KaueCTBE MPOTEMHKMHA3, (paKTOPOB pocTa, peuentopoB (pakTopoB pocTa u JIHK-cBs3biBatonux oe-
KoB. M3yueHue TpaHChHOPMUPYIOLIUX PETPOBUPYCOB U UX OHKOTEHOB, a TAKXKe pa3HbIX MEXaHMU3MOB, UCITOJIb3yEMbIX
npyrumu PHK-Bupycamu s nogaBiaeHus: pocTa M MPOanonTOTUYECKON (YHKIMU T€HOB-CYIIPECCOPOB OMyXoJeit
MPYBHOCUT HOBBIE TaHHbIE B TOHMMaHue orojioruu paka. OnkoreHHbie PHK-BUpyCHI SBASIOTCS BAaXKHBIMY 9KCIIEPHU-
MEHTaJIbHBIMU MOJIEKYISPHBIMU MOICISIMU 110 M3YUECHMIO KJIETOUHBIX CeTel, BKJIIoUast OTKPHITHE OHKOTEHOB U CY-
npeccopoB onyxoiyeid. [TonnuMmanne pasnuunbix crparernit PHK-BupycoB, a Takxke GpyHKILIMIT nX OEJIKOB IIOMOTaeT
pPacCIIMPUTD CTPATETUH IJISI TTOCIICAYIONIETO HAOTIONEHN S, IPO(PUIAKTUKY U JICYeHHU s OOJBHBIX paKOM, 00YCIOBICH-

HOTI'O pa3JIMYHbBIMU BUPYCaMU.

Karuesnie caosa: PHK-6upyc, pak, onkoeenes, onyxoav, kanyepoeer, UpaH.

Introduction

Cancer is a main disease affecting individuals
and health care systems. Generally, carcinogenesis
plays a complex, multistep process, and it has been
represented that several viruses play significant roles
in different stages and development of human neo-
plasm. The association of a virus with cancer has
been proved and the study of oncogenic viruses is im-
portant to the discovery of cellular pathways.

M’Fadyan and Hobday described the cell-free
transmission of oral dog warts in 1898, and in 1907
Ciuffo published similar transmission studies with
human warts [76, 133]. In 1908, Ellermann and
Bang showed that leukemia in birds could be trans-
mitted from animal to animal via leukemic cells
or serum [87]. Peyton Rous in 1911 produced solid
tumors in chickens using cell free extracts from
a transplantable sarcoma [9]. In 1966, Rous was
awarded the Nobel Prize for his pioneering work
over two decades on animal oncogenic viruses [28].
The cancer virology studies began one hundred years
ago with the discovery of avian sarcoma and acute
leukemia viruses. In 1970, the discovery of reverse
transcriptase in retroviruses also accelerated re-
search on these viruses [120].

After the successes of the animal tumor virus
field, search for human tumor viruses became im-
portant. In 1964, the discovery of Epstein—Barr virus
(EBV) from Burkitt’s lymphoma (BL) and in 1970,
the discovery of hepatitis B virus (HBV) in human
sera, proved the roles of viruses in human cancer.
Additionally, a broad epidemiological study provided
a link between persistent HBV infection and liver
carcinogenesis [5, 34, 113].

In 1984, human papillomavirus (HPV) 16 and 18
were isolated from human cervical cancer [18].

The third major discovery was the isolation of the
human T-cell leukemia virus (HTLV-I) from T-cell
lymphoma/leukemia patients, hepatitis C virus
(HCV) and human herpes virus 8 (HHVS8)/Kaposi’s
sarcoma herpesvirus (KSHV).

General aspects of viral carcinogenesis

The nature of oncogenic viruses sets them apart
from other carcinogenic agents and this understand-

ing has increased our knowledge of cellular pathways
involved in growth and differentiation and neoplasia.
Human oncogenic viruses belong to different virus
families and an important feature of them is their
ability to infect, but not kill, their host cell. These
viruses have evolved strategies for evading the host’s
immune response.

These viruses contribute to carcinogenesis but
the majority of tumor virus-infected patients do not
develop cancer, and in those the development of can-
cer prolongs many years, passing between initial in-
fection and tumor appearance.

The co-factors, such as host immunity and chron-
ic inflammation and host cellular mutations play an
important role in the transformation process.

The geographical distribution of many virus-as-
sociated cancers and geographical restriction of the
virus or access to essential co-factors, have proved
the role of viruses in cancer. Thus, the contribution
of virus-mediated tumorigenesis to molecular events
in cells and long-term interactions between virus and
host are features of viral oncogenesis [8].

Human oncogenic viruses

Human tumor viruses belong to a number of vi-
rus families, including the RNA virus families such
as Retroviridae and Flaviviridae and the DNA virus
families such as Hepadnaviridae, Herpesviridae, and
Papillomaviridae. Viruses that are compellingly asso-
ciated with human malignancies include; (1) HTLV-1
(adult T-cell leukemia (ATL)), (2) HPV (cervical can-
cer, skin cancer in patients with epidermodysplasia
verruciformis (EV), head and neck cancers, and other
anogenital cancers) (3) HHV-8 (Kaposi’s sarcoma
(KS), primary effusion lymphoma, and Castleman’s
disease) (4) EBV (Burkitt’s Lymphoma (BL), naso-
pharyngeal carcinoma (NPC), post-transplant lym-
phomas, Hodgkin’s disease and (5) HBV and HCV
(hepatocellular carcinoma (HCC)) [34].

Viruses with potential roles in human malignan-
cies include; (1) simian vacuolating virus 40 (SV40)
(brain cancer, bone cancer, and mesothelioma); (2)
BK virus (BKYV) (prostate cancer) (3) JC virus (JCV)
(brain cancer) (4) human endogenous retroviruses
(HERVs) (germ cell tumors, breast cancer, ovarian-
cancer, and melanoma) (5) human mammary tumor
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virus (HMTYV) (breast cancer) and (6) Torque teno
virus (TTV) (gastrointestinal cancer, lung cancer,
breast cancer, and myeloma). Studies of RNA tumor
viruses have led to the discovery of oncogenes, tumor
suppressors and our understanding of the etiology
of carcinogenesis, both virally and non-virally in-
duced [50, 64].

Ubiquitination

Ubiquitin is a 76-amino acid polypeptide encoded
by at least four different genes in mammalian cells;
UBAS2, UBB, UBC and RPS27a. The UBB and
UBC genes code for poly-ubiquitin precursors, but
the UBAS52 and RPS27A genes encode fusion proteins
L40 and S27a, respectively. These precursor proteins
are processed by the cellular endopeptidases [48].

Ubiquitination has different effects on cellular
processes such as protein turnover, transcription, cell
cycle progression, host defense, signal transduction
pathways, receptor recycling, endocytosis, chro-
matin remodeling, angiogenesis, apoptosis, nuclear
export of mMRNA, DNA repair and also ubiquitina-
tion of proteins could affect their stability, confor-
mation, intracellular localization, protein-protein
interaction.

E1l is a universal ubiquitin activating enzyme,
E2 is an ubiquitin conjugating enzyme and E3 is an
ubiquitin ligase. The E4 ubiquitin ligase acts in as-
sociation with the E3 ubiquitin ligase.

Ubiquitination involves monoubiquitin or poly-
ubiquitin chains on single or multiple lysine residues
in which ubiquitination at Lysine 11 (K-11), Lysine
48 (K-48) and lysine 63 (K-63) are the most studied
ubiquitination.

The K-11 and K-48 are involved in the degrada-
tion of proteins and the K-63 regulates the intracel-
lular localization and their activity [86].

The process of ubiquitination can be corrupted by
proteases called deubiquitinases or DUBs. The hu-
man genome encodes for at least 98 known DUBs
which have been classified into 6 different families
(1) ubiquitin-specific proteases (USPs), (2) ubiquitin
carboxyterminal hydrolases (UCHs), (3) ovarian-tu-
mor proteases (OTUs), (4) Machado—Joseph disease
protein domain proteases (MJD), (5) Jabl/Mov34/
Mprl JAMM) metalloprotease deubiquitinase and
(6) monocyte chemotactic protein-induced protein
(MCPIP) family [82, 115].

These proteases play a key role in maintenance
of the free ubiquitin pool, histone modification, pro-
tein stability, vesicular trafficking, and receptor recy-
cling. DUBs can modulate cell signaling, DNA dam-
age repair, cell cycle progression, immune responses
and apoptosis. Mutations or altered expression levels
of DUBs in signaling pathways, Chromatin remode-
ling, immune response, angiogenesis, cell cycle pro-
gression, apoptosis and stress response cause the de-
velopment of cancers and disorders in humans [24].

DUBs are reported to play in important role
in the life cycle of many human oncogenic viruses.
These viruses not only engage cellular DUBs but en-
code their own DUBs to support virus invasion, rep-
lication, and persistence or to destroy host immune
responses [103].

Many USPs are reported to play a role in carcino-
genesis. Some OTUs are regulated in tumorigenesis
and constitute a 15 member strong family of proteas-
es in humans. Apart from the ovarian tumor domain,
the members also have UIMs, UAD and Zn fingers.
The MCPIP family of DUBs has seven members
which are reported to play a role in cancer-related
pathways. USP6 was the first DUB to be identified
as an oncoprotein that has function as both, an on-
coprotein or a tumor suppressor and can also inter-
act with a viral oncoprotein to drive oncogenesis.
Interestingly, viral DUBs have also been implicated
as mediators of oncogenesis [103] (Fig. 1).

Growth factors

Growth factors are polypeptides that stimu-
late the proliferation in target cells caring receptors
to be able to respond to growth factors. For example,
platelet-derived growth factor (PDGF), composed
of 2 polypeptide chains, induces the proliferation
of fibroblasts [62].

The relation between growth factors and retro-
viral oncogenes was clarified by sis oncogene stud-
ies on the simian sarcoma virus, which was the first
retrovirus isolated from monkey fibrosarcoma [125].

The sis gene encodes the PDGFs beta chain and
showed that growth factors that are inappropriate-
ly expressed have functions similar to oncogenes.
Studies revealed that expression of the sis gene prod-
uct (PDGEF-B) leads to significant neoplastic trans-
formation in fibroblasts, but this transformation was
not in cells without the PDGF receptor. Therefore,
sis transformation needs interaction between the sis
gene product and the PDGF receptor [72].

Growth factor receptors such as erb B, erb B-2, fms,
kit, met, ret, ros, and trk have protein structure with
3 parts: the extracellular ligand-binding area, the trans-
membrane, and the intracellular tyrosine kinase cata-
lytic ones. These receptors can enable one-way passage
of information from the cell membrane. The mutation
and abnormal expression in growth factor receptors
cause transformation into oncogenes [106].

Mitogenic signals are transmitted from growth
factor receptors to the cell nucleus by signal trans-
duction. Signal transducers are composed of 2 main
groups: nonreceptor protein kinases and guanosine
triphosphate (GTP)-binding proteins. The nonre-
ceptor protein kinases are divided into subgroups:
tyrosine kinases (abl, Ick, and src) and serine/threo-
nine kinases (raf-1, mos, and pim-1). GTP-binding
proteins with GTPase activity are divided into mono-
meric (H-ras, K-ras, and N-ras) and heterotrimeric
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Figure 1. Multiple roles of DUBs in Viral and Host systems

(gsp and gip) groups. Signal transducers are trans-
formed into oncogenes by mutations that lead to ac-
tivities, frequently causing uncontrollable cellular
proliferation [121].

Transcription factors

Transcription factors are nuclear proteins and
their regulation is induced by binding to specific
DNA sequences located above the target genes or
heterodimeric complex proteins.

Transcription factors can modulate extracellular
signals into modulated changes in gene expression.
Many c-onc genes are transcription factors and have
homology with protooncogenes. Some examples
of these factors are erb A, ets, fos, jun, myb, and
c-myc. C-onc genes as a transcription factors are ac-
tivated with chromosomal translocations in hemato-
logic and solid neoplasms [106].

Uncontrollable cell proliferation has been shown
in cancer cells and programmed cell death leads
to neoplasia and failure in anticancer treatments.
In chromosomal translocations in human lympho-
ma, Bcl-2, was discovered and shown as a protoon-
cogene that regulates programmed cell death [23].

Tumor suppressor genes

Tumor suppressor genes function in the preven-
tion and regulation of cell growth. When these genes
lose their alleles, they fail to regulate and prevent

cell growth. Mutations can be passed on to the next
generation and individuals with mutations malig-
nancy development. The retinoblastoma gene (Rb)
and p53 are the most studied tumor suppressor
genes [126].

Other tumor suppressor genes are the VHL gene
in Von Hippel—Lindau syndrome, Wilms tumor gene
(WTI), NF1 and NF2 genes in neurofibromatosis,
and APC and DCC genes in familial adenomatous
polyposis [30, 66, 84].

Oncogenesis

Viruses encourage hematopoietic tumors, sarco-
mas and carcinomas. Oncogenesis is a cytological,
genetic, and cellular transformation process that
results in malignant tumors. The discovery of vi-
ral oncogenes are derived from cellular genes called
protooncogenes led to the understanding the roles
of c-onc genes in different tumor types. The activa-
tion of oncogenes requires genetic changes in cellular
protooncogenes. Oncogenes are activated by muta-
tion, gene amplification and chromosome rearrange-
ments [65, 77].

Expression of the neoplastic phenotype includes
the capacity for metastasis and usually requires
a combination of protooncogene activation and tu-
mor suppressor gene loss or inactivation.

The roles of c-onc genes in tumor formation were
strengthened with studies of oncogenic retroviruses
without v-onc genes, which integrate near the c-onc
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genes and activate their expression. The c-myc gene
has been detected in some avian retroviruses (MC29,
OK-10, and MH2). It is activated via insertional mu-
tagenesis in lymphomas stimulated by avian leukosis
virus (ALV), Moloney murine leukemia virus (Mo-
MLYV), and various other viruses that do not carry v-
onc genes [81, 106].

Direct stimulation of growth

In viral entry, the surface (SU) proteins can bind
to growth factor receptors on the cell surface and
stimulate growth signals by imitating normal ligand
receptor interaction. These interactions arouse vi-
ral replication by the interaction of SU protein with
a surface receptor that induces growth and makes
cells susceptible to infection. This growth can also
increase the number of appropriate target cells and
the number of infected cells increases the amount
of viral replication.

Erythroleukemia, caused by a polycythemic
strain of the Friend virus, can set an example for tu-
mor induction resulting from stimulation of growth
receptors by Env proteins. This virus diffuses eryth-
roid proliferation, which causes splenomegaly [106].

RNA tumor viruses

Although the Retroviridae family has been as-
sociated with many animal tumors, only one human
retrovirus, HTLV-1, has been related to human can-
cers. Studies with animal retroviruses can be helpful
in establishing the concept of oncogenic viruses and
the discovery of oncogenesis, and also may give more
information about tumor suppressors and regulators
of cellular signal transduction pathways [63].

The development of an in vitro transformation
assay for Rous sarcoma virus (RSV) helped us with
the genetic analysis of the retroviral life cycle and ret-
rovirus-induced transformation in cell culture [116].
After infection, the viral RNA genome is reverse-
transcribed by the viral reverse transcriptase into
a double-stranded DNA. Then it integrates into
the host chromosome and is expressed under the con-
trol of viral transcriptional regulatory factors [107].

As a result of integration, retroviruses acquire
and transduce cellular genetic material to acti-
vate or inactivate cellular genes via provirus inser-
tion [125]. The transducing retroviruses that led
to RSV transforming gene, v-src, hybridized into
cellular sequences; ultimately [125]. The transduc-
ing retroviruses, that led to RSV transforming gene,
v-src, hybridized to cellular sequences; ultimately
this finding led to the discovery of proto-oncogenes,
a group of cellular genes that mediate viral carcino-
genesis and have important roles in the control of cell
growth and differentiation [75]. The viral oncogenes
(v-onc genes) can alter host cell proliferation control,
leading. The viral oncogenes (v-onc genes) can alters

host cell proliferation control, leads to the synthesis
of new proteins, and are responsible for transforma-
tion characteristics. Protooncogenes (c-onc genes)
can be classified into different groups in terms of their
protein products, such as protein kinases, growth
factors, growth factor receptors, and DNA binding
proteins. There are also genes that prevent malignant
transformation, which are the cellular equivalents
of v-onc genes. The activation of c-onc genes with
mutation leads to uncontrolled cell growth [7].

C-onc genes are transformed into an oncogenic
form by point mutation, amplification, deletion, or
chromosomal translocation. They are called antion-
cogenes (tumor suppressor genes) and unpreventable
growth occurs when these genes lose their suppressive
effects. Oncogenes are firmly struggling with tumor
suppressor genes, which protect DNA and control
cell activities [7].

Three basic genes (gag, pol, and env) of Retro-
viruses are used for the synthesis of structural pro-
teins, virion-associated enzymes, and envelope gly-
coproteins [59]. Lentiviruses have an extra nonstruc-
tural gene (v-onc) that transforms host cells. In 1961,
it was found that Rous sarcoma virus (RSV) contains
RNA and then the fourth gene in the RSV, v-scr (sar-
coma) gene, was discovered [117].

Some RNA tumor viruses can encode oncogenic
proteins (like cellular proteins involved in cellular
growth control) that cause tumor development.

The second group of retroviruses can cause cell
transformation by integration of their promoters and
viral enhancers near the cellular growth-stimulating
gene.

The third group encodes a protein tax that trans-
activates the expression of cellular genes [106].

Some retroviruses, called exogenous, show a hor-
izontal spread and their genes only exist in infected
cells, whereas endogenous retrovirus gene sequences
are localized to the chromosomes of all cells.

Most exogenous retroviruses are oncogenic and
some of them can lead to the development of lym-
phoma, leukemia and carcinoma.

Retroviruses are divided into acute transform-
ing retroviruses which can rapidly cause tumors
within days after injection. These retroviruses also
transform cell cultures into neoplastic phenotypes.
Chronic transforming retroviruses can cause tu-
mors in experimental animals after a period of many
months [32].

Numerous animal retroviruses with oncogenic
properties have been discovered. Related to Scr,
the transduced retroviral oncogenesis is derived
from cellular sequences and is not necessary for viral
replication. The recombination events that allow ob-
taining of host cell derived coding sequences often
leave viral genomes mutated and the virus defective
for replication. These viruses are dependent on rep-
lication helper viruses to provide the replication
factors [71].
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Cellular transcriptional and translation are lost
and the over-expression of a proto-oncogene under
the control of viral promoters can cause malignant
transformation.

The acquired proto-oncogene is not necessary
for viral replication but is replicated as the viral ge-
nome, acquiring frequent mutations in infected cells.
Such oncogene transducing retroviruses efficiently
transform cells and cause tumors in experimen-
tal animals. Mutations in cellular oncogenes that
arise in human tumors as a consequence of muta-
genics are discovered in transducing carcinogenic
retroviruses [101].

Human RNA viruses that cause cancer include
the retrovirus Human T-cell Leukemia virus type I
(HTLV-I) and hepatitis C virus (HCV) [80].

Other RNA viruses

The cis-acting retroviruses do not contain host
cell derived sequences but transform cells by inte-
grating a near cellular proto-oncogene or tumor sup-
pressor and retain all of their viral genes and so repli-
cate without helper virus [17].

These viruses cause malignancy in some infected
animals after a longer latency period, and they gener-
ally do not efficiently transform cells in culture.

Moreover, the Friend murine leukemia virus had
integrated into both alleles of the p53 gene in an
erythroleukemic cell line, providing evidence that
p53 was a tumor suppressor rather than an oncogene.
Friend murine leukemia virus (F-MuLV) can cause
leukemogensis consisting of an acute transforming
virus spleen focus-forming virus (SFFV) as well as
a helper virus (F-MuLV). Friend SFFV oncogene
is a deleted version of a retroviral envelope protein
that is a recombinant between F-MuLV and an en-
dogenous MuLV-related provirus [90].

The SFFV env protein activates signal transduction
pathways. The Friend virus complex has a role in in-
sertional oncogenesis, including inactivation of the

Table 1. The animal oncogenic RNA viruses

T;;(g:&:!gl,c Examples Tumor Types
AEV Erythroblastosis,
. Carcinoma, Sarcoma
Alpharetrovirus ALV
ASV
Deltaretrovirus BLV Lymphoma
Ab-MLV Lymphoma
FelLV
Gammaretrovirus FeSV
Mo-MLV
MSV

Note. AEV: Avian erythroblastosis virus, ALV: Avian leukosis virus, ASV:
Avian sarcoma virus, BLV: Bovine leukemia virus, Ab-MLV: Abelson murine
leukemia virus, FeLV: Feline leukemia virus, FeSV: Feline sarcoma virus,
Mo-MLV: Moloney murine leukemia virus, MSV: Murine sarcoma virus

p53 tumor suppressor gene. Proto-oncogenes activa-
tion and mammary carcinogenesis induced by Mouse
mammary tumor virus (MMTYV) infection in the im-
mune system (dendritic cells, T and B lymphocytes)
before trafficking to the mammary gland [31, 98].

MMTYV also encodes additional proteins (besides
the standard retroviral Gag, Pol and Env proteins),
including a viral super antigen (Sag) and a small reg-
ulatory protein Rem that are both important for rep-
lication in vivo [14]. Jaagsiekte sheep retrovirus JSRV
(like MMTYV) is a beta retrovirus, and it induces lung
cancer in sheep [49]. While JSRV does not carry cel-
lular proto-oncogene, the envelope protein of this
virus also functions as an oncogene. The JSRV Env
protein induces oncogenic transformation [55].

Like MMTYV, JSRV also encodes a small regula-
tory protein Rej that is necessary for unspliced viral
RNA translation. Epsilonretroviruses, in particular
walleye dermal sarcoma virus (WDSV) causes der-
mal sarcomas in walleye pike. WDSV encodes viral
cyclin which has functions as both a repressor of viral
transcription and an oncogene [13]. Delta retrovirus-
es and HTLV-I encode a series of proteins derived by
alternate splicing into the X region of the genome [1]
(Table 1).

Nontransforming retroviruses activate
cellular protooncogenes

Many retroviruses do not have viral oncogenes,
like ALV and mouse mammary tumor viruses. They
encourage tumor formation by integrating a provirus
into normal cellular protooncogenes and inducing
their expression through insertional mutagenesis by
addition of the provirus presenting strong promoter
and enhancer sequences in the gene locus [106]. More
than 70 proto-oncogenes have been determined that
are activated by proviral insertion of a non-transform-
ing retrovirus [32]. The replication of these viruses
without oncogenes does not transform cells in culture
and make tumors in vivo with long latent periods. Most
of the infected cells proliferate, and changes in the
cell and infected tissue morphology are significant.
A widespread viral replication is seen in the latent pe-
riod or preleukemic stage of the disease. In infected
cells with ALV, malignant disease is significant in the
bursa [99]. During lymphoma development in mice,
proliferative changes have been determined in the
thymus. Proliferative changes and preleukemic cells
can be clearly detected in the bone marrow and spleen
before thymic lymphoma develops. Avian leukosis
virus with c-myc and mouse mammary tumor virus
with fibroblast growth factor Int-2 or Wnt-1 do provi-
ral insertional mutagenesis [32]. In rodent, feline, and
avian retroviruses, such as avian leukosis virus and
mouse mammary tumor virus (MMTYV), insertional
mutagenesis is observed [10]. There is no evidence
to show this mechanism significantly contributes
to human carcinogenesis, cloning of affected genes
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led to the discovery of numerous oncogenes, such as
int-1,int-2, Pim-1, bmi-1, Tpl-1, and Tpl-2, that con-
tribute to the development of human neoplasms [76].

Role of the long terminal repeat
in oncogenesis

Long terminal repeat (LTR) sequences have effects
on the types of tumors and found one of the main fac-
tors for distinguishing oncogenic and nononcogenic
murine leukemia viruses (MLVs) and ALVs. Simple
retrovirus expression is controlled by LTR. LTR has
a U3 region, which contains promoter and enhancer
attachment motifs that restrain the expression of se-
quences placed under their control. These factors af-
fect the virus replication cycle. High levels of replica-
tion increase recombinant oncogenic potential [58].

The influence of the viral long terminal repeats
(LTRs) on the proto-oncogenes LTR is activation
of proto-oncogenes. Some changes in the 5'-LTR,
such as deletions or hypermethylation, are common
in Adult T-cell leukemia/lymphoma (ATL or ATLL)
cells. As a result, the transcription of viral genes en-
coded on the plus strand is blocked but the 3'-LTR
is conserved and hypomethylated in all ATLs [83,
119] (Table 2).

Human T-cell leukemia virus (HTLV-1)

In 1977, HTLV-1 was discovered as the first hu-
man oncogenic retrovirus by Takatsuki and col-
leagues who studied a particular leukemia termed
adult T-cell leukemia (ATL) in Japan [38].

In 1980, Robert Gallo identified a novel retrovi-
rus in cultured human T-cell lymphoma cells, which
was named the human T-cell lymphotropic virus
(HTLV-1) [20].

HTLV-1 is a single-stranded RNA retrovirus with
a diploid genome which is a delta type complex ret-
rovirus and is the agent of ATL and tropical spastic
paraparesis/HTLV-1-associated myelopathy (TSP/
HAM). Approximately 10% of infected patients are
thought to develop cancer, primarily adult T-cell leu-
kemia (ATL) [78, 79, 127].

It is estimated that about 20 million peo-
ple worldwide are infected with HTLV-1 and it is
endemic to Japan, South America, Africa, and
the Caribbean [4]. HLTV-1 does not have a classical
oncogene, but the virus can cause expression of cel-
lular protooncogenes. In non-endemic regions like
the USA, England, and in the Caribbean Islands,
parts of South America and Africa, the virus is also
associated with ATL as well as some T-cell lympho-
mas and forms of mycosis fungoides [42].

The virus is transmitted from mother to child via
breast milk or transplacentally. All ways such sexual
and intravenous transmission happend by infected T
cells, not free virus, which probably is due to its low
levels of transmission to contacts [96].

Table 2. Human oncogenic RNA viruses

Taxonomic

grouping Examples Tumor types
Retroviridae HTLV type 1 Adult T cell leukemia
Flaviviridae | Hepatitis C virus | Hepatocellular carcinoma

Note. HTLV: Human T-cell leukemia virus.

People who are at low risk of blood-borne infec-
tions tend to show HTLV-1 infection rates below 1%,
while those at high risk (such as injection users) can
have much higher rates [60].

A second retrovirus, HTLV-2, was isolated from
a case of hairy-cell leukemia, but the virus has re-
mained an agent without an established disease
association [74].

The HTLV-1 itself, in contrast to HIV, is geneti-
cally stable because the HTLV-1 proviral genomes
are replicated in their host by cellular polymerase
not by reverse transcriptase, which is error-prone,
and is used for replication of virus. There is no vac-
cine available for this virus and treatment is restrict-
ed to management of the opportunistic infections
resulting from the immunosuppression caused by
ATL [85].

Oncogenic properties and mechanism
of oncogenesis

HTLV-1 can transform CD4 and CDS8 positive
T cells. HTLV-1 also infects B and T lymphocytes,
dendritic cells, fibroblasts and rodent cells. 1—5 per-
cent of mononuclear cells integrate proviral DNA
in peripheral blood in asymptomatic carriers. The vi-
ral genome persists as a DNA copy or proviral ge-
nome in CD4* T cells [43, 57].

After infection, the viral reverse Transcriptase
(RT) using viral RNA as, template, synthesizes pro-
viral DNA that is integrated into the host cell genome
by virally encoded integrase. Viral replication is di-
rected from these integrated viral genomes. The U3
region of the 5'-LTR serves as the viral promoter and
is instrumental in determining whether an infected
cell is permissive for viral replication [73].

Typical retroviral genes (gag, pro, pol, env and
IN) are encoded by the genome, but there are six
proteins encoded within the px region of the genome.
HTLV-1 proviral DNA integrates into chromosomal
sites in all ATL cells in patients producing a state
of “clonal integration” [21, 46].

Unlike many other retroviruses, but like bovine
leukemia virus, HTLV-1 does not have an oncogene
derived from a cellular protooncogene [29].

The viral accessory protein Tax, is the major
transforming protein of HTLV-1 which modulates
expression of viral genes like long terminal repeats
(LTRs), and also dysregulates multiple cellular tran-
scriptional signaling pathways including nuclear
factor kappa B (NF-kxB), serum responsive factor
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(SRF), cyclic AMP response element-binding pro-
tein (CREB), and activator protein 1 (AP-1) [29, 52].

Tax binds directly to promoter or enhancer se-
quences and also interacts with cellular transcrip-
tional co-activators such as p300/CBP, and P/
CAF. In addition, Tax is also able to inactivate p53,
pl6INK4A, and the mitotic checkpoint protein,
mitotic arrest deficient (MAD) 1 [109]. Moreover,
the C-terminal PDZ domain-binding motif of Tax
interacts with the tumor suppressor hDLG, which
is important for transformation of rat fibroblasts and
inducing interleukin-2 independent growth of mouse
T-cells [19].

Tax proteins are found in only 40% of AT Ls, sug-
gesting that Tax may be necessary to initiate trans-
formation, but may not be needed for maintenance
of the transformed phenotype. Tax is the main aim
of the host’s cytotoxic T lymphocyte (CTL) response;
therefore, the reduction of Tax expression allows in-
fected cells to evade immune surveillance and allows
for progression of ATL [130].

There are several mechanisms by which ATL
cells lose Tax expression, such as the loss of the vi-
ral promoter for tax transcription, the 5'-LTR, mu-
tation of the tax gene, and epigenetic changes in the
5'-LTR [83].

It has been shown that HTLV-1 Tax expression
causes multipolar mitoses, from which aneuploidy
can arise. So Tax targets the cellular TAX-1 BP2 pro-
tein, which normally hinders centriole replication,
thus, making numerical centrosome aberrations. Tax
engages RAN-BP1 during mitosis and fragments
spindle poles, thereby provoking multipolar, asym-
metrical chromosome segregation. Such mecha-
nisms help the long-standing observations of ane-
uploidy and multipolar spindles in ATL cells (“flower
cells”) [91].

In addition, it has been demonstrated in ATL
cell lines to lack an intact mitotic spindle assembly
checkpoint, which may be associated with binding
to MADI. Tax may act as a mitotic mutator gene,
increasing the incidence of mitotic abnormalities by
binding and activating the anaphase promoting com-
plex/cyclosome (APC/C), thereby promotes prema-
ture securin reduction and mitotic exit, thus leading
to aneuploidy [76].

Tax (trans-acting factor) encoded by the px region
is necessary for cellular transformation and interacts
with specific sets of cellular genes.

Tax activates the IL-2 receptor and several cy-
tokines involved in T-cell growth by destabilizing
I-xB and activating NF-xB. Tax also blocks cellu-
lar gene expression through CREB/CRE. Tax can
induce Bcl-XL and resistance to apoptosis. Tax in-
terferes with the DNA polymerase and DNA repair
mechanisms and inactivates pl6 INK4A, an inhibi-
tor of cyclin-dependent kinases 4—6. Tax can miss
the mitotic checkpoint by causing mislocation of hs-
MADI and hsMAD?2 [40].

In all ATL cells, the HBZ mRNA is transcribed
from the 3'-LTR. Suppression of HBZ gene tran-
scription inhibits the proliferation of ATL cells.
HBZ gene expression induces the proliferation
of a human T-cell line. HBZ may have a function
at the mRNA and protein levels, as the RNA form
of HBZ supports T-cell proliferation through regu-
lation of the E2F1 pathway, whereas HBZ protein
suppresses Tax-mediated viral transcription through
the 5'-LTR [102, 112].

HTLV-1 and STAMBPL1

The Tax oncoprotein of HTLV-1 is known to shut-
tle across nuclear-cytoplasmic compartments and
Tax activates the host NF-xB pathway and engages
the host transcriptional machinery to drive viral gene
expression [36].

The K-63 ubiquitinated Tax (by UbC13) in-
teracts with Ixky to activate the Ikk. Signal trans-
ducing adaptor molecule binding protein-like 1
(STAMBPL1) is a DUB from the JAMM metallo-
protease deubiquitinase family which acts as a part-
ner to Tax [103].

STAMBPLI acts on the K-63 linked ubiquitin and
plays a role in cell surface receptor recycling. In ATL
cases, STAMBPLI cooperates with Tax and leads its
translocation from the nucleus to the cytoplasm. This
move defends Tax from its K-48 linked ubiquitina-
tion and proteasomal degradation inside the nucleus.
Thus, STAMBPLI1 protection for Tax and its move-
ment to the cytoplasm is responsible for the activation
of Ixk and NF-kxB by Tax and potentiating of T-cell
transformation by HTLV-1 [22].

HTLV-1 and CYLD

The active CYLD is able to K-63 deubiquitinat-
ing Tax oncoprotein in the nucleus. This deubiqui-
tinated Tax is unable to activate Ikk but not Takl
(an activator of Ikk-B). So, IkxBa and NF-«B inhibi-
tors are stabilized. The HTLV-1 transforms T-cells
constitutively phosphorylate CYLD to make it cata-
Iytically compromised. Thus, the virus overcomes
the CYLD-mediated NF-xB in activation, which
is helpful for the proliferation of virus infected host
cell [22, 45].

HTLV-1 and USP20

The cellular USP20 is able to subvert the activ-
ity of Tax oncoprotein. USP20 can deubiquitinate
TRAF-6 and inactivate it or can deubiquitinate
the K-63 polyubiquitinated Tax to prevent its asso-
ciation with Ikk-y for its activation. So USP20 can
be detrimental to the NF-kB signaling stimulated
propagation of HTLV infected cells. This strategy
causes unchecked proliferation and transformation
of the HTLV-infected cells [22, 45] (Fig. 2).
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Human immunodeficiency virus (HIV)

The human immunodeficiency virus (HIV)
is a Lentivirus of the Retroviridae family, as an
enveloped RNA virus that includes some of the
most influential viruses on in human popula-
tions, such as leukemia viruses. In fact, the Human
Immunodeficiency Virus (HIV) causes worldwide
Acquired Immunodeficiency Syndrome (AIDS)
pandemic and is behind the millions of deaths
the worldwide and suffering [16].

The viral genome is a dimmer of linear RNA
with each strand being 7 to 15 kilobases in length.
There are generally three large genes, which are gag,
for group specific antigen (structural proteins); pol,
for polymerase (variety of enzymes); and env, for en-
velope proteins [37].

HIV is transmitted by unprotected sex, injections
with needles used by an HIV-infected person, pre-
natal or perinatal exposure of infants from infected
mothers, transfusion of blood products containing
HIV, organ transplants from an infected person and
needle sticks from health care workers [105].

HIV enters the host cell via the CD4 molecule
and chemokine receptor as receptors. HIV infects
human immune system cells such as helper T cells
(specifically CD4* T cells), macrophages, and den-
dritic cells [41]. HIV causes low levels of CD4* T cells
through a number of mechanisms, including apopto-
sis of uninfected bystander cells, direct killing of in-
fected cells by viruses and killing of CD4" T cells by
CDS8 cytotoxic lymphocytes. When the CD4" T cell
drops below a critical level, the body becomes more
susceptible to opportunistic infections [124].

Acquired immune deficiency syndrome (AIDS)
caused by HIV, does not lead to cancers directly, but
the infection can increase a person’s risk of getting
several types of cancer.

As a matter of fact, the immune system destroys
cancer cells, so a weak immune system lets cancer
cells survive to grow into a tumor.

HIV infection may be linked to Kaposi sarcoma
and cervical cancer. It’s also related to non-Hodgkin
lymphoma, lymphoma, and central nervous system
lymphoma [108].

Anal cancer, lung cancer, cancers of the mouth
and throat, Hodgkin lymphoma, skin cancers (basal
cell, squamous cell, and Merkel cell) and liver can-
cer are other types of cancer that may be more likely
to develop in people with HIV infection [44].

Many people infected with HIV are also infected
with other viruses that cause certain cancers. HIV
infection causes weakness in the immune system and
reduces the body’s ability to fight infections that may
cause cancer.

The highly active antiretroviral therapy (HAART)
greatly reduced the incidence of Kaposi sarcoma and
non-Hodgkin lymphoma among people infected with
HIV. HAART reduces the amount of HIV in the
blood and restores immune system function.

Although, the risk of these cancers is still much
higher among people infected with HIV. This high
risk may be due However, to the fact that immune sys-
tem function remains substantially impaired in people
treated with HAART. In addition, over time, HIV can
develop resistance to the drugs used in HAART [26].

Human endogenous retroviruses (HERVS)

HERVs are sequences that resemble infectious
retroviruses that result from exogenous retrovi-
ral infections that have become incorporated into
the germ line DNA. HERVs comprise 8% of the
genome and have a similar genomic organization
to exogenous complex retroviruses such as Human
Immunodeficiency virus (HIV) and HTLV [39].

Recent evidence suggests that some HERVs may
have both physiological and pathological roles in hu-
man malignancy. Some HERVs have a role in human
malignancy, due to the increased expression of the
HERV mRNA functional protein and retrovirus-like
particles in certain cancers.

Tax ]—[ Immune Modulation J
Tax ]—[ Genetic Instability ]
[ HTLV-1
HBz, Tax J—[ Proliferation ]
Tax ]—[ Apoptosis Regulationj

Figure 2. Schematic depiction of the major biological activities that contribute to the transforming

activities of HTLV-1
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HERVs may be associated with the generation
of new promoters or the activation of protoonco-
genes [25].

The association of HERV-K with cancers, breast
cancer, including germ cell tumors, myeloproliferative
disease, ovarian cancer, melanoma and prostate can-
cer has been proved. The HERV-K proteins Rec and
Np9 can bind the promyelocytic leukemia zinc finger
(PLZF) protein and suggest that HERV-encoded pro-
teins may cause carcinogenic process [111].

The recurrent chromosomal translocations con-
tribute to the development of human solid tumors
and these translocations result in HERV-K regula-
tory sequences being placed upstream of the coding
sequences of ETS transcription factor family mem-
bers. These translocations are similar to insertional
mutagenesis, where retroviruses contribute to car-
cinogenesis by integrating in the cellular protoonco-
genes and causing their aberrant expression [101].

Mouse and Human mammary tumour
virus (HMTV)

Mouse mammary tumor virus (MMTYV) is a ret-
rovirus which belongs to the genus Betaretrovirus.
Since 1943, the role of HMTYV in human breast can-
cers has been determined, when a mouse mammary
tumor virus (MMTV) was shown to cause mammary
cancers in mice [98].

Several investigations established that MMTV-
like sequences were present in human breast cancer,
but not present in normal tissues. MMTYV also en-
codes additional proteins (besides the standard retro-
viral gag, pol and env proteins), including a viral su-
per antigen (Sag) and a small regulatory protein Rem
that are both important for replication in vivo [31].

In mice, HMTYV increases tumor formation through
the insertion mutagenesis of Wnt oncogenes [2].

It has been reported that env is absent in normal
tissues and present in breast cancer tissues in both
mice and human samples. The common integration
MMTYV sites is in loci 35, which contains regions
of the Fgf and Rspo genes. The Phf19 gene increases
cell invasion and Foxl promotes anchorage colony
formation of infected cells [2].

Infected cells with MMTYV have active Src kinase
and escape from apoptosis by activation of tyrosine
kinase-based activation motif-mediated Src tyrosine
kinase signaling pathways [2].

In human breast tumors, approximately 20 com-
mon HMTYV insertion sites are mutated for env, gag,
and sag in patients with carcinoma and hyperpla-
sia. 78% of MMTYV genes are found in many human
breast cancers. The presence of these viruses in breast
cancer is associated with an increased grade of breast
cancer [12].

A number of studies have suggested that an MMT V-
related virus, human mammary tumor virus (HMTYV),
may be associated with human breast cancers.

A 660bp sequence similar to the MMTV env
gene was detected in American women’s breast can-
cers [12]. Moreover, integrated env and LTR HMTV
genes of MMTYV into several chromosomes stimu-
lates oncogenesis via insertional mutagenesis.

The HMTY particles with morphogenic and mo-
lecular characteristics similar to MMTYV were found
in primary breast cancer cells (replicates successfully
in human breast cancer cells) [128].

Xenotropic murine leukemia virus (XMRV)

In 1990, Xenotropic murine leukemia virus (XMRYV)
was discovered as a Gammaretrovirus (Retroviridae
family) that arose from the recombination of two en-
dogenous mouse retroviruses, and in 2006 an appar-
ently novel retrovirus and potential human pathogen
was introduced [93]. XMRYV is a murine leukemia virus
(MLV) that formed through the recombination of the ge-
nomes of two parent MLVs known as preXMRV-1 and
preXMRV-2 [56].

In some studies on XMRY, the virus was de-
tected in cancerous prostate tissues [104]. The data
indicated the presence of a gammaretrovirus-like
sequence in seven of eleven tumors homozygous
for the R462Q mutation [123]. A 2009 study reported
evidence of XMRYV infection in 23% of subjects inde-
pendent of the RNase L gene variation, and detection
of XMRYV was again reported in a 2010 article [88].

The causal role of XMRYV in cancer and direct
cell transforming has not been established. In pros-
tate cancer, XM RYV protein has been found in tumor-
associated but nonmalignant stromal cells [110].

Xenotropic murine leukemia virus-related virus
(XMRYV) was reported in patients with prostate can-
cer with a mutation in RNase L [94].

In familial prostate cancer, susceptibility locus
Hpcl is linked to mutations in the structural gene
for RNase L which is a factor in the interferon in-
duced innate viral response. The inherited defects
in RNase L might cause infection with an oncogenic
virus, thus causing the development of prostate can-
cer. XMRYV protein was found in the hematopoietic
and stromal cells of the prostate tumors [11].

Rous sarcoma virus (RSV)

Rous sarcoma virus (RSV) is an Alpharetrovirus,
and it causes sarcoma in chickens. Harry Rubin and
Howard Temin in 1958 reported that chicken em-
bryo fibroblasts could be altered morphologically
by RSV infection [100, 129]. It is known that the src
gene is responsible for morphological transformation
in healthy cells. Src is a tyrosine kinase which plays
roles in the regulation of cell growth and differentia-
tion. It has an SH2 and SH3 domain, which are re-
sponsible for its activation and deactivation [97].

The src gene is not necessary for RSV prolifera-
tion, but it increases virulence when present. The src
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gene leads to uncontrolled growth in abnormal host
cells. RSV takes up the src gene and incorporates
it into its genome, conferring it with the advan-
tage of being able to stimulate uncontrolled mitosis
of host cells [51]. RSV has one glycoprotein, env,
is made up of gp85 and gp37. The function of env is to
bind RSV to the host cell receptor and induce fusion
with the target cell. Gag proteins (Pr76) are neces-
sary for virion assembly and mature virus infection
of the host cell [51].

Hepatitis C virus (HCV)

HCV is a single-stranded RNA virus of the
Hepacivirus genus in the Flaviviridae family [95].
More than one-third of liver cancers are linked
to HCV infection in the United States and other coun-
tries, where both viral hepatitis and liver cancer are
more common [27]. HCV is transferred from person
to person through sharing needles, unprotected sex,
or childbirth and this virus can also pass on through
blood transfusions [3, 61]. The 9.6 kb genome has one
open reading frame (ORF) and a 3000 amino acid
residue polyprotein precursor cleaved by cellular and
viral proteases into three structural proteins (core, El,
E2) and seven nonstructural proteins (p7, NS2, NS3,
NS4a, NS4B, NS5A, and NS5B) [35, 89].

Persistent infection with HCV is associated with
hepatitis, cirrhosis, hepatic steatosis, and hepato-
cellular carcinoma (HCC) [54]. In most infected
patients, HCV prolongs a persistent and life-long
infection via viral immune evasion strategies.
The intermediated double-stranded RNA (dsRNA)
during HCV genome replication stimulates cellular
dsRNA-sensing machinery, which leads to the ac-
tivation of proteins involved in antiviral response,
including interferons (IFNSs), interferon regula-
tory factors (IRFs), signal transducers and activa-
tors of transcription (STATS), interferon stimulated
genes (ISGs) and NF-xB [15].

From HCV proteins, NS5A and E2 mediated
suppression of dsSRNA-activated kinase PKR. HCV
is also very effective in corrupting T-cell mediated
adaptive immunity [92].

NS5A as a nonstructural protein has been impli-
cated in conferring resistance to interferon and alter-
ing cellular signaling pathways [53]. Analysis of NS5a
sequence from interferon resistant patients showed
a sequence diversity that localized to a region of the
NS5a gene. This region is called interferon sensitivity
determining region (ISDR) [118].

This region was necessary for NS5a interaction
with PKR (protein kinase, a mediator of apoptosis
in response to certain types of cellular stress) induced
by interferon that suppresses viral translation and in-
terferon’s antiviral effects [122].

The persistence of HCV infection causes qua-
sispecies in which viruses escape the host immune
system [33].

Quasi-species and persistent HCV infection are
likely to be of the central importance to the devel-
opment of HCC, whether transformation is induced
by immune-mediated turnover of infected cells or
caused by viral gene products.

HCV has used different mechanisms to cause
persistent infections and evade the host immune
response [70]. The generation of viral quasi-species
resulted by error-prone replication, selects the virus
to replicate in the presence of an immune response.
Infection with HCV causes active inflammation and
fibrosis, which can lead to cirrhosis and ultimately
to tumor development [67].

Numerous co-factors such as coinfection with
HBYV and alcohol consumption are helpful for the
development of HCV [131]. Viral Core, NS3, NS4B,
and NS5A have been shown to be transforming
in murine fibroblasts and transgenic mice express-
ing HCV core protein develop HCC. The HCV core
protein can modify intracellular signaling pathways
which inhibit immune-mediated cell killing. HCV
core blocks TNFa-mediated apoptosis through in-
teractions with the TN Fo and their receptor [6, 69].

TNFo is an inflammatory cytokine secreted
by activated macrophages and T-cells, which play
in important role in acute infections. TNFo induces
FAS-mediated apoptosis and helps to clear infected
cells. HCV core binds to the cytoplasmic domains
of tumor necrosis factor receptor 1 (TNFR1), lym-
photoxin b, and gClq receptors and stops FAS/
TNFo receptor signaling. Corruption of TNFo
mediated signaling helps in the survival of infected
hepatocytes and promotes persistent HCV infec-
tion [114, 132].

Expression of HCV core activates NF-kB, a tran-
scription factor involved in regulating the immune
response. There are elevated levels of NF-kB pro-
tein and increased NF-kB DNA binding activity
in chronic infected HCV hepatocytes. The core has
been shown to adjust the activity of transcription fac-
tors and cytokines that could promote cellular trans-
formation and HCC [6, 47].

Hindering interferon action promotes persis-
tent infection and may evade from cellular signaling
pathways that could ultimately lead to cellular trans-
formation. In addition, HCV proteins activate cel-
lular oncoproteins and inactivate tumor suppressors,
such as p53, CREB2/LZIP, and the retinoblastoma
protein (pRB) [6, 68] (Fig. 3 and 4).

Conclusion

Several viruses with oncogenic ability, with differ-
ent mechanisms depending on different host factors,
induce cell proliferation and lead to tumors in ani-
mals and humans.

The oncogenic RNA viruses encode transform-
ing proteins to stimulate tumor formation. The small
viral genomes are integrated into host cell chro-
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Figure 3. Chronic virus infection and cell stress. Sequential steps from virus infection through cell stress

and leading to liver injury and HCC are shown

mosomes and cause mutations and chromosomal
rearrangements that cause cancer. Both the epide-
miology of cancer and the biology of RNA viruses
show the role of any agent being thought as a factor.
Although RNA viruses can transform cells in vitro
or even in animals, the condition in humans is likely
to be much more complex. Viruses as direct trans-
forming agents and cofactors are certainly important
in most common cancers. Probably, most mecha-
nisms of carcinogenesis may involve a combination
of genetic alterations, immune system dysfunctions,
and viral infections. The review in this article em-
phasizes the importance of RNA viruses and their
mechanisms that can lead to cancer.

More investigation of the role of RNA viruses
in cancer may result in new approaches that could
lead to better diagnosis, prevention, and treatment
of these cancers. The antiviral agents in cancer ther-
apy should be considered, as they are in other infec-
tion-associated cancer types such as hepatocellular
carcinoma, brain tumors, sarcoma, nasopharyngeal
and some hematopoietic cancers.

Obviously, the study of how RNA viruses inter-
rupt cell cycle regulatory and intercellular signaling
mechanisms to achieve their replicative success con-
tinues to reach a novel insight into multiple human
diseases, including cancer.

Ubiquitination is a post-translational modification
which influences protein structure, cellular localiza-
tion and activity. Many viral proteins have also evolved
to play DUB like roles. Many oncogenic viruses inter-
rupt the host deubiquitinase function or exploit their
own DUBs to drive cellular transformation.

Seven cellular DUBs-CYLD, USP7, USPII,
USP15, USP20, A20 and STAMBPL1 (AMSH-
LP) out of 100 DUBs have been related to viral
oncoproteins. Cancer associated DUBs (CADs)-
DUBs with altered expression or inherent mutation
and Cancer related redundant pathway associated
DUBs (CRRPADs) are 2 main groups of DUBs.
Out of 52 DUBs implicated in cancer, only 7 have
been reported as interacting partners for viral on-
coproteins. Based on the importance of neovi-
ral DUBs in cellular transformation, an intensive
search for specific inhibitors for viral DUBs is im-
portant. DUBs in cancer-related pathways would
establish them as the cancer chemotherapeutic tar-
get for the UPS which has been targeted by drugs.
Human RNA viruses that cause cancer include
the retrovirus Human T-cell Leukemia virus type |
(HTLV-I) and hepatitis C virus (HCV). In addi-
tion, AIDS is caused by retrovirus (HIV-1 and -2),
developing complications of the immunodeficiency
characteristic cancers such as sarcoma in AIDS pa-
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Figure 4. Schematic depiction of the major biological activities that contribute to the transforming

activities of HCV
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tients. The persistent infection can lead to chronic
liver damage and the development of hepatocellular
carcinoma is associated with an RNA virus called
hepatitis C virus (HCV).

In our article, the roles of some HCYV viral proteins
in causing cellular damage leading to tumorigenesis
in persistently infected patients is described. Moreover,
causing malignant hepatocyte transformation by in-
direct and extra virological factors such as inducing
hepatocyte regeneration leading to virological damage
or immunological attack and mediators of mutation
must be considered. All these interactions between vi-
rus and host added to time and environmental factors,
determine the ultimate clinical outcome.

HCYV infection contributes to HCC by causing
chronic inflammation. HTLV-1 starts pro-prolifera-
tive and immunomodulating signals through the ac-
tivation of NF-kB and its transcriptional regulatory
program.

The angioproliferative disease is an excellent ex-
ample of how cells express distinct gene programs
can cooperate in tumor initiation, maintenance and
dissemination and also reveal the existence of a vi-
rally initiated process of paracrine transformation.
Intercellular cooperation is not limited to viral asso-
ciated tumors but occurs in some aggressive human
neoplasia.

The knowledge of retroviral integration sites and
transmitted transforming genes can increase the data
about oncogenes and tumor suppressors that are
found in human malignancies.

The main difference between transforming ani-
mal retroviruses and human tumor viruses is that
oncogenes of human tumor viruses are viral genes,
rather than mutated versions of cellular genes.

Retroviruses that have v-onc genes cause malig-
nancies, including sarcomas and hematopoietic cell
tumors, in a short period of time.

Many retroviruses do not have viral oncogenes,
but they integrate their genome into protooncogenes
which activate their expression by proviral insertional
mutagenesis, leading to growth and differentiation
of the host cells. Based on findings of HLTVI in leu-
kemic cells in ATL, it seemed to be necessary to find
a relationship between virus and disease even before
showing the transforming ability of the virus.

In our article, the identification of RNA virus
oncogenes and cellular proto-oncogenes, induction
of signal transduction pathways, and characterization
of tumor suppressor genes were discussed. The dis-
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acute transforming retrovirus that has v-src derived
from the cellular proto-oncogene c-src.
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virus (F-MuLV) makes leukemogensis by the Friend
MuLV complex by recombinant between F-MulV
and an endogenous MuLV-related provirus. MMTV
initially infects cells of the immune system by inser-
tional activation of proto-oncogenes and carcino-
genesis occurs. The roles of the viral Tax protein and
alternative splicing in the X region of the HTLV-1
genome and their potential roles in oncogenesis are
described.

Tumors often have a large population of prolif-
erative cells and might be permissive for viral rep-
lication. The discovery of virus sequences in tumors
could represent a major challenge for the future.

The presence of the viral gene products in cancer
may be exploited in novel therapies that distinguish
these cells from normal cells. Targeting cancer cells
would have more advantages than traditional modali-
ties such as chemotherapy and radiation, including
significant toxicities. Useful strategies for vaccine
design to hinder primary infection and targeted ther-
apies for the treatment of disease must be carefully
considered in the future.
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XUMEPHBIE BUPYCOMNMOAOBHbIE YACTUL b,
COAEPXXALUNE PPATMEHT BEJIKA

LLIUMA KOPOHABUPYCA, CTUMVYJIUPYIOT
CO3PEBAHUE AEHAOPUTHbIX KJIETOK HEJIOBEKA

B.IO. Tanaes, /I.B. Hosukos, U.E. 3aunyenko, M.B. CsetiioBa, E.B. Boponuna,
O.H. ba6aiikuna, B.A. Jlanun, /I.A. MeaentbeB, H.A. HoBukona, A.}O. Kamnuxkos,
B.B. HoBukoB

DBYH Huxceeopodckuii HAyHHO-UCCA008AMENbCK UL UHCMUMYM SNUOEMUON02UU U MUKPOOUOA02UU UM. AKA0eMUKA
HU.H. baoxunoii Pocnompebnadzopa, e. Huxcnuiit Hoseopoo, Poccus

Pesiome. Bsedenue. benku BUPYCHBIX KallCUI0B MOTYT COOMPATHCST B BUPYCOMOMO0OHBIE YACTUI[bI, KOTOPbIE JIMIIEHbI
MHGEKIUOHHOCTU U HECYT aHTUTEHBI UCXOIHBIX BUPYCOB MJIM UCKYCCTBEHHO BBENCHHbBIE AaHTUTEHBI IPYTUX BO3-
Oynureneit. Kak MUHUMYM HEKOTOpBIE U3 3TUX YAaCTUIl 00JaJal0T BEICOKON UMMYHOTEHHOCTBIO U MOTYT CIIYXUTh
OCHOBOM MepCNeKTUBHBIX BaKIIMH. B maHHOI paboTe OleHUBAIM JACHCTBUE XMMEPHBIX BUPYCOMOAOOHBIX YACTHII,
JIEKOpUPOBAHHBIX (DparMeHTOM Oesika mura KopoHaBupyca SARS-CoV-2, Ha neHAPUTHBIE KJIETKH YeJIoBeKa — Hau-
0oJiee aKTUBHbBIE AHTUTEHIIPE3EHTUPYIOLNE KIETKU, KOTOPBIE UTPAIOT KJIIOYEBYIO POJIb B MHAYKIIUY TIEPBUYHOTO
UMMYHHOTO OTBeTa. Mamepuansl u memoods.. OObEKTOM MCCAETOBAHMUS OBLIM BUPYCOMOTOOHBIE YACTUIIHI, COOPaH-
HbIE U3 XUMEPHBIX MOJIEKYJI, COMEPXKAaIIUX aHTUTeHbl KopoHaBupyca SARS-CoV-2. XuMepHbie MOJIEKYJIbI ObLIN MO~
JIyYEHBI C TIOMOIIBIO CIUSIHUS TEHETUUECKOI MMOC/IeI0BaTeIbHOCTH, KOAMPYIONiel (hparMEHT OCHOBHOTO KaTlCU/I-
Horo 6enka VP1 HopoBupyca, ¢ IOC/IeA0BaTEIbHOCTHIO, KOAUPYIOLIeH (GparMeHT KOPOHABUPYCHOTO OesiKa IIuTa,
BKJII0Yasi peleNTOP-CBI3bIBAIONINI TOMeH. JleHIpUTHBIE KJIETKH MOJIYYaIu U3 MOHOIIMTOB TPAIMIIMOHHBIM CITOCO-
O0OM, 1 OLIEHWBAJIM AEMCTBHE YaCTUI] Ha (DeHOTHUI M (HYHKIIMOHAJbHbBIE CBOMCTBA AEHAPUTHBIX KJIETOK B YCIOBUSIX
in vitro. Pezyasmamor. UHKyOauMsi HE3peIbIX IEHAPUTHBIX KJIETOK C BUPYCOMONAOOHBIMY YACTUIIAMU WHAYPOBaJa
dbeHoTUTIMUECKOE U (PYHKIIMOHAJIbHOE cOo3peBaHMe KieToK. DeHOoTUMUYecKoe co3peBaHue MPOSIBISIOCH B 3HAUU-
TEJIbHOM POCTE BKCITPECCU M MOJIEKYJIbI INIaBHOT'0 KOMIIJIeKca ructocoBmecTuMocT HLA-DR, Ko-cTtuMynupyromux
mostekysn CD80 u CD86, a takxe mapkepa 3peioctu CD83. DeHoTnn AeHAPUTHBIX KJIETOK IOCIE MHKYOALUMU
C BUPYCOMNOAOOHBIMM YaCTULAMU B MaKCUMaJbHOM MCIIOIb30BAHHON KOHLIEHTpauuu 10 MKI/MJI He MMeJ HOCTO-
BEPHBIX OTIMYMI OT (peHOTUTIA 3PETBIX AEHIPUTHBIX KJIETOK TMOJIOXUTEIbHOTO KOHTposs. Hapsny ¢ dheHoTumnu-
YeCKMM CO3PEBAHMEM BUPYCOMOAOOHBIE YaCTUIIBI BHI3BIBATM MHOTOKPATHOE YCUJIEHWE TIPOAYKIINHU TTPOBOCTIATHU-
TeJIBHOTO (haKTOpa HEKPO3a OMYXOJIU-0., IPOTUBOBOCIIATMTEILHOTO MHTepeiiKnHa-10, a TakXe MHTepJieiiKnHa-6,
KOTOPBIN MOXKET CTUMYJIMPOBATh CUHTE3 aHTUTEN, co3peBaHue T-xenarnepoB 17 Tuma u BoCMaJuTeIbHbIE peaKIINu.
BripaxkeHHast CTUMYJISIINS AEHIPUTHBIX KIETOK BUPYCOITOMOOHBIMU YaCTUIIAMU, TIOKPHITHIMA aHTUTEHAMU KOPO-
HaBUpYyca, CBUAETENbCTBYET 00 YCIIEITHOM Paclo3HaBaHUM YacTHUIl. B 0OCyXIeHUU MPUBOASITCS BO3MOXHEIE Me-
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XaHW3MBI PacIiO3HaBaHUs CTPYKTYP MCCIEAYEeMBIX BUPYCOMONOOHBIX YACTUI PELENTOPaMK IeHIPUTHBIX KIIETOK.
3axawuenue. TIokazaHO, YTO XMMEPHBIE BUPYCOMOAOOHbBIC YaCTHIIBI WHIYLIHUPYIOT (DEHOTUITNYECKOE U (DYHKIINO-
HaJIbHOE CO3peBaHMe ACHIPUTHBIX KJIETOK, KOTOPOE MPOSBIISIETCS. B 3HAYMTEIBHOM POCTE SKCIIPECCUU (PYHKIINO-
HaJIbHO 3HAYMMBIX MEMOpPAHHBIX MOJIEKYJ, a TAKXKE B MHOITOKPATHOM YCHJIEHMH IPOAYKLIMU IMTOKUHOB C LIMPO-
KUM crieKTpoM (yHKimii. [To HallleMy MHEHUIO, MOJyYeHHbIE PE3YyJIbTaThl CBUAETEIbCTBYIOT O IEPCIEKTUBHOCTHU
HCIIOJIb30BAHU S BUPYCOIOAOOHBIX YaCTUI] HA OCHOBE HOPOBUPYCHBIX OCJIKOB JIJIsl 9KCIIOHMPOBAHUSI AaHTUT€HOB KO-
ponasupyca SARS-CoV-2.

Karuesvie caosa: supyconodoOHble yacmuuybl, KOPOHABUPYC, HOPOBUPYC, OCHOPUMHbLE KACMKU, 6AKYUHA.

CORONAVIRUS SPIKE PROTEIN FRAGMENT-CONTAINING CHIMERIC VIRUS-LIKE PARTICLES
STIMULATE HUMAN DENDRITIC CELL MATURATION

Talayev V.Yu., Novikov D.V., Zaichenko 1.Ye., Svetlova M.V., Voronina E.V., Babaykina O.N., Lapin V.A.,
Melentiev D.A., Novikova N.A., Kashnikov A.Yu., Novikov V.V,

Academician I.N. Blokhina Nizhny Novgorod Scientific Research Institute of Epidemiology and Microbiology of the Federal Service
for Surveillance on Consumer Rights Protection and Human Wellbeing, Nizhniy Novgorod, Russian Federation

Abstract. Introduction. Viral capsid proteins can assemble into virus-like particles lacking infectivity and bearing parental
virusantigensorartificiallyintroduced antigensfromotherpathogens. Atleastsome of such particlesare highlyimmunogenic
and could serve as a platform for promising vaccines. In this work, we assessed an effect of virus-like particles decorated
with a SARS-CoV-2 spike protein fragment on human dendritic cell phenotype and functional properties. Materials and
methods. The virus-like particles were assembled using chimeric molecules obtained by fusing genetic sequences encoding
a norovirus major capsid protein VP1 fragment and a coronavirus spike protein fragment, including the receptor-binding
domain. Dendritic cells were obtained from monocytes in vitro. Results. Incubation of immature dendritic cells with virus-
like particles induced their phenotypic and functional maturation. The former was revealed by significantly increased
expression of HLA-DR, CD80, CD86 and CD83. Dendritic cell phenotype after incubation with virus-like particles at
the maximum concentration of 10 ug/ml did not differ significantly from that of mature dendritic cells in positive control.
Along with phenotypic maturation, virus-like particles caused a manifold increase in the production of pro-inflammatory
tumor necrosis factor-o, anti-inflammatory interleukin-10, as well as interleukin-6, which can stimulate both antibody
synthesis and cellular pro-inflammatory reactions. The pronounced stimulation of dendritic cells by virus-like particles
coated with coronavirus antigens evidence about successful particle recognition. Finally, we discuss plausible mechanisms
for recognition of such virus-like particles by dendritic cell receptors. Conclusion. It has been shown that chimeric virus-
like particles induced phenotypic and functional dendritic cell maturation, which is manifested by markedly elevated
expression of functionally important membrane molecules, as well as a manifold rise in production of cytokines with a wide
functional range. In our opinion, the data obtained indicate a promise of using virus-like particles based on norovirus
proteins to display SARS-CoV-2 antigens.

Key words: virus-like particles, coronavirus, norovirus, dendritic cells, vaccine.

BeepgeHue

UpesBbluaiiHasi OMaCHOCTH MMaHJAEMUU KOpPOHa-
BUpYycHoIi 6ose3Hu 2019 r. moTpedoBasia co3naHusl
BaKIMHBI MNPOTUB KopoHaBupyca SARS-CoV-2
B OecrmpeleeHTHO KOpOTKMe cpoku. IlepBoit
B MMp€ KOPOHABUPYCHOI BaKIIMHOM, 3aperucTpu-
pOBaHHOW HAIIMOHAJBHBIM PEryJISITOPOM JJIsT 00-
11ero npuMeHeHus, craja BakuuHa 'am-KOBU /I -
Bak [17], monyuuBmias pa3peuieHue B Poccuiickoi
®enepantuum 11 asrycta 2020 r. Ilocie sToro
B Poccum u 3a pybexkoM ¢ MCMOJb30BaHUEM Kak
TPaIWIIMOHHBIX, TaK W HOBEWIIMX TEXHOJOTHIA
OBLJIO CO3/TAHO MHOTO APYTUX BaKIIMH MTPOTUB KO-
poHaBupyca [24, 34]. MUcnonb3oBaHUe 3TUX Bak-
IIMH TIPUHECJIO OTPOMHYIO IMOJIb3Y YeJIOBEYECTBY,
M TIPOIIECC COBEPIICHCTBOBAHUSI KOPOHABUPYCHBIX
BaKIIMH W TEXHOJOTWI MX MPOU3BOJICTBA MPOIOJI-
XKaetcs [24, 34].

BbonabmumHcTBO pa3paboTaHHBIX KOpPOHaBUPYC-
HBIX BaKIIMH MCIIOJb3YIOT B KaUYeCTBE OCHOBHOI'O
WU eIUHCTBEHHOTO aHTUreHa Oenok 1mumna (oe-
J0K S) ujiu ero pparmMeHThl. BIOOp 3TOro aHTUreHa
BKauyecTBE BAKIIMHHOTIO ONpeAessieTCs IPOTEKTUB-
HBIM 3¢ (PEeKTOM MMMYHHOI'O OTBeTa Ha OeJioK S,
YTO, B CBOIO OUYepelb, CBSI3aHO C KJIIOUEBOU POJIbIO
9TOro 0eJika B 3apakeHUU KJIETOK KOPOHABUPYCOM.
Mopdonornyecku 6e10K S uMeeT BUJ OyJTaBOBU I~
HBIX IIMIOB Ha IMOBEPXHOCTU JUMNUIHONH MeMOpa-
HBI BUpUOHA. DTOT 00K COCTOUT M3 OJHOM Lenu
JauHOM 1273 aMMHOKMCIIOTHBIX OcTaTKa (Jgajee —
a.0.) B KOTOPYIO BXOIST KOPOTKMiII N-KOHIIEBOI
CUTHAJIbHBIM TENTUI U ABEe CyObeAMHMIBI — Sl
(a.0. 14—685) n S2 (a.0. 686—1273). B cyObeAMHUILY
S1 BxoasaT N-KoHLeBol nomMeH (a.0. 14—305) u pe-
nenTop-cBsa3biBaroiuit nomeH (RBD, a.o0. 319—541),
a B CcyobeaMHULY S2 — NenTUI ciussHus (a.0. 788—
806), nBa renTarenTUAHbIX TOBTOpPa (a.0. 912—984
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OTBeT Ha yacTuLpbl ¢ 6ekom Wwmrna

n 1163—1213), TpaHcMeMOpaHHBIN y4YacToOK (a.o.
1213—1237) u C-KoHlieBasl IOCJEA0BATEIbHOCTD
(a.0. 1237—1273), koTOopasi B BUPHMOHE pacmoJjiaract-
csI TIOJT €TO IUMUIHOU MeMOpaHoii [35].

3apaxeHue kjaeTok BupycoM SARS-CoV-2 Ha-
yuHaeTcs co cBsaA3biBaHUS RBD ¢ aHrmoteH3uH-
npespaiaomuM pepmeHToM 2 (ACE2) Ha HapyX-
HOI MeMOpaHe KJIETOK AbIXaTeJbHbIX IyTeil [36,
38]. D10 B3anMoaeicTBrE BeAET K MPUKPETJICHU IO
BUPMOHA K KJIETKE U MOTJOIIEHUIO0 ero MeMOpaH-
HOI Be3ukyJioin [16, 37]. 3aTrem Oesok S paciie-
misgeTcsT Ha cyowbemmHHIBI S1 m S2 TpaHcMeM-
OpaHHOIT cepuHOBOil mpoteaszoir 2 (TMPRSS2)
X03siMHa B caliTe pacliernjeHus (ypuHoMm (a.o.
682—689) [18], mpruem 0O6pa30BaBIIUECS B PE3YJib-
TaTe pacllIellJIeHUs OB IOJUMNENTUIHBIC ILICHHN
OCTalOTCSl HEKOBAJICHTHO CBsI3aHHBIMU. BHOBB
cosznaHHbIt C-koHel wenu S1 mpeactaBiaeH MO-
cJenoBaTeIbHOCThIO Arg-Arg-Ala-Arg, uMmeroniei
cponctBo K HeitponuauHy 1 (NRP1 i CD304).
NRPI1 cunbHO 3KCIIpeccUpyeTcs SMUTEIUEM [Ibl-
XaTeJbHBIX MyTei, 9HAOTEINEM COCYAOB U TIPe-
IIECTBEHHUKAMU  OOOHSTEIbHBIX  HEWPOHOB.
B ¢dusnonornuecknx ycimoBusx NRPI1 peryaupy-
€T pa3HooOpa3Hbie (PYHKIIMHU, B YACTHOCTHU, POCT
aKCOHOB, aHTMOTeHe3, TPaHCIOPT BEIIECTB Yepe3
MeMOpaHbl KJIETOK, CTEHKH COCYIOB U TKaHEBbIC
oapwepnl [21, 31]. I[Tpu madpexknum NRP1 cayxurt
KO-(haKTOpOM CBSI3bIBAHUSI HECKOJIBKUX BUPYCOB,
B Tom 4yucie, SARS-CoV-2, u B3aumoaeicTBue
C HUM 3HaYUTEJbHO MOBbIIIACT 3(PPEKTUBHOCTH
NPOHUKHOBEHUSI KOpOHaBUpyca B KIETKY [7,
11]. Tlocne mpaiiMmupoBaHus 6eyika S TpoTeasoit
TMPRSS2 nentua ciusiHUS oKa3blBaeTCsl BOIU3U
BHOBb oOpa3zoBaBuIerocss N-kKoHIa cyObeaMHUIIbI
S2. Takoe ToJIOXEHUE TTO3BOJISIET 3TOMY MENTUIY
OCYIICCTBUTH CIUSIHUEC BUPYCHOM M BE3UKYISIP-
HOIi MeMOpaH, 4YTO BeAeT K MPOHUKHOBEHUIO BU-
pYyCHOro reHomMa BHYTpb KJjeTku [15, 33].

B maHHOM MCCIenOBaHUU B HEJISIX pa3padboOTKHU
HOBBIX KOPOHAaBUPYCHBIX BAKIITNH U3y9aINCh CBOII-
cTBa BUpycononooHbix yactull (VLP), cocTosimumx
U3 XUMEPHBIX MOJIEKYJI, B COCTaB KOTOPBIX BXOIMJI
dparmeHT G6enka S kopoHaBupyca SARS-CoV-2,
Bkioyagd noMeH RBD m NRPI-cBga3piBarommii
MOTHMB. XWMEPHBIC MOJIEKYJIbI OBbIIM TOTYyYEHBI
C MOMOIIBIO CJAUSIHUS TE€HETUYECKO IocjiefoBa-
TEJBHOCTHU, KOAUpYIOIeir (parMeHT OCHOBHOI'O
KarncumgHoro BupycHoro 6enka 1 (VP1) HopoBupy-
ca, ¢ MOCJeN0BaTeIbHOCThIO, Koaupytomeit RBD-
coaepxxaluuii ¢pparMeHT GeaKa S HOBOro KOpoHa-
Bupyca. [1pr 3ToM HOPOBUPYCHBI1 KOMITOHEHT ObLIT
npexHa3HadyeH ISl CaMOCOOPKM YacTHI, ICKOPU-
pOBaHHBIX aHTUTEHAMU KOpOHaBUpYycCa.

VPI gBasieTcss OCHOBHBIM CTPYKTYPHBIM OeJi-
KOM HOpoBUPYCcOB. MKocasapuuyeckuit Kamcumg
3TUX ITPOCTHIX BUPYCOB cobpaH 13 180 Konuii 6e-
ka VPl c BkIouyeHUEeM ONHOU WJU ABYX KOTHUN
oenka VP2 [8,12,23]. VP1 cocTouT us nomeHa 060-

nouku (S) u BeicTynaouiero gomeHa (P) ¢ koport-
KOM IapHUPHOI 00JacThiO MeXXKAYy HUMHU [12, 22].
S-IoMeH KpUTHUYECKM HEeOoOXoauM IJisd obpa3o-
BaHu# Karncuaa. Aumepusauusa P-gomeHoB dop-
MHUPYET AyrooOpa3Hble BBICTYTBI HA BHEIIHEM TT0-
BEPXHOCTHU BUPUOHA. DTU BBICTYNBI U, OCOOEHHO,
WX IUCTadbHBIE YacTu u3 cyongomeHa P2 ¢ runep-
BapraOeJIbHBIM yYacTKOM WUTpPaioT BaXXHYIO pOJb
BO B3aMMOIECHCTBMM BUPHOHA C Ko-(akTopaMu
CBSI3bIBAHUS, a TaKXe B UMMYHHOI peaKTUBHO-
ctu Makpoopranusma [30]. Dkcnpeccus reHa VPI1
B KJIETKaX HaceKoMBbIX [14, 22, 23], pacTtennii [26]
U MJIeKONUTaomux [4] MOXeT MPUBOAUTH K cOOp-
ke VLP, koTopble aHTUTE€HHO U MOP(POJOrnYecKu
CXOIHBI C HACTOSIIMMHU BUpuoHamMu. Dtu VLP
HWCCIIEAYIOTCS B KayecTBe KaHIWIATOB B Bak-
IUHBI TIPOTUB HOPOBUPYCOB — BO30yIUTENICH
ocTporo ractposHteputa y Jioaei [13]. Kpome
TOro, HopoBupycHbie VLP MOXHO WHCIONb30-
BaTh B Ka4eCTBE MJIAT(MOPMEI TSI OTOOpaKeHUS
AHTUTEHHBIX DMUTONOB APYrUX MHaTtoreHos [13].
Llenpro co3maHusT TaKMX KOHCTPYKIIWUI SIBJISIET-
Ccs yBEJIWYEHUE HMMYHOTEHHOCTU BaKIIMHHBIX
aHTUTEHOB 3a CYET PACHOJIOXEHUS MUX SIMUTOIOB
Ha Hapy>XHOW ITOBEPXHOCTU YACTUIl HAa PaBHOM
pacCTOSTHUM, ONTUMAaJIbHOM JJIsI TIEPEeKPECTHOTO
CBsI3bIBaHUS B-KJETOYHBIMM aHTUTEHpacHo3Ha-
omumMu peuentopamu [3, 20]. Kpome toro, pas-
mep u popma VLP MoryT yay4yimiutb cOOp aHTUTE -
HOB MUCJIOMAHBIMHU aHTUTCHITPE3CHTUPYIOITUMHU
KJIeTKaMM U, TEM CaMbIM, YCUJUTh NPE3eHTAIIIO
aHTUreHoB T-mTuMdonuTaM U UHAYKIIMIO TTOJTHO-
neHHoro T-3aBUCMMOro MMMYHHOTO OTBeTa [2].
B nanHoit paboTe ucciaenonajioch aelicteue RBD-
cogepxalmux XuMepHbiXx VLP Ha AgeHApUTHBIE
kiaetku (JK) yenoBeka — Haubojee aKTHUBHBIC
AaHTUTCHIIPE3CHTUPYOIINE KJICTKH, KOTOPHBIE
WTPAIOT KJIIOUEBYIO POJIb B MHIYKIIUHU MTEPBUYHO -
ro MMMYHHOTro oTBeTa [28].

Matepuanbl 1 MeToab!

OO0BbeKTOM ucciaenoBaHus sgBasauch, VLP
M3 XMMEPHBIX MOJIEKYJ, COCTOSIIUX H3 Oen-
kKa VPl HopoBupyca reHorpynmnsl Il reHoru-
na 4 (GIIL.4), B xoTopoM HapyxXHbIli P-gpomeH
obl1 3aMeHeH Ha RBD-conepxxamuit ¢pparMeHT
oenka S kopoHaBupyca SARS-CoV-2 (manee —
VLP SN-RBD). Ins co3manus VLP u3 HOcO-
TJIOTOYHOTO CMBIBa OOJIBHOTO KOPOHaBUPYC-
Hoil wuHekuuen (Hwukeropoackasi 006JacTh,
2021 r.) ¢ ucnonbzoBaHuem Habopa PUBO-nipen
(AmpliSens, Poccus) Beimensin PHK SARS-
CoV-2. IlpoBoauau peakiinio odpaTHONW TpaHC-
KPUITLUM, VCIOJb3ysd OOpaTHYIO TPaHCKPHIITA-
3y RNAscribe RT u ctatuctudeckue 3aTpaBKu
(buomadbmMukc, Poccus). Ha marpuiie monydeH-
Holt kK IHK amMmniaunduumnpoBaiu HyKJI€eOTUIHY O
MmocaenoBaTeIbHOCTh, KOTOopass KoaupyeTr dpar-
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MeHT 6enka S ¢ 314 nmo 754 a.o. OToT dparMeHT
BkaoyaeT RBD u NRPI-cBga3biBaromuii Mo-
tus [7, 11]. Aag ITLP ucmonb3oBanu mpaiiMepbl
5'-AAGCCATGGATCAAGCTTCTAACTTTAG
AGTCCAACCA-3" u 5'- CATATTGCTCGAGT
TAATGGTGATGGTGATGGTGATCACCACA
AATGTACATTGTACAATC-3' u ®pioxH JHK-
nonumepasy (Pfu-Sso7d), cormacHo pexomeHna-
uusam npousBoautenss (buomadbmukc, Poccus).
IMonyuennywo k/JIHK kxaoHupoBaim B cocTaBe
paHee co3maHHo# Tmasmuabl pSN-VPIE30 [1]
¢ ucnnonb3oBanueM pectpukras Hind II1 m Xho |
(Cu6dDH3um, Poccus). DTo NpuBOAUIO K TOJIY-
YEHUIO0 TeHeTu4YecKoil KoHCcTpykKuuu SN-RBD,
COCTOSIIEN U3 MMOCTIEI0BATEIbHOCTEN, KOOUPYIO-
IIMX TOMEH S M IMapHUPHBINA peruoH denka VPI1
HOopoBupyca, ¢pparMeHT 6ejka S KopoHaBUpyca
SARS-CoV-2 u 6 ocTaTKOB TMCTUIMHA, CIUTHIX
B OJIHY MOJIEKYJay. DKCIIPECCUI0 PeKOMOMHAHT-
HoTro Oenka SN-RBD B knerkax E. coli mramma
Rosetta 2 (DE3), ero ouucTKy M peHaTypaluio
¢ dopmupoBanuem VLP nmpoBoauiu, Kak onuca-
HO paHee [1].

Mopdonoruio VLP onpegensgau ¢ IOMOIIbIO
9JIEKTPOHHOW MUKpOcKomuu. g 3Toro 5 MKII
pactBopa VLP SN-RBD c KoHLeHTpaLueil oeika
0,1 Mr/mMJ HaHOCHUJIM Ha 3JIEKTPOHHO-MUKPOCKO-
NUYECKYI0 MEITHYIO CETKY, IMIOKPBITYIO MapJIOmaue-
BOW TIJIEHKOUW, OTMbIBAJU J€MOHMU30BAHHOW BOAOU
M OKpalllMBaJii BOAHBIM pacTBOpOM 2% ypaHuia-
nerata (pH 4,5). O0pa3ubl ucciaenoBaan ¢ MOMO-
IIbIO 3JIEKTPOHHOTO MMKPOCKOMNA ITPOCBEYMBAIO-
mero tTurta HT7700 (Hitachi, SIimorus) mpu pabo-
yeM HampsikeHUU 80 KUJIOBOJIBT.

B kauecTBe KOHTpoJibHOTrO obpasia (KO) B uc-
CIeOIOBaHMM WCIIOJB30BaJIM JM3aT OaKTepuit,
TpaHCOUIMPOBAHHBIX BEKTOPOM, HE coOIepKa-
LM TTOCJIeIOBATEIbHOCTE !, KOAUPYIOIINX BUPYC-
Hble Oenku. KO mpoxoaus Bce LHUKJIbI OYUCTKU,
corjlacHO NpoTokony ouuctku VLP. Takum 006-
pazom, KO He comepKaj IeJIeBbIX OCJIKOB, HO MOT
colepxaTb TpUMecCH, KOTOpBIE, TEOPEeTUUYECKH,
MOTIJIM ocTaBaThcsl B mpobax VLP nmocie ouncTku.
Ilepen BHeceHMEeM B KJIETOUHBIC KYJIBLTYPBI pac-
TBopel VLP n KO crepunusoBanu ¢uiabTpanmein
yepe3 MeMOpaHHBIN (UIBTP C IUAMETPOM IO
0,22 mxMm (Corning, CIIIA), nuanuzoBaiu MNpo-
TuB cpeabl RPMI-1640 1 Bo Bce 1mpoObl BHOCUIU
10% >MOpuoHaNbHOM TesTubeill ChIBOPOTKHU (PAA,
ABcTpus).

JIK mony4yanu U3 MOHOLIUTOB in Vitro Tpaaul-
OHHBIM cmocoboMm [25] ¢ mMomudbukanusmu [29].
KpaTtko, cyThb MeToma COCTOMT B CJICAYIOIIEM.
MoHoHyKJIeapHble  KJETKM  Tepudepudeckoit
KPOBU 3IIOPOBBIX B3POCJBIX AOHOPOB BBLIACISIN
HeHTpudyrupoBanueM Hana ciaoeM Diacoll-1077
(AuaM, Poccust), 3aceBanu B 48-TyHOUHBIC TIJ1aH-
metsl (Costar, CIIIA) 1o 2,5 x 10° KJIeTOK Ha JIyH-
Ky 1 nHKyouposanu nipu 37°C u 5% CO, B noaHOM

nutateabHoil cpeae (IIIIC) cnenyrouiero cocrta-
Ba: cpeara RPMI-1640 (Gibco, BenukoOpuTaHus)
¢ 10% »>MOpHOHAJIbHOM TeJsi4beili ChIBOPOTKU
(PAA, Asctpus). Yepes 2 yaca 1uM@OIIUTH yaa-
JIIIM  OCTOPOXHBIM TIUIIETUPOBAHUEM, a TIpU-
JUMNIIKME MOHOUUTHI KyabTuBupoBanu B ITITIC
¢ 20 Hr/mn untepaeiikuHa-4 (IL-4) m 100 HI/
MJI TpaHYJOUMTapHO-MaKpodarajJbHOTO KOJIO-
Huectumynupymwouiero dakropa (GM-CSF) (Sci.
store.ru, Poccus). IL-4 u GM-CSF nosTopHO n0-
0aBASIIM B KYJABTYpPbl B TOM K& KOHIICHTpallUU
Ha 3 meHb KynabTuBupoBaHus. Ha 7 meHp momy-
YeHHBIE U3 MOHOIIMTOB He3penble K nmepeBogunu
B cBexyto INT1C u xkyneruBupoBanu ¢ VLP B Teue-
Hue 48 yacos npu 37°C u 5% CO,. KoHeuHas KOH-
ueHTpauus 6eskoB VLP B KyabTypax cocrasisiia
1, 3 1 10 Mmxr/mMa. HeraTUBHBIMU KOHTPOJISIMU SIB-
asauck Hedpenble K, nHnkyoupoBaHHbie B TTT1C
6e3 ctumynsatoposB, u JIK, munkyoupoBaHnHbie ¢ KO
B KOHIICHTpAIMSIX, SKBUBAJCHTHBIX KOHIIEHTpA-
uusam VLP. DkBuBajaeHTHOCTb pacCUUThIBAJAaCh
MO0 KOJMYECTBY CTaHAApTU30BAHHOIW CYCIIEH3UU
0aKTEepUM-TIPOAYLIEHTOB, MCHOJb30BAHHON M5
n3rotroBiaeHusT VLP u KO. [TomoXuTeapbHBIM KOH-
TpoJjieM co3peBaHus saBasauch 3peibie 1K (31K),
CTUMYJUPOBAHHBIE B TeUeHUE 48 yacOoB KOKTeiaeM
NPOBOCHAJIUTEIBHBIX MEAMATOPOB, COCTOSIIUM
u3 25 ur/mi 1L-6 (Sci.store.ru, Poccus), 25 Hr/min
IL-1B, 50 Hr/mi dakTopa HeKpo3a OITyXOJIU-0
(TNFa) (R&D, CIITIA) u 1 MKT/MJ TIpOCTarIaH AU~
Ha E2 (Sigma, CILIIA).

TTocne 48 wacoB unkyoanuu JAK pecycrienam-
poBai, COOMpaN M3 JIYHOK M OCaXIaJId LIeHTPU-
dyrupoBanuem. Hamocamok cobupanu, ajJuKBO-
TUPOBAJM U 3aMopakuBagu npu MuHyc 70°C s
MOCIEAYIOIETO OITpeNeAeHUST CONCpPKaAHUS IIH-
TokuHOB IL-6, IL-10 1 TNFo ¢ momMonipio uMMy-
HO(MDEpPMEHTHBIX TecT-cucteM «MHTepIeiiKuH-6-
NDA-bect», «AuTepneitkuu-10-UPA-bect»
u <«Anbppa-®HO-UDA-bect» (Bekrop-becr,
Poccus). Cob6pannbsie K oTMmMbeIBamm m pecyc-
neHaupoBaiu B (ocdaTHO-coaeBOM Oydepe
Hynboekko ¢ 0,09% NaN,, pasmeiasiaim Ha Hpo-
Obl o 50 MKJI M oKpamuBaau (PI0OPEeCLEeHTHO
MEUCHHBIMA MOHOKJIOHAJBHBIMHM aHTUTEJIAMH
Kk MosexkysiaM HLA-DR (Cop6ent, Poccust), CD80
(BioLegend, CIIIA), CD83 (Elabscience, KHP)
n CD86 (eBioscience, CIIIA). 3aTeM KJETKHU OT-
MBIBAJIM W aHAJIW3WPOBAJIM Ha Ja3epHOM IIPO-
TouHOM nutodmwoopumerpe «FacsCalibur» (BD
Biosciences, CIIIA). K reiitTupoBanu mo npodu-
JIIO TIPSIMOT'O M OOKOBOTO CBETOPAaCCEUBAHUS.

I[Ipn cTaTuCTUYECKOM aHalIW3e TOJIyUYeHHBIC
pe3yibTaThl TPOBEPSIIM HAa HOPMAJILHOCTH pac-
npenesieHusT M, B ciydae HOpMaJIbHOTO pacrpelie-
JICHUsI, CpaBHUBAJIM C MMOMOIIbIO MapHOTO t-TecTa
CrhlofeHTa ¢ monpaBKoil boHdeppoHn, a B ocTalib-
HBIX CJIy4dasiXx — C MOMOIIbI0 TecTa BuikokcoHa
¢ nornpaskoii boHdeppoHu.
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Pesynbrathl

B pabote ucnonb3oBanu VLP u3 xuMepHBIX
MOJIEKYJ, MOJYYEHHBIX C MOMOIIBIO SKCIPECCUU
reHeTu4deckoil KoHcTpykiuu SN-RBD B kieTkax
E. coli. B 3Ty TeHETUUECKYI0 KOHCTPYKIIUIO BXOAU-
JIV TIOCJIEA0BATEIbHOCTHU, KOAUpYIolne hparMeHT
oenka VP1 HopoBupyca, KOTOPbI ObLJT HEOOXOAUM
IS cCOOPKU YacTUI, a TakKxke parMeHT Oeiaka S
kopoHaBupyca SARS-CoV-2, koTopblii BKJIIOYAJ
B ce0st nomeH RBD u moTus, cBsa3biBatoniiit NRP1
(puc. 1A). KieTku-mpoaylueHTsl HaKarimBaau
PEKOMOWHAHTHBIN O€JIOK B HEPACTBOPMMOM BUJIE
B TeJbllax BKJtoueHUs. [locie BbIAETeHUS Tenel]
BKJtoueHus 1 oopadboTtku PHK-azo0it u JIHK-a30i1,
0eJIKU pacTBOPSIIU B IEHATYPUPYIOLINX YCIOBUSIX,
OUYUMIIAJY C TOMOIIBIO METAJIJT-XEJIATHOU XpOMaTo-
rpaduu ¥ yaansiiu NpUMech dHIOTOKCUHOB, KakK
9TO omnucaHo paHee [1]. B pesynabrare moaydanu
TMOJIUTIETITU L, C MOJIEKYJISIpHOM Maccoit 72 kDa, uto
COOTBETCTBYET PACUETHOMY MOKA3aTeI0 PpeKOMOU-

HaHTHOI MoJiekyJbl (puc. 1B). 3ateM mpoBoauIn
peHaTypaluio MOJUIIeTITUAHON e U MoTydaan
PacTBOPUMBII XUMEPHBI 60K, KOTOPBIA B Du-
3MOJIOTUYECKUX YCIOBHUSIX CIOHTAaHHO OOpa30BBI-
Baj nosbie VLP ¢ dopmoii, 61u3koil K cpepruyec-
Koii, 1 pazmepoM oT 30 1o 50 Hm (puc. 1B).
Jlo6asieHue VLP u3 6enka SN-RBD B kyJib-
Typy MoHouuTapHbix JIK 4yesoBeka BbI3bIBAJIO CO-
3peBaHue KJETOK, KOTOPOE MPOSIBISIOCH B YCU-
JIEHUU DKCIPECCUU MOJIEKYJI, OO0ecneyrBaloInX
MpEe3eHTallMI0 AHTUTEHOB U KO-CTUMYJISIIIAIO
T-numdpouutoB. [utodawoopumMeTpuyecKuii aHa-
JIU3 TOKa3aJl, YTO He CTUMYJIUPOBAHHbBIC KJIECTKH
KOHTPOJBHBIX KYJBTYpP MMEJIU TUNUUYHBIN (heHO-
Tun He3peabix K. Bce oHuU 3KcnpeccupoBaliu
MOJIEKYJy IJIaBHOTO KOMIIJIEKCa TMCTOCOBMECTU-
moctu kJjacca I HLA-DR, 99,0%£0,3% kJIeTOK 3KC-
NPECCUPOBAJIO KO-CTUMYJUPYIOLIYIO MOJIEKYTY
CD80, u 57,7£5,7% K1eTOK 3KCIIPECCUPOBAIO KO-
CTUMYJIMPYIOLILYIO MoJiekyny CD86. OnHako nmoka-
3aTeJIM T€OMETPUYECKON CPETHEN MHTEHCUBHOCTH
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1977 bp (659 aa — 72 kDa)

T7 TepMmyHaTop
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130

100
70
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35
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PucyHok 1. Xapaktepuctuka VLP SN-RBD
Figure 1. Characteristics of SN-RBD VLPs

MpumeuaHue. A) Cxema reHeTMHEeCKOV KOHCTPYKLMW, KoampytoLei xumepHblid 6enok SN-RBD. B) 9nekTpodoperpamma
ounweHHoro 6enka SN-RBD. B) SnekTpoHHO-MuKpockonuyeckue doTorpadum VLP; ysennyeHne x15 000.

Note. A) A scheme of the genetic construct encoding the chimeric protein SN-RBD. B) Electropherogram of purified SN-RBD
protein. C) VLPs electron microscopic images; magnification x15 000.
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daopecueHTHOU okpacku (GMFI) aTux MmonexkyJ
Ha JIK KOHTpOJBbHBIX KYJABTYP ObIJIU HU3KUMU, YTO
CBUJIETEJBCTBYET O MaJIOl MJTOTHOCTU dKCIPECCUU
MoJiekyad Ha MeMmOpaHe (puc. 2, 3). Kpome Toro,
KJIETKM KOHTPOJIbHBIX KYJBTYp o0Jjlaganau ciaaboii
aKcnpeccueil mapkepa 3penoctu K — Moneky-
abl CD8&3. BTy MoJieKyay 3KCOpecCUupoBaio JUIIb
10,1+2,1% KJIeTOK HE CTUMYJIMPOBAHHOTO KOHTPO-
5. KOHTposIbHBI oOpa3el, MoJIlydeHHbI 13 0aK-
Tepuii, TpaHC(HOPMUPOBAHHBIX BEKTOPOM 0e3
nociaenoBatrebHOCTU SN-RBD, He oka3biBas cy-
1ecTBeHHOro BiussHus Ha denHotun JK. B To xe
Bpems nHkyoauus K ¢ VLP SN-RBD Bri3biBajia
3HAYUTEJbHBIA POCT BKCIIpecCuu (YHKIIMOHAIb-
HO 3HAYMMBIX MOJIEKYJ, KOTOPBIM TPOSIBIISIETCS
B YBEJIMYEHUU TOJU KJIETOK, HECYIIUX MOJEKYJIbI
CD83 u CD86, a Tak:ke B pocte nokasareyss GMFI
st mojiekyn HLA-DR, CD80 u CD86 (puc. 2, 3).
VBeJqMyeHue 3KCIPECCUU 3TUX MOJIEKYJ HOCHUJIO
JI0303aBUCUMBIN XapaKTep, U JOCTOBEPHBIN POCT
MX 9KCIPECCUU HAOJI0aaJICS MPU KOHLIEHTpalnsIX
VLP 3 u 10 mxr/ma (puc. 3). Cienyer OoTMETUTb,
uyto VLP 3(ppeKTuBHO CTUMYJIUpPOBAIU CO3peBa-
Hue K, u ¢peHOTUIIMUECKHE MTOKAa3aTeIn KIETOK,
00paboTaHHBIX MaKCUMaJIbHOW HCHOJb30BaHHO
KoHueHTpauueit VLP, npubinkaauch K moka3arte-
agM 3penbix JIK moaoXuTeabHOro KOHTPOJIsI, CO-
3peBaHNe KOTOPBIX ObLJIIO MHAYIIMPOBAHO MOIITHOM
CTUMYJISILIUEN CMEChIO METMaTOPOB BOCITAJICHU .
HevictBue VLP Ha (byHKIMOHAIbHYIO aKTUB-
HocTh IK ompenensiiv 1Mo MponyKIuu KJIeTKaMu
uutokuHoB 1L-6, TNFo u 1L-10. IL-6 npoaxyuu-
pyeTcst NEHIPUTHBIMU KJIETKAaMU B OOJIBIITMX KOJIH -

P
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pm-
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yecTBax U SABJsIETCS MOAUGYHKIMOHATbHBIM LIU-
TOKMHOM, CHOCOOHBIM CTUMYJIMPOBATh KaK CUHTE3
aHTHUTEJ], TaK M KJIETOYHbIe MPOBOCIAJIUTEIbHbBIE
peakuuu u cozpeBaHue T-xenmnepon 17 Tuna. TNFo
SIBJSIETCS MPOTOTUITMUYECKUM IIPOBOCHAIUTEIb-
HBIM HUTOKMHOM, Toraa kak IL-10 momaBiisieT Boc-
najeHue U CIIocOOCTBYET Pa3BUTHUIO TYMOPAJTbHOIO
UMMYHHOTO oTBeTa. IlokazaHo, 4TO MHKyOalLMs
JAK ¢ VLP u3z SN-RBD MHorokpaTHo ycujauBalia
NPOAYKIMIO BCEX OLEHEHHBIX B pabOTe LIMTOKHU-
HOB, TOTJa KaK He coaepxauinii VLP KOHTpOJbHBII
obOpaszel 3HaYMMOT0 JeMCTBUS Ha MTPOAYKIIUIO LIU-
TOKMHOB He oKa3bIBaJl (puc. 4). J1Jisg 10CTOBEPHOTO
pocta nmpoaykuuu TNFo u IL-10 TpeboBaioch n0-
O6aBjeHue B KyJbTypy K MakcuManbHOI UCTOJIb-
30BaHHOI KOHIeHTpaumu VLP 10 Mxr/mi, Torma
Kak mponyKous IL-6 3HaunTeIbHO yBEIMYMBaJIach
YK€ ITPpY KOHLIEHTPAIMK 3 MKT/MJI.

O6cyxaeHune

O6benHeHe 0eJIKOB B HAaHOpa3MepHBIE CTPO-
TO OpraHM30BaHHBIE arperaThbl MOXET CYIIeCTBEeH-
HO YBEJIMYUBATh X UMMYHOTeHHOCTb. Takoe 00b-
eIMHEeHNE MOXET OCYIIECTBIISIThCS 3a CYET CBOMCTB
caMuXx OeJKOB, KaK 3TO HaOjropaeTcss y OelKoB
BUPYCHBIX KancuaoB npu camocbopke VLP. Ilo-
BUJIMMOMY, OCHOBHOW IIPUYMHON pPOCTA MMMY-
HOIeHHOCTHU 0eJKOB Ipu ux oobeanHeHuu B VLP
SABJISIETCS ONTUMM3AlLMs B3aUMOAEHCTBUS paBHO-
MEPHO TIOBTOPSIOIINXCS AHTUTEHHBIX DITUTOIIOB
MOBEPXHOCTU YACTULL C MEMOpaAaHHBIMU UMMYHO-
riaIo0ynnHaMu B-KJIeTOK, KOTOpBIE, BO-TIEPBBIX,
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PucyHok 2. kcnpeccus MeMOpaHHbIX MOJIEKY1 HA HeCTUMYNUpoBaHHbIX HOK (ToHKas cepas nuHuN)
u Ha K, uHky6muposaHHbix ¢ 10 mkr/mn VLP SN-RBD (ToncTas yepHas IMHUSA) UK C SKBUBANIEHTHbIM

konnyecTtBoM KO (ToHKasa yepHasa nMHUS)

Figure 2. Expression of membrane molecules on unstimulated iDCs (thin gray line) and DCs incubated with 10 ug/ml
SN-RBD VLPs (thick black line) or equivalent CS amount (thin black line)

MpumevaHue. MyHKTUPHASA NTMHUS NOKa3biBAeT OTPULATENbHbI KOHTPOb okpalumnBanus K, nHky6rnpoBaHHbIX ¢ VLP.
MeMbpaHHble MONEKYbI U UHTEHCUMBHOCTb GNIOOPECLIEHLLIMN 0603Ha4eHbI MOJ, 0Cbio abcuymcce. NpeacTaBneH pesynsrat

penpe3eHTaTNBHOroO akcnepumenTa (n = 11).

Note. The dotted line shows DC negative control staining exposed to VLPs. Membrane molecules and fluorescence intensity are
indicated below the x-axis. A representative experiment (n = 11) is presented.
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SIBJISTIOTCS ABYXBaJ€HTHBIMU peleNTOpPaMU, a BO-
BTOPBIX, 00pa3ylT Ha MeMbOpaHe B-numdbonurta
MYJbTUMOJIEKYISIPHbIE KJIacTepbl C OINpeaeseH-
HbIM PACCTOSSHUEM MEXAY OTIAEJbHBIMMU peler-
topamu [3]. KpoMe Toro, cBoiicTBa MOBEPXHOCTU
u pazmep VLP MoryT crioco6cTBOBaTh MOIJIOIIE-
HUIO DTUX YAaCTUIl MUEJOUAHBIMU aHTUTEHIpE-
3eHTUPYIOIIMMU KjaeTKamMu, B yacTHocTtu K [2].
Kaxk uzBectHo, JIK urparoTt KJ104eBy0 pojb B UH-
NYKIIMUA TIepBUYHOro T-3aBUCMMOTO MMMYHHOTO
OTBeTa 3a CYET CIIOCOOHOCTU obOecneuyrnBaTh MOIII-
Hy10 ctumyiasgnuio T-muMdonuToB, HEOOXOaU-
MYIO JIJ151 BOBJICYEHU I HAUMEHEE 3peJIbIX, HAUBHBIX
T-kjieToK B UMMYHHBII oTBeT [28]. 2Ku3HeHHbIN
uuka JIK pasnenen Ha aBe ¢pas3bl. Ha nepBoit ¢ase,
He3peable K, paccessHHBIE 1O pa3IMUHbIM TKa-
HSIM OpraHu3Ma, cCOOMpParOT JOCTYMHBIN aHTUTEH-
HbIN MaTepua. Pacrio3HaBaHUe TUTTOBBIX MOJIEKYJT
MUKPOOPraHMW3MOB, TaK Ha3blBa€MbIX MaTOrEH-
aCCOLIMMPOBAHHBIX MOJEKYJISPHBIX MaTTEPHOB
(PAMP) a tak:ke MpU3HAKOB BOCHaJleHUS U MO-

BpPEXJEHUs KJIETOK BbI3bIBaeT co3peBaHue JIK.
IIpu stom K ycunmBaioT 3KCIIPECCUIO MOJEKYJ
IJIaBHOTO KOMILJIEKCA TUCTOCOBMECTUMOCTH JJISI
Mpe3eHTalluu COOpaHHBIX AHTUTEHOB, a TaKXe
HEKOTOPBIX MEMOPaHHBIX MOJIEKYJT M IIUTOKWHOB,
HEOOXOMMMBIX IS JOIOJHUTEIBHON CTUMYJISI-
uuu T-TuM@ounuTOB, U3MEHSIOT HAOOP XEeMOKU-
HOBBIX PELENTOPOB U MUTPUPYIOT B T-KJIETOUHYIO
30HY ApeHUupyoIero JUMGOUIHOTO opraHa, Kyaa
M3 KPOBOTOKA IMOCTOSTHHO ITOCTYTAalOT HaWBHBIC
T-kneTKu B ITIOMCKE CBOEro IIepBOro KOHTAaKTa
C aHTUTEHOM.

B nmanHoli paborte mokazaHo, uto VLP, nmeko-
pupoBaHHbIE DparMeHTOM Oejsika S KOpOHaBUPY-
ca SARS-CoV-2, uHaAyuupyoT (peHOTUIIUUYECKOe
u dyHKIUOHanbHOe co3peBaHue JIK yenoBeka,
KOTOpO€ TMPOSIBISIETCS B 3HAYMTEIBHOM pOCTE
BKCIIPECCUM MOJIEKYJl TJIaBHOTO KOMIIJIeKca TH-
CTOCOBMECTUMOCTU Y MOJIEKYJ KO-CTUMYJISIIUU
T-1uMbonMTOB, a TaK>XKe B MHOTOKPAaTHOM yCHUJIE-
HUU IPOAYKINU IUTOKNHOB C ITUPOKUM CITEKTPOM
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PucyHok 3. Aencteue VLP SN-RBD Ha co3peBanue 4K

Figure 3. Effect of SN-RBD VLPs on DC maturation

MpumevaHue. Mo ocv opaMHAT — NPOLEHT SKCMNPECCUPYIOLLLMX MOSIEKYY KNeTok unn GMF| okpalueHHON MoneKybl.
Tun cTumynsiTopa 0603HaveH Nog, ocbio abeumce, koHueHTpaums VLP — B nerenge. [loctoBepHble oTanums (p < 0,05 B napHom
t-TecTe c nonpaskoii BoHbeppoHM) Npu cpaBHeEHUM ¢ HecTuMynupoBaHHbIMK K (*) n K ¢ KO (1). aHHble npeacTaBnieHbl

kak M£m (n = 11).

Note. The y-axis: percentage of cells expressing the molecule or the GMFI for stained molecule. The type of stimulant is indicated
under the x-axis, the VLP concentration is indicated in the legend. Significant differences (p < 0.05 in paired t-test with Bonferroni
correction) compared to unstimulated DCs (*) and CS-treated DCs (). Data are presented as M+m (n = 11).
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PucyHok 4. feiicteue VLP SN-RBD Ha npoAayKuuio LUTOKUMHOB B KynbTypax AK

Figure 4. Effect of SN-RBD VLPs on cytokine production in DC cultures

Mpumeyanue. Tvn cTUMynsTOopa — NoA 0Cblo abCLUCC, KOHLEHTPALMM LIUTOKMHOB — MO OCW OPAMHAT, KOHLLEHTpauus

VLP — B nerenge. loctoBepHbie otanyms (p < 0,05; kputepuii BunkokcoHa ¢ nonpaekoi BoHdeppoHu) npu cpaBHEHUN

¢ HecTumynupoBarHbiMu K (*) n K ¢ KO (). JanHble npencTasnexsl kak Meguana + ksaptunb (n = 11).

Note. The type of stimulant is under the x-axis, cytokine concentrations are shown on the y-axis, VLP concentration shown in the
legend. Significant differences (p < 0.05; Wilcoxon test with Bonferroni correction) when compared with unstimulated DCs (*) and
DCs cultured with CS (t). Data are presented as Median + quartile (n = 11).

dyukunii. VLP B MakcManbHOM UCITOIB30BaHHOM
KOHILeHTpanuu aeicTByioT Ha JIK odeHb apdek-
THUBHO 1 BBI3BIBAIOT (DEHOTUITUYSCKIEC U3MECHEHU S,
OJiM3Kue K rokasareasaM 3penbix JIK mosoxurenb-
HOro KOHTPOoJs. CTONb BBIpaKeHHAST CTUMYJISIIINS
CBUICTEIBLCTBYET OO YCHCITHOM paclo3HaBaHUU
IEHAPUTHBIMMU KJICTKAMM YAaCTHUII, MOKPBHITHIX aH-
TUTEHAMH1 KOpOoHaBHUpyca. PaHee OBLIO moKa3aHO,
YTO PACTBOPUMBIN O€JI0K S 1, 0COOEHHO, eTo (dpar-
MeHT RBD BbI3BIBaloT (DeHOTUITMYECKOE CO3peBa-
Hue moHouuTapHbix JIK yenoBeka, a RBD, Kk Tomy
Xe, CTUMYJIUPYET TMPOAYKIIUIO 3TUMU KJIETKAMU
mpoBocnasuteabHbix IL-1B, TNFo u IL-6 [5].
Mexanu3Mm pacrio3HaBaHus 6enka S uinn RBD neH-
IPUTHBIMU KJIETKAMH ITOCTOBEPHO HE OIIPENEsICH,
W TPU ero OOCYXIEHUM BIOJHE OXMUIACMO BHI-
cKasbIBaroTcs mpenronoxeHust o poau ACE2, xo-
TOPBI CIIYXKUT KOPOHABHUPYCY B KayeCTBE pellell-
TOpa, KPUTUIESCKN HEOOXOTUMOTO ST 3apakeHUSI
kiaeTok. ACE2 oTcyTcTByeT Ha HUPKYJIUPYIOIINX
moHonuTax u JIK, HO CHJIBHO 3KCIIpeCcCHpYyeT-
cs Ha TKaHeBbIX Makpodarax [27]. TToaydyeHHBIE
in vitro moHouuTapHbie 1K cnabo skcnpeccupyoT
ACE2, un 1onst KIeTOK, HECYIIUX OTOT OSJIOK HeBe-
JIMKa U COCTaBJIsIeT B cpenHeM 14% oT Bcex He3pe-
aeix JAK [5]. CaenyeT oTMeTUTh, 4TO monasd K, oT-
Beyarwlnx Ha pactTBopuMbiii RBD B npeaiiectBy-
oueM ucciaenoBaHuu [5] maum Ha VLP B maHHoit
paboTe 3HAYUTEJILHO IpeBbIiIaeT 14%, 4TO MOXET

CBUIETECIBCTBOBATh JIUOO O HEIPSIMOM IeHCTBUU
Ha onyasunio K gyepes otnensabie ACE2T kiet-
KU, 100 O HAJIUYUU MHBIX MEXaHU3MOB PELCITIIUN
b6enka S meHAPUTHBIMU KieTKamMu. Kak M3BecTHO,
OCHOBHBIMH peIlIeNITOpaMU, aKTUBUPYIOIINMHU CO-
3peBanue K, saBiasiorcs PAMP-pacniosHatoiiue
Tonn-nomo6nsbie perentopsl (TLR). B cBs131 ¢ aTMIM
OCOOBIIT MHTEpeC TMPEICTaBISIOT WCCICIOBAHMS
in silico, mpenckaspIBalONINE BO3MOXHOCTb pac-
no3HaBaHus 6esika S ¢ momoinbio TLR4 [9]. Kpome
TOTO, pacueThl in silico peackaspiBaioT, uTo RBD
MOXKET CBSI3BIBATHCSI C BBICOKON a((GUHHOCTBHIO
C MHOXECTBOM JPYTMX MEMOpPaHHBIX PELENTO-
poB pasnuuHbix rpym JAK, Bkiouas CD26, CD2,
CD56, CD7, CCR9, CD150, CD4, CD50/ICAM3
n XCRI1 [19]. Takke MOXHO ITPEOIIOJIOXKUTH, UTO
JAK npu B3aumopaeiicteuu ¢ VLP MmoryT pacrio3Ha-
BaTb NRPI-cBs3bIBaOIIMii MOTUB KOPOHaBUPYC-
Horo 6enka S. Penentop NRP1 o61agaet mmpokum
npoduaeM 3KCIpecCcuu, HEOOBIYalHBIM Pa3HOO-
Opa3ueM QPYHKIINIT 1 MHOXXECTBOM JIMTAHIOB, OTBE-
qaromux «rpasuny C-konua» (CendR: C-xoH1ieBas
nocinenoBaTeabHOCTh Arg/LisXXArg/Lis, rme X —
o601 a.o.) [35]. B cocraB ero nmraHmoB BXO-
IsaT n3odopma dakTopa pocTa SHAOTEIUS COCY-
moB VEGF-A165, tpanchopMupyoliuii dakTop
pocta B, cemadoprH 3A U MHOXECTBO MPOAYKTOB
JaCTUIHOTO (pepMEHTATUBHOIO PaCIIeTIJICHUS OeJI-
KOB, BKJIIouasi cyorenuHuily S1 kopoHasupyca [7,
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11, 31]. NRPI1 nox nHaszBanuem BDCA4 usBecteH
Kak Mapkep miaasManuTonaHbix K, oH oTcyTCTBY-
€T Ha MOHOIIMTaX, HO CUJIbHO 3KCITPECCUPYETCS
Ha Bcex JIK, mojiydeHHbIX U3 MOHOLIMTOB in Vvitro [0,
10, 32]. NRP1 na K paGoTaeT Kak KjacCUUeCKU
pelenTop KOMIUJIEMEHTa, obecrneyuBasi B3aUMMO-
JIEACTBUE ITUX KJIETOK C 00bEKTaMU, «[TOMEYEHHbI-
mu» pakropamu C4d, C3d u iC3b [6]. Kpome Toro,
NRPI1 crumynupyet murpanuto K, Bausis yepes
MJIeKCUH-A] Ha HUTOCKEJET KJIETOK U YBEJIUYUBAS
ux maactTudHocTh [10]. C BbICOKOI BEpOSITHOCTHIO
MOXKHO MPeArnoaoxuTh, yto JIK ucrnons3yrotr NRP1
JIJIS1 DHIOLMTO3a O€JIKOB U MENTUI0B, OTBEYAIOLINX
npasuay CendR. Ilo kpaliHeli Mepe, OommyxoJieBble
KJIETKU MOIJIOIAIOT TaKue JUTaHIbl TOCPEICTBOM
NRPI-3aBUCHUMOro sHAOLIMTApHOTO Mpoliecca, Ha-
MOMUHAOIIEro MaKpPOMUHOLIUTO3 [21].

Takum 06pa3oM MOXKHO MPEATIOJIOKUTh, 4To RBD,
npeactaBjieHHbIn Ha VLP, nmMeeT BO3MOXHOCTb
B3aumMojeicTBoBaTh Kak ¢ ACE2, Tak U ¢ MHO-

JKECTBOM APYyTrux MeMbpaHHbiX mojiekyn AK, mas
YacTU KOTOPBIX MTOKa3aHa CIOCOOHOCTH Mepeaayu
aKTHUBAILlMOHHOTO CUTHAaJIa BHYTPb KJIETKU. TakxKe
MOXHO MpeanojioxuTh, 4yTo NRPI-cBsa3bIiBaommnii
MOTHB ITOCJI€ YAaCTUYHOTI'O PACIICIJICHUS MOCJIen0-
BaTeIbHOCTHU OeJiKa S MOXET yBeanuuBaTh 3 dek-
TUBHOCTb ITOTJIOIIEHUSI YaCTUIl, a TaKXe BJIUSITH
Ha murpanuto K.

3ak/yeHme

IToka3zaHo, 4TO XMMepHble HOpoBUpPYyCcHbIe VLP,
nekopupoBaHHble RBD-comepxamum ¢parmMeH-
TOoM Oenika S kopoHaBupyca SARS-CoV-2, apdek-
TUBHO MHAYIUPYIOT (GPEHOTUITNISCKOE U (DYHKIIM-
oHaJibHOe co3peBaHue /K. Ilo Hamemy MHEHUIO,
MOJIYyYeHHBIC Pe3yAbTaThl CBUACTEIBCTBYIOT O TIep-
CIIEKTUBHOCTHU MCITOJIb30BaHUS XMMEPHBIX HOPO-
BUpYCHBIX VLP 1151 skcmoHupoBaHug 0ejika S Ko-
ponaBupyca SARS-CoV-2.
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Pestome. HoBas kopoHaBupycHas uHdekius, Boi3BaHHass SARS-CoV-2 npuBoauT K GOpMUPOBAHUIO KAK TYMOPaJib-
HOTO0, TaK ¥ KJIETOYHOTO MMMYHHOTO OTBETa K pa3MYHbIM aHTUTeHaM Bupyca. OueHka uMMyHuteTa K SARS-CoV-2
B OCHOBHOM ITPOBOJIUTCS B PyTMHHOM ITPaKTUKE MTyTeM OIpeAeeHUs Crieln(MruiecKux UMMYHOTIO0yTMHOB. OHAKO
CUJIbHASI UBMEHUYMBOCTH CTPYKTYpPHI S-0e1ka SARS-CoV-2 y HOBbIX FTeHOBApUAaHTOB U OTCYTCTBUE KOPPEISILIMU CIIeI-
nduyeckux antutea u CD8* nurtorokcuyeckux T-TuMbOIUTOB MPUBOIAT K JTOKHOOTPUIIATEIbHBIM OTBETaM, a Mac-
coBasl OlleHKa KJIETOYHOI'O MMMYHUTETA 3aTPyAHEHA B CBI3U CO CIOXHOCTHIO TexHojoruu ELISPOT u uutodnioo-
pumeTpun. C Leablo pelieHus JaHHON Mpo0JieMbl ObLT pa3paboTaH IMAarHOCTUYECKHIA CITOCO0 OLIEHKH KJIETOUHOTO
nMMyHHoro otBeta K SARS-CoV-2, B ocHOBe KOTOPOIo JIEXKUT MOCTAHOBKA KOXHOI IMPOOKI ¢ TTOCTIeaYIONIEH OlleH-
KO peakIIMy TUIEPYyBCTBUTEIBHOCTH 3aMEIJICHHOTO TUIIA ¢ YYacTUEM CrienupuiuecKux T-TuMbOINTOB aMsITHU.
OcnoBy npenapara «Kopona/lepm-PS» cocraBnsier Cord PS, mpencraBasionuii co6oit THOpMIHBI peKOMOMHAHT-
HBIi 0€JI0K, COCTOSIIITNIA M3 YI4aCTKOB CTPYKTYpHBIX 0e1K0oB S, M, N, E koponasupyca SARS-CoV-2. Cnentndpuyeckas
AKTUBHOCTbH JAHHOTO XMMEPHOTO aHTUTEeHa OblJIa MCCIICIOBAaHA B TeCTe aKTUBALMU T-TUMQOIIUTOB B KYIBTYype,
OLIEHEHHON MO CMOCOOHOCTU MPOAYLIMPOBATh UHTEPGHEPOH raMMa MPU aHAIKU3€ METOAOM LUTODIIOOPUMETPUN.
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2024, T. 14, Ne 2 McnbiTaHne «<Kopornalepm-PS»

715 olleHKY crieliubuyecKuX UMMYHOJOTUYECKUX CBOMCTB TaHHOTO XMMEPHOTI0 aHTUTEHA ObLJIO MPOBEAEHO AOK M-
HUYecKoe ucciaenoBaHue 6e3omnacHocTH npemnapata «Koponallepm-PS» y skcnepuMeHTanbHbIX XKUBOTHBIX. B xome
MIPOBENEHHOT0 UCCIEIOBAHUS ObIIO MOJYyUYEHbI JaHHbIE 00 OTCYTCTBUM UMMYHOTOKCUYECKUX, aHa(PUIaKTOTEHHBIX,
TOKCUYECKHUX U pa3apaxkaloliux CBOMCTB IIPM UCCIEIOBAaHUM Tpernapara y MbIIIel 1 MOPCKUX CBUHOK. B akcrepu-
MEHTAaX 10 U3YUYEHU IO CTIeliMrUeCKOl aKTUBHOCTH Mpernapara ObLIY MOJTYUYSHbI JTaHHbIE O 103a3aBUCMMOM Pa3BUTUH
KoxxHo# peakunu y 90—100% MOpcKuX CBUHOK, BAKLIMHUPOBAHHBIX MmpenapatamMu «dnnBakKopona», «KopuBak»,
«'aM-KOBU I-Bak», 4To moaTBepK 1aeT BO3MOXHOCTB OIPeeIeHNU S MTOCTBAKIIMHAIBHOTO KJIETOUHOTO MMMYHUTETA
C TIOMOIIIBIO TaHHOTO TecTa. [1py 3TOM, HaTM4Yne B peKOMOMHAHTHOM XMMEPHOM TTOJMUIICTITHAC (PYHKIIMOHATBHO aK-
TUBHBIX T-KJIETOUHBIX aHTUTCHHBIX SITUTOIIOB ITO3BOJISIET OIICHUTH OTBET HAa COOTBETCTBYIOIINI IIPUPOTHEIN KOPO-
HaBUPYCHBII O€JIOK, 4YTO MOKa3aHo Ha puMepe oTBeTa Ha BaKMHbBI «[aM-KOBU I-Bak» (mpuMep oTBeTa Ha S-0€710K)
u «OnuBakKopona» (mpumep otBeta Ha N-0ey0K). Takum 00pa3oM, mepCcrneKTUBHBIM MPUMEHEHUEM KOXHOTO TeCTa
¢ ucnosb3oBaHueM npemnapata «KoponaJlepm-PS» MoxkeT ObITh MacCOBBIA, OBICTPBIN, HE TPEOYIOLIM A CTIELMATbHOTO
000pynoBaHUsI CKPUHUHT [JIs1 OLEHKU Crenu(pUIecKOoro KJIeToOYHOro MMMyHHUTeTa B nonyasinuu. K ero npeumy-
1IeCTBAM OTHOCSITCSI MPOCTOTA aHaIu3a, BbICOKAsl CIIeM(bUUYHOCTb U YYBCTBUTEIbHOCTh. OKOHUATEbHOE PElIeHUE
0 MPaKTUYECKOM MPUMEHEHUU TecTa OyaeT MPUHSTO MOCIe MPOBEACHUS MIaHUPYEMbIX KIMHUYECKUX UCTIBITAHUI
Oe3omacHOCTU U 3(PHEKTUBHOCTH.

Karouesvie caosa: SARS-CoV-2, COVID-19, koponasupycnuiii anmueern Cord_PS, CD4" T-kaemxu, CD8* T-kaemku, IFNY,
T-KaemouHbLil UMMYHHbLI OMEem.

EXPERIMENTALLY INVESTIGATED “CORONADERM-PS”-DRIVEN SARS-CoV-2-SPECIFIC
CELLULAR IMMUNITY AND SAFETY

Savin T.V.*?, Kopat V.V.c, Riabchenkova A.A.c, Chirak E.L.¢, Chirak E.R.c, Saenko A.I.c, Dukhovlinov I.V.¢,
Sysoeva G.M.¢, Gamaley S.G.%, Shimina G.G.¢, Taranov O.S.¢, Danilenko E.D.¢, Simbirtsev A.S.*?, Totolian A.A.*"
@ St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

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

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

4 [nstitute of Medical Biotechnology of the State Research Centre of Virology and Biotechnology “Vector” of the Rospotrebnadzor,
Kol’tsovo, Novosibirsk Region, Russian Federation

¢ State Research Centre of Virology and Biotechnology “Vector” of the Rospotrebnadzor, Kol’tsovo, Novosibirsk Region, Russian
Federation

Abstract. Novel coronavirus disease 2019, caused by the SARS-CoV-2, initiate humoral and cellular immune responses
against diverse virus antigens. The assessment of SARS-CoV-2-specific is mainly carried out in routine practice by
determining specific immunoglobulins. However, high variability in S-protein structure in new genovariants of SARS-
CoV-2 virus and the lack of correlation between specific antibodies and CD8" T-lymphocytes underlie false negative
responses, and mass assessment of cellular immunity is complicated due to the complexity of applying ELISPOT
and cytofluorometry techniques. To solve this issue, a diagnostic method was developed for assessing SARS-CoV-2-
specific cellular immune response, which is based on a skin test followed by evaluating a delayed-type hypersensitivity
reaction involving antigen-specific memory T-lymphocytes. A diagnostic preparation CoronaDerm-PS is based
on Cord_PS, which is a hybrid recombinant protein consisting of parts of the SARS-CoV-2 structural proteins S, M,
N, E. The specific activity of this chimeric antigen was analyzed in cultured T-lymphocyte activation test by assessing
interferon-y production using cytofluorometry. To investigate the chimeric antigen specific activity, a preclinical safety
study with CoronaDerm-PS preparation in experimental animals was conducted. A dose-dependent developing skin
reaction was observed in 90—100% of guinea pigs vaccinated by EpiVacCorona, CoviVac, Gam-COVID-Vac, which
confirms a potential for assessing post-vaccination cellular immunity using CoronaDerm-PS preparation. Upon this,
the presence of functionally active T-cell-antigenic epitopes in the recombinant polypeptide allows to evaluate SARS-
CoV-2-specific response illustrated by detected response after Gam-COVID-Vac (S-protein) and EpiVacCorona
(N-protein) vaccination. Thus, a skin test based on CoronaDerm-PS preparation may be a promising diagnostic tool
for rapid mass screening requiring no specialized laboratory equipment for assessing populational SARS-CoV-2-specific
immunity. Such a test is distinguished by advantages such as ease of analysis, high specificity and sensitivity. The final
decision-making on using this test in a real-world practice may achieved after conducting further clinical safety and
effectiveness trials.

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

MHdekumns n uMmyHuTeT

BBeneHune

Nudunmupoanue SARS-CoV-2 npuBoauT K ce-
POKOHBepcUU ¢ GOPMUPOBAHUEM AHTUTEI IPOTUB
pa3JiMYHBbIX aHTUTEHOB KOpoHaBupyca. B To xe
BpeMs KJIETOUHBIA UMMYHHBI OTBET CBSI3aH C 00-
pazoBaHueM Bupyc-crienupuueckux CD4* u CD8*
T-numMboUUTOB, AJTUTEIBHOE BpPEMS COXPaHSIO-
IUXCI B JUMMOUIHBIX OpraHaxXx B BHUJI€ KJIETOK
namsatu [10, 20]. CD8" T-numdbouuTsl pacno3Ha-
IOT YyXEpOIHbIe BUPYCHbIE AHTUTEHBI B accollva-
LMY C MOJIEKYJIaMU TUcTOcOoBMecTUMOCTH I kyacca
U yOUBAIOT KJIETKU, UH(MUILIUPOBAHHBIE BUPYCAMU.
CD4" T-mtuMbOUUTHI XeITePhl pACIO3HAIOT BUPYC-
HbI€ AaHTUTEHBI, IPOLIECCUPOBAHHBIE U MPEACTaB-
JIEHHbIE Ha aHTUTEH-TIPEACTABISIONIUX KJETKaX
(rmaBHBIM 06pa3zoM NMpoheCCUOHATbHBIX AaHTUTEH-
NpPEeACTABISIONINX AEHAPUTHBIX KJETKax) B ac-
colallMyi C MOJIEKYJIJaMU TUCTOCOBMECTUMOCTHU
II xJytacca v BBITIOJIHSIOT POJIb MOMOIIHUKOB B CUH-
Te3e B-nmumdonuramu cnenupuiecKkux mpoTuBO-
BUPYCHBIX aHTUTE.

B HacTosiiee Bpemsi TMarHOCTUKA KOPOHAaBU-
PYCHOU MH(EeKIMU B OCHOBHOM CBsI3aHa C Ompee-
JIEHUEM NPOTUBOBUPYCHBIX aHTUTEN [2]. Hamnuue
HEUTpaNu3yIOUINX AaHTUTEJ MNpOoTUB S-0eska,
SIBJISIETCSL TJaBHBIM KOPPEJSITOM TPOTEKTUBHO-
ro UMMYHHOTO oTBeTa npu paszsutuu COVID-19
u nocyie BakuuHanuu [11, 16]. Hemoctatkom Ta-
KOTO MOAXoAa SBJSIETCH CUJIbHAS W3MEHYUBOCTH
CTPYKTYpPBI S-0€ejika y HOBBIX IITAMMOB KOpPOHa-
BUpYyCa, YTO MPUBOAUT K JIOXKHOOTPULATEIbHBIM
orBetaM. Kpome Toro, mpuMeHsieMblli MaccoBO
tect Ha aHTUTena IgM u IgG He mo3BoJIsIET cnenath
ONHO3HAYHBIN BBIBOA O TOM, C(DOPMUPOBAJICH JIU
WUMMYHUTET y YeJOBeKa, JOCTATOYHBIN IS 3allU-
ThI OT TOBTOPHOTO 3apaXKeHU .

ITpo6GaemMoil OLIEHKU KJIETOYHOTO UMMYHUTETA
SIBJISIETCS UCIOJIb30BaHUE CJIOXHBIX U JOPOTOCTO-
SIIUX UMMYHOJIOTUYECKUX TEXHOJIOTUI C MOMO-
mpbio ELISPOT u nutodaoopumMeTpun, KOTOPbIE
NPUMEHSIOTCH TOJIbKO B CHELUAaTU3UPOBAHHBIX
Hay4YHO-UCCJIe0OBATEeIbCKUX JabopaTtopusx [1, 6]
U HE MOTYT OBITh HCIIOJIb30BaHBbI IJISI MAacCOBOW
JIVMarHOCTUKU.

B kauecTBe pemieHuss 3TOW MpoOJIEMbl HaAMU
ObLT pa3paboTaH MPOCTON, OBICTPBIN U HE TPeoy-
IOLIUN CIeMaIbHOTO O0OpPYJOBaHUS TUATHOCTU-
YEeCKU Ccnocod OLIEHKHU KJIETOYHOTO UMMYHHOIO
orBeTta npoTuB SARS-CoV-2, nonyuyuBlmiuii Ha-
3BaHue «KopoHa/lepM-PS». [1pennoxeHHbII HAMU
METO/ 3aKJII0OYaeTCsl B MIOCTAHOBKE KOXHOU MPOOBI
C pa3paboTaHHBIM ITpernapaToM Ha OCHOBE PEKOM-
OMHAHTHOTO TUOpUAHOro OejKa, CoaepXKallero
AHTUTEHHbIE YYACTKM IOCJIENOBATEIbHOCTU OeJI-
KOB KopoHaBupyca (EBpa3suliickas 3asiBka «Crioco6
OLIEHKU KJIETOYHOTO MMMYHHOTO OTBETa MPOTUB
KOpoHaBUpPYCHOU uHdekuuu» Homep 202190517
U U TIOJIOXKUTEJIbHOE peleHue o Mex1yHapoaHOU

3asBKa «Express diagnosticum for SARS-COV-2»,
Homep PCT/IB2020/058162). Habntomaemast MecT-
Hasl KOXHasl BOCHaJIUTeJIbHAsT peaKIlus SIBJISIETCS
pe3yJbTaTOM pPa3BUTUSI THUIIEPUYYBCTBUTEIBHOCTHU
3aMeIJICHHOro THIla, CBSI3aHHOW C aKTUBalluen
in vivo T-nuM@ouuTOB, crieUU(GPUIHBIX K aHTUTE-
HaM KOpOHaBMpycCa, U IPOSIBJISICTCS B BUJEC DPU-
TEMbI U YIIJIOTHEHUS (MamyJsibl) B MECTe BBEACHUS
B TeyeHHe 72 4acoB, MPHU HAJIUYUU B OpraHHU3Me
T-xJIeTOUYHOTrO UMMYHHOT0O oTBeTa MpoTuB SARS-
CoV-2. [IpoBepeHHBIE BpeMeHeM aHaJa0ru — npooda
MaHnty, JIluacKuHTECT AJIsI AMaTHOCTUKU TyOepKy-
Jie3a M1 HEKOTOpbIe APyTre KOXKHBIE TeCThI AJIsT Aha-
THOCTUKU UH(EKIITMOHHBIX 3a00JIeBaHUA.

OcHoBy mnpenapata «KopoHalepm-PS» co-
CTaBJsieT KOpoHaBUpycHbiii aHTureH Cord PS,
NpeACTaBISIONINN CcoO0Oli TUOPUAHBIA PEKOM-
OMHAHTHBIK OEJI0OK, COCTOSAIIMI M3 YYacTKOB
CTPYKTYpHBIX O0enkoB S, M, N, E kopoHaBupyca
SARS-CoV-2 [4]. Cneuuduyeckasi aKTUBHOCTb
CO3JaHHOI'0 XMMEPHOrO aHTUTEeHa OblJa UCCJIeno-
BaHa B TeCTe aKTUBALUU T-TUMGOIUTOB B KYJIb-
Type, OLEHEHHON I0 CMOCOOHOCTU MPOAYLUPO-
BaTh MHTEp(GEpPOH raMma IpU aHaJINU3€ METOIO0M
uuTodoopumMeTpun [5].

Llenbto HacTOSIIIETO KCCAEAOBAHUS CTAJIO W3-
yuyeHue crenuduIeckux WMMYHOJOTUYECKUX
CBOICTB XMMEPHOTO aHTUTE€Ha, pa3paboTKa CITO-
coba oleHKU T-KJeTOYHOro IPOTUBOBUPYCHO-
ro UMMYHUTETa TIPU TTOCTAHOBKE KOXHOTO TeCTa
Yy OKCIepUMEHTaJbHBIX >XWBOTHBIX, JOKJIWHU-
YyecKMe HCCJIeoBaHUSI 0e30MacHOCTU Iperapara
«Koponallepm-PS».

Matepuanbl n MeTodb!

HM3ydenue crenimUIeCcCKO aKTUBHOCTHU IIpe-
napara «Kopona/lepm-PS» B Tecre peakuum ru-
MEePUYyBCTBUTEIBHOCTH  «3aMEIJEHHOTO»  THIIa
Ha MOPCKMX CBMHKax MpPOBEJeHAa B COOTBETCTBUU
¢ «PyKoBOACTBOM IO MPOBEAECHUIO JTOKJIMHUYEC-
KMX MCCIEIOBAHUM JIEKAPCTBEHHBIX CPEICTB.
Yacto 1, 2», M., 2012, BKII0Yaia U3y4deHME Cel-
¢duueckoit akTuBHOCTH npemnapaTa «KoponaJlepm-
PS» B TecTe peakKuMM TUNEPUYYyBCTBUTEIBHOCTU
«3aMeIJICHHOIO» THIIa Ha MOPCKMUX CBUHKAX; TOK-
CUYHOCTHU Mperapara npyu ONHOKPAaTHOM U MHOTO-
KpaTHOM TMOJKOXHOM BBEIEHMM Ha JABYX BUAAX
KUBOTHBIX, MbIILIAX U MOPCKUX CBUHKAX; MECTHO-
pazapakarouero IeMcTBUS MPU OAHO- U MHOIO-
KpaTHOM BBEIEHUMW Ha MbILIAX U MOPCKUX CBUH-
Kax; MMMYHOTOKCHUYECKMX CBOWMCTB Ha MbIlIAX;
aJIeprU3Mpy oI MX CBOMCTB HAa MOPCKMX CBUHKAX;
MYTareHHOTro JeMCTBUS B TecTe DiiMca in vifro n Ha
MbIIIax, B TECTE yyeTa XpOMOCOMHbBIX abeppaluii
B KJ€TKaxX KOCTHOTO MO3ra; BJAWSHHWS Ha OpraHbl
pPENpOAYyKTUBHOU CUCTEMbl HA MOPCKHUX CBUHKAX.
HUccnenosanue nposeneHo B I'HIIL Bupycosorumn
u OuorexHoJiorun «BekTop» PocnorpedbHanzopa
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(HoBocubupck) u B HayuyHo-ucciienoBaTe1bCKOM
WHCTUTYTe (DapMaKOJIOTUM U PEreHepaTUBHOM Me-
muunHbel umenu E.JI. Tomsnbepra (HUWDOuPM
nMm. EJI. Toapnoepra) ®I'bHY «Tomckuii Hamm-
OHAJIBHBIA  MCCJIENOBATEbCKUA MEIULMHCKUN
neHTp Poccuiickoit akagemMmuu Hayk» (T. ToMcK).

Hccaredyembtii npenapam. st OLEHKU CIIELIU-
¢duryeckoii aKTMBHOCTU HCIIOJIb30BaIn pa3pado-
TaHHBIK TUOpUAHBIN aHTUTeH «KopoHalepMm-PS».
IIpenapar npencraBisieT coOoii TUOPUAHBIN pe-
KOMOWHAHTHBIN O€0K, NPOAYIMPYEMbI TeHe-
TUYECKHU MOTU(MUIIMPOBAHHON KYJIbTYPOU KJIETOK
Escherichia coli, cocTosluuii U3 y4acTKOB CTPYK-
TypHbIX 0enkoB S, M, N, E kopoHaBupyca SARS-
CoV-2, pa3BeleHHbIl B CTEPUJTBHOM U30TOHUYEC-
koM Tris-HCI 6ydhepHOoM pacTBOpe ¢ KOHCEpBaH-
ToM ((peHos). KoHlieHTpanus Oejika cocTapisijia
1 Mr/™moL.

B kavecTBe KOHTPOJILHOTO Tiperapara ObLT 1C-
MOJb30BaH PacTBOPUTEJb CJEAYIOIIEro COCTaBa:
oydep Tris-HCI — 25 MM, pH 8,0, HaTpus xaopu,
deHoJ1, Boaa sl uHbeKuuii — 10 0,2 M.

Memod ouenku cneyuguueckoil aKmueHo-
cmu. HWcciemoBaHue MNPOBOAUIOCH B COOTBET-
CTBUM C METOJAMYECKUMHU PEeKOMEHIAIMSIMU
«MenmuuuHCcKNe MMMYHOOMOJIOTMYECKHE IIpe-
napatbl. [ocymapcTBEHHbBIE WCIBITAHUS U PEru-
CTpalusi HOBBIX MEAMIIMHCKUX WMMYHOOMOJIO-
ruyeckux mnpenapatoB. CaHWTapHBIE TIpaBuUJIa»
(CIT 3.3.2.561-96-MWBII). WcciemoBaHus IIpo-
BeIEHBl HA MOPCKMX CBMHKAaX, caMllaXx U caMKax,
maccoir 350—400 r (Bo3pacT 6—7 Hemellb), MOJY-
YeHHBIX M3 TUTOMHUKA J1abOpaTOPHBIX >KWBOT-
HbIX «PanmonoBo» ®I'YII HanumoHanabHOro ucC-
clIedoBaTeIbCKOTo IIeHTpa «KypuaToBCKMii MHCTH-
tyT> (P®IO JlenuHrpajackas o6., 1. Panmososo).
Jnsg ceHcMOUIU3aLUMU MOPCKUX CBUHOK IIpe-
napat «Kopona/lepm-PS» BBOgMJIM OZHOKpPATHO
BHYTPMKOXHO B MOMYIIEYKHU JIall B CMECHU C paB-
HBIM 00BEMOM IIOJTHOTO agbioBaHTa DpeitHna.
CeHcUOUIU3UPYIOLIME A03bl Mperapara COCTaB-
g 10 m 50 MKT/XXMBOTHOE, 00beM CMeCU st
BBeneHus1 — 100 MK/ XkuBOTHOE. KOHTPOJIBbHBIM
CBMHKAaM BBOJIMJIM PACTBOPUTE]b B MOJHOM allb-
oBaHTe DpeitHaa B ToMm ke oobeMe. [locTaHOBKY
KOXHBIX MPO0 OCYIIECTBASIJIIU CIycTsS 14 cyTok
MocJjie CEHCUOMIN3UPYIOIINX UHBEKIIUA BHYTPU-
KOXXHBIM BBeICHUEM ITpernaparta B 1o3ax 5—50 MKT/
KUBOTHOE B 00beMe 50 MkJ1. Bo BTOpoii cepuu aKc-
nepuMeHToB 103kl aHTUreHa «Kopona/lepm-PS»
JUTSI CEHCUMOMJIM3AallMM MOPCKUX CBMHOK COCTaB-
asaam 10, 25, 50 u 75 Mkr/XuBoTHOe. [TocTaHOBKY
KOXHBIX TIPOO OCYIIECTBJSAIM Ha 21 CyTKHU Tociie
CEHCUOMJIN3UPYIOINX MHBEKIIUI BHYTPUKOXHBIM
BBeIAecHMEM mpernaparta B mo3ax 10, 25, 50 u 75 Mkr/
KUBOTHOE B 00beMe 50 MKJI.

HccnenoBanne cnennduyeckoil aKTHUBHOCTH
npernaparta «Koponallepm-PS» Takxke mpoBeneHO
Ha XXUBOTHBIX, BAKIIMHUPOBAHHBIX TIPOTUB KOPO-

HaBupyca SARS-CoV-2 cieayomuMu BaKLIMHHbI-
MU MpernapaTamMu:

1) «OnuBakKopona». BakiimHa Ha OCHO-
B€ TENTUIHBIX AHTUTEHOB Ui NPOMUIaKTH-
ku COVID-19, cycneH3usi Aiasi BHYTPUMBIIIEY-
Horo BBeneHws, 0,5 mi/mosa, cepus B03—12.20
(OBYH THII BB <«Bektop» PocmoTpebHan3opa,
p.1i. KonboBo HoBocubupckoii oo6aacTn).

2) «I'am-KOBW]/I-Bak». KomOuHMpoBaHHas
BEKTOpHAsl BaKIMHA I MPOGUIAKTUKU KOPO-
HaBUPYCHON WHGEKINH, BBI3BIBAEMON BHPYCOM
SARS-CoV-2. KommnoneHT I, cepus 380721, kom-
noHeHT II, cepus 320721 (®I'BY «HUILIBDM wum.
H.®. N'amanen», Mocksa).

3) «KoBuBak». BaklimHa KopoOHaBUpYCHas
MHAKTUBUPOBAaHHAs IIeJIbHOBUPUOHHAsT KOHIIEH-
TpUpPOBaHHAsI OYMUINEHHAsI, CYCHEH3Us IJisl BHY-
TpUMBILIIEUHOTO BBeAeHMs, 0,5 Mi/mo3a, cepus
015 (PTBHY «®HILIMPUIT um. M.I1. YymakoBa
PAH», MockBa).

WccnenoBaHusi mpoBeAeHbBl HA MOPCKUX CBUH-
Kax, caMlax u camkax, maccoir 350—400 r (Bo3-
pact 7—8 Henesb), MOJYYEHHBIX U3 TMUTOMHHKA
®dBYH THI Bb <«Bektop» PocmorpeGHam3zopa
(p.n. KoubuoBo HoBocubupckoit ob6aacTn).
Hns ucciaenoBaHus GopmMupoBaiv 9 rpynm XKu-
BOTHBIX 0o 10—17 ocobeit B kaxnmoil. Mopckux
CBMHOK OTIBITHBIX T'PYIIIT UMMYHU3UPOBAJIN BHY-
TPUMBILIIEYHO B 03¢, PAaBHOW BaKIIMHMPYIOIIEH
JUIS  4eJIoBeKa, IIepeYMCIeHHBIMU BaKIIMHAMU:
1 rpynnma — «3nuBakKopona», ®6YH I'HII Bb
«BexkTop» PocnorpebHanzopa, HoBocubupck
(AByKpaTHO ¢ WHTepBaJioM 21 CcyTKH), 2 TpyIi-
na — «amMm-KOBU/I-Bak», ®I'BY «<HUILIOM nm.
H.®. 'amanen», MockBa (IIBe MHBEKIIUN C MHTEP-
BajioM B 21 cyTkn), 3 rpymina — «KosuBak», DT BHY
«OHUOWPUIT um. M.T1. Yymakosa PAH», Mocksa,
(aByKpaTHO ¢ MHTepBajoM 14 cyTok). Uepes 21 cyT-
ku («®OnuBakKopoHna»), 31 cytku («KoBuBak»)
n 60 cyrok («lam-KOBUJI-Bak») mociie BTOpoOi
WHBEKIIMA BaKIMHBI MPOBOAUIM TECTHUPOBAHUE
BHYTPUKOXHBIM BBeneHueM «Koponallepm-PS»
(1 mr/ma, 50 MmxJ/>kuBoTHOE, 3 pasBeaeHus (10, 25,
50 MKr) B pa3Hble Touku). CpoKU TECTUPOBAHMU S
omnpenesieHbl Ha OCHOBAaHWUMW IIpeIBapUTEIbHBIX
BKCIIEPUMEHTAJIbHBIX JaHHBIX. Hajiuuue wMect-
HOM peaklMu — MOKpacCHeHUs (TMnepeMusi) u oo-
pa3oBaHUSI BOCHAJIMTEJbHOIO WHGUJIbTpaTa WA
HEKpo3a B MECTE BHYTPUKOKHOTO BBEICHUS PEru-
CTpupoBaIn yepes 72—96 4 mmocjie BBEACHMSI.

TMTony4yeHHBIE B XO€ UCCIEIOBAHMUS JaHHbBIE 00-
pabaThIBaJIMCh METOJOM BapuallMOHHOW CTaTHC-
TUKHU. Paznuuusi Mexnay sKcnepuMeHTaJIbHBIMHU
rpyIiaMy Ipy HOpMaJbHOM pacIpeaeeHun orpe-
JIEJISIIA C TIOMOIIIbI0 KpuTepus: ThIOKU, TIPU HECO-
OTBETCTBMHU paclipenesieHusI HOpMaJIbHOMY — C T1O-
Mollblo KpuTepuss MaHnHa—YutHu. Kputnueckui
YPOBEHb 3HAYMMOCTH TIPU MMPOBEPKE CTATUCTUYEC-
KUX runotes (p) mpuHuMaau paBHbiM 0,05.
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Memoo ouenku UMMYHOMOKCU4ECK020 Oelicmeus
npenapama. Ilpenapar «Koponalepm-PS» BBOIM-
JI1 MOAKOXHO OJHOKpaTHO B n03e 10 MKr B 00B-
eme 0,2 M Ha MbIIb. KOHTPOIBHBIM KUBOTHBIM
B T€ X€ CPOKM BBOIMJM (HU3MOJOTUUYECKUIT pac-
TBOp. DKCNepuMeHTaJIbHbIe TPYIIbl (POPMUPOBAIU
METOJIOM CJIYJYallHOUM BBIOOPKM, B KaXKIOW TPYIITe
o110 TI0 8—10 0co6eii. OIIEHKY COCTOSHUS NMMYH-
HOI cucTeMbl MpoBOAMIU yepe3 | u 21 cyTku 1mocie
BBEJIEHUsI Mpernapara, UCIoJIb3ysl B KauecTBEe MOKa-
3aresieil BeC U KJIETOYHOCTh TUM(MOUIHBIX OPTaHOB,
(GYHKIIMOHAJIbHYI0 aKTUBHOCTb (DAarouMToB (MEepU-
TOHeaJibHble Makpodaru) ¢ ucnoiabzoBanuem HCT-
Tecta [17]; yMciaO aHTUTETO00paA3yIOIIMX KJETOK
(AOK) cene3eHKM, TUTPHI TeMarrIIOTUHWHOB [3, 13].

Memoo ouenku obweii anaguraxcuu. iccnemo-
BaHUWE MPOBOAMIIOCH Ha MOPCKUX CBMHKax B CO-
OTBETCTBUM ¢ MeTOOMYeCKUMMU pPEKOMEHIAIM-
SIMHU TI0 OLICHKE aJIJIePTU3UPYIOIIMX CBOWCTB Jie-
KapcTBeHHBIX cpenctB [8]. CeHcubuimsaunio
MOPCKMX CBHHOK B DOKCIEpPUMEHTE IIpernapa-
oM <«Koponallepm-PS» ocyluecTBiasiaim B 103€
0,32 mkr/400 r (0,8 MKI/KT), YTO COOTBETCTBYET
03¢, PEKOMEHAYeMOM MJIsI 4YeloBeKa, Mepecuu-
TAaHHOW HAa MOPCKYIO CBUHKY C yYE€TOM pPa3HUIIBI
B IJIOIIAAM MOBEpXHOCTHU Teja. [IpemapaT pa3Bo-
IUAU (U3HOJOTUYECKUM PAacTBOPOM M BBOAMJIU
B oobeme 0,2 MJI/XKMBOTHOE: MIEPBBII pa3 MOIKOXK-
HO, BTOPOI U TPETUIl — BHYTPUMBIIICYHO, Yepe3
JIeHb, B obsacTh 6eapa. KOHTPOJbHBIM XX UBOTHBIM
BBOAUJIU (PU3MOJOTUYECKUI PACTBOP B aHAJIOTUY-
HOM 00BbeMe IO TOM Ke cxeMe. AHa(pUIaKTOTeHHBIE
CBOIICTBa mTpelapaTa BBISIBIASIIN ITyTeM BHYTPU-
CEpIEYHOTO BBEACHUS CyOCTaHIIMM TIperapaTta
Ha 14 cyTKM mocJje MocaeaHel CeHCUOUIN3UPYIo-
e nHbeKuMu. /lo3za cydcTaHLIMU, UCIIOJIb30BaH-
Has IJII TeCTUPOBAaHUSI, ObLJIa paBHA TPEXKPaTHOM
ceHcuOuIM3upyomeii 1o3e — 0,96 MKI/XK1BOTHOE
(2,4 mkr/kT) B o6BEME 0,3 M.

Pesynbrarhl

Pesynbrarbl KOXHOTO TecTa TUIIEPUYyBCTBU-
TEJBHOCTU <«3aMEIJICHHOTO» TUMA OMNpeacsian
HaJM4YMEM MECTHOM peaKLUUu — IIOKpPaCHEHMUS
(apuTemMa) U oOpa3oBaHMUSI BOCHAJIUTEIbHOTO WH-
dunbTpaTa B MeCT€ BHYTPMKOXHOTO BBEICHMUS
no 5-6annbHoli cucteme [7]. Peakiinio Koxu y4u-
ThIBaJIX BU3yaJlbHO Yyepe3 72 Jaca IMOoCJjie BBEACHUSI
¥ OLIEHWBaJIM B Oajljiax 1Mo CJIeNYIOIei rKaJe:

0 — BUOMMOI peaKLMM HET;

1 — GnenHO-pO30Bast dpUTEMA MO BCEMY Yy4acT-
KY WJIU IO ero nepudepuu;

2 — SIpKO-pO30Basi 3pUTEMa MO BCEMY yUaCTKY
IV ero iepudepun;

3 — KpacHasi dpuTeMa 1o BCEMY y4acTKYy;

4 — nHOUIBTPALMUSI U OTeK KOXMU (YTOJIILIEHE
KOXHOM CKJIAJIKH) TIPU HAJTUIUU UJIN OTCYTCTBUU
SPUTEMBI;

5 — oapurema, BbIpakeHHass WHOGUIbTPALIUS,
oyaroBble U3BSABIACHUS (HEKPO3), BO3MOXHBI Te-
Mopparuu, oopazoBaHre KOPOUeK.

ITomMmrMO 3TOTO, pe3yaAbTaThl KOXKHOU peakKInuu
B T€ K€ CPOKHU OLIEHUBAJIM ITyTeM U3MEPEHUS IBYX
MOINEePEeYHbIX pa3MepOB 00IaCTU TUTIEPEMUU U UH-
¢duibTpara (aryasl) B MUJIJIUMETPpax IpO3padHO
JIUHEHKON. [MnepeMuto yIUTHIBaJIU TOJIBKO B CITy-
yae oTCcyTCTBUS MH(pUIbTpata. OTBETHAS peaKiins
cuuTaaach:

— OTPULIATEJILHOW — IPU MOJIHOM OTCYTCTBUU

WHOUIBTPAaTa U TUTIEPEMUN;

— COMHUTEJIbHOU — TIPU HAJIUWYUU TUTIEPEMU N

0e3 nHGUIbTpPaTa;

— TIOJOXUTEJIbHON — MpPU HAJTUYUU UHOUIb-

Tpara (ItamyJsl) J1000ro pa3mepa.

Pe3ynbraThl OlIeHKM KOXHOW peakiiuu y MOp-
CKMX CBUHOK, CEHCHMOMJIM3MPOBAHHBIX Mpernapa-
oM «Koponallepm-PS», 1o 5-6annbpHOil IKaje
npencTaByieHbI B Ta0I. 1.

IMonyuyeHHBIE TaHHBIE CBUAETEIBCTBYIOT O TOM,
YTO BHYTPMKOXHOE BBEIAEHME TIperapara B J103€
5 MKT/XHNBOTHOE MOPCKMM CBUHKaM, CEHCUOUJIU-
3MpOBaHHBIM 0eJIKOM B 03¢ 10 MKT, BEI3BIBACT CJIa-
00 BBIPAXXEHHYIO KOXHYIO peakIllnio. YBeJInUeHUe
pazpemramoiieid 103bl 10 10 MKI/CBUHKY MPUBO-
IUT K Pa3BUTUIO YMEPEHHO BBIPA’KEHHON KOX-
Hoil peakuuu (1,88—3,35 6anma). @opmupoBaHue
JI0303aBUCUMON  KOXHOW peakiuu HabImoaa-
JIM Y XUBOTHBIX, CEHCHMOWJIM3UPOBAHHBIX OoJiee
BbICOKOU mo3oii mpenapata (50 MKI/’KHBOTHOE).
BHyTpuKkoxHOE BBeICHHE pa3peniaroninx 103 mpe-
napata (10 u 50 MKr) KOHTPOJIbHBIM HECEHCUOU-
JIM3UPOBAHHBIM MOPCKMM CBUHKAaM HE€ BBI3bIBAJIO
Pa3BUTUI KOXXHOM peaKLu.

PesynbraThl KOIMYECTBEHHON OLIEHKM KOXXKHOI
peaxnuu, BEI3BaHHOU npenapaTom «Koponallepm-
PS», mo nuametrpy MHGUIBTPATOB MPEACTaBICHbI
B TabJI. 2.

Pe3ynprarbl BTOpOM cCcepuM BSKCHEPUMEHTOB
TECTUPOBAHUS MOPCKHUX CBWHOK, CCHCHUOMIIN3U-
poBaHHBIX TipenapatoM «Kopona/lepm-PS» B mo-
3ax oT 10 mo 75 MKT, CBUIETEILCTBYIOT O TOM,
YTO BHYTPHUKOXXHOE BBEICHME IIpeliapaTa B 103¢
10 MKTr, BBI3BIBAcT CJIab0 BBIPAXKCHHYIO KOX-
HYIO peakiuio y 1—2 >XMBOTHBIX U3 7 B TpYyIIIe
(taba. 3). YBeauyeHue CEHCUOUTU3UPY OIS J03bI
JI0 25 MKT/CBUHKY IIPUBOAUT K Pa3BUTUIO YMEPEH-
HO BBIPaXXeHHOU KOXHOI peakuuu y 86% >KUBOT-
HBIX TIPpYM WCTOJb30BaHUM pa3pellarolieil JT03blI
10 mxr/>kuBoTHOE My 100% 1ipu BBeIeHUM Mpena-
paTaB1o3ax 25—75 MKT/XXuBOTHOE. BbipakeHHOCTH
KOXXHOM peaKIIny BO3pacTaja ¢ yBeJIMIYeHUEM pa3-
pelalolieit 1o3bl npemnapara (tadu. 3).

CormacHO TIOJYYEHHBIM JaHHBIM, BHYTpPHU-
KoxkHoe BBeneHue mpernapata «Koponallepm-PS»
B go3ax 10, 25, 50, 75 MKT MOpPCKMM CBUHKAaM, CEH-
CUOUIM3NPOBAHHBIM 3TUM K€ TIPEernapaToM B MOJ-
HOM anbioBaHTe PpeitHma B go3ax 50 m 75 MKr/
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J)KMUBOTHOE, BBI3bIBAa€T Pa3BUTHE KOKHOUN peakInu
y 100% MOpCKMX CBUHOK, B OTJIMYKME OT HECEHCU-
OMJIM3UPOBAHHOIO KOHTpOJs. Pazmep uMHOUIL-
TPaTOB CTAaTUCTUYECKU 3HAYMMO YBEJIMYMBaJCS
MpU YBEJIWYEHUHN pa3penraonieil 103l npenapara.
CpaBHeHMe MoKa3aTesell 4acTOThl KOXHOU peak-
MU U BEJIUYUHBI UHOUABTPATOB (TUMEPEMUM)
Y KMBOTHBIX, CEHCUOMJIM3MPOBAHHBIX Pa3HBIMU
J03aMU 0ejKa, CBUAETEIbCTBYET O HATUYUU 1030~

BOI 3aBUCUMOCTH PeaKIIMW OT BEJIUYMHBI CEHCH-
ounusupytoueii 103bl B anana3oHe ot 10 1o 50 Mxr
MpU pas3pelieHu BCEMU HMCIIOJb30BaHHBIMU JIO-
3amu (10—75 MKr). YBeauyeHue CEHCUOUTIU3U-
pyloliei A03bl 10 75 MKT JaJibHEUIIETro YCUJIEHU S
peaxkIiiuyi Ha BBEACHUE pa3pellaloniux 103 Ipera-
paTa He BbI3bIBajo (cM. Tabua. 3). Takum obpazom,
pekoMOuHaHTHBIN aHTUreH <«Koponallepm-PS»
BBI3BIBAeT J10303aBUCUMOE pa3BUTHE KOXHOI pe-

Ta6auua 1. NMokaszaTenun KOXHOI peakuuu (6annbl) y MOPCKUX CBUHOK, CEHCUOUIM3UPOBAHHbIX
cy6cTaHumeii npenaparta «KopoHalepm-PS» cepun 002 B nonHom apgbloBaHTe PpeiiHaa, yepes 72 yaca

nocJsie BHYTPUKOXHOIro eBeaeHuq pa3peLiaioweii fo3bl

Table 1. Indicators of skin reaction (score) in guinea pigs sensitized with “CoronaDerm-PS” series 002 in Freund’s
complete adjuvant, 72 hours after intradermally administered resolving dose

CA = 10 MKr/M.CBUHKY, B/K CA = 50 MKr/M.CBUHKY, B/K
Ne XMBOTHOFO SD = 10 pg/guinea pig, intracutaneous SD =50 ug/guinea pig, intracutaneous
No. animal PL = 5 mkr, B/K PO = 10 mkr, B/K P = 25 mkr, B/K P = 50 mkr, B/K
RD =5 ug, intracutaneous . RD =10 ug, . RD =25 g, . RD =50 ng,
intracutaneous intracutaneous intracutaneous
1 0 0 4 4
2 0 0 4 4
3 0 1 4 4
4 4 4 4 4
5 1 4 1 1
6 0 1 1 4
7 0 4 1 4
8 0 1
M=£m 0,63+0,50 1,88+0,64 2,71x0,61 3,57+0,43
p 0,1058* 0,5594**

Mpumeuanue. CLl — ceHcnbunuaunpyiowas fo3a; PL — paspeluatolias 403a; B/K-BHYTPUKOXHO; * — CTATUCTUYECKM 3HAYUMBIX OTANYNIA TPy
XMBOTHBIX, KOTOPbIM BBOAMAN PL, 5 MK 11 10 MKI He BbISIBNIEHO. ** — CTaTUCTUYECKM 3HAYUMBIX OTAMHUIA FPYNM XMBOTHBIX, KOTOPLIM BBOAMAN PL, 25 MKr

1 50 MKr He BbIsiBNeHO (U-kpuTepuit MaHHa-YnTHu).

Note. SD — sensitizing dose; RD — resolving dose; * — No significant differences between groups of animals administered with RD 5 ug and 10 ug.
** — No significant differences between groups of animals administered with RD 25 pug and 50 ug (Mann-Whitney U test.

Ta6nuua 2. luameTpbl KOXHbIX UHPUALTPATOB (MM) Y MOPCKUX CBUHOK, CEHCUOMIN3MPOBAHHBIX
cyOcTaHuueii npenapata «<KopoHallepm-PS» B nonHom agbioBaHTe PpeitHaa, yepes 72 yaca nocne

BHYTPUKOXHOIO BBEA,EHUS pa3peLuatoLei ao3bl

Table 2. Skin infiltrate diameter (mm) in guinea pigs sensitized with “CoronaDerm-PS” in complete Freund’s adjuvant,

72 hours after intradermally administered resolving dose

CA = 10 MKr/M.CBUHKY, B/K CA =50 MKr/M.CBUHKY, B/K
Ne KUBOTHOrO SD = 10 pg/guinea pig, intracutaneous SD =50 ug/guinea pig, intracutaneous
No. animal PO = 10 mkr, B/K PA = 25 mkr, B/K PA = 10 mkr, B/K P, = 25 mkr, B/K
RD =10 ug, RD =25 pg, RD = 10 ug, RD =25 g,
intracutaneous intracutaneous intracutaneous intracutaneous
1 5,5 (U +M) (I+H) 10 U (1) 6,5 1o (I) 10 (U +n) (I+H)
2 7o (1) 9,5 Ud (1) 5 U (1) 5 U (1)
3 45U (1) 7,5 (I) 6 U (1) 7,5 (1)
4 5,5 (U +Im) (I+H) 8 (Udp +m) (I+H) 0 6 Ud (1)
5 5 U (1) 9,5 Ud (1) 6 U () 8,5 Vo (1)
6 2Ud (1) 7,5 (I) 5 (Np+m) (I+H) 9 (Up+n) (I+H)
M=£m 4,92+0,68 8,67+0,46* 5,70+0,30 7,67+0,77**

Mpumeyanne. C[l — ceHcmbunuanpyiouas 1o3a; P — paspewatowias fo3a; b — uidunstpart; I — runepemus; B/K — BHYTPUKOXHO;

* — CTATUCTUYECKM 3HAYMMOE OT/INYME MO CPABHEHMIO C IPYNMOi XUBOTHbIM, KoTopbiM BBOAMAN CJ1, 10 mkr v PA, 10 mkr (p < 0,009); ** — cTatuctuyecku
3HAYMMOE OTAMYME MO CPABHEHMIO C OMLITHOW FPYNMO XMBOTHBIX, KOTOPbIM BBOAUAM CLL 50 mkr 1 P, 10 mkr (p < 0,009).

Note. SD — sensitizing dose; RD — resolving dose, | — infiltrate, H — hyperemia; * — significant difference compared to group of animals administered
with SD 10 ug and RD 10 pg (p < 0.009); ** — significant difference compared to experimental group of animals administered with SD 50 mcg and RD

10 ug (p < 0.009).
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Ta6auua 3. MokasaTenu KOXHOWN peakLUu y MOPCKUX CBMHOK, CEHCUOUNN3UPOBaHHbIX NpenapaTom

«KopoHnalepm-PS» B nonHom agbioBaHTe ®PpeitHaa, yepes 72 yaca nocrne BHYTPUKOXXHOIO BBEAEHUS
paspelualolleil A,03bl Npenapara
Table 3. Magnitude of skin reaction in guinea pigs sensitized with “CoronaDerm-PS” in Freund’s complete adjuvant,
72 hours after intradermally administered resolving dose

ca, mkr/
XVBOTHOE

SD, ug/guinea pig

Mokasatenu
Parameter

Paspelaiowasa go3a, MKr/)XKMBOTHOE

Resolving dose, ng/guinea pig

10

25

50

75

10

Pa3mep KoXHOI peakuumn, Mm
Skin reaction size, mm (M+m)

0,64

0,64

0,86

2,57

KonnyecTBO XMBOTHBIX

C NOJIOKUTENbHOM peakumnen
Number of animals with a positive
reaction, %

14%

14%

14%

28%

25

Pasmep KoXHO peakuuu, MM
Skin reaction size, mm (Mm)

3,1£0,8

4,4+0,9

5,9+1,2*

6,0+0,8*

KonnyecTBO XMBOTHBIX

C NOJIOKUTENbHOW peakuunein, %
Number of animals with a positive
reaction, %

86%

86%

86%

86%

50

Pasmep KOXHOI peakuuu, MM
Skin reaction size, mm (Mm)

4,7+0,8

6,4+0,9

8,1+0,8*

9,0£0,6%**

KonnyecTBO XMBOTHBIX

C NOJIOKUTENbHOM peakuunein, %
Number of animals with a positive
reaction, %

100%

100%

100%

100%

75

Pasmep KOXHOI peakuuu, MM
Skin reaction size, mm (Mm)

4,5+0,3

5,9+0,6

7,5%0,6%**

9,1i0,5*' Kk Kk K

KonnyecTBO XXMBOTHbIX

C NOJIOKUTENIbHOM peakumnein, %
Number of animals with a positive
reaction, %

100%

100%

100%

100%

Mpumeyanne. C[l — ceHcmbunuanpyiolas 103a; M+m — cpefHee 3HaueHve v ownbka CpeaHeid; * — cTaTUCTUYECKM 3HAYMMOE OTINYKE
N0 CPABHEHWIO C rPYNMOVi XKMBOTHbIX, KOTOPLIM BBOAMAV Npenapar B paspeLuatolein 1o3e 10 MKr/KMBOTHOE; ** — CTaTUCTUYECKM 3HAUYMMOE OTnYmne

M0 CPABHEHWIO C FPYNMOW XXMBOTHbIX, KOTOPLIM BBOAVIN NPenapar B paspeLuatoLLei 403e 25 MKI/XMBOTHOE;

*kk

N0 CPABHEHWIO C FPYNMOVi XKMBOTHbIX, KOTOPLIM BBOAMAN Npenapar B paspeLuatoLlein 1o3e 50 MKr/XMBOTHOE.
Note. SD — sensitizing dose; M+m — mean and standard error; * — significant difference compared to group of animals administered with preparation

resolving dose of 10 pg/animal; ** — significant difference compared to group of animals administered with preparation resolving dose of 25 pug/animal;
*** — significant difference compared to group of animals administered with preparation resolving dose of 50 pg/animal.

— CTaTUCTUYECKN 3HAYMMOE OTIn4ne

Ta6auua 4. MokasaTenu KOXHON peakLun y MOPCKUX CBUHOK, BaKLMHUPOBaHHbIX NpenapaTtamm
«dnuBakKopona», «Fram-KOBU-Bak» n «KosuBak», yepe3 72 yaca nocne BHyTPUKOXXHOIO pa3peLuatoLero

BBeZleH!s pa3nnyHbiX 03 npenapara «<KopoHalepm-PS»

Table 4. Magnitude of skin reaction in guinea pigs vaccinated with EpiVacCorona, Gam-COVID-Vac and CoviVac,
72 hours after intradermally administered varying “CoronaDerm-PS” resolving doses

Paspewalowiag go3a, MKr/)kKuBoTHoe

BakuuHe! Mokasarenm Resolving dose, pg/guinea pig
Vacci Val .
accine alue 10 25 50
Pasmep KoXHOI peakuuu, MM . . .
AnuBakKopoHa Skin reaction size, mm (M£m) 3,6+1,0 3,9+04 6,707
i i L)
EpiVacCorona KonuyectBo ).KI/IBOTH.bIX c noqc.)x(wrenhluou peakuuein, % 40% 70% 90%
Number of animals with a positive reaction, %
Pasmep KoXHOW peakuuu, MM + + N
Fam-KOBUA-Bak | Skin reaction size, mm (M+m) 2,8+0,8 3,9+0.6 3,5£0,4
-COVID-V; 7 i, 9
Gam-CO ac KonuyecTtBo )'KIIIBOTH'I:IX c noqc.))xwrenbluon peakuunen, % 40% 80% 90%
Number of animals with a positive reaction, %
Pasmep KoXHO peakuuu, MM H.A. H.AO. 55405
KoeuBak Skin reaction size, mm (M£m) n.d. n.d. B
CoviVac KonnyecTBO XMBOTHBIX C NONIOXUTENbHOM peakuunen, % H.AO. H.LO.
. ) o . 100%
Number of animals with a positive reaction, % n.d. n.d.

Mpumeyanune. Mtm — cpefiHee 3HayeHWe 1 ownbKa CPeaHel; .. — C JAHHOI 1030/ UCCNelOBaHNe He Aenanoch.
Note. M+m — mean and standard error; n.d. — preparation dose not examined.
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TaGnuua 5. BnusHue nekapcteeHHoro npenapara «Koponalepm-PS» (KopoHaCkuHTecT) Ha maccy

M KJ1IeTOYHOCTb IMMGOUAHBIX OpraHoB Mbiwiei nuHuu Balb/c yepe3 1 n 21 cytkn nocne ogHOKpaTHOro
NOAKOXHOro BBeAeHMS

Table 5. The effect of “CoronaDerm-PS” (CoronaSkinTest) on Balb/c mouse lymphoid organs weight and cellularity
1 and 21 days after a single subcutaneous administration

Fpynnbl 3KCNEepUMEHTabHbIX XXMBOTHbIX/Group
«Koponalepm-PS»,

Uccnepyemblie nokasatenu KoHnTponb (pus. pacteop) 10 mMkr/0,2 mn/MbiLb
Value Control group (0.9% NaCl) “CoronaDerm-PS”,
n=8 10 ug/0.2 ml/mice
n=8
Yepes 1 cytkm nocne BBegeHus/1 day after administration
Macca mbiwei, r . +
Weight of mice, g 19,4203 20,2+0,4
BecoBble MHAEKCbI ceneseHku, x 10, mr/r 100,6+3.7 105.1%4.9

Weight indices of the spleen, x 10, mg/g

A6conioTHoe konuvecTBo SICK ceneseHku, x 10%/opraH

Absolute number of spleen nucleus containing cells, x 10%/organ

BecoBbie uHgekchbl TUMyca, X 10, Mr/r

Thymus weight indices, x 10, mg/g 30,319 31,5415

AGconioTHOE KONU4YecTBO TUMOLUTOB, X 108/opraH

Absolute number of thymocytes, x 10%/organ
Yepe3s 21 cyTku nocne BBepeHuda,/21 days after administration

180,6£18,0 178,8+10,0

80,7£7,0 75,1+6,8

Macca mbiwwei, r

’ + . .
Weight of mice, g 22,0£0,4 23,240,3
BecoBble MHAEKCbI ceneseHku, X 10, mr/r R e
Weight indices of the spleen, x 10, mg/g 88,3+3,0 98,737

6

AGconioTHoe konuyecTeo CK ceneseHK.M., x 10 /opraH6 33364197 T
Absolute number of spleen nucleus containing cells, x 10/organ
Becosble nHaekcol Tumyca, x 10, mr/r 27541.9 26.6:2.0

Thymus weight indices, x 10, mg/g
AGconioTHOE KONU4eCcTBO TUMOLUTOB, X 108/0praH
Absolute number of thymocytes, x 108/organ

85,4%7,6 97,0£3,0*

Mpumeyanue. [laHHble npeacTaBieHbl kak cpeHee 3HadeHeownoka cpeaHero (M+m); n — YnMcno XMBOTHLIX B rpynne, ¥ — CTaTUCTUYECKM
3HAYMMOE OTAMYME MO CPABHEHMIO C FPYMMNON XUBOTHbIX, KOTOPbIM BBOAMAM dU3nonornieckuin pactaeop, p < 0,05.

Note. Data are presented as meanzerror of mean (M+m); n — number of animals in the group, * — significant difference compared to group of animals
inoculated with 0.9%NaCl, p < 0.05.

Ta6auua 6. MokasaTenu ¢pyHKLMOHANBbHOW aKTUBHOCTU NEPUTOHEasIbHbIX MaKpodaros MbiLLEl IMHUN
Balb/c nocne ogHOKpaTHOro NOAKOXHOro BBeAeHUS NeKapcTBeHHoro npenapara «Koponaflepm-PS»
(KopoHaCkuHTecT)

Table 6. Functional activity of Balb/c mouse peritoneal macrophages after a single “CoronaDerm-PS”
(CoronaSkinTest) subcutaneous inoculation

Mpenapar, go3a Yucno makpodaros B mn, X 10° YposeHe Boc;c;a:c:%xaeuuoro HCT,

6
Drug, dose Number of macrophages per ml, x 10 Level of recovered NBT, p.u. x 100

Yepes 1 cytkm nocne BBegeHus/1 day after administration

4,9+0,2 7,9+0,07

KoHTponb (pu3.pacteop) (n = 6)

Control group (0.9% NaCl) (n = 6)
Koponalepm-PS, 10 mkr/0,2 mn/mbiwwb (n = 6)
CoronaDerm-PS, 10 ug/0.2 ml/mice (n = 6)

Yepe3s 21 cyTku nocne BBepeHud,/21 days after administration

KoHTponb (pus.pacteop) (n = 6)

Control group (0.9% NaCl) (n = 6) 6,6+0.9 13,4£0,01
Koponalepm-PS, 10 mkr/0,2 mn/mbiwwb (n = 6)
CoronaDerm-PS, 10 ug/0.2 ml/mice (n = 6)
Mpumeyanue. [laHHble NpefCcTaBNEHbl KAk CPeHEE 3HAaYeHMeownbKka cpeaHero (M£m); n — 4Mcno XMBOTHBIX B Fpynmne, * — CTaTUCTUYECKU
3Ha4MOe OT/IMYME MO CPABHEHUIO C PYMMON XMBOTHBIX, KOTOPLIM BBOAMAM duanonorndeckuii pacteop, p < 0,05.

Note. Data are presented as meanzerror of mean (M+m); n — number of animals in the group, * — significant difference compared to group of animals
inoculated with 0.9%NaCl, p < 0.05.

3,7£0,3* 8,0+0,06

6,1+0,4 13,9+0,01
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aKIIMW y CECHCUOUTU3UPOBAHHBIX TaHHBIM aHTUTE-
HOM MOPCKUX CBUHOK, SIBJSIIOLIEHCS ITPOSIBJICHUEM
peaklMy TMNepYyBCTBUTEIbHOCTU «3aMEIJICHHO-
ro» TUIIA.

B Tabn. 4 npencraBiieHbl pe3yabTaTbl KOJIUYECT-
BEHHOI OLIECHKM KOXXHOW peaKlMU, BbI3BAHHON IIpe-
napatoM «Kopona/lepM-PS», y MOPCKI1X CBUHOK IO~
clieMx BaKlIMHaMu npenaparaMu «nuBakKopoHa»,
«J'amM-KOBU I-Bak» 1 «KoBuBak».

Brenenue npemnapara «Koponallepm-PS»
(ot 05.2021) B mo3e 10 MKT/)kMuBOTHOE Ha 21 cyT-
KU TIOCJIe NBYKPaTHOW MMMYHHU3ALMU BaKIIMHOU
«OnuBakKopoHa» BbI3bIBAIO pa3BUTUE KOXKHOM
peakuuu auib y 40% BaKIIMHUPOBAHHBIX K UBOT-
HbIX. [ToBBIIIIEHWE TO3BI TpernapaTa 10 25 MKT/XH-
BOTHOE TPUBOAMJIIO K MOSIBJICHUIO UHOUIBTPATOB
y 70% mopckux cBuHOK. «Koponallepm-PS» B no3e
50 MKI/3)KMBOTHOE BBI3bIBaJl BBIPAXXEHHYIO KOX-
Hy10 peakiinio y 90% MOpPCKUX CBUHOK, MIPU 3TOM
cpeaHuil AuaMeTp WHMOUIBTPATOB B DTOU rpyIire
B 1,7—1,9 pa3a mpeBbllaj MoKa3aTeau XX UBOTHBIX,
KOTOPBIM BBOAMJIM TMpernapaT B MEHbBIIUX O03aX.
Ilpu uccrengoBaHUU KOXHOW peakIMU TIPpU UC-
noab3oBaHUM BakluHbI «[lamM-KOBWJI-Bak» oka-
3aJ10Ch, YTO BBeneHue npenapara «Koponallepm-
PS» B mo3e 10 MKr Ha XMBOTHOE€ BbI3bIBAJO pa3-
BUTHE KOXHOU peakinu y 40% MOpPCKUX CBUHOK.
TloBbilieHUe 1036l 10 50 MKI/CBUHKY MPUBOAUJIO
K YBEJIMUYEHUIO KOJMYECTBA XKUBOTHBIX C MTOJIOXMU-
TeJabHOM peakumeit 10 90% u cpexHero nuaMmeTpa
uHbunbrpata — g0 3,5t0,4 mMm. TectupoBaHue
MOPCKHUX CBHUHOK, BaKIIMHUPOBAHHBIX Mpe-
napatom «KoBuBak» mnpu paspemaroimneii go3e
«Kopona/lepm-PS» 50 mkr/)kuBoTHOE Ha 31 CyTKM
nocje BTOPO MHBEKIIMU TOKAa3aa0 HaJu4Yue BbI-
pPaxXeHHOU KOXHOW peaklUU (CpemHUU auameTp
uHbuabrpata 5,50+0,47 Mm) y 100% KMBOTHBIX.

TakuM o6pa3om, pe3yJibTaTbl SKCIIEPUMEHTAIb-
HOTO UCCJeA0BaHU s CBUAETEIbCTBYIOT O Pa3BUTUU
JI0303aBUCUMOMN KOXHOW pEakllMu Ha BBEIACHUE
npenapata «KopoHa/lepmM-PS» y MOpCKMX CBUHOK,
BaKIIMHUPOBaHHbIX npenapatamu «am-KOBU]I-
Bak», «DnuBakKopoHna» u «KoBuBak», uto moj-
TBepKAaeT GakT pa3BUTUS KJIETOUHOIO UMMYHHO-
ro OTBEeTa Ha BaKIIMHAIIUIO.

Pesynbprathl HccaegoBaHUS WMMYHOTOKCUY-
HOCTHM, MpeACTaBJ€HHbIE B Ta0IUIIE 5, CBUAETEb-
CTBYIOT O TOM, UTO BE€COBbl€ MHAEKCHI U KJIETOU-
HOCTB JIUMGOUTHBIX OPTAHOB XKMBOTHBIX OTIBITHOM
rpynImsl yepes | cyTKHU mocie BBeAeH WS Ipenapara
«Koponalepm-PS» ngocToBepHO HE OTJIMYAIUCH
OT KOHTPOJIbHBIX. OTHOKpPAaTHOE MOAKOXHOE BBE-
neHue npenapara B no3e 10 MKr yepes 21 cyTKU nmo-
cJie BBEACHU I IPUBOAUJIIO K TTOBBIIIEHUIO BECOBBIX
WHIIEKCOB TUMGOUIHBIX OPTraHOB U YKCJa CIIJIEHO-
LIMTOB U TUMOIIMTOB B I'PyIINe, KOTOPO BBOAUJIU
npernapar.

Wccnenyemblii mpernapaT He BbI3bIBaJI U3BMEHEHU ST
nokasaTejieil  OKUCIUTETbHO-BOCCTAHOBUTEIbHOMU

aKTUBHOCTU (harolyToB, UHAYLIUPOBAHHON OIICO-
HU3UPOBAHHBIMU 3PUTPOIIMTaMU OapaHa (Tad. 6).

B xone nmpoBeneHHOro uccaeqoBaHUs HE MOoTyYde-
HO JaHHBIX, KOTOPbIE CBUAECTEIbCTBOBAJIU Obl 00 M-
MYHOTOKCUYECKMX  CBOMCTBaX JIEKapCTBEHHOI'O
npenapara «Koponallepm-PS» (KoponaCkunTecT).
Tlpenapatr He MPUBOAMI K CHUKEHMIO Beca U KJe-
TOYHOCTU JUMMDOUTHBIX OPTraHOB, UHTUOMPOBAHU IO
dbyHKIMU (haroluToB, U3MEHEHUSIM MOKa3aTesei
TyMOPaJbHOTO UMMYHHOTO OTBETa MBIIIIEHA.

Y4yeT MHTeHCUBHOCTU aHadUIaKTUYECKOU pe-
akuuu 061 npoBeneH o Metoay Weigle [12] ¢ Ha-
OJII0JIECHMEM 3a COCTOSTHHUEM >KUBOTHBIX B TEUEHUE
JIBYX 4YaCOB C MOMEHTa BBEICHMS paspeliaroiei
O3Bl Mpenapara.

IlpusHaku aHaUIaKTUYECKOU peaKIuu:

+ — KpaTKOBpPEeMEHHOE IIoYeChlBaHHWE HOCa,
B3bEPOIIUBAHUE LIEPCTHU;

++ — 4YeTKO BbIpaXk€HHbIE YacThbIE MOYEChIBa-
HMS HOCA, eNMHUYHBIC YUXaHUS;

+++ — cmacTuyeckKMil Kalleab (HECKOJIbKO
MPUCTYNOB), OOKOBOE MOJIOXKEHUE XKUBOTHOTO, OT-
JleJIeHue KaJia 1 MOYU;

++4+++ — cra3Mm AbIXaTeJabHbIX YTEH, KOHBYJIb-
CUBHBIE MPBIXXKHW, CyIOPOTrH, I'MOeJb XKMUBOTHOTO
(kaK mpaBuJO, Ha 5-i1f MUHYTE).

Pesynbrathl  OLIEHKM  aHadUJIAKTOT€HHBIX
cBoiictB mnpemnapara <«Koponallepm-PS» B Te-
cTe obuieil aHaguIaKCUM Ha MOPCKUX CBUHKAaX,
CEHCUOUTU3UPOBAHHBIX ITpernapaToM B J103€, pe-
KOMEHJIOBAaHHOW IJIs 4YeJoBeKa, MepecuyruTaHHOU
Ha MOPCKYIO CBUHKY C YYE€TOM pPa3HMIbI B IJIO-
aAu TIOBEPXHOCTU TeJja, CBUIAECTEIbCTBYIOT
006 otrcyTcTtBUUM y mpenapata «Koponallepm-PS»
B UCHOOJIb30BAaHHOW J[03€¢ aHadUuJIaKTOreHHOU
aKTUBHOCTHU.

Ilpenapatr «Koponalepm-PS» mpu ogHoKpar-
HoMm (B po3e 0,5—1,0 MJI/>)KMUBOTHOE) U MHOTOKpaT-
HOM (B mo3e 0,2 MJI/XXKMBOTHOE €XeIHEBHO B Te€-
yeHue 10 gHei) MOAKOXHOM BBEIEHUU MbIIIAM
Y MOPCKMM CBMHKAaM He MPOSIBJISIJI MECTHOpAa3apa-
JKAIOWIErO JAeWCTBUS.

WccnenoBanue o0l1ei TOKCUYHOCTHU TTOKAa3ao,
yto npenapar «Koponallepm-PS» npu omHokpat-
HOM ITOJKOXHOM BBeleHUU B mo3e 0,5 MJI/MBIIIb
(25 MKT Oesika Ha MBbIIIb) HEe BbI3bIBAaJ TMOEIU XU~
BOTHBIX, HE OKa3blBaJl TOKCUYECKOIO BJIUSIHUS
Ha Maccy TeJjla U ee IPpUPOCT, IToKa3aTeau nepude-
pUYEeCKOf KPOBU U KOCTHOI'O MO3ra, Maccy U Mop-
dosiorvo BHYyTpEHHUX OpraHoB Mbliieid. [1pu oxa-
HOKpPAaTHOM TTOJKOXHOM BBeAeHuu B go3e 1,0 mi/
KUBOTHOE (50 MKT OeJika Ha XKMBOTHOE) MOPCKUM
CBMHKaM 000€ro noJja mnpemnapar TakxXe He MpUBO-
IV K TUOETV )KUBOTHBIX UJIU MOSIBJICHUIO MPU3HA-
KOB MHTOKCHUKAIIMU, HE OKa3blBaJl TOKCUYECKOTO
BJUSIHUSI Ha Maccy TeJia U €€ MPUpocCT, reMaToJio-
TMYecKMre TIloKa3aTeJu KpPOBU, KOCTHOMO3TOBOE
KPOBETBOpPEHUE, MacCcy U MOP(OJIOTHUIO BHYTPEH-
HUX OPraHOB MOPCKUX CBUHOK.
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B xone nM3yyeHUsT XpOHUYECKOW TOKCUYHOCTU
MoKa3aHO, YTO MPU NECITUKPATHOM IMOAKOXHOM
BBedeHUM B mo3e 10 mkr/0,2 MJI/MBINIb Hperia-
pat «Koponallepm-PS» He BbI3bIBan rubdenu Ku-
BOTHBIX, KJIMHUYECKUX TPU3HAKOB OTpPaBJICHMS,
He BJIUSIJ Ha Maccy W TeMIlepaTypy TeJja, reMaTo-
JIorhYecKue rnokasareyu rnepudepruyeckoili Kposu,
KOCTHOMO3TOBOE KPOBETBOPEHME, HE OKa3bIBaJ
TOKCUYECKOI'0 IeCTBUS HA OMOXUMUYECKHE MOKa-
3aTeJid KpOBU, Maccy U MOP(MOJIOTHUIO BHYTPEHHUX
opraHoB MblIei. [Tpu gecsITUKpaTHOM IMTOIKOXKHOM
BBeneHuM B no3e 10 Mxr/0,2 MJ1/5KMBOTHOE HE TIPU-
BOAMJ K TUOEIM MOPCKMX CBUHOK 000ero roJia,
MOSIBJICHUIO MPU3HAKOB MHTOKCUKAIIMU, HE OKa-
3bIBaJl TOKCUYECKOTO BJIUSHUS Ha Maccy U TeMIie-
paTypy Teja, rmokasaTeau nepudepruieckoit KpoBU
U KOCTHOMO3TOBOIO KPOBETBOPEHMU S, MapKepHbIE
OMOXMMMUYECKHE IoKa3aTesn, OTpaKalollue Co-
CTOSTHVI€ OCHOBHBIX BUIOB OOMeHa, GbyHKIIMOHA b-
HO€ COCTOSIHME MEYeHU U MoYeK, Maccy U Mopdo-
JIOTHIO BHYTPEHHUX OPTaHOB MOPCKNX CBUHOK.

M3ydyeHune MyTareHHOro HOeWCTBUSI TIpena-
pata <«Kopona/lepm-PS» B Tecte yuera Xpomo-
COMHBIX abeppallMii ToKa3ajo, 4YTO IMpernapar
«Koponallepm-PS» B yclIOBUSIX OTHOKPATHOTO
BBEIAEHU S B 103€, PEKOMEHAYEeMOI K MPUMEHEHUIO
y yenoBeka (10 Mxr 6esika/0,2 MJI/MBIIIB), a TAKXKE
npu 4-KpaTHOM BBEICHUU B TOM Xe T03€ HE TPpU-
BOAMJI K CTATUCTUYECKU 3HAUMMOMY YBEJIUUYECHUIO
KOJINYeCTBa XpPOMOCOMHBIX abeppaluii B KJaeTKax
KOCTHOT'O MO3ra caMII0B U caMOoK Mbl1eit. [Ipemapart
«Koponallepm-PS» B naumamna3oHe TeCTUPYEMbIX
KoHueHTpanuit (ot 51 mxr/mi mo 0,0051 MKT/M)
HE BBI3BIBAJl MHAYKIUKU MYTallUi IO TUIY CIBU-
ra paMKy CYMTBIBAHUS U 3aMEHBI TTap OCHOBAHUM
MU, CJeAOBaTeJIbHO, HE OKa3blBal MYTareHHOTO
JNEUCTBUS HA MHAMKATOPHBIE ITaMMbl Salmonella
typhimurium B Tecte DiiMca. JlaHHbIe, MOJy4YeHHbIe
B CUCTeMe in Vitro, C UCIOJIb30BAaHUEM TE€CTEPHBIX
mraMMoB Salmonella typhimurium, a Takxe in vivo,
B TECTE yyeTa XpOMOCOMHBIX abeppallnii B KJIeTKax
KOCTHOT'O MO3ra MbIllIei, CBUIETEIbCTBYIOT 00 OT-
cytcTBuu y npenapata «Koponallepm-PS» myra-
TeHHOI aKTUBHOCTMU.

B skcnepuMeHTax Ha MOPCKMX CBHUHKAaxX IIpU
ONHO- W NEeCITUKPATHOM BBEAEHUU HE OOHapy-
KEHO TOKCUYECKOIro BO3NEWCTBMS IIpernapara
«Koponallepm-PS» Ha cTpyKTypy MOJOBBIX XKeJe3,
YTO IMO3BOJISIET MpearnosaraTb OTCyTCTBUE Y Mpera-
paTa reHepaTUBHOI TOKCUYHOCTH.

O6cyxaeHne

B HacTosimeMm uccienoBaHMM MOKa3aHO, YTO
BBEICHMNE XKMBOTHBIM PEKOMOMHAHTHOIO XHMeEp-
HOro KopoHaBupycHoro aHTureHa «KoponaJlepm-
PS» mpuBoaut K dopMuUpoBaHUIO T-KJIETOYHOTO
MMMYHHOTO OTBETa, YTO MOATBEPKaaeTCsI (popMu-
poOBaHMEM KOXHOW peakIMU TUIICPUYYBCTBUTEIIb-

HOCTH «3aMEIJICHHOTO» THUIA IIPU BHYTPUKOXKHOM
BBEJIECHUU pa3pellarolieil 103bl JaHHOIO aHTUTe-
Ha. B akcneprMeHTax Mo u3y4yeHuIo crienuduiec-
Kot akTtuBHOCcTU mpemnaparta «Koponallepm-PS»
YCTAHOBJICHO, UTO OH BbI3bIBAET /10303aBUCHUMOE
pa3BuTHEe KOXHOI peakuuu y 90—100% mop-
CKMX CBUHOK, BaKIIMHUPOBAHHBIX IperaparaMu
«OnuBakKopoHna», «KoBuBak» u «I'am-KOBU/I-
Bak» cniycts 21—60 cyTOK 1ociie TocieHero BBe-
JNIEHU ST BaKIIMH, YTO MOATBEPKJAAaeT BO3MOXHOCTH
onpeaesieHrs C MOMOIIbIO TAHHOTO TeCTa HAaJUY U
MOCTBAKIIMHAJBHOTO KJETOYHOTO HMMMYHMTETA.
Joyiss mpopearupoBaBIINX XXWBOTHBIX M MHTEH-
CUBHOCTb KOXHOW peakIMU 3aBUCEIN OT JO3bI
npernapaTta v TUIa BaKIIMHBI.

BaxkxHO, 4TO HMCHONB30BaHHBIE B TIPOBEICH-
HBIX BKCIIEPUMEHTaX BaKIIMHBI COAEPXKalu pas-
HbIe KOPOHABUPYCHBIE OEJIKM B KaYeCTBE aHTUTE-
HoB. BaknuHa «'amMm-KOBUI-Bak» nipeacrtaBieHa
S-6enkoMm, a BakuiMHa «OnuBakKopoHa» — B oc-
HoBHOM N-06e1koM SARS-CoV-2. I1pu 3ToM B 060-
MX clydasiX BaKIIMHAIlMM 3TUMM IIpernapaTraMu
BBeJeHUE pa3peliarlleil 1036l PeKOMOMHAHTHO-
ro aHTUI'eHa MPUBOAUIIO K T-KJIETOUHOMY OTBETY
C pa3BUTHUEM TUIEPUYYBCTBUTEIBHOCTU «3aMe-
JIECHHOTO» TUMa. DTO JOKa3blBaeT HaJU4Yue B pe-
KOMOMHAHTHOM XWMEPHOM IIOJUIIEIITUIE (PyHK-
I[IMOHAJIbHO aKTUBHBIX T-KJIETOUHBIX aHTUTEHHBIX
BIUTOIIOB, TO3BOJISIONIMX OIEHUTh OTBET Ha CO-
OTBETCTBYIOIIMI TPUPOJAHBIA KOPOHABUPYCHBIN
0esloK. DTO O3HaYyaeT, YTO CO3MaHHBIA PEKOMOU-
HaHTHBIA aHTUTEH MO3BOJISIET OLIEHUTh ITOCTBAaK-
HWHAJBHBII UMMYHMTET y JMI BaKIIMHUPOBAH-
HBIX OCHOBHBIMM THUITAMHM COBPEMEHHBIX BaKIIWH
npotuB KopoHaBupyca SARS-CoV-2. B 1o xe
BpeMsl HaJIMYKMe BBIPaKeHHOW KOXHOW peakIuu
Y MOPCKMX CBMHOK, BaKIIMHUPOBAHHBIX IEJb-
HOBUPUOHHOU BakuuHoi «KoBuBak», KoTopylo
C OIpeIeJICHHBIMU OTPAaHUYEHUSIMHU MOXHO pac-
cMaTpuBaTh KakK MoJesib MH(pEKIIMOHHOIO Mpo-
1ecca, Mo3BOJsIeT TOBOPUTh O BO3MOXHOCTU HC-
nosib3oBaHus «KopoHa/lepm-PS» s BeISIBACHUS
NOCTUHOEKIIMOHHOTO KJIETOYHOT0 OTBETa y Mepe-
o6osesmiux COVID-19.

OnHUM M3 TJIAaBHBIX BOIIPOCOB MMMYHOOMOJIO-
TMHW KOPOHABUPYCHOW MHMEKIIMU COCTOUT B TOM,
KaK J0JITO COXPaHSIeTCsl BBICOKWI MPOTEKTUBHBIN
MUMMYHHBIII OTBET MOCJE MNepeHEeCEeHHOro 3abo-
JIeBaHUSI, KaKoBa AMHAMMKa OTBETa U HACKOJIBKO
MPONOKUTENeH T-KJIeTOYHBII W TyMOpaJdbHBIN
MPOTUBOBUPYCHBI UMMYHUTET.

HecmoTpsa Ha o0myto JumM@oOrneHunIo, crelu-
¢duuHble K KopoHaBupycy CD4" T-muMbouuThI
MOSIBJISIFOTCST B TeprudeprIecKoil KpOBU OOTBHBIX
COVID-19 yxe Ha 2—4 cyTKU TocJie Hayaja KJu-
HHMYECKUX CUMIITOMOB, U UX paHHee 0OHapyKeHUe
KOppeaupyeT ¢ 0oJsiee OBICTPBIM OCBOOOXKIEHUEM
OT KOpOHaBUpyca U 0oJiee JJETKUM KJIMHUYECKUM
TeueHueM [19]. Tlocyie BBI3IOPOBAEHUS, B 1LI€JIOM,
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T-KJIeTOUHBIA UMMYHUTET KOPPEJIUPOBAJI C yPOB-
HsaMu IgG-anTuten npoTuB N- U S-06€JIKOB U CO-
XPpaHSJICS NOJTO MOoCcJe 3aBepIIeHU ST KITMHUYECKOMN
CUMIITOMATUKU, TOTAA KaK TUTPbl aHTUTEJ Maaaau
HaMmHoro paHbiie [1]. [To apyrum gaHHBIM, CIELIU-
¢duuHble K KopoHaBupycy SARS-CoV-2 CD4+,
CDS8" T-numdouutsl, B-mumMdpouUTHl U aHTU-
TeJa JJIMTENbHO COXPAHSIJIUCh Yy OOJIBHBIX MOC]E
NEepBUYHON MHGEKIIMHU, HO BCE ITU MOKa3aTeJau
uMesin pa3dHylo KuHeTuky. IgG mpotuB S-6enka
COXPaHSIJIUCh Ha BBICOKOM YpPOBHE Tociie 6 Mecs-
1IeB HaOJI0JeHUs, XOTS YPOBEHb CIELUPUUHBIX
K S-0enky B-muMbouUTOB MaMsATH CHUXKAJCS.
Crneuuduueckue Kk SARS-CoV-2 CD4* u CDS§*
T-numMbounUTsl UMEIU NEepUuo] MOJYXKHU3HU OT 3
1o 5 mecsues [14].

Ilocne  uHbUUUpPOBaHUS  KOPOHABUPYCOM
SARS-CoV y peKOHBaJIeCLIEHTOB MTPOUCXOIUT 00-
pa3zoBaHue BuUpyc-crienuduyeckux CD4" T-num-
¢douutos, cuHTesupywmux IL-2, IFNy, TNF, Bu-
NUMO OTHoOcsIIUXcd K KjgoHaMm Th 1 tuna, u CD8*
T-numbouuto, cuHTesupytomux [FNy u TNF.
CunbHblit  T-KJ€TOUYHBII OTBET KOppeJupoBas
C BBICOKMMU TUTpaMU HEUTpaTu3yIOIUIUX aHTU-
ten [18]. [Tpu COVID-19 601bIIMHCTBO BBI3IOPO-
BEBIIMX MAllMUEHTOB B TE€UEHUE 3 MECSILIEB UMEIU
JNeTeKTUpyeMble YPOBHU crieubuYHbIX K SARS-
CoV-2 CD4" u CD8" T-numdpouuTtoB. Y 3HaYU-
TEJbHOU OJU MAllMEHTOB 3TU KJIETKU IPU CTUMY-
aguuu S-6eakoM aub6o N 0el1KoM KOopoHaBUpyca
cuntesnpoBasu TNF u [IFNy. KonnyecTBo crienu-
¢duuHbX K SARS-CoV-2 CD4* T-numdouuton
KoppesupoBaao ¢ Tutpamu IgG-aHTUTEN TIPOTUB
RBD S-6enka u npotuB N 6ejka, ofHaKO He 00-
Hapy>keHO KOPPESLUU MEXIY TUTPAaMU TUX aH-
tutea u yposHeM CD8* T-numdbonutos [15]. XoTs
Obl C OMHUM KOPOHABUPYCHBIM aHTUIEHOM pea-
rupoBaiu T-mumpountsr 14 us 33 (42,4%) moHo-
poB u 85 u3 87 (97,7%) nepe6oaesmiux COVID-19
MalMeHTOB, OTBET COXpaHsJcsa no 12 mecsles.
Mexny T-KJIETOYHBIM OTBETOM Ha S-0€JIOK U Heli-
TPaJU3YIOIIUMU aHTUTEJIaMU OOHapy>KeHa JIMIIb
ciabas MoJIOXKUTEIbHAsI Koppeasiuus, 6ojee Toro,
T-xnerounsiit orBeT Ha SARS-CoV-2 obOHapyxkeH
y 8 m3 9 (88,9%) nepebdonemnx COVID-19 ¢ ot-
CYTCTBUEM HEUTpanu3yroumux anturen [12].
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Abstract. Sarcoidosis and tuberculosis are both granulomatous diseases that have many similarities, making the differential
diagnosis of sarcoidosis and tuberculosis difficult, as well as leading to inappropriate treatment selection of both diseases.
Autoimmune inflammation (Al) is one of the processes identified tuberculosis and sarcoidosis. Current evidences about
the risk and clinical outcomes of COVID-19 infection in patient with sarcoidosis and M. fuberculosis co-infection are still
not well understood. SARS-CoV-2 has direct damage to the epithelial cells of the respiratory system, and in-directly due
to circulatory disorders. Materials and methods. In the study we analyzed characteristics of autoimmune response in patients
with granulomatosis diseases (tuberculosis and sarcoidosis) after COVID-19. We have analyzed articles for the period
of December 2019 to March 2023, published in international database (“Medline”, “PubMed”, “Scopus”). The keywords
we used “COVID-19”, “SARS-CoV-2”, “tuberculosis”, “sarcoidosis”, “granulomatosis diseases”, “T cells”, “B cells”,
“Treg”, “follicular Treg” and “Treg subsets”. The narrative review was carried out in accordance with the PRISMA protocol
(http://www.prisma-statement.org) used for this type of study (1D-423604). Results. The influence of COVID-19 infection
can also make a significant contribution to the violation of the T- and B-cell immune response, the violation of the nature
of cellular metabolism, which will affect the course of granulomatous inflammation in various ways. According to the
different researches, autoimmune inflammation can be an important protective mechanism in sarcoidosis and, at the same
time, exacerbates the course of tuberculosis infection with the disease progression and pathogen drug resistance formation
subsequently. The study of immune response features in patients with COVID-19 showed the presence of several similar
characteristics in cellular components of the immune response. Conclusion. Evidence of the presence of autoimmune
inflammation in patients with these granulomatous lung diseases, the development of patient immunotypes, including
the transferred COVID-19, will be a significant contribution to the development of personalized patient management
tactics, taking into account the identified violations of the immune response mechanisms.

Key words: autoimmunity, tuberculosis, sarcoidosis, granulomatosis diseases, T cell, B cell, Treg, follicular Treg, Treg subsets, prognosis.
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Pesiome. Capkouno3 u TyOepKyse3 SBISIOTCS TPaHYJIEMaTO3HBIMU MATOJOTUSIMU, UMEIOIIUMM OOJbIIOE KOJUYe-
CTBO CXOXUX YepT, U3-32 KOTOPBIX BOSHUKAIOT TPYIHOCTU B nudbepeHIInaibHON TMarHOCTUKE ITUX 3a00JeBaHUM,
YTO B NaJbHEHIEM MPUBOAUT K HEMPABUIBHOMY BHIOOPY TAKTUKU JIEUEHUS MALIUEHTOB. AyTOMMMYHHOE BOCIaJeHNe
(AB) siBisIeTCSI OTHMM U3 MPOLIECCOB, BBISBICHHBIX KaK MpU TyOepKyse3e, TaK U IpU capkouaose. Tekyliue TaHHbIe
0 pUcKe U KIMHKUYeckux ucxonax nHdekuuu COVID-19 y maliiueHToB ¢ capKoMa030M JTM0O0 ¢ codeTaHHON MHbeKIuei
M. tuberculosis Bce enie HemoctaTouHO U3yueHbl. SARS-CoV-2 oka3biBaeT KaK MpsMoe MaToJOrM4ecKoe IeicTBIE Ha SITH-
TeJIMabHbIE KJIETKHU IbIXaTeIbHOM CCTEMBI, TAK M OTIOCPEIOBAaHHOE 3a CUET HapyIlIeH Ut KpoBooOpalieHus. Mamepuanb
u memodsl. B 3TOM McceI0BaHUM MBI U3YYMJIN OCOOCHHOCTH ayTOMMMYHHOTO OTBETa Y MAIllEHTOB C TpaHyIeMaTo3-
HBIMHU 3a00eBaHUSIMH (TyOepKysIe3oM 1 capkonao3oM) mocie COVID-19. Mbl mpoaHa m3npoBaan CTaThU ¢ AeKadps
2019 mo mapt 2023 1., OITyOIMKOBaHHBIE B MEXKIYHAPOIHBIX Oa3ax JaHHHIX («Medline», «PubMed», «Scopus»). KitoueBbie
CJI0Ba, KOTOpble MbI UCTIONB30BaN: «COVID-19», «SARS-CoV-2», «Tybepkyes», «capkouao3», «rpaHyJieMaTO3HbIE 3a-
OoseBaHUs», «[-KIeTKW», «B-KieTku», «Iregy», «pomnukynsapuslii Treg» u «[logmHoxecTBa Tregy». OniucarenbHbI 0630p
ITPOBOIMJICS B COOTBETCTBUH C IpoToKosioM PRISMA (http://www.prisma-statement.org), UCIIOIb3yeMBbIM JIJISI 3TOTO TUTIA
uccienosanus (1D-423604). Pesyavmame.. COVID-19 BHOCUT cyliecTBEHHBI BKIa B HapymieHue T- u B-kieTouHoro
MMMYHHOro otBeTa. KopoHaBupycHast MHGMOEKIUS MOXET U3MEHUTh U XapakTep KJIETOYHOro METaboaM3Ma, UTo OTpas-
WTCSI Ha TEYEHU U TpaHyIeMaTo3Horo BocnaieHus. [1o JaHHBIM pa3InyHbIX UCCIEIOBAHU N, ay TOMMMYHHbIA KOMITIOHEHT
MOXKET ObITh Ba>KHbBIM 3alIUTHBIM MEXaHMU3MOM TP CapKOMI03€ U, B TO K€ BPeMsl, OH CIIOCOOEH YCyTyOIsTh TeUeHNe
TyOepKyne3HO! MHGEKLINHU, TTPUBOIUTH K IIPOrPecCHpoOBaHMIO 3a00J1eBaHUs ¢ POPMUPOBAHUEM B JaJIbHENIIEM JieKap-
CTBEHHOI yCTOIYMBOCTH BO30yauTens. MU3yyeHue ocoOeHHOCTe MMMYHHOr0 oTBeTa y maiueHToB ¢ COVID-19 n nauu-
€HTOB C MHTEPCTULIMAIBHBIMU 3a00I€BAHUSIMH JICTKMX TI0KA3aJ10 HAJTUIHUE PSIIa CXOXKMX XapaKTePUCTUK Y KIETOUHBIX
KOMITOHEHTOB MMMYHHOT'O OTBeTa. 3akarueHue. JloKa3aTeIbCTBA HATUIMS ayTOMMMYHHOTO BOCIIAJICHMS Y TAITUCHTOB
¢ TaHHBIMM T'PaHyJIeMaTO3HBEIMU 3a00/IeBAHUSIMHA JISTKUX, OIIPeIeICHIe MMMYHOTHUIIOB ITAIIIEHTOB, B TOM YHCJIE TIepe-
Heciiux COVID-19, 6ynyT BHOCUTD CYIIECTBEHHBI BKJIA/ B pa3pabOTKY MepCOHATM3MPOBAHHON TAKTUKY BeJICHUSI TTa-
LIIEHTOB C YUYETOM BBISIBIECHHBIX HApYIIIEHWI MEXaHM3MOB MMMYHHOTO OTBETA.

Karueesnle caosa: aymoummyrnumem, mybepkyies, capKoudos, epanysemamosnvle 3aboreeanus, T-karemku, B-kaemku, Treg,
goanukyaspusie Treg, cyononyaayuu Treg, npoeros.

Introduction

It is now known that the development of auto-
immune diseases is multifactorial, and they follow
regularities of additive polygenic inheritance with
a threshold effect of a number of natural factors and
sociocultural-anthropogenic epigenetic factors [34].
Currently, numerous studies demonstrated that
a combination of many factors, including non-in-
fection and infection triggers in individually special
immunogenic predictors with special reactivity, acti-
vated autoimmune inflammation (AI) with develop-
ment and progression of the disease [105, 118, 125,
127]. As we know, tuberculosis (Tbc) and sarcoido-

sis are similar to granulomatous disease. However,
the Al has been diagnosed in both diseases with dif-
ferent etiologies [11, 27, 136].

Various T-cell subsets play an important part
in the pathogenesis of autoimmune diseases, repre-
sented by Thl, Thl17, regulatory T cells (Treg) and
CDS8" T-cells [9, 99]. It is believed that the ratio
of Th17 cells, stimulating the immune response, and
Treg cells, that are suppressors of immune responses,
can lead to the formation of autoimmune inflamma-
tion which is characterized by the presence of self-
specific CD3* T-cells and CDI19" B-cells [65, 61].
It is also known that uncontrolled chronic infections,
including M. tuberculosis infection, are commonly
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accompanied by Al with violation of T- and B-cell
link of the immune response, however, little atten-
tion is paid to this issue [4, 21].

The phenotypic assessment of B-cells is able
to indirectly reflect the functions of certain sub-
sets of B-cells [135]. Recent studies have shown
that in the peripheral blood of patients with sar-
coidosis, the subpopulation of ‘naive’ B cells with
the CDI19'IgD*CD38~ phenotype reduce and ac-
tivate resting memory of B cells with CDI19"IgD-
CD38* and CDI19*IgD-CD38~ phenotypes, respec-
tively. There are few studies in tuberculosis [104, 149].
Furthermore, the theory of the development of vi-
mentin autoantibodies has become widespread [126].
The role of vimentin, which is present in cells and
extra cellular matrix of connective tissues, and is in-
volved in different types of cell-to-cell interactions,
as well as in immune response regulation, has been
known for a long time [90]. Bagavant et al. found an
increased titer of IgG to vimentin in patients with
sarcoidosis compared with healthy controls [10].
However, other researchers, despite the discovery
of autoantibodies to vimentin, denied their sig-
nificant impact on the pathogenesis of sarcoidosis
in general [90]. Therefore, the part of autoantibodies
in the pathogenesis of sarcoidosis is still open.

According to the results of our recent stud-
ies, it was noted that patients with tuberculosis had
a significantly high level of autoantibodies in citrul-
linated vimentin [20, 90]. A number of clinical mani-
festations in tuberculosis indicated that the interac-
tion of the host with mycobacterial antigens causes
the subsequent development of an additional autoim-
mune inflammatory process, aggravating the pathol-
ogy of tuberculosis. M. tuberculosis affects extensive
destruction of the extracellular matrix and the break-
down of collagen and elastin which promote the re-
lease of new potentially autoreactive epitopes [122,
124]. At the same time, one of the most important
ways to avoid the immune response of M. tuberculo-
sis is the ability to destroy normal functioning of the
cells of the immune system and their metabolism.
For example, after PRR recognition that is respon-
sible for endocytosis, M. tuberculosis is taken up by
phagocytic host cells (macrophages, neutrophils and
dendritic cells, DCs) and internalized into the phago-
some [140]. Studies have shown that M. fuberculosis
actually uses disruption of phagosome-lysosome fu-
sion and blockade of acidification of the environment
in the phagosome in order to avoid cell destruction
and antigen presentation to acquired immune cells
to trigger a specific immune response. The effective-
ness of the approaches that is described above, it is an
evidence that up to 70% of phagosomes, containing
M. tuberculosis, do not fuse with lysosomes [48, 140].

The emergence of COVID-19 and the rapid spread
of the SARS-CoV-2 virus in worldwide has revealed
the dramatic changes in the immune response of in-
fected patients, affected COVID-19 with varying de-

grees of severity [139]. The SARS-CoV-2 has now been
shown to be able to suppress the innate mechanisms
of the antiviral response [116]. The lymphopenia was
described in many patients is mainly characterized by
adecrease in CD4* and CD8" T-cells, which is a char-
acteristic feature of coronavirus infections. This ap-
parent change in T-cell populations demonstrates
the significance of their role in the infection. SARS-
CoV-2-specific CD4" T-cells express IFNy, TNF and
1L-2, indicating that patients with SARS-CoV-2 infec-
tion exhibit Thl cellular responses. The importance
of CD4* T-cells has been shown in murine models
of infection, where T-cell depletion was accompanied
with the development of more severe inflammation
in the lungs [57, 151]. At the same time, immunization
of mice with SARS-CoV-2 peptide-derived dendritic
cells induced the formation of virus-specific CD4"
and CDS8" T-cells massively infiltrating the lungs,
leading to increased survival [151]. Moreover, translo-
cation of SARS-CoV-specific CD4* and CD8" T-cells
into immunodeficient mice contributed to better
protection against the mouse-adapted strain SARS-
CoV-2 [38]. In addition to lymphopenia, patients with
COVID-19 also showed increased T-cell depletion,
decreased functional diversity, and correlation with
disease progression. We hypothesise that COVID-19
would alter the immune status of tuberculosis [88] and
sarcoidosis patients [129], but with different manifes-
tations and consequences.

Thus, the review helps to understand key immu-
nological points in pathogenesis of autoimmune in-
flammation in patients with the most frequent granu-
lomatous lung diseases (sarcoidosis and tuberculosis),
similar in clinical and radiological symptomatology
and different in etiology, based on changes in T- and
B-cell subsets after COVID-19.

The aim of our study was to determine charac-
teristic of autoimmune inflammation in develop-
ment and progression of the disease, and to analyze
T- and B-cell subsets roles in patients with granulo-
matosis diseases (sarcoidosis and tuberculosis) after
COVID-19.

Materials and methods

We have analyzed articles for the period of Decem-
ber 2019 to March 2023, published in international
database (“Medline”, “PubMed”, “Scopus”). The key-
words we used “COVID-19”, “SARS-CoV-2”, “tu-
berculosis”, “sarcoidosis”, “granulomatosis diseases”,
“T cells”, “B cells”, “Treg”, “follicular Treg” and
“Treg subsets”. Inclusion criteria were original research
with observation of patients with sarcoidosis, Tbc and
COVID-19, meta-analisis, review articles and research
articles. Exclusion criteria: books, result of clinical tri-
als, clinical cases. Totally, 37 publications were pro-
cessed. The narrative review was carried out in accord-
ance with the PRISMA protocol (http://www.prisma-
statement.org) used for this type of study (ID-423604).
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Results

Autoimmune response in patients with
granulomatosis diseases (sarcoidosis and
tuberculosis) and COVID-19

The clinical symptoms in patient with sarcoido-
sis and tuberculosis prone to chronic and generalized
cause, based on tissue sites of chronic inflamma-
tion that are driven by delayed-type hypersensitiv-
ity (DSH) mechanisms are very similar [40]. Their
course, degree of epidemiology danger, treatment
management and prognosis are significantly dif-
ferent [34, 136]. The identification of the etiologi-
cal factors and pathogenesis of the disease in such
cases can be a key factor in the choice of manage-
ment, determining its effectiveness [95]. The main
proof of the tuberculosis etiology of the process is the
isolation of M. tuberculosis using bacteriological di-
agnostic methods, which determines the basic prin-
ciple of anti-tuberculosis therapy — exposure to the
pathogen [34].

The interaction of the M. tuberculosis with the host
organism is poorly understood and may results in the
activation or the localization of the infection [118].
Despite two decades of an intensified research to un-
derstand and cure tuberculosis disease, biologi-
cal uncertainties remain and hamper the progress.
The problem of the spread and treatment of drug-re-
sistant tuberculosis became even more urgent. With
the rise of drug resistance, treatment failure rates
have increased along with the use of more toxic ther-
apies that are far more costly [138].

Recently, the interest and the research on the
autoimmune aspects in tuberculosis have been in-
creasing. It is widely accepted, that many autoim-
mune diseases could be promoted by inefficiently
controlled and/or wrong targeted immune responses
to different types of pathogens, including M. fuber-
culosis [118, 82]. M. tuberculosis infection is a mul-
tifaceted process and has many different outcomes
and complications. Moreover, autoimmunity is one
of the processes characteristics of M. tuberculosis in-
fection [122]. The role of autoantibodies, produced
by self-reactive plasma cells, in the pathogenesis
of Tbc is not quite clear and widely disputed [95].
However, autoantibodies production could be con-
sidered as the result of poorly controlled and imbal-
anced immune response, as well as a critical part
of pathogenesis of tuberculosis. Autoantibodies dur-
ing M. tuberculosis infection might be the markers
of comorbid, or even might provoke and upregulate
autoimmune inflammation in chronically inflamed
tissues. However, there is an alternative point of view
regarding increased titers of self-reactive antibodies
as a part of protective mechanisms, helping in the
clearance of damaged tissue debris [124].

Unlike tuberculosis, sarcoidosis is one of the few
diseases similar in its characteristics but with an un-
specified etiology, leading to a large number of di-

agnostic errors and a lack of personalized manage-
ment [117, 119]. Many researchers have been looking
for pathophysiological similarities between M. tuber-
culosis infection and sarcoidosis, based on mycobac-
terial components and/or specific to M. tuberculosis
antibodies detection in patients with sarcoidosis [111,
115, 117]. Currently, the role of M. tuberculosis as one
of the main etiological factors in sarcoidosis is still
unconfirmed. But the concept of tuberculosis and
sarcoidosis as two responses, whose differences are
determined by various organism relativities and con-
ditions, to closely related etiological factors — is still
being developed [82]. The study of the Mbc role as
a classic adjuvant factor of autoimmune inflamma-
tion, is also continuing in this context [84, 122].

It is well-known that the one of the key feature
of sarcoidosis pathogenesis is granulomas forma-
tion in lungs, lymph nodes of different localiza-
tion, spleen, skin, and other organs. In patients who
are genetically predisposed to sarcoidosis, a con-
tact of antigen-presenting cells (monocytes, mac-
rophages, dendritic cells) with an unknown non-self
antigen may result in imbalanced immune inflam-
mation that may manifest in granulomas forma-
tion [113]. Unlike M. tuberculosis-mediated granu-
lomas in sarcoidosis necrotic masses are not formed
in granulomas and serum angiotenzin-converting
enzyme hyperproduction occurs [123]. The central
part of the epithelioid cell granuloma is composed
of activated macrophages, epithelioid cells and giant
cells, as well as with CD4* T-cells between them [6].
Furthermore, the peripheral area of a granuloma
contains CD8" T-cells, fibroblasts, macrophages,
and fibrocytes, while CD19* B-cells are not typical
for granulomas in sarcoidosis [6]. Innate immunity
macrophages and dendritic cells are the first immune
cells to meet the non-self molecules due to the pres-
ence of pattern-recognition receptors (PRRs) [147].
Long-term exposure of PRRs to foreign molecules
results in high rates of cells activation, proinflam-
matory cytokine production and epithelioid differen-
tiation of tissue-resident macrophages and peripheral
blood monocytes. Moreover, having recognized and
internalized antigens, activated dendritic cells mi-
grate to the nearest lymph node, where they present
the antigens CD4* and CD8* T-cells [58, 150].

Currently, special attention is paid to the part
of Th17 cells in the pathogenesis of sarcoidosis [81].
These CD4* T-cells expressed IL 17A and 1L-22,
as well as showed many pro-inflammatory proper-
ties. Furthermore, it was showed that macrophages
from granuloma in patients with sarcoidosis express
CCL20, that unregulated Th17 cells migration to in-
flamed tissue, while IL-23 expression causes a sig-
nificant increase in IL-17A production in the sites
of granuloma formation during sarcoidosis [17].
Furthermore, in was shown that anti-inflammatory
M2 phenotype was predominant for tissue mac-
rophages in sarcoidosis granulomas, and their fre-
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quencies and activation status were linked with dis-
ease progression [17]. Moreover, in vitro and in vivo
models also revealed that these cells play an im-
portant part in granuloma formation at the initial
stages sarcoidosis. Recently, mTOR signaling path-
way also takes part in sarcoidosis and important
for macrophages during granuloma formation [78].
For instance, mTORCI activation in murine mac-
rophages resulted in disease progression and forma-
tion of granulomas [78]. Thus, metabolic adaptation
of different tissue resident and peripheral blood cells
to the inflammatory conditions in granuloma affect-
ed autophagy regulation, as well as influenced the ef-
fectively of antigen clearance and promoted the per-
sistence/progression of granuloma in general [27].
To date, the diagnosis and treatment of M. tubercu-
losis infection remain a problem for the world com-
munity. Vaccination with the use of BCG, the use
of new drugs did not allow coping with the annual
spread of infection and the formation of drug-resist-
ant forms of tuberculosis [118].

Studies of the autoimmune response in Tbc have
been conducted since the middle of the XIX cen-
tury. Many scientists note the presence of clinical
symptoms of autoimmune diseases in tuberculosis
patients, the appearance of autoantibodies, the pres-
ence of a genetic predisposition [1, 34]. The exist-
ing assumptions have not yet found unambiguous
evidence of the autoimmune inflammation in tu-
berculosis and its effect on the course of the dis-
ease, but research in this direction continues.
Previously, the relationship between the develop-
ment of autoimmune pathology after the introduc-
tion of an attenuated strain of M. bovis was shown.
M. bovis is the main causative agent of tuberculosis
in cattle and it is used for immunization in humans
to date, both for the prevention of Tbc and for the
treatment of oncological pathology and even severe
COVID-19 [16]. In the experiment, Mtb is quite of-
ten used as an adjuvant, for example, in a complete
Freund adjuvant in animal models of autoimmune
diseases [11], which is presumably related to the fact
that these antigens overcome tolerance to host anti-
gens when co-administered. In experimental mod-
els, Mtbh immunization can cause autoimmune joint
lesions by the cross-reactivity with proteoglycan
in cartilage [12].

Currently, there are evidences of the trigger role
of M. tuberculosis in the development of different au-
toimmunity diseases, including systemic lupus ery-
thematosus, rheumatoid arthritis, sarcoidosis, pri-
mary biliary cirrhosis and many others [35, 102]. No
reliably known mechanisms for antibodies formation
in tuberculosis which have been identified to date.
There are assumptions about possible mimicry be-
tween the antigenic structure of mycobacteria and
the host tissue’s own antigens [14].

At the same time, a number of studies had shown
that during M. tuberculosis infection approximately

40% of patients had increased titers of self-reactive
antibodies, that were typically detected in patients
with polyangiitis, systemic lupus erythematosus and
other autoimmune diseases [34]. Statistically signifi-
cant increase in plasma concentrations of antibodies
in tuberculosis patients was diagnosed to ribonucleo-
proteins (15%), anti-SSA (64%) and anti-ACA-IgM
antibodies (59%) [53]. In some cases, high levels
of autoantibodies to neutrophil cytoplasm, beta-
2-glycoprotein (anti-b2GPI), cyclic citrullinated
peptide, as well as anticardiolipin antibodies were
found. Moreover, the serum levels of detection au-
toantibodies in some cases were very similar to pa-
tients with autoimmune diseases, while the effective
anti-tuberculosis treatment led to down-regulation
of some self-reactive antibodies levels [25].

Previously, Elkholy et al. reported that the fre-
quency of CD19* B-cell in peripheral blood samples
from patients with active pulmonary tuberculosis
was significantly lower than in control group [34].
In contrast, Wu et al. found that CD19" B-cells were
higher in patients with Tbc vs control group [143]. We
noticed no differences in relative and absolute num-
bers on total CD19" B-cell subset between M. fu-
berculosis infected patients and healthy controls,
but we found dramatic alterations in B cell subsets
composition. The presence of an autoimmune com-
ponent is associated with an increase in the level
of autoantibodies may be significant for the correc-
tion of therapy and serve as a criterion for consider-
ing the appointment of immunosuppressive therapy
in the future. Probably, autoantibodies elevation
could be linked with molecular mimicry, that could
be on of the pathogens strategies of immune evasion
during chronic infections and hyperactive immune
response. For instance, some M. tuberculosis heat
shock proteins, including Mrb-HsP60, Mtb-HsP65,
and mKatG, could be considered as the mycobacte-
rial candidate antigens with predicted involvement
in cross-reactions [33]. The presence of antibodies
in patients with tuberculosis may reflect the relation-
ship between the pathogenesis of those diseases with
the possibility of cross-reactivity between vimentin
and M. tuberculosis peptides [130].

SARS-CoV-2 virus may exacerbate the course
ofthe disease, which could be associated with increased
autoimmune inflammation and altered immune re-
sponse [15, 64]. SARS-CoV-2 is also able to suppress
antiviral responses as the part of its immune evasion
strategy. As it was shown previously, lymphopenia was
described in many patients, mainly characterized by
a decrease in the number of CD4" and CDS8" T cells,
which is a characteristic feature in a number of coro-
navirus infections as well [36, 45, 83].

Special form of hyper-inflammatory reactions
in response to SARS-CoV-2 may develop in some
patients, leading to autoimmune reactions [28, 100].
Apparently, the main role in this case is played by
a genetic predisposition to this. In such cases, hy-
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perinflammatory reactions in response to SARS-
CoV-2 lead to the rapid formation of autoimmune
and/or autoinflammatory dysregulation and, as
a consequence, to the development of severe inter-
stitial pneumonia [100]. One of the explanations
for the development of autoimmune complications
may also be the molecular similarity of SARS-CoV-2
Sproteins with surfactant proteins that Kanduc study
showed [28]. The course of COVID-19 infection
can be significantly influenced not only by factors
of the genetic predisposition of the host organism,
but also by existing diseases that affect the lung tis-
sue. In this regard, the study of various forms of the
course of COVID-19 in patients with tuberculosis
is the particular interest. Immune response in pa-
tients with M. tuberculosis infection, sarcoidosis and
SARS-CoV-2 infection are presented in Table.

Recent studies have shown that the inci-
dence of CD4"CD25" T cells was higher in pa-
tients with active Tbc in contrary with latent Tbc.
However, there were no differences in relative
number of Treg cells, identified by flow cytometry
as CD4'CD25"CDI127°, CD4"CD25*FoxP3*, or
CD4*CD25"FoxP3*CDI127" [146]. A correlation
analyzis revealed the close link between the stages
of treatment in patients with tuberculosis and Treg
cells. Prior to treatment, patients had higher frequen-
cies of CD4*CD25Me" Treg and more pronounced
expression of FoxP3 in peripheral blood compared
to healthy controls [44]. Overall, on and tuberculo-
sis show that this is not an unambiguous problem.
In conditions of excessive inflammation regulatory
T cells in Tbc may be useful [21].

In sarcoidosis, there was a decrease in the number
of Tregs cells in bronchoalveolar lavage (BAL), while,
oppositely, in the peripheral blood samples these cells
increased. However, in the same group of patients,
peripheral blood Treg cells were three times lower if
compared to healthy donors [50]. In addition, many
studies have noted a decrease in the level of the Treg
transcription factor FOXP3 in BALF, which indi-
cates a decrease in the functionality of these cells [30,
50, 88]. Recently, we noted that the relative numbers
of central memory CD45RA-CCR7" Tregs was de-
creased in patients with sarcoidosis, while the frequen-
cy of circulating effector memory and effector Tregs
was increased if compared to healthy controls [66].
In our previous studies, we also noticed an evaluated
CD39 expression on the surface of Treg cells in both
acute and chronic sarcoidosis [51]. We have found that
the content of CD39-positive cells increases in both
chronic and acute sarcoidosis. In addition, the level
of CD39" cellsamong CD45R0"CD62L" T-regulatory
central memory cells in patients with both acute and
chronic sarcoidosis significantly exceeded the values
in the control group. CD45R0"CD62L~ T-regulatory
effector memory cells increased in peripheral blood
only in the chronic sarcoidosis group. We have also
shown that in chronic sarcoidosis the content of the
total phenotype of T-regulatory cells in the periph-
eral blood is significantly lower than that in the con-
trol group [51]. Thus, alterations in Treg cell numbers
in circulation, their phenotypes and/or functional
activity could be associated with high risk of autoim-
mune diseases in numerous models and human auto-
immune diseases [71].

Table. Features of the immune response in patients with Thc, sarcoidosis and COVID-19

Cells COVvID-19 Sarcoidosis Tuberculosis
Th1 T[54, 112]; L[43, 107, 109] T191]; 4[67] 179, 132]
Th2 T[31, 41, 43] 1167, 74, 91] 162, 68]; not significant [79]
Th17 1196, 137, 1452‘]1?]“31’ 37,43, 1101, 103]; 4[131] 1[62, 68]
Tth a1, 112, L43,54,56) | 1129k ot Si%r[‘g(i)‘])a”t [67.65%: | 1igay; L168] not significant [62]
Treg T[22, 128]; 163, 89] 1118,881; 1[47, 50, 51] 1123, 26, 44, 114, 146]
Th maturation
“naive” Th 1[7, 86] 1[32, 68] not significant [68]
CMTh 11108, 121] 1[68] 1[68]
EMTh 1186] 1[68] T[134]; not significant [68]
TEMRATh 1131, 86] 1168] 1168]; 1[134]
Tcyt maturation
“naive” Tcyt T192]; L[31, 70, 141] 1[75] 1[134]
CM Teyt 1146, 70, 141]; 4[31, 92] 1[75] 1[134]
EM Teyt 113, 86]; L[46, 70, 86] 1[75] 1[134]
TEMRA Tcyt 1160, 86]; L[70] 1751 T[134]
B-lymphocytes
“naive” B-cells 1[31,69] 165, 80, 110] 1[52]
Memory B-cells 1[31,69] 1[65, 80, 110] 1[2]
Plasmablasts 131, 56, 69, 120] 165, 110]; not significant [80] 1[2]
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Similarity of immune response in COVID-19,
sarcoidosis and tuberculosis

It is considered that both for sarcoidosis and tu-
berculosis, an autoimmune damaging component
of healthy lung tissue is involved (Fig., cover II).

For example, for acute respiratory distress syn-
drome while COVID-19 infection a neutralising au-
to-antibodies to type I IFNs were determined [133].
It is known that these types of interferons are respon-
sible for MHC molecules’ expression increment in in-
fected cells and virus elimination from the organ-
ism [106]. Natural and adaptive immunity is also rel-
evant in fibrogenesis for these pathologies [148]. This
is why the research of immunocompetent cells sepa-
rately and in combination is substantial. This could
be the key for determination of prognosis for patients
with comorbidity, as well as an assistance for further
therapy correction. Nowadays it is possible to parallel
Th1 in these pathologies. When recognizing a specif-
ic antigen in peripheral tissues effector Th1 cells pro-
duced IFNy, that activates various inntate and adap-
tive immunity cells, including CD8* T-cells, ILCI1
and macrophages, that take part in pathogen elimi-
nation [9]. Hyperproduction of IFNy and TNFa by
Thl cells as the response for SARS-CoV-2, as well
as mass virus infected cell death can lead to lung
tissue damage and trigger acute respiratory distress
syndrome. Thus, Th1 cells migration to inflamed tis-
sues marginally specifies certain fraction decrease-
ment of these cells in patients’ peripheral blood when
in the acute phase of infection. This Thl cells migra-
tion was noted in several independent researches [72,
112]. Thereby an opportunity of revealing new data
of immune variation for patients with tuberculosis
and lung sarcoidosis and their impact on disease pro-
gress after COVID-19 is crucial and prompt. A prac-
tical application of received data can raise the effec-
tiveness of curation and observation of patients with
tuberculosis and sarcoidosis in future.

Discussion

SARS-CoV-2 has many harmful direct effects
on various cell of different location, these effects
could directly damage to the cells of the respira-
tory system, as well as could effect in-directly caus-
ing circulatory disorders. The direct cytotoxic ef-
fect of SARS-CoV-2 virus is due to the virus pen-
etration to ACE2-expressing cells — alveolocytes,
which leads to pneumonia development [77]. There
is an unrestricted inflammatory infiltration of im-
mune cells in the lungs which, in addition to direct
viral damage, take part in self tissue damage due
to excessive secretion of proinflammatory cytokines
and chemokines, proteolystic enzymes and reactive
oxygen species. Diffuse alveolar damage, character-
ized by desquamation of alveolar cells, the formation
of hyaline membranes, and the development of pul-
monary edema. Finally, microcirculation distur-

bance due to endothelial cell and vascular, as well as
increased thrombus formation increase lung tissue
damage and reduce the effectiveness of reparative
processes in general [144].

In severe COVID-19, a cytokine storm develops,
characterized by the production of vascular growth
factor (VEGF), monocyte chemoattraction pro-
tein-1 (MCP-1), IL-8, and additionally I1L-6 [49, 55,
59]. There is an activation of alveolar macrophages,
the complement cascade along the lectin pathway,
locally formed immune complexes that enhance pro-
inflammatory processes. Activation of the comple-
ment system leads to damage to the endothelium, and
also induces leukocytes through components C3a and
C5a to produce pro-inflammatory cytokines IL-1,
IL-6, IL-8, and IFNYy [8].

It should be noted that in patients with severe
COVID-19 showed increase in serum CXCRY9 and
CXCRI10. They together with increased levels of both
cellular (“non-classical” monocytes, CD38*HLA-
DR* T cells and granzyme-B*/perforin® T-cells)
and serum (CXCLS8, IL-6 and IL-10 levels) factors
made it possible to differentiate mild and severe
course of the disease [97]. The data obtained, ac-
cording to the authors of the study, indicate the fact
that polarization towards Thl is associated with
a high cytolytic profile of T cells in patients with
severe COVID-19. Moreover, when analyzing BAL
cells from patients with COVID-19, an increase
in the proportion of IFNy and/or TNFo producing
Thl was noted, whereat the mRNA level an increase
in the expression of chemokines CCL4 and CCL5
or CCL2, CCLI18, CXCL9, CXCLI10 and CXCLI1
was noted, respectively, which contributed to the at-
traction of leukocytes to the focus and inflammation
in the lung tissue [145].

The interaction of CXCR3 with ligands plays an
important role in infectious, autoimmune, and onco-
logical diseases, as well as in a number of pathologi-
cal conditions associated with dysregulation of an-
giogenesis [13]. The chemokine receptor CXCR3
interacts with several ligands (chemokines), includ-
ing CXCL9 or MIG (monokine induced by gamma-
interferon), CXCL10 or IP-10 (interferon-induced
protein of 10 kDa), as well as CXCLI11 or I-TAC [42].
All of the listed CXCR3-binding chemokines have
a number of functional features [42]. Migration
of CD4* T-cells from peripheral blood to damaged
tissues in sarcoidosis is possible due to the presence
of the chemokine receptor CXCR3 on the cell sur-
face. A number of papers were devoted to the study
of ligands for CXCR3 in sarcoidosis [73]. This was
determined that CXCR3-expressing cells were in-
volved in the formation of granulomas in sarcoidosis,
and, on the other hand, the main inducer of the syn-
thesis of all the studied CXCR3 ligands was [FNy,
which played an important pathogenetic role in the
development of immune responses during sarcoido-
sis [19]. It was also noticed that in sarcoidosis CXCR3
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ligands — CXCL9, CXCL10, CXCLI1 — provide
CD4* T-cell and monocytes homing to the lesions
for further formation of granulomas [73]. These
chemokines are also involved in angiogenesis and
cell proliferation in sarcoidosis. The typical adaptive
immune response in sarcoidosis is characterized by
the pres-ence of IFNy producing CD4" cells in in-
flamed tissues, which supports the idea that sar-
coidosis is a T-helper cell type 1 (Th1) disease.

The literature data on the possible use of the levels
of CXCL9, CXCL10, CXCLI1 — chemokines in the
peripheral blood of patients with sarcoidosis for clini-
cal and laboratory generalizations. Some authors point
the role of CXCLI10 in the mechanisms of granuloma
formation in both acute and chronic sarcoidosis [73].
Similarly, Arger et al. indicated that increased the level
of peripheral blood and BAL CXCLII in patients with
sarcoidosis correlated with a decrease in respiratory
function, lung volumes, and, accordingly, with a wors-
ening of the course of the disease.

In sarcoidosis, there is also local overproduction
of Thl profile cytokines such as IL-2 and (IFNYy) as-
sociated with high expression of macrophage-derived
molecules such as IL-15, CXCL10, CXCL16, CCL5
and CCL20 [19]. The activity of Thl is associated
with the intensity of the process of granuloma forma-
tion, the nature of the clinical course of sarcoidosis
and its outcome. It is worth remembering that Th17
lymphocytes are actively involved in the pathogenesis
of most inflammatory processes in autoimmune and
infectious diseases. The pro-inflammatory cytokines
IL-1B, IL-6, and 1L-23 play the most important role
in the “polarization” of Th0Q towards Th17 [146] and
their attraction to the focus of inflammation, and
1L-22, the main function of which is the activation
of the protective functions of the cells of the epithe-
lial layers [5]. With COVID-19, a decreased levels
of Th cells carrying on their cell-surface key Th17
antigens — CDI161 and CCR6 — were noted, com-
pared with the control group [85]. It is worth remem-
bering that Th17 lymphocytes are actively involved
in the pathogenesis of most inflammatory processes
in autoimmune and infectious diseases. The proin-
flammatory cytokines IL-1f3, IL-6, and IL-23 play
the most important role in the “polarization” of Th0
towards Th17 [85]. Next, Th17 migrated to the sites
of inflammation, and produced IL-22, that played
the initial role in activation of epithelial layers cells
activation and increase of their protective func-
tions [5, 85].

Similar results were obtained using methods
of molecular biology, when it was shown that expres-
sion of Thl7-associated genes were reduced in pe-
ripheral blood CD4" T-cells of patients with severe
COVID-19, for example, RORC, IL17A, IL17F, and
CCRG6 [85]. These cells migrated to the sites of in-
fection, which was confirmed by studies of BAL.
In bronchoalveolar lavage fluid during COVID-19
infection, Th17 had the phenotype of tissue resi-

dent memory T cells, and also expressed genes as-
sociated with cytolytic properties (SRGN, GZMB
and GNLY) and cytokine genes — IL-21, IL-17F,
IL-17A, TFNy and GM-CSF. Next, the lung tissues
of COVID-19 patients were enriched in cells co-ex-
pressing CCR6 and IL-17A, and high levels of 1L-6,
IL-17A, GM-CSF and IFNy were found in BALF,
which may explain the volumetric inflammatory
changes in severe patients. with pneumonia [54].
This subpopulation of CD3*CD4" cells has also been
considered in sarcoidosis. The frequency of T-cells
producing IL-17 increased in the peripheral blood
and lungs of patients with sarcoidosis compared
with the control group [131]. Moreover, IL-17A was
showed in mature granuloma formation in response
to mycobacterial infections [94]. A recent large case-
control study confirmed an association between ge-
netic variants of the IL-23 receptor (which promotes
the Th17 response) in different cohorts of patients
with sarcoidosis [39].

Previously, we have already determined that in the
chronic course of sarcoidosis, the number of Th17
lymphocytes in the peripheral blood is increased
relative to the group of patients with an acute course
of the same disease [39, 131]. This confirms the as-
sumption that Th17 is mainly involved in the acute
phase of inflammation, synthesizing a large number
of pro-inflammatory cytokines.

In tuberculosis, the main role in the immune
response is played by adaptive immunity, which
is carried out mainly by T lymphocytes. Thl cells
contribute to protection against tuberculosis by
secreting IFNy and activating antimycobacterial
activity in macrophages [81]. There is a hypoth-
esis that the balance between Thl and Thl7.1 lym-
phocytes with a higher content of Thl cells com-
pared to Th17.1 may contribute to the development
of an effective immune response to the penetration
of M. tuberculosis into the cell [81]. In some studies,
the production of antigen-specific IFNyby Thl cells
correlated with a decrease in mycobacterial load [81].
Similarly, in bronchoalveolar lavage fluid there was
an increased number of Thl lymphocytes, as well as
cytokines of the profile of the same cells — [FNyand
TNFo compared with healthy controls. However,
the number of Thl cells, IFNy and TNFa did not
differ from those in patients with sarcoidosis [23, 98].

In our previous studies, it was demonstrated that
the level of Thl17 cells in peripheral blood signifi-
cantly decreased in patients with tuberculosis [68].
Similar results were obtained when subset composi-
tion of peripheral blood Th in Tbc was analyzed us-
ing in vitro nonspecific stimulation methods, when
it was shown that the level of CD4*IL-17A" cells
decreased during infection [93]. Similarly, elevated
levels of CD4*1L-17" T-cells were found in the lungs,
that process confirmed the migration of this sub-
population to the site of inflammation during acute
infection [76]. Effector antigen-specific Th17 in pe-
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ripheral tissues produce effector cytokines (IL-17A,
IL-17F and IL-22), which activate various immune
and non-immune cells of connective tissues, increas-
ing the efficiency of their defense reactions aimed at
eliminating extracellular pathogens [76]. Moreover,
a decrease in the level of IL-17 in the peripheral blood
of patients with tuberculosis was closely associated
with the low effectiveness of the therapy used and
the poor outcome of this disease [24].

Conclusion

Current evidences about the risk and clinical
outcomes of COVID-19 infection in patient with
sarcoidosis and tuberculosis are still not well under-
stood. COVID-19, sarcoidosis and tuberculosis share
similar common pathogenetic pathways, and all three
diseases affect primarily the lung tissue. Multiple sets
of conflicting clinical data showed that patients with
sarcoidosis and tuberculosis immune response corre-
lated with decreasing pulmonary function and higher
risk of adverse outcomes from COVID-19. In some

respects, the immune responses during COVID-19
and two pulmonary conditions had some similari-
ties, ranging from the Th-cell subsets imbalance,
inflammatory cytokines production to altered B cell
activation and excessive infiltration of inflammatory
sites by highly activated peripheral blood cells, which
could lead to excessive tissue damage. Therefore,
the identification of new immunological features
of sarcoidosis and tuberculosis during or following
SARS-CoV-2 infection will provide us with a deeper
understanding of the diagnosis and treatment of these
pathological conditions.
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MMMYHHbIU CTATYC NALIMEHTOB

C BHEBOJIbHUYHbIMU MHEBMOHUAMMU,
ACCOLMUPOBAHHBLIMU C HOBOU
KOPOHABWUPYCHOU UHOEKLMEN N APYTUMU
BO3BYAUTENAMMU

N.A. UBanosa', A.B. ®umnnnenko', H.B. ITaBiosuu!, H.B. Aponosa!, M.B. Ilum06aucToBa’,
A.C. Anucumona!, H.JI. Omenbuenko!, A.A. Tpydanosa!, O.C. quI/lCOBaZ,|A.K. HOCKOB‘|

'@KY3 Pocmosckuii-na-Jony npomueouymusiii uncmumym Pocnompebnadsopa, e. Pocmoe-na-Zlony, Poccus
2 Jlonckoii eocydapcmeennoiii mexnuueckuii ynusepcumem, 2. Pocmos-na-Zowny, Poccus

Pe3iome. HecMoTpst Ha TO UTO B pa3BUTUM BHEOOJbHUYHON MHEBMOHMM BaXKHYIO POJIb UTPAET COCTOSTHUE MUMMYHHOMR
CUCTEMbI MHIMBMIYyYMa, KJIMHUYECKUE OCOOEHHOCTH 3a00JIeBaHUsI OINPECAIIOTCS HE TOJbKO OCOOCHHOCTSIMU MM-
MYHHOTO OTBeTa, HO U XapaKTepoM MH(MEKIIMOHHOro areHrta. Lleapio paboThl SIBsIACH OIIEHKA MMMYHHOIO CTaTyca
MALUEHTOB C BHEOOJIbHUYHBIMU ITHEBMOHUSIMU C ITOPAaXeHUEM JIETKUX OT 2 10 12%, Y KOTOPBIX BepUbULIMPOBaHbI BO3-
OyaMTeNd BUPYCHOM, OaKTepruaibHOI 1 rprOKOBOi mpupoabl (n = 96, B Bo3pacte 46,31+20,5), nmomnapiiue B CTaLIIOHAP
yepe3 5—7 CYTOK Iocie Havaia 3abojieBaHus. Mamepuans u memodst. OTOOP Ma3KOB U MOKPOTHI IIPOBOIMIIN B TIEPBhIC
CYTKU 1tocie rmoctytieHns. Hammane Bo3oynurenst COVID-19 onpenensimm B Ma3kax MmetonoM I1LIP, ncmonp3ys Habop
Bexrop-ITLPpB-2019-nCoV-RG (I'HLI Bektop PocnioTpedHanzopa, Poccus). Takxke olleHUBaIu OMOXMMUYECKYIO aK-
TUBHOCTb, MOP(OJIOTMIO KOJOHMI, KOHLEHTPALIMIO TATOreHoB (B KoanuecTse > 10° KOE/mn). [o pesynbrataM mpeaBa-
PUTETBHBIX UCCIIEIOBAHMI OBLITY C(hOPMUPOBAHBI 11eJIeBbIE TPYTIITHI MAIIMEHTOB: ¢ HOBOM KOPOHABUPYCHOI MH(MEKITUEH,
obycnosnaeHHol reHoBapuaHToM SARS-CoV-2 B.1.1.529 (OmukpoHn) (n = 33); ¢ COVID-19 u Bo30yauTensiMu 6akTepu-
anbHBIX TIpuponsl (n = 17); ¢ COVID-19 u coueTaHHOI GakTepHallbHOM ¥ TPHOKOBOIM MH(peKInei (n = 16); 60JIbHEIE,
y KOTOPBIX UAEHTU(PULIMPOBAHBI BO30YyAUTEIN OaKTepradbHbIX MHMeK1uii (n = 13); 00JbHBIE C COYeTAHHOM OaKTepH-
aJIbHOI U rpuOKoBoi MHpeK1Mei (n = 17). ¥ Bcex BOJIOHTEPOB OMpeaeIsiii OTHOCUTENbHOE U aDCOMIOTHOE CoAepXKa-
Hue CD45"CD3" numdoruros, CD45*CD3*CD4" kietok, CD45*CD3*CD8* numdouutos, CD45*CD3-CD16*CD56*
kiaerok, CD45"CD3*CD16-CD56" numdonntos, CD45*CD45RO-CD45RA" u CD45"CD45RO*CD45R A~ numdoriu-
toB, CD45*CDI19* knerok, CD45*CD5*CD19-CD27- u CD45*CD19*CD5-CD27- numdoruro, CD45*CD19*CD5~
CD27" xnetok. Pezyasmamesi. Tlpn aHamu3e MMMYHHOTO CTaTyca TAIlMEHTOB ¢ BHEOOJbHUYHBIMUA ITHEBMOHUSIMH, ac-
COIIMMPOBAHHBIMU C BO30yIUTEIeM HOBOI KOPOHABUPYCHOM MH(MEKIINH reHoBapraHTa OMUKPOH, BBISIBIICHO HAJTMUNE
T-mumbouuToneHnn, cHmkeHne yucaa CD8' muMbonuToB, yBeTMUeHNE OTHOCUTEILHOTO M a0COTIOTHOTO KOJTMIECTBA
NK-knerok. Y 601abHb1Xx COVID-19, y KOTOPBIX ObLTH TAKXE BEpUGDULIMPOBAHbI BO3OYAUTENN OaKTEPUATbHOMN MPUPOJIHI,
Ha0JI01aJI0Ch YMEHbILIEHUE OTHOCUTEIBHOIO U aOCOIOTHOTO KOJUYecTBa T-XearnepoB, MOBBIIIEHHE OTHOCUTEIbHOTO
u abcomtoTHoro yuciaa B- u B2-numdonuros. ¥ COVID-19-HeraTuBHbBIX BOJIOHTEPOB C BHEOOJbHUYHBIMU THEBMOH U SI-
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MU OaKTepHaIbHOM 1 0aKTepraIbHO-TPUOKOBOI ITPUPOILI OBLIO YBEIMUCHO OTHOCUTEILHOE M a0COTIOTHOE COlep:KaHe
B- u B2-numdonunTos, a Takxke oo1ueil nonyasiuun B-kiaerok namsatu. B otnnune or COVID-19-mo3uTHBHBIX, Y Maly-
€HTOB TUX I'PYIII PETUCTPUPOBAJIOCH, IIPU OTCYTCTBUM T-TMMbOLMTONIeHNH, CHUXeHue yncia CD4* KieTok 1 yBeu-
YeHHe KOJMYECTBA LIMTOTOKCHYCCKUX JIUMGOLUTOB. Bbigodsi. IToaydeHHBbIE pe3yIbTaThl CBUAETENBCTBYIOT O TOM, YTO
B UMMYHHOM CTaTyce NMalMeHTOB ¢ BHEOOJbHUYHBIMU MTHEBMOHMSIMU, B 3aBUCMMOCTH OT MPUPOIbI MH(HEKLIMOHHOTO
areHTa, PernCTPUPYIOTCS M3MEHEHUST B OTHOCUTEIBHOM M aOCOJIIOTHOM COAEPXKaHWU T-XeNImepoB, [IUTOTOKCUYECKUX
JIMMQOLIMTOB, a TAKXKE B KAYECTBEHHOM M KOJIMYECTBEHHOM COCTaBE MONY/ISIIUU B-mrnmdounTos.

Karoueevte caosa: COVID-19, 6neboavhuunas nHeeMoHUS, UMMYHHbLIL cmamyc, nonyasyuu T-aumpoyumos, B-rumpoyumeol.

IMMUNE STATUS OF PATIENTS WITH COMMUNITY-ACQUIRED PNEUMONIA ASSOCIATED WITH
A NEW CORONAVIRUS INFECTION AND OTHER VIRAL AND BACTERIAL PATHOGENS
Ivanova I.A., Filippenko A.V., Pavlovich N.V., Aronova N.V., Tsimbalistova M.V., Anisimova A.S.,

Omelchenko N.D., Trufanova A.A., Chemisova O.S.",[Noskov A.K.?

@ Rostov-on-Don Anti-Plague Institute of Rospotrebnadzor, Rostov-on-Don, Russian Federation
® Don State Technical University, Rostov-on-Don, Russian Federation

Abstract. Despite the fact that the state of the individual’s immune system plays an important role in developing
community-acquired pneumonia, its clinical features are determined not only by immune response characteristics, but
also by the nature of the infectious agent. The aim of the work was to assess immune status of patients with community-
acquired pneumonia with lung damage ranging from 2 to 12%, in whom pathogens of a viral, bacterial and fungal nature
were verified (n = 96, aged 46,3+20,5) who were admitted to the hospital 5—7 days after disease onset. Materials and
methods. The selection of smears and sputum specimens was carried out on day 1 after admission. COVID-19 pathogen
was analyzed in smears by PCR using the Vector-PCRR-2019-nCoV-RG kit (SSC Vector of Rospotrebnadzor, Russia).
Biochemical activity, colony morphology, and pathogen concentration (in the amount of > 105 CFU/ml) were also
evaluated. Based on the results of preliminary studies, target patients groups were formed: with a new coronavirus infection
caused by the SARS-CoV-2 gene variant B.1.1.529 (Omicron) (n = 33); with COVID-19 and bacterial pathogens (n = 17);
with COVID-19 and combined bacterial and fungal infection (n = 16); patients with identified pathogens of bacterial
infections (n = 13); patients with combined bacterial and fungal infection (n = 17). The relative and absolute level
of CD45*CD3* lymphocytes, CD45"CD3*CD4* cells, CD45"CD3*CD8" lymphocytes, CD45"CD3-CD16"CD56" cells,
CD45°CD3*CDI16*CD56" lymphocytes, CD45*CD45RO-CD45RA* and CD45"CD45RO*CD45RA~ lymphocytes,
CD45*CD19" cells, CD45*CD5*CD19-CD27- and CD45"CD19*CD5-CD27- lymphocytes, CD45*CD19*CD5-CD27*
cells was assessed in all volunteers. Results. The analysis of the immune status of patients with community-acquired
pneumonia associated with Omicron gene variant new coronavirus infection revealed T-lymphocytopenia, a decreased
number of CD8" lymphocytes, an increased relative and absolute number of NK cells. In COVID-19 patients, who also had
bacterial pathogens verified, there was a decrease in relative and absolute number of T-helper cells, an increased relative
and absolute number of B and B2 lymphocytes. In COVID-19-negative volunteers with bacterial and bacterial-fungal
community-acquired pneumonia, the relative and absolute level of B and B2 lymphocytes, as well as the general memory
B cell population, was increased. In contrast to COVID-19-positive patients, in the absence of T-lymphocytopenia,
a decreased number of CD4" cells and rise in number of cytotoxic lymphocytes were recorded in patients of these groups.
Conclusions. The data obtained indicate that in the immune status of patients with community-acquired pneumonia,
depending on the nature of the infectious agent, changes in relative and absolute level of T-helper cells, cytotoxic
lymphocytes, as well as in the qualitative and quantitative B-lymphocyte population composition are recorded.

Key words: COVID-19, community-acquired pneumonia, immune status, population of T-lymphocytes, B-lymphocytes.

HBIN, TaK ¥ MECTHBIN, XapaKTepU3yeTCsl pa3BUTUEM
BTOPUYHOM MMMYHHOI HEIOCTATOUHOCTH, KOTOpas

BeepgeHue

MMMmyHHas cucteMa urpaeT BaXXHYIO POJb IIpU
BHEOOJbHUYHBIX TTHeBMOHUsAX (BII) pasznuynoii
stuonoruu [1, 10, 18]. HebnaronpusatHoe TeueHUe
3TOro 3a0o0JjieBaHUSI CBSI3aHO C pa3BUTHUEM Y Ila-
ILIMEHTOB Pa3JIMYHBIX HapyLUIECHUN (PyHKIIMOHAJb-
HOI aKTUBHOCTU MMMYHOKOMIIETEHTHBIX KJIETOK,
dhopMUpPOBaAaHNS UMMYHHOI'O OTBEeTa Ha BO30yIuU-
TeJb, a TAKXKe ero peryasauuu [7].

OTMeYEeHO, YTO B OCTPbIA Meproa BHEOOIbHUY-
HBIX ITHEBMOHUII MMMYHHBI OTBET, KaK CUCTEM-

BbIPAXKaeTCsl B CHUXKEHUU PELENTOPHOM AaKTUB-
Hoctu CD3*, CD4*, CDS8*", CD25" numdonuton
B nepudepndeckoii kposu u CDI11b*, CDI18*, CD4",
CDIl16*, CD25", HLA-DR' kxjeToK B MHIYKIIMOH-
Hoil MokpoTe. Ilpu 3aTsIKHOM TedeHUU MH(EKIU
HaOII0JAIOTCSI HAPYILIEHUs] B Pa3IMYHBIX 3BEHbIX
MMMYHHOI CHUCTeMBL. BBISIBIEHO YyMeHbIIEHUE
ypoBHs CD3"- u CDI19*-mumdonnToB, n3MeHEeHNE
ux (QYHKIMOHAJIbHBIX XapaKTepUCTUK, AUCOAJIaHC
B COOTHOILLIEHUHU HOMYJISILUI TMMMPOLUTOB U UMMY-
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HOrJ100yIMHOB [9]. T1pu TsKe10M TedeHU ! BHEOOIb-
HMYHBIX ITHEBMOHUI PErucTpUpyeTcs CHUXEHUE
(YHKIIMOHAJBHOM aKTUBHOCTH  (ParolMTapHOro
3BeHa, T-2(p(hEeKTOPHBIX KJIETOK MNPU ITOBBILIECH-
HO peakIiMy HaTypaJbHbIX KUJIJIEPOB, HapylIeHWe
9JIMMUHALIMMA UMMYHHBIX KOMIIJIEKCOB, AucOalaHC
MEXYy TPOBOCHATUTEILHBIMHA U TIPOTUBOBOCITAJI-
TEABHBIMU ILIMTOKWMHAMH, Oe(OUIUT T'yMOpPaJIbHBIX
dakTopoB: B-TMM@OLUTOB U UMMYHOIJIOOYJIU-
HOB M u G [6]. Tak:Kke ITpu ITHEBMOHUSIX ITPUCYT-
CTBYET BbIpakeHHBIN T-KJIeTOUHBIIT MMMYyHOIedu-
UT, XapaKTePU3YIOMIUIACS CHUXXCHUEM OOIITNX IIAP-
Kyqupyomux T-mumdonurto, NK-kietok, CD4*
n CD8 numdouuTos [3]. Bce BblIenepeuncieHHOE
CIoCcOOCTBYeT OoJiee TJIMTEIBHOMY U TSXKEIOMY Te-
YEHUIO 3a00JIeBaHUS U CHUXKEHUIO 3(PPEeKTUBHOCTH
ITPOBOAMMOTO JICUCHU .

ITpu MHOEKIIMOHHOM TTOpa*k€HUU JIETKUX pas-
BUBAIOTCSI pa3HOHAIIPaBJICHHBIE CUCTEMHBIC I MECT-
Hble UMMYHHbBIe peakiinu. Ha cuctemMmHOM ypoBHE
OTMEYaloTCsl CHUXEHWE KOJIMUeCcTBa U (PYyHKIIU-
OHaJIbHOW akKTUBHOCTU T- U B-nmumdornurTos, yto
MNPUBOIUT K AUCOalaHCy B COOTHOILICHUU MOITYJIsI-
Ui TUMGOIIMTOB 1 UMMYHOTI00yInHOB. Ha MecT-
HOM ypPOBHE, HAITPOTUB, aKTUBUPYIOTCS MEXaHU3MBbI
MMMYHHOM 3aIlIUTHl 32 CYET WHMUIbTpAIUU JTUM-
douTaMU U rIasMoLuTamu [7].

B nepuon nangemuun COVID-19 6b1710 oTMEYEHO
3HAUMTEIbHOE yBEJIMYEHUE KOJIUYECTBA OOJILHBIX
BHEOOJNbHUYHBIMU MNHEeBMOHUSIMU. SARS-CoV-2
CIOCOOEH BbI3bIBATh MHOTOYMCJICHHBIE MAaTOJOTHU-
YyecKre M3MEHEeHMsSI B MMMYHHOI CHUCTeMe, TaKHhe
KaK HeUTpouIMs, BhIpaxkeHHAs JUMMOIIUTOIC-
HUug [14], HapymieHUs (GyHKIIMOHATbHOW aKTUB-
HOCTU TIOMYJISIUMI JTUM@POLUTOB, MUMEIOLIUX pe-
mafpolee 3Ha4YeHUWE B SJIMMUWHAIIMKM BO30OYIUTEICH
BHYTPUKJIETOUHBIX MHbeKuuit [12, 17], BbI3bIBas
IUCPYHKIMIO B padboTe MMMYHHOU cucteMmbl [20]
u nenast 6oabHbIX BIl ys3BUMBIMM K BTOPUYHBIM
MHQPEKIUSIM BUPYCHOI 1 6aKTepuaJIbHOM MPUPOIHI.

YV 60nbHBIX TaXenou dopmoit COVID-19 6u11n
CHUXXEHBI YPOBHU JIUM(OIIMTOB, TTOBBIIIICHBI JICii-
KOLMTBI, HEUTpoduabl, TpomMOouuthl, C-peak-
TUBHBIN O€JI0K, HapyILlIeHbl COOTHOIIEHU S TuM@PO-
UTOB, TPOMOOIIMTOB K TUMdoinuTam [21].

IMokazaHo, YTO TIHEBMOHUS Yy OOJIbHBIX
COVID-19 otnuuaercs ot SARS-CoV-2-Heratus-
HOI1 BHEOOJIbHUYHOM ITHeBMOHUU [21]. ¥V manueH-
ToB ¢ COVID-19, B oTimune OT BHEOOJIBLHUUHBIX
MMHEBMOHU JPYTOW 3TUOJOTUU, OBLIM CHUKEHBI
KOJIMYEeCTBEHHBIE TTOKA3aTeJIU JICHKOILMTOB U JIMM-
douuToB [2]. Takke BbISIBAEHO, YTO KpOMe Hau-
OoJiee BBIpAXKEHHOU JAUMMOIMUTONEHUU, Y OOJb-
HbIXx COVID-19 HabGnonanoch yBeJudeHUe Yucaa
T-xenmepoB u NK-kJieTok, B TO BpeMsl KaK YPOBHU
TNFo u [FNy Obl1M MOHUXEHBI MO CPaBHEHUIO
C TaKOBBIMU y MAIMEHTOB C BHEOOJbHUYHBIMU
MHEBMOHUSIMM, aCCOLMMUPOBAHHBIMHU C IPYTUMHU
Bo3oynuteasamu [15].

M3BecTHO, 4TO OYEHb YaCTO TeUeHNE MTHEBMOHUH
y mauueHToB ¢ COVID-19 otdaroiaercss mpucyT-
CTBHEM COITyTCTBYIOIIEH M BTOPUUHOU MHMEKIINU
BUPYCHOU 1u 6bakTepruanbHOU aTrooruu [19]. B 3a-
pyOEeXKHOI M OTEYeCTBEHHOU MedaTu OIyOJrKoBa-
Hbl €IMHUYHBIE pabOThI, TTOCBSIIEHHbIE U3YUYESHUIO
Ka4eCTBEHHOTO0 M KOJMYECTBEHHOI'0 COCTaBa IIO-
nyJasuii TUM@OIUTOB Y OOJbHBIX THEBMOHUSIMU,
BBI3BAHHBIMM BO3OYIMTEISIMU BUPYCHOI U OaKTEpU-
aJIbHOI MTPUPOABI B MEPUO TTaHAEMUU HOBOU KOPO-
HaBUPYCHOM MHMEKIIUN, TOATOMY U3yYECHUE UMMYH-
Horo craryca COVID-19-nnosutusabix u COVID-19-
HEraTUBHbBIX MAallUEHTOB, 3a00JIeBaHE KOTOPBIX TaK-
K€ aCCOUMUPOBAHO C IPYTMMHU BO3OYAUTENISIMU AB-
JISIETCS AKTYaJIbHOM 3aJa4eid.

Lenbio Halleit paboThI Obl1a OLIEHKA UMMYHHO-
ro cratyca OOJIbHBIX BHEOOJbHUUHBIMU TTHEBMO-
HMSIMM CMEIIaHHOW 3THOJIOrMY Ha (POHE pacmnpo-
cTtpaHeHus reHoBapuaHTa SARS-CoV-2 B.1.1.529
(OMUKpoH).

Matepuanbl n MeToapl

B uccimemoBaHWM TIPUHSIIN ydacTHe OOJIbHBIC
BHEOOJTBHUYHBIMU  ITHEBMOHUSIMU, TIOMAaBIINE
B CTallMOHap 4yepe3 5—7 CyToK IocJjie Hauaja 3a00-
neBaHus. OT6op 1pob6 (Ma3Ku U MOKPOTY) ITPOBO-
IIUJIN B IEpBBIE CYTKH ITOCJIC TOCTYTIJICHU S B 00JIb-
Huny. Hanunuue Bo3zoynutenss COVID-19 onpene-
agau B maskax metonoM ITHP, ucnonb3yss Habop
BekTop-T1LPpB-2019-nCoV-RG (I'HILL <«BekTtop»
Pocrniorpebnanzopa, Poccus).

BakTepuonornuyeckue ucciaegoBaHUs OCYIECT-
BJISIIM COTJIAaCHO AENCTBYIOIIMM AOKyMeHTam |[§].
OueHuBaaI OMOXUMHUYECKYI0 aKTUBHOCTbH, MOP-
GOJIOTNI0 KOJIOHUI, KOHIIEHTPAIlMIO IaTOIeHOB
(BkonnuectBe> 10° KOE/Mmin). UneHTndunmnposaimn
MUKPOOPraHMU3Mbl C MOMOIIIbIO TTpudopa Autoflex
(Bruker Daltonics, I'epmaHus), UCIOAb3ys MpPO-
rpaMMHoe obecrieueHue BioTyper 3.0.

B pesysnbrate y manuentoB ¢ BII Oblin BbI-
SIBJIEHBI BO30ynuTEeaM OaKTepualibHOW (rpaM-
MOJIOXKUTEJIbHbIE KOKKHM, OaKTepuM CceMelcTBa
Enterobacteriaceae, HedpepMeHTUpYIOIIIME Tpa-
MOTpHUILIATeJIbHBIE OakTepuu), BUpycHOir (SARS-
CoV-2) u rpubkoBoii (poa Candida) npuponabi.

C 1enblo UCKIIOYEHUS U3 UCCIEHOBAHUS TeX,
KTo paHee yxe nepeHec SARS-CoV-2, nu6o Obll
OPUBHAT MIPOTUBOKOBUAHBIMU BaKIIMHAMH, B CHI-
BOPOTKAaX KPOBM TMAIIMEHTOB OTIPEAesiii HaIu-
yue aHTUTea KJacca G K S-0eyky BO30ymuTens
COVID-19, ucrnionb3yst Habop «MUDA-anTu-SARS-
CoV-2-IgG» (AO «BekTop-becT», Poccus).

Takum ob6pa3om, Mocjae NpoBeIeHHBIX MpeaBa-
PUTEIBHBIX 3TATIOB AJISI YU4acCTUS B DKCIIEPUMEHTE
ObLJIM 0TOOpaHbI 96 yenoBek (55 XeHIIUH, 41 MyK-
yuHa) B Bo3pacrte 46,3+20,5 ner. [TopaxeHnune ier-
KNX y 3TuX manueHToB coritacHo KT cocrtasasiio
ot 2 o 12%.
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MHdekumns n uMmyHuTeT

Js1 mpoBeaeHUsl NaJbHEHIINX UCCIeIOBAHU I
ObLIM C(OOPMUPOBAHBI 1IEJIEBbIE TPYIIIbI;

— TaLMEeHTHhl C HOBOI KOPOHAaBUPYCHOI MHMEK-

nueir — 33 yenoBeka (18 xXeHIIWH U 15 My>KUUH);

— nauueHTsl ¢ COVID-19, y KOTOpPBIX BBISIB-

JIeHbl BO30yIUTENU OakTepualbHbIX WHOEK-

it — 17 yenoBex (7 xkeHIUH U 10 My>XK4UWH);

— COVID-19-no3uTuBHbIE NAlIUEHTHI, Y KOTO-

DPBIX BBISIBJIEHO HaJTMUYKE COYETaHHOI OaKTepU-

aJbHOM M TPUOKOBOI MHGMEKIINIT — 16 JyesoBeK

(8 XXeHIUH U 8§ MY>KUYUH);

— COVID-19-HeratuBHble OOJbHBIE, ¥ KOTO-

PBIX UACHTUPUIIMPOBAHBI BO30OyAUTEIU Oak-

TepuaabHbIX UHMp ek uit — 13 yenoBek (7 XeH-

IIUH U 6 My>KUYUH),

— COVID-19-HeratuBHble OOJIBHBIE C COYe-

TaHHOU OakTepuaJibHOW U rpubKoBOil MHODEK-

nueit 17 yenosex (7 xkeHIIWH U 10 My>XXKUUH).

B KOHTpOJILHYIO TPYIITY BXOAMJIM 8 KEHIIUH
(35,5+3,46 7net) 6Ge3 MPU3HAKOB PECIUPATOPHOrO
3aboeBaHusd, ¢ oTrpuuareabHbiM [T P-TecTom
Ha SARS-CoV-2 u oTcyTcTBUEM cnenupUuIecKmux
K SARS-CoV-2 anturein.

OT BCeX y4yacTBYIOIIMX B UCCIAEAOBAHUU ObLIO
MOJy4YeHO JOOPOBOJIbHOE MH(POPMUPOBAHHOE CO-
rj1acue Ha yyacTue B 9KCIIEpUMEHTE.

3a00p KpPOBMU OCYLIECTBISIJIM HATOIIAK YTPOM
u3 jokTeBoit BeHbl B mpooupky VACUTAINER
(BD) ¢ nuHatpueBoii conbio DI TA.

st pacyeTa OTHOCUTEIBHOTO COIE PXKAH M ST KJIe -
ToK KpoBb ausupoBaiu OPTILYSE C (Beckman
Coulter, CIIIA), oxpalumBaiu MOHOKJOHAaJbHbI-
mu antuteaamu (Beckman Coulter, CIIA) u uu-
TodJJIIOOpUMETpUpPOBaiM Ha mpudope «Navios™»
(Beckman Coulter, CIIIA), moacuuTbiBasi HE MEHee
10 TBIC. COOBITUIA.

Omnpenensiyii OTHOCUTEJIbHOE U abCOJIIOTHOE
cogepxxanue CD457CD3* numdouuton, CD45*
CD3"CD4* «kunetok, CD45"CD3*CDS8* naumdo-
nuroB, CD45*CD3-CDI16'CD56"% kaerok, CD45*%
CD3*CDI16-CD56" itum@pounton, CD45"CD45R0O-
CD45RA" u CD45"CD45RO"CD45RA- numdo-
uutoB, CD457CDI19* knetok, CD45"CD5"CDI19-
CD27- u CD45"CDI9"CD5-CD27- numMbouuTOoB,
CD457CDI19*CD5-CD27* KJIEeTOK.

O6uee uucio aeiikouutoB (WBC) paccuutbi-
BaJiu 1o popmyie:

WBC =a x50 x 10%/x1,

IIe a — JIGMKOLIUTHI, IToCUMTaHHBIe B KaMmepe [opsieBa.
AOCOIIIOTHOE YHCJIO KJIETOK — I10 (hopMYyIIe:

WBC x (%) / 100.

Ta6auua 1. OTHocUuTenbHoe (%) copepxaHue OCHOBHbIX MONyAaLUii u cyénonynaumii T-nuMmpounToB

Yy NnauyneHToB C BHe00JIbHUYHbIMW MHEBMOHUSAMUA

Table 1. Relative (%) level of major T-lymphocyte populations and subsets in patients with community-acquired

pneumonia
Fpynnbl nauMeHToB
Patient groups
Monynauun n cy6n0nynnu3m numdoumTos KoHTponbHas SARS-CoV-2
oo rleg"d;eplﬂ‘ﬂlecmu K?OBM el bloo rpynna SARS-CoV-2 | 6akTepum
opulations and subpopulations of peripheral bloo GakTepun rpuokl
Control group - .
lymphocytes SARS-CoV-2 | )Rs-Cov-2 | SARS-Cov-2
bacteria bacteria
fungi
T-numdouutbl (CD45°CD3Y) " 40 B% FA E* +0 O*
T-lymphocytes (CD45°CD3') 63,7£2,3 55,2+2,5 52,4+4,5 56,5+2,9
T-xennepol (CD45*CD3*CD4") + ” s 10 Tk xk
T-helpers (CD45'CD3'CD4) 42,6+2,2 36,7+2,3 26,5+2,9 27,8127
LiutoTokcuyeckue numeountol (CD45'CD3*CD8Y) + 0 A 7 {r* +0 Qkk
Cytotoxic lymphocytes (CD45*CD3*CD8*) 22,3%2,2 16,123 26,031 28,3+2.8
NK-knetku (CD45*CD3-CD16*CD56") . 0 + "
NK cells (CD45°CD3-CD16*CD56") 8.5%214 148220 %180 12,0128
TNK-knetku (CD45*CD3*CD16-CD56%) " . + "
TNK cells (CD45°CD3*CD16-CD567) STELS 38511 53510 S0
HaugHble T-numdountsl (CD45'CD45R0-CD45RAY) + 0 g + "
Naive T-lymphocytes (CD45'CD45R0O-CD45RA") 38,2+3,2 85,2224 48,1£2,2 48,8221
AxTuBupoBaHHble/namaTu T-numeounTbl
+ + ~
(CDA5°CD45RO"CDASRA ) 22,4822 | 23840 | 35747 | 38,0427
Activated/memory T-lymphocytes
(CD45"CD45RO*CD45RA")

MpumevaHune. * — OCTOBEPHOE OTAMYME OT KOHTPOLHOW rpynnbl (p < 0,05); ** — noCTOBEPHOE OTAMYME OT rpynnbl NaumeHToB ¢ SARS-CoV-2 (p < 0,05).
Note. * — significant difference compared to control group (p < 0.05). ** — significant difference compared to patients with SARS-CoV-2 (p < 0.05).
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IMonyyeHHBbIe pe3ybTaThl CTATUCTUYECKU OOpa-
OaTbpIBaJid C TOMOIIBIO TTaKeTa MPUKJIaAHbBIX MTPO-
rpamm Statistica 8.0 (StatSoft Inc., 2007). Beruucisinu
cpenHee apudMeTUUYECKOEe 3HAUYEHUEETCTaHAAPTHOE
KBaJpaTUYHOE OTKJIOHEeHUE. JJoCTOBEpHOCTH pa3-
JIMYUNA MEXIY MoKa3aTeJsIMU HEe3aBUCHUMBIX BbIOO-
POK OIICHMBAJIM, UCIIOJb3ysl HelapaMeTpUYeCKUil
kputepuii MaHHa—YutHu. IlpoBogunau cpaBHe-
HME COBOKYITHOCTEU MO Ka4eCTBEHHBIM MPU3HAKaAM
¢ nomoltibio kputepus @uiepa. OTIMUNS CAUTAIN
3HauuMbIMU ipu p < 0,05.

Peaynbrathl

Hamwu mpoBeneHa cpaBHUTEIbHASI OLIEHKA MM-
MYHHOrO ctaryca nmauueHToB ¢ COVID-19, a Tak-
Xe OOJIBHBIX, Y KOTOPBIX HOBass KOPOHABUPYCHAS
nHGEKIIMS OblJIa OTSATOIICHA MPUCOSIMHUBIICHCS
OakTepuaabHOI, 1100 OaKTepuabHO-TPUOKOBOIL
MUKPOQPIOPOI.

BuisBneno, uto y COVID-19-mo3uTUBHBIX Ha-
OMEeHTOB, UHMUINPOBAHHBIX IITAMMOM OMUKPOH,
Habmonaercsa T-nuM@ounUTONEHNsI, O0YCIOBJIEH-
Hasl ITOHWXEHHBIM OTHOCHUTEJIBHBIM M a0COJIIOT-
HBIM coaepxxanueM CD8*'nmumdonmToB (Tabdm. 1, 2).

B oTtaimume oT 3TOM TPYyIIIHI, Y BOJOHTEPOB C BHE-
OOJIbHUYHOW TMHEBMOHMEN, BbI3BBAHHOW HE TOJb-
Ko SARS-CoV-2, HO U IpyrMMU BO3OYAMTEIISIMU,
BO3HUKHOBeHHE T-TUMQOIMTOIIEHNN CBSI3aHO

C yMeHbllleHHeM uuciaa T-xeamepoB. Y OOJbHBIX
COVID-19 3apeructpupoBaHO YyBEJIWYEHUE OT-
HOCUTEJIbHOTO U abcoiitoTHoro yucia NK-kJeTok,
npuYeM B ABYX APYTUX TpyIIiax 3TOT IOKa3aTellb
HE OTJIMYAJICS OT KOHTPOJbHBIX 3HAUCHU . Y maiu-
€HTOB 3TOW TPYIIIbl YBEJIUYNBATIOCh OTHOCUTEIb-
HO€ U a0COTI0THOE YMUCJI0 HAaUBHBIX T-TMMMOLIMTOB,
B TO BpeMs KakK KOJMYECTBO aKTUBMPOBAHHBIX/
naMsiTy T-KJIETOK TOCTOBEPHO ITOBBIIIATIOCH TOJIb-
kKo y COVID-19-11o3uTUBHBIX BOJIOHTEPOB C OaK-
TepUuaJbHOU  JUOO  OaKTepUaJbHO-TPUOKOBOM
MUKPODJIOPOIA.

TonpKo y 60ABHBIX U3 3TUX I'PYHH OBLIO BBISIB-
JICHO YBEJIMYEHUE OTHOCUTEILHOTO U aOCOTIOTHO-
ro coaepxaHus B-1uM@ouuTOB 3a CUET MOBBIIIIE-
Hus yucaa B2-knetok (puc. 1, 2).

Y COVID-19-HeraTuBHBIX MNAlMUEHTOB C BHE-
OOJTbHUYHBIMU ITHEBMOHMUSIMU, OOYCJIIOBJICHHBIMU
HajauyueM OakTepuaabHOU, TMOO OaKTepuabHO-
rpuOKOBOii MUKPOMIOPOii, B OTIMYME OT TPyM-
nbl COVID-19-no3uTUBHBIX, HE ObIJIO BBISIBJIEHO
T-numdouuToneHuun, ogHakKo HaOIHOAATOCh CHU-
xkeHue yuciaa CD4" kjeTok M yBeIUMUYEHUE KOJIM-
YyecTBa IIUTOTOKCUYECKUX JUMMOIUTOB (Tabdua. 3).
VY 3TuxX OGONBHBIX TaKXe ObLIO 3aperuCTPUPOBAHO
MOBBIIIIEHUE, TT0 CPABHEHUIO C KOHTPOJIBHOU T'PyTI-
Mo, OTHOCUTEJIbHOIO M aOCOJIOTHOrO COJepxKa-
HUSI aKTUBUPOBAHHBIX/TTaMSITH T-KJIETOK, a TaKXKe
B- u B2-ntumdouurtos.

Ta6nuua 2. A6contoTHoe (x 10°/n) coaep)kaHne OCHOBHbIX NONYNSALMIA U cyononynauuii T-nuM¢pouuToB

Yy nauneHToB C BHE00JIbHUYHLIMU MHEBMOHUSAMU

Table 2. Absolute (x 10%1) level of major T-lymphocyte populations and subsets in patients with community-acquired

pneumonia
Fpynnbl nauMeHToB
Patient groups
Monynauuu n cy6nonym|uuuu nmMmpoumnToB KOHTpOnbHAS SARS-CoV-2
nepudepnyeckomn Kposu rpynna SARS-CoV-2 6akTepuu
Populations and subpopulations of peripheral blood GakTepun rpuobI
Control - .
lymphocytes ontrolgroup | SARS-CoV-2 | ¢/ ps cov-2 | SARS-Cov-2
bacteria bacteria
fungi
T-numdountbl (CD45CD3Y) . + N + . " N
T-lymphocytes (CD45°CD3") 1,21+0,03 0,9+0,03 0,8+0,06 0,7+0,02
T-xennepoi (CD45'CD3'CD4") + + . - + -
T-helpers (CD45°CD3CD4Y) 1,0+0,04 0,88+0,05 0,7+0,03 0,6+0,01
LutoTokcuueckue numeountsl (CD45°CD3*CD8Y) . N . . - + -
Cytotoxic lymphocytes (CD45CD3*CD8") 045£0,02 0.3120,02 0,47+0,08 0,43+0,03
NK-knetku (CD45'CD3-CD16'CD56%) . " N " +
NK cells (CD45°CD3-CD16°CD56") 0,21£0,04 0,35£0,02 0,16+0,06 0,15+0,01
TNK-knetku (CD45"'CD3*CD16-CD56") " " " "
TNK cells (CD45'CD3-CD16-CD56") 0,09+0,03 0,07+0,04 0,06+0,01 0,05+0,03
HaugHble T-numdouuTtel (CD45*CD45R0-CD45RA") N " N N "
Naive T-lymphocytes (CD45*CD45RO-CD45RA") 0.75:0,04 0,9+0,05 0,75+0,02 0,76+0,03
AxkTuBupoBaHHblie/namaT T-numeounTbl
(CD.45 CD45RO'CDA45RA') 0,35+0,04 0,4+0,03 0,59+0,03* 0,57+0,02*
Activated/memory T-lymphocytes
(CD45*CD45R0O*CD45RA")

MpumevaHue. * — 0OCTOBEPHOE OTAMYME OT KOHTPOLHOW rpynnbl (p < 0,05); ** — noCTOBEPHOE OT/MYME OT rpynnbl naumeHToB ¢ SARS-CoV-2 (p < 0,05).
Note. * — significant difference compared to control group (p < 0.05); ** — significant difference compared to patients with SARS-CoV-2 (p < 0.05).
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O6cyxaeHne

B pa3BuTuu BHEOOIBHUYHOW MTHEBMOHUU BaX-
HYIO pOJIb UTpaeT cocTosiHue 3HHEKTOPOB BPOXK-
JNIEHHOIr0, a TakKXe KJETOYHOTO U TyMOpaJIbHOrO
uMmmyHuTeTa [S]. PaznuuyHble paccTpolicTBa B UM-
MYHHOI cucTeMe, TakKue Kak HapylieHue popmu-
pOBaHUS KJIETOYHOIO U TyMOPAaJTbHOTO UMMYHU-
TeTa, MPOAYKIUU IUTOKWHOB, (PYyKIIMOHAJIBbHOMI

aKTUBHOCTU (arouuTUPYIOMINX KJIETOK, MeXa-
HM3MOB MECTHOM 3aIIUThI, MOXET ObITh MPUINHOMK
BO3HUKHOBEHMSI Y HEOJAarOoNpUSITHOTO TEUYCHUS
BHEOOJbHUYHBIX MHeBMOHUU [7]. KnuHuueckue
OCOOEHHOCTU BHEOOJbHUYHOU MHEBMOHUM OIpeE-
JENSII0TCSI HE TOJTbKO OCOOEHHOCTSIMU UMMYHHOTI'O
OTBETa, HO U XapaKTepPOM BO30YyIUTEIS.

WM3BecTHO, YTO TeYeHUEe THEBMOHUM Y TTallUeH-
T0B ¢ COVID-19 otiinyaetrcsd oT BHEOOJIbHUYHOMN

OTHocuTenbHoe (%) KoNM4ecTso
Relative (%) quantity

B-kneTku namatu
B memory cells

21 HH 22,5 HH

B2-numdoumnTsl
B2-lymphocytes

B1-numdountsl
B1-lymphocytes

B-numdouunTsl
B-lymphocytes

16,1 HA

I Koutpons [I] SARS-CoV-2

Control

[C] SARS-CoV-2, 6akTepum
SARS-CoV-2, bacteria

[C] SARS-CoV-2, 6aktepun, rpube
SARS-CoV-2, bacteria, fungi

PucyHok 1. Monynsuuu n cy6nonynauum B-num¢poumnToB y naumeHToB ¢ BHeOOIbHUYHBIMY MHEBMOHUAMMU

B nepuoa AOMUHUPOBaAHUA reHoBapuaHTa OMI/IKPOH

Figure 1. B-lymphocyte populations and subsets in patients with community-acquired pneumonia during Omicron

gene variant dominance

MpumeyaHue. * — JOCTOBEPHOE OTAMYME OT KOHTPOALHOM rpynnbl (p < 0,05).
Note. * — significant difference compared to control group (p < 0.05).

ABcosioTHoe (x 10%/n) KonMyecTBo
Absolute (x 10%/1) quantity

B-kneTkn namsatun
B memory cells

0,39 HH 0,42 HH

B2-numdouuntsl
B2-lymphocytes

B1-numdoumntsl
B1-lymphocytes

*

B-numoountbl
B-lymphocytes

HH 0,4 HH

B Kowtporns [ SARS-CoV-2

Control

[] SARS-CoV-2, 6akTepum
SARS-CoV-2, bacteria

[] SARS-CoV-2, 6aktepuu, rpubei
SARS-CoV-2, bacteria, fungi

PI/ICVHOK 2. A6conioTHoe copepxaHue B-numdpouuntos Yy nauneHToB C BHe00JIbHUYHbIMU MHEBMOHUSIMU

B Nepuopj AOMUHUPOBaHUSA reHoBapuaHTa OMUKpPOH

Figure 2. Absolute level of B-lymphocytes in patients with community-acquired pneumonia during Omicron gene

variant dominance

MpumevaHue. * — JOCTOBEPHOE OT/IMYME OT KOHTPONbHOM rpynnbl (p < 0,05).
Note. * — significant difference compared to control group (p < 0.05).
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MHEBMOHUU NPYyroi atTuosoruu. beliao mokaszaHo,
YTO CHUKEHHE KOJMYECTBA CYOIMOMYJSILUN JTUM-
GOoLUTOB, KPpOME TOro, YTO SIBJISIETCSI MapKepoM
11 TIPOTHO3UPOBAHUS TSIXKECTU 3a0o0JieBaHU S
y naunueHTtoB ¢ COVID-19 [11], ux ysa3BUMBIMU
K BTOPUYHBIM OaKTepuaJbHbIM HHDEKIUIM [21].

B Haiiem uccienoBaHuM IMpU aHAIM3€ UMMYHHO-
ro cTaryca IalMeHTOB C THEBMOHUSIMH, aCCOLIMUPO-
BaHHBIMU C BO30YyAUTEIeM HOBOW KOPOHABUPYCHOM
nHbeKIMn reHoBapranTa OMUKPOH, BBISIBJICHO Ha-
nuyue T-mumdonuToneHnu, cHuxenue yruciaa CD8*
JTUMOOIMTOB 1 YBEJINYCHUE OTHOCUTEIBHOIO U a0-

Ta6nuua 3. CogepxaHue 0CHOBHbIX nonynsauuii u cyononynauuii T- u B-numdoumntos y COVID-19-
HeraTUBHbIX NaLMEHTOB C BHEGOIbHUYHBIMY MHEBMOHUSMU B NepUOA, LUPKYASLUN FeHOBapuaHTa

OMUKpPOH

Table 3. The level of major T- and B-lymphocyte populations and subsets in COVID-19-negative patients with
community-acquired pneumonia during Omicron gene variant circulation

Monynauuu u cyononynauum
numoounTos
nepudepuyeckoi Kpoeu
Populations and subpopulations
of peripheral blood lymphocytes

KoHTponbHas rpynna
Control group

Fpynnbl nauneHToB
Patient groups

BakTtepun

BakTtepum, rpuobl

Bacteria

Bacteria, fungi

%

x 10%/n
x 10%/I

%

x10%/n
x 10%/I

%

x 10%/n
x 10%/I

T-numdpounTtel (CD45°CD3")
T-lymphocytes (CD45*CD3*)

63,7£2,3

1,21£0,03

58,9+2,3

1,23+0,07**

61,0+2,2

1,2£0,06**

T-xennepoi (CD45'CD3'CD4")
T-helpers (CD45*CD3*CD4")

42,6%2,2

1,0£0,04

27,2+1,3*

0,6+0,04*

29,3+3,3*

0,59+0,03*

LutoTokcuyeckne nuMepoumThbl
(CD45*CD3*CD8")

Cytotoxic lymphocytes
(CD45*CD3*CD8")

22,3122

0,45%0,02

30,4+2,7*

0,9+0,04* **

32,7+4,4*

0,69+0,04* **

NK-knetku (CD45'CD3-
CD16*CD56%)

NK cells (CD45°CD3-
CD16*CD56%)

8,52,14

0,21£0,04

10,5+1,5

0,15£0,01

8,4+1,4

0,160,01

TNK-knetku (CD45°CD3*CD16-
CD56")

TNK cells (CD45*CD3*CD16~
CD56%)

5,7+1,5

0,09£0,03

3,8%1,5

0,06+0,03

3,2+1,8

0,07+0,02

HaueHbie T-nuMmdpouuTbI
(CD45'CD45R0O-CD45RA")
Naive T-lymphocytes
(CD45*CD45R0-CD45RA")

38,2+3,2

0,75£0,04

46,5+2,2

0,78+0,02

46,7£2,2

0,77+0,04

AKTUBUPOBaHHbIE/
namatu T-numeounTsbl
(CD45*CD45R0*CD45RA")
Activated/memory
T-lymphocytes
(CD45*CD45R0O*CD45RA")

22,422

0,35+0,04

38,7+3,4*

0,69+0,03***

35,8+3,9*

0,68+0,05***

B-numdountsl (CD45°CD197)
B-lymphocytes (CD45*CD19")

9,0£1,7

0,19+0,09

16,7+2,1*

0,41£0,05*

16,8£2,3*

0,4£0,02*

B1-numdouuntbi
(CD45*CD5*CD19-CD27")
B1-lymphocytes
(CD45*CD5*CD19-CD27")

2,10,3

0,04+0,004

3,7+1,2

0,03+0,01

4,5+1,8

0,05£0,02

B2-numdounTbl
(CD45*CD19*CD5-CD27")
B2-lymphocytes
(CD45*CD19*CD5-CD27")

6,6£1,4

0,11£0,04

12,1£2,4*

0,26+0,01*

12,2£1,8*

0,23+0,05*

B-kneTku namaTtu
(CD45*CD19*CD5-CD27*)
B-Memory cells
(CD45*CD19*CD5-CD27*)

15,3£1,2

0,32%0,1

33,9+3,2% **

0,59+0,06™ **

31,4£2,7%**

0,57+0,06* **

MpumeyaHme. * — OCTOBEPHOE OT/IMYME OT KOHTPONbHOI rpynnsl (p < 0,05); ** — LOCTOBEPHOE OTAMYME OT Noka3aTeneil B aHaNOrMYHOM rpynne

COVID-19-no3utumeHbIX (p < 0,05).

Note. * — significant difference compared to control group (p < 0.05); ** — significant difference compared to similar COVID-19 patient group (p < 0.05).

273



W.A. BaHoBa n gp.

MHdekumns n uMmyHuTeT

cotoTHOro kKoyjmuectBa NK-kiaeTok. DTU JaHHbBIE
COrJacyloTcsl C pe3yabTaTaMu 3apyOeXKHBbIX HCCie-
JoBaTesieil, CBUIETELCTBYIOIINX O TOM, YTO OTHO-
CUTEJIPHOE KOJMYECTBO HIUTOTOKCHMYECKHUX JTUMPO-
uuToB y nauueHToB ¢ COVID-19 6b111 3HAYUTETBHO
Huxe, yeM y COVID-19-HeratuBHBIX TallUEHTOB
C BHEOOJTbBHUYHBIMM TTHEBMOHUSIMU, B TO BPEM ST Kak
OTHOCHUTEJILHOE COIepXKaHWe HaTypaJbHBIX KUJIJIe-
POB IOCTOBEPHO BhILIE [15]. B oT/iMuMe oT nauyeHToB
C JISTKUM TeYeHUeM OO0JIe3HM, MTPUHUMAIOIIUX yda-
CTHE B HAIIMX HCCJICTOBAHUSIX, Y TAIIMEHTOB C TS-
xeqoii popmoit COVID-19 onucaHO yMeHblIeHNHe
nupkyaupyouux CD4" u CD8" numdoiuTos, pery-
JIATOPHBIX T-KJIETOK 1 €CTECTBEHHBIX KUJLJIEPOB [16].
Jdedunut NK u CD8* KJIeTOK MOXET CrocoOCTBO-
BaTh YBEJIMUECHUIO TSKECTU W UTUTEIBHOCTH 3a00-
neBaHud [13]. Crnenyer OTMETUTb, UYTO Y OOJIbHBIX,
UHOUIIMPOBaHHBIX TeHoBapuaHToM SARS-CoV-2
1.617.2 (denpra), TOXE PErMCTPUPOBAJIOCH HAJIUYUE
T-tuMbonMTONIEHN N 3a CYET CHUKEHUST Yucia -
TOTOKCHMYECKMX JIMM(MOIIUTOB, OTHAKO YBEIUYCHUS
KosnyecTBa N K-kjieToK 0OHapyKeHO He ObL10 [4].

VY nanueHtoB ¢ SARS-CoV-2 reHoBapuaHTa
OMUKpPOH, B OTINYME OT MHOUIIMPOBAHHBIX I'e-
HoBapuaHTOM J[lenbTa, OTHOCUTENbHOE U abco-
JIIOTHOE KOJIMYECTBO aKTWBUPOBAHHBIX/ITAMSTHU
T-KJeTOK HE OTJIMYAJIOCh OT KOHTPOJIBHBIX 3HAYE-
Huii. Kak 1 1Ipy TOMMHMpPOBAHUU T€HOBapUaHTa
Jenvra, HaM He yaaiaoch BbIsIBUTH Yy COVID-19-
MO3UTUBHBIX ITAIIMEHTOB JOCTOBEPHYIO DPa3HMILY
MO0 CpaBHEHUIO KOHTPOJILHOI TPYIIIION 00Cieno-
BaHHBIX B COICPXKaHUU TIOMYJISIIIUI U CyOITONYysi-
uuii B-numpouuTos.

Y o6oapHbix COVID-19, o006ycioBieHHOU
B.1.1.529 (OMUKpPOH), Y KOTOPbIX OBbIIU BepudU-
IIMPOBaHbI BO3OYIUTEN OaKTEepUaTbHBIX, a TAKKE
OakTepuaJbHbIX U TPUOKOBBIX UH(EKIIWI, B OTIU-
ype oT nauueHToB ¢ SARS-CoV-2, Habaonanock
YMEHBIIIEHUE OTHOCUTEIBHOTO M aOCOJIIOTHOTO
yucyaa T-xeamepos, yBeJIMUYEHUE OTHOCUTEIBHOIO
1 abCOJIOTHOTO KOJIMYECTBAa aKTUBUPOBAHHBIX/
namsaTu T-kaeTok. ¥ nmaunMeHToB ¢ 0aKTepUuabHOM’
MUKPODIOPOii, B OTINYME OT OOJIbHBIX aHAJIOT Y-
HOM TPYIITBI, HO WHPUIHPOBAHHBLIX IITAMMOM
Jlenbra [4], BBISIBJIEHO YBEJMYEHUE OTHOCUTEbHO-
ro u abconroTHoro unciaa B-u B2-numdponuTos.

Y COVID-19-HeraTuBHbIX MallMEHTOB C BHE-
OOJNBPHUYHBIMU ITHEBMOHMSIMU  OaKTepuaIbHOMI
M1 GaKTepUaIbHO-TIPUOKOBOI MPUPOIBI, TaK Ke KakK
U B nepuoa uupkyaupoanuss SARS-CoV-2 1.617.2

Cnucok nutepatypbl/References

(denbta) [4], ObLJIO MOBBILLIEHO OTHOCUTEIbHOE U 20~
coJifoTHOe coaepXaHue B- 1 B2-numdouuTos, aTak-
>Ke oOlIel monyasiuuu B-KjeTok maMsiTU Ha BCex
aTanax ucciaegoBaHus. B otanuue or COVID-19-
MO3UTHUBHBIX, Y MALIMEHTOB 3TUX TPy PErUCTpU-
poBaJIoCh, MPU OTCYTCTBUU T-TUMEPOLIUMTONEHUHU,
cHuzkeHue yuciaa CD4" KneTok u yBeJIudeHue Ko-
JIMYecTBa LIUTOTOKCUYECKUX JMUM@POLUTOB, YTO
MOATBEPXKAAET TIOJyYeHHbIe APYTMMHU aBTOpaMu
JJaHHbIE 00 UTpaAIOIIMX Ba)KHYIO POJIb B MaTOreHe-
3¢ MHEBMOHUI HapYyLIEHUSIX PErYyASITOPHBIX U 3d-
¢dekTOpHBIX PYHKLUK T- U, B MEHbIIENH CTEIeHU,
B-numdonutoB. Jdasi ocTpoil MHEBMOHMM Xapak-
TepHO M3MeHeHue OajlaHca CD4Y/ CDS8* numdo-
LIMTOB B CTOPOHY CHUXEHUS XeJITIEPOB U MpeBaiu-
pOBaHUS LIUTOTOKCUYECKUX KJIETOK, YMEHBIIEHUE
npoaudepaTuBHON  aKTUBHOCTU  JUMQOLIUTOB,
HapylIeHUe TMOCIea0BaTeIbHOCTU TePeKJIIOUEHMU S
cuHTe3a aHTuten [10].

Takum o0pa3omMm, pe3yabTaThl TMPOBEAESHHO-
ro HCCAeOOBaHUSI CBUAETEILCTBYIOT O TOM, YTO
B UMMYHHOM CcTaTyce OOJbHbBIX BHEOOIbHUYHBIMU
MHEBMOHUSIMU, Y KOTOPBIX BepUDULIMPOBAHBI BO3-
OyIUTEIUN Pa3IUUHON 3TUOJIOTU U, BbISIBJIEHbI U3MeE-
HEHUS B OTHOCUTEJIIbHOM U a0COJIIOTHOM coaepxKa-
HUU T-XeJarepoB, HUTOTOKCUYECKUX JUMQPOLIUTOB,
a TakXXe B KaYEeCTBEHHOM U KOJUYECTBEHHOM CO-
cTaBe nonyasiuuu B-numM@ouuToB. DTU U3MEHe-
HUS 3aBUCAT HE TOJbKO OT MPUPOIbI MUH(PEKIINOH-
HOro areHTa, HO U OT JOMMHUPYIOLIEro B JaHHBIN
MoOMeHT reHoBapuaHTa SARS-CoV-2. ¥V nanueH-
TOB C HOBOWl KOPOHABUPYCHOU WHGEKIUEH, BbI-
3BaHHOi 1.617.2 ([denbra) u B.1.1.529 (OMUKpOH),
BBISIBJIEHbI KakK oOOIlIMe HapylueHus (HaJluuyue
T-numdouuToneHuun, oOyCIOBJIEHHON CHUXEHUEM
yucaa CD8* iuMbonuToB), TaK U XapaKTepHbIE 1151
KaxkJ1oro repuoja OTJIUYMs: Yy NalueHTOB, MHDU-
HUMpoBaHHBIX OMUKPOHOM, YBEJIMUYUBAETCS OTHO-
cuTesibHOe 1 abconoTHoe KoandecTBo NK-KJeTok,
a comepKaHNe aKTUBUPOBAHHEBIX/TIaMSITH T-KJIETOK
He M3MEHSIEeTCsI, OCTaBasiCb Ha YPOBHE KOHTPOJISI.
B ortnnune or COVID-19-mo3MTUBHBIX NAIIMEHTOB,
y 00JIbHBIX MTHEBMOHUSIMU OaKTepraJbHOM 1 6aKTe-
pUaIbHO-TPUOKOBOI MPUPOIBI YBEJIUUYUBAETCS OT-
HOCUTEJIbHOE U abcoitoTHOe coaepxaHue B-u B2-
JUMGOLMTOB, a TaKKe 0011 momnyasunuu B-kieTok
namsTu. [lonydyeHHbIe JaHHBIE CITOCOOCTBYIOT MO-
HUMaHUWIO MeXaHU3MOB (popMUPOBAHUS aJalTHB-
HOro UMMYHHOT'O OTBeTa Y OOJIbHBIX BHEOOJbHUY-
HBIMU ITHEBMOHUSIMU CMEIIaHHOM 3TUOJIOTU M.
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Pe3tome. Llebio paboThI siBUIIOCH M3yUeHME T-KJIETOYHOTO 1 TyMOPaJIbHOTO 3BeHbEB MMMYHUTETA y TTAIUEHTOB C OCTPHIM
KopoHapHbIM crHIpoMoM (OKC), 6oseBmiux u He 6onepimnx COVID-19. O6cnenoBato 86 myxuun ¢ OKC B Bo3pacte
o140 1o 65 ne, mepeHecmx 1 He 60jeBIMX COVID-19, KOTOpBIM MOTPeOOBATOCH CTEHTHPOBAHUE KOPOHAPHBIX APTEPHiA.
B 3aBucnmocty ot comepxkanus B-mumponntos ¢ deHotrmniom CD3-CD19*CD5* u Hanmuuus, u orcyreTBust COVID-19
B aHaMHe3e Bce 6OobHBIC ObLIYM TofeTeHbl Ha 6 rpymi. M3 yucna 6onesmux paHee COVID-19: B-mumdounter CD3-
CDI19*CD5" monwmxenst (1 Tpymia), HopMabHbIe (2 TpyTina), noBbiieHs! (3 rpymnmna). He 6onesimue panee COVID-19:
B-mumbormter CD3-CDI19*CD5* moHMKeHbI (4 rpyIia), HopMasibHble (5 Tpyrma), mosbiiieHbl (6 rpymma). HanGonee
TsKeNast B KIIMHUYECKUX TPosiBIieHusiXx — 1 rpynma. B artoit rpymme Habmonanock 6osbliiee Y1Cio TPOMOO30B CTEHTOB
Y TIOBBITIIEHHAS JIETATBHOCTD. T-TMM(OITUTHI B AOCOTIOTHOM TIJIaHE 3HAYMMO HUKe OBLITN B | TPYTITIE IO CPAaBHEHUIO C JIPY-
MMM TpyTinamMu, KpoMe 4-it. HaumeHnsiiee unciio T-xenmepoB Kak OTHOCUTEIBHO, TaK U a0COIOTHO, PETUCTPUPOBAIOCH
y 60mbHEIX, 6oseBImmx COVID-19, co camkxerHbpMu CD3-CD19*CDS5*-ketkamMu. NK-1MpOIUTE KaK B OTHOCUTEITb-
HOM, TaK 1 a0COJTIOTHOM T1aHe, 3HauuMo (p < 0,05) ObL1u Bhile Y MalieHToB, epeHecinux COVID-19, B conocraBieHUU
C TAaKOBBIMM ITOKa3aTeisiMu y 001bHBIX 03 COVID-19 B anamHe3se. T-peryisTopHble KJIETKH O3 IHeH aKTUBaLUK B % co-
OTHOIIIEHNY ObUIM MMHUMAJIbHBIMHU B TpyTiTie areHToB ¢ COVID-19 B anamHese u Beicokumu CD3-CD19*CD5* num-
(poumTamu u octoBepHo (p < 0,05) oTIMYATUCh OT TaKOBBIX TapaMeTpoB y iul 6e3 COVID-19 B npoiioM. JlocToBepHO
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MeHbllle abcomoTHbIe 3HaYeHU s B-muMdonutos CD3-CD19"CDS5~ 6butu B 1 1 4 rpyninax. Hanboneiiuii nokaszarens IgM
oTMeuvascs 5 rpynne — y aul 6e3 COVID-19 B anamHese u HopMmaiabHbiMu CD3-CDI19*CDS5* kyieTkaMu ¥ JOCTOBEPHO
OTJIMYAJICS B CpPAaBHEHUMU C TAKOBLIM y 00JbHBbIX 1,2,3 rpymn. B To Xe BpeMst MakcumanbHoe 3HaueHue IgG peructpupo-
BaJIoch y nauueHToB ¢ HopMaibHbiMU CD3-CD19*CD5*-knetkamu, nepedonesimmmu COVID-19, u noctoBepHO OT/IN-
yasioch oT 5 1 6 Tpym. Cl-uHTrUOMTOpP OBLI BhIIIE B 3 TPYIINE U JOCTOBEPHO OTJIMYAJICS OT JAHHOTO ITapaMeTpa B IPYTUX
rpynmnax. [gG u IgM xk COVID-19 craTucTnyecku 3HauMMO ObLUIH BhIlLE y TAllMeHTOB, epeHecux COVID-19, B como-
CTaBJIeHUH ¢ TaKuMM nokazateasiMu y i 6e3 COVID-19. Beigoo. ¥ nmanmenTos, nepeHecinx COVID-19 u umeromumx
Huzkue B-numdouutser CD3-CD19*CD5", B conocTaBieHUU ¢ APYTMMU TPyIIIaMu JOCTOBEPHO OTMEUAJIOCh CHUXKEHUE
MMMYHHOI1 3aIIUTHI: YMEHbIIIEHUEe 0011ero KomuyecTBa T-muMdorutos, T-xenmnepos, T-TuMbOLMTOB paHHE! 1 TIO3THEN
aKTUBaUUU, T-peryasaTopHbIX KJeToK, B-mumdbonutoB CD3-CDI19*CDS5~, yTo accouuupoBaioch ¢ 60Jee TSXKEIbIM Teue-
HUeM 3a00JIeBaHK ST — HaOJII01aIMCh TPOMOO3bI CTEHTOB M OOJIbIIIAs JIETAIEHOCTD.

Karoueswie caosa: B-rumpoyumsr CD3-CD19*CD5*, COVID-19, ocmputii koponapnuiii cundpom, T-aumgoyumet, ummyHnas
cucmema, 2yMopanbHbll UMMYHUMEN.

FEATURES OF T-CELL AND HUMORAL IMMUNITY OF PATIENTS WITH ACUTE CORONARY
SYNDROME, WITH AND WITHOUT COVID-19, DEPENDING ON/PERIPHERAL BLOOD
B-LYMPHOCYTES WITH THE PHENOTYPE CD3-CD19*CD5* LEVEL

Safronova E.A.*%, Ryabova L.V.?, Zurochka A.V.>¢, Dobrynina M.A "¢

@ South Ural State Medical University of the Ministry of Health of the Russian Federation, Chelyabinsk, Russian Federation

b Institute of Immunology and Physiology, Ural Branch of the Russian Academy of Sciences, Yekaterinburg, Russian Federation

¢ Federal Scientific Research Institute of Viral Infections “Virome”, Federal Service for Surveillance on Consumer Rights Protection
and Human Wellbeing, Russian Federation

4 State Research Center of the Russian Federation — Federal Medical Biophysical Center named after A.1. Burnazyan of the Federal
Medical and Biological Agency of the Russian Federation, Moscow, Russian Federation

Abstract. The aim of the work was to assess the T-cell and humoral immune arms in patients with acute coronary syndrome
(ACS) recovered from or not exposed to COVID-19. 86 men with ACS aged 40 to 65 years old, who suffered or not exposed
to COVID-19, which required stenting of coronary arteries, were examined. Depending on the peripheral blood B-lymphocyte
CD3-CDI19*CD5* level and the former COVID-19 history, all patients were divided into 6 groups. Of the previously COVID-19
exposed subjects CD3-CD19*CD5* lymphocytes were at: reduced (group 1), normal (group 2), increased (group 3) level.
COVID-19 unexposed subjects had CD3-CD19*CD5" lymphocyte level: reduced (group 4), normal (group 5), increased
(group 6). The most severe clinical manifestations were observed in group 1: with a larger rate of stent thrombosis and increased
mortality. In absolute numbers, T-lymphocytes were significantly lower in group 1 compared to other groups, except group 4.
The lowest both relative and absolute T-helper cell counts were recorded in COVID-19 patients, with reduced CD3-CD19*CD5*
cell level. NK-lymphocytes both in relative and absolute level were significantly (p < 0.05) higher in patients who suffered from
COVID-19 as compared to those in patients unexposed to previous COVID-19. Percentage of late-activation T-regulatory cells
was minimal in patients with former COVID-19 along with high B-lymphocyte CD3-CD19*CD5* level, which significantly
(p < 0.05) differed from those in subjects lacking former COVID-19 history. In addition, significantly lower B-lymphocyte
CD3-CDI19*CD5~ level was found in group 1 and 4. The IgM level peaked in group 5 — subjects lacking former COVID-19
history and having normal CD3-CD19*CD5" cell level that significantly differed in comparison with that of in group 1, 2, 3.
At the same time, the maximum value of IgG level was recorded in COVID-19 patients with normal CD3-CD19*CD5* cells, and
significantly differed from those found in group 5 and 6. Cl-inhibitor level was higher in group 3 that significantly differed from
that in other groups. SARS-CoV-2-specific IgG and IgM levels were significantly higher in COVID-19-positive vs. COVID-
19-negative patients. Conclusion. In patients who have suffered COVID-19 with low B-lymphocyte CD3-CD19*CD5" level,
a significantly compromised immune protection was noted in comparison with other groups: a decline in total T-lymphocyte,
T-helper, early- and late-activation T-lymphocyte, T-regulatory cell, B-lymphocyte CD3-CD19*CD5~ levels, which was
associated with a more severe disease course characterized by stent thrombosis and large mortality.

Key words: B-lymphocytes CD3-CD19*CD5*, COVID-19, acute coronary syndrome, T-lymphocytes, immune system, humoral immunity.

HOI1 3200J1€Ba€MOCTBIO M1 CMEPTHOCTHIO. [TogBiisieTcs
Bce OoJblie cBUAETENLCTB 3abosieBaemMoctu OKC

BeepneHue

KoponasupycHast 6one3ub 2019 1., Tak:ke U3BeCT-
Has Kak maHgemuss COVID-19, okazama maryoHoe
BO3JCHCTBUE Ha ITOBCEIHEBHYIO >KU3Hb, MOBJIMSIB
Ha 3J0pOBbE U BBI3BaB COLIMAJIBHO-3KOHOMMWYECKUE
MOCJIeNCTBUS I100albHOro Macuitaba. Y mnalueH-
TOB C BTUM HOBBIM BHPYCOM YacTO COOOIIAJIOCH
00 ocTpoM KopoHapHoM cuHApome (OKC) — BazkHOM
CepACYHO-COCYIUCTOM 3a00JIeBAaHUM CO 3HAYUTEIb-

npu COVID-19, kak uz-3a TpoM0O03a KOPOHAPHBIX
apTepuii, TaK U HEAOCTATOUHOIO CHAOXEHUSI MUO-
Kapaa KHCJIOPOAOM B YCJIOBUSIX MOBBIIIEHHOM ITO-
tpedoHoctu [13]. OKC pasBuBaeTcss B OCHOBHOM
Ha (oHe aTepOCKIEPOTUYSCKU U3MEHEHHBIX KOPO-
HapHBIX apTepuii. [Tonrpyrmma B-mumMdbonnTos ¢ de-
sHotunom CD45*CD3-CDI19"CD5* ob6ecnieunBaioT
3aIIUTY 32 CYCT CEKPEIMU €CTCCTBEHHBIX aHTUTEN
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OcobeHHOCTM MMYHUTETa NauueHToB ¢ OKC

IgM. B 0630pe Ait-Oufella H. u coaBr. [7] obcyxna-
eTCsI HeJaBHee pa3BUTHE HAIIIETO TIOHMMaHUS POIN
cyononynsauuii T- 1 B-kjieTok mpu arepockiiepose
M paccMaTpUBACTCS POJIb CYOITOMYJISIIUI ISHIPUT-
HBIX KJIETOK B KOHTPOJIE afallTUBHOIO UMMYHUTETA.
Cencuc, apyrue KPpUTUUECKHE COCTOSTHUSI U TSIKe-
JIbIC CHUCTEMHBIE XPOHHUYECKME 3a00JIeBaHUS CIIO-
cooctBytoT areporeHesy [10]. COVID-19 akTuBupyet
B-xiteTkm y3K0ii CrIelin(pUIHOCTH B TEUCHUE TTIEPBBIX
6 MecsueB nociie 3apaxkeHus [14]. Msmenenne T-
1 B-TuMGOIIMTOB y TIOCTKOBUIHBIX MTAIIMEHTOB ITPO-
JeMOHCTpUpoBaHoO B padore M.A. loOpbiHUHOI [1].
B 0630pe Akinrinmade A.O. u coaBT. [8] moKa3aHBbI.
HoTeHIIMadbHble accouuanuu Mexay COVID-19
n OKC c ucrnosb3oBaHUEM HECKOJbKUX 0a3 JaH-
HBIX, BKJIIOUas, HO He orpaHuuuBasich uMu: PubMed,
ScienceDirect, naHHble BcemupHoOil opraHuzaliu
3ApaBOOXpaHEHU S I AMEPUKAHCKOM KapaINOJIOTHIe-
ckoii accoumnauuu. Mzyuena nmaropusunonoruss OKC,
yaeauB ocodoe BHuManue COVID-19, B yacTHOCTH,
C UCIIOJIb30BAaHUEM Pa3JIUYHBIX PadOT JIUTEPaTyPH,
B KOTOPBIX OCBEIIACTCS CXeMa IMPOHUKHOBEHUST BU-
pyca M peruIiKalluy 4epe3 aHTMOTeH3MHITpeBpala-
omuii depmeHT II. B 0630pe Takke 0o0OCyxKaasoch
BAWSHNE TTAaHACMUM Ha TOCHHUTAIN3ALNIO, TUATHO-
CTUKY U BeneHue nauueHToB ¢ OKC, a Tak>ke KpaTKo
OCBelllajlach BO3MOXKHAsI CBSI3b MEXAY IIMPOKO J0-
CTYIIHBIMU BakliMHaMu mpoTtuB COVID-19 u Bo3-
MOXHBIMH  CEPIEYHO-COCYANCTBIMU  OCJIOXKHEHU-
amu. CBsa3p mexay COVID-19 u OKC nyxnaercs
B OoJiee yri1yOJeHHBIX UCCIIeIOBAHUSX, KOTOPHIE T10-
MOTYT YCTAaHOBUTbD, CYIIIECTBYET JIM TIPSIMAsT IIPUIH-
HO-CJIEACTBEHHAsl U/WUJIU MPOBOLMpPYIOIIasi Koppe-
JIIUs MexXX oy HUMu. [ToHnMaHue 3TOi CBSI3U MOXKET
MPUBECTU K HOBBIM MCCIIEIOBAHUAM U BapuaHTaM
snedeHus naureHToB ¢ OKC.

J1o KOHIIa He U3yYeH UMMYHHBI OTBET MallieH-
ToB ¢ OKC, B ToM uucie nepeHecuinx COVID-19,
YTO OIpenesieT aKTyaJbHOCTh IIPOBOIMMOIO
HUCCIeN0BaHUS.

Llenbto paboThl IBUJIOCH U3yUeHUE T-KJIETOYHOTO
U TYMOPAJIbHOT'O 3B€HbeB UMMYHUTETA y ITallMeHTOB
¢ OKC, 6oneBiux u He 6oaeBinx COVID-19, B 3a-
BUCUMOCTHU OT coiepKaHus B-kneTok ¢ ¢peHOTUTIOM
CD3-CDI19"CDS5" B nepudeprnieckoii KpoBH.

O6cnegoBano 86 myxkunH ¢ OKC B Bo3pacte ot 40
o 65 Jrer, iepeHecinx u He 6oneBmmx COVID-19,
KOTOPBIM B TEUYCHHE TIEPBBIX 3 CYTOK OT MOMEHTa
MOCTYIJIEHUS] B 3aBUCMMOCTH OT KJIMHUYECKOU CH-
Tyallun (3KCTPEHHO MJIM B OTCPOYCHHOM ITOPSIIKE)
NoTpedOBaJOCh MPOBEACHUE KOPOHApOaHTHOrpa-
duu (KAT') nHa annapare «Innova JE» 1 nummianTa-
LM CTEHTOB C JIeKapCTBEHHBIM MOKpbITUEM Xience
Alpine. [lepen umnaaHTaleil CTEHTOB TPOBOIMUJIACH
OanoHHas aHTUOIJIACTUKA KOPOHAPHBIX apTepHUid
Oa/JIoHHBIM KateTepoM Sapphire. Ilepen oGcneno-
BaHMEM BCE TMAIIMEHTHI TTOAMUCHIBAIN MH(GOPMUPO-
BaHHOE coracue (IMPOTOKOJA DTUYECKOro KOMUTETa
IOYI'MY MunszapaBa Poccuu Ne 9 ot 11.09.2006
u ipotokoia aTndeckoro komureta FT”AY3 OTK3 I'Kb
Ne 1 r. Yenstomnacka Ne 12 ot 10.10.2022). TTomumo

OOIIEKJIMHUYECKHUX UCCIEIOBAHUI BCEM ITallueHTaM
NPOBOIMIIOCH OMNpeaeiiecHne WMMYHOJIOTMYECKUX
nokasarteJjeil ¢ MOMOIIbI0 METOJa MPOTOYHOM 1IUTO-
meTpuu [2]. B 3aBUCMMOCTH OT YpOBHSI M3ydacMOM
HOATPYMITHI B-KJIETOK M HaJIU4YUsI UM OTCYTCTBUS
COVID-19 B aHamMHe3e Bce 00bHbIE ObLIN MOIEJIEHbI
Ha 6 rpyni. M3 yucia 6oseBiinx panee COVID-19: 1
rpymmna — ¢ MOHUXKEHHBIMU KOJIMYECTBOM B-KiieTok
¢ ¢penoruniom CD3-CDI19*CD5*, 2 rpynina — ¢ HOp-
MaJIbHBIMM KOJIMYEeCTBOM B-KJeToK ¢ (eHOoTUIIOM
CD3-CDI19*CD5*, 3 rpymma — ¢ TIOBBIIIICHHEBI-
mu B-kierkamu ¢ deHorunom CD3-CDI9*CD5™.
CootBeTcTBeHHO, He 6oseBiine COVID-19, Ho Bak-
LIMHUPOBaHHBIE: 4 TpyINa — C HUBKUMH, 5 TpyIina —
C HOpPMAaJIbHBIMU U 6 TpyMIa — C MOBBIIIEHHBIMU
B-mumdponuramu CD3-CD19*CD5*.

OO0 KMt aHaau3 KpoBU (25 mapaMeTpoB: JIeHKo-
LUTApPHBIA, S3PUTPOLIUTAPHBINA U TPOMOOLMTAPHBIN
POCTKM KPOBETBOPEHMUSI), KOJUUYECTBEHHbIN U Ka-
YeCTBEHHBIN COCTaB POCTKOB KPOBETBOPECHUSI ITPO-
BeIeH CTaHIapTU30BaHHBIM METOIOM Ha reéMaToJIo-
rudeckoM aHaiauzartope «Medonic M20» (LLIBewus).

MeTogoM IIPOTOYHON LIMTOMETPUU TEUTUPO-
Bajli MO MaHJeiKkouuTapHomy Mapkepy CD45":
CD3" (T-mumdonutser obimme), CD3*CD4" (xen-
nepbl UHAYKTOphI), CD3*CD8* (LuTOTOKCHMUYECKUE
T-mumbornuTter), CD3*CD16"CD56" (TNK-ki1eTKM)
CD3-CDI16"CD56" (HaTtypasibHBIe Kuaepbl), CD3-
CD19*CD5* (moarpynna B-nmumdonuron), CD3*
CD4*CD25*CDI127- (T-perynsaTopHble KJIETKU/
cynpeccopsl), CD3*CD4"CD25" (akKTuBHUpOBaH-
HBIC XCJMEPHl, paHHSS aKTUBALUSA JTUMQOIIH-
ToB), CD45"CD3*HLA-DR (akTHBUpOBaHHBbIE
T-numbonTel — TO3AHSS aKTUBALUS JTUMGO-
uutoB), B-kaetku mamsatu CD27" ¢ nomolibio
«bekmanKynbrep», «buonerenga» (CLIA). OueHky
MMMYHHOI'O CTaryca OCYIIECTBJISIIM METOIOM
MPOTOYHON ILIMTOMETPUM Ha MTOMIIOOPUMETPE
«Navios» (Beckman Coulter, CILIA) 1o cTaHIapTu-
30BaHHOI TEXHOJIOTMM OLIEHKU JTUMGOIIMTAPHOTO
3BeHa UMMYHHUTETA |2, 6].

O1rieHKa haroluTapHOil aKTUBHOCTH YaCTHUII Jia-
Tekca fuamMeTpoM 1,7 MKM HelTpoduiaMu (aKTUB-
HOCTbh (harolnTo3a, MHTEHCUBHOCTDH (haroumTosa,
daronMTapHOE YMCII0); CIIOHTAHHAS M MHAYIIUPO-
BaHHasgs HCT-akTUBHOCTB HEUTPODUIOB MOPPOJIO-
TMYECKUM METOIOM (CBETOBasi MUKPOCKOTIUS C UC-
noab30BaHNEM MUKpocKoroB Olimpus (SImoxus) |3,
4, 5]. UccnenoBaHue MPOBOAMTCS OOLIENPUHSTHIMU
METOAaMU OIEHKU (PyHKIIMOHATHbHOW aKTUBHOCTU
(daroumnToB.

VYpoBHu ob6mux IgA, IgG, IgM, cneuunduyec-
kue IgM, IgA, IgG, xk xopoHaBupycy COVID-19,
Cl-unruburtopa, C3a u C5a KOMIIOHEHTOB KOMILJIE-
meHTa (BekTop-bect, Poccust; OOO «lluTokuH,
Poccust) metonoM mMMyHOGEPMEHTHOIO aHaliM3a
Ha mMMYyHOdepMeHTHOM aHanu3arope Multiscan
FC Thermoscientific (Kurait). UccnegoBanue mpo-
BOJIMJIOCH OOIIETIPUHSATHIMUA CTaHIApPTU30BaHHBI-
MM MeTOoZaMHM MUMMYHOMEepMEHTHOro aHajin3a Co-
IJIACHO IMTPOTOKOJIaM MPOU3BOAUTEIEH TECT CUCTEM.
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B TaGn. 1 npeacraBieHa KJIMHUKO-I1abopaTop-
Hasl XapaKTepHUCTHKA 00CIeTIOBAaHHBIX ITAIIMCHTOB.

W3 nipencraBieHHON TaOIMIBI BUTHO, UTO HAU-
Oojiee TsSKeslasg B KIMHUYECKUX IIPOSIBACHUSIX
rpyImnma — 3To 0OJIbHbIC, IepEeHEeCIIe HOBYIO KOPO-
HaBupycHyto uHdpexkuuo (COVID-19) u umerwoiiue
noHukeHHbIe B-kietku CD3-CDI19"CD5*.

MMeHHO B 3TOI rpyrnmne Haba0aaa0Cch 0oJibliiee
YH1CJIO TPOMOO30B CTCHTOB M BBISIBJICHA MOBBIIICH-
Hasl 1eTaJIbHOCTb.

B Tabm. 2 mIpoMUIIOCTPUPOBAHBI ITOKA3aTeIIN
T-knetouHoro 3seHa UMMyHuUTeTa y aull ¢ OKC.

W3 taba. 2 BuaHO, 4to obiiee yucio T-numdpo-
LUTOB OBIJIO HAMOOJBIIUM Yy JIUI, MNEePEHECIINX
COVID-19, umeBiuux nosbilieHHbIe B-kaetku CD3~
CD19*CD5". T-numdpouuTbl B aOCOJIOTHOM IIjIa-
He 3HAaYMMO HUXKe ObIJIN B 1 TpYIIIe 1Mo CpaBHEHUIO
C APYTUMH rpyIiiamMu, Kpome 4. MakcumaabHbI%
T-numdouuToB Obl1 B 4 rpyrnre, a MUHUMAalb-
HbIii — B 6. HauMmenbliiee uyncio T-xenamnepoB Kak
OTHOCUTEJIbHO, TaK U aOCOJIIOTHO, PEerucTpu-
poBajoch y OoabHbIX, OosneBunx COVID-19,
co cHmxeHHbIMH B-knerkamu CD3-CDI19*CD5™.
Haub6onpmuit npoueHT T-xeamepoB ObUT y JIUIL,
He 6oseBminx COVID-19, ¢ Huzkumu B-kinetkamu
CD3-CDI9"CD5*, Ha BTOPOM MeCT€ B OTHOCUTE b-
HOM ITUIaHE 3TOT ITOKa3aTeb HabJIrogaacs y maim-
eHToB 6e3 COVID-19 B aHamMHe3¢e ¢ HOpMaJIbHBIMU
B-knerkamu CD3-CDI19*CD5*. MakcuMaiibHEIC
aOCoJIIOTHBIE 3HaueHUs T-XeJarmepoB OTMeUauCh
B rpynmnax, 6ojeBuiux u He 6osieBminx COVID-19
¢ nioBbIlIeHHBbIMU B-kietkamu CD3-CD19*CD5*.

MuHuManbHOE coaepKaHue abCOJIIOTHOIO YMC-
ma T-muroTokcmueckux Jmmponnros CD3*CDS8*
Ha0mMonaMI0Cch y 00JbHBIX, He OoseBiinx COVID-19
¢ Hu3kumu B-kietkamu CD3-CDI19*CD5*, a makcu-
MajibHOoe — y nepebosneBiinx COVID-19 n umerormx
Bbicokne B-knetkn CD3-CDI19*CDS5*. Haunbosbliiee
yuciao T-NK-11mM@oIMToB perucTprupoBaioch y JIUIL
¢ COVID-19 B aHamHe3e 1 HOpMaJbHbBIMU B-Kjet-
kamu CD3-, CDI9*, CD5*, a HanMeHbIllee — 0¢3
COVID-19 B mponijiomM 1 HOpMaJbHbIMU B-KJleTkaMu
CD3-CD19"CD5". NK-muMdoumnTsl Kak B OTHO-
CUTEJIbHOM, TaK M aOCOJIIOTHOM ILJIaHe, 3HAYMMO
(p < 0,05) ObLTM BbIIIE Y MAIIMEHTOB, MEPEHECIINX
COVID-19, B conocTaBiecHNH C TAKOBBIMU TTOKa3aTe-
MU'y 60J1bHBIX 0e3 COVID-19 B aHamHe3se.

MuHUMaIbHOE KOINIeCTBO T-TuMGbOINTOB paH-
Hell aKTUBallMU PErMCTPUPOBAJIOCH Y JIUII, TIepeHec-
mux COVID-19 u umeroinx Hu3kue B-knetku CD3~
CD19*CD5*, a Haubousblee — B 3 rpynmne. Kak oTHO-
CUTENbHO, TaK U a0COMIOTHO, T-TMM@OLUTHI TO3/-
Hell aKTMBALIMM OBIIM HAMMEHBIIMMM Y OOJBHBIX
¢ COVID-19 B aHaMHe3e U BbICOKUMU B-KJileTKamu
CD3-CDI19*CD5*. MakcumabHbIe 3Ha4eHU S (a0Co-
JIIOTHBIE U OTHOCUTEJIbHbBIE) TaHHOI'O TToKa3aTesl OT-
MEYaJInCh y ITAllMeHTOB C HU3KUMU B-muMdbonntamMu
CD3-CDI19*CD5*, He 6onesiimmu COVID-19.

MakcuMaJIbHbI ypPOBEHb aOCOJIIOTHOTO YKCia
T-peryasaiTOpHBIX KJIETOK HaOmmomancs y O0OJbHBIX
¢ HopMaJbHbIMU B-numdonuramu CD3-CDI19*

CD57*, He 6oneBminmu COVID-19. T-peryasiTopHbie
KJETKM MO3IHEi aKTUBauuu B % COOTHOLE-
HUM OBIIM MUHUMAJbHBIMU B TpyIINe MHalu-
eHToB ¢ COVID-19 B aHaMHe3¢ U BBICOKUMU
B-numdpouuramu CD3-CDI9*CD5" n nmocrosep-
Ho (p < 0,05) oTAMYaaUCh OT TAKOBBIX MapaMeTPOB
y aun 6e3 COVID-19 B mporitjiom.

B ta671. 3 nmpeacTaBiaeHbl JaHHbBIE TYMOPaJlbHOTO
3BeHa MMMYHHUTeTa manueHToB ¢ OKC, 6oeBImmx
u He 6oneBinx COVID-19.

Hcxonmst m3 maHHBIX TabJ. 3, MOXHO OTMETUTh,
YyTO MakcumalibHoe 4uciao B-nmumdponuto CD3-
CDI19"CD5~ kak abCcolOTHO, TaK M OTHOCUTEILHO,
PETUCTPUPOBAIOCH Y JIUII C BHICOKMMHU B-KileTkamu
CD3-CDI19°CD5* 6e3 COVID-19 B aHamHe3se,
Ha 2 MecTe — y 00sIbHBIX, He GoseBix COVID-19
U HUMEBIIUX HOpMajbHbie B-nmumdbouutsr CD3~
CD19*CD5".

JlocToBepHO MeHbIlIe aOCOJIOTHBIE 3HAYeHUs
B-nmumponmroB CD3-CDI19*CD5- 6b1mn B 1 14 rpyn-
nax. HauOonbimmii mokasarenb IgM  oTmeuaics
B S rpynme — y aui 6e3 COVID-19 B aHaMHe3e 1 HOp-
MasibHBIMU B-kiietkamu CD3-CDI19"CD5* u nocro-
BEPHO OTJIMYAJICSI B CPABHEHNH C TAKOBBIM Y OOJTBHBIX
1, 2, 3 rpynn (c COVID-19 B mpomiiom). B To e Bpe-
Msl MakcuMaibHoe 3HaueHue IgG peructprupoBaioch
Yy ManMeHTOB C HOpMaJdbHBIMM B-kiaerkamu CD3-
CD19*CD5*, nepe6oneBimiumu COVID-19, u nocto-
BEPHO OTVIMYAJIOCh OT 5 1 6 TPy

bonee Bpicokme mmdpnsl C5a ¢pparmMeHTa KOM-
rjieMeHTa peructpuponaiuch y jguul ¢ COVID-19
BaHaMHe3e, 0COO0eHHO ¢ HU3KNUMHU B-umdonmrammu
CD3-CDI19"CD5* (1 rpynma). Ha 2 mecte — nepe6o-
nesiie COVID-19 u umeroniue Beicokue B-kieTku
CD3-CDI9"CD5*. B atux rpynmnax JaHHbIE IO-
KazaTej iy JOCTOBEPHO OTIMYAIUCh OT TAKOBOTO B 6
rpy1rie. Cl-muHTUOUTOpP OBLJI BBILIE B 3 TPYIINE U J0-
CTOBEPHO OTJIMYAJICS OT JaHHOTO MapaMeTpa B JIpy-
rux rpynnax. IgG u M k COVID-19 cratuctuyecku
3HAYMMO OBLIM BBILIE Yy MAllMEHTOB, MEPEHECITNX
COVID-19, B comocTaBiIecHUN C TaKUMHU IIOKa3a-
Tenasmu y aun 6e3 COVID-19 B npoijioM, HO Bak-
LUMHUPOBAHHBIX. MakcuManabHblli ypoBeHb IgG
K COVID-19 peructpupoBaics B 1 rpyrire, MUHU-
MaJibHBIM — B 5. Hanbonbiiee 3HaueHue 1gM Oblito
Yy HNallMeHTOB ¢ BbICOKMMU B-mumdponuramu CD3-
CD19°CD5", 6oneBuinx COVID-19, a HauMeHblIee
y au1, ¢ Hu3kumMu B-kietkamu CD3-CDI9"CD5Y,
He 6oneBminx COVID-19.

Krnaccuueckne pabOTHI yKa3bIBalOT Ha TO, YTO
CD5* B-kyieTku MOryT OBITh OOHapysKeHbl B pa3-
JIMYIHBIX TKAHSIX YeJIOBEKA M CITOCOOHBI MPOAYIIMPO-
BaTh ayTOAaHTHUTEA (BKJIIOYAsI PEBMATOMIHBIN (hak-
TOp W aHTUTeJa MpoTUB AByxlenodyeuHyo JHK).
Comepxxanue B Tiepudeprdeckoii kposu CD5*
B-kneTok yBenuuuBaeTcs IMpU TaKUX ayTOUMMYH-
HBIX 3a00JICBaHUSIX, KaK PEBMATOUIHBINA apTPUT
u cunapoMm lllerpena [9, 17]. K coxanenuto, B Ha-
CTosIIliee BpeMsI MaJio UTO U3BECTHO 00 nX (PyHKIIU-
OHAJIBHBIX BO3MOXKHOCTSIX M TOYHOM pOJIU B ITaTODU-
3MOJIOTMYECKNX MEXaHU3MaxX ayTOMMMYHHBIX 3a00-
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OcobeHHOCTM MMYHUTETa NauueHToB ¢ OKC

JIeBaHU I yesioBeKa. M3 Mojesieit Ha Mbliliax U3BECTHO,
uyto CD5 akcnpeccupyioniye B-KaeTKM OTHOCITCS
K cyononyasauuu CD3-CD19"CD5*, koTopast oObIu-
HO pacIiojioXKeHa B CEPO3HBIX TMOJIOCTSIX U TPOMY-
nupyeT HuskoadgduHHbe aHTuTesna IgM ¢ ayrto-
peakTuBHOI crneuuguuHocTthio [11]. ¥V uyenoBeka
akcrnpeccuss CDS MoxeT ObITh OOHapyXKeHa Ha KJie-
TOYHOI MeMOpaHe repexomHbix CD24*** CD38"* T1
B-kuetok [18], HO comtacHO MOCAeMHUM JaHHBIM, 3TU
KJETKU CIOCOOHBI MpoayLupoBaTh Oosbiie I1L-10
M0 CPAaBHEHMIO C IPYTUMM CYOIOIYISILIUSIMU «IIepe-
XOIHBIX» B-kneTok [17], 4To mo3BoJIsIET paccMaTpU-
BaTh UX B KAYECTBE OJHOW W3 MOMYJISLIANA PEryssi-
TopHBIX B-Kkietok. Kpome Toro, B pamkax oOiero
myna CDS5" B-ntumdbointoB nepudepryeckoit Kposu
MOTYT OBITh 00Hapy:keHbI CD3-CD19"CD5"-kireTkn
¢ denotunom CDI19*CD20"CD27CD38%inCD43*,
OTHOCUTEJIbHOE COMep>KaH1e KOTOPBIX B paMKax 00-
miero nynaa B-kirerok Haxonutcs B ipenenax 2% [15].
B pab6orax Sosa-Hernandez V.A. u coaBt. [19]
MOKa3aHO, YTO KOMMOApTMEHT MaMsaTu B-kieTok
YMEHBIIIAETCS B TSIKEIBIX U KPUTUIECKUX CITyJasiX,
a KOJIMYECTBO KJICTOK, CEKPETUPYIOIINX aHTUTEA,
YBEIUYUBAETCS B 3aBUCUMOCTU OT TSIXKECTU 3a00-
neBanusi COVID-19. B-kiaetku mamsitu IgM [16]
MNPEeICTaBISIIOT cOo00li CBOEOOpa3HYyIO IOATPYMNMY
B-k71eTok mamMsTH, KOTopasi, BEpOSITHO, BOSHUKAET
B CEJIC3eHKE U BHE 3apOIBIIICBbIX IIECHTPOB U 00¢-
CIIeYMBAET OBICTPYIO JIMHUIO 3aIIIUTHI OT MH(P KU
CIIU3UCTOM 000109k, X pOJIh B IPOTUBOACUCTBUN
COVID-19 Bce eliie HesicHa, HO HelaBHUE JaHHbIE,
B OCHOBHOM TIOJAKPEIUICHHBIE WCCIeIOBAaHUSIMU

Cnucok nutepatypsbl/References

dbyHkuun yvactus cenedeHku B COVID-19, no-
BUJIMMOMY, TTIOATBEPXKIAIOT MHEHUE O TOM, YTO 3TO
MOIMHOXECTBO B-KJIETOK MaMsTU MOXET BbIIOJI-
HSTb 3aIIIUTHYIO POJIb ITPOTUB 3TOr0 BUpYyCa, HApsI oy
C IpYyTMMHU KOPOHABHUPYCaMH, OCOOCHHO B OCTPOM
nepuoae MHQPEKIIUU, 0 9eM CBUIIETSILCTBYIOT Hau-
XyAIIe KIMHUYSCKHUE pe3ybTaThl, HAOI0gacMbIe
Yy HeBaKIIMHUPOBAHHBIX MAIIMEHTOB C HapyIlIeHUEeM
peakuuu namMsaTu IgM B u ¢dyHKI1IMY cee3eHKU.

CornacHo gaHHbIM Kumar A. u coasT. [12] kop-
pensauus cyononyasuuii TuM@ouMTOB IoKa3aja
Ba>KHYIO 3HAYMMOCTD B O0ILIEM KOJIMYECTBE JIUMPO-
LIATOB y MALIMEHTOB C JISTKOW M CPEAHEN CTENECHDbIO
TSIKECTH T10 CPAaBHEHUIO C MAIIMEHTAMM C TSIKEJIOi
dopMoit MHPEKIINN, B TO BpeMsI KaK KOJIMICCTBO
CD4" u CDS8" nmpoaeMOHCTpUPOBAJIO CTATUCTUYIEC-
CKYIO 3HAYMMOCTD B CJTy4asiX MH(PUIIMPOBaHMSI JieT-
KOW U CPEIHEN CTETIEHU TSIKECTU.
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N UMMYHOJIOTMYECKUX NMPEAUKTOPOB
TEHEHUA COVID-19 B PYNMNE PUCKA
«MEAUUNHCKUE PABOTHUKW»

N. . Pemernukosa'>, F0.A. Twpun'?, 1.I. Mycrapun?, E.B. Aradonosa', H./I. Illaiixpa3uena*
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HenpepvieH020 npogheccuonansrozo obpasosanus Munzdpasa Poccuu, e. Kaszans, Poccus

Pe3tome. AkTyanbHOCTD. M3yueH1e 0cOOEHHOCTEH BPOXKIEHHBIX M aAalITUBHBIX MEXaHU3MOB UMMYHHOTO OTBETA Y M-
LIMHCKUX PAOOTHUKOB, KOTOPBIE SIBIISIIOTCST HAMOOJIee yS3BUMON COLMAIBHON TPYTITION ¢ BBICOKMM PUCKOM MH(UIINPOBA-
HUSI, SIBJISICTCS aKTyaIbHOU 3a1aveii uccienoBanuit. Llens vccnenoBanmst: KOMITJIEKCHOE U3YUYeHUE BPOXKICHHDBIX U a/la-
TUBHBIX MEXaHM3MOB UMMYHHOTO OTBETa M aHAJIM3 CBS3EH MEXTY KIMHUYECKU 3HAaUMMbIMU Toumopduzmamu (SNP)
B reHax TLR2, TLR4, yposHem skcnpeccurt TLR2 Ha MoHouMTax nepudepryeckoir KpoBU, HIUTOKUHOBBIM MPOQUIEM
niepudepmaeckoii kposu (1L-1B, IL-10, IL-6, IFNy, MapKep ak THBAIIK TPOMOOIIUTOB) M CITEIIUGBITIECKUM T'yMOPATBHBIM
UMMYHHBIM 0TBeTOM Ha SARS-CoV-2 y MeIuIIMHCKUX paOOTHUKOB BPEMEHHOTO MH(MEKIIMOHHOTO TOCMIUTANSI B pAHHUE
U T03HUE CpoKHU pekoHBasecueHuuu nociae COVID-19. Mamepuanvt u memods.. B paboTe mpruMeHeHbl UMMYHOJIOTMYe-
cKue, HUTO(IoOypuMeTprUIecKIe U MOJIEKYISIPHO-TEHETUYECKE METOIBI UcCIeNoBaHusI. Pe3yabmamesl. B paHHU iepu-
on pekoHBajecueHuu nocie COVID-19 y MP Habmtonaercst yBeauueHue skcrpeccuu TLR2 penienTopa Ha MOHOLIMTAX,
CpemHSsISI MHTEHCUBHOCTD (hJIF0OOPECIICHITUMH ObljIa JOCTOBEPHO BhILIE B 1,5 pa3a, yeM B IrpyIire KOHTpoJs. B mo3mHwuii me-
PHOJI PEKOHBAJIECLICHIINM, Yepe3 7 MecsI1IeB MocJie TiepeHeCeHHOI HOBOI KopoHaBupycHoi nHpekunn COVID-19 6b110
OTMEYEHO CHUXEeHUE ChbiIBOpOTOUHOTro YpoBHA IFNY. lenpeccust cunte3a [FNy Obliia 3HaUMTEIBHOM, €r0 KOHLUEHTPALUAS
y MP cuusunack B 3T0T iepuoz B 82 pasa, 4To ObLIO IOCTOBEPHO HUXKE TI0 CPABHEHUIO C TPYTIIOi KOHTPOJIS (B 59 pas).
BoisiBnieH nucbanaHC MIUTOKWHOB, KOHTPOIUPYIOMIMX MTPOTUBOBUPYCHBIN BPOXICHHBIN U alalTUBHBIIT MMMYHHBIH OT-
BeT, y MP ¢ ycTaHOBJIeHHO KOMOMHaLIMel mouMophu3MoB rs5743708 n rs4986790 B reHax TLR2, TLR4 ¢ wactoToii BcTpe-
YaeMOCTH He 6ojiee 6,7%. YCTaHOBJIEHO, UTO Yepe3 7 MecsILieB Toc/ie MHPUIIMPOBAHUSI HOBOW KOPOHABUPYCHOM MH(beEK-
et COVID-19, na6monaetcst 3aMmeTHoe yMeHbieHre yposHs [FNy, IL-1f u IL-10. MccnenoBaHus CBUIETETbCTBYIOT
0 HApYIIEHUX KaK BPOXIECHHBIX, TAaK 1 aIalITUBHBIX MEXaHU3MOB MMMYHHOTO OTBETa M HEOOXOMMMOCTH ONITUMU3AIIT
JIe4eOHO-TTPOMUIAKTUYECKUX MEPOIIPUATHI, HallpaBJIeHHBIX Ha TIOBBIIIEHNE HeCeUbUIeCKOil pPe3UCTEHTHOCTH, 3a-
LIUTHI 0aphEPOB CAM3UCTBIX PECITUPATOPHOTO TPAKTA U BBISIBJIEHUE TEHETUUECKUX TPETUKTOPOB Ae(HEKTOB BPOXJIEHHOTO
1 aJan TUBHOIO UMMYHHOTO OTBETa y METMIIMHCKMX PAOOTHUKOB- peKoHBanecueHToB COVID-19.

Karouesnie caosa: meduyuncxue pabomuuxu, yumoxunot, SARS-CoV-2, TLR-2- u TLR4-peyenmopboL.
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ASSESSING MOLECULAR GENETIC AND IMMUNOLOGICAL PREDICTORS OF COVID-19 COURSE
IN HEALTHCARE WORKER RISK GROUP
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Abstract. Relevance. Studying features of innate and adaptive mechanisms of immune response in medical workers
(MW), the most vulnerable social group with a high risk of infection, is an urgent research task. The aim of the study:
Comprehensive study of innate and adaptive immune mechanismsand analyzing relationshipsbetween clinically significant
polymorphisms (SNPs) in TLR2, TLR4 genes, TLR2 expression level on peripheral blood monocytes, peripheral blood
cytokine profile (IL-1B, IL-10, IL-6, IFNy, platelet activation marker) and SARS-CoV-2-specific humoral immune
response in medical workers (MW) at a temporary infectious disease hospital in early and late COVID-19 convalescence.
Materials and methods. immunologic, cytofluorimetric and molecular-genetic research methods were applied. Adaptive
immune response in medical workers — COVID-19 convalescent subjects. Results. Early post-COVID-19 convalescence
period in MW was linked to higher TLR2 monocyte expression; the mean fluorescence intensity was significantly elevated
by 1.5-fold compared to control group. Late convalescence period (7 months post-COVID-19) was characterized by lowered
serum [FNylevel. A decline in IFNy production was significant: decreased by 8§2-fold in MR that was markedly stronger
compared to control group (59 times). The imbalance of cytokines controlling antiviral innate and adaptive immune
response was revealed in MW with identified combination of polymorphisms rs5743708 and rs4986790 in TLR2, TLR4
genes with the rate not exceeding 6.7%. It was found that 7 months after COVID-19 there was a markedly decreased IFNy,
IL-1B and IL-10 levels. The studies indicate both altered innate and adaptive immune mechanisms and a need to optimize
therapeutic and prophylactic measures aimed at increasing patient-intrinsic resistance, protection of respiratory tract
mucosal barriers and identification of genetic predictors of defects in innate and adaptive immune response in medical

workers — COVID-19 convalescent subjects.

Key words: medical workers, cytokines, SARS-CoV-2, TLR-2 and TLR4-receptors.

BBeneHune

C HauyaJia 3MUIEMUU HOBOW KOPOHABUPYCHOM
uHpexuuu COVID-19 B guBape—mapte 2020 T.
B KuTtae, a B nocienytoiiem — B EBpone u CeBepHoii
AwMepuke, coo0IIaeTCs O ciiydyasiXx BHYTPpUOOIbHUY-
Horo uHduuupoBaHuss SARS-CoV-2, B ToM yuc-
Jie U cpenyd MenuUMHCKUX paboTHukoB (MP) [3].
KomruiekcHoe wu3ydyeHue OCOOEHHOCTEH BpOXK-
NEHHBIX U aJallTUBHBIX MEXaHU3MOB UMMYHHOIO
orBeTa y MP, KkoTOpBIE 4BISIOTCS Hambosee ys3-
BUMOW COLIMAJIBHOM TPYIINOMA C BBICOKMM PUCKOM
UHPULIUPOBAHUS, SIBASETCS aKTyaJIbHOW 3ajayent
UCCJIEIOBAHUM.

CocTossHUE UMMYHHOU CUCTEMBI U HAJIUYUE Ie-
HETUYECKU OOYCJIOBJIEHHBIX MMMYHOJOTUYECKUX
aHOMAaJIU, KOTOPbIE 3aTparuBaloT CyOnonyasiiuu
addekTopHbix T- U B-kileTOK, MeTaboinyeckue
NyTU, CBSI3aHHBIE C OKUCIUTENbHBIM (dochopu-
JIMPOBAHUEM, T€HEpALIUE aKTUBHBIX (OpM KUC-
JopoJa, MyTalluy B KJIIOUEBBIX pELENTOpax, KOH-
TPOJUPYIOIIMX OOIME MEXaHU3Mbl BPOXJIEHHOIO
U aJalTUBHOTO UMMYHHOIO OTBETA, OKa3bIBalOT
HEMOCPEICTBEHHOE BIUSHUE HA OCOOEHHOCTH Ta-
TOreHe3a U KJIMHUYECKOe TeYEHUEe KOPOHaBUPYC-
HOU MH(EeKIMU HOBOTr'O TUTIA B Pa3JIUYHbIE TIEPUO-
IIbl 3a001eBaHU S (OCTPBII U PEKOHBAJIECLUEHIUST —
CTaAusl <«UMMYHOJOTMYECKOTO BOCCTAHOBJICHMU SI»
nocie COVID-19), a Takxe Ha MPOTHO3 [ Mallu-

€HTOB, MepeHecux 3Ty nHdekunw. CynecTByet
MNPEeAnoaokKeHue O TOM, YTO OTU aHOMaJIUuU MOTYT
cnocob¢cTBoBaTh (popmupoBaHuio noct-COVID-19-
CUHApPOMA, OJHAKO TPSIMbIX J0Ka3aTeJdbCTB
Ha JaHHBI MOMEHT He nmeetcs [14, 15].

CrnenyeT OTMETUTh, YTO cUCTeMa MakKpodaros,
SIBJISIIONIASICST YACThIO UMMYHHOI CUCTEMbI YeJIOBe-
Ka, CIOoCOOHAa BBISIBISTH BUPYChl HEMOCPEACTBEHHO
yepes Tomn-nmono6Hbie peuentopbl (TLR), a Takxke
yepes oOpa3zoBaHUe KoMIlaekcoB ¢ Fc-penentopamu.
PacnosHaBaHue WMMYHHBIX KomriuiekcoB ¢ Fc-
peuentopamMu U TLR WHUIMUPYET aKTUBALUIO
MakpodaroB u BbICBOOOXAeHUE 3GhGHEKTOPHBIX
MOJIEKYJT — IIUTOKUHOB IIMPOKOIO CIEeKTpa Aeii-
CTBUSI, KOTOpPbIE CIIOCOOCTBYIOT JIMMHWHAIIMU BU-
pyca. BbICTpbIi KJIUPEHC MMMYHHBIX KOMIIJIEKCOB
KPUTUYECKU BaxKeH ISl TMOAJIEpKaHWUST UMMYHHO-
ro roMeocTasa M paspellieHusl BocrajeHus. ¥ Boc-
NPUMMYMBBIX JIIoAeH HaOdogaeTcs 3HaYUTeTIbHAs
¢dyHKIIMOHAabHAsI TE€TEPOr€HHOCTh CUTHAaJIbHOM
ocu Fc-perientopa, a Takke BbIpa’keHHasl Te€HETU-
yeckasl rereporeHHocTh reHoTurnoB TLR u3-3a Ha-
JINYMSI OMHOHYKJIEOTUIHBIX 3aMeH (SNP) B reHax
aTux peuentopon. I'pynma TLR mupoko npeacras-
JIEHa U DKCIPECCUPYETCS Ha PA3IMYHBIX KJIETOUHbBIX
TUIaX, BKJIoYas ACHAPUTHBIE KJIETKU, MakKpoda-
U, HEUTPOMdUJIbI, TUMPOLIUTEI U SMUTEJIHUATbHBIE
KJeTKu. HenaBHuUe wucciienoBaHUS MOKa3alu BJIU-
sSHUEe crneuuduyeckon MoauduKanuu JTOMEHOB
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Fc-peuentopoB, KoTopas XapaKTEepU3yeTCsl OTCYT-
CTBHEM OCHOBHOI'O ocTaTKa (pyKo3bl (apyKo3uanpo-
BaHUe), Ha pa3BUTUe Tsaxesaoro TedeHus: COVID-19
y TaLMEHTOB U Ha TPOrpeccCupoBaHUE€ CUMIITOMOB
y TeX, Y Koro nHMEeKI s cHayajla uMesa Jierkoe Te-
yeHmue [8]. CorjiacHO MpoOBeeHHBIM UCCIEIOBAHUSIM,
y JIML ¢ KIMHUYECKU 3HAYUMbIMU MOJUMOpPGU3IMa-
MU reHoB, Koaupyoowux TLR, Habmomaetrcsa nps-
Masl CBSI3b MEXIY TeueHueM OaKTepuasbHbIX U BU-
PYCHBIX MHGMpEKLIMI U BO3ZHUKHOBEHUEM Cerlicuca.
B pesyibTrare UMMYHHOrO AUCPETYJISITOPHOIO OTBE-
Ta BO3MOXHO pa3BUTUE AIUTEAbHBIX MocT-COVID
CUMIITOMOB, CBSI3aHHBIX C (DOPMUPOBAHUEM ayTO-
MMMYHHOIO OTBeTa, HaIlpaBJI€HHOrO IPOTUB COO-
CTBEHHBIX TKAHEeBbIX aHTUTE€HOB, KOTOPbII COXpaHsI-
€TCsl MocJjie IMMUHALIUY BUPYCa U COMTPOBOXAAETCS
TKaHeBbIM MoBpexaeHueM. TLR — saBnsierca Hau-
OoJiee rccaenyeMblM CEMEMCTBOM PELIENITOPOB pac-
no3HaBaHusl oopa3oB (PRR), ocHoBHOII dbyHKIIMENH
KOTOPBIX SIBJISIETCS BBISIBJIEHHE KOHCEPBATUBHBIX
CTPYKTYp Ha MUKpoopraHnuzmax. OHU UTpaloT BasK-
HYIO pOJib B aKTUBallMM BPOXAECHHONH WMMYHHO
CUCTEMBI TTPU pacno3HaBaAaHU U BUPYCHBIX YacTuIl [12,
16]. AktuBaumss TLR mpuBoaUT K BBHICBOOOXKIEHUIO
MPOBOCIAJIUTEIbHBIX LIMTOKUHOB, TakKuX, Kak IL-1,
IL-6 u TNFo, Bmecte ¢ IFNY. Korma turas cBs3bI-
BaeTcs ¢ TLR, mpoucxonuT ojinuroMmepusaliysi, roMo-
AUMepU3aLUsl UKW FeTepoaAuMepu3als pelentopa
nocpeactsBom PAMP-TLR BzaumopeicTBusl, 4TO
WHULMUPYET Tlepedady CuTrHaJla BHYTPU KJIETKU.
Cpenu Bcex TLR muekonurtarommx, TLR2 nposiB-
JISeT HauOOJBIIYI0 CHOCOOHOCTh Paclo3HaBaHUS
PAMP HauboJiee LIMPOKOTO CIEKTpa BO30YAUTENENH,
BKJIIOYAsl TpaMITIOJIOKUTEIbHbIE U TPaMOTPULIATE b-
Hble OaKTepuu, MUKOOAKTepUHU, TPUOKU, a TaKxkKe
BUPYCBHl. DTOT (peHOMEH B OCHOBHOM OOYCJIOBJIEH
cnocobHocTthio TLR2 rerepommmepusupoBaThCs
6o ¢ TLR1, 1u6o ¢ TLR6 [7]. OrmeTum, uto TLR2
WUIrpaeT pellarollylo pojib B pacro3HaBaHWUU IpaM-
MOJOXUTENbHBIX OaKTEpUil U MUKOOAKTEPUIA, UYTO
nMeeT 0coboe KIIMHUYEeCKoe 3HaueHue. B HacTos1ee
BpeMsl, TpaMIIOJIOXUTEbHbIE OaKTepUU SIBJISIIOTCS
Haubosiee pacIpocTpaHEHHOU MTPUYUNHOM CEPbe3HbIX
WHGEKI U, CBI3aHHBIX C OKa3aHWeM MeAULIMHCKOMN
noMoIIM U IuchyHKIMeld opraHoB, B TOM 4YMUCJIE,
NpU Pa3BUTUU CEMTUUYECKOrO IIOKA B OTAEICHUSIX
MHTEHCUBHOI Tepanuu. DTO OCOOEHHO aKTyaJbHO
B JieueHuU maineHToB ¢ COVID-19 Bo BpeMeHHBIX
WHGEKIMOHHBIX TOCOUTAJISIX, TAe IMPEAOCTaBISIETCS
crieMaau3rpoBaHHask MEAUIIMHCKAsSI TOMOIIb.
T'eHeTuyeckue MyTallMU B T€HaX, KOAUPYIOLINX
TLR, B dpopme SNP, npeacraBisiior codboit pa3any-
Hble Bapuauuu rnocienoBatenbHoctTu JAHK, BO3-
HUKAalolIMe TpU M3MEHEHUU OJHOI0 HYKJIeoTuAa
BTeHHOM Kojne. OnHa us rpymi SNP, u3BecTHbIX Kak
CUHOHUMMYHBIE TOJUMOP(PU3MBI, HE MNPUBOASIT
K MU3MEHEHM 0 aMUHOKUCJIOT B 6€JIKe pelientopa, rno-
CKOJIbKY T€HETUYECKUI KOA UMeeT U30BITOUHOCTb.
B To BpeMs Kak apyras rpynna, HeCCUHOHUMUWYHbBIE

SNP, MoxXeT U3MeHUTh aMUHOKHUCJIOTY, UTO CYILe-
CTBEHHO BJIMSIET HAa CTPYKTYPY UM (pyHKIIMIO OeKa
peuentopa. OCOOEHHbI UHTEPEC IMTPEACTaBISET MO~
numopdHbIit BapuaHT SNP TLR2 (rs5743708), koTo-
pbIii cocToUT U3 3aMeHbl G > A B HyKJleoTuae 2251,
4TO MPUBOAUT K 3aMeHe Arg753 Ha GIn (Arg753Gln).
BO1oT SNP HaxoauTcs B 0071aCTU BBICOKOKOHCEPBa-
TUBHOTO yudacTka 6enka peuerntopa TLR2 u acco-
LHUUPYETCS C BO3HUKHOBEHUEM OCJIOXHEHUU Mpu
cencuce [13, 20]. Eme ognum BaxkHbiM TLR 1 akTH-
BallMOHHBIM (DYHKIIMOHAJbHBIM KacKaJIOM UMMYH-
HBIX peaKlnii, UMEIOIIIUM CYIIIECTBEHHOE 3HaYeHUE
nns naroreHesa COVID-19, asaserca TLR4 [19].
Crout otmMeTuTh, uTo TLR4 sKkcnipeccupyeTcs rias-
HbIM 00pa30M Ha KJIeTKaX UMMYHHOU CUCTEeMBbI, Ta-
KUX KaK Makpodaru, TeHIpUTHbIE KJIETKH U MOHO-
LMThI, a TAKXKE HA PE3UJECHTHBIX KJIeTKaX JJEroOUHOMU
TKaHU U Muokapaa. B nerkux skcrnpeccusi TLR4
OTMeJYaeTcs Ha HU3KOM 0a3aibHOM YPOBHE B ajibBe-
OJISIPHBIX KJIETKaX, BKJIIoUas JIerouHble MaKkpodaru
tuna [ u I1, u B KJieTKax OpOHXMAIbHOIO SIUTENUS.
WNHutepecHo, uto akcrnpeccust TLR4 u cencudbunu-
3als K JIUMIIONoJucaxapuaaM pe3Ko Bo3pacTaeT
Opv BOCHAJMUTEJIbHBIX IIpolieccax, WHOUIbTpa-
MU Jerkux Makpodaramu. Oxkaszajioch, uto SNP
(rs4986790) TLR4, KoTOpBIif XapaKTepU3yeTcs 3aMe-
Holt 1063A > G, ¥ MPUBOIUT K 3aMEIICHUIO aciapa-
TMHOBOI KUCJIOTHI TJIMIIMHOM B TIEPBUYHON CTPYK-
Type OesikoBoro peuentopa (Asp299Gly), cBszaH
C BBICOKOI BOCIIPUMMUYUBOCTBIO K PECUPATOPHO-
cuHuuTUagIbHOMY BUpycy (RSV), KoTopsliii o6nana-
eT TpoInu3MoM K JierouHoil TkaHu [10]. ITocienHue
HUCCeNOBaHUS MO MOACIUPOBAHUIO «IITUITOBUIHO-
ro TJIMKOIPOTeMHa» — IIMKONPOTeMHA OeJIKOBOM
o6o0s0uku KopoHaBupyca SARS-COV-2 in silico no-
3BOJISIIOT ClIeJIaTh BBIBOJ, YTO TAHHBINA TTUKOMPOTE-
WH uMeeT HauboJiee CuIbHOE 0eJIOK-0eTKOBOE B3a-
umopeiictue ¢ TLR4. DToT akT, BeposiTHO, Moj-
TBepxkaaeT pojib TLR4 B nHMeK1IMOHHOM Tpoliecce
MpU HOBOU KopoHaBupycHoi nHbekuuu COVID-19
y yesioBeka [4, 11].

Ha ocHOBaHWU BBILIEU3IOXEHHBIX TEOPETUYEC-
KUX MPEaIoChIIOK, 1IeJb MCCAENOBAHUS COCTOsIa
B KOMILJIGKCHOM W3y4YeHUUW BPOXIEHHBIX W ajar-
TUBHBIX MEXaHU3MOB WMMYHHOTO OTBETa MyTeM
aHaJM3a CBS3e MeXIY KJIETOYHbIMU U FeHeTuye-
CKMMM aclieKTaMM UMMYHUTETa, TAKUMU KaK M3-
BECTHBIE KJIMHUYECKHU 3HAUMMBbIC TTOIUMOPGHU3MBI
(SNP) Brenax TLR2, TLR4, KOHTpOJUPYIOLIAX UM-
MYHHBI OTBET, ypoBHeM akcnpeccuu TLR2, Ha Mo-
HOLIMTaX mneprucepruueckKoil KpoBU, ITUMTOKWMHOBBIM
npoduiieM nepudepudeckoit kposu (IL-1B, 1L-10,
IFNy, IL-6) u Mapkepa akKTWBAIlMX TPOMOOIIMTOB
(sCD40L) u cneunduyecKuM rymMopajbHbIM HM-
MYHHBIM 0TBeTOM Ha SARS-CoV-2 y MenuIIMHCKUX
paGOTHUKOB BPEMEHHOI0 MH(MEKIIMOHHOTO TOCI1-
tays (BUT), koTopbie SIBASIIOTCS TPYIIIOM BBICOKOTO
pucka MHGUIIMPOBAHU S, B pAaHHUE U TTIO3THUE CPO-
KU peKkoHBaJjecueHuu nocie COVID-19.
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WccnenoBanue ObLIO OIOOPEHO JIOKAJIbHBIM
atnyeckuM KomuteroMm ®BYH KHUWBM Poc-
norpebHaa3opa (mpotokoia Ne 1 ot 17.06.2020).
WUccnenoBanue nposeneHo ¢ utoHs 2020r. 1o uiob
2021r. Tlocne moamucaHuss UHGOPMUPOBAHHOTO
comtacust B UccjeloBaHWe ObLIM BKJIIOUEHBI 68 He-
BaKLIMHUPOBAHHBIX CEPOMO3UTUBHBIX K SARS-
CoV-2 MP BMUI, nepeboneBIIMX HOBOW KOpO-
HaBUPYCHOW WH(EKIMENW IO AAaHHBIM pPErucTpa
OOJIBHBIX, UMEIOIIMX JTAOOpaTOPHOE TTOATBEPXKIE-
Hue (UO07.1), uim ¢ AMarHo3oM, YCTaHOBJEHHBIM
Mo AJaHHBIM KoMmnbloTepHOI ToMorpaduu (U07.2),
¥ HE UMEIOIINX JIOKYMEHTAJIbHOTO TTOATBEPKICHU ST
dakTa nepeHeceHHOro 3abojieBaHUsI, B TOM YUCJIe
OPBU B ocenb—BecHy 2020 r. UHdpopmanus, co-
OpaHHas B UCCIEAOBAaHU M, BKJIIOYaJIa: MacIIOPTHbHIE
JMaHHBIE, MECTO PAOOTHI; HOTXKHOCTh; KINHUKO-a-
OopaTtopHble JaHHbIe (Haaudue cumitomoB OP3
B oceHb—BecHY 2020 r., pesysbTathl [P Ha SARS-
CoV-2, moarBepXIeHHBIT mmarHo3 «COVID-19»
(Tpu HaIUM4KMK), Aata NosiBJAeHUs cuMIToMoB OP3,
ananusbl Ha COVID-19 (ITHP nnu NMDA); Hanu-
yue XpPOHUYECKHUX 3a00JIEBAHUIL; SMUIEMUOJIOTU-
YyecKuii aHaMHe3 (MpeAnojgaraeMoe MecTo 3apaxe-
Hus COVID-19, koHTakThl ¢ 6oabHbIMU COVID-19
B CeMbe WMJIM Ha paboTe, BBIE3I U3 CTPaHbl WJIU
B Apyrue pernoHbl PD 3a mocneaHue 3 mec.).

Cpenu 68 y4acTHMKOB MCCJIEAOBAHMS ObLIO
18 myxuuH (26,5%) u 50 xxenmuH (73,5%) B BO3-
pacte oT 18 mo 72 neT, cpemHUl BO3pacT cocCTa-
Bua 43,5%1,51 ner. Bpaueir 610 36 (52,9%), 25
(36,8%) — cpenHero MeIMIIMHCKOTO TiepcoHasa u 7
(10,3%) — mnammero nepcoHana. Y 69,1% (47 ue-
JIOBEK) OTMEYaJIMCh B aHaMHe3€¢ KJIWHUYECKUE
nposipienuss COVID-19, cpenu HUX nepeHecau
nHbEKIUIo B Jlerkoi Gopme 29 yenosek (42,7%),
B cpenaHetsikenon — 14 (20,6%), Tsxenoin — 4
(5,9%) n 6eccummnromuo — 21 (30,9%).

B koHTposbHYyIO rpynity (15 yemoBek) BKIOYA-
au aun He 6oseBinx COVID-19 u ¢ oTcyTcTBUEM
nonumopdubix ateneit SNP TLR2 (rs5743708)
u TLR4 (rs4986790) B reHOTHIIE.

I'pynna cpaBHeHusi 6onbHble COVID-19 ro-
cniutanusupoBaHHbie B BUI ¢ TaxxenbiM U cpemHe-
TsikenbIM TedueHuem COVID-19 (31 mauueHT), Ko-
TOPBIM OBIJIO MPOBENEHO KOMIIJIEKCHOE U3Y4YEeHUE
nokasaTesjeli UMMYHHOIO OTBEeTa M Mapkepa ak-
TUBALIUNA TPOMOOIIUTOB (CHBIBOPOTOYHBIX KOHIIEH-
tpauuit sCD40L, IL-1B, 1L-10, IFNy, usyuyeHue
UHTEHCUBHOCTU 3Kcnpeccun TLR2 penentopos
Ha MOHOIIMTaX Teprudeprniyeckoil KpoBU U EeTeK-
ouit SNP TOLL -2 u 4 B renomuoit IHK, ¢penotu-
nupoBaHUe cyormonyasiuuii TuMOOIUTOB nepude-
pUYECKOI KPOBU).

OmnpeneneHUe UUTOKUHOB B ChIBOPOTKE KpPO-
Bu (IL-1B, IL-10, IFNy, IL-6) mauueHTOB U JHII
KOHTPOJIBHOW TPYMIIBl NPOBOAUIU UMMYHOMep-

MEHTHBIM METOAOM C ITOMOIIbI0 HaOOpa peareHTOB
(BekTop-bect, Poccust) mpoBOAMIN IBaXKIbI Uepes
MecsI1l MOCJie TTOSIBJCHU ST IEPBBIX CUMITITOMOB U 4Ye-
pe3 6 MecsI1IeB.

VYposenb sCD40L omnpenensiin uMMyHodep-
MEHTHBIM METOIOM C MpUMEHeHueM Habopa pea-
reHToB ZyQuikTM sCD40L ELISA Kit (Invitrogen
Corporation, CIIA) BKJIlOYaIOILIEro MbIIIUHHbIE
MOHOKJIOHanbHble aHTUTeNa K SCD40L yenoseka.
KoaddbunmeHT Bapualiuu B KOHTPOJIbHBIX MaTe-
puaax He IipeBbIan 5,5%.

N3yuenue skcnpeccuu TLR2 Ha MOHOHYKJIea-
pax I1K npoBoauau METOIOM MPOTOYHOU UTOD-
ayopumetpun. Obpasel uejabHoit KpoBu 100,0 Mk
uHKyouposaau ¢ 5,0 Mmxa1 MAT B TeueHue 10 mu-
HYT, 3aT€M BHOCUJMU JUZUPYIOIIUNA SPUTPOLIUTHI
pactBop (Erythrocyte-Lysing Reagent), mocie yero
KJI€TKA OTMBIBAJU PacCTBOPOM XeHKca LEeHTpU-
dyrupoBannem mnpu 1000 o6/MuH. DKcnpeccuio
peuenTopoB Ha kjetkax (MIIK) onpenensinu me-
TOIOM MNPOTOUYHOU LUTODIOypUMETpUU. B Kax-
oM obpasue aHanusupoBasu He MeHee 150 000
coObITUi. 51 1uTOGJIOYyPpUMETPUUECKOTO pa3ae-
geHuss MITK Ha nuM@ouuThl, MOHOLIUTHI U HEl-
Tpoduabl, akcnpeccupyromux TLR 2 Tuna, uc-
MOJIb30BaJIM CJIEAYIOIIMEe MOHOKJIOHAIbHbIE aHTU-
tesa: antu-CDI14, meuenHbie APC (e-BioScience),
antu-CD 282 (TLR2) meyeHHbie Alexa Fluor 488
(e-BioScience).

Omnpenensiii MPOLEHTHOE COoAepXXaHUEe MOHO-
nuTOB, 3Kcnpeccupytomux TLR2, a Takxe cpen-
HIOIO MHTEHCUBHOCTH (ayopecueHuuun (CHUD)
ATUX pelenTopoB Ha MoHouuTtax. I[lokazaTenb
CHU® — mpomnoplroHaaeH 3KCIIPECCUUN PELEHTO-
pPOB Ha KJI€TOYHOU MeMOpaHe.

MoHnutopuHr coaepxanus anturten (AT) IgM
u IgG Kk SARS-CoV-2 ocylluecTBsIICS eXeMecsu-
HO ¢ utos 2020 r. MeTOOM ABYXCTaAUHHOTO Mpsi-
moro TBepaodasHoro M®DA. Omnpenenenune IgG
K SARS-CoV-2 npoBoaujioch ¢ UCHOJb30BaHUEM
OTEYECTBEHHBIX MTUATrHOCTUYECKUX TECT-CUCTEM
C COpOMPOBAHHBIMB JIYHKax IIJIaHIIETa PEKOM-
OMHAHTHBIM TIOJTHOPa3MEPHBIM TPUMEPU3OBAH-
HBIM TJIMKornpoTernHoM (Spike-0enok) Bupyca
SARS-CoV-2 («SARSCoV-2-1gG-UDPA-BECT»,
AO «Bektop-bect», Poccus). nsa aerekuuu IgM
K SARS-CoV-2 wucnosib3oBajii OTE€UYEeCTBEHHbIE
TECT-CUCTEMbl C MMMOOMJIM30BAHHBIMU B JYH-
Kax aHTtuTeslaMu K IgM yesioBeka U BbISIBJIEHHEM
cneuududeckux AT ¢ MOMOIIBIO KOHBIOTAaTOB, CO-
JIepXallux aHTUTeHbl BUpyca — N-0eJ0K HyKJe-
okaricuaa («SARS-CoV-2-IgM-UDA-BECT», AO
«BekTop-bect», Poccus). PesyabTaThl uccienona-
HUI BbIpaxkajauch B BUAEe KoahdulimeHTa mo3u-
tuBHocTu (KII), mpeactasiasiomniero coboii 0OTHO-
IIIEHWEe ONTUYECKON MIOTHOCTU 00pa3lia K KpUTU-
YECKOU OMTUYECKOU MIOTHOCTHU, BBICUUTHIBAEMOW
B KaxXJ0M aHanuse. MHTeprnpeTalus pe3yJibTaToB
B 3aBUCUMOCTHU OT UCTIOJb30BAHHOU TECT-CUCTEMBI
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OblJIa B CJHCAVIOLIUX Mpeaesaax: MOJOXUTEIbHbI-
MU cuuTanuch odpasubl ¢ KII, mpesbliamoumim
1,1—1,2; orpunareabHbiMmu — ¢ KIT menee 0,8—0,9.
Hdunamuky TutpoB IgM u IgG y kaxxagoro MP ornie-
HUBAJIY MO0 paCCYMTAHHOW JUHUU TPEeHAa CpelHe-
o reOMETPUYECKOT0 3HAYEHU I TUTPOB aHTUTE.

Hnss usydyeHust pacnpocTpaHeHHoctu SNP
TLR2 u TLR4 B uccienyeMoii monyiasiiuu Obljaa
copmupoBaHa rpynna u3 234 4eaoBeK, NPOXU-
Barouiux B I. Kazanu, kotopas BkJo4dana 134 MP
BUI' 1 KOHCynbTaTUBHOU crHeuuaJu3upoOBaHHOMN
MOJUKJIWHUKU; TPYIITYy KOHTpoas coctaBuau 100
JIULL, HE SBJSIONINXCS MEIUIIMHCKUMU PabOTHU-
Kamu. [eHaepHO-BO3pacTHas CTPYKTypa y4acTHU-
KOB HCCJeNOBaHUs Oblla OOHOPOMHOW (CpemHuit
Bo3pacT cocTaBua 45,612,44 jer, myxxunH 21%
U KeHIIWH 79%).

CKpUHUHT mnoaumopdusmMoB reHoB TLR2
u TLR4 y ucciaeayeMblX MHAMBUAYYMOB MNPOBO-
aunu Metogom AC-TIHP ¢ moMouiblo peareH-
T0oB «SNP-3kcnpecc» HII® «JImtex» (MockBa,
Poccus). Boeiaenenue reHomuHoit JJTHK yemoeka
MPOBOIMIU U3 00pa3l0B OYKKAJTbHOIO SMUTETUS
C MOMOIIIbIO Habopa peareHTOB AJIsI 9KCITPeCcC-BbI-
neneaust JJTHK m3 6ykkambHOro cocko6a (HIID,
«JIutex», Poccus).

Cratuctuueckass oopadboTka JaHHBIX MPOBEae-
Ha ¢ nmoMmoluukio mporpamm Microsoft Office Excel
2010 u WinPepi (Bepcust 11.65). boiin paccumTaHbl
MeaMaHa KOJMYEeCTBEHHBIX MoKa3aTeseid, a TakxKe
25-itu 75-nepceHTUIM npu3dHaka. CpaBHEHUE MEX-
Iy TpynnaMu npoBoauiau npuMeHsst U-kputepuit
MaHHa—YuTHU, a OJs1 XapaKTepUuCTUKa pacrnpe-
JIeJIeHU S KOJUYECTBEHHBIX MPU3HAKOM KpUTEpUi
KonMoropoBa—CMupHOBa.

Pesynbratbl 1 06CyXaeHne

I[lpy w3yYeHUM LUTOKUHOBOTO TIPOGUIIS
y rpynnibl MP BUI, koTopbie Oblin 00cieqoBaHbI
yepe3 MecsIl ITocjie Hadyajga CHUMIITOMOB 3aboie-
BaHWUsI, OTMeYaeTCs 3HAUYWUTEJIbHOC YBEJIWYCHUE
ypoBH# [FNY o cpaBHEHUIO ¢ KOHTPOJbHOU rpy1i-
MO, COCTOSIIEC M3 JINII, He MHPUIHPOBAHHBIX
COVID-19. Kpome Toro, ypoBeHb KOHIICHTpaIlUH
IFNYy ObLJ1 3HAUUTEIBHO BBILIE, YEM B TPyIIIe KOH-
TPOJII. DTO CBUACTEIBCTBYET O COXpPaHCHHM aK-
TUBaIlMM MaKpodaraaibHO-MOHOIIMTAPHOTO 3BEHAa
B OTBET Ha HOBYIO KOPOHABUPYCHYIO MHQEKIINIO
COVID-19 B nepuon paHHel peKOHBaJIECIICHIINH,
Kak OTMe4YeHo B Ta0J1. 1.

JIOTIOMHUTEIPHO HaMMW OBIJIO YCTAaHOBIICHO,
YTO KOHIIEHTpAIMs IIPOBOCIAIUTEIBHOTO IIH-
TokMHa IL-1B, KOTOphIii BBI3BIBAET BOCHAJIM-
TEJIBHYIO PEakKIINIO COCYIOB M MHAYIUPYET CHH-
Te3 OeJIKOB OCTpoOM (pa3bl, OblJIa CTATUCTUICCKH
3HAUYMMO BBIIIe, YeM B KOHTPOJIbHOW TpYIIIeE.
OIHOBPEMEHHO MBI OTMETUJIN yBEJIMYCHUE YPOB-
Ha IL-10, koTophlii crtocobcTBYeT auddepeHIIn-

poBke B-numdonutos, npoaudepaliiu HUTOTOK-
cudeckuX T-TuM@OINTOB M YMEHBIIIEHUIO CUHTE-
3a Thl-uutokuHoB. [lpumeyaTenbHO, YTO HAIIU
HUCCIeIOBaHUS MoKa3ajdu, YTO YPOBEHb KOHIIEH-
tpauuu 1L-6 y MP ocraBajicsd B HOpME B T€YEHUE
7 Mecs11eB U HEe OTJIMYaJCsd CTaTUCTUYECKHU 3HAUU -
MO OT KOHTPOJIBHOM T'PYMIHL.

Haie nccnenoBaHue BbISIBUJIO, YTO B PaHHEM
nepuoae pekoHpajiecueHuuu COVID-19 y MP Ha-
OntomaeTcs yBeaumdyeHue KoHueHTpauuu sCD40L.
OTO CBUIAETENbCTBYET OO0 aKTUBAllUU CHUCTEMBI
TpoMOoOOpa3oBaHUs U BocnajeHus1. Kpome toro,
nokasaHo, uto 6e10k CD40L u ero peuentop CD40
DKCIPECCUPYIOTCS Pa3IUYHBIMU TUMAMU KJIETOK
KPOBU M CTEHKHU COCYAOB, BKJIOYas HIOTEJIUO-
HUTHI, TJAAKOMBIIIEYHbIE KJIETKW, MOHOIIMTHI/
makpodaru u T-numdouutsl. [6]. UcciienoBaHus
noaTBepkaaioT, 9yTo cuctemMa CD40/CD40L nrpa-
eT 3HAYMMYIO POJib B aKTUBAILIUM KaK TPOMOOIIM-
TOB, TaK 1 KJIETOK BOCITAJIEHUS U SHIOTEJINOIMTOB.
B nepudepuueckoii kposu, CD40L npucyTcTByeT
B BHUJE pPAacTBOPUMOTO (pparMeHTa, U3BECTHOIO
kak sCD40L. AKTUBUpPOBaHHbIE TPOMOOIIUTHI
SIBJISTIOTCSI OCHOBHBIM MCTOYHUKOM (95%) 1IMpKy-
aupylouiero B kpoBu sCD40L. TToatomy sCD40L
CUMTaeTCsl BaXKHBIM MapKepoM aKTUBAILIUU TPOM-
OOLIUTOB U TIAaTOJIOTMYECKMX IIPOIIECCOB, CBSI-
3aHHBIX C YBEJIWYEHMEM AaKTUBHOCTH CHUCTEMBbI
TpoMOooOpa3oBaHus [5].

Ilpu nzyuenuu skcnpeccunm TLR2 Hamu Obl10
YCTAHOBJIEHO, UTO B pPaHHUN TEepUOd PEKOHBa-
necueHuuu nocie COVID-19 y MP HaGnionaercs
YBEJIMUYEHNE 9KCIPECCUU ITOTO pEelierTopa Ha MO-
HOILIMTaX, CPEeIHSISI UHTEHCUBHOCTD (hJIIOOPECIIEH-
uuu TLR2 6b1y1a 1ocTOBEepHO BhILIE B 1,5 pasa, yem
B IpyIIe KOHTPOJIS.

B nuHamuke, B MO3AHUI MEPUOA PEKOHBAJEC-
LHEeHI MU, Yyepe3 7 MecsleB Iocje IepeHeCeHHOU
HOBOI1 KopoHaBuUpycHOi uHpekuuu COVID-19
ObLJIO OTMEUEHO CHUKEHHE ChIBOPOTOYHOIO yPOB-
Ha9 IFNy — ocHoBHoro wmHTepdepoHa BTOPOTO
TUTIA C TIPOTUBOBUPYCHBIM 3P (PEKTOM, KOTOPHIi
aKTUBUPYET Makpodaru W aHTUTECH- ITPE3eHTY-
e kaetku (AITK) u cTuMyaupyeT nepexJito-
yeHue KJaccoB aHTuTen Ha IgG 2A. Tlpuuem ne-
npeccus cuHre3a IFNy Obula 3HAUMTENBHOM, €ro
KOHIleHTpauusi y MP cHusmjiach B 3TOT II€pPUOJ
B 82 pasa, 4TO ObLJIO JOCTOBEPHO HUXKE MO CpaBHE-
HUIO C IpyMIoil KoHTpoid (B 59 pas). Tak xxe ¢ oTUM
KOPPEeJMPOBAJIO U CHUKeHUe KoHTleHTparuu [L-13
u IL-10, koTopslil cTUuMyaupyeT aubdepeHIInpoB-
Ky B-nmumdonnutoB. HeobxonumMo OTMETUTh, UTO
B IIEPUOJ TTIO3THEN PEKOHBAJIECLIEHIIMU aKTUBHOCTh
TpoMOouuTapHoro ¢akrtopa remocrtasza sCD40L
TakK XK€ 3HAYUTEJbHO CHHUXKaJlach U OblJa MEHbIIE
B 2 pa3a o CpaBHEHU IO ¢ KOHTPOJbHOU IPyMIMOiA.

I1pu aToM skcnipeccuss TLR2 Ha MOHOLIMTaX 1€~
pudepuyecKkoil KpOBU He MpeTepriesa CylIeCTBeH-
HOW AMHAMUKU CHUXEHUS B 3TOT MEPHUO/I.
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TaGnuua 1. OcHoBHble Nnoka3aTenu akcnpeccuu TLR2 Ha MOHOLMTaX KPOBU M LLUTOKMHOBOIO Npodunsg
CbIBOPOTKU KPOBM Y MEAULMHCKUX PAOOTHMKOB BpeMEHHOI0 MHPEKLMOHHOIo rocnuTans B nepuoa

pekoHBanecueHuuu COVID-19 yepes 1 u 7 mecsLeB nocne nosBjieHUsS CMUMNTOMOB

Table 1. Essential TLR2 expression parameters on blood monocytes and serum cytokine profile in medical workers
of atemporary infectious hospital during COVID-19 recuperation at 1 and 7 months after the onset of symptoms

MokasaTtenb
Indicator

F'pynna/Group

MP yepe3 mecsy,
OT NOSABNIEHUS

MP Yepes 7 mecsiueB
OT NOSABNIEHUS

BonbHblie COVID-19

cuMnTomoB CUMMNTOMOB -
29.06.2020 . 19.01.2021r. OCTpbLIv nepuon KoutponbHas rpynna
MW one month after MW 7 months after COVID-12tai1é:rl11tt: period Contrgl group
symptoms onset on June symptoms onset P - (n=13)
29,2020 on January 19, 2021 (n=31)
(n=68) (n=68)
1 2 3 4

Akcnpeccusa TLR2 Ha moHouuTtax MK/ TLR2 expression on peripheral blood (PB) monocytes

CUD TLR2
Ha moHouwmTax MK

2500*

2300*

1350

TLR2 MIF on PB [2218-3106] [1578-2578] H/o [1400-1560]
monocytes

LUutoknHoBbI npodunb cbiBOPOTKU/Serum cytokine profile
IFNy (nr/mn) 327,0* 4,0* 0,0* 2370
IFNY (pg/ml) [214,3-367,0] [1,7-12,0] [0,0-1,0] [212,0-267,0]
IL-1f (nr/mn) 3,1 1,4 0.0 2,36
IL-1B (pg/ml) [2,6-3,7] [0,0-2,6] [0,0-2,0] [2,12-2,5]
IL-6 (nr/mn) 1,42 1,4 38,5* 1,5
IL-6 (pg/ml) [1,28-3,2] [1,28-2,4] [14,5-63,5] [1,5-1,67]
sCD40L (nr/mn) 23,0* 7,8* 34,0* 16,0
sCD40L (pg/ml) [14,9-34,0] [2,0-17,0] [15,5-106,0] [15,0-16,8]
IL-10 (nr/mn) 5,85 2,3 0,12 4.1
IL-10 (pg/ml) [3,85-9,8] [0,6-3,8] [0,5-1,3] [2,6-3,6]

Ta6auua 2. Oco6eHHocTU akcnpeccun TLR2 Ha MOHOLMTaX KPOBU U LUTOKMHOBOTO Npoduns

Y MEeAULUHCKUX PaGOTHMKORB C BbISIBJIEHHBIMU OAHOHYKNEOTUAHbIMYU nonumopduamamu (SNP) B reHax
TLR2 n TLR4 (4yepe3 1 n 7 mecsaues nocne nepeHeceHHoro COVID-19)
Table 2. Features of TLR2 expression on blood monocytes and cytokine profile in healthcare workers with identified
single-nucleotide polymorphisms (SNPs) in TLR2 and TLR4 genes (1 and 7 months after COVID-19)

Moka3artenb
Indicator

Fpynna/Group
MP (SNP)* yepe3 mecsiL, OT NOosiIBNEHUS MP (SNP)* uepe3 7 mecsiues KoHTponbHas
cumnTomoB 29.06.2020 . oT nosiBneHus cumntomoB 19.01.2021 r. rpynna
MW (SNP)* one month after symptoms | MW (SNP)* After 7 months from symptom | Control group
appeared on June 29, 2020 onset on January 19, 2021 (n=15)
(n=9) (n=9)
1 2 3

Akcnpeccusa TLR2 Ha moHouuTax nepudepuyeckoii kpoeu/TLR2 expression on peripheral blood monocytes

CUD TLR2
Ha moHouwuTax MK
MIF TLR2 on PB

3050

[2750-3025]

*

2578*
[1875-2550]

1350
[1400-1560]

monocytes

IFNY (nr/mn) 216,0* 0,05* 237,0
IFNY (pg/ml) [214,3-350,0] [0,02-0,15] [212,0-267,0]
IL-18 (nr/mn) 1,1* 0,02* 2,36
IL-18 (pg/ml) [0,6-2,6] [0,0-0,1] [2,12-2,5]
IL-6 (nr/mn) 1,5 1,4 1,5
IL-6 (pg/ml) [1,4-3,4] [1,3-2,1] [1,5-1,67]
sCD40L (nr/mn) 14,0* 8,7 16,0
sCD40L (pg/ml) [11,9-36,0] [6,0-15,0] [15,0-16,8]
IL-10 (nr/mn) 9,8 2,3 4,26
IL-10 (pg/ml) [7,85-10,8] [0,6-3,8] [3,6-4,78]
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B cpaBHUTeJIbHOM aHaJiu3e, HaMU MOKa3aHo,
yto y nanimeHToB ¢ COVID-19, npoxonsuiux jeye-
HUE B OT/ICJICHUY MHTCHCUBHOM TepaItuu, KOHIICH-
tpanus [FNy, IL-18 u IL-10 mouTtu He ompenensi-
Jlach, B TO BpeMs Kak ypoBeHb SCD40L Ob11 mouTu
B JIBa pa3a BbIllie HOpMBbI (Tadua. 1). HamMmu B aTOM
HWCCEIOBAHUU BBISIBJICHO, YTO TOJIBKO Y OOJIBHBIX
COVID-19 B octpoMm Tmiepuope, rocruTaiu3nupo-
BaHHBIX B BUT, ypoBeHb I1L-6 6bl1 cTaTUCTUYECK U
3HAYMMO BhI1IEe (B 7 pa3), 10 CPaBHEHUIO C UCCJIEY-
eMoit rpynmnoii MP.

B momosrHeHMe K 3TOMY, HaMU ObIJIa BBIACIICHA
HeOousblasg rpynna MP (9 yenoBek) ¢ 1eTEKTUPO-
BaHHBIMU B T€HOTUIIE OQHOBPeMEeHHO ABYyMsI SNP,
koTtopble 3aTparuBaioT reHbl TLR2 u TLR4 ¢ xa-
paKTepHBIM IIUTOKNUHOBEIM ITpoduiem (Tadir. 2).

IMpoBeneHHBI aHATTN3 TUTOKMHOBOTO TIPOGUIS
nokasaJi, 4To y rpymnmbsl MP ¢ reHoTunamu, xapak-
Tepusyimumucs coyeranuem SNP B renax TLR2
n TLR4, nabmonanochk nmpaktudecku 5000-kpaTHoe
cHrkeHre ypoBHS [FNyyepes 7 mecsiuieB mocie 3a-
OoJsieBaHU s, a TakKe 118-KpaTHOE CHUKEHUE YPOBHS
IL-1B. YpoBenb sCD40L TpomGonnTapHoro (akrto-
pa reMocTas3a TaKxKe CHMXKAJICSI, HO HeCKOJIBKO Me-
Hee 3HauYUTeNbHO (B 1,8 paza HUXXe HOPMBbI).

Hamu ycraHOBJIEHO, 9YTO BCe 9 YeI0BEK M3 TPYII-
nbl MP, uMeIolnx reHOTUMbI, XapaKTepU3yolue-
cs couetanmeM SNP B renax, konupytomux TLR2
n TLR4 nepenecniu COVID-19 B cpenHeTsikenon
dopwme.

Pacnpenenenue reHoturnoB SNP B renax TLR2
n TLR4 B wucciemyemoii TpyriIie IIpeacTaBICHO
TaobI. 3.

B rpynne MP BbISIBUJIM BCTpeYyaeMOCTb MO-
aumopdHoro annens A (rs5743708) B rene TLR2
coctapisiomyo 4,0% B KOIOMWHAHTHOW Mome-
JIM HacJienoBaHUus, a mnojumMopdHoro amnens G
(rs4986790) B rene TLR4 — 9,7%. B KOHTpOJIbHOI
rpymnrne 3TU 3HaYeHUs JJisl TTOJUMOpPGhHOro aje-
st A (rs5743708) B rene TLR2 cocrasunu 2,0%,
a g1 nonuMopdHoro anens G (rs4986790) B rexe
TLR4 — 7,5%. DTO CBUAETENLCTBYET O 0OJIEE BBICO-
KOIi BcTpeyaeMocTu cooTBeTcTByOmMUX SNP TLR
B rpynrie MP B cpaBHEHUM C KOHTPOJIBHOU Ipym-
noii (OLI = 2,05 u OL = 1,4, p < 0.05, cooTBeT-
CTBEHHO), YTO MOATBEPXKAECHO JaHHBIMU Ta0. 3.

Takum obpa3om, B uccienyemMoil rpyIire ropo-
na KazaHu yactora pacnpocTpaHeHUsl MoauMopd-
Horo ajelist A (rs5743708) B rene TLR2 cocraBuita
3,2%, a nonumopdHoro ajuteis G (rs4986790) B rene
TLR4 — 8,76%. TlonydyeHHble HaMU Pe3yIbTaThl
MO PacIpoCTPaHEHHOCTU MOAUMOP(PHOro (MyTaHT-
Horo) aytenss A (1s5743708, G > A) B rene TLR2,
COMIACyIOTCSI C JAaHHBIMU O YaCTOTE pacrpocTpaHe-
HUS 9TOTO MOJUMOPGHOro ajiens cpeau hUHCKOU
M BCTOHCKOM Tonysituii. CpemaHsis yacToTa MOJIU-
MopdHoro amrens A (rs5743708, G > A) Brene TLR2,
6bl1a 2,96% B GUHCKOM MOMYISIIUU (MCCIeI0BaHNe
FINRISK) u 4,75% cpenn acTOHIIEB (MCClIeIOBaHIE

«Estonian», Bkitoyatoiee 213 yenosek) [2]. YacToTta
pacrnipocTpaHeHus1 nojguMopgHoro amens G
(rs4986790) B rene TLR4 y Halleii U3y4eHHOI YacTH
nomnyJasiuuu Obla Haubosiee 6M3Ka K MONYJISILIUNA
ACTOHIIEB, I1Ie 3Ta YacToTa cocTaBuia 6,7% (uccie-
noBaHue, BKovatoniee 4480 yeaoBeK), U (pUHCKOM
TOITYJISIIINM, TAC YacTOTa pacIIpOCTPAHEHHSI 3TOTO
noJimMopdHoro aniens coctaBuiaa 12,2% (uccieno-
BaHue, BKItovatouiee 304 yuenoseka) [1].

YauTtbeiBas BBISIBJICHHYIO OENPECCHUI0 MMMYH-
Horo otBeta Yy MP BUTI co cHuxeHueM Mpoayk-
WU TIPOBOCIHAJIUTENbHBIX UUTOKMHOB [FNy,
IL-1B u IL-10, cTaHOBUTCS KPUTUYECKU BaskHBIM
HWCCIIeIOBAaHNE TYMOPAJBHOTO CHEeHU(PUICCKOTO
uMMyHHoro orsera Ha SARS-CoV-2 B auHamu-
K€ pEKOHBaJIeCLUECHIIMHU, BKJIIOYasi Mepuo, Korma
koHueHTpauusa IFNy cHuxaercsa. B ator nmepu-
on ¢opMHUpOBaHME TIOJTHOIIEHHOTO aIaliTUuBHOTO
T'YMOpAJIbHOTO MPOTUBOBUPYCHOIO WMMYHHUTE-
Ta, BKJOYas CTUMYISUU0 auddepeHLnpoOBKU
co3peBaHUS B-muMmbonuToB m mpoaudepalno
LHUTOTOKCUYECKUX T-TuM@OUUTOB, HEOOXOAUMO
a1 3(Pp@PEeKTUBHON MPOTHBOBUPYCHOI 3allUThI.
J1J1s1 foCTUXKEeHUs 3TOM 3aJa4yu TpeOyeTcs IpoBe-
IeHe TWHAMHYECKOTO MOHHMTOPHHTA TyMOpallb-

Tabnuua 3. PacnpocTpaHEeHHOCTb
OAHOHYK1I€OTUAHbIX Nonumopduamos TLR2
(rs5743708) n TLR4 (rs4986790) cpeaun
MeAULUHCKUX PaGOTHMUKOB M KOHTPOJIbHOW rpynnbi
v, npoxueaiowmx B r. Kaszanu

Table 3. Prevalence of TLR2 (rs5743708) and TLR4
(rs4986790) single-nucleotide polymorphisms among
medical workers and control subjects in the city

of Kazan

leHoTMn MP K°“:p‘;‘;’l‘1';“a" OLL (95%/1M)
Genotype MW Control group OR (95% Cl)
rs5743708 TLR2 (G > A)
GG 126 (94,0%) | 97,0 (97,0%)
GA 5(3,7%) 2,0(2,0%)
AA 3(2,2%) 1(1,0%)
2,05(0,5-7,9
Annenb G 96,0% 98,0% ( )
Allele G
Annenb A o o
Allele A 4,0% 2,0%,
Beero 134 100 234
Total
rs4986790 TLR4 (A> G, T)
AA 111 (82,8%) 87 (87,0%)
AG 20 (15,0%) 11 (11,0%)
GG 3(2,2%) 2,0(2,0%)
Annenb A 0 . 1,4 (0,6-2,9)
Allele A 90,3% 92,5%
Annenb G o o
Allele G 9.7% 1.5%
Beero 134 100 234
Total
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PucyHok 1. luHaMmuka cpegHereoMeTpm4eckoro
3Ha4yeHus Tutpoe IgM k Bupycy SARS-CoV-2
Y MEeAULUHCKUX PabOTHUKOB BPEMEHHOIO
MHPEKLUOHHOIO rocnuTans, Ha4mHas oT AHS
C BrepBble NoJIy4€HHbIM NOJSIOXUTEJIbHbIM
pe3ynbTaTom
Figure 1. Dynamics of anti-SARS-CoV-2 IgM
titer geometric mean value in medical workers
of a temporary infectious disease hospital, from first
positive result day

HOro MMMYHHOTO OTBE€Ta B IIEpHOM PEKOHBAaJEC-
HeHIIMH, BKJIOYas BBISIBJICHHBII HAMU KPUTHUYEC-
Kuii nepuop [11].

Ilo maHHBIM 3apyOexKHbIX MCCIedOBAHUM, Ty-
MOpaldbHBIM MMMYHHBII oTBeT Ha SARS-CoV-2
BKJIIOUAET BbIPAOOTKY Tpex BUAOB aHTuUTeN: IgM,
IgA n IgG. ®opmupoBanue IgA HaumHaeTcs
Ha BTOPOM IEHB ITOCJIe HadaJia 3a0oJieBaHUS, JO-
CTHTraeT CBOETO ITMKa 4Yepe3 2 HeAeIu U COXpaHs-
eTCsl Ha MPOTSXKCHUM JJIIUTEJIBHOTO TIeproaa Bpe-
meHu. dns gerekuuu IgM HeoOGxoaMMO ITPUMEPHO
7 CyTOK C MOMEHTA 3apakeHHsl, a MUK JOCTUTACT-
cs1 yepe3 Hejnelio nocjie atoro [17, 18]. Dot Kiacc
antutes (IgG) MoXeT COXpaHSTHCS B OpraHU3Me
B TEUCHME HECKOJBbKMX MECsIIeB 1 OoJjice, U HAUH-

14

HaeT OOHapyKMBaTbCs B KPOBU IMPUOIUUTETHHO
Ha TpeThbeil Hemeje WM paHee Iocjie KOHTaKTa
¢ BupycoM SARS-CoV-2 [9].

C Havalla cepoKOHBepcuU (MOJOXUTEIbHO-
ro pesyiabrata) y MP BUT no tutpy IgM u IgG
K SARS-CoV-2, oTMeuaeTcsl yMeHbllIeHUue 3Haye-
HUM odoux aHTuTes (puc. 1 u 2). Haubonee ObI-
cTpoe cHuxkeHue Tutpa IgM HabGmoaanoch yepes
Mecsl MOocCje CEpPOKOHBEPCUM, 3aTE€M CHUXKEHUE
NPOUCXOAUJIO 0oJiee PaBHOMEPHO CO CpeaHe-
MECSIYHBIM yMEHbIIEHUEM B pa3Mmepe —23,56%
(puc. 1). CHuxenue tutpa IgG ObLJIO MeHee UH-
TEHCUBHBIM, CO CpPeAHEMECIYHBIM YMEHbBIIIEHUEM
Ha 1,2% (pwuc. 2).

N3 oOHapyKeHHBIX OCOOEHHOCTEM MMMYH-
HOI'0 OTBETa MOXKHO BBIIEJUTH clenylomue dax-
ThI: CITYCTSI CEMb MECSIIEB MOCJE BbI3AOPOBICHUS
ot COVID-19y MP oTmMeuaeTcs CylieCTBEHHOE CHU -
sxenue yposHeir nmponykunu IFNy, IL-18 n IL-10.
OnHako, skcrnpeccusi TLR2 Ha MoHoLMTax U Ma-
Kpodarax ocTaeTcsl 3HAUUTEJbHO BBICOKOI, UYTO
CBSI3aHO C UHAMBUAYaJIbHBIMU KOJEOAHUSIMU YPOB-
H# cneuududeckux IgM un IgG k SARS-CoV-2.

3aksyeHme

B xome KOMITJIEKCHOTO MCCIIeIOBAHNSI BPOXKICH-
HBIX U aJaIITUBHBIX MEXaHN3MOB UMMYHHOT'O OTBE -
Tay HeBakKLIMHUpoBaHHBIX M P BUT, 6b1s11 0OHapy-
JKEHBI CIIEMYIOIINe OCOOCHHOCTH: yepe3 7 MeCsIIeB
nocyie MHPUIUPOBAaHUS HOBOW KOPOHABUPYCHOM
nHpexknueii COVID-19, HabniomaeTcss 3aMeTHOE
yMmeHblieHue ypoBHst IFNy, IL-1B u 1L-10. B To xe
BpeMsI, YPOBEHb aKTUBAILIUU SKCIIPESCCUHU Ha MOHO-
nuTtax n mMakpodarax TLR2 coxpaHseTcsa B 3Ha-
YUTETBHON CTETIEHN BBICOKHUM, UTO CBSI3aHO C MH-
IUBUIYaJTbHOM TWHAMHWKONW COKpAaIlleHUs yPOBHS
crreuudruecknx IgM u IgG x SARS-CoV-2.

124 /=3 —

y=-0,1334x+12,131
R?=0,1608

10
8 -
6 4
4 4
2
0 T T T T T

7 8 9 10 11 12

PucyHok 2. luHamuka cpegHereomeTpuyeckoro saHayeHus tutpa lgG k Bupycy SARS-CoV-2
Y MeANLMHCKUX Pa0OTHUKOB BPE€MEHHOro MH¢pEeKLMOHHOr0 rocnuTans, HaunHas oT AHS C BepBbie

NMOJTY4E€HHbIM NOJIOXUTEJIbHbIM Pe3yJibTaTOM

Figure 2. Dynamics of anti-SARS-CoV-2 IgG titer geometric mean value in medical workers of a temporary infectious

disease hospital, from first positive result day

MpumeyaHme. *3HaueHns CTaTUCTUYECKM 3HAYMMO PA3/IMHatoTCs NO CPaBHEHMIO C KOHTPObHON rpynnoi, p < 0,05; ock opamHaTt —
cpenHereomeTpuyeckoe 3HaveHne TuTpoB IgG k SARS-CoV-2; no ocu abeumce — NopPsSAKOBLI HOMEP TOYEK UCCNEA0BaHMS.

Note. *Values are statistically significantly different compared to the control group, p < 0.05; Y-axis — geometric mean value

for anti-SARS-CoV-2 IgG titers; X-axis — the serial number of the study points.
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B HavanbHBIN TTIepUOa PEKOHBAIECIEHIIMM T10-
cie COVID-19 y MP HabGniomaeTcss MOBBIILIEHUE
skcnpeccuu TLR2 Ha MoHouuTax mnepudepuye-
cKoit kpoBu. CpenHssi MHTEHCUBHOCTh (hiItoopec-
neHuuu TLR2 noctoBepHo BhIlie B 1,5 paza, yeMm
B I'PYIIIIe KOHTPOJISI HA TIPOTSIXKEHU U 7 MeCsI1IeB Ha-
OJIIoIeHM S 32 PEKOHBaJIeCLIECHTAaMU, YTO yKa3bIBaeT
Ha COXpaHEHHMe aKTUBHOCTHM BPOXJICHHBIX MeXa-
HM3MOB UMMYHHOM 3aIIUTHI, CTUMYJIUPYEMBIX BU-
PYCHOU U MUKPOOHOIT HAarpy3Koi.

B HawanpHbBIE CTaguud PEeKOHBAJECUECHIIUU
COVID-19 y MP npoucxoaut pe3Koe IOBbIIIEe-
Hue KoHueHTpauuu sCD40L, uyTo cBUAETENbCTBY-
eT 00 aKTHMBallMU CUCTEMbI TPOMOOOOpPa30BaHUS
U BocrajeHus. BnocieactBuu, yepe3 7 MecCsLEB,
HaOJII0JaeTCsl 3HAYUTEJIbHOE CHUXKEHUE YPOBHSI
JTAHHOTO TToKa3aTeJsIsl 10 3HaYeHU ST, KOTOPOe HUXe
pedepeHCHBIX ToKa3aTeieid KOHTPOJIbHOM TPy IIIbI.

IMony4yeHHbIE JaHHBIE O PACIIPOCTPAHEHHOCTH
noaumMopgHoro (MyTaHTHOro) ajens A (rs5743708,
G > A) Brene TLR2 B uzyuyeHHoit koropre MP co-
craBasioT 4,0%, 4TO COOTBETCTBYET JaHHBIM O Ya-
CTOTE PacCIpOCTPAaHEHHOCTU ITOr0 MOJUMOP(MHOro
amyens cpeau (UHCKOW MNOMyAsiUMM, TOE Cpel-
H4s yacTtoTa nmojumopdHoro asiens A (rs5743708,
G > A) cocraBiser 10 2,96%.

PacnipocTpaHeHHOCTh TOJUMOPGMHOTO aJijie-
151 G (rs4986790) B rere TLR4 B u3yyaemoii Korop-
Te OblJIa COMOCTaBUMa ¢ CTOHCKOU U (PUHCKOI Mo-
MyJSIUSIMH, TlIe, COOTBETCTBEHHO, cocTaBuia 6,7
u12,2%.
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OIIMX ITPOTUBOBUPYCHBIN BPOXIEHHBI M amamn-
TUBHBIT UMMYHHBI OTBeT, y MP ¢ yctaHOBJIeH-
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Takum o6pa3zom, U3yuyeHUe UMMYHHOIO OTBETa
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Ha SARS-CoV-2, noka3aso 3HaYuUTeJbHbIE U3Me-
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THE ASSOCIATION BETWEEN THE HISTORY
OF SUPPLEMENT USE (VITAMIN OR MINERAL)
AND COVID-19 DISEASE IN THE PERSIAN
COHORT POPULATION

F. Ghorat, A. Ganj Bakhsh, R. Ataee Disfani, R. Borghabani, Z. Jalambadani

Sabzevar University of Medical Sciences, Sabzevar, Iran

Abstract. The aim of the study was to examine the association between vitamin and mineral supplement consumption
and the possibility of contracting COVID-19 disease in the Persian cohort population in 2020. This retrospective cohort
study was conducted on 4241 people who were registered in the Cohort Registration System. A logistic regression was
performed to ascertain the multivariate association between demographic, health variables, and supplement use and
the likelihood that participants were infected with COVID-19. The software used was IBM SPSS 24.0, and a significance
level of 0.05 was considered. Analyze the quantitative variables, if the variable was normal, the independent t-test was used,
and if the variable was not normal, the Mann—Whitney test was used. To compare the distribution of qualitative variables
in the groups, a chi-square test or, if necessary, a Fisher’s exact test was used. The number of participants in this cohort
study was 4241. The average age of the participants in the study was 49.22+8.77. The OR value of age variable 0.989 (95%
CI: 0.927—1.056); sex variable (95% CI: 0.238—2.743, OR = 0.808); BMI variable (95% CI: 0.927—1.056, OR = 0.953);
vitamin D variable (95% CI: 0.333—6.769, OR = 1.502); omega3 variable (95% CI: 0.410—7.688, OR = 1.776); calcium
variable (95% CI: 0.041-3.738, OR = 0.391); calcium variable (95% CI: 0.041-3.738, OR = 391); multiVIT variable (95%
CI: 0.211-5.645, OR = 1.090); VitC variable (95% CI: 0.000—0.000, OR = 0.000); vitE variable (95% CI: 0.000—0.000,
OR =0.000); were the interval includes. There were no statistically significant multivariate associations (P >0.05) between
the explanatory variables infected with COVID-19. There was only a statistically significant correlation between the use
of iron tablets and contracting COVID-19 (P = 0.025). Controlling the variables or identifying causal correlations is not
feasible due to the observational nature of the study. The results cannot be safely extrapolated to other regions of the world
because the cohort sample was limited to inhabitants of Iran.

Key words: vitamin, mineral, COVID-19, cohort population, Iran, logistic regression.
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YeCKMMU TIepEMEHHBIMU, TTOKA3aTeISIMU 3J0POBbSI, UCITOJb30BAHUEM IUIIEBBIX 100aBOK U BEPOSTHOCTHIO 3apaXxe-
Hus yyactHukoB COVID-19. B kauecTBe mporpaMMHoro obecrneyeHus ucnoiab3obanock IBM SPSS 24.0, ypoBeHb
3HauMMocTH yctaHosJeH 0,05. [TpoaHanu3upoBaHbl KOJTMYECTBEHHbBIE TIEpeMEHHbIE: TP HOPMaJbHOM pacipeaese-
HUU — UCIOJIb30BAJICS HE3aBUCUMBIi t-KPUTEPUI, TPU OTKJIOHEHUU OT HOPMAJIbHOTO pacipeneeHuss — KpuTepuit
ManHa—YutHu. It cpaBHEHUS pacnpeaeSeHr s KaueCTBEHHBIX IIEPEMEHHBIX B I'PYTIax UCII0JIb30BAJICS KPUTEPUI
XU-KBajapaT WJIH, IpYU HEOOXOAMMOCTH, TOUHBII KpuTepuii @uiepa. Yuciio y4acTHUKOB IIPOBEIEHHOIO KOTOPTHOTO
nccaenoBaHms coctaBuiio 4241, cpemHuit Bo3pacT yyacTHUKOB — 49,2218,77. 3nauernue Ol Bo3pacTHOII mepeMeH-
Hoit 0,989 (95% AWN: 0,927—1,056); nonoBas nepemerHas (95% JAW: 0,238—2,743, OILl = 0,808); nepemennass UMT
(95% AW: 0,927—1,056, OLL = 0,953); mepemennas sutamuHa D (95% JAU: 0,333—6,769, OLL = 1,502); mepemeHHas
omera3 (95% AU 0,410—7,688, OLLl = 1,776); nepemenHas kanbuus (95% JAW: 0,041-3,738, OLL = 0,391); nepemeHHast
Kajbus (95% AU: 0,041-3,738, OLL = 391); nepemenHas multiVIT (95% AW 0,211-5,645, OLL = 1,090); [TepemenHas
putamuHa C (95% AUW: 0,000—0,000, OIL = 0,000); mepemenHas sutamuHa E (95% AU: 0,000—0,000, OLL = 0,000);
ObLIM BKJIIOUEHBI MHTepBasbl. CTaTUCTUUECKU 3HAUMMbBIX MHOTOMEpHBIX accouunauuii (P>0,05) mexay o0bsICHsI0-
1 MUMU repeMeHHbIMU UHOGULMpoBaHuss COVID-19 He BbisiBieHO. ETMHCTBEHHAS! CTaTUCTUYECKHU JOCTOBEPHAs KOP-
pensiius odHapyXeHa MexXIy yrmoTpebiaeHueM TadaeTok xeneda u 3apaxeHuem COVID-19 (P = 0,025). KonTpob
MEePEMEHHbIX MU BbISBJICHUE MTPUYMHHO-CIACICTBEHHBIX CBSI3€il HEBO3MOXHO M3-3a HaOJI0aTebHOIO XapakTepa
uccienoBaHusl. Pe3ynbTaThl HEb3s CTPOTO SKCTPATIONMPOBATh HA IPYTHE PETMOHBI MUPA, TOCKOJIbKY KOTOPTHAS BbI-

Oopka Obls1a orpaHuyeHa xuteasimMu Mpana.

Karouesnie caosa: gumamun, munepans, COVID-19, koeopmuas nonyasyus, Upan, roeucmuueckas peepeccus.

Introduction

The COVID-19 disease started in December
2019, and in a short period, the coronavirus spread
worldwide as a pandemic [12]. By February 26,
2021, it had infected more than 113 million people
in 200 countries, of whom 2.5 million had died [4].
The clinical spectrum of SARS-CoV-2 infection ap-
pears to be broad and includes asymptomatic infec-
tion, mild upper respiratory tract disease, severe viral
pneumonia with respiratory failure, gastrointestinal
problems, and even death [26].

The SARS-CoV-2 coronavirus enters the cells
through the binding of its surface glycoproteins called
spikes to the special cell receptor called angiotensin-
converting enzyme 2. This enzyme belongs to the
group of kinases and is found in different parts of the
body. Still, the most common place of its accumula-
tion is in the endothelium of the lungs’ capillaries.
The mentioned virus enters the respiratory epithelial
cells through this receptor [16]. Breathing problems
occur when the infection affects the lungs, causing
pneumonia, and death is possible due to these symp-
toms in infected people. Despite the wide spread
of this disease, the incidence of different people
in different societies is not the same, and even the se-
verity of the conflict is different for different people.
The role of various factors, including weight and BMI
level, is among the factors that have been considered
effective in reducing the possibility of conflict and
disease occurrence [19].

In addition, the role of the immune system in pre-
venting conflict or reducing the symptoms of con-
flict has been mentioned in various studies. Also,
the importance of nutritional sufficiency in terms
of vitamins and minerals for strengthening the im-
mune system is a very important and controversial
issue that has been discussed separately in various

studies. For example, Tipas et al. showed that a severe
reduction of plasma vitamin A levels is significantly
associated with ARDS and mortality in Corona dis-
ease [23]. Also, in a meta-analysis conducted by Kaya
et al., it was shown that the possibility People who
have low serum vitamin D levels are 1.64 times more
likely to get COVID-19, and people who have se-
rum 25(OH)D levels less than 20 ng/ml or 50 nmol/1
are 2.42 times more likely to get COVID-19 [14].
Regarding vitamin C, several epidemiological stud-
ies show that adult patients with COVID-19 who had
ARDS criteria according to the Berlin definition (up
to 82% in one study) had low amounts of vitamin
C [7, 24]. It has been shown that vitamin C increases
resistance to infection caused by the coronavirus [2,
7]. In this regard, other studies showed that patients
with severe COVID-19 have low levels of omega-3
in their blood [1, 18]. Many epidemiological studies
have shown that low consumption of essential miner-
als in the diet plays an important role in preventing
and reducing cardiovascular and cerebrovascular dis-
eases [1, 15]. Therefore, the consumption of vitamin
and mineral supplements to prevent infection in the
post-corona period has increased to a great extent.
Dietary supplements are one of the widely used
products that have been increasingly used in different
societies in recent years, especially after the Corona
virus. The wide variety and the claims made about
the beneficial effects of these products have created
a market of more than 30 billion dollars for these
products in America. Recent evidence indicates that
more than 50% of American people use at least one
type of these products. In addition, 10% of people ad-
mit to consuming at least four types of these products.
Considering the prevalence of non-communi-
cable diseases as a global problem, especially types
of cancer and cardiovascular diseases, as the main
causes of death, it has been proposed that the use
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of vitamin-mineral supplements in the prevention
of these diseases can be effective.

Previous clinical studies have implied that
COVID-19 leads to diverse cardiovascular complica-
tions [8, 13, 21]. Preexisting cardiovascular diseases
might be more susceptible to COVID-19 — induced
heart injury [5].

However, the beneficial effects of preventive con-
sumption of vitamin supplements in the prevention
of these diseases have been discussed and doubted
a lot in recent years, especially in people with a qual-
ity diet [10].

Based on this, due to the high preventive con-
sumption of supplements in society, this study aims
to investigate the hypothesis that the history of taking
vitamin and mineral supplements for at least 6 months
was effective in the initial infection of COVID dis-
ease in 2020 or not. Based on this, the present study
was designed with the aim of investigating the asso-
ciation between the history of vitamin and mineral
supplement consumption and the possibility of con-
tracting the COVID-19 disease in the population
of the Sabzevar cohort in Iran in 2020.

Materials and methods

This retrospective cohort study was conducted
on 4241 people registered in the Sabzevar cohort sys-
tem in 2020.

After approving the plan and obtaining the code
of ethics, the required variables for the study were
obtained from the Sabzevar Persian Cohort Center.
Also, information about the patients with Corona
until the end of 2020in the Persian cohort population
was obtained from the information registration cent-
ers of the patients with COVID-19 at the hospital and
health center.

Samples of this population who had a history
of taking vitamin and mineral supplements (at least
for 6 months) (including vitamins D, E, A, and C
and minerals including Fe, Ca, and Selenium) in the
case group and the control group from the popula-
tion without history of supplement use were select-
ed. Assimilation of confounding variables such as
age, gender, etc. is done with each person in the case
group. The rate of infection with COVID-19 until
the end of 2019 was compared in two groups.

The method of measuring each variable based on the
national cohort protocol was presented on the Persian
Cohort Sabzevar website (https://www.medsab.ac.ir/
index.aspx?siteid = 1&pageid = 6037). The method
of scoring the above variables was stated in the Cohort
Country Checklist (Cohort Data Dictionary).

People with a positive PCR test should be consid-
ered infected with COVID. Also, inpatients included
all patients admitted to the hospital. The obtained
data were analyzed based on the objectives of the
study using statistical tests. Confidentiality of infor-
mation and characteristics of people were observed
in the research.

The data of the studied population was analyzed
statistically after entering software. The description
of the variables was based on the type of variable (quan-
titative-qualitative) using descriptive indicators (mean,
standard deviation, frequency, and frequency percent-
age). To analyze the quantitative variables, the normal-
ity of the variables in the groups was determined using
the Shapiro-Wilk test. Then, if the variable was normal,
the independent t-test was used, and if the variable was
not normal, the Mann-Whitney test was used. To com-
pare the distribution of qualitative variables in the
groups, a chi-square test or, if necessary, a Fisher’s ex-
act test was used. Also, a 95% CI was reported to check
the risk factors. The software used was IBM SPSS 24.0,
and a significance level of 0.05 was considered.

Results

The number of participants in this cohort study
was 4241. The average age of the participants in the
study was 49.221+8.77, body mass index (28.19+4.73),
education level (9.47£4.89), and blood pressure
(71.96%10.537) (Table 1).

There was no statistically significant correlation
between the use of supplements and multivitamins
and the possibility of contracting the COVID-19 dis-
ease (P > 0.05). There was only a statistically signifi-
cant correlation between the use of iron tablets and
contracting COVID-19 (P = 0.025). (Table 2).

A logistic regression was performed to ascertain
the multivariate association between demographic,
health variables, and supplement use and the likeli-
hood that participants were infected with COVID-19.
We performed multivariate logistic regression analy-

Table 1. Mean, median and standard deviation of age, blood pressure, level pf education, body mass index

of people in study

RightDBP1 RightSBP1 Age EducationYears BMI

N Valid 4184 4184 4241 4241 4202
Missing 57 57 0 0 39

Mean 71.96 114.50 49.22 9.47 28.19444
Median 70.00 112.00 49.00 9.00 2792284
Std. Deviation 10.537 17.034 8.770 4.897 4.733909
Minimum 0 0 35 0 14.569
Maximum 140 240 72 22 57.778
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Table 2. Correlation between vitamins and
supplements with COVID-19

Pearson Chi-Square
Variable Value | df | Asymptotic Significance
(2-sided)

Calcium 0.003a | 1 0.957
MultiVIT 0.919a | 1 0.338
vitD 0.064a | 1 0.800
omega3 0.622a | 1 0.430
VitA 0.333a | 1 0.564
Vit E 0.342a | 1 0.558
zinc 1.029a | 1 0.310
Fe 5.027a | 1 0.025
VitC 0.291a | 1 0.590
oTnae"'s'L%:};ema:; .| 0:328a | 1 0.567

ses to control for the possible confounders such as
age, sex, BMI.

The age variable is the 95% CI 0f 0.927 to 1.056, or
decreased odds (OR = 0.989). Exposure is associated
with lower odds of being infected with COVID-19
and does not reach statistical significance. A p value
of 0.741 is indicated in Table 3. The sex variable’s 95%
CI of 0.238 to 2.743 spans 1.0, indicating decreased
odds (OR = 0.808). Exposure is associated with lower
odds of being infected with COVID-19 and does not
reach statistical significance. A p value of 0.733. indi-
cated in Table 3.

The BMI variable’s 95% CI of 0.927 to 1.056
spans 1.0, indicating decreased odds (OR = 0.953).
Exposure is associated with lower odds of being in-
fected with COVID-19 and does not reach statistical
significance. A p value of 0.412 isindicated in Table 3.
The vitamin D variable’s 95% CI of 0.333 to 6.769
spans 1.0, indicating increased odds (OR.502).

Exposure to vitamin D was associated with higher
odds of being infected with COVID-19, but there
was no statistical significance. Table 3 shows a p val-
ue of 0.597. The omega3 variable’s 95% CI of 0.410
to 7.688 spans 1.0, indicating increased odds (OR =
1.776). Exposure is associated with higher odds of be-
ing infected with COVID-19 but does not reach sta-
tistical significance. Table 3 shows a p value of 0.442.

The OR value of the vitE variable is 0.000 (95%
CI: 0.000—0.000). Exposure does not affect the odds
of being infected with COVID-19. Table 3 shows
a p value of 0.999. The calcium variable, with a 95%
CI of 0.0410 to 3.738, spans 1.0, indicating decreased
odds (OR = 0.391). Exposure is associated with lower
odds of being infected with COVID-19 and does not
reach statistical significance. Table 3 shows a p value
of 0.415. The multiVIT variable’s 95% CI of 0.211
to 5.645 spans 1.0, indicating increased odds (OR =
1.090). Exposure is associated with higher odds of be-
ing infected with COVID-19 but does not reach sta-
tistical significance. Table 3 shows a p value of 0.442.

The ferrous variable’s 95% CI of 0.166 to 3.398 spans
1.0, indicating decreased odds (OR = 0.750). Exposure
is associated with lower odds of being infected with
COVID-19 and does not reach statistical significance.
Table 3 shows a p value of 0.709. The OR value of the
VitC variable is 0.000 (95% CI: 0.000—0.000). Table 3
of the reference article shows a p value of 0.999.

The taking of at least one supplement vari-
able (95% CI of 0.211 to 5.645 spans 1.0) increases
the odds (OR = 1.074). Exposure is associated with
higher odds of being infected with COVID-19 but
does not reach statistical significance. Table 3 shows
a p value of 0.932.

There were no statistically significant multivari-
ate associations (p> 0.05) between the explanatory
variables and infection with COVID-19 (Table 3).

Table 3. Logistic regression vitamin and supplement consumption with COVID-19

Variables in the Equation
. 95% C.l. for EXP(B)
B S.E. Wald df Sig. Exp(B) Lower Upper
age -0.011 0.033 0.109 1 0.741 0.989 0.927 1.056
sex -0.213 0.623 0.117 1 0.733 0.808 0.238 2.743
BMI -0.049 0.059 0.672 1 0.412 0.953 0.848 1.070
Calcium -0.938 1.151 0.664 1 0.415 0.391 0.041 3.738
multiVIT 0.086 0.839 0.011 1 0.918 1.090 0.211 5.645
vitD 0.407 0.768 0.280 1 0.597 1.502 0.333 6.769
Step 1* omega3 0.574 0.748 0.591 1 0.442 1.776 0.410 7.688
VitE -18.624 16633.603 0.000 1 0.999 0.000 0.000 0.000
ferrous -0.287 0.771 0.139 1 0.709 0.750 0.166 3.398
vitC -16.496 24912129 0.000 1 0.999 0.000 0.000 0.000
Taking at
least one 0.071 0.831 0.007 1 0.932 1.074 0.211 5.474
supplement
Constant -0.356 2.618 0.018 1 0.892 0.701

Note. *Variable(s) entered on step 1: age, sex, education, BMI, WSl index, CalciumD, multiVIT, vitD, omega3, vitE, ferrous, vitC, Taking at least one

supplement.
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Discussion

This study was conducted with the aim of deter-
mining the association between the history of vi-
tamin or mineral supplement consumption and
the COVID-19 disease in the Iranian cohort popula-
tion in 2020.

In our study, no correlation was found between
age and the incidence of COVID-19, which is not
consistent with other studies. In 2021 Irma Yupari-
Azabache showed in a study that age is a risk fac-
tor for mortality (death) in patients hospitalized
for COVID-19 [25].

In our study, no correlation was found between sex
and the incidence of COVID-19, which is not consist-
ent with other studies. Leanne Groban in 2020 [11]
demonstrates that the intensity of the infection and
its complications are more prominent in men. It has
been postulated that the potential functional modu-
lation of ACE2 by estrogen may explain the sex dif-
ference in morbidity and mortality.

In our study, no correlation was found be-
tween BMI and the incidence of COVID-19, which
is not consistent with other studies. Naveed Sattar
in 2020 [20] demonstrates high BMI is an independ-
ent risk factor for susceptibility to infection and re-
quires further research.

In our study, no correlation was found between
taking at least one supplement and the incidence
of COVID-19, which is not consistent with other
studies. RM Nimer, in 2022 [17], states that

there were no significant differences in the fre-
quencies of severe illness and hospitalizations with
the consumption of vitamin A, folic acid, vitamin
B12, vitamin B complex, vitamin C, zinc, iron, se-
lenium, calcium, magnesium, omega 3, and aspirin
before the COVID-19 infection. Among the inves-
tigated nutrients, the use of vitamin D prior to the
COVID-19 infection was associated with reduced
disease severity and hospitalization. However, more
studies are required to confirm this finding.

In our study, no correlation was found between
the consumption of vitamin A and the incidence
of COVID-19, which is not consistent with other
studies. Tepasse et al. (2021), in a multicenter pro-
spective observational cross-sectional study entitled
“Vitamin A Plasma Levels in COVID-19 Patients:
A Prospective Multicenter Study and Hypothesis”
conducted on 40 patients, found a decrease in vi-
tamin A levels Plasma was significantly associated
with an increase in the level of inflammatory mark-
ers (CRP, ferritin and with markers of acute SARS-
CoV-2 infection), a decrease in the number of lym-
phocytes, LDH, and in malignant patients, the level
of vitamin A was significantly lower than in moderate
patients [18] which is not consistent with our study,
in our study there was no statistically significant rela-
tionship with the amount of vitamin A consumption
and contracting COVID-19.

In our study, no correlation was found between
the consumption of vitamin D and the incidence
of COVID-19, which is not consistent with other stud-
ies. Kaya et al. (2021), in a systematic study and me-
ta-analysis of observational studies entitled ‘The role
of vitamin D deficiency in COVID-19, showed that
the probability of contracting COVID-19 is 1.64
times higher in people who have low serum vita-
min D levels, and people whose OH-D25 serum level
was less than 20 ng/ml or 50 nmol/l were 42.2 times
more likely to suffer from severe COVID [14]. which
is not consistent with the results of our study, which
can be attributed to the low sample size of Kaya’s
study. In a cohort study, Cereda et al. examined 129
hospitalized adult patients with COVID-19. In this
study, they showed that, although very low levels
of vitamin D are likely to be effective in the progno-
sis of a patient infected with COVID, moderate vita-
min D deficiency does not play a role in the prognosis
of a person infected with COVID [6].

In our study, no correlation was found between
the consumption of vitamin C and vitamin E.

Minkyung Bae in 2020 [3] demonstrated that vi-
tamin C increases antiviral cytokines and free radical
formation, decreasing viral yield. It also attenuates
excessive inflammatory responses and the hyperac-
tivation of immune cells. Amir Dehghani-Samani
2020 [9] in a systematic review showed that among
all vitamins, the roles of vitamin A, C, D, and E are
more defined and maybe more effective on the im-
mune system, which emphasizes the importance
of vitamins in the prevention of several viral infec-
tions like COVID-19. Therefore, sufficient vitamin
intake can be recommended to prevent viral infec-
tions like the COVID-19 infection.

In our study, no correlation was found between
the consumption of Omega-3 and the incidence
of COVID-19, which is not consistent with other
studies. Fadiyah et al., in a systematic review entitled
“Potential of Omega-3 Supplementation for Disease”
of 211 studies published between January 31, 2020,
and September 1, 2021, that focused on omega-3
fatty acids, showed that patients with COVID-19 se-
verely have low levels of omega-3 in their blood, and
omega-3 was considered to reduce the risk of CoV-
SARS infection and the duration of symptoms, over-
come renal and respiratory dysfunction, and increase
the survival rate in COVID-19 patients [10].

In our study, no correlation was found between
the consumption of vitamin C and the incidence
of COVID-19, which is not consistent with other
studies. Tomasa et al. (2021), in a prospective study
titled “COVID-19: Up to 82% of critically ill patients
had low levels of vitamin C”, showed that in patients
with ARDS related to COVID-19, vitamin C status
is very low. In our study, there was no significant cor-
relation between COVID-19 and vitamin C [24].

In our study, people who did not take iron tab-
lets were more likely to be infected with COVID-19,
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and iron consumption had a statistically significant
relationship with COVID. Erin Suriawinata and
colleagues [22] stated in their research titled “Iron
and iron-related proteins in COVID-19” that iron-
related changes in COVID-19 so far include anemia
of inflammation, low serum iron levels (hypofer-
emia), transferrin saturation, and high levels of se-
rum ferritin (hyperferritinemia), hepcidin, lipoca-
lin-2, catalytic, and soluble iron. Transferrin recep-
tor (in ICU patients). Hemoglobin levels can be low
or normal, and compromised hemoglobin function
has been suggested. The membrane-bound transfer-
rin receptor may facilitate virus entry, thus serving as
a potential target for antiviral therapy.

Serum iron and ferritin levels can predict hospi-
talization, severity, and mortality from COVID-19.
Serum hepcidin and ferritin/transferrin ratio can
predict the severity of COVID-19.

Conclusion

Controlling the variables or identifying causal cor-
relations is not feasible due to the observational na-
ture of the study. There is evidence of omitted variable
bias, even though a large number of explanatory vari-
ables were modeled and adjusted for. Furthermore,
simultaneity bias poses a risk in the absence of well
managed modifications of the explanatory variables.
As stated differently, variance was occurring simul-
taneously as opposed to separately or in dependence.
Additionally, the sample and the population of inter-
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CTOMATOJIOMMYECKUN

N MUKPOBUOJIOTMYECKUIN CTATYC
NAULUEHTOB C NMPOCTbIM MAPITMHAJIbHBIM
TMMHI’MBUTOM, NEPEHECLUUX HOBYIO
KOPOHABUPYCHYIO UHPEKLUMUIO

A.B. JIsamun, A.B. Bunnuk, M. A. [loctaukos, C.B. Bunnuk, H.B. Ilonos, /I.B. Anekcees

DIrbOY BO Camapckuii eocyoapcmeennbiiit meduyunckuil ynuseepcumem Murnzopaea Poccuu, e. Camapa, Poccus

Pesiome. CTpykTypa cTOMarojornueckoil 3abojieBaeMocTu HaceieHus: Poccuiickoit Denmepaniuu CBUIETENbCTBYET
0 BBICOKOI 4acTOTe BOCTIAIMTETbHBIX 3a00JICBaHU I ITapOIOHTA, KOTOPAst BAPbUPYET B 3aBUCUMOCTH OT BO3pacTa 1 Co-
ITyTCTBYIOIIEH TAaTOJIOTUM MTalleHTOB. HerarnBHast Bo3pacTHasl IMHAMUKA 3I0POBBST 3y00B aKTYaIU3UPYET IIPOOIEMY
COMYTCTBYIONLIEH MaTOJIOTUK U TPeOYyeT MOCTOSTHHOIO MOHMTOPMHTA (PaKTOPOB PHCKA BOCIAJTUTEIBHBIX 3a00IeBAaH I
naponoHTa. HegocTarouHoe BHMMaHMe yaeJeHO S3HAOTeHHBIM (haKTopaM pUcKa, TAKUM KaK HEpBHO-IUCTPOGUIecKre
HapylleHus1, 3a00JieBaHUS CePIEeUHO-COCYANCTON CUCTEMBI, JIeiiK03, aHeMMH, 3a00IeBaHMs XKeJTYI0UHO-KUILIEUHOTO
TpakTa, UH(MeKIIMOHHbIe 3a00eBaHu 1 np. [Tpu 9TOM prkcupyercs pocT «HOBbIX» MHpekunit (HIV-undpexkuusa, HCV-
MHbEKIIMS, TuXopaaKa 30051a, HoBask KOPOHABUPYCHAs MHMEKIIUS) TP MOBBIIICHUN YPOBHS IPYTUX MHGMEKIIMOHHBIX
3aboneBanuii. Llenpro nccienoBaHus SIBASETCST IPOBENICHNE OLEHKN CTOMATOJIOTMYECKOTO U MUKPOOMOJIOIMIECKOTO
cTarycamalueHTOB, IepeHeCII X HOBYIO KOPOHABUPYCHYI0 MH(EeKIINI0. Beio mpoBeneHo oocienoBanue 100 manmeHToB
¢ nuarHo3oM K 05.10 mpocToit MapriHaIBHBIN THHTUBUT, KOTOPBIE COCTABIUIM 2 TPYIIIIEL: OCHOBHYIO M KOHTPOJILHYIO.
B ocHOBHYIO TpyTIITy BOILIN 75 TTAIIMEHTOB, TIEpEHECIIIe HOBYIO KOPOHABUPYCHYIO MH(PEKIINIO, B KOHTPOJIBHYIO I'PYTI-
Ty — 25 4eJI0BeK, He IepeHecIne HOBYI0 KOpOHaBUPYCHYIO MHGeKIM0. [TammmeHTaM uccieqyeMbIX IPYII ObLIa IIPOBe-
JIeHa MUKpPOOMoJIornyeckast TMarHoCTHKa COIEpXKMMOT0 JeCHEBOTO Xelo0Ka 1 OleHKa CTOMATOJIOTMYeCKOro CTaTyca.
MHAEKCHYIO OLIEHKY IIPOBOIWIIN C IIPUMEHEHHEM YITPOIICHHOT0 MHAEKCa TUTHEHBI TTojlocTh pTa [ prHa—BepMumona
(OHI-S), unaekca PMA (Parma) u uHaekca KpoBOTOUMBOCTHU JAeCHEBLIX cocoukoB (PBI). O0beKTUBHO Y MalleHTOB
HaOJI0NaIMCh: HAJIECHEBbIE U MOJIECHEBbIC 3yOHbIE OTIOXEHU S, TUTIEPEMUSI IECHBI, OTEYHOCTD IECHEBBIX COCOUKOB.
B naboparopuu 6MocodpaHHBII MaTepya 3aceBaiu Ha paclIMPEHHbIH MepeYeHb MIOTHBIX MUTATeIbHbBIX CPE C LIEJIbI0
BBISIBJICHUST KYJIBTYPOMa COAEPKUMOTI0 IeCHEBOTO Xeo0ka. MaeHTuhrKanuo BeIAeIeHHBIX MUKPOOPTaHM3MOB ITPO-
Bonuu ¢ ucronb3oBanueM MALDI-ToF macc-cniektpomerpun. [IpoBeneHHBII HAMY aHAJIN3 UWHIEKCHOM OLIEHKH Y ITa-
LIMEHTOB OCHOBHOM M KOHTPOJIBHOM I'PYIIN MOKA3aJl, YTO CPEAHUE 3HAYEHU I UHIEKCOB Y TALIUEHTOB OCHOBHOW TPYIIITbI
BEIIIIE, YeM Y TTALIMEHTOB KOHTPOJBHON IpynIibl. Ha ocHOBaHMM pe3yIbTaTOB MUKPOOMOIOTMUECKOTO MUCCIIENOBAHNUS
CTAaTMCTUYCCKY 3HAYMMBIC PAa3TUIMs 10 YaCTOTE BCTPEUAEMOCTH BUIOB MUKPOOPTAaHU3MOB OBLITM BBISIBJICHBI 1T 12
BUIOB. TakuM 00pa3oM BaxKHOI MpeACTaBIsAeTCS pa3paboTKa MOAXOM0B K IIPOTHO3UPOBAHUIO PHCKA Pa3BUTHUS 000-
CTpPEeHUS XPOHUUECKOTO THHTWBUTA Y TALIMEHTOB Ha ()OHE HOBOI KOPOHABUPYCHON MH(EKIIN.

Karouesnle caosa: 3a601e6anus mxaneil napodonma, mukpoouosozuueckoe uccaedosarue, COVID-19, npocmoii mapeuranvblii
2UH2UBUM, NAPOOOHMONAMO2EHHbIE KOMNACKCHL, 0POQapUHeearbHasi MUKpoOuoma.
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2024, T. 14, Ne 2 MpocToi MaprHanbHbIi TMHTMBUT y NaumneHToB ¢ COVID-19

DENTAL AND MICROBIOLOGICAL STATUS OF COVID-19 CONVALESCENT PATIENTS WITH SIMPLE
MARGINAL GINGIVITIS

Lyamin A.V., Vinnik A.V., Postnikov M. A., Vinnik S.V., Popov N.V., Alekseev D.V.

Samara State Medical University of Ministry of Health of Russian Federation, Samara, Russian Federation

Abstract. The pattern of dental morbidity in the population of the Russian Federation evidences about a high incidence
ofinflammatory periodontal diseases, which variesbased on patient age and comorbidity. The negative age-related dynamics
of dental health emphasizes the problem of concomitant pathology and requires constant monitoring of risk factors
for inflammatory periodontal diseases. Insufficient attention is paid to endogenous risk factors, such as neurodystrophic
disorders, diseases of the cardiovascular system, leukemia, anemia, gastrointestinal tract diseases, infections, etc.
At the same time, the growth of “new” infections (HIV-infection, HCV-infection, Ebola fever, new coronavirus infection)
is recorded with elevating level of other infectious diseases. The aim of the study is to assess dental and microbiological
status of COVID-19 convalescent patients. A survey of 100 patients diagnosed with simple marginal gingivitis (ICD-10
code: K 05.10) was carried out consisting of the following groups: main group — 75 COVID-19 convalescent patients,
control group — 25 COVID-19-negative subjects. All individuals underwent microbiological diagnostics for gingival
groove contents and an assessed dental status. The index assessment was performed using the simplified Green-Vermillion
Oral Hygiene Index (OHI-S), the PMA index (Parma) and the gingival papilla blood flow index (PBI). In the laboratory,
the collected material was seeded onto expanded list of dense nutrient media. The identification of isolated microorganisms
was carried out using MALDI-ToF mass spectrometry. Our analysis of the index assessment in both groups showed
that the average values of the indices 1 month after the diagnosis of new coronavirus infection (ICD-10 code: U07.1)
in main group are higher than in control group. Based on the results of a microbiological study, significant differences
in the frequency of microbial species isolation were identified for 12 species. Thus, it is important to develop approaches

to predicting development of chronic gingivitis and its exacerbation in COVID-19 patients.

Key words: periodontal tissue diseases, microbiological examination, COVID-19, simple marginal gingivitis, peridontopathogenic

complexes, oropharyngeal microbiota.

BeepgeHne

CTpyKTypa CcTOMaToOJOrM4yeckoir 3aboJieBa-
eMocTn HaceJieHus1 Poccuiickoii @Penepaunnu
CBUJIETEJICTBYET O BBICOKOW 4YacTOTE BOCIAIU-
TedbHBIX 3a00JiIeBAaHUI TapoJOHTa, KOTOpas Ba-
pbUpPYET B 3aBUCUMOCTM OT BO3pacTa W COMYT-
CTByIOIIIel mnatojoruu namueHToB. HeratuBHas
BO3pacTHasl JAMHaMUKa 340pOBbsl 3yOOB aKTya-
JIU3UPYET MPoOJeMy COMYTCTBYIONIEH MaTOIOTUU
U TpeOyeT MOCTOSIHHOTO MOHUTOPUHTA (DaKTOPOB
pucka YyMNOMSIHYTOW Trpynnbl 3ab0oseBaHuit [1].
HenoctaTouHoe BHUMaHUE yAEJAE€HO 9HIOTEHHbBIM
dakTopaMm pucka, TAKMM KaK HEpBHO-IUCTPOdU-
yecKue HapylleHUs, 3a00JieBaHUSI CEPAEYHO-CO-
CYIMCTON CUCTEMBbI, JeiK03, aHeMUU, 3abojieBa-
HUS KEeTyJIOYHO-KMIIIEUHOro TpakKTa, UH(MEKIIU-
OHHBbIE 3a00JieBaHUS U Ap. [2].

B Hacrosiliee BpeMs aKTyaJbHbBIM CTaHOBUTCS
BOIPOC BJIMSIHUSI HOBOI KOPOHABUPYCHON MHDEK-
LIMU Ha TeYEeHUE pa3anuyHbIX 3a0ojieBaHuil. HoBas
KopoHaBupycHass uHbpekuus (COVID-19) — 3a-
OoJsieBaHUe, BbI3BaHHOE HITaMMOM Bupyca SARS-
CoV-2. COVID-19 npoTtekaeT B pa3IuMuHbIX (op-
MaX — OT 0€CCUMITITOMHBIX 10 TSIXKEJIbIX C PAa3BUTU-
€M ITHEBMOHUU, MOJUOPraHHONW HEIOCTATOUHOCTU
u cenicuca [4, 5,6, 7, 8].

3aboneBaHUs TKaHel MapodoOHTa SIBJSIIOTCS Ce-
pbe3HOU MpoObyieMOoit B CBSI3U C BBICOKOW pacmpo-
CTPaAHEHHOCTBIO U CJ1a00BbIPaXK€HHbBIM CUMIITOMA-
TUYECKUM T€UEHUEM Ha PAHHUX CTaAU X, 3TO 00b-
SICHSIET HECBOEBPEMEHHOEe oOpalleHre MalueHTOB

K croMaTosiory. MHTaKTHBIN MTapOJIOHT BBISIBISICT-
cs1 TonbKo y 12% mioneii [9].

bose3sHun mapomoHTa SIBJSIOTCS TMOJMATUOJIO-
TUMYHBIMU. MMKPOOPraHU3Mbl WIPAIOT BaKHYIO
poJib B Pa3BUTUM BOCHAJIUTEJIBHBIX 3a0oJieBa-
HUII mapomoHTa. MUKpoOHasi Macca 3yOHBIX OT-
JIOXXEHUI pacleHUBaeTCa KakK HecreunpruuecKui
3TUOIATOIeHETUYECKUI (PaKTOp C BBICOKMM TOK-
CUYECKUM TIOTEHIIMAJIOM, MNPUBOISIIMI B HUTOre
K pa3BUTUIO BOCHAJIMUTEIbHBIX 3a00/IeBaHU I TKaHel
napopgoHTa [10, 11, 12]. OmHaKo HEM3BECTHO y4acTue
MUKPOOPraHU3MOB B BO3HMKHOBEHUU HAHHBIX 3a-
OoJieBaHM y maniMeHToB, nepeHecimux COVID-19.

IlpuyuHOi1 pa3BuTUS 3a00J€BaHUI MOXET
cTaThb M HapylleHMe HecnelupuueckKoin pe3u-
CTEHTHOCTHU, KOMOPOUAHBIE M COIYTCTBYIOIINE
3a0oseBaHus. CyIIeCTBYeT B3aMMOCBSI3b MEXIY
VMHOEeKIIMOHHBIMY 32001eBAaHUSMU U 3a00JIeBaH -
aMU TTapoaoHTa [13].

IIpuopuTeTHBIM HaIlpaBJCHUEM IIPU OILEHKE
MUKPOOHOTHI TIOJIOCTU PTa SIBJSICTCS BbISIBJICHUE
NpeACTaBUTENEN MapOAOHTONATOIEHHBIX KOM-
MJIEKCOB — aKTHMBHBIX YYAaCTHUKOB MaTOJOTUYe-
CKMX MpOILEeCCOB TKaHel maponoHTa. [Ipu ruHru-
BUTE JaHHas MUKPOOMOTA TaKkKe MMEET OIpele-
JICHHOE€ 3HaYeHue, B TOM YMCJe, KaK TPUITEp B Ha-
yajie ¢opMupoBaHusi BocrasieHus [14]. OmHako
B IOCJIEIHHUE TOAbl B MEIUIIMHCKON MHUKPOOHO-
JIOTUU BCe OOJiblliee BHUMaHUE YIEJaseTCs BKJIamy
B 3200J1eBaHM I TIOJIOCTU PTA CO CTOPOHBI HE TOJIBKO
KJIaCCUYECKMX IMaTOreHOB, HO U IMCOMOTUYECKUX
U3MEHEHU, B TOM YHUCJIE U3BMEHEHUUN KAayeCTBEH-
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MHdekumns n uMmyHuTeT

HOro cocTaBa HOPMaJIbHOW opodapuHTeaTbHOU
MHUKpPOOWOTHI, KOTOpasl 3a CYeT aHTAarOHWUCTUYE-
CKOrO BO3IEHCTBUS MOXKET 3HAYUTENHbHO BIUSITH
Ha COCTaB I aKTUBHOCTh OCHOBHBIX ITAPOJOHTOIIA-
TOTHEHHBIX MUKPOOPTaHU3MOB. BBIsSIBIIeHME 3aK0-
HOMEPHOCTE B UBMEHEHUIX MUKPOOUOTHI M OTIpe-
JeJeHNe MUKPOOMOJIOTMYECKUX PETUKTOPOB JIJIST
MpPOTHO3a pa3BUTHUSI OOOCTPEHMI 3a00JIeBaHUM
MapoAdoHTa — MNEepPCIeKTUBHOE HaIIpaBJICHUE B CO-
BpPEeMEHHOI MUKPOOWOJIOTUY ¥ CTOMATOJIOTHH.

Llesp nccaemoBaHUST — MPOBECTU OILIEHKY CTO-
MAaTOJIOTMYECKOTO cTaTyca W HCClIedOBaHUE MU-
KPOOMOTEI IECHEBOIO XeJIoOKa IMallMeHTOB, Mepe-
Hecmiux COVID-19.

Matepuaibl 1 METOLbI

IIpoBeneHo ob6caenoBanue 100 maMEeHTOB
¢ nmarHo3oM KO05.10 mpocToit MapruHaJIbHBIH
TUHTUBUT, KOTOPBIE COCTAaBUJIMN 2 TPYIIILI: OCHOB-
Hy10 (75 9yeloBeK) U KOHTPOJBHYIO (25 4YeloBeK).
Y mauneHTOB OCHOBHOM M KOHTPOJBHON TPYIIIT
(Y OCHOBHOI IpyIIITBI — Yepe3 3 HelIeIu IToCIe IO/~
TBepKIACHMUSI OWarHo3a HOBass KOPOHAaBUPYCHas
nHpexkuug UO07.1) onmpeneissin CTOMATOJIOTMYEC-
KU 1 MUKPOOMOJIOTMYECKUIA cTaTyC.

Bo3pact mammeHTOB 00eMX Tpynmn COCTaBUJI
ot 18 mo 44 ner (tabin. 1). Panee Bcem oOciemo-
BAaHHBIM M3 OCHOBHOW TPyHNNBbI OBIJT ITOCTaBJICH
nunarHo3 — UO07.1. KopoHaBupycHass MH(PEKIMI
JICTKOM CTeNeHM TSKeCcTU. JImarHocTuka M Jede-
Hue COVID-19 nmpoBoguanch COTJIaCHO OECTBY-
OIIAM MpuKa3zaM 1 peKoMeHaausMm. OT Bcex Uc-
ClIeHOBaHHBIX IMAIIMEHTOB OBLIO MOJYYECHO MHUCH-
MeHHOe MH(MOPMUPOBAHHOE COTIache Ha yJacTue
B ICCJICIOBAaHU .

ITauueHTam oGeux rpyrmii Obljia IIpoBeaeHa MU-
KpoOuoJjiornyeckasi IMarHOCTUKa COAEePXKMUMOro
JIECHEBOTO XeJI00Ka 1 OIleHKa CTOMATOJIOTMYECKO-
ro craryca.

JlabopaTopHoe oOcyieqoBaHME TAlLMEHTOB 3a-
KJII0YaJIoch B cOope oOpasia COmepsKUMOTo Iec-
HEBOTO KeJI00Ka C TTOMOIIbI0O HOBOTO MHCTPYMEH-
Ta mas1 coopa COmEpP>KUMOIO JIECHEBOTO KeJIo0Ka
(trateHT Ha moJjie3Hyto Momeab RU 204 047). ITocie
BBIBEIICHU I U3 POTOBO ITOJIOCTU MHCTPYMEHT C €TO

COIEP>KMMBIM TTOMEIIAJIN B CTEPUIBHYIO TTPOOUP-
Ky C THOTJIMKOJIEBOM CpeNOii M TPAHCIIOPTUPOBAIN
B 0aKTEpUOJIOTUYECKYIO JJaOopaTOpUIO B U30Tep-
MUWYECKHX YCIIOBUSIX B TeueHUE 30 MUHYT.

B nabopatopuu O6uomartepuall co cpenoi Ioji-
Beprajicsd BOPTEKCHUPOBAHHUIO B TeueHUEe | MHUHY-
ThI, Jajiee C MOMOIIbIO OJHOPA30BO CTEPUJIbHOMN
MUKPOOUOJIOrnYecKoil neTau MaTepuas 3aceBaiu
Ha pacIIMpeHHBIM MepedeHb IMIOTHBIX MUTATEIb-
HBIX CPell C LEJIBIO BRISIBJICHUS KYJIBTypOMa Coaep-
>KMMOT'0 IECHEBOTO Xejiobka. B uccienoBanum mc-
MOJIb30BAJIUCh CAEAYIOLINE MUTAaTeAbHbIE Cpebl:
5% xpoBsiHOM arap ¢ 6apaHbeii Kposbio (HiMedia,
Wnunus), arap aas BblASJEHUS JaKTOOAKTepUii
(HiMedia, MHuaus), arap aas BbIAEJEHUST Beil-
goHens (HiMedia, Unnus), arap ajass aHa’poOoB
(HiMedia, Uuaus), yHuBepcajbHasi XpOMOTeHHas
cpena (BioRad, CIIIA), arap Cabypo (HiMedia,
WNunus). I[MoceBpl munkyouposaau npu 37°C B Te-
YyeHUe 2 CyTOK B adPOOHBIX YCIIOBUSX U 10 5 CYTOK
BaHa’pOOHBIX. AHA9POOHbIE YCJIOBUS CO3aBaliCh
C MCITOJIb30BAaHUEM Ta30reHepUPYIONINX MaKeTOB.
OCO0eHHOCTh KYJbTYPOMHOIO MCCJIENOBAaHUS 3a-
KJIIo4aeTcsd B WACHTU(MUKAIIMU BCEX BBIPOCIINX
KOJIOHU MUKpPOOpraHmusMoB. WMiueHTmhUKaIIIo
BBIJIEJICHHBIX MUKPOOPTaHU3MOB ITPOBOIVIIN C WC-
nonab3oBaHueM MALDI-ToF macc-criekTpoMeTpun
Ha Macc-cnekTpometrpe Microflex LT (Bruker,
I'epmanus). KoauyecTBEHHYIO OLIEHKY MUKPO-
OpPraHM3MOB ITPOBOAMIIN C YUYETOM pa3pellaroleii
CMoCOOHOCTH MeToaa OT 10? KOJTOHMEOOpa3yIOIINX
eIVHUII Ha 1 MJI.

KinnHuuyeckoe obciienoBaHue MallUEHTOB OCY-
LIECTBJISJIOCh COIJIACHO KapTe obclienoBaHUs,
B KOTOPOM YKa3bIBAJIUCh HAaHHEIC ITalMEHTA: BO3-
pacT; I0JI; OCHOBHOM M COIMMYTCTBYIOIIWIA TUATHO3;
>KaJIOOBI, aHAMHEe3 KU3HU, aHaMHe3 3a00JIeBaHU S,
NpPOBEAECHHOE JIeueHHWEe II0 OCHOBHOMY 3aboJie-
BaHWIO; CTOMATOJIOTMYECKWIA CTaTryc MallleHTa.
IIpu ocMmoTpe TManMeHTHI, MepeHecIIe U He 00-
jgesmine COVID-19 xanoBanuch Ha HEMPUSTHBIN
3arax u30 pTa, KpOBOTOUMBOCTH IIPU YHUCTKE 3yOOB
U 00JIE3HEHHOCTH B 00J1acTU AeceH. YacToTa BCTpe-
4yaeMOCTH XaJiob yKazaHa B Taba. 2. O0beKTUBHO
HaOI0AaIuCh: HaAleCHEeBbIe U MOJIeCHEeBbIe 3y0-
HbIC OTJIOXEHUSI, TUIIEPEMUST JICCHBI, OTEYHOCTH

Ta6auua 1. PacnpeaeneHue naumeHTOB OCHOBHOW U KOHTPOJIbHOW FPYMM No noay
Table 1. Sex-related distribution of patients in main and control groups

KoHTponbHas rpynna OcHoBHas rpynna
BospacT (ner) Control group Main group
Age (years) My>X4uHbl (n) XKeHwwuHbI (n) My>4uHbI (n) XeHwwmHbl (n)
Male Female Male Female

18-44 9 16 33 42
WUtoro abc./abs. 9 16 33 42

Total % 36 64 44 56
Wroro B rpynnax/Total in groups 25 75

Bcero/Total 100
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Ta6nuua 2. YactoTa BCTpedYaemMoCTu )asno0 nauueHToB C NMPOCTbiM MAaprunHaabHbiM TMHTIUBUTOM

B uccnepyemsbix rpynnax

Table 2. The frequency of complaints of patients with simple marginal gingivitis in the studied groups

YacToTa npossneHus

XKanoObl Frequency
Complaints OcHoBHas rpynna, aéc. (%) KoHTponbHag rpynna, a6ce. (%)
Main group, abs. (%) Control group, abs. (%)
HenpuaTHbiii 3anax n3o pta (ranutos)
Unpleasant breath (halitosis) 10(13,3) 4(16)
KpoBoTOYMBOCTb fleCHbI NPU YUCTKE 3y60B
Gum bleeding while teeth brushing 27/(36) 8(32)
KpoBOTOYMBOCTb leCHBI PY NPUEME NULLU
Gum bleeding while eating 8(10.6) 0(0)
50ne3H9H.HOCTb B oGnacTu gecex 7(9.3) 1(6.6)
Soreness in the gum area
CyxocTb MONOCTH pTa
Mouth dryness 17(22,6) 1(66)
JIECHEBBIX COCOYKOB. MHAEKCHYIO OLIEHKY IIpO- OpraHus3MoB, U3 KOTOpbiX 30% — KIMHUYECKU

BOOMJINA C TPUMEHEHUEM YIIPOIIEHHOTO WHICK-
ca rurueHbl nojioctu pra I'puHa—Bepmuainona
(OHI-S), uanekca PMA (Parma) m mHIeKca Kpo-
BOTOUYMBOCTH JIeCHEBBIX cocoukoB (PBI).

N3 Tabn. 2 BUOAHO, YTO IMAllMEHTHI OCHOBHOI
TPYIIBl Yalle >XaJloBaJMCh Ha KPOBOTOUYMBOCTH
JECHBI IPU YUCTKE 3yOOB U IpU ITprUeMe Nuliu, 60-
JIE3HEHHOCTDH B 00JIACTH J€CEH U CyXOCTh B OJIOCTH
pTa, 4YeM MalMeHThl KOHTPOJIBHOM I'PyIIIbI.

CTaTUCTUYECKHMiII aHaIM3 MPOBOMUJICSI C MC-
noJib3oBaHueM IiporpamMmbl  StatTech v. 2.4.3
(pazpaboruuk — OOO «Crarrex», Poccus).
KareropmanbHble HaHHBIE OMNMCHIBAJIMCh C yKa-
3aHMEM aOCOJIIOTHBIX 3HAYCHUUM M NPOILIEHTHBIX
noneii. CpaBHeHUE MPOLICHTHBIX NOJIell Tpu aHa-
JIN3e MHOTOIIOJBHBIX TaOJIMUIl COMPSIXEHHOCTHU
BBITIOJTHSIJIOCH C TIOMOIIbIO KPUTEPUS XU-KBaapaT
IMupcona. Paznuyusa mexny cpaBHUBAEMBIMU BbI-
0OpKaMU CYMTAJIA JOCTOBepHBIMU Mpu p < 0,05.

Pesynbrathl

IIpoBenecHHBI HaMW aHAJIW3 WHIEKCHOMN
OLIEHKM TOKa3zaJjl, YTO CpeaHee 3HaueHUe WHJIEK-
ca OHI-S B ocHoBHOIi rpyrmrme coctaBuyio — 0,9,
B KOHTPOJIBHOW — 1,1, YTO COOTBETCTBYET YIOB-
JIETBOPUTEIBLHOMY YPOBHIO TUTUEHBI TTIOJIOCTHU PTa;
cpenHee 3HaueHUe nHaekca PMA (%) B OCHOBHOIA
rpymnrme coctaBujio — 18,3, B KOHTPOJBHOU TpyI-
ne — 10,9, 4To COOTBETCTBYET JIETKOI CTETeHU TsI-
KECTHU TMHTUBUTA; CpeaHee 3HaueHe nHaekca PBI
B OCHOBHOI rpynre coctaBuiao — 0,4, B KOHTPOJIb-
Hoit — 0,3 (TabJ. 3).

Ilpu wucciaenoBaHUM OBLIO BBISIBJIEHO 3HA4W-
TeJIbHOE OMOJIOTMYECKOE pa3HooOpas3ue MUKPO-
OpPTraHM3MOB, BBIJIECJICHHBIX OT ITAIIMEHTOB U3 BCEX
UCClIeAyeMbIX TpyII. AHallu3 MUKpPOOUOJOrnYe-
CKOro cTaTryca mokasajl, YTO B OCHOBHOW M KOH-
TPOJBLHOM Tpynrmax Obla BbLAeAeH 91 BUA MUKPO-

3HaunMble. CleayeT OTMETUTh, YTO Y ITAIlMCHTOB
OBLIM BBISIBJICHBI MPEACTABUTEIN CICAYIOMINX TIa-
POIOHTOMNATOTeHHBIX KOMIIJIEKCOB. «3€JICHBIN»,
«XKEJITBI», «OPAHXEBBI», «IIYPIIYPHBIN» U «Kpac-
Hblil». W3 «3ejieHoro» MNapoJOHTONAaTOI€HHOTO
KoMILIeKca ObLI BeinenaeH Capnocytophaga ochracea,
U3 <«KEJITOro» MapOJOHTONATOI€HHOTO KOMILJIEK-
ca — Streptococcus oralis, Streptococcus sanguinis,
Streptococcus gordonii, Streptococcus intermedius,
Streptococcus mitis; N3 «OpaHXKEBOr0» MapOIOHTO-
NaTOTeHHOTO KoMmIliekca — Prevotella intermedia,
Prevotella  nigrescens, Fusobacterium nucleatum,
Streptococcus constellatus; N3 «IypITypHOTI'O» I1apo-
JIOHTOMAaToreHHOTo KoMILiekca — Veilonella parvula,
Actinomyces odontolyticus; M3 «KpacHOro» I1apo-
MOHTOMNATOIeHHOTO KOoMILIeKca — Porphyromonas
gingivalis.

O6cyxaeHne

OnpeneneHre MapoJOHTONATOreHHOM MUKPO-
OMOTHI SBJSIETCS BaXXHbIM (PAaKTOM BO3MOXKHO-
CTU KYyJBTYPOMHBIX UCCIEIOBAHUU AJIS NECTEKIIUU
NaHHOW TPyIMIlbl MUKPOOPraHMW3MOB U aKTyaJlu-
3UpYeT €€ POoJib B Pa3BUTUM 3a00JeBaHUI TKaHel
napoJIoHTAa.

Ta6auua 3. CpepgHue nokasaTenm MHAEKCHOM’
OLIeHKM Y MaLUEHTOB UCCNIeAyeMbIX rpynn
Table 3. The average value index in the studied groups

KoHTponbHas
MHaexe OCH’\(;IB‘HaSl rpynna rpI;nna
Index ar:n=g7rgup Control group
n=25
Uupekc OHI-S 0,9 1,1
WHpekc PMA (%) 18,3 10,9
Wnpekc PBI 0,4 0,3
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TaGnuua 4. YactoTa BCTPE4aeMOCTH NapoAOHTONATOreHHbIX KOMMJIEKCOB B UCCJieAyeMbIX rpynnax
Table 4. The frequency of periodontopathogenic complex isolation in the studied groups

MUKpoOpraHuam OCHOBI-.IaSI rpynna, a?c. (%) | «KoHTponbHaga rpynna, 36c. (%)
Microorganism Main group, abs. (%) Control group, abs. (%) p
n=75 n=25
«KpacHblin» komnnekc
“Red” compex
Porphyromonas gingivalis 4(2,7) 0(0,0) 0,574
«OpaHXeBblii» KOMNIEKC
“Orange” complex
Prevotella intermedia 0(0,0) 2(4,0) 0,062
Prevotella nigrescens 2(1,3) 2(4,0) 0,261
Fusobacterium nucleatum 6 (4,0) 0(0,0) 0,340
Streptococcus constellatus 18 (12,0) 6 (12,0) 1,000
«KenTblii» KOMNNEKC
“Yellow” complex
Streptococcus mitis 12 (16,0) 10 (40,0) 0,006
Streptococcus gordonii 14 (18,6) 7 (28,0) 0,022
Streptococcus oralis 49 (65,3) 20 (80,0) 0,001
Streptococcus sanguinis 28 (70,0) 17 (68,0) <0,001
Streptococcus intermedius 7(17,5) 2(8,0) 0,030
«3eneHbl» KOMNIEeKe
“Green” complex
Capnocytophaga ochracea 0(0,0) 2(4,0) 0,062
«MypnypHbIA» KOMNNEKC
“Purple” complex
Veilonella parvula 14 (35,0) 13 (52,0) 0,003
Actinomyces odontolyticus 12 (8,0) 2(4,0) 0,337

Mpumeyanue. CTaTUCTNYECKNIA aHANN3 NPOBOAMIICS C UCMONb30BaHEM nporpaMMel StatTech v. 2.8.8. CpaBHeHMe NPOLEHTHBIX AONEN BBINOIHANOCH

C MOMOLLbIO KpUTEPUS X1-KBaAPaT MMpcoHa, To4Horo kputepus Guwepa.

Note. Addition — statistical analysis was carried out using StatTech v. 2.8.8 software. Percentage comparison was carried out using chi-squared

Pearson’s criterion, Fisher criterion.

HecMmotps Ha hakT BeIaeIeHU S TPeaCcTaBUTEICH
pPa3IUYHBIX MapOJOHTOIIATOIeHHBIX KOMIIJIEKCOB,
B TOM YHCJIe 1 HauboJiee arpeCCUBHBIX «KPaCHOTO»
U «OPaHXEBOTO» BOIPOC O MX OJHO3HAYHOW POJIU
B KA4yeCTBE 3TUOJIOIMYECKOTO areHTa B Hay4YHOM
JIUTEepaType ocTaeTcs OTKPBHITHIM. Tak, 1o TaHHBIM
HEKOTOPBIX aBTOPOB, IIPEACTABUTEIN MapOJIOHTO-
MaTOreHHBIX KOMILJIEKCOB HE BCEraa BBIICISIOTCS
MpU TMHTUBUTE U HE KOPPEIUPYIOT C Pa3BUTHEM
3a00jieBaHMIi TKaHel mapoaoHTa [15].

JlaHHBII (haKT IMOATBEPKAACTCSI U B HAIIIEM MC-
cienoBaHMK. HecMOTpst Ha TO, YTO B KJIMHUYECKOM
MaTtepuaje IalMeHTOB BCEX HUCCeMYyeMbIX TPYIII
OBLIY BBIICJICHBI MUKPOOPTIaHU3MBI U3 «3€JIEHOT0»,
«KEJITOTO», «<OPAHXKEBOI0O», «IIyPITyPHOrO» U «Kpac-
HOT'0» KOMIIJIEKCOB, CTATUCTUYECKY 3HAYMMBbIE pa3-
JIMYUS 10 4aCTOTe BCTPEYaeMOCTU BUJIOB MUKPO-
OpraHM3MOB ObLIM BBISIBJIEHBI TOJIBKO IS IIECTU
BUIOB (Tadjy. 4). [Ipu 3ToM ObIJIM BBISIBJIEHBI J0-
CTOBEPHBIC Pa3JIMUMSI CPEAM TIPEACTaBUTEIC HOP-
MaJIbHOI opodapuHTeaIbHO MUKPOOUOTHI, KOTO-
pas Jalle BCero He YUUThIBaeTCsl MPU IIPOBEICHU N
KJIAaCCUYECKOI0 MMKPOOMOJOrMYeCKOro MCCIeNn0-
BaHMsI, B CBSI3U C OTCYTCTBHEM Yy €€ MPeACTaBUTEICH
CBSI3U ¢ 3200JIeBAaHUSIMU MOJIOCTU pTa (TadlI. 5).

Crenymoliye MUKPOOPraHU3Mbl U3 MTapOAOHTO-
MaTOTE€HHbBIX KOMILJIEKCOB BBISIBJCHBI HE ObLIU:
Tannerella forsythia, Peptostreptococcus micros, Cam-
pylobacter gracilis, Campylobacter rectus, Fusobacterium
periodonticum, Eubacterium nodatum, Campylobacter
showae, Eikenella corrodens, Capnocytophaga gingivalis,
Capnocytophaga sputigena, Campylobacter concisus,
Aggregatibacter actinomycetemcomitans

M3 T1abn. 5 BUIHO, YTO CTATUCTUYECKU 3HAYU-
MbI€ pas3iMuusl ObLIM BbIACJCHBI IJIS1 CJACAYIOLINX
npeacTaBuTeNieli HOpMaabHOI opodapuHreaabHOMN
MUKpoOUoThl: Haemophilus parainfluenzae, Neisseria
elongata, Staphylococcus epidermidis, Corynebacterium
durum, Neisseria subflava, Neisseria flavescens.

3ak/yeHme

C y4eToM TMoJTyYeHHBIX TaHHBIX BaXKHOM TTpe/i-
cTaBJisieTcsl pa3paboTKa MOAX0I0B K ITPOTHO3UPO-
BaHUIO PA3BUTHUSI XPOHUYECKOTO THHTUBUTA U €TO
obocTpeHmit y manueHToB Ha porHe COVID-19.
OcyuiecTBieHUe AaHHOW 3alayu JTOCTUTaeTCs
MyTeM TMOBBIIIEHUSI TOYHOCTH AMATHOCTUKHU TTO-
CPEICTBOM KOMIUIEKCHOUW OILIEHKU KJIWHUYEC-
KX U MUKPOOMOJIOTMUYECKUX XapaKTEPUCTUK
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Ta6auua 5. YactoTa BCTpeyaeMoCcTy BUAOB MUKPOOPraHM3MOB HOPMaJibHO MUKPOOUOTLI, AJ1S1 KOTOPbIX
OblNIM NONY4Y€eHbl CTaTUCTUYECKU 3HAYMUMbIE Pa3/IMYUSA B OCHOBHOW U KOHTPOJbHOM rpynnax

Table 5. The frequency of significantly differed microorganisms isolated from normal microbiota in main and control
groups

OcHoBHas rpynna, adc. (%) «KoHTponbHas rpynna», adc. (%)
MukpoopraHuam . o o
Microorganism Main group, abs. (%) Control group, abs. (%) p
n=75 n=25
Streptococcus oralis 49 (65,3) 20 (80,0) 0,001
Haemophilus parainfluenzae 7(9,3) 3(12,0) 0,034
Neisseria elongata 12 (30,0) 6 (24,0) 0,002
Streptococcus intermedius 7(17,5) 2(8,0) 0,030
Staphylococcus epidermidis 21 (28) 5(20,0) 0,030
Corynebacterium durum 13 (17,3) 5(20,0) 0,048
Neisseria subflava 24 (32) 12 (48,0) 0,015
Neisseria flavescens 20 (26,6) 11 (44,0) 0,008
Streptococcus sanguinis 32 (42,6) 17 (68,0) <0,001
Streptococcus mitis 12 (16) 10 (40,0) 0,006
Streptococcus gordonii 14 (18,6) 7(28,0) 0,022
Veilonella parvula 18 (24) 13 (52,0) 0,003

Mpumeyanme. CTaTucTUyECKMii aHaNM3 NPOBOAUACS C UCMOb30BaHUeM nporpammel StatTech v. 2.8.8. CpaBHeHVEe NPOLEHTHBIX AONEN BbINONHANOCH

C NOMOLLbIO KpUTEPUS XW-KBAAPAT MMPCOHa, TOYHOro KpnTepus Guiiepa.

Notes. Statistical analysis was carried out using StatTech v.2.8.8 software. Percentage comparison was carried out using chi-squared Pearson’s

criterion, Fisher criterion.

TKaHE MapomOHTa, YTO MO3BOJSICT MPOBOIUTH
WHAWBUAYAJBHBIN ITPOTHO3 TeUCHUS 3abojeBa-
HUS W ero 00OCTpeHUul, mogoupaTh WHIWBUILY-
aJbHOE JIeYeHUEe, KOPPEKTUPOBATh JOMAIIHIOI
TUTHUCHY TIallMeHTa ¢ MPUMEHEHUEM KOHTPOJIH-
pyemoii 4yucTtku 3y060B. OCOOEHHOCTbHIO HCCJe-
JIOBAHUSI SIBISIETCSI TO, YTO B CITOCOOE ITPOTHO-
3UpPOBaHUS PUCKA Pa3BUTHUSI OOOCTPpEeHUI XpoO-
HWYECKOT0 THWHTUBHUTA Yy ITAllUCHTOB, IepeHeC-
mux COVID-19, oueHuBaeTcss HajJlu4yue BUIOB
MUKpOOpPraHuamMoB Streptococcus oralis, Neisseria
elongata, Streptococcus intermedius, Staphylococcus
epidermidis, Corynebacterium durum, Neisseria sub-
flava, Neisseria flavescens, Streptococcus sanguinis,
Streptococcus mitis, Streptococcus gordonii, Veillo-
nella parvula — 1 rpynna unu orcytctsue Haemo-
philus parainfluenzae — 2 rpynna. Ha ocHoBe no-
JIYIEHHBIX JAHHBIX PACCUUTHIBAIOT MHIEKC PUCKA
pa3BUTUS oOOCTpeHMII. B ciydae BBIOCICHUS
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FORECASTING INFECTION FATALITY RATE
OF COVID-19: MEASURING THE EFFICIENCY
OF SEVERAL HYBRID MODELS
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Abstract. The main goal of this paper is to delve into a crucial epidemiological metric the daily infection fatality rate in the
context of the ongoing COVID-19 pandemic. The significance of understanding this metric lies in its potential to provide
insights into the severity and impact of the virus on a daily basis. Methods: To achieve this overarching objective, we
employ a comprehensive approach by applying various hybrid models that hybridize both machine learning and statistical
techniques. In our pursuit of a deeper understanding, we leverage advanced machine learning algorithms, including
Support Vector Machine and Random Forest. These techniques allow us to capture intricate patterns and relationships
within the data, contributing to a more nuanced analysis of the infection fatality rate. The application of machine-learning
models in epidemiological studies has gained prominence due to their ability to adapt to complex and evolving patterns
inherent in infectious disease dynamics. Complementing our machine-learning arsenal, we integrate traditional statistical
modelssuch as ARIMA (AutoRegressive Integrated Moving Average), fractional ARIMA, and BATS (Bayesian Structural
Time Series). Results. To assess the performance of these models, we employ key evaluation metrics, including Root Mean
Squared Error (RMSE), Mean Squared Error (MSE), and Mean Absolute Error (MAE). These metrics serve as critical
benchmarks, allowing us to quantify the accuracy and reliability of our models in predicting the daily infection fatality
rate. A meticulous evaluation of model performance is crucial for ensuring the validity and of our findings. According
to these measures, we see that hybrid models performed well especially ARIMA-RF model RMSE: 0.29, MSE: 0.084,
MAE: 0.215 for the horizon 60 and for horizon 120 ARIMA-RF still the best performance, RMSE: 0.268, MSE: 0.071,
MAE: 0.183, we get these results due to the capacity of this approach to handle complex patterns contrarily to other model
ARIMA, BATS, RF and SVM. Conclusion. This work adopted this approach in order to build a model to predict infection
fatality rate, we aspire to provide a nuanced understanding of the factors influencing the severity of the virus, ultimately
contributing to the ongoing discourse on effective public health interventions and mitigation strategies.

Key words: epidemiology, infection fatality rate, forecast, statistical models, machine learning, performance, hybrid model.
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D. Seba, K. Belaide MHdekumns n uMmyHuTeT

OLICHUBATh BbIPAKEHHOCTh BUPYCHOTO MHMUILIMPOBAHUS U €€ Bo3aeiicTBue. Mamepuansl u memoos:. {151 1OCTUXEHUS
3TOIi BCEOOBEMITIONIEH LIEJIM MBI IPUMEH SIEM KOMTILJIEKCH b TIOIXOT, MCITOJIb3YsI pa3InYHbIe THOPUIHBIE MOJEIN, 00h-
eNUHSIONINE MAIIMHHOE O0yYeHUE M CTATUCTUYECKUE METOABl. YTIyOlIeHHOe TOHMMaHUe 3HAYUMMOCTH YKa3aHHOTO
rapaMeTpa I0CTUTAETCs C UCTIOIb30BAHUEM MEPEIOBBIX AITOPUTMOB MAIIMHHOTO 00YYEHM 1, BKJTI0Yast MALIUHY OTOp-
HbIX BEKTOPOB U CllyyaiiHble AEPEBbsI PELICHU. DTU METO/ABI TIO3BOJISIIOT OOHAPY XM BATh CIOXHbBIE 3aKOHOMEPHOCTH
Y B3aMMOCBSI3U B TAaHHBIX, CIOCOOCTBYSI O0J1ee IeTalbHOMY aHaIU3y YPOBHS cMepTHOCTU OT uHbeK1uii. [IpumMeHeHne
MoOJieJIell MallMHHOTO OOy4YeHUsI B SMUIEMHUOJIOTUYECKUX UCCIACAOBAHUIX MPUOOPETO U3BECTHOCTh OJaromapsi ux
CMOCOOHOCTH aIaMITUPOBATHCS K CJIOXKHBIM M Pa3BUBAIONIMMCS 3aKOHOMEPHOCTSIM, TIPUCYIITUM TUHAMUKE WH(PEKIIH-
OHHBIX 3a00sieBaHMit. JlOTONTHSIST TOCTYTHBIN apceHa  MAITMHHOTO OOYYEHUSI, Mbl COBMEIIAEM TPaTUIIMOHHbIE CTa-
TUCTUYECKUE Monenu, Takue Kak ARIMA (aBToperpeccCMOHHOE MHTETPUPOBAHHOE CKOJb3SIIEe CpeaHee), IpOOHOe
ARIMA u BATS (6aitecoBckUil CTPYKTYPHBII BPEMEHHOI psill). DTU MOJEIH 00eCTIeYBAIOT TPOBEPEHHY IO BpEMEHEM
1 CTPOTYIO CTATUCTUYECKYIO OCHOBY JIJISI IPOBOIMMOTO aHaJIN3a, TO3BOJISISI BRISIBUTH BpeMEHHbBIC 3aBUCIMOCTH U TEH-
JIEeHIMY KO3 hulireHTa JeTaJbHOCTH MPpH 3apakeHu. CUHEPrus MalllMHHOTO O0yYeH U ST M CTaTUCTUUYECKHUX MOJIe e
JaeT HallleMY MCCIeI0BAHUIO IEJOCTHYIO MIEPCIIEKTURY, o0ecreunBast HaJesk HOe U BCECTOPOHHEE UCCIeI0BAHUE M-
JIEMHUOJIOTUYECKON cutyauuu. Pezyassmameot. [1st olleHKY 39(PGhEKTUBHOCTY 3TUX MOJIEJIEl Mbl UCTIONb3YEM KITIOUEBbIE
MoKa3aTesIM OLIEHKH, BKJoUas cpenHekBaapaTudyeckyio omndky (RMSE), cpenHekBanparuyeckyto omn6oky (MSE)
U cpeaHIo adbcomoTHyI0 omnoKy (MAE). BTu mokaszaTenu ciayxar Bak HEHIIMMU OpUEHTUPAMU, TIO3BOJISIST HAM KO-
JINYECTBEHHO OLIEHUTh TOYHOCTh U HAIEXKHOCTh HAILIUX MOJIEJICi TPU TPOrHO3MPOBAHUY €XEeIHEBHOTO KO3Gh(OUITUEHT
JIETaJIbHOCTHU TIPU 3apaxeHuu. TuiarenpHas onieHKka 3(h(GeKTUBHOCTU MO UMEET pellialoliee 3HaueHue 17151 00e-
CTMeYeHUsT JOCTOBEPHOCTHU HAIIMX BHIBOAOB. COTTACHO 3TUM M3MEPEHUSIM, TUOPUIHbBIE MOJIENN TIOKA3aln XOPOIINe
pe3yiabraThl, ocobeHHo Momeib ARIMA-RF RMSE: 0.29, MSE: 0.084, MAE: 0.215 nns ropusonta 60 u 1jist ropu-
30HTa 120 ARIMA-RF mo-mnipexxHemMy AeMOHCTPUPOBAJIH JTYUIIYIO TTpou3BoauTeabHOCTh, RMSE: 0.268, MSE: 0.071,
MAE: 0.183 no3Boauiv NOTYYUTh TAKKE PE3YIbTaThl O1arogaps ClocOOHOCTHU 3TOro Moaxona 06padaTeiBaTh CIOKHbBIE
mwabsoHbl B otinyue oT Mozeneii ARIMA, BATS, RF u SVM. 3akawuenue. B naHHOI paboTe MPUMEHSJICS MOIXOM
JUTST TIOCTPOEHUSI MOJIENIM T10 TMPOTHO3MPOBAHMIO YPOBHST KO (MUIIMEHTA JeTaJbHOCTU TIPK 3apaXkKeHUU, HalleJeH-
HBIIl Ha MPEeIOCTaBIeHUE IeTaIbHOTO MOHMMaHMS (DaKTOPOB, BIMSIONIMX Ha TSXKECTh BUPYCHOTO MHMUIIMPOBAHMSI.
B KoHeuHOM HTOTE 3TO OYyIET CITOCOOCTBOBATH MPOAOIXKAIOIIEMYCST 00CY X IEHUIO 3(D(MEKTUBHBIX MEP OOLIECTBEHHOTO
31PaBOOXPAHEHUs U CTPATErM il HUBEJIMPOBAHUSI TIOCIENCTBU .

Karouessle caoea: snudemuonoeus, Kodppuyuenm 1emaibHocmu npu 3apajicenuu, NPoeHo3, cmamucmuieckue Mooeau, MauluHHoe
00yueHue, npou3800UMeabHOCMb, 2UOPUOHAS MOOeb.

Introduction

A highly contagious respiratory illnes, COVID-19
caused by the SARS-CoV-2 virus was initially dis-
covered in China, in December 2019, and since then,
it has spread over the world.

This pandemic has had significant impacts on many
aspects of life, including public health, the economy,
education, and social interactions. For this reason,
forecasting COVID-19 is an important tool in manag-
ing the pandemic, helping to minimize its impact and
inform public health interventions.

Numerous researchers extensively explored this pan-
demic. For instance Alzahrani et al. [4] used ARIMA
model to predict the spread of the pandemic, Dahesh et
al. [8] treated the new cases using ARIMA model, Roy et
al. [16] focused on spatial prediction. Note-worthy con-
tributions also include the research conducted by Rath et
al. [15], Chen [9], Lukman et al. [13], Yousafet al. [23].

Numerous researchers have examinated this phe-
nomena through the application of genetic algorithm,
such as the works of Deifet al. [10], Salgorta et al. [17],
Acosta et al. [1].

The deep learning tools are also used to predict
the new cases such as the work of Alazab et al. [3],
Tamang et al. [19] Kapoor et al. [12] and Namasudra
etal. [14] use neural networks, Zeroual et al. [24] make

a compartive study between different deep learning
models, ArunKumar et al. [5] compared between
statistical models ARIMA, seasonal ARIMA model
and machine learning models Gated Recurrent unit
(GRU), Long-Short term memory (LSTM).

IFR stands for infection fatality rate, which is the
proportion of people who die from an infectious dis-
ease among all those who have been infected, was
also estimated and forecasted in many works such as
Singh et al. [18], Vattay et al. [22] Forecast the out-
come and estimating the epidemic model parameters
from the fatality time series. Ahmar et al. [2] use
ARIMA and nonlinear AR model.

In the remainder of this paper we deal with fore-
casting daily IFR using hybrid models then we evalu-
ate their effectiveness. In the second section we pre-
sent both the data and the descriptive statistics, which
provide insights into the behavior of the phenom-
enon. Moving on to the third section we elaborate
the methodology employed in our study, The final
section encompasses the implementation of our ap-
proach which includes statistical models (ARIMA,
BATS) and hybrid models (ARIMA-SVM, BATS-
SVM, BATS-RVM, ARIMA-Random Forest and
BATS-Random Forest), These models are subse-
quently subjected to comparison using performance
metrics such as RMSE, MSE, and MAE.
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Forecasting IFR, hybrid approach

Materials and methods

Forecasting Models

ARIMA and ARFIMA model

Autoregressive  integrated moving average
(ARIMA) models predict future values based on past
values, it gauges the strength of one dependent vari-
able relative to other changing variables.

A stochastic process (X),., is said to be an
ARIMA(p, d, g) an integrated mixture autoregres-
sive moving average model if it satisfies the following
equation:

(L)1 — L)X, = O(L)e, Vit >0 (1

where d € N, L is lag operator, &~ N (0, 6?) i.i.d. er-
rors, with o2 < oo.

$(L) = (1—$iL —... — $,L") with ¢,#0
OL) = (1 —6,L —... — 6,L9) with 6,0

— In the case of d = 0, we obtain ARMA(p, q)

process;

— In the case of d € R, coincide with Fractional

ARIMA(p, d, g) process.

BAT'S model

The BATS (Exponential smoothing state space
model with Box-Cox transformation, ARMA errors,
Trend and Seasonal components) model is a time
series forecasting model that was proposed by De
Livera et al. [11].

Box-Cox Transformation component is used
to transform the data to achieve normality and sta-
bilize the variance. The ARMA (Autoregressive
Moving Average) Errors component is used to model
the residuals of the time series data, which are as-
sumed to be independent and identically distributed.
Finally, the Seasonal component is used to model
the seasonal patterns in the data.

Random Forest (RF)

The random forest for regression algorithm
is a machine learning algorithm that combines mul-
tiple decision trees to predict continuous target varia-
bles. The algorithm works as follows: Select a random
subset of the training data, with replacement.

Construct a decision tree for the subset of data by
recursively partitioning the data into subsets based
on the values of the input features. At each node,
randomly select a subset of features to consider
for splitting.

Repeat the previous steps to create multiple deci-
sion trees.

For prediction, pass the input data through all
the decision trees and obtain the predicted target
variable for each tree.

Aggregate the predictions of all trees to obtain
the final prediction. This can be done by taking
the average of the predicted values or using weighted
averaging.

SVM model

Support vector machine (SVM) analysis is a pop-
ular machine learning tool for classification and re-
gression, it is considered a nonparametric technique
because it relies on kernel functions.

Given deviation data of training x,(¢ = 1, 2, , m)
where x; R” is the input vector with n-dimension, y;
R” is the associated desired output value of x;. Then
the SVMs model is formulated as follows:

J(x) = we(x) +b )

Where (¢(x)) is called the feature that is non lin-
early mapping from the input space x. The w and b
are coefficients that are estimated by minimizing
the regularized risk function shown in formula:

min%wTW +CYE Ly — f(x),x) 3)

where C is the regularized constant determin-
ing the trade-off between the empirical error and
the regularization term. The larger the constant C
is, the more the minimum experience risk is empha-
sized, and the lower the generalization of function f.

Using the Lagrange function and duality theo-
ry, and with the kernel function k(x, x) introduced,
the function given in 3 can be transformed into
a quadratic programming problem as follows:

min Y% _q (ai — ai* Yo, —ai k(xi, x;) +
+ X (ai + ai ) XL yi(oi— oY)

0<o;,a%x<C,

@

where ¢o; and o are Lagrange multipliers. They
are obtained by solving this quadratic program-
ming problem, and the input vector x; corresponding
the nonzero ¢; and ¢;* ia is the support vector. Thus,
we transform 6 the following equation:

S a0 ) =3 (ai + ai™) k(e x)+b (5)

i=1,2, , m

Empirical results and discussion

Infection fatality rate (IFR) is a measure used
to assess the proportion of infected individuals with
fatal outcomes. Here is the formula used to calculate
daily IFR for COVID-19:

Number of daily new confirmed deaths
X

(©)

Number of daily new confirmed cases

Source of data: World health organization.

We have dealt with new cases and new deaths over
the world from January, 3rd 2020 to March 16th 2023
Using (6), we calculate IFR index.

As shown in Fig. 1 the IFR is may appear higher
in the first three months but it subsequently decreased
significantly. This is due to the social awareness and
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Figure 1. Daily IFR of COVID-19 from January,
3rd 2020 to March 16th 2023

the effective implementation of public health meas-
ures, such as mask mandates, social distancing, and
lockdowns.

Two years into the pandemic, the IFR dropped
significantly, approaching close to zero, largely due
to widespread vaccination among the population, es-
pecially those at higher risk of severe illness, the over-
all death rate can decrease.

In the early stages of the pandemic, testing avail-
ability was limited, and many mild or asymptomatic
cases went unreported. As testing capacity increases
and more people get tested, health authorities can
identify a larger proportion of mild cases.

Methodology

The methodology used in our work is to imple-
ment a statistical approach to model the data.

X, =Y, +U, (7)

X, is decomposed into two parts linear component
Y, and nonlinear component U, we apply statistical
models (ARIMA and BATS) which are more suited
to linear pattern Y(?), then the difference g§=X— Y1)
is the residual.

The residual series & contains the nonlinear parts,
thus we use SVM and RVM to fit residuals gives
the predicted values U(t), finally we combine the two
predictive results to get:

X0, =Y, + U@ 8)

Results

‘We decompose the data into training data and test
data, we use test data as horizon of forecasting to val-
idate the results. We treat two cases, in the first case
we use horizon of 60 days (short term) in other words
the last 60 observations are test data. the second case
horizon is 120 days (long term).

In Table 1 We provide a summary of how our data
is described, we detect the missing values (Na’s).
In this case the mean is close to the median it suggests
that the data has a relatively symmetrical distribu-
tion, which can be a useful insight for understanding
the central tendency and overall shape of the dataset.

Table 1. Descriptive statistics for Daily IFR

From Table 2 we can conclude some results about
our data:

The primary purpose of the KPSS test is to check
for the presence of a unit root in the time series data.
A unit root indicates nonstationarity. If the test sta-
tistic is greater than the critical values at a chosen sig-
nificance level, you fail to reject the null hypothesis,
suggesting that the data is nonstationary and this
is our case 0.01 < 0.05.

Identifying nonstationarity is important because
many time series forecasting models assume station-
arity, and addressing nonstationarity may involve
transformations or differencing to make the data
suitable for modeling.

Kolmogorov—Smirnov test is a valuable statistical
tool for assessing goodness of fit between a sample
distribution and a theoretical distribution (Normal
distribution in our case).

he primary utility of the Terasvirta test is to detect
nonlinearities in time series data, instead of using
linear models, you may choose to employ nonlinear
modeling techniques and that is explain our choice
to hybridize statistical models and machine learning
models which handle nonlinear patterns.

The Hurst exponent serves as a valuable tool
for evaluating whether long memory models are suit-
able candidates and for estimating the memory pa-
rameter in an ARFIMA model.

d=H — %, thus d = 0.49908 which is close to 0.5,
This proximity to 0.5 implies that ARFIMA model
non-invertible suggesting that short memory process
such as ARIMA more suitable to model our data.

From Figure 2 the ACF function did not de-
crease hyperbolically which confirm that short
term memory model is a good candidate, and we re-
mark clearly from the PACF function has a periodic
component.

Handling missing values

We remove missing values (NA’s), it appears when
the number of the new cases is 0, thus it is more ac-
curate to replace missing values with zero’s.

ARIMA:

Due to the ARIMA model’s efficiency in analyz-
ing time series, we first apply it. By using the Box-
Jenkins approach and the Akaike Information
Criterion (AIC) and Bayesian Information Criterion
(BIC) to select the the best ARIMA model, which
is in our case ARIMA (5,1,3), we obtain the follow-
ing equation.

For the horizon of forecasting h = 60, 120.

(1+0.2104L—-0.1261L>~0.0137L%~0.3397L* -

5 — 2 3 (9)
~0.3157L9).X; = (1+0.7631L—0.0849L2+0.269L>)z,

min 1stQu Median Mean 3rdQu max NA’s
0.373 1.817 2.167 29.867
0 9 1.5395 6 7 8
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We have used ARFIMA function to fit the mod-
el, we get a Fractional AutoRegressive model
FAR(1,0.4998.,2) the integrated fraction d is close
to 0.5 which make the model not invertible.

We have used Maximum likelihood method to es-
timate the parameters of ARIMA and ARFIMA
models.

BATS:

For the horizon h = 60, 120.

We perform BATS model, the output in R lan-
guage is BATS (1, 1,4, —, —). The first is the o param-
eter of the Box-Cox transform, the second is ARMA
order of the errors, the third is ¢ trend damping,
the fourth is the seasonal periods, which in your case
are none. ® = 1, meaning that indeed, there is no
Box-Cox transformation.

ARMA order of errors is ARMA(1,4) with auto-
regressive coefficients 0.608 and moving average co-
efficients 0.658, 0.415, 0.369635, 0.52285 for the ho-
rizon h = 120.

SVM:

For the horizon h = 60.

SVM models have various hyperparameters that
can be tuned using cross validation method, we have
used epsilon regression which is tolerance error, we
use also radial kernel K(x, x;) exp(x,x?) it allows
to capture nonlinear patterns. € = 0.2, gamma = 2,
cost = 512.

For the horizon h = 120.

The best hyperparameters € = (0.2, cost =4, gam-
ma =1

Random Forest:

For the horizon h = 60.

As Random forest is an ensemble of decision trees,
thus the number of trees is 500 and mean of squared
residuals is 3.001598.

For the horizon h = 120.

The number of trees is 500 and mean of squared
residuals is 3.162188.

Forecasting Hybrid models

We treat the residuals of ARIMA with SVM then
with Random Forest model in order to improve
the forecasting results, we do the same thing with
BATS-SVM and BAATS RVM.

We tune the hyperparameters using cross valida-
tion technique.

Table 2. Some characteristics of daily Infection
Fatality Rate

Tests Daily IFR Comment
KPSS test 0.01 Non stationary
Kolmogorov-Smirnov Test | 2.2e-16 Non normal
Terasvirta test 2.2e-16 Non linear
Hurst Exponent 0.99908 [ Short term memory

lllustration

Performance Measures

RMSE, MAE, and MSE are commonly used
evaluation metrics in machine learning and statistics
to assess the performance of models. They are used
to measure the accuracy of predicted continuous val-
ues compared to the actual values.

2
RMSE = / Iyn, i) (10)
1 cn 2
MSE = ¥ty (Vi — zi) (11)
1
MAE = 2 X5 (Ivi — zil) (12)

Discussion

A small MAE means that our model is excellent
at predictions, while a large MAE suggests that our
model does not perform well at predictions. Unlike
MSE, we do not square the residuals, thus MAE
is more robust to outliers.

A higher MSE indicates that the model will be
penalized for making predictions that significantly
differ from the actual value. This means that a large
difference between predicted and actual values will
be more heavily penalized in MSE than in MAE.
RMSE and MSE are sensitive to outliers.

We remark in Fig. 3 and 4 (see cover III) Hybrid
models in two cases for h = 60 and h = 120 perform bet-
ter than ARIMA and BATS because these models are
linear and can not handle nonlinear pattern, contrarily
SVM can treat nonlinear patterns due to its form of ker-
nel, Random Forest has a good performance because
it aggregate the results of many decision tree.

We are unable to make predictions using ARFIMA
due to the parameter d being extremely close to 0.5
which makes the model non-invertible The advantage

ACF
00 02 04 06 08 1.0
1 1 1 1

0.6

04

Partial ACF
0.2
1

Figure 2. ACF and PACF for Daily IFR
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Table 3. Performance Measures

h=60 RMSE MSE MAE h=120 RMSE MSE MAE
ARIMA 0.367 0.135 0.248 ARIMA 0.369 0.136 0.272
ARFIMA NaN NaN NaN ARFIMA NaN NaN NaN
BATS 0.388 0.151 0.265 BATS 0.363 0.132 0.289
SVM 0.362 0.131 0.243 SVM 0.345 0.129 0.266
RF 0.308 0.095 0.234 RF 0.377 0.142 0.278
BATS-SVM 0.345 0.119 0.251 BATS-SVM 0.345 0.129 0.264
BATS-RF 0.301 0.094 0.219 BATS-RF 0.360 0.094 0.289
ARIMA-SVM 0.324 0.105 0.216 ARIMA-SVM 0.342 0.117 0.266
ARIMA-RF 0.290 0.084 0.215 ARIMA-RF 0.268 0.071 0.183
of hybrid models is that we can deal with linear com-  Conclusion

ponents (ARIMA and BATS) and nonlinear compo-
nent (SVM and RF).

In Fig. 3 (see cover III), for h = 120, BATS has
a good performance then ARIMA because it deals
with short term memory phenomenon, same thing
for BATS but this model can deal with complex pat-
tern in time series such seasonal component and it as-
sumes that there is a correlation between the errors.

In Fig. 4 (see cover III), for h = 120, ARIMA-RF
has a good performance for the 60 days, but thereafter, its
performance declines, primarily attributed to the limited
memory capacity within Random Forest (RF) models.

Based on the performance measures in Table 3,
it is evident that ARIMA-RF consistently demon-
strates the superior performance in both scenarios.
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MOLECULAR GENETIC CHARACTERIZATION
OF HEPATITIS B VIRUS IN BLOOD DONORS
FROM SOUTH VIETNAM
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Abstract. The problem of transfusion safety preventing parenteral viral hepatitis transmission remains relevant. Viral
hepatitis B (HB) is the most common viral infection transmitted through transfusion procedures. One of the natural phases
of a chronic viral hepatitis B (CHB) course is occult hepatitis B infection (OBI) characterized by undetectable HBsAg level
(regardless of other serological marker levels) along with detected hepatic HBV DNA as well as blood viral load ranging
from extremely low to undetectable. In Vietnam, prevention of transfusion-based HBV transmission is focused on donor
screening; it is still based solely on HBsAg serology. As such, OBI remains a potential threat to blood transfusion safety.
Assessing hepatitis B virus (HBV) DNA is a reliable preventive measure against HBV transmission from HBsAg— donors,
especially in highly endemic regions. The aim of our work was HBV identification and molecular genetic characterization
in blood donors from South Vietnam. The study material was presented by 500 donor serum samples. Subjects were examined
for HBV markers with qualitative detection of HBsAg, HBs IgG, and HBcore IgG. Amplification and subsequent HBV
sequencing were performed using nested PCR with overlapping primer pairs jointly flanking the complete HBV genome (S,
P, C, X genes). Full-size HBV genome nucleotide sequences were obtained for 58 samples. Among blood donors, taking into
account HBsAg+ and HBsAg— samples, HBV DNA was detected in 11.6%, including 8.6% OBI. HBV phylogenetic analysis
showed genotypes B and C. Vaccine escape mutations and mutations that contribute to disease progression were identified.
Current screening in Vietnam is insufficient for eliminating the risk of transfusion-transmitted HBV infection. The major
risk factor is OBI. PCR testing for HBV should be considered for blood donor screening.

Key words: hepatitis B virus (HBV), hepatitis B viral markers, HBsAg-negative hepatitis B, genotypes, clinically significant mutations,
blood donors, infection safety, South Vietnam.
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pacnpocTpaHeHHOH BUPYCHOI MHMeKIMel, epeaatolieiics npu nepeauBaHuy Kposu. OMHOM U3 eCTeCTBEHHBIX (a3
TeueHusl XxpoHuueckoro BupycHoro renatuta B (XI'B) siBasiercs ckpbiThiit renatut B (CkI'B), xapakTepusyomuiics
HeormnpenensieMblM ypoBHeM HBsAg (HezaBUCHMMO OT coiepkaHusl IPYyTUX CEPOIOTUIECKUX MapKEPOB) MPU HATUYU U
JAHK Bupyca B TKaHU MeYeHU, a TaKKe BUPYCHOI HATpy3Koil B KPOBM, BapbUPYIOLLIEH OT KpailHe HU3KOM 10 He00-
HapyXuBaeMoii. BberHaMe npoduiakTuka TpaHcdy3noHHo# nepeaaun Bupyca rematuta B (BI'B) cocpemoToueHna
Ha CKpMHUHTE JOHOPOB, KOTOPHI MO-ITPEeXXHEMY OCHOBAaH TOJbKO Ha BhisBieHU HBsAg. Takum odpasom, CkI'B
oCTaeTcs MOTEHIIMAIbLHOM YTpo30ii 6e3omacHocTy nepeanBanus kposu. Onpenenenue JHK BI'B aBnserca Hamex-
HOI po@UIaKTUYECKO MepOoii MPOTUB Iepeaadyn Bupyca ot 1oHopoB ¢ HBsAg— I'B, 0co6eHHO B BBICOKOHIEMUU-
HbIX pernoHax. Lleapto Hamieit paboThl Oblia UACHTU(hUKALMS U MOJIEKYISIpHO-TeHeTUYecKas xapakTepuctuka BI'B
y I0HOPOB KpoBU U3 FOxHoro BeeTHamMa. MarepuanoM it uccaenoBaHus mocayxuin 500 o6pa3iioB a3Mbl KPOBH,
MOJIYYeHHBIX OT JOHOPOB. CyOBheKThl ObLIM 00CIeN0BAHbl HA HAJIMYUE Cepoornueckux Mmapkepos I'B ¢ kauecTBeH-
HbIM onpeneneHreM HBsAg, anturten antu-HBs IgG u antu-HBcore IgG, a Takxke MoyieKyIsipHO-0MOJOTMYECKO-
ro mapkepa — JJHK BI'B. AMmiudukaiuio u nociaenyoiiee ceKBeHrupoBaHue reHoma BI'B mpoBoauiv ¢ moMoIibio
rHesnoBoit [TIIP ¢ mepexpbiBalolIMMuUCs mapaMu MpaiiMepoB, COBMECTHO (GJaHKUPYOUIMX MoJHbIH reHoM HBV
(rensnt S, P, C, X). [NoaHble HYKJIEOTUAHBIE MOCAeaA0BaTeIbHOCTH TeHoMa HBV Obiin monydeHsl 1151 58 00pas1oB.
Cpenu noHopoB KposH, ¢ yuetom HBsAg+ n HBsAg— o6pasuos, JIHK BI'B 6bia ooHapyxeHa B 11,6%, B ToM umc-
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Introduction

One of the most common factors associated with
liver disease is the hepatitis B virus (HBV). HBV
transmission routes are associated with contact
of mucous membranes with contaminated blood
or other body fluids [38]. The incidence of chronic
viral hepatitis B (CHB) is inversely proportional
to the age of patients. Chronicity with infection
under the age of 5 years exceeds 90%, whereas in-
fection in adults leads to CHB in only 5% of cases.
Approximately 20—30% of CHB patients develop
cirrhosis and liver cancer. To date, about two billion
people in the world have been infect-ed with HBV
and, according to various sources, from 290 to 360
million of them are sick with CHB. Morecover, only
about 30.4 million patients are aware of their dis-
ease [37]. One natural form of CHB is occult hepa-
titis B infection (OBI) in which HBsAg is not de-
tected in patient peripheral blood. However, the vi-
rus persists as a covalently closed circular DNA
in hepatocytes. Therefore, HBV DNA is detected
in the liver tissues and/or in the blood. Detection
of OBI in blood is complicated by the extremely
low viral load and limited sensitivity of diagnos-
tic kits [27]. With OBI, the level of HBsAg in pa-
tient blood plasma is insignificant, and the viral
load does not exceed 200 IU/ml (in most cases
<25 1U/ml). As such, OBI prevalence values deter-
mined by different research teams vary. They de-
pend on HBV prevalence in the study population
as a whole, the HBV vaccination program in the

region, characteristics of the surveyed groups, risk
factors, the sensitivity of the methods used, and
single or multiple collection of samples [28].

The clinical significance of OBI remains un-
der debate. On the one hand, certain conditions
(a low viral load undetectable by routine diagnos-
tic kits, absence of HBsAg in the blood) is pre-
cisely the outcome that is sought in the treatment
of CHB. On the other hand, OBI is a risk factor
for accelerated progression of cirrhosis and hepa-
tocellular carcinoma (HCC) in chronic viral hep-
atitis C (CHC) and other liver diseases of various
etiology [18]. An increased risk of developing HCC
in patients with OBI without other concomitant
liver diseases has also been shown [30]. In addition,
HBsAg-negative CHB leads to a high likelihood
of viral reactivation during immunosuppression.
Thus, reactivation was shown in almost 40% of pa-
tients receiving immunosuppressive therapy and/or
chemotherapy for oncology and other diseases [9].
In this light, blood donors deserve special atten-
tion since the transfusion of blood and its products
is a significant therapeutic strategy in various severe
conditions; a donor with OBI can become a source
of infection for recipients [6].

Since the infectious dose of HBV is approxi-
mately 3.5 IU/ml, highly specific and sensitive tests
(lower detection limit 2—4 IU/ml) must be used
to detect viral DNA in blood donors. In addition,
it is desirable not to use minipools in diagnostics
as they significantly reduce analytic sensitivity [7].
However, standardized controlled diagnostic meth-
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odsdonot currently exist, and general recommenda-
tions imply the use of PCR variations (nested-PCR,
droplet digital PCR) aimed at amplifying at least
two different HBV genomic regions. It is important
that the analysis be equally effective for different
viral genotypes and subtypes [27]. Underdiagnosis
of HBV in risk groups and groups potentially as-
sociated with the viral spread (primarily blood do-
nors) remains a serious obstacle to the elimination
of viral hepatitis B as a threat to public health [38].
It is extremely important to determine OBI preva-
lence in global regions among healthy blood donors
in order to assess the likelihood of HBV transmis-
sion through transfusion and to assess the need
to modify donor selection strategies in relation
to risk reduction. Subsequent genotyping of detect-
ed strains and identification of clinically significant
mutations can serve as an important epidemiologi-
cal tool for studying the ways in which the virus
spreads.

One of the countries with the highest mortal-
ity from liver disease is the Socialist Re-public
of Vietnam (Vietnam). In this case, the main dis-
ease is hepatocellular carcinoma, caused by viral
hepatitis [12]. The prevalence of CHB in patients
with liver disease reaches 47% [16]. Prevention
of HBV infection in Vietnam is based on the
Newborn Universal Vaccination Program, as
well as screening of blood donors for the pres-
ence of HBsAg. However, vaccination coverage
rates have fluctuated in recent years, and detec-
tion of HBsAg is not sufficient to detect all cases
of infection in blood donors [14]. The estimated
CHB prevalence in Vietnam in 2019, depending
on region, ranged from 8% to 25%, but these cal-
culations are based on a limited number of studies.
In addition, most studies assessing CHB preva-
lence in specific groups were based on detection
of HBsAg and/or anti-HBcore IgG. The use of mo-
lecular genetic methods is limited not only in re-
search, but also in routine laboratory diagnostics.
The ability to detect infections with low viral loads
is available only in central laboratories of large cit-
ies, or not available at all. Few works devoted to as-
sessing OBI prevalence in the region use anti-HB-
core IgG antibodies as a disease marker. Moreover,
an analysis of cases with anti-HBcore antibodies
only (which can be considered a surrogate marker
of OBI in high-risk groups) is presented only in one
study; it reported an extremely high (39.7%) level
of this indicator [14]. Another research team, find-
ing antibodies to HBcore in 50% of 110 HBsAg—
samples in the absence HBV DNA, considered this
to be evidence of a significant number of resolved
HBYV infections. This, however, may be explained
by the relatively high HBV DNA detection limit
of the method used (> 300 IU/ml) [13].

Thus, information on HBV prevalence among
blood donors in Vietnam is limited in the literature,

and information on the prevalence of HBsAg— dis-
ease in this group is completely absent.

The aim of this work was identification and mo-
lecular genetic characterization of HBV among
blood donors in the South Vietnam.

Materials and methods

The study was approved by the Ethics Committee
of the Saint Petersburg Pasteur Institute. The study
material was 500 blood plasma samples collected
from blood donors in South Vietnam. All those ex-
amined denied an anamnesis of HBV infection. As
part of the study, serological and molecular biologi-
cal markers of CHB (HBsAg, anti-HBs IgG anti-
bodies, anti-HBcore IgG, HBV DNA) were deter-
mined as described earlier [2]. Detection of HBV
DNA in HBsAg— individuals was carried out us-
ing a technique that allows detection of the virus
at a load of 3 TU/ml with a 500 ul volume of ex-
tracted material [3]. As recommended by Taormina
Workshop on Occult HBV Infection Faculty
Members, when the virus was detected, nested
PCR was applied using a set of primers co-flanking
the full viral genome, as shown previously [27, 1].

The primary analysis of the obtained fragments
was performed using the BLAST algorithm (http://
www.ncbi.nlm.nih.qov/BLAST) on the nucleo-
tide sequences provided in the GenBank sequence
database. The resulting sequences were aligned
in the MEGAVv.11 program using the ClustalW al-
gorithm. The phylogenetic tree was constructed us-
ing the neighbor-joining method; the significance
of the tree was assessed using bootstrap analysis
with 1000 replicates. The nucleotide sequences
obtained were submitted to the HBVseq (https://
hivdb.stanford.edu/HBV/HBVseq/development/
HBVseq.html), HBVdb (https://hbvdb.ibcp.fr/
HBVdb/) and Genafor (https://hbv.geno2pheno.
org) databases to search for possible mutations.
The amino acid sequence of the proteins was de-
termined by translating the corresponding nucleo-
tide sequence according to the open reading frame.
The serotypes of the identified isolates, which char-
acterized their antigenic specificity, were identified
using the analysis of the nucleotide sequence of the
conserved region of HBsAg a-determinant.

Statistical data processing was carried out us-
ing the Excel (Microsoft Corp.) and Prizm 5.0
(GraphPad Software, Inc.) software packages.
The “exact” Clopper—Pearson interval was used
to estimate statistical uncertainty. Results are repre-
sented as a median (Me) indicating 95% confidence
interval (95% CI). Depending on sample charac-
teristics, the Fisher exact test or Yates-corrected
Chi-Squared test was used to evaluate the statisti-
cal significance of numeric data obtained during
paired comparison. A probability value of p < 0.05
was taken as the statistical significance threshold.
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Results

The ages of the examined blood donors ranged
from 18 to 64 years; the median age was 36.8 years.
The number of men in the group exceeded the number
of women: 59.2% and 40.8%, respectively. The mean
age among women was 36.3 years. For men, it was
37.1 years. The sample distribution by age group and
sex is shown in Fig. 1.

When evaluating HBV serological markers, prev-
alence among blood donors was deter-mined to be
65.0% (95% CIl: 60.64—69.18%). However, HBsAg
was detected in only 3.00% (95% CI: 1.69—4.9%)
of individuals. The HBV serological marker preva-
lence and distribution in blood donors are shown
in Table 1.

Women represented 20% of HBsAg+ in the
study group; the remaining 80% were men. HBsAg
prevalence in men (4.05%; 95% CI: 2.11—-6.97%) ex-
ceeded that in women (1.47%; 95% CI: 0.03—4.24%).
However, there were no significant differences.

The prevalence of HBV DNA with a viral load
above 200 IU/mL was 3.4% (95% CI: 1.99-5.39%),
broadly consistent with the prevalence of HBsAg.
An additional 43 HBsAg— blood donors were found
to have viral DNA with a viral load of less than 25 TU/
mL. Thus, OBI prevalence was 8.6% (95% CI: 6.29—
11.41%). The prevalence of HBV DNA in the study
group was 11.6% (95% CI: 8.93—14.74%). Most of the
HBYV samples were obtained from men, 81.03% (95%
CI: 68.6—90.13%). The prevalence of viral DNA
among men (15.88%; 95% CI: 11.91—20.55%) signifi-
cantly exceeded that in women (5.39%; 95% CI: 2.72—
9.44%): v* = 11.948, RR = 2.945, p = 0.0005, df = 1.

Phylogenetic analysis of HBV obtained from
HBsAg+ individuals revealed a pre-dominance
of the B genotype (80%; 95% CI: 51.91-95.67%)
over the C genotype (20%; 95% CI: 4.33—48.09%).
However, analysis of all HBV samples showed a small-
er difference in the group between the B genotype
(63.79%; 95% CI: 50.12—76.01%) and the C genotype
(36.21%; 95% CI: 23.99—49.88%). With regard to sub-
type prevalence, the results were as follows: 56.9% B4;
18.97% C1; 6.9% B2; 8.62% C2; 5.17% C3; and 3.45%

80 2

C5. The nucleotide sequences of the complete HBV
genomes (genotype B) examined in this work were
submitted in the GenBank database (OP796800 —
OP796836). The HBV subtype distribution depending
on HBsAg detection is shown in Fig. 2.

Based on analysis of the conserved nucleotide se-
quence region of the HBsAg “a” determinant the vi-
ral serotypes characterizing antigenic specificity
were determined (Table 2).
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Figure 1. Age group and sex sample distribution
Note. M — male; F — female.
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Table 1. HBV serological markers prevalence and
distribution in blood donors (HBsAg, HBcore IgG,
HBs IgG)

Number in the overall group
(n =500), share of the group,
95% Confidence Interval

HBV serological
marker prevalence

HBsAg+ 15 (3.00%, CI: 1.69-4.9%)
HBs IgG+ 284 (56.8%, Cl: 52.33-61.19%)
HBcore IgG+ 149 (29.8%, Cl: 25.82-34.02%)

Seronegative

HBV serological profile
distribution

HBsAg+

HBsAg+, HBcore IgG+
HBcore IgG+, HBs IgG+
HBcore IgG+ isolated
HBs IgG+ isolated

175 (35.0%, Cl: 30.82-39.36%)

7 (1.4%, CI: 0.56-2.86%)

8 (1.6%, CI: 0.69-3.13%)
115 (23.00%, Cl: 19.38-26.94%)
26 (5.2%, Cl: 3.42-7.53%)
169 (33.8%, Cl: 29.66-38.13%)

70 A
60 -
50 -
40 -
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0

DNA HBV+, HBsAg+/—
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Figure 2. Distribution of HBV genotypes among HBsAg-positive and negative blood donor samples
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Table 2. Distribution of hepatitis B subtypes and serotypes, according to the determinant “a” nucleotide

sequence
Isolate Subtype Nucleotide sequence Serotype
Viet_ocHBV_bd9 B4 AGAAAACCTGCAACA aywl
Viet_ocHBV_bd25 B4 AGAAAACCTGCAACA aywl
Viet_ocHBV_bd49 B4 AGAAAACCTGCAACA aywi
Viet HBV _bd103 B4 AGAAAACCTGCAACA aywl
Viet_ocHBV _bd122 B4 AGAAAACCTGCAACA aywl
Viet_ocHBV_bd135 B4 AGAAAACCTGCAACA aywi
Viet_ocHBV _bd141 B4 AGAAAACCTGCAACA ayw1
Viet_ocHBV_bd159 B4 AGAAAACCTGCAACA aywl
Viet_ HBV bd178 B4 AGAAAACCTGCAACA aywl
Viet_HBV _bd181 B4 AGAAAACCTGCAACA aywi
Viet_ HBV bd187 B4 AGAAAACCTGCAACA aywl
Viet HBV bd198 B4 AGAAAACCTGCAACA aywl
Viet_ocHBV_bd237 B4 AGAAAACCTGCAACA aywl
Viet HBV _bd242 B4 AGAAAACCTGCAACA aywi
Viet_ocHBV_bd248 B4 AGAAAAACTGCAACA ayw3
Viet HBV bd253 B4 AGAAAACCTGCAACA aywl
Viet_HBV_bd266 B4 AGAAAACCTGCAACA aywi
Viet_ocHBV_bd268 B4 AGAAAACCTGCAACA aywl
Viet_ocHBV_bd277 B4 AGAAAACCTGCAACA aywl
Viet_ocHBV bd285 B4 AGAAAACCTGCAACA aywl
Viet_ocHBV_bd294 B4 AGAAAACCTGCAACA aywi
Viet_ocHBV_bd310 B4 AGAAAACCTGCAACA aywl
Viet HBV bd324 B4 AGAAAACCTGCAACA aywl
Viet_ocHBV_bd350 B4 AGAAAACCTGCAACA aywi
Viet_ocHBV_bd353 B4 AGAAAACCTGCAACA ayw1
Viet_ocHBV_bd383 B4 AGAAAACCTGCAACA aywl
Viet_ocHBV_bd385 B4 AGAAAACCTGCATCA aywl
Viet_HBV_bd426 B4 AGAAAACCTGCAACA aywi
Viet_ocHBV_bd456 B4 AGAAAACCTGCAACA aywl
Viet_ocHBV_bd471 B4 AGAAAACCTGCATCA aywl
Viet_ocHBV_bd481 B4 AGAAAACCTGCAACA aywi
Viet_ HBV bd491 B4 AGAAAACCTGCAACA aywi
Viet_ocHBV_bd498 B4 AGAAAACCTGCAACA aywl
Viet_ocHBV bd154 B2 AAAAAACCTGCAACA adw?2
Viet_ocHBV_bd259 B2 AAAAAACCTGCAACA adw?2
Viet_ HBV bd327 B2 AAAAAACCTGCAACA adw2
Viet_ocHBV_bd495 B2 AAAAAACCTGCAACA adw?2
Viet_ocHBV_bd3 C1 AAGAAACCTGCAACA adw?2
Viet_HBV_bd27 C1 AAGAGACCTGCAACA adr
Viet_ocHBV_bd90 C1 AAGAGACCTGCAACA adr
Viet_ocHBV _bd117 C1 AAGAAACCTGCAACA adw?2
Viet_HBV bd201 C1 AAGAGACCTGCAACA adr
Viet_ocHBV _bd282 C1 AAGAGACCTGCAACA adr
Viet_ocHBV_bd287 C1 AAGAAACCTGCAACA adw?2
Viet_ocHBV_bd407 C1 AAGAGACCTGCAACA adr
Viet_ocHBV_bd418 C1 AAGAGACCTGCAACA adr
Viet_ocHBV _bd475 C1 AAGAGACCTGCAACA adr
Viet_ocHBV_bd493 C1 AAGAGACCTGCAACA adr
Viet_ocHBV_bd28 c2 AAGAGACCTGCAACA adr
Viet_ocHBV_bd87 c2 AAGAGACCTGCAACA adr
Viet HBV _bd129 Cc2 AAGAGACCTGCAACA adr
Viet_ocHBV_bd256 c2 AAGAGACCTGCAACA adr
Viet_ocHBV_bd322 c2 AAGAGACCTGCAACA adr
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Isolate Subtype Nucleotide sequence Serotype
Viet_ocHBV_bd167 C3 AAGAGACCTGCAACA adr
Viet_ocHBV_bd371 C3 AAGAGACCTGTAACA adr
Viet_ocHBV_bd427 C3 AAGAGACCTGCAACA adr

Viet_ocHBV_bd60 C5 AAGAAACCTGCAACA adw2
Viet_ocHBV_bd299 C5 AAGAAACCTGCAACA adw2

Table 3. The most common clinically significant mutations identified in the examined blood donor group

Prevalence Genotype;
HBV 9enome | w1, tation in overall prevalence Description
region .
group in genotype
The mutation is not described. However, aa change at
RT S204L 1.72% C1(9.09%) the position can be considered a possible mutation conferring
resistance to lamivudine, telbivudine, and entecavir.
RT V20TM 12.07% B4 (21.21%) AA Chz_mge_ at given position is a mutation conferring resistance
to lamivudine.
MHR Y100F 1.72% C3(33.33%) | Associated with HBsAg-negative CHB.
C1(18.18%), |Associated with HBsAg-negative CHB or genotype-specific
0,
MHR QI01K/H 6.9% C3(66.67%) |polymorphism.
MHR L109F 1.72% B2 (25%) Associated with HBsAg-negative CHB.
B2 (25%),
MHR 1110L 10.34% C1(27.27%), |Associated with HBsAg-negative CHB.
C5 (100%)
MHR S114P 517% B4 (9.09%) Associated with HBsAg-negative CHB.
MHR K129R 56.9% B4 (100%) Associated with HBsAg-negative CHB or genotype-specific
polymorphism.
B4 (6.06%),
MHR C124S/W 6.9% C1(9.09%),
C2 (20%)
C1(63.64%) Associated with HBsAg-negative CHB. Escape mutant (immune
MHR 1126T/N 18.97% c2 (4'0%), ’ escape, vacci_ne escape, diggnogtic escape). MHR_ is the most
C5 (100%) important aghaemc Idetern;mané n:j%nvglopl?é)rot}el(?s anc:]
is composed of two loops bounded by disulfide bridges that are
MHR P127T 1.72% B4 (3.03%) broken due to mutations in this genomic region. Substitutions
MHR Q129P 3.45% B4 (6.06%) |in these regions can lead to a change in the three-dimensional
MHR M133I/L 517% B4 (9.09%) conformation of the extravirion loop compared to wild-type
MHR C139S 1.72% B2 (25%) strains. Some amino acid substitutions lead to surface antigen
MHR T140S 3.45% B4 (6.06%) production differences.
MHR K141R 3.45% B2 (50%)
MHR T143M 15.52% B4 (27.27%)
MHR V184A 3.45% B4 (100%) Associated with increased risk of HCC.
Suspected of being associated with severe disease in HBSAg-
0, 0,
PreCore T16l 3.45% B4 (6.06%) negative patients.
Suspected of being associated with severe disease in HBSAg-
0 0,
PreCore L27P 13.79% B4 (24.24%) negative patients.
Wog* B4 (15.15%), | Negatively affects HBeAg production. Creates a stop codon
PreCore (G1896A) 15.52% B2 (25%), (preventing HBeAg synthesis). Responsible for more than 90%
C2 (60%) of defective HBeAg secretion, affecting HBeAg serostatus.
B4 (12.12%), - . .
PreCore W28S/C 12.07% C1 (27.27%) May be a transitional mutation to W28*.
Core E113D 1.72% C2 (20%)
Core T128A 3.45% B4 (6.06%)
B4 (24.24%), |Changes between aa 113 and 143 influence the antigenicity
B2 (25%), and stability of the particle. May create immune escape
0,
Core P130T/L/S 21:59% C1(45.45%), | mutants leading to chronic viral persistence and severe liver
C2(40%) disease. Located within B-cell epitopes, and is associated with
Core P134Q 1.72% C1(9.09%) disease progression, cirrhosis, and hepatocellular carcinoma
B4 (24.24%), development.
0,
Core P135Q/A 17.24% B2 (50%)
Core A137G 1.72% B2 (25%)
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The donor group had high HBV amino acid
variability in the PreCore, Core, and SHB regions.
Mutation V207M, which is the cause of resistance
to lamivudine, was identified in 12.07% (95% CI:
4.99-23.3%) of donors. Another amino acid sub-
stitution detected (S204L) may also be associated
with resistance (lamivudine, entecavir, telbivudine).
The most common clinically significant mutations
present in the examined blood donor group are shown
in Table 3.

Discussion

Studies on the prevalence of OBI among blood
donors have long been scarce, but in recent years
there have been more and more publications on the
problem. The prevalence of this CHB form among
blood donors in different countries varies depend-
ing on the HBsAg prevalence in the geographic
region. Thus, among blood donors in Argentina,
HBYV was detected in only 0.06% samples, of which
only four were HBsAg—. In contrast, OBI preva-
lence was 10.90% and 17.00% in the Lao People’s
Democratic Republic and Nigeria, respective-
ly [26, 19]. Furthermore, reported OBI prevalence
among donors often fluctuates within the same re-
gion, and the results of different research teams are
contradictory. For example, in Iran, the prevalence
values of HBsAg in the population and in blood do-
nors are 2.60% and 0.40%, respectively, while OBI
prevalence among donors exceeds 4.0% [4, 31, 35].
Thus, the data generally vary not only by region,
but also by virus detection methods, which include
a variety of commercial diagnostic kits for HBsAg
and HBV DNA.

The prevalence values for HBsAg, anti-HBs IgG,
and anti-HBcore IgG in the study group were 3.0%,
56.8%, and 29.8%, respectively. Thus, the detec-
tion of IgG antibodies to HBcore and HBs indicates
contact with the virus in at least 29.8% of the ex-
amined blood donors, with markers present in 65%.
Interestingly, the serological marker prevalence
among blood donors that we found differs from that
among adults in Vietnam generally. Thus, in Binh
Thuan province, with a similar level of anti-HBs IgG
prevalence (60.3%) to our data, the prevalence of an-
ti-HBcore I1gG was 71.7%; this is more than twice as
high as the results obtained [12]. The same high prev-
alence of anti-HBcore IgG (68.2%) was shown earlier
in Thai Binh province [24]. The reason for the differ-
ences with our results may be both a greater preva-
lence and risk of HBV infection in rural areas, along-
side different factors in the blood donors we exam-
ined (lower risk of infection, higher standard of living
and health). An indirect confirmation of this may be
the significantly lower prevalence of HBsAg among
blood donors compared with adult populations stud-
ied in Binh Thuan (15.3%) and in Thai Binh (19.0%)
provinces [12, 24].

The detection of HBsAg in 3.0% of blood do-
nors is significantly lower than the prevalence of this
marker among apparently healthy people (12.3%)
in Ho Chi Minh City [2]. However, it is approximate-
ly twice the prevalence this marker in blood donor
cohorts in Vietnam. Despite the fact that until 2011
the prevalence of HBV among donors was practically
the same as the prevalence in the general population,
in the last decade it fell to 1.44% [15]. We assume
that such a contradiction may be due to the high
sensitivity (0.01 TU/mL) of the diagnostic kit used
in this work. Note that HBsAg prevalence in cer-
tain risk groups, for example blood recipients, was
8—10% [15]. Apparently, HBV-infected blood donors
with low blood levels of HBsAg, as well as HBsAg—,
can serve as a source of infection. An indirect confir-
mation of this assumption is the high OBI prevalence
(8.6%) in the study group.

Among the blood donors examined in this study,
HBV DNA prevalence was 11.6%, which exceeds
the figures presented by other research groups. We
suggest that the most likely reason for this is the use
a method in our study that allows the determina-
tion of viral DNA at low viral loads. The revealed
higher prevalence of HBV DNA in men (15.88%)
compared to women (5.39%) may be due to cultural
features and freer conduct of men. OBI prevalence
in different countries and global regions varies, but
generally correlates with the prevalence of HBsAg+
CHB. In addition, in endemic countries, CHB (in-
cluding OBI) is most common among low-income
populations [32]. The high OBI prevalence revealed
in this study is typical for regions highly endemic
for HBV. This study included residents of the capi-
tal with a predominantly favorable socio-economic
situation. As such, it can be assumed that the OBI
prevalence among blood donors in rural areas will
be higher.

As is known, the high mutation rate of HBV has
led to the fact that the virus is currently divided into
ten genotypes. One of them (genotype J) is phyloge-
netically positioned between the hepatitis B viruses
of humans and monkeys. Nine others (genotypes
A-1) differ from each other in nucleotide sequence
by more than 8.0%. In addition, within a number
of genotypes, subtypes have been described that
differ by 4—7.5%. Each geographic region has its
own HBYV genotypic/subgenotypic profile. In most
regions, one or two main genotypes and a limited
number of subtypes circulate. This makes it possible
to extract additional epidemiological information
from data on prevalence and changes in viral ge-
netic variants in a particular region and group [29].
At the same time, the genotypic/subgenotypic viral
profile of a population can gradually change due
to labor and tourist migration, as well as due to the
use of prophylactic agents in some countries (or
absence in others). For example, HBV vaccination
is not a universal preventive measure, and screening
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of blood donors in countries with different income
levels differs in the laboratory diagnostic methods
used [29].

According to a number of studies, genotypes and
subtypes in HBsAg— CHB in a particular region,
in most cases, correlate with those in the HBsAg+
form of the disease [15, 20]. It was shown that geno-
type B (71.43%) prevailed among patients with CHB
in Vietnam compared to genotype C (27.55%) [33].
A similar prevalence of HBV genotypes was shown
by us for HBsAg+ individuals: 80% B and 20% C.
However, in a recent study of HBV genotypes
in HCC patients in Vietnam, genotype B was de-
tected in only 57.9% of patients and genotype C
in 42.1% [17]. These results are close to those ob-
tained by us for the entire cohort of blood donors
(63.79% B, 36.21% C) and are almost identical
to the results we obtained for HBsAg— individuals
(58.14% B, 41.86% C).

Interestingly, even more differences have been
noted in the distribution of HBV subtypes. Among
patients with CHB, HBV subtype B4 prevailed
(66.33%), followed by subtype CIl (26.53%), B2
(5.1%), C2 (1.02%), and C3 (1.02%) [33]. At the same
time, only two subtypes were present in HCC patients.
The frequencies in the HCC group were: B4 in 57.9%
of patients; and C1 in 42.1% of patients [17]. Our
results are similar regarding B4 frequency in HCC
patients. Among the examined blood donors, B4
was present in 56.9% of cases. However, the B2 sub-
type was also detect-ed (6.9%). This is similar to the
frequency of this subtype in the population [33].
The C genotype subtypes we have identified differ
in diversity compared to the previously presented
data. The C1 subtype predominates (18.97% of pa-
tients), but the subtypes C2 (8.62%), C3 (5.17%), and
C5 (3.45%) are also present.

When comparing the distribution of viral subtypes
among HBsAg+ and HBsAg— samples from blood
donors, there was no difference between groups.
However, among individuals with OBI, a greater di-
versity of viral subtypes was seen. The greater diver-
sity in our group of genotype C subtypes among OBIs
(those with low viral load), is particularly interesting
because genotype C in Vietnam is characterized by
higher viral loads and more severe liver disease than
genotype B [34]. However, the aforementioned pre-
dominance of genotype B in HCC patients compared
to genotype C [17] casts doubt on these data. It is like-
ly that insufficient methods (which do not permit de-
tection of HBsAg— CHB) have limited the possibil-
ity of detecting cases of HBV genotype C when viral
loads are not high. An indirect confirmation of this
assumption is the higher frequency of the C genotype
and diversity of subtype C genotypes in neighboring
countries.

In Cambodia and Thailand, genotype C pre-
vailed: 80.49% and 81.3%, respectively. Genotype
B has been found in regions bordering Vietnam [21,

8]. The diversity of subtypes and recombinant forms
of HBV in Laos, including such rare variants as
B1, C5, I1, and 12 [5], may indicate a potential di-
versity HBV in regions of Vietnam, as evidenced by
the high nucleotide sequence identity between some
of the OBI cases we identified and samples from
neighboring countries. However, we did not find Bl1,
11, or 12 genotypes among blood donors. Attention
is drawn to HBV genotype C5, which is characteristic
of Southeast Asia, but previously noted in Vietnam
in only isolated cases [13]. The identification this sub-
type in such a limited OBI sample suggests a higher
prevalence of HBV C5 in Vietnam than previously
thought. Further OBI research in this geographic
region is needed to confirm or refute this assump-
tion. However, indirect confirmation is the fact that
we previously detected HBV C5 among OBIsin HIV-
infected individuals [2].

A consequence of high HBV variability is a vari-
ety of clinically significant viral mutations, including
amino acid substitutions in the reverse transcriptase
domain, which are defined as drug resistance mu-
tations. Among the examined blood donors, muta-
tions were found at two positions (204, 207) associ-
ated with resistance to antiretroviral drugs. The high
prevalence of the V207M mutation (associated with
lamivudine resistance) may be-come a public health
problem in the future [10]. It should be noted that
the V207M mutation was the most common (38%)
among children with CHB and HBV genotype B,
including those who had not previously received
treatment [25]. Apparently, this mutation is char-
acteristic of genotype B and is currently widespread
in Vietnam.

Of particular interest are mutations in the MHR
of HBsAg associated with the ability of the virus
to elude neutralizing antibodies. Several dozen such
mutations have been described so far [11]. The most
common amino acid substitutions associated with
vaccine/diagnostic escape and OBI include muta-
tions at positions 123, 126, 129, 130, 133, 144, 145, and
181 [22, 36]. In this study, ten immune-associated es-
cape mutations were identified among blood donors,
with most of them leading to vaccine escape (Table
3). Some of these mutations are associated with failed
diagnostics, and some with vaccine escape, leading
to the possibility of infection of vaccinated people.
Given the identification of such strains among blood
donors, the problem of HBV spread in the region may
be more global than it appears.

Indirect confirmation of this is the prevalence
of escape mutations (8.1%) among patients with
HCC [17]. Presumably, this may be due to high vari-
ability of determinant “a” in CHB patients with si-
multaneously detected HBsAg+ and anti-HBs [gG+,
while the detection of anti-HBs IgG+ without HBsAg
in most cases indicates the development of immunity
against HBV [23]. The mechanism of this seems to be
connected with the fact that amino acid substitutions
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at positions 124—137 are able to influence natural
and vaccine-induced antibodies to HBsAg.

Another widespread mutation in the blood donor
group was a substitution in the PreCore region at posi-
tion 1896. The prevalence of the W28* (G1896A) mu-
tation, contributing to disease progression and HCC
development, was 15.52%. In addition, W28S/C ami-
no acid substitutions were found in 12.07% of indi-
viduals. We hypothesize that the W28S/C mutations
are transitional mutations which may later become
a stop codon W28%*,

In blood donor samples, it is a serious challenge
to identify HBV strains with: undetectable HBsAg;
extremely low viral load; mutations that hinder vac-
cine-induced anti-bodies; drug resistance mutations;
and/or mutations associated with disease develop-
ment/progression. Such complex mutants presum-
ably have an increased ability to over-come genetic
barriers, thereby leading to the spread of drug-resist-
ant viral variants in the population, despite universal
vaccination.

Conclusion

Our work shows a high prevalence of CHB markers
among blood donors in South Vietnam. The high inci-
dence of OBI among blood donors indicates not only
widespread HBsAg— forms of the disease in the popu-
lation, but also surveillance shortcomings. The insuf-
ficiency of generally accepted analytic methods and/
or inadequate sensitivity of di-agnostic tests to detect
CHB, requiring further attention and effective meas-
ures to ensure safe blood transfusion. The revealed
hypervariability of the viral genome, multiple escape
mutations, and mutations that contribute to disease
progression, make it necessary to study distinguishing
features of the pathogen and the host immune response
in OBI. Highly sensitive PCR testing for CHB should
be considered for blood donor screening in Vietnam.
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NOTEPSAAHHBIE roAbl NOTEHUWANbHOW
XU3HU, CBA3AHHbIE C TENMATUTOM B
NnPU HAJTUMNU UTN OTCYTCTBUU OEJIBTA
ATEHTA, B KbIPIbI3CKON PECMYBJIUKE

K.A. Horoiibaesa'?, C.T. Toookaaosa?, D.K. Boponoaena!

! Kotpewizckas eocydapemeentas meduyunckas akademus um. U.K. Axynoaesa, buwikex, Koipevisckas Pecnybauka
2 Kotpevizckuil 20cy0apcmeerublil MeOUYUHCKUL UHCMUMYm nepeno020mosK U NOSblULeHUS K8AAUDUK AU
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Pe3siome. ViccenoBaHus MOCASTHUX JIET YKA3bIBAIOT, UYTO CPEAM OOJTBHBIX XPOHMYECKMM BUPYCHBIM rernatutoM B 3Ha-
YUTEJBHYIO T0JII0 COCTABJISIOT JIMIA ¢ KOMH(EKIIMel BUpycoM rernatuta D, KOTOPBINA, KaK U3BECTHO, YCKOPSIET TTPO-
rpeccupoBaHue 3a00JIeBaHUs TIEYEHN M CIIOCOOCTBYET HEOJATONPHUSTHOMY MCXOMy Oose3HM. JlaHHBIE TI0 TPEXIeB-
PEMEHHOI CMEPTHOCTH, OIpenensieMble Ha OCHOBAaHUM MHAMKaTopa «[loTepsiHHbIE Toabl MOTEHIIMAIbHOM XU3HI»
(IT'TI2K), mo3Bos1I0T HanboJIee TOYHO OLIEHUTh COLIMaTbHOE OpeMs TaKol KOMHMEKIIMHY, YTO MOXET CIIOCOOCTBOBATh
YCUJICHUIO Mep O0PHObI C BUPYCHBIMU renatutaMiu. Lleabio nccienoBaHus ObLIO MPOBEACHUE CPAaBHUTEIBHOTO aHATN3a
III'TIK ot ocTporo u xpoHuueckoro remaruta B 6e3 u ¢ nenbra areHToM B Kbipreizckoit Pecriyonuke 3a 2014—2018 rr.
Mamepuaast u memodst. TIT'TIK BeIcuMTaHBI ¢ UCTIONB30BaHMEM 145 3aperncTprpOBaHHBIX JIETAIBHBIX CiIy4aeB oT BI'B
B 0TueTHYIO (popMmy HanmoHaabHOro craructuyeckoro komurera «C51-PacrpeneeHne yMepLinx 1o 1oy, Bo3pacT-
HBIM I'pYTIIaM U IpuIrnHaM cMepTi» 3a 2014—2018 rT. Pesyasmamor. B KP 3a 2014—2018 rT. ObLIM 3aperucTpupOBaHbI 145
clryyaeB cMepTH OOJIbHBIX ¢ BUPYCHBIM rernatutoM B 6e3 (I'B) u ¢ nenbra arentom (I'D). U3 Hux 66% (96/145) manmeHTOB
ymepiiu ot I'B, u3 KoTopbix y TpeTheid yactu (32/96) Obliia ycTaHOBJIEHO ocTpoe TedyeHue. Cpeau yMepIIX OT rernaTura
D (19/49), octpasi hopma ObLia 3apeructpupoBana y 39%. II'TIK 145 ymepinux G0JBHBIX B LIEJIOM COCTaBUIM 3766 JieT,
u3 HuX 63% (2365 net) 6bL1u 3a cuet I'B. HecMoTpst Ha TO, YTO OT OCTPLIX GOPM YKa3aHHBIX F€MAaTUTOB YMEPJIU BCETO
35% 6onbHBIX (51/145), mx IITTIZK coctaBunm 52% (1968) oT Bcex HEMOKMUTHIX JIeT ¥ B tnHaMuKe 3a 2014—2018 Tr. cHu-
3uuch B 4,5 pasa ot OI'B (6,3%o00 u 1,41%o000, 2014 1. 1 2018 I. COOTBETCTBEHHO) 1 yBeauuuauch B 1,1 paza — or OI'D
(2,7%000 11 3,1%000, 2014 1. 1 2018 1. cooTBeTcTBeHHO). OT XI'B 651110 MoTepsiHO B 1,6 pasa 6oubuie ITTTIXK o cpaBHeH U0
¢ XI'D (1108 1 691, coorBetcTBeHHO). [Tpn aToM B nuHamuike [T TIK ot XI'B Beipocu B 2,6 pasa, a ot XI'D — B 6,3 pasa.
Saxniovenue. Boicoknii ypoeHb [II'TIZK ot I'B u I'D, cBs3aHHBII ¢ BOBJIeUEHUEM B MPOLIECC AETEl, CBUAECTEIbCTBYET
0 TSIKEJIOM OpeMeHU YKa3aHHbIx 3a00eBaHu i 1151 Keipreizckoii Pecniy6auku. [lonyyeHHbIE pe3yabTaThl 10Ka3bIBAIOT,
YTO TPeOYeTCs TOBHIIICHNE YPOBHS ITPUBEPKEHHOCTH B3POCIIOT0 HACEIEHUS K BaKIMHAIIMK 1poTuB I'B u 0bcienoBa-
HUIO IeTeil B ouare MHMEKIINH, He3aBICUMO OT IIPUBUBOYHOT0 aHaMHe3a. Peskmii poct IMI'TI2K ot XxpoHmaeckux popm
TeIaTUTOB TPEeOyeT YCUJICHUS Mep BTOPUIHOM TPOMPMIAKTUKH U 00eCIIeYeHI ST CBOEBPEMEHHOTO JOCTYTIA K CIeIIaIn-
3MPOBAHHON MMOMOIITY JIUI U3 04aroB MHMeKnu. Takke MMeeTcs] HEOOXOMUMOCTh TTPOBECHUS OIIEHKU CUCTEMbI ATTH-
JIEMUOJIOTMYECKOTO HAI30pa 32 BUPYCHBIMU I'eTaTUTaMMU C JIETaTbHBIM UCXOIIOM.

Karouesnie caosa: coyuanvnoe opems, [IT'TIK, ecenamum B, eenamum D, cmepmuocmo, semanvhocms, Koipevizckas Pecnybauka.
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YEARS OF POTENTIAL LIFE LOST DUE TO HEPATITIS B WITH OR WITHOUT DELTA AGENT
IN THE KYRGYZ REPUBLIC
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¢ I.K. Akhunbaev Kyrgyz State Medical Academy, Bishkek, Kyrgyz Republic
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Abstract. Recent studies indicate that a marked percentage of chronic viral hepatitis B patients is coinfected with
hepatitis D virus known to accelerate the progression of liver disease and contribute to unfavourable disease outcome.
Data on premature mortality assessed by the Lost Years of Potential Life (LYPL) indicator, provide the most accurate
social burden estimate for such coinfection able to contribute to strengthening viral hepatitis control measures. The aim
of the study was to conducting comparative LY PL analyses due to acute and chronic hepatitis B infection without and with
delta agent in the Kyrgyz Republic in the years 2014—-2018. Materials and methods. LY PL magnitude was calculated using
the number of recorded deaths in the reporting form of the 2014—2018 National Statistics Committee «C51-Distribution
of deaths by sex, age groups and causes of death». Results. In 2014—2018, 145 cases of death of patients with viral hepatitis
B without (HB) and with a delta agent (D) were registered in the Kyrgyz Republic. Of these, 66% (96/145) of patients died
from hepatitis B, of which a third (32/96) had an acute disease course. And among those who died from hepatitis D (19/49),
acute course was registered in 39%. LY PL for the 145 deceased patients totaled 3766 years, of which 63% (2365 years) were
due to HB. Despite that only 35% of patients (51/145) died from acute forms of such hepatitides, their LY PL accounted
for 52% (1968) of total years lost that decreased by 4.5-fold for 2014—2018 due to AHB (6.3%o000 and 1.41%oc00, 2014 and
2018, respectively) but increased by 1.1-fold due to AHD (2.7%o00 and 3.1%oc00, 2014 and 2018, respectively). Chronic
hepatitis B vs CHD resulted in 1.6 times higher LYPL magnitude (1108 and 691, respectively). At the same time, LYPL
due to CHB dynamically increased by 2.6 times, whereas due to CHD — by 6.3 times. Conclusion. The high LYPL level
due to hepatitis B and D infection related to pediatric cases evidence about a heavy burden of such diseases in the Kyrgyz
Republic. The data obtained prove that it is necessary to increase adherence of adult population to hepatitis B vaccination
and examine children at the site of infection, regardless of vaccination history. Abruptly increased LYPL due to chronic
hepatitis cases requires strengthening secondary prevention measures and ensuring timely access to specialized care at

infection sites. It is also necessary to evaluate epidemiological surveillance after fatal viral hepatitis.

Key words: social burden, LYPL, hepatitis B virus (HBV), hepatitis D virus (HDV), Kyrgyz Republic.

BeepneHue

ITo nanaBEIM BceMupHOIT opraHU3aninm 3apaBo-
oxpaneHus (BO3) B Mupe ¢ mH(peKIIUCH, BHI3BaH-
Hoit Bupycom rematuta B (BI'B) xusyt 296 miH
yejioBeK, 820 TBIC. yMepJIM B pe3yJibTaTe LUppo3a
TMEeYCHU U TEIaTOLEITIONISIPHON KapIIMHOMEI B €TO
ncxone [28]. UccienoBaHus MOCIEIHUX JIET yKa-
3pIBalOT, 4TO 33—47% BI'B-uHbunupoBaHHBIX
JINI UMEIOT aHTUTEeJa IIPOTUB BUpyca rermaturta D
(BI'D), uto oueHuBaeTcs nmpuMepHo B 120—160 MaH
0onbHBIX [14, 15, 24]. OTcyTCcTBUE BBICOKOID(EK-
TUBHBIX 3THUOTPOMNHBIX IIpenapatoB npoTtuB BI'B
u BI'D He mo3BoJisieT 1OCTUYD MMOJHOU dIMMHHA-
LMK BO30OyIuTeei u3 opranusma [16, 27].

Jlnst ompeneneHUs IIPUOPUTETHOCTH ITPOOJIEM
OOIIIECTBEHHOTO 3IpaBOOXPAaHEHUS COBpPEMEHHAas
MEOWIIMHA OPUEHTHUPYETCSI HE TOJBKO Ha YMCIIO
3a00JICBIINX W/UIM yMepIIUX OONbHBIX. /aHHBIC
0 TIPEXIeBPEMEHHOM CMEPTHOCTH, OIIPEACIsieMbIe
Ha OCHOBaHUM WHAMKaTopa «IloTepsHHBIC TOIBI
noreHuranbHoi xkxu3Hmu» (I1I'TI2K), pazpaboraHHO-
ro BcemnpHbiM 6ankoM coBmecTHO ¢ BO3 B 1993 1.,
TMO3BOJISIOT HanboJiee TOYHO OIEHUTH COIIMATbHOE
opemsg 3a6osieBaHu [2]. [IpuMeHs st JTaHHBIE IO KO-
JIMYECTBY CJIy9aeB C JIeTaJIbHBIM MCXOIOM, W BO3-
pacTy KaxXXIoro yMeplIero ITallieHTa Ha MOMEHT
CMEpTHU, UCCeA0BaTeIN MHOTUX CTPaH OICHUBAIOT
III'TI2K ot BupycHoro renaruta [17, 21, 25].

Takxe, kak U Bo BceM mupe, B LleHTpasibHO-
A3uaTcKuX CcTpaHax IMapeHTepajbHble BUPYCHBIE
TenaTuThl SBJISIIOTCS OJHOW M3 aKTyaJIbHBIX MPO-
61em[18,19,20,23,26]. BKbipreizckoii Pecriyoiuke
(KP) pssioM OTe4eCTBEHHBIX HCCedoBaTeeil u3-
YUEHBI MU IEMUOJIOTNYECKUE TTapaMeTPhl, KITUHU-
KO-J1ab0opaTOpHbIe OCOOEHHOCTU TE€UYEHUsI OCTPOIi
¢dopmbl renatuta B 6€3 U ¢ 1ejibTa areHToOM y eTeit
u B3pocanix [1, 4, 5, 6, 12, 13]. [IpoBeneHHOE HAMU
paHee UCCIeJOBAaHUE, MOCBSIIEHHOE MOJIEKYJISIP-
HO-TE€HEeTUYECKOMY aHaau3y NoJHbIX reHoMoB BI'B
u BI'D, no3BoJinjio onpeaeauTb LUPKYJIUPYIOLIne
Ha TePPUTOPUU CTPAHBI TEHOTUITHI BUPYCOB, a TaK-
XKe BBISIBUTH ITaMMbl BI'B, Hecymiue myTauuu,
CBSI3aHHBIE C pAHHUM PAa3BUTUEM LIMPPO3a U paka
neueHu [7, 8].

HccnenoBatenu Halueil CcTpaHbl OLEHUIU
IITI2K or BUY wuHbekuMy npu MOHOTEUYEHUU
U ko-uH@pexkuuu ¢ renatutom B u C. Onpenenuinu,
YTO CcaMblii BBICOKMI IOKa3aTelb HEIOXHUTHIX
JIeT ObLJI OTMeYeH y Jull ¢ KonHpekuumeit BUY/
BI'B (33 rona), BUY-uHpuumupoBaHHbix 6e3 BI' —
30,7 neT, nokasaTenb y KonHburupoBaHHbsix BUY/
BI'C 66111 caMmbiM HU3KUM (26,1 nieT) [11]. Takum 06-
paszoMm, Ko-uHpexkuus ¢ BI'B naBana makcumaib-
HbI€ TI0Ka3aTeJUW HEIOXUTBIX JIET, YTO BBI3BAJIO
Yy Hac uHTepec K usydeHuro muaukatopa [TI'TIZK
ot camoro BI'B 6e3 nenbra areHTa u ¢ AejbTa areH-
ToM. OlleHKa COLMalbHON 3HAYMMOCTU KOUH(GEK-
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uuu B Keipreizckoit Pecniybnuke myTeM cpaBHU-
teabHoro aHaausza IIT'TI2K HecomHeHHO OyaeT
CIIOCOOCTBOBATh CHUXKEHUIO OpeMeHUu OO0JIe3HU
B CTpaHe MyTeM YCHUJICHUS Mep OOPHOBI C BUPYCHEBI-
MM TeITaTUTaMH.

Llerbro mTaHHOTO MCCIIEIOBAHU S SIBUJIOCH ITPOBE-
neHue cpaBHUuTeabHoro ananuza [II'TI2K ot ocTpo-
ro M XpoHMUYEeCKOro rematuta B 06e3 u c genbra
areHToM B KP 32 2014—2018 rr.

Marepuanbsl n MeToapl

C mesbio omnpeaeieHus COLMaIbHOro OpeMeHM
OBLIM BBICYMTAHBI TMOTEPSITHHBIC TOIBI TMOTCHIIM-
anpHOM Xm3HM (ITI'TI2K) Ha ocHOBaHUM MaHHBIX
145 netanpHBIX CllydyaeB OT BUPYCHOrO TermaTuTa
B 0e3 u ¢ genbra areHToMm. OT renatuta B ymep-
1 66% (96/145) nmaniMeHTOB, Y TPEThel YaCTU KO-
Tophix (32/96) GbLIa ycTaHOBJIEHA OCTpast (hopMa
oone3Hu. Yucno ymepuinx ot renaruta D Obl1o
B2 pa3za MeHblie, yeM oT I'B (49/145), octpast hopma
ObLIa 3aperucTpupoBaHa y 39% us Hux. B uenom,
ot octpoit dopmbl I'B u I'D yMep Kaxablil TpeTui
mauueT (51/145), cooTBeTcTBEHHO v 65% (94/145)
MAIMeHTOB B Ka4eCTBE MMPUUYMHEBI CMEPTH YKa3aHa
XpoHUYecKasi popMa BUPYCHOIO TeaTUTA.

Yucno ymepiuux 00JbHBIX ObIJIO B3SITO U3 OT-
yeTHOI (popMbl HallmoHaabHOTO CTaTUCTUYECKOTO
komuteta (HCK) «C51-PacnpeneneHue yMmepimx
110 MOJ1Y, BO3pAaCTHBIM I'pyMnaM U MIpuYruHaAM cMep-
Tu» 3a 2014—2018 rr. [9]. Y3 pacueTa ObLIU UCKIIIO-
YeHBI JIU1Ia, UMEIOIIE BO3PACT BBIIIIE «OXUIaeMOM
MNPOIOJIKUTEIBHOCTA XWU3HU». [locaemHuii exe-
TOIHO orpeessieTcs: PecmyOinKaHCKUM [IEHTPOM
3JEKTPOHHOIO 3IpaBOOXpaHeHUs MUWHUCTEPCTBA
3npaBooxpaHeHust KP.

Pacuet III'TI2K Ob11 mpoBeieH C UCTIOIb30BAHU-
eM OpPMYIIHL:

MK = =D, x a;,

rae D; — aGcoioTHOE YMCI0 yMEPIIUX B BO3PacT-
HOM WHTEpBAJeE i; a, — HEAOXUTHIC TOBI.

B cBoto ouepenb, Uit pacyeTa HEJTOXUTHIX JIET
(a,) ucrorb3oBaHa hopmya:

ai:T_Xh

roe T — BepxHUI npeaeabHbIil BO3pacT, 10 KOTO-
pPOTO PACCYUTHIBAIOTCS HEOOKUTHIE TOIBI; X; — CE-
pelHa COOTBETCTBYIOIIErO0 BO3PACTHOTO UHTEP-
BaJja, KOTopas paccuuMTaHa 1o gopmyle; x; = (Mu-
HUMAJIbHBIX BO3pacT + MaKCUMAJIbHBIM BO3pacT
B TaHHOM Bo3pacTHoI rpynme +1)/2.

J st aHanM3a OTHOCUTEbHBIX TTOKa3aTesieii ObLT
ncnoab3zoBaH koadduuument I[ITTIK (TIT'TIK,)
Ha 100 000 HaceneHUsI, KOTOPBIIA ObLI paccuuMTaH
no ¢popmyiie:

MK, = MTTIK/P, x 100 000,

rne P, — 4MWCIEHHOCTb M3yyaeMOro HaceJeHUs
B Bo3pacte ot | roga u no «T» [3].

Oo0OpaboTka Matepuasa Obljla TIpoBeAeHa C UC-
MOJb30BAaHUEM CTAaTHUCTUYECKOrO ITaKeTa KOTIbIo-
TepHoil mporpammbl Microsoft Office Excel.

PesynbraThl

TToTepssHHBIE TOIBI MOTEHIIMAJIBHOM XXU3HU 145
yMepIINX OOJBHBIX B LIEJJOM COCTaBUJIM ~ 3766 et
(puc. 1, puc. 2). Cmeptb 96 nauuentoB ¢ I'B mpu-
BeJla K moTepe ~2365 JIeT NOTeHLMAaTbHON XKU3-
HM U cocTaBuia 63% OT OOLIMX MOTEPSIHHBIX JIET
(=3765), a or I'D 6bL10 noTepsiHo B 1,7 pa3 MeHb-
me (1400) moTeHOManbHBIX JeT XU3HU. HecMoTps
Ha TO, YTO OT OCTPHIX (POPM yKa3aHHBIX TEITaTUTOB
ymMmepau Bcero 35% (51/145) GonbHBIX, IIOTEPSIHHbBIE
roasl moreHIuanbHOM Xk13HU (ITI'TI2XK) cocTaBunm
52% (1968) 3 Bcex HEMOKUTHIX JIET.

Pacuet I1T'TI2K Ha onuH JieTaabHBIN Cly4daii Mo-
KasaJ, YTO B CpeIHEM KaxKIblil yMEPIIHUiA ITallueHT
c I'D norepsin 28,6 ner, a npu I'B ykazaHHBIN oKa-
3aTesib ObLJT MEHbIIe Ha 4 TO/la U COCTABUI B CPEA-
HeM 24,6 roma. [eTanbHblii aHalIu3 CBUIAETE/Ib-
CTBYeT, 4TO XOTs1 64% Bpemenu xusnu (1258 ner)
OBITM HeHOXUTHI n3-3a OI'B, cpenqHue mokaszaTenu
TII'TI2K Ha oguH ciy4dait OI'D n OI'B 0b1n mouTn
OJIMHAKOBBIMU U coctaBuiu 37,4 u 39,3 net, cooT-
BeTcTBeHHO (cpenamit [IT'TIK mpm OI' — 38,5 neT).

Ha cragum XpoHMUYeCKOro rermaTuta yMmepiu 2/
(65%, 94/145) nalieHTOB, MPU STOM OBIJIO HETOX -
TO puMepHO Ha 200 1eT MeHbIIIE, YeM MPU OCTPHIX
dopmax. Ha ommH ciydail XpoHUYECKOH (POpMBI
renatuta nokasartenb IIT'TI2K B cpemnem cocra-
Bua 19,2 roma, mpu 3TOM CpeTHUI MOKa3aTelb He-
MOXUTHIX JieT Ob1a Bhile npu XI'D, yem npu XI'B
Ha 5,7 met (23,0 m 17,3 1€T COOTBETCTBEHHO).

oro
The acute HD

n=19

13%

XrB

The chronic HB
n=64
44%

orse
The acute HB

n=32

22%

Xrb
The chronic HD
n=30

21%

PucyHok 1. PacnpeneneHue netanbHbIX Clly4aeB
C OCTpbIM U XpOHMYECKUM renatutom B 6e3

(OB mn XI'B) u ¢c penbta areHTom (OD u XI'D),

n = 145, Kbiproiackas Pecny6nuka, 2014-2018 rr.,
HaunoHanbHbIN CTaTUCTUYECKUIA KOMUTET

Figure 1. 2014-2018 Distribution of lethal cases due

to acute and chronic hepatitis B without (HB) and with
delta agent (HD), n = 145, Kyrgyz Republic, National
Statistical Committee
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PucyHok 2. CpaBHUTEJIbHbIE fLlaHHbIE

no NOTepPsHHbIM roiaM NOTEeHLUaNIbHOW XXU3HU
(ArMK) ot ocTporo n xpoHnyeckoro renatuta B
6e3 u ¢ genbra areHToMm, Kbipreiackad Pecny6nuka,
2014-2018rr.

Figure 2. Comparative data of the 2014-2018 Lost Years

of Potential Life (LYPL) due to acute and chronic hepatitis B
without and with the delta agent, Kyrgyz Republic

CpasuutenbHble paHHbie TITTIZK ot octpoit
dopmel I'B 1 I'D B gunamuke 3a 2014—2018 rr.,
IpencTaBjeHHBIe B Tabjl. 1 II0Ka3bIBAalOT, YTO
3a TISATH JIET KOJIMYSCTBO ITOTEePSTHHBIX JIET KU3HU
cHu3miIochk B 1,9 pasa (519 u 280 B 2014 1. m 2018T.
coorBeTcTBeHHO). [Ipu aToMm, IIT'TI2K ot OI'B cHE-

3uauch B 4,1 paza (366 1 89 B 2014 1. u 2018 1. cooT-
BeTCTBEHHO), a oT OI'D Bo3pocau B 1,2 paza (154
u 192 B 2014 r. 1 2018 . COOTBETCTBEHHO).

KoapdpuuueHt TITTIZK, paccUuTaHHBIN
Ha 100000 HaceyneHusI, TaKXKe I0Ka3bIBAaeT, UTO
B CTpaHe OTMeuaeTcsl CHuXeHue B 4,5 pasa He-
JOXUTHIX JIeT XKu3Hu ot OI'B (6,3%000 1 1,41%000
B 2014 r. 1 2018 1. COOTBETCTBEHHO) M yBeJauyYe-
Hue B 1,1 paza — ot OI'D (2,7%000 u 3,1%000, 2014 T.
u 2018 1. coorBeTcTBeHHO). [Ipu 3TOM, CpemHUt
KOO @GUIIMEHT MOTepU OT MOCIETHEr0, 3a YEThIpe
aHaJM3MpPyeMbIX roja MeHblue B 1,8 pa3, 1mo cpan-
HeHuio ¢ OB (4,2%o00 u 2,4%0c0 B OB u OT'D
COOTBETCTBEHHO).

Kak BugHo u3 tadJ. 2 3a 2014—2018 rr. mpu XI'B
66110 moTepstHO B 1,6 pasa 6ourbiire [T TIK no cpaB-
HeHuto ¢ XI'D (1108 u 691 coOOTBETCTBEHHO), UTO
MOATBEPKIAETCSI COOTHOIIEHUEM KO3 (PUITNEHTOB
TITTIZX (3,7%o000 1 2,3%000 8 XI'B 1 XI'D cooTBeT-
ctBeHHO). BmecTe ¢ Tem TII'TIZK ot XI'B Bripociu
B 2,6 paza (147 u 375 B 2014 1. 1 2018 1. cooTBeT-
cTBeHHO), a oT XI'D — B 6,3 paza (27 u 169 B 2014 .
u 2018 . cooTBeTcTBeHHO). Koaddunuent INT'TIXK,
paccuutaHHbIi Ha 100 000 HaceneHUs, TOKa3bIBa-
€T POCT HEIOXHUTOro BpeMeHU XU3HU B 2,4 pasa
npu XI'B (2,5%o00 u 6,0%000 B 2014 1. 1 2018 1. co-
OTBETCTBEHHO) U B 5,4 pasza nipu XI'D (0,5%o00 u 2,7
%000, 2014 1. 1 2018 . COOTBETCTBEHHO).

III'TI2K ot OI'B mo cpaBHeHnuto ¢ XI'B (1258
u 1108 cooTrBeTcTBeHHO) U KOoadbduimeHt IMI'TIZK
(4,2%c00 1 3,7%000 B 2014 1. 11 2018 I. COOTBETCTBEH-
Ho) Bo3pociau B 1,1 paza. Dtu nokaszarenu npu OI'D
u XI'D (710 n 691 B 2014 . 1 2018 . COOTBETCTBEH-
HO) IMMOYTH HE OTJIMYAJIUCH.

Ta6auua 1. luHaMmuka nokasaTtens OLeHKU NoTepu 340pOBbs OT OCTPOro renatuta B 6e3 u c genbra

areHToM, Kbiprbiackasa Pecny6nuka, 2014-2018 rr.

Table 1. Dynamically assessed 2014-2018 loss of health level due to acute hepatitis B without and with a delta agent,

the Kyrgyz Republic

roas! 2014 2015 2016 2017 2018 |2014-2018
Years
MoTepsiHHbIE roAabl NoTeHuManbHoW Xusuu (MrrXx)
The Lost Years of Potential Life (LYPL)
OcTpbiii renatut D, n=19
1 The acute HD, n = 19 153,6 120,8 160,6 83,2 191,5 709,7
o |QcTpeitrenarut B, n =32 365,6 246,6 2484 308,7 88,6 1257.9
The acute HB, n =32 ’ ’ ’ ’ ’ ’
Beero, n =51 519,2 367,4 409 391,9 280,1 1967,6
Total, n =51
Koadpuument MIMK Ha 100 000 HaceneHus
LYPL ratio per 100 000 population
OcTpbiii renatut D, n=19
1 The acute HD, n = 19 2,7 2,0 2,7 1,4 3,1 2,4
OcTpbiii renatut B, n =32
2 The acute HB, n = 32 6,3 4,2 4.1 5,0 1,4 4,2
qu.qaeman np:)p,on)xmenbuocn XU3HU 70.4 706 709 711 713
Life expectancy
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TaGnuua 2. JuHaMuka nokasaresns OLeHKH noTepu 300POBbS OT XPOHMYECKOro renatuta B 6e3wuc pensTa

areHTom, 2014-2018 rr., Kbiproiactan

Table 2. Dynamically assessed 2014-2018 loss of health level due to chronic hepatitis B without and with a delta

agent, the Kyrgyz Republic

Foa! 2014 2015 2016 2017 2018  [2014-2018
Years
MoTepsHHbIE roAbl NOTEHLMAJNIbHOM XXU3HU
The Lost Years of Potential Life (LYPL)
XpoHuueckuii renatut D, n =30
1 The chronic HD, n = 30 26,8 90,8 162,3 2419 168,7 690,5
XpoHuuyeckuii renatut B, n = 64
2 The chronic HB, n = 64 147 54,4 125 407 375 1108,4
Beero, n =94 173,8 1452 2873 648.9 5437 1798,9
Total, n=94
Koadpuument MMK Ha 100 000 HaceneHus
LYPL ratio per 100, 000 population
Xpoxuyeckuii renatut D, n =30
1 The chronic HD, n =30 0.5 1.5 27 3.9 2.1 2.3
XpoHuyeckuii renatut B, n = 64
2 The chronic HB, n =64 25 0.9 21 6.6 6.0 37
n.pop,on)xmenb*uocn XU3HU 70.4 706 70,9 711 73
Life expectancy

Mpumeyanue. *Mo faHHLIM Pecny6a1kaHCKoro LIeHTPa 371eKTPOHHOMO 34paBooXpaHeHns MUHUCTEPCTBA 34PaBOOXPaAHEHUS.

Note. *According to the Republican eHealth Center of the Ministry of Health.

O6cyxaeHne

B Hameid cTpaHe 3a aHaIU3UPYEMBbIN MEPUOL
(3a 2014—2018 rr.) ot I'B 6B1710 HOTEPsiHO B 1,7 pa3
0oJibllie JIeT MOTeHLMAaJbHON XU3HU, yeM oT I'D
(2365 ner u 1400 neT COOTBETCTBEHHO), OTaHHBIA
dakT cBsI3aH ¢ OOJBIIUM YUCIOM YMEPUINUX Malu-
eHToB OT I'B (96 u 49 or I'B u I'D cooTBeTCTBEH-
Ho). IIT'TI2K ot I'D Gonbuie Ha 4 roga, yem ot I'B
(28,6 11 24,6 COOTBETCTBEHHO), YTO BEPOSITHO CBSI-
3aHO ¢ OoJiee TSKEJIbIM TeUYeHUEM rernaTtura aejibTa
M CKJIOHHOCTBIO K OBICTPOMY Pa3sBUTHUIO IUPPO3a
u paka neueHu [10]. MUcciaeqoBatenu mokasaau, 4YTO
IIT'TI2XK ot nupposa neuenu B bpazuyinu coctaBu-
su 138860 stet 3a oguH rog (1989 r.), To ecThb, Kax-
IbIM TMalMeHT B cpeaHeM Hepoxuna 15,5 mer [21].
CooTBeTCTBEHHO B Hamueli ctpaHe oT BI' manu-
EHTBI TePSIIOT MOTEHIIMAIbHBIC TOABI XKU3HU B 1,6
u 1,8 pasza Goublile, yeM B ykazaHHoi cTpaHe (I'B
u I'D coorBercTBeHHO). B TO Xe Bpems obuiue
MOTepSIHHBIC TOABl B bpasnimu OBIIN BEIIIEC, YeM
B KP, B 36,6 pa3a, 4TO BEPOSITHO CBSI3aHO C 0OJIb-
IIIUM YKCJIOM JIeTaJbHBIX CIyYaeB, KaX bl U3 KO-
TOPBIX HEe JOXKUBAJI 15,5 1eT MOTeHLIMaTbHBIX TO10B
KU3HU.

Carraposa I.2K. ¢ coaBT. B OMTHOM U3 UCCIENO0-
BaHUM mokaszaau, uto B KP BbicOkUIi ToKa3zaTenb
TT'TIK 6611 oTMedeH y aull ¢ kKonHdekimeit BUY/
BI'B (33 ropa) [11]. Hamu naHHBIE CBUAETEIBCTBY-
10T, uTOo nauueHTsl ¢ BI'B 6e3 nenbra areHTa u 6e3
BMY mHpekuuu XUBYT goJblie Ha 8,4 roga, 4yem
6onpHbie BUY/BI'B (24,6 1 33 COOTBETCTBEHHO).
A nauueHTsl ¢ I'D >kuByT Ha 4,4 roga HoJblile, YeM

nnna xusymne ¢ BUU-undexnumeit u I'B (28,6 n 33
COOTBETCTBEHHO). [lojlydeHHBIE pe3yJbTaThl I10-
KasbiBaloT, yTo B KP npu coueranuu BI'B ¢ BUY
MOTEPSTHHBIX JIET IMTOTEHIIMAJIbHOM XXU3HU OOJIbIIIE,
YyeM 1P MOHOTEUYEHUU yKa3aHHBIX TEMOKOHTAKT-
HBIX UH(PEKL M.

IIpeBanupoBaHue YKCIa YMEPIIUX MNAllMEHTOB
C OCTPBIM IrefiaTUuTOM, Y KOTOPBIX 3THOJIOTMYECKUM
daktopom npuzHaH BI'B (63%, 32/51), BeposiTHO
CBSI3aHO C T€M, UTO ACTEKTUPYEMbI1 yPOBEHb aHTH-
Tea Kk BI'D oObiuHO omnpenensieTcsl Ha 2—3 Henesie
KeaTylurHoro nepuona [10], v eciau cpeau yKa3zaH-
HBIX CJIy4YaeB U ObIJIY MALlMEHTHI C HAJTUYHUEM Ieb-
Ta areHTa, UM ObLJI BbICTaBjeH guardo3 «OI'B 6e3
nenbra areHTa». [1omoOHYyI0 CHTyalluio IToKasall
B cBoeM uccienoBaHuu Negresku G.V. emie B 1992 1.,
Korja IIpu JeTaJbHOM OOCJIeIOBAHUM ITallMeHTOB
¢ Bepu(pUIIMPOBAaHHBIM AMATHO30M «OCTPHIM Tera-
TUuT B» y 30% Ob121 BBIsIBIIeH BI'D [22]. Hamwu nanu-
EHTBI ¢ OCTPOi1 hOpMOIi TerraTUuTa MOTEPSIIN OOJb-
11Ie JeT MoTeH I uaabHou xku3Hu (39,3 net u 37,4 net
npu OI'B u OI'D cooTBeTCTBEHHO), HEXXeAUu 00JIb-
HBIE ¢ XpoHUUeckoit popmoii (17,3 net 23,0 net npu
XI'B u XI'D cOOTBETCTBEHHO), 3TO CBUIACTEJIb-
CTBYET O TOM, UTO ITAlIUEHTHI C OCTPBIM renaTuToOM
yMepJu B 00Jiee MOJIOIOM BO3pacTe.

B nunamuke 3aaHanusupyembie nsaTbaeT (2014 —
2018 rr.) TITTIK ot OI'B cHusunuce B 4,1 pa3sa,
YTO, BEPOSITHO, CBSI3aHO C YMEHBIIEHHEM 4YucJIa
yMeplunx 00abHbIX ¢ BI'B-undexkuueit (6,3%oo00
u 1,4%occ0 B 2014 1. u 2018 T. COOTBETCTBEHHO).
OoOpamaeT Ha cebsi BHUMaHMUe TO, YTO B AMHAMU-
ke or OI'D Konu4yecTBO HEOOXUTBIX JET BbIPOC-
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Jjo B 1,2 paza, 4ToO OBLJIO CBSI3aHO C YMEPEHHBIM
YBEJUUYEHUEM YKCIa YMEPIIUX OGONBHBIX (2,7%000
u 3,1%cc0 B 2014 1. u 2018 I. COOTBETCTBEHHO)
U CMepThIo pebeHKa 7 JeT, pOXXJAEHHOro OT MaTepu
¢ HBsAg no3utuBHbIM cTaTycoM. CHUXKEHUE yKa-
3aHHOro nHaukaropa npu OI'B u poct npu OI'D,
TaK>Xe OOBSICHSIETCS YJYUIIEHUEeM 3TUOJIOTHUYe-
CKoli paciudpoOBKU M UACHTUPUKALMU JejibTa
areHTa y yMepIIUX OOJIbHBIX B OCTPOM IEPUOJE.
B HekoToOpbhIX CcTpaHaxX OTMEYaeTCs CHUXEHUe
CMEPTHOCTH M TOTEHIIUAJIbHO TOTEPSIHHBIX JIeT
xku3Hu ot BI'B u BI'C, nHannpumep, B [loptyranuu
Ha01100a710Ch 3HAYUTEJIbHOE CHUXXEHUE MOTEePSIH-
HbBIX JIeT XKu3Hu ¢ 2010 mo 2017 1. (13 647 u 8848
COOTBETCTBEHHO), YTO MOXET OBITh PEe3yJbTaTOM
YCHELIHOW peanu3allii MporpaMM KOHTPOJS BU-
DPYCHBIX rermaTuTos [25].

B nunamuke IITTIZK 3a nepuon 2014—2018 rr.
OT XPOHUYECKUX ((opM TenaTuToB BBIPOCIIH,
B yactHocTtu oT I'D — B 2,4 paza Oojblie, 4yeMm
ot I'B, uTo yKa3bsiBaeT Ha OoJjiee BhIpaxkeHHOe Ope-
M$ AeJIbTa rernaTuTa, B CBSI3U C TSKEJIbIM TeUSeHUEM
M 4acTOTOI HeOJIaronpusTHOIO MCXOda, a TaKXKe
C HaJIUYUEM JIETAJIbHOCTU CPEAU IeTE.

daxkT perucTpalli «XpOHUYECKOW» (Pop-
Mbl Y 65% aHaIU3UpyeMbIX JIETAJIbHBIX CJIydacB
¢ HBsAg nmo3uTUBHBIM renaTUTOM TpeOyeT yTou-
HEHUSsI, TaK KaK OOIIEeU3BECTHO, UYTO MNPUYUHOU
CMEPTHU TIPU BUPYCHBIX TelaTUTax SBISIETCS Mac-
CUBHBIA U CyOMaCCUBHBIM LIUTOIU3 renaTOLMTOB,
NPUBOISIIINN K 3HIedanonaTun, BCJAeACTBUE Te-
YEHOUYHOI HEAOCTAaTOYHOCTHU MPU OCTPOM TEUYECHUU
oosieaHu. Kpome TOro, mpuuymHON CMEpTU MOTYT
OBITH IMUIEBOAHBIE KPOBOTEUEHUS B ITPOJABUHY-
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FEHOMHbIV AHAJIN3 BUPYJIEHTHOCTU
N AHTUBUOTUKOPESUCTEHTHOCTH
LUTAMMOB KLEBSIELLA PNEUMONIAE

A.A. Camoiinosa', JI.A. Kpaesa'?, H.B. Muxaiiios'3, A.T. Caurosa', /I.E. IToaes!,
M.A. Bamykosa*, C.A. I'opaeesa*, E.B. Cmupnosa’, JI.!. BeaaTuu®, A.C. loarosa’,
A.B. I11a6anuna’

'®@FYH HUH snudemuonozuu u muxpoouosoeuu umenu Ilacmepa, Cankm-Ilemepbype, Poccus

2@I'bBOY BO Boenno-meduyunckas akademus umenu C.M. Kuposa MO P®, Canxm-ITemep6ype, Poccus

J@I'BY Hayuonanbuslit MeOuyuHckuil uccaedogamenvcekuil yenmp umenu B.A. Aamaszoea, Cankm-Ilemepbype, Poccus
4 Kaunuueckas ungexyuonnas 6oavruya um. C.I1. Bomkuna, Cankm-Ilemep6ype, Poccus

SOBY3 Ilenmp eueuenvt u s3nudemuonozuu 6 2opode Cankm-Ilemepoypee, Cankm-ITemepoype, Poccus

¢ Topoockas 6orvruya Ne 14, Cankm-ITemepoype, Poccus

Pestome. B nocinennue roabl wtaMmel Klebsiella pneumoniae mony4uay LiMpoKoe pacpoCTpaHEHUE KaK MpPU BHE-
OOTBHUYHBIX WH(MEKIIMOHHBIX TpoIeccaX, TaK U TPU HO30KOMHUATbHBIX MHQEKIIUIX. BBIIensioT aBa maroTumna
K. pneumoniae: xnaccuyeckuit (cKp) u runepsupyiaeHtHbiii (hvKp). TIpeactaBuTtenu 1000ro nmaroTumna cCKJIOHHbI
K MpUOOpEeTEeHMIO U AaIbHEN e Mepeaaye reHeTHYeCKX GakKTOpOB aHTUOMOTUKOPE3UCTEHTHOCTH 1 BUPYJIEHTHO-
CTH, YTO MOXET MTOMOYb MPU Ha3HAYCHUM aJieKBaTHOU Tepanuu. [1ocKoJbKy He CYIIeCTBYET YHUBEPCAJIbHO COra-
COBAaHHOTO OTAEJbHOIO MapKepa rUMepBUPYICHTHOCTH, HAMU MPEANPUHSTA MOMbITKAa HATU Haubosiee 3HaAYMMble
KOMOMHAIIUY TEHETUUYECKUX MapKePOB BUPYJIECHTHOCTH M aHTUOMOTUKOPE3UCTEHTHOCTH Y IITaMMOB K. pneumoniae.
Lexnp nccaenoBaHusi — BBIIBICHUE HamOoJee 3HAUMMBIX KOMOMHAIIMI TeHETMYECKUX MapKepOB BUPYICHTHOCTH
1 aHTUOMOTUKOPE3UCTCHTHOCTH IS XapaKTePUCTUKU KIMHNIECKUX U30ISITOB K. pneumoniae. Mamepuanol u memo-
Ooi. ccniepoBanu 85 mramMmoB K. pneumoniae, BBIIEICHHBIX U3 TIPO0 pa3IMYHOTO KITMHUYECKOTO MaTeprala OT Ially-
€HTOB KpyIHBIX cTanmnoHapoB CaHKT-IleTepOypra. B paboTe ncmonb30Bann KiiacCuuecKre 0aKTepHOIOTHUCCKIE Me-
TOIBI, B TOM YHCJIe OTIpeac/ICHIE TUTIEPMYKOMIHOTO THTIA C TIOMOIIIBIO «CTPUHT-TECTa», MacC-CIEKTPOMETPUICCKIIA
Meton (MALDI-TOF MS) nist uaeHtudukauuu 6akTepuii, MOJEKYASIpPHbIE METOABI JJIS1 U3YyYEHUS MapKepOB BU-
PYJIEHTHOCTH ¥ aHTUOMOTUKOPE3UCTEHTHOCTH (MYJIBTUIOKYCHOE CMKBEHC-TUTTUPOBAHNE, CEKBEHUPOBAHNE TeHOMA
mwrtamMMoB K. pneumoniae). Peayasmamer. Cpeny Bcex UCCAeIOBAHHBIX IITAMMOB K. pneumoniae CAMbIMU pacIipocTpa-
HEHHBIMHU reHaM1 KapOarneHeMas Ob11u TeHbl OXA-48 (18,7%) 1 NDM-1 — 17,3% mrtamMmMoB, B 6,7% 1ITaMMOB IeHBI
NDM-1 u OXA-48 npucyTcTBOBaIu OqHOBpeMeHHO. [loms mTaMMoB ¢ reHamu B-naktamaz CTX-M-15 cocraBuia
54,7%, OXA-1 —17,3%, TEM-1D — 13,3% u B 17,3% ciy4aeB B liITaMMax OJHOBPEMEHHO MPUCYTCTBOBAJIU reHbl OXA-1
u TEM-1D. I'eHbl pe3MCTEHTHOCTH K XMHOJIOHAM BCTpevaiuch y 68,4% inrammoB. CaMbIMU pacipoOCTpaHEHHbIMU
reHamu OobuH gnrS1 (40% mrammoB) u gnrBl1 (22,7%). @eHoTUTIMYECKASI OLIEHKA YYBCTBUTEIHOCTHU ITAMMOB ITOKa-
3aJia, YTO PE3UCTEHTHOCTDIO K KOMUCTUHY o0aananu 23,5%, K kapbarneHemam — 64,7% mtaMMoB. ['MepMyKOUIHBIM
(dhenoTunom obnaganu 32,9% usonsatos K. pneumoniae, BolaeaeHHbIe Ipu (DJIErMOHE, THEBMOHUM, CEIICKCE, TIEPUTO-
Hute. Haubonee pacrpocTpaHeHHBIMU CUKBeHC-TUIIaMu okasaauck: ST395 (24,3%), ST23 (17,6%) u ST512 (9,5%).
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A.A. Camolinosa u gp. MHdekumns n uMmyHuTeT

K xancyapnbim Tuniam K1 u K2 npunannexanu 8% u 25,3% mTaMMoB COOTBETCTBEHHO. JIOKYC CMHTE3a OJMKETHI0B
ybt, XapaKTepu3y IO BUPYJCHTHBIC IITAMMBI, ObLT BRISIBIICH Y 69,3% 130115TOB, a ToKyc c/b mpucyTcTBoBaji B 10,7%
mTamMMoB. Y 73,3% u 14,7% mtaMMOB OBLIM OIpee/ieHbl aCCOLIMUPOBAHHBIE € TIIa3MUI0M JIOKYChI BUPYJIEHTHOCTHU
iuc v iro COOTBETCTBEHHO, KOTOPbIE KOAUPYIOT OMOCUHTE3 CUAepOGOpPOB a3po0aKTUHA U cajbMoxearuHa. Mbl 0OHa-
pyxuiu 44 ciaydas (58,7% 1mtaMMOB) TEeHOTUITMYECKOM KOHBEPIeHLIMU BUPYJEHTHOCTH ¥ aHTMOMOTKOPE3UCTEHTHO-
CTH, Ha YTO YKAa3bIBaeT OJHOBPEMEHHOE HaIMU e JIOKyca a3po0akTHHA (fuc) M TEHOB P-lakTaMa3 Wi KapbareHeMas.
TakxuMm 00pa3oM, UIeHTU(UKAIIUS TUTICPBUPYICHTHOCTH MOXET IIPEACTABISATH LIEHHYI0O MH(MOPMAIINIO IJISI KITUHHU-
YecKoro BemeHMs maineHToB ¢ hvKp-uabekumamu. [ToaTomy oueBMIHA HEOOXOMMMOCTH pa3pabOTKM KOMILIEKC-
HOTO JMArHOCTHMIECKOTO TeCTa I OMHOBPEMEHHOIO CKPMHIHTA MHOXECTBCHHO-YCTONIMBEIX TUTICPBUPYICHTHBIX
mrtaMMoB K. pneumoniae.

Karouesvie caosa: cunepgupyieHmnHocms, aHMuOUOMUKOPE3UCMEHMHOCMb, NOAHO2eHOMHOe ceKeeHuposanue, Klebsiella pneumoniae,
hvKp, cKp.

GENOMIC ANALYSIS OF KLEBSIELLA PNEUMONIAE STRAINS VIRULENCE AND ANTIBIOTIC
RESISTANCE

Samoilova A.A.?, Kraeva L.A.>", Mikhailov N.V.*¢, Saitova A.T.?, Polev D.E.?, Vashukova M.A.!, Gordeeva S.A.¢,
Smirnova E.V.¢, Beljatich L.1.", Dolgova A.S.?, Shabalina A.V.?

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

b Military Medical Academy named after S.M. Kirov, St. Petersburg, Russian Federation

¢V.A. Almazov National Medical Research Centre, St. Petersburg, Russian Federation

4 Clinical Infectious Diseases Hospital named after S.P. Botkin, Ministry of Health of the Russian Federation, St. Petersburg,
Russian Federation

¢ Hygiene and Epidemiology Centre in St. Petersburg of Rospotrebnadzor, St. Petersburg, Russian Federation

I St. Petersburg State Hospital No. 14, Ministry of Health of the Russian Federation, St. Petersburg, Russian Federation

Abstract. Recently, Klebsiella pneumoniae strains have become widespread both in community-acquired infectious
processes and in nosocomial infections. There are two pathotypes of K. pneumoniae: classical (cKp) and hypervirulent
(hvKp). Representatives of any pathotype are prone to acquire and further transmit genetic factors of antibiotic
resistance and virulence. This combination accounts for severity of the infectious process. Therefore, information
about whether the strain belongs to either pathotype can help in prescribing proper therapy. Since there is no consensus
upon hypervirulence marker, we attempted to find the most significant combinations of genetic markers of virulence
and antibiotic resistance in K. pneumoniae strains. The study was aimed to conduct a genomic analysis of virulence
and antibiotic resistance of K. pneumoniae clinical isolates. Materials and methods. There were examined 85 strains
of K. pneumoniae isolated from diverse clinical material samples from patients in large St. Petersburg hospitals. In our
work, we used classical bacteriological methods, including determination of the hypermucoviscous type using the “string
test”, the mass spectrometric method (MALDI-ToF MS) foridentifying bacteria, molecular methods for studying markers
of virulence and antibiotic resistance (multilocus sequence typing, genome sequencing of K. pneumoniae strains). Results.
Among the studied K. pneumoniae strains, the most common carbapenemase genes were OXA-48 (18.7%) and NDM-1
genes — 17.3% of strains; in 6.7% of strains, NDM-1 and OXA-48 genes were found simultaneously. The percentage
of strains with B-lactamase genes CTX-M-15 was 54.7%, OXA-1 — 17.3%, TEM-1D — 13.3%, and in 17.3% of cases
the OXA-1 and TEM-1D genes were simultaneously present in bacterial strains. Quinolone resistance genes were found
in 68.4% of strains. The most common genes were gnrS1 (40% of strains) and gnrB1 (22.7%). Phenotypic antimicrobial
susceptibility testing showed that 23.5% and 64.7% strains were resistant to colistin and carbapenems, respectively.
32.9% K. pneumoniae strains, isolated in patients with phlegmon, pneumonia, sepsis, and peritonitis, had a hypermucoid
phenotype. The most common sequence types were: ST395 (24.3%), ST23 (17.6%) and ST512 (9.5%). 8% and 25.3%
of strains belonged to capsule types K1 and K2, respectively. The polyketide synthesis locus ybt, which characterizes
virulent strains, was detected in 69.3% isolates, and the c¢/b locus was present in 10.7% of strains. In 73.3% and 14.7%
strains, the plasmid-associated virulence loci iuc and iro were identified, which encode the biosynthesis of the siderophores
aerobactin and salmochelin. We described 44 cases (58.7% of strains) of genotypic convergence of virulence and
antibiotic resistance, as shown by simultaneously detected the aerobactin (iuc) locus and B-lactamase or carbapenemase
genes. Thus, identification of hypervirulence may provide valuable information for the clinical management of patients
with hvKp infections. Therefore, it is is obviously necessary to develop comprehensive diagnostic test for simultaneous
screening of multidrug-resistant hypervirulent K. pneumoniae strains.

Key words: hypervirulence, antibiotic resistance, genome-wide sequencing, Klebsiella pneumoniae, hvKp, cKp.
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[eHOMHbIV aHann3 wrammoB Klebsiella pneumoniae

BBeneHune

B HacTosiee BpeMsi OJHUM U3 HauboJiee pac-
NPOCTPAHEHHBIX  OMIMOPTYHUCTUYECKUX  BHY-
TpUOOJBLHUYHBIX NaToreHoB sBisieTcst Klebsiella
pneumoniae, KOTOpasi BbI3bIBAET OKOJIO Tpe-
™M uWHOEeKIUil, O0O0yCIOBIEHHBIX TIpaMOTpHUlia-
TeabHbIMU OakTepusimu [27]. Cpeam mTaMMoOB
K. pneumoniae BHIOENSIOT ABa MAaTOTHUIIA: KJIACCHU-
yeckui (classical K. pneumoniae — cKp) u rutiepBu-
pysaeHTHbIN (hypervirulent K. pneumoniae — hvKp).
BoabmunHCTBO KaeOCcHenne3HbIX UH(MEKIUN BbI-
3BIBAIOT KJIaCCHYECKHME IITaMMBblI, KOTOPBIC SIBJISI-
FOTCSI OIIITOPTYHUCTUISCKUMU ITaTOTeHAMU C HU3-
KHUM YPOBHEM BUPYJEHTHOCTH [3].

Haubonee pacnpocTpaHeHHBIMU WHPEKIIMUSI-
MM, CBSI3aHHBIMU ¢ K. pneumoniae, SBISIIOTCSI pec-
OHpaTOPHBIE BOCITAJIUTEIbHBIC TTPOIIECCHl, MHMEK-
OUA MOYEBBIBOISIINX ITyTe M XUPYPIUYSCKUX
paH, acCollMMpPOBaHHbIE C OKa3aHUEM MEAUIIUH-
ckoit momoiu [10]. @akTopaMu pucKa KJIacCudec-
kux K. pneumoniae-uH(pEKUUN CUUTAIOTCS KPUTU-
YyecKuii BO3pacT (MJIaAeHUYECKUN WU TOXUJION),
BPOXAECHHBIC UJIU NPUOOpPETEeHHbIE (hOPMbI UMMY-
HopehuUIIMTa, aJIKOT0JIM3M, CaXapHBI 11abeT, Xpo-
HUUYECKUE CepACUHBIC, ITOUCUHEIS, ICTOYHBIC U HEO-
njactuyeckue 3adboneBanus [40].

lunepBupyseHTHbBIe ITaMMbl K. pneumoniae
CITOCOOHBI BBI3BIBATh BHEOOIBHUYHBIC MH(DEKIINH,
Iaxe y 3OOpOBBIX JIofeit. BriepBble oOHapy:KeH-
Hble B A3uu, U30JsTbl hvKp omnucaHbl Kak Beay-
1mas MpUYMHaA THOMHBIX aOcleccoB TeyeHu [28].
luniepBupynentHast K. pneumoniae, BblIeIeHHHAS
M3 THOMHBIX abCIIECCOB MEYEeHU CIIOCOOHA MeTa-
CTa3upoBaTh B OTHAJEHHbIE YYaCTKU, MNPUBOIS
K MEHMHTUTY, HEKpOTU3UpyIlleMy GacuuuTy
n sHAoPTanbMUTY [38].

B kauectBe OumomapkepoB s auddepeHimna-
MU KIuHn4Yeckux uzonsatoB hvKp ot cKp moryt
OBITh MUCHOJb30BaHbl TEHETUYECKUE NeTePMUHAH-
Thl BUPYJICHTHOCTHU, BXOISIINE B COCTAaB MOOUJIb-
HBIX TECHETUYCCKUX 3JICMEHTOB, B TOM YHCJIC TIJ1a3-
Mua. JletepMuHaHTHI BUpYyJeHTHOoCcTH hvKp BKITIO-
YaloT: CUCTEMbI CUIePOGOPOB A1 TPUOOPETEHUS
Xejie3a, BBICOKOE COAep:KaHWE KaIICyJIbHBIX ITO-
JIUCaxapuIoB (TMIEPMYKOUIHOCTD), TTPUHAIIECK-
HOCTb K KarncyjabHbIM TunaM K1 uiu K2 u TokcuH
KoaubakTuH (Tabma. 1) [5].

I'unepBupyiaeHTHOCTh K. pneumoniae MOXHO
ONpeneinTh KaK CIIOCOOHOCTh OaKTepuil BBI3HI-
BaThb MHBa3WBHbIE MHMEKIMU MOCJIE MOSIBICHUS
MEePBUYHOTO oyara MHMEKIIUU Y 310POBbIX B3POC-
aeix [8]. WHdexkuum, BBI3BaHHBIE TUIIEPBUPY-
JIEHTHBIMU ITaMMaMu K. pneumoniae, 3a4acTylo
COOTHOCSTCS C KJMHUYECKOW KapTUHOI 3a00-
JIeBaHUSs, MOCKOJbKY MOKa HE CYIIEeCTBYeT YHU-
BepcaJbHOrO0 MapKepa ruriepBupysieHTHocTU [31].
TurepMyKOMIHBINA (EHOTHUIT YAaCTO OIIPEACIISIOT
MPU TTIOMOIIU «CTPUHT-TecTa»[35].

TToHSATUST «TUTICPMYKOUIHBIV» W «TUTCPBUPY-
JICHTHBI» 4acTO UCMOJB3YIOTCS B IUTEpaType KakK
CMHOHUMBI; OMHAKO He BCe IITaMMBbI K. pneumoniae
C TUIIEPBUPYJICHTHBIM (DEHOTUIIOM MMEIOT TUIIeP-
MYKOMIHbIE OAKTEPUU, U HE BCE TUTIEPMYKOUAHBIE
M30JSIThI TPUBOJSIT K MHBAa3UBHOMY CUHApPOMY [8].

ITepBbrie mrtaMmmbl hvKp obHapyxxuBanu mpe-
MUMYIICCTBEHHO B A3UHW; OHU JINIIb U3peaKa ObIIN
YCTOMYUBBI K AaHTUMHUKPOOHBIM IIpenapaTtam
(AMII). OgHako mociaegHUe MyOJAMKALIUU yKa-
3bIBAIOT, 4TO IITaMMbl hvKp cTaHOBsiTCS Gosee
pacIipocTpaHEHHBIMUA M 4Yallle 00JlaTal0oT MHO-
XE€CTBEHHOW JIEKAPCTBEHHOU YCTOWYUBOCTHIO
(MJ1Y) [14]. ITossBnenue uzonsatoB K. pneumoniae
C KOMOMHHMPOBAHHON THUIIEPBUPYIECHTHOCTHIO
U YyCTOMYMBOCThIO K pe3depBHbBIM AMII, Takum
Kak kKapbareHeMbl, MNPEICTABISIET CEPbE3HYIO
ornacHocTb. [lpu pacnpocTpaHeHUU YCTOMUYMBO-
ctu K AMII cpenu mrtamMmoB hvKp moryT pas-
BUBATbCI WHGEKIUM, TPYIHO ITOAMAIOIINCCS
JIEYEHU 10, TaXe y 3[M0POBBIX B3pOCIbIX. B ciryyae
ecau mwtamMmMmbl hvKp pacripocTtpaHsTcs B Meau-
LIUHCKUX YUYPEXKIACHUSIX U OyAYyT BbI3BIBATH WH-
GeKnuu y JIUI ¢ OCHa0JICHHBIM MUMMYHHUTETOM,
MOXXHO OXUIATh ellle 00jee BEICOKYIO 3aboeBae-
MOCTb U CMEPTHOCTS [14].

TTockonbKy oOOHapyKeHHe T'eHOB TUMNEePBUPY-
JICHTHOCTU HE SIBJISIETCS YacThIO IIPOLICAYp AMa-
THOCTMYECKOW MUKpobOuonsoruu, mramMmmbl hvKp
MOTYT OCTaThCsl He3aMedeHHBbIMU [14]. B To ke Bpe-
M EeHOTUNMUUYECKUEe TEeCThl, TaK1Me KaK CTPUHT-
TECT Ha TUIIEPMYKOUIHOCTh, MMEIOT HU3KYIO
qyBCTBUTEIBHOCTD [29]. KnmHuuyeckass mumarHoc-
ThuKa U obHapyxeHue hvKp saBasitoTcsa cioxHom
3agadyeili U1 TpeOyloT MOJIEKYJSIPHOro TECTUpPOBa-
HUS IJIsI HaOeXXHOW MACHTUMUKAIIMU TTOJ00HBIX
mraMMoB [14].

Llenb padboTbl — BbISIBJIEHHWE HauboJjiee 3HAYU-
MBbIX KOMOMHALMN TreHeTMYEeCKUX MapKepoB BHU-
DPYJEHTHOCTM M aHTHUOMOTUKOPE3UCTCHTHOCTU
IUIST XapaKTePUCTUKHU KIMHUYCCKUX M3O0JISITOB
K. pneumoniae.

MaTtepwuanbl 1 METOAbI

baxkmepuanvrvie uzonamer. B padbote uccieno-
BaJiu 85 KJIMHUYEeCKUX 1TaMMOB K. pneumoniae,
BBIJIGJICHHBIX U3 MpoO Ouomarepuana OT TOCHU-
TAaJIM3UPOBAHHBIX TMAIMEHTOB psila KIWHUK
Cankrt-Iletepbypra. Bce u30a4Thl ObIIM BbIAEIIE-
HBI M3 Ppa3JMIHBIX BUIOB KJIMHUUYECKOIO MaTepH-
aja: KpoBU, MOUYU, MOKPOTHI, XETUU, OTIEISIEMOTO
13 OpIOIIHON TOJOCTU, COAECPXKUMOTO abciiecca.
WNnentTudurkanunio U30JTOB 10 BUa TTPOBOANIN
METOJIOM BPEMSIIIPOJIETHOM Macc-CIIeKTPOMETPUHU
C MaTPUYHO-ACCOLMUPOBAHHOM JIa3epHOIi fecopO-
nueit/nonnsanueii (MALDI-ToF MS) ¢ ucnomnb-
30BaHMEeM criekTpomeTpa Microflex LRF u mpo-
rpaMMHBIM obecrieueHueM «Biotyper RTC» (Bruker
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Daltonik, I'epmanus). 3Hadenust Score > 2,0 uc-
MOJb30BaIM B KaueCTBE KPUTEpUs HAAEXKHOU BU-
JIOBOI UAEHTU(DUKAIIWH.

TunepmyKouaHbIl  (EHOTUIT  MCCIETYEeMbIX
IITAMMOB OIIPENEIsIJIA NIPU MTOCTAHOBKE «CTPUHT-
TecTa» [35] ¢ ucnojib30BaHUEM CYTOYHOU KYJbTY-
PBI BO30OYaUTES.

Ouenka uygecmsumenvHocmu wimammos K. pneumo-
niae kK aHmumukpooHvim npenapamam. B padbote ole-
HUBaJIW YYBCTBUTEJIBHOCTh IITAMMOB K 9-TW Hau-
Oojiee aKTyaJbHBIM OIS 3TUX MUKPOOPraHU3MOB
aHTUMUKPOOHBIM mpenapataM (AMII): amuHorM-
Ko3uaaM (aMUKaliH), KapbarneHemMaM (MepoIreHeM),
MHTMOUTOPO3AIIUIIIEHHBIM NEHUIIWJIMHAM (aMITU-
WJUIWH/CyTb0aKTaM, aMOKCUIIMJIJIMH/KJIaByJIaHAT),
cyabdaHuIaMugamM (KO-TpUMOKCA30J1), XMHOJOHAM
(uunpodJokcauH), HedaiocrnopuHaM (LedoTak-
cum, Hedenum). Pe3aucTeHTHOCTD K MepeurcIeHHbIM
AMII oueHuBaIu AUCKO-IUGEPY3UOHHBIM METOAOM
Ha arape Mionnepa—XuHToH (Himedia, Munus)

¢ nmomomukio nrckoB ®bYH HUM snmamemuoiorum
v Mukpooduosioruu umeHu Ilactepa B COOTBETCTBUU
¢ pekomenpauusiMmu EUCAST pasznena «Breakpoint
tables for interpretation of MICs and zone diameters»
(Bepcus 13.0) [15] 1 pocCUNCKMMU KJIMHUYECKUMU
pekoMeHaausaMu «OnpeaeaeHre 4yBCTBUTEIbHO-
CTU MUKPOOPraHM3MOB K aHTUMUKPOOHBIM TIperna-
patam», Bepcus 2018-03.

OmnpeneneHre YyBCTBUTEJIbHOCTU K KOJUCTHU-
HY TNPOBOIUIU METOAOM CEPUUHBIX MUKpOpas-
BeneHuit cormacHo 'OCT P MCO 20776-1-2010
B OyiboHe MiwJinepa—XuHToH (Himedia, Unnus),
NPUTOTOBJIEHHOTO B COOTBETCTBUU C WHCTPYK-
HUel TIPOU3BOAMTENSI, B 96-TUM JIYHOUHBIX IIO-
JIMCTUPOJIOBBIX InaHieTax (Mennonumep, PD).
Hnss mpuroToBJeHUs1 paboyero pacTBopa KOJU-
CTMHA MCMOJIb30Balu CyOCTaHIMIO cyiabdaTa KO-
muctuHa (CAS Number 1264-72-8) B ¢dopme mo-
pomika (Sigma Aldrich, T'epmanus). Koauctun
pacTBOPSIIM B CTEPUTBHOU AMCTUJIIMPOBAHHOU

Ta6nuua 1. Uccnepyemble reHbl 6MomapkepoB ana uaeHtudukaumum hvKp

Table 1. Biomarker genes for hvKp identification

Pa3mep
FeH ¢yHKI:|,VIS| AMNMMKOHA, I1.H. Ccbinka
Gene Function . . Reference
Amplicon size, bp
Mpeanonaraembiii TpaHcnopTep MeTabonuMToB
peg-344 Putative metabolite transporter 4t 36
iroB CuHTtes capbmoxenv!ua 585 36
Salmochelin synthesis
iucA CuHTe3s a.apoﬁaKTvl.Ha 556 a4
Aerobactin synthesis
Perynsitop mykoungHoro ¢peHoTuna (prmpA — nnasmmupHas nokanusaums)
. . . 332 29
Regulator of mucoid phenotype (prmpA — plasmid localization)
rmpA
crmpA — XpoMOCOMHas IoKkanu3aums
- 588 29
crmpA — chromosomal localization
rmpA2 Perynstop MyKOl/I.fJ,HOrO deHoTuna (prmpA2 — nn.aamvlptuag nokanu3sauus) 455 29
Regulator of mucoid phenotype (prmpA2 — plasmid localization)
Mpaiimep, HaLeneHHbIi Ha FOMONOrUYHYI0 001aCTb BCEX 3aperucTPUPOBAHHBIX
uni-rmpA Ba.pI/IaHTOB rguos rmpA (prmpA, prmpA2 ncrmpA) . 250 29
Primer targeting the homologous region of all reported rmpA gene variants
(prmpA, prmpA2 and crmpA)
terB PesylcTeHTHoch K ;rennypmy 288 36
Resistance to tellurite
peg-589 ﬂpegnonaraemaa Kap6oKCUMYKOHONaKTOH-Aekapbokcunasa 236 36
Putative carboxymuconolactone decarboxylase
entB CuHTe3 3HTepobaKTUHA 400 12
Enterobactin synthesis
. CuHTe3 nepcmHmabakTMHa
irp2 Yersiniabactin synthesis 230 %6
iutA CuHTe3s gapoﬁaxmua 920 12
Aerobactin synthesis
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Bojie M0 KoHIeHTpanuu 12,8 mr/mia. BHeceHue
pacTBopa aHTUOMOTMKA B JIYHKH IIJIAHIIETOB
OCYUIECTBJISIIU METOJOM TOCJIEeI0BATEIbHBIX CE-
PUWHBIX IBYKPATHBIX pa3BeAeHUI, IPU 3TOM IBE
MOCJIeIHUE JIYHKUW OCTaBJISIIM ITYCTBIMU JIJIST T10-
JIOXKUTEJBHOTO U OTPULATEIBHOIO KOHTPOJEN.
PesynbraTsl onpeneseHus YyBCTBUTESIbHOCTHU UH-
TEePIPETUPOBAIA B COOTBETCTBUU C PEKOMEHIa-
uusamu EUCAST (Bepcus 13.0) [15].

Cekeenuposanue eeHoma. I€HOMHYIO OakTe-
puanbuyio JHK skcTparmpoBaiu M3 KJIECTOYHBIX
KOJIOHUU C MCIIoJIb3oBaHMeM Habopa diaGene mis
BbiieieHus1 reHomHoi JIHK w3 GakTepuasbHBIX
kaetok (HuasMm, Poccus) u QIlAamp DNA Mini
Kit (Qiagen, XunpneH, [lepMaHus) B COOTBETCTBUU
C MHCTPYKIOMSIMU TTPOU3BOIUTENCH. JIJ1sT CeKBEeHU-
poBaHU s TeHOMOB 75 u3onsaToB K. pneumoniae 6pa-
au no 500 ur JJHK 6akTepuit u ¢pparmeHTHUpOBa-
au Ha nipuoope Covaris M220. bubnuoreku JJHK
roToBUJIM ¢ moMmonibio Habopa TruSeq DNA Nano
(Illumina, CIIA), ¢ pacueToM Ha CpeIHUU pa3Mep
BcTaBKU 550 M.H., IO MPOTOKOJY IMPOU3BOAUTEIS.
CeKBeHUpPOBAaHUE T'OTOBBIX OMOJIMOTEK OCYILECT-
BJISIIN Ha npubope MiSeq ¢ ucronb3oBaHUEeM Ha-
o6opa MiSeq Reagent Kit v3. Urenue mpoBoauin
¢ aByx ctopoH no 300 m.H.

IIpouTeHU st MOATOTOBUJIM K COOPKE C TOMOIIbIO
Trim Galore (version 0.6.7), KaueCTBO NMPOYTEHU
nposepsiii mporpammoit FastQC (version 0.11.9).
CO0opKy reHOMOB de novo IPOU3BOAUIIU B IIPOTrpaM-
me SPAdes (version 3.15.5) [33]. KauecTBO cOOpKU
aHanusupoBanau c¢ nowmomiblo QUAST (version
5.2.0) [17].

Omnpenenenuve MLST-TunoB (multi-locussequence
typing) IITaMMOB, BBISIBJIEHHE JIOKYCOB BUPYJIEHT-
HOCTH, accolMupoBaHHBIX ¢ TpaHcno3oHoM ICEKp
(vbt, clb, iro, rmpA), I1a3MUIHBIX JOKYCOB BUPYJICHT-
HocTtu (iro, iuc, rmpA, rmpA2) U TEeHETUYECKUX Je-
TEPMUHAHT ycToHYMBOCTU K AMII (MyTauuu, npu-
OOpeTeHHbIE TeHbl M COOCTBEHHbIC [B-TaKkTamasbl)
ocymectBasian ¢ mnomompio 1O Kleborate [22],
IMpenckazanue K u O cepoTUnoB MpOBOAUIHU C MO-
Moliblo riporpammbl Kaptive [21, 43]

Mynsmunokycnoe cuxkeenc-munuposarnue (MLST-
munupogéarue). MLST-TunupoBaHue U30JISITOB
npoBoauu o cxeme Diancourt u coasr. [13]. Cemb
TeHOB IOMalllHEro Xo3s1icTBa (gapA, mdh, gpi, rpoB,
inf, phoE n tonB) cpaBHMBaJlu C IOCJea0BaTe/Ib-
HOCTSIMM, IOCTYNHBIMU B 0a3e maHHbix MLST
K. pneumoniae (https://bigsdb.pasteur.fr/klebsiella).

Peaynbrathl

Xapakmepucmuka eunepmykouoHblX C8olicme
oakmepuanvibix wmammos. Cpeau 85 KIUHU-
YecKuX HU30J5TOB K. pneumoniae Ha OCHOBAaHUU
«CTPUHI-TeCcTa» BbIsIBIEHO 28 (32,9%) M301TOB
C TUIIEPMYKOUAHBIM (peHoTUIIOM U 57 (67,1%) n3o-
JIITOB C KJIJACCUYECKUM (DEHOTUTIOM.

Ouyenka uyscmeumenvHocmu wimammos K. pneu-
moniae Kk aHmumukpobroim npenapamam. Cpenn 85
n3onsatoB K. pneumoniae 10,6% okazanuch rmaHpe-
3UCTeHTHbIMU (pandrug-resistant — PDR), To ecTb
YCTOMYUBBIMU KO BceM ucciienyeMmbiMm AMII, B ToM
qUCciie K KOJWCTUHY. YKa3aHHBIe IITaMMBbl ITPU-
HaaJIeXXaju K CJIeAYIOMNM CUKBeHC-TuaM: ST395,
ST512,ST307,ST11 1 ST23. lllupokas ieKapCTBEH-
Hasg ycTOWYMBOCTHL (extensively drug-resistant —
XDR), TO ecTb OTCYTCTBHE YYBCTBUTEIBHOCTU

TaGnuua 2. YactoTta BCTpe4yaeMoCTU reHOB
kap6aneHemas u BJIPC y wutammos K. pneumoniae
Table 2. Prevalence of carbapenemase and ESBL genes
in K. pneumoniae strains

len YacToTta
Gene BCTpe4yaemocTtu, %
Prevalence, %
MpuoGpeTeHHble f-nakTamassbl
Acquired p-lactamases
OXA-1 17,3
OXA-1, TEM-1D 17,3
TEM-1D 13,3
OXA-9, TEM-1D 2,6
BJIPC
ESBL
CTX-M-15 54,7
CTX-M-3 1,3
CTX-M-55 1,3
ADC-11*, CTX-M-15, PER-1** 1,3
Kap6aneHemasbl
Carbapenemase

NDM-1 17,3
NDM-1, OXA-48 6,7
NDM-5 4,0
NDM-5, OXA-48 1,3
OXA-48 18,7
OXA-66 1,3
OXA-232 1,3
KPC-3 53
KPC-3, NDM-1 4,0
KPC-2, OXA-48 1,3

Mpumeyanue. *ADC — Acinetobacter Derived Cephalosporinase,
oTHocsTCs K depmeHTam knacca C, **pER — Pseudomonas Extended
Resistant.

Note. *ADC — Acinetobacter Derived Cephalosporinase, belongs

to class C enzymes, **PER — Pseudomonas Extended Resistant.
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Mo KpailHelt Mepe K OTHOMY areHTy U3 BCeX KaTe-
ropuit AMII, HaGmoganack y 41,2% mtaMMoOB. DTHU
IITAaMMBI TIPUHAIJIEXAIMN K CAESAYIOIUM CUKBEHC-
tumam: ST13, S15, ST23, ST39, ST86, ST147, ST307,
ST395, ST512. MHoXecTBeHHasi YCTOWYUBOCTH
(MDR), TOo ecTh yCTOMYMBOCTh MUKPOOPraHU3Ma

K AMII u3 Tpex pa3jJMYHBIX TPYII, BCTpeyaiach
y 32,9% mramMoB. Takue LITaMMbl HpUHAIIEXAaTIN
K cienyomuM cukBeHc-tunam: ST13, ST20, ST23,
ST39, ST307, ST395, ST512, ST556, ST874 u np.
Jlemepmunanmsl ycmou4ueocmu K AHMUMUKpoo -
HbIM npenapamam Ha OCHOBAHUU CeKBeHUPOBAHUS

TaGnuua 3. Xapaktepuctuka wtaMmmoB K. pneumoniae Ha 0OCHOBaHUMW NPUHAANEXHOCTU K CUKBEHC-TUMY

u deHoTUNY rMNepMyKOMAHOCTU

Table 3. Characteristics of K. pneumoniae strains based on belonging to the sequence type and hypermucoid

phenotype
N nsonatos (%) | N isolates (%)
KancynbHbiii Tun (N) ST-Tun
Capsule type (N) ST type MonoXxuTtenbHbl CTPUHT-TECT OTpuLaTeNbHbI CTPUHT-TECT
Positive string test Negative string test
K1 (6) ST23 6 (8,1%) 0
ST395 6 (8,1%) 6 (8,1%)
ST86 2 (2,7%) 1(1,35%)
ST86-1LV 1(1,35%) 0
K2 (19)
ST 0 1(1,35%)
ST65 1(1,35%) 0
ST380 1(1,35%) 0
K3 (3) ST13 0 3 (4,1%)
K4 (1) ST37 0 1(1,35%)
K14 (1) ST37 0 1(1,35%)
ST15 0 3 (4,1%)
K19 (4)
ST2237 0 1(1,35%)
K20 (2) ST147 1(1,35%) 1(1,35%)
K23 (4) ST39 0 4 (5,4%)
ST15 0 1(1,35%)
ST20 1(1,35%) 0
K24 (4)
ST86 1(1,35%) 0
ST359 0 1(1,35%)
K39 (4) ST395 0 4 (5,4%)
K45 (2) ST874 0 2 (2,7%)
K57 (7) ST23 0 7 (9,45%)
ST39 0 1(1,35%)
K62 (2)
ST556 0 1(1,35%)
K64 (2) ST395 1(1,35%) 1(1,35%)
ST307 0 5 (6,75%)
Opyrue Tunel | Other types
KL102, KL107 (13) ST512 2 (2,7%) 5 (6,75%)
ST15 0 1(1,35%)
Bcero 74 o o
Total 74 23 (31,05%) 51 (68,95%)

Mpumeyanue. K, KL —kancynbHbii Tun, N — k0nm4ecTBo n3onsToB, ST — CUKBEHC-TUM.

Note. K, KL — capsule type, N — number of isolates, ST — sequence type.
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eenoma. Ilo pesyapTaTaM MOJTHOT€HOMHOTO CEK-
BeHUpoBaHUs 75 usositoB K. pneumoniae 'y 81,3%
ObLJIM OOHAPYXKEHBI T'e€Hbl PE3UCTEHTHOCTU K aMU-
Horiuko3uaaMm, y 68,4% — K (GTOPXMHOJOHAM,
y 43,4% — X mMakpoiaugaMm. [eHbl pe3uCTEeHTHOCTH
K (peHuKoJIaM ObIJTM OOHapyXKeHBl y 72,4% 1mrtam-
MOB, a K cyabdaHunimamMuiaM y 65,8% u3015TOB.
I'eH pe3ucTeHTHOCTHU K pudaMIUIUHY (arr-2) ObLT
xapakrepeH 1is 11,8% n3019T0B, K TETPALUKIUHY
(tetA) — 35,5%, a TeHbl YCTOMYUBOCTU K TPUMETO-
npumy — 71,1% u301TOB.

C nomotbo nporpamMmbl Kleborate ncciaemoBa-
JIM 4acCTOTYy BCTPEUYaeMOCTU TeHOB KapbOareHeMa3s
u P-nakrama3 paciimpeHHoro crnekrpa (BJIPC)
y mramMmmoB K. pneumoniae (Tabi. 2).

Ha ocHoBanum mnporpammbl Kleborate omne-
HUBaJIuW MHAEKC YCTOMUYMBOCTU (resistance score)
HUCCIEIOBAaHHBIX IITAMMOB K aHTUMHUKPOOHBIM
nperaparam:

0 — orcyrctBue BJIPC,
OaneHema3 (HE3aBUCUMO OT
K KOJIUCTUHY);

1 — nanuuyue BJIPC, oTcyTcTBUE KapbaneHeMas
(He3aBHMCUMO OT PE3UCTEHTHOCTH K KOJIUCTUHY);

2 — HaJMuyue kapbamneHemas, OTCYTCTBUE YCTOM-
YUBOCTHU K KOJUCTUHY (He3aBucumo oT BJIPC unu
myTauuit OmpK);

3 — HajnmuMe KapOareHeMas U Pe3UCTCHTHOCTH
K KonucTuHy (He3zaBucumo oT BJIPC uiu myTtauui
OmpK).

Cpenu ucciaeaoBaHHBIX 75 miTaMMOB K. pneumo-
niae NUHAEKCOM PE3UCTEHTHOCTH 3 obnamanu 5,3%
ITAMMOB, MHJAEKCOM 2 — 57,3%, uHaekcom 1 —
18,7%, a nunexcom 0 — 18,7%.

Onpedenenue kancyasvHolx munoé (K-munos).
lumiepBupyeHTHBIC IITaMMBI K. pneumoniae Han-
0oJice YacTO MpUHAIJICKAT K KAIlCyJIbHBIM THUIIAM
K1 u K2, KkoTopble 00ecrneunBalOT BUPYJEHTHbIE
CBOMCTBa KJieOCHENJ B KOMOWMHALIUM C APYTUMU
neTepMUHaHTaMu [1].

Ha ocHoBaHMM @OAHHBIX TTOJIHOTEHOMHOTO
CEKBEHUPOBAHUSI OBIJIM OMNpeAeIeHbl KallCyJib-
Hble TUNbl. Cpeau 75 MccieqoBaHHBIX U30J5TOB
8% u 25,3% mTaMMOB NpUHamJIeXalld K TUILY
K1 u K2 coorBeTcTBeHHO. BBITM 0OHApy>KeHBI
apyrue karcyiabHbie Tumnbl hvKp: K20 — 2,6%,
K57 — 9,2%, K64 — 2,6%. OcranbHble IITaM-
MBI MpUHAOJIeXaJdu K KalCyJbHBIM THUIIAM, Xa-
pakTepHBIM IJI Kiaccuuyeckux kKiaeocuenn (K3,
K14, K15, K19, K23, K24, K39, K45, K62). B xozne
uccaenoBaHus OblJIM oOHapyxkeHbl Tunbl KL102,
KL107, KL112, nnst KOTOpbIX COOTBETCTBYIOIIME
CepoJIOTMYECKHNE THUIIBI KaIICYyJI €Ile MPEaCTOUT
ONPENEIUTh.

MLST-munuposanue. I'utiepBUpYJICHTHBIE LLITAM-
Mbl HauboJiee YacTO MMEIOT CJICAYIOIINE CUKBEHC-
tunel: ST23, ST57 (accoummpoBaHbI ¢ KaIICyJIbHBIM
turiom K1), ST86, ST375 u ST380 (acconmumpoBaHbI
¢ KancyJbHbIM TUIIOM K2) [37].

OTCYTCTBHUEC Kap-
PE3NCTCHTHOCTHU

ITo pesynbraram MLST-TunupoBaHus uAeH-
TuduuupoBaHo 18 pasznuuHbix ST-Tunos ansa 74
HMCCJICIOBAHHBIX M30JISITOB, IJISI OOQHOTO M30JIsITa
ST-tun onpenenuth He yaaiochk (NA). Haubonee
pacnpoctpaHeHHble Tunel — ST395 (24,3%),
ST23 (17,6%) u ST512 (9,5%). Takxe ObL1M OOHA-
pykeHnl ciaeaywoomue tunbl: ST11 (1,4%), ST86
(6,8%, Bxatouass ST86—1LV, B KOTOpOM OOUH JIO-
Kyc He cooTBeTcTBoBaJ Tuny ST86), ST65 (1,4%),
ST307 (6,8%).

Bce mtammbl K. pneumoniae KancyjJbHOTO TUMA
K1 (n = 6) npuHamiexaan K cCukBeHc-tumy ST23.
Hnsgtuna K2 12 uzonsgatoB npuHaaiexanum K ST395,
4 n3onsita — K ST86 (Bkirouas ST86—1LV), n o
1 mrammy — x STI11, ST65 n ST380. ABa mram-
Mma K20 nmpunapnexann Kk ST147, ceMb U30I5TOB
K57 — x ST23 u nBa muramma K64 K. pneumoniae
npuHaaiexaau Kk ST395 (ta6a. 3).

Jlokycet eupyrenmuocmu. Ha ocHOBaHUM HaIU-
91s TEHOB, KOOMPYIOMINX MePCUHUAOAKTUH (ybi),
KOJMOaKTUH (clb) 1 adpobakTUH (iuc), oleHUBaIn
WHIEKC BUpPYJAeHTHOCTHU (virulence score). B coot-
BeTCTBUU ¢ ITporpammoit Kleborate [22] mHaeKC BU-
pyAeHTHOCTH BapbupyeTcs ot 0 mo 5:

0 — oTcyTCTBME TIepEUNCTICHHBIX TEHOB;

1 — Hanu4Yue uepcuHUabaKTUHA;

2 — HaJIu4yue uepcuHuabakTUHa U KOTUOAKTHU-
Ha (MJIM TOJIBKO KOJIMOAKTHHA);

3 — Hanuuue a’pobakTuHa (6e3 uepcuHuadak-
TWHA WJIV KOJIMOAaKTUHA);

4 — Hanuuyue a’pobaKTMHA U UEPCUHUAOAKTU-
Ha (6e3 KoTnbaKTUHA);

5 — HaJIW4YUe BCEX TPeX TeHOB BUPYJICHTHOCTU.

Cpenu 75 ucciieioBaHHBIX IITAMMOB UHAEKCOM
BUPYJEHTHOCTH 5 o6namanu 10,7% mramMMoB, MH-
nekcoM 4 — 37,3%, unaekcom 3 — 25,3% 1mtaMMoOB,
nHaekcoM 2 — 0%, nagexkcom 1 — 21,3%, nHnex-
com 0 — 5,3%.

O6cyxaeHne

deHoTnMUecKast OlleHKa YYBCTBUTEIBHOCTH
85 KAMHNYeCcKUX U30JaITOB K. pneumoniae B HallleM
MCCIeIOBAaHUM TMoOKa3ajia CJICAYIOIINEe pe3yabTa-
te1: PDR — 10,6%, XDR — 41,2%, MDR — 32,9%.
Cpenu HUX pe3UCTEeHTHOCThIO K KOJIMCTUHY 00Jia-
manu 23,5%, kK xapbanieHeMaM — 64,7% 1ITaMMOB.
B pabGore mo wmcciienoBaHUI0 aHTUOMOTUKOpPE3U-
CTEHTHOCTH U30JISITOB K. pneumoniae, BBIICITICHHBIX
u3 kpoBu 607bHbBIX COVID-19 [4], yyBCTBUTEb-
HBIMHA K AMII Ob11M TOJTBKO 4% M301SITOB.

YcroiiunBoCTh K KapbareHeMaM MOXET OBbITh
omocpenoBaHa MpOmyKIIMell KapOameHemas3 WIJIN
coueTaHWeM HapylIeHUs DKCIPEecCur TIopuHa
Ha BHEIITHEUW MeMOpaHe W MPOAYKIINU Pa3sTInIHBIX
B-nmaktamas [20]. KapbGameHemasbl MOTYT MpH-
maBaTh IITaMMaM DPE3UCTCHTHOCTh ITPAKTUYECKU
KO BCEM HU3BeCTHBIM P-maktamMHbIM AMII. B wuc-
CJIeIOBAaHWY TTPOAYKIIMM KapbarmeHeMa3 HO30KO-
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MUanbHbIMU MITaMMaMu B CaHKT-IleTepOypre [2]
HauboJjiee 4yacTo OOHapyXuBaJau KapOareHemasbl
NDM-1, pexe OXA-48 u KPC-2. Ilo pe3synbra-
TaM IIPOBEIEHHOI HaMMu pabOThl CAaMBIMM PacIIpo-
CTpaHeHHBIMU TeHaMUu KapOarieHemMas ObLIN TeHbI
OXA-48 (18,7%) u NDM-1 — 17,3% 1raMMoOB,
a B 6,7% mramMoB reHbl NDM-1 u OXA-48 npu-
CYTCTBOBAJU OTHOBPEMEHHO.

JHonst mramMmoB ¢ reHamu B-makrama3 CTX-M-15
B HaIlleM ucclieqoBaHuM coctaBuia 54,7%, OXA-1 —
17,3%, TEM-1D — 13,3%, u B 17,3% cny4aeB
B IIITAMMaxX OJTHOBPEMEHHO MPUCYTCTBOBAJIN I'eHbI
OXA-1u TEM-1D.

K. pneumoniae obnanaet BCeMU U3BECTHBIMU Me-
XaHU3MaMM YCTOMYMBOCTU T'pPaMOTpPHUIIATEIbHBIX
OakTepuit K xuHosoHaMm [34], Bkitoyass Moaudu-
Kallulo Te€Ha-MUIIEHU, 3alUTy MUIICHU, aKTUB-
Hoe BeiBeneHue AMIT (3 datokc) u MHaKTUBALIUIO
depMeHTaMu. B mpoBegeHHOM HaMu McCCJieqoBa-
HWHU FeHbl Pe3UCTEHTHOCTU K XMHOJIOHAM BCTpeva-
ek y 68,4% mtammoB. CaMbIMU pacIIpoOCTpPaHEH-
HbIMU TeHaMmu ObLIn gnrS1 (40% mrammoB) u gnrB1
(22,7%).

l'iriepBUpPYIEHTHOCTD IITaAMMa 4aCTO acCOIIU-
MpOBaHa ¢ TUIIEPMYKOUTHOCThIO. bakTepuanbHas
CJIU3b SIBJISIETCS MPSIMBIM CJIEICTBUEM TOTO, YTO
NPOMCXOMUT COpPOC KamcyJbHOTO MaTepuasa
BO BHEKJIETOUHYIO Cpeay, a 3HAa4YuT, TUIIEPMYKO-
MIHOCTh IITaMMa CBSI3aHAa C YPOBHEM ITPOAYK-
MU KarcyabHbIX TToaucaxapuaos [5]. ITo pe3yib-
TatTaM Halllero uccienoBaHus 32,9% W307159TOB
K. pneumoniae obGnananu rurepMyKouaHbIM ¢e-
HOTUIIOM Ha OCHOBAaHMM CTpPMHr-TecTa. JlaHHBIE
IITAMMBl BBI3BIBAJIM CJIeAylolue 3abojieBaHUS:
¢JieTMOHY, ITHEBMOHMIO, CEIICUC, TEPUTOHUT.
B crarbe Luo ¢ coaBT. 29% KIMHUYECKUX U30-
JISITOB, BBI3BIBAIOIIMX MEPBUYHBIN abcliecc mnede-
HH, HE TIPOSIBISIIA TUIIEPMYKOUIHOTO (hEeHOTH-
na, cBsizaHHoro ¢ hvKp [26]. JlaHHBIe pe3yIbTaThl
MpeaIojiaraloT, YTO TMIEPBUPYJICHTHBI (DEeHOTUTI
HE MMeeT MPSIMON 3aBUCHMMOCTU OT TMIIEPMYKO-
nuaHoctu. CienoBaTeIbHO, TMIEPBUPYJICHTHOCTh
JIOJIKHA OIPEAeSISITbCS He TOJIBKO (hEeHOTHUIIOM,
HO TakKXXe TeHOTUIIOM U KJIMHWUYECKUMU Xapak-
TepucTukKamMu wuHbekuuu. JApyrumMmu ciaoBamu,
TUMEPBUPYJICHTHOCTh BBIXOAMT 3a paMKM Karl-
CYJLHOTO CEPOTHUINA M TOJIOXKUTEJIbHOTO CTPUHT-
TecTa [26]. OmMHAKO CTPUHT-TECT SIBIISIETCS CUTHA-
JIOM TOTO, YTO KJIMHUYECKUIN 30T MOXET OBITH
TUNEPBUPYJEHTHBIM. TaKUM 00pa3om, OTCYTCTBUE
TUMEPMYKOUTHOCTU HE MCKIIYaeT TUIIEPBUPY-
JIEHTHOCTb IITaMMa [8].

V K. pneumoniae cyiiecTByeT 0OJIbIIIOE BHYTPU-
BUAOBOE pa3HOOOpasue CTPYKTYPbl T€HOMOB, IJISI
KJaccu(UKaMm KOTOPBIX MCIOJb3YEeTCS MHOTO-
JIOKYCHO€ THUIIMPOBAaHUE MOCIEA0BaTEIbHOCTEMH
(MLST) [13]. I[TonyyeHHBIe B pe3yjbTaTe KJacCu-
dukauuu TUNbl nociaegoBareabHocTu (ST) sABIS-
IOTCS KJIMHUYECKU 3HaYUMbIMU [11].

ITo pesynabraTam IpoOBeAeHHOW HamMu PabOTHI
HauboJiee pacIpoCTPaHEHbI CAEAYIOIIME CUKBEHC-
tunel: ST395 (24,3%), ST23 (17,6%) v ST512 (9,5%).
Taxkxe oOHapyxeHbl ciaeaytomve Tunbl: STI11
(1,4%), ST86 (6,8%, Bxarouast ST86-1LV, B KoTOpOoMm
OJMH JIOKYC He cooTrBeTcTBOBaJ Tty ST86), ST65
(1,4%), ST307 (6,8%). Bce mrrtaMMbl, MpUHaIIeXa-
e Kk ST23 K1 (8,1%), o6:1amanm moaoXuTeIbHbIM
CTPUHT-TECTOM, a Bce mraMmmbl ST23 K57 (9,45%)
00J1aja I OTPUIIATEIBHBIM TECTOM Ha TUIIEPMYKO-
uaHOCTh. LIITaMMBbI, OTHOCSIIIUECS K KanCyJIbHBIM
tunam K3, K4, K14, K19, K23, K39, K45, K57, K62
B 100% cnydaeB JeMOHCTPUPOBAIU OTPULIATEb-
HBII CTPUHT-TECT.

Cpenu mtamMmMoB ¢ ST23 oauH ObLI YCTOMUYUB
Ko BceM uccienyeMbiM AMII (maH-pe3uCTEeHTHBIN),
TPU M30JiATa ObLIU YCTOWUYUBBI KO BceM AMII,
32 MCKJIIYEHUEM OIHOro (KOJIMCTUHA WJIM KO-
TPUMOKCa30J1a), U 6 IITaAMMOB TTPOSIBJSITU MHOKE-
CTBEHHYIO JIEKapCTBEHHYIO ycToluyuBOCTb. PDR
mrtamMMm ST23 npuHaaiexals K KarcyJbHOMY TUIY
K57 u obnaman reHaMU PEe3UCTEHTHOCTU K aMU-
HOrIMKoO3uaaM (aac(6’)-1b; rmtF), OTOPXWHOJIO-
HaMm (gnrBl), ¢enukonam (catAl), pudaMnuuu-
HY (arr-2), a Takxke reHamMu P-maktama3d OXA-48
n CTX-M-15.

Hpyroit nnentudpukarop hvKp — tun kancy-
abl (K). B pe3yabraTe MOJTHOT€HOMHOI'O CEKBEHMU-
pOBaHUSI HaMU OBLIM OIpeAeSieHbl KarllCyJIbHbIe
TUTIBl KJWHUYECKUX U30JATOB K. pneumoniae.
Cpenu 75 ucciieqoBaHHBIX ITaMMOB 8% u 25,3%
mraMMoB TpuHaniexaau Kk tuny Kl u K2 co-
OTBETCTBEHHO. BBl OOHapy>XeHBbl Ipyrue Kar-
cyabHbie Tunbl hvKp: K20 — 2,6%, K57 — 9,2%,
K64 — 2,6%. OcraibHble IITAMMBI IIPUHAAJIEXATN
K KarCyJbHBIM THMIaM, XapaKTepHBIM JIJIsl Kjac-
cuyeckux kiaedcuenn (K3, K14, K15, K19, K23,
K24, K39, K45, K62). B xone uccienoBaHust ObLIN
ob6HapyxkeHbl TUIbl KL102, KL107, KLL112, nst ko-
TOPBIX COOTBETCTBYIOIINE CEPOJOTUYECKUE TUIThI
KarcyJ elle MmpeacTouT OnpeaeuTh.

Xopollio oxapakKTepu30BaHHBIE AETEPMUHAHTHI
BUpPYJEHTHOCTU Yy K. pneumoniae BKJIIOUAIOT JOKY-
Cbl CUHTE3a MOJUKETUI0B ybt U clb (Takke U3BeCT-
HbIe KaK pks), Kogupylliue cuaepo@opbl uepcu-
HMA0AKTUH U F€HOTOKCUH KOJMOAKTUH COOTBET-
CTBEHHO. DTH JIOKYChI PACIIOJIOKEHBI B MOOMJILHOM
reHeTudeckoM ajieMeHTe ICEKp, KOoTOpbIil SIBIS-
eTcs HamboJjiee pachHpoCTpaHEHHBIM TeHEeTuYe-
CKUM BJIEMEHTOM, CBSI3aHHBIM C BUPYJIEHTHOCTHIO
K. pneumoniae [22]. B uccienoBaHuu, MOCBSILIEH-
HOM Te€HEeTMYEeCKOMY pa3HOoOpa3nuio MOOUIBHOIO
anemeHTa ICEKp [22], 1oKyC ybt Obl1 0OHapyKeH
B40% reHoMoB K. pneumoniae cpeny ITAMMOB, CBSI-
3aHHBIX C UHBa3UBHBIMU UHMeKIUsAMU. JIokyc c/b
npucyTcTBoBal B 14% Bcex reHoMOB K. pneumoniae
(38,4% renomoB ybt+).

B mpoBemeHHOM HaMM HCCJIEIOBaHUM JIOKYC
ybt 6bL1 XapakTepeH aas 69,3% W307a9TOB U ObLIT
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acCOIMMPOBAH C 7 pa3IMYHBIMU MHTETPATUBHBI-
Mu MoouabHbIMU 3jieMeHTamMu ICEKp u opHoit
mrasMuaoit, a Jjokyc clb mpucyrctBoBan B 10,7%
mrTamMmmoB. CaMBIMU paclpoCTpaHEHHBIMU MO-
ounbHbIMU 2aemMeHTamMu Obliu ICEKp4 (n = 10)
u ICEKpl10 (n = 8). MoouabHbil 271eMeHT ICEKpI10
TaK>Xe HECeT JIOKYC T€HOTOKCHMHAa KOJuOaKTHUHa
(clb) v BEpOSITHO CBsI3aH C TUIIEPBUPYJIECHTHBIMU
mTamMMaMu. TakuMm oOpa3oM, MOOUJIbHBIE TE€HE-
TUUYECKUE 3JIeMEHThI, Hecyluue ybt u clb, cBodo-
HO UUPKYJIUPYIOT B monyiassuuu K. pneumoniae,
B TOM YMCJIE CPeIM IITaMMOB C MHOXECTBEHHON
JIEKapCTBEHHOI ycTOWYMBOCThIO. JlaHHBIE JIO-
KYChl CJIeIyeT paccMaTpuBaTh KaK MMILIEHb IJIs
TeHOMHOTrO Haja30pa BMeEcCTe C JeTepMUHaHTaMU
AHTUOMOTUKOPE3UCTEHTHOCTH [22].

Jpyrue BaxkxHbIe KJIacTepbl TEHOB BUPYJIEHTHO-
CTU KOAUPYIOT OMOCUHTE3 CUIepOPOpOB adpobak-
TUHA (iuc) U caJlbMOXeJlnHa (iro), CBSI3aHblI C UH-
Ba3MBHBIMU 3a00JI€eBaHUSIMU M PACIIPOCTPaHEHBI
cpely TUIEPBUPYICHTHBIX KJIOHOB K. pneumoniae,
BBI3BIBAIOIIMX TSKeJible BHEOOJNbHUYHBIC WH-
dexnuu, Takue Kak abclecc MmeyeHu M MHEeBMO-
Hus [24]. B xone paboThl ObLIU ONpPeaeeHbl aCCO-
OUUPOBAHHBIC C TJIa3MUA0N JOKYCH iuc (73,3%)
u iro (14,7%). JIluaus iucl oplna HauboJiee pac-
NPOCTPaAaHEHHBIM BapUaHTOM JIoKyca iuc (n = 54).
JlaHHBI JOKYyC OOBIYHO pacrojaraetcsl Ha IJia3-
mune BupyyieHTHocTU KpVP-1 (pLVPK 1 pK2044-
nogoOHble miuasmMuabl) [24]. Hpyras auHus iuc2
cBsa3aHa ¢ naasmuaoit KpVP-2  (Kp52.145pll-
nogoOHbI) [24] u Oblla OoOHapyXeHa B OIHOM
mrtamme (ST380, K2).

T'eubl rmpA u rmpA2 cBsI3aHBI C TUTIEPMYKOM -
HBIM (DEHOTHUIIOM, KOTOPBI SIBJISICTCS IPU3HAKOM
BUPYJICHTHOCTHU, YaCTO HaAOJIIOJaeMbIM Yy TUIIEp-
BUPYJICHTHBIX IITaMMOB K. pneumoniae. HemaBHsis1
pabota [41] moka3asia, 4TO rmpA CAYyXUT perys-
TOPOM TPAaHCKPUNLMU Ias1 reHoB rmpD i rmpC,
M BMECTE 3TU T€HbI COCTaBASAIOT JIoKyc rmpADC.
I'en rmpC ydacTByeT B YCUJIEHUUM IKCIIPECCUU
KarmcyJibl, B TO BpeMs KakK rmpD CBSI3aH C TUTIEp-
MyKouaHocThlo. Ilo pe3yiabTaTamM pabOThl TeH
rmpA Ob1IT XapakTepeH a1 49,3% U30JIITOB, a TeH
rmpA2 — nnst 58,7%.

Mpb1 obHapykuiu 44 cinydas (58,7% 11TamMmMoB)
TeHOTUTIMYECKO KOHBEPTreHIIMU BHUPYJICHTHOCTU
W aHTHMOMOTKOPE3UCTEHTHOCTH, Ha YTO yKa3bIBa-
€T OJHOBPEMEHHOE HaJuuue JOoKyca adpobaKTu-
Ha (iuc) M TeHOB P-JTakKTamMa3s MM KapOarmeHeMas.
Cpenu HUX BCTpeYyaaWCh KaK IITaMMBbI, TIpPUHAJ-
JIeXalninue K TUTePBUPYJICHTHBIM CUKBEHC-THUIAM
(ST11, ST23, ST86), KOoTOpBHIE NMPUOOPETU TIeHe-
TUYECKHUE JeTePMUHAHTHI aHTHUOMOTUKOPE3U-
CTEHTHOCTH, TaK 1 MHOXECTBEHHO-PE3UCTECHTHBDIC
MITAMMBI C TIPUOOPETEHHBIMHU MJIa3MUIaMU BUPY-
JIeHTHOCTU. [To TuTepaTypHbIM TaHHBIM IITAMMBbI
K. pneumoniae ¢ MHOXECTBEHHOU JIeKapCTBEHHOM
ycToituuBOCThIO mpuHagiaexar kK ST17, STIO01,

ST258, ST307 [19, 32]. I1To pe3ysibTaTaM CEKBEHU-
poBaHUS HaMM ObIIM OOHapyKEeHbl KJIWHUYEC-
Kue usonadathl (n = 5), npuHaaiexamive K ST307,
C MPUOOPETEHHBIM WHTErpPaTUBHBIM MOOWUJIbHBIM
anemeHToM ICEKp4. JlaHHbIe lITaMMBbl 00Jlagaau
Takxke reHaMu Kapd6amneHemasd (NDM-1, OXA-48)
u B-nmakramas (CTX-M-15).

Cpeny KOHBEPTeHTHBIX IITAMMOB C CUKBEHC-
tunamMu hvKp aBa mTamMma ObIJIM YCTOWYMBBI
KO BCEM MCCJEAYyeMbIM aHTUOWMOTUKAM, IIECTh
IITAMMOB TMPOSIBJASJIN 3KCTpeMaJibHYIO JeKap-
CTBEHHYIO YCTOUYMBOCTb (5 M3 HUX COXPaHSJIU
YYBCTBUTEJbHOCTh K KOJMCTUHY MU | — K KO-
TPUMOKCA30Jy) M IIECTh IITAMMOB SBJISIJIUCH
MHOXECTBEHHO-YCTONUYUBBIMHU.

HetepmMuHaHThl ycToituuBoctu K AMII u ne-
TePMUHAHTHl BUPYJEHTHOCTU OOBIYHO MOOUIU-
3yI0TCSl Ha IJa3Muaax, MO3TOMY UX KOHBEpPIeH-
LUsI BHYTPU OTAEAbHBIX IITAMMOB HE€ SIBJISIETCS
HeoXuJaHHOW. MozanuyHasg Tpupoaa IMJIa3zMumg
K. pneumoniae co3naeT puUCK KOHBEPreHIUU Jie-
TePMUHAHT PE3UCTEHTHOCTU U BUPYJEHTHOCTU
B mpenenax OgHOW TMiaa3Muibl. Takue BEKTOPBI
hv-ABP MoryT pacnipocTpaHsTbCS Cpeau KJIUHU-
YEeCKUX IITAMMOB W IMpUIaBaTh UM CITOCOOHOCTH
BBI3BIBAaTh CE€pbe3Hble UHMEKUUU Yy 3A0POBBIX
JIloAel ¢ O4YeHb OTrpaHUYEHHBIMU BapuUaHTaAMU
JnedeHus [23].

Naentudbukanusa hvKp kak MHGOEKIIMOHHOTO
areHTa umeeT Oosblioe 3HaueHue. Ecnu nHbpek-
uus Bei3BaHa hvKp, aTo MoxXeT yka3bIBaTh Jeya-
IeMY Bpayy Ha HEOOXOAMMOCTb MPOBEIECHU S J10-
MOJIHUTEJIbHBIX HCCJENOBAaHUU (KOMITbIOTEpPHAS
tomorpadus (KT) wuam MarHUTHO-pE30HaHC-
Hasi ToMorpapuss (MPT)) ¢ ueinbo obOHapy:xKe-
HUS TPYAHO OTHUATHOCTUPYEMbIX O4YaroB WHGEK-
nuu [30]. UneHTuduKanss HEKOTOPBIX CKPBITHIX
ouyaroB MHpekuuu (HaodranbmuTa, abcuecca
TOJIOBHOI'O MO3ra, MpeacTaTebHON Keje3bl, Me-
HUHIUTA) BaXHa, IOCKOJBbKY pPEXUM 03UPO-
BaHuss AMII cneuuduryeH ajis KaXIoro oyara.
Heob6xoauMbl agekBaTHbIE KOHIIEHTpallMU IIpe-
napata sl TOCTUXEHUS] ONTUMAJIbHOTO Pe3yb-
TaTa jedyeHus [25].

TunepmykouaHbiii deHotun hvKp mMoxeT BbI-
3bIBaTh 3aTPyJAHEHUS MNPU JIEUEHUU aOCIIEeCCOB.
TloBblIeHHAsT BI3KOCTh U30JSITOB MOXET MPEensT-
CTBOBATh UPECKOKHOMY APEHUPOBAHUIO U YBEIU-
4YMBaTh BEPOSITHOCTb 3aKyMnopKu KaTteTepa [32, 39].
Nudexkuusa hvKp MoxeT ObITh CBSI3aHA C PeLIUAU-
Bamu [9, 16, 18, 42]. Korma hvKp uaentuduupy-
eTcsl KaKk MH(MEKIIMOHHBIN areHT, MOXeT MoTpedo-
BaTbCs OoJjiee AJUTEIbHBIN KypC JEeYeHUsI, YTOOBI
MaKCUMU3UPOBATh MOKa3aTeJd U3JIeYEHUS U CBe-
CTU K MUHUMYMY PELIMIVBHI.

TakuMm obpazoM, nAEHTUDUKALIUS TUNIEPBUPY-
JIECHTHOCTU MOXET IMPEeACTaBIASATh LIEHHY10 WHDOP-
Maluio I KJIWHUYECKOrO BEIeHHUsS IallMeHTOB
¢ hvKp-unbekusamu.
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BbiBOAbI

1. B pe3ynbraTe TEeHOMHOTO aHajau3a BUPYJICHT-
HOCTU U aHTUOMOTMKOPE3UCTEHTHOCTU KJIIMHUYEC-
KUX U30JISITOB K. pneumoniae yCTaHOBJIEHO, 4TO 54,7%
MTAaMMOB WMeNTu TeHbl P-makramaz CTX-M-15,
a 68,4% — reHbl pe3UCTEHTHOCTU K XMHOJIOHAM.

2. ®eHoTUTIMYUECKAsT OIlEHKA YYyBCTBUTEIBHO-
CTU K aHTUOMOTHKAM MOKa3aJia, YTO PE3UCTEHTHO-
CThIO K KapbaneHeMaM ob1anaiu 64,7% 1TaMMoOB,
a TUTNEPMYKOMIHBIM (DEHOTUTT XapaKTepeH s
32,9% uzonatoB K. pneumoniae.

3.V 58,7% mitamMMoOB OOHapyXXeHa T€HOTUIHU-
yeckass KOHBEPTEeHIIMSI BUPYJIEHTHOCTU W aHTU-

OMOTUKOPE3NCTEHTHOCTH, HAa YTO yKa3bIBaeT OJI-
HOBpEeMEHHOEe HajJau4due JIoKyca adpobakTUuHa (iuc)
¥ TeHOB B-aKTaMa3 UJInu KapbarneHeMas.

3ak/yeHme

Takum obpa3om, uaeHTU(GUKALIUS TUIEPBUPY-
JIECHTHOCTHY MOXET IIPEACTaBISITh LIEHHYIO MHPOP-
MalMIo I8 KJIMHUYECKOTO BEACHMS ITallMeHTOB
¢ hvKp-nundpeknusamu. ITosaToMmy odyeBuaHA HEOO-
XOOMMOCTh pa3pabOTKM KOMILJIEKCHOrO AUarHo-
CTUYECKOrO TeCTa AJIs1 OMHOBPEMEHHOI0 CKPUHUH-
ra MHOXECTBEHHO-YCTOMUYMBBIX T'UIIEPBUPYJIEHT-
HbIX IITAaMMOB K. pneumoniae.
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KOJINMECTBEHHAA XAPAKTEPUCTUKA
BUPYCA SMNLWUTENHA-BAPP

B IEMKOLIUTAX KPOBU Y B3POCJIbIX
BN4-UHOULIMPOBAHHbIX MALIMEHTOB

M.W. Ilonkosa', E.H. ®uaarosa!, C.B. Munaena?, H.B. Heymounna', K.M. Ileppuional’,
O.B. Yrkun'

'@FYH Huxce20podcKkuil HAY4HO-UCCACO08AMEAbCKULN UHCIMUMYM SNUOCMUON0UU U MUKPOOUOAOUU UM. AKAOCMUKA

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

2@I'BOY BO Ipusoaxcckuii uccaedosamenvckuii meouyunckuil ynugepcumem Munzopaea Poccuu, e. Huxcnuii Hoeéeopoo,
Poccus

Pestome. Konnduurposanue Bupycom nummyHoaebuiura yeaoseka (BUY) u Bupycom Dnmreitna—bapp (BOb) —
aKTyaJibHasi MeIUKO-0Krojorndyeckas npooaema. Llenb vccienoBaHuss — OLIEHUTh YaCTOTY BBISIBJICHUS U BUPYCHYIO
Harpy3ky BOb B nelikouuTtax kpoBu y B3pocibix BUY-uHbuLIMpOBaHHBIX MaUMEHTOB. MaTepuaioM Uccael0BaHUs
MTOCTY KM JIeWKOIUTH KpoBu 138 BUY(+) n 68 BUU(—) nui B Bo3pacte 20—69 set. KomuecTBeHHOE ONpeneieHne
JAHK B3b BeimonneHo metogom TP B peanbHoM BpemeHnu. CTaTUCTUYECKUIT aHAIM3 TPOBOAUIN AUDhepeH -
poBaHHO 1o ctagusiMm BUY-unpekuun, conepxxanuio CD4" T-m1umMboLUTOB, MPUBEPKEHHOCTU aHTUPETPOBUPYC-
Holi Tepanuu. B pesynbrate mokaszaHo, uyto JJHK BOb y BUY(+) mauneHTOB BBISBISIN 3HAYUTEIbHO Yallle, YeM
y BUY(-) nu (70,3+£3,9% u 48,5+6,1%, p = 0,008). Bupychas Harpyszka BOb coctaBuia coorBeTcTBeHHO 18 [5; 139]
npotus 2 [1; 3] xonuii/10° knetok (p < 0,001). [TokazaHo, uro rpymnna BUY(+) nauueHTOB HEOAHOPOIHA T10 YACTOTE
BBISIBJICHUS 1 BUPYCHOI Harpy3ke BOB. Hanboee Boicokue 3HaYeHMs 4acTOTHI (86,7£6,2%) n konuentpauuu JHK
BOBb (121 [34; 252] xomuii/10° KJI€TOK) OTMEUYAIUCh B IPYIIIE «HAUBHBIX» TALIMEHTOB C TSXKEIbIM UMMYHOIE(ULIUTOM.
Cpenu «OMBITHBIX» MALIMEHTOB, MOJYyYaBIINX TEPANNio, OTHOCUTENbHBIN puckK BoisBiIeHUsE JHK BOb npu Huskoi
MPUBEPKEHHOCTU OBLJT 3HAYUTENBHO BhIIIE MO CPABHEHUIO C TEMHU, Y KOTO C(hOPMUPOBAIACh BHICOKAS TPUBEPKEH-
HocTh (OP 1,69 (95% AW: 1,28-2,24), p < 0,05). [1pn TOCTHXEHUU HEOMPEACISICMOTO YPOBHSI BUPYCHOW HArpy3KH
BMY konuentpauus JTHK BOb Obiya cymiecTBeHHO HUXe, 4yeM B caydasix, korna PHK BUY onpenensinacs (10; §]
npotus 15 [1; 162] konuu/10° knetok, p < 0,001). O6Hapyxenue JJHK BBb comnpsikeHo ¢ 6oJice BHICOKUM YPOBHEM
BUpycHoil Harpy3ku BUY u Huskum conepxkanueM CD4* T-1uM®oLUTOB 10 CpaBHEHU IO C TEMU NALlMEHTaM U, Y KOTO
JAHK BDb He BbIsBisiIach. YcTaHOBIIEHA B3aMMOCBS3b MexX 1y KonndecTBoM CD4" T-numdouurtoB y BUU(+) mauu-
€HTOB U BEPOSTHOCTHIO aKTUBHOI BOB-nHdexkuu. OnpenenaeHo noporosoe 3HaueHue 200 kieTok/MkJI. KoanuecTBo
CD4" T-nrumpornutoB < 200 KIeTOK/MKJI aCCOIIMMPOBAHO C MOBBIIIEHHBIM B 3,3 pa3a prCKOM BBISIBJICHUS aKTUBHOI
BOb-nHbeKkny 1o cpaBHEHUIO ¢ MallMeHTaMM, Y KOTOPhIX KonumdecTBo CD4" T-mumdonuton > 200 KIeTOK/MKI
(OP 3,3 (95% OAWN: 2,4—4.7), p < 0,001). Takum o6pa3oM, BriepBbie B Poccuu mpoBeneHa KOJIM4eCTBEHHAS OLEHKA
BBb y BUY-uAGUIIMpOBaHHEIX MTAIIMEHTOB B pa3pe3e pasHBIX KIMHWYeCKUX cragnii BUY-mHpeKInu, cTerneHn
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MMMYHHBIX HapYyILIEHU I, MPUMEHEHU S U TPUBEPKEHHOCTU Tepanuu. HeobxonnMo mpoaoixkarh MeXAUCUUITIMHAD-
Hbl€ UCCJIEIOBAHUS 1 COBEPILIEHCTBOBAHU S paHHel nuarHoctuku BOb-acconmupoBaHHbix 3aboneBaHuit y BUY-
MHOULIMPOBAHHBIX.

Karouesvie caosa: supyc Inwumeiina—bapp, BUY-ungpexyus, IHK BOb, PHK BUY, CD4" T-aumgouumot, npusepycennocms APT, IT1[P.

QUANTITATIVELY ASSESSED BLOOD LEUKOCYTE EPSTEIN-BARR VIRUS IN ADULT HIV-INFECTED
PATIENTS

Popkova M.1.?, Filatova E.N.?, Minaeva S.V.’, Neumoina N.V.?, Perfilova K.M.?, 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. Coinfection with the human immunodeficiency virus (HIV) and Epstein—Barr virus (EBV) represents a current
biomedical problem. The purpose of the study was to evaluate blood leukocyte EBV detection rate and viral load in adult
HIV-infected patients. Materials and methods. There were examined blood leukocytes collected from 138 HIV(+) and 68
HIV(-) individuals aged 20—69 years. Statistical analysis was carried out differentiated according to the stages of HIV
infection, the CD4" T-lymphocyte count, and adherence to antiretroviral therapy. Results. It was shown that EBV DNA
was detected significantly more often in HIV(+) vs HIV(—) individuals (70.3£3.9% and 48.5%6.1%, p = 0.008), with EBV
viral load comprising 18 [5; 139] versus 2 [1; 3] copies/103 cells (p < 0.001), respectively. It has been shown that the group
of HIV(+) patients is heterogeneous in the frequency of EBV detection and viral load, with the peak EBV frequency
(86.71£6.2%) and DNA (121 [34; 252] copies/10° cells) level observed in “naive” patients with severe immunodeficiency.
Among “experienced” patients receiving therapy, the relative risk of detecting EBV DNA with low treatment adherence
was significantly higher compared to those who developed high adherence (p < 0.05). When the HIV viral load reached
undetectable level, EBV DNA concentration was significantly lower where HIV RNA was detectable (1 [0; 8] versus 15 [1;
162] copies/10° cells, p < 0.001). Detection of EBV DNA is associated with higher HIV viral load level and lower CD4*
T-lymphocyte count compared to patients with undetected EBV DNA. A relationship has been established between
the CD4" T-lymphocyte count in HIV(+) patients and the likelihood of active EBV infection. A threshold cut-off
of 200 cells/ul was determined. CD4" T-lymphocyte count < 200 cells/pl vs > 200 cells/ul (p < 0.001) is associated with
a 3.3-fold higher risk of detecting active EBV infection. Conclusion. It is necessary to continue interdisciplinary research

to improve early diagnostics of EBV-associated diseases in HIV-infected individuals.

Key words: Epstein—Barr virus, HIV infection, EBV DNA, HIV RNA, CD4* T lymphocytes, ART adherence, PCR.

BeeneHue

Bupyc Onmreiitna—bapp (BOb) u Bupyc ummy-
HopeduuuTa yenoseka (BUY) — numdoTpornHbie
BUPYCHI, KOTOPbIE MOPaXalT NPEUMYIIECTBEHHO
B-xnerku nu CD4* T-xkneTku coorBeTcTBeHHO. O0a
BUpyca YOUKBUTAPHBI, XapaKTEepPU3YIOTCSI BCEOO-
el BOCOPUUMUYUBOCTBIO HACEJICHUS U ITOXU3-
HEHHOW MEepCUCTEHIIMEN B OpraHU3Me 4YeJIOBeKa.
Crnienuduyeckue cpenctsa NpoOUIaKTUKHA 10 CUX
MOp OTCYTCTBYIOT, a T€pPaIreBTUYECKHE CTPATEruu
HE MO3BOJISIOT TOJIHOCTBIO 3JUMUHUPOBATH ATU
BUpYCHI [12, 21].

Koundunuposanue BOb u BUY saBaseTcsa ak-
TyaJIbHO MEOUKO-OUOJIOTUYECKON MPpOOIEeMOIA.
Bonee 90% wHaceneHust Mupa BO B3POCJIOM BO3-
pacTe SIBJISIOTCS CepOITO3UTUBHEIMU K BObB [5, 41,
49]. BoIbIIIMHCTBO B3POCIBIX JIIOAEH, KOTOpbIE 3a-
paxatrotca BUY, yxe mHbuuupoBansl BOb [12,
21, 50]. K nHavany 2022 r. pacnpoCTpaHEHHOCTb
BUY cpenu B3pocaoro HacejJeHUsS B BO3pacTe
ot 15 no 49 net Bo Bcem mupe gocturia 0,7% [24],
B Poccuu — 1,42% (6], nns cpaBHeHus:, B Kurae —
0,05% [49]. Poccust OTHOCUTCS K TEM CTpaHaM,

B KOTOPBIX TEMITbI YBEJUYEHU ST C1ydyaeB HOBBIX 3a-
paxenuit BUH-undexuet u yncia cmepTeit, CBsi-
3aHHbIX ¢ BUY, Benuku [11].

Ha npotsxenuu 40-1eTHero nepvuoaa oT Havya-
Ja snuaeMuu BUY-nHdexkunm Hanbdosiee mupoko
B paboTax KakK 3apyOexXHbIX, TaK U POCCUUCKUX
uccienoBaTesieil M3ydyaJuCh MPEUMYIIECTBEHHO
BOIpOCHl peakTuBauuu BOb-nHpeknnu, B3anuM-
Horo BausiHusg BOb u BUY npyr Ha apyra B KOH-
TekcTe nporpeccupoBaHusi BUWY-uHdexkuunm,
a Takxe IaToreHe3a acCOLMMPOBAHHBIX C HUMMU
3JI0Ka4eCTBEHHbIX HOBOOOpazoBaHuit [9, 11, 12,
18, 21, 29, 45, 47]. B To BpeMsl KaK KJIMHUKO-3MU-
neMuosiornyeckrue ocobeHHoctu BOb-uHdexknuu
yJun ¢ BUY-uHdekmneit octaloTcst HEAOCTAaTOYHO
U3yYEeHHBIMU.

Ilo nanHbiM nutepatrypbl y BUY-unbunupo-
BaHHBIX BOb gBnsieTcs Bo30ynuTeaemM, HauboJiee
4acTO BBISBJSIEMBIM B CaMbIX pa3HbIX OMOCYO-
cTpaTax W B IIMPOKOM AMaria3oHe KOHIEHTpa-
uuii [13, 33, 39, 50]. BOb, obHapy>kuBaeMblii B e-
pudepudyeckoir kpoBu BHUY-uHpULIMpPOBAHHBIX
MalMeHTOB, MPEUMYIIECTBEHHO acCOLMUPOBAH
C MOHOHYKJICADHBIMM KJIeTKaMu mnepudepuye-
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ckoii kpoBu (MHIIK) u B mia3zMe KpoBU BBISIBJIS-
etcsa peako [20, 40]. Yactora ooHapyxeHus JJHK
BBb y BUY-undunuposanubix B MHIIK no nan-
HBIM pa3HbIX MCCJIeIoBaTe/Jell CyIIeCTBEHHO pa3-
JuyaeTcsd, Bapbupys ot 6,7% [43] no 78,8% [36].
Bupycnag Harpyska BOb B MHIIK y B3pocabix
JIUL OBICTPO YBEJIMWUYUBAETCS IOCJE€ CEPOKOHBEP-
cuu BUY u ocTtaeTcss Ha BBICOKOM YPOBHE B Teye-
Hue MHorux Jjet [37]. Bo BceM Mupe uccienoBa-
HU I, HalTpaBJEHHbIE HA KOJUYECTBEHHYIO OLIEHKY
BoisiBieHUs JJHK BOb y BUY-nHbuUIMpOBaHHBIX,
HE HOCSIT CUCTeMaTMUYEeCKUI XapakTep, a UMeEIo-
IKecsl B JUTEpaType NaHHBbIE MPEACTaBJSIOT CO-
0oli pa3po3HEHHYIO MH(GOpPMALIMIO, TTOJYYEHHYIO
Ha OCHOBE UCHOJb30BaHM S PA3HBIX T1aOOPATOPHBIX
MPOTOKOJIOB, 00CJeA0BaHUS PAa3HOPOIHBIX T'PYIIIT
MalMeHTOB W OrpaHUYEHHOTo Habopa KJIMHUKO-
JaGoparopHbIX npusHakos [13, 34, 46, 50]. B PD
U3Yy4YEHUI0 JaHHOT'O BOIIPOCa MOCBSIIEHbI €TMHUY-
Hble nyoaukauuu [13].

Llenp uccienoBaHUsI — OLIEHUTH YacTOTY BbI-
SIBJICHUSI U BUPYCHYIO Harpy3ky BOb B selikonu-
Tax KpoBU y B3pociabix BHUY-umHGULIMPOBAHHBIX
MaleHTOB.

Matepuainbl 1 METOAbI

IIpoBeneHO KOMITJIEKCHOE KJIMHUKO-Tabopa-
TopHOe obOcienoBanue 138 BUY-unpuLimpoBaH-
HBIX ITALIMEHTOB B Bo3pacTte 20—69 jieT, KOTophIe Ha-
XOAMJINCH Ha AMCIIaHcepHOM HaOmoneHun B [BY3
HO «HO1I CITUAd» (r. Huxuuit HoBropon), u 68
BN Y-HeMHGULIMPOBAHHBIX JIWI[ COIIOCTABUMO-
ro T10J1a U Bo3pacTa 0e3 KIMHUYEeCKUX IPU3HAKOB
MHGEKIITMOHHON MaTOJOTUM, ITPOXOAMBIINX THC-
nencepuszaunio B 000 «<HUKA CIITPUHI HH»
(r. Huxxamit HoBropon).

Cobarwdenue smuueckux mpebosarnuil. Pabdbota
IPOBOAMJIACH C JIEeTIePCOHATN3NPOBAHHBIMU HaH-
HBIMU TTanueHToB. MHGOpMHpoBaHHOE coOIla-
cue TIallMEHTOB Ha ITPOBEACHUE MCCIeH0OBaTEIIb-
CKOIf paboOThl B COOTBETCTBUU C IIOJIOKCHUSIMU
XenbcHKCKOM Aekaapaumu (2013) Ob1JIO TTOTyUYeHO
JIeYaliiMU BpadyaMM METUIIMHCKUX OpTaHMW3aIlMiA.
PaGora monyumna omobpeHMe Ha 3aceJaHUU JIO-
KajabHOTO 3TNYeckoro komuteta ®6YH HHUKNDOM
uM. akagemuka M.H. broxuHoii PocnoTrpebHanzopa
(Mpotokon Ne 3 ot 11.11.2021 1.).

Ipynnet cpasnenus. ChHopMuUpoOBaHBI TPYIITHI
CpaBHCHUS:

1. BUY-undunuposannbie nmanueHtsl (BUY(H),
n = 138) u BUY-orpuiiarenpubie auna (BUY(—),
n = 68);

2. BUY(+) maumeHThl MO KJIMHUYECKUM CTa-
nnsgsMm BMY-uHdekuinm Ha OocHOBe JelCTBYIOLICH
B P® knaccupukauuu [3]: cragus 3 (C,;, n = 64),

cranus 4 (C,, n = 74), B tom uncie 4A (C,,, n = 46),
4b (Cy5, n=9)u 4B (C,5, n=19);

3. BUY(+) nmaumeHThl Ha OCHOBE KOMOMHAa-
UK JaHHBIX O CTETIEHW MMMYHHBIX HapyIIeHUN
(Ha ocHoBe kJaccudpukauuu BO3 [48]) u aHTUpe-
TpoBUupycHoit Tepanuu (APT): «HauBHBIe» malu-
eHThl (6e3 APT), CD4" T-numdouutsr < 200 kie-
ToK/MKJ (G1, n = 30); «<HauBHbIE» MallUEHTHI (06e3
APT), CD4" T-nmumdouutsr > 500 KJIeTOK/MKI
(G2, n =20); «<ONBITHBIC» ITAIIMECHTHI (TTOJTyJYaroIIne
APT B cpenaem 36 mecsiieB), CD4* T-mumbouuTh
<200 knetok/MKJ (G3, n = 43); «ONBITHBIC» NAllU-
eHTsl (mosyvatomue APT B cpenHem 36 mec.), CD4*
T-numdorutser > 500 knetok/MkI (G4, n = 45).

4. BUY(+) maumeHTsl, noayyvaromue APT (n =
88), mo cxemam Tepanuu: 2 HUOT+HHUOT (A,
n = 41), 2 HUOT+MUII (B, n = 27), 2 HUOT+UHA
(C,n=14), UTI+UU (D, n = 6)".

5. BUY(+) mauueHTsl, nonayvawinue APT (n =
88), mo cTenmeHu mMpuBep:KeHHOCTU: Bbicokas (H,
n =55), cpeaHsasa (M, n =5), Huskas (L, n = 28).

AHanu3 KIMHUKO-Ta00paTOPHBIX ITOKa3aTeaeit
KaXJ10ro nalnueHTa (KJIMHUYECKUE CTaAUuM, CXEMbI
APT ¥ npuBepXEHHOCTb Tepaluu, pPe3yJabTaThbl
DA, ummynobnortunra n [T P nia onpeneie-
HUus1 MmapkepoB BUY-uHbexkunu) nposeaeH pe-
TPOCHEKTUBHO Ha OCHOBE JAHHBIX MEAMUIIUHCKOMN
JOKYMEHTalUUU. a5 KOJUYECTBEHHOU OLIEHKU
CD4" T-nuMdOUUTOB UCIOAb30BAJA MNPOTOYU-
HbIl nutodayopumerp BD FACSCalibur (Becton
Dickinson, CIIIA). BupycHyio Harpy3ky BHUY
onpenensiaiu metoaom INLP B peasbHOM BpeMeHU
(ITLIP-PB) ¢ momoupio TecT-cucteMbl «Peanbect
PHK BHY konuuectBeHHBI» (AO <«BekTop-
bect», Poccus). PekomeHnyeMblii MPOU3BOIUTE-
JIEM TEeCT-CUCTEMBbI IMOPOT OMNpeaeasieMoil BUpPYC-
Hoil Harpy3ku BMY B mia3zme KpoBU cocTaBsieT
58 xomuii/ M.

TTIP-uccnenpoBanus anasa aerekuuu JHK BOb
NPOBOIUIUCH B 1aOOPATOPUU MOJIEKYJISIPHOU OHO-
noruu u ouorexHonoruu PbYH HHUKWDM um.
akagemuka M.H. BbiaoxuHoii PocnoTpebHanzopa.
BceM 310pOBbIM yyacTHUKAM HUCCAEAOBaHUS TaK-
K€ ObLJIO BBIMOJHEHO KOJIMYECTBEHHOE OIpenesie-
HUEe a0COJIOTHOI'O U OTHOCUTEJIbHOTrO ynciaa CD4*
T-muMbOUMTOB Ha MPOTOYHOM LIUTODIyOopUMETpe
BD FACSCanto II (Becton Dickinson, CIIIA) c uc-
noJjib30BaHUEM Habopa peareHToB «BD Multitest™
6-color TBNK» (BD Biosciences, CIIIA).

Mamepuan oasa uccaedoeanus. Marepuaiom
JUIST UCCTIEIOBAHU S MOCHYKUJIa LiedbHasl nepude-
puyeckas KpoBb, cTabunusupoBaHHas K3DITA.
J s nmonydeHus bpakiuu JEHKOIIMTOB KPOBU UC-
noab3oBaiiv peareHT «[emonutnk» (PBYH HHU N
Onunemuonorun PocnorpedbHanzopa, Poccus)
B COOTBETCTBUU C MHCTPYKIIMEH MPOU3BOAUTES.

! HUOT — HyKJI€03UaHbIe MHTUOUTOPBI 00paTHOM TpaHckpunTassl, HHUOT — HeHyKJI€03UaHbIe MHTUOUTOPBI 00paTHOM TPAaHCKPUTITA3HI,

WNI1 — uaruburops! npoteassl, UM — MHruGUTOPHI MHTET pa3bI.
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Koauuecmeennoe  onpedenenue  JJHK  BOP.
BoineneHue TOTaabHOW HYKJIEMHOBOW KMCIOTHI
U3 JIEMKOLIUTOB KPOBU IIPOBOAMIU C MOMOIIBIO
KOMILIeKTa peareHToB mjist BeiaenaeHust PHK/JTHK
n3 KimHu4eckoro matepuana «PUBO-tipen» (PBYH
HHWUMN  DOnuaemuonoruum  PocrnoTpebHaa3opa,
Poccus). BreisiBieHHEe M KOJIMYECTBEHHOE OIpene-
nenue JHK BBOb B nelikonuTax KpoBU BBITTOTH SN
metonom IIIIP-PB ¢ npumeHeHMEM KoMMepyec-
koro Habopa <«AMmmuMCenc® EBV/CMV/HHV6-
ckpuH-FL» (®BYH IHUW Drummemuonornu
PocniorpebHanzopa, Poccusi) Ha ammiaudukaro-
pe Rotor-Gene Q Splex HRM (Qiagen, I'epmanus).
JlabopaTopHblii mpoTokos Ha Bcex atanax TP co-
OJ1I0aJIM COTJTACHO UHCTPYKIIMY TTPOU3BOAUTES.

Cmamucmuueckas obopabomka danuvix. CtaTu-
cTUYecKast 00paboTKa JaHHBIX MPOBOIMIACH C UC-
MOJb30BaHMEM sI3bIKa MporpaMMupoBaHus R Bep-
cus 2022.12.0+353 (The R Foundation for Statistical
Computing, Inc.)? u cpexst RStudio Bepcus
2022.12.0+353 (RStudio, PBC)3. I1puHaIJIeXKHOCTh
BBIOOPOK K HOPMaJbHOMY pacHpelesieHUI0 ompe-
nensiau ¢ nomMoiubto Kputepus lllanupo—Yuinka
U rpauKoOB KBaHTUAEH. 151 romapHOro cpaBHe-
HU S HE3aBUCUMBbIX BBIOOPOK UCMOIb30BaH KPUTE-
puii MaHHa—YUTHU U KOPDGUIMEHT PaHTOBOM
koppeasuuu CnupmeHa (rg). KoauuectBo JHK,
PHK u knetok npeactapisiiu B Bujae Me [Q1; Q3]
(rne Me — menuana, Ql, Q3 — mepBbIlt U TpeTUl
KBapTuJin). 1010 OnmuchiBaJid ¢ yKa3aHUEM CTaH-
JapTHOIO OTKJIOHEHUA NPOLEHTHOM monu (Pxo,,
%). O1leHKY pa3In4uii OTHOCUTEbHBIX ITOKa3aTe-
Jiell B aHAJU3UPYEMbIX Tpynnax MPOBOIUIU C IIPU-
MEHEHUEeM KpUTepus > (XU-KBaJapaT) C MO paBKO
Herca u kputepuss ®umepa. Paznuuus cunranu
CTaTUCTUYECKM 3HaUUMbIMU ITpu p < 0,05.

OueHKY BO3MOXXHOro BiussHus BUY-uHdexkuumn
Ha akKTUBHOCTh BObB-nHMekIMy mpoBoanIn C UC-
MOJb30BaHUEM MeToAa rnaBHbIX KOMNOHEHT (PCA-
aHaJiu3). AHanu3upoBaiu pacrnpeneiseHnue BUY(+)
MalMeHTOB B KOOPJAUHATaX MEPBBbIX IBYX INIABHBIX
KOMIIOHEHT B 3aBUCMMOCTHU OT BUPYCHOU Harpy3Ku
BUY, conepxanuss CD4* T-mnuMbOLIMTOB U TpUBEP-
KeHHocTH nmanueHToB APT. I1pu aTOM npuBepKeH-
HOCTb T€panuu BbIpaxkajaud B YMCIOBBIX 3HAYECHUSIX
ot 0 no 1, rne 0 — 6e3 APT, 1 — BbIcOKasi mpuBep-
KkeHHOCTb APT. [I7151 olleHKM BKJIaJa UCCIeTyeMbIX
MEPEMEHHBIX B COCTaB KOMITOHEHT PacCUMUTBIBAIU
UX KOPPEJISLUI0 — KOCUHYC yIJIa MEX1Y BEKTOPOM
MEPEMEHHON M OChIO KOMIMOHEHTHI. BoO3MoOXHbIe
(bakTOphI IPYIITMPOBKHU MAIIMEHTOB B KOOpAMHATAX
JIBYX MEPBBIX U3MEPEHU A BBISIBJISIIU METOIOM BU3Y-
aJIbHOTO HAJIOXKEHU .

Js1 OlleHKY BO3MOXHOCTU MPUMEHEHUS ToKa-
3aTenieii BupycHoit Harpy3ku BMY u comepxxaHus
CD4" T-1uMdOLIUTOB B KaueCTBE CKPUHUHIOBBIX

? URL: https://www.R-project.org
3 URL: http://www.rstudio.com

JlabopaTopHbIX KputepueB oTHeceHuss BHWY(+)
NalMeHTOB B TIpynmny pucka akTuBHOil BOb-
UHGEKIIUU CTPOUIU JIOTUT-MOJENIb 3aBUCUMOCTU
BBISIBJIEHUSI aKTUBHO BObB-mHpekunu ot BUpyC-
Hoii Harpy3ku BUY u abconoTHOro KoJimyecTtBa
CD4* T-numdonutoB. BOb-undexknunio cuutaniu
aKTUBHOI, ecliu BUpycHasi Harpy3ka BOb mpeBbI-
111aJ1a yCTAHOBJIEHHBIII HA OCHOBE ONMCAHHOW HaMU
paHee METONOJIOTUM MOPOroBbIii YPOBEHb > 29 KO-
nuii/10° kmetok [7]. JJsT OLIEHKU CTaOMIBHOCTU
MOJIEU, BOCIIPOM3BOAMMOCTHU pe3yJbTara MpUMe-
HSJIM MeToJ Kpocc-Banunanuu. OLEHKY KadyecTBa
MOJEIMU MPOU3BOAUIN HAa OCHOBAHMMU TTOKa3aTesei
AUC u koadpduumenta R? Mak@angena (AUC >
0,750 u R? > 0,200). s onpeaeieHnus MOPOroBo-
ro 3HauyeHus konudectBa CD4* T-nuMdboLUTOB,
COOTBETCTBYIOIIEro akTuBHOU BOb-uHdekuuun,
paccuuThIBaIM 3HaUYeHUe nHAekca KOmeHa nmoctpo-
eHHoil ROC-kpuBoil oTHOIIEHUS celUDUIHOCTHU
U YYBCTBUTEJIBHOCTU TECTa. 3aT€M BCEX HCCJEIy-
eMbIX JIUI] OOBEAUHSIJIA B ABE T'PYIIIIbl: C HU3KUM
conepxanuem CD4" T-numdbouuToB (HUXE MOPO-
TOBOI'0) U C BBICOKUM (PaBHBIM WUJIM BBILIE TOPOTo-
Boro). PaccuuteiBaiu oTHoleHue puckoB (OP) BbI-
SIBJIEHU S aKTUBHOI BOb-nHMexunu y 111 ¢ coaep-
xxaHueM CD4* T-numM@onMTOB HUXE U BBIIIE BbI-
SIBJICHHOTO TMopora. B pacueTax nmpuMeHsIIM METOM
MaKCHMaJIbHOT'O MpaBaonogoous u Mmetoa Banbaa.

PesynbraThl

YacTtoTta o6HapyxeHus u koHueHTpauus AHK BOb
B nemkoumtax kposu BUY(+) u BUY(-) B3pOochnbix nuy,

Ha ocnose metona I1LIP-PB ycTtaHoBjieHO, UTO
AJHK B®b B neiikonnrax Kposu BHWUY(+) mamm-
€HTOB BBISBJISIIM 4Yallle U B 0ojice BBICOKOII KOH-
neHTpauuu, yem cpenu BUY(—) nauim (Tadn. 1).
PaccunTaHHBINT OTHOCUTEIBHBIN PHUCK BBISIBIIC-
vHusa JHK B3b B rpynme BUY(+) ob11 B 1,4 pasa
BEIIIIE TI0 cpaBHeHMIO ¢ rpynioit BUY(—) (OP 1,37
95% OW: 1,09—1,72), p = 0,008). BupycHass Ha-
rpy3ka BOb B rpynne BUY(+) BapsupoBaiia B miu-
POKOM IHMamna3oHe — OT HEACTECKTUPYEMOTO YPOB-
Hs go 11137 xonuii/105 KIETOK, a IO CpaBHEHUIO
¢ rpynnoii BUY(—) B cpemHeM ObLIa BbIIIe Ha 14
(95% OW: 7—43) xoruit/10° kietox (p < 0,001).

HeopHopopgHocTk rpynnbl BUY(+) naumeHToB
Mo YacToTe BbiIBJIEHUS U KOHUeHTpauuu JHK BOb
B JIeKOLUTaX KPOBU

Ha ocHoBe nuddepeHnaibHOro aHaljinM3a
B rpymnmne BMY(+) malieHTOB yCTaHOBJIEHBI pa3iu-
Yus 110 YaCcTOTE BbISIBJIEHUS U KOHLeHTpauuu JJHK
BOb B neitkouutax kpoBu. I[Ipu olieHKe MoydeH-
HBIX pe3yJibTaToB no ctaausiM BUY-undekumnu no-
KazaHo, uTo B rpymnrie C, yactota ooHapyxeHust JITHK
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BOb Obl1a OMMHAKOBOI MO CPaBHEHUIO C TPYMIION
BHUY(—), HO BUpycHas Harpyska oTjnyajach 0oJiee
BblcOKMMU 3HaYeHussMU (p = 0,003) (tabi. 1). Kak
oburas teHaeHus, B rpynnax C, (C,,, C,g, Cyp) OT-
HocuTeabHO Ipynbl C; pe3Ko Bo3pacTajiy yacToTa
BbIsIBJIeHUS U KoHUeHTpauusa JJHK BOb (p < 0,001
u p = 0,023 coorBercTBeHHO). [Ipu 3TOM MEXOY
rpynnamu C,,, C,; 1 C,; CTATUCTUYECKU 3HAYMMBbIE
pa3auuusl BBISIBJIEHBI He ObUIW. J[OMOJIHUTEIbHO
MPOBENEHHBbIN aHaIU3 JaHHBIX 1o cTagusm BUY-
nHpexuu ¢ yuetoM nposoaumoit APT mo3Bosaua
YTOUHUTh, UTO Haubojiee BBICOKME 3HAYEHUS BU-
pycHoit Harpy3ku BOb Habmtonanuck B rpynne C,
y nanueHToB 0e3 APT. CpenHsia KOHLIEHTpalus
JHK BOb y Hux 6b11a B 3,0 pa3a BbllIe IO CpaBHe-
HUIO C MAallMEHTaMU1 3TOU ke TPYIIIbl, MOIYyYaBIINX
APT (p = 0,043), u B 4,0 pa3a Bblillie, YeM y NMalveH-
toB B rpyniIe C; 6e3 APT (p <0,001).
IlpuMeHeHHBIIT HaMMU TIOAXOJ pa3aesieHus
BUY(+) maumentoB Ha rpynmbl G1—G4 mo3Bo-

JUJ  BBISIBUTH CJEAYIOIIME 3aKOHOMEPHOCTH.
Hanmensbmas yactora BbeigBiaeHusi [JHK BOB,
OM3Kasl Mo CBOUM 3HauYeHUSIM K rpynne BUY(—),
oTMmevanack B rpynmne G4 (tabna. 1). Haubonee
BbICOKAasl 4YacToTa OOHapy>XeHWUs U BUPYCHas
Harpy3ka BOb Obliu BeIsiBAeHBl B rpynme Gl.
PaccunTaHHBI OTHOCUTENBbHBIN PUCK BBISIBJICHMU S
JHK BOb B 3T0li rpynme Ob11 B 3,5 pa3a BbIllIe,
yem y BUY(—) nun (OP 3,53 (95% AN: 1,33—9,32),
p = 0,003). Ins cpaBHEHU I, B COBOKYMHOI I'pynIie
BHNY(+) OP cocrtaBun 1,37. Mexay rpynnamu Gl
u G3, a takxke G2 u G4 1o yactoTe OOHAPYyKEHUS
U BUpPYCHOI Harpy3ke BOb craTuctuuecku 3HaYU-
MbI€ pa3JUYUs HE BBISIBJICHBI.

Jlana oueHka BausgHus APT Ha KoJiMyecTBeH-
Hble nokazateaun BOb (ta6a. 1). YcraHosieHo,
YTO MpUMEHeHue Toi uau uHoit cxembl APT cy-
IIIECTBEHHO HE OTpaxajloch Ha OOHapy>XeHUU
u koHueHTpauuu JIHK BOb B nefikouuTax KpoBu
BUY-undunrpoBaHHBIX. BbIsIBIeHUE BUPYCHOM

Ta6auua 1. CpaBHUTENbHAS XapaKTEPUCTUKA YaCTOThbI BbiIBJIeHUS U KOHUeHTpauuu IHK BOb

B neikouutax kposu BUY(-) n BUY(+) B3pocnbix nuy,

Table 1. Comparative characteristics for EBV DNA detection and viral load in blood leukocytes of HIV(-) and HIV(+)

adults
UccnepoBaHo npo6
Samples examined
Fpynna cpasHeHus Bcero .VI3 HVI.X OHK BOb(+)
. Total including EBV DNA(+)
Comparison group
AHK B3B, konuu/10° knetok
n n Pto,, % EBV DNA, copies/10° cells
Me [Q1; Q3]
BUY(-) .
HIV() 68 33 48,5+6,1 2[1;3]
BUY(+) an ) N
HIV(#) 138 97 70,3£3,9 18 [5; 139]
B TOM Yucne:
including:
C, 64 33 51,6+6,3 9[2; 241
C, 74 62 83,8+4,3"* 36 [6; 173]"**
C.n/Cisn 46 38 82,6+5,6"* 35[7; 196]"**
C.s/Cus 9 8 88,9+10,5""* 36 [6; 173]"**
C4e/Cac 19 16 84,2+8,4""* 49 [5; 115]"**
G1 30 26 86,7+6,2"" 121 [34; 2521
G2 20 14 70,0+10,3 6 [1; 9]*
G3 43 35 81,459 54[8; 212]"
G4 45 22 48,9+7,4*% 9 [2; 14]"*
A 41 27 65,9+7,4 22 [6; 167]"
B 27 21 77,8+8,2™" 14 [6; 1471
Cc 14 7 50,0+13,9 6 [3; 301"
D 6 2 33,3£21,1 12 [7;17]
H 55 29 52,7+7,4 6 [2; 22]""
M 5 3 60,0£21,9 14 [14; 751"
L 28 25 89,3+5,9"## 54 [14; 224]"#*

Mpumeuanue. * — p < 0,001 (oTHocuTenbHO rpynnsl BUY(-));** — p < 0,01 (otHocuTtensHo rpynnbl BUY(-)); * — p < 0,001 (oTHOCKUTENBHO rpynnbl Cy);
** —p<0,01 (otHocuTenbHo rpynnbl Cy); # — p < 0,01 (oTHocuTenbHo rpynn G1 n G3); # — p < 0,001 (oTHocuTenbHO rpynnbl H).

Note. " — p < 0.001 (relative to group HIV(-));** — p < 0.01 (relative to group HIV(-)); * — p < 0.001 (relative to group C,); ** — p < 0.01 (relative to group
C,); # —p<0.01 (relative to groups G1 and G3); ** — p < 0.001 (relative to group H).
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Ta6nuua 2. CpaBHUTENbHAA XapaKTepucTuKa nokasareneint BUM-uHgpekumum B 3aBUCUMOCTH OT BbISIBJIEHUS

OHK B3b
Table 2. Comparative characteristics of HIV infection indicators depending on EBV DNA detection
. PHK BUY
Fpynna n cD4 HIV RNA
Group OTH., % a0c. kneTok/mMKn Konuu/mn
rel., % abs., cells/ul copies/ml
B3B(+)/BUY(+) . . .
EBV(+)/HIV(H) 97 13,1[6,9; 30,9] 160 [80; 556] 7600 [58; 260 000]
B3B(-)/BUY(+) ) ) .
EBV(-)/HIV() 41 29,3[16,7; 37,6] 589 [223; 778] 58 [58; 1200]
A(95% OWN) | A (95% Cl) -10,3 (-16,5-3,9) -255 (-411-90) 3242 (131-27 942)
YpoBeHb 3HaYMMOCTHN pasnuyui (p) 0,002 0,001 <0,001
p-value

JIHK 651710 00yci0BJI€HO, TJIaBHBIM 00pa30oM, Mpu-
BEPXKEHHOCTbhIO Tepanuu. OTHOCUTEJbHBINA PUCK
BoisiBieHus1 JJHK BBOb B rpynne L nmo cpaBHeHUIO
¢ rpynnoit H 611 Boitie B 1,7 pasa (OP 1,69 (95%
JAW: 1,28—-2,24), p < 0,05).

Tlocnenyromas auddepeHnaibHas OlieHKa
YacTOThl OOHAPYXKEHU I U BUPYCHOU Harpy3ku BOb
y auu, noaydatromux APT, no3Boauia BbISIBUTh
pasHble Tipoduau naureHToB B rpynnax G3 u G4
B 3aBUCUMOCTU OT IPUBEPXKEHHOCTU TEparuu.
Tak, B rpynne G4 BupycHas Harpy3ka BOb mpu
HU3KOW MPUBEPKEHHOCTU Tepariu CTaTUCTUYE-
CKM 3HAUYMMO IpeBbllIajia YPOBEHb y MAllUEHTOB
9TOW K€ TPYyMNIbl C BBICOKOU MPUBEPXKEHHOCTHIO
Ha 11 (95% AWN: 2—20) konuii/10° knetok (p = 0,022)
U fnaxe cooTBercTByloleil rpynmnbl G2 (6e3 APT)
Ha 9 (95% AWN: 2—19) konuii/10° knetok (p = 0,022).
Yacrtora obHapyxxeHus JJHK BBb B rpynnax G2,
G4 ¢ Huskoi npuBepxkeHHOCTbi0O U G4 ¢ BbICO-
Kot mpuBepxkeHHocThio APT cocraBuia coot-
BeTcTBeHHO 70,0+£10,3%, 77,0+13,7% n 41,8+8,2%
(cTaTUCTUYECKU HE3HAYUMbIE PA3IUYUS).

AHaJOTUYHbIE TEHJICHLIUU OTMeyvasuch
u B rpynne G3, Koraa nmpu HU3KOU MPUBEPKEH-
Hoctu APT HaOmwopanuch Haubojiee BbICOKUE
3HaueHus BUpPYcHoUl Harpy3ku BOb (123 [8; 234]
konuu/10° KJIETOK) MO CpaBHEHUIO C TEMU MallU-
€HTaMU 3TOH Ke IPYIIIbI, Y KOro MPUBEPXKEHHOCTh
6bia Bbicokoit (19 [2; 187] komuu/10° KJeTOK)
U JlaxKe MO CPaBHEHUIO C COOTBETCTBYIOIIEH TpyTI-
noit G1 (6e3 APT) (55 [7; 186] xonnu/103 KJIeTOK).
ITpu aTom yactora ooHapyxeHus JJHK BOb y Hux
obuIa oguHakoBou (87,5+6,8, 81,4%+5,9, 86,7£6,2%
COOTBETCTBEHHO).

Ha ocHoBe pa3paboTaHHOW HaMU paHEe METO-
nojoruu [7], ycTaHOBJIEHO IOPOroBOe 3HAUYEeHUE
BUpYycHOI Harpy3sku BDODB (29 komuii/10° kiaeTok
nnu 1,5 lg xonuii/10° KJIETOK), KOTOPOE MOXKET
CIYXUTb J1abopaTOPHBLIM KpuTepuem auddepeH-
LMaJTbHOW OLIEHKUW aKTUBHOU U JIJATEHTHOU (pOpMBbI
BOb-uHdekuuu. B naHHOM HcciefoBaHUU BUPYC-
Has Harpy3ka BObB >29 konuii/10° KJIeTOK BbISIB-
nsmack y 30,4+3,9% ot o01ero 4ymcia malurueHTOB

B rpynme BUY(+). [Ipu aTOM ypoBHU, MpeBbIlIa-
omue nmoporosoe 3HaueHue JJHK BOb, yaiie Bbi-
SIBJISIJIA Cpenr MalueHToB rpynmbl C, 1o cpaBHe-
Huio ¢ C; (50,0£5,9% niporus 14,1+4,4%, p < 0,001).
Kak obuiasg TeHaeHUMs, UX A0S YBeJIUUYMBadach
or cranuu 4a (43,5£7,4%) x 48 (70,0£10,5%) (p =
0,087). BupycHas Harpy3ka BOb mnpesbilnana 29
komnuii/10° K1eToK y ocHOBHOI yacTu rpymimbl Gl
(70,0%8,5%) n y nonosunbl rpynnbl G3 (44,2+7,7%)
(p = 0,030). B To Bpems kak B rpynmnax G2 u G4
Takue ciaydad BcTpedaauch peako (5,0£5,0%
u 4,4+3,1% COOTBETCTBEHHO), XapaKTepH3ysl TeM
caMbIM MPEUMYIIECTBEHHO JIATEHTHY10 (hopmy Te-
yeHus BOb-uHdekuuu. 3HauuTeTbHbIE PA3IUYUS
BUpYCcHOI Harpy3ku BOb > 29 konuii/10° kneTok
HaGmomanuck Mexay rpynnamu H u L (10,944,2%
n 50,0£9,6% coorBercTBeHHO, p < 0,001).

XapakTepucTuKa KNMHUKO-1a60paTOPHbIX
nokasareneiit BUM-undekuum npu ooHapyxeHum
OHK B3b B neiikouuTax KpoOBU NaLunMeHToOB

Ha cnenyroliemM sTarie MCCIEIOBAHUSI BBIIIOJI-
HEH CpaBHUTEJbHBII aHaJIN3 JIaOOPaTOPHBIX I10-
kazareneit BUY-undpexkuuum u nmpoBoaumoii APT
Mexny naunueHtamu, y kotopeix JIHK BOb 6b1n1a
oOHapykeHa MJM He oOHapyxeHa — BObB(+)/
BAUY(+) u BBbB(—)/BHUY(+) CcOOTBETCTBEHHO.
IlpencraBieHHble B Taba. 2 JaHHBIE CBUIACTEb-
CTBYIOT, 4TO ITipu obHapyxeHuu JJHK BDb B neii-
KOIIMTaX KPOBU OTMeuYaeTcsi 6ojice BHICOKUI YpO-
BeHb BUpYCHOIT1 Harpy3ku BUY n Hu3koe conepxka-
Hue CD4" T-nuM@pOLMTOB MO CpaBHEHUIO C TEMU
nanueHtamu, y koro JIHK BOb He BhIsBIsIIACE.
Pasznuuus no BO3pacTy u IOJIY ITAllMEHTOB MEXIY
rpynIaMu He BbISIBJICHBI.

JHK BOb uyanie o6Hapy>KMUBaJIu MPU OIIpee-
JIseMOM YpOBHe BUpYycHoil Harpy3dku BUY, uem
IpU JTOCTUXECHUU HEONpPEeaesIseMOro ypoBHs (TO
ectb 58 xomwmii/mMma u Huxke) (76,9+6,8% mnpoTus
55,1£7,1% cootBetcTBeHHO, p = 0,057). [1pn satom
BUpYycHas1 Harpy3ka BOb pasznuuanace Haumboliee
3HauuTenabHo (15 [1; 162] mpoTus 1 [0; 8] konuu/10°
KJeToK, p < 0,001).
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ITo pesyabTaTamM KOpPPEJSILIMOHHOTO aHaJii3a
y BOb(+)/BY(+) nanimeHTOB yCTaHOBJIECHO Hau-
yre NpsIMOM CBSI3U BUpyCcHOI Harpy3ku BObu BUY
(rg = +0,39, p < 0,001), a Tak:ke OOpaTHOI CBSI3U
BUpYCHOI Harpy3ku BOb m abconoTHOTo/0THO-
cutenbHoro koauuectBa CD4" T-numdpouuTon
(rg = —0,57/rg = —0,52 cooTrBeTcTBeHHO, p < 0,001).
I1pu 5TOM OTMETHM, YTO CTATUCTUUECCKH 3HAUMA ST
c¢Ba3b KonndecTBa CD4" T-mTuM(pOLNTOB ¢ BUPYC-
Hoit Harpy3Koii BUY HabGonanachk TOJIBKO B IpyIi-
ne BOb(+)/BUY(+) (rg = —0,46, p < 0,001).

Tocnenylommit PCA-aHaaus mo3BoaMI oXapak-
TEpU30BaTh 3aBUCUMOCTH MEXIY HCCIEAYEeMbIMU
nokazarensgaMu. I[1pu ananuze Bcex BUY(+) mauu-
€HTOB yIaJI0Ch yCTAHOBUTH UX pacIIpeeIeHUe B KO-
OpAMHATaX IBYX IIEPBBIX KOMIIOHEHT, CYMMapHO
o0bsIcHABIINX 79,96% nucnepcuu. BeisiBIeHO, 4TO
B OTHOILIEHUU TI€PBOM KOMITOHEHThI BKJad BUPYC-
Hoit Harpy3ku BUY paBHOLIeHEH, HO MPOTHUBOMO-
cTaBJieH BKJany coaepxanus CD4* T-numpouunTon
u npuBepxkeHHocTU APT. OT™MEeTUM, UTO TapaMeTp
conepxaHusa CD4* T-1umMdOLMTOB BHOCUJI COIO-
CTaBUMBIM BKJIald B (DOpMUPOBaHUE KaK MEPBOI,
TaK M BTOPOI TIJIaBHBIX KOMITOHEHT. /IJ1sT OlleHKH
BO3MOKHOTO BJIMSTHUSI UCCJIEAOBAHHBIX TIEPEMEH-
HbIX Ha BOb-uHdbexkumo nposeaun rpadpuyeckuit
aHanu3 pacnpeneneHus BUY(+) manmeHTOB B KO-
OpAMHATaX ABYX ITePBBIX KOMIIOHEHT B 3aBUCHUMO-
CTU OT BUpPYCHOU Harpy3ku BOb (puc. 1).

Ha rpacduke 6apuiieHTpbl ABYX I'PYIII pacnoJja-
rajuch Ha BbIPpa*k€HHOM yJdaJeHHUU APYr OT JApyra
BO BTOPOM M 4YeTBepTOM KBaapaHTax. Kpome Toro,
BCe MCClIeIOBaHHBIC HAMU ITIepEeMEHHBIC OKa3bIBaIN
BJIMSTHYE Ha PUCK TTOBBIIICHHOW BUPYCHOMW Harpy3-
ku BOB. Mcxonst u3 a3Toro MOXKHO MpearoioKuTh,
YTO y TIAIIMEHTOB C HU3KON NPUBEPKEHHOCTHIO
APT (unu 6e3 APT), Huskum conepxkanuem CD4*
KJIETOK W/MJIN BBICOKOU BUpPYCHO# Harpy3koit BUY
puck BeissBiaeHust JHK B3Ob > 1,5 Ig konuii/10° kie-
TOK (1u > 29 konuii/10° KJIeTOK), a, CJIeI0BATEILHO,
akTuBHOU BOb-mHpeKkInm Bo3pacrail, ¥ HA0OOOPOT.

IMpoBeneHa olleHKAa BO3MOXHOCTU IIpUMe-
HeHUs TIoKasaTesieii BUpycHoli Harpysku BUY
n konunuectBa CD4" T-nuM@poLMTOB B KayecTBe
CKPMHUHTOBBIX JIAaOOPAaTOPHBIX KPUTEPUEB OT-
HECEeHUS ITAallMEHTOB B TPYIITY pUCKa aKTHUBHOU
BBb-undexkuuu. Ilpu TecTUpoBaHUM BUPYCHOM
Harpy3ku BMY cratuctuyecku 3HAUUMBbIX KO-
(GUIIMEHTOB MOJIYYUTh HE yAAJI0Ch, TIOATOMY ObIIa
MOCTPOEHA MOJieIb 3aBUCUMOCTU BEPOSITHOCTU
akTuBHOI BOb-MHMpeKIUU TOABKO OT KOJuYe-
ctBa CD4" T-numdpouurton. Pe3ynbTraThl Kpocc-
Baaumanuu mokas3anu, 9To u3 100 mocTpoeHHBIX
Mozesielt HU i oaHol nmokasateiab AUC He ObL1
Huxe 0,750. [TonyyeHnHast MeauaHa 3HaueHu it AUC
0,850 [0,800; 0,870] cBMOETEABCTBYET O TOM, UYTO
OMHapHas JOTHUCTUYECKass MOIEdbh KadeCTBEHHO
ONMCBIBAET TECTUPYEMYIO 3aBUCMOCTh U o0Jama-
€T XOpOIlleil BOCIPOU3BOAMMOCTBIO PE3YIbTaTOB.

Hns 1mpeacka3aHUs 3aBUCHUMOCTH BEpPOSTHO-
cTU akTuBHOW B3Ob-mHpeKLMM OT KojauyecTBa
CD4" T-numbpountoB y BUU-mHOULIIPOBAaHHBIX
MOCTpOEHa MoOfeJb OWHApHOW JIOTMCTUYECKOU
perpeccun. Ilokazarenbr AUC Monmeau cocTaBUII
0,829, a 3Hauenue kKoappunumenta MakPagneHa —
0,231, yTO CBUAETENBCTBYET O BHICOKOM KadyeCTBE
mopenu. Cama MOIEIb UMeJia BUI:

Logit(p) = LogE (p/(1—p)) = 0,558—0,005 x [CD4"],

rae [CD4*] — konuyectBo CD4" T-ntumMdouuTon
(KJIETOK/MKJI), p — BEPOSTHOCTH BBHISIBJICHUS aK-
TUBHOI BOb-uHdpeknu.

Hns nanHoit Mmonenu moctpoeHa ROC-kpuBas
M OIIpeIeJICHO TOPOTOBOE 3HAUCHME BEPOSITHOCTH,
COOTBETCTBYIOIIleE KOMOMHAIIMM MaKCUMaJbHBIX
3HAUYEHUU YYBCTBUTEIBHOCTU U CHELM(PUIHOCTU
mopenu (puc. 2A). IloporoBoe 3HaUCHUEC BEPOSIT-
HocTu cocTtaBuyo 0,398, a COOTBETCTBYIOILIIUE EMY
3HaYeHUs] CneuuUUYHOCTU W YYBCTBUTEJIbHO-
ctu — 0,731 0,90. I1pn yka3aHHBIX YCIOBU SIX TTOPO-
roBoe 3HaueHue konuuecta CD4* T-numdouuTon

obuto 3KBUBaJeHTHO 200 kiaeTok/MKJI. Takzke
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[HK B3B <1.5 Ig konuit/105 kneTok
EBV DNA <1.5 Ig copies/105 cells
[HK B36 >1.5 Ig konuit/10° kneTok
EBV DNA >1.5 Ig copies/10° cells

PucyHok 1. PacnonoxeHue touek BUY(+)
nauMeHTOB B KOOpAMHaTaX ABYX NEPBbIX M1aBHbIX
KOMIMOHEHT C BU3yaJibHbIM HanoXxeHunem ¢gakrtopa
BbigsBneHus JHK BOb Bbilie nnu HuXxe noporoBoro
ypoeHs (1,5 Ig konuii/10° kneTok). Annunc
oToGpaxaeTt 95%-i1 foBepuUTeNbHbI MHTEpBan
pacnosoxeHus 6apuueHTpa rpynn. Ctpenkamm
0003Ha4YeHbl BeKTOPa U3YYEHHbIX NepeMeHHbIX
Figure 1. Position of HIV(+) patients in the coordinates
of the first two principal components with visual
overlay of EBV DNA detection factor above or below
the threshold level (1.5 Ig copies/10° cells). The ellipse
displays the 95% confidence interval of the barycenter
patient group location. The arrows indicate the vectors
of the studied variables
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ObLJIM pacCUYMTaHbl BEPOSTHOCTU BBISIBICHUS aK-
TuBHOI BOb-uHMeKIIMU B 3aBUCUMOCTU OT KOJIU-
yectBa CD4" T-numdonutoB (puc. 2Bb). [Tpu aTom
YPOBEHb JIOKHOTIOJOXUTEIbHBIX PE3YJbTaTOB CO-
craBull 27% (26 u3 96 ciayyaeB JaTeHTHOI BDB-
nHpeKn), JoXHooTpuuareapbHbix — 10% (4
un3 42 caydaeB akTuBHOU BOb-uHbeknm).

IlpoBeneno pacnpeneneHue BUY(+) naumeHToB
B rpynmax aktuBHasi BOb-uHdexknus u maTeHTHas
BOb-uHdekusa Ha 1Be KAaTEropuu B 3aBUCUMOCTH
ot koauyectBa CD4* T-mTuMbOLUTOB: C HUBKUM
KoJimuecTBOM (Huxke 200 KJIETOK/MKJT) ¥ BBICOKUM
KoOJIM4ecTBOM (paBHBIM wyiM Bbimie 200 KJIETOK/
MKJI). YCTAHOBJIEHO, UTO B KaTerOpuu JIUIL C HU3-
KuM kKojauyectBom CD4" T-numpouuToB mois
MalMeHTOB U3 I'PYIIbl akTUBHas1E BOb-nuHbexkus
cocrtaBuia 59% (38 u3 64 yesloBeK), a IIPU BLICOKOM
koquuectBe — 5% (4 u3 74 denosek). Paznuuus
B 4aCTOTE BbISIBJIeHUSI aKTUBHOU BOb-nuHdexunu,
KOrja 3HaueHUus BUpycHolt Harpy3ku BOb y BUY-
MHOUIIMPOBAHHBIX COCTaBIsLIU > 29 konuii/10°
KJIETOK, OBbLJIM CTaTUCTUYECKM 3HAUYUMMBIMU (p <
0,001). PaccuuTaHHBIIA BEpPOSITHBI PUCK aKTUB-
Hoil BOb-undexuuu y BUY-uHGULIMPOBAHHBIX
npu HU3KOM kojuyectBe CD4" T-numdbouuton
6611 B 3,3 pasa Beie (95% AU: 2,4—4.7), yeMm
y TalMeHTOB C BBICOKMM coaepxaHuem CD4*
T-numdbonuTos.

AUC =0.829
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0.1
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CneyudpuyHocTb / Specificity

Ob6cyxaeHune

KnuHuyeckue HabmoaeHUs 3apyOeXXHbBIX U POC-
CUMCKMX CIHELUUAJIUCTOB CBUIAETEIBCTBYIOT O TOM,
yto y aul, xuByumux ¢ BUY (JI2KB), yvamatoTcs
U MpPOMAJIEBAIOTCI dNU301bl peakTuBauu BOb, uyto
MOXET CYIIECTBEHHO BJIMSTH Ha ToKa3areyiu 3a00-
JieBaeMoCcTu U cmeptHocTH [1, 21]. BOb-undbekuus
MOXET TMPUBOAUTH K Pa3BUTHUIO XPOHUYECKON aK-
TuBHOU BOB-nHeK11n, BoaocaToi JeliKonaiakuu,
JUM@POUIHBIM WHTEPCTULIMATBHBIM ITHEBMOHUTAM
U LIMPOKOMY CIIEKTPY 3JIOKAY€CTBEHHBIX HOBOOOpa-
30BaHUi (Jiumpom) y JIZKB. CuMmniTombl pa3BUBaOT-
€S HE3aBUCUMO OT AJUTEIbHOCTU UWH(MUIIMPOBAHUS
BW1Y u cranuu 3a00€eBaHUS, a BBIPAXXEHHOCTb U TS-
XKEeCTb cUMITOMOB BOb-uHbeknnu KoppeaupyoT
c ypoBHem CD4" T-mumponmros [1, 2].

Haure uccnenoBanue 66110 OCHOBAHO Ha OIpe-
nenenuu [JJHK BOb B neiikouutax kposu BUY(+)
u BUY(—) B3pocabix. [lo JaHHBIM JUTEpPATYPHI
Y B3POCJBIX TOHOPOB KPOBU YAaCTOTa BBISIBJICHUS
JHK B®b B MHIIK BappupoBania ot 5,1% [42]
no 72,0% [25], a y BUY-mHOUIIMPOBAaHHBIX JIHII
ot 6,7% [43] no 78,8% [36]. OnHako, 0000IIUB TaH-
HbI€ Pa3HBIX UCCJEIOBAHUN, CTAHOBUTCS OYEBUJ -
HbiM, uTo JIHK BBb B Koropte JIZKB BbISIBASIOT
3HAUUTEJbHO 4Yallle, YeM B CpPEAHEM B TMOIYJs-
uuu [14, 16, 17, 31, 39, 50].
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PucyHok 2. AHanu3 npeANKTUBHON CUNbl NOKa3aTens adcontoTHoro konunyectea CD4* T-numdpountos
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Figure 2. Analysis of the predictive power for absolute CD4* T cell count to detect active EBV infection

Mpumevanue. A) ROC-aHanus. Toukoi 0603Ha4EHO NOPOroBOe 3HAYEHNE BEPOSITHOCTY 1 COOTBETCTBYIOLLME EMY
3HayYeHus cneumndUYHOCTM N YyBCTBUTENLHOCTU. B) MpeackasaHHble BeposiTHOCTU akTuBHOM BOBW. 3akpalueHHas ob6nactb
COOTBETCTBYET [LOBEPUTESIbHOMY MHTEPBAJTY BEPOSTHOCTU. [TYHKTUPHBIMU IMHUSAMIU 0603HAYEHO NOPOrOBOE 3HAYEHNE
BeposiTHocTV 0,398 1 cooTBETCTBYIOLWEE EMY NOPOroBOE 3HavYeHne konndectsa CD4* T-numdouunTos (200 kneTok/Mkn).

BOBWN — BOB-uHdekums.

Note. A) ROC analysis. The dot indicates the threshold probability value and the corresponding specificity and sensitivity levels.
B) Predicted probabilities of active EBVI. The shaded area corresponds to probability confidence interval. The dotted lines
indicate the probability threshold of 0.398 and the corresponding CD4* T-lymphocyte count threshold (200 cells/pl).

EBVI — EBV infection.
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Mo pesyabTaTaM COOCTBEHHBIX MCCIEIOBA-
nuit JJHK B3b Oblna BeisiBiaeHa y 70,3% BUY-
WHGUIIMPOBAHHBIX MallMEHTOB, MeAMaHa BUPYC-
HO# Harpy3ku coctaBuia 18 [5; 139] konuii/10°
kjeToK. bnuskue naHHbIe paHee OBIJIM TIOJyde-
HBl B IPYroil paboTe MTaJbSIHCKUMU MCCIeA0Ba-
TeasIMU, NpU 3TOM vacToTa obOHapyxeHuss JJHK
BBb cocraBuna 73,1%, a MeanaHa BUPYCHOI Ha-
rpy3ku — 43 [1-151] konuu/10° kieTok (ykasza-
Ha MeIMaHa [MeXKBapTHJIBbHBII uHTepBal]) [36].
[MonyyeHHBIC pe3yabTaThl MOATBEPXKIAIOT, YTO
B rpynne BUY(+) HabnatomaeTcs 3HAUUTEIbHO 0O-
Jiee BBICOKAsl 4acTOTa BBISIBJICHUSI M KOHIIEHTpa-
uusg JHK B3Ob B neiikouuTax KpoBU IO CpaBHE-
Huto ¢ BUY(—) nuuamu [20, 21, 36].

B cBo1o ouepenp Halllu HAOIIOACHMS, a TaKXKe
psiz 3apyOek HbIX MCCIIEAOBAHU I CBUIETEIbCTBYIOT
o ToM, uTo rpynmna BUY(+) aBiasieTcs HeogHOPOI-
HOM IO YaCTOTE BbISIBJICHUS U BUPYCHOI HAarpy3kKe
BOb [20, 23, 36, 43]. OTMeTHM, 4TO CPAaBHUTEb-
HBIW aHAJINU3 JUTEPATYPHBIX TaHHBIX CYIIECTBEH-
HO 3aTpyIHSIOT MCHOJb3yeMble HCCJIeIOBaTEsI-
MM pa3Hble METOMOJOrMYEeCKHE CTpaTeruu IIpu
dbopMUPOBAaHUU TPYIIT HUCCICAOBAHUS, aHAJIN3U-
pyemble OuocyOcTpaThl (CJIOHaA, IJa3Ma KpPOBH,
MHIIK, 6uonTarsl onmyxojeil) 1 OTCYTCTBUE CTaH-
nmaprusanuu koaudectBeHHoi [TLIP [13, 34, 46, 50].
MMeHHO TT03TOMY MBI TUIAHUPOBAJIU U TIPOBOINIIN
Hallle MCCJIeOBaHUE KOMILJIEKCHO C YUYEeTOM KakK
POCCUICKO KJIMHMYECKON Kiaccupukauuu |[3],
Tak 1 kiaaccupukanuu BO3 o cteneHu BeIpaskeH-
HOCTH UMMYHHBIX HApYILIEHU I Ha OCHOBE KOJIMYe-
ctBa CD4* T-numdonuTos [48], a TakKe mpruMeHe-
HUS U ipuBepxKeHHocTU APT.

ITo maTepuanaM ogHONM M3 MyOJUKALIUI pPOC-
cuiickux aBTopoB y BUU-mHpuULIMpOoBaHHBIX Ma-
OMEHTOB, M3 KOTOPBHIX OCHOBHAsI YacTh CJIydacB
(75,5%) npuxonunacek Ha ctaguio 4B, ipu uccie-
noBaHuu LeabHoil KpoBu JJHK B3Ob Obia obHa-
py>keHa B 25,6% ciydaeB, a BUpycHasl Harpy3Ka Ba-
pboupoBaa ot 1,0 go 3,3 lg konuii/10° knerox [13].
st cpaBHeHUSsI, B HallleM WCCJIEIOBAaHUU B JaH-
Hoit rpynne nauueHToB JIHK BOb B neiikouuTtax
KPOBHM BBISBIISIN ¢ yacTtoToil 84,2%, a pa3bpoc
KOHLEHTpaluuii coctaBua ot 2 no 362 komuu/10°
kiaetok (uau 0,2-2,6 lg konwmii/10° KIeTOK).
BobinosTHEHHBIE HaMUW CpaBHUTENbHBIA aHau3
MO KJIUHUYECKUM CTAAUIAM POCCUUCKOU KJIaCCHU-
GUKaUKM MO3BOJUJ PACIIMPUTH MPEACTABICHUS
o xapaktepe BOb-undexkuunu y JIZKB. Kak obmas
3aKOHOMEPHOCTh, HaboJIee BHICOKME ITOKa3aTeJIn
onpeneneHus JJTHK BDb Obinin HaMu BbISIBJIESHBI
y HallMeHTOB ¢ OoJiee TsaxXeablM TeueHuem B Y-
nHbeknuu Ha 4 ctaguu 3a00JeBaHUS MO CpaB-
HEHMIO C TEMHU, Y KOro Obljla AMAarHOCTUpPOBaHa
3 cragus. [1pu aToM ot ctaauu 3 K ctaguu 4B Ha-
OJIIOIAJIOCh YBEIMUYCHHE CIIy4aeB ¢ KIMHUYCCKU
3HauuMbiMu ypoBHsAMu [JHK BOb B snelikonu-
Tax KpoBu (Bblliie 29 konuu/103 kieTok uau 1,5 Ig

konuit JTHK BBOB/10° kietok) — 14,1% mnpoTus
70,0%, 4TOo OTpaxkaeT TEHACHIIMIO K MOBBIIICHUIO
pennukaTuBHOM akTuBHOCTU BOb Ha done npo-
rpeccupoBanusi BUU-unbexkum [20].

Mexay TeMm pasaejieHue IMalMeHTOB 10 KJIW-
HuyeckuMm ctagusm BUY-undekuuu paet o00-
mmee mpeacTtaBjieHre o TedueHUW BOBb-umHbexkium
y JIZKB u, K coxaleHu1o, HE MO3BOJSIET UCCIEI0-
BaTeJl0 OLEHUTh OCHOBHBIE (PAKTOPBI, KOTOPHIE
MOTYT BJMSTh Ha YaCTOTY OOHapy>XeHU ST U BUPYC-
HYI0 Harpy3ky BOb npu koundpuuuposanuu BUY,
a mMeHHO KomuyecTBo CD4* T-nuMdomToB 1 BU-
pycHyto Harpy3ky BUY, a Takxke nux ocOOeHHOCTU
B 3aBUCMMOCTU OT mpoBoaumoit APT u crenenu
NPUBEPXKEHHOCTU Tepanuu. BBISIBICHHBIE HaMU
OCOOCHHOCTH PEKOMEHIYEeTCSI YUYMTHIBAaTh IIpHU
MJaHUPOBAHUM JAJIbHENIINX WCCIeTOBaHUM, TT0-
CBSILIEHHBIX U3Yy4YeHU 0 KonHbpeku BOb u BUY.

IMonyuyenusiit npoduns BUY(+) nanueHTOB
Cc oOHapyxXuBaeMoli BUpyCcHOI1 Harpy3koii BOb co-
OTBETCTBYET TOMY, UTO BCTpPEUAETCSI B OOJBIINH-
cTBe paboT 3apyoexxHbix aBTopoB: JITHK BOb BbI-
SBJISIIA Y TTALIMEHTOB ¢ 00Jiee BbICOKOI BUPYCHOI
Harpys3koit BUY u Oojiee HU3KUM KOJUUYECTBOM
CD4" T-numdouutos [23, 30, 36, 38, 50]. B He-
KOTOPBIX ITYyOJIMKAIIMSIX BCTPEYaIrOTCs MPOTUBO-
peyalye NaHHbIe, COrJIacCHO KOTOPBIM KOppessi-
1S MeXJy BUpPYCHOI Harpy3koii BOb u Bupyc-
Hoii Harpy3koii BUY wunm konmuectBom CD4*
T-mumbonnToB He ObIJIa 0OHapy:keHa [19, 26, 40].
CoBceM UCKJIOUMTENbHBIM MPEACTABJISICTCS Bapu-
aHT, KOTJla Ha OCHOBE OIICHKMW BUPYCHOM HArpy3Ku
BOb B nmna3zme kposu BUY-nHpUIIMPOBAaHHBIX HA-
OroaJIach MOJOXKUTEIbHAST KOPPEJISIUsI C KOJTH-
yectBoM CD4* xneTox [46].

I1pu ecTecTBEHHOM TeYeHUU MHQEKIIMOHHOIO
npoiecca B orcyTcTBue Tepanuu BUY-uHbexusa
TMPUBOAUT K TTOTEPE UMMYHOJIOTUYECKOTO KOHTPO-
ng Han BOb-uHpekumei (BcaeacTBue UCTOLLIEH M
nyna CD4* KJIEeTOK) U YCUJIEHUIO JTUTUYECKOU pe-
mukanuu BObB [19, 20, 21]. DTo 00BsICHSET, TI0-
yeMy B HalleM uccienoBanuu rpynna Gl, mpenu-
CTaBJIeHHAs] «HAWBHBIMW» ITAallUEHTAMHU C TSIKE-
abpIM uMMyHonedunutom (CD4* T-numdbouuTs
< 200 KI€TOK/MKJI), IO CPAaBHEHUIO C OCTaJIbHBI-
MU OTJIMYAJIaCh CAMbIMU BBHICOKMMM TTOKa3aTeJIsI-
MU yacToThl ooHapyxkeHus JJHK BOb B neiiko-
HuTax Kpou (86,7%) u BupycHoii Harpy3ku BOb
(121 [34; 252] xonwuii/10° knetok). Kpome Toro,
B GosbliMHCTBe ciiydaeB (70,0%) KOHIEHTpaLus
BUpYyCa XapakTepru3oBajaa aKTUBHYI0 popmy BOb-
uHpekuuu. B SBHOM KOHTpacTe ¢ HUMMU TpyIina
«HauBHBIX» BUY-mHGUIIMPOBAHHBIX, ¥ KOTOPHIX
conepxanne CD4" T-muMbOUIMTOB TPEBHIIAIO
500 kJAETOK/MKJ, MPOAEMOHCTPUPOBAIU OTHO-
CUTEJIbHO HU3KMHE 3HAUYEHUSI BUPYCHOU HArpy3KU
BOb (6 [1; 9] konuii/10° KJIeTOK), a YpOBHU BbIIIIE
MOPOTOBOrO 3HAUYEHUS OBIJIM BBISIBICHBI TOJBKO
y 5,0% nmanueHToB.
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BHenpenue B 1996 I. B MUPOBYIO TPAKTUKY
AHTUPETPOBUPYCHON Tepanmuu pe3KOo H3MEHUJIO
ectrecTBeHHoe TeueHue BUY-uHbexkuuu y agereid
u B3pocabix [27]. APT HampaBjieHa Ha MeauKa-
MeHTO3HOoe nojapjieHue peraukaumuu BUY u Boc-
CTaHOBJeHUEe UMMYyHHUTeTa. OMHAKO Ha TeyeHHue
BOb-uHdexkuuun, no naHHbIM JuTtepatypbl, APT
OKa3bIBaeT HeOOHO3HaYHOe BaMsHUE [23, 36, 44].
ITo onHuM cBegeHusIM, Tipu dPdekTuBHON APT
BUpycHasi Harpy3ska BODb Obl1a HUXe, 4yeM B OT-
CYTCTBUE TepalnuU WU Npu HedI(PHEKTUBHOU Te-
paruu [23, 36]. B npyrux ucrouHukax, Hao60porT,
Ha ¢oHe npoBoaumoit APT oTMeuasoch MoBbIlIe-
HHUe BUpycHoU Harpy3ku BOBb B MHIIK [26, 40].
OTMETUM, UTO B IUTEPATypPe BCTPEUAIOTCS CXOXKUE
pe3yJibTaThl KOJMYECTBEHHOro ornpeaeaeHuss BOb
y nauueHToB npu nposeaeHuu APT u 6e3 Hee [43]
WJIU TIPY Pa3HOM AJIUTEIBHOCTH JieueH s [46].

ITonyyeHHBIEe HAMU JTaHHbBIE CBUAECTEIbCTBYIOT
0 TOM, 4TO B 0o01IeM y BUY(+) mauueHTOB, mojay-
yaBminx APT, OTHOCUTENbHBIN PUCK BbISIBJICHUS
JHK BOb npu HU3KOI MPpUBEPXKEHHOCTHU Tepanuu
ObLJ1 3HaUMTENbHO (B 1,7 pa3a) Bblllle IO CPaBHEHUIO
C TeMH, y Koro cgopmMupoBagach BbICOKasl MpU-
BepxkeHHOCTh. JIHK BOB oOHapyxuBanau yaiie
NpUu OINpeneasieMOM YpPOBHE BUPYCHOW Harpys3kKu
BMY, yem nipu JOCTUXKEHUU HEOIpPeAeasieMOoro
ypoBH#. duddepeHnaaibHblii aHaAU3 B pa3HbIX
rpynmnax BHMY(+) manueHTOB MO3BOJUJI YCTaHO-
BUTh, UTO BUpYCHas Harpy3ka BOb y aui ¢ xo-
muayectBoM CD4" T-numponuTtoB > 500 kinetok/
MKJI TIpU BBICOKOU TpuBep:KeHHOCcTU APT Oblia
CYILIECTBEHHO HUXKE, JOCTUTasl HEAECTEKTUPYEMO-
ro ypoBHs. OnHako y Jaull ¢ koaudectBom CD4"
T-mumdorToB <200 KIETOK/MKIJI 1azke TTPU BICO-
koii mpuBepxkeHHocTu APT JIHK BOb B neiikouu-
Tax KPOBU OTpeaesIsiIv OAMHAKOBO YacTo 'y 36,7%
U3 HUX BUPYCHas Harpys3ka xapakTepu3oBaja ak-
TuBHYyI0 BOb-nHdexkuuio. CHUXEHUE BIUSHUS
APT na BOb-uH®bekI11110 B TaHHOM Cly4yae, MOXEeT
ObITh OOYCJIOBJIEHO BbIPaXK€HHBIM HapylLIEHUEM
ob1iero MMMYyHHOTo Han3opa 3a BOb-unbekuei
B OTOM I'pyIiIie MalrueHToB [36].

bosee Toro, y maliu€eHTOB C HU3KOI MTPHUBEPKEH-
HOCThI0O APT 1o cpaBHEHM IO C BBICOKO PUBEPKEH-
HBIMU UJIN «HAUBHBIMW» NTarineHTaMu 0e3 APT MBI
Habioganu naxe 6ojee BbICOKYIO BUPYCHYIO Ha-
rpy3ky BODb. PaHee ObliM MpeaiokeHbl IBE TEO-
pUM MOBBIIIEHUSI BUPYCHOU Harpy3ku BOb mocie
Hayajia APT [35]. Ho ecnu nopoGHble HaOMI0AeHU S
JI0 CUX TOp ObLIM OMMCAHbI B JIUTEPAType TOJBKO
B OTHOIIEHUU JIUI[ C TSIXKEJIbIM UMMYHOIEhUIIHU-
TOM [26, 35, 36], TO B HalllEM UCCJIEAOBAHU M aHAJIO0-
TUYHbIE, MPUYEM CTaTUCTUYECKUE 3HAUMMBbIE pa3-
JINYUSI, ObLIY TMOJYYEHBI U IJ151 TUILL C KOJIUYECTBOM
CD4" T-numdonToB >500 KJIeTOK/MKJI.

Ha ocHoBe MOay4YeHHBIX B HACTOSIIEM HCCIIe-
JIOBAaHUU JAHHBIX O MOBBIILIEHHON penIMKaTUBHOMN
akTuBHOCTU BODb y BUY(+) B3pocabIiX 1o cpaBHe-

Huto ¢ BUY(—) nuuamu, K ToMy ke HarnboJiee BbIpa-
>KEHHOM Y OTACJbHBIX KATErOPUIA MallMeHTOB, HAMU
BIIEpPBbIE ObLI pa3paboTaH METOAMYECKMI TMOIXOMd
CKpPUHMHIa akTUBHOI ¢opMbl BOb-uHbekinu.
TTockonbky BHacTostee BpeMst B PO kiinHuveckuit
craHaapt oociegoBaHusi BUY-uHbULIMPOBAaHHBIX
He BKJIIOYaeT ompenesjeHue crnenuduyeckux map-
kepoB BOb-uHbek1Mu, npoBeaeHa OlieHKa BO3-
MOXHOCTU TPUMEHEHUS IoKa3aTejaeil BUPYCHOM
Harpy3ku BUY u konnuyecrBa CD4" T-numdouuToB
B KaUeCTBE CKPUHUHTOBBIX JJISI OTHECEHUS Mallu-
€HTOB B rpynny pucka akTuBHoii BOb-uHbek1u.
B kauecTBe nuddepeHIaibHOro 1adopaTopHOTo
KpUTepusl JJaTeHTHOW W akTuBHOU (dopmbl BOb-
UHGEeKIMU OblJT MPUMEHEH YCTAaHOBJIEHHBI HaAMU
MOPOrOBbIl YPOBEHb BUPYCHOI Harpy3ku BOb (29
koruii/10° kmetok uau 1,5 g kormiit IHK BBB/10°
KJIETOK (METOHO0JIOTUS U3JIoXKeHa HaMU paHee [7]).
KonunuectBenHoe I1LP-uccnenosanue JJHK BBOb
B JIeMKOLIMTaX KPOBHU SIBJSIETCS OCOOEHHO aKTy-
aJbHBIM Y JUIl C UMMYHOAEGUIIUTOM, MOCKOJbKY
ornpeleseHUEe TOJbKO CEPOJIOTMUYECKUX MapKepoB
ocTpoit BOb-uHbeKk1u y HUX MOXeT ObITh Hedd-
dexTuBHBIM [4, 13].

Kaxk u B psine Apyrux uccienoBaHu, aHaJIU3 Mo-
KaszaJl B3aMMOCBSI3b KJIMHUYECKU 3HAYMMBbIX YPOB-
Hell BUpycHOU Harpy3ku BODb Tonbko ¢ kojauue-
ctBoMm CD4* T-numdouuTtoB [1, 2, 38]. YcraHoBieHO
MOPOroBO€ 3HaueHWE aOCOJIOTHOrO KOJIMYecTBa
CD4* T-numdouutoB Ha ypoBHe 200 KieTOK/
MKJI. B TMarHocTU4YeCKOM acrneKkTe JaHHBIU KOIU-
YEeCTBEHHBI1 KPUTEPUI SIBISIETCS TPUEMIIEMBIM:
4yyBCTBUTEJbHOCT — 0,90; crieuudpuyHOCTL —
0,73. B pesynbraTe npeajioxeHa JUarHocTuyeckast
cTpaTerusi, Koropasi MOXeT ObITb PEKOMEHAOBaHa
K MPUMEHEHUIO B JTaOOpPaTOPHONW U KJIMHUYECKOU
NpakTUKe, a TaKXke HayYHO-KUCCJIeA0BaTeIbCKOMN
paboTe nJs1 J1abOpaTOPHOTO CKPUHMHIra aKTUB-
Hoil BOb-unbexkuuun y BUY-uHbDULIMPOBAHHBIX
MalMeHTOB C LeJblo GOPMUPOBAHUS TPYIIIILI PU-
cKa W JajbHelIero yriayo6JeHHOTro o0ciaea0BaHU
Ha BOb-accouunpoBaHHble 3a00JieBaHUS, BKIIO-
yas 3J0KauyeCTBEHHbIe HOBOOOpa3oBaHUs [44].
ITo maHHBIM COOCTBEHHBIX UCCAEIOBAHUN T'PYIMIY
pucka coctaBuiu 30,4% ot obiiero uuciaa BUY(+)
nanueHToB. OT™MeTUM, uTo B rpymnme BUY(—) Bu-
pycHas Harpy3ka BOb H1 y Koro He npeBbllaJia no-
poroBoe 3HaueHUue. CoraacHO HEMHOTOUYUCIEHHBIM
JIMTEPATYPHBIM TaHHBIM, MapKepbl U KTMHUYECKUE
cumntoMbl BOb-uHbek1uu (peakTuBalus) BbIsIB-
nsumuchk y 23% nun ¢ BUY-unbexkuueii [1].

TlonBoast UTOrM, OTMETUM, YTO BBISIBJICHHASI IIPU
KOJIM4YeCcTBEHHOU olieHke BOb HeomHOpoaHOCTh no-
nyassuuu BUY-uHbUImMpoBaHHBIX B 3aBUCUMOCTU
OT MMMYHHOIO cTaTyca U mnpuBepxkeHHocTu APT
SIBJISIETCSI METOMNWYECKO OCHOBOW [IJISI COBEPILIEH-
CTBOBaHHUSI W IJIAHUPOBAHUS MNPOGUIAKTUYECKUX
U TPOTUBORNUAEMUYECKUX Mepornpusatuil. Kpome
TOrO, MOJIYyYeHHbIC HAMU PE3yJbTaThl KOJIUYECTBEH-
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Hoit onenku JTHK BOb y BUY-uHdumpoBaHHbBIX
B MEPCIEKTUBE UMEIOT BaXKHOE MU IEM OO MUECKOe
3HAUYECHUE B CBETE MMEIOIIUXCS B IUTEpaType DTaHHbBIX
0 TOM, UYTO BbICOKasl BUpyCcHas Harpy3ka BOb B kiet-
Kax repudeprueckKoil KpoBM acCOLlMMPOBaHa C yBe-
JIMYEHUEM MOJIEKYJISIPHO-TEHETUYECKOIO Pa3HOO-
opasuss BUY [17, 22]. Takke ciaeayeT OTMETUTD, YTO
Ha (pone BUY-nHbeK111Y y MallMeHTOB Haboaanach
CMEHa IIITaMMOB, COOTBETCTBYIOIIUX T€HOTUIIAM
BBb-1 u BOB-2 [15]. [IpyuynHHO-CIeACTBEHHBIE CBSI-
3u 3TuX B3anmoaencteuii BOb u BUY eie npeacrout
n3yuuth. HecmoTps Ha ycniexu APT, B KITMHUUYEeCKOM
aCMeKTe MPOTHO3bI CIIEIUATUCTOB CBOASITCS K TOMY,
yTo anuaeMuyeckuii noreHuuasal BUY-nHdexkumu
Ha (oHe yBeIUYEHUS MPOAOKUTEIBHOCTU XU3HU
MalMeHTOB OyJeT COMPOBOXAATbCS POCTOM YHCJA
ciaydaeB BbIsIBIeHUS1 BOb-accoumupoBaHHBIX OIy-
XOJIeH, 4TO TpeOyeT MPOMOJIXKEHUS MEXIUCIIATLIN-
HapHBIX UCCJIEIOBAaHU I B KOHTEKCTE TaHHOI MpoobJie-
™Mbl [8, 10, 27, 44, 47, 50].

3ak/o4yeHme

BrmiepBeic B P® mpoBemeHa KoawdyecTBEHHas
oueHka BOb y BUU-uHpULIMpOBaHHBIX MallMeH-
TOB B pa3pe3e pa3HbIX KJIMHUYecKux ctaauiit BUY-
WHGEKIINN, CTEeNeHW WMMYHHBIX HapyIIeHUH,
npuMeHeHus U npuBepxkeHHocTu APT.

IMomyyeHHBIC pe3yJbTaThl CBUICTEIBCTBYIOT
0 TOM, UTO B JIECMKOIIMTaX KPOBH B3pocabix BUY(+)
nanreHToB yactota ooHapyxeHus JJHK BOb 3Ha-
YUTEJBbHO BHIIIE 110 cpaBHeHUIO ¢ BUY(—) nuitamn
(OP 1,37 (95% A:1,09—1,72), p=0,008). [1Tpu aTOM
MeanaHa BUpPYCHOI Harpy3ku BOb cocraBuia co-
orBeTcTBeHHO 18 [5; 139] mpoTus 2 [1; 3] konuii/10°
kietok (p < 0,001).

IMokazano, urto rpymma BUWY(+) mammeHTOB
SIBJISICTCS HEOIHOPOITHOI ITO YaCTOTE BBISIBICHUS
¥ BUpycHoii Harpy3ke BOB. [TonyuyeHHBIe pe3yibTa-
THI B KOHTEKCTE pa3HBIX KIMHUICCKUX CTaINI 00D-
eKTUBHO OTPaXxaroT 3aKOHOMEPHOE ITOBBIIIICHNE Pe-
MJIMKaTUBHOI akTuBHOCTH BOb Ha doHe mporpec-
cupoBanust BUY-undexuun. [Mpu sToM rmokasaHo,
YTO HCIIOJIb30BaHHWE TOJBKO JUIIb KJIWHWUYECKON
kimaccupukaunu BUY-mHdeximm nMmeeT orpaHu-
YeHHBIe BO3MOXHOCTH B KOHTEKCTE N3YYCHU S OCO-
oenHoctel TeueHnnuss BOb+BUY-konHdexkunn.
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MATRIX METALLOPROTEINASES-3
(MMP-3) SERUM LEVEL AND GENETIC
POLYMORPHISMS ASSOCIATED WITH
RHEUMATOID ARTHRITIS

W.A. Al-Nuaimy, D.F. Salloom

College of Science, Baghdad University, Baghdad, Iraq

Abstract. Introduction. MMP-3 plays a crucial role in the process of bone erosion in the pathomechanism of rheumatoid
arthritis (RA). It acts by removing the outer osteoid layer, which allows the osteoclasts to tightly connect and carry out
the subsequent damage to the underlying bone. MMP-3 can trigger the production of other MMPs like MMP-1, MMP-
7, and MMP-9, it plays a pivotal role in the remodeling of connective tissues. Aim of the study: to assess the influence
of MMP-3 serum levels and single-nucleotide polymorphisms of rs679620 in the rheumatoid arthritis patients’ group
in comparison to the control group. Subjects: eighty eight samples, 45 rheumatoid arthritis patients after being referred by
their treating physician for regular RA test. The remaining 43 samples all represent apparently healthy people. The present
study investigated the serum concentration of MMP-3 and rs679620 SN Ps in the group of patients with RA, in comparison
to the control group. Results. The results indicated a significant elevation in MMP-3 levels in RA patients in comparison
to healthy individuals (12.75+0.38 vs 9.69%0.37) and the findings of rs679620 SNPs appeared that the patient group has
a non-significant increase in both allele frequency A and genotype frequency AA when compared to the control group
(66.2vs 52.2%; p =0.172; OR = 1.79 and 35.3 vs 17.4%; p = 0.229; OR = 2.59), but a non-significant decrease in both allele
frequency C and genotype frequency CC when compared to the control group (2.94 vs 4.4%; p = 1.0; OR = 0.67 and 2.9 vs
4.3%; p = 1.0; OR = 0.67), as well as a non-significant decrease in allele frequency G and both genotypes frequency GG
and AG when compared to the control group (30.9 vs 43.5%; p = 0.233; OR = 0.58, 0.0 vs 8.7%; p = 0.159; OR = 0.12 and
61.8 vs 69.6%; p = 0.585; OR = 0.71). Patients carrying the AA and AG genotype, had significantly higher serum levels
of MMP-3 compared to control (P = 0.005 and 0.004) respectively. Conclusion. Rs679620 may influence joint destruction
via increase MM P-3 production.

Key words: Rs679620, MM P-3, RA patients, autoimmune diseases, matrix metalloproteinase, gene polymorphism.

YPOBEHb MATPUKCHOW METANNI/IONPOTEUHA3bDI-3 (MMP-3) B CbIBOPOTKE U FrEHETUYECKUWA
NOJIMMOP®OU3M, CBSI3AHHbIN C PEBMATOUAHbLIM APTPUTOM
Aunb-Hyaiimu B.A., Canaym J1.D.

Koanedxwc nayku baedadckoeo ynueepcumema, baedao, Hpak

Pestome. Bsedenue. MMP-3 urpaeT pelammyio pojib B IIPOLEcce 3p03UM KOCTH B TTATOT¢HE3e peBMAaTOMIHOTO ap-
Tputa (PA), KOTOpas UCTOIAeT BHEIIHUI OCTEOUIHBIN CIO, YTO MO3BOJISIET OCTEOKJIACTAM MJIOTHO COCAUHSTHCS
U najiee MOBPEXIaTh MOAJIEXAIYI0 KOCTHYI0 TKaHb. MMP-3 MoxeT 3amyckaTh BbIpaboTKy apyrux MMP, takux Kkak
MMP-1, MMP-7 u MMP-9, u urpaeT KJIto4eBYyI0 poJjib B IEPECTPOiiKe CoOeAMHUTENbHbBIX TKaHel. e uccienona-
HMSI: OLIEHUTH BJIUsTHUE YPOBHSI MMP-3 B CbIBOPOTKE KPOBM 1 OMHOHYKJICOTHIHOTO ToTuMopdu3ma 1s679620 B reHe
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W.A. Al-Nuaimy, D.F. Salloom MHdekumns n uMmyHuTeT

MMP-3 B rpyrine 601bHbIX PEBMAaTOMAHBIM apTPUTOM IO CPABHEHUIO C KOHTPOJBHOM rpyInoi. Marepuabl: usyde-
HbI BOCEMBJIECSIT BOCEMb 00pa31i0B OT 45 MallMEHTOB C PEBMATOMIHBIM apTPUTOM, HAIlpaBJICHHBIX JIeYallliM BpauyoM
Ha peryiasipHoe obciaenoBanue Ha PA. OcranbHbie 43 oOpasiia MoJyyeHbl OT MPaKTUYECKU 3M0POBbIX Jroneit. B Ha-
CTOSIIIEM MCCJIEAOBAaHMM M3Yyvaach ChIBOpOTOYHAsl KoHLUeHTpaus MMP-3 u SNP rs679620 B rpyrme naiieHTOB
¢ PA o cpaBHEHMIO ¢ KOHTPOJIbHOM Tpymmoii. Pe3yrsmamei. [lokazaHo 3HaYMTEIbHOE MOBbIIIEHUE YpOoBHEHT MM P-3
y mauueHToB ¢ PA 1o cpaBHeHUIO co 300poBbiMU toabmu (12,75+0,38 npotus 9,6910,37), a ypoBeHb IpeACTaBICH-
HOCTH 1679620 B TpyIilie NALMEHTOB ObLI HE3HAYMTEIHHO MOBBILIEH IS aJljIess A U TeHOThIIa AA 110 CpaBHEHUIO
¢ KOHTPOJIbHOI Tpynoii (66,2 mpotus 52,2%; p = 0,172; OLL = 1,79 u 35,3 nportus 17,4%; p = 0,229; OILI = 2,59),
HO He3HAYNTEIbHOC CHIKEeHA KaK 71 9acTOTH ayenst C, Tak 1 yacToTsl TeHoTHa CC 110 CpaBHEHMIO ¢ KOHTPOJIb-
Hoii rpynmnoii (2,94 npotus 4,4%; p = 1,0; OLLL = 0,67 u 2,9 npotus 4,3%; p = 1,0; OLLL = 0,67), a Tak:Ke 1 HEAOCTOBEPHO
CHUXeHa yacToThl ajuteist G u yactora oboux reHotunoB GG u AG no cpaBHeHHUIO ¢ KOHTpOJbHOI rpynmnoit (30,9
npotuB 43,5%; p = 0,233; OILl = 0,58, 0,0 mpoTus 8,7%; p = 0,159; OLL = 0,12 u 61,8 mpotus 69,6%; p = 0,585; OLLI =
0,71). TTauueHTs! ¢ reHoTUIaMu AA 1 AG nMeau 3HaYUTeJIbHO 60see Boicokre ypoBHU MMP-3 B cbIBOpOTKE KPOBU
o cpaBHeHHI0 ¢ KoHTposeM (P = 0,005 u 0,004 cooTBeTCTBEHHO). Bbigod. Rs679620 MoXeT BIMSITh Ha pa3pylleHNe

CyCTaBOB 3a CUET yBeJUUYEeHUS MpoayKuuu MMP-3.

Karoueesvie caosa: Rs679620, MM P-3, 6oabHbie PA, aymoummyHHble 3a001e6aHUS, MAMPUKCHASL MeMALI0NPOMEUHA3d,

noaumMophu3m eeHos.

Introduction

Extracellular matrix (ECM) components can
be degraded by a group of zinc-dependent endo-
peptidases known as matrix metalloproteinases
(MMPs) [24]. Since ECM breakdown is linked
to embryonic development and angiogenesis, it is
of critical importance. It also plays a role in cellular
healing and tissue remodeling. Abnormal degrada-
tion of the ECM can result from changes in MMP
expression. This is the root cause of diabetes-related
vascular problems and other chronic degenerative
illnesses [6]. Matrix metalloproteinases (MM Ps)
have been linked to chemokine activation and leu-
kocyte infiltration during inflammatory respons-
es [12]. MMP family has been implicated in tumor
cell invasion and metastasis [23]. Rheumatoid ar-
thritis (RA), is a persistent inflammatory disease
that predominantly impacts the synovial membrane
lining of the joints that ultimately lead to joint de-
struction [22]. Inrheumatoid arthritis, your immune
system attacks the tissue lining the joints on both
sides of your body, other parts of the body may also
be affected [16]. The risk of developing rheuma-
toid arthritis has been associated with HLA-DRBI1
which contain 5 amino acids known as “shared
epitope” [8]. Researchers are especially interested
in viral causes [11][13] and immunity had been sug-
gested to be involved in the pathophysiology of of au-
toimmune diseases [2][20]. RA patients have elevat-
ed levels of matrix metalloproteinase-3 (MMP-3),
also called (stromelysin-1). Based on screenings
conducted over the past three decades, it appears
that blood levels of MMP-3 predict disease out-
come and medication response and positively re-
flect RA disease activity, bone and joint injury, and
radiographic erosion [17]. The gene of MMP-3,
which is part of a cluster of MMP genes, is located
on human chromosome 11g22.3. During tissue re-
modeling, MM Ps have a role in both normal physi-

ological processes like reproduction and embry-
onic development and pathological processes like
arthritis and tumor spread. The majority of MMPs
are released in their inactive pre-protein form and
become active only after being cleaved by extracel-
lular proteinases. In the joints, there are synovial fi-
broblasts and chondrocytes, produce the proteinase
MMP-3. It plays a crucial role in the degeneration
of joints in RA patients. Proteoglycans, fibronectin,
laminin, and elastin, as well as collagens type II,
II1, IV, IX, and X, are all targets of the MMP-3 en-
zyme. Because MMP-3 can trigger the production
of other MM Ps like MMP-1, MMP-7, and MM P-9,
it plays a pivotal role in the remodeling of connec-
tive tissues [5].

Materials and methods

Sample collection. In total, 88 samples were taken,
45 rheumatoid arthritis patients (18 in high disease
activity and 27 in moderate disease activity, from
the Baghdad-Teaching Hospital/Baghdad Province
were enrolled in this study after being referred by their
treating physician for regular RA tests [14]. The re-
maining 43 samples all represent apparently healthy
people (with age and sex matched with the patients).
5 ml of venous blood was obtained from the sub-
ject. After letting 3 ml of blood clot for 30 minutes
at room temperature (25°C) [25], then centrifugation
for 15 minutes at 3000 RPM/min, the serum was col-
lected and frozen at —20°C for further use in ELISA
procedure, according to [21]. Serological examina-
tion of Human matrix metalloproteinases (MM P-3)
concentrations was applied using (MM P-3) sandwich
ELISA. The remaining 2 ml was placed in an EDTA
tube for genomic tests involving the MMP-3 gene
polymorphisms Rs679620. In terms of research eth-
ics, the current study was greenlit in accordance with
the Helsinki Declaration on the Human Protection
in Experimental Research (World Medical Associa-
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Table 1. The condition and primer information of Rs679620 MMP-3 gene polymorphisms

Primer Sequence Target gene Size of product
F 5-CTTGCTTTGGAACAGCTTCAG-3' MMP-3
rs679620 R 5-CTCTTCCCAGACTTTCAGAGC-3 (Chen etal., 2012) 634 bp

tion2013). To identify the existence of chronic and
inflammatory ailments among all participants,
a questionnaire was employed, and those individual
with such conditions were subsequently not included
in the study’s results [15].

DNA extraction. DNA extraction was per-
formed according to the manufacture instructions
of (HiGenoMB, HIMEDIA, India), the protocol
of DNA extraction from whole blood: The level of DNA
samples that showed an adequate of level integrity was
estimated by using a Nanodrop spectrophotometer
(Thermo Fisher Scientific) with basic computerized
software control and data recording, which was pre-
ceded by the use of TE buffer as a blank solution. 2
microliters of DNA were loaded to the Nanodrop
to determine the concentration in ng/ul. The concen-
tration was in the range of 40—120 ng/ul. In the DNA
purity, the absorbance of the sample was measured at
(260 and 280 nm) wavelengths using the nanodrop
spectrophotometer. A260/A280 ratios between 1.7 and
1.9 indicate the presence of pure DNA.

Primer preparation. The NCBI-primer blast
website was utilized for the primer design process.
The information and condition of the primers were
presented in Table 1.

Polymerase chain reaction. All PCR reactions
were carried out in a 25 pl final volume and accord-
ing to the manufacturer’s instructions. A quantity
of 25 ul of the reaction mixture (12 pl of green mas-
ter-mix, 2 ul of DNA, 2 ul of primers 9 ul of nuclease
free water) was added to each PCR tube. Following
this, the tubes were sealed and subjected to a brief
centrifugation to remove any air pockets and spin
the contents down. The tubes were then transferred
onto a miniopticon PCR thermocycler. Primer an-
nealing temperature optimization: by applying gra-
dient temperature (54, 55, 56, 57, 58, 59, 60, 61, 62,
63 and 64)°C, until reach to optimum annealing
temperature. The annealing temperature of 62°C
for MMP-3 was optimum for producing clear and

e
e ——
-
e —
e—
—
| —
| —

sharp bands in agarose gel (Fig.). The PCR cycler
conditions were set according to the optimum prim-
er annealing temperature and PCR Go Taq Green
Master Mix kit instructions

Statistical analysis. Prior to computing the mean,
Student’s T-test and standard deviation, the normal-
ity, homogeneity, and distribution of the parametric
data assessed using the software version 26.0 of the
IBM SPSS application. A level of significance of 0.05
was used to assess the statistical significance of the
calculated probability. Pearson’s coefficient of chi_
square was employed to compute the probability as-
sociated with the not parametric data. In addition,
the odd ratio, 95% confidence interval and Fisher’s
exact probability were calculated by WinPepi version
11.65 [1] for the genotyping and alleles frequencies.
Such for the genotyping and alleles frequencies cal-
culations, an online Hardy-Weinberg calculator was
used [4].

Results and discussion

Serum level of MMP-3. The result showed that
concentrations of MM P-9 were significantly elevated
in RA patients as appeared in Table 2.

Table 2 shows that MMP-3 concentrations were
significantly elevated in patients (P = 0.000003), this
is indicate that MM P-3 plays a pivotal role in bone
destruction and cartilage components degradation
in RA [10]. Matrix metalloproteinase 3 (stromely-
sin-1) is a protein-degrading enzyme that has been
linked to RA-related joint destruction through its
ability to degrade collagen (XI, IX, V, IV and III
types), matrix proteins, and proteoglycans, as well as
to activate other pro-MMPs (7,8 and 9) [19]. Serum
matrix metalloproteinase-3 (MMP-3) is an objec-
tive, practical, and disease-specific marker of ongo-
ing illness and joint damage in rheumatoid arthri-
tis (RA) patients, as shown here; these findings are
consistent with those of [9], who found that MM P-3

Figure. Gel electrophoresis for MMP-3 PCR product (Agarose 2%, at 100 volts for 45 min) visualized

under U.V. light after staining with Red Safe Stain
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Table 2. MMP-3 level in Patients and control groups

MMP-3 level +SE |
Group : 8 level means=SE (pg/ml) Probability
Patients group Control group
Total 12.75+0.38 9.69+0.37 0.000003
Note. * is significant at P <0.05.
Table 3. Serum levels of MMP-3 in relation to CDAI score in RA patients
i L. MMP-3 level means+SE (pg/ml) -
Disease activity Patients males Patients females Probability
High 12.73+1.21 13.49+0.87 0.649
Moderate 13.2310.45 12.21£0.50 0.432
Probability 0.793 0.156

Note. * is significant at P <0.05.

Table 4. The Hardy-Weinberg equilibrium (HWE) and frequency distribution of the MMP-3 gene genotypes,
rs679620, in blood samples from the patient and control groups

Genotyping of MMP-3 Patients group No. (%) (n = 34) Control group No. (%) (n =23)
rs679620 Observed Expected Observed Expected

AA 12 (35.3) 14.89 (43.8) 4 (17.4) 6.3 (27.2)

AC 0(0.0) 1.32(3.9) 0(0.0) 1.0 (4.5)

cc 1(2.9) 0.03(0.09) 1(4.3) 0.04 (0.2)
AG 21(61.8) 13.9 (40.9) 16 (69.6) 10.4 (45.4)

CG 0(0.0) 0.62(1.8) 0(0.0) 0.9 (3.8)

GG 0(0.0) 3.24 (9.5) 2(8.7) 4.4(18.9)
Total 34 (100.0) 34 (100.0) 23 (100.0) 23 (100.0)

P-HWE Uncountable Uncountable

Notes. P-HWE: Probability of Hardy-Weinberg equilibrium. | degree of freedom (d.f.) for Chi-squared distribution.

Table 5. Genotype and allele frequencies of MMP-3 gene rs679620 of patients group and control group

in blood samples

Genotyping of MMP-3 Patients group No. [ Control group No. (%) OR (95% Cl) Fisher’s g).(act
rs679620 (%) (n=34) (n=23) probability
A 45 (66.2) 24 (52.2) 1.79 (0.84-3.83) 0.172
Cc 2(2.94) 2(4.4) 0.67 (0.09-4.82) 1.0
G 21(30.9) 20 (43.5) 0.58 (0.27-1.25) 0.233
AA 12 (35.3) 4 (17.4) 2.59(0.73-9.15) 0.229
AC 0(0.0) 0(0.0) - Uncountable
cc 1(2.9) 1(4.3) 0.67 (0.04-10.66) 1.0
AG 21(61.8) 16 (69.6) 0.71(0.23-2.13) 0.585
CG 0(0.0) 0(0.0) - Uncountable
GG 0(0.0) 2(8.7) 0.12 (0.01-2.59) 0.159
OR: odd ratio, 95% Cl: 95% confidence intervals

Table 6. Level distribution of MMP-3 in patients group and control group according to the genotypes

(A/C/G rs679620)
Genotyping of MMP-3 rs679620 - MMP-9 level meanSE (pg/mi) Probability
Patients group Control group

AA 10.89+£0.72 B 7.04+0.60B 0.005
AC - - -
cC 12.72 AB 12.71 AB Uncountable
AG 13.33+0.59 A 10.39+0.42 A 0.004
CG - - -
GG - 6.23 -

ANOVA table: the similar letters referred to a non-significant difference (P > 0.05) among the genotyping of the same group.
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was an important indicator for evaluating RA dis-
ease, stratifying disease activity, and predicting
prognosis [18]. MMP-3 could be useful as a biologi-
cal markers for rheumatoid arthritis disease activity
assessment [3].

According to disease activity the MMP-3 mean
values were insignificantly correlated with CDAI
score in RA patients (Table 3), since both stag-
es showed an increment with enzyme compared
to healthy individuals. While Ahmed and Salloom.
Indicated that patients with a high disease activity
score had greater mean values of MM P-3 than those
with a moderate or low disease activity score [2].

MMP-3 gene (rs679620). The SNP of MMP-3
gene (rs679620); located on Chromosomell
(chr11:102842889) was expected with six genotypes
(AA, AC, CC, AG, CG and GG) and three alleles
(A, C and Q) in patients and control group. It was
observed that genotypes frequencies in both groups
of subjects disagree with Hardy—Weinberg (H-W)
equilibrium because more than one genotypes were
absent in both studied groups, so P value was un-
countable. The genotypes (AC, CG and GG) weren’t
observed in patients group, while the two genotypes
(AC and CG) were absent in control group (Table 4).

P-HWE: Probability of Hardy-Weinberg equilibri-
um. I degree of freedom (d.f.) for Chi-squared distribu-
tion. The patient group has a non-significant increase
in both allele frequency A and genotype frequency
AA when compared to the control group (66.2 vs
52.2%; p = 0.172; OR = 1.79 and 35.3 vs 17.4%; p =
0.229; OR = 2.59), but a non-significant decrease
in both allele frequency C and genotype frequency
CC when compared to the control group (2.94 vs
4.4%; p = 1.0; OR = 0.67 and 2.9 vs 4.3%; p = 1.0;
OR = 0.67), as well as a non-significant decrease
in allele frequency G and both genotypes frequency
GG and AG when compared to the control group
(309 vs 43.5%; p = 0.233; OR=0.58,0.0 vs 8.7%; p =
0.159; OR = 0.12 and 61.8 vs 69.6%; p = 0.585; OR =
0.71). Table 5 also showed that the AA and A allele
exhibited a higher value of odd ratio (2.59 and 1.79)
respectively, so it might be consider as a potential risk
factor, while the genotypes CC, AG, GG and alleles
C and G showed a lower value (0.67, 0.71, 0.12, 0.67
and 0.58) respectively, and this reflecting a protective
property of these factors
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so Rs679620 may influence joint destruction via in-
crease MM P-3 production which was also associated
with more severe joint damage. This agree with Chen
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role in determining the circulating levels of MM P-3
in RA, and that MM P-3 polymorphism is associated
with the level of disease activity over time [7].

Conclusion

Rs679620 may enhance MMP-3 production
and joint destruction. Patients carrying the AA and
AG genotype, had significantly higher serum levels
of MMP-3 compared to control. AA and A allele ex-
hibited a higher value of odd ratio (2.59 and 1.79) re-
spectively, so they might be consider as potential risk
factors, while the genotypes CC,AG,GG and alleles
C and G showed a lower value of odd ratio (0.67, 0.71,
0.12, 0.67 and 0.58) respectively, and this reflecting
their protective properties.
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onTMMMU3AUUA CUCTEMHOIO

U JIOKAJIbHOIO T-KJIETO4YHOIO MUMMYHHOI'O
OTBETA HA XXUBYIO rPUTMMNO3HYIO

BAKUUWHY NPU BKJIIOYEHNU B COCTAB
BAKUMHHOIO LULTAMMA rEHA HYKJIEOMNMPOTEUHA
OT ANUAEMUYHECKOIO BUPYCA TPUINMNA

I1.A. ITpoxkonenko, E.A. CrenanoBa, B.A. Martiomenko, A.K. Unucrsakosa,
A.JI. Koctpomutuna, T.C. Koromuna, A.51. Pak, A.A. Pyounmreiin, V1.B. KyapsiBues,
B.B. Hosunkas, JI.I'. Pynenko, 1.H. VcakoBa-Cusak

OI'EHY Hucmumym sxcnepumenmanvhoi meduyunsl, Cankm-Ilemep6ype, Poccus

Pesitome. Bsedenue. OnTuMu3alus MocTBaKIMHAIBHOTO peneptyapa T-KJAeTOK — OIMH U3 CIIOCOOOB pacIiMpeHu st
CIIEKTpa 3allMTHOTO MOTeHII KA a XUBOM rpuIino3Hoii BakiMHbI (KI'B). YayumuTs Kpocc-mpoTeKTUBHbIE CBOMCTBA
ZKT'B MOXXHO myTeM BHECEHMSI B COCTaB FreHOMa BaKIIMHHOTIO IITaMMa reHa HykjeonpotenHa (NP) ot anuaemuyec-
KOT'O POJUTENbCKOIO BUpPYCa, TO €CTh IIPU 3aMeHe Kylaccudyeckoi ¢hopMysibl TeHoMa 6:2 Ha 5:3. PaHee Ha mpumepe
BupycoB rpunna HINI1, H3N2 u H7N9 6bi10 nokazaHo, 4To BakIlMHHbIE mTaMMbl 2KI'B 5:3 cTuMmynupyiot 6oiee
BbIpaxkKeHHBIN T-KJIETOYHBII OTBET K anuTonaM NP amuaeMuyeckoro poauTeIbCcKOro BUpyca, YeM KJlacCuYecKue
BapraHThl 2KI'B 6:2. OCHOBHOI 11€J1bI0 HACTOSIILETO MUCCASIOBaHMSI SIBUJIACH AeTaJbHasl OLleHKA CyOMOMmy sl BU-
pyccrienurIecKux CUCTEMHBIX M TKaHePE3UACHTHBIX T-KJIETOK MaMsITH y MBI, UMMYHU3UPOBAHHBIX IITAMMa-
mu ce3onHoi KI'B mogtuma HINI ¢ ¢hopmymnamu reHoma 6:2 u 5:3. Mamepuanvt u memoods:. MeTogaMu o0paTHOI
TeHEeTUKHU ObLIM CKOHCTPYUpOBaHbI BakKlIMHHbIe mTaMMbl 2KI'B moatuna HINI, oTaMyaomuxcs MCTOYUHUKOM TeHa
NP (KT'B 6:2 u KT'B 5:3). Mbimeit nuauu C57BL/6J uMMYHU3MpOBaIv MHTpaHa3aIbHO BaKIIMHHBIMU KaHAM1aTa-
MM, IBYKPATHO C TPEXHEAEIbHBIM HHTEepBaIOM. Yepes 7 nHel mocjie MOBTOPHON MMMYHU3ALIMU Y MbILIEH BbIACSIIN
KJEeTKM M3 TKAHEH Cele3eHKM U JIETKUX, CTUMYJIMPOBAJIHU 1eJbHBIM BUpycoM rpurnma HINI u olleHUBaIu ypOBHU
LIMTOKUH-TIpoayuupyoomux T-kiaetok namsatu ¢ perorunom CD44*CD62L- MeTomaMu MPOTOYHOM IIUTOMETPUU.
J1J1s1 KJIeTOK, BBIACJACHHBIX U3 JIETKMX, TaKXe OMpeNeIsiin 3KCIIPECCHIO TTIOBEPXHOCTHBIX MapkepoB CD69 u CD103.
I'ymopanbHblii UMMYHUTET K BUpycy HIN1 olleHrBaIu B MUMMYyHOGMEPMEHTHOM aHaJM3¢ ChIBOPOTOK KPOBU MBIIIEH,
CcoOpaHHBIX Yepe3 3 HelleJ U TIoCie TOBTOPHOI UMMYHU3aLuu. Pesyassmamor. Bakimuubiit mtamm 2KI'B 5:3, Hecyimii
NP reH oT anuaeMU4ecKoro poauTess, MHIYLMPOBaJI J0CTOBEPHO 00Jiee BHIPaXXeHHBIN IyMOPaJIbHbI MMMYHHBII
OTBET K aKTyaJIbHOMY BUPYCY I'pHIIITA, 4eM Kjiaccuueckuii BapuanT 2KI'B 6:2. B rpynmne mbimeit, mpuButhix 2KI'B 5:3,
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Habmonaauch 6ojiee Boicokue ypoBHU Bupyccnenuduyeckux CD4™ u CD8* T-knetok acddexkTopHoit namsatu (Tgy,)
B CeJIe3eHKaX MblIlIeii, BKItouast cyornonynsiunio noaudyHkunoHa bHbeIX (IFNY TNFoIL-2") CD4* Ty, no cpas-
Henwuto ¢ rpymmoii XKI'B 6:2. Takxxe HabI0ma1ach TEHACHIIMS K BEIPaOOTKe O0Jiee BRICOKMX YPOBHEH BUPYCCIIELIN-
uueckux T-KJIETOK MaMATH B TKaHsIX Jerkux rnpu ummynusanuu 2KI'B 5:3 B cpaBHenuu ¢ KI'B 6:2, onHako mo-
CTOBEPHOM PasHULIBI B CTUMYJISIIMU TKaHepe3uAeHTHbIX T-KieTok ¢ heHotumamu CD69*CDI103- u CD69*CD103*
MEXY IpynInaMu He Habtonanock. 3akaoyenue. [ToydeHbl JOTTOTHUTEIbHBIE 9KCIIEPUMEHTAIbHbIE CBUIETEIbCTBA
MePCHeKTUBHOCTU MOAUGbUKAIIMY TeHOMA BaKIIMHHOIO IITAMMa CE30HHOM XKMBOI I'PUMIMO3HON BaKIIUHBI C LIETbIO
aKTyaJM3allMy 3MUTOMHOIO COCTaBa BAKLIIMHHBIX BUPYCOB, MTOCKOJBKY TaKast MOAUGbUKAIIMS YCUTUBAET BUPYCCIIe-
uubuyeckuit T-K1eTOUHbI UMMYHHBIN OTBET KaK Ha CUCTEMHOM YPOBHE, TaK U B TKAHSIX JISTKUX, UYTO B UTOT'€ MOXET
MOBBICUTH 3(PHEKTUBHOCTD BaKIIMHBI B OTHOIIEHUH LIUPKYIUPYIOIIUX BUPYCOB IPUTIIIA.

Karouesvie caosa: gupyc epunna, Hcueas punno3nas 6aKUUHA, HyKAeonpomeuH, 2ymopanvioii ummyrnumem, IgG, sgpgpekmopras
namame, Ty, mkanepesudenmuvie T-kaemxu namamu, TRM.

EPIDEMIC INFLUENZA VIRUS NUCLEOPROTEIN GENE INCORPORATED INTO VACCINE
INFLUENZA VIRUS STRAIN GENOME TO OPTIMIZE SYSTEMIC AND LOCAL T-CELL IMMUNE
RESPONSE AGAINST LIVE ATTENUATED INFLUENZA VACCINE

Prokopenko P.1., Stepanova E.A., Matyushenko V.A., Chistyakova A.K., Kostromitina A.D., Kotomina T.S.,
Rak A.Ya., Rubinstein A.A., Kudryavtsev L.V., Novitskaya V.V., Rudenko L.G., Isakova-Sivak I.N.

Institute of Experimental Medicine, St. Petersburg, Russian Federation

Abstract. Introduction. Optimization of the vaccine-induced T-cell repertoire is one of the strategies to expand the spectrum
of protective potential for live attenuated influenza vaccine (LAIV). LAIV cross-protective properties can be improved
by introducing the nucleoprotein (NP) gene derived from epidemic parental virus into vaccine strain genome, i.e. by
replacing the classical 6:2 genome formula with 5:3. The main objective of the present study was to detail evaluation
for virus-specific systemic and tissue-resident memory T-cells subsets in mice immunized with seasonal HIN1 LAIV
of the genome formula 6:2 and 5:3. Materials and methods. Two HIN1 LAIV strains with varying NP genes (LAIV 6:2 and
LAIV 5:3) were generated using reverse genetics techniques. C57BL/6J mice were immunized intranasally with the vaccine
candidates, twice, 3 weeks apart. Cells from the spleen and lung tissues were isolated 7 days after booster immunization
to be stimulated with whole HINI influenza virus for assessing cytokine-producing memory CD44*CD62L— T-cells as
well as expression of CD69 and CD103 surface markers using flow cytometry. Humoral murine serum immunity against
HINTI virus was assessed by ELISA. Results. The LAIV 5:3 vs classical 6:2 vaccine strain carrying the epidemic parental
NP gene induced significantly more pronounced humoral immune response against recent influenza virus. The group
of mice immunized with LAIV 5:3 demonstrated higher levels of virus-specific CD4* and CD8" effector memory T cells
(Tgy) in the spleen, including a subset of polyfunctional (IFNy"TNFoIL-2*) CD4* Ty, compared to LAIV 6:2 group.
Virus-specific memory T cell levels in lung tissues after immunization with LAIV 5:3 vs LAIV 6:2 also tended to increase,
but no significant difference in stimulated tissue-resident CD69*CD103~ and CD69*CD103* T cells between the groups
were found. Conclusion. Modification of the seasonal LAIV strain genome for updating its epitope composition allowed
to enhance the virus-specific T-cell immune response both at systemic level and in lung tissues, thereby shoeing that
the effectiveness of the vaccine against circulating influenza viruses can be potentially increased.

Key words: influenza virus, live influenza vaccine, nucleoprotein, humoral immunity, IgG, effector memory, Ty,,, tissue-resident memory
T cells, TRM.

BeepgeHue

Bupycsl rpunmna sSBJsSIIOTCS BBICOKOKOHTAruo3-
HBIMU PECHUPATOPHBIMU ITaTOT€HAMU, KOTOpPbIE
MNPEACTABISIOT MOCTOSIHHYIO YIPO3y IJIsI MUPO-
BOro 3apaBooxpaHeHUs. ExkeromHbie snuaeMuu
TPUIITIAa BBI3BIBAIOT 10 5 MJIH CJIy4YaeB TSXKEJIbIX pe-
CrMpaTtopHbIx 3aboneBaHuii, 10 650 000 KoTopbIX
NPUBOISAT K JeTaJbHOMY ucxony [9]. Bakuunanus
aBasieTcsl HauboJjiee 3(P@GEKTUBHBIM CPEICTBOM
npodUIaKTUKM TPUIITIA, MOCKOJIBKY OHa MOXKET
3HAUYMTEJIbHO CHU3UTDH PUCK 3apakeHUs TPUIITIOM,
a TakXe TSIXKECTh U MPOIOJIKUTEIbHOCTh 3a00J1e-
BaHus [4, 6].

B HacTos11ee BpeMsi B MUPOBOM MTPaKTUKE Cy-
HIeCTBYeT 00JIbllIOe pa3HOOOpa3ue BaKI[MH ITPOTUB

BUpyCa TPUIIIA, OOHAKO WX OOIIMM HETOCTAaTKOM
SIBJISICTCST TOCTATOYHO y3Kasl CIeHU(pUIHOCTD, UTO
OPUBOIUT K CHUKEHUIO 3((OEeKTUBHOCTN BaKIIM-
HallM¥ TPU HUPKYJISIIUU ApeiipOBbIX BApUAHTOB
BUpyCa, W, KaK CJEACTBHE — K HEOOXOTUMOCTH
pPeTyJISpHOTO OOHOBJICHMS IIITAMMOBOTO COCTaBa
BakuuH [16, 17]. JInueH3upoBaHHBIE CE30HHBIE
BaKIIMHBI TPOTHB TPHUINA HaMpaBiIeHB Ha IIO-
BEePXHOCTHBIC aHTHUIE€HBI BHpyCca — TEMarTJIIOTH-
HuH (HA) u neiipamununasy (NA). B pesynbrare
BaKIIMHAIIMU TIPEUMYIIECTBEHHO MWHIYIIUPYIOTCS
HeWTpanu3ymomne aHTUTeNIa IPOTUB UMMYHOIO-
MHWHAHTHBIX THNEpBapuadeIbHBIX SITUTOIOB II0-
BEPXHOCTHBIX BHUPYCHBIX OEJIKOB, OOecIieanBas
OTpaHWUYECHHYIO 3aIIUTy OT aHTUTEHHO yIaJICHHBIX
BUPYCOB rpuriia. [1o3ToMy MOMCK HOBBIX ITOJIXOI0B
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JUTSI TIOBBIIIIEHU ST UMMYHOT€HHOCTH U 3(hheKTUB-
HOCTM TPMIMNO3HBIX BaKIIWH SIBJSIETCSI MPUOPU-
TETHOU 3ajaveil 3ApaBooXxpaHeHs. 3a IocaeaHee
JIeCSITUIIETHE OBLJI JOCTUTHYT CYIIECTBEHHBIN ITPO-
rpecc B pa3paboTKe NpOTUBOTPUITIIO3HbBIX BAKIIUH
LI POKOTIO CIIEKTpPa ASUCTBHU S, KOTOPbIE HaIlpaBJie-
HBI HAa MHAYKIINIO aHTUTEJ K KOHCEpBAaTUBHBIM BU-
PYCHBIM aHTUTeHaM, TakuM Kak HA, NA niu BHe-
KJIETOYHBI fomeH M2 6enka (M2e) [8, 29]. Kpome
TOro, aKTUBHO pa3pabaThiBalOTCs MOAXOIbI HA OC-
HoBe T-KJIETOK, ITOCKOJIbKY TaK1e BaKIIMHBI UMEIOT
HaMOOJBIINNA MMOTEHIINAN AJISI MHAYKIUU TOJTO-
KUBYIIUX KPOCC-TIPOTEKTUBHBIX (haKTOPOB MM-
MYHHOI 3amuThl [22]. OgHako pa3padboTKa HOBBIX
T-KJIETOUHBIX BaKIMH COITPOBOXIACTCS CEepbe3-
HBIMU TPYAHOCTSIMU, TAKMMU KaK O0JIBIIIOE Pa3HO-
obpa3ue reHoB IJITaBHOTO KOMITJIEKCa TMCTOCOBME-
CTUMOCTH B TIOMYJISIIIMU, OTCYTCTBUE aleKBaTHBIX
XKUBOTHBIX MOJEJEH MIJIs1 TEeCTUPOBAHUS TaKUX
BaKIIMH B JOKJIMHUYECKUX UCCIICIOBAHMIX, a TaK-
e HeloCcTaTOK MH(OpMaIlY O TOM, KaK1e YPOBHU
cyormonynsauuii T-KJIETOK KOPPEIUpPYIOT C 3allu-
Toil oT uHdekuuu [8]. CooTBEeTCTBEHHO, TOMUMO
CO3maHUsI HOBBIX BAaKIIMH, HAlICJIGHHBIX Ha WMH-
OyKIUoo T-KJIeTOK maMsSIThU K KOHCEPBAaTUBHBIM
BUPYCHBIM aHTUTE€HAM, He MEHee BaXKHOU 3aaadyeit
SIBJISIETCS YCOBEPILICHCTBOBAHUE JMIEH3UPOBAH-
HBIX TPUIITIO3HBIX BaKLMH. B yacTHOCTH, OmHUM
M3 CIOCOOOB paCIIMPEHUS CIIEKTPa 3alIUTHOTO
NOTEeHIMaJjla XKUBOW rpuIino3Hoit Bak uuHbI (2KI'B)
SBJISIETCS ONMTUMM3AllMs perepryapa T-KJIeToK,
KOTOpBbIC 00pa3ylTCs MOC/Ie BaKIIMHAIIUH.

WN3BecTHO, 4TO, M30AMpOBaHHOTO B 1957 T,
BITOJIHE BEPOSITHO, YTO HEKOTOPbIE UHAYIIMPOBAH-
Hbele 2KI'B T-kjeTku 0oJibllle HE CMOTYT pacrno3-
HaBaTh 3MUTOIBl UPKYJUPYIOLUIMX B HACTOSIIEE
BpeMsI BUPYCOB rpuiliina. HecMoTpst Ha mocTaToOuHO
BBICOKHWIT ypOBeHb KOoHcepBaTuBHOcTU NP cpenn
pa3JIMYHBIX BUPYCOB I'pUIla A, 3a MocjeaHue ie-
CSATUJIETUS NaHHBIN OEJOK MpUOOpes 3HAYUTEIb-
HO€ KOJMYECTBO MYTAllMii, BXOISAIIUX B HUMMY-
HoreHHble T-kJjieTouHble anuTonsl [19, 31]. Panee
HaMu Obljla MoKa3aHa MpUHUMIIMaabHad [7, 21].

Lenbio HacTosiliero wucciaegoBaHUS SIBUJIACH
JIeTajibHas OIIGHKa CyOIOMmyJsIMii BUpyCCIe-
OU(PUUIECKNX CUCTEMHBIX M TKaHEePEe3WICHTHBIX
T-KJIeTOK MaMsITH Y MBITIIEH, UMMYHU3UPOBAHHBIX
mramMamMu cezoHHoi 2KI'B moaruna HINI ¢ ¢pop-
MyJaaMu reHoma 6:2 u 5:3.

Matepuainbl 1 METOLbI

Bupycwsl. DxcriepuMeHTalbHbIE peacCOpTAaHTHBIE
mraMMbl niontuna HIN1 ObuIM moaydeHbl CTaH-
MapTHBIMU METOAAMU 0OpaTHOM FréHETUKU Ha OCHO-
B€ JIOHOpPA aTTEHYaLlMU OT€YECTBEHHOM XX MBO I'PUII-
no3Hoit BakuuHbl (KI'B) A/Jlenunrpan/134/17/57
(H2N2) (Jlen/17) mo omucaHHOW paHee METOMU-
ke [21]. B kauecTBe pOAUTEIBCKOTO SMUIEMUYECKO-

ro BUpyca rpuinmna BbeiCTynaa mrtamMMm A/I'yaHayH-
Maonanb/SWL1536/2019 (HIN1) [HIN1/wt], moiry-
yeHHBIN 13 KojuteKiuu NIBSC (Beankoopuranus).
BakumHHBIC IOTaMMBI comepXalii TeHbl PB2,
PBI1, PA, M, NS ot noHopa arteHyauuu Jlen/17,
a reHbl reMarrioTuHuHa (HA) u HelipaMUMHUIa3bl
(NA) — ot Bupyca HIN1/wt. 'eH HyKJIeonmpoTenHa
(NP) y mramma KI'B 6:2 6b1J1 yHacaenoBaH ot J10-
Hopa artenyauuu Jlen/17, a y mramma KI'B 5:3 —
oT snuaeMuyeckoro Bupyca HINI/wt. Bupycsl
KynbruBupoBaiu B 10—11 THEBHBIX pa3BUBaIOIINX-
cst KypuHbix aMoproHax (PK®D) ipu 33°C (st Bak-
mUHHBIX ITaMMoB 2KI'B) wnu nipu 37°C (s snu-
nemuueckoro mramma HIN1/wt). MHbekimoHHbIe
TUTPBI OIMpPEACIsIA METOAOM IIPENETbHBIX pa3Be-
nenuit Ha PKD, momcumrthiBanmu mo metomy Puma
u Menua [20] u Beipaxkanu B gD 15,/mit.

s mpoBeneHUsI UMMYHOJIOTUYECKUX TEeCTOB
Bupyc rpunna HINI/wt ouuiiaim METOAOM YJjib-
TpallecHTPUMYTUPOBAaHUS Ha TpPagucHTE TUIOT-
HOCTM caxapo3bl. [IJ1s1 2TOro BUPYCHYIO OuomMmaccy
HapamuBagu B PKD, u nmocne ocaxaeHus gedbpusa
HU3KOCKOPOCTHBIM LIEHTPU(YTUpOBAaHUEM HallO-
CaZOYHYI0 XXMIKOCTb MOJABEPraju LeHTPpUdyrupo-
BaHUIO ¢ yckopeHueM 34000g B TeueHUE 2-X 4aCOB
C WCIMOJb30BaHWEM YyiabTpaleHTpudyru Optima
L-100 XP (Beckman Coulter, CILIIA). ITocne 3T0-
ro pecycrieHaAnpoBaHHBIN B PBS ocamok ounimanm
Ha CTyIleH4YaToM rpaaueHTe caxapossl (30% u 60%)
cyckopenueM 23 000g B Teuenue 1 yaca. dpakiuio,
colepKallyr BUPYCHbBIE YaCTUIIbl, COOUPAJIU U pE-
cycrieHaupoBaiau B ¢ocdaTHO-cojieBOM Oydepe
(®CB), nociie yero MpoBOAWJIM (PUHAIBHOE 1IE€H-
TpudyrupoBanue ¢ yckopenuem 23 000g B TeueHue
1 yaca. Ocanok pecycneHaupoBaiau B 1 mi ®CB,
aJIMKBOTUIJIU U XxpaHuiau npu —70°C.

HAmmynuzayua moiwei. g SKCIEpUMEH-
Ta TIO OILIEHKE WMMYHOIeHHOCTU M KpoOcC-
NPOTEKTUBHOTO NEUCTBUSI CKOHCTPYUPOBAHHBIX
BaKILIMHHBIX KaHaumatoB Ttoatumna HIN1 wuc-
MOJIb30BaiM caMOK Mbliueit auHuu C57BL/6J, no-
ctaBisieMbix 13 nutoMmHuka ®unamnan CronboBas
OI'bYH HUBMT ®MFBA Poccun. Yepes 3 Henenu
mocje MOBTOPHOM MMMYHM3allUM Y MbIIIEe cOOu-
pajn CHIBOPOTKHM KPOBU JISI OLIEHKU T'yMOpajb-
HOT'O UMMYHHOI'O OTBE€Ta B UMMYHO(MEPMEHTHOM
ananmnze (M®PA). HMccnegoBaHue ObIJIO omoOpe-
HO JlokanabHbIM 3THYeCcKUM KomutetoM PI'BHY
«BM>» (mpotoxos Ne 1/20 ot 27.02.2020).

Oyenxka 2yMoOpanbHO20 UMMYHHO20 OmMeema.
VYpoBHU cbIBOPOTOUYHBIX IgG-aHTUTEN K LIEIBHOMY
Bupycy A/HINIwt ObLIM onipeaeieHbl C ITOMOIIbIO
nMMmyHo(depMmeHTHoro aHanuza (MPA) mo craH-
MapTHOMY TIpOTOKOJY. [l1aHIIEeThl C BBICOKO
copOlIMeil MOKPBIBAJIM OYMIIIEHHBIM Ha TpaaueHTe
MJIOTHOCTU caxapo3bl BUpycom rpurmna A/HINIwt.
IToce oTMBIBOK 1 OJIOKMPOBKH HeCIeITU(PUIECKO -
T'O CBSI3BIBAHUSI C TIOMOIIBIO PACTBOPA OBIYBETO ChI-
BopoTouHoro ajaboyMmuHa (bCA), B 1yHKU BHOCUJIU
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2-KpaTHbIE pa3BeleHU I CBIBOPOTOK MbliIeid. [Tocie
MHKYOAIlM U COOTBETCTBYIOIIMX MPOMBIBOK TTPO-
BOAMJIUM NETEKIMIO CBSI3aHHBIX ¢ aHTUTreHoM IgG
aHTUTEJI TIPY TIOMOIIM BTOPUYHBIX aHTUTeN K IgG
MBIIIIH, KOHBIOTUPOBAHHBIX C TIEPOKCHUIAa301 XpeHa
(BioRad, CIIIA). TlposiBKY IJIaHIIETOB OCYIECT-
BJISIJIU C MCIOJIb3oBaHUueM cyoctpata 1-Step Ultra
TMB-ELISA Substrate Solution (Thermo, CHLIA).
Peakiiuio ocraHaBiauBaau nodasieHueMm 1M pac-
tBopa H,SO,, mocne yero nuaMepsjii OTUYECKYIO
MJIOTHOCTB pacTtBopa npu 450 um (OIl,5,) ¢ momo-
mblo criektpooromerpa xMark (BioRad, CIIIA).
3a TUTP CHIBOPOTKM IPUHUMAJIU MaKCUMaJIbHOE
pa3BeneHue odpasia, npu koropom OIl,;5, TpeBbI-
maJo B 2 pasa cpenHee 3HaueHue OIl,;, KOHTPOJIb-
HBIX JIYHOK (AaHTUTEH 0e3 100aBJIECHU I CHIBOPOTKMU).

Ouyenxka T-kaemouHoco UMMYHHO20 omeema.
OmnpeneneHUe CUCTEMHBIX M JIOKAaJIM30BAHHBIX
B JIerkuX T-KJIETOK MaMsTH NPOBOAMUJIOCH IO paHee
onucaHHoMY MeTony [18] ¢ HeKoTOpbIMU MoaubU-
KalusMu. B oTAMYMM OT yKa3aHHOTO MCCIEeN0-
BaHMsI, TIe UMMYHHBI OTBET OLIEHMBAJICS ITyTeM
CTUMYISIUU KJIETOK CHMHTETUYECKUMMU TIENTHUHaA-
MU, COOTBETCTBYIOIIMMU HMMYHOIOMHUHAHTHBIM
CD8" T-knetouHnbsIiM armuTorniamMm NP366 coBpemeH-
HOTI'0 1 yCTapeBIIEero BUPYCOB, B HACTOs1Iel paboTe
MTPOBOJAMJIN CTUMYJISIIAIO UMMYHHBIX KJIETOK 11€JThb-
HBIM OYUIIIEHHBIM BUpycoM A/I'yannyH-MaoHaHb/
SWL1536/2019 (HINI). Takast CTUMYJISILMS JIy4dlIe
oTpaxaeT peaJibHyl0 KJIMHMYECKYIO CUTyallulo,
MOCKOJIbKY MPU TPUIINIE OPTraHU3M CTaJKWBAETCS
C LIUPKYJIUPYIOIIUM BUPYCOM B €ro €CTECTBEHHOM
BUIie, U MHOUIIMPOBAHHBIE KJIETKU MPE3EHTUPYIOT
Ha komIuiekcax MHCIT u MHC II 6onblioe pa3s-
HooOpa3ue T-KJIETOYHBIX BHUPYCHBIX DITUTOIIOB.
OnMHOYHBIE CIIJIEHOLUTHI Bblaes1au B cpeae CR-0
(RPMI-1640, ¢ coaepXaHueM aHTUOMOTHKA-aH-
tumukoTuka, 25 mM HEPES (Bce ot Capricorn,
Iepmanus)) u 50 MKM  2-MepKanTO3TaHOJIOM
(Sigma, CIIIA)), ucroyib3yst (pUJIBTPHLI C pa3MepoM
nop 70 mxM (BD Biosciences, CIIIA). 3aTem aputpo-
LMTHI JIU3UPOBAJIU C IOMOIbIO Oydepa nas 1u3nca
sputpouuToB (Biolegend, CIIIA). Ins BHYTpUKIe-
TOYHOro okpainuBaHus HUTOKUHOB (ICS) 2 x 10°
KJIETOK N00aBJSIIU B CTEPUJIbHbIE MUKPOTLJIAHIIIE-
Tbl ¢ U-o6pa3zHbiM gHOM B 100 Mk cpeast CR-10
(cpenma CR-0, comepxamast 10% >xMOpHOHAJTBHOM
OblUbeil CBIBOPOTKHU). 3aTeM B KaXKAYIO JYHKY J0-
oapisau 100 mxa cpeabl CR-10, comep:kaiueit ouu-
meHHbI Bupyc HIN1/wt B 103e 2 nHMOEKIIMOHHbIE
eIMHUIIBI Ha KJIETKY, U UHKYOMpPOBaJM B TeUEHUE
18 wacoB ipu 37°C, 5% CO,. 3aTeM K mpobam 106aB-
s pactBop GolgiPlug™ (BD Biosciences, CIIIA),
B KOHeuHol KoHueHTpauuu 1:1000 gast ocTaHOBKU
oenkoBoro TpaHcrnopta. Ctumynsuus GopooJIMu-
puctatom anetata (PMA) (Sigma, CIIIA) ucrnosib-
30Bajlach B KaueCTBE MOJOXUTEIbHOTO KOHTPOJIS;
TaKk>Xe ObLIM MPUTOTOBJICHBI HECTUMYJIUPOBAHHBIC
KOHTPOJIbHBIE 00pa3iibl U 00pa3libl U30TUMUYECKO-

ro KoHTposisi. Kinerku MHKyOMpoBaiud B TeUeHUE
54 npu 37°C, 5% CO,, 3aTeM OKpalllMBaJii B Teue-
Hue 20 MmuH nipu 4°C B TEMHOTE C MOMOILbIO (Y-
OPECLIEHTHOI'0 KpacuTess s hUuKcalluu XUBBIX/
MEpTBBIX KJIeTOK (ZombieAqua, Invitrogen, CIIIA)
U CMEChIO CeAyIoIuX (II00PECIIECHTHO MEUYeH-
HBIX TTOBepXHOCTHBIX aHTUTeNl: CD4-PerCP/Cy5.5,
CD8-APC/Cy7, CD44-PE, u CD62LBV421 (Bce
ot BioLegend, CIIIA). Ha6op Cytofix/Cytoperm (BD
Biosciences, CIIIA) ncrionb3oBajics 1t puKkcamum,/
nepMeadbuIM3aliiu, IMocje 4Yero KJeTK1 OKpalliBa-
Jau aHtutenamu K uutoknHam IFNy-FITC, TNFo-
APC u IL2-PE/Cy7 (Bce ot BiolLegend) B TeueHMe
20 muH nipu 4°C B TemHoTe. O6pa3ibl puKkcupoBa-
au oydepom Cytolast (Biolegend) u aHaiusupoBa-
Ju ¢ niomolbilo dayopumerpa «Navios» (Beckman
Coulter, CIIIA).

st obHapykKeHUsT TKaHepe3UJIeHTHBIX T-Kie-
Tok namsaATu (TRM) mepdy3upoBaHHBbIE Jerkue
pa3pe3aqu Ha MeEJKUE KYCOUYKU CTEPUJbHBIMU
HOXHULIAMU U obpabdatbeiBanu cmechio JIHKa3wr 1
U KoJuiareHassl (06e ot Sigma) B TeyeHue 40 MUH
npu 37°C. 3aTeM roTOBUJU CYCIIEH3U IO OTIEJIbHBIX
KJIETOK C TOMOIIbI0 (DUJBTPOB C pa3MepoOM IIOp
70 MKM. DpUTPOLUTHI JU3UPOBAJIU, KAK OMMUCAHO
BBIIIIE, 4 CTUMYJISIIUIO KJIETOK MPOBOAUIIM TI0 TOM
K€ MPpOoLIeAype, YTO U JJIsI CIIJIEHOLMTOB, TOJIBKO JJISI
OKPaCKH MOBEPXHOCTHBIX MapPKEPOB U BHYTPUKJIC-
TOYHBIX [IMUTOKWHOB UCMOJIb30BaIU APYroil Habop
aHTutes. Habop moBepXHOCTHBIX aHTUTEJ] BKJIIO-
gyan CD4-PerCP/Cy5.5, CD8-APC/Cy7, CD44-
APC, CD62L-BV421, CD69-PE/Cy7, n CDI103-
FITC (Bce ot BiolLegend, CIIIA), B To BpeMsl Kak
BHYTPMKJIETOUHO ITPOBOAUIM OKpackKy Ha OJUH
uutokuH — IFNy-PE/Dazzle. IloacuuTbiBanu
KOJIMYECTBO IMTOKUH-MTO3UTUBHBIX KJIETOK B CTH-
MYJMPOBAHHBIX TPYNNaxX M BBIYUTAIU YPOBEHb
CIOHTAHHOU CEKPEelMU IMTOKMHOB B HECTUMYJIH-
POBaHHBIX KOHTPOJIBHBIX 00Opa3iiax.

Cmamucmuueckas obpabomka pe3yibmamos.
Jnst aHamu3a TaHHBIX ITPOTOYHOM IIUTOMETPUM UC-
noJyb3oBaiu nporpammy Kaluza Analysis (Beckman
Coulter). /1Jis1 pacuyeToB, CTATUCTUUYECKOTrO aHa13a
Y MOATOTOBKHU UJUTIOCTPALIMI UCITOJIb30BaJIU MPO-
rpamMmy GraphPad Prism 7.0. CpaBHeHUe JaHHBIX
NPOBOAUIOCH C WCIOJAb30BAHUEM JIUCIIEPCUOH-
Horo aHanu3za ANOVA ¢ nonpaBkoil ThlokKu WK
U-kputepuss MaHHa—YUTHU, pa3audusl CUUTAIU
JoctoBepHBIMHY TTpH p < 0,05.

Pesynbtatbl 1 06CyXaeHne

JI1s1 JaHHOTO MCCIENIOBAaHUS C UCIIOJIb30BAaHUEM
METOHOB 00PATHOI TeHETUKHU ObLJIM CKOHCTPYUPOBa-
HBbI ABa BaKUMHHBIX ITamMma 2KI'B, otnnuaromuecst
ncrounukoMm reHa NP. Y mramma 2KI'B 6:2 renst
HA u NA yHacjenoBaHbl OT 3MUAEMUYECKOTO BU-
pyca HIN1/wt, octajbHbBle TeHBI — OT JIOHOpa aT-
Tenyauuu Jlen/17. Y mramma 2KI'B 5:3 Tpu rena —
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HA, NA u NP — Obutu yHacnenoBansl ot HIN1/
Wt, OCTaJIbHbIE TeHbI TaKKe NpuHaiexanu Jleu/17.
Haxkomniennsie B PKD BUpychl XxapakTepu3oBaaucCh
BBICOKOU WHMEKIIMOHHON aKTUBHOCTBIO: IITAMM
XKI'B 6:2 pasmuoxancss B PKD mpu onrumaib-
Hoit Temrmieparype 33°C po tutpa 9,5 1gBU 5,/ M,
amTamMm KI'B 5:3 — 10 8,9 1gBU 1 5,/MJ1. OTU faHHbIE
YKa3bIBalOT Ha OTCYTCTBHME HETaTHBHOI'O BJIWSIHUS
NP reHa oT anuaeMu4ecKoOro poauTesis Ha periu-
KaTUBHbBIE CBOMCTBA BaKIIMHHOTO mTamma 2KI'B.

VY Mblei, IByKpaTHO UMMYHU3UPOBAHHBIX HC-
cilenyeMbIMy IlITaMMaMU, COOUpaid WMMMYHHbIE
CbIBOPOTKM W OLEHUBaIW YpoBHM IgG aHTUTEN
B MDA c ncronbp3oBaHUEM 1IEJILHOTO SMUIEMUYE-
CKOTo BUpyCa B KaueCTBE aHTUTEHHOW MOMJIOXKHU.
b0 mokazaHo, 4yTo KaHauaar, Hecyluuii NP ren
OT anuaemMudeckoro poautess (mramm 2KI'B 5:3),
WHIYLIUPOBAJ JOCTOBEPHO O0Jiee BbIPaKeHHBIM T'y-
MOpaJbHBbII UMMYHHBII OTBET K BUPYCY TpMIINA,
yeM Kjaccuueckuit BapuaHT 2KI'B 6:2 (puc. 1). Dtu
JMaHHbIE MOTYT yKa3bIBaTb Ha TO, UTO MPU UMMY-
Huzauuu KI'B anturena dopMupyroTcsi He TOJIb-
KO K TIOBEpXHOCTHBIM aHTUTE€HaM BUpYyca TpPUII-
na, HO U K ero HyKJIeONpoTeuHy. JeicTBUTEIbHO,
TpUIITIO3HAasT MHMEKIMS W BaKIWHALUS 1IeJTb-
HOBUPUOHHBIMU BaKIIMHAMU (KaK XXMBBIMM, TaK
U WHAKTUBUPOBAHHBIMU) MPUBOAUT K BbIPAOOTKE
cbiBOpoTOuHbIX IgG-anTuten Kk NP-6enky [5], mpu
9TOM OHHU He 00JaJaloT BUPYC-HEUTpaausyloien
aKTUBHOCTbIO. HecMOTpsT Ha TO UTO 3TOT aHTUTEH
He MpeACcTaBeH Ha MOBEPXHOCTU BUPUOHA, OH JAe-
TEKTUPYETCS B OOJIBIIOM KOJIUYECTBE HA TIOBEPXHO-
CTHU 3apakeHHbIX BUPYCOM KJIEeTOK [1, 28], uTo nena-

8 9 10 11 12 13 14 15 16 17 18

Pa3BepeHue cbiBOpoOTKM, log2
Serum dilution, log2

€T ero MOTEeHLMaJbHOW MUIIEHBIO JJISI aHTUTEO-
3aBUCUMbIX UMMYHHBIX peaklnii, TaKMX KaK aHTU-
TeJ0-3aBUCUMAs KJIETOUHASI HUTOTOKCUYHOCTD UJTU
KOMITJIEMEHT-3aBUCUMasl LIUTOTOKCUYHOCTH [10,
27]. Iockoabky NP 0enok moHopa aTTeHyalluu
Jlen/17 u coBpeMEHHOTO 3MUAEMUYECKOTO BUpyca
HINI otnuyaercsd Ha 29 aMUHOKHUCIOTHBIX OCTaT-
Ka, 9TU pa3JIndusl MOTYT OKa3blBaTh CYIlIECTBEHHOE
JIeicTBUE Ha aHTUT€HHbIe CBOMCTBA JaHHOTO OeJjiKa.
CooTtBeTcTBeHHO, aHTU-NP aHTUTENa, BeIpaboTaH-
Hble B OTBET Ha MMMYyHU3alLuio BapuaHToMm KI'B
6:2, MOTYT pacIio3HaBaTh He Bce B-KJieTOUHbIE 31U~
Tonbl NP 6ejika coBpeMeHHOT0o BUpyca rpuIlia.
OCHOBHOW 11€JIbI0 HACTOSIIEro MCCAeIOBaHUS
SIBUJIAaCh CPaBHUTEJIbHAS OlLIEHKAa YPOBHEU BUPYC-
crietuuyeckux T-KaeToK, UHAYLUPYEMbIX B OT-
BeT Ha UMMYHU3auuio mrammamu 2KI'B ¢ popmy-
JaMu reHoMa 6:2 1 5:3, Kak Ha CUCTEeMHOM (B ce-
Jie3eHKax), TaK U Ha JJOKaJbHOM YpOBHE (B TKaHSIX
nerkux). B OoJjiee paHHeM HCCeIOBaHUU HaMU
ObLJIO MOKAa3aHO, YTO BAaKLUMHHBIA ILITaMM TIOI-
tuna HINI1 ¢ ¢popmyiioit reHoMa 5:3 cTUMYIUPYET
Oosiee BBIPA’KEHHBIT CUCTEeMHbIN T-KJeTOUYHBIMI
MUMMYHHBIN OTBET MO CPABHEHUIO C KJIACCUYECKUM
BapuaHTOM KI'B 6:2, 4TO BEISIBISITIOCH B PE3yiib-
Tare CTUMYJSIUUU CIIJIEHOLIMTOB MMMYHU3UPO-
BaHHBIX MBILIEH HeJbHbIM Bupycom HIN1/wt [21].
Ilpy >TOM MMMYHHBII OTBET paHee OLEHUBAJICS
Mo MPOAYKILUN OAHOTO HIMTOKMHA B OTBET Ha CTU-
MyJIsuio BupycoM, a uMmeHHo [FNy. [laHHBI [T1-
TOKWH OTHOCUTCS K uHTepdepoHam Il Tuma — ce-
MEMNCTBY O€JIKOB, M3HAaYaJbHO aCCOLIMMPOBAHHBIX
C MHIUOWpOBaHUEM BUpPYCHOI peruiukanuu [30].
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PucyHok 1. BoisBneHue Bupyccneumopudeckux IgG-aHTuten B CbiIBOPOTKaX KPOBU MbILLIEN,
MMMYHU3UPOBAHHbIX ABYKPATHO BaKLUHHbIMY WTammamm XXIB 6:2 n XXIB 5:3

Figure 1. Detection of blood serum virus-specific IgG antibodies in mice immunized twice with LAIV 6:2 and LAIV 5:3

strains

MpumeyvaHus. YpOBHUN aHTUTEN BbISBASANNCH B UMMYHODEPMEHTHOM aHannae C UCMoJsib30BaHNEM LLeSIbHOro Bupyca A/lyaHayH-
MaoHaHb/SWL1536/2019 (HIN1). A. CpeaHue 3Ha4eHNst ONTUYECKOW NNOTHOCTM B IyHKaX NP KaXA0M pa3BeaeHnn CbiIBOPOTOK.
B. 3HaueHuns TUTPOB aHTUTEN B KaX 0N nccnepyemoni rpynne. CpaBHeEHNE AaHHbIX MPOBOAMIOCH C UCMOb30BAHNEM
amncnepcroHHoro aHanmda ANOVA ¢ nonpaskoii Tetoku (*p < 0,05; ****p < 0,0001).

Notes. Antibody levels were detected by ELISA using whole virus A/Guangdong-Maonan/SWL1536/2019 (H1N1). A. Average
values of optical density in wells at each serum dilution. B. Values of antibody titers in each study group. The data were compared
using the ANOVA variance analysis with Tukey’s correction (*p < 0.05; ****p < 0.0001).
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PucyHok 2. UHayKuma cuctemHoro T-K/1eTO4YHOro oTBeTa B OTBET HAa MUMMYHU3aLMIO BaKLMHHbIMU
wrammamu XKIB 6:2 n XIB 5:3
Figure 2. Induction of systemic T-cell response by immunization with LAIV 6:2 and LAIV 5:3 strains

MpumeuaHus. A. PenpeseHTaTuBHbIE LOT-M0T rpadyrkm AaHHbIX MPOTOYHON LMTOMETPUM CMIEHOLMTOB MbILLE nocne
cTUMYnSaumMM LensbHbiM BUpycoM H1N1/wt. B. YpoBHUM unTOKMH-Npoayumpytowmx CD4* T-kneTok cpeay nonynsunm adb@ekTopHoM
namsTy (CD44*CD62L7). B. YpoBHU LUMTOKUH-Npoayumpytowmx CD8* T-kneTok cpeamn nonynaumm apdekTopHOon namaTm
(CD44+CD62L"). MpepncTtaBnexsl cybnonynauum Tgy,, npoayumpytowue IFNy (cnesa), IFNyu TNFo (nocepeaumHe), n IFNy, TNFa.

1 IL-2 (cnpaBa) B OTBET Ha ABYKpaTHYyto BakumuHaumio. * p < 0,05, ** p < 0,01.
Notes. A. Representative dot-plot graphs of mouse splenocyte flow cytometry data after stimulation with whole H1N1/wt virus.
B. Levels of cytokine-producing CD4* T cells among the effector memory population (CD44*CD62L-). C. Cytokine-producing
CD8* T cell levels among effector memory population (CD44*CD62L"). The subpopulations of Tg, producing IFNy (left), IFNyand
TNFo (middle), and IFNy, TNFo and IL-2 (right) in response to double vaccination are presented. * p < 0.05, ** p < 0.01.
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B Hactosiiee Bpemst usBectHo, yto [FNY akTHB-
HO TIPOAYLUMPYETCSI aHTUTE€H-aKTUBUPOBAHHBIMU
T-nmumdbounuTaMu 1 HUTOKMH-aKTUBUPOBAHHBIMU
BPOXICHHBIMU JUMGOUIHBIMUA KJIETKAMU TPYII-
nel 1 (ILC1) [11], BcieacTBue 4ero MMEHHO 3TOT
LIMTOKHWH Yallle BCEro MCMOJIb3yeTcs IJisl BhISIBIIC-
HUS BUpyccrenudruiIeckux T-KJIeTOK B 3KCHEpH-
MEHTAJIbHBIX HcclienoBaHUSIX. OOHAKO He MCHee
Ba>kHO OILIEHWBATh CIOCOOHOCTh UMMYHHBIX KJIE-
TOK IIPOAYLMPOBATH U APYyTrue KIo4YeBble ITPOBOC-
HaJuTebHbIC IUTOKUHBI, yYaCTBYIOIINE B IPOTH-
BOBHUPYCHOM OTBETe, TaKMe KaK (PakTop HEKpo3a
onyxonu aabda (TNFa) u unrepneitkun 2 (1L-2).
IMonudyHkMoHaNbHbIe T-KJETKH, CHOOCOOHBbIE
MPOAYLIMPOBATH CPpa3y HECKOJILKO LIUTOKMHOB, SIB-
JISSIOTCST 00JIee TOYHBIMU MPEANKTOPAaMU CIIOCO0-
HOCTU OpraHu3Ma IIPOTUBOCTOSTH peMHMEKIINH,
yeM MOHOGYHKIIMOHAJbHbIE KJIETKU C CeKpeluei
IFNy [15], npuuem CD4" T-kjieTku, Npoayuupy-
e Tojbko [FNYy, 3HAaYMTENbHO OTIMYAIOTCS
oT NoJInGYHKIIMOHATBHBIX KJIETOK J1aKe 10 TPaHC-
KPUTILIMOHHOMY nipoduiio [2].

B HacTosIiieM McciaenoBaHUM BBISABISIIN CyO-
HOITYISIIINY MOANGYHKITMOHATBHBIX BUPYCCIEIIN-
dugecknx T-KIIETOK MaMsITH y MBITIIEH, IBYKPATHO
MMMYHU3UPOBAHHBIX BaKIWHHBIMHA IITaMMaMU
KI'B 6:2 u 2KI'B 5:3. 1151 5TOro CIJIEHOLIUTHI UM-
MYHU3UPOBAHHBIX KWBOTHBIX CTUMYJIHPOBAIN
neabHbIM BupycoMm HINI1/wt u ompenensiiu mpo-
nopuuu CD4" nu CD8*" T-kjietok nmamsaTu ¢ ¢e-
HotunoM CD44*CD62L- (Tgy), OTBeYalommux
Ha CTUMYJSUUIO NpoAyKIUerd nuToKuHOB [FNY,
TNFo unu IL-2 (puc. 2). O6a BaKIIMHHBIX IITAM-
Ma MPUBOAUIN K 00pa30BaHUIO BHICOKMUX YPOBHEM
CD4* HUTOKUH-TIpOAYLUpPYIOIUX T-KJIeTOK 3Ha-
YUTEJBbHO OTJIMYAsICh OT KOHTPOJBHOW TPYMIIBI
XUBOTHBIX (puc. 2B), 4To yKa3bIBacT Ha HAJIMIHE
B 0eJIKaxX BAKIIMHHBIX IIITAMMOB KOHCEPBAaTUBHBIX
T-KJIETOUHBIX 3MUTOIOB, KOTOPbIe MOTYT Pacro3-
HaBaTh AIUTOMNBI MMuAeMuYecKoro supyca HIN1/
wt. BaxHo ormeTtuTsh, 4TOo ypoBeHb CD8* [FNy-
nponyuupyomux Tey B rpymnie 2KI'B 5:3 6b11 3Ha-
YUTEJBbHO BhIle TaKoBOToO B rpyire XKI'B 6:2, uto
CBUIETEIbCTBYET O OO0Jiee peJIeBAHTHOM CTUMYJIH-
poBaHMM T-KJIETOK IMaMSITH NPU MMMYHM3AILUN
BaKIIMHHBIM IIITAMMOM C aKTyaJIM3UPOBAHHBIM T'¢-
HoM NP (puc. 2B). HauboJiee BaXKHbIM pe3yabTaToM
JNaHHOTro pasaena padoThl SIBUJIOCH OOHapyxXKeHUe
3HAUYUTEIBHOTO YPOBHS TMOJUMYHKIIMOHAIBHBIX
(IFNy'TNFo‘IL-2") CD4" Tg, B cHJeHOLMTaX
Mblileit, npuBUTHIX 2KI'B 5:3, KoTOpbIii 3HAUYUTE b-
HO MpEBBIIIAJ COAepKaHMe TAKUX KJIETOK B IpyIIIie
kinaccuyeckoit 2KI'B 6:2 (puc. 2b). Iass CD8" Ty,
KJIETOK TaK:Ke OblJIa BRISIBJICHA TCHACHIINS K yBe-
JIMYEHUIO  TIPOIOPHMU  MOJUDYHKIIMOHATBHBIX
T-kJIeTOK, ogHaKO 13-3a HEOOBIIOTO KOJINYECTBa
XXUBOTHBIX B TPYNIE U BHICOKOUW AMCIICPCHUU pa3-
JINYUST MEKAY TPpyTIIIaMH He OBLIA JOCTOBEPHBIMU
(puc. 2B). Takum ob6pa3zoM, UcciaeOBaHUE CUCTEM-

Horo T-KJIETOYHOro UMMYHHUTETa, 00pa30BaHHOTO
B OTBET Ha UMMYHU3AIIMIO 9KCTIEPUMEHTAIbHBIMU
mramMmamu KI'B montumna HINI1, BeIgBUIO TIpen-
MYyIIecTBa MOONU(GUIIMPOBAHHOTO BapuaHTa ¢ (pop-
MYJIOil TeHOMa 5:3 Mo CpaBHEHUIO C KJIACCUUYECKUM
mramMmmoM 2KI'B 6:2 B mjtaHe MHAYKLIMU CUCTEMHBIX
MOHO- M TOJM(PYHKIIMOHAJIbHBIX BUpycCrienupu-
yeckux T-kaeTok 3(pheKTOpHOU maMsATH, 4YTO CO-
IJ1acyeTcs ¢ TaHHBIMHY, TIOJYYeHHBIMU HAMU paHee
a1 BakKUMHHBIX mTamMmMoB 2KI'B moaruna H7NO,
rae CIUICHOLIUTHI OBIIM CTUMYJIMPOBAHBI TICIITHU-
JIOM, COOTBETCTBYIOIINM MMMYHOIOMHHAHTHOMY
snurorny NP366 coBpemeHHoro Bupyca [18].
Crenyet OTMETUTh, YTO B paHHUX HUCCIEIOBaHU-
X ¢ ce30HHBIM BupycoM rputiia HIN1 He nzyyanoch
(hopMupOBaHIE CyOTIOITYJISIIINI TKaHePE3UICHTHBIX
(JIOKanu3yLIUXCI B TKaHSIX JIETKUX) T-KJIETOK
namsatu (TRM), koTopble MNpeacTaBasiioT coOOIi
IEPBYIO JMHUIO aJallTUBHOM KJIETOYHOM 3alllXThI
OopraHms3Ma OT CXOKETro I10 SITMTOITHOMY COCTaBY pe-
crnyparopHoro naroreHa [25, 26]. Ha npenbinyiem
aTane UCCJeIOBaHUS ObLIM U3yYEeHbl OCOOEHHOCTH
dopmupoBaHust TRM KJieTOK B OTBET HA UMMYHU-
3auMi0 BakKUMHHBIM mrtamMmmoM 2KI'B 5:3 moarumna
H7N9, onHako B TOM cllyyae CTUMYJISILIAIO KJIETOK,
BBIICJICHHBIX M3 JIETKUX UMMYHU3UPOBAaHHBIX MBI-
e, CTUMYJIMPOBAJIM OIHUM MENTUIOM, COOT-
BETCTBYIOIIIUM HWMMYHOIOMHWHAHTHOMY SIIHUTOIY
NP366 [18]. B HacTosIIIIeM SKCITEPUMEHTE C BAKIIWH-
HbIMM IITamMMaMu ce3oHHOU KI'B moatuma HINI
MPEICTaBISIJIOCh BaXXHbBIM OLIEHUTDH CYOITOMyIsIIUU
TRM KJ1eTOK K OJIHOMY ITPOTEOMY 3MUJIEMUUECKO-
ro BHpyca TPUINa, TO €CTh IIPU CTUMYIISIIIUU UM-
MYHHBIX KJIETOK 1IeJIbHBIM XUBBIM Bupycom HIN1/
wt. B terkux nsydanu ¢peHOTUTT TUMMQPOLIUTOB, IMTPO-
MYLUUPYIOUIMX THTepdOEPOH B OTBET HA CTUMYJISILTAIO
OUYMIIICHHBIM BUPYCOM T'PUIIIIA, B TOM YHCJIC OLICHU-
BaJIN 3KCITPECCUI0 NHTEPHEPOHTTPOLY TN PYIOITUMU
KJeTKaMM MapKepOB TKAaHEPE3UIEHTHBIX KJIETOK
namsatu CD69 u CDI103. Jlektun CD69 siBisiercst
KJIACCHYCCKUM paHHUM MapKepOM aKTUBAILIAT JITM-
douuToB 6J1arogapsi CBoeMy ObICTPOMY MOSIBJEHU IO
Ha MOBEPXHOCTHU MJIa3MaTUYeCKO MeMOpaHbI ITocJie
CTUMYJISILIMY, a TaKXKe CUYUTAeTCsI MapKepoM TKaHe-
BOI JIOKAJIN3AIIN M KJICTOK 32 CYCT IPOTUBOICUCTBUS
S1P1 peuenTtopy, TeM caMbIM TIPEMSTCTBYS BBIXO-
ny auM@ouuToB B KpoBoToK [3, 14, 23]. Moaekyna
CDI103 mpeacraBisieT co0oii anbda-cyObeqUHUILY
nHterpuHa oEB7, cBs3bIBaOIIErocss ¢ MOJIEKYJIOM
KJeTOUHOM anre3mu E-KaareprHoM, aKTUBHO 3KC-
MPEeCCUpPyeMOll BMUTETUAIBHBIMU KJICTKAMU TSI
noaaepXXaHusl 1IEJOCTHOCTU OapbepHBIX TKaHEM.
CoOTBETCTBEHHO, OJKcIpeccusi Mapkepa CDI103
Ha TRM KkJeTkax cHocoOCTBYeT WX yAEp>KaHUIO
B aMUTeAUaabHOM I11acte [13, 24, 31].
CoOOTBETCTBEHHO, Ha 7-€ CyTKHU MOCJe IBYyKpaT-
HO UMMMYHHU3allUUM BAaKUWHHBIMU LITaAMMaMU
KI'B HIN1 6:2 u KI'B HINI1 5:3 y Mmbliii€eii Boiae-
JISITY KJIETKU M3 TKaHEH JISTKUX Y CTUMYJTUPOBAINA
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neabHbIM BupycoM HIN1/wt ¢ mocnenyrommm Bbl-
sBJeHUeM BUpyccrenupnyecknx (to ectb [FNYY)
T-kyetok addekropHoit mamsatu (CD447CD62L),
9KCIPECCUPYIOIIUX MapPKEPbl TKAHEPE3UTEHTHOCTU
(CD697CD103"). boino noka3aHo, 4To Tgy KJIETKHU
MBbIIIE, UMMYHU3UPOBaAHHBIX IITaMMOM 2KI'B 5:3,
UMEIOT TEHACHIIMIO K 9KCIIPEeCCUur 00Jiee BBICOKUX
ypoBHe#l [FNyY B oTBET Ha CTUMYJISILIUIO LETbHBIM
BupycoMm HINI1/wt, mo cpaBHeHUIO ¢ rpymmoi 2KI'B
6:2, 9TO TOBOPUT O OOJIbIIIEHt MHTEHCUBHOCTU KJIE-
TOYHOI'0O OTBETa MOCJe WMMYHU3aLUU Moaudu-
LMPOBAaHHOW BaKIIMHOU (puc. 3A, I'). DTu naHHbIe
yKas3blBalOT Ha 0Oojiee BBIPAXKEHHYIO WHAYKIIUIO
Bupyccnenudruyeckux T-KaeToK NaMsITH, JOKaIu-
3YIOLIMXCS B JIETKUX MBbIIIEH, MTPU UMMYHU3ALUU
BaKLIMHHBIM ITpoToTuriom 2KI'B 5:3, 1o cpaBHEHU 1O
¢ kynaccudeckum BapuanToM KI'B 6:2. Cpenun un-
TepdepoH-mpoayuupytomux T-kKiaeTok apdekTop-
Holt mamMsaTu 6osee 70% sKcrpeccupoBaliu MapKep
CD69 (puc. 3b, ). KpoMe TOro, 3HauyuTeJILHOE
konunuectBo CD8 CD69* Ty, KJIETOK HECIU Map-
kep CDI103*, cBUAETENbCTBYIOIIMI O JOKaIU3aluun
JMaHHBIX KJIETOK B OapbepHBIX TKAHSIX, B HEMOCPEI-

CTBEHHOU OJIM30CTU OT MOTEHLMAJbHOIO MecTa
NpOHUKHOBeHU s natoreHa (puc. 3E).

Takum obGpazom, B HACTOSIIEM KCCJIEIOBAHUU
ObUIM TIOJIyYEHBI IMOATBEPXKIAalolIue SKCIIEPUMEH-
TaJIbHbIE CBUETEIbCTBA O MEPCIIEKTUBHOCTU MOV -
(vkanuy reHoMa BaKIIMHHOTO IIITaMMa Ce30HHOM
SKMBOW TPUITIIO3HOW BaKIIMHBI C HEJIbI0 aKTyalu-
3allMM 3IMUTOITHOTO COCTaBa BaKIIMHHBIX IIITaM-
MOB. JIocTaTOYHO MPOCTOH sl MPaKTUYECKOU pe-
aJqu3aluu Crocod — 3aMeHa IreHa HYKJIeONpPOTeu-
Ha ¢ ycTapeBIIero (oT moHopa artenyauuu Jlex/17)
Ha aKTyaJbHbIH (OT SIUAEMUYECKOT'0 POAUTETIbCKO-
ro BUpyca) — IPUBOIUT K CYIIECTBEHHOMY ITOBBI-
IIEHUIO YpOBHel BuUpyccrnenuduiyeckux T-KeTok
naMsiTH, Kak Ha CHCTEMHOM YPOBHE, TaK M B TKaHSIX
JIETKUX, YTO JOJKHO ITOBBICUTH 3(P(HEeKTUBHOCTH
BaKIOMHBI B OTHOLIEHW Y LI PKYJIUPYIOLINX BUPYCOB
rpuna. Tak:ke paHee Oblja MPOJAEMOHCTPUPOBAHA
0e3omacHOCTh BakKIIMHHBIX ITamMmMoB 2KI'B ¢ dop-
MyJioii reHoMa 5:3 ¢ UCMOJb30BaHUEM Pa3HbIX KU-
BOTHBIX Mojieieit [7, 12, 21], 4To 000CHOBBIBAEeT Mep-
CMIEKTUBHOCTh WX JaJbHEUIIEro U3yUYeHUsl B KJIM-
HUYECKUX UCCIEAOBAHUSIX Ha JOOPOBOJIbLIAX.
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PucyHok 3. YpoBHM TKaHepe3uaeHTHbix CD4* (BepxHaa naHenb) n CD8* (HMXHSq naHenb) T-KNeToK naMmaTn
Yy Mbiwieit, uUMMyHMU3upoBaHHbIX XKI'B 6:2 u XKI'B 5:3, a Takxe nony4ymBLuMx npenapar nnaue6o (PCB)
Figure 3. Levels of tissue-resident CD4* (upper panel) and CD8* (lower panel) memory T cells in mice immunized with

LAIV 6:2 and LAIV 5:3 as well as placebo treated (PBS)

Mpumeuanus. Konnyectso knetok, akcnpeccupyiowwmx IFNycpeaun nonynsumm CD4* (A) n CD8* (I') T-kneTok addekTopHOI
namsTn (CD44*CD62L") B 06pasuax nerkux MMMyHU3MpOoBaHHbIX Mbllleli. BTopoit ctonbel: npeactaeneHa nons CD69* knetok
cpenm cooTBeTCTBYOWMX nonynaumia (b, ). Tpetuii cton6ew: gons CD69*CD103* kneTok (B, E). locTOBEPHbIE Pa3NnNynNa MeXAY
rpynnamu (kputepuii MaHHa-YunTHM) nokasaHbl Ha pucyHkax, *p < 0,05, **p < 0,01, ***p < 0,001.

Notes. The number of cells expressing IFNyamong CD4*(A) and CD8* (D) effector memory T cells (CD44*CD62L") in lung
samples from immunized mice. Column 2: the proportion of CD69* cells among the corresponding populations (B, E).

Column 3: the proportion of CD69*CD103* cells (C, F). Significant differences between the groups (Mann-Whitney criteria)

are shown, *p < 0.05, **p < 0.01, ***p < 0.001.
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BbIABJIEHUE CNELUNPUYECKUX AHTUTEN
KJIACCA IgG K HEKOTOPbIM ®JIABUBUPYCAM
Y HACEJIEHUS TBUHEUCKOW PECNYBJIUKU

E.N. Kpusomeuna!, M.IO. Kapramos', E.B. Haiinenosa?, H./I. Ymkajenko', K.A. Ceupun’,
M.B. Ba3, 1. Hypaun*, C. Bym6ain*, B.A. TepHoBoii!
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Hoesocubupckas obaacms, Poccus
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Pestome. OmHMMM U3 CAMBIX PacIIPOCTPAHEHHBIX apOOBUPYCOB B MUPE SIBISIIOTCS IIpeacTaButeau poma Orthoflavivirus
(cemeiictBo Flaviviridae). Ha Tepputopun I'BuHeiickoit Pecry0auky moaTBep:KaeHa MUPKYIAINAS TaKUX ITpeacTa-
BUTEJIEN JaHHOTO CeMeiicTBa, Kak BUpYC xentoit tuxopanku (BXKJI), Bupyc 3amannoro Humna (B3H) u Bupyc nen-
re (BM). Lenp uccinenoBanuss — omnpeneieHue ypoBHs cnenuduueckux antuten Kiacca IgG k BXKIJI, Bl u B3H
y KUTeJel pa3TudIHbIX JaHamadTHo-reorpadudeckux 308 [Buneiickoit Pecniyonuku meronom MDA, Mamepuans
u memodsl. 115 viccienoBaHus Oblja cocTaBjieHa MaHeab U3 1559 ChIBOPOTOK KPOBU MPaKTUUYECKHU 3I0POBBIX JIIO-
Jieit, KoTopble ObLIM coOOpaHbl BO Beex JlaHAIIachTHO-reorpacduyeckux 3oHax ' BuHeiickoil Pecniyonuku. BoisineHue
crenuduyeckux anturten kiaacca IgG k BJI u B3H ocyiuecTBisiin KoMMepyecKMMU IMarHOCTUUECKUMMU Tperapa-
tamu, a K BXKJI — skcniepumenTanbHoit MDA TecT-cucTeMoii, OCHOBaHHOIM Ha aHaJiore TpeThero JoMeHa oeika E
noiayueHHoro B ®BYH I'HII Bb «Bextop» PocriorpedHanzopa. Peszyasmamer. Ilpu TeCTUPOBAHUU CHIBOPOTOK KPOBU
B 28,5% (95% JAW: 26,3—30,7) cay4aes Oblau o6HapyxeHbl anturena IgG x BXKJI, k B[ — B 11,8%, (95% AU: 10,3—
13,5) uk B3H — B 27,0% (95% AW: 24,8—29,3). AHTUTeNa 0OHOBpeMeHHO K TpeM Bupycam (B2KJI, B/l u B3H) 6bL1un
BoIstBIeHBI B 30 cayuasx, K B2KJI u BJI — 14, BXJI u B3H — 44, BJ1 u B3H — 56. Buiéoowi. BeisiBinenue anturen kK B3H
n Bl monTBepxkmaeT ¢haKT IMpomosKaromieiics MUPKYISIINU TaHHBIX BO30yauTeseil Ha TeppuTopun [ BUHECKOI
PecrryOnukm, 9TO HeceT PHCK 3M0POBBIO0 MECTHOMY HaceIeHHUo. JeTaabHoe M3yIeHIEe MOIEKYISIPHO-TEHETHUECKUX
M aHTUTEHHBIX CBOICTB (hJIaBUBMPYCOB, LIUPKYINPYIONINX Ha JaHHON TEPPUTOPUH, TIO3BOIHUT pa3paboTaTrh Oolice
crieuupuUYHbIE CPENCTBA TUATHOCTUKMU.

Karoueesnie caosa: ghrasusupycol, ummyHnHas npocaolika, anmumena kaacca IgG, eupyc sceamoii auxopadku, eupyc 3anaonoeo Huna,
supyc denee, lsuneiickas Pecnybauka.
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IDENTIFICATION OF SPECIFIC IgG CLASS ANTIBODIES TO CERTAIN FLAVIVIRUSES

IN THE POPULATION OF THE REPUBLIC OF GUINEA

Krivosheina E.I.?, Kartashov M.Yu.?, Naidenova E.V.", Ushkalenko N.D.?, Svirin K.A.?, Bah M.B.¢, Nourdine I.¢,
Boumbaly S.¢, Ternovoy V.A.?

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

b Russian Research Anti-Plague Institute “Microbe”, Saratov, Russian Federation

¢ Research Institute of Applied Biology of Guinea, Kindia, Republic of Guinea
4 Hemorrhagic Fevers Virology Research Center, Conakry, Republic of Guinea

Abstract. One of the most common arboviruses in the world are representatives of the genus Orthoflavivirus (family Flaviviridae).
On the territory of the Republic of Guinea, the circulation of such representatives of this family as the yellow fever virus (YFV),
West Nile virus (WNV) and dengue virus (DENYV) has been confirmed. The aim of the study was to determine the level
of specific IgG class antibodies to YFV, DENV and WNYV in residents of various landscape— geographical zones of the Republic
of Guinea by the ELISA method. Materials and methods. For the study, a panel of 1559 blood serums from practically healthy
people was compiled, which were collected in all landscape and geographical zones of the Republic of Guinea. The detection
of specific IgG class antibodies to DENV and WNV was carried out with commercial diagnostic drugs, and for YFV — with an
experimental ELISA test system based on an analogue of the third domain of protein E obtained at the State Research Center
for Virology and Biotechnology “Vector” of Rospotrebnadzor. Results. When testing blood sera in 28.5% (95% CI: 26.3—30.7)
of cases, IgG antibodies to YFV, to DENV — in 11.8%, (95% CI: 10.3—13.5) and to WNV — in 27.0% (95% CI: 24.8—29.3)
were detected. Antibodies to three viruses simultaneously (YFV, DENV and WNV) were detected in 30 cases, to YFV and
DENV — 14, YFV and WNV — 44, DENV and WNV — 56. Conclusion. The detection of antibodies to WNV and DENV
confirms the fact of the continued circulation of these pathogens in the territory of the Republic of Guinea, which poses a health
risk to the local population. A detailed study of the molecular genetic and antigenic properties of flaviviruses circulating in this
area will allow the development of more specific diagnostic tools.

Key words: flaviviruses, immune layer, IgG class antibodies, yellow fever virus, West Nile virus, dengue virus, Republic of Guinea.

BBepneHune

M3 o61pHOI 3KOJIOTMYECKOU rpynIibl apOOBU-
pycoB mipenctaButenu pona Orthoflavivirus (cemeii-
cTBO Flaviviridae), tMpKynsiiins KOTOPBIX JOKa3aHa
Ha BCEX KOHTWHEHTAaX, MUCKJIlouyass AHTapKTULY,
UMEIOT HaMuOOoJIbIlIee SMNUIEMUOJIOTMYECKOE 3Ha-
yeHue. AppuKa BXOJUT COCTaB PETMOHOB, B HaU-
OoJIbIIE CTENEeHU 3aTPOHYTBIX MPOOJIeMOil pac-
NpOCTPaHEHU ST UH(DEKIIMOHHBIX O0JIE3HEl, BbI3bI-
BaeMbIX (pJTaBUBUpPYCAMU, BKJIIOUYAS KEJITYIO JUXO-
panKy ¥ IUXOPAAKy JEHTE.

IMTo nanabiM BO3 B 2023 1. BahpUKaHCKUX CTpa-
Hax 3apeructpuponat 171 991 cnyuaii 3a6ojieBaHU S
JMXOpaJKol JIeHre, B TOM uucie 753 — c jeTajb-
HbIM ucxofoM. Llupkynsguuss BUPYCOB [I€HTE BBI-
sgBjeHa B 6ojiee yem 30 adppuKaHCKMX cTpaHax [2].

IMoaxonsiimue KaMMaTUYECKUE YCIIOBUS, HAJIU-
yye 60JbIIOTO KOJIUYECTBA YICHUCTOHOTUX Mepe-
HOCUUMKOB (MpeXJae BCETO KOMapoB POIOB Aedes
n Culex), HM3Kass OCBEOOMJICHHOCTh HaCEJCHUS
U MEIUILIMHCKOTro TepcoHaja O MNpodUuiIaKTUKE
U KOHTpOJIe 32 UH(PEKIIMOHHBIMU OOJIE3HSIMU, BbI-
3bIBa€MbIMU (DJIABUBUPYCAMU, SBJISIETCH aKTyallb-
HOU mpoOJieMOl NS 3ApaBOOXPAHEHUS MHOTUX
adpukaHCKUX CTpaH, B TOM yucie u ['BuHelickom
Pecniy6nuku. Tepputopusi CTpaHBbl YCJIOBHO [i€-
JIUTCA Ha 4YeThipe JaHamadTHO-reorpaduveckKue
30oHbl: Huxusas, Cpennsig, Bepxuss u JlecHas
I'BuHes, rae B pa3Hble TOObI PSIAOM aBTOPOB MOA-
TBEPKAEHA LUPKYJASUUS BAUPYCOB KEATON JUXO-
panxku (BXKIJI), 3anmagnoro Huna (B3H) u neunre
(BO) [1, 6]. IMocmenHue TOATBEpPXKICHHBIE TPH

ciayyas 3abojieBaHUS JIOAEH KeJTOW JIuxXopan-
Koit B I'BUHee ObIIM 3aperucTpUpOBaHbl B KOHIIE
2023 r. 3aboJIeBIIMMU OKa3aJIuCh 6-JICTHSS Jie-
Bouka u3 pernoHa ®Dapana (CpemHsisi ['Bunes),
7-netTHuUt ManbuukK U3 okpyra Kynmgapa (HuxxHsis
I'Bunes) u 60-netHs s XeHnHa u3 ['ekeny (JlecHas
I'Bunes) [3]. HeTKUX 1 TOCTOBEPHBIX JaHHBIX O 3a-
00JIeBa€MOCTU HaceJeHUsI OPYTUMU WHOEeKIU-
OHHBIMMU OOJIE3HSIMU, BbI3bBIBAEMbIMU (DIaBUBU-
pycamu, Ha TeppuTopuu I'BuHen HeT. MMeroTcs
eIMHUYHbIE MYyOJMKALlMU O BBISIBJICHUM CJydas
JUXopaaku aeHre [5].

st TOCTOBEpHOU OLIEHKU HaJU4YUs UMMYH-
HOM MPOCJTONKU K BO3OYAUTEISIM UH(DEKITUMOHHBIX
0oJie3Hel, BbI3bIBaEMbIX apOOBUpycaMU, HEOOXO-
IVIMBIM SIBJISIETCS OIpeaeieHue YpPOBHS crienudu-
YEeCKMX aHTUTEJ B CBIBOPOTKAaX KPOBU JIIOAEH, TTPO-
JKMBAIOIIMX HA JaHHOU TeppuTopuu [8].

Llenp HacTOsILIEWd paboOThHl CcOCTOsIIa B W3-
YUYEHUU YPOBHS CHELM(PUUECKUX aHTUTEJ KJjac-
ca IgG x B2KJI, B/l u B3H y MmecTHOro HaceiaeHus
B pa3HbIX JaHamadTHO-reorpadryeckmux 30HaX
I'Bunetickoii PecnyOGiuku MeToIoM MMMYHOMeEp-
MeHTHoro aHaim3a (MDA).

Matepuanbl n MeTob!

HccnenoBaHue MpOBOOMIOCH COBMECTHO pPOC-
CUMCKMMHN ¥ TBUHEHUCKMMU CHCHHATNCTAMU
Ha 0aze Poccuiicko-I'BuHENCKOro lLieHTpa 3Mu-
IEeMUOJIOTUN W TIPODUIAKTUKUA WHEOEKIIMOHHBIX
oOonesHel B . Kunaus, I'BuHelickas Pecriyonuka,
B 20202023 1. [7].
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WUccnenyemble CbIBOpOTKU. i1 pab®OTHI ObLIU
WCTIOJIb30BaHbl CBIBOPOTKM KPOBU TPAKTUUECKU
3JI0POBBIX KUTEJCN pa3JIUYHbIX JIaHIIa(PTHO-T€O0-
rpacduyeckux 30H I BuHeiickoii Pecriyonuku. Uccie-
JIOBaHUE MTPOBOAUIOCH MPU UH(MOPMUPOBAHHOM CO-
macuy yyacTHUKOB. [IpoToKoJT 0100peH peleHueM
OTtuuyeckoro komuteTa I['BuHelickoil PecrmyOnuku
(Ne 129/CNERS/16 ot 31 aBrycra 2015 1.).

Ha repputopuu I'BuHeiickoit Pecriyonuku mmpo-
KO pacIpocTpaHeHbl BO30YIUTEIU MaISIPUU, B CBSI3U
C YeM BeChb MOJIyYeHHBI MaTepuas mepea Uccieno-
BaHUEM OBbIJI MPOTECTMPOBAH METOIOM HMMYHO-
XpoMartorpaduyeckoro aHajau3a s BbISIBJICHUS
AHTUTCHOB MaJIIPUMHBIX TIA3MOJANEB C UCITOIb30-
BaHUEM HaObopoB peareHToB MalariaAgP.f/Pan SD
BIOLINE (Standart Diagnostics, Inc., Pecnybauka
IOxnasa Kopest). O6pasiibl, B KOTOPbIX IMTPUCYTCTBO-
BaJIM aHTUTEHBI BO30OYIUTEEN MalsIpuu, B TTOCIENy-
IOLLYI0 Pa0OTY HE TOCTYIUJIU C LIEJbI0 UCKJTIOUEHUS
MOJIyYeHUsI HecelurIecKX pe3ysibTaToB. TakuMm
o0pa3oM, ObljIa cocTaBlieHa MaHe b 13 1559 chiBOpo-
TOK KPOBHU YCJIOBHO 3IOPOBBIX XuTesel I BuHerckoit
Pecnyonuku (ta6..). MccneayeMast BBIOOpKa pecroH-
JIEHTOB Oblj1a IpencTaBjeHa B BO3pACTHOM AUaIia30He
ot 1 mo 89 net; B ucciaegoBaHue Boiio 910 KeHIIH
(58,4%) n myxuuH 649 (41,6%).

Teepmodaszubiiit UPA. CbIBOpOTKU KPOBU UCCIIE-
noBanu metonoM M®DA, HampaBJIeHHBIM Ha BBISIB-
JieHue BUpycocrenudruieckux aHTuTea Kiacca IgG
K B2KJI, B/l u B3H. B padoTe ObLIM UCIOJIb30BaHbI
KOMMepUYeCcKre TMarHOCTUYeCKHE ITperapaThl; «Anti-
Denge Virus ELISA (IgG)» (Euroimmun, I'epmaHust)
n «bnoCkpun-B3H (Kommiekt G)» (buocepsuc,
Poccus). Hns BbeisiBAeHUs: aHTuTen Kkiacca IgG
K Bupycy 2KJI ObL1 B3ST 3KCIEpUMEHTaJIbHBIN Ha-

60p peareHToB, pa3padoranHbii B ®BYH I'HII Bb
«BekTop» PocnoTrpedHanzopa. OCHOBOI JaHHOTO Te-
CTa CY>XKUT peKOMOMHAHTHBIN OUUILIEHHBIN 6esloK E
B2KJI, koTophblit copbupoBaH B KapOoHATHOM Oyde-
pe (Na2CO3 u NaN3, pH 9,6) Ha HOJIUCTUPOIOBEIC
miaaHmetsl (NEST, CIIA). Ha peKoMOMHAHTHY1O
maasmuaHyo JHK, skcnipeccupyloniyio aHajor
TPEThEro JOMeHa MoBepXHocTHoro Oenka E BZKJI
B bakTepuaysbHol cucteMe E. coli (BL-21(DE3)), nio-
JIydeH maTeHT Ha u3ob6pereHue No RU2798563 Cl
(«PexomOuHanTHas miasmugdasg JHK pET160-E3-
YFYV, skcnpeccupyoliasi aHaJor TPeThero JoMeHa
noBepxHOCTHOro 6eyika E Bupyca xeaToii Juxopai-
ku (BXKJI) B 6aktepuanbHoii cucteme E. coli, uc-
MOJIb3YEMOT'O JUUISI BBISIBJICHUS CHEMMUUIECKUX aH-
tutes BXKJIl»). TBepnodasubiit DA niist BEISIBICHU S
antuten IgG k B2XKJI mpoBoanin, Kak Ob1710 OITUCAHO
aBTOpPaMU B MPEAbIAYIIUX TyOauKaiusx [4].

CTaTUCTUYECKY10 00pabOTKY JaHHBIX OCYILECT-
BJISIA C MCITOJIb30BAHUEM ITPOrpaMMHOr0 obecrie-
yeHusi Microsoft Excel, nuarpamma BeHHa Oblia
NOCTpOeHa ¢ TOoMOIIbIo MporpamMmmbl Microsoft
PowerPoint. CpenHue 3HaueHU s OLIEHUBAJIU C y4de-
ToM 95% noBeputenbHOro nHTepBaia (AM) mo me-
tony Kuionnepa—IlupcoHa B oOHJaliH-cepBUCE
Epitools (https://epitools.ausvet.com.au).

PesynbraThl

[Mpu TecTupoBaHUM MaHEIU CBIBOPOTOK KPOBU
B 715 (45,9% oT 06111eT0 KOJIMUECTBA) Cy4YaeB ObLIN
BBISIBJICHBI clieliMdurueckre aHTUTea Kinacca IgG
Mo KpaiilHe Mepe K OJHOMY M3 u3ydyaeMbIx iia-
BUBHpYCOB. Yale Bcero MccliieayemMble ChIBOPOT-
KU colepxkaid BUpycocTeliMbruyecKrue aHTUTea

Ta6nuua. PesynbraThbl BbiiBNieHUS cneunduyecknx aHtuten knacca lgG k HekoTopbimM piaBMBMpycam
B pa3nuyHbiX naHawadTHo-reorpaduyeckux soHax NemHeiickoii Pecnyonukm

Table. Detection of flavivirus-specific IgG antibodies in various landscape and geographical zones of the Republic

of Guinea
Bupycbli/Viruses
PesynbTathl BoisBNeHUs aHtuten knacca lgG:
OGLee KOIMYECTBO :
NanpwadTHO- A a0CosII0THOE YUCII0 NONOXUTENbHBIX NPO0, N;
reorpaduyeckas 3oHa 06p:3u.oa n [0S NMOJIOXUTENbHBIX NP00, %
Landscape and ’ Detection of IgG antibodies:
: Total number of tested " )
geographical zones samoles. n absolute number of positive samples, n;
pies, proportion of positive samples, %
BXXJ1/YFV BA/DENV B3H/WNV
HuxHsa N'BuHes 807 299; 37,05 58; 7,19 141; 17,47
Lower Guinea (95% OW: 33,8-40,4) (95% ON: 5,6-9,2) (95% OMn: 15,1-20,2)
CpepHss BuHes 349 41; 11,89 47, 13,74 124; 36,26
Middle Guinea (95% OW: 8,9-15,8) (95% OM: 10,5-17,8) (95% OW: 31,3-41,5)
BepxHsis [BuHes 121 64; 52,89 30; 24,79 44; 36,36
Upper Guinea (95% OWN: 44,1-61,5) (95% OWN: 17,9-33,2) | (95% OM: 28,3-45,2)
NecHada MBuHes 289 40; 13,84 49; 16,96 112; 38,75
Forested Guinea (95% OK: 10,3-18,3) (95% ON: 13,1-21,7) | (95% OM: 33,3-44,5)
Wtoro no Bcen
444; 28,48 184; 11,8 421; 27
Tepputopum MBnHen 1559 Con i o
Total Guinea-wide (95% OWN: 26,3-30,7) | (95% ON:10,3-13,5) | (95% [OMN: 24,8-29,3)
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PucyHok 1. F'paduk pacnpepenenus
cneundunyecknx antuten knacca lgG

K pnaBuBupycam B pa3Hbix naHawadpTHO-
reorpaduyeckux 3oHax NBuHeickoii Pecnyonuku
Figure 1. Distribution of flavivirus-specific IgG antibodies
in different landscape-geographical zones

of the Republic of Guinea

k BXKIJT (28,48%, (95% AW: 26,3—30,7)). Uto kaca-
€TCSI TIOJIOXKUTEIbHBIE Pe3yJIbTaTOB B OTHOIICHUU
OCTaJIbHBIX (JIaBUBUPYCOB, TO K B/l cneuuduye-
CKMe aHTUTea ObLIM OoOHapyKeHbl B 184 (11,8%,
(95% OUN: 10,3—13,5)) cayyasix, a K B3BH — B 421
7%, (95% A W: 24,8—29,3)) (Tad.).

PacnipenesieHue mojioXXUTEAbHBIX ITPOO MO pas-
HBIM JTaHa1madTHO-Teorpadudeckum 3oHam [Bu-
Helickoli Pecnydnuku mnpeacrtaBjieHO Ha puc. |
" B Ta0J.

CtouT 00OpaTUTh BHUMAaHMUE, YTO TPU aHaJIU-
3¢ CBIBOPOTOK KPOBM, OBLIN BBISIBJICHBI O0Opa3Ilbl,
B KOTOPHIX JIETEKTUPOBAJIMCH BUpPycocTennpumac-
ckue aHtutena IgG kKo BceMm TpeM daBuBUpycaM
WJIM K IBYM U3 HUX. Tak, aHTUTela OMHOBPEMEH-
Ho K TpeM Bupycam (B2XKJI, B u B3H) Oblyin BbI-
aBiaeHbl B 30 caygasax, kK BXKJI n B — 14, BXKIJI
u B3H — 44, B u B3H — 56 (puc. 2).

V4

BA
DENV

PucyHok 2. KonnyecTteo 06pasLoB, B KOTOPbIX
BbisiBNieHbl cneuudunyeckmne aututena lgG

K HECKOJIbKUM ¢1aBUBUpycam

Figure 2. Number of samples positive for two or more
flavivirus-specific IgG antibodies

Ob6cyxaeHune

Ha Ttepputopuu I'Buneiickoii Pecnybiuku
OIMH 13 CAaMbIX BBICOKMX YPOBHEI aHTUTEJI KJac-
ca IgG y MeCTHBIX XUTeJeil PerucTpUpoOBaICs
B otHomeHnn BXKJI (28,48% ot Bcex uccieno-
BaHHBIX CBhIBOPOTOK). DTO MOXHO OOBSICHUTH
TeM, UYTO B pa3Hble TOAbl BO BpeMs Bcrbilnek 2KJI
NPOBOIUINCH KOMIIAHWUHM II0 MacCOBOM BaKIIM-
Hauuu [15]. [Tpuuem, B 30He HuxxHelt u Bepxueii
I'BUHEeM TMPOLEHT IIOJOXUTEIbHBIX 00pa3lioB
OBIJT TOCTAaTOYHO BBICOKMM, M cocTaBiisaa 37,5%
u 52,89% coorBercTBeHHO. HecMoTpst Ha onpeae-
JICHUE, JOCTATOYHO BHICOKOTO YPOBHSI UMMYHHO
Npocaoiiku HaceneHUs1 K Bo3oyautento XKJI, oH
SIBHO HE SIBJISIETCSI MJOCTATOYHBIM B Cliyyae BO3-
HMKHOBEHUM KPYITHOU BCIBIIIKU Oojsie3Hu. Tak,
no gaHHbiM BO3 nis dopmMupoBaHUs CTOWKOTO
KOJUIGKTUBHOTO0O MMMyHHTeTa mpotuB XKJI He-
00XOAMMO Hajauyue crhneuuduIecKrux aHTUTEN
K BO30YIUTEII0 B CHIBOPOTKAaxX KPOBU HE MEHee
80% mecTHOTO HaceneHus [11].

I1pu cpaBHeHU U YpoBHS aHTUTEN K B2KJI cpenu
MYXUYUH U KEHIIWH TOCTOBEPHBIX Pa3JUUUil BbI-
sBieHO He Ob110; IgG OblIM 0OHapykeHbl ¥ 28,1%
(95% ON: 24,7-31,6) myxuuH u 28,8% (95% JOW:
25,9—31,8) — xxeHmuH. OgHaKO NpU aHAIU3€E pa3-
JIMYHBIX BO3PAaCTHBIX T'PYMIl yAaJloCh BbISIBUTH
paznuuusi. HanbGonplinii ypoBeHb aHTUTE] Ha-
Ga1toascs B Bo3pacTHo rpyrire 1o 20 get — 36,8%
95% HOW: 32,4—41,5) u crapiieil BO3pacTHOM
rpynne (ctapiie 60 jget) — 94,7% (95% AN: 89,5—
97,4), B TO BpeMs KaK 3TOT IOKa3aTesb B Tpynmax
ot 21 mo 40 ner cocraBuu Bcero 14,3% (95% AU:
11,9—17,1), a ot 41 no 60 ner — 21,4% (95% I U:
17,0-26,6).

M3BecTHO, uyTO BakumHauus rnmpotus 2KJI npo-
BOOMTCSI B paMKaxX HECKOJBKHX IpOrpaMM: IIJia-
HOBasi UMMYHU3aIMs AeTeid (HalleJeHHast Ha MJia-
JIIEHILIEB 10 9 MecsleB) B DHAEMUYHBIX PErMOHaXx;
KaMIlaHUH T10 pearupoBaHMIO Ha BCIbILIKU 2KJI;
a TakxXe BaKIMHAIIMS JIOACH, HaIpaBJISTIOIINXCS
B aHAeMuuyHble 1o KJI ctpanbl. CorjiacHo oTye-
tam BO3, B Pecnyonuke I'BUHes1 caMblii BBICOKUIA
oxBaT BakuumHauueir mnporunB 2KJI HabGaromaeTcs
y mozei ctapiie 60 jet (mopstnka 80—90%). YV nio-
el ¢ 14 no 59 net ypoBeHb BaKIIMHAILIMU HA YPOB-
He 60—70%, a'y neteii no 13 et Bcero 40—50% [14].
JlaHHbIe HacToseir paboThl MOJHOCTBHIO TOJI-
TBEPKIAIOT 3TU CBCACHU .

YpoBeHb  BUpycOCTeM(PUISCKUX  aHTUTEI
K B3H B pasnbix naHamagTHO-reorpapuuecKkmux
30Hax cocraBuia ot 17,47 no 38,75%. Takoii BeIcO-
KA TIPOLEHT IIOJOXUTEIbHBIX 00pa3loB, MpH
OTCYTCTBUM OGUIMAIbHBIX TaHHBIX O 3aboJie-
BaeMOCTHU Jiuxopaakoit 3amagHoro Huma, Moxert
OBITH CBSI3aH C TeM, YTO MPU 3apaXeHUU BUPYCOM
YeJI0BEK 9aCTO IMEPEHOCHUT O0JIe3Hb O€CCUMITTOMHO
WY, TIPU HAJIUYUU CUMITOMATUKU, 0e3 mudde-
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peHuuaabHOro JjaboparopHoro ucciaegoBanus [10].
CTOUT OTMETUTH, UYTO CaMBbIil BHICOKUII YPOBEHb
antutel K B3H (38,75%) wabniomaeTcs paiioHe
JlecHoii I'BuHeu. DT JaHHbBIE COTJIaCyIOTCS C OMYy-
OJIMKOBAaHHBIMU paHee ucciienoBanusMu [1,6].

Yrto kacaerca B, To aHTUTea K HEMY OOHapy-
KUBaIUCh B 7,9—24,79% cny4dasix Bo Bcex JaHamad-
THO-reorparuyeckux 30HaX, YTO COOTBETCTBYET
TOMY, UTO KOMaphl pona Aedes, KOTOpbIE SIBJISIOTCS
OCHOBHBIMU TI€pEHOCUMKAMU BO30yIUTENs, pac-
MPOCTPaHEHbl MO Bcell TeppuTopuu [ BUHEHCKONU
Pecny6nuku [1]. CnenoBatenbHO, pUCK 3a00J1€BaHU S
JINXOPAJKOI IEHTe UMEIOT BCe HaCeJIeHUEe CTPaHBbl.

OOHapyXeHWe aHTUTEJd B CHIBOPOTKE KPOBU
cpa3y K HECKOJIbKUM MCCJeIyeMbIM BUpPyCaM MO-
JKET CBUMIETEIbCTBOBATh U O HEIOCTATOYHOM criell-
UPUUIHOCTU HAOOPOB PEareHTOB, HaIMpPaBJIECHHBIX
Ha BbIsgBJIeHUe aHTuUTen IgG K ¢draaBuBUpycam.
CepoJIOTUYECKU I TIePEeKPECT SIBJISIETCS U3BECTHOM
npoo6aeMoil MpUu U3ydyeHuu pacrnpoctpaHeHus BJI,
B2KJI u B3H, umeromue cxoxue Mo aMUHOKHUC-
JIOTHOMY cocTaBy aHTUreHbl [13]. CregoBatesibHO,
aHTuUTeJla, 0Opa30oBaHHbIE B OTBET Ha BCTpeUy Ma-
KpoopraHusma ¢ OIHUM UuX (JIaBUBUPYCOB, MO-
T'YyT KpOCC-pearupoBaThb ¢ BO3OYIUTEISIMU APYTUX
npeacTaBUTeeil ceMeicTBa, UTO 3aTPyAHSIET TOU-
HYI0 UASHTU(UKALIUIO CEPOJIOTUYECKUMU METONa-
MU [12]. BaxXHO OTMETUTH, UTO JJisl JOCTOBEPHOU
MOCTAaHOBKM JMarHo3a B JaHHOM cjy4yae TpeOyeTcst
KOMIIJIEKCHBIH MOAXO/, BKJIOUAIOIINNA KaK U3y4de-
HUE KJIMHUYECKOU CUMMOTOMATUKU, SMUIEMHUOJIO-
TMYECKU aHaMHe3, TaK U Pe3yJIbTaThl pa3JIUYHBIX
J1JaboOpaTOpPHBIX TECTOB, BKJIIOUAs CEPOJIOTUUYECKUE
U MOJIEKYJISIPHbIE-TEHETUYECKE METObl.

Eule omHolf M3 MpPUYMH OOHApPYXXEHUS CIIell-
UpUUIecKUX aHTUTEN cpa3y K HECKOJIbKUM (1aBu-
BUPYCaM MOXET SIBJISIThCS TO, YTO XHUTeau [ BuHen
3a MepUoJl XKU3HU MOTYT B3auMOJIeliICTBOBATh C He-
CKOJbKMMU BUJAMU BO3OYyaUTEEH.

Cnucok nutepatypsbl/References

3akJito4eHme

Takum obpaszoMm, cHoenuduUuueckrue aHTU-
tena kinacca IgG xk BXKJI Obuim oOHapyKeHBI
B 28,5% (95% JAW: 26,3—30,7) ucciaenyeMbIx IIpoo.
BcerpeuaemocTts aHTUTEeNn K B/l B riccieayemMoii BbI-
6opke cocraBuna 11,8%, (95% AWN: 10,3—13.,5),
ax B3H — 27% (95% OAW: 24,8—29,3).

B 2017 r. cneumanuctamu BO3 pa3zpaboTaHa u 3a-
NylleHa CTpaTeTus MO JIUKBUAAILMY STTUIEMU A XKeJT-
toit nuxopanku (Eliminate Yellow fever Epidemics,
EYE), xoTopyio moaaepXXruBaoT MEIUILIUHCKUE OP-
ranuzanuu 40 crpan Adpuku, CeBepHoii u KOxxHOI
AMepuKU, MOABEPralolInuXcsl PUCKY pacrpoCcTpaHe-
HUS faHHOI MHMeKIMOHHOM 6oie3Hu. Lleab Takoro
napTHEPCTBAa — MaccoBasi BAKIIMHALIW S HACEJIEHU S,
MPOXUBAIOIIETO B SHIEMUYHBIX PETMOHAX, CBOEB-
peMeHHoe BhIsiByieHUe cirydaeB 2KJI v ipuHsITHE CO-
OTBETCTBYIOIIUX MEP JJISI TMKBUIALIUYA BO3MOXHBIX
Bcrbitek. CortacHo niporHo3am BO3, k 2026 1. 60-
Jiee MUJIJTMap/ia YeJOBEK JOJIXKHBI IPUHSATh y4acTue
B 9TOl nporpamme [9]. Bo3aMoxHO, Oj1aronaps 3Tou
WUHULMATUBE, YPOBEHb KOJTJIEKTUBHOTO UMMYHMUTE-
Ta K 2KJI 1ocTUrHET HEOOXOAUMOTO YPOBHS$I, UTOOBI
HE JOMYCTUThb PACIPOCTPAHEHUS KEJITOU JIUXO-
panku Ha Tepputopuu ['BuHelickoit Pecrybinku
B Oynmy1em.

BrisgBnenue crienudruyeckux aHTUTEN KJiac-
ca IgG x B3H u B/l B HacTosllIeEM UCClieAOBAaHUN
NOATBEPXKAAaeT (akT MNPOIOJIKAIOLIENCS LUPKY-
JSUWU JAaHHBIX BO30yIuUTENeld Ha TeppUTOPUU
I'Bunetickoii PecnniyOiunKku, 4T0, HECOMHEHHO, He-
CEeT PUCK 3J0POBbI0O MECTHOIO HaceJeHUs. A 6osee
JIETaJIbHOE U3YyYEHUE MOJIEKYISIPHO-TEHETUYECKUX
U CEPOJIOTUYECKUX OCOOEHHOCTEN (PJTaBUBUPYCOB,
LHUPKYJIUPYIOUIUX B NAHHOM PErvuoHE, MO3BOJUT
pa3paboTaTh 0oJiee COBEpPIIEHHBIE CpPEACTBa Ja-
GOopaTOPHOI NUATHOCTUKU BBI3BIBAEMbBIX UMM WH-
(EeKIIMOHHBIX OOJIE3HE.
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NnoJIMAJJIMTIAMUHA B OTHOLLEHUA
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Pestome. OcTpbie pecriipaTOpHbIE BUPYCHBIE UH(MDEKIIMU, B TOM YUCJIe TPUIII, 00pa3yloT HauboJiee paclipoCcTpaHEHHY 10
I'PYIITY CE30HHBIX BUPYCHBIX MHGbEK M. ['puIin mpeacTasiseT Haubdoiee pacipocTpaHEHHYIO M OTTAaCHYIO BUPYCHYIO
nHbeKk1no. BakimHonpoduiakTuka — eIMHCTBEHHBIN Ha CETOMHSIIITHUI IeHb CIIOCO0 YIIpaBIeHMS TPUIIIIO3HON
nHbpekuueit. [Ipn 3ToM B OTHOIIEHUE WH(MEKIINIA, BEI3BIBAEMBIX TIAparpUIIIOM M PeCIIPaTOPHO-CHHIIUTUATBHBIM
BHUPYCOM, CYIIIECTBYET TOJIBKO CUMIITOMATHYEeCKOE JIeUeHNe. Bupyc rpuIma 10cTaTouHO OBICTPO YXOOMT OT BaKIIH-
HaJIBHOTO TIpecca, 0aromapst BBICOKOI CIIOCOOHOCTHM K aHTUTEHHOMY Apeiidy u peaccopTauinmu pparMeHTOB IeHO-
Ma. MiMeromrecs Ha CETOIHSIIHUIM T1eHb TPOTUBOBUPYCHEIE TIpENapaThl JOBOJIBHO OBICTPO TEPSIOT 3P HEKTUBHOCTD,
B 0COOEHHOCTH, TIO OTHOIIEHHUIO K BEBICOKOKOHTATMO3HBIM IITaMMaM BUpyca rpurma. CyiecTByeT He0oOX0OaMMOCTh
CO3/IaHUs XMMUOTIpernapaTa ¢ KOMIJIEKCHBIM IeCTBMEM B OTHOIEHWM BCEX CTPYKTYP BUPHMOHA: TIOBEPXHOCTHBIX
0eJKOB, JIUTTUAHOW MeMOpaHbl U puOOHYyKJIeonpoTenaa. K Takum xuMmuorpenapaTaMm MOXHO OTHECTH ITOJIMAJICK-
tponuTsl (I19), B yacTHocTH, noauasauaamMut (ITAA), KoTopblil moka3a BeIpaxXeHHOE BUPYCUHTUOUpYIolee neii-
CTBUE B COYETAHUU C HU3KOM LIUTOTOKCUYHOCTBIO B OTHOIIEHUHU HECKOJIbKMX IITAMMOB BUpYCa I'PUMIIA B KYJIbTYpe
knetok MDCK u Bupyca Kkopu B KyJIbType KJIeToK Vero. B mpomokeHUuM HalluX MpeablAyIIuX UCCAeAOBaHUI MPO-
BEJCHO PaCIIMPEHHOE U3yUeHHEe MTPOTUBOBUPYCHON aKTUBHOCTH U LIMTOTOKCUYHOCTU [TAA 15 Tpex mTaMMOB BU-
pyca TpuIina B KJeTouHoi TuHuM A549, Bupyca naparpumnna 3-ro tuna (HPIV-3) u pecimparopHo-CMHIIUTHATBHOTO
Bupyca (RSV) B knetounsrx nuHusax A549, HEp-2, Vero, L-41, MA-104. Pe3yaomamet. beiio moka3zaHo, 4To Hanboiee
YyBCTBUTEIbHBIMH K neiicTBUIO0 [TAA oKkazanauchk BUpych rpuiima 1 RSV, ak THBHOCTH KOTOPBIX CHUXXAJIaCh B KJIETKAX
KapIMHOMEI JIETKOTo YenoBeka A549 Ha 3 mopsaka. B HauMeHbIIeit cTeleHn MPOTUBOBUPYCHASI aKTUBHOCTD [TAA
MIPOSIBJISIIIACH B KJIETKAX Vero, 9YTO MOXET OBITh CBSI3aHO ¢ OTCYTCTBHEM B JaHHOM KJICTOYHON TUHUU CHCTEMBI BBI-
paboTkn uHTepdepoHoB. Mcxons m3 MOJyUYeHHBIX Pe3yIbTaTOB OIMBITOB in vitro, [IAA MOXHO paccMaTpuBaTh Kak
MPOTUBOBUPYCHBIH TIperapar MMpoKOro CIeKTpa NeiCTBUSI B OTHOIIEHNUY He TOJBKO BUpYCa TPUIITA, HO U APYTUX
pecrupaTopHbIX BUPYCOB YeJioBeKa.

Karoueevie caosa: nOAUANNUNAMUH, NPOMUBOBUPYCHAA AKMUBHOCHIb, cpUNN, Ocmpas pecnupamopHasi 6upycHast MH¢€KIL¢L{E,
KaemouvHble AUHUU, qu)eKquHHblﬁ mump.
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POLYALLYLAMINE ANTIVIRAL ACTIVITY AGAINST INFLUENZA AND ACUTE RESPIRATORY VIRAL
INFECTION IN VARIOUS CELL CULTURES
Kontarov N.A.*", Bahromeeva A.A.", Dolgova E.I."*, Pogarskaja 1.V.*, Kontarova E.O.¢, Juminova N.V.?

@ [.M. Sechenov First Moscow State Medical University, Moscow, Russian Federation
¢ I.I. Mechnikov Research Institute of Vaccines and Sera, Moscow, Russian Federation
¢ Federal Scientific and Clinical Centre of the Federal Medical- Biological Agency of Russia (Hospital No. §3), Moscow, Russian Federation

Abstract. Acute respiratory viral infections, including influenza, comprise the most common group of seasonal viral
infections. Influenza is the most common and dangerous viral infection. The only way to control it is influenza vaccination.
Regarding infections caused by parainfluenza and respiratory syncytial virus, only symptomatic treatment is available.
Influenza virus quickly bypasses post-vaccination immunity due to its ability to antigenic drift and genetic reassortment.
Available antiviral drugs quickly lose effectiveness, especially in relation to highly contagious influenza virus strains.
The aim of the study was to create chemotherapeutic agent with a multi-layered effect on all viral structures: surface
proteins, lipid membrane and ribonucleoprotein. Such drugs include polyelectrolytes (PE), particularly, polyallylamine
(PAA), which showed strong virus-inhibiting effect in combination with low cytotoxicity against several influenza strains
in MDCK cell culture and as well as measles virus in Vero cell culture. Materials and methods. In this work, an extended
study on PAA antiviral activity and cytotoxicity was carried out using three influenza virus strains in A549 cell line,
parainfluenza virus type 3 (HPIV-3) and respiratory syncytial virus (RSV) in A549, HEp-2, Vero, L-41, MA-104 cell
lines. Results. It was shown that influenza and RSV were the most sensitive to PAA,so that virus activity decreased by
3 orders of magnitude in human lung carcinoma cells A549. The lowest antiviral activity was registered in Vero cells, which
may be because it lacks interferon production system. Based on the results of in vitro experiments, PAA can be considered

as a broad-spectrum antiviral drug not only against influenza, but also other human respiratory viruses.

Key words: polyallylamine, antiviral activity, influenza, acute respiratory viral infection, cell lines, infectious titer.

BeepgeHue

Ha ceronHsmHui AeHb TPYAHO Ha3BaTh B MUPE
CTpaHy, B KOTOPOW He ObLIU Obl OTMEUEHBI Clydyau
3abojieBaHus rpunnoMm [4, 9, 10]. PagukanbHbIX
XUMHUoOIpenaparoB 1 JieueHus rpunmna u OPBU
Ha JTaHHBIE MOMEHT He cyllecTByeT. OCHOBHBIMU
dakTOpaMu OTCYTCTBHUSI TaKUX XUMUYECKUX CO-
€IUHEHUU SIBASIeTCS TMPUPOMHAST W3MEHUYUBOCTh
BUPYCHOU TOMYJISIIUU, BbICOKasi BapuabEIbHOCTh
reHoMa W TeHeTu4yeckas TMpeapacrioioKeHHOCTh
K MHOTOUYMCJICHHBIM TOYEUHBIM MyTallusiM. B cBSI31
C 3TUM, HEOOXOAUMO OCYIIECTBISThH IOUCK XUMUO-
npernapaToB ¢ IIMPOKUM CHEKTPOM JOEUCTBUS: KakK
B OTHOIIEHUM MOBEPXHOCTHBIX aHTUIEHHBIX OeJI-
KOB, TaK U BUpYCHOIT MeMOpaHbl. K TakuMm coenu-
HEHMSIM MOXXHO OTHECTHU pasjudyHble [1D, B yacTt-
HocTH, [TAA, KoTopble 00J1a1a10T TTOBPEXK AAI0OIIUM
JNeiCTBMEM Ha BTOPUUYHYIO CTPYKTYpY Oefika, dep-
MEHTOB U BUpPYCHYI0 MeMOpany. [Tpu atom niist [TAA
BBISIBJIEHA MTPOTUBOBUPYCHAs aKTUBHOCTb B OTHO-
IIIEHUW HECKOJIbKUX BUpYycoB [1, 2, 3, 5]. B nanHoi
paboTe MPOBENEHO MCCIeNOBAHUE LTUTOTOKCUYHO-
CTU W MPOTUBOBUPYCHOU aKTUBHOCTU [TAA B pa3-
JIMYHBIX KOHLIEHTPAIMSIX B OTHOIIEHUU TPEX IITaM-
MOB BUpPYcCa I'pUIIIa U IBYX pECIUPATOPHBIX BUPYCOB
HPIV-3 1 RSV Ha HEeCKOJIbKUX KJIETOUHBIX JIUHUSX
pazauyHoro mnpoucxoxaeHus. IlokazaH BUPYCUH-
ruoupyrommii 3¢deKT B COBOKYITHOCTU C HEBBICO-
KO IIMTOTOKCUYHOCThIO [TAA B OTHOIIEHUU BCEX
BUPYCOB, KYJIBTUBUPYEMbBIX B MIEPMUCCUBHBIX KJIE-
TOYHBIX JUHUIX, MTpUYeM HauboJbllasi NTpOTUBO-
BUPYCHAsi aKTUBHOCTb HabJIomasach B KYJbType
KJIETOK JIETOUHOTI'0O TTPOUCXOXKAeHU ST AS549.

Matepuanbl 1 MeTob!

Bupycor u kaemku. B ccienoBaHuM MCMOJbB30-
Bajiu CJIEAYIOIMEe BUPYCHl U3 KOJJEKIIMU BUPYC-
HBIX mTamMmmoB ®I'BHY HUM BakuWMH U CHIBOPO-
ToK uM. .M. MeuHukoBa:

— HPIV-3;

— RSV;

— Bupyc rpunna A/Bangkok/1/1979(H3N2);

— Bupyc rpunna A/BYI1/Beitopuix(H7N7);

— Bupyc rpunmna A/Mamnapa/IlencunbBanus/

10218/84(HSN2).
Bupychl HakanmauBaau B CJICIYIONINX KJIETOY-
HBIX KYJbTypax: BUPYCHI T'pUIIIIa — B KJIETKax

MDCK, RSV u HPIV-3 — B kjaerkax MA-104.
st OLeHKM IIMTOTOKCUYHOCTU W BUPYCUHTU-
oupytouiero aeiictBus ITAA ucnonb3oBaiu Tak-
Ke KJeTouHble TuHuu A549, L-41, HEp-2 u Vero.
KoHeuHast KOHIIEHTpalus KJEeTOK HaXoaujaach
B auamasoHe oT 1,6 x 10° 1o 2,4 x 10° xia/M1.

1. B paboTe HCHOAB30BAIU TOJUDJIEKTPO-
aut — [TAA ruapoxJiopua ¢ MOJEKYISIpHOIH Mac-
coit Mw = 6000 Da (Sigma, CIIIA) (puc. 1).

Onpedenenue UHDEKUUOHHO20 MUMPA BUPYCOB.
M3 Bupyccoaepxkaleii XUAKOCTH TOTOBUJIU Ce-
pMIO NEeCITUKPATHBIX pa3BeAeHUU Ha cpene IJIs
KYJBTUBUPOBAHUS KJIETOK. DTUMU pa3BeACHUSI-
MW WHOUIMPOBAIU KJIETKH TIEPMUCCUBHOMN JIM-
HUM, pacCesHHbIe B 96-TyHOUYHBIC ITUIAHIICTHI.
Hanee muaHmeTbl MHKyOMpoBaJu B aTMocdepe
CO, ipu 36°C B TeueHue 72—120 4 B 3aBUCUMOCTH
oT Bupyca. [1o oKOHYaHUM MHKYOAIlMK1 OllCHWBa-
JIM HaJIM4ue IMTOIAaTOI€HHOTO NEeHCTBUS B JIYH-
Kax. MHOEeKIMOHHBI TUTP BUpPYycCa PacCUYUTHI-
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[JevicTere nonnannmnaMmmHa B OTHOLLEHWN BUPYCOB rpunna

BaJii o metony Puga u MeHua B Mmonudukanumn
Tomricona u Bbipakayu B 1gT L s,/mut [6].

Ouyenka yumomoxcuunocmu ITAA. Knetku wuc-
10J1b3yeMbIX JIMHUI pacceBain B 96-1yHOUHbIE ILJIaH-
LIeThl U UHKYOUpoBaiu B TedueHue 14—24 4 no dop-
MUPOBaHUSI MOHOCJIOs, 3aHuMartoiero ot 80 10 90%
pOCTOBOI TIOBepXHOCTH. KOHEYHasi KOHIICHTpPAIIUS
pactBopoB ITAA cocrasnsna 2—80 mxM. B nyHkn
maHueToB BHocuJiu [TAA B ykazaHHOM Juana3oHe
KOHLEHTpaLUii U MHKYyOUpoBaau 24 unu 48 4 1ipu
36°C B armocdepe 5% CO,. 2Kn3HecrnocoOHOCTD KJle-
TOK OLIeHUBaIU ¢ TTomoinbio MTT-tecTa [8] 110 ncTte-
YEHUWIO BpeMeHU WHKyOalmu. B ocHoBe 3TOro KoJjio-
PUMETPUYECKOro METO/1a JIEXKUT CITIOCOOHOCTD KJIETOK
MeTaboIN3UPOBaTh TeTPA30JaUeBbI Kpacuteab MTT,
M3MEHSISI er0 OKpacKy. MHTEHCMBHOCTD OKpallliBa-
HUSI OTIPEACIISIN CIIEKTPO(hoTOMETpUIECKY Yepe3 24
U 48 yacoB 1pu ajauHe BosHbI 590 HM. Ha ocHoBaHUU
MOJIyYEHHBIX TaHHBIX paccyuThiBaIu 50% LIMTOTOK-
cndeckyto koHteHTpanuio (CCs).

Ouyenxka KaemouHOU HNPOMEKMUBHOU AKMUBHO-
cmu I[TAA. KneTku nepMUCCUBHBIX JMHU I BhICeBa-
JI Ha 96-7TyHOYHBIE MJIaHIIEeThl U MHKYOUpOBaIn
B TeyeHUe 14—24 9 1o GopMUPOBAHUS MOHOCIIOS,
zaHuMatolero ot 80 10 90% pocToBOW MOBEPXHO-
ctu, [TAA BHOCUIU B yKa3aHHOM BbIIIIE AUATIa30He
KOHIIEHTpAluil B IYHKHU IJAHIIETOB C MOHOCJIOEM
KJeToK B o0beMe 0,2 ma. CocTossHUE KJIeTOYHO-
TO0 MOHOCJIOSI OIIEHUBAJIW METOIOM (Pa30BO-KOH-
TPACTHONI MUKPOCKOIHWHU C ITOMOINBI0O WHBEPTH-
poBaHHOro Mukpockora buomen — 31 (Poccus).
Jlanee 1IaHIIETHI C KJIETKAMM MHKYOMpOBalu
B atMocdepe 5% CO, ipu 36°C B TeueHue 60 MUH.
3aTeM BHOCUJIU B IYHKHU 10 0,1 MJT COOTBETCTBYIO-
1Ieil BUpyccoaepxXKaliei K uaKocTu (MHOKECTBEH-
HOCcTh uMHMexknum cocrtapiastiaa 0,01 TLLOs,/xm)
B cpene aibda-MEM u nHKyOuMpoBaiu B TeUEHUE
48 u B atmocdepe CO, tipu 36°C. Tlocne nHKy6a-
MU KJETKHU NpoMbiBaau cpenoii MEM u nposo-
IUJIW aHaJIU3 XKM3HECIIOCOOHOCTU, KaK OMHCAHO
BhIIIe. Ha oCHOBaHWM TTOTYYeHHBIX TaHHBIX pac-
CUNTHIBAIU 3HaueHUsT 50% MHTUOUpPYIOIIEeil KOH-
neHtpauuu (ICs,), ToO eCTh KOHLUEHTPALIUU XUMMU-
olpemnapara, Ipu Kotopas rnpuBoauaa K 50% cHu-
KEHUIO IIUTOITAaTOTeHHOT'O IeMCTBU I BUPYcCa.

H3zyuenue npomueosupycrnoeo Odeticmeus IIAA.
KieTku nepMuCCUBHBIX JUHU I BbICEBAIU HA 24-11y-
HOYHBIEC TIJTAHIIETHI M WHKYOupoBanu 14—24 u
10 (hopMUPOBAHUS MOHOCIIOS, 3aHUMAaloIIero ot 80
10 90% poCTOBOII ITOBEPXHOCTU. 3aTeEM BHOCUJIU
B 1yHKU 110 0,1 MJI COOTBETCTBYIOIIEH BUPYCCOAEP-
Xalle XKUAKOCTU (MHOXKECTBEHHOCTh MH(MEKIIUU
cocrtasisima 0,01 T/, /x1) B cpene anbda-MEM
U UHKYOUpoBaau B TeueHue 48—72 u B aTMmocdepe
CO, npu 36°C. Tlocne MHKyOAlIMU KJIETKH TIPO-
MbiBaau cpenoii MEM u BHocunu ITAA B ykazaH-
HOM BBIIlIe OHMAIla30HE KOHIICHTPAllMil B JYHKHU
MJIAHIIETOB C MOHOCJIOEM KJIETOK B 00beme 0,5 MJI.
IInanumersl nHKYOUpoBaau B armochepe CO, nipu

« HCI
NH.

n

PucyHok 1. CTpykTypHasa ¢popmyna nonvannunammHa
rmgpoxnopupa
Figure 1. Structural formula of polyallylamine hydrochloride

36°C B TeueHMe 48 4. 3aTeM B KYJIBTYpaJTbHOM KU1~
KOCTH OTpenesisiiv MHGMEKIIMOHHBII TUTP BUpYca.
Cmamucmuueckas 00pabomka pe3yarbmamos.
Pacuet 3Hauenunit CCs, u IC,, mpoBOOMIN C TOMO-
mbio mporpammbl GraphPad Prism 6.0. MHaekc
cenekTuBHOCTU (SI) paccuuThIBajicd KakK OTHO-
meHne CC,, Kk IC,,. Yka3zaHHBIC mapaMeTphl OIpe-
JeJISIuCh IJisi Bcex BuUpycoB KonumuecTBeHHOI
OLICHKOW BUpYyCUHTHUOUpYylolero neicteus [TAA
apasinack BeauunHa T (IgTLds,/Ma), paBHast pas-
HOCTU WH(EKIIMOHHBIX TUTPOB N0 U TIOCJE BHE-
ceHus ITAA B COOTBETCTBYIOINIEH KOHIIEHTpAL[UH.
CraTtuctuueckyio oOpabOTKy pe3yJibTaToB, TOJY-
YEHHBIX U3 YETBIPEXKPATHBIX MOBTOPOB KaXKIOT'O
SKCMEPUMEHTa, MPOBOAUIU CTAaHIAPTHBIMU Me-
TogamMu ¢ nomoinbio Microsoft Excel 2010 ¢ mipo-
BEPKOIl BHIOOPKM HAa HOPMaJIbHOE pacrpeesieHue
¢ nmomotibio kputepusi KosmMoropoBa u pacuera
t-KpUTEpUs, pas3jinudyus CUUTAIU JOCTOBEPHBIMU
npu 0,05. T[IpoTUBOBUPYCHBIN 23¢(hDEKT CUUTAIU TE-
paneBTUYeCKU focToBepHbIM T1pu T2 1gT L 5,/M1.

Pesynbrarhl

Ouenka uutotrokcuuHoctu ITAA npoBeaeHa
B OTHOIIEHUU KJeTouHbIX JuHuit MDCK, A549,
MA-104, L-41, HEp-2 u Vero. B Ta61. 1 mpuBeaeHbI
MOJIyYEHHbIE PE3YIbTATHhI.

W3 nmonydyeHHBIX pe3yabTaTOB BUAHO, YTO HaU-
OOJIbIIIE YYBCTBUTEJABHOCTHIO K TOKCUYECKOMY
nerictBuio ITAA oGimanana KjieTouHast TMHUST MA-
104, mns KoTopoii HabIOZajach caMOe HHM3KOE
3HaueHue CCs, yxe yepe3 24 4 MHKyOalluu C XUMU-
onpemnapaTtoM. Bce ocTanbHble KJIETOUHbIE TUHUU
o0agany MeHbIIEH YyBCTBUTENbHOCTHIO K [TAA.

Pe3ynbpTaThl OLIEHKM IPOTHMBOBUPYCHOTO JCH-
ctBUs [IAA B OTHOILIEHU M LIITAMMOB BHUpycCa I'PUTI-
na, KyJbTUBUPYEMOTO B KjeTKax A549, npuBeaeHbI
B TabJI. 2 U Ha pUC. 2, TIpeJCcTaBJeHbI B BUAE 3HaUe-
Huit 1Cs,, SI 1 KUHETUKY U3MEHEHU ST UH(PEKIIUOH-
Horo Tutpa, T.

W3 1omydyeHHBIX pPe3yJbTaTOB BUIHO 3aBUCH-
Moe oT koHueHTpauuu [TAA nocToBepHOE CHUKE-
HUE WHGMEKIIMOHHOIO TUTpa Ha 2,5—3 nopsiaka s
Tpex ITaMMOB BUpyca rpunna. Haubobliyo 4yB-
CTBUTEJIILHOCTh K XMMUOIpenapary, Cyds II0 3Ha-
yenusim ICy, u SI, mposBun mramm A/Mainnapn/
TMencunbBanus/10218/84(HSN2). [nsg kjeTouyHOM
auHuu MDCK Takoe cHuxeHue MHPEKIIMOHHOCTU
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H.A. KoHTapos un ap.

MHdekumns n uMmyHuTeT

Ta6nuua 1. lutotokcuyHocTb NMAA B OTHOLLEHUM PA3/IUYHbIX KNE€TOYHbIX JIMHUIA

Table 1. PAA cytotoxicity in various cell lines

CpoK uHKyGauum, 4 CCs, MKM | CCsp, uM
Incubation period, hours L-41 Vero MA-104 HEp-2 A549 MDCK
24 38+1,8 50+1,9 12+1,3 42417 44+1,4 34+ 1,1
72 57+1,5 74+2 1 28+1,6 65+2,0 69+1,8 61+1,6

Ta6auua 2. MpoTuBoBUpYCHasa akTMBHOCTL MAA

B OTHOLUEHWUM LUITAMMOB BUpPYCa rpunna B KysbType
knetok A549

Table 2. PAA antiviral activity against influenza virus
strains in A549 cell culture

Bupychbl/Viruses CCsy, MKM | CCo, uM | SI
A/Bangkok/1/1979(H3N2) 5,3+0,2 13
A/FPV/Weybridge(H7N7) 4,6%0,1 15
A/Mallard/Pennsylvania/
10218/84(H5N2) 3,002 23

WNHbeKUMOoHHbIN TUTp BUpyca, T, IgTU A, /Mn
Virus infectious titer, T, IgTCD,, /ml

30 40 50 70 80

KoHueHTpauus MAA, mkM
PAA concentration, uM

0 10 20 60

—@— A/Bangkok/1/1979 (H3N2)
==0== A/FPV/Weybridge(H7N7)
—@®— A/Mallard/Pennsylvania/10218/84(H5N2)

PucyHok 2. KuHetuka uameHeHust UHPEKLMUOHHOT O
TUTpa WTaMMOB BUpYyca rpunna npu pobdaeneHum
pasnnYHbIX KOHLEeHTpauun NMAA

Figure 2. Kinetic changes in influenza virus

strain infectious titer in response to varying PAA
concentrations

BUpyca HaOJI0IaJIOCh TOJBKO K 7 cyTkKaMm [5], 4To
yKasbIBaeT Ha 0oJiee 3(pPeKTUBHOE TTOIaBICHUS pa3-
MHOXEHU S BUpyca TPUIIA B SIUTEINAIbHBIX KJICT-
Kax pecrMpaTopHOro TpakKTa I10 CpaBHEHUIO C IH-
TeJIMaIbHBIMU KJIETKAMU JPYTOTO IMTPOUCXOXKICHM .
CrenyiomumuM 3TalloM MCCICIOBaHUS SIBUJIOCH
u3ydyeHue BUPYCUHTUOUpYIolero aeicteusa ITAA
B otrHomieHM HPIV-3 u RSV B pa3an4HbIX KYJIb-
Typax KJIETOK. B TaGJ1. 3 mpuBeaeHBI KOJIMYECTBEH-
HBIC XapaKTEPUCTUKU BUPYCUHTUOUPYIOIIETO Aeii-
ctBus [TAA: cHUXeHUe MH(PEKIMOHHOro THUTpa
BupycoB (T) mpu paznuuHbix 3HaYueHUIX 1C,, B co-
OTBETCTBYIOLIEH KJIETOYHON JIMHUMN.

O6cyxaeHne

Kak BUIHO M3 IpUBEIEeHHBIX PE3YJIbTaTOB, BU-
pycuHruoupytouee aeiicteue INAA ObLI0 pa3any-
HBIM JJIS ISITH PECITUPATOPHBIX BUPYCOB U 3aBU-
CeJIo OT TUIla KJIEeTOYHOU JUuHUMU. s UCIoIb30-
BaHHBIX KYJBTYP KJIETOK MaKCUMaJIbHOEC BUPYCHH-
rudupyoliiee IeHCTBUE MPOSIBISIOCH B KYJIbType
AS549 nnsa oboux BupycoB. [TocKOAbKY KaeTOUHAas
JuHUuSg AS549 snuTeNnagbHOTO ITPOUCXOXKICHUS
U3 PeCnUPaTOPHOTO TPaKTa YeJIOBeKa, MAKCUMaJlb-
HBI MpOTUBOBUPYCHBIN 2(pdekT ot [TAA crenyet
OXUIATh TP PAa3MHOXEHUUW PECITUPATOPHBIX BU-
PYCOB B JIETKHX YeJIOBEKAa MU COOTBETCTBEHHO MpPU
JICYCHUHW BUPYCHBIX MHEBMOHWI. MWHUMaJIbHOE
noJaBJeHUEe BUPYCHOI aKTUBHOCTU HabJI101a10Ch
JUIST KJIETOYHOM JMHUM Vero, YTO MOXKET OBITh CBSI-
3aHO C TEM, UTO JaHHAas KJIETOYHAas TUHUS SIBISIET-
cs1 1eULIMTHOM Mo BhIpaboTKe MHTEpPepoHOB [7].
B pesyibrare 3TOro B JaHHOW KJIETOYHOW JUHUU
HE MOT'YT ObITh B MOJTHOI Mepe peaau30BaHbl peak-
WU HeCcIeIn@UIecKoro MMMYHHUTETa, TaK1e Kak
UHAYKIIMS UHTepdepoHa ¢ TOCJenyoIIuM CBS-
3pIBAHMEM €T0 C pelieNIToOpaMM, aKTUBaIlMeil MH-

Ta6auua 3. Bupyc nirnéupyiowee geiicteme MAA B OTHOLLIEHUM PECNUPATOPHBLIX BUPYCOB B Pa3JIMYHbIX

KJ1IeTO4YHbIX JIMHUNAX

Table 3. PAA virus inhibitory effect against respiratory viruses in various cell lines

KynbTypa knetok HPIV-3 RSV

Cellline CC;,, MKM AT, IgTUA,,/Mn CC;,, MkM AT, IgTUA,/Mn
CCsy, uM AT, IgTCID4o/ml CCsp, UM AT, IgTCIDo/ml

A549 4,9+0,4 2,6 4,2+0,3 2,9

Vero 16,2+1,2 0,4 9,3+0,4 1,2

L-41 10,5+0,9 1,3 7,6+0,2 1,8

MA-104 9,6+0,6 1,4 6,8%0,5 2,2

HEp-2 6,4+0,8 1,6 5,2+0,2 2,4
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[JevicTere nonnannmnaMmmHa B OTHOLLEHMN BUPYCOB rpunna

TepHEPOHCTUMYJIUPYIOLIUX T€HOB, 3aIlyCKalIINX
WUMMYHHBI OTBET.

TakuM oOpa3om, UCHOIb3yeMbIl B paboTe XU-
muonpenapat [TAA mposBisi BEIPaKeHHYIO MPo-
THBOBUPYCHYIO aKTUBHOCTh B OTHOIIIEHU U BUpPYcCa
TpUIIIia U Ipyrux pecnupaTopHbIX BUPYCOB B pa3-
JIMYHBIX KJIETOYHBIX JUHMUSAX, UYTO CBS3aHO, KakK
OBbLJIO paHee HaMU MOKa3aHO B OTHOLIEHW U BUpYyca
rpunma [5], ¢ HaluYMeM MHOXECTBEHHOro Mexa-
HU3Ma MPOTHBOBUPYCHOTO AEUCTBUS, 3aKI0Ual0-
ILIErOoCsl HE TOJIBKO B MHAKTHUBAIlM U CBSI3aHHOTO IO~
BEPXHOCTHBIX aHTUTEHHBIX OEJIKOB, HO U C CTPYK-
TYPHBIMU W3MEHEHUSIMU BUPYCHOU MeMOpaHBbI.
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B noMoLLb NPpaKkTU4eCKOMY Bpavy

MHdekLma n uMMyHNUTET
2024, T. 14, Ne 2, c. 392-396

CASE PRESENTATION
OF URINARY TRACT INFECTION
BY STENOTROPHOMONAS MALTOPHILIA

C. Seitopoulou?®, M. Stamouli®’, G. Kalliorac, A. Mourtzikou?

For the physicians
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@ Nikea Prime Care Center, Nikea, Greece

® Naval and Veterans Hospital of Athens, Athens, Greece

¢ National and Kapodistrian University of Athens, Athens, Greece
YGHNP “Agios Panteleimon”, Piraeus, Greece

Abstract. Stenotrophomonas maltophilia is an emerging aerobic, non-fermentative, gram-negative multidrug-resistant
global opportunistic bacillus. S. maltophilia causes a wide range of infections including respiratory tract infections,
blood stream infections and, less commonly, biliary tract infections, skin and soft tissue infections, as well as bone
and joint infections. It is increasingly being reported to cause urinary tract infections (UTIs). As for the case report,
a 87-year-old male patient visited the Biopathology Laboratory of Nikea Primary Healthcare Center, Piracus, Greece,
for routine examination, being referred by the family doctor (GP). Patient history revealed diabetes mellitus type 2,
arterial hypertension, hypercholesterolemia, hypertriglyceridemia, hyperuricemia, chronic obstructive pulmonary
disease, diagnosed before 30 years prostate cancer Gleasongrade 6, operated before 15 years, followed by hormone
therapy and radiation therapy. Patient history also revealed urinary tract stones with 3 episodes of obstructive
pyelonephritis during the last 5 years, followed by hospital admissions and administration of intravenous antibiotic
treatment. During the hospital admissions, he had a permanent bladder catheter and received special antimicrobial
treatment, for various microorganisms detected in his urine samples, such as Escherichia coli, Klebsiella pneumoniae,
Proteus mirabilis and Enterococcus faecalis. Urinary incontinence has been a symptom for 15 years, after the prostate
cancer surgery. Moreover, during the last 5 years, the patient faced many difficulties in his daily life because of the
urinary incontinence. The situation was managed by bladder catheterisation, which further worsened his condition with
recurrent UTIs and new episodes of pyelonephritis with subsequent hospitalization. Urinalysis showed proteinuria,
intense pyuria, abundance of micro-organisms and abundance of red blood cells. The urine culture grew monomicrobial
Stenotrophomonas maltophilia > 10° CFU/ml. The bacterium was identified by the RapID™ REMEL ONE identification
system (Thermo Fisher Scientific). Antimicrobial susceptibility testing revealed susceptibility to Trimethoprime/
Sulfamethoxazole, Levofloxacin, Ceftriaxone and moderate susceptibility to Ciprofloxacin and Norfloxacin.The patient
received treatment with Trimethoprime/Sulfamethoxazole.

Key words: urinary tract infections (UTIs), pathogen, Stenotrophomonas maltophilia, chemoprophylaxis, treatment, monomicrobia.
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PEAKWA CNYYAN UHOEKLIMM MOYEBBIX NYTEW, BbI3BBAHHOW STENOTROPHOMONAS
MALTOPHILIA

Ceiitonyay K.!, Cramyau M.2, Kanimopa I'.3, Myp3uky A.*

! [lenmp nepeuunoii nomowu, 2. Hukes, Ipeyus

2Tochumanb 60eHHO-MOPCKUX cun u eemepanos Agun, Agunot, [peyus

J Apunckuil HayuonanvHolil yHugepcumem umenu Kanooucmpuu, Agunor, Ipeyus
‘«Aeuoc anmenetimon», 2. [upeii, Tpeyus

Pestome. Stenotropomonas maltophilia 1BaseTCSI HOBOI a3pOOHOI, HeDepMEHTUPYIOIIEH, TPaMOTPUIIATEIbHOM, TT10-
JIMPE3UCTCHTHON TJT00ATbHON YCIOBHO-ITATOTCHHOM MaouKoii. S. maltophilia BHI3bIBAET IMMPOKUI KPYT MH(MEK-
LW, BKJIIOYast MHGEKIIUHU IbIXaTeIbHBIX TyTell, MH(MEKIINN KPOBSHOTO pyclia 1, pexe, MHMEKIIUH KeTICBBIBOISI-
X TyTel, THPEKINNT KOXHU U MITKUX TKaHeH, a TakkKe MH(PEKINK KOCTel 1 cycTaBoB. Bee wamie coobmaercs,
YTO OHA BbI3bIBaeT MHMexIuu MoueBbiBoAsIUX nyTeit (MMIT). B HacTosimeit pabote onmuceiBaeTcst 87-1eTHUM
MamueHT MYKCKOTO TI0jla, TOCETUBIINI JTabopatopuio ouonatojoruu LleHTpa mepBUYHON MEIMKO-CaHUTAPHOMN
nomown Hukes, [Mupeit, I'peuus, a5 na1aHOBOro 0CMOTpa Mo HalpaBlieHn1o cemeliHoro Bpaua (GP). B anamHese
0OJILHOTO BBISIBJIEH CaxapHbIi nuabeT 2 Tuma, apTepuanbHas TUIEPTEH3USI, TUTIEPXOJIeCTEPUHEMHUSI, TUTIEPTPU-
TJULepUIeMUsI, TUTIEPYPUKEMUS, XpOHUUYECKass OOCTPYKTUBHASL 00JIe3Hb JIETKMX, PaK MPEACTaTeTbHOM Xele3bl
o ['ucony 6 6aIoB, TMarHOCTUPOBAHHBIM B Bo3pacTe MeHee 30 JieT, onepupOBaHHbII MeHee 15 JieT Ha3a, ¢ To-
CJAenyIOUIMM TIPOBENEHUEM TOPMOHAJbHOM UM JIyueBoil Tepanuu. B aHamHe3e malMeHTa TakXe OblIM BbISBJICHBI
KaMHU MOYEBBIBOASIIMX MyTei 1 3 amu3ona oOCTPYKTUBHOIO MueloHedpUuTa 3a MociaegHue S5 JeT ¢ mocleayio-
1Ieil TocnuTaau3anyeil 1 Ha3HaueHUeM BHYTPUBEHHOTO JIEYeHU ST aHTUOMOTUKaMU. Bo BpeMs rocnuTtaaimn3aiuu
eMy OBLJ YCTaHOBJICH MOCTOSHHBIN KaTeTep MOUYEBOTO My3bIpsl, C HA3HAYEHUEM CIIeIINaJIbHOTO ITPOTUBOMHUKPOO-
HOT'O JICYCHU S TIPH BBISIBJICHUY Pa3IMUYHBIX MUKPOOPTaHN3MOB, 00HAPYKCHHBIX B 00pa3iax Mmoun: Escherichia coli,
Klebsiella pneumoniae, Proteus mirabilis w Enterococcus faecalis. Henepxxanue moun HabI01aJ10Ch B TeueHue 15 et
TTocJIe oTiepalliy 110 TIOBOIY paKa IpocTaThl. bojee Toro, B TeueHNUE MOCASIHUX 5 JIET TAallMeHT UCIIBITHIBAJI MHOTO-
YUCJIEHHBbIE TPYAHOCTHU B TOBCETHEBHON XN3HU U3-3a Helep>KaHUs MOYM, UTO YAAJT0Ch HUBEIMPOBATH MYyTEM Ka-
TeTepU3alMy MOYEBOTO Ty3bIPsI, UTO ellle OO0JIbIIE YXYAIINIO COCTOsIHUE MatueHTa penunusamMu MMIT u HOBbIMU
3MU30aMU TTHeIoHedPUTA C TIOCAenyIOIel ToCuTa u3aleid. AHaJIU3 MOUM BBISIBUJ IPOTEUHY PUIO, BhIpaXKeH-
HYIO IMYPUI0, MHOXECTBEHHBIE MUKPOOPTaHU3MbI M 3pUTPOLIUTHL. B oceBe MouM oOHapyXeH MOHOMMKPOOHBII
mramm Stenotropomonas maltophilia > 10° KOE/mu1, unenTuduiinpoBaHHoli ¢ ToMolibio cucteMbl RaplD™ REMEL
ONE (Thermo Fisher Scientific). [Ipu TecTupoBaHUM Ha YyBCTBUTEIbHOCTh K MPOTUBOMUKPOOHBIM TpenapaTaM
BBISIBJIEHa YYBCTBUTEJIBHOCTb K TPUMETONPUMY/CylbhaMeToKca30y, JeBOhI0KCAIIUHY, LHeDTPUAKCOHY U yMe-
peHHasl YyBCTBUTENBHOCTh K IHUMpodrokcaliuHy u HopdaokcauuHy. [lanueHT nonyyvan jedyeHue TPUMETONPU-
MOM/CyJb(haMeTOKCa30JIOM.

Karouesnie caosa: ungexuuu mouesvie00suux nymeii, 6030youmens, Stenotropomonas maltophilia, xumuonpoguraxmura, reuenue,
MOHOMUKPOOHbIE Npenapamal.

S. maltophilia usually must bypass normal host
defenses to cause human infection. For example, if

Introduction

Stenotrophomonas maltophilia is an emerging aer-
obic, non-fermentative, gram-negative multidrug-
resistant global opportunistic bacillus. Usually found
in aqueous habitats, as well as in animals, foods and
water sources. S. maltophilia causes a wide range
of infections including respiratory tract infections,
blood stream infections and, less commonly, biliary
tract infections, skin and soft tissue infections, as
well as bone and joint infections [3, 8]. It is increas-
ingly being reported to cause urinary tract infections
(UTIs). The aim of our study is to present a UTI case,
caused by S. maltophilia.

Stenotrophomonas maltophilia represents the fourth
most common pathogen among nonfermenting
gram-negative bacteria (following Pseudomonas aer-
uginosa, Acinetobacter spp., and Burkholderia cepacia
complex), with a reported incidence of 7.1 to 37.7
cases/10 000 discharges (regarding nosocomial
infections).

an irrigation solution becomes colonized with this
organism, irrigating an open wound can cause colo-
nization or infection of the wound. S. malfophilia
is usually incapable of causing disease in healthy
hosts without the assistance of invasive medical de-
vices that bypass normal host defenses.

Risk factors associated with S. maltophilia in-
fection have been defined and may include under-
lying malignancy, immunosuppressant therapy,
cystic fibrosis, Chronic obstructive pulmonary
disease (COPD), HIV infection, neutropenia,
mechanical ventilation, prior colonization with
stenotrophomonas, central venous catheter, geni-
tourinary catheter, continuous ambulatory perito-
neal dialysis (CAPD), recent surgery, trauma, pro-
longed hospitalization, ICU admission, and expo-
sure to broad-spectrum antibiotics, third or fourth
generation cephalosporins and carbapenems, and
hyperalimentation.
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Stenotrophomonas  (Xanthomonas)  maltophilia
is a multidrug-resistant gram-negative bacillus that
is an opportunistic pathogen particularly among
hospitalized patients. S. maltophilia infections have
been associated with high morbidity and mortality
in severely immunocompromised and debilitated in-
dividuals, with overall mortality rates ranging from
21% to 69%.

Treatment of S. maltophilia infections is difficult
because this organism presents low susceptibility
to antibiotics.

The mainstay of treatment for Stenotrophomonas
infections is trimethoprim-sulfamethoxazole (TM P-
SMX) and it remains the current drug of choice.
Fluoroquinolones (FQs) have in vitro activity against
S. maltophilia.

Case report

A87-year-old male patient visited the Biopathology
Laboratory of Nikea Primary Healthcare Center,
Piracus, Greece, for routine examination, being re-
ferred by the family doctor. Patient history revealed
diabetes mellitus type 2, arterial hypertension, hy-
percholesterolemia, hypertriglyceridemia, hyper-
uricemia, chronic obstructive pulmonary disease,
diagnosed before 30 years, prostate cancer Gleason
grade 6, operated before 15 years, followed by hor-
mone therapy and radiation therapy. Patient history
also revealed urinary tract stones with 3 episodes
of obstructive pyelonephritis in the last 5 years, fol-
lowed by hospital admissions and administration
of intravenous antibiotic treatment. There were un-
derlying diseases (risk factors) such as: a) diabetes
mellitus type 2, b) barterial hypertension, c¢) hyper-
cholesterolemia, d) hypertriglyceridemia, e) hyper-

remel

uricemia, f) chronic obstructive pulmonary disease
diagnosed 30 years ago, g) prostate cancer Gleason
grade 6 operated 15 years ago, h) followed by hor-
mone therapy, i) and radiation therapy, j) urinary
tract stones with 3 episodes of obstructive pyelone-
phritis in the last 5 years and k) urinary incontinence
the last 5 years. During the 3 times hospital admis-
sions, he had a permanent bladder catheter and re-
ceived special antimicrobial treatment, for various
microorganisms detected in his urine samples, such
as Escherichia coli, Klebsiella pneumoniae, Proteus mi-
rabilis and Enterococcus faecalis. During the hospital
admissions (3 episodes of obstructive pyelonephritis
in the last 5 years) he had a permanent bladder cath-
eter and received special antimicrobial treatment,
for various microorganisms detected in his urine
samples, such as Escherichia coli, Klebsiella pneu-
moniae, Proteus mirabilis and Enterococcus faecalis.
There is no data base for the treatment that he re-
ceived, because he was treated in hospital. He came
to Nikea Primary Healthcare Center afterwards
for routine examination, being referred by the fam-
ily doctor. Urinary incontinence has been a symp-
tom for 15 years, after the prostate cancer surgery.
Moreover, the last 5 years the patient faced many dif-
ficulties in his daily life because of the urinary in-
continence. Patient history, including urinary tract
stones, with 3 episodes of obstructive pyelonephritis
in the last 5 years, followed by hospital admissions
where bladder catheterization was done. The situ-
ation was managed by bladder catheterisation,
which further worsened his condition with recur-
rent UTIs and new episodes of pyelonephritis with
subsequent hospitalization. The patient had also
received a 6 month treatment of chemoprophylaxis
with Nitrofurantoin (Furolin). The laboratory per-

ERIC " Electronic RapID Compendium

Laboratory: My Laboratory

Ref No: 23.0000201

User: admin Report Date: 12/4/2023
RapID NF Plus Identification Report
Microcode: 611250
- ADH +PHS +aGLU -GLU +GGT -IND
+TRD -NAG - ONPG +PRO -TRY -NO3
+EST -aGLU -URE -PYR + BANA - OXI

IDENTIFICATION = Sten. maltophilia

Choice(s) Probability  Bioscore Contraindicated Tests
Sten. maltophilia 99,99% 1/19 None
Probability Level: Satisfactory BioFrequency: Acceptable

Widely distributed in nature and a variety of clinical specimens. Found in urinary, respiratory,
and wound infections. Previously designated Pseudomonas or Xanthomonas maltophilia.

Figure. Identification of Stenotrophomonas maltophilia by RaplD™ REMEL ONE
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formed urinalysis (Multistix 10 SG Reagent Strips,
Siemens Healthineers) and urine culture (incubation
at 37°C for 24 hours on MacConkey agar, Columbia
blood agar, and Sabouraud dextrose agar for fungi).
The urinalysis described in the study was taken on
11 April 2023. Next day, Stenotrophomonas malt-
ophilia was the only pathogen identified. The bacte-
rium was identified by the RapID™ REMEL ONE
identification system (Thermo Fisher Scientific)
on 12 April 2023. The patient received treatment
with Trimethoprime/Sulfamethoxazole, and he was
cured. There were no subsequent tests after the iden-
tification by the RapID™ REMEL ONE identifica-
tion system.

Results

Urinalysis showed proteinuria, intense pyuria,
abundance of micro-organisms and abundance of red
blood cells. The urine culture grew monomicrobial
Stenotrophomonas maltophilia > 10> CFU/ml. The bac-
terium was identified by the RapID™ REMEL ONE
identification system (Thermo Fisher Scientific)
(Fig.). Antimicrobial susceptibility testing revealed
susceptibility to Trimethoprime/Sulfamethoxazole,
Levofloxacin, Ceftriaxone and moderate suscep-
tibility to Ciprofloxacin and Norfloxacin (Kirby-
Bauer Disk Diffusion Susceptibility Test Protocol).
The patient received treatment with Trimethoprime/
Sulfamethoxazole.

Discussion

Stenotrophomonas maltophilia, formerly named
XanthomonasS. maltophilia or Pseudomonas malt-
ophilia, causes various infectious in immunocom-
promised individuals, which can be complicated by
septic shock, respiratory failure, pulmonary hemor-
rhage, metastatic cellulitis, tissue necrosis that may
be extensive, septic thrombophlebitis, disseminated
infection, and death [4, 5]. Risk factors for infec-
tion by S. maltophilia include malignancy, the pres-
ence of indwelling catheters, chronic respiratory
disease, chemotherapy, immunosuppressive therapy,
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NPABUJIA AJ19 ABTOPOB

CTaTbhy IPEACTABISAIOTCS B PEIAKIIMIO Uepe3 CUCTEMY 3JIeKTPOHHOTO0 n3naTeabeTBa (http://iimmun.ru) B cooTBeT-
CTBUHM C TpeOOBaHMAMM XypHana «MHbeKIusI 1 UMMYyHUTET» U «MHCTpyKIIMel 11T aBTOPOB», MPeaCTaBICHHOM
Ha caiite. C despans 2016 rona xxypHai «MHDEKIIMS 1 UMMYHUTET» TyOJIUKYET CTaTbU Ha IBYX SI3bIKaX (PYCCKOM
U aHTJIUIICKOM).

OcHOBHbIe BUbl cTaTeil, Nyo/IMKyeMbIX B XXypHane

OpHUruHaIbHAS CTAThA

CTaTbs A0JKHA OMUCHIBATH PE3YIbTaThl 3aKOHUEHHOT0 uccienoBaHus. Jlomyckaercss o0beM cTaTbi 10 20 Maliu-
HOTUCHBIX CTPAHUII, BKJOUast pUCyHKU, Tabauiibl. CTaThs JOJIXKHA colepkaTh: 1) BBeneHue; 2) MaTepuaibl U METO-
bl 3) pe3yabTaThl UCCIeAOBaHMI; 4) 00CyKIeHNEe Pe3yIbTATOB; 5) 6J1arogapHOCTH.

e BBenenne conepXxuT o00CHOBaHME 1eJIU U 3a]a4 ITPOBEIEHHOT0 UCCIeA0BAHUSI.

e MarepuaJibl 1 METObI MOTYT U3J1araThCsl B BUJAE OTEJIbHbIX (DPArMEHTOB C KOPOTKMMMU MOA3ar0JIOBKaAMU.

e Bce HeTpanuiimoHHble MOAU(PUKAIIMN METOIOB JOJIKHBI OBITH OTTMCAHBI C JOCTATOYHOI CTEIEeHbIO IO/~
pob6HocTH. JIJIsT BCeX UCIOJb3yeMBbIX B pab0Te PeaKTUBOB, SKUBOTHBIX, KJIETOYHBIX KYJBTYP M T.1. HEO0-
XOJIMMO TOYHO YKa3bIBaTh IPOU3BOIUTENEH /WU UCTOYHUKY MOTYyYeHU s (C HAa3BaHUSIMU CTPaHbI, hUp-
MBI, UHCTUTYTA).
PesyabTaThl ONMUCHIBAIOTCSI B JIOTUYECKOI MOCIEIOBATEILHOCTU B BUAE OTIEIbHBIX (DparMeHTOB, pa3je-
JICHHBIX MO/I3aTr0JIOBKaMU, 6€3 2JIEMEHTOB O0CYKAeHUsI, 6€3 MOBTOPEHUS METONUIECKUX ITOIPOOHOCTEM,
0e3 nyosimpoBaHU s HU(PPOBBIX JaHHBIX, IIPUBEICHHBIX B TAOJIMIIAX U PUCYHKAX.
B 00cyKaeHuM ITPOBOAMTCS AeTaJbHBIM aHAJINU3 TTOJYYEHHBIX JaHHBIX B COMOCTABJICHUM C TAHHBIMU JIU-
TepaTypbl, UYTO CIYKUT OOOCHOBAHUEM BbIBOJIOB U 3aKJIIOUYEHU T aBTOPOB.
Paznen «baaromapHocT» He sIBJIsIeTCS 00s13aTeIbHBIM, HO KpaiiHe xkeJiaTesieH. B aToM pasnese aBTOpbI MO-
T'YT BBIPA3UTh MPU3HATEIbLHOCTh OpPraHM3alli1, CyOCUINPOBaBIIEi TpoBeAeHUE UCCIEIOBAaHU M, KOJe-
ram, KOHCYJIbTUPOBABIIIMM pabOTYy B ITPOIIECCE €€ BHITTIOJTHEH U ST U/UJIM HATTUCAHU S, a TAKXKE TEXHUYECKOMY
TMepCcoHay 3a TMTOMOIIlb B BRIMOJTHEHU U UcciefoBaHu . biarogapHocTu 3a mpenocraBieHue crieiupuiec-
KUX peaKTUBOB UJIM 000pYyI0BaHMsI, KaK IIpaBUJIO, TIOMEIIAIOTCs B pasaeiie «MaTepuaibl U METOIbI».

Kparkue cooduenns

KypHan nyoinKyeT HeOoIblIKre 0 00beMY CTaTbU, KOTOPbIE UMEIOT 0€3YCIIOBHYIO HOBU3HY M 3HAUMMOCTh. DTHU
CTaThU IMPOXOMIST YCKOPEHHOE pelieH3UpOBaHNe U TyOJUKYIOTCS B KOPOTKHUE CpoKU. OOMit 00beM KpaTKOTO CO00-
IIEHU I OTPaHWYeH 8 MAITMHOMMCHBIMU CTPAHUIIAMHU, KOJTMYECTBO PUCYHKOB M/MJIW TaOIUI] HE MOXET OBITH OoJiee 3,
a CMUCOK MCMOJb30BAaHHBIX IMTEPATYPHBIX UCTOUHMKOB He JOJKEH MpeBbIIaTh 15. TUTYNbHBIN TUCT oopmseTcs,
Kak onucaHo Huxe (cM. «[Togroroska crareii»). Pazaenbl KpaTKoro cooOIIeH I aHAIOTMYHBI BBIIIIEOMTMCAHHBIM pa3-
JleJlaM OPUTUHAJIBHOM CTaTbU, HO HE BBIIEISIIOTCS 3aT0JIOBKAMU U TTOA3ar0JIOBKaMU, Pe3yJIbTaThl MOTYT OBITh U3J10-
JKEHBI BMECTE C 00CYXICHUEM.

O030pHbBIE CTATHY U JIEKIUU

O0630pHbIE CTAaTbU U JIEKIIMY B OCHOBHOM 3aKa3bIBaIOTCS pelaKIlMei UM MOTYT ObITh PEKOMEHI0BaHbI OMHUM U3 UJie-
HOB penkosuternu. bojee monpodHyo nHMOPMAIINIo O TpaBUIax 0(POPMIEHUS 3TUX CTaTei MOXKHO Y3HATh B pelaKIINU.

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.

IIpumepsi npaBubHOrO 0hOPMJIEHUS AHIJIOA3BIYHBIX 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 PUCYHKAX M Ta0IM11aX 0003HAYAIOTCS apaOCKUMU M-
paMu B KBaJpaTHBIX ckoOkax [1, 2, 3,...]. He momyckaioTcs cChIIKM Ha nucCepTalluu, aBTopedepaThl AMCCEpTaLlnii,
nyoJaMKaluu B COOPHUKAX, METOAMYECKHE JOKYMEHTHI MECTHOTO ypOBH 1. Ko1MyecTBO NICTOUHUKOB HE OrpaHUYEHO.
B xax10ii cchlyike MpuBOASITCS BCe aBTOPbI paboThl. HeonyOanKoBaHHbBIE CTaThbU 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 ynoMMHaHUS TTOJTHOTO Ha3BaHUsI TepMUHA) He Oosiee 3—5 HeTpaauIIMOHHBIX COKpa-
IEHWIA. Y3aKOHEHHbIE MEXIyHapOTHBIMU HOMEHKJIATYpaMU COKpAIIeHUST WCIOJb3YIOTCS B COOTBETCTBYIOIIEH
TpaHcKpunuuu. Hampumep, 11 TEpMUHA «MHTEPIENKUH» UCIIONB3yeTCs cokpatenue «IL», a He pyCCKOSI3bIYHBII
BapuaHT «MJI»; aHaIornuHo sToMy ucrnonb3yrorcst cokpaineHus: < NF», a He <TH®» unu «®HO»; «CD», a He «C».
HasBaHus MUKPOOPTaHU3MOB MIPUBOISITCS B OPUTMHAIBHON TPAaHCKPUIILIMU C UCTIOIb30BaHUeM KypcuBa (E. coli,
Streptococcus pyogenes). ETUHWIIBI U3MePEHU I TPUBOASATCS 6€3 TOUKHU TTOCJIe X COKPAIIIEHHOT0 0003HaYeHM I, peryia-
MEHTHUPOBAHHOI'O MEXIYHapOIHBIMU IIpaBUIaMu (C, 4, cM, MJI, MT, kDa u T.1.).
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Od)OpMHEHMe WINIOCTPATUBHOINO Matepuana

WnnocTpaTuBHbI MaTepua J10JKeH ObITh OPUTMHAJTBHBIM, T.€. paHee HUTJAE He onyOJMKoBaHHBIM. O0lee Ko-
JINYECTBO MJUTIOCTpALUii (TabJIUI] 1 pUCYHKOB) HE JIOJXKHO MpeBbIIaTh BOCbMU. [1pu 60JibIlieM KOJTMYECTBE UIIJTIO-
cTpauuii ux myoJuKanus onjadynBaeTcs aBTopoM. [1ydiukanums HBETHbIX MJUTIOCTpALIMi (HE3aBUCUMO OT UX KOJIM-
YeCTBa) TaKKe OIJIAYMBAETCS aBTOPOM.

Pa3meps! naocTpanmii:

* MakcuMaJibHasi Beicota — 210 MM

* MakcuMajbHas muprHa 18 1 crondua — 82 mwm, 1ist 2 ctoa61oB — 170 Mm

Ta6anupl. Kaxkaas Tabania mpenocTaBisieTcsl OTAeIbHBIM daiisom. Tabauiiel HyMepyloTcs apabckuMu nudpa-
MU OTAEJIBHO OT HyMepaluu PUCYHKOB (rpacdukoB u potorpacduii). HazBanue reuaraercs Han Tabauieii. Bech Tekct
Ha PYCCKOM sI3bIKe, colepKalluiics B Tabauile, BKIoYash eAUHUIBI U3MEPEHUsI, JOJKeH ObITh MepeBeaeH Ha aH-
TJIMICKUI S3bIK; TPU 3TOM MEPEBOJL CeAYET MOMEIIATh B SYEHKY C COOTBETCTBYIOLIUM PYCCKUM TEKCTOM OTAEIbHOMI
crpokoii. HazBaHue TabauIIbl M TEKCT IpUMEYaHUsI K Hell TaKkKe JOJIXKHBI ObITh MepeBeeHbl Ha aHTJIMMUCKUI SI3bIK
U TPUBEACHBI MO/l PYCCKUM TEKCTOM C HOBOW CTpOKU. [lJisl MOMETOK B TabJaMIIaX CleNYyeT UCIOJAb30BaTh OAHY WU
HecKoJbKo (*). [losicHeHMs TevyaTaioTcs IOoCje COOTBETCTBYIOIIEro KojauuecTna (*) monm tadbmuueit. EquHuIbI n3me-
peHusl, TPy HEOOXOAMMOCTH, BKJIOUAIOTCS B 3aTOJIOBKY CTPOK UJIM CTOJIOIIOB.

Pucynku (rpaduku u ¢ororpadun). B Tekcte ctaThu Ha3BaHUSI pUCYHKOB (rpadukoB, potorpaduii) u Tadbiuil pas-
MelaloTces cpasy nocje abzalia, rjae Ha HUX JaeTcs repBasi cchliika. Bce pucyHKU HyMepyloTcsl ociea0BaTe1bHO apad-
CKUMU UMpaMU TT0 Mepe MX BKJIIOYEHUS B TEKCT cTaTh. Ha3BaHUSI PUCYHKOB U MOATIMCHA K HUM BBIHOCSITCSI B BUIE
CITMCKa B OTASBHBIN aita. B crircke yka3eIBaloTCs: HOMEp pUCYHKa, Ha3BaHMe (C OOJIBIION OYKBHI), TEKCT ITpUMeYa-
Huii (111 MUKpodoTorpaduii 10JXKHO ObITh yKa3aHo yBeaundyeHue). [lonnucu K pucyHKaM JaioTcsl KpaTKue, HO 10cTa-
TOUHO MH(bOpMaTUBHbIe. HazBaHM S pUCYHKOB M TPUMEUYaHU I K HUM, HAPUCYHOUHbIE MOAMUCH, TEKCT JIETEHIbI JOJIK-
HBbI OBITH ITepeBeIeHbl HA AHTIIMICKUT SI3bIK M pa3MelleHbI TTOJl COOTBETCTBYIOIIMM TEKCTOM C HOBOM CTPOKU. PUCYHKM
MOTYT OBITh MpeACTaBICHBI B TpaduuecKuX hopmaTax ¢ pacimpernueM .tif (paspemenue He meHee 300 dpi ipu 100%
MaciTabe), .eps uin .ai. M3o0pazkeHuss, BCTpoeHHBIE B TOKyMeHThl Word, He mpuHuMaoTcs. ['paduku u guarpaMMbl
MPEAOCTABISIOTCSI BMECTE C TaOJIMIIaMU, Ha OCHOBE KOTOPBIX OHU ObLJIM CO3JIaHbl, UJIU C YUCTCHHBIMU 0003HAUEHM -
MM MoKasaTesieid, 0ToOpakaeMbIX COOTBETCTBYIOIIMMU TpadrUyecKMMU 2JIeMEeHTaMU (CTOJIOMKAaMU, CEKTOPaMU U T.I1.)
B BUJIe (DaiiJIoB ¢ paciiMpeHusiMu .doc Uiiu, pearnoyTuTeabHee, .XIs.

MnaTa 3a ny6nukauuio ctatei

[Ipu coGmromeHnM MpaBuUII MyOJIUKAILMs cTaTeil B XXypHaie «/HbeKInsa 1 UMMYHUTET» SIBJISETCS OecCIIaTHOMN
IUTS1 aBTOPOB M YUPEXIEHU I, B KOTOPBIX OHU paboTaloT. Penakiiys MoxXeT MoTpedoBaTh OIJIATY B CICAYIONIUX Cyyda-
sx: 1) 3a myO6aMKaLMIO IIBETHBIX UJLTIOCTPALIMii; 2) MTPpU 00JbIIOM KOJIUYECTBE HILTIOCTPATUBHOIO MaTepuaJa (CBbIlIe
8 mimocTpanuii).

MoprotoBka cTartei

IMpu penocTaBAeHNN CTATbU aBTOPBI TOJXKHBI pyKOBOJCTBOBATHCS TPEOOBAHUSIMU, TIPUBEICHHBIMU B HUXeCIIe-

nyomux nyHKTax. CTaThsl MOXET ObITh OTKJIOHEHA, €CJIM OHa UM He COOTBETCTBYET.

1. HampaBiisist cTaThIoO B >KypHaJ, aBTOPbI FapaHTUPYIOT, UTO MOJaHHbIE MaTepUasibl He ObIIU paHee OMmyOJIMKOBaHbI
MMOJTHOCTBIO MJIW TI0 YacTsIM, B JII000# hopme, B JII0OOM MeCTe MJIK Ha JTII0OOM si3biKe. Tak ke aBTOpbI TapaHTUPY-
0T, YTO CTaThsI He TIpeACTaBIeHA I pACCMOTPEHUS U MyOIUKaIlUuy B IpyroM XypHaie. C MOMeHTa TIPUHSTUS
CTaThU K TeyaTu B KypHayie «MHbeKIns 1 UMMYHUTET» TPUBEACHHBINM B Hell MaTepral He MOXET OBITh OITy-
OJIMKOBaH aBTOpaMU IOJHOCTBIO MJIM I10 YaCTsIM B 1100011 (hopme, B TI0OOM MeCTe 1 Ha J1I000M sI3bIKe O0e3 coria-
COBaHUS C PYKOBOJCTBOM XYypHasa. VICKTI0UeHEM MOXET SIBJAAThLCS: 1) MpeaBapuTeabHash UM MoCIeaylomas
MyOJIMKALIMsI MATePUAaIOB CTaThU B BUE TE3UCOB MJIM KOPOTKOT'O pe3ioMe; 2) UCITOIb30BaHE MaTePUAJIOB CTaThU
KaK 4acTH JIEKIIMW WM 0630pa; 3) UCTIOb30BaHUE aBTOPOM TPENCTABIEHHBIX B JKYpHAaJI MaTepHUaoB MPU Ha-
MYMCAaHUU IUCCEePTALMU MJIM KHUTH. Bocmpon3BeneHne BCero n3naHus UM 4aCcTH JTI0OBIM CITOCOOOM 3arIpeliaeT-
cs1 6e3 MUCbMEHHOr0 pa3pelneHus uznareneir. HapyiieHue 3aKkoHa OyaeT IpeciieaoBaThCs B CyaAeOHOM MOPSIAKE.
Oxpansiercss 3akoHoM PD Ne 5351-1 «O6 aBTOpCKOM IpaBe U CMEXHBIX TpaBax» oT 09.07.93 r.

2. @aiin oTIIpaBiIgeMOil CTaThbU MpeacTaBieH B ¢opmare .doc, .docx, .rtf.

3. [TomuMo (aiina co cTaThbeil, IIPeIoCTaBICHBI CIeaYIoIre (paitIb:

1) daiin ¢ MeTagaHHBIMU (IIPU 3aTPy3Ke B CUCTEMY eMY IpUCBauBaeTCsa UM «MeTagaHHBIC»):
e haMuIMsI, UM, OTYECTBO, YUueHasl CTelleHb, yUYeHOe 3BaHHe, NOJXKHOCTb aBTOpa, OTBETCTBEHHOTO
3a TaJIbHEN YO TIepernucKy ¢ peaakiiveit (Ha pycCKOM U aHTJIMCKOM $I3bIKaXx);
e Ha3BaHUE YUPEXKIECHUS, TOae paboTaeT OTBETCTBEHHBIN aBTOP (B pyCCKOM U OGUIIMATBHO MTPUHSITOM
aHTJIMICKOM BapuaHTax);
TMOYTOBBIN apec IS IEPENUCKY ¢ YKa3aHUEeM ITOYTOBOTO MHIeKca (Ha pyCCKOM M aHTJIMHCKOM SI3bIKaXx);
TesnedoH, akc (c yKazaHMeM Koja CTpaHbl U ropojaa), e-mail;
daMuIMsa U MHUIIMAJIBI OCTaJbHBIX COABTOPOB, UX YUEHbIE CTENeH U, yUeHbIe 3BaHU I, TOJXKHOCTH;
MOJTHOE Ha3BaHUE CTAThbU, HAIIPABJISIEMOM B peIaKIIMIO;
KOJIMYECTBO CTPAHUII TEKCTa, KOJTUYECTBO PUCYHKOB, KOJIMYECTBO TaOJIUIIL;
paszaena XXypHaia, IJisT KOTOpOro nmpeaHa3HavyeHa qaHHas paborta: «Jlekuuun», «O630pbl», «Opurn-
HaJIbHBIE CTAaThi», «KpaTKue coobIeHsI», «B MOMOIIL MTPaKTUYECKOMY Bpady»,
e /aTa OTIIpaBJeHU S PaOOTHI.
2) OTckaHUpOBaHHas KOMUs (haiija ¢ MeTaJaHHBIMU MOAMUCAaHHAs BCEMH aBTOpaMHu (ITPU 3arpy3Ke B CUCTe-
My eMy ImpucBauBaeTcst UMs «IToamucu 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 (hamMuIMsl, UMSI, OTYECTBO, yUeHasl CTEIeHb, yUeHOe 3BaHUe, JOJIKHOCTD KaXXI0ro U3 COABTOPOB CTaTbU
(ITOJTHOCTBIO, HAa PYCCKOM U aHTJIMMCKOM SI3bIKaX);

e MopasaelieHue 1 yuapekjaeHure, B KOTOPOM BBITIOJTHsIJIaCh paboTa; B ciiydae, eCJIM aBTOpaMU CTaTbU
SBIISTIOTCSI COTPYAHUKU Pa3HBbIX YUPEXKAEHUI, TO TOCIeTHNEe HYMEePYIOTCS T10 TOpSaKy, HaunHas
C eAMHMUIIBI, U COOTBETCTBYIOIIAS IIMdpa pa3MmeliaeTcs nocje aMuany aBTopa, MpeacTaBsoero
NIaHHOE yupexIeHue; AJs1 MAapKMPOBKM aBTOPOB B aHIJIOSI3bIYHON YacTU CTaThbd BMECTO LMD UC-
MOJb3YITCS JIJAaTUHCKUE OYKBHI (a, b, ¢, d u 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-

3alia 6e3 cChlIoK U crielududeckux cokpaiieHuii. Oo6bem — He meHee 300 cioB. Pe3tome B mojHOM oObeMe
MpeACTaBIsIETCS TaKKe B IepeBo/ie Ha aHIIMHCK U I3bIK. B OTHEIbHBIX CiTyyasix, 1Mo peleHu o peJaKIimoH-
HOM KOJIJIErnU, MOXET ObITh 3aTPe00BaH pa3BepPHYTHI BADUAHT PE3IOME Ha aHTJIUHCKOM SI3bIKE.

5) PUCYHKM, €CJIM OHU €CTh — KaXXIbIX OTAEIbHBIM (haitoM (IMTpu 3arpy3Ke B CUCTEMY KaXKJIOMY PUCYHKY TTpH-
cBauBaeTcs uMs «PucyHoxk IlopsiakoBbiii HoMep pucyHKa. Ha3zBaHue pucyHKa»).

6)

®aiin B popmare .doc, .docx, .rtf co cmuckoM, B KOTOPOM yKa3bIBalOTCS: HOMEp pUCYyHKa, Ha3BaHUe (C 00JIb-

1I0¥ OYKBBI), TEKCT IpUMEUYaHU i (1151 MUKpodoTorpaduii 1oakHO ObITH YKa3aHo yBennueHue). [oamucu
K pUCYHKaM Jal0Tcs KpaTKue, HO I0CTaTOYHO MH(MOPMaTUBHBIE.

7)

BeICHEBI 3aT0JIOBKOM B (haiijie ¢ caMoil Tabaulieit).
8) aiiy c HUTUPYEMOI TUTEpaTypoii (IIPU 3arpy3Ke B CUCTEMY eMy ITpucBauBaeTcs ums «JIuteparypa») B Buae
TaOJIMIIbI U3 YEThIPEX CTOJIOLOB (aJ1bOOMHAsI OpHUeHTaLl M), Te:

Tabnuibl, eci OHU €CTh — KakJast OTACJIbHBIM (haiiioM (Ha3BaHUe KaxKI0M TaOJIUIIbI JOJKHO OBITh TIPU-

ITopsakoBblit
HOMep CCHLIKH

ABTODDI, HA3BaHKeE MYOIMKALMH
1 HCTOYHHUKA, TIe OHA
OnyO0JMKOBAHA, BLIXO/AHbIE AHHbIE

®.1.0., Ha3BaHKe MyOIHKAIMA H HCTOYHHKA
Ha aHIJIMIACKOM f3bIKe

IToanbiii uHTEpHET-2/pEC
(URL) uurupyemoii cTaTbu
u/umm ee DOI

Pazmematorcst

B Ta01M1Ie

B ajihaBUTHOM
MopsiiKe, BHavYaIe
PYCCKOSI3bIUHBIE,
3aTeM Ha sI3bIKax
C JIATUHCKOIA
rpacdukoi

VkasbIBaTh

1o 6ubarorpapuyecKkomy
CTaHJapTy, MPEACTABIEHHOMY
BbILLIE

OduiraabHOE aHTIOSI3bIYHOE Ha3BaHUE
ny6JIMKalMK U UICTOYHKKA, TJIe OHA
orny0JIMKOBaHA — JIJISI PYCCKOSI3bIUHBIX CTATEi.
B penkux ciyuasix, KOraa He CyLecTByeT
ouIIMaTbHBIX AHTJIOS3bIYHBIX HA3BAHUA,
penakius MPOCUT MPEAOCTABISATh X EPEBO/I,
0003Hayas ero KpaCHbIM LIBETOM HIpUQTa.
J11s1 aHTI0SI3BIYHBIX MYOMKANMIL M HCTOYHUKOB
B 3TOM CTOJI0IIe CTABUTCS MPOYEPK

B oM ciyuae, eciu
nHdopMalus o cTaTbe
He pa3MeleHa

Ha o(UIIMaIbHOM caiiTe
U3IaHUs, IOTTYCTUMO
ucnosnb3oBath URL ctatbu
CO CTOPOHHUX CAalTOB,

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 Kerib mpudTa B 14 MyHK-
TOB; JIJIsI BBIZICJICHU ST UCTIOJIB3YETCSI KYPCHB, a HE TTOIUePKMBAaHUE; BCE CChIJIKY Ha UJLTIOCTpAluU, TpadKuy 1 Tad-
JIVIIBI PACTIOJIOKEHBI B COOTBETCTBYIOIIMX MECTaX B TEKCTE, a HE B KOHIIE TOKYMEHTA.

(9,

. TeKCT COOTBETCTBYET CTUJIMCTUYECKUM 1 OMOIrorpauuyecKuM TpeOOBaHUSIM.

6. Eciiu BBl OTIIpaBIIsIeTe CTaThiO B PELIEH3MPYEMbIil pa3/iel XKypHalia, TO Bbl COIIACHBI C TPEOOBAHUSIMU CJICIIOTO
peleH3MPOBaHMSI, TOAPOOHEEe 0 KOTOPOM MOXHO y3HAaTh Ha caiite xypHaja (http://iimmun.ru) B pyopuke «Pe-
HeH3upoBaHue» paszaeiia «O KypHaje».

Boi MokeTe 0(hOpMHUTH MOANMMCKY HA XKYPHAJT
«Andekuns 1 IMMMYHUTET» Yepe3 OTIAeJIeHUs CBS3H:

000 «¥Ypaa-ITpecc-Okpyr» u 21eKTPOHHBII KaTaJjor «Poccuiickas nepuoauka»

B ceTu Internet Ha caiite www.arpk.org.
TloanucHoii naaekc 41392.
IMoanucka Ha 3JIEKTPOHHYIO BEPCHIO XKyPHAJIa
Ha caiite www.elibrary.ru
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Figure 3. Daily IFR Forecasting with horizon h = 60
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Figure 4. Daily IFR Forecasting with horizon h = 120
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