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WUnnioctpauumn k ctatbe «YpoBeHb HEIPOTPAaHCMUTTEPOB B HelipoaMUHCOAEePXaLLNX CTPYKTYpaxX Nerkmnx
npu pa3Hbix popmax Tydepkynesa» (aBTopbi: H.E. TumanauHoBa, J1.A. Jlio6oBueBa, E.B. Jlio60oBuUeBa)
(c. 1067-1074)

lllustrations for the article “Neurotransmitter level in neuroamin-containing lung structures in different forms

of tuberculosis” (authors: Gimaldinova N.E., Lybovtseva L.A., Lybovtseva E.V.) (pp. 1067-1074)

PucyHok 1. Fpynna muko6akTepuii PucyHok 2. UHTepcTULManbHOE NPOCTPAHCTBO
B MHTEPCTULMANbHOM NMPOCTPAHCTBE NIErKnx npu OCTPOM KaBEepPHO3HOM TybepKkynese nerkux
Figure 1. A group of mycobacteria in the interstitial Figure 2. The interstitial space in acute cavernous
space of the lungs pulmonary tuberculosis

Mpumeyanune. Meton dasnbka v COaBT. Mpumeuanne. 1 — K, copepxaas KAun CT.
Mwukpockon: Jliomam-6, ysenundeHne x1000. 2 — anbBeona. Metog ®anbka v CoaBT.

Note. A staining technique by Falck et al. Mwukpockon: Jliomam-6, ysenndeHne x1000.

Microscope: Lumam-6, magnificaion x1000. Note. 1 — GLC containing CA and ST. 2 — the alveolus.

A staining technique by Falck et al. Microscope: Lumam-6,
magnificaion x1000.

UnnmocTtpauum k cratbe «0Oco6eHHOCTN 3 deKTOPHbIX cyononynaumiit iTMMGOLMTOB y NaLUEeHTOB

C yBeaJibHO MeNaHOMOW NPV aKTUBALMU U XPOHUYECKOM Te4eHUU repnecBUpycHoi MHPeKkumun»
(aBTopbl: H.B. Banaukas, C.B. CaaksH, E.B. MakowwuHa, U.I. Kynukosa, IWU. Kpnueeckas) (c. 1123-1130)
lllustrations for the article “Features of effector lymphocyte subsets in patients with uveal melanoma in recurrent
and chronic herpesvirus infection” (authors: Balatskaya N.V., Saakyan S.V., Myakoshina E.B., Kulikova I.G.,
Krichevskaya G.1.) (pp. 1123-1130)

PucyHok. YeeanbHas menaHomMa manbix (A), cpegHux (B) u 6onbunx (B) pasmepos
Figure. Uveal melanoma of small (A), medium (B) and large (C) sizes
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OCOBEHHOCTU LUUPKYNALUWU PECNTUPATOPHDbIX
BUPYCOB B NPEA- U NAHOEMWYECKUE
rno reunny " Covib-19 NEpPUOAbl

N.B. Kucenesa'?, H.B. Jlapuonosa!, E.I1. I'puropsena’, A.JI. Kcenagonros?,
M. Anbs @appyx!, JI.I. Pynenko!

'@I'BHY Hnemumym skcnepumenmanvhoii meduuunnst, Cankm-Ilemepbype, Poccus
2@I'bOY BO Canxm-Ilemepbypeckuii 2ocydapcmeennniii ynugepcumem, Cankm-Ilemep6ype, Poccus
JOIBY HUHU epunna um. A.A. Cmopodunuesa Munzopaea Poccuu, Canxm-Ilemep6ype, Poccus

Pe3siome. 11Inpokoe pa3HooOpa3re 300HO3HBIX BUPYCOB, CIIOCOOHBIX IIPEOI0IEBAaTh MEXBUIOBOI Oapbep, BEAET K I0-
SIBJICHUIO B YEJIOBEUECKOM ITONYJISILIMM HOBBIX, IOTEHIIMAIbHO MaHAEMUYECKUX BUPYCOB. DTO YaCTO COIPOBOXIAETCS
MCYE3HOBEHMEM CYLIECTBYIOLUIMX LUPKYIUPYIOIIKX ITaMMOB. Cpeau pa3sHoOOpa3HbIX IIPUYMH JAHHOTO SIBJICHUS —
yKpeIUIeHHe MOMY/ISLUOHHOI0 UMMYHHUTETA 3a CUCT pacIlUpPeHUss UMMYHHOM IPOCIOMKM HACEIEHMS U COBEPILIEH-
CTBOBaHUSI CPEACTB X METOIOB MeAMLIMHCKOI oMo, OqHAKO Ipupoaa He TepnuT mycToTsl (Natura abhorret vacuum),
1 Ha CMEHY UCUYE3aI0LIMM ITaTOreHaM MPUXOAST HOBbIE. 3a IMOC/IeIHME AECSTh JIET YeJI0BEYECTBO CTOIKHYIOCH C IBYMSI
MaHaeMusIMU: rpuIia cBuHoro npoucxoxaeHuss A(HIN1)pdm09 B 2009 r. u COVID-19 B 2019 1., 9TO IIpeaocTaBIIO
YUEHBIM YHUKAIbHYIO BO3MOXHOCTb KAK MOXHO 0O0JIbIIE y3HATH O B3aMMOOTHOILEHUSIX PECIIMPATOPHBIX BUPYCOB U X
natoreHe3e. COBMECTHO C BUPYCaMU, MMEIOIIMMU IaHAEMUYECKOE 3HAUCHUE, LIMPKYIMPYET MHOXECTBO CE30HHBIX pe-
CIIMPATOPHBIX BUPYCOB, KOTOPbIC BHOCSIT CBOM BKJIAJ B CTPYKTYPY 3a00J1€BA€MOCTH JIIO[Cii, a COYeTaHHbIC MH(PEKLIII
OTSIT4aloT COCTOSIHME 3a00JIEBIIKNX. B yCI0BUSIX pacpocTpaHeHUsI HOBBIX BUPYCOB ¢ HEM3YYEHHBIMM XapaKTePUCTH-
KaMU IIpU OTCYTCTBUU CPEACTB MPOMPUIAKTUKN 1 TepallMi OCOOEHHO aKTyaJlbHO MPEIOTBPATUTD OTArUeHUE 3a00J1e-
Bae€MOCTH 3a CYET CMELIaHHbIX UH(eKIuil. B 3TOM 0030pe paccMarpuBaeTCs B3aMMHOE yYacTHE B SIMUAEMUYECKOM
nporiecce maHaeMuueckKux Bupycos (Bupyca rpunima A(HIN1)pdm09 u koponasupyca SARS-CoV-2) 1 ce30HHBIX pe-
CIMPAaTOPHBIX BUPYCOB, 00CYXKIAIOTCS HEKOTOPbIE BOIIPOCHI, CBSI3aHHBIE C UX PACIIPOCTPAHEHUEM, BO3MOXHBIE COLIM-
aJIbHbIE U KJIMMAaTHYeCKME IPUYMHBI, BAUSIONINE HA pPACIIPOCTPAHEHUE U TSXECTh 3a00JIeBaHUsI, a TAKXKE IPUBOASITCS
(bakThl, CBUIETENLCTBYIOLINE O CYLIECTBOBAHUU CE30HHOCTU U BPEMEHHBIX 3aKOHOMEPHOCTE! Hayajia i OKOHYAHMS
LUPKYJISLUKM PECIMPATOPHBIX BUPYCOB. MHTEpecHO, YyTO Hayajlo LUPKYISLUUM MaHAEMUYECKOro BUpyca TpHIINa
A(HINI)pdm09 npuBeio K cMeILeHNI0 CPOKOB U MHTEHCUBHOCTH LIUPKYJISLIUN OQHUX PECIIMPATOPHBIX BUPYCOB, UTO,
BEPOSITHO, BbI3BAHO CYIIECTBOBAHMEM MEXIY HUMM «KOH(MIUKTOB PEIIMKALIMMI», U HE 3aTPOHYJIO APyTHe pecrupa-
TOpHBIe BUPYChL. JI0BOJIbHO YacTo Habmoganu coyetaHHoe 3apaxeHue SARS-CoV-2 u gpyruMu pecrnupaTopHbIMU
BUpPYCaMM, OCOOEHHO PeCIIMPATOPHO-CUHIIMTUAIBHBIM BUPYCOM M pUHOBUpYcaMu. Ha cerogHsiiHuii 1eHb He ycTa-
HOBJICHO OTSITYAOIIEeTo BAUSHUS Tpuria Ha Tedenne COVID-19 npu cMmerranHoi nHbekunu. Emie He SicCHO, BEI3BAHO
JIV 3TO MATKUM Te4eHUEM TPUTIIIO3HOM MHpeKIun B anuace3oHe 2020 T. nim KOHKYpEHTHBIM Bo3aeiicTBueM SARS-
CoV-2 na Bupychl rpuiia. CrieliaIucThl I0Ka 3aHUMAIOTCS HaKOILIeHeM (GaKToB 1 paboTOM Hall CO3IaHKEM CPEICTB
3 beKTUBHOM MPOGUIAKTUKY U JICYEHUSI HOBOM KOPOHABUPYCHOM MH(EKLIMH.

Karoueente caosa: snudemuu, mexcnandemuueckuii nepuod, nandemuu, nanoemu4eckKuil nepuoo, ocmpbole pechupamopHble 8UPYCcHole
ungpexyuu, epunn, SARS-CoV-2, COVID-19.
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SALIENT FEATURES OF CIRCULATING RESPIRATORY VIRUSES IN THE PRE- AND PANDEMIC
INFLUENZA AND COVID-19 SEASONS

Kiseleva 1.V.*?, Larionova N.V.?, Grigorieva E.P.?, Ksenafontov A.D.¢, Al Farroukh M.?, Rudenko L.G.?

¢ Institute of Experimental Medicine, St. Petersburg, Russian Federation

b St. Petersburg State University, St. Petersburg, Russian Federation
¢ Smorodintsev Research Institute of Influenza, Saint Petersburg, Russian Federation

Abstract. A wide variety of zoonotic viruses that can cross the interspecies barrier promote the emergence of new, poten-
tially pandemic viruses in the human population that is often accompanied by the disappearance of existing circulating
strains. Among the various reasons underlying this phenomenon is the strengthening of herd immunity by expanding
the immune layer of population and improving means and methods of medical care. However, natura abhorret vacuum,
and new pathogens come to replace disappearing ones. Over the past ten years, humanity has faced two pandemics: swine
flu A(HIN1)pdm09 in 2009 and COVID-19 in 2019, providing scientists with a unique opportunity to learn more about
a relationship between respiratory viruses and their pathogenesis. Together with viruses of pandemic significance, a large
number of seasonal respiratory viruses circulate, which contribute to the structure of human morbidity, and coinfections
aggravate the condition of the illness. In the conditions of the spread of new viruses with unexplored characteristics,
in the absence of means of prevention and therapy, it is especially important to prevent the aggravation of morbidity due
to mixed infections. Here we review the mutual involvement of pandemic influenza A(HIN1)pdm09 and SARS-CoV-2
coronavirus and seasonal respiratory viruses in the epidemic process, discuss some issues related to their spread, potential
causes affecting the spread and severity of the morbidity. The given facts testify to the existence of seasonality and temporal
patterns of the beginning and end of respiratory viruses circulation. Interestingly, the beginning of circulation of the pan-
demic influenza A(HIN1)pdm09 virus led to a shift in the timing and intensity of circulation of some respiratory viruses,
which is probably caused by existence of “replication conflicts” between them, and did not affect others. Coinfection with
SARS-CoV-2-19 and other respiratory viruses, especially respiratory syncytial virus and rhinoviruses, was quite often
observed. At the current stage, no aggravating effect of influenza on the course of COVID-19 in mixed infection has been
established. Whether this is due to the mild course of influenza infection in the 2020 epidemic season, or the competitive
impact of SARS-CoV-2 on influenza viruses is not yet clear. Experts are still at the stage of accumulating facts and work-

ing on creating means of effective prevention and treatment of the new coronavirus infection.

Key words: epidemics, interpandemic period, pandemics, pandemic period, acute respiratory viral infections, influenza, SARS-CoV-2,

COVID-19.

BeepgeHue

IIpu GonblIOM pa3zHOOOpa3UM 300HO3HBIX BU-
pycoOB, KOTOpBIE MOTYT MpEOomoJieBaTh OrpaHUYe-
HHUSI Kpyra XO3s€B U TIpHOOpeTaTh CIHOCOOHOCTH
pacupoCTpaHIThCSI B UMMYHOJIOTUUECKN HaWBHOM
MOMYJSIIIUY, BCEra CYIIECTBYeT BO3MOXHOCTbH MO-
SIBJICHUST HOBOT'O TOTEHIIMAJILHO MaHIEeMUYEeCKOTO
Bupyca [12].

YT00BI LITAMM BUpYyCa FpUIITIa IpUOOpESI TaHae-
MMYECKOE PacIpoCTpaHECHUE B YEJIOBEUECKOM MOITy-
JISSIUH, OH JOJIKEH COOTBETCTBOBATh TPEM BaKHBIM
YCIIOBUSIM: OBITH 1) aHTUTEHHO HOBBIM IJISI UMMYH-
HOW CHUCTEMBI; 2) BUPYJEHTHBIM; 3) CHOCOOHBIM
K TIOBCEMECTHOI Tiepenaye OT 4yejaoBeKa K JesloBe-
Ky [43]. B oToenbHOCTHY KaxKaast U3 3TUX MPEATOCHI-
JIOK HeobxonrMa, HO HeAoCcTaTOYHa AJIs1 TOro, 4YTOo-
Obl BUPYC MPEeBpaTUJICS B IMTAaHAEMUUYECKUI IIITAMM.
Tonbko coueTaHUe BCeX TpeX KOMIIOHEHTOB O0ecIIe-
YMBaeT BUPYCY I'PUIIIIA NAHACMUICCKYIO CUITY.

Bce 3T0 B 1101HOI MEepe OTHOCUTCS K JTFOOBIM ITaH-
IEeMHYSCKUM BHpYycaM pPa3HOTO ITPOMCXOKICHUSI.
Ha mipoTsikeHUM 10TOro BpeMeHW TEPMUH «ITaHjIe-
MUST» aCCOILIMMPOBAJICS Y BUPYCOJIOTOB C T'PUIITIOM.
B 2009 r. Hayanach oyepenHasi U IOKa MOCJEAHSIS
HaHaeMus TpUIlia, KOTopas, MO MOJSIbHBIM pac-
yeTaM, TOJIBKO 3a mepBble 12 MecslieB YHecIa OKOJIO
284 440 yemoBeyeckux >ku3Hei [22]. OmHako, Kak

noKasaja Tparmdeckas HUCTOPHUS TTOCICIHUX MeCs-
1eB, HEe TOJIBKO BUPYC T'pUIIIA, HO U Opyrue, d0oee
OITaCHBIE BUPYCHI TaKXKe MOTYT 00JaIaTh ITaHACMU-
yeckuM noteHumansom. B konue 2019 r. Kutaii co-
OOLIMJI O MOSIBJIeHUU WHPEKIMOHHOro 3aboJieBa-
HMSI HEU3BECTHOI ATUOJIOTUHU B ropoae YxaHb Ipo-
BUHLMU XyOoii. Bckope mocie 3Toro Kutaiickue
y4YeHble ONpeaeJuJIM HOBBIM OeTa-KOpOHaBHUPYC,
SARS-CoV-2, kak HauboJiee BEpOSITHBINI BO30yIM-
Teb 3Toro 3aboeBanus (COVID-19) [13]. CpoiicTBa
SARS-CoV-2 NoJIHOCTHIO YIOBJIETBOPSIIOT TPEM OC-
HOBHBIM TPeOOBaHUSIM, KOTOPbIE TMTO3BOJISIIOT IIITAM-
MY CTaTh MaHAEMUYECKUM: OH HOB JJIsI UMMYHHOM
CUCTEeMBbI YeJloBeKa, OYeHb BUPYJICHTEH IJIsI UHOU-
LMPOBaHHBIX JIIOJEH W KMMEET BBICOKYIO CTEIeHb
TPaAaHCMUCCHUBHOCTHU (BUPYC daxKe 0oJjiee 3apa3eH, 4yeM
Bo30OynuTesb rpuiina). C 31 nekadps 2019 r. mo 29 ne-
Kabpsg 2020 r. B Mupe, mo JaHHBIM BceMupHOit op-
raHuszauuu 3apaBooxpaneHus (BO3), 6pu10 3aperu-
cTpupoBaHO 79 673 754 TOATBEpPKICHHBIX CIIy4yaeB
COVID-19, Bkutouast 1 761 381 cMepTebHBIX Clyda-
eB, B Poccun — 3 105 037 cnyuyaeB, U3 KOTOpBIX 55 827
CMepTEeJIbHBIX [69)].

B rnob6anbHOM MacmiTabe 3TO y3Ke IMPEBBICUIIO
TPEXJCTHIOID CMEPTHOCTH OT a3MaTCKOTO TpHUIIIia
H2N2 nangemun 1957—1959 rr1., KoTOpast cocTaBuUIa
okoJio 1,5 MutH yenoBek [67]. Ecnu ke cpaBHUBATH
YPOBEHb JIETaJTbHOCTU BO BpPEeMS JBYX ITOCJIETHUX
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OPBW o 1 BO Bpemsi naHAEMUIA

HaHIeMWI, TO Ha CETOOHSIIITHWI IeHb OH COCTaBJISI-
eT okoJio 2,5-3,0% ninst COVID-19 npm 0,03—0,2%
st manaemudeckoro rpunna A(HINI1)pdmO9.

konorunyeckas HuLWa Ans BUPYCHbIX UHGekuuin
yenoseka

B nipupoae Kaxkablii BUJI U KaXXIbIi >KUBOU 00b-
€KT, OT BBICHIMX MJIEKOIUTAIOLIUX A0 MUKpOOpra-
HU3MOB, 3aHUMAET CBOIO JKOJOTMYECKYIO HUIIY.
IlycTyomass ujind oCBOOOAMBILIASICS SKOJOTUMYeC-
Kasi HUllla 00s13aTeJIbHO 3aMOoJHSIeTCs NPYTUM BU-
JIOM, CIIOCOOHBIM BBIMOJHSTH T€ ke MYHKIIMU, YTO
U Ucue3HyBIIUK Bua. B KoHe XX B. 3HAUUTEIbHO
COKpaTuIach 3a00JIeBAEMOCTh TaKWUMU OCTPBIMU
WHpEeKIUIMHU, KaK OCIia, ITOJUOMUCIUT WU Oy-
OOHHas YyMa, YHECIIMMH B ITPOIIJIOM COTHU THI-
csa4 yeyoBeyeckuX Ku3Heil. Ilocie moOenbl Han
9TUMU UHOEKIUSIMU ocBobomuaachk OosblIast
9Kojiornyeckass Huina. OaHakKo Tpupoaa He Tep-
nut nyctotbl (Natura abhorret vacuum). ITostomy
OCBOOOMUBIIYIOCSI HUIITY HayajaW 3aIlOJHSATH APY-
rue, moka He MOOeXIeHHBIC BUPYCHI, B TOM YHCIIC
BUPYC TPUNTMA U APYTUE TPUIIIONOJOOHBIE PECITH-
paTopHbie BUpPYCHI (puc.). Pazymeercs, pecniuparop-
HBIE BUPYCHI, BKJIIOUAsi BUPYC TPUIIIIA, UPKYJIUPO-
BaJId Cpeau JIIoAei elle 3aJ0Jro 10 JUKBUIALIUU
OCIIbI MJIU TTIOJIMOMUETUTA.

[lossBneHMEe HOBBIX MNAaHAEMUYECKUX BHUPYCOB
rpunmna 4YacTo COIPOBOXIAJIOCh HCYE3HOBEHUEM
OUPKYJIUPYIOIMINX CE30HHBIX TPUIIIO3HBIX IIITaM-
MOB. DTOT (peHOMEH BBITECHEHUSI paHee MUPKYJIH-
pOBaBIIMX IITAMMOB M3 3aHMMAacMOil MMUW HUIIN
XOPOILO U3BECTEH U olucaH B 1uTeparype. Palese P.
u Wang T.T. [57] mosiararot, 4TO yCTpaHEHUE CE30H-
HBIX IIITAMMOB BO BpeMs I'PUITIIO3HBIX MaHIAESMUN
SIBJISIETCSI TIPOLIECCOM, OITOCPEIOBAaHHBIM CYIIIe-
CTBYIOIIIUM KOJUICKTUBHBIM UMMYHUTETOM B YeJIO-
BEUCCKOM ITOMYISIIINN.

punn, OPBU u ap.
Influenza, ARD, etc.

lpunn, OPBU u pp.
Influenza, ARD, etc.

SO

Monuomuenut, ocna u gp.
Polio, smallpox, etc.

o (2]

PucyHok. Mpupoaa He TepnuT NyCTOThbI
Figure. Natura abhorret vacuum

Monuomuenut, ocna n Ap. No6eXxaeHbl
Polio, smallpox, etc. were eradicated

Cutryauusgs ¢ COVID-19 HeckonbkKo uWHas.
Bo30ynuTtenb BO3HUK HEOXKMIAaHHO 1 OBICTPO BHE/I -
pucs B HUIY, 3aHATYIO APYTMMU PECIIMPATOPHbI-
MU BUpYcaMU. MOXHO MPEANOIOKUTH 1BA BO3MOX-
HBIX CIIEHAPUS Pa3BUTHUS ITOCICAYIOIINX COOBITHIA.
SARS-CoV-2 HauHeT BBITECHSTh Apyrue, 6oJiee 6e3-
BpEIHbBIC IITAMMBI KaK 0oJiee arpeCCUBHEBIN BUPYC,
WJIU OHU OYIYT COCYIIECTBOBATh (pUC.).

MoGanbHbie cTpecchbl U UHPeKLUUN

YestoBEeYECTBO BOIOET Ha MPOTSIKEHUU MHOTUX
BEKOB; CTOJETUSIMU DSIUASMUU WHPEKIIMOHHbBIX
3aboyieBaHUIT BO BpeMsl BOIlH MOIPBIBAJIU OOEBYIO
MOIIb apMUI ¥ 3HAUUTEJIBHO COKpAIaIN I'PakaaH-
ckoe HaceneHue. Jlo XX B. CMEpTHOCTB OT OoJie3Hel
PETYJISIPHO IIpEeBHIIIaJIa CMEPTHOCTh OT BOCHHBIX
neictBuii. XX B. 0O3HAMEHOBAJICS YJIYYIIEHUEM BO-
€HHOW T'MTMeHbl U 00PbObI C 0OJIE3HSIMU U 3aKperLie-
HUEM YCTOMYUMBOI TEHACHUUHU, TP KOTOPOIl O0Ib-
111e COJIIAT ITOrnoaJso B 605X, YeM OT MH(PEKITMOHHBIX
3aboneBanuii [59]. Tem He MeHee B I100aJILHOM Mac-
1mTabe BOMHBI, PEBOJIOLIUU U MEPEBOPOTHI OOBIYHO
COMPOBOXAAJIUCH BbIPAKEHHBIM YBEJIUYEHUEM YUC-
Jla UTH(MEKIIMOHHBIX 3a007eBaHuil. OIUH U3 CaMbIX
SIPKMX TIPUMEPOB — MaHAEM U UCTTAHCKOT O IpUIna.
B pesynbrare BoeHHOII MOOMIM3allM 1 MAaCCOBOT'O
nepeMelleHus1 Jioaeil B cBsa3u ¢ IlepBoit MupoBoii
BOMHOW BUPYC CTPEMUTEJBHO PAaCHPOCTPAHUIICH
o Bcemy mupy (1918—1919 rr.) [7, 28].

WNutepecHblli ¢GaKT ObIJT 3aMeueH BO BpeMs
Benukoit OteuecTtBeHHOI BOWHBI (1941—1945 1T.).
ITomuMo cMepTeit B 00SIX M OT paHEHUI, ITOUYTHU
2 MJIH JIOAel CKOHYAJIOCh OT T0ojoAa, CEepAeUYHbIX
NPUCTYTIOB W Pa3IUYHbIX OoJie3Heil. TeM He Me-
Hee OCTpble pecrupaTOpHble BUPYCHbIEe MHMEK-
uuu (OPBU) B BoeHHOE BpeMs ObIJIM OYeHb PEIKU.
Jlronu, KoTopble MHOro 0oJieJii B MUPHOE BpeMsl,
B BOCHHOE BpeMsI, KaK ITPaBUJIO, HE ITPOCTYKAJICh.

SARS-CoV-2

O*"ﬁ
LR B

9 CueHapuii 1
Scenario 1

punn, OPBU u pp.
Influenza, ARD, etc.

©

CueHapwuii 2
Scenario 2
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3a mepuon KecToKoi Oj0kaabl JIeHMHIrpana umeln
MECTO LIeJIbIA psi/i BCIIBIIIEK MHMEKIIMOHHBIX 3200-
JIEBaHU 1, C KOTOPBIMU YCIICIITHO U 0€3 TParn4eckKux
MOCJICACTBUI CHpaBUJIaCh SIUIEMUOJOTUYECKas
ciryk0a ropoma. B kauecTBe mpuMepa MOXKHO TIpH-
BECTH BCIBIIIKUA KOpU (OKTSIOpb—HOSOph 1941 T.),
nuseHTepui (Jieto 1941—1942 rr.), nudrepuu (oceHb
1941—1943 rr.), xxeatyxu (Hosiopp 1942 r.), rpunna
(mexabpn 1944 1.) [1].

Cny>kObl 3IpaBOOXpaHEHUS TIpUjaraju cylle-
CTBEHHBIC YCUJIMS IJIsI HEpacIIpOCTpaHEeHM ST MH(pEK-
OMOHHBIX 3200JICBaHMW A B THIIY M Ha (DpOHTAX, OTHA-
KO OTMEUYEHBI TaKxXe (DaKTHI, CBUACTEIbCTBYIOIINE
0 TOM, UTO BO BpeMsl CTpecca BOEHHOTO BPEMEHHU Ye-
JIOBEUYECKUIA OPraHU3M He ObLT MOABEPXKEH MHOT UM
nHpekrsaM. CylecTByeT Teopusl, COrJIaCHO KOTO-
poii BUpyCHBIe 3a00JIeBAaHUSI MOTYT OBITh CBSI3aHbI
C TICUXMKOM yestoBeKa [19], To3ToMy B MOMEHT CUJTb-
HOT'O CTpecca MO3T «3alIpelracT» TeIy 3a00JIeTh U MO-
OMIM3yeTcs IS 3allIUTHBIX IeCTBUII (TaK Ha3bIBae-
Mas peakuus «oeit mnm 6erm» — fight-or-flight) [23].
Bo BpeMst 60€BbIX IEUCTBUIM COIaTaM ITPUXOIUIOCH
YyacaMU HaXOIUThCS B XOJIOIHOM WJIM AaxKe JIeAsSTHOMN
BOJIE, CUJICTh B OKOMAaX, HO OHU HE MPOCTYKAaJIUCh.

PazymeeTcst, BOMTHBI HApYIIAIOT XPYIIKOE paBHO-
BeCHE BO B3aMMOOTHOIICHUSX «XO3SIMH—IIAaTOTCH».
Tem He MeHee He TOJIBKO BOWHBI, HO U ITaHASMUN
SIBJISIFOTCSI CYIIIECTBEHHBIM CTPECCOM JIJIsl OOIIe-
ctBa. YTO XK€ MPOUCXOOUT C NPYTUMU BUPYCHBIMU
3a00JIeBAHUSIMU BO BpeMsl TaKUX IJ100abHbIX Oe/I-
cTBU? MBI pacCCMOTPUM 3TOT BOINPOC HA MpuUMe-
pe IBYyX TIOCICAHUX TaHASMUN, MPOM3OIICIIITNX
¢ pasHuteit B 10 tet, — manaemun rpunna A(HINI)
pdmO09 u mangemun COVID-19.

B3anmoBnusiHue naHgemMumn rpmnna
N C€30HHbIX PECMMPATOPHBLIX BUPYCHBIX
NHpEKUNN

CesoHHocTb OPBU

CoracHO 3MUAEMUOJIOTMYECKUM MCCIeI0BaHU-
SIM, TTPOBEAEHHBIM B PETMOHAX C YMEPEHHbIM KJIMMa-
TOM, OOJILLIIMHCTBO PECUPATOPHBIX BUPYCHBIX UH-
ekt XapaKTepu3yeTcsl CE30HHBIMM BCbILIKAMU.
Taxk, B3UMHUE MeCS1IbI B HIUPKYASILIMU IPeodIaaaioT
BUPYChl TpUIINA, PeCnUpaTOpHO-CUHLUTUATBHBIN
Bupyc (RSV), ce3oHHBbIE KOpOHABUPYCHI YeIOBeEKa.
Bupychel maparpurina Tak>ke 1eMOHCTPUPYIOT CIIeI M-
buyecKyo A5 JAHHOIO TUIMA CE30HHYIO LIUMPKYJIs-
LIMI0, OXBaThIBAIOILYIO BECHY, HAUaJl0 U KOHEILL JieTa
M OCEHHU 1iepuro. J1j1s1 HEKOTOPbIX SQHTEPOBUPYCOB
XapaKTEepHO YBEJMYEHHE YacTOThl 3a00J1€BA€MOCTU
sgetom. Takue e BUpYyChl YeJIOBEKa, KakK aJileHOBUPYC,
OOKaBUPYyC, METAalTHEBMOBUPYC U PUHOBHUPYC, BBI-
3bIBAlOT 3a00JIeBaHUS Ha MPOTSKEHUM BCEro roja.
I1pu 3TOM, XOTSI YpOBEHb PUHOBUPYCHOM MHGEKIINHN
NOCTUTAET NMUKOBBIX 3HAYCHU I BECHOM Y OCEHBIO, 3U-
MO TSIKeCTh 3a00JIeBaHU S Bo3pacTaeT [48].

WccnenoBaHus noauyepKuBarOT pojib (aKTo-
POB OKpy:Kalolleil cpeabl, TaKMX KaK TeMIlepa-

Typa ¥ BJIaXHOCTb BHYTPWM M BHE IIOMEIIEHUM,
Ha YyCTOWYMBOCTh BUPYCOB M CKOPOCTh WX Tepena-
yu. Ce30HHBIC M3MCHCHUS OKpYKaoIleil Cpeibl,
9KoJIOTUYecKre (hakKTophl, MOBeACHYECKAsT aKTUB-
HOCTb, BATAMMHHBII CTAaTyC YeJ0BeKa TaKXKe BIMSI-
IOT Ha BPOXJEHHBIE W analTUBHbIE MMMYHHBIE
peakIli, BOSHMKAIOIINE B OTBET Ha BUPYCHBIC MH-
dexk1nu abIXaTeJbHBIX TyTel [48].

«JloOMMHAHTOW» 3UMHEro SMUIEMUYECKOro ce-
30Ha SIBJISIETCSI BUPYC TPUIIIIA, C KOTOPBIM CBSI3aHbI
BapbUPYIOIINE TI0 TSIKECTU CE30HHBIC SIHUICMHUU
M TepUOMMYSCKHUEe HeNpeacKa3yeMble ITaHICMUM.
Bosoynutenu apyrux OPBU paccmarpuBaloTcst Kak
COMYTCTBYIOIIME TPUTITY: JIMOO MpeAIIeCTBYIOIINE
eMy, JTU00 ciaeaymIIne 3a HUM. [1pn 3TOM U3MeHe-
HUS B CTpyKType 3abosieBanuiit OPBU 3a mocnennue
rofbl TAKOBBI, YTO MEHEE YETBEPTU M3 HUX MPUXO-
IUTCS Ha TPUII, a 10 85% cOCTaBIISIIOT peCriupaTop-
HbIe MHGOEKIIMU HeTPUTITIO3HOM 3THOIOTHH [6].

CymiecTByeT B3aMMHOE BJIMSTHUE pPECIIHPaATOP-
HBIX MaTOreHOB ApPYr Ha apyra. MHduuupoBaHue
ONHMM BUPYCHBIM areHTOM BBI3bIBAET B KJIETKaX
MPOAYKIINIO NHTEP(HEPOHOB U APYTUX IIUTOKWHOB,
CXOIHBIX C TEMH, KOTOPhIC BRIPAOATHIBAIOTCS B OT-
BET Ha APYTrol pecnupaTopHbId BUpyc. Takas um-
MYHHas peakUus MPUBOAUT PELENTOPHBIE KIETKU
B «aHTUBUPYCHOE cocTosiHUEe» [31].

MHoro nccieqoBaH1 CBSI3aHO ¢ MHTep(epeHITN-
el Bo3oynuTens manaemun rpummna A(HIN1)pdm09
c conyTcTByIOIMMHU ce3oHHBIMU OPBU [6, 41, 44,
58]. Otmeyvanocs BausiHue Bupyca rpunmna A(HINT)
pdm09 Ha nupkynsuuio RSV, npuBonsiiee Kk cme-
MICHUIO TTMKOB WJIM MHTCHCUBHOCTH IIMPKYJISIIINU
MOCJeAHUX, a TaKXe B3aMMOACHCTBUE PUHOBHUpYCa
u Bupyca rpunma A(HIN1)pdm09. Kondaukts pe-
MJIWKAIUW CPeAN Pas3HbIX PECTUPATOPHBIX BUPYCOB
MOTYT CIIOCOOCTBOBATh TOMY, YTO ITMKU BBI3BAHHOMN
MMM 3a00JIeBAEMOCTH He OYOyT MepeKpelinBaThCcs
npyr ¢ apyrom [9]. Hanpumep, B Cankr-IlerepOypre
B anuaeMudeckue ce3oHbl 2012—2016 rr. yBeamnye-
HHC YPOBHS 3a00J¢BacMOCTU MHQEKIINCH, BHI3BAH-
Hoii RSV, npoucxonuno Ha 2—3 HeAeau T03XKe, YeM
pasBuTue anuaeMuu rpunna A. [Muk uupkyassuuu
BUPYCOB Taparpurina Haoawomancs 3a 2—3 Mecsla
IO CE30HHBIX BMUACMUI TpuIlna. PocTy UPKYIIS-
OUU BUPYCOB TpUINa A CONYyTCTBOBAJIO CHUKEHUE
LHUPKYISILUA PUHOBUPYCOB. ANIEHOBUPYCHI 1LIUPKY-
gupoBaiu B CaHkT-IletepOypre u JIeHUHTrpaackoi
00J1aCTH C TeHIEHITMEN pOCcTa 3a00JIeBAEMOCTH IO Ha-
yaJia Ce30HHbIX SIUAEMUI TpuIina [6].

BNUASMUOIOTNYSCKUMU HAOJIIOACHUSIMU OBIIIO
YCTaHOBJIEHO, 4YTO MNMKHU 3aboJieBaHUIA, BbI3BaH-
HbIX BUpycamu rpunmna u RSV, He nepexkpeiiuBa-
FOTCSI, XOTS M T¢ W IPyTHe IpeodagaroT 3uMoit [9].
OnHako MOmOOHBIC UCCIIEIOBAHUS Yy IETeil 10 Tpex
JIeT, mpoBeaeHHbIe B JlIeHuHrpaae B 1965—1967 rr.,
CBUIIETEIbCTBOBAIN, YTO MUKW BOJHOOOpa3HOM
3a007eBaeMOCTH, BBI3BaHHOU RSV-mHDekmmei,
JIVIIB CJIerKa omnepeXXaad MUKU SIMUASMUN TPUIINa
TOro 1nepuonaa, Bei3BaHHbIX BUpycamMmu A(H2N2) u B,
XOTSI BCe e 3a00JieBaeMOCTh Obljla Ha TTOIbeMe MPU
COBMECTHOU LIUPKYISLUH [5].
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AKTUBHOCTb C€30HHbIX pecnmpaTopHbIX BUPYCOB
00 n Bo Bpema naigemuu A(HIN1)pdm09

IManmemuss rpunma A(HINI1)pdmO9 okasana
pamuKaJlbHOE BIMSHWEC Ha aKTMBHOCTH CE30HHBIX
pecnupatopHbix BUpycoB [44]. Tak, B CuHramype,
CTpaHe ¢ AKBaTOpUAIbHBIM KJIMMATOM, HabIo1aI-
Csl HECE30HHBI XapakTep aKTUBHOCTU pecrupa-
TOPHBIX BUPYCOB B IepBble MECSIIbl TOCe Hayaja
nanaemMmun A(HIN1)pdmO09: cmelneHue JeTHero
nuka rpuria Ha ceHTs0pb 2010 r. 1 camass HU3Kas
aKTUBHOCTh Tpumna B uioHe—wuioyne 2011 1., uc-
ye3HOBeHME BUpyca ce3oHHoro rpunmna A(HINI)
¢ Hos1Ops1 2009 T., POCT BEISIBIICHUS adcHOBHPYCOB
B utoHe—u1oje 2011 ., poCT BbISIBJIEHU ST BUPYCOB Ma-
parpumnmna B Mmae—utoHe 2011 1., oTCyTCTBUE JIETHETO
nuka RSV-undexiuu B 2009 u 2010 rr. 1 pocT ak-
TuBHOCTU RSV 3uMoii 2010 1., KOTOPbIN COXpaHsIICS
no utonas 2011 1.

TakuMm o6pa3oM, MaHAEMUUYECKUE BUPYCHI TPUTI-
na A(HINI1)pdm09, korna oHu BriepBbIe TTOSIBUINCH,
OKa3ajM SIBHOE BJIMSTHUE HA LMUPKYISIHUIO IPYTUX
pecnupaTopHBIX BUPYCOB.

MmeroTes Takke MJaHHBIE O TOM, YTO B3aMMO-
BJIWSTHHAE BUPYCOB MOXET CKa3aThCs Ha AMUIEMHO-
Jjoruu rpurma. HegaBHee ucciaeqoBaHue rmokasalio
CUJIbHOE HEeraTMBHOE B3aMMOJEHCTBUE MEXIY BU-
DPYCOM CE30HHOTO I'puIllla A U PUHOBUPYCOM Kak
Ha TIONYJISIMOHHOM, TaK M Ha MHAWBUIYaJIbHOM
ypoBHe. CunTaeTcs maxe, YTO aKTUBHAS IIAPKYJISI-
OUsT PUHOBHPYCOB 3aTOPMO3MJIa HadyaBIIeecsT pac-
npocTpaHeHHe nmaHaeMudeckoro rpurma A(HINI)
pdm09 Bo @panuuu, lIBeunu n Opyrux eBporieii-
ckux crpaHax [18, 41]. Hanmportus, conyTcTBylomas
NaHAeMUHN TpuIlNa snuaeMuuyeckass BogHa RSV
B 2009—2010 rr. ObLJ1a TaKoM K€, KaK U B IIPEAbI Y-
e ce3oHbl. IlokazaTenu oOHapyKeHMSI APYTUX
pecmupaTopHbIX BUPYCOB, a UMEHHO METaITHEBMO-
BUpYyca YejIoBeKa, aJleHOBHUpYyca MJIM BHpyca Itapa-
TpUIMNa 1 Ip., Ha (DOHE MaHIeMMUH I'PUIIIIa OBLIN Ha-
MHOro Huxe [49].

Limpkynaumna ce30HHbIX BUPYCOB rpunmna
00 v Bo Bpemsa naigemum rpunna A(HIN1)pdmO09

IlosiBieHue HOBOro TMaHIAEMUYECKOro BHUpyca
A(HINI)pdm09 o3HameHOBaJIOChb MCYE3HOBEHUEM
U3 HUPKYyASLIuU ce3oHHoro Bupyca A(HINI), a un-
GEeKIIMKM Ce30HHOTO TpUINa NPaKTUYSCKU HE BBI-
apiasuich (B — 2,0%, A(H3N2) — 0,3%). Bupyc
A(HINI1)pdmO09 yTpaTni [OMUHUAPYIOIINE TO3UIINN
B 3uMHuii nepuoa 2010—2011 rr. B aTo BpeMs oH no-
BJIVSIJI TOJIBKO HA YaCTOTY MH(MEK L1, CHPOBOLIUPO-
BaHHBIX RSV u BUpycoM ce30HHOro rpumnmna, KoTo-
pasi CHU3UAACh; LUPKYJISLUS APYTUX pecrnupaTop-
HBIX TTaTOI'€HOB IPU 3TOM coxpaHuaach. [IporeHT
WHOUIIMPOBAHHBIX aIeHOBUPYCOM M METaITHEBMO-
BUpPYCcOM yBenuuuics. M3-3a oTcpouyeHHOM UPKY-
ngumy RSV manmeHTHl o4eHb pelKo ObLIM MHOU-
U POBAHBI 0OJIee YeM OTHUM BUpycoM [47].

YacToTa BbISIBJIEHUSI BUPYCOB TpUIIIa B BIUJIE-
muueckue ce3oHbl 1o 2009 r. Bcerma ObLia 3HAYU-
TeJbHO HuKe, yeM RSV. IMangemusa 2009 r. cyuie-

CTBEHHO M3MEHMJIA COOTHOIIEHWE PECITUPATOPHBIX
BUPYCOB, ClieJlaB BUPYCHI I'PUIIIIa OCHOBHBIMU pe-
CIUMPaTOPHBIMU TIaTOreHaMM BO BceM Mmupe [49].
I1pu aToM npyrue pecnupaTopHble BUPYCHI TPOIOI-
»KaJiu COBMECTHYIO HupKyasaiuio. B Ucnanuu, Ha-
npumep, momumo BupycoB rpuriia A(HINIT)pdmo09,
y 39,9% mnauueHTOB ObLIX OOHAPYKEHbI IPYyrUe pe-
CIIMpaTOpHBIE BUPYCHL. HawmBhICIINE MOKa3aTean
BBISIBJICHUSI OTMEYaJIMCh IJIsl puHOBUpYyca M RSV
(43,7 u 31,4% noJOXUTENbHBIX 00Pa3L0B COOTBET-
cTtBeHHO). CoBMecTHOEe WH(MHUIHNPOBAHUE IBYMS
U 0oJiee pecriMpaTOpHBIMU BUPyCaMU HaOJI1I0/1a710Ch
npumMmepHo B 15% ciydaes [49].

Ponb cMeLaHHbIX MHDEKLMIA B 3TUONOT NN
pecnnpaTopHbIX 3a60N1eBaHNI

B npupone, Kak mpaBuo, OTHOBPEMEHHO IIMP-
KYJUPYIOT HECKOJBKO PECHHMPATOPHBIX BHPYCOB,
COOTHOIIICHNWE KOTOPBIX B pa3HBIX KIMMATHICCKUX
30HAX U B pa3HBIC TOIBI MOKET MEHSThCS. B perno-
HaX C YMEPEHHBIM KJIMMAaTOM LHPKYJIUPYIOIIAe
pecrupaTopHbie BUPYCHI YeloBeKa MOApa3aesiioT-
CsI Ha TPU TPYIITBI B COOTBETCTBUU C UX CE30HHO-
cthio [48]. [lepBast rpynmna — 3TO TakK Ha3blBaeMble
3WUMHHWE BUPYCHI, ITUK KOTOPBIX HAOIIOIaeTCs B XO-
JIOMHBIN TeproJ rofa (BUpPYC I'pUllra, KOPpOHABUPYC
u RSV). Takue BUpyCHI, KaK aJecHOBUPYC, OOKaBU-
pyc, BUpPYC Maparpuiiia, MeTallHEBMOBUPYC U PHU-
HOBHUpPYC OOHapy>XMBalOTCS B TEUCHHE BCEro Troia
M COCTaBJISIIOT BTOPYIO TPYNNy — TPpynny KpyIrjio-
TOOWYHBIX BUPYCOB). TpeThs rpyIma — 3TO JIETHUE
BUPYCHI (IIPEICTABUTEIN POAa SHTESPOBHPYCOB, HE
OTHOCSIIIHECS K pUHOBUPYCAM).

Cama xe nHpekurs, a UMEHHO UHpUIMpPOBa-
HHWE OJHOTO XO35IMHa, MOXET OBbITh IpeAcTaBIeHa
pa3sINIHBIMU BapyuaHTaMU B3aMMOICHCTBU S IIP-
Kyaupytomux mnatoreHoB [35]. CiaeayeT y4MTHhI-
BaTh, YTO AbIXaTeJbHbBIC MYTU YEJTOBEKA SIBISIOTCS
CcBOeOOpa3HOl HUIIEH AJs pa3JMYHbIX pecrnupa-
TOPHBIX MAaTOT€HOB, BCTYMNAIOIINX B MEXBUIOBBIC
B3anmopeiicteus [16, 42, 50]. DTo MOXeET OBITH
1) enuHUYHAs MHOEKIMs, UWIN MOHOMH(MEKIIMSI
(oouH 1aToreH, oguH X03siuH) [46, 49]; 2) cme-
maHHasg WHeKnusa (KomHdeKIns), Korga aBa
W O0ojiee aHTUTEHHO pa3JIMYHBIX ITaTOTeHa 3a-
paxarwT OgHOro xo3simHa [52, 54, 55, 61, 62, 66];
3) peaccopTalMsi aHTUTE€HHO POACTBEHHBIX BM-
PYCOB B OTHOM XO3sIMHE, WHPUIIMPOBAHHOM IBY-
Msl Uau OoJiee MPEeaCcTaBUTENSIMU TOTO Xe THuIla,
HalpuMep BUpycaMu Ipunmna A, 4TO NMPUBOIUT
K (DOPMUPOBAHUIO PEaCCOPTAHTHOIO MOTOMCTBA;
peaccopTalMs MO CYTU SIBISIETCS CJIEACTBUEM OJl-
HOro M3 BapUMaHTOB CMeIllaHHOW MHeKuuu [36,
45, 65]. CoBMecTHOE 3apakeHUe OJHOro XO3SU-
Ha OoJice 9YeM OOHUM ITaTOTeHOM — HOCTaTOYHO
pacpocTpaHeHHOE SIBJICHHWE IJISI BCEX BHPYCOB
¥ BCTpedaeTCs B IIPUPOJIC Yallle, YeM MOKHO OBLIO
Obl oxuaath [8, 24]. Kak nmpaBujio, cMellaHHbIE
MHMEKIINKN XapaKTepru3yroTcs 0oJjiee TIKEJIbIM Te-
YeHHEM, YeM MOHOMH(MEKIINH.
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MHdekumns n uMmyHuTeT

IIpuMepoM B3aMMOAEUCTBUS MEXAY BUpPyCaMU
1 0aKTEPUSIMU SIBJISIETCSI B3aMOCBSI3b MEXK Y BUPY-
COM T'pHUIIITa YU ITHEBMOKOKKOM, ITPUBOISIIIAS K TTPU-
MepHO 100-KpaTHOMY YBEJIMYCHUIO BOCHIPUUMYM-
BOCTU 4YeJIOBeKa K MHEBMOKOKKOBOW ITHEBMOHUU
nocJje nHGULUUPOBaHU rpunnom [64]. pyroi npu-
Mep — 3TO BUPYC-BUPYCHBIC B3AUMOACHCTBUS MEX-
1y C€30HHBIMUM BUpycaMu rpurina [51]. Bo Bpems ce-
30HHOI'0 TMoabeMa 3a00JIeBaeMOCTU, KaK IpaBuUJIo,
LUPKYJUPYIOT HECKOJbKO AHTUTEHHO PAa3JTUYHBIX
BUPYCOB I'pUIINa, COOTHOIIIEHUE KOTOPHIX €XXETrOTHO
meHsiercd. Hampumep, B 2007—2008 rr. B eBporieii-
CKMX CTpaHaX OCHOBHBIMU 3TUOJOI'MYECKUMU areH-
TaMU, BBI3BIBABIIUMU STMUJIEMUYECKUE TTOTHEMBI,
oblu Bupychl rpunna HINI1 u B, a Bupychl rpumnmna
H3N2 BbISIBASIJIM B €IMHUYHBIX ciaydasix. B To ke
BpeMs B A3MM UPKYJMPOBAJIM BCE TPU BapuaHTa
Bupyca rpunmna — HINI1, H3N2 u B, a B A¢puke
noabeM 3a001eBaeMOCTHU OBLII CBSI3aH C BRICOKOM aK-
THUBHOCTHIO BUpycoB rpumnmna B [2]. B anunemuyec-
KoM ce3oHe 2015—2016 rr. cpeau UMPKYIUPYIOIINX
BUPYCOB rpumnmna B 60JblIMHCTBE cTpaH CeBepHOro
nonymapuss u Poccum pommHuUpoBamu (Goiee
90%) mrammbl Bupyca rpumia A(HINT)pdmO09 [4],
a B sruaeMudeckom ce3oHe 2017—2018 rr. sTuoso-
TUIO SMUAEMUYECKUX MOABEMOB 3a00J€BaeMOCTU
B Poccun u ctpanax CeBepHOro moJrymiapus orpe-
nensiiv Bce Tpu Bupyca rpunna — A(HIN1)pdmO09,
A(H3N2) u B — uupkynasuusi KOTOpbIX Oblia WJIU
OJJTHOBPEMEHHOI1, MJIU MOCIea0BaTeIbHOIM [3].

MOHOUH}EKLNN N CMELLIAHHbIE
pecnupaTopHble MHPEKLNN B NaHOEMUIIO
COVID-19

Jltony MOCTOSHHO 3apakaloTcsl pa3JUUYHbIMU
MUKPOOpPraHU3MaMM, OOUTAIOIIMMU B JbIXaTeJb-
HbeIX nyTax [11]. OcobeHHO omacHBI CMelIaHHBIe
MHMEKIINU, KOTOpbIe, KaK TPaBUJIO, YTSIXKEISIOT
TeueHue 3a00JIeBaHUS U MTPETSITCTBYIOT 9 (PeKTUB-
HOMY KOHTPOJIIO 32 peCIMpaTOPHbIMU MHMEKIIUSI-
mu. B konTekcte SARS-CoV-2 Bo BpeMs naHAeMUn
COVID-19 nroagu MoryT ObITh KOMHMUIIMPOBAHBI
1) BupycoM rpumnma; 2) BHPYCOM, BBI3BIBAIOIIUM
OPBU; 3) npyrumu, He pecriupaTOpHbIMU, MaTOTe-
HaMu (0aKTepuUsIMU, TpUOAMU M MUKOIIJIa3MaMU).
Kaxapiif 13 3TMX BApUaHTOB MOXET OCJIOXKHUTD Te-
yenue u nedeHre COVID-19. Bo3HnkaeT BaxKHBI
BOITPOC: CJIeAYyeT M B OauKaiiliee BpeMsl OXXKUAaTh
YBEJIMYCHUS NI YMEHBIICHM S YMcia KOMH(MEKIIN it
SARS-CoV-2 ¢ aipyrumu pecriupatopHbIMU NaTore-
HaMU 1 9YTO ITPOUCXOOMT ceitgac?

BoJibIIMHCTBO MyOIMKAIIM A, OITUCHIBAIOIIIMX CME-
IIAaHHbIE pecnupaTopHble WHMEKIINN, 00sI3aTe/Tb-
HBIM KOMITOHEHTOM KOTOpbIX siBaseTcss COVID-19,
MOCBSIIIIEHO TPUIIITY Y TPUIIIIONOA00HBIM 3ab0JieBa-
HusaM. [To npyrumM nHdeKInIM IoKa ormyoJIMKOBaHO
BCEro HeCcKoJIbko paboT. Tak, Ha AAaHHBIE MOMEHT
MPOACMOHCTPUPOBAH HU3KUIT YPOBEHb OaKTepHaIb-
HbIX UHMekuii y manueHtoB ¢ COVID-19 [13, 38,

61]. TakXe He yCTAaHOBJIEHA CBS3b MEXIY TIKECTHIO
CMeIIaHHOM MH(PEKIIMN C COBMECTHBIM MH(PULINPO-
BaHueM mroneit Bupycamu SARS-CoV-2 u nuutome-
rajgoBupycowm [21] munu BUY [14]. T[ToaTomMy B HacTosI-
1eM 00630pe Mbl OTPaHUYMJIMCh PACCMOTPEHUEM Ca-
MBIX pacIpoCTpaHeHHbBIX coueTaHmit: «COVID-19 +
rpunim» u «COVID-19 + npyrue OPBU».

Kak yXe ynoMuHajoCh BbIII€, BUPYCHI TMaHIE-
MUYECKOTo TpUIIIa, U B ToM uuciie rpuria A(HINI)
pdmQ9, BBITECHSIJIM MPEAIISCTBYIOIINE IIITAMMBI Ce-
poruna A(HINI1) ce3oHHoro rpumnma [57]; omHako
LUPKYJIALMA IPYTUX PECHUPATOPHBIX IATOTEHOB, Ta-
KH1X Kak puHOBHpPYC 1 RSV, ocraBanachk Ha MexKITaH-
JIIeMUYeCKOM ypoBHe. UTo ke MpOMCXOAUT CEroaHs
C Ce30HHBIMU PECITMPAaTOPHBIMH BUPYCAMU, BKITIOUAST
BUPYCHI I'puMnmna, Bo BpeMs nmanaemuu COVID-19?

KoundpuumposaHue supycom SARS-CoV-2
¥ BUpyCcaMu rpunna

IMo nanabpiM BO3, 110 cocTosHUIO Ha 21 nekadps
2020 r. rnmobGanbHasg aKTUBHOCTH TpUIINa BCe ellle
HaXoIMJach Ha 0ojice HU3KOM YpPOBHE, YeM OXMIa-
JIOCh JIJISI 3TOTO BpeMeHU roga. B yMepeHHBIX KIN-
MaTH4Yeckux 3o0oHax HOskHOro mosjymapusi akKTUB-
HOCTh TPUIINA PETUCTPUPOBAJIACh HA MEKCE30HHOM
YPOBHE, a B 30H¢ yMepeHHoro kimnmara CeBepHOro
MOJTyIIIapUsT OCTaBaach JaXke HUXKE MEKCE30HHBIX
ypoBHeii [71]. BonbmuHcTBO cTpan Kapubckoro 6ac-
ceitHa u LlenTpanbHoli AMepruku coodbianu B BO3
0 cropaanyecknux oOHapyKeHMsX Tpurma. B Tpo-
nudeckoir yactn FOxkHOM AMEpHMKHN B 3TOT OTYCT-
HBIN MIEpUO/, TPUIII He BhISABIsICS. M3 Tponnueckoit
Adpukn, FOxHoit n1 KOro-BocTouHoit Asnu mpo-
JIOJIXKaJM TOCTYNaTh COOOIIeHUsI 00 OOHapyXKeHUU
rpunna. Bo Bcem Mupe Bupychl rpunna A u B obHa-
PY>XKMBAIOTCS MIPUMEPHO B OMMHAKOBBIX TPOITOPLIMSIX.
BO3 npemymipexxnaet, 94TO IpeacTaBiIsieMble TaHHBIC
BMUIEMUOJIOTUYECKOT0 Haa30pa CJIeayeT MHTepIpe-
THUPOBATh C OCTOPOKHOCTHIO M3-3a BO3MOXKHOI'O BTN~
ssHus akTuBHOCTU COVID-19 Ha npuopuTeThl 1 BO3-
MOXHOCTU TECTHUPOBAHUS, M3-3a PA3TUIHBIX MEpP
TUTUEHBI M (PU3NYECKOTO ITUCTAHIIMPOBAHUS, TTPU-
HMMAaeMBbIX B pa3HBbIX rocygapctBax — ujgeHax OOH,
urT. . [71].

B navane mannemuun COVID-19 B Ilekune Bupy-
CBHI TPHUIIIA, OCOOEHHO BHUPYCHI TPUIINA TUIA A, CO-
CTaBJISLJIM OOJIBIITYIO YaCTh peCIIMPATOPHBIX BUPYCHBIX
uHbexkuit [39]. HengaBHee uccnenoBaHue nokasalio,
YTO KUTEJU YXaHs ¢ JOKYMEHTAJIbHO MOATBEPXKICH-
Holt cmemtaHHON nHbekuuern SARS-CoV-2 u rpur-
na A unu B, mo-BuammMomMy, He UMeJIu 00Jiee TSXKEI0ro
KJIMHUYECKOTO COCTOSTHUS; OHU OEMOHCTPHUPOBATIH
KJIMHUWYECKME XapaKTepUCTUKU, aHAJJOTMYHbIE Maliv-
eHTaM ¢ nHpekmeir SARS-CoV-2 [25].

CyuiecTByeT MHeHUE, 4YTO KouHpekus SARS-
CoV-2 u Bupyca TpuIna BcTpedaeTcss peako [55].
B rnob6anbHOM MaciiTade I1mo JaHHBIM M3 Pa3HbIX
CTpaH MwHpa OBIJIO 3aperuCTPUPOBAHO OT'PaHU-
YeHHOE KOJIMYECTBO ITAIlMEHTOB C KOWH(EKIIVEeH
«COVID-19 + rpunn». Hanpumep, ncciaeagoBaHue,
nposeaeHHoe B CtamOyJie (Typuus), mokasaio, 4To
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Tosibko y 0,54% wu3 1103 maumentoB ¢ COVID-19
ObBLIM TUArHOCTUPOBaHA KOMH(MEKIINS C BUPYCOM
rpunna A uiu B [55]. Koundekus BUupycom rpurt-
nma A 6bu1a 3aperucrpuposanHa B CIA, Typuuu,
TI'epmanuu, Upaune, Kurtae, Anonuu u Ucnanum [10,
25, 27, 32, 37, 52, 55, 68, 72, 73, 74]; kKouHpek-
Ousl BUpycoM TpuIia B Oblita 3apermcTpupoBaHa
B Typuuu, Kutae u Ucnanuu [20, 25, 55]; onHOBpe-
MeHHas nHpekuud rpunna A, Bu COVID-19 6s11a
BoIsiBaeHa B Kutae u MUcnanuu [20, 73].

B nm1060i1 cutyanimm Mepbl 1o 00eCIIedYeHUIo Tro-
TOBHOCTH K T'PUITITY UTPAIOT PEIIAIOIIYI0 POJIb, OCO-
OEHHO 1715 TPYTII BBICOKOI'O PUCKa, 1 YPOBEHb OXBaTa
BaKIIMHAIIME MPOTUB T'PUIIIIA JOJIKEH COCTABISTh
He MeHee 70% [53]. Mepsbl ipotus COVID-19 moryT
CHU3UTH KOJIMUECTBO CIIy9aeB 3apakeHU S TPUIIIIOM.
IMuk ce3oHHBIX cay4aeB rpumnmna B CeBepHOM IT0J1y-
mapuu OOBIYHO IIPUXOAUTCS Ha heBpajlb U 3aKaH-
yuBaeTcs K KoH1y Masi. Heo6sruHo TO, uTo B 2020 T.
KOJIMYECTBO JIaOOPAaTOPHO MOATBEPKIACHHBIX CIIY-
yaeB TpUIIa Pe3KO CHU3WJIOCH B Hauaje ampess,
BCKOpe Tociie Toro, Kak BO3 o06bsiBMIa MTaHAEMUIO
COVID-19. Brlita BEIIBUHYTA TUIIOTE3a O TOM, YTO
CE30H I'puIla OblJI MpepBaH U YTO 3a00J1eBa€MOCTh
TPUNNOM ObIJla CYIIECTBEHHO CHMXEHaA 3a CUeT
JKeCTKUX Mep KOHTPOJIs, HampaBJeHHBIX Ha TIpe-
notspartieHue nepegadyn SARS-CoV-2 [29].

Ha npecc-kondbepenuuu BO3 15 urons 2020 r.
I'enepanpHblii aupekTop BO3 moktop Tempoc
A. Tebpeiiecyc cka3zan: «<HecMoTpst Ha mpoaoIxKato-
1IMecs riaodaabHble OTBETHBIE MEPbl HA MaHAEMUIO
COVID-19, Mbl He MOXEM YTIyCKaTh U3 BUY ApyTHE
BaXkHbIe TPOOJIEMbl OOILIECTBEHHOIO 3IpaBOOXpa-
HEHMsI, BKJIIOUas TPUIIIL. [ pUIIT mopaxkaeT KaxkKIyio
CTpaHy KaXXJblii TON W YHOCUT XU3HU. Bcrymas
B ce30H rpurmna B KOxkHOM moiyrapuu ¥ mpucTymnas
K TUIaHWpPOBaHUIO ce30Ha B CeBepHOM TIOJTyIIIaprH,
MBI IOJIZKHBI ClielaTh TaK, YTOOBI TPUTII OCTaBaJICS
riaaBHbIM npuoputetoM» [70]. lokTop I'eGpeiiecyc
Jnajiee OTMETUJ, YTO CEeroJHs IO BCEeMY MUPY Mbl
CTaJIKMBACMCSI C pe3KMM COKpaIlleHUEM KOJIMIeCTBa
00pa3lioB, NPOTECTUPOBAHHBIX Ha IPUMIM. DTU Ha-
PYILIEHUST MOTYT MMETh KPAaTKOCPOUYHBIC W IOJTO-
CpOYHBIEC MOCJEACTBUS, TaKMe KaK YIyIIeHUe BO3-
MOXHOCTU OOHapy:>KMBaTh HOBbIE BUPYCHI TI'PHUIIIIA
C TaHIEeMUYECKUM MOTEHIIUAJIOM 1 OTIEpPaTUBHO CO-
obmrath o HuX B BO3.

Takum o6pazom, COVID-19 MoxeT 3HAUUTENb-
HO BJIMSITh Ha YMCJIEHHOCTh MH(MEKIIMI, BbI3bIBac-
MBIX IPYTUMU PECIIUPATOPHBIMHA BUPYyCaMU, BKIIIO-
yasi BUpYyCHl rpurina. OmHako TPYAHO OTJIUYUTH
npsimoe BimstHue COVID-19 Ha cokpaleHue ynciia
pecrupaTopHbIX MHMEKIINIA OT €€ OMOCPEeIOBaHHO-
o BO3JEMCTBUS M3-3a CHUKEHUS 3(PPEKTUBHOCTHU
SMUAEMHUOJIOTMYECKOTO HaA30pa 3a TPUTITIOM.

KonHnduumposaHue supycom SARS-CoV-2
M Ce30HHbIMU PECMUPATOPHLIMM BUPyCaMu
HEerpunno3HONn 3TUOJIOTUNn

ITomMuMO BUPYCOB T'pHUIIIIa, IPYTUE peCIIUpaTOp-
HBIE BHUPYCHI TaKXe WTPalOT BaXXKHYIO POJb B DITHU-

JleMuoJiornyeckom Tpouecce. HemaBHO ycTaHOB-
JIGHHBIW pa3HbIi YPOBEHb CMEIIAaHHBIX MHMEKIIUMI
¢ SARS-CoV-2 [38] nmo3BojsieT npearoaratb, 4To
nangemust COVID-19, BeposiTHO, OyneT pa3BuBaTh-
Cs1 110 OTHOMY U3 MPEACTaBJICHHbBIX Ha PUCYHKE CIIe-
HapueB: BUpycbl SARS-CoV-2 1) 6yayT uupKyiu-
poBaTh ¢ APYTUMU pPeCIIUpaTOpHbIC BUPYCAMU WU
2) BBITECHSIT UX.

B otnmaue ot mokaszareneili KOMHMEKIINNA BUPY-
camu rpunmna u SARS-CoV-2, koTopble TpOJIEeMOH-
CTPUPOBAIN HEKOTOPOE CHUKCHHNE aKTHUBHOCTH,
ypoBeHb cMmemaHHbix uHGekuuii SARS-CoV-2
C IPYTUMU PEeCIMpPaTOPHBIMU MaTOTEeHAMU OKa3aJl-
cs1 BBILIE, yeM oxkuaajioch [63]. Tak, uccienoBaHue,
npoBeneHHoe B KanudopHuu, nokasano, 4To cpe-
U MalMeHToB ¢ noaTBepxkacHHOo COVID-19 nH-
dexiueit y 20,7% oO6Hapy>KMBaJIUCh OJUH WJIM HE-
CKOJIBKO APYTHUX ITaTOreHOB; HanboJIee pacipocTpa-
HEHHBIMU OBUIM PUHOBUPYC, dHTepoBUpyc, RSV
U Ce30HHBbI kopoHaBupyc [33]. B nccnenoBanuu,
npoBeaeHHOM B KuTtae, 14 n3 32 moJIOXXUTETbHBIX
Ha COVID-19 nanuveHToB ObUIM WHMUIIMPOBAHBI
IPYTUMU TTaTOTeHaMU, BKJIIOYasi BUPYCHI, 0aKTepruu
U TpUOBbI, IPUYEM YETBEPO U3 HUX ObLIU WHOUIIU-
pPOBaHHBI peCIIIpaTOpHBIMU BupycaMu — RSV, Bupy-
COM Maparpuiina 4yejoBeka, puHOBUPYCOM U MeTa-
MMHEBMOBUPYCOM desioBeka [40].

CuunTaeTrcs, 4To KOMH(MEKINs ABYMs pecrnupa-
TOPHBIMU BUpPYCaMM PEIKO BCTpevaeTcsl y B3pOC-
JIBIX U1 B OCHOBHOM Mpucyla aetsam [66]. B ¢des-
pase 2020 r., B caMOM HauaJie pacrpoCTpaHEHUS
COVID-19 B SlmoHuu, neTn CpaBHUTEIBHO PEIKO
0oJien 3Tol MHMEeKIMel; y HUX npeodyiagain BU-
PYC TPUIIIT U METAITHEBMOBHPYC UeJIOBeKa (MCCIIeIO-
BaHMe IMMPOBOIMIIOCH B paitoHe DdypaHo). Ha MomeHT
WCCJIEIOBAaHUSI TOJILKO y TPOUX JIeTe OBbIT JUarHo-
ctupoBaH COVID-19, nBoe 13 HUX OBLJIM OJHOBPE-
MEHHO WHGUIIMPOBAHBI BUPYCOM TPMIIIIA U MeTa-
nHeBMoBUpYycoM 4esioBeka [30]. CmenranHass WH-
dekuus metanHeBMoBupyca 1 SARS-CoV-2 Oblna
oOHapy:KeHa 1y B3pocJoro manueHTa B [IpoBumerce
(Pon-Aiinenn, CIIIA) [66].

IlogpobHOe wucciaengoBaHUE PaCIPOCTPAHEHHO-
CTU PECIIUPATOPHBIX BUPYCHBIX MHMEKIIN, BKIIIO-
yasg COVID-19, ¢ gekabps 2019 r. mo mapt 2020 1.
obuto TpoBencHo B Mramuum Calderaro A. m co-
aBT. [17]. 13 906 00pa3oB M3 AbIXaTeJIbHbIX ITyTEN
nanmeHToB rocrmTansg B [Tapme 52,3% Obiu moso-
KUTEJIbHBIMU KaK MUHUMYM B OTHOLLIEHW W OJHOT'O
Bupyca. [Ipy 5ToM MOHOMHMEKIIUU OBbITU BHISIBJIE-
HbI B 80,2% MOJIOKUTENbHBIX IIPOO, CMEIIaHHbIE —
B 19,8%. RSV (23,7%) n punosupyc (22,3%) 611
Haunboiee 9acTo NASHTU(MUIIMPYEMBIMHA BUPYCaMU,
3a HUMH cienoBas SARS-CoV-2 (14,1%). RSV nipe-
ob6nagan B nupKyasauun 1o despaiig 2020 r., mocie
Yero ero BBISIBJIEGHWE Pe3KO COKpaTujioch a0 1,5%.
SARS-CoV-2 orcyTrcTBOBan B MCclieayemMoi obja-
ctu 10 KoHua ¢espans 2020 ., a 3aTeM 4yTh OoJiee
yeM 3a Mecs11 TPeBbICUI ypOBeHb B 14%; Bce cinyyan
NpeAacTaBIsiin coboil MOHOMH(peK1IMI0. bblio 00-
Hapy>KEeHO TOJBbKO TPU ciiydasi cMelaHHbIX ¢ SARS-
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CoV-2 pecnupaTopHbIX WHMEKIIUA, MPUYEM BCe
OHU HaAOJIOMAUCh y ACTeil MJIajllle OJHOrO Toja.
WNHTepecHo, YTO Ce30HHBIE BUPYCHl B OCHOBHOM I10-
pakalii IeTeit 6e3 KaKNX-JIM00 pa3IudMii IO TIOJTY,
Torna Kak SARS-CoV-2 B OCHOBHOM HoOpazKa
B3pOCJIbIX My>X4uH [17].

B 1nienoM B Mupe cpenu COMmyTCTBYIOIIUX BUPY-
cy SARS-CoV-2 Bo3oynuTeneii npeobdnaganu RSV
U pruHOBUPYC. UMEHHO 3TU BUPYCHI SIBJISIIOTCSI HAu-
0oJiee 4YacThIMU MPUYMHAMU OCTPBIX PeCUpPaTOp-
HbIX WHOMEKIUH, OCOOEHHO TSXeaAbIX 3a0ojeBa-
HUI y eTeil paHHero Bo3pacTa U MOXWJIBIX JIIOACH,
W MOTYT IMPUBECTU K TSIKEJIBIM OCTPbIM UH(EKII-
IMHW HWXKHUX IbIXaTCIbHBIX ITYTEU, OPOHXMOJIM-
Ty, ITHEBMOHUU U obOocTtpeHUsIM acTtMmbl [30, 40].
IMocTrnHMGEKITNOHHBIT UMMYHHUTET HEIPOIOJXKHUTE -
JIEH, YTO MPUBOAUT K TIOBTOPHOU LIUPKYJISILIUN BU-
PYCOB B OIHOI M Toi1 ke monyiassuuu. CoBMeCTHOe
UHGULIMPOBaHNEe TaKMMM CE30HHBIMHU ITaTOr'eHa-
MU, HapsiAy ¢ BUpycaMU TpMIINa, C HOBbIM MaHe-
muyeckum Bupycom SARS-CoV-2 MoxeT ycyryouThb
TedeHue OOJIE3HU U IIPEICTABIISIET COOOI CEPbE3HY IO
MpOOIEMY TSI TUATHOCTUKU U JICUCHU 5.

3akJ/4yeHne

Korma MBI cTajkuBaemcsi ¢ ObICTPO pacIIpocTpa-
HSIIOIIMMCSI B YEJIOBEUYECKON ITOMYJISIIIUM HOBBIM
BUpYCOM, 0a3za MMEIOIINXCSI O HeM 3HAaHUI OYeHb
orpaHuyeHa. [Togsiaenue B 2019 1., a 3aTem nmaHpae-
MUYECKOe paclpocTpaHeHE HOBOTO KOpOHaBUpYyca
SARS-CoV-2 npenoctaBujio y4eHbIM YHUKAJIbHYIO
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BO3MOXHOCTb 00JIbIIIE y3HATh O MTaTOreHe3¢e IPYTrux
BO30OynuTeel pecnupaTOpHbIX MHMEKIIUI B yCI0-
BUSIX LIUPKYJISILIMY MTAHAEMUUYECKUX BUPYCOB.

B Mupe HakomieH OOJBIION MacCUB 3HAHUI
O IIPEeABIIYIINX IMTaHISMUSIX TPUIIIIA, KOTOPHIC TMeE -
10T MHoro ob6buiero ¢ mangemuein COVID-19 [15,
26]. B yacTHOCTH, OBIJIO YCTAHOBJIEHO, YTO TaHIe-
muyeckue BUpychl, B ToM uuciie A(HINI1)pdmO09
u SARS-CoV-2, BBITECHSIOT LITAMMBbI C€30HHOIO
rpurna ¥ HEKOTOPbIX PeCIUPATOPHBIX BUPYCOB He-
TPUINO3HOI 3THonoruu [17, 57]; omHaKO LIUPKYJISI-
LU IPYTUX PECITMPATOPHBIX NATOIN€HOB, TAKMUX KAaK
puHoBupyc 1 RSV, ocTtaeTcs mpakTyecKu Ha MeX-
NaHASMHUYECKOM YpPOBHE. DTO CBHICTEIHCTBYET
0 TOM, UTO HE CTOUT HEIOOLIEHUBATh POJIb PUHOBU-
pycoB u RSV B obuieit cTpykType pecnupaTOpHOM
3200J71€Ba€MOCTHU.

Ozawa M. u Kawaoka Y. [56] yOexkIeHBI B TOM,
YTO TOJIHBIA KOHTPOJIb HaJl BUPyCaAMU TPUIIIA HE-
Bo3MoOxXeH [34]. He cTouT paccunThIiBaTh Ha TO, 4TO
B Onmxkaiiiniee BpeMsl NPOU30HAET MOJHOE MCKO-
peHeHMe Irpunmna. DTo IIPUMEHUMO W K MaHACMUU
COVID-19. Ha cerogHsIIHUI oOHa elle Aajeka
OT 3aBepIIeHUs, U Mbl, KaK U C TPUIIIIOM, JaJIeKU
OT MoOeabl HaJ HEell U HaXOAUMCS B CaMOM Hayalie
JIOJITOTO U TEPHUCTOro MyTu. BecbMa BeposiTHO,
yto mnocyie SARS-CoV-2 Oyzner elie oaHa maHiae-
MU, BBI3BAaHHAs IPYTUM KOPOHABUPYCOM, BUPDYCOM
rpunna, mapaMmKCOBUPYCOM UJIM COBEPIIIEHHO HO-
BbIM natoreHom [60]. 'paMOTHBIN 1 BCECTOPOHHU I
aHanau3 tekyuei cutyanuu ¢ COVID-19 mo3Boaut
NPOTUBOCTOSITh yrpo3e OyayIIel MaHIeMUU.
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Abstract. Severe acute respiratory syndrome (SARS)-like coronavirus (SARS-CoV-2) is the seventh member of the coro-
naviruses (CoVs) family that infects humans and causes coronavirus disease 2019 (COVID-19), which is currently a global
pandemic. Widespread secretion of cytokines has been shown to occur early in severe cases of the disease and can be an ef-
fective factor in the rapid progression of the disease. Systemic inflammation indicates an advanced stage of acute disease,
which is characterized by multiple organ failure and elevated key inflammatory markers. Studies have shown a gender
difference between the incidence and mortality of COVID-19. In this review, we investigated the gender difference in the
systemic effects of COVID-19 and found that this gender difference exists especially in the respiratory, cardiovascular,
liver, gastrointestinal and kidney systems. Due to the worse outcome of COVID in males, the role of female sex hormones
in causing these gender differences is noticeable. There can be a systemic and local effect of female sex hormones, espe-
cially estrogen and possibly progesterone, on various cells. Among the effects of these hormones is the regulation of local-
ized angiotensin-converting enzyme 2 (ACE2) levels. ACE?2 is the route of entry for SARS-CoV-2 virus into the cell. It is
hoped that this review would address gender differences for better management of COVID-19 treatment.

Key words: COVID-19, gender difference, inflammation, angiotensin-converting enzyme 2, estrogen, progesterone.

noja nAUMEHTA BJIUSAET HA OTBET CUCTEM OPTAHU3MA U KJIMHUYECKUN ncxopm nPu covib-19
Xakcapu M.!, Cader H.!, Coarann 3.!, Bammpu X."?

! Kepmanckuii ynueepcumem meouyunckux Hayk, e. Kepman, Hpan
2 Cupoxcanckuil ynusepcumem meouyuHckux Hayk, 2. Cupoxcan, Upan

Pesiome. KopoHaBupyc Tske10ro octporo pecrnupatopHoro cuaapomMa (SARS-CoV-2) siBnsieTcst cenbMbIM ITPeaCTaBUTe-
JieM ceMeiictBa KopoHaBupycoB (CoV), maToreHHbIM 151 YeJ0BeKa, ¥ BO30yaAuTeleM KOPOHABUPYCHOTO MH(MEKITMOHHOTO
3aboneBaHust (COVID-19), nocturiiero K HacTosiieMy BpeMeH! MaciiTaba ri00aibHOM MaHaeMUU. bblio nokasaHo, 4To
Ha paHHe CTaluu TSIXKENbIX Cy4aeB 3a00JeBaHUs CEKPETUPYETCS 3HAYMTEIbHbIN 00beM IUTOKMHOB. DTO MOXKET CTaTh
BaXXHbBIM (DaKTOPOM OBICTPOrO MporpeccupoBaHus 3adoneBaHuss. CUCTEMHOE BOCHaJEHUE YKa3bIBAET Ha 3aMyIIEHHYIO
CTaJIMIO OCTPOro 3a00JeBaHNU S, KOTOpask XapakKTepu3yeTcsl MOJMOPraHHOM HEJOCTATOYHOCTBIO U MOBBIIIIEHHBIM YPOBHEM
KJIIOUEBBIX BOCMAJUTEbHBIX MapKepoB. PaHee mpoBeaeHHbIE UCCIEIOBAHUS TTPOAEMOHCTPUPOBAIN TeHIEPHbIE pa3au-
yus B ypoBHe 3aboneBaeMocTu U cMepTHocTU oT COVID-19. B naHHOM 0030pe Mbl MCCAeI0BalN TeHAepHbIE Pa3Indus
B cucteMHbIX 3 dektax COVID-19 u 06HapyXuiu, 4TO MOAOOHBIE Pa3IMyuKsl Haubosiee BbIpaKeHbl B IbIXaTeIbHOM, cep-
JIEYHO-COCYIUCTON CUCTEMAX, XKeTyI0UHO-KUIIEYHOM TPaKTe, MeyeH! U noukax. Ha ocHOBaHUM perucTpaluy Xyallero
rcxona COVID-19 y MyXUrH BbICKAa3aHO MPEAMNOJOKEHNE O BO3MOXKHOM BJIMSIHUM XKEHCKUX MTOJIOBBIX TOPMOHOB Ha Teye-
Hue 6ose3HU. 2ZKeHCKMe TI0I0Bble TOPMOHBI, 0COOEHHO 3CTPOreH U, BOBMOXKHO, IIPOreCTEPOH, MOTYT OKa3bIBaTh CUCTEM-
HOE€ Y MECTHOE JICCTBUE Ha Pa3IMYHbIC TUIIbI KJIETOK, a TAKXKE PETYJIUPOBATh JIOKAJbHbIE YPOBHU aHTMOTEH3WHIIPEBPa-
mwatouiero epmerta 2 (ACE2). YcraHosneHo, uyto Bupyc SARS-CoV-2 nponukaet B kJeTKy yepe3 ACE2. Ml nosiaraem,
YTO PACCMOTPEHHbBIE B HACTOSIIIIEM 0030pe T'eHIePHbBIE PA3IUUYM S TIO3BOMIAT YAYUIIUTh BeAeHue nanueHToB ¢ COVID-19.

Karouesnie caosa: COVID-19, cendepruie pazauuus, gocnasenue, aH2UuomeH3UHNPespauaowuil pepmenm 2, 3cmpozet, npo2ecmepon.
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Gender and COVID-19 outcome

Gender-related response of body systems
in COVID-19 affects outcome

Coronavirus disease 2019 (COVID-19) is cur-
rently a global pandemic that has affected ap-
proximately 212 countries worldwide and has so far
claimed the lives of more than 931 321 people in the
world. Currently there are approximately 29 444 198
confirmed cases of COVID-19 in the world [28, 152].
The COVID-19 first originated in Wuhan, China
in December 2019, and scientists around the world
are working to understand this virus and its properties
in order to design interventional strategies to combat
the disease. COVID-19 is caused by a virus called se-
vere acute respiratory syndrome (SARS)-like coro-
navirus (SARS-CoV-2), which is a single-stranded
RNA (ssRNA) virus with genome size of 29 903 bp.
The SARS-CoV-2 belongs to the same beta-corona-
virus that were previously reported as SARS-CoV
and middle east respiratory syndromecoronavirus
(MERS-CoV). They are not only sequentially simi-
lar, but the point of entry to human for both is through
the same receptor [3, 55]. SARS-CoV-2 is the seventh
member of the coronaviruses (CoVs) family that in-
fects humans and causes COVID-19 [153].

Human CoVs (HCoVs) have neuronal invasive
capacities and may act through two main mecha-
nisms [12, 30, 31]: virus replication within glial
or neuronal cells of the brain, or an autoimmune
reaction with the host’s inadequate immune re-
sponse [79]. In relation to COVID-19, data on cen-
tral nervous system (CNS) involvement are unusual
but growing, which indicate a high frequency of neu-
rological symptoms [99, 112, 115]. Coronaviruses
can cause nerve damage through direct infection
pathways (circulatory and nerve pathways), hypoxia,
immune damage, angiotensin-converting enzyme
(ACE2) activity, and other mechanisms. In addition,
they can enter the nervous system directly through
the olfactory nerve, bloodstream or nerve pathways,
resulting in neurological disorders. Also, coronavi-
ruses have destructive effects on the lung tissue and
cause a series of lung lesions such as hypoxia [154].

Extensive secretion of cytokines has been shown
to occur prematurely in severe cases of COVID-19,
and this can be a factor in the rapid progression of the
disease. Multiple organ failure (Fig. 1) observed
in many patients is caused by the storm of inflamma-
tory cytokines, including interleukin (IL)-1§3, 1L-2,
IL-7, 1L-6, IL-8, IL-10, IL-17, and gamma inter-
feron (IFNy), which is possibly associated with dif-
fuse macrophage activity [154]. Excessive systemic
inflammation or induced cytokine cascade may be
associated with lymphocytopenia, and is one of the
characteristics of severe inflammatory disease [90].
Systemic inflammation indicates an advanced stage
of acute disease which is characterized by multiple
organ failure and elevated key inflammatory mark-
ers [125]. Based on clinical data, these inflammatory

markers include IL-6, IL-2, IL-7, tumor necrosis
factor-o. (TNFa), IFNy inducible protein (IP)-10,
monocyte chemoattractant protein (MCP)-1, mac-
rophage inflammatory protein (MIP) 1-o, granulo-
cyte-colony stimulating factor (G-CSF), C-reactive
protein (CRP), procalcitonin and ferritin [62, 90, 119,
125, 148]. Following a viral infection, these cytokines
activate the pathways that lead to the differentiation
of immune cells, the migration of leukocytes to the
sites of infection, and the proliferation of hematopoi-
etic stem cells [139].

Responses to viruses as well as compatible immune
responses during viral infections differ between men
and women [147]. Women have been shown to have
higher inflammatory, antiviral, and humoral immune
responses than men during viral infections [147],
which help the better clearance of viruses, including
SARS-CoV [18]. Enhanced immunity in women can
lead to more immunopathology and tissue damage
in the late stages of viral disease [145]. This review arti-
cle intends to address the effects of COVID-19 on dif-
ferent systems of the body, the issue of gender differ-
ences in the outcomes of COVID-19, and separation
of different body systems if we can find any research
on that (Fig. 2). With this review, the research gap
in this area will be identified and maybe better treat-
ment management will be provided when the effects
of gender difference are taken into consideration.

COVID-19 and gender differences

A published study of 168 patients with severe
COVID-19 in Wuhan, China, reported that men
were hospitalized and died more than women, and
few of them were discharged during the study pe-
riod [91]. A difference between men and women
at the ages of 60 and older is evident. In this study,
the ratio of neutrophils to lymphocytes and se-
rum C-reactive protein concentration were twice as
high in men with COVID-19 then in women with
the same disease. These data suggest that inflam-
matory immune responses and cell counts may be
higher in men, and also can be associated with worse
COVID-19 outcomes in men than in women [91].

Studies conducted on mice have shown that,
the males are more susceptible to coronavirus in-
fection than females [27, 66, 131]. Another study re-
ported that male patients with COVID-19 were 65%
more likely to die than women with the same disease.
The World Health Organization states that a smaller
percentage of women infected with the virus die from
it in comparison with the men [85]. Another study
also reported that female patients were less in need
of intensive care compared to male patients [44].

The potential factors influencing these gender dif-
ferences need to be identified. Numerous factors, such
as immune system, sex hormones, physiological factors,
lifestyle and socio-cultural behaviors are likely to be re-
sponsible for these differences [9, 10, 14, 16, 27, 52].
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Women’s immune cells are more active than men,
which is associated with the stimulation of Toll-
like receptor 7 (TLR-7) and production of interfer-
on [26]. In addition, after infection with viral agents,
women produce lower levels of IL-6 than men, which
are associated with longer life expectancy [26, 111].
In the face of viral infections, women’s immune
system functions differently from men’s; this trig-
gers a stronger immune response that leads to viral
clearance. In general, antibody production in women
is higher and lasts for longer than in men. Differences
in women’s immune responses may be related to sex
hormones and factors related to X chromosome [59,
72]. Female sex steroids [121, 128] regulates inflam-
matory responses as well as immune system-regu-
lating genes located on the X chromosome [80, 114,
132], so it can be assumed that cytokine cascades,
which are associated with impaired regulation of im-
mune system, occur less frequently in women than
in men [80, 97].

Sex steroids are potential modulators of the im-
mune system, and different concentrations of estro-

gens, progesterone, and androgens between men and
women, in addition to genetics, are likely to affect
immune responses to COVID-19 and inflammatory
outcomes. This is especially important because acute
illnesses, such as COVID-19, may alter the function
of gonadal-hypothalamic-pituitary axis and reduce
the endogenous production of estrogens and proges-
terone [88].

Among factors that cause gender differences in the
outcome of COVID-19, the role of sex hormones
that affect immune responses should not be ignored.
Some studies suggest that estrogen therapy plays an
important role in the creation of protective immune
response against COVID-19 [134]. It has been re-
ported that female sex hormones, especially estro-
gen, can lead to better outcomes and greater resist-
ance to COVID-19 in women. This resistance is due
to the systemic and local effect of female hormones
on different cells. In particular, estrogens stimu-
late the immune system by modulating the function
of B cells and improving the activity of T-helper 2
cells (Th2) [137]. Estrogen boosts immune respons-
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es, causing virus clearance to occur more quickly and
vaccines to be more effective [4, 66]. In most human
or rodent experimental models, the anti-inflamma-
tory effects of estradiol (E2) on innate immunity
include suppression of the production of inflamma-
tory cytokines (such as IL-6, IL-13 and TNFo) by
monocytes and macrophages (TNFa is a major fac-
tor in cytokine cascade of COVID-19), strong inhi-
bition of chemokine (C-C motif) ligand 2 (CCL2),
and prevention of innate immune cell migration
to inflamed areas, especially neutrophils and mono-
cytes [88]. E2 produces helper T cells (CD4") and
anti-inflammatory cytokines, such as 1L-4, IL-10,
and IFNy [2].

Estrogen receptors (ERs) are expressed in all
immune cells, and act as transcriptional regula-
tors of cellular function. In human peripheral blood
mononuclear cells (PBMCs), CD4" T lymphocytes
express higher levels of ERa-related mRNA than
ERp, while B cells show higher levels of ERB-related
mRNA than ERo [107]. Peripheral blood CD8*
T cells and monocytes express low levels of both
receptors [107]. In female mice with COVID-19,
the highest sex-specific protection was observed dur-
ing their reproductive period with strong ER signal-
ing. Therefore, in adult women, stronger ER signal-
ing may play an important role in health protection
against COVID-19 infection compared to men [18].

Progesterone (P4) is another important hormone
that modulates the immune and anti-inflammatory
system, which is produced at high levels by the pla-
centa during pregnancy. Progesterone receptors
(PRs) are expressed in most immune cells, includ-
ing epithelial cells, macrophages, lymphocytes, mast
cells, and eosinophils [72]. P4 inhibits the production
of pro-inflammatory cytokines of 1L-1B and 1L-12
by human and rodents’ macrophages and dendritic
cells [72, 108, 135]. Also, P4 treatment fastens re-
covery by increasing Transforming growth factor
(TGF-B), IL-6, IL-22, and number of Th17 cells [54].

Plasma testosterone levels decreases with age, and
studies in older men with COVID-19 [7] show that
low testosterone level is associated with high inflam-
matory conditions [83]. In addition, testosterone
therapy has been shown to reduce 1L-6, IL-1f3 and
TNFo [96]. However, unlike estrogen, testoster-
one has been shown to play an inhibitory role in the
body’s immune processes, which is a further possible
explanation for men’s susceptibility to infections [4].
High and low testosterone concentrations appear
to increase the risk of infection and possible compli-
cations of COVID-19 [129].

Due to the age-related decrease in sex hormones
in the elderly, these hormones can be suggested as
a treatment option and may help reduce inflamma-
tion in elderly patients with COVID-19 [69, 105].
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COVID-19 and the nervous system

Outcomes of severe COVID-19 in patients in-
clude destruction of blood-brain barrier (BBB)
and secondary intracranial infection, which may
cause headache, vomiting, loss of vision, and sei-
zures [109]. Viral encephalitis, infectious toxic en-
cephalopathy, and acute cerebrovascular disease are
some of the neurological diseases associated with
COVID-19 [154].

Encephalitis is known as one of the symptoms
of COVID-19. Encephalitis refers to inflammatory
lesions in the brain parenchyma, including neuronal
damage and nerve tissue damage caused by patho-
gens. This disease is characterized by an acute onset
and its common symptoms include headache, fever,
vomiting, seizure, and disturbances of conscious-
ness [36]. Early detection of viral encephalitis is very
important [156].

Infectious toxic encephalopathy, also known as
acute toxic encephalopathy, refers to a syndrome
of reversible brain dysfunction caused by factors such
as systemic toxemia, metabolic disorders, and hypox-
ia during the acute infection process [95, 138, 161].
Major pathological changes in this disease include
cerebral edema for which there is no evidence of in-
flammation in cerebrospinal fluid analysis. Patients
with a mild course of the disease may experience
headache, delirium, mental disorders, and anxiety.
Patients with high severity of the disease may expe-
rience loss of consciousness, disorientation, coma,
and paralysis [33, 95]. Acute viral infection is one
of the major causes of this disease, which is exempli-
fied by CoV-induced respiratory infection. Patients
with COVID-19 often have severe hypoxia and
viremia [50], which can lead to toxic encephalopa-
thy. In addition, approximately 40% of patients with
COVID-19 develop headache, loss of consciousness,
and other symptoms of brain dysfunction [87]. One
study reported that edema was diagnosed in the brain
tissue of patients with COVID-19. In general, these
findings provide evidence that COVID-19 can cause
infectious toxic encephalopathy [159].

In the case of acute cerebrovascular disease, there
is considerable evidence that respiratory-related in-
fection is an independent risk factor for it [35, 150].
Data from laboratory models show that the influenza
(flu) virus can exacerbate ischemic brain damage by
stimulating a cytokine cascade, and increase the risk
of cerebral hemorrhage following a treatment with
tissue-type plasminogen activator [101]. The CoV in-
fection, particularly SARS-CoV-2, has been widely
reported to cause a cascade of cytokines, which may
be one of the factors, by which CoV causes acute
brain disease [20, 90].

In fact, although severe respiratory complica-
tion is the most common symptom in patients with
COVID-19 that leads to hospitalization in intensive
care units, some patients have also shown neurologi-

cal symptoms, which are classified in three catego-
ries; symptoms of CNS disease (headache, dizziness,
impaired consciousness, ataxia, acute cardiovascular
disease and epilepsy), symptoms of peripheral nerv-
ous system (PNS) (hypogeusia, hyposmia, neuralgia)
and symptoms of musculoskeletal [78, 87].

According to reports, hACE2 (human angioten-
sin-converting enzyme-2 receptor), like other organs
in the brain, is expressed primarily in the brainstem
and in areas involved in cardiovascular function and
blood pressure regulation [45, 155]. It is also consid-
ered the entry point of SARS-CoV-2 viruse in hu-
man, which is why the brain is not immune to viral
infection. It has been reported that ACE2 levels are
different in men and women, and women have lower
levels of ACE2 than men [85].

Although SARS-CoV-2 has not yet been detected
in cerebrospinal fluid, SARS-CoV has been identi-
fied in cerebrospinal fluid of patients with similar
structural and functional characteristics, indicat-
ing the virus’s ability to cause extremely severe BBB
damage [78]. If previous studies with other CoVs
are considered, SARS-CoV-2, like other members
of its family, first infects peripheral nerve terminals
and then slowly travels to CNS through the synap-
tic pathway [140]. Reported involuntary respiration,
hyposmia, and ageusia in patients with COVID-19
have speculated that SARS-CoV-2 not only infects
the lungs but also significantly affects neurons, espe-
cially in the medulla oblongata, which regulates pul-
monary and cardiac function, and any damage to it
can lead to chronic respiratory distress, which has
been reported in COVID-10 patients [78]. Recently,
more serious complications including acute hemor-
rhagic necrotizing encephalopathy (ANE) have been
reported in studies [112]. ANE is a rare complication
of viral infections such as flu, and is associated with
a significant increase in intracranial cytokines, lead-
ing to the failure of BBB [118].

One study found that more than a quarter of peo-
ple with COVID-19 suffered from mental illness,
anxiety and depression, and about a third had sleep
disorders. In addition, the prevalence of anxiety
and depression in COVID-19 pandemic was higher
than the 2003 acute respiratory syndrome (SARS)
epidemic. Endocrine system function often plays
a role in the biological explanation of gender differ-
ences in psychological outcomes, so that the preva-
lence of anxiety, depression and sleep disorders
in women with COVID-19 is much higher than men.
Decreased estrogen may increase the risk of anxi-
ety in women [92]. Effective treatment for anxiety
in women should eliminate mental illness and also
should include comprehensive interventions such as
hormone regulation Approximately 30.6% of patients
showed sleep problems [42]. Regarding the effect
of COVID-19 on the nervous system, not much study
was found to examine the effect of sex differences
in this regard.
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COVID-19 and the respiratory system

There is a crosstalk between the brain and lungs
during COVID-19 infection. SARS-CoV-2 uses ACE2
as a receptor for viral cell entry, and induces lung
damage by increasing cytokines in the immune sys-
tem, which can reduce the expression of central ACE2
protein. Inhibition of ACE2 activity reduces the sen-
sitivity of baroreceptor reflex that controls heart rate
and also increases sympathetic tone, which ultimately
leads to increased blood pressure and impaired heart
function. In addition, in the case of neuroprotective
property of ACE2, its inhibition may upset the neu-
rotoxicity/neuroprotection balance within the brain.
Elevated inflammatory cytokines during lung injury,
hypoxemia, and increased sympathetic tone through
inhibition of central ACE2 lead to overactive CNS,
which may play a critical role in the etiopathogen-
esis of neurogenic pulmonary edema and possibly
COVID-19 pulmonary complications in patients [57].
It has been reported that 3% to 20% of patients with
COVID-19 are associated with acute respiratory dis-
tress syndrome (ARDS) [21, 48, 148]. Recent stud-
ies have shown that renin angiotensin system (RAS)
activation plays an important role in acute lung inju-
ry [164]. Animals with ARDS have reduced ACE?2 ac-
tivity, and a lack of ACE2 can lead to excessive neutro-
phil accumulation, increased vascular permeability,
exacerbated pulmonary edema and eventually ARDS.
Exogenous ACE2 exogenous supplement can reduce
the inflammatory response and increase oxygen deliv-
ery in various ARDS animal models [164].

Progressive respiratory failure is the leading cause
ofdeath in COVID-19 disease. One study showed that
all lung samples from the COVID-19 group had dif-
fuse alveolar damage with alveolar epithelial cell ne-
crosis, pneumocyte type-2 hyperplasia, intra-alveo-
lar fibrin deposition, and infiltration of perivascular
lymphocytes. But in some people, the changes were
local and they only had mild interstitial edema [86].

The lungs of patients with COVID-19 have three
characteristics. First, severe endothelial damage asso-
ciated with the intracellular SARS-CoV-2 virus, and
destruction of endothelial cell membranes. Second,
the lungs of patients with COVID-19 have extensive
vascular thrombosis with microangiopathy and al-
veolar capillary occlusion [84, 89]. Third, the lungs
of patients with COVID-19 show significant vascu-
lar growth through the intussusceptive mechanism
of angiogenesis [86]. Tissue hypoxia is also observed
in these patients and a large number of ACE?2 positive
cells are observed in the lungs of these patients [144].

Impaired intercellular connections, cell swell-
ing, and loss of contact with the basal pulmonary
membrane are shown in COVID-19 patients [144].
Another study showed that in the lungs of patients
with COVID-19, there was obvious destruction of pul-
monary parenchyma, including interstitial inflam-
mation and extensive consolidation [38]. In a study

of several different patients with COVID-19, a signif-
icant increase was found in pulmonary edema in the
lungs with a slight increase in consistency of the low-
er lobe of the lung. No local changes were observed
on the incised surfaces of the lung. Histologically,
in addition to detected pulmonary edema, capillary
florid endotheliitis was shown in lower lobs with in-
creased neutrophils and formation of microthrombus
in alveolar capillaries and small pulmonary vessels
including septal veins, and also cytokines such as IL-
1B and IL-6 were increased in the lung tissue [13].

The cytokine cascade is the cause of lung tissue
damage and the immunopathogenesis of COVID-19
infection. It has been shown that, the level of IL-6
(one of the important components of cytokine cas-
cade and the driving force behind cytokine cas-
cade) is higher in men than women [151]. High levels
of IL-6 in men may be associated with worse out-
comes than in women, which may indicate a higher
risk of cytokine cascade in male patients. It has also
been shown that antibody levels are higher in women
with COVID-19 than in men [132].

COVID-19 has been shown to be transmitted
through the upper respiratory tract, mucosal contact
and eye conjunctiva, and droplets in the air or on sur-
faces contaminated by coughing or sneezing [137].
Estrogen has a beneficial effect on the upper and lower
airways [137]. First, women’s noses respond to chang-
es in estrogen levels by improving the local immune
response. This hormone stimulates the nasal mucosa
and hypertrophy of the nasal turbines, and increas-
es the production of nasal mucosa, which contains
mucin, electrolytes, immunoglobulin A (IgA), IgG,
lysozyme, lactoferrin and oligosaccharides. These
substances have antiviral and antibacterial proper-
ties that are essential against upper respiratory tract
infections [51, 141]. In addition, estrogen stimulates
the production of hyaluronic acid, which maintains
a warm and moist environment in the nasal mucosa
and cilia [51, 141]. Finally, estrogen acts directly
on the nasal immune system by increasing the activ-
ity of phagocytes, dendritic cells, and natural kill-
ers [51]. Estrogen is also involved in the oral mucosa
making it well hydrated by stimulating the production
of hyaluronic acid, and also improves the function
of lower respiratory tract by acting directly on bron-
chial epithelial cells, which increase the production
of mucus rich in antiviral substances [136]. Estrogens,
especially E2, can protect premenopausal women
from the most serious side effects of COVID-19, given
the higher levels of serum estrogen [46].

The positive effect of estrogen is supported by
the action of progesterone, which regulates epi-
dermal growth factor of amphiregulin by inducing
lung structure repair in the event of a viral infec-
tion. Progesterone administration during menopause
in women improves the outcome of lung disease [54,
136]. In a study in mice, progesterone treatment re-
duced the inflammatory environment of the lungs,
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improved pulmonary function, and promoted cell
proliferation and pulmonary repair, resulting in ear-
lier recovery without affecting viral load [54].

COVID-19 and the cardiovascular system

Heart damage seems to be one of the prominent
features of COVID-19 disease, which occurs in 20
to 30% of hospitalized patients and contributes
to 40% of deaths [62, 119, 124]. Although the clinical
manifestations of COVID-19 are related to the res-
piratory system, some patients have severe cardiovas-
cular damage. In addition, some patients with car-
diovascular disease (CVDs) may have an increased
risk of death [62]. Patients with COVID-19 who do
not have cardiovascular disease have better outcomes
than patients with cardiovascular disease and hyper-
tension [168].

In patients with COVID-19, studies have shown
that 51% of patients with heart disease died, while
only 4.5% of patients without heart disease died from
COVID-19 [62]. The mortality rate in COVID-19
patients without Cardiovascular disease (CVD) with
a normal cardiac troponin (cTn) level was 7.6%.
In patients with CVD and a normal cTn level, it was
13.3%. In patients without CVD and a high cTn level,
it was 37.5%. In patients with CVD and a high cIn
level, it was 69.4% [62]. Huang et al., reported that
12% of patients with COVID-19 were diagnosed with
acute myocardial injury, which was mainly mani-
fested by an increase in troponin I [5], and had blood
pressure disorders [62, 119]. In another study, it was
shown that among 138 patients with COVID-19,
17.6% had arrhythmia and 7.2% had acute heart dam-
age [148]. There is a significant relationship between
plasma troponin T levels of patients with COVID-19
and their plasma C-reactive protein and N-terminal
pro-brain natriuretic peptide (NT-proBNP) lev-
els [62]. Like SARS, patients with COVID-19 also
showed potential heart damage. Chen et al. reported
that out of 99 confirmed COVID-19 patients admit-
ted to Wuhan Jinyintan Hospital, 13 (13%) showed
elevated creatine kinase and 75 (76%) showed elevat-
ed lactate dehydrogenase [21].

As seen in the reports, abnormal electrocar-
diogram (ECG) changes have also been recorded
in critical situations [58]. One study found that a high
percentage of patients had prolonged QT and rare
arrhythmias [63]. There are several possible mecha-
nisms for that. First, ACE2 was first identified as
a functional receptor for coronavirus that is highly
expressed in the heart and lungs [143]. Therefore,
ACE2-related signaling pathways may play a role
in heart damage. Second, COVID-19-induced hy-
poxemia may damage myocardial cells. Third, sys-
temic inflammatory responses and immune Sys-
tem disorders may be important factors in that [99].
However, it is also possible that the disorder may
be due to decreased ACE2 activity in the heart,

just like SARS [49]. Oudit et al. observed the pres-
ence of SARS-CoV and reduced expression of ACE2
in the hearts of SARS-CoV-infected mice. They also
reported that SARS-CoV was isolated from 7 autop-
sied human hearts among 20 patients, and the myo-
cardial damage was associated with decreased ex-
pression of myocardial ACE2 protein [104].

In general, ACEI converts angiotensin 1 to 2, and
angiotensin 2 induces vasoconstriction, inflamma-
tion, fibrosis, and proliferation through its receptor,
which ultimately increases blood pressure, cardiac
fibrosis, thrombosis, and ARDS [49, 120]. On the
other hand, angiotensin 2 is converted to angiotensin
1-7 by ACE2, which is a peptide without biological
functions and has vasodilatory, anti-fibrotic, anti-
apoptotic and anti-proliferative effects, and finally
reduces blood pressure, heart fibrosis, thrombosis
and ARDS [73]. COVID-19 inhibits this conversion
and these effects in the heart [49].

A higher percentage of men (65.4%) had higher
cardiac troponin (cTn) than women (42.2%) with
COVID-19 [62]. Estrogen levels are inversely related
to the expression of cI'n, which is released from car-
diomyocytes exposed to ischemia or hypoxia [94].
The action of estrogen may explain these findings,
as estrogen has been shown to decrease the concen-
tration of low-density lipoprotein (LDL) and in-
crease the concentration of high-density lipoprotein
(HDL) [93]. The 17B-Estradiol specifically mediates
the activity of nitric oxide synthase (NOS) through
interaction with estrogen receptors. Functional es-
trogen receptors are also present in cardiomyocytes,
which regulate NOS expression to protect against
cardiovascular damage by inhibiting platelet activity,
thrombus formation, and leukocyte-endothelial cell
adhesion [74].

There is growing evidence that sex and sex hor-
mones affect many circulatory and tissue-based
components of RAS such as ACE2 [41, 81]. The 173-
Estradiol regulates the expression of ACE2 in the
heart, kidneys and uterus [65, 68]. For example,
17B-estradiol increases local ACE2 activity in the
heart and weakens the RAS system by isolating
a residue angiotensin II to enhance angiotensin 1—7
production, which protects the heart, and has anti-
inflammatory and anti-oxidative effects [15, 40,
123]. Reducing the regulation of angiotensin II re-
ceptor type 1 (AT1R) by estrogens and regulating re-
nin activity by estrogens have been shown [113, 122].
Recently, estrogen has been shown to modulate lo-
calized RAS in the atrial myocardium by down-reg-
ulating ACE1 and simultaneously regulating ACE2,
AT2R, and MAS expression levels [15]. The ACE2/
Angl-7/Mas receptor axis appears to be more closely
related to each other in women than in men [19].

COVID-19 infection causes harmful hyper-
coagulability by exacerbating patients’ endothelial
dysfunction [6]. Activation of endothelial estrogen
receptors has been shown to increase nitric oxide
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(NO) and decrease Reactive oxygen species (ROS),
and also protects the vascular system against angio-
tensin 2-mediated vasoconstriction, inflammation,
and ROS production [77, 98, 130]. Higher mortality
in men seems to be partly related to the prevalence
of underlying diseases. One of the most common
complications of high-intensity COVID-19 is cardio-
vascular disease, and testosterone activates the main
pathway of myocardial inflammation, while estrogen
has a protective effect against cardiovascular dis-
ease [70, 74, 102]. It has been reported that, in clini-
cal trials in which testosterone level was high, there
was an increased susceptibility to cardiovascular in-
flammation, and these men were more vulnerable
to COVID-19 [26].

COVID-19 and liver

More than one-third of patients hospitalized
with SARS-CoV-2 infection have abnormal liver
function, which is associated with longer hospi-
tal stays [37]. Liver failure in 60% of patients with
SARS3 and in patients infected with MERS-CoV,
have been reported. Patients with severe COVID-19
appear to have higher liver dysfunction. Liver dam-
age in severe cases of COVID-19 is more common
than in mild cases [153]. One study found that 2—11%
of patients with COVID-19 had liver obstruction
and 14.8—53.1% had abnormal levels of alanine ami-
notransferase (ALT) and aspartate aminotransferase
(AST) during disease progression [153]. The preva-
lence of chronic liver disease has been shown to be
relatively low in patients with COVID-19. However,
individuals with severe forms of COVID-19 show sig-
nificant changes in liver enzymes as well as coagula-
tion and fibrinolytic pathways due to the innate im-
mune response to the virus [86].

An increase in the prevalence of liver injury in pa-
tients with COVID-19 was reported from 39.6%
to0 43.4%, which was mainly associated with increased
ALT and AST as well as hypoalbuminemia [21,
149]. In one study, 132 patients with liver damage
were found to have slight increase in total biliru-
bin (TBIL), of whom 72 were male (54.5%) and 60
were female (45.5%), [149]. Another study found that
among COVID-19 patients admitted to an American
academic medical center, 69% had abnormal liver
biochemical factors at the time of admission and 93%
had higher-than-normal hepatic biochemical factors
during hospitalization. Approximately one in five
hospitalized patients was at risk for grade 3 or 4 liver
injury [11].

It has also been shown that the level of gamma
glutamyl transferase (GGT), a biological diagnos-
tic marker for cholangiocyte damage, increases
in COVID-19 patients. Increased alkaline phos-
phatase (ALP) levels have also been observed in sev-
eral COVID-19 patients during hospitalization [162].
Another study showed that ACE2 receptor expression

in infinite cholangiocytes increases and this sug-
gests that SARS-CoV-2 may bind directly to ACE2-
positive cholangiocytes to impair liver function [17].

Liver damage in patients with COVID-19 in-
fection may be directly due to viral infection of the
liver cells. Approximately 2—10% of patients with
COVID-19 have diarrhea, and SARS-CoV-2 RNA
has been detected in fecal and blood samples [160].
This evidence suggests that, the virus may be pre-
sent in the liver. Both SARS-CoV-2 and SARS-CoV
bind to ACE2 receptor in order to enter the target cell
(148), where the virus multiplies and subsequently
infects other cells in the upper respiratory tract and
lung tissue. Patients then begin to show clinical signs
and symptoms [162].

Immune-mediated inflammation, such as cy-
tokine influx and pneumonia-induced hypoxia, may
also contribute to liver damage or even liver failure
in patients with COVID-19, who are in critical stages
of the disease [162]. In these patients, the mild acute
hepatic congestion and activation of non-inflamed
Kupffer cells have been shown [13]. A recent study
reported that moderate microvascular steatosis and
mild lobular and portal activity occur in liver biop-
sy specimens, indicating that liver damage can be
caused by SARS-CoV-2 infection [159].

After SARS-CoV-2 infection, pathogenic T cells
are rapidly activated, producing granulocyte-mac-
rophage (GM-CSF), IL-6, and other inflammatory
factors, and also activate inflammatory monocytes
CDI14" and CDI16™, resulting in higher levels of IL-6
and other inflammatory factors, which lead to an in-
flammatory storm and immune damage to the liver.
IL-6 and GM-CSF are two important inflamma-
tory factors that cause inflammatory storm in pa-
tients with COVID-19 [39]. One study found that,
the prevalence of liver damage in male patients was
higher than female ones [47]. Abnormal liver func-
tion has been shown to be more common in men with
COVID-19 than in women, who have higher inflam-
matory markers such as C-reactive protein and pro-
calcitonin [37]. ACE2 expression in the liver of wom-
en is very low compared to men [110].

COVID-19 and gastrointestinal tract

COVID-19 infection may be present in the intes-
tine, leading to gastrointestinal symptoms such as
diarrhea and abdominal pain. Intestinal metabolic
disorders caused by this disease increase the absorp-
tion of harmful metabolites, which affects the func-
tion of central nervous system through the intesti-
nal axis and brain, and then leads to dizziness and
fatigue. These metabolites are also harmful to liver
tissue [170]. Although patients usually have fever and
respiratory symptoms, some have gastrointestinal
symptoms such as diarrhea, vomiting, and abdomi-
nal pain [47]. In the small intestine, mesenteric ede-
ma and peritoneal fluid have also been observed [8].
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Studies have shown that RNA of SARS-CoV-2
is present in anal/rectal swabs and fecal samples
of COVID-19 patients, even after virus clearance
from the upper respiratory tract [158, 166]. In ad-
dition, ACE2 expression has been observed in gas-
trointestinal epithelial cells [55, 157]. Zhang et al.,
reported that ACE?2 is expressed in esophageal epi-
thelial cells and enterocytes in ileum and colon [163].
Intestinal epithelial cells, especially small intestinal
enterocytes, also express ACE2 receptors. In the in-
testine, ACE2 regulates the absorption of amino ac-
ids and the balance of intestinal bacteria to reduce
intestinal inflammation [56], and because ACE2
is the entry point of virus, the presence of ACE2 pre-
disposes the intestine to viral infection [76].

The role of intestinal microbiota in lung diseases
is well confirmed. Respiratory viral infections have
also been shown to disrupt the intestinal microbiota.
Diet, environmental factors and genetics play an im-
portant role in the formation of intestinal microbiota
that can affect immunity [29, 34, 53, 146]. The diver-
sity of intestinal microbiota is decreased in old age
and COVID-19 has been mainly fatal for elderly pa-
tients, pointing again to the role that intestinal mi-
crobiota play in this disease [32, 82, 100].

Odor and taste disorders are common in patients
with mild to moderate COVID-19. One study report-
ed that in women infected with COVID-19, the rate
of gastrointestinal symptoms, including diarrhea,
loss of appetite, and olfactory and taste disturbances,
was almost twice as high as in infected men [126],
which were accompanied by higher levels of inflam-
mation and poorer liver function [170].

Levels of ACE2 expression in adipose and subcu-
taneous tissue of the large intestine are significantly
higher in women than in men [142]. Another study
found that, the proportion of gastrointestinal symp-
toms in female patients was significantly higher than
in male patients. Clinical manifestations such as sore
throat, dizziness, and fatigue were also more com-
mon in patients with gastrointestinal symptoms [170].

COVID-19 and kidney

Although COVID-19 infection is primarily a res-
piratory disease, other organs, including the kidneys,
are often affected by it [60]. Acute kidney injury (AKI)
is one of the major complications of COVID-19, which
occurs in 0.5—7% of cases and in 2.9—23% of ICU pa-
tients [48, 62]. In a cohort study, 43.9% of hospitalized
patients had proteinuria and 26.7% had hematuria.
The prevalence of high serum creatinine, hyperurice-
mia and estimated glomerular filtration rate below
60 ml/min/1.73 m? were 14.4, 13.1 and 1.13%, respec-
tively. During the study period, AKI occurred in 5.1
patients [23].

Podocytes and proximal direct tubule cells, as
kidney cells, host the virus. According to the find-
ings, the effects of SARS-CoV-2 cytopathy on po-

docytes and proximal direct tubule may cause AKI
in patients with COVID-19. Podocytes and proximal
direct tubule cells play an important role in urine
purification, reabsorption and excretion. It should
be noted that podocytes are particularly vulnerable
to viral and bacterial attacks, and podocyte damage
easily induces heavy proteinuria [64]. As the data
from one study showed, 43.9% of patients infected
with SARS-CoV-2, especially patients with AKI,
had proteinuria [24].

In the case of renal histopathology in COVID-19
patients, in one study, significant ATI and occlusion
of microvascular lumens were observed mainly by red
blood cells with endothelial damage as well as glo-
merular and vascular changes [132]. These findings
suggest that, the COVID-19 infection causes direct
infection of renal parenchyma and possibly second-
ary endothelial damage. Acute tubular injury is asso-
ciated with loss of edging brushes and non-isometric
vacuolation, which may in part be due to the direct
effect of SARS-CoV-2, as demonstrated by ultra-
structural evaluation [133]. A study showed an im-
portant relationship between AKI and respiratory
failure for the following reasons [60]:

First, severe AKI usually occurs during intuba-
tion and mechanical ventilation. Second, the AKI
rate in patients under mechanical ventilation was
89.7%, while in other patients it was 21.7%. Third,
severe AKI (stages 2 and 3) occurred in 65.5% of pa-
tients using mechanical ventilation compared with
6.7% of patients who were not using mechanical ven-
tilation [60].

The most obvious risk factors for the development
of AKI in COVID-19 patients have been the need
for ventilator support or treatment with vasopressor.
Reported risk factors for poor COVID-19 outcomes,
include aging, male gender, and high Body mass in-
dex (BMI) [22, 67, 127, 165, 169].

This virus has also been shown to cause intersti-
tial inflammation, acute tubular necrosis, podocy-
topathy, microangiopathy, and collapsing glomeru-
lopathy [71, 75, 103, 106]. Another study found that
in patients with COVID-19, endothelium in the
kidney, which is responsible for proteinuria, is af-
fected by the disease [117]. In addition, virus parti-
cles are present in renal endothelial cells. The virae-
mia is considered as a possible cause of endothelial
damage in the kidney and a possible cause of AKI.
Also, SARS-CoV-2 can directly infect renal tubu-
lar epithelium and podocytes via ACE2-dependent
pathway, causing mitochondrial dysfunction, acute
tubular necrosis, formation of protein reabsorption
vacuoles, collapsing glomerulopathy, and protein
leaks into Bowman capsules [75, 133].

Another potential mechanism for the development
of AKI is impaired regulation of immune response
to COVID-19 virus [116, 169]. Other factors that may
contribute to AKI include rhabdomyolysis, mac-
rophage activation syndrome, and the development
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of micro-embolism and micro-thrombosis in the con-
text of hypercoagulability and endotheliitis [144, 167].

Although the incidence of chronic kidney disease
is more common in women, the progression of kid-
ney failure and mortality is higher in men [25]. There
is a significant interaction between sex hormones
and ACE?2 expression. Removal of ovaries increased
ACE2 expression in the kidney and adipose tis-
sue of women, and estradiol replacement decreased
ACE2 expression [41]. Also, testosterone appears
to increase ACE2 levels in the kidneys, while estro-
gen decreases ACE2 expression in the kidneys [41,
43]. Compared to men, women showed lower levels
of serum monocytes and creatinine [61].

cular system, liver and kidneys. This sex difference
appears to be attributable to levels of ACE2, a high
expression of which has been reported in males.
Estrogen, and perhaps progesterone, may regulate lo-
calized ACE2 levels, thereby reducing inflammation
and oxidative stress, leading to protection against
the virus. Further studies are needed to investigate
the impact of sex differences on the nervous and gas-
trointestinal systems to better manage COVID-19
treatment.
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COBPEMEHHOE PASBUTUE CXEM
OPAOUKALUWWU HELICOBACTER PYLORI

A.O. ITo3neena', O.K. IToznees!, I1.E. I'yasaes?, 10.B. Baseesa’, A.H. Caunona?

! Kazanckas eocyoapcmeennas meouyunckas akademus — guauar PMAHIIO M3 PD, e. Kazanw, Poccus
2 Kazanckuii eocyoapcmeennbiii meduyunckuil yuugepcumem M3 PT, e. Kazanw, Poccus
I Kazanckuii ([lpusonicckuii) pedepanvhuiii ynueepcumem, e. Kasanw, Poccus

Pestome. Helicobacter pylori — onviH U3 HauboJiee paclpoCTPaHEHHBIX MUKPOOPraHM3MOB-KOMMEHCAIOB Yel0BeKa,
KOJIOHU3Upyomuii 10 60% xureneit Bcex KOHTMHeHTOB. HekoTopbie mtaMMbl H. pylori mpuoGpean BUpPYJIEHTHbIE
CBOICTBA, U UX MPUCYTCTBUE MOXET CYIIECTBEHHO OCJIOXHSThH TeUeHHe aTpohUUECKOro racTpura Tumna B, s3BeH-
HOI 00JIe3HM Xenyaka M 12-TepCTHOM KMIIKHU, a TaKXKe CIIOCOOCTBOBATh Pa3BUTUIO 3JI0KAYECTBEHHBIX 3a00JIeBa-
HUI Xeaynka. B mogoOHbBIX CUTyalusIX TPOBEICHNE 3paTMKAIIMOHHON Tepanuy MPeaCcTaBIsIeTCS TaTOTCHETUISCKI
ompaBIaHHBIM. MeXIyHAapOIHBIE PEKOMEHIAIIMHU TI0 TPOBEACHUIO CTAHAAPTHON TPOMHON 3paIlMKallMOHHOU Te-
paInuu IepBoil TUHUH, BKIIOYAIOIIel MHTHOUTOp mpoToHHOM oMbl (MIIII), aMOKCHIIMIIINH 1 KJIapUTPOMHUILIMH
KypcoMm B 7—10 mHei, 6111 TipeniioxeHbl B 1996 1. Jlo Hauana XXI B. ee aKTUBHO U C BBICOKOM 3(h(HEKTUBHOCTHIO
(o 90%) npuMeHsIIN MOBCEMECTHO, OJHAKO MO3IHEE CTAIM MOSIBJIATHCS COOOIIEHMS O KATACTPOPUIECKOM CHIXE-
HUM PE3YJIBTaTOB MOA0OHOI cxeMbl JieueHU st (10 60%). 3aTeM BBISICHUIIOCH, YTO 3()(HEKTUBHOCTh TPEXKOMITOHEH THOM
(TpOiHOI) Teparmuu MpsIMO KOPPETUPYET C PE3UCTEHTHOCTHIO K KJIAPUTPOMUIIMHY, CYIIECTBEHHO BO3POCIIEi B T10-
CJIeIHUE NECATUIICTHS, YTO BBI3BAJIO HEOOXOMMMOCTh CO3IaHUST HOBBIX CXEM 3IMMUHAIIMU XeITMKOO0aKkTepoB. bolin
MpoaHaJIU3UPOBAHbBI PE3YIbTaThl Pa3IMYHbBIX COBPEMEHHBIX CXeM apaaukaiuu H. pylori, B TOM 4ynciie BapuaHThl MO-
IUGUIIMPOBAHHON TPOMHOM Teparuu, CBI3aHHbIE C BKJIIOUEHMEM B CXeMY HOBBIX MpernapaToB JU0O0 YBeJIUUYECHUEM
MPOIOJIKUTEIBHOCTH 3palMKALlMU: B YACTHOCTH, OBLIO MPENI0KEeHO 3aMEHUTh aMOKCUIIMJIIUH Ha METPOHM1a30.1.
OnHako gajbHel e uccaeIoBaHusI T0Ka3aan, YTO COUeTaHME KIapUTPOMUIIMHA C aMOKCUITMJIIMHOM ITPeaCTaBIsI-
eTcs1 OoJiee MPENIMOYTUTEIBbHBIM, YTO 00YCIOBIEHO BHICOKMM YPOBHEM PE3UCTEHTHOCTU H. pylori K METPOHUIA30TY
BO MHOTHUX CTpaHax. belan mpoaHaan3upoBaHbl MOMBITKY TTapaJUIeIbHOTO IPUMEHEHUSI IPOOMOTUKOB, B YACTHOCTH
KYJABTYp Pa3IWdHBIX BUAOB Lactobacillus. YCTaHOBJIEHO YBeIMYCHME YPOBHS 3paluKallU MIPU MPOBEACHUM CTaH-
JApTHOM TpoitHoi Tepanuu ¢ 61,5 g0 81,6%, a TakxKe JOCTOBEPHOE CHUXKEHME BBIPAXKEHHOCTU MOOOYHBIX d(deK-
ToB. [Toka3aHo, 4YTO MEPCIIEKTUBHBIM TTYTEM MOBBITIIEHU ST 3G (MEKTUBHOCTH 7-THEBHBIX CXEM TepaIy MEePBO TUHUN
C KJIApUTPOMUIIMHOM SIBJISIETCSI TIpUMeHeHUe coBpeMeHHBIX adexkTuBHbIX WUIIIT (HarmpuMmep, 330Merpasona Uiu
pabemnpazosa). PaccMoTpeHa cxema MoauGbUIIMPOBAaHHON TTOC/IEN0BATEIbHON Tepanny ¢ 3aMEeHOI KJIapuTPOMHUIIU-
Ha Ha TETPAIMKJIWH WM JeBO(IOKCALIMH, MMOKa3aBIiash BEICOKYIO0 3¢ deKTuBHOCTD. [IpoaHann3upoBaH BapuaHT
CTaHIAPTHOM TPOIHOU Tepanmuu, MOAUMUIIMPOBAHHBIN B KBaApOTEpaIUIO JOMOJHEHUEM METPOHUIA30/1a NI TU-
Hupaazona. [TokazaHo, 4To cxeMa nocjenoBaTeJbHOI Tepanuu HeadbeKTUBHA 15 IpaiuKaluu MOJUPE3UCTEHTHDIX
mTaMMOB. B uzease neyeHue 6akTepuagbHbIX MHMEKIIUHI T0JKHO 0a3MpoBaThCs Ha POBEACHU Y SHI0CKOITUYECKOTO
3a00pa OMOMTATOB CIM3UCTON XKeIynKa ¢ MOCAENYIOIIMM MUKPOOMOJOTUYECKUM OIpeaeIeHEeM YYBCTBUTEIbHOCTHU
BBIICJICHHBIX U30JIITOB K aHTHOAKTepHaIbHBIM IIperapartam in vitro.

Karouesnie caosa: Helicobacter pylori, spadukayuonnas mepanus Helicobacter pylori, uneubumop npomouHoii nomne,
KAGPUMPOMUUUH, 1€60PA0KCAUUH, MEMPOHUOA30, NPOOUOMUKU.
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CURRENT DEVELOPMENT OF HELICOBACTER PYLORI ERADICATION PROTOCOLS

Pozdeeva A.O.?, Pozdeev O.K.?, Gulyaev P.E.", Valeeva Yu.V.c, Savinova A.N."

¢ Kazan State Medical Academy — Branch Campus of the Russian Medical Academy of Continuous Professional Education, Kazan,
Russian Federation

b Kazan State Medical University, Kazan, Russian Federation

¢ Kazan (Volga Region) Federal University, Kazan, Russian Federation

Abstract. H. pylori is one of the most common commensal microorganisms in the human body, colonizing up to 60% of the
inhabitants of all continents. Some strains of H. pylori have acquired virulent properties and their presence can signifi-
cantly complicate the course of atrophic gastritis of type B, gastric ulcer and duodenal ulcer, as well as malignant diseases
of the stomach. In such situations, eradication therapy seems to be pathogenetically justified. International recommenda-
tions for standard first-line triple eradication therapy, including a proton pump inhibitor (PPI), amoxicillin and clarithro-
mycin in a course of 7—10 days, were proposed in 1996. Until the beginning of the XXI century, it was actively and with
high efficiency (up to 90%) used everywhere, but later reports began to appear about a catastrophic decrease in results (up
to 60%). Then it turned out that the effectiveness of the three-component (triple) therapy directly correlates with the resist-
ance to clarithromycin, which has increased significantly in recent decades, and so necessitated the creation of new H. pylori
elimination schemes. The results of various schemes for H. pylori eradication were analyzed, including variants of modified
triple therapy associated with the inclusion of new drugs or an increase in the duration of eradication. In particular, it was
proposed to replace amoxicillin with metronidazole. However, further studies have shown that the combination of clarithro-
mycin with amoxicillin seems to be preferable, which is due to the high level of H. pylori resistance to metronidazole in many
countries. Attempts to use probiotics in parallel, in particular cultures of various Lactobacillus species, were analyzed, which
increases the level of eradication during standard triple therapy from 61.5 to 81.6%, and also significantly reduces the severity
of side effects. It has been shown that a promising way to increase the effectiveness of 7-day first-line therapy schemes with
clarithromycin is the use of modern effective PPIs (for example, esomeprazole or rabeprazole). The scheme of modified se-
quential therapy with the replacement of clarithromycin with tetracycline or levofloxacin, which has shown high efficiency,
is considered. A variant of standard triple therapy modified into quadrotherapy with the addition of metronidazole or tinida-
zole was analyzed. It has been shown that the sequential therapy scheme is ineffective for eradication of multidrug-resistant
strains. Ideally, the treatment of bacterial infections should be based on endoscopic sampling of gastric mucosa biopsies, fol-
lowed by microbiological determination of the sensitivity of the isolated isolates to antibacterial drugs in vitro.

Key words: Helicobacter pylori, Helicobacter pylori eradication therapy, proton pump inhibitor, clarithromycin, levofloxacin, metronidazole,
probiotics.

BBeneHue BaHUU 3aBUCUT OT XapaKTepa B3aMMOOTHOIIEHU N
mexny H. pylori 1 opraHU3MOM-XO3IUHOM, OOY-
Helicobacter pylori — onuH u3 Hauboyiee pac-  CJIOBJIEHHBIX KaK IMITAMM-CHEIIUDUIHBIM HA0OOPOM

NPOCTPAaHEHHBIX MUKPOOPraHU3MOB-KOMMEHCa-
JIOB YeJIOBEKA, KOJIOHU3UPY oIl 1o 60% xureieit
BCEX KOHTUHEHTOB. B Xome 3BoJIOIIMN B3aMMOOT-
HOIIICHUI C OPraHU3MOM-XO3SIMHOM U1, OUYE€BHUIHO,
moJ1 BO3IeCTBUEM IIpecca aHTUOMOTUYECKUX Cy0-
CTaHIIN U HEKOTOpbIe ITaMMbl H. pylori ipro6penu
BUPYJICHTHBIC CBOMCTBA, Y UX MPUCYTCTBUEC MOXKET
CYIIIECTBEHHO OCJIOXKHSITh T€UCHHUE aTPO(hUICCKO-
ro ractpura Tumna B, a3BeHHOI 0oJie3HU XKeJyaKa
1 12-TIEpCTHOM KUIIKM, a TaKXe CITOCOOCTBOBATh
Pa3BUTHIO 3JI0KAYECTBEHHBIX 3a00JIeBaHU I XKy /I~
ka. [1pu aToMm npubnusurenbHo 70% JIn1l, KOJOHU-
3UpoBaHHBIX H. pylori, Ha IPOTSIKEHUU BCell XKM3-
HU SBJISTIOTCSI OSCCUMIITOMHBIMU OaKTEPUOHOCH-
TEJSIMU, a yKa3aHHBIC 3a00JIeBaHU S PETUCTPUPYIOT
TOJNBbKO y 12—15% wuHOULMPOBAaHHBIX. DTO 00-
CTOSITEJILCTBO CTAJI0O OCHOBAaHMEM [IJIsI MHOTOUMC-
JICHHBIX TUCKYCCHMi1, YTO JajJ0 MOBOM OMNPEACIUTh
H. pylori Kak «<M3MEHYUBBII» ITATOT'CH, CIIOCOOHBIH
B 3aBUCHMOCTHU OT OOCTOSITEIBCTB BECTH Ce0s1 1100
KakK CUMOMOHT, 1100 KaK MaTOTeHHBI MUKPOOpP-
raHusM [56]. B MHOro4mMcaeHHBIX UCCIEAOBAHUIX
MoKa3aHO, YTO CTEIEHb PUCKa pa3sBUTHUS 3aboiie-

¢$aKTOpOB IMAaTOTCHHOCTH MUKPOOpPTaHM3Ma, TakK
M KOMIIJIEKCOM 3(P(hEKTOpOB, MWHAYINPOBAHHBIX
y HocuTessd. B MomoOHBIX cCUTyalMsax MPOBeaecH e
9paJuMKallMOHHOW Tepanuu IIpeacTaBasieTcs Ma-
TOreHEeTHUYEeCKHU oIrpaBmaHHBIM. OTHAKO ABaANATh
JIeT IIPMMEHEHU S CTaHIapTHOM TPOMHOM Tepallnu
IPUBEIN K 3HAYUTEIBHOMY CHUXCHHIO e¢ 3 deK-
TUBHOCTU, YTO BbI3BAJIO HEOOXOAMMOCTb CO3AaHUS
HOBBIX CXEM 2JIMMUWHALIUU XeJIUKOOAKTEPOB.

CrtanpapTHas TporHas Tepanus

MexayHapoaHble peKOMeHAallMy IO TpOoBe-
NEHUIO TPOMHOMN 3paauKAallMOHHON Tepanuu mep-
BOW TMHUU, BKJIIOYAIOLIE UHTUOUTOP MPOTOHHO
nomnbl (MIIIT), aMOKCMUMIAUMH U KJIApPUTPO-
MULUH KypcoM B 7—10 mHei, ObIJIM NPEeaIoKeHbI
B 1996 r. Cxema naja moJOXUTEIbHBIN pe3yabTraT
y 80% maliMeHTOB, YTO ObIJIO ONPEIeICHO KaK HU K-
Hssg rpaHuna ee apdekTuBHOCTH [16]. Jlo Havaa
XXI B. ee aKTUBHO U C BBICOKOW 3(P(PEKTUBHOC-
Thi0 (10 90%) NMpUMEHSIJIM TTOBCEMECTHO, OIHAKO
Mo3aHee CTaJId MOSIBISAITHCS COOOIIEHMUSI O KaTa-
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CTpO(UYECKOM CHUXKEHUU PE3YyJIbTATOB MOAOOHOM
cxeMbl JieueHus (mo 60%). 3aTeM BBISICHUIOCH, YTO
9(hHEKTUBHOCTh TPEXKOMIIOHEHTHOU (TPOiHOIA)
Tepanuu NpsIMO KOPPEJIUPYET C PE3UCTEHTHOCTHIO
K KJapUTPOMUIIMHY, CYIIECTBEHHO BO3POCIIEH
B mocJienHue gecaruiaetus [36, 55, 58, 59, 75, 87].
Tem He MeHee TpoilHas Tepamnus NepBOW JU-
HHUM OCTaeTCs IOMYyJIsIpHOW BO MHOIMX CTpaHax
U C yCIEeXOM IPUMEHSEeTCsI KaK cTapToBasi B apa-
nukauuu H. pylori. Pesynbrarsl 20 ucciaenoBaHu it
¢ npuBaedyeHueM 6osee 10 000 mareHTOB MOKa3bl-
BalOT, YTO MNPU HAJTUYUU YYBCTBUTEIBHOCTH K TIpE-
napaty 3GO@eKTUBHOCTb 2paluKallUU COCTaBISIET
nmoutu 88%, Torma Kak pa3sBUTHE PE3UCTEHTHOCTU
K KJIAapUTPOMUIIMHY TTOHMXaeT ee mo 18,3% [58].
B HacTosiliee Bpemsi cTaHIapTHas TpoliHasl Tepa-
OHsT ocTaeTcsd BIIOHE 3 dekTuBHOM (601ee 90%)
B peruoHax, rie ypoBeHb PE3UCTEHTHOCTU K KJia-
puTpoMulIMHY He mipeBbilaet 10% [17]. OmHako
X POKOE MPUMEHEeHUE KJIAapUTPOMUIIMHA TI0 pa3-
JIMYHBIM MEIUIIMHCKUM TIOKa3aHUSIM TPUBEJIO
K TOMY, YTO B €BPOIICHCKMX CTpaHaX PE3UCTEHT-
HocTh BapeupyeT ot 0,9% B Tomnanmuu mno 51%
B Mcnanuu. B uenom 3a 10 jget (1998—2008 rr.)
YPOBEHb ycTOYMBOCTH B EBporie moBbicuiics ¢ 9
no 17,5% [17, 34], a k 2013 1. B psife cTpaH NPEBbI-
cun kputudeckue 20% [60]. AHanoruvaHast CUTy-
aums ciaoxuaachk B Azuum [7, 38, 47, 73, 93]. B pas-
JIMIHBIX cTpaHax KOkHoit AMEepUKY yCTORYNBOCTH
K KJIapUTPOMUILIMHY mTaMMOB H. pylori BapbupyeTt
Mexay 13,6 u 19,5% [37]. K kony XX B. B P® Ko-
JINYECTBO PE3UCTEHTHBIX ITaMMOB H. pylori yBe-
JINYMIIOCH OoJiee yeM B 2 pa3a u coctaBuiio 17% [1,
2]. B mocnenHue roabl OTMeYaeTCsl HEYKJIOHHBI
pOCT 4YHCJIa PE3UCTEHTHBIX K KJIAPUTPOMUIIM-
Hy mTaMMoB H. pylori. B pa3auuyHBIX pernoHax
CTpaHbl 3TW BEJIWYMHBI CYIIECTBEHHO BapbUpy-
0T, HO MakKCUMaJibHbIE€ MOKa3aTeJaUu 3aperucTpu-
poOBaHbl B LEHTPaJlbHbIX Meramojucax Poccuu.
IIpu 3TOM, TTO MHEHUIO MHOTUX aBTOPOB, KPUTHU-
YecKuii ypoBeHb — 20% pe3MCTEHTHOCTH K KJia-
PUTPOMUILIMHY — elle He IOCTUrHyT [4, 6, 80].
IMageHue 3¢HEeKTUBHOCTU CTaHAAPTHOU TpOWHOM
Tepanuu OKOHYATEJbHO IOATBEPXKIEHO PElICHU-
eMm IV MaacTpuXTCKOro KOHCeHCyca. YCTaHOBJIEH
MOPOT YYBCTBUTEJIBHOCTU K KJIAPUTPOMUIIMHY —
B pervoHax, IJe OHa MmpeBbimaeT uiau paBHa 20%,
MPOBEICHUE CTAHIaPTHOM TPOMHOM Teparunu, CKO-
pee Bcero, oyaet 6e3ycnemrHbIM [53]. boJjiee mupo-
KWUIT MOHUTOPUHT pe3ucteHTHOCTU H. pylori B PO
OrpaHUYMBAET CJIOXHOCTh U CTOUMOCTb METOMOB,
a HEOIHOPONHOCTb YPOBHEW pPE3UCTEHTHOCTU
B PA3JMYHBIX 00JIAaCTSAX HE IO3BOJISIET C IOJHOU
YBEPEHHOCTBIO 3KCTPamoJMpOBaTh JaHHbIE €IU-
HUYHBIX UCCJIEOBAHUI Ha BCe peTUOHBI. [ToaTomy,
HECMOTPSI Ha COXPaHSIOUIYIOCS BO3MOXHOCTh
MPUMEHEHUST CTaHIApTHOH TPEXKOMMIOHEHTHOM
Teparnuu ¢ KJIapUTPOMUIIMHOM, B KaXXKJIOM PErMOHe
HEeoOXoAMMO OlleHUBaTh 3((HEKTUBHOCTD aJbTepP-

HaTUBHBIX CXE€M, HE3aBUCSIINX OT PE3UCTEHTHOC-
™1 H. pylori K MakpoJaaM.

B yactHOCTH, OBLITO MPEATIOKEHO 3aMEHUTh aMOK-
CULIMJUIMH Ha MeTpoHuaa3oa. Beibop mociegHero
ObLJI 00YCJIOBJIEH TEM, UYTO COYETaHE METPOHU1a30-
Jla U KJapuTPOMUIIMHA YXXe M3HayaabHO 00J1afasio
JIOBOJIbHO BBICOKOU 3paJMKallMOHHOU aKTUBHOC-
Thl0. JIOMOTHUTEbHOE BKJIIOUEHUE B JaHHYIO CXe-
my sedyeHusi UITTT noseimano ee 3¢hGheKTUBHOCTD
Ha 20%. OT1o nano ocHoBaHnue Il MaacTpuxrckomy
KOHCEHCYCY BBECTU JaHHYIO CXeMY B Teparulo mnep-
BOW JIUHUM TIpu JgedeHuu H. pylori-undexuuu [55].
OnHako pJajdbHEWlle WCCAeqOBaHUs TOKa3aliu,
YTO COYETAaHUE KJIAPUTPOMUIIMHA C aMOKCHUIIMJI-
JIMHOM TIPEACTaBJISIETCS 0ojiee MPeaAnOYTUTETbHbIM
MO0 CpaBHEHUIO ¢ KOMOWHAaIMEN KJIapuTPOMUIIM-
Ha ¢ METpOHHKAa30J0M. B mepBylo ouepensb 3To 00-
YCJIOBJIEHO BBICOKMM YPOBHEM PE3UCTEHTHOCTU
H. pylori x MeTpoH1 123071y BO MHOTUX CcTpaHax [17,
34, 60]. AnanmornyHasi CUTyallusi MMEET MECTO
u B P®D. o pesynbraTam MccienoBaHuU s, TIPOBEICH-
HOT'O0 POCCUMCKOW rpynmnoit nmo usydyenuto H. pylori,
nocJjie HEeyJauHOro IMpUMEHEHUs Teparuu IepBOu
muHuM y 80% nalieHTOB ObLIY BbIACICHBI IIITAMMBI,
YCTOUUYMBBIE K METPOHMIA30Jy, TIPU 3TOM YPOBHU
PE3UCTEHTHOCTH K MeTpOHM1a30,1y B PD MoryT pa-
NMKaJIbHO BapbMpPOBaTh B Pa3IUYHBIX peruoHax |1,
2]. Kpome TOro, poct pe3uCTEHTHOCTU K METPOHU-
a30J1y HeU30€XXHO MPUBOAUT K Pa3BUTUIO BTOPUY-
HOM 4yBCTBUTEJBLHOCTHU K KJIAPUTPOMULIMHY [9].

s TOBBILIEHUS] PE3yIbTaTOB MPOBOIMMOTO
JIeYeHU sI B Ka4eCTBE aJbTEPHATUBbBI TPOHOI Tepa-
MUY TTPEIJIOKEHbI pa3JIMYHbIC €€ BapUaHTHhI, MOJY-
YUBIIME Ha3BaHUE MOAUGDULIMPOBAHHON TPOMHOM
Tepanuu. Haubosnee yacto MoaubuKkaluuu B HUX
CBSI3aHBbI C BKJIIOUEHUEM HOBBIX ITpenapaTtoB Jub0
C yBEJIMWYEHUEM IPOJOJKUTEJIbHOCTU dpaauKa-
uuu [23, 37, 65].

Hawubosnee u3BeCTHBIM BapuaHTOM MoauduU-
LIMPOBAHHOW TPOWHOWM Teparuu SIBJSIIOTCS CXEMBbI
C BKJIIOYeHUeM (TopxuHOI0oHOB. K HacTosmemy
BPEMEHU TOJIyYeHbl MHOTOYMCJIEHHBbIE CBEICHUS
00 3¢ HEeKTUBHOCTU TPOUHOU Tepanuu ¢ 3aMellle-
HUEM KJAapUTPOMUIIMHA Ha JIeBOMIOKCAIlMH B Ka-
YyecTBe Teparuu nepBoi JUHUU. DDHEKTUBHOCTD
spaguKallMM BapbupoBaJia B mpeneiax 72—96%.
BrickazaHo mpeanooxXeHue, YTO MogoOHas cxema
BIIOJIHE MpuUeMJieMa B peruoHax, rae ypoBHU pe-
3UCTEHTHOCTU K KJIAPUTPOMUIIMHY TNPEBBIIIAIOT
15—-20%, a yCTOMYUBOCTh K PTOPXUHOJOHAM CO-
crasiser menee 10% [8, 31, 89].

OTnenbHBIM  HallpaBjieHUEeM Moaudukaui
CTaHIapTHOU TPOMHOM Teparu SIBJISIOTCS MOMbIT-
KU YBEJIUUYUTH ee 3¢hHEeKTUBHOCTD 3a CUET Iapal-
JIEJIbHOTO TMPUMEHEHUSI MPOOUOTUKOB. DTa Mpo-
O0JieMa akKTHUBHO OOCyXXOaeTcsl MNeauaTpamMu, Tak
KaK MMEHHO y JIeTeil yallle Bcero HaOaoAaloT IMo-
sIBJIeHWE MOOOUYHBIX 3(dEKTOB 3paagrKallMOHHONU
Tepanuu, BbIPAKEHHOCTb KOTOPBIX CYIIIECTBEHHO

1039



A.O. Mospeea n ap.

MHdekumns n uMmyHuTeT

CHIKaeTcsd Ha (POHEe IIPUMEHEHUs OaKTepUITHBIX
npenaparoB. HaubGoyiee 4yacto B TMOZOOHBIX MC-
CJICMIOBAHMSSIX WCIIONB3YIOT KYJIBTYPHl Pa3IMYHBIX
BunoB Lactobacillus, NAUTENbHO BBIXKMBAIOIINX
B ycJioBUsIX Kucioro pH xenynka. B wacTtHocTtwm,
HOTIOJIHEHUE CTAaHIAPTHOM TPOMHOM Tepanuu
Lactobacillus casei DN-114001 nobirano agpdek-
TUBHOCTb dpaaukauuun H. pylori y nereir no 84,6%
npu 61,3% B rpymnmne, MnojydaBlI€il CTaHOIAPTHOE
nedyenue [78]. B nmpyrom uccieqoBaHuUM ToKasa-
HO, YTO MPHEM JJaKTOOAKTepUii yBEININBAET YPO-
BEHB dpaIvKallud IIPU IIPOBESACHUM CTaHIAPTHOM
TpoiiHOi Tepanuu ¢ 61,5 1o 81,6%, a TakxKe CHU-
»KaeT BBIPAXK€HHOCTh TMOOOYHBIX 3¢ dekToB [20].
B T0 xe Bpemst Goldman C. u coaBt. (2006) npu u3-
YUYeHUHU aabIOBAHTHOI'O NEHMCTBUS KOMMEPUYECKUX
MoryproB, couepxamux Bifidobacterium animalis
u Lactobacillus casei, He BbISIBUAU CYILIECTBEH-
HOTO MX BIUSHUS Ha 3(PEPEKTUBHOCTh TPOIMHON
Tepanuu [33]. AHaJIOTUYHBIE pe3yJabTaThl OBLIIN
MOJIly4eHbl B PaHIOMU3MPOBAHHOM WUCCJIeI0Ba-
HUUW IBOMHBIM CJIEITBIM METOAOM, ITPOBEACHHOM
B [lonpie [79] u PymbiHMM, TIe B KayecTBE MPoOu-
OTHUKa MCHOJb30Banu Saccharomyces boulardii [41].
Hakonen, B uccinegoBaHuu Tolone S. m coaBT.
(2012) manmeHTHbl OMBITHOW T'PYIIbI MapasjielbHO
C IIPOBEIECHUEM CTAHAAPTHOM TPOMHOM Tepanuu
moJayJasii KOMMEPUYECKHIA ITpernapar, CoaepKamuii
L. plantarum, L. reuteri, L. casei subsp. rhamnosus,
L. salivarius, L. acidophilus, L. sporogenes, B. infantis
u B. longum. Ilo pesyibTaTamM HCCIEIOBaHUS HO-
CTOBEPHBIX pa3inuuuii B d3(PEPHEKTUBHOCTU ITPOBO-
IUMOM 3padnKallMOHHON TepalTu MEXIy 00enMU
rpynnamMu He ObL10 ycTaHoBJieHO [80]. Tem He Mme-
Hee MHOXECTBO MCCJeIOBAaHUN CBUACTEIbCTBYIOT
O TOM, 4YTO MOIMOJHEHWE CTaHAAPTHOW Teparuu
NpOOMOTUKAMHM BCE XXe OKa3bIBaeT 0JIaTOIIPUSITHOE
BAMsHUE Ha ee 3(PpPeKTUBHOCTH [4, 5, 6, 49, 61, 94,
95]. BecbMa CyIIECTBEHHBIM YCJIOBUEM SIBJISIETCS
M TO, YTO MOMOJHEHME 3paAuKAIIMOHHOU Teparuu
OpOOMOTUKAMH TOCTOBEPHO CHUXKACT ITOOOYHBIC
MPOSIBJICHUS] TIPOBOIMMOTrO JICUeHUs. MeXaHU3MbI
JNEeACTBUSI IPOOMOTUKOB OCTAIOTCSI MaJIOU3yYEHH bI-
MM, HO Pe3yJIbTAaThl JOMOJHEHUS MU CTaHIapTHOMU
TPOMHON TepallMM OTKPHIBAIOT HOBBIC MEPCIIEKTU-
BBI JJIS1 MCTIOJIb30BAHUSI JAaHHOUW CXeMBbl dpajiuKa-
MU 1 B TaJIbHEUIIEM, YTO, BOpOYEM, TpeOyeT Mpo-
BEICHU S JOTIOJTHUTEIbHBIX UCCICIOBaHUA.
IIpuBenecHHBIC CBEIEHUS MO3BOJSIOT 3aKJIIO-
YUTh, YTO CTAHAAPTHAS TPOHAas Tepamnus IepBoit
JIMHUU, HECMOTPS Ha CHUKeHME 3(PGEKTUBHOCTH,
00YyCJIOBJIEHHOI POCTOM PE3MCTEHTHOCTH K KJIapH-
TPOMUIIMHY ¥ METPOHUIA30JY, OCTAETCsI Teparu-
eli BbIOOpa 1J1s1 epBUYHOM apanukauuu H. pylori.
IlepcneKTUBHBIM IyTeM TOBbIIIEHUS dDGHEKTUB-
HOCTHM 7-THEBHBIX CXeM Tepanuu IEePBOU JUHUU
C KJIAapUTPOMUIIMHOM SIBJISIETCS TIPUMEHEHHE CO-
BpeMeHHBbIX 3ddexkTuBHbIX UTTIT (Hampumep, 330-
MerpasoJia ujiu pabdernpasosia) B OOJbLIUX 103aX

(rmo 40 MT IBaXXJbl B I€HB), O0eCeUYnBAIOIINX YBE-
JuyeHue 3¢ dekTuBHOCTU Ha 8—12% 1O cpaBHe-
Huto ¢ UITIT nepBbix mokoseHuii [53].

VYBenuuyeHue IMTEJIbHOCTU CTaHAAPTHOM TpOii-
Hoi Tepanuu 10 10—14 gHel, corjlacHO pe3yabTaram
MeTaaHaan3a KOHTPOJUPYEMbIX HUCCIEIOBaHUMA, Me-
Hee ornpaBIaHHO, TaK KaK 00ecreuyrBaeT YBEIUYSHUE
3 peKTUBHOCTH JiedyeHUs auinb Ha 3—5% [26, 53].
Pesynbrarhl MccienoBaHuil, MPOBEACHHBIX B pEeru-
OHaX CO CPaBHUTEJIbHO BBICOKOH PE3UCTEHTHOCTHIO
K KJapUTPOMUILIMHY, JOCTATOYHO ITPOTUBOPEYUBHI.
Psan aBTOpOB yKas3bIBaloT, YTO IIPOJOHTHMPOBAHUE
TPOMHOM TEpANIMX MOXET 1aTh XOPOIIUE pe3yJibTa-
TH [10, 22, 25, 43], Torma Kak McclIeOBaHMS, TTPO-
BeneHHble B FOxHoit Kopee u Typuuu, He BbISIBUIA
Cepbe3HBIX MPEUMYIIECTB AaHHOI cTpateruu [13,
84]. B 2013 r. nosgBuJiock coodenue o 100% spanu-
Kanuu H. pylori iocne nipoBeneHUs 14-mHeBHOI Te-
panuu ooabiinmu go3amu MITII u kmaputrpoMunm-
Ha mpoJioHTupoBaHHoOro aeiicteusa (Knanmma) [72].
Ho »tu mccnenoBanmst OBLIM MPOBEACHBI Ha TTAIM-
eHTaX, MTHPUIIMPOBAHHBIX IIITAMMaMU, HE TPOSIB-
JITIONIUMH  PE3UCTCHTHOCTh K KJIApPUTPOMUIIMHY.
Hackonbko addexkTuBHOI OyneT gaHHasI cxeMma
B YCJIOBUSIX BBICOKOM YCTOMYMBOCTH K aHTUOMOTH-
Ky, OCTaeTCsI HEM3BECTHBIM. MOXKHO ToJIararb, 4To
ee pe3yabTaTbl He OYOyT CTOJIb BICYATISIONINMMU,
TaK KaK JIPYyTrHue MaKpOJUILI ITPOJIOHTMPOBAHHO-
ro IefcTBUS (a3UTPOMUIIMH) CITIOCOOCTBYIOT POCTY
pe3ucTteHTHOCTU [60]. A3UTPOMHUIIMH, OYEBUIHO,
KaKk W MOpoyre MaKpOJUAbl MPOJOHTHUPOBAHHOIO
IENCTBUS, B BBICOKMX KOHICHTPALIVSX OJIUTEIb-
HO COXPAHSIETCS B CJAU3UCTON U XETyAOUHOM COKe
Ha MPOTSIXKEHW Y HECKOJIbKUX HEeleb IOCje MpUueMa.
IMocteneHHO coaepkaHe aHTUOMOTUKA CHUXKACTCS
JI0 CyOMHTUONPYIOIINX KOHIIEHTPAIIN, YTO MOXET
Cco3aBaTh MPEATOCBIJIKN IS CeJIeKIIUA YCTOUYU-
BbIX IITaMMOB H. pylori.

Nnes mipuMeHeHUsT (TOPXUHOJIOHOB B MOIU-
GULIMPOBaHHOUW TPOMHONW Tepamuu MepBOW JUHUU
MPEICTaBJISIETCSI PUCKOBAHHOM, TaK KaK 3TO paHO
WJIM MO30HO HEU30exHO MPUBEAET K POCTY YCTOM-
yuBOoCcTU H. pylori K yKazaHHOI IpyIine rpenaparos.

CraHpgapTHaa nocnenoBaTenbHas
(cTyneHyaTas) Tepanus

CranpmaptHas TmocjenoBaTesibHasl (CTymneH4a-
Tas) Tepanus NpeacTaBiasieT coO0il cxeMy KBaapo-
Tepanuu (OAHOBPEMEHHOE MPUMEHEHUE YeThIpex
npernapaTroB) 0e3 npernapatoB BucMmyTa. OHa sIBaS-
eTCs aKTyaJIbHOU [IJ1s CTpaH, rAe IpUMeHeH e mpe-
napaToB BUCMYyTa 3amnpeiieHo. Cxema pa3padoTaHa
B Utanuu B 2000 r. B KauecTBE aJIbT€pPHATUBBI TPOIA-
HOU Tepanmuu Ui MPEONOJIEHUS] PE3UCTEHTHOCTU
K KJIApUTPOMUILIMHY Y TOBBIIIEHUS 3¢ HEKTUBHO-
CTU PpaauKanuvu. JJaHHas cxema BKJIIOYaeT MpU-
meHeHue UITIT u amokcuLIMIIMHA B TIepBbIe 5 AHEel
u UIIII, xknapuTpoMuliiHa U MeTpoHUAa30a (TU-
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HMIa30J1a) B TOCJICIYIOIIME S5 THEe# B 103aX, UCITOJIb-
3yeMbIX B Tepamnuu rnepoii quHum [20, 76]. B cra-
ThSIX, TOCBSINEHHBIX aHaJIU3y JTOCTOMHCTB CTYy-
TIEHYATOM Tepalnu, ITOKa3aHO, YTO IIPEBOCXOACTBO
HaJ CTaHAAapTHOW TPOWHOI Tepanueil 00yCcJI0BIEHO
oosnee 23PPEKTUBHON dDIUMUHALIMEN KJIApUTPOMU-
LMH-YCTOMUYUBBIX 1ITaMMOB. [lpeamnocklakoit st
ee COo3JaHUs CTaJW MCCIeIOBaHUS, ITOKa3aBIINeE,
410 3(HEKTUBHOCTH Tepauy BTOPO JIMHUU TMO-
BBIIIIAETCS, €CJIM B KaUeCTBE CXEMbI MTepBOIl JIMHUU
Ha3Hayvaau 14-gHeBHYIO ABOIHYI0 Tepanuio ¢ UTIII
W aMOKCUIIMJIJINHOM, a B Ka4eCTBE BTOPOIl — CTaH-
MapTHYIO 7-THEBHYIO TPOWHYIO Tepaltnuio ¢ KJiapu-
TpoMHUIIMHOM [76]. MccimemoBaHusl, TTPOBEACHHBIC
no3aHee, TaKXKe MOATBEPANIIN MPEBOCXOICTBO IO-
JIOOHOI cXeMBbl HaJ TpoilHOU Tepanueii [42, 81, 86,
96]. B 2007 r. mpoBeeHO paHIOMU3UPOBAHHOE KOH-
TPOJUPYEMOE CPaBHUTEJIbHOE HCCeIOoBaHUE, IMO-
KazaBlllee HeCOMHEHHOe ITpenMyIiecTBo 10-1HeB-
HOU ITOCJIeIOBATEIbHON CXEeMBI 3paguKalNM KJia-
PUTPOMUIIMH-PE3UCTEHTHBIX  IITAMMOB  Tepea
10-nHeBHOU cTaHAapTHON TpoilHOU Tepanueit (91
u 78% cooTBEeTCTBEHHO) [86]. AHA/IN3 TaHHBIX psiaa
UCCAeOOBaHUM, TpOBeAeHHBIX B MrTanmmu, Ioka-
3aJ1 BBICOKYIO PE3YJIbTATUBHOCTH TOCJIEI0BATEb-
HOI Tepamnuu, npeBblaminyio 90%, B ToM yucie
cpeau TPYII puUcKa MO BO3MOXHOMY OTCYTCTBUIO
a¢ddexTa cTaHIApTHOU TPOMHON Teparmuu, odyc-
JIOBJIEHHOTO YCTOMYMBOCTBHIO K KJIAPUTPOMUIIMHY
1 METPOHM1a30.1y, GDYHKIIMOHAIbHOI NUCTIeTICHUeH,
KypeHueMm, oTcyTcTBueM reHa CagA y BblASICHHBIX
wramMmMoB H. pylori [96]. AHanu3 46 paHIOMU3U-
POBaHHBIX KJIWHUYCCKUX HCIIBITAHUU C IIPUBJIC-
yeHHeM 5666 MallMeHTOB, paHee He MOJydYaBIIUX
9paJuKalLlMOHHYIO Teparulo, rmokas3a 3(pPeKTruB-
HOCTh CTAaHAAPTHOM MOCJIE€OOBAaTEIbHON Tepanuu
vuHbuuupoBanust H. pylori, paBuyio 84,3%. bonee
TOTO, €¢ IPOBeACHUE DIIMMUHUPYeT 72,8% 1ITam-
MOB OaKTepuil, pe3UCTEHTHBIX K KJIapUTPOMUIIU-
Hy [27]. B paHmoMu3uMpoBaHHOM WCCIEIOBAHUU
3(HEKTUBHOCTH CTAHIAPTHON IOCIIeIOBAaTSIILHOMK
Tepanuyu U CTaHAAPTHOW TPOWHOUW Teparuu B OT-
HOILIEHUU KJIAPUTPOMUILIMH-PE3UCTEHTHBIX IITaM-
MOB coctaBusia 89 u 29% cooTrBeTCTBEHHO [86].
Mexaau3MBl 3¢ OEKTUBHOCTU IIOCIIEAOBATCIBHOMN
Tepanvu B dpaauKaluyd KJIAPpUTPOMUIIMH-PE3UC-
TEHTHBIX IITaMMOB H. pylori TpeOyIOT AajbHe1e-
ro wusydyeHus. IIpeanonoKuTeIbHO, MNEePBUYHBIN
IpreM aMOKCHUIMJIJIMHA TOBPEXIAeT KJIETOUHYIO
CTEHKY, UTO TIPEISITCTBYET OpraHM3aluu KaHajoB
st 3¢ dIIoKca KJIapuTpoMUIIMHA, 00ecTiednBaro-
X OBICTPOE BBIBEIEHHE €ro U3 OaKkTepraJIbHOU
kaeTku. Cxema II0CJIeIOBaTeIbHOM Tepaltuu Obla
MpU3HaHA OJHUM U3 Hauboyiee TepCreKTUBHBIX
pexuMoB spanukauuu H. pylori AMepukaHCKOI
KOJUJIETUEN PYKOBOJCTB IIO0 TacTPOIHTEPOJOTUU
(2007) [12], a Takzke 111 MaacTpuXTCKHMM KOHCEHCY-
coM [54] u II Aznarcko-TUXO00KEaHCKUM KOHCEHCY-
coM (2009) [24].

OnHako B MOCJEAHME TOAbl TOSIBUJUCH CBE-
JNICHUsI, CTaBsIIME TIOJ COMHEHUE ITpeuMYyIlecTBa
HocJIenoBaTeIbHOM Tepanuu. B dyacTHOCTU, BHI-
SIBJIEHBl HEJOCTATKW MPENIIeCTBYIOIINX MeTaaHa-
JIU30B, OTCYTCTBME HCCJIEIOBAHUIA, MTPOBEACHHBIX
3a npeaeaamMu Mtaauu, HU3Koe UX Ka4yeCTBO U He-
IOCTAaTOK HMH(MOPMAIlMM OTHOCUTEIBHO JSIUMU-
HalMM Pe3UCTEHTHBIX mTammoB H. pylori [32, 70].
B MHOro1eHTpoBOM MCCAeA0BaHU U, MPOBEICHHOM
B JlaTuHCKOI AMepuKe, MoKa3zaHo, 4To 14-gHeB-
Hasl TpoiiHasi Teparus Obljia 6osiee d3PpdeKTUBHA,
gyeM 10-mHeBHas mociemoBaTeIbHAsI cXema Jede-
Hus [37]. ITo nanHbeiM Choi W.H. u coast. (2008),
CpaBHEHME NBYX CXeM 3paAMKallMU, IMTPOBEASHHOE
B IOxHoit Kopee, mokazano ux 3@GeKTUBHOCTD,
paBHYIO 86 1 77% COOTBETCTBEHHO, YTO HE JOCTU-
rajio rpaHuI1l CTaTUCTUYECKOI JOCTOBEpHOCTH [14].
B aHanoruyHoMm ucCcAeNOBaAaHUM, MPOBEICHHOM
B TaiiBaHe, cpaBHUBaIU 3((PEKTUBHOCTD 14-n1HEB-
HOM TPOMHOM Tepanuu, BKJIIOYAIOIIEe IPUMEHEHUE
UHTUOUTOpPA MPOTOHHOW MOMITBI B OOJIBIINX J03aX,
¢ 10- u 14-gHeBHBIMU KypcaMU TOCJed0BaTeIbHO
Tepanuu. HaumMeHee onTuMaJIbHBIM OKa3aJIOCh Ha-
3HaueHMre 10-gHEeBHOM MOCIe10BaTEIbHOMN TepalnH.
IMpu Hanmuuuu 9% PEe3UCTEHTHOCTU K KJIapUTPOMHU-
HuHy ee apdhekTuBHOCTH He npeBbimana 90% [50].
VYKazaHHOE CTaBUT IO COMHEHHE BO3MOXHOCTH
IpUMEHEHU S TTOCIeA0BaTEeIbHON Tepariui B PEeru-
OHaXx, I7le BBICOKU YPOBHU YCTOMUYUBOCTHU K KJIapu-
TPOMUILIMHY U METPOHUIA30TY.

UccnenoBanus, npoeneHHbie B 2008—2012 rr.
B A3zuu, EBporie u JlatuHcKoit AMepuke, MoaTBep-
JIVJIU IPEUMYIIECTBA MOCeN0BaTeIbHON Tepanuu
nepea CTaHIAPTHOW TPOWHON cxemoil, HO addek-
TUBHOCTb 3paguKallMyi cHu3MiIach Ha 15% (79—
81%) B cpaBHEHUM C pe3yJibTaTaMU, paHee MOy-
yeHHbIMU B Mtanuu. IToxoxue pe3ysbraTbl ObLINU
nosydyeHsl B 2012—2013 r. B riccieqoBaHuUsIX, MPO-
BEIEHHBIX B I'pyMmax B3pOCJbIX M AeTeil [39, 44,
98]. MeTaaHanu3, IPOBEACHHBI aBTOpaMU 1 pa3-
paboTUMKaMM CXEMBI TIOCJIEOOBATEIILHOM Tepa-
Muu, TTIoKas3aja ee MpeuMyllecTBa rnepea 7-AHeBHOU
TPOMHOI CXEMO#, HO 3TU MPEUMYIIECTBaA He ObILIU
CTaTUCTUYECKN JTOCTOBEPHBIMM TNPU CPaBHEHUU
¢ 10-gHeBHOIT TpoitHOM cxemoii. bonee Toro, 1o-
cjienoBaTesibHasI Tepanus He UMejla HUKaKuX Mpe-
UMYILIECTB mepen 14-mHeBHOI TpoMHOI cxemoli
(2013). ITo ceii neHb HET OCHOBAHM 1 paccMaTPUBATh
CXeMY MOCIeA0BaTSILHOM TepaIrri KaK OIITUMAaJIb-
HYIO B IMIPEOJOJIEHUU aHTUOUOTUKOPE3UCTEHTHO-
CTU, U HEylayu MpU €€ MPUMEHEHU U BIOJHE Mpo-
THO3MPYEMBbl B 3pagMKallMU ITOJMPE3UCTEHTHBIX
IITAMMOB, €CJIM MX YPOBEHb IpeBbICUT 5% [35].
B P® uwmeercst HeOONBIION OIBIT MTPUMEHEHMS
nocaenoBarebHoU Tepanuu (CaHkT-IleTepOypr)
¢ 5 deKTUBHOCTBIO 3panuKaluu, paBHoU 96%,
qTO TpedyeT NpPOBEACHMS IMMPOKOMACIITAOHBIX
UCCJIEIOBAHUMN N1 YTOUYHEHUSI €€ PEeruMoHaIbHOU
adbekTuBHOCTH [3].
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IlpoBeneHHBIN aHAIU3 MO3BOJSIET 3aKJIIOUUTD,
YTO CTyINeHYaTas Tepanus He UMeeT OCOObIX Mmpe-
MMYIIECTB Mepea IMTPOJTOHTUPOBAHHBIMU KypCcaM,
IPOBOIMMEBIMU IO TPOMHBIM cXxeMaM. B To ke Bpe-
MsI pe3yJIbTaThl MHOTOYHMCICHHBIX CPABHUTEIBbHBIX
HMCCIeIOBaHUI MoOKa3aJid €e HECOMHEHHOE Ipe-
BOCXOACTBO Mepea YKOPOUYeHHbIMU (7-THEBHBIMU)
KypcamMu TpoOlHOU Tepanuu. MoXHO moJiarathb,
YTO B MPUCYTCTBUU KJIAPUTPOMULMH-PE3UCTEHT-
HBIX IITAMMOB OHa TakKXXe He OyJAeT UMETb OCOOBIX
npeumyliects. Kpome Toro, obpairaer Ha ceds
BHUMAaHNE OTCYTCTBHE MCCICIOBAHUM C BKIIIOYC-
HHEM B CXEMBbI JICUCHUsI METpOHUAa30j1a. AHAINU3
3(p(PEKTUBHOCTU CTYIIEHUYAaTOM Tepanuu TIoKa-
3bIBa€T, UYTO OHa MNPaKTHUYECKM paBHA TaKOBOU
y l4-nHeBHOU TpOWHOI Tepanuu W aHAJOTMYHOU
CXEMBbI C BKJIIOUEHUEM MpernapaToB BUCMYTA.

MoguduumpoBaHHas nocnenosartesibHas
Tepanus

B mociienHue roabl MOSIBUJIMCH MCCIEAOBaAHMS
10 YCIIEITHOW 3aMeHe KJIapUTPOMUIIMHA APYyTUMU
aHTHOaKTepUaJIbHBIMU IIpenapaTaMM B CXeMax I10-
ciaegoBaTesibHO Tepanuu. IlpoBeneHHBI cpaB-
HUTEJbHBbIM aHAJIN3 IIECTU UCCIECINOBAHUMN TOKa-
3a71 3GhHEKTUBHOCTD MOCJEA0BATEIbHON Teparuu
C BKJIIOUCHUWEM TeTpalMKIWMHA. YPOBHU 3paau-
Kanuu BapbrpoBaiiv B ripeaenax 50,0—87,9% [97].
IMpu 3ToM 3amelieHre TPOWHON Tepanuu Ha KBa-
IpoTepannio BO BTOpoOil (a3e S5-THEBHOTO IIMK-
Jla He OKa3bIBaJIO CYIIECTBEHHOI'O BIMSHUS Ha €e
3G (PEKTUBHOCTD, U YPOBEHb 3paJgKalluU COCTAB-
s B cpenHeM 78,5% [11]. B Tpex mccienoBaHU-
AX, TMPOBeNeHHbIX B Typluu, MokasaH GOJbIIWIA
a¢pdekT 14-gHEeBHON TeTpalUKJIUH-coaepxKalei
MOCJeA0BaTEIbHONM CXeMBbI IO CpaBHEHUIO ¢ 14-Tu
JHEeBHOI TpoWHOU Tepanueir (COOTBETCTBEHHO,
77,2 1 63,6%) (66, 85, 91].

AHanu3 o0beIMHEHHDBIX JAaHHBIX 9 McciaenoBa-
HUI MOKa3aj BbICOKYIO 3(p(PEeKTUBHOCTH MOCIEI0-
BaTeJbHONW TEpalMU C 3aMEHOM KJIapUTPOMUILIMHA
Ha JieBodJIOKCAIIMH. YPOBEHb dpaguKaluu Bapbu-
poBaJicg B npeaeiax 65,4—96,8%. [97]. B uccneno-
BaHUU, IPOBEACHHOM B I0XXHBIX pernoHax Mtanumu,
IrIe YCTOMYMBOCTh K KIIAPUTPOMHUIMNHY ITPEBHI-
majia 15%, a pe3uCTEHTHOCTD K JIeBO(MIOKCALIUHY
obuIa HU3koM (< 6%), mokazaHo, 4TO 3(P(HeKTUB-
HOCTBh JieBO(JIOKCallMH-CcoaepXkKallleil MocjaeaoBa-
TEJbHOU Tepanuy 3HAYMTEJIbHO MpeBbIlliaja Ta-
KOBYIO Y TTOCJIEIOBATEJILHOTO METOAa 3paauKaliun
C BKJIIOYEHUEM KJIapUTPOMUIIMHA. YPOBEHb 3pa-
nukanuu npessimain 90% [77]. AHaJIOTUYHEIE pe-
3yABTAThI OBLIM ITOJIYYSHBI U B IPYTUX MCCIEI0OBa-
HUSX, NpoBeneHHbIX B Uranun [21], Ucrtanuu [63]
u Typuuu [69]. YBenudyeHre NPOAOIKUTEIbHOCTH
neBo@dJioKcallMH-coAepxKallleil mocyieqoBaTea1bHOMI
tepanuu ¢ 10 1o 14 gHeit He moBbIIaO ee 3 dek-
TUBHOCTb, HO OHa Obljla Topas3io 0oJjiee pe3ybTa-

TUBHOM, 4eM l4-mHeBHAsI cTaHIApTHAas TPOMHAas
Tepanus (COOTBETCTBEHHO, 86,6 1 45,3%) [71].

B Munuu npoBeneHO CpaBHUTEIbHOE U3YyUeHUE
3¢ OEKTUBHOCTU CXEMHBI ITOCJIeIOBAaTEIBHOM Tepa-
NWH, UCKITIOYAIOIIC TUHUIA30JI, B KOTOPOI Mpu-
MEH SIJTM aMOKCULIMJIJIMH, KJapuTpoMuiuH u UITTT
BO BTOpoOii 5-gHeBHOI (ase. Ee dpdexTnBHOCTH
HE OTIMYAJINCh OT 3¢deKTuBHOCTH 10-THEBHOI
CTaHAApTHOU TPOiHOU Tepanuu u coctaBuiia 73,0
un 72,2% cooTBeTCTBEHHO [88].

B uccnenosanuu, nposeneHHoM B MpaHe, oTMeue-
HasPdekTuBHOCTD 10-THEBHOI MOTUMUIIMPOBAHHOI
nocJieA0BaTeIbHONM  KBaApOTeparnuu, BKJIIOUABIIEH
UIIIl, aMOKCULMJIIWH, BUCMYyTa TpUKaIUs AULIV-
TpaT, METPOHM1a30J1 UM KJIAPUTPOMUIIMH B TIEPBOM
5-nHeBHOIT (pa3e n HazHaueHue UTTI, amokcumiim-
Ha, BUCMYTa 1 (pypa30JiuIoHa B MOCAEAYIOIIE 5 THEN.
DPPHeKTUBHOCTD paguKalu cocraBuiia 78,5% npu
NPUMEHEHUU CXEMBbl, BKJIIOYAIOIIei METPOHUIA30,
n 82% mipu 3amMeHe METPOHMIA30J1a Ha KJIMHIAMU-
nouH. O6e cxeMbl He MMEJIM HUKAKUX ITPEeUMYIICCTB
nepes ¢ craHAapTHOM TpoitHol 10-m1HeBHOI Tepanuei
(81,1%) [74].

ConyTcTByloLLas Tepanus

CxeMbl COIYTCTBYIOILIE Tepanuu pa3pabdbo-
TaHbl B 1998 1. m1s1 moBeIeHUs 3G HEKTUBHOCTH
spaauKalMOHHOW Tepanuu Ha (oHEe pocTa pe-
3UCTEHTHOCTU K KJapuTpoMuuuHy [67, 83]. Oun
MpeacTaBIsIOT COO0OM CTaHIAPTHYIO TPOMHYIO Te-
parnuo, MOINGUIIMPOBAHHYIO B KBaApOTeparunio
JIOTIOJTHEHUEM CXeMBbI METPOHMIa30I0M WJI TUHU-
naszosioM (rmo 500 Mr 2 pa3a B aeHb). CTaHgapTHas
cxema BkJtovaet UTII, ktapuTpoMULIMH, aMOKCH-
OWJIJIWH ¥ METPOHUIA30JI, IPUMEHSIEMbIe Ha BCEM
OpOTSKeHUM JiedeHUsl. HecMoTps Ha KpaTKuit
Kypc npumeHeHus (5—7 mHei), JaHHasi Tepamnus
obecreuynBaeT BBICOKMU YPOBEHb 3paauKaluu
(90%). Tlocne mpeGbIBaHWS B HEKOTOPOM «3a0-
BEHUN» OHa Obllla «pecTaBpupoBaHa» B 2010 T.
KaK aJibTepHaTUBa CTaHAAPTHOW TPOWHOU M TIO-
ciaenoBaTesbHO cxemaM [17]. 3aTeM ObIIO MpoO-
BeIeHO OoJsiee mecsTKa MCCICHOBAaHUI MO OILICHKE
ee apdpekTuBHOCTH B JlatTmHCKOT Amepuke [37],
Asuu [43, 48, 49, 51, 85, 93, 96] u Epore [3, 18,
29, 30, 57, 62, 64]. B 3aBUCMMOCTH OT IJIUTEIb-
HOCTU MPOBOAMMOIoO JiedyeHUs 3(PPEeKTUBHOCTH
COITYTCTBYIOIINX CXEM BapbHpoOBalia B IIpeAeiax
85—94%. Tem He MeHee oTMeuasaach U OoJiee HU3-
Kasi 2MGEeKTUBHOCTh COMYTCTBYIOIIEH Tepamnuu
mocje NpoBeAeHMST S-AHEBHBIX KYPCOB dpaauKa-
uuu B JlaruHckoit Amepuke (73,5%) [37] u FOxHoii
Kopee (80,7%) [45], a TakXe B ABYX MCCJIEAOBAHU-
sax B Typuuu u KOxnoit Kopee, roe spaaukaiuio
NPpOBOAUIIM B TeueHUe nByX Heaeb (75 n 80,8% co-
oTBeTCTBeHHO) [45, 82]. [To mHeHunio Graham D.Y.
u coasT. (2014), Ha 3ddekTuBHOCTL 14-THEBHON
COMYTCTBYIOIIE Tepanuu He TOBJIMSIET HaJIudue
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KJIapUTPOMUIIMH- M METPOHUIA30JI-PE3UCTCHT-
HBIX LITaMMOB H. pylori, omHaKo uccjenoBaTeJIu
BBICKAa3aJM TPEANOJIOKEHNE, YTO OHA OyJeT CHU-
XKaTbCs, €CIAN CPeAV HUPKYIUPYIOMINX IITAMMOB
YUCJIO MPOSBISIONINX IBOWHYIO YCTOWYWBOCTH
B OTHOIIIEHUU KJIAPUTPOMUIIMHA U METPOHMAA30-
J1a ipeBbICUT 15%. [ToaTOMY OHM HEe peKOMEHI0Ba-
JIA TIPUMEHSITh JaHHYI0 CXeMY BpaIuKaluu B peri-
OHaXx, I7le yCTOMYMBOCTh K METPOHM 12301y MTPEBbI-
maet 60% (Kurait, Uaous, Upan, LlenTpanbHas
n OxxHasa AMepuka), a TakxXe y JUll, UHOUITUPO-
BaHHBIX IIITAMMAaMH, IIPOSBISIOIMINMHA IBONHYIO
PE3UCTECHTHOCTH K KJIIAPUTPOMUIIMHY U MECTPOHU-
naszogy [35]. [TomoOGHbBIE ITAMMBbI ObIIW BbISIBJASHBI
B JlatuHckoit Amepuke [37], FOxnoit Kopee [45,
48] n Typuuu [82]. OnHako ipuMeHeHue 14-gHEeB-
HOI COMYTCTBYIOIIEH Tepanuu OyAeT olpaBIaHHO
B IOxHoi1 EBporne u HEKOTOPBIX a3UaTCKUX CTpa-
Hax, Iie yCTOMYMBOCTD K KJIAPUTPOMUIIMHY Bapbu-
pyet B ripeaeiaax 9—40%, HO pe3UCTEHTHOCTDb K Me-
TPOHUAA30JIy OCTAeTCsl Ha CpelHEM YpOBHe (MeHee
30—40%). CxeMbl COIYTCTBYIOILICH Teparnuyu OCO-
OE€HHO aKTyaJbHBbI IJISI CTPaH, Iae 3alpelieHo Npu-
MEHEHHEe TperapaToB BUcMyTa. D(PEHEKTUBHOCTH
npuMeHeHUs1 10-THEeBHOI cxeMbl aHaJIOTUIHA (-
dexTuBHOCTU 10-THEBHOI TOCEeIOBaTEIbHON Te-
paruu (93,1 u 93,0% cootBercTBeHHO) [90], omHa-
KO ee MpuMeHeHue 0ojiee yIoOHO, YeM ITIPOBeACHNE
MOCJIeIOBAaTEeJIbHOU Teparnuu, TpeOyIoieil 3aMeHbI
mpernapaToB BO BTOpoii ¢ase jedyeHus. Ipyrum ee
JIOCTOMHCTBOM S$IBJISICTCSl BKJIIOUEHUE METPOHU A~
30JIa B CTAHAAPTHYIO CXEMY, YTO JeJaeT BO3MOXK-
HBIM e€¢ IpMMEHEeHEe B peTMoHax, Iie IocIenoBa-
TeJibHas Tepanus He Obu1a 2D GhEeKTUBHOM.

Ipu cpaBHeHUU 3D (HEKTUBHOCTU MPUMEHEHU S
COITyTCTBYIOIIIEH KBaApoTepaliud W CTaHAapT-
HOU TPOMHOW Teparnuu Ha MEPBOM ITAIle JICYCHUS
OBLJIO YCTAHOBJIEHO, YTO KYPC S-THEBHOI Teparuu
oOycnoBnuBal spagukauuio H. pylori y 90% mna-
LOUEeHTOB, a 3(PPEeKTUBHOCTh OOEUX CXEM COCTa-
BUJIa, COOTBEeTCTBeHHO, 91,4 1 86,1%, HO 3Ta pas-
HHlla He OblJla CTaTUCTUYECKU AOCTOBEpHOM [45].
Georgopoulos S. U coaBT. usyyuau 3¢pPeKTuB-
HocTh 10-mHeBHOI KBajapoTrepanuu B [peuun,
IIe YPOBHU PE3UCTEHTHOCTU K KJIAPUTPOMMIIN-
HY U METPOHMIA30Jly COCTABJISIOT B CpeaHEeM 25
n 40%. IMoka3aHo, 4yTo oHa coctaBmiia 90,2%, Torma
KaK pe3yJbTaThbl IIPOBEICHUS CTAHIAPTHON TpPOI-
HOI Tepanuu cooTBeTcTBOBaNM 73,8% [28, 29].

DPHEeKTUBHOCTh MOCIAEAOBATEILHON Tepanuu
y TallUeHTOB, WH(MUIIMPOBAHHBIX IIOJUPE3NC-
TEHTHBIMU InTaMMaMu H. pylori (IpOSIBISIOIIN-
MU YCTOMYMBOCTHL K HE MeEHee YeM IBYM aHTH-
OakTepHuaJibHBIM IIperapaTtam), cocrtaBuia 33,3%,
P OTCYTCTBUU TIOJMPE3UCTEHTHOCTU — 95,1%.
B aHamoOrnyHbBIX YCIOBHUSX PE3yJIbTaTUBHOCTH CO-
MyTCTBYIOLICH Tepanuu coctaBuia 75 u 92,4% co-
oTBeTCcTBeHHO [45]. OmHako 3TU WCCAEIOBAHUS
ITPOBOJMJIN B PETMOHAX C HU3KOM PE3UCTEHTHOCTHIO

K KJApUTPOMUIIMHY, TAEe CTaHAapTHasT TpoOiHas
Tepanusl MPOJOJIKaeT ocTaBaThbcs 3P (MEKTUBHOI.
B Ncnanumu, roe yCTOMYMBOCTh K KJIAPUTPOMUIIH-
HY BecbMa BBICOKA, MpoBeAeHue l0-mHEBHOI co-
myTCTBYIOIIE Tepanuu obycioBauBaio 100% spa-
NUKALAIO0 KJIAPUTPOMULIMH-PE3UCTEHTHBIX U 75%
HOJIMPE3UCTSHTHIX ITaMMOB H. pylori. Ilpu 3TOM
3G (PEeKTUBHOCTh ITOCJICOOBATCIIBHONM Tepaluu
B OTHOIICHWM aHAJOTMYHBIX M30JISITOB COCTaBU-
na 75 u 60% coorBercTBeHHO [62]. B UTanuu us-
ydyeHa cpaBHUTenbHast 3(GOEKTUBHOCTh MATU-
JTHEBHOM COITyTCTBYIOIICH KBaIpOTEePAINU C JIEBO-
daokcaumHoM u 10-gHEeBHOI ToC/enoBaTeabHON
Tepanuu ¢ JeBOQJOKCALLMHOM Y NalMWeHTOB, pa-
Hee He ToABepraBIIMXCs 3pagukauuu H. pylori.
YcTaHOBJICEHO, YTO IIPUMEHEHHE O0EUX CXeM ITpU-
BEJIO K OAMHAKOBBIM pe3yJiibrataM (92,2 u 93,3% co-
OTBETCTBEHHO), HO IIPOBEIeH1E S-AHEBHOI KBaApO-
Teparnuy COIPSIKEHO ¢ MEHBIIMMU (DUHAHCOBBIMU
3aTparamu [21].

Cxema CONyTCTBYIOIIEH KBaApOTEePaIINH C BUC-
MyToM (OMeNnpa3oJjl, BUCMYyTa CyOLIUTpaT, METPO-
HUJA30J] U TeTPalluKJINH) BKJIouyeHa B «PekomeH-
pauuun II Azmarcko-THX0OKEaHCKOTO KOHCEHCY-
ca» [24] n poknan IV MaacTpuXTCKOro KOHCEH-
cyca [53] B kauecTBe aJbTepHATUBbI CTaHAAPTHON
TPOMHON CXeM€ B peTMOHAX C HU3KMM YPOBHEM pe-
3UCTEHTHOCTH K KJIapUTPOMUIIMHY, a TAKKe B Ka-
YeCTBE TEpPANUU MEPBOU JIMHUU C BBICOKOW yCTOW-
YUBOCThIO K aHTUOMOTHUKY. DTa cxeMa OCOOEHHO
3¢ ¢eKTUBHA B peruoHax, Irjie YyCTOMYMBOCTD K €€
KOMITIOHCHTAM HaXOAMTCSI Ha HU3KOM YpOBHE,
WCKIJTI0Yasi METPOHUIA30JI, HO PE3UCTCHTHOCTH
K HEMY MOXKET OBITh IPEOIOJICHA YBEJITMUCHUEM JI0-
3UPOBOK U AJIUTEeIbHOCTU NeueHus [23]. B uccne-
NIOBAHWH, TIPOBENEHHOM B Typlinu, a Tak>Xe MeX-
IYHAPOOIHOM MHOTOIICHTPOBOM HCCJICIOBAHUU
MOKa3aHo, YTO YBEeJIMYCHNE MPOAOIKMUTESIBHOCTHA
neyenus no 10 mHeit oOycnoBauBaeT 3 (HeKTUB-
HoCTb 6oJiee 90% [68, 85].

HemaBHo pa3paboTaHa cxemMa KBaIpOoTepanuu
C BUCMYTOM «3 B I» ¢ MCHoJib30BaHUEM KaricyJ,
colepxXaliux BUCMyTa CyOLIMTpaT, METPOHUIA-
30JI U TETPALlMKJIWH, YTO CYIIIECTBEHHO O0JieryaeT
npueM JeKapCcTB mamueHTaMu. JlokaszaHHas 3@-
(EeKTUBHOCTh MOAOOHON KOMOMHALIMU BapbUpPYyET
B npenenax 80—94% [52].

B 1O Xe BpeMs MeTaaHanIu3 cpaBHEHUS 3¢-
dekTuBHOCTH 10-THEBHOM BHCMYT-COMIEpPKAIICH
KBaJpoTepaluy M CTaHIAPTHOW Tepaltuyd B Kade-
CTBE MEpBOI JIMHUU dpaluKalluu, MPOBEACHHbINI
B 2010 1., BBISIBHUJI MX JOCTaTOYHO HU3KYIO PE3yib-
tatuBHOCTb (78,3 m 77% coorBercTBeHHO) [51].
ITo3xe pe3yabpraThl MEXKIYHAapPOOHOTO MHOTO-
LIEHTPOBOrO MCCJIENOBaHUS TI0 CpaBHEHUIO 3d-
(EKTUBHOCTU aHAJOTMYHON CXeMbl U 7-THEBHO
CTaHOAPTHOM TPOMHOM Tepanmuuy II0Ka3ajlu, 4TO
oHa obGecrnieunBaeT 94% spaaMKaluio, TOrma Kak
TpoitHasg Tepanus — auinb 70% [52]. TToaToMy orr-
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TUMaJIbHbIE PEXUMBI BUCMYT-COIepXalllei KBal-
poTepanuy OCTAaITCs 10 KOHIIA HE BBISICHEHHBIMU,
U B KJIMHUYECKOW MpaKTUKe HanboJiee 4acTo MpH-
MmeHs 10T 10—14-mHeBHBIE KypCHI [12].

mbpungHasa Tepanus

B 2011 r. mostBUIIO0CH COOOIIIEHME O TPUMEHEHU U
HOBOI'o MeToja apaaukauuu H. pylori, moay4uB-
1Iero HaszBaHuUe rubpugHoi Tepanuu. OH Tpen-
CTaBJIIET €000l KOMOMHAILIMIO IIOCJIEIOBATEIb-
HOM M COMyTCTBYIOMICH cxeM. JledueHrMe HAUMHAIOT
¢ npuMeHeHus1 komOouHauuu WUIITT u amokcuuui-
JIMHA B TeYeHUe 7 AHEeH ¢ mociaeayloeil 3aMeHoMn
Ha COMmyTCTByMoInylo kBanporepanum (MIIII,
aMOKCHUIIMJIJINH, KJIapUTPOMULIMH M METPOHUIA-
30J1) aHAJIOTUYHON mpoaoJiKuTelbHocTU. HoBas
cxema yBeJuuyuBaJa AJUTeIbHOCTh IpUueMa aMOK-
CULIMJUIMHA 10 14 nHeit, a TaKKe JOIOJHUTEb-
HO BKJIIOUaJia IIPUEM TpeX aHTHOaKTepHUaJIbHBIX
npernapaTtoB BO BTOpol (daze jJeueHus B TeUeHUE
7 nHE.

WccnenoBaHusi, TNpOBEAEHHBIE C Y4YacTHUEM
117 maumeHTOB, TTOKa3aJM BBICOKYIO 3P (PEeKTUB-
HOCTh TaHHOTO MeToa, 6,1n3Ky1o K 100%. BaxkxHbIM
JIOCTOMHCTBOM 3TOW KOMOWHAIIUU SIBISIETCS BO3-
MOXHOCTb HOOCTUXEHMS 3paduKalldyd IITaMMOB
H. pylori, pe3UCTEHTHBIX K KJTAPUTPOMULIMHY U M€ -
TPOHUIA30JY, a IMIPOMJICHNE Kypca MprueMa aMoOK-
cuuuaarHa 3(Q¢GEeKTUBHO 3JMMUHUpPYET OakTe-
pUU, TIPOSIBIISIOLINE MMOIUPEIUCTEHTHOCTb K 000-
um nipenaparaMm [37]. TlozagHee Molina-Infante J.
n coanT. (2013) mpoBenu paHIOMU3UPOBAHHOE
HWCCIEOBAHUE IO CpaBHEHUIO 2MGHEKTUBHOCTU
rMOpPUIHON 1 CONMYyTCTBYOIIEH cxeM y 343 malueH-
ToB. Mccnenyemble rpyIinbl ObIIA ¢(pOPMUPOBAHBI
B Utanmuu u Victtanuu n3 Xuteieil peruoHOB C BHI-
COKHMM YPOBHEM YCTOMYMBOCTHU K KJIAPUTOMUIIUHY
U METPOHM1a30J1y, paHee He MOoJydYyaBIIUX dpaau-
KallMoHHO# Tepanuu. [laniMeHTsl mepBOii TPyMIIIbI
HOoJIyJaJId OMeTIpa30j M aMOKCUIIMJUIUH (KypCcoM
B 14 nHelt) ¢ BKJIIOYEHUEM KJIapUTPOMUIIMHA U Me-
TPOHUAA30Ja B TeYEHUE MOCAeAHUX 7 THEel Jieye-
Hus. Bo BTopoii rpyrine npoBoauan OMHOBPEMEH-
HBIA TIPUEM BCE YETHIPEX IIpernapaTroB B TEUCHUE
IBYX Henesb. DOEeKTUBHOCTh 00EUX CXEM COCTa-
Busia 92 u 96,1%, 4TO yKa3bIBaeT Ha MEPCIEKTUB-
HOCTh NPUMEHEHHUsI TMOPUIHON KBaapoTeparuu
0e3 BUCMYyTa U COITYTCTBYIOIIEI Tepallui B peruo-
HaX C BBICOKUMHU YPOBHSIMHU YCTOMUYMBOCTH K KJIa-
PUTPOMUILIMHY U METPOHUAa301y [64].

3akJiioyeHme

B uneane neyeHue 6akTepuaabHbBIX UHGMEKIIU
JOJIXKHO 0a31MpoBaThCsl Ha MepBOHAYaJIbLHOM OIpe-
JNEeJIECHUM 4YYBCTBUTEJIBHOCTU KYJIBTYpPbl BO30YOoM-
TeJisl K aHTUOakTepuaabHbIM MpenapaTtaM in vitro.
Hepenko mogoOHBIN moaXod OKa3bIBaeTCS HEBO3-

MOXKEH B OTHOllleHUuU H. pylori, TOCKOJIbKY BbIaEJIE -
Hue 0aKkTepuii TpedyeT mMpoBeaeHUus1 hpudporacTpo-
JIYOJEHOCKOMUU, a 3Ta WHBAa3WBHAs TIpolienypa
He TIoKa3aHa TallueHTaM C JUCIIETICUSIMU MOJIOXe
45 neT Tpu OTCYTCTBUUM COOTBETCTBYIOIINX CUMII-
TOMOB. B pyrux ciayuasix, HanpuMep rnpu Heyradyax
Tepanuu MepBOU JIMHUM, BCE XK€ CIEAYeT MPOBO-
JIIUTh DHIOCKOMMNYECKUI 3a00p OMONTATOB CIAU3U-
CTOM XeJyaKa ¢ TIOCIeAYI0IIUM MUKPOOHUOIOTHYE -
CKUM OTIpeeJIEHUEM Uy BCTBUTEIbHOCTHU BbIACTIEH-
HBIX U30J51TOB. [Ipy HEBO3MOXKHOCTU BBIJIEJICHU S
Kyneryp H. pylori BbI0OpD 3(DGEKTUBHON CXEMBI
spaauKanu MOXHO TPOBOAUTH BMIHUPUYECKH,
OPUEHTHUPYSICh Ha pPEruoHaJbHblE OCOOEHHOCTH
ycToiiumBoCTHU 1ITaMMOB H. pylori. K coxalieHu10,
B P® momoOHbIe MCClIeNOBaHUST HOCST STU30AU-
YecKUi XapakKTep W He NAloT ILEeJIbHOM KapTUHBI
no pernoHaM. OTHaKO NpU Heyaadyax spaguKaluu
C MPUMEHEHUEM CXEeM BTOPOW JIMHUU OT dMIUPU-
YECKOT0 Ha3HAYEHMU sl TOCJIeNYIOIIETro JeUSHU I Clie-
JIyeT OTKa3aThCs 0 MOTYUYEHU ST pe3yJIbTaTOB OTIpe-
JNIEJIEHU S YYBCTBUTEJIbHOCTU iR Vitro.

OTHOCUTENILHO MPOOJIEMBI YCTOMUYMBOCTH K KJla-
PUTPOMUIIMHY W TIOCJIEIYIOIIETO SMITUPUUECKOTO
BBIOOpaA CXEMbI 3pajuKaluyd HaJIo TMOMHUTH, UTO
€CJIM B PETMOHE YCTOMUYMBOCTb K HEMY HaXOIMTCS
B nipenesnax 7—10%, To TpoiiHast Tepamusi ¢ BKJIIO-
YeHNEeM KJIapUTpOMUIIMHA OymeT MeHee 3¢ dex-
TuBHOU. EcCam pocT pe3ncTeHTHOCTU K Kiapu-
TpoMULIMHY pocturaer 15—20%, TO cXeMbl IIO-
CJIENOBATEJIbHOM 1 COIIYTCTBYIOIIEH 3paauKaluu,
BKJIIOUAIOIIUE KJIAPUTPOMUIIMH, TaKXe OynyT
Mano3pHEeKTUBHBIMU. AHAJIOTUYHAsI CUTyallus
BecbMa BeposiTHA U nipu 40% yCTOMYMBOCTU K Me-
TPOHWAA30J1y, MOCKOJbKY POCT PE3UCTEHTHOCTHU
K o0ouM rpenaparamM oObIYHO B3aMOCBSI3aH.

AJBTEpHATUBOW COMYTCTBYIOIIEH TEparuu siB-
JIsieTcss rubpuaHas cxema, s¢dekTuBHas y 90%
MaleHTOB, WHQMUIMPOBAHHBIX IITaAMMaMU
H. pylori, NpOSIBISIIOIIMMU BBICOKYIO PE3UCTEHT-
HOCTh K KIJIAPUTPOMUIIMHY YW METPOHUIA30IY.
IMepcrieKTUBHBIM  TIPEACTABIISIETCS TPOBEICHUE
KBaJapoTepanuu, BKIIOYAIOIIE BUCMYT, C MpPO-
JIOHTMpPOBaHUEM Kypca A0 14 nHeit ajst peonose-
HUS YCTOMYUBOCTU K METPOHUIA30ITY.

Taxkxke ciienyeT MMETh B BUIY, YTO MAIlMEHT
JIOJI>)KEH TPUHUMATh MHOTO TpErnapaTtoB U €ro ro-
TOBHOCTbH CJIe[JOBAaTh MPEANUCAHUSIM Bpaya uUrpa-
€T BaXXHYIO POJIb B TIPOBEACHUU JieueHUs. B aTom
MJjaHe WHTepec TIPencTaBisieT S-ITHEeBHas cXxemMa
COMYTCTBYIOIIEH Tepanmuu C BKJIIOYEHUEM JIeBO-
dokcamHa [22], HO ee claeayeT ¢ OCTOPOXHOCTBIO
WCIIOJIb30BaTh B KAUeCTBE TEpATMU TEePBO JTUHUU
B pErmoHax C BBICOKOW YacTOTOUW OOHapyXKeHUS
mrtaMMoB H. pylori, pe3ucTeHTHBIX K (DTOPXUHOJIO-
HaM. Kpome Toro, ata cxema MOXET ObITh HETTJIOXOI
aJIbTEpHATUBOM B KayeCTBE «Tepallhy CIIACCHUSI»,
TMPOBOAMMOM MMaliueHTaM, MHGUIIMPOBAHHBIM Uy B-
CTBUTEJbHBIMU K (PTOPXUHOJIOHAM IITaMMaMHu [98].
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'@I'BOY BO Mopoosckuit eocyoapcmeennniii ynueepcumem um. H.I1. Ocapesa, 2. Capanck, Poccus
2®OIAOY BO Poccuiickuil HayuoHanbhbli uccaedosamenvckui meouyunckuil ynueepcumem umenu H.U. [Tupozosa
Munszdpasa Poccuu, Mockea, Poccus

Pestome. Paccesnnriii ckiepo3 (PC) B HacTosiIee BpeMsI IBISETCS aKTyaJlbHOI MEIUKO-COIIMATbHOM TPOOIeMOIA.
DT0 00YCIIOBIEHO BEICOKOI pacIIpOCTPaHEHHOCTBIO TAHHO MAaTOJIOT MUY CPEeaN HEBPOJIOTUUECKUX 3a00IeBaHMI C ITpe-
MMYIIECTBEHHBIM ITOpakKeHUEM JIMII MOJIOIOT0 BO3pacTa M IOCe Iy IOIIe CTPeMUTEIbHOM MHBa TN AU3aeil. JlaHHOe
3a00JIeBaHUE BCE €IIIe OCTACTCS 3araIKOi MeIUIINHEI BBUAY CBOCI HEOMHO3HAUYHOM STHOJIOT MU, IIOJTUMOpPGhU3Ma KIT1-
HUYECKUX MPOSBJACHUN U HecTabubHOro TeueHusl. HecMoTpsl Ha 3HaYMTENbHOE Pa3BUTUE COBPEMEHHBIX UHCTPY-
MEHTAJIbHBIX METOAOB JUATHOCTUKH, TSI PACCESIHHOTO CKJIEPO3a 10 CUX MOP HE ObIJIY BBISIBJIEHBI TATOTHOMOHUYHbBIE
MPU3HAKHU, TO3BOJISIONINE C BEICOKOI TOUHOCTBIO NMAarHOCTUPOBATh 3a00JeBaHUe Ha paHHUX dTanax. B HacTosmui
MOMEHT C YBEPEHHOCTbIO MOXHO CKa3aTh JIULIb 0 TOM, 4YTo PC siByisieTcst HeliponereHepaTUBHBIM 3a001eBaHUEM, CO-
MPOBOXJAIOIIMMCS AeMUEIUHU3ALMe U THOeblo HEPBHBIX KJIeTOK. CIOXHBIE M pa3HOOOpa3HbIe MaTOreHeTUYeC-
KM€ MeXaHU3MbI ITO3BOJISIOT MPEATIOI0KUTh MYJIbTU(DAKTOPUATbHBIM XapaKTep 3a00eBaHMsI, KOTOPOE pa3BUBACTCS
MpU COYETAHUM BHEIIHUX (haKTOPOB M HACJCACTBEHHON MpPEApPacloNoXEeHHOCTH, 00yCIOBIMBAIOICH HapyIIeHUE
UMMYHHOI ToJiepaHTHOCTU. Hambosnee 00OCHOBaHHOI SBNsSIETCA MOJMUTEHHAs Teopus Bo3HUKHoBeHus PC, mon-
paszyMmeBarolias, 4To reHoTuIl 001bHBIX PC cOCTOUT M3 MHOXECTBA T€HOB, KaX bl M3 KOTOPBIX BHOCUT CBOIO JICTITY
B pa3BuTHe 3a0o0seBaHus. briio BeIsiBIeHO 6onee 100 reHoB, acconmupoBaHHEBIX ¢ PC, cpenn KoTophIX 0c000e MeCcTo
sannMaeT HLA-cuctema (human leukocyte antigen), KOHTpOJIUpYOIAs B3aMMOAEHCTBIC NMMYHOKOMIIETEHTHBIX
KJICTOK ¥ OCYIIECTBIISIONIAst UMMYHHBIM oTBeT. KpoMe 3Toro, MaeHTH(UIIMPOBAHEI HOBBIC TeHBI-KAHANIATHI, CIIO-
cobctBytomue pa3sututo PC: rensl petentopos uHtepierikuna-2 u -7 (IL-2R, IL-7R), knactepos nuddepeHiinpon-
k1 6 (CD6) u 58 (CD58), dakrtopa Hekposa onyxonu o (TNFo), perynsropHoro dakropa untepdepona 8 (IRFS),
uHTepaeiikuHa-12A (IL-12A) u apyrue. OgHako 11 peaaru3aly reHeTUYeCKON MpeapacnoloXeHHOCTH HEO0X0nu-
MO BO3JIEHCTBME BHEIIHUX TPUITEPHBIX (DaKTOPOB. AKTUBALUS NEMUETMHUZUPYIOIIEro Mpoliecca J0BOJbHO YacTo
WHULMUPYETCS Pa3IMYHBIMUA MHGEKIIMOHHBIMM areHTaMM, CPelu KOTOPBIX HauboJjee N3yYeHbl BUPYChl DIIITE-
Ha—bapp, [xxona KanHuHrema, octporo sHiedaioMuennTa, yeloBeyeckKue 3HJOreHHbIe peTpoBUpYychl. Ocobyio
pOJIb B Pa3BUTUM HeHpoJaereHepaTUBHBIX HAPYLICHWI UTpaeT U3MEHEHNEe MUKPOOMOTHI KUIIEYHUKA 3aCYeT TaKUX
MMKpPOOpPraHu3MoB, kak Candida albicans, Staphylococcus aureus, Acinetobacter calcoaceticus, Bacteroides, Proteobacteria
u Firmicutes. JaHHbBII 1ucOalaHC 0Ka3bIBaeT 3HAYMTEbHOE BIUSIHNME Ha PYHKIIMOHUPOBAHNE UMMYHHOI 1 HEPBHOM
CHCTEM, TIOCKOJIBKY MUKPOOMOTa IPHHUMAET yIacTHE B IIpolieccax HeiiporeHe3a, MUCINHU3AIINH, aKTUBAIINN KJIe-
TOYHOTO ¥ TYMOpPaJbHOTO THUIIOB UMMYHHOTO OTBeTa. B HacTosimeM 0630pe MpeacTaBiIeHBl W MIPOaHaIN3POBAHBI
MTOC/IeAHNE JaHHBIC OTEYSCTBEHHON M 3apy0eXXHOM TUTEepaTyphl, IIOCBIIICHHON M3YYEHUIO SMHAEMHUOIOTMIeCKIX
ocobeHnHocteil PC, a Tak:xe MUKPOOUOJIOTUYECKUX (DAKTOPOB PUCKA Pa3BUTHSI 3a00JI€BAHUS

Karoueevie caoea: paccesntblii ckaepo3, HepeHble KAeMKU, eeHemu4eckas npedpacnonolceHHoCmy, OeMueaunu3ayls, gocnaienue,
Mukpobuoma, 6axmepuu, 8Upycel.
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MICROBIAL AGENTS AS TRIGGERS OF DEVELOPING MULTIPLE SCLEROSIS
Lapshtaeva A.V.?, Abrosimova Yu.G.?, Eremkina T.Ya.?, Kostina Yu.A.?

@ Ogarev Mordovia State University, Saransk, Russian Federation
b Pirogov Russian National Research Medical Universityy, Moscow, Russian Federation

Abstract. Multiple sclerosis (MS) currently represents a pressing medical and social issue. This is due to the high prevalence
of this pathology among neurological diseases preferentially affecting young people and subsequent rapid disability. This disease
still remains a mystery for medicine due to its ambiguous etiology, polymorphism of clinical manifestations and unstable course.
Despite the marked development of modern instrumental diagnostic methods, pathognomonic signs have not yet been identi-
fied for multiple sclerosis allowing to diagnose the disease with high accuracy at early stages. At the moment, we may only say
with confidence that MS is a neurodegenerative disease accompanied by rapid demyelination and death of nerve cells. Complex
and diverse pathogenetic mechanisms suggest a multifactorial nature of the disease, which develops due to combination of exter-
nal factors and hereditary predisposition, which causes altered immune tolerance. The polygenic theory of MS is most substanti-
ated, which implies that the genotype of MS patients consists of many genes, each of which contributes to the disease develop-
ment. More than 100 genes associated with MS have been identified, among which a special place is taken by the HLA system
(human leukocyte antigen), which controls the interaction of immunocompetent cells and carries out an immune response.
In addition, new candidate genes have been identified that contribute to the development of MS: interleukin 2 and 7 receptors
(IL-2R, IL-7R), differentiation cluster 6 (CD6) and 58 (CDS58), tumor necrosis factor o, interferon regulatory factor 8 (IRFS),
interleukin 12A (IL-12A) and others. However, to uncover genetic predisposition, it is necessary to experience external trigger
factors. The activation of demyelinating process is quite often initiated by various infectious agents, among which the most
studied are Epstein—Barr virus, John Cunningham virus, acute encephalomyelitis virus, and human endogenous retroviruses.
Intestinal microbiota altered by Candida albicans, Staphylococcus aureus, Acinetobacter calcoaceticus, Bacteroides, Proteobacteria
and Firmicutes deserved special attention in developing neurodegenerative disorders. Such an imbalance profoundly affects im-
mune and nervous system functioning, taking part in neurogenesis, myelination, activation of cellular and humoral immune
responses. Here we review and analyze the latest data accumulated in Russian and foreign literature regarding the study of the

MS epidemiological features, as well as microbiological risk factors for disease development.

Key words: multiple sclerosis, nerve cell, genetic predisposition, demyelination, inflammation, viruses, microbiota, bacteria, viruses.

Paccesananrrit ckiaepo3 (PC) — 310 xpoHUYecKoe,
IeMHUCINHU3NPYIONIee 3a00eBaHNe ILICHTPAJIbHOMI
HepBHOH cucteMbl (LIHC), o0yciioBaeHHOE ayTOMM-
MYHHO-BOCITAJIMTEIBHBIMU U HEWpomereHepaTuB-
HBIMH IIpoOlleCCaMM U XapaKTepu3ylolmeecsl IOJIM-
MOp®dU3MOM KIIMHNYeCKUX nposiBiaeHuit. PC — ogHO
13 HauboJiee pacrpoCTpaHeHHBIX OPTaHUIECKUX TT0-
paskeHU TOJIOBHOTO 1 CITMHHOTO Mo3ra. [1o maHHbIM
cucrtemarndeckoro aHaiansa Global Burden of Disease
Study, B 2016 1. BO BceM MHpe 3aperucTpupoOBaHO
2221 188 ciryuaeB 3aboneBanus [27]. dus stuaeMuo-
noruu PC xapakTepeH (peHOMEH «rpagueHTa IIH-
pPOTBI», TO €CTh YBEJIIMUYCHHE PACIIPOCTPAHECHHOCTU
3a00JIeBaHMS 110 Mepe yaaJieHHsl OT 3KBaropa [29].
MaxkcumanpHasl pacipocTpaHeHHOCT, PC (6Gozee
200 cydgaes Ha 100 TBIC. 3KUTEICH) 3apEeTrUCTPUPOBA-
Ha B lHotmanann u CeBepHoit Upmanauu, Ha ocTpo-
Be Cunmnust. HamboJee BEICOKHE TTOKA3aTe I OTMe-
qatoTcs B cTpaHax CeBepHOIl AMEpUKM 1 3amaTHOMN
EBpomnbr (164,6 u 127,0 cnyuae Ha 100 ThIC. Hacee-
HHSI COOTBETCTBeHHO) [27]. K 30HaM HHU3KOro pu-
CKa pa3BUTHS 3a00JeBaHMUSI OTHOCITCSI BocTouHas
A3zus, Tpornuueckass Adppuka u octpoBa Kapubc-
koro mops (2,2, 2,1 u 0,3—1,9 cirygaeB Ha 100 THIC.
HaceJgeHUsT cooTBeTcTBeHHO) [31]. B Poccmiickoit
Ddenepaninu B 0OJBITMHCTBE PETIOHOB PACIIPOCTpa-
HEHHOCTh MHOXKECTBEHHOT'O CKJIEpO3a COCTaBJISIET
25-70 cny4aeB 3aboneBanusg Ha 100 TBIC. XKUTe-
neii [14], 1, 110 TTOCTIeIHUM TaHHBIM, B CTpaHe HaCcYU-
ThIBaeTCs 0Koyio 30—45 Thic. 60IbHBIX [3].

BHacTosimee BpeMs BO MHOTUX CTpaHax MUpa Ha-
6nromaeTcs yBeamdeHue 9actotsl PC: tak, ¢ 1990 1.
3a00JiIeBaeMOCTh B MuUpe yBeauumaach Ha 10,4%.
B Poccunm B nepuon ¢ 2017 mo 2019 r. 3aGoseBae-
MOCTb Bo3pocia 1mouTu B 2 pa3sa [3]. Heobxogumo
OTMETHUTBH, YTO B ITOCTICAHME TOIBI POCT 3aboJjieBac-
MOCTH COIPOBOXIACTCS pacCIIUPEeHHEM BO3pacT-
HBIX paMoK AcOrorta PC B CTOpOHY JHMII MOJIOOOTO
Bo3pacTa [7], 4TO IIPpUBOAUT K CHUXKEHUIO KayeCcTBa
KW3HU TPYIOCIIOCOOHOTO HAcCeJIeHUS W paHHEMY
pPa3BUTUIO UHBAJIUAU3ALUU. Y OOJbIIMHCTBA 00JIb-
HBIX B TCUCHUE TIEPBBIX 5 JIeT 00JIE3HN OTMEUaeTCs
3HAYUTEIbHOE YXYOIICHE KaueCcTBa XNU3HU, a uepe3
16 net HaOMIOmAaETCsT yrpara ClIOCOOHOCTU K CaMo-
ob6ciy>kuBaHuto u nepeapuzkeHuto [10]. ITo raHHBIM
Scalfari A. u coaBT., 1151 nautneHToB ¢ PC xapakTep-
HO CHMXEHME MPOIOXKUTEIbHOCTH XHU3HU, a TaK-
Ke yBeJIMUeHUEe CMEPTHOCTH B 1,5—2 pa3a 1mo cpas-
HeHUIO ¢ ob1eit monyaguueii [37]. Takum o6pa3om,
PC ocTaercst omHOI 13 HanboJIee CITOKHBIX METNKO -
COLIMAJIbHBIX TIPOOJIEM.

HecMmoTpsa Ha akTuBHOE HM3ydeHHUe 3a0ojeBa-
HUS, Bonpockl aTnojiornu PC K HacTosIemMy Bpe-
MEHHM OCTalOTCSI OKOHYATEJIbHO HE pPEIICHHBIMU.
CIIOXHBIE W Pa3HOOOpa3HBIC ITATOTCHETUYCCKUC
MEXaHU3MBbI ITO3BOJISIOT MHPEAIIOI0KUTh MYJIBTH-
(daKTOpHaIbHBIN XapaKTep 3a00JIeBaHMU ST, KOTOPOE
pa3BUBaeTCS MPU COYEeTAaHUU BHEITHUX (haKTOPOB
(BUpyCHBIC areHTHI, M3MCHCHME KHUIICYHON MU-
KpoOUOTHhI, TMOOBUTAMUHO3bI D 1 A, oXupeHue,
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KYypeHUe) U HacJIeACTBEHHOM Mpeapacio0XeHHO-
CTU, OOYCJIOBIMBAIOIIEH HapylIleHUEe WMMYHHOU
TOJIEPAaHTHOCTHU.

Hacrosumuii 0630p coaepXUT pe3yabTaThl aHa-
JIM3a TaHHBIX OTEYECTBEHHOW M 3apyOeskHOM JIv-
TepaTyphbl, ITOCBSIIIEHHOW M3YyYEHUI0 MUKPOOHBIX
dakTopoB pucka pa3sutus PC.

Ha cerogusmnHuii neHp BoisiBieHo 6ojee 100 re-
HOB, aCCOIIMUPOBAHHBIX C ITPEIPACIOIOKEHHOCTHIO
K passutuio PC [18, 36]. HanGosee 060CHOBaHHOM
SIBJISIETCS TIOJIMTEHHAsl TEOPUSI, MoIipa3yMeBatoIast
TO, YTO reHoTUun 0oJbHbIX PC cocTOUT U3 MHOXKe-
CTBa I€HOB, KaXKAblil 13 KOTOPBIX BHOCUT CBOIO JIeTI-
Ty B pa3BUTUE 3a00JI€BaHUSI.

BaxkHyI0 poJib UTPAIOT T€HbI INITABHOTO KOMILJICK-
ca rucrocoBmectumoctu MHC (major histocom-
patibility complex), 1okaJn30BaHHbIE HAa KOPOTKOM
niedye 6-i1 ayTocOMHON XpomocoMmbl. K maHHO-
My Komruiekcy oTHocutcsi cucteMa HLA (human
leukocyte antigen), KoTopasi KOHTPOJUPYET B3aU-
MOJEHCTBME MMMYHOKOMIETEHTHBIX KJIETOK, pac-
MO3HaBaHWE COOCTBEHHBIX U UYKEPOMTHBIX KJIETOK
M OCyILIeCTBJIeHUe uMMYHHoro otseta [38, 13, 11].
T'enst MHC umetoT Te xke o6o3HayeHust, yTo 1 HLA-
aHTUTEHBI, M BKJIIOUAIOT B ce0sl OMHY MU HECKOJIBKO
OykB, 000O3HayaloMX reH, u uudpy, od6o3Hayaro-
11y10 aJiiesb gaHHoro reHa [12]. Haubonee nzyyeH-
HbIM gBJsieTcss teH HLA-DRBI. HocutenbcTBO aji-
nenss HLA-DRB1*15:01 yBenuuuBaeT pucK pa3BUTU S
PC B 3 pa3za [18, 36]. [IpOTEKTUBHLIMHU B OTHOLIEHU 1
pazsutus PC apastorcs amenu HLA-DRBI1*14 B ce-
BepHoO-eBporeiickoi monyasuuu 1 HLA-DRB1*01,
HLA-DRBI1*07, HLA-DRBI*11 y eBporieonoB [8].
B uccnepopanuu Kymakosoit O.I. u coaBT. ajienu
HLA-DRBI1*01, HLA-DRBI*17 m HLA-DRBI*11
accouuupoBaHbl ¢ pazsutueM PC y pycckux [9].
B wpaHcKoil TIOMyJISIIMK BBISIBJIEHA accolalius
mexay amnenssmu HLA-DRBI*07, HLA-DRBI*11
u HLA-DRBI*15 ¢ pa3ButueM HNepBUYHO-IPO-
rpeccupytoniero PC [38]. Takxxe nMeroTcs nJaHHbIE
o npotekTuBHOM BiusiHuu HLA-DQBI Ha npe3eH-
Tauuto 6enka muenauHa npu PC. BeiaensiioT oKoyio
66 OMHOHYKJICOTUIHBIX MOJTUMOP(GU3MOB T'eHa, KO-
TOpbIe C HAUOOJIbIIIEH YacTOTON BCTpPEUalOTCs Y €B-
porieiilieB, pexe — y adppuKaHlieB U a3UaToB [5].

MeTonoM wucciaenoBaHUsI OOIIETeHOMHBIX ac-
coumanuii UAeHTUDUIMPOBAHBI HOBbIE TEHBI-
KaHAuAaThl, crnocoOcTBylomue paszputuio PC,
Takue kak reH peuentopa IL-2 (IL-2R), peuen-
topa IL-7 (IL-7R), C-Tuna jekKTuHa IoMeHa ce-
meiictBa 16 (CLECI16A), xiactepoB auddepeH-
uupoBku 6 (CD6) u 58 (CDS58), peryasiTopHOTo
dakTopa untepdepona 8 (IRFS), IL-12A, TpaHc-
KPUIILIMOHHOTO (paKkTopa 3 OJUTOAEHIAPOLUTOB
1 MHAYIMPYyeMOro (paKTOpOM HEKPO3a OITyXOJIH O
oenka 3 (Olig3-TNFAIP3), ren peuentopa 4 npo-
crarnmannuHa E (PTGER4), perynstopa curHajib-
Horo nyTu G-6enka (RGSI) u uneHa cynepcemeii-
CTBa pelenTopoB (akTopa HeKpo3a ormyxoinu 1A

(TNFRSF1A) [25]. BaxxHbIM HarpaBjJeHUEM SIB-
JigeTcsl MNpOBEeACHUE MaJibHEHIIUX MacIITaOHbIX
HUCCJIEIOBAHU I, MMO3BOISIONIUX ONIPEACIUTDh BKIAI
MIAaHHBIX TEHOB B pa3BUTUE 3a00€BaHU .

OnHako s peaau3aliyi TeHEeTUYeCKOM Mmpe-
pACMOJIOXKEHHOCTU  HEeoOXOAMMO  BO3AeicTBUE
BHEIIHUX (AaKTOPOB. AKTUBALIMS JeMHUEIUHU3U-
pYIOILIEro mpoliecca AOBOJIbHO YaCTO MHUIUUDPY-
eTcs pa3IMYHBbIMU BUpycamMu. BiausHue uHbek-
LHUOHHOro ¢akTopa Ha pasButue PC moarBepx-
JlaeTcsl BBICOKMM THUTPOM B KPOBU U JIMKBOpE
OOJIBHBIX aHTUTEJ K MPOCTOMY BHUpPYCY repreca I
u 2 (Herpes simplex virus 1,2 [HSV-1,2]), Bupycy
OnmreitHa—bapp (Epstein—Barr virus [EBV]), tiu-
ToMmeranoBupycy (Human cytomegalovirus), BUupycy
rpunna C (Influenza virus C), BUpycy naparpurina
(Parainfluenza virus) [6].

Oco6oe 3HaueHue npunaetrcsa EBV. CyiiectyeT
MHeHue, uyTo PC He pa3BuBaeTcs 6e3 1TaHHOIO BU-
pyca, oIHaKoO, B CBOIO ouyepelb, UHGUIIMPOBAHUS
HEIOCTaTOYHO sl pa3BUTUS 3aboneBaHus [17].
CorjlacHO TOCJeIHUM JaHHBIM, UH(PUIIMPOBaAHUWE
BUPYCOM B JIETCKOM BO3pAacTe€ yBEJIMUYMBAET PUCK
pazputus PC B 15 pa3, B MOAPOCTKOBOM U CpeAHEM
Bo3pacTte — B 30 pa3 [30]. B ocHOBe ITyCKOBOIo Me-
XaHu3Ma JIEKUT PeHOMEH MOJEKYJASIpHOW MUMMU-
KPUU: CXOACTBO AHTUIE€HHBIX SIMTOMNOB BUpYyca
c 6e1KaMu MUeIMHA YeJJoBeKa MPUBOAUT K B3au-
MOJENMCTBUIO ayToarpecCUuBHbIX T-TUM@OLUTOB
c aHTureHamu coocrseHHoro mueanHa IIHC, oka-
3pIBasi MoBpexpaatoniee aeirictsue [33]. B ogHoMm
U3 UCCAEAOBAaHUN OBIJIO YCTAHOBJIEHO, YTO OOJb-
IKUHCTBO 00JiIbHBIX PC MMEIOT BBICOKUI YPOBEHb
aHTUTEJ K KarnicuaHomy aHTureny (aHtu-VCA IgQG)
U K sgIepHOMY aHTuUreHy Bupyca (aHTu-EBNA-I
I1gG). Heo6xoa1Mo OTMETUTh, UYTO BBICOKUI TUTP
aHTu-VCA IgG Obl1 accouuMupoBaH ¢ HOCUTEb-
ctBoM reHa HLA-DRBI, uTo noka3biBaeT poJib re-
HETUYECKOW MNPpeapacloiOXKEHHOCTU B Pa3BUTUU
3aboneBaHus [40].

B nocinenHue ronsl ocoboe BHUMaHMUE cCOCpe-
MOTOYEHO Ha W3YYEHUU BJIMUSHUS YEJTOBEUYECKUX
sHAoreHHbIx perpoBupycoB (HERV) Ha pa3sBu-
tue PC. Ilpeanonaraiot, uto HERV BHOCAT BKJIan
B ITaTOreHe3 ayTOMMMYHHBIX W HelponaereHepa-
TUBHBIX 3a00JIeBaHUI, TaK KaK CIOCOOHBI BJIUSTH
Ha 9KCIPECCUI0 TeHOB, MPEXJe BCEro CUCTEMbI
HLA, a takxe NpUBOAUTH K HApPYLIEHUIO HM-
MYHHOI TOJIEpPAHTHOCTU. AKTUBUPOBATh PETPO-
BUPYC MOTYT WHGEKIIMOHHBIE areHThl, a TaK>Xe
XUMUUYECKUe U (usnyeckue ¢aKTOpbl BHEILIHENU
cpenbl. Mmerrcsas panHble, yto EBV, Haxonsich
B JIJATEHTHOM COCTOSIHUM, aCCOLIMMPOBAH B opra-
HusMme ¢ HERV u cnocoGcTByeT ero akTUBAlIUU.
AxTuBHbIT HERV MoXeT BbI3bIBaTh NPOLIECCHI JIe-
MUeIMHU3aluuU U mporpeccupoBaHue PC [28].

Cpeau npyrux MHGEKIIMOHHBIX ar€HTOB, MpPeI-
MOJIOXXUTEJIbHO BJUSIONIMX Ha BO3HUKHOBEHUE
PC, ocoboe BHUMaHUE MPUBJIEKAIOT IITAMMBI Ma-
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JIOMU3YUYEHHOI 0 BUpYyca OCTPOro sHuedartoMueaTa
yenoBeka (HAEV), oTHocsierocsi K ceMemcTBy
Rhabdoviridae n nmerolero cXOAHYO MOJIEKYISIP-
HO-T€HETUUYECKYI0 CTPYKTYPY C BHUPYCOM O€lIeH-
ctBa. HAEV 0611 00Hapy)keH B CIIMHHOMO3T'OBOM
KUJIKOCTU U KPOBU OOJBHBIX MHOXECTBEHHBIM
ckiiepo3oM. CienyeT OTMETUTh, UYTO v 28% Tmanu-
€HTOB BBISIBJIEHBl BUPYC-HEUTpaJU3yIOIIMe aHTU-
TeJla B BBICOKOM TUTPE, HECMOTPSI Ha TO YTO HUKTO
U3 HUX HEe ObLJT BAKIIMHUPOBAH MPOTUB OCIIIEHCTBA,
a TakxXe oTMevasach akTUBaL M1 KJIETOYHOI'O 3BEHA
umMmyHutera K HAEV B ctaguu oboctpeHus [4].
OnHako BBUY MajJoro KoJn4yecTBa UCCAeI0BaHU
B OTHOIIEHWHW BUpyca Ha JaHHbIA MOMEHT HEBO3-
MOXHO IOCTOBEPHO YTBEPKAaTh, YTO OH aCCOLUU-
poBaH ¢ pa3Butuem PC.

Psn aBTOpOB BbhICKa3aJu MPEAIoaoXkeHue, 4To
HOHK-conepxamuii Bupyc xkxoHa KaHHUHrema
(John Cunningham (JC) virus) MoxXeT $SIBJASITbCS
tpurrepom paszputus PC. 70—90% HaceneHus WH-
dbunMpoBaHbl JAaHHBIM BUPYCOM: IMEPBUYHOE 3a-
paxXeHue MPOUCXOAUT, KaK MpPaBUJIO, B JTETCKOM
BO3pacTe U MnporekaeT 6eccuMrnToMHo. Ilpu BbI-
PaXeHHOM yrHeTeHU U T-KJIeTOUHOTO 3BeHa UMMY-
HUTETa MPOUCXOAUT peakKTuBalus BUpyca JKoHa
KannuHrema u npoHukHoBeHue ero B LIHC, uyto
BBbI3bIBACT JIM3UC OJUTOACHAPOILIUTOB U JNEMUETU-
Huzanuo. Cienbl JaHHOTO BUpyca OOHapy»KeHbI
B TKaHSIX TOJJOBHOTO MO3Tra IMalueHTOB, cTpaaalo-
mwux PC. Ilo nanueiM Mazzoni E. u coaBT., TUTp
antutes IgG x snutomam JCPyV VPI y nmanueH-
T0B ¢ PC Ha 50% HuXKe, 4eM y 3IOPOBEIX JIIOIECH,
YTO CBUIETEJbCTBYET O HEIOCTATOYHOCTU T'yMO-
pajibHOro UMMYHHOIO OTBeTa Ha aHTUTreHbl JCPyV
VPI1 u cneuudryeckux UMMYHHBIX HapyIIEHUSIX
y TaHHOU TPy bl MallMeHTOB [34].

Oco0y1o poJib B pa3BUTUU HelpoaereHepaTuB-
HBbIX HapYLIEHU UTpaeT U3MEHEHUE MUKPOOUOTHI
KuIIeyHuKa. M3BeCTHO TeCHOe B3auMMOMACHCTBUE
MeX Ay KuinedHoi MukpoobuoToii u LIHC. JlokazaHo,
YTO KHWIIEYHasi MHUKpoOOMOTa TOCPEACTBOM Heli-
POTPAHCMUTTEPOB, HEWPOMETAOOJIUTOB, MUKPOO-
HBIX COENMHEHUI MPUHUMAET aKTUBHOE ydyacTue
B ITpolieccax HeillporeHesa, MUEJIWHU3AIIUU, aKTHU-
BallUM MUKPOTJIMU, UTO MOXET SIBJASITHCS BaXKHBIM
acnekToMm B naroreHese PC [21]. Takke MUKpoOUO-
Ta OKa3bIBaeT 3HAYMMOE BJIMSIHUE Ha (DYHKIIUOHU-
poBaHUWE UMMYHHOW CUCTEMBI yesioBeka. Tak, Kie-
TOYHBIA U TyMOPaJIbHbINA TUITBI UMMYHHOT'O OTBETa
MOTYT aKTUBUPOBATHCS MPEACTABUTEISIMU KUIIIEY-
Holi Mukpodiopsl. Harmprumep, cerMeHTUpPOBaHHbIE
HUTYaTble OaKTepuu CTUMYJUPYIOT nuddepeH-
LIUPOBKY ayTopeaKTUBHbIX T-xenmepoB 17-ro tuma
(Th17) [23]. TlpuyeM Ha CHEKTP NPOAYLIMPYEMBbIX
JuMbOoIUTaAMU IITUTOKWHOB BIMSIET BUJ MUKPOOD-
raHusMma: npu pacnodHaBanuu Candida albicans Th17
MOXKeT MpoAylrpoBaTh UHTepaeikuH-17 (IL-17)
n uHtepdepon y (IFNy), Staphylococcus aureus —
IL-17 u IL-10 [42].

B uccnenoBaHMsIX psiia aBTOPOB YCTaHOBJIEHO,
4yTO KulleyHass Mukpodopa npu PC 3HaUUTEIbHO
OTJIMYAETCSI OT MUKPOOMOLIEHO3a Y 3JI0POBBIX JIMII.
ITo nanubiM Chen J., y 6onbHbIX PC oTMevanoch
npeobnaganue OaktepounoB Pedobacter u Flavo-
bacterium, dpupmuxkytoB Blautia n Dorea, npoTteo-
OakTepuii Pseudomonas i Mycoplana, a cogepxaHue
Parabacteroides, Erysipelotrichaceae, Lachnospiraceae,
Veillonellaceae, Haemophilus 61710 HUKE, YeM y 310~
poBbiX [22]. B pabote Jangi S. u coaBT. mpu 3a-
0oJleBaHUU OTMEYasJoCh YyBEJIMYEHUE B COCTaBe
MUKPOOMOIIEHO3a KHUIIIEYHMKA 4YHCca OaKTepuid
pona Acinetobacter u cCHUXXeHUe 101U poaa Bacteroi-
des [26]. Bonee aetaibHOE M3ydyeHUE MUKPOOHMO-
Ma, nposBeneHHoe B 2017 r. B CIIIA, noka3saJjio, 4To
y 6osbHBIX ¢ PC Tak:xe HaOa0gaeTcsl yMEHbIIEHUE
Parabacteroides distasonis u yBenrueHUe COAEP>KaHUS
Acinetobacter calcoaceticus 1 MyUUH-peayLUPYIO-
mux oaktepuit Akkermansia muciniphila, KoTopsble,
YMEHBbIIIasi KOJJMYECTBO MYIIMHA, OCHOBHOTO KOM-
MOHEHTAa CJIM3U, IMTPUBOASIT K TOBBIIICHUIO TTPOHM-
IIAeMOCTH CTEHKMW KHIIeYHWKA, ITPOHUKHOBEHUIO
MUKPOOOB B HECBOMCTBEHHBIE UM HUIIIW U B3aMMO-
JIEUCTBUIO KJIETOK MMMYHHOU CUCTEMBI C MUKPO-
opranusmamu [20]. TpaHciaokauus 6akTepuii Ioj
0azajibHyI0O MeMOpaHy BIUTeIUabHbIX IJACTOB
CJIY>XKUT ITYCKOBBIM MeXaHU3MOM (b epeHIIMPOB-
k¥ HauBHBIX T-numdornutos B Th17 [16].

B xome nmanpHEWIIMX B3KCIIEPUMMEHTOB TaKXKe
ObLIO JOKa3aHO BausiHUe A. calcoaceticus Ha UM-
MYHHYIO PEryJsiliMI0O B BUIE CHMXEHUS COIep-
XKaHusg peryiasatopHbix T-numdbonutoB (Treg)
M yBeJIWYeHUs comepKaHus T-xenanepoB 1-ro tuma
(Thl), mpoayuupyromux ITPOTUBOBOCIIAJIUTEb-
Hble LIUTOKUHBI, ocobeHHOo IL-10. Ilo maHHBIM
Berer K. u coaBT., KoJOHU3ALUSI CTEPUJIbHBIX
MbIlIed MUKPOOUOTON KHUIlIeYHUKaA 060abHbIX PC
CIIOCOOCTBYET Pa3BUTHIO BKCIIEPUMEHTATBHOTO
ayTOMMMYHHOTro0 3H1edatoMuenuta (DAD) — xKu-
BoTHOI Moaeau PC, HamoMuHalolel ero naTojao-
TMYecKHe, KIMHUYECKMEe UM MMMYHOJIOTUYEeCKUe
0COOEHHOCTH, a TaKXe BbI3bIBaeT O0jiee arpecCuB-
HOe TeueHHe 3a001eBaHM I, YTO MOXKET OBITh CBSI3a-
HO C OTCYTCTBUEM Y TPBI3YHOB B M€3EHTEpUaTbHBIX
naumMmdaTtnueckux ydnax T-numbornutos [19].

HauGonee penko, y 11% OOJBHBIX, BBISIBIISI-
naucek  Clostridium spp., OAHAKO oOTMedaJjach MX
CBSI3b C OoJiee TSIXKEJbIM TeYeHUEM 3a00JieBaHUS.
YcraHoBieHo, yTo npoayuupyembiii C. perfringens
€-TOKCUH CIIOCOOEH MpeoaosieBaTh TI'eMaTOdHIIE-
danuueckuii Oapbep, BBI3BIBATh IMOBPEXICHUE
HEWPOHOB MO3XeuKa, TMOeJIb OJIMTOICHIPOIIMTOB
U AeMueanHu3anuio [32].

Y o6oapHbix PC ¢ Goabuieit AJIUTEAbHOCTHIO
M TSIKECTBIO 3a00JIeBaHSI OTMEUYAeTCs YBEJIMUCHUE
Koau4decTBa 6akTepuit pona Bifidobacterium, TecHO
B3aUMOCBsI3aHbIX ¢ KonuecTBoM Thl7 [1]. [Tpu uz-
MEHEHUU KUIIeYHOTO MuKpoduoma T-1umM@poLuTh
CITOCOOHBI MEHSTh CBOU (eHOTUIN U (OYHKIIHUO-
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HaJbHYIO aKTUBHOCTb, YTO TPUBOAUT K UMMYH-
HOMY JaucOaaHCy U IpeapaciioyiaraeT K pa3BUTHIO
ayTOUMMYHHBIX 3aboneBaHuil [39]. ComepxxaHue
oaxkTepuii pona Lactobacillus y naniuenton ¢ PC, Ha-
ob6opoT, Ob1JI0 6osiee HU3KUM. [lokazaHo, UTO Mpu
HEe3HAYMTEJIbHOU 10JIe TaHHBIX MUKPOOPTraHN3MOB
B COCTaBe MUKpPOOOIleHO3a KHIIeUHWKa HabIto-
JlaeTCsl yBEJIMYCHNE ayTOPEaKTUBHBIX MOMYISIINA
Th17 — DP Thl7 [2]. ©UHTepecHO, YTO UCIIOJIb30-
BaHue Lactobacillus helveticus SBT2171 (LH2171)
OKa3bIBaJO MOJOXMUTEIbHOE BIMSHUE Ha KIUHU-
yeckoe TeyeHrue DAD y MblllIeld, 3aMeTHO CHUKas
nponykuuio IL-6, mocnenymomyo nuddepeHIN-
poBky Th17 u undunsrpanuio LTHC [41].

T'oBoOpST 0 cocTaBe MUKPOOMOTHI, HEJIb3ST HE YIIO-
MSIHYTh 0 Tpubax pona Candida spp., KOToOpble SIB-
JISIOTCSI MPEACTaBUTEIIMU HOPMaJIbHOM MHMKPO-
daopel kunredyHuka. Ilpu pnutenbHom PC ypo-
BeHb Candida spp. yBeJIUUUBAETCS, OAHAKO MHOTUE
aBTOPBI CYMTAIOT 3TO PE3YJIbTATOM Pa3BUBAIOIIETO-
cs1 nucobuo3sa [2, 35].

TakuMm obpa3zoM, B HacTosilliee BpeMs BaX-
HOCTb POJIM MUKPOOUOTHI KUIIIEUHNKA B pa3BUTUUN
PC He noaBepraercsi coMHeHU10. OIHAKO JaHHBIX
00 0COOEHHOCTSIX cocTaBa MUKPOOMOMa OOJIbHBIX
HEAOCTAaTOYHO IJISI YCTAHOBJICHUS CBSI3U C DTHUO-
nmaToreHe3oM AaHHOro 3abosieBaHus. Koppekiius
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Ha TeyeHue PC, mosTomy galjibHelilllee U3ydyeHUe
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METOAUYECKHUE OCHOBDbI
ANDDEPEHUUANIBHOW AETEKLUA
B3b1/B9b2 U BI'16A/Br468

M.M. ITonkosa', O.B. ¥Yrkun', E.A. Co0oseBa?, H.A. Caxapuos', /I.A. Bpsi3ra;iosa,
A.O. Cenarckas', E.A. KynoBa?

"@BYH Huxcezopoockuii HUH snudemuonoeuu u muxpoobuonoeuu um. akademurxa M. H. Broxunoit, Huxcnuit Hoeeopoo, Poccus
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Pesiome. B Poccuu u3 Bcero Muoroo6pasust 3a06osneBanuiit BOb- u BI'Y6-stuosoruu oduimaibHOR CTATUCTUYECKOR
OTYETHOCTH ITOIJICKUT TOTbKO MH(PEKIMOHHBII MOHOHYKJIC03, UYTO CYIIECTBEHHO 3aTPyIHSICT O0BEKTUBHYIO OIICH-
Ky 9THOJIOTUYECKON CTPYKTYPhI, YPOBHS 3200JI€BAEMOCTH, XaPaKTEPUCTUKU PA3BUTHUS SMUAEMUYECKOTO Mpolecca
B HacTosiniee BpeMs cBeleHUSI O TreHeTUYeckKol HeogHopoaHocT BOD, maxe Ha ypoBHe OCHOBHBIX TUMOB (BOBI
u BBB2), a takxe BI'Y6A u BI'U6B, nx pacnpocTpaHeHHOCTU U KITMHUYECKOM 3HAYEHU M OrpaH YN BAIOTCS TIaBHBIM
00pa3oM 3apy0ekHBIMU JaHHBIMU. B Poccun BcTpevaroTcst eiMHUYHBIE TYyOJMKALIMK, TIOCBSIIEHHBIE TaHHOMY BO-
npocy. B To ke BpeMs u3yyeHue HUUPKYJISILIMU TEeHETUYECKUX TUTIOB (BapMaHTOB) M UCIOJb30BaHUE 3TOM MHGMOP-
MallMy TPU OCYIIECTBACHUU SMUAEMHUOJOTMYECKOro Haa30pa 3a HEKOTOPBIMU APYTUMU MHGEKIUSIMU YKe BOIILIO
B MOBCEAHEBHYIO MPakTUKY. OMHON U3 KJIIOUEBBIX MPOOJIEM SIBISETCS YPOBEHb Pa3BUTHS JaOOPATOPHOTO obecIe-
YEeHUSI MOJIEKYJISIPHO-TEHETUUECKOro MOHUTOpUHTIa. Lleab JaHHON paboThl — COBEPIIEHCTBOBAHME METOIMYECKOMN
0a3bl nubdepenumanbHoi nerekuuu BIY6A/B 1 ocHoBHBIX THIIOB BOB. MaTepuasiom ucciieqoBaHuUs MOCITYXUIU
JIEHKOIUTHI Ieprd e prIecKoil KpOBH AeTel B Bo3pacTe 1—15 1eT ¢ ocTphIM MHPEKITMOHHBIM MOHOHYKJIe030M (n = 50)
1 C OTCYTCTBHEM KJIMHMIECKMX CUMIITOMOB JaHHOTO 3a001eBaHus (n = 29). BeisiBIeHNe U KOTUYECTBEHHOE OIIpe-
nenenue JHK BOb u IHK BI'Y6 BoimonHsiu ¢ nomoinbio Metona I1LIP B peanbHoMm Bpemenu. dis nuddepeHn-
aibHOTO onpeneneHuss BOb1/BOB2 u BI'Y6A/BI'U6B B paboTe mpuMeHsIIcS ONTUMHU3UPOBAHHBINM OTHOPAYHIOBBIi
BapuaHT [1L[P ¢ anekTpodopeTnueckoii feTekueil mponyKToB aManduKanuu B arapo3HoM reje. [1o pesynbratam
uccienoBaHuii yacrora BoigBiaeHuss JHK BOb u IHK BI'Y6 npu octpomM MHPEKILIMOHHOM MOHOHYKJIE03€ COCTa-
Buia 74 u 72%, a B KOHTPOJBHOM rpymie — 35 1 74% cOOTBETCTBEHHO. YCTaHOBIICHO, UTO Y 00CIENOBAHHBIX IeTei
Huxeroponckoro pervioHa B BUpYCHoM monymisiiinu npeobiagaoT BOB1 u BI'Y6B, yTo cormacyeTcs ¢ CylIecTBYIO-
LUIMMU MPEACTaBICHUSIMU 00 X reorpaduyeckoM pacrpenejeHun Ha npujeraroinux reppuropusix. BOb2 obir 06-
HapyKeH B eIMHCTBEHHOM 00paslie TOJIbKO B KOHTPOJbHOM rpyrmne. BITY6A HU B 01HOM U3 UCCIeAYeMbIX TPYITI BbI-
sIBJICH He ObL1. ONTUMU3UPOBAHHBIN B TaHHOM paboTe METOAMYECKHU I ITOAXO/ MTO3BOJISIET Pa3ae]bHO IeTEKTUPOBATh
BBb1/BDB2 u BI'Y6A/BI'Y6B 1o ennHoMy 1aOOpaTOPHOMY ITPOTOKOJY, a B COUETAHUM C JOMOJHUTEIbHBIM 3TAlIOM
KoH1eHTpupoBaHus JHK moBeIIaeT 1uarHoCTUUYECKY0 9yBCTBUTENbHOCTD [11IP-ananu3a, MUHUMU3HUPYET TOJTIO
IHUCKOPIAHTHBIX W JIOXHOOTPUIIATEIBHBIX Pe3yIbTaTOB. TaKoil KOMIIIEKCHBIN MOAXOM MOXET IPUMEHSITHCSA B IUa-
THOCTUYECKMX, STTUAEMUOIOTHUECKUX U HAYYHO-UCCIeI0BATEeIbCKUX LIEISIX.

Karouesvie caosa: BOb1, BOb2, BI'46A, BI'46B, eupycnas naepyska, I11[P, cenomunupoganue, ouggepenyuanvhas oemexuyus.
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METHODOLOGICAL BASICS FOR DIFFERENTIAL DETECTION OF EBV1/EBV2 AND HHV6A/HHV6B
Popkova M.1.2, Utkin O.V.2, Soboleva E.A.>, Sakharnov N.A.?, Bryzgalova D.A.?, Senatskaia A.O.?, Kulova E.A."
“ Academician I.N. Blokhina Nizhny Novgorod Scientific Research Institute of Epidemiology and Microbiology, Nizhny Novgorod,

Russian Federation
b Privolzhsky Research Medical University, Nizhny Novgorod, Russian Federation

Abstract. Among a whole variety of EBV- and HHV6-linked diseases only infectious mononucleosis is subject to official
statistical reporting in Russia that substantially complicates objective assessment of etiological structure, incidence rate,
characteristics of developing epidemic process. Currently, the data on the genetic EBV heterogeneity, even at the level
of the main types (EBV1 and EBV2), as well as HHV6A and HHV6B, prevalence and clinical importance are mainly
limited to foreign research publications. Few publications assessing this issue are available in Russian scientific papers.
At the same time, examining circulation of virus genetic types (variants) and use of such data in implementing epidemio-
logical surveillance after some other infections have been commonly practiced. One of the key issues is the level of devel-
oped laboratory support for molecular genetic monitoring. The goal of the study was to improve methodological basics
for differential detection of HHV6A/B and the major EBV types. There were used samples of peripheral blood leukocytes
collected from children aged 1—15 years with acute (n = 50) and asymptomatic infectious mononucleosis (n = 29). The de-
tection and quantification of EBV and HHV6 DNA was performed by using real-time PCR. For differential determination
of EBVI/EBV2 and HHV6A/HHV6B, an optimized one-round PCR with electrophoretic agarose gel detection amplifi-
cation products was used. The data from our own study showed that frequency of detected EBV and HHV6 DNA in acute
infectious mononucleosis patients comprised 74 and 72% compared to control group reaching 35 and 74%, respectively.
It was found that among the examined children of Nizhny Novgorod Region, EBV] and HHV6B prevailed in the viral
population that agrees with existing insights about their geographical distribution in the adjacent territories. EBV2 was
found in a single sample only in the control group. HHV6A was not detected in any of the groups. The methodological ap-
proach optimized in this study allows to separately detect HHV6A/HHV6B and the main EBV types according to a uni-
fied laboratory protocol, whereas combining it with additional stage of DNA enrichment increases the diagnostic sensitiv-
ity of PCR analysis, minimizes proportion of discordant and false negative results. Such an integrated approach can be
applied for diagnostic, epidemiological and research purposes.

Key words: EBVI, EBV2, HHV6A, HHV6B, viral load, PCR, genotyping, differential detection.

BeepgeHue

Ha ceromHsilmHuUii €Hb COXPAHSIIOT BBICOKYIO
aKTyaJIbHOCTh M MEIMKO-COILIMAJIbHYIO 3HAUMMOCTh
MH(MEKIUU U IMUPOKUI CHEKTP APYTUX HO30JOIU-
yecKuX (hopM 3a00JIeBaHU I, B TOM YHCJIE OHKOJIOT Y-
YeCKHUX, aCCOLIMUPOBAHHBIX C BUPYCOM DITIITEeiHA—
Bapp (BDbB) u Bupycamu reprieca yejioBeka 6A u 6B
(BI'46A, BIr'ueB) [5, 13, 20, 25]. JaHHBIE BUPYCHI
pacrpocTpaHeHbl OBCEMECTHO, HO YPOBEHb 3a00-
JIEBAGMOCTHU Ha OTACIBHBIX reorpaduiecKnux Teppu-
TOPUSIX MOXKET 3HAUMTEIbHO BapbUpOBaTh [9].

B Poccuu u3 Bcero MHOrooopasus 3a0ojieBaHu
BOb- u BI'Y6-3THoNn0rMN OoUIIMaIbHON CTaTUC-
TUYECKON OTYETHOCTH ITOJICKUT TOJIBKO MHMEK-
LIMOHHBbII MOHOHYKJIe03 (MM) [7], uTO cylIecTBEH-
HO 3aTpynHseT OObEKTUBHYIO OLIEHKY MX 3THUOJO-
TMYECKOM CTPYKTYphI, YPOBHS 3a00JIeBAEMOCTH,
XapaKTEPUCTUKU PA3BUTUS ITUIEMUUECKOIO ITPO-
necca. Ilo nTaHHBIM OTEUYECTBEHHBIX HCCIeaoBaTe-
neii, Ha noio Kjiaccuyeckoro UM BOb-stnonorun
npuxogntcsa 74,3%, a BI'H6A/B 6—14,5% Bcex
cayyaeB [3, 5]. B HacTosiliee BpeMsi IOBCEMECTHO
HaOJIIOJaeTCsl TOBBIIIEHE YPOBHS 3a00jieBaeMO-
ctu UM [9], TeHneHLIUS K YBEJUYEHUIO CIydyaeB
MEPBUYHOTO MH(MUIMPOBAHUS AETEH IIKOJbHO-
ro 1 MOIPOCTKOBOTO BO3pacTa ¢ mpeobiamgaHueM
y HUX Tsxkeabix ¢opm nHpexkuuu [10, 11]. 3a no-

cilenHee gecsaTuiaeTue B Poccuun Habmonanacs poct
sKoHOMUYecKou 3Haunmoctu UM, a B 2018 1. 3K0-
HOMUYecKUui yuiep6 ot 3aboneBaemoctu MM co-
ctaBu 3,9 muipa pyoueii [7].

JlocTuzKeHUsT MONEKYJISIpHOI OMOJIOTUU U pa3-
BUTHUE MOJIEKYJISIPHO-TEHETUYECKMX TEXHOJOTUIA
MO3BOJISIOT MOCTOSIHHO OOHOBJISITH U AOIIOJHSITh
uHpoOpMaLIO O OMOJIOTUYECKMX OCOOEHHOCTSIX
BOb u BI'Y6A/B. I1o naHHBIM JUTEpaTyphl, I10-
nyJsioHHas cTpykTtypa BObB, nupkynupyioliiero
BO BCEM MUPE, XapaKTePU3yeTCsl T€TePOre€HHOCThIO
KaK HYKJICOTUIHBIX, TaK 1 aMUHOKUCIOTHBIX I10-
ciaenoBatenbHocTei [17, 18, 19, 23, 29, 34]. EnuHoii
CUCTEMaTU4YECKOM KapTUHbBI I'eHETUYECKUX Bapu-
aHToB BOb B HacTosilliee BpeMsl He CYIIEeCTBYET.
Ha ocHOBaHMM BBISIBJICHHBIX pa3/JIM4uii B olpelie-
JeHHbIX TeHax Bupyca (BZLF1 [29], EBNAI1 [17],
EBNA2 [18], LMPI [19, 23, 34]) npenioxXeHO He-
CKOJIBKO KJaccupuKkalmuii.

B 2012 r. Bupyc repneca desoeka 6 tuna (BI'46)
ObLT o(puIMaJIbHO pa3aeiieH MexXayHapoaHbIM KO-
MHUTEeTOM Mo TakcoHomuu BupycoB (ICTV) Ha nBa
pasubix Buga — BI'Y6A u BI'U6B [14, 15]. C sToro
BPEMEHM 3KCIIEPThl NPU3BIBAIOT YUYEHBIX U Bpayei
B JaJbHEMIIMX MyOJIMKALIUIX YETKO pasrpaHu4M-
BaTh 3TU JIBA BUJA C LIEJIbIO CTpaTUGhUKALINY KJIIMHU-
YEeCKUX U OMOJIOTMYECKUX Pa3/IMUMii, a TAKXKE daJ1b-
Helel netTanu3alunuu ux Kjiaaccuduxkauuu [14].
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B Hacrostiiee BpeMs cBeeHU s O TeHeTUYECKO
HeogHopoaHocTU BOb, nake Ha ypoBHE OCHOBHBIX
tunoB (BOB1 u BOB2), a rakxke BITY6A u BI'Y6B,
WX paclpoOCTPpaHEHHOCTU U KJIMHUYECKOM 3Hade-
HUM OTPaHMYMBAIOTCS TJaBHBIM 00pa3oM 3apy-
0EeXHBIMU TaHHBIMU, KOTOPbIE HEPEIKO MPOTHUBO-
peuussl [21, 24, 28, 32, 33]. B Poccun BcTpeuarorcs
eNUHUYHBIE TyOIUKAIINU, TTOCBSIIIEHHBIE TaHHO-
My Borpocy [1, 2, 4, 8]. B To xxe BpeMs uU3yuyeHue
LHUPKYISLUMA TEHEeTUYECKUX TUIMOB (BapUaHTOB)
1 MCHOJIb30BaHUE 3TOM MHGOPMAIUU IIPU OCY-
MIECTBJICHUU SIUIAEMUOJOTUYECKOTO Haa3opa
32 HEKOTOPHIMU WHGEKIIUSIMH YXKe BOIIJIO B ITO-
BceqHeBHYIO mnpakTuky [7]. Ilpu aTomM omHuUM
M3 pEeLIAOIINX aCTIEKTOB SIBJISICTCSI YPOBEHDb Pa3BU-
TUS METOAMYICCKONM 0a3bl IJISI MOJECKYISIPHO-TEHE-
TUYeCcKoro aHaausza [12].

Llenpto maHHOI pPabOTHI OBLIO COBEPIICHCTBO-
BaHNWE METOAMYECKON 0asbl Asl auddepeHmnalb-
Hoii getexkuuu BI'Y6A/B u ocHoBHBIX TUIIOB BOB.

Matepuainbl 1 METOLbI

MarepuajioM OJISI HCCIIENOBAaHUS TTOCIYXMJIa
neabHas Tiepudeprdeckasi KpoOBb, CTaOWJIN3U-
poBaHHasgs K OJITA. OGciaenoBaHuIo MOAJIEXKaIU
neTtu B Bo3pacte 1—15 et (MenunaHa — 5 neT), roc-
NHUTAJIU3NPOBAHHBIE B MH(EKIIMOHHBIN CTaINO-
Hap C KJIMHUYECKUM JIMarHO30M «OCTPBIii MH(peK-
LMOHHBIX MOHOHYKJIe03» (OUM) (n = 50). U3 Hux
U1 KeHekoro mmoja — 20, myxkckoro — 30. ¥ Bcex
MaIMeHTOB YCTAHOBJICHA CPEHHSS CTEIIeHb TsIXKe-
ctu tedyeHus1 nHdpekuuu. Komnnekiuio oOGpas3lion
KpoBu cobupanu B nepsboie 3—10 nHel oT Hayala
KJIMHWYECKUX MposiBiaeHUi. KOHTpOJbHYIO IpyI-
My COCTaBJISIIM YCJIOBHO 340POBBIC IETH COIOCTA-
BMMOTO Bo3pacTa u mnoja (n = 29), y KOTOpbIX OT-
CYTCTBOBaJIM KJIMHHWYECKUE IPU3HAKU JTaHHOTO
3a00JiIeBaHU .

B paboTe mcnonbp30BalCh OCTaTOYHBIE KOJIM-
yecTBa 00pa3lioB, MOJYUYCHHBIX IJISI ITPOBEICHUS
CTAaHIAPTHBIX JIMAarHOCTUYECKUX WCCIeIOBaHUN
B KJMHUYECKON IpakTuke. MHbOpMUpPOBaHHOE
corjacue poauTeIei MM OIEKYHOB Ha ITpOBEle-
HHE MCCIEIOBATEIIHCKOM pabOTHI B COOTBETCTBUU
¢ XeJbCUHKCKOW JeKjapalveil ObIJIo TOJy4eHO
JiedyalliMMy BpadyaMU MEAMIIMHCKUX OpraHM3aluid.

IIpo6onodeomoska. s nojnydeHus ¢bpakiiuu
JICHKOIIMTOB TIepUpepUIcCKOil KPOBU HMCITOIb30-
Banu pearcHT «[emonmtuk» (LIHMUUD, Poccus)
B COOTBETCTBUM C MHCTPYKIIMENW MPOU3BOIUTES.

Buvioenenue JHK. Boinenenue TotanbHoli JJHK
U3 JEeHKOUMTOB mnepudeprudeckoili KpoBU NPOBO-
IUJIN C TIOMOINBIO KOMITJIEKTa PearcHTOB IJIST BbI-
nenenust PHK/IITHK u3 kitmHM4Yeckoro marepualsia
«PUBO-nipen» (LHHUUND, Poccust) cormacHO MH-
CTPpYKIMU ITpon3BoauTens. [Ipyu ontTuMusanmum mMe-
TOda MOJYYCHHYIO OOIIYI0 HYKJICMHOBYIO KUCIOTY
B HEKOTOPBIX ITPOOaX TOTIOJTHUTEIHHO KOHIICHTPU-

poBau, nodasnss auerat Hatpusa (pH 7,0) u uzo-
nponaHoJi. Ocagok pactBopsiiu B 30 mxkn PHK-
oydepa (LLHUUND, Poccus) u xpanunau rmpu —80°C
IO MOMEHTa WCHOoJb30BaHUs. KOHIIEHTpammio
W YUCTOTY BBIACJICHHOW TOTAaJbHOM HYKJIEMHOBOU
KHUCJIOTBI U3MEPSIJIM C TIOMOIIbIO CIIEKTpOodOoTOME-
Tpa BioPhotometer Plus (Eppendorf, 'epmanus).
Koauuecmeennoe onpedenenue IHK BOF u THK
BI'i6. BwigBiieHHe M KOJWYECTBEHHOE OIIpele-
nenue JAHK BupycOoB BBINOJHSIJAM € MOMOIIbIO
mynbrunaekcHoin ITIIP B peanbHOM BpeMeHU
(ITLIP-PB) ¢ mpuMeHeHHMEM KOMMEPYECKOrO Ha-
6opa «AmnanCenc® EBV/CMV/HHV6-ckpuH-
FL» (LIHUWUWD, Poccusi) Ha ammiauduxkarope
Rotor-Gene Q 5plex HRM (Qiagen, I'epmanus).
JlaGopatopubiii mpoTtokon aast [1LIP-PB co6aio-
Jlajicsl COMIAaCHO WHCTPYKIMU TIPOU3BOIUTEIS.
PesynbpraThl BhIpaxkajiu B KOJUYECTBEHHOM (op-
mare — B Jjjorapudmax konuii JJHK Ha 10° kietok
(g AHK/10° k1etok) u B konusx JJHK B nmpo6Ge.
Hupgepenyuarvuas Jemekyus BIBI1/BIF2
u BIr'16A/Blr'16B. 1ns1 pa3naenbHO MAeHTUDUKA-
11 ocHOBHBIX THUITOB BOb (BOB1 1 BOB2) npu-
MEHSIJIM ABYXpayHIOBBI («THE3I0BOI») BapUaHT
TTIIP, onucanHubiii panee [27, 31]. B mepBom pa-
YHJIe MCTIOJIb30BaJIM BHEIIHIOW Mapy ITpaiiMepoB
E2pl (5-AGG GAT GCCT GGA CAC AAG A-3)
u E2p2 (5-TGG TGC TGC TGG TGG TGG CAA
T-3") n amrutuduimponanu dparmeHT reHa EBNA-
2 pasmepoM 596 m.H. Bropoii paynn ITIHP nposo-
IUAM B pa3HBIX MPOOMpPKaAX C HCIIOJb30BaHUEM
cnenuduyeckux nap mnpaiimepon Apl (5-TCT TGA
TAG GGATCC GCTAGG ATA-3") u Ap2 (5-ACC
GTG GTT CTG GAC TAT CTG GAT C-3%), am-
mindbunupyomux gparmMeHT 497 Mm.H., a TakXe
Bpl (5’-CAT GGT AGC CTT AGG ACA TA-3)
u Bp2 (5-AGA CTT AGT TGA TGC CCT AG-3),
aMmIubunupyomux ¢gparmeHt 150 m.H., KOTOpbIe
netektupyioT BOB1 1 BOB2 cooTBeTCTBEHHO.
Hna muddepeHuuanbHoi netekuuu BIY6A
n BI'U6B npumeHsiicss MeTOH, ONMCAHHBIN pa-
Hee [30, 35]. OgHocranuiinyio I1LP npoBomuau
B OITHOU MpPOOUpPKE, UCTONb3Ysl IIpaiiMephl, CIIelU-
¢duuHble K HeMenieHHO paHHeMy reHy (1EG) Bupy-
ca: forward (CTC ATA AGG TGC TGA GTG ATC
AGT T) u reverse (CCT CAG TGA CAG ATC TGG
GC) [30]. B naHHOM ciy4yae MCMOJIb3yeTCsl OJHa
napa npaiMepoB, KOTOPbIE€ B peakKIMU aMILIM(pU-
KaIlM¥ JArOT IBa pa3HBIX 10 pa3Mepy parMeHTa —
206 1 431 n.H., coorBeTcTBYI0IIMX BI'Y6A 11 BI'16B.
Huddepenuunanbubiit  [M1[P-ananu3 nposo-
NUJIU B OTAENbHBIX TTpooupkax (nnss BOb1, BOB2
u BI'Y6A/B). CocTaB peaKLIMOHHOM CMeCH OOLIUM
06BeMOM 25 MKJT BKJTIOYAJI CJIEAYIONINE PEareHThI:
npaiimepsl (5 nkmoib/B peakiuio) (AHK-cuHTes,
Poccus); S5-kparuwiii I1LP-6ydep blue 15 MM
Mgt (HHUND, Poccus); 2,5 e.a. Tag-F JHK-
nonumepasy (LLHWUUD, Poccus); cmech ne3okcu-
HyKJeo3uaTpudocdaroB (10 KOHEUYHON KOHIEH-
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tpauuu 0,1 MM) (EBporeH, Poccus); nevoHu3upo-
BaHHy1o Bony I Tuna (Milli-Q Integral 3, @panmms).
B kauvecTBe MaTpMIIBl MCHOJb30BAaJIM BBIICICH-
Hyto JIHK B o0beme 5 MK Ha peakluio (OKOJO
0,8 Mkr). B nanHoM wucciegoBaHuu AJist audoe-
peHumanbHou nmerekunu BOBl/BOB2 u BIY6A/
BIr'i6B Hamu mpuMeHSJICS ONTUMU3UPOBAHHBIA
eIUHbIA J1abOpaTOPHBIA MPOTOKOJ TPUTOTOBJIC-
HU S peaKIIMOHHOI CMECHU U TeMIIepaTypHOro npo-
¢unga IMIIP-ananuza. YcnoBusi njsi npoBeAeHUS
aMITIMbuKalyu B paboTe He MPUBEICHBI, TaK KakK
ONTUMUMPOBAHHBIN BAPUAHT SIBJISIETCS OO bEKTOM
NaTeHTHOM 3allMThl. AMITJTU(MUKALIUIO crieuguy-
HBIX (hparMEHTOB MPOBOAMIMN Ha aMITJIU(bUKATOPE
MaxyGene Gradient (Axygen, CILIA).

Ipoayktel ITLP-amMmnandukanmm aHaamu3mupo-
BaJIUCh C TOMOIIBIO 3J1eKTpodope3a B 3% arapos-
HOM TreJie, comepxkameM Opomun atuaus (0,02%
no oobemy). B kadecTBe craHgapTa s OIpeae-
JIeHUs OJUHBI ABYyXlernoyedHbix MoJjekyn JJHK
BuHTepBajie 100—1500 m.H. ObLJI UCTIONB30BAaH Map-
kep aauH JJHK (100+ bp DNA Ladder) (EBporeH,
Poccus). PesyabraThl peructTpupoBain Ha TpaHC-
niamoMuHatope InGenius 3 ¢ ucnojgb30BaHUEM
nporpamMMHoro obecneueHusi GeneSys (Syngene,
Benukooputanus). IlonydyeHHbIE JaHHBIE BbIpa-
Xaju B Ka4yeCTBEHHOM (hopMaTe — IMOJOKUTEIb-
HBIA UJIA OTPULIATETIbHBIN.

Pesynbrarhl

KonuyectBeHHoe onpenenexnne JHK BOb
n OHK Br46

Ha mepBoMm sTame wucclienoBaHUSI BCE MPOOBI
JIEMKOLIUTOB TIepU(epUUeCcKOil KpPOBU TECTUPO-
Banuch Ha Haanuue JJTHK BObB u BI'H6 meTtomom
konuuyectBeHHoU I[ILIP-PB. B pesyabraTte cpenu

LA(A) NYRIPIVN 6 (B) IV

600 bp

500bp 500 bp

400bp

200bp
100bp

2 3 ancincem IEXOE M 1 2 3

nauueHToB c OUM y 74% (37/50) obHapyxkeHa JIHK
BOb. Ilo ypoBHIO BUPYCHOU HArpy3Ku IOJOXMU-
TeJbHBIC TTPOOBI ObLIN OOBEANHEHBI B IBE TPYIIITHI:
c konueHtpanueit JHK BOB < 1 1g/IHK/10° kieTok
u > 1 1gJIHK/10° ki1eTok. B GoabIIMHCTBE 06pa3-
noB — 81% (30/37) — conepxxanue BupycHoit JJHK
BapbupoBaso ot 1,52 mo 3,72 1gJIHK/10° kieTok,
NpY 3TOM CpeAHSsISl KOHLIEHTpalus coctaBuaa 2,37
Ig/IHK/10° kneTok. B ocTanbHBIX cliydasix comep-
skaHue pupycHoit JIHK He npepsimano 1 1gJIHK/10°
kJjetok. Takum o6pazom, BOb-accouimmupoBaHHBII
OUM noarsepxaancs y 60% (30/50) us yucia 06-
ciepgoBanHbIX. JJHK BI'Y6 BeisiBiieHa B 66% (33/50)
ciayyaeB OMM, Ho ToibKO B 3 mpobax ee ypOBEHb
He3HaunTeabHO TipeBbicus 1 IgJIHK/10° kietok
(1,28—1,46 1gIHK /10° K/1€TOK).

O0pa3siibl KOHTPOJbHOU rpynmnbl aeteid 1—15 get
6bL1H TIoJioxkuTeabHbl Ha JIHK BOb B 35% (10/29)
ciyuaeB, Ha JJHK BI'd6 — B 74% (23/29) cnyua-
eB. [Ipy 5TOM y 310pOBBIX BUPYCOHOCHUTEIC KOH-
uentpauus JHK BDb u BI'U6 He mnpesblinaia
1 1g/THK/10° K1eTOK IMpaKTUUYECKH BO BCEX UCCIIEA0-
BaHHBIX oOpas3iax. MIcKJIloueHueM cTaju 1Be 1eBOY-
KU ABYX M TISITU JIET, Y KOTOPBIX BUPYCHasi Harpys3-
ka BDb cocraBuia 2,19 u 1,92 Ig/IHK/10° kieTok
Ha (hOHE OTCYTCTBUS KIMHUYECKUX CUMIITOMOB.

AnddeperumanbHag petekuua BOb1 n B9b2

Ha sTane renorunupoBanusa BOb namu npo-
BeneHa onntTuMusauus yciaosuii [TL[P-ananusa, Ha-
npaBjaeHHasa Ha Aud@epeHIalbHYIO IETEKIUIO
BOb1 1 BOB2 He B n1BYyXpayHI0BOIi («THE300BO»)
TTLP, onucannoit B cratbax [27, 31], a B omHO-
payHa0Boii. PesynbraThl pabOThl IIPEACTaBICHBI
Ha puc. 1.

I[Ipy uCIOJB30BaHUM JBYXPayHIOBON «THE3-
noBoii» IILIP mo pesynbraraM mnepBoro payHua

4 NC1NC2 M

500 bp

S00be 400bp

400 bp

200 bp 200 bp

100 bp 100 bp

PucyHok 1. CpaBHeHuMe pe3ynbTaToB ABYXPayHAOBOIro u ogHopayHaoBsoro BapuanToB MUP ana getekuun

B3b61 n BAb2

Figure 1. Comparing two-round vs. one-round PCR methods for detection of EBV1 and EBV2

MpumeuaHue. A) nepBbili payHa «rHe3gosol» MLUP: 1 — B3B(+) (596 n.H., npoba 1), 2 — B3B(+) (596 n.H., npoba 2);

B) BTOpOI1 payHa, «rHe3nosoin» MUP: 1 — BOB1(+) (497 n.H., npoba 1), 2 — B3B2(-) (npoba 1), 3 — AHK BOB1(-) (npoba 2),

4 — B3B2(+) (150 n.H., npoba 2); B) ontumnsmpoBaHHas ogHopayHgosas MNUP: 1 — B3B1(+) (497 n.H., npoba 1), 2 — BOB2(-)
(npoba 1), 3 — AHK BOB1(-) (npoba 2), 4 —B3B2(+) (150 n.H., npoba 2). M — mapkep A MH pparmMeHToB (bp = n.H.).

NC, NC1, NC2 — oTpuLaTenbHbIi KOHTPOSb.

Note. A) the first round of nested PCR: 1 — EBV (+) (596 bp, sample 1), 2 — EBV (+) (596 bp, sample 2); B) the second round

of nested PCR: 1 — EBV1(+) (497 bp, sample 1), 2 — EBV2 (-) (sample 1), 3 — EBV1 DNA (-) (sample 2), 4 — EBV2 (+) (150 bp,
sample 2); C) optimized one-round PCR: 1 — EBV1 (+) (497 bp, sample 1), 2 — EBV2 (-) (sample 1), 3 — EBV1 DNA (-) (sample 2),
4 — EBV2 (+) (150 bp, sample 2). M — 100+ bp DNA ladder. NC, NC1, NC2 — negative control.
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Hetekuns BOb1/BO62 1 BI46A/Br46B

B BOb-nojoxurenbHbiXx o0pa3uax JelHKOLNTOB
nepudepruyeckoil KpoBu ObLIM aMILIUGUIIUPOBA-
HBI (hparMeHThl pasMepoM 596 I.H., OAMHAKOBbIE
151 oboux TUNOB Bupyca (puc. 1A). Bropoii payHn
TTLLP (neTexkuus mpoBOAUIACH AJIsI KaXK10M MPOOBI
B ABYX OTIEIbHBIX TPOOUPKax) MO3BOJAUI nudde-
PEHIIMPOBaHHO onpeaejuTh Tunsl BOB1 (497 n.H.)
nBBOB2 (150 1.H.) (puc. 1Bb). [Tpu atom nyis BOb2 Ha-
OJIro1aJIOCh MHOXKECTBO Hecnelnuduueckux ¢par-
MEHTOB pPa3HbIX pa3dMepoB. ONTUMU3UPOBAHHbBINU
Hamu BapuaHT I1LIP, opueHTUpOBaHHBIN Ha ne-
Tekuuio BOb1 u BOB2, oTtnunualcsa npoBeaecHueM
aMITIMGbUKAIMU B OMWH PayH[ C UCIOJIb30BaHUEM
mpaiiMepoB, IIPUBEICHHBIX B pazaelie «MaTepuabl
U METOAbl» (MCXOAHO MCIIOJb30BaJUCh BO BTOPOM
paynne IILP) (puc. 1B). OnHopayHIOBBIN Bapu-
aHT TP xapakTepusyeTcs [0OCTaATOYHOI YyBCTBU-
TEJBHOCTBIO U CIEUDUYHOCTHIO aMIIU(PUIIUPO-
BaHHBIX (pparMeHTOB.

B nanpHelieM TecTUpoBaHUe IMTPOO MallMeHTOB
U KOHTPOJBHOI TPy MITbl IPOBOAUIOCH C TIOMOIIbIO
ONTUMU3MPOBaHHOIO MeTona. [1pu obciaenoBaHUU
nanueHToB ¢ OMMM Bo Bcex obpasiax ObLJI BbIsSIB-
geH BOB1. EnunctBenHas BOB(+) nmpoba (o pe-
gynbratam [11IP-PB) npu TunupoBaHuu B oJlHOpa-
yHaoBoit I1LIP nmokazana orpuuiaTebHbIA pe3yib-
taT. [1pu aTOM Bce pesysibTaThl BOb(—) npo6 Obliu
MOJHOCTbHIO KOHKOPIAHTHBI.

OO0cyienoBaHWEe KOHTPOJBHOW TPyMIbl IOKa-
3aj10, YTO Y 3J0POBBIX BUPYCOHOCHUTEJE IMpeod-
JajapiM TUnoM takke spisietcss BOB1. Toibko
ONMH o0pa3zel] JIEHKOLIUTOB KPOBU, MMPUHAAIEXKaB-
IIWNA 1eBOYKE B BO3PACTE ISITH JET, ObIJ MOJI0XK M-
TeabHbIM Ha BOB2. IluckopaaHTHOCTb pe3y1bTaTOB
B oOpa3liax KOHTPOJBHOW TpYIIbl Habiiomajiach
B KaXXI0M IecsaToi mpode, B TOM YUCJIEe TOKHOOTPU-
HaTeJbHbI pe3yabTat Obls1 oTMeueH aJist [T P-PB.

500 bp
400 bp

500 bp
400 bp

Pa3spenbHas netekuus Br'46A n Br46B8

Omnpenenene BI'Y6A n BI'H6B mpoBoauioch
B xone ogHopayHaoBoii ITLIP [30]. Cpenu nanueH-
T0B ¢ OVM BbIsIBAIsIICS TONbKO BI'U6B. Juckop-
MNAHTHOCTb PE3yJbTaTOB YBEJIMUUIACh OO0 KaxKIOM
nsatoit mpoobel: 6 BI'Y6(+) npo6 (mo pesyibraraM
T P-PB) mpomnu Kak oTpuliaTelbHble, a B 4
BI'46(—) npobax, Hao6opoT, ooHapyxeH BI'U6B.

B KOHTpOJBHOI TpymIe TakKe eIMHCTBEHHBIM
BbISIBJIGHHBIM BuaoM ctan BI'Y6B. I1pu nccienosa-
HUU Marepuajla B KOHTPOJIBbHOW TpyIITE yCTAHOB-
JIEHO 6 TMCKOPIAHTHBIX P00, U3 KOTOPBIX JOXKHO-
otpuuareibHoii B [111P-PB Obly1a TONBKO OgHA.

Ontumusauus MNMUP ana puddpepeHumanbHom
petekuun BO61/B362 n Br'46A/Br46B

IMpoananu3upoBaB cUTyallUIO C NUCKOPAAHT-
HBIMU TIpOOaMM MO pe3yJbTaTaM ITPOBEISHHOTO
TTI[P-ananu3a, Mbl yCTAHOBUJIM, YTO BO BCEX CIIYy-
JasiXx, B KOTOPBIX ObLIW TOJTYyYEHBl OTPUIIATEIb-
HbI€ pe3yabTaThbl, KOHUEeHTpalusa BupycHoit JTHK
BOb uinu BI'Y6A/B nHaxonunach B nuanasoHe < 1
Ig/IHK/10° knetok. I[Tpu 3TOM 3HAYECHUST KOHIIEH-
Tpaluuu, Beipaxkaembie B Konusx JHK B mpooOe,
B JaHHBIX oOpa3siax obutn MeHee 4,7. CienyeT oT-
METUTD, UTO B IPYTUX MPOOAX NaLlUEHTOB U B KOH-
TpoabHoi rpynne 1mpu ypoBHe [JJHK menee 4,7 Ko-
NUil B MpoOe perucTpupoBaIUCh U MOJOXUTEb-
HbI€ PE3yJIbTAThI.

Tak, npu koHneHTparuu BI'Y6B < 1 1gJIHK/10°
KJIETOK OTMEUAJIMCh BbIPAXKEHHbIE Pa3JINU Ul B BU3ya-
nuzauuu [T P-dgparmeHTOB B Mpodax ¢ pa3IuuyHbIM
conepxxanueM BupycHoit JIHK (puc. 2A). Ha puc. 2b
JIBa 00pasiia C 1eJIeBbIMHU JIJIST HAaC KOHIIEHTPAIIASIMU
MeHee 4,7 Konuii B MpoOe MpeacTaBieHbl B TPUILIE-
Tax. JlaHHbIE CBUETENBCTBYIOT O HU3KOM CXOAUMOC-
TU PE3yIbTaTOB UCCIECIOBAHUI TTPU YCTAHOBIEHHbBIX

500bp
400bp

PucyHok 2. Pesynbtathbl gudpdepeHumanbHoi getekumum BI'Y6A u Br'46B B 06pa3uax ¢ HU3KOW BUPYCHOM

Harpy3koii (< 1 IgAHK/10° kneTok)

Figure 2. Results of differentially detected HHV6A and HHVEB in samples with low viral load (< 1 IgDNA/103 cells)

Mpumeuanwme. A) netekums BIY6B (431 n.H.) npu koHueHTpaummn AHK 15,0 konwuii B npobe (nuHus 1), 0,4 konun B Nnpobe
(nnHmns 2), 4,0 konum B npobe (nuHua 3); b) netekums BMY6B (431 n.H.) B TpunneTtax npu koHueHTpauumn JHK 0,4 konum B npobe
(nnHuK 1, 2, 3), 4,0 konuwn B Npobe (MnHumn 4, 5, 6). M — mapkep anuH pparmeHToB (bp = n.H.). NC — oTpuLaTenbHbli KOHTPOb.
Note. A) HHV6B (431 bp) detection: 15.0 DNA copies per probe (lane 1), 0.4 DNA copies per probe (lane 2), 4.0 DNA copies

per probe (lane 3); B) HHV6B (431 bp) in triplets at concentration of 0.4 DNA copies per probe (lanes 1, 2, 3), 4.0 DNA copies
per probe (lanes 4, 5, 6). M — 100+ bp DNA ladder. NC — negative control.
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500by
e 400bp
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500bp
400bp

PucyHok 3. PeaynbraTtbl onTumusauum MLP-aHanu3a gng npo6 ¢ HU3KOI BUPYCHOM Harpy3Koii

(< 1 1gAHK/10° kneTok)

Figure 3. Results of PCR optimization analysis for samples with low viral load (< 1 IgDNA/10° cells)
Mpumeuanue. A) peamnnnoukaums BIY6B (431 n.H.) npu koHueHTpauun JHK 15,0 konuii B npobe (nuuus 1), 0,4 konun
B npobe (nuHus 2), 4,0 konum B npobe (nmHus 3); B) ogHopayHaoas MNLP (B TpyunneTax) nocne KOHUEHTPUPOBaHUS NPoo:
ucxonHo 0,4 konuu B npobe (nuHum 1, 2, 3), 4,0 konum B npobe (nnHum 4, 5, 6). M — mapkep aavH dparmeHToB (bp = n.H.).

NC — oTpuLaTenbHbli KOHTPOb.

Note. A) reamplification of HHVEB (431 bp) at concentration of 15.0 DNA copies per probe (lane 1), 0.4 DNA copies per probe
(lane 2), 4.0 DNA copies per probe (lane 3); B) one-round PCR (in triplets) after DNA enrichment in samples: initially 0.4 DNA
copies per probe (lanes 1, 2, 3), 4.0 DNA copies per probe (lanes 4, 5, 6). M — 100+ bp DNA ladder. NC — negative control.

OpeneabHBIX 3HAYCHUSIX YYBCTBUTCIBHOCTU ITPH-
MEHSIEMBIX MeTOJIOB. TakKnM 06pa3zoM, oOHapyKeHue
BupycHoit JIHK B aTux o0pasiiax BO MHOTOM MOXET
HOCUTB CJIyYalHbBIN XapaKTep.

Ha cnenylomem stare ajisg mpod ¢ BUPYCHOI
Harpy3koi < 1 Ig/IHK/103 kneTok paGoTa mpoBoO-
Iuiach MO JABYM HAITpaBJICHUSIM: a) TPOBEJICHUE
BToporo payHna ITIHP ¢ Ttemu xe mpaiimepamu,
KOTOpBbIE€ UCIT0JIb30BaJIUCh B ofHOpayHaA0BoM 11 P
(peamruindukanus); 6) koHmeHTpupoBanue JJHK
B rIpobax (puc. 3).

Peammiudukaiys, Korma BO BTOPOM payHIE
I[P ucnonp3yercd marpulia W Tpaimepsl, Gu-
rypupytomue B neppoM payHuae ITLIP, mo3Bossier
NOBBICUTh 3(P(HEKTUBHOCTL AeTeKUUU (puc. 3A).
Hanpumep, npu onpeaenenun BI'Y6A/BI'Y6B
C TIOMOIIIBIO TAKOTO CITOCO0a TOMOTHUTEIBHO OBLIN
BBISIBJIEHBI TIOJIOKUTENbHBIE 00pasLbl eme y 6%
nauueHToB ¢ OMM, cocraBuBiine cymMmmapHo 72%,
n Bce onu Obutn BI'Y6B(+). KoHueHTpupoBaHue
npob nyteM godaBiaeHus auerata HaTtpus (pH 7,0)
¥ U30MPOITaHOJIa B OOJIBITMHCTBE HU3KOKOTTMITHBIX
mpo0 TIO3BOJISIET NTOCTUYb CTAOMJIBHOW BOCITPO-
W3BOAMMOCTHU PE3yJIbTaTOB B Tpuretax (puc. 3b)
W TOBBICUTH KOHIICHTPAIIUIO KaK TOTaJbHOM, Tak
u BupycHoi JIHK 1o meTekTupyeMoro ¢ moMouibio
aneKkTpodopesa ypoBHs (Tab.). CieayeT OTMETUTD,
YTO HU B OAHON U3 UCCIEAYEMbBIX ITPOO, B TOM UKCie
nocie ontuMmusanuu, BI'Y6A oGHapykKeH He ObLIT.

O6cyxaeHne

BDb u BI'Y6A/B otmiuuaioTcs BbIpaxK€HHOM
JAUM@POTPOITHOCTHIO, TTOpazkasi MPeuMyIllIeCTBEHHO
B- u T-x1eTku cooTBeTCTBEHHO. B j1aTeHTHOM I1€-
puoje MHGpEKIIMU OCHOBHBIM pe3epByapoM 00OMX
BUPYCOB OCTAlOTCs TJaBHbIM O0OpPa3zoM MOHOHYK-

JleapHbIe KJIETKU nepudepndeckoir Kposu [21, 26].
Db peKTUBHOCTH OOHAPYIKEHU ST TAaTOTE€HOB BO MHO-
TOM OITpeNesieTCs] BHIOOPOM MCCIeIYeMOTo KIMHU-
yeckoro Mmarepuajia. MMeHHo 1mo3ToMy B Halllei pa-
0OTe OCHOBHBIM MaTepuaJioOM IOCIYXKUJIU JIeHKO-
HUTHI TTepudeprdeckoit KpoBu. I1o TaHHBIM JTUTE-
patypsl, pe3yabrarsl gerekuuu BOB u BI'Y6 moryt
CYIIIECTBEHHO pa3jnyvaThbes. Tak, 4acToTa BBISIBIIC-
Hus JJHK BOb B MOHOHYKJIEapHBIX KJIETKaX TTepU-
depuueckoii kposu mpu OUM BapbupyeT y pa3HBIX
aBTopoB oT 30,3 [28] mo 100% [21]. UccnenoBaHus
300POBBIX BUPYCOHOCUTEICH B IETCKOU MMON YIS LN
NPOBOMSITCS, KaK MpaBUJIO, Ha MaJOYMCICHHBIX
BBIOOpKaX. Y B3pOCAbIX TAKOE OrpaHUYEHUE OTCYT-
ctByeT. IIpu 3TOM JaHHBIE TOBOJIBHO CUJIBHO pa3-
HaTcs. Tak, y B3pocabix 1oHopoB Kposu JIHK BOb
OOHapyXUBaeTCcsd, MO0 OAHUM CBeAeHUsIM, B 5,1%
cinyyae, JHK BI'4y6 — B 6,1% [32], o npyrum —
B 72 1 30% cooTBeTcTBeHHO [24]. BricoKasi cTereHb
pacxXoXIeHMS TaHHBIX, BEpOsITHEE BCEro, O0YCIIOB-
JIeHa OTCYTCTBUEM CTaHAAPTU3AIINH TAOOPaTOPHBIX
METOMOB, IPUMEHSIEMbIX Pa3HBIMU TPyIMIaMU HC-
clienoBaTesieit, B TOM YMCJIe Ha ATarie BbIOopa mpaii-
MEpPOB K pa3HbIM IeHaM BUPYCOB. OOBEKTUBHbIE
TPYAHOCTHU MOXET CO3[aBaTh HU3KOE COJIEpKaHUE
HYKJIEMHOBOI KHWCJIOTHI OTIpEIeICHHOro TaTtoreHa
B HcclieayeMoM Mmarepuajie. MI3BecTHO, 4TO B Jia-
TEHTHOU a3e, XapaKTEepHOW [JISI 3IO0POBBIX BU-
pycoHocuTeneil, B nepudepudeckoii Kposu BObB
nepcuctupyet B 1—50 nHOUIIMPOBAHHBIX KJIETKAX
Ha MUJUINOH B-kireTok [16].

B cooTBeTcTBMM ¢ pe3yabTaTaM HAIIUX UCCTIe-
moBaHuii yactora BeisgBieHnus JHK BOb u BI'U6
B JIeliKoLIUTax nepudepruyeckoit Kposu npu OMUM
yaeteit 1—15 meT coctaBuia 74 1 72%, a B KOHTPOJIb-
Holi rpynne — 35 u 74% cooTBeTcTBeHHO. [1pu aTOM
BUpYCHasl Harpyska pacrnpeneauiach Caeayomnunum
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Hetekuns BOb1/BO62 1 BI46A/Br46B

TaGnuua. Pe3ynbTaTbl KOHLEHTPUPOBaHUS NPo6 ¢ HU3kuM coaepxaHnem JHK BOB u AHK Br46

(< 11gAHK/10° kneTok)

Table. DNA sample enrichment for low EBV DNA and HHV6 DNA cases (< 1 IgDNA/10° cells)

OHK o6was, Mkr/mkn OHK B3b, konwuii B npo6e OHK Br46, xonuii B npote
Ne o6pasua DNA total, pg/ul EBV DNA, copies per probe HHV6 DNA, copies per probe
Sample ID no nocne no nocne Ao nocne
before after before after before after
1315 0,123 0,458 0 1,90 1,47 8,80
1358 0,210 0,598 0,59 7,81 0,44 2,30
1390 0,167 0,438 7,47 13,59 3,28 13,34
1393 0,125 0,460 0,54 2,16 1,20 6,68
1173 0,240 0,730 0 0 0 0,96
1185 0,152 0,705 4,70 36,3 0 0,43
OTpm!,aTeanbm KOHTPOJIb 0.175 0,603 0 0 0 0
Negative control
MlonoxuTensHbli KoHTPOIL 0,462 0,570 830 2400 2,41 21,30
Positive control

Mpumeyanne. OTpuLaTENbHbIN KOHTPOJL — CEPOHEraTUBHbIA 06paseL, kposu, IHK BAB(-) n BI'46(-); nonoxuTenbHbIi KOHTPONb — CEPOMNO3UTUBHBIN
nauueHt, AHK BOb — 3,72 IgAHK/10° knetok, AHK BMY46 — 1,46 IgAHK/10° kneTok. Cepble S4eik — NONOXMTENbHbIE PE3YNLTATHI MPU AETEKLUM

Ha anekTpodopese.

Note. Negative control — seronegative blood sample, EBV DNA(-) and HHV6 DNA(-); positive sample — seropositive sample, EBV DNA — 3.72
IgDNA/10° cells, HHV6 DNA — 1.46 IgDNA/10° cells. Gray boxes depict positive results after running electrophoresis.

obpasom: B rpyrie naiueHToB ¢ OMUM 3HaueHus
koHueHTpauuu JHK BOB > 1 IgJlIHK/10° k1eTok
BoIIBIsIMCH ¥ 81% (30/37), cpenHsisi KOHIIEHTpa-
uus cocrasuia 2,37 IgZlIHK/10° kjieToK, B ocTalib-
HBIX cllydasix cogepxkaHue BupycHoi JIHK He nipe-
Boimaso 1 1gJIHK/10° knetok. Takum obGpasom,
BBb-accouuupoBanubii OMM noaTepxaaics
B oTHoueHuun 60% (30/50) oGceqoBaHHbBIX ALK~
€HTOB. Y 3I0pPOBBbIX BUPYCOHOCHUTEJIElf KOHIIEH-
tpauug JHK BODb u JHK BI'Y6 He mpesbliiiaia
1 1gAHK/10° k1eToK MpakKTUYeCKH BO BCEX MCCIIe-
JMIOBaHHBbIX o0pa3uax. VicktoueHreM SIBASIIOTCS ABe
JIEBOYKU JABYX U IMSITHU JIET, y KOTOPbIX BUPYCHAsI Ha-
rpy3ka BOb cocrasuia 1,92 u 2,19 1g/IHK/10° kie-
TOK Ha (pOHE OTCYTCTBUS KJIUHUYECKHUX CUMIITO-
MoB. Crenyer OTMETUThb, YTO CPpaBHEHUE Pe3YJib-
tatoB KoaumuectBeHHou IIIIP, mpencraBiieHHBIX
B pa3HbIX NyOJUKAIIMSX, BEI3bIBAET OMpeneJeHHbIE
3aTPyIHEHUS U3-3a OTCYTCTBUS CTaHIAPTU3ALIUU
eIMHUILL u3MepeHus (Konuu Ha Mukporpamm JJHK,
KONMUU Ha MUJLIUIUTP, Kormuu Ha 100 000 neiiko-
uuToB, Jorapudm konuii JJTHK Ha 100 000 kineTok,
KOMUU Ha MHOULIMPOBAHHYIO KJIETKY).

PyTUHHBIM MeTOIOM J1a0OPaTOPHOI NUAarHOCTU-
ku BOB- 1 BI'Y6-uHbeK MM ocTaeTcs cepojiorniec-
KU, HE TO3BOJSIONIUN OLIEHUTh TFeTePOreHHOCTh
LHUPKYIUPYIOIIEH MONyasiUMM KaXXJI0ro BUpYyca.
B ocHoBe cyliliecTBYIOIIMX J1a0OPATOPHBIX TEXHOJIO-
TUN JUIS U3Y4YEHUs] TEHETUUYECKOro pa3HooOpas3us
naroreHoB Jiexxut metod ITHP [12]. dnsa auddepeH-
LMaJbHON JeTeKLIMU OCHOBHBIX THUIIOB BOb M pas-
HbIX BUaoB BI'U6 mcciaemoBaTeny NMPUMEHSIOT OT-
Jinyaroumecst JJabopaTopHble MPOTOKOIbl MPEUMY-
IIIECTBEHHO Ha OCHOBE KAYE€CTBEHHOW «THE3/I0BON»
TP [22, 31]. OTaenbHOro BHUMAHUS MPU 3TOM
TPEOYIOT METOAMYECKUE MOAXOAbI U1 OOOTaIleHust

BHUPYCHOI'O T€HETMYECKOIro MaTepuasna B oOpasiax
C HU3KUM CONIep>XKaHUEM HYKJIEMHOBBIX KHUCIOT U3-
y4JaeMbIX IMaToreHos [12].

OnTUMU3UPOBAHHBIN B JaHHOUW paboTe MeTo-
JUYECKUI TTOAX0Md MO3BOJISIET pa3aeJbHO AETEKTU-
poBarb OCHOBHBIE TUITbI BOB, a Takxe Buasl BI'Y6
Mo €IUHOMY JabopaTOpHOMY MPOTOKOJY, a C JO-
MOJIHUTEJIbHBIM 3TanoM KoHLeHTpupoBaHus JJHK
MOBBIIIAET JTUArHOCTUYECKYIO UYYBCTBUTEJIbHOCTH
TTI[P-ananu3a, MUHUMU3UPYET OO0 JUCKOPAAHT-
HBIX U JJO(KHOOTPHULIATEIbHBIX PE3YJIbTaTOB.

OcHOBHOM KJjlaccudUKallMel IBIsIeTCS IeJIeHUe
BOb Ha nBa Tuna — BObB1 u BOB2 [18]. C 2012 1.
BI'Y6A n BI'U6B paruduiimpoBaHbl Kak OTaeIbHbBIE
Buakbl [14, 15]. Ux reorpaduyeckoe pacrpeaeieHue
UMeeT oIpeaeaeHHble ocobeHHocTu. O0a Tuma
BOb BcTpeuaroTcs moBceMecTHO, ogHako BObBI
SIBJISIETCSI OCHOBHBIM TUIIOM, PACHPOCTPAaHEHHBIM
BO BceM Mupe. OH TOMUHUPYET CpeaUu HacCeeHUS
Esponbl, CeBepHoii AMepuku, A3uu. B To ke Bpe-
M BOB2 cunmTtaeTcs XxapakKTepHbIM TUIIOM BUPY-
ca, LUPKYJIUPYIOLUIUM B peruoHe AGpuku K 1ory
ot Caxapsl u B [lamya — HoBoit I'Bunee [33, 36].
BI'U6B siBisieTcsi OCHOBHO# TMPUYUHON TMEepBUY-
Hoit BI'46-undpexkuuu B CIIIA, BennkooputaHuu,
Anonuu u Poccun, a BITY6A yaiie oOHapyXuBaeT-
cs1 B ahpuKaHCKUX cTpaHax [6].

B Hactosiiee BpeMs uMeeTcs MaJjlo JoKa3a-
TEJbCTB OOYCJIOBJIGHHOCTU 3a00JIeBAaHU orpene-
neHHbIM TUIoM BOB. Tak, BoaHO 13 paboT rokasza-
HO, YTO UH(EKIIMOHHBIII MOHOHYKJIE03 Yallle acCo-
nuupoBacs c Turiom BOB1, Hexenu ¢ Tunnom BOB2.
B npyrom uccienoBaHuu CylIECTBEHHbBIX pa3auyunii
BbISIBJIEHO He Obuto. Ilpenmosaraercs, 4tTo MHOU-
nupoBaHrue BOB2 MoxeT mpoucXoauTh B YCIOBUSIX
XPOHUYECKO MMMYHHOIW aKTWUBALlMU, HAIpUMEpP
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B TeX 4acTsaX AGPUKHU, TJe MHOTO COMYTCTBYIOIINX
MHOEKINI, BKJIOYask MajJsapuio, WJIM Y UMMYHO-
KOMMpoMeTHupoBaHHBIX Juil [33]. BI'Y6B aBasert-
Csl OCHOBHBIM 3THOJIOTUYECKUM areHTOM IepBUY-
Hoit BI'Y6-uHdekMy y neteil paHHEro Bo3pacTta.
BI'Y6A peructpupyetcs B 6ojiee cTapliieM Bo3pac-
Te U OTJIM4YaeTcsl 0oJibllei HeiipoTponHocThio. O0a
BUpPYCa CITOCOOHBI MHTETPUPOBATHCS B XPOMOCOMBI
YyeJI0BeKa U MepenaBaThesl 1o HaceACTBY [6].

IlonyyeHHBIe HaMU pe3yJabTaTbl CBUIETENb-
CTBYIOT O MpeodJaJaHUU B BUPYCHOW MOMYJSIIIUU
cpenu obcnenoBaHHbIX aeTeit Huzkeropoackoro
peruona BOB1 u BI'Y6B, uTo cornacyercs ¢ cylie-
CTBYIOLIMMMU TIPEACTABJICHUSIMU 00 UX reorpacdu-
YeCKOM pachpelesieHUU Ha MpUuJieraloiiux Teppu-
Topusx. Cienyet oTMeTUuTh, uTo BOB2 Ob11 0OHa-
DPYXEH TOJIBKO B OJJHOU MpoOe KOHTPOJIbHOMN IpyIi-
bl gereil. BITY6A He geTeKTupoBaJicss HU B OQHOM
U3 UCCJIENyeMbIX TPYIIII.

Jas1 KJIMHUKO-3MUIEMUOJIOTMYEeCKO Xapak-
tepuctuku BI'Y6A, BI'Y6B, a Tak:xe Tunos BOb1/
BBB2 TpebyroTcd ganbpHeliiue, 6omaee MacuiTab-
HbIE UCCJIENOBAHU .

3akJyeHme

B kxontekcre meroma IILIP onTtumusmpoBaHbI
METOANYEeCKHUEe MOAXOmbl I auddepeHInalb-
Hoit metekuuu BOB1/BOB2 u BITY6A/BI'Y6B, uro
BIICPBBIC ITO3BOJIMJIO Ha Oo0Jjiee OeTaJdlbHOM YPOBHE
OLIEHUTH LI PKYJISIINIO TaHHBIX BUPYCOB Ha TEPPU-
Topun Huxkeropomckoro permoHa.

OnTuMu3anus pas3aeabHON IETEKIIMH OCHOB-
HbIX TUIIOB BOB, a Tak:ke BugoB BI'U6 GasupoBa-
JIach Ha MCITOJIh30BAHUM KOMILJIEKCHOTO TIOIXOMa,
BKJIIOUAIONIETO IIPUMCHEHHME OIHOPAYHIOBOTO
BapuaHTa [1LIP BMecTO AByXpayHIOOBOIro, a TaKXKe
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YPOBEHb HENPOTPAHCMUTTEPOB
B HEAPOAMUHCOEPXALLUX
CTPYKTYPAX JIEFTKUX INMPU PA3HbIX
POPMAX TYBEPKYJIESA

H.E. I'mmanaunosa', JI.A. JIiooosuesa', E.B. JIio0oBueBa’

'@rBOY BO Yysawckuii cocydapcmeernnniii ynusepcumem umenu H. H. Yavsanosa, e. Yebokcapot, Poccus
2 Pecnybaukanckoe 610po cydeorno-meduyunckoil sxcnepmusvt Munzopasa Qysawuu, e. Yeboxcapwt, Poccus

Pestome. Llenb nccaenoBaHuss — BbISIBUTh OCOOEHHOCTH BapuallMil JoKaau3allMi MOHOAMUHOB (KaTeX0JIaMUHOB, Ce-
POTOHHMHA) B KJIETOYHBIX CTPYKTYPaX ayTOICUITHOIO MaTepralia Jerkux, MopaxeHHbIX TYOePKYJIe3HbIM IIPOLECCOM.
Mamepuanst u memodst. iccienoBaHo 165 ciydaeB BTOpUYHOro Ty6epKyJesa ierkux. Msyuyeno 2500 rucToorn4eckmx
MpenaparoB MalueHToB B Bo3pacTe oT 30 1o 55 jeT, pa3aeJeHHbIX Ha 5 I'PYIII COOTBETCTBEHHO hopMaM TyOepKyJie-
3a. Jlnst onpeneneHust coaep:KaHus HEIPOTPAHCMUTTEPOB B CTPYKTYPaX JErKUX IPUMEHSIICH JTIIOMUHECLIEHTHO -1~
croxummueckuit Meton Manrbka—Xunnapna. Pezysemamer. [Ipy TpuMeHEHUH TIOMIUHECLIIEHTHO-THCTOXUMUYECKOTO
MeTona Panpka—Xuiapra B ayTONCUITHOM MaTepuaJjie JIETKMX, MOPakKeHHbIX CHeU(pUUSCKMM BOCIATUTEIbHBIM
MIPOIIECCOM, OBLTM 00HAPYXKEHBI MUKOOAKTepUH TYOSpKYyJie3a, coaepKaliue KaTeXoTaMUHBI M CEPOTOHMH, a TaKXKe
BBISBJISUINCH HEpoaMHMHCOICPKAIIE TpaHyISIpHBIC JTIOMUHECIUPYOIINE KJICTKM U TY4YHBICe KIeTKU. [TopaxkeH-
Hble U HeMOpaXKeHHbIe YYaCTKU JIETKUX CoAepkKaT pa3HOe KOJMUYECTBO MOHOAMUHOB. YMCIIO KIETOK U ComepKaHue
M3y4aeMbIX OMOaAMUHOB 3aBUCUT OT (DOPMbI BTOPMYHOIrO TyOepKyie3a. YCTaHOBJIEHO, YTO MPU MaJibiX (hopMax BTO-
PUYHOTO TYOepKyJie3a (OCTPBIM 0YaTrOBEIM, (PMOPO3HO-0YATOBEIN, HWHOMIBTPATUBHBIN) U3MEHSIETCS YHMCIIO KJIETOK
1 KOJIMYECTBEHHbIE TIOKA3aTeIM U3ydyaeMblX HEHPOTPAHCMUTTEPOB (KATEX0JaMUHOB, CEPOTOHMHA) B IPAHYJISIPHBIX
JIIOMUHECLMPYIOLIMX KJIETKAX U TYYHBIX KJIETKAX B CTOPOHY yBearueHus. [1pu n1ecTpyKTUBHBIX IPOLIECCAX B JIETKUX
IToKa3aTeIu Colep:KaHMsI KaTeX0JIaMIUHOB B MCCIICIYEMBIX CTPYKTYpaX B 30HE MTOPaXKEHUS IIPeo0IanaoT Hal IToKa-
3areIsiMM KOHTpoJIsl. KoHIIeHTpallMsi cepOTOHMHA B M3y4aeMbIX KJIETKAaX MOPaXkEHHOI0 TYOePKYJIE3HBIM ITPOLIECCOM
yuacTKa TKaHMU JIETKOrO CHUKEHA. DIacTUYeCKMe HEPBHBIE BOJIOKHA B MECTaX IOPaXKeHUSI MUKOOAKTEPUSIMU TaKKe
OB M3MeHeHBI. OHM He UMEeJTA YeTKOCTH JIIOMUHECIIEHIIN Y, BHITIISICTN «OTLTBIBINMMU», MECTAMU B HUX OTCYTCTBO-
BaJld BApUKO3HbIC paciiupeHus. 3axatouerue. COOCTaBUB Pe3yIbTaThl IIPOBEICHHOIO UCCIIENOBAHUS C IUTEPaTyp-
HBIMU JaHHBIMHU, MBI YCTAHOBUJIU, YTO TYOEPKYJIe3HOE IIOPaXeHUe JISTKUX MPOTeKaeT KaK peakius 3aMeIIeHHOrO
THIIA, a MUKOOAKTepHs TyOepKYyJIe3a IMPOSIBIISICT ce0sI KaK KOPITYCKYISIPHEIN aHTUTEH.

Karouesvie caoea: epanynsaphvie aloMuHecyupyouie KAemKi, KamexoidmuHbl, CePOMOHUH, MyYHble KAeMKU, 6e2eMAMUEHAsA HepEHAsl
cucmema, mybepkynes, APUD-cucmenma.
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Abstract. The aim of the study was to identify features of varying localization of monoamines (catecholamines, seroto-
nin) in the cell structures in tuberculosis-affected lung autopsy samples. Material and methods. 165 cases of secondary
pulmonary tuberculosis were studied by examining 2,500 histological preparations from patients aged 30 to 55 years, di-
vided into 5 groups, corresponding to the forms of tuberculosis. The Falck—Hillarp luminescence-histochemical method
was used to determine the content of neurotransmitters in lung structures. Results. While using the Falck—Hillarp lu-
minescence-histochemical method, mycobacteria tuberculosis containing catecholamines and serotonin were detected
in autopsy material of lungs affected by a specific inflammatory process, as well as neuroamine-containing granu-
lar luminescent cells and mast cells. Affected and intact areas of the lungs contain different amounts of monoamines.
The number of cells and level of the bioamines studied depends on the form of secondary tuberculosis. It was found that
in small forms of secondary tuberculosis (acute focal, fibrous-focal, infiltrative), the number of cells and quantitative
parameters of neurotransmitters (catecholamines, serotonin) examined in granular luminescent and mast cells change
to rise. In case of lung destructive processes, the level of catecholamines in the structures studied of affected area was
higher than in control. The concentration of serotonin in the studied cells lung tissue affected by the tuberculosis process
was reduced. Elastic nerve fibers at the sites of mycobacteria were altered as well. They displayed no clear luminescence,
looked “swollen”, sometimes lacking varicose veins. Conclusion. Comparing the results of the study with the literature
data, it was found that pulmonary tuberculosis occurs as a delayed reaction, and Mycobacterium tuberculosis manifests

itself as a corpuscular antigen.

Key words: granular luminescent cells, catecholamines, serotonin, fat cells, autonomic nervous system, tuberculosis, APUD system.

BeepneHnue

B HacTos111ee BpeMsi OMHOI U3 aKTyaJbHBIX PO-
OeM MeAULIMHBI SIBJISIETCS W3yYeHUE MeXaHU3-
MOB CHeUU(pUYECKOr0 BOCIAIUTEILHOTO OTBeTa
Npyu MPOHUKHOBEHUM MUKOOAKTEpUU TybOepKyJsesa
B TKaHU Jierkux. BapuaHTbl TeueHUs, 3¢hHEeKTUB-
HOCTb JICYEHUSI M IPOrHO3bl 3TOro 3a00JeBaHUS
HampsiMylo CBSI3aHbI C COCTOSTHUEM MMMYHHOI CH-
CTeMbl opraHusma. M3BeCTHO, UTO B MPAaKTUKE IS
BBISIBJICHUSI MUKOOAKTEPUIA MCTOIb3YIOT JIIOMUHEC-
LIEHTHBIU KpacuTesib aypoMuH. [IpyuMeHeHue TioMu-
HECLIEHTHO-TUCTOXMMUYECKUX METOJOB ITO3BOJISIET
Kak B JIETKUX, TAaK 1 BO MHOTMX OpraHax UMMYHHOI1
3alIUThl BBISIBUTh TaKKe KJIETKU — TPOAYLIEHTHI
HelipoaMuHOB: TyuyHble kjeTku (TK) u rpanynsp-
Hble JoMuHecuupytomune kiaetku (I'JIK) (amunHo-
LMUTBI: MOHOAMUHOLIUTBI U AUAMUHOLMTHI) [3, 7, 8].
BosneiicTBrue oKpyxXarolleil cpeibl IPUBOAUT K aK-
TUBAlLlMU BHYTPEHHUX MEXaHU3MOB OOMEHa BEILIECTB
B JIETKUX MOCPEACTBOM HEHPOTPaHCMUTTEPOB [2].
KreTtouHble CTPYKTYphl JErKUX TECHO B3aMMOCBSI-
3aHbl MEXAY COOOM U PEryJupyroTcsl ryMopaJlbHbIM
HelipoMenuaTopHbiM 3BeHOM BHC u B3aumoneii-
CTBUSIMU HEMPOMEAMATOPOB MeX 1y coboii [5, 7, 9].

M3BecTHO, YTO OMOJOTMYECKY aKTUBHBIE Bellle-
CTBa, TaKHWE KaK HEipOaMUHBI (HEHPOTPAaHCMUTTE-
pbI), CHOCOOHBI PEeryaupoBaTh Ha MECTHOM YPOBHE
MHOTUE MPOLECChl, OCYIIECTBIISIONINECS B OTAEb-
HO B3SITOM opraHe [4, 6]. B cBs3u ¢ 3TUM LiebIO
JTAHHOTO UCCJIEA0BAHU S SIBJISIETCS BbISIBJIEHUE OCO-
OEeHHOCTEeN BapualUii JloKaJnu3allukd MOHOAMUHOB

(katexonmamuHoB — KA, ceporonunna — CT) B ke~
TOUYHBIX CTPYKTYPax ayTOICUITHOTO MaTepurasia jer-
KHX, IIOPaKeHHbIX TYOCPKYIE3HbBIM ITPOLIECCOM.

Marepuanbl 1 MeTob!

Hame uccienoBanune MpoBOAMIOCH HA ayTOII-
CUiiHOM MaTepualie, B3siToM B biropo cynedbHo-Me-
TUILIMHCKOU aKcnepTusbl I. Yebokcapsl OT 060JIb-
HBIX TyOepKyJIe30M B TepBble 6 YaCOB ¢ MOMEHTA
HACTYTIUIEeHUs OuoJjiorudeckoit cMepTu. [Ipu aToMm
ObLJI TIpOBENEeH TIIATEIbHBINI OTOOP OOJBHBIX,
Y KOTOPBIX (TT0 JaHHBIM MEAWIIMHCKON JOKYMEH-
Tauuu [uctopus OoJie3HU, amOyJlaTopHasl KapTa,
KapTa NUCHAaHCEPHOro HalJIIoIeHUI|) paHee aua-
THOCTUPOBAHBI M TIOATBEPXKJICHBl KIWHUKO-JIa-
OOpaTOPHBIMU, OMOXMUMUYECKUMU, OAKTEPUOJIO-
TUYECKUMU, PEHTTEHOJIOTUYECKUMHU METOdaMU
pa3Hble (popMbl BTOpUUYHOro TyoepkyJie3a. Hamu
ObIJIO UccienoBaHo 165 ciiydaeB BTOPUYHOTO TY-
oepkyJiesa gerkux. M3yueno 2500 rucronormyec-
KWUX TIperapaToB MallMeHTOB B Bo3pacTe oT 30
1o 55 net. [TanueHThl ObLIU pa3aesieHbl HA S TPYIIN:
I rpynmma — ocCTpbelii oOYaroBblli TyOepKyJies,
Il rpynna — $uOpo3HO-0YaroBblii TyOepKyJies3,
III rpynmma — nHGUABTPATUBHBIN TyOepkyJe3, [V
u V TPYIITBl — NeCTPYKTUBHBIC U3MEHEHU S B BUJIE
OCTPOTO KaBEepPHO3HOTO U (PpOPO3HO-KaBEPHO3HO-
ro TyOepKyJie3a CoOoTBeTCTBeHHO. KoHTposieM mc-
CJIEIOBAHUS CIIYXXWJIN pe3eIMPOBAHHBIC YUaCTKU
JIETKUX TeX Xe OOJIbHBIX, He TTOPaXXeHHBIC CITeIM-
dudecKuM NporeccoM.
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MeTonabl MccaeqOBaHUS:

1. IMpoBoaunacsa aHanU3 MEOUIIMHCKON HOOKY-
MCHTAIINH C IIeJIBIO BRISIBIICHU S CTETICH BBIPasKeH-
HOCTM TYOEpKYJIE3HOIO IIpoliecca o pe3yabraTaM
0aKTepUOJOTUYECKOTO HCCIASCAOBAaHUS MOKPOTBI
1 KOMITBIOTEPHOI peHTreHorpaum.

2. O6mass okpacka TIeMaTOKCUJIMH-203UHOM
MPUMEHSIIach OJIsI BBISIBJICHUS MOP(MOJOTMUYECKUX
M3MEHCHM I B TKAHU JITKUX U TU(PHEPpEeHITNPOBKU
YJaCTKOB, TIOPAaKEHHBIX U HE TMTOPaKeHHBIX MUKO-
OakTepusiMUu TyOepKyJie3a.

3. Ansg m30MpaTeIbHOTO BBISIBICHUS aMUHCO-
JIepKallnuX CTPYKTYP JIETKUX M aJIpeHepPruIecKUx
HEPBHBIX BOJOKOH IIPUMEHSJICS JIIOMUHECIIEHT-
HO-THUCTOXUMUYEeCKUU Meton PambKa—Xwuaap-
na B Mmonudukanuu E.M. Kpoxunoii [11]. Meton
OCHOBaH Ha peakKIMM KOHACHCAIlMU KaTexoJaMu-
HOB (bopmabaernaoM ¢ obpazoBanueM 1,2,3,4-te-
TParuapON30XMHOJINHOB, KOTOPEIE B pe3yibTa-
Te OeruapaTaliiy TpeBpallaloTCs B MHTEHCUBHO
dryopecuupyoomue 3,2-TUTUAPOCOCANHCHM S T30~
XWUHOJIMHA. DTU MPOAYKTHI 00pa3yloT JIIOMUHEC-
LUPYIOLUIMKA KOMILJIEKC, MAlOUIUN SPKO-3EJIEHYIO
dayopecueHuno. KapoboJMHbI, KOTOpbIE B 110100~
HBIX peaKInsIX GOPMUPYIOT CEPOTOHUH, JalOT Oe-
JIOe U XKEeJITOe CBEUCHUE.

4. Konnentpaunu KA u CT B amuHcoaepxa-
IIHUX CTPYKTYpax JEerKUX KOJIMYECTBEHHO OICHU-
BaJIUCh C TIOMOIIBIO ITUTOCTICKTPOMIYOPUMETPUU
B TE€YEeHME MEepBbIX 6—12 4 I0cje HACTYIJICHUS
OMOJIOTUYECKO CMEPTH.

5. CraTUCTUUYECKUIA aHau3 NPOBOIMIICS
C WCIIOJIb30BaHMEM TMporpaMMbl Statistica 13.3
(StatSoft Inc., CIIA). CraTucTUUYECKYIO OOCTO-
BEPHOCTH onpenesiau kputepueM CrohioaeHTa (t).
Jliis yno6cTBa npu noacyete udpoBbie 3HAYESH U S
ymHoxanau Ha 100.

Pesynbrarhl

IIpu ompeneaeHUM JOKaJM3allUd HEMPOTpaHC-
MUTTEPOB B OMOAMMHCOIEPXKAIIUX CTPYKTypax
JIETKUX OBbIJIO OOHApPYXKEHO, YTO CaMU MUKOOAKTe-
puu TyOepKyJie3a HarT 3eJeHOe CBEYEeHUE IPU 13-
YYEHUM MX JIIOMUHECLEHTHO-TUCTOXMMUYECKUM
metonoM Panbpka—Xwuitapma (puc. 1, 11 o6noxka).
Conepxxanue KA n CT B TKaHSIX IETKUX ITpU TyOep-
KyJie3e pacnpezeieHo HepaBHOMepHO. [TopakeHHbIe
M HEeITOpakKeHHbIE YYAaCTKHU JISTKKUX COIEePKAT Pa3HOe
KOJIMYECTBO MOHOaMMHOB. Ha paHHUX 3Tarax 3a-
0OoJieBaHMS B MeCTax JIOKaJau3allui MUKOOAKTEpUit
pe3Ko yBelnuumuBaeTcsd 4duciio makpodaroB u TK
C TIOBBIIIICHHBIM COAEPXKAaHUEM B HUX ITPAKTUUECKU
Bcex HelipoaMuHOB (puc. 2, I1 o6noxka, TabJ.).

Tak, B I rpynme ucciaenyeMbix (OCTpbIii oyaro-
BBIIi TyOepKyJie3) YMCIO KaTexXxoJaMUHCOIep>Ka-
mux u ceporoHuHconepxamux ['JIK npeodnanano
Hana TK (puc. 3). I'JIK pacnonaranuchk moogMHOYKE
BHYTPH aJIbBEOJ U IPYHIaMU B MeXKaJIbBEOJISIPHBIX
npomexyTkax. Coaepxkanme KA B HUX ObIJIO HAu-
GOJIBIIUM II0 CPAaBHEHUIO C OCTaJbHBIMU HEMPO-
aMMHCOJIEpXKAIlUMU CTPYKTypamMu (puc. 4).

Ywucno TK BapbupoBajo ot 8 1o 12 B moje 3pe-
HUus (puc. 3). B KOHTpOJBHBIX yyacTKax JIETKUX
00Hapy>KMUBAJIMCh KJIETKM B OCHOBHOM C KOMITaKT-
HBIM PacHojIOXEeHWEM I'paHyJl U LIEJOCTHOM [IMTO-
nemMoii. B MecTax mopaxkeHUs JISTKUX MUKOOAKTe-
pUSIMU BCTPEUYaIUCh JerpaHyJIMPOBaHHBIE (DOPMBI
TK, BOKpYyr KOTOpPBIX ONpeaesijioch audys3Hoe
JIIOMUHECLIPYIolllee MPOCTPAHCTBO, colepxKaliiee
oonabiioe konudyectBo KA u CT (puc. 4, 5, Ta6.).

Copepxanue KA Bo Bcex CTpyKTypax pese-
nupoBaHHOro Jjerkoro Il rpynnbl McciaenyeMbix
(bubposHo-ouarosast ¢opma TyOepKysaesa), Kak

16
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8_

N
Il

CpepnHee 4ncno KneTok B none 3pexns
Average number of cells in the field of view

o
I

IIKk

W Kk

M [\ v
dopMbl BTOPMYHOIO TyGepkynesa
Forms of secondary tuberculosis
B K¢ i TKr
GLCt MCc MCt

GLCc

PucyHok 3. CpeaHee uyncno INKu TK B none 3peHnsi B KOHTPOJIbHOM M NOPaXX€HHOM y4aCcTKaX Ierkux
Figure 3. The average number of GLC and TC in the field of view in control and affected areas of the lungs
Mpumevanums. MNMogcyet B 10 nonsix 3peHns; K — KOHTPOb; T — TyOepkynes.

Notes. Countin 10 fields of view; ¢ — control; t — tuberculosis.

1069



H.E. TmmanguHosa, J1.A. JlioboBueBa, E.B. JlloboBLeBa MHdekumns n uMmyHuTeT

B YCJIOBHO 3I0POBOM yyacTKe, TaK U B TyOepKy- B TK »aToit rpynnbl coaepxxaHue OUOreHHBbIX
Je3HOoM oydare, 3aMeTHO HapacTaJio B I'JIK (puc. 4). aMUHOB B IOpak€HHOM y4yacTKe ObIJIO HUXKE M0 OT-
Hawubosiee 3HauMTeNbHbIE M3MEHEHUS cOIepxkKa-  HOIIEHUIO K KOHTpouto. KosnyecTBeHHbIN moKa3a-
Hus1 KA u CT 0111 oTMeUeHBl BO BHYyTpuaJibBeo-  Teiab KA ymeHbiuics B 3,1 paza,a CT — B 1,1 paza
JSpHBIX U UHTepcTulraabHbix [JIK (puc. 4, 5). (puc. 4, 5, Tabi.).

ITo cpaBHeHuto ¢ | rpymnmnoii cogepxxaHue Ux yBe- B III rpynne uHOUABTpaTUBHBIN TyOepKyje3
auuuyioch B 1,51 1,2 paza cooTBeTCTBEHHO (puc. 3). xapakTepusyercs yBeandeHueM uuciaa TK o cpas-

Ta6nuua. CoaepxaHue HeillpomeanaToOpoB B GMOaMUHCOAEPXKALUUX CTPYKTYpPaX JIerkux npu pasHbix
dopmax BTopuyHOro Tyoepkynesa
Table. Neurotransmitter content in bioamine-containing lung structures in different forms of secondary tuberculosis

3 s CopepxaHue HeiipoaMnHOB
g i ®dopmbl BTOpUYHOro Ty6epkynesa N3y4yaemble CTPYKTYpbI Neuroamine contents
2 § Forms of secondary tuberculosis Examined structures KA CT
ol
z0 CA ST
KoHutponb + +
K Control 14,0£0,05 22,2+0,05
GLC
3 3 Ty6epkynes 20,7+0,06 23,4+0,05
| OcTpblit oyaroBbii Ty6epkynes Tuberculosis
Acute focal tub losi
cute focal tuberculosis KoHTponb 13.740,05 25.620,05
TK Control
M
c TyGepkynes 15,240,05 29.7+0,05
Tuberculosis
KoHTponb + +
K Control 25,3+0,1 26,2+0,05
GLC
3 TyGepkynes 30,7401 27.3+0,05
" ®unbpo3Ho-o4aroBbiii Ty6epkynes Tuberculosis
Fib -focal tub losi
ibrous-focal tuberculosis KoHTponb 28,4+0,05 32.9+0,05
TK Control
MC
TyGepkynes 8,9+0,05 31,240,05
Tuberculosis
Koutpons 33,7+0,05 27,2+0,05
K Control
GLC
5 TyGepkynes 46,8+0,05 56,2£0,05
I WHounbTpaTuBHLIN TyGepkynes Tuberculosis
Infiltrative tub losi
nfiltrative tuberculosis KoHTponb 278+0,05 29,5+0,03
TK Control
MC
TyGepkynes 35.6£0,03 49,7+0,05
Tuberculosis
KoHutponb + +
K Control 10,3+0,05 26,2+0,05
GLC
3 3 Ty6epkynes 10,6£0,03 22,2+0,06
v OcTpblIiit KABEPHO3HbIN Ty0epkynes Tuberculosis
Acute cavernous tuberculosis
Kourpons 36,8+0,05 35,6+0,05
TK Control
MC
TyGepkynes 56,7+0,05 25,6+0,05
Tuberculosis
KoHTponb + +
K Control 16,8+0,05 21,2+0,06
GLC TyGepkynes
dUBPOIHO-KABEPHOZHBIIA At 23,7+0,05 9,2+0,03
\'} TyGepkynes
Fibrous-cavernous tuberculosis Koutpons 15,4+0,02 13,6+0,05
TK Control S T
MC
TyGepkynes 54,8+0,05 11,240,01
Tuberculosis

Mpumeuanue. LndpoBbie faHHbIE NPUBELAEHbI B YCNOBHbIX €4MHMLAX.
Note. The data are presented as arbitrary units. MC — mast cells, GLC — granular luminescent cells, CA — catecholamines, ST — serotonin.
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HeHuto ¢ ['JIK kak B KOHTPOJBHOM YaCcTU JIETKOTO,
Tak M Ha MopakeHHOM yuyacTke B 2,3 pa3za (puc. 3).
B okpallleHHBIX cpe3ax Jerkux rnpu 3Toi popMe Ty-
OepKyJiesa Oblj1a oOHapy>keHa JIIOMUHeCL U pyloluast
JOpOXKa U3 TUM@POLIMTOB, UYTO, MO JaHHBIM JIUTE-
patypsl [7, 10], MOXXET CBUIETEbCTBOBAThH 00 aKTHU-
BallMU TyOepKyJie3HOro npoiecca. B iejsom crienu-
¢duryecknii mpouecc B 3TOI Tpynre aHaJlormyeH
npoleccy B Npeablaylieil rpynmne, Ho OTaAu4aeTcs
KOJMYECTBEHHBIM COAepPKaHUEM HEMPOTPAHCMUT-

TepoB. Ilpu sTomM HaubGosbuiee HacbhilieHUe KA
BBISIBJISIJIOCHh B BOJIOKHUCTBIX CTPYKTypax JIErKO-
ro. I'/IK B npocBeTe aibBe0OJ U MEXaIbBEOJISIPHOM
NPOCTPAHCTBE OBIIN €IUHUYHEI, B X [IUTOILJIa3Me
OBLJIM pacCesTHbl MEJIKKUE TPaHyJIbl, UMEIOIINe pa3-
HOE CBeUeHUe, YaCTh I'paHyJI He cofepKaiu Heilpo-
aMUHOB, YTO B COBOKYITHOCTH ITPUAaBaJIO KJIETKaM
«pa3apoOJIeHHBI» BUL (puc. 3).

B o6nactu rpanyiaem umciao TK u comepxa-
Hue KA u CT B Hux B III rpynme uccienyeMbix

10,6
10,3

®dopmbl BTOpUYHOTO Tybepkynesa
Forms of secondary tuberculosis

15,2
7
14
T
20

1]
33,7
Il : 430,7
|
I T T
0 10 30 40 50 60
Bxr B Tke [ rakr ] MKk
MCt MCc GLCt GLCc

PucyHok 4. KonnuectBeHHoe coaepxaHue katexonamuHoB B [JIK n TK KOHTPOALHOro u nopa)xeHHoro

Y4YaCTKOB JIErkux B YCJIOBHbIX egUHULax

Figure 4. The quantity of catecholamines in GLC and MC of control and affected areas of the lungs (arbitrary units)

11,2
13,6
v 9,2
21,2

\Y

®dopmbl BTOpUYHOTO Tybepkynesa
Forms of secondary tuberculosis

| RIS

MCt

B Kk

MCc GLCt
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PucyHok 5. KonnuectBeHHoe coaepxaHue cepotoHuHa B MN1K u TK KOHTponbHOro n nopaxxeHHoro

Y4aCTKOB JIerkux B YCJIOBHbIX eAUHULaX

Figure 5. The quantity of serotonin in GLC and MC of control and affected areas of the lungs (arbitrary units)
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ObLJIO TOBBIIIEHO (TabJ., puc. 3). B uwuromnas-
Me KJETOK ONpeAesiiuCh MeEJKHEe TpaHYJIbl
C BBICOKMM COIepXXaHHEM OMOTreHHBIX aMHWHOB.
HerpanynupoBanHbie ¢opmbl TK uncieHHo mipe-
o0aganu Haa LeJOCTHBIMU B 2,3 pa3a.

AHanusupys IMoJiydeHHbIe JaHHbIe, MOXXHO 3a-
KJIOUYUTh, YTO MNPOMYKTHl KU3HEICITEIBHOCTU
MHKOOAKTEPHil BBI3BIBAJIM BBHIXOH HEPOaAaMWHOB
u3 KJieTok npoayieHToB — [JIK u TK.

B 1V rpynmne wuccineayeMbiX ayTOINCUN Jer-
KUX TIPA OCTPOM KaBEPHO3HOM TyOepKyJe3e Ha-
OJIfOIAINCh OeCTPYKTUBHBIC W3MCHCHUS JIETOY-
HOl TKaHMW W 0OoJjiee BBIPaKEHHBIC MN3MEHCHUS
CO CTOPOHBI HEUPOTPAHCMUTTEPHOU CHUCTEMBI.
Konnenrpanus KA B I'JIK B KoHTpoJie M 1O-
paXXeHHOM y4YacTKe JIETKOTO OTJIMJYaJach Hau-
0oJiee HU3KUMU IIOKa3aTelsIMU IO CPaBHEHUIO
CO BCEMU IPYTMMHU MCCIEAYEMBbIMU TpYIIaMu
(puc. 4, tadin.). Conepxanue CT B I'JIK mopaxkeH-
HOTO ydJacTKa OBIJIO HUKEe KOHTPOJBHOTrO ITopora
B 1,2 pasa (puc. 5). [Ipu TIOMUHECLIEHTHOM UCCJIe-
noBaHuu ['JIK Beirasinenu pa3apooaeHHbIMU, UTO
O3HayaJio OTCYTCTBME MOHOAMUHOB B HEKOTOPBIX
rpanynax (puc. 2). Kpome Toro, Mexxmy oTaeIbHBI-
MU BUJaMU MaKpodaroB ObIJIU OOHAPYy>KEHbI KOH-
TakTbl. MOXHO HONYCTHUTh, YTO MMEHHO MHKO-
OaKTepuMu U3MEHSJIU coAepXaHUe HelipoaMMWHOB
B HCpOAMUHIIPOAYILINPYIOIINX KJIeTKaX.

Ilpu nanHOIl dopMe TyOepKyaesza HabaoIa-
nack TotanbHas aerpanyiasauus TK. HenbHbie TK
BCTpeYaauch peako, He Oosiee 1—2 B 1osie 3peHUs.
B sToMm cnyuae cogepxkaHue KA B HUX ObLJIO yBEIU-
YEHO I10 CpaBHEHUIO C KOHTpoJieM B 1,6 pasa (puc. 4,
Tabn.), a KoHueHtpauuss CT cHuxeHa B 1,4 paza
(puc. 5). HepBHbIe BOJIOKHA B MeCTaxX IMOpakeHUs
MUKOOAKTEPUSIMHU TaKzKe OblIM M3MeHeHbl. OHU
HE MMEJIM YEeTKOCTU JIIOMHHECIIEHIINM, B HEKOTO-
PBIX MECTaX Y HUX OTCYTCTBOBAJIM BAPUKO3HBIE pac-
LIIUPEHU S, BOJJOKHA BBITJISIIEIU «OTJIBIBLIINMUW».

B V rpynne (bpnbpo3HO-KaBEepHO3HBIN TyOEpKY-
JIe3 JITKMX) BBIPAXXCHHOCTh TYOEpKYyJIE3HOTO BOC-
naJleHusI oKas3aJioCh HaWOOJIbIIEH MO CpaBHEHUIO
¢ pesyabsTratamu octaiabHbIX TpyT. [JIK ¢ TK Haxo-
AUINUCH B cocTosiHUU aerpanyiasauuun. [JIK B cBoem
COCTaBe HMMEIW HETIOMUHECIMPYIOIINE TPaHyJIbI
Cc HyJIeBbIM conepxkaHueM KA. B octaBiiuxcs egu-
HuuHbIX LeabHbIX [JIK m TK mopaxkeHHBIX MU-
KOOaKTepUsIMU y4acTKOB JIETKUX coaepxaHue KA
B HECKOJIBKO pa3 IIPEBBIIIAJIO0 TOKA3aTeJI KOHTPOJIb-
HOM 30HBI, a conepkaHue CT, Ha000pOT, UMEO TEH-
JIEHIINIO K CHUKEHMIO TI0 OTHOIIEHUIO K KOHTPOJTIO
(puc. 4, 5). Hauboneinyio, auddysHoro xapakrepa,
JIIOMUHECIHCHIINIO MMEJIM 3JIAaCTUYeCKNEe BOJIOKHA:
OYEeBUJTHO, OHU aJICOPOMPOBAIIN HA CEOsT MBITUIIKHU
HelipoaMMHOB. B TKaHM JeTKNUX TaK>Ke OBbIJI0 OTMe-
YEHO TOSIBJICHUE €NMHUYHBIX aIUMOLMTOB U O0JIb-
IIIOTO YK CJIa IIOMUHECIIU PYIOIITUX TUM(POIIUTOB, UTO
COBIAIacT C JUTEePaTyPHBIMHU JaHHBLIMU TI0 BBEIC-
HUIO KOPIYCKYJISIPHOTO aHTHUTeHa [6].

B MecTax mmopaxkeHUST TUM@OIUTHI BO MHOXKEC-
TBE OIIPEACISAIOTCS C TIOMUHECLHUPYIOMIUMU U HE-
JIIOMHUHECUUPYIOIIUMU sapaMu. [1o gaHHBIM JIu-
TepaTyphl, 3TOT (PAKT CBUIACTEIHCTBYET O TOM, UTO
3JIeCh UMEIOTCSI pa3sHOMYHKIIMOHAJIBbHBIE KJIETKH:
kak T-, tak u B-numdouuts [5, 7]. Kpome Toro,
B OOJIBILIOM YMCJIE OMNPEAE/ISIOTCS HEUTPOMUIIbL,
TaKXe C JIOMUHECIUPYIOIIUMUA U HEJTIOMHUHEC-
OUPYIOINIMMU SIApaMU, U 0aHaJbHBIE MaKpodaru,
coJiepKalllie B IMTOIIa3Me JIIOMUHECIUPYIOIIe
JKEJITBhIM 1IBETOM 4YacTullbl. BeposiTHee Bcero, gaH-
HBIC YACTHUIIBI SBIISIOTCSI MUKOOAKTEPUSIMH TyOep-
KyJje3a. OToT (pakT HaTaJKMBaeT Ha BOITPOC O TOM,
Kak Imonajy MUKOOAaKTEpUU B MOHOAMUHCOAEPKa-
mue KJEeTKHU: nyTeM aroumnTo3a mMakpodaramu,
UM, HA000POT, MUKOOAKTEPUU aKTUBHO BHEAPU-
JIVUCH B 3TU KJIETKU.

O6cyxaeHne

TIpu uccaenoBaHuM pa3HbIX popM TyOepKyJie3a
HaMU BbISIBJIeHO, 4To KA comepkaT U MUKOOaKTe-
pun. Bo3dHMKaeT BOIpOC: KaK B3aWMMOACUCTBYIOT
MEXIy COO0M MUKOOAKTEepUH M KaTeXOJIaMUHIIPO-
IyUUpYyOlIMe KJIeTKW BMECTE C aJpeHepruyec-
KMMU HepBHbIMU BoJiokHamMu? Ilpu octpom
o4yaroBoM u (pUOpPO3HO-0YaroBoM TyOepKyie-
3¢ I'JIK konumuectBeHHO TIipeobOsagaroT Han TK.
Conepxanue KA u CT B 3TUX ABYX HNOMyASIUSIX
KJIETOK YBEJIMUYEHO IO CPaBHEHUIO C KOHTPOJEM.
OCHOBHbBIE AMUWHOTIPONYLMPYIOLUINE U aMUHOIO-
TJIOTUTENbHBIC CBOMCTBA B JAHHOM CJIydyae MOTYT
xapaktepusoBarb ['JIK kak Makpodaru u KneTku,
otHocsuecs K APUD-cucteMe (amine — aMUHBI,
precursor — MpeniecTBEHHMKU aMUHOB, uptane —
HakorieHue, decarboxylation — geKapOOKCUINPO-
BaHME), TaK KaK UMEIOT BCEe MTPU3HAKU TaKUX KJIE-
ToK [10]. B aTom ciyuae I'JIK pearupyroT Ha BHe-
IpeHrue MMKOOAKTEpUil, yBeJIMUUBasl coepKaHue
KA nmytem yBemueHu s yncia MPoaAyLIEHTOB.

IIpu wuHbUabTpaTuBHON QopMe TyOepKyJie-
3a TK konuuectBeHHO Tmipeobsagairotr Hajg [JIK.
ConepxxaHue M3ydYaeMbIX HEMPOTPAHCMUTTEPOB
B HUX OCTaeTCs BRICOKMM IT0 CpaBHEHM IO HE TOJIBKO
C KOHTPOJIEM, HO M C TIePBBIMU ABYMS TPyHHaMU.
IMTpu nanHoil hopme TyOGepKyae3a OCHOBHBIM KOH-
TPOJIMPYIOIIMM 3BEHOM CHEM(pUUIECKOro BOCIIa-
JIUTeabHOTO Tpolecca sBiusTcs TK, uto coBma-
JIaeT ¢ JaHHBIMU JIUTEPATYpPHI [1].

IIpu ocTpoM KaBEepHO3HOM TyOEpKyJie3e umuc-
go I'JIK u TK pe3ko cHHUXKaeTcsl, CKOpee BCEro,
3a CYET MX MOBBIIIEHHON AerpaHyasIliiU, KOTopas
COITPOBOKIAETCS BBIXOIOM HEMpOaAaMUHOB U3 HUX.
ITpm sToMm cBeuenue KA u CT B I'JIK octaeTcst paB-
HBIM 3HAYEHUSIM KOHTpOJisi, a B TK pe3ko ImoBbI-
maetcs coaepxkanue KA (B 1,6 paza) u cHUKaeTcs
CT (B 1,4 paza). MoXXHO NpeANOIOXUTh, YTO MU-
KOOAKTepUM YaCTUYHO pa3pylIaloT MPOMyLCHTHI
KA myTeM BHeApeHU ST BHYTPb KJIETOK C UCIOTb30-
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BaHueM KA I mpolieccoB XXU3HEACSITSIIbHOCTU
WJIU TIYTEM OJIOKMPOBAHUSI PELIETITOPHOTO armapa-
ta I'JIK u TK.

Ilpu ¢Gubpo3HO-KaBEepHO3HOM TyOepKyJese,
10 CPaBHEHUIO C OCTPBIM KaBEPHO3HBIM TYyOEpKY-
Jge3oM, yuciao ouoamuHcoaepxamux TK u TJIK
pe3ko cHuxeHo. TK B OCHOBHOM BBISIBJISIOTCS
B COCTOSTHUM JerpaHyasuuu. JIIOMUHECUEeHIIM S
HeiiporpaHncMuTTepoB B TK u I'JIK nmeet onuHa-
KOBYIO TeHIIEHIIMIO B oTHoueHuu KA B cTopoHy
MoBbIIeHNsI, a B oTHOLIeHUU CT — B CTOpOHY IO~
HMXKEHUS 110 CpaBHEHUIO ¢ KOHTpoJieM. [1pu aToii
dopme yBeIMUMBAETCSI YUCIO JIOMUHECIUPYIO-
X ¥ HETIOMUHECHUPYIOMINX JUMQOIIUTOB, Be-
pOsITHEE BCEro, HaTypaJbHBIX KWJIJIEPOB, YHCIO
HelTpoduIoB M GaHaJIBHBIX Makpodaros [6, §],
3aIlOJJHEHHBIX MUKOOAKTepUsSIMU TyOepKyJesa.
B nanHOM ciydae Tak>Ke IpOUCXOIUT pa3pylIeHue
HEWPOaAMUHIIPOAYLIMPYIOUINX U HEMPOAMUHIEIIO-
HUPYIOIIMX CTPYKTYP MHUKOOAKTEpUSIMHU. MOKHO
MPEeaNoJOXUTh, YTO TaKOW TIpolecc ITPUBOIUT
HE TOJILKO K TOJTHOMY HapyIIeHWIO BOCCTaHABIIM-
Baroleil GyHKIIUU JIETKUX U JIeTrpagaliud Heidpo-
aMUHTIPOIYIIMPYIOIINX KJIETOK B HUX, HO U K TOJI-
HOMY pa3pylIeHU IO y4yacTKa JIEeTKUX, ITOPakeHHOTO
MMUKOOAKTEepUsIMU TyOepKyiae3a. M3BecTHO, 4TO
KA BausioT Ha UMMYHHBIM TIpollecc, ycuJIuBas
ero [4, 5]. Onupasich Ha pe3yabTaThl HAIEro Mc-
CJICIOBAHUSI, MOXHO ITPEANOJOXHUThH, YTO MUKO-
0akTepuu CIIOCOOHBI IOMABISITH WMMYHHBIA
npouecc. IIpu HexBatke KA u CT mpouecc pere-
Hepaluu TKaHeil U3MEeHSIeTCs, YBeJIMIYMBaAETCs CO-
Jep>XKaHue COeNMHUTEbHON TKaHU, YTO MbI U Ha-
oJrogaem B V rpynne ucciaeaoBaHus, Ipu ¢pudpos-
HO-KaBEepPHO3HOM TyOepKyJie3e JerKux.
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RELATIONSHIP BETWEEN TYPE Ill SECRETION
TOXINS, BIOFILM FORMATION, AND ANTIBIOTIC
RESISTANCE IN CLINICAL PSEUDOMONAS
AERUGINOSA ISOLATES

S. Derakhshan, A. Rezaee, Sh. Mohammadi

Kurdistan University of Medical Sciences, Sanandaj, Iran

Abstract. Background and aim. Pseudomonas aeruginosa is considered as a notorious pathogen due to its multidrug resist-
ance and life threatening infections. We investigated the relationship between type I11 secretion toxins, biofilm formation,
and antibiotic resistance among clinical P. aeruginosa isolates. Methods. A total of 70 genetically distinct clinical P. aeru-
ginosa isolates were characterized for antibiotic resistance by disk diffusion assay. Biofilm formation was evaluated by
microtiter plate method and presence of four exo genes (exoS, exoU, exoT and exoY) was investigated by PCR. A p-value
< 0.05 was regarded statistically significant. Results. The most effective antibiotics were Meropenem and Piperacillin.
Multidrug resistance was more prevalent in the ciprofloxacin-resistant isolates than in the susceptible isolates. The most
frequently identified exo was exoS (37.1%). Genotype exoS/exoT was found in 4 isolates, while genotype exoU/exoT was
not found. Prevalence of exoS was generally higher in the susceptible isolates than in the resistant isolates. A significant
association was found between the formation of strong biofilm and resistance to antibiotics (p < 0.05). Prevalence of exoY
and exoUwas higher in the non-strong biofilm producers compared to the strong biofilm producers. Conclusion. Our study
revealed formation of strong biofilm along with antibiotic resistance and the presence of exo genes in P. aeruginosa isolates.
Knowledge of virulence gene profiles and biofilm formation may be useful in deciding appropriate treatment.

Key words: Pseudomonas aeruginosa, biofilm, type 111 secretion system, drug resistance, virulence, exoenzyme.

B3AUMOCBA3b MEXAY TOKCUHAMM Il TUNA CEKPELLUN, OBPA3OBAHUEM BUOIMJIEHKU
W AHTUBMOTUYECKOW PEBUCTEHTHOCTbIO B KJIMHUYECKUX UBOJIATAX PSEUDOMONAS
AERUGINOSA

Jepakman C., Pe3aiiu A., Moxammaau II1.

Kypockuii ynueepcumem meduyunckux Hayk, e. Cenendedic, Hpan

Pestome. Axmyanvrocms u yeas. Pseudomonas aeruginosa cauTaeTcst OITaCHBIM MaTOT€HOM M3-3a CBOEi MHOXKECTBEHHOM
JIEeKapCTBEHHOM YCTOMYMBOCTH M BBI3BIBAEMBIX UM MHGMEKLIWIA, TIPEACTABISIONINX YTPO3Y IJIsI SKU3HU. MBI MCClIeno-
BaJIv B3aUMOCBS3b MeX 1y TOKcMHamu cekpeunu I11 Tuma, o6paszoBaHueM OMOMIEHOK U YCTOMYMBOCTBIO K aHTUOUO-
TUKaM CpeIu KIMHUYECKUX U30aITOB P. aeruginosa. Memodst. [Incko-nuddy3MoHHBIN aHaIM3 ObLI UCIIOJIb30BaH A5
OIICHKHU YCTOMYMBOCTH K aHTUOMOTUKAM y 70 TeHETMYEeCKM Pa3TMYHBIX KIMHUIECKUX U30JITOB P. aeruginosa. Obpa-
30BaHKe OMOIJIEHOK OLIEHMBAJIM B MUKPOTUTPALIMOHHOM ILJIaHILETe, a HAJUYUe YeThIpeX 9K30TeHOB (ex0S, exoU, exoT
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u exoY) ucciaenoBaiu ¢ MOMOUIbIO MTOJMMepa3Hoi LenHoi peakuuu. 3HaueHue p < 0,05 cuuTasoch CTaTUCTUUYECKU
3HAYUMBIM. Pe3yabmamol. Hanbonee 3(h(eKTUBHBIMU aHTUOMOTUKAMM OKa3aJluCh MEPOINEHEM U MUTEPALMIINH.
MHoXecTBeHHas JeKapCTBEHHasl YCTOMUYMBOCTD Oblyia Oosiee paclpocTpaHeHa Y YCTONYUBBIX, YEM Y UYBCTBUTE b-
HBIX K ITUITPOGIOKCALMHY 130Js1TOB. Hanbosee yacTo BhIABIsIeMbIM 95K30HOM ObLT ex0S (37,1%). I'eHoTun exoS/exoT
oOHapyxeH y 4 u3oasT1oB, reHoTuI exoU/exoT He BuISIBISIACSA. PactipocTpaHEeHHOCTD ex0S, KaK MpaBuIo, Oblja BhIIE
y UYBCTBUTEJIBHBIX M30JISITOB, YeM Y YCTOWMUMBHIX. bbina oOHapyXeHa JOCTOBEpHas CBSI3b MEXAYy 0Opa3oBaHHEM
MIPOYHON OMOIJICHKH U YCTOMYMBOCTHIO K aHTHOMoTHKaM (p < 0,05). PactipocTpaneHHOCTD exo) u exoU Obla BbIIE
y IMIPOAYIIEHTOB HEMTPOUYHBIX OMOIIIEHOK, YeM Y TIPOAYIIEHTOB IIPOYHBIX OMOIIIICHOK. 3akaoyexue. Hate nccnenona-
HHE, HapSIOy ¢ YCTOMIMBOCTRIO K aHTUOMOTUKAM M HaJIMIMEeM 9K30TE€HOB, BEISIBUIIO Y M30JIATOB P. aeruginosa ciocoo-
HOCTB K POpMHUPOBAHUIO IPOYHOI OMOILIEHKH. 3HAHME TTPOGUIISI TCHOB BUPYJICHTHOCTH U 00pa30BaHMs OMOIIJICHOK

MOXeT ObITh MOJIE3HO npu BI)I60pC COOTBCTCTBYIOLICTO JICUCHMU .

Karueesnie caosa: Pseudomonas aeruginosa, buonaenka, cucmema cekpeyuu 11l muna, rekapcmeennas ycmoiuugocmo,

BUDYNEHMHOCMb, IK30(epMeHm.

Introduction

Pseudomonas aeruginosa is a ubiquitous gram-
negative bacterium capable of causing a wide range
of diseases. Prominence of P. aeruginosa as a life
threatening and a successful opportunistic patho-
gen is attributed to production of a diverse repertoire
of virulence factors and its high resistance to diverse
classes of antimicrobial agents [29]. Aminoglycosides,
beta-lactams, and fluoroquinolones are three major
classes of current anti-pseudomonal agents. Among
these, fluoroquinolones are the best available agents
for treatment. However, resistance to fluoroquinolo-
nes among P. aeruginosa has risen dramatically. More
seriously, resistance to fluoroquinolones is often asso-
ciated with cross-resistance to other antibiotics [14].

Furthermore, P. aeruginosa is well equipped with
numerous pathogenic factors contributing to its viru-
lence. Many of these factors are variable traits and
their prevalence may vary from one type of infection
to another type (i.e. they are present in some iso-
lates but not in others) [20]. Type III secretion sys-
tem (T3SS) is an important virulence determinant
of P. aeruginosa that injects four exotoxins directly
into host cells: Exoenzyme S (ExoS), Exoenzyme
U (ExoU), Exoenzyme T (ExoT), and Exoenzyme
Y (ExoY). The first identified P. aeruginosa T3SS
toxins, ExoT and ExoS are closely related bifunc-
tional proteins which are able to disrupt the host
cell actin cytoskeleton, inhibit phagocytosis, induce
host cell rounding, and cause cell death. ExoS and
ExoT exhibit activity towards G-proteins of the Rho,
Ras, Rac, and Cdc42 families [29]. ExoY is an ade-
nylate cyclase that cleaves the intracellular cAMP
in eukaryotic cells and causes cell rounding upon co-
cultivation with tissue culture cells. The fourth and
the most virulent effector, ExoU, possesses phospho-
lipase activity and disrupts eukaryotic membranes
in many cell types. P. aeruginosa strains can be di-
vided into two groups. ExoU and Exol producing
strains are poorly internalized and cause rapid host
cell death. While, ExoS and ExoT producing strains
are more efficiently internalized and cause slower cell
killing. P. aeruginosa strains contain either exoU or

exosS, but rarely both [10]. Additionally, some studies
reported that exoS+ and exoU+ strains have different
antibiotic resistance patterns [29, 30]; therefore, they
may require different therapeutic strategies.

Tendency to form biofilms in P. aeruginosa has
also been correlated with its ability to cause severe
infections. One of the main components of these bio-
films is an exopolysaccharide called alginate, which
is encoded by algD gene. The ability of P. aeruginosa
to form biofilm further complicates the problem ofits
high antimicrobial resistance [20].

Knowledge of drug resistance patterns can be
helpful in understanding and predicting clinical out-
comes of patients and information about virulence
gene profiles and biofilm formation may be useful
for deciding appropriate antibiotic treatment. Given
the importance of T3SS and biofilm in the patho-
genesis of P. aeruginosa infections, this study was
performed to determine relationship between T3SS
toxins-encoding genes, antibiotic resistance, and
biofilm formation in clinical P. aeruginosa isolates.

Materials and methods

Bacterial isolates and identification. In this cross-
sectional study, 70 P. aeruginosa isolates were col-
lected from different specimens of patients admitted
to two teaching hospitals in Sanandaj, Iran. Sanandaj
is the capital of Kurdistan province in western Iran.
Patients are referred to these two hospitals from all
over the province. The isolates were identified as
P. aeruginosa by the standard tests, including Gram
staining, motility, pigment production, oxidase, he-
molysis, odor, oxidation and fermentation test, lack
of carbohydrate fermentation, and citrate assimila-
tion [32]. The genetic diversity of the isolates was de-
termined using the enterobacterial repetitive inter-
genic consensus (ERIC)-PCR [24].

The isolates were stored in Trypticase soy broth
(TSB, Queclab Laboratories, Canada) containing
15% glycerol at —70°C until further tests. This study
was approved by Research Ethic Committee (REC)
at Kurdistan University of Medical Sciences [IR.
MUK.REC.1396.328].
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Antibiotic susceptibility test. Antimicrobial sus-
ceptibility of the isolates was determined by the disk
diffusion method according to the 2019 Clinical and
Laboratory Standards Institute (CLSI) guidelines [9].
The following antibiotic disks (all from Rosco,
Denmark) from three antipseudomonal categories
were tested: aminglycoside [Amikacin (30 pg) and
Gentamicin (10 pg)], beta-lactam [Cefepime (30 pg),
Piperacillin (100 pug), Aztreonam (30 pg), Ceftazidime
(30 pg), Meropenem (10 pg), and Imipenem (10 pg)],
and Fluoroquinolone [Ciprofloxacin (5ug)].

Briefly, Mueller—Hinton agar (Quelab Laborato-
ries, Canada) plates were inoculated with the bacte-
rial suspensions equal to the turbidity standard of 0.5
McFarland (1.5 x 108 colony forming unit/mL). Anti-
biotic disks were placed onto the inoculated plates
with the appropriate distance and the plates were
then incubated at 35°C for 16—18 h. The inhibition
zones around the disks were measured and interpret-
ed according to the 2019 CLSI criteria [9].

DNA extraction and detection of genes. Genomic
DNA was extracted using the boiling method.
Overnight cultures of the isolates in TSB were cen-
trifuged and Tris-EDTA (TE) buffer was added
to the pellets. The suspensions were boiled at 100°C
for 10 min and centrifuged. The supernatants were
then collected and after qualitative evaluation on aga-
rose gel (SinaClon, Iran) and quantitative evaluation
by measuring the absorbance at 260 nm and by calcu-
lating the ratio of 260/280 to determine purity, were
used as the DNA templates for subsequent experi-
ments. The ratio of 260/280 within the range of 1.6—
2 indicated the purity of DNA [15].

The algD and T3SS toxins-encoding genes exoY,
exoS, exoT, and exoU were amplified by polymer-
ase chain reaction (PCR) method using the spe-
cific primers shown in Table 1. PCR reaction was
performed in a total volume of 25 pL as follows:
1X reaction buffer, 0.2 mM of each dNTP, 0.4 uM
of each primer, 1.5 mM MgCl,, 0.5 U Taqg DNA
polymerase (SinaClon, Iran), and 3 pL template
DNA. The DNA was amplified in a thermal cycler
(Eppendorf, Germany) using the following condi-
tions: initial denaturation step (94°C for 5 min), fol-
lowed by 30 cycles of denaturation (I min at 94°C),
annealing (1 min at different temperatures [ Table 1]),
and extension (1 min at 72°C), with a final extension
at 72°C for 5 min.

The PCR products were analyzed by electropho-
resison a 1.5% agarose gel in 0.5X Tris-Borate EDTA
(TBE) buffer, stained with Safe Stain (SinaClon) and
visualized by UV transilluminator. A 100 bp Plus
DNA ladder (SinaClon) was used as a size marker.

Biofilm formation assay. Biofilm formation was
performed according to the method of O’Toole [22].
Overnight cultures of the isolates were diluted
to the turbidity equal to a McFarland 0.5 standard
in TSB medium and 100 pL of the each dilution
were loaded into the wells of a flat-bottom 96-well
microtiter plate (Jet Biofil, China). After 24 h incu-
bation at 37°C for biofilm formation, the superna-
tants were removed and the wells were washed twice
with distilled water. After discarding the planktonic
cells, the wells were stained with an aqueous solu-
tion of crystal violet (0.1%, w/v) for 15 min at room
temperature and washed twice with distilled water.
The microtiter plates were then dried for a few hours.
The bound dye was solubilized in 125 pL of 30%
(v/v) acetic acid and the plates were kept for 15 min
at room temperature to extract bound dye. The opti-
cal density (OD) of each well was measured by using
a microplate reader (Anthos Labtec, Netherlands) at
550 nm. S. aureus ATCC 25923 (biofilm forming)
and Staphylococcus epidermidis ATCC 12228 (not
biofilm-forming) were used as controls. Sterile TSB
was used as the negative control. For biofilm forma-
tion assay, 4 wells per strain were used and each test
was repeated three times.

Biofilm density was classified according to the
scheme of Stepanovic et al. [27]. The cut-off value
(ODc) for each microtiter plate was defined as three
standard deviations (SD) above the mean OD of the
negative control: ODc = average OD of negative con-
trols + (3 x SD of negative controls). Isolates were
then classified into the following categories, based
on the average OD of the strain:

OD < ODc = no biofilm producer;

ODc < 0OD £20D ¢ = weak biofilm producer;

20Dc £ OD £40Dc = moderate biofilm producer;

40Dc <OD = strong biofilm producer.

Statistical analysis. SPSS software version 16 (SPSS
Inc., USA) was used for statistical analysis. Pearson
chi-square test and Fisher’s exact test (where ap-
propriate) were used to determine the relationships.
A p-value < 0.05 was regarded statistically significant.
Multidrug-resistant (MDR) was defined as non-

Table 1. Primer sequences, annealing temperatures and expected amplicon size

T;;ggt Primer sequence (5-3’) tem?)r:::a:irr;g(m) of fragzicz:\ ts (bp) Reference
exoS | CTTGAAGGGACTCGACAAGG/TTCAGGTCCGCGTAGTGAAT 58 504 [7]
exoU | CCGTTGTGGTGCCGTTGAAG/CCAGATGTTCACCGACTCGC 61 134 [7]
exoT CAATCATCTCAGCAGAACCC/TGTCGTAGAGGATCTCCTG 55 1159 [3]
exoY | TATCGACGGTCATCGTCAGGT/TTGATGCACTCGACCAGCAAG 61 1035 [3]
algD | ATGCGAATCAGCATCTTTGGT/CTACCAGCAGATGCCCTCGGC 57 1310 [71
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Table 2. Antimicrobial cross resistance pattern
of ciprofloxacin-resistant versus ciprofloxacin-
susceptible isolates of clinical Pseudomonas
aeruginosa

2 _ [
22|55
_ el|lanss
o Mo ESES BT
15§55
SRR
Cp 0| 1| 1
One Gm 6 0|6
AT, Cp 0| 2] 2
Two Cp, Gm 0 | 10] 10
Three Ak, Cp, Gm 0 1 1
PM, AT, Cp 0| 1| 1
AT, IP, Gm 1o |1
Three, PM, Cp, Gm 0 1 1
MDR* Cp, Gm, Pi 0 1 1
AT, IP, Pi 1o |1
AT, Cp, Gm 0| 1| 1
PM, AT, Cp, IP, MP o 1] 1
Five, TZ, PM, AT, Cp, Gm 0|55
MDR Ak, AT, Cp, IP, Gm 0| 1| 1
Ak, AT, Cp, Gm, Pi 0| 1| 1
Ak, AT, Cp, IP, MP, Gm 0| 1| 1
Six, Ak, PM, AT, Cp, IP, Gm 0| 1| 1
MDR TZ, Ak, PM, AT, Cp, Gm 0| 1| 1
TZ, PM, AT, Cp, IP, Gm 0| 1| 1
TZ, Ak, PM, AT, Cp, IP, Gm 0| 1| 1
;‘3’;“’ TZ, Ak, PM, AT,Cp,Gm,Pi_ | 0 | 2 | 2
TZ, Ak, AT, Cp, IP, Gm, Pi 0| 1| 1
Ak, PM, AT, Cp, IP, MP,Gm,Pi | 0 | 1 | 1
Eight, | TZ PM,AT,Cp,IbMP.Gm,Pi | 0 | 2 | 2
MDR | Tz Ak,PM,AT,Cp, IP,MP,Gm | 0 | 1 | 1
TZ, Ak, PM,AT,Cp, IP,Gm,Pi | 0 | 1 | 1
:'A'g;’ TZ, Ak, PM, AT, Cp, IP, MP,Gm,Pi| 0 | 2 | 2

Note. Cp — Ciprofloxacin, Pi — Piperacillin, AT — Aztreonam,
IP — Imipenem, MP — Meropenem, TZ — Ceftazidime, PM — Cefepime,
Gm — Gentamicin, Ak — Amikacin. *"MDR — multidrug resistant.

Table 3. Virulence patterns of 70 clinical
Pseudomonas aeruginosa isolates

Virulence pattern Isolates, N (%)

exoS+, exoY-, exoT-, exoU-, algD- 15(21.4)
exoS+, exoY+, exoT-, exoU-, algD—- 5(7.1)
exoS-, exoY-, exoT-, exoU+, algD- 4(5.7)
exoS+, exoY+, exoT+, exoU-, algD—- 2(2.85

exoS+, exoY-, exoT+, exoU-, algD—-

2
exoS+, exoY-, exoT-, exoU-, algD+ 2
exoS-, exoY-, exoT-, exoU-, algD+ 2

exoS—, exoY-, exoT-, exoU+, algD+

exoS—, exoY+, exoT-, exoU-, algD- 1(1.4)

exoS—-, exoY+, exoT-, exoU+, algD- 1(1.4)

exoS—-, exoY-, exoT-, exoU-, algD- 35 (50)

susceptible isolates to at least one agent in three or
more different antimicrobial categories [18]. The iso-
lates were classified as strong biofilm producers
or non-strong (moderate and weak) biofilm produc-
ers for statistical purposes [13].

Results

In this study, 70 genetically distinct strains
of P. aeruginosa were isolated from different clini-
cal specimens. The mean age of the patients was 56.3
years old. The youngest patient was a 27 year old
male and the oldest was a 91 year old male. The age
distribution of patients was as follows: 27—46 years
(n = 22, 31.4%), 47—66 years (n = 30, 42.8%), and
67—86 years (n = 16, 22.8%).

Of the 70 isolates, 47 (67.1%) were isolated from
males and 23 (32.9%) were from females. The ma-
jority of the strains were isolated from urine (n =
54, 77.1%) followed by tracheal secretions (n = 11,
15.7%), and blood (n = 5, 7.1%).

Determination of antibiotic susceptibility. The most
effective antibiotics were Meropenem (n = 62, 88.6%
sensitivity) and Piperacillin (n = 58, 82.8% sensitivity).
They were excluded from statistical analysis of differ-
ence among groups. The sensitivity to other antibiot-
ics was as follows: Amikacin 55 (78.6%), Imipenem 54
(77.1%), Ceftazidime 53 (75.7%), Cefepime 49 (70%),
and Aztreonam 41 (58.6%). The least effective antibiot-
ics were Ciprofloxacin (n = 29, 41.4% sensitivity) and
Gentamicin (n = 27, 38.6% sensitivity).

A total of 27 resistance patterns were detected
in the 70 isolates, while 21 isolates (30%) were sus-
ceptible to all tested antibiotics. The patterns ranged
from resistance to one antibiotic to all the 9 antibiot-
ics. Of the 70 isolates, 7 isolates (10%) were resist-
ant to one agent, 31 (44.3%) to 2 to 6 agents, and 11
(15.7%) isolates showed resistance to 7 to 9 agents.
The most frequently detected pattern was resist-
ance to Ciprofloxacin and Gentamicin combination
(10/70, 14.3%) followed by resistance to Gentamicin
(6/70, 8.6%). Ofthe 70 isolates, 29 were MDR (41.4%).
Co-resistance to three antipseudomonal categories
(fluoroquinolone, beta-lactam, and aminoglycoside)
was found in 25 of the 70 isolates (35.7%) (Table 2).

Furthermore, pattern of resistance to other anti-
biotics was determined in the Ciprofloxacin-suscep-
tible and -resistant isolates (Table 2). In the 29 Cipro-
floxacin-susceptible isolates, 8 isolates (27.6%) were
resistant to 1 to 3 agents and no isolate was resistant
to 5 to 9 agents. However, in the 41 Ciprofloxacin-
resistant isolates, 18 isolates (43.9%) were resistant
to 1 to 3 agents, and 23 isolates (56.1%) showed re-
sistance to 5 to 9 agents. Multidrug resistance was
found in 27 (65.9%) of the 41 Ciprofloxacin-resistant
isolates, while only 2 (6.9%) of the 29 Ciprofloxacin-
susceptible isolates were MDR.

Prevalence of genes. The genes encoding Exo
toxins were found in 33 of the 70 isolates (47.1%),
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while 35 isolates (50%) carried no virulence genes.
Of the 70 isolates, 26 (37.1%) carried the exoS gene,
9 (12.8%) the exoY, 6 (8.6%) the exoU, and 4 iso-
lates (5.7%) carried the exoT gene. The algD was
found in 5 isolates (7.1%). The simultaneous pres-
ence of two genes was found in 11 isolates and only
2 isolates carried three genes simultaneously (exo.S,
exoY, and exoT). Both strains were isolated from
urine and showed susceptibility to all tested anti-
biotics. No isolate carried the simultaneous pres-
ence of four or five genes. Genotype exoS/exoT was
found in 4 isolates, while genotype exoU/exoT was
not found. None of the exoU+ isolates harbored
the exoS (Table 3).

Because there are studies that reported exoS+
and exoU+ strains have different antibiotic resist-
ance patterns [29, 30]; we determined the preva-
lence of exoS in the antibiotic-susceptible and -re-
sistant isolates. With the exception of Gentamicin,
the prevalence of exoS was higher in the susceptible
isolates than in the resistant isolates, although it was
not significant. The exoS was found more frequently
in the isolates susceptible to Ciprofloxacin followed
by Cefepime, Imipenem, and Amikacin (Fig. 1).
Multidrug resistance was found in 10 of the 26 exoS+
isolates (38.5%).

Biofilm assay. Of the 70 isolates studied, all
formed biofilm; of which 35 isolates (50%) formed
strong biofilm, 28 isolates (40%) moderate biofilm,
and only 7 isolates (10%) formed weak biofilm.

The resistant isolates formed strong biofilm more
frequently compared to the susceptible isolates.
The formation of strong biofilm was more frequently
found in the isolates resistant to Cefepime followed
by Ceftazidime, and Aztreonam. Significant associ-

50
448

40 40.8 5 40.7 395

45
39.6
40
35 : s17 33.3

i 29.4 28.6
30 26.7

25
201
15

Percentage of isolates

10 1
5

0 T T T T T T

TZ Ak PM AT Cp IP Gm
Antibiotics

|:| Susceptible isolates . Resistantisolates

Figure 1. Prevalence of exoS virulence gene

in antibiotic-resistant and antibiotic-susceptible
isolates of 70 clinical Pseudomonas aeruginosa
Note. TZ — Ceftazidime, Ak — Amikacin, PM — Cefepime,
AT — Aztreonam, Cp — Ciprofloxacin, IP — Imipenem,

Gm — Gentamicin.

ations were seen between formation of strong biofilm
and resistance to Cefepime (P = 0.019), Aztreonam
(P =10.008), and Ciprofloxacin (P = 0.008) (Fig. 2).
In addition, the prevalence of exo genes was de-
termined in the 35 strong and the 35 non-strong
(moderate + weak) biofilm producers. The exoS and
exoT were equally distributed between the two groups
(37.1% and 5.7%, respectively); however, the preva-
lence of exoY and exoU was higher in the non-strong
biofilm producers compared to the strong biofilm
producers (20% vs. 5.7% for the exoY, and 11.4%
vs. 5.7% for the exoU, respectively). All of the five
algD-positive isolates formed strong biofilm.

Discussion

P. aeruginosais considered as a notorious pathogen
due to its multidrug resistance and life-threatening
infections [29]. Our strains were mostly isolated from
inpatients and the majority of patients (42.8%) were
between 47—66 years old, which can be explained by
the fact that P. aeruginosa infections mostly occur
in people in the hospital and/or with the weakened
immune systems [4].

Fluoroquinolones, aminoglycosides, and beta
lactams are three main antimicrobial classes with
reliable antipseudomonal activity. Among these,
fluoroquinolones are the best available treatment op-
tion [14]. A relatively high percentage of our isolates
(58.6%) showed resistance to ciprofloxacin which is in
agreement with previous studies in Pakistan [25] and
Egypt [2]. The widespread use of fluoroquinolones
both in human and veterinary medicine may be re-
sponsible for the high resistances to this class. In ad-
dition, resistance to fluoroquinolones was significant-

%

80

70.6 7.4 69 68.8

63.4

60 - 58.1
53.3

i 49.1
50 43.4 44.4

40 36.6 37

70

30

Percentage of isolates

20

0+ T T T T T T
TZ Ak PM* AT* Cp* IP Gm

Antibiotics
|:| Susceptible isolates . Resistant isolates

Figure 2. Prevalence of strong biofilm producers
in antibiotic-resistant and susceptible isolates
of clinical Pseudomonas aeruginosa

Note. TZ — Ceftazidime, Ak — Amikacin, PM — Cefepime,
AT — Aztreonam, Cp — Ciprofloxacin, IP — Imipenem,

Gm — Gentamicin. * — P-value less than 0.05.
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ly associated with cross resistance to other agents [14].
In our study, MDR isolates were more frequently de-
tected in the ciprofloxacin-resistant isolates.

P. aeruginosa is well equipped with numerous
pathogenic factors contributing to its virulence.
T3SS in P. aeruginosa is an important virulence fac-
tor that transports four proteins: ExoU, ExoS, ExoY
and ExoT [29]. In our study, exoS showed the highest
prevalence (37.1%). In southern Iran [16] 35.8% and
in Bulgaria [28] 37.6% of the isolates carried exo.sS,
which were similar to our report. However, studies
in central Iran and Poland reported the prevalence
rates of 77.7% [19] and 88.4% [23] for exoS, respec-
tively, which were higher than that in our study.

While in our work the prevalence of exol was
5.7%, which was similar to a study in northwestern
Iran (5%) [5], it was markedly lower than those re-
ported by others. For example, in central Iran [12] and
in Poland [23], the prevalence rates of 20.4 and 94.4%
were reported, respectively. Moreover, we observed
a low prevalence of the exoY (12.8%); while, in the
northwest of Iran, 55% [5] and in India, 91.3% [26]
of P. aeruginosa isolates carried the exoY. The preva-
lence of the fourth gene, exoU in our study was 8.6%.
However, in a study from Iran a rate of 42.8% [19]
and in Egypt a prevalence of 33% [2] were reported
for exoU. The lower prevalence of exo genes in our
study may be due to differences in the source of iso-
lates or geographical regions. Many of the P. aerugi-
nosa virulence factors are variable traits and they are
found in some isolates, but not in others [20]. For ex-
ample, Choy et al. reported that the exoU is com-
monly found in P. aeruginosa strains isolated from
keratitis [8], whereas it occurs at low prevalence in the
non-ocular isolates [30] or the prevalence of exoS was
significantly higher in isolates from blood than those
obtained from respiratory infections [28]. In addition,
it is possible that our strains were isolated from chronic
infections. The expression of the T3SS has been found
to be downregulated in isolates from chronic phase
of infection, which is consistent with the notion that
persistence of bacteria in the host requires the down-
regulation of many virulence factors [10].

In our study, a disagreement was seen in the dis-
tribution of exoS and exoU genes, in consistent with
other studies [10, 29, 30]. The exoU gene is located
within a genomic island and its acquisition may
cause loss of the exoS [17]. The T3SS system and its
effectors were probably acquired by horizontal DNA
transmission and antibiotic rich environments could
promote the evolution of more virulent strains [10].
The prevalence of exoS in our study was generally
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Abstract. Toxoplasma gondii (T. gondii) is an intracellular parasite that infects humans, and seroprevalence of its infection
varies from about 10 to 80 percent in different countries with a higher prevalence in warmer and humid regions. In this
study, the rate of acute and chronic toxoplasmosis in patients with benign or malignant bone tumours was investigated.
Fifty-three patients who suffered from various bone tumours, as well as sixty-five healthy controls with an unknown sero-
logical profile for anti-7oxoplasma antibodies, were enrolled in this cross-sectional study. Anti-Toxoplasma antibodies were
detected in serum samples using enzyme-linked immunosorbent assay (ELISA) and blood samples of them were used
for real-time PCR. Thirty-two (60.32%) and twenty-one (39.63%) of patients had malignant tumours and benign tumours,
respectively. The results showed a higher and significant seropositivity rate of [gM antibodies in primary bone tumour
patients compared to the control group and Toxoplasma DNA became positive in 18.86% of patients with primary bone
tumours and 6.15% of controls. Surprisingly, the high presence of parasite DNA was detected in patients with malignant
tumours. The seroprevalence of 7. gondii IgM antibodies and DNA positivity among the cancer patients were significantly
higher than healthy individuals. Also, chronic toxoplasmosis (it was shown with IgG positive) appears to be more com-
mon in people with benign cancers than malignancies. The study showed a relatively high seroprevalence of anti-7. gondii
antibodies in patients with primary bone cancer. However, the considerable rate of positive blood samples for the presence
of parasite’s DNA should not be ignored. A key to the effective management of diseases in immunosuppressed individuals
is prompt and accurate diagnosis of toxoplasmosis. Moreover, it seems that PCR tests may be more reliable than serologi-
cal methods and it could be considered as a precise method for diagnosis of acute toxoplasmosis.

Key words: primary bone tumour, malignant tumour, benign tumour, toxoplasmosis, Toxoplasma gondii, real-time PCR.
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€HTOB ¢ JOOPOKaYeCTBEHHBIMU HMJIM 3JI0KAaUYeCTBEHHBIMHU OITYXOJISIMH KOCTeli. B maHHOM IToIiepeYHOM HUCCIeI0BaH T
MPUHSUTA ydacTue 53 MalueHTa, CTpajalolninX pa3TuIHBIMU HOBOOOPa30BaHUSIMK KOCTEH, a TaKxke 65 3I0pOBBIX
JIIOJIe ¢ HEM3BECTHBIM CEPOJIOTMYECKUM MPOodUIeM aHTUTEN MPOTUB TOKCOMIa3Mbl, COCTABUBIIMX KOHTPOJbHYIO
Ipynmy. AHTUTeNa MPOTUB TOKCOIIa3Mbl ObLIM OOHAPYKEeHbI B 00pa3liaX CHIBOPOTKM C MOMOILbIO TBEPIO(ha3HOTO
nmMmyHodepmenTHoro aHanusa (ELISA), a o0pa3ubl KpoBu Oblin Mcnojb3oBaHbl as [TLP B peanbHOM BpeMeHMU.
32 (60,32%) 1 21 (39,63%) nauueHT MMeIU 3JI0KaueCTBEHHbIE U J0OPOKAYECTBEHHbBIE OIYXOJU COOTBETCTBEHHO. bo-
Jiee BBICOKMI 1 3HAYMMBIN ypoBeHb IgM-aHTUTE OTMEUEH y TTAalIMEeHTOB C TICPBUYHOM OITYX0JIbI0 KOCTU B CPAaBHECHUM
¢ rpynnoii koutpous, a JHK Toxoplasma Obina obHapyxkeHa y 18,86% nalneHTOB ¢ IEPBUYHBIMU OIYXOJISIMU KOCTER
ny 6,15% nmauueHTOB U3 KOHTPOJIbHOM rpymmnbl. HeoxnaaHHBIM 0Ka3anoch BeicoKoe comepxkaHue JHK mapasuta
y TAIMEHTOB CO 3JI0KaueCTBEHHBIMHU OIyXodaMu. PacripoctpanenHocTh aHTUTEN IgM K T. gondii m oOHapyXeHMe ee
JHK cpeny oHKOJIOTHYECKHUX OOJIBHBIX OBLIM 3HAYMTEIHLHO BEINIE, YeM Y 3I0POBEIX Jtoneii. Kpome Toro, xpoHuuec-
KM TOKCOITJIa3M03 (IMaTHOCTUPOBAHHBIN 10 TIOJIOKHUTEIBHOMY pe3yabTary Tecta Ha IgG), mo-BUIMMOMY, dalie
BCTpevaeTcs yIoneil ¢ 100poKadecTBeHHBIMM (hopMaMU paka, 9eM CO 3JJ0KaueCTBEHHBIMM HOBOOOpPA30BaHUSIMU.
HccnenoBaHue mokas3ano OTHOCUTENBHO BBICOKYIO PACIIPOCTPAHEHHOCTh aHTU-1. gondii y TAllMEHTOB C MEPBUYHBIM
pakoM KocTu. OMHAKO HeJIb3s1 HE YUYUThIBATh 3HAUMTEIbHBIN MPOLIEHT MOJOXUTEIbHBIX 00pa31ioB KPOBU Ha HAJIWUYKe
JHK napasuta. Kitouom K 3¢ GeKTUBHOMY JIeUyeHUI0 3a001eBaHuii Yy Ttofeil ¢ 0cabJeHHBIM UMMYHUTETOM SIBJISI-
€TCs CBOEBpEeMEHHasl ¥ TOYHasl IMarHoCTUKa ToKcornaa3mo3a. bonee toro, mo-puaumomy, Tecthl [P MoryT ObITH
0oJiee HalEXKHBIMU, YEM CEPOJIOTUYECKHE METOIBI, X MX MOXHO pacCMaTpUBaTh KaK TOUHBIN METOI TMarHOCTUKU
OCTPOr0 TOKCOILJIa3MO03a.

Karouesvie cao6a: nepsutnas onyxoab KOCmu, 310KaA4eCMEeHHAs ONYX0ab, 000POKa4ecmeeHHas onyxonb, mokconiazmos, Toxoplasma

gondii, I11]P 6 peaavrom épemeru.

Introduction

Toxoplasma gondii (T. gondii) is an obligatory in-
tracellular parasite that infects humans and many
animal species and approximately one-third of the
world’s population is at risk of infection with this
protozoan [11, 25]. Seroprevalence of 7. gondii infec-
tion varies from about 10 to 80 per cent in different
countries with a higher prevalence in warmer and
humid regions [8, 9, 26]. Host immune system plays
the most important role in pathological symptoms
of toxoplasmosis, for example, immunocompetent
individuals rarely show considerable signs, however,
this infection in immunocompromised persons may
lead to severe diseases such as encephalitis, pneumo-
nia, retinochoroiditis and even death [1, 31].

B lymphocytes produce various classes of anti-
bodies in response to 7. gondii infection which could
be applied for serodiagnosis, like specific IgM which
can be detected within 7—15 days in acute infection,
however, class switching to IgG antibodies and pro-
duction of a higher titer and avidity of this class of an-
tibody is observed in chronic toxoplasmosis [12, 28].
Therefore, one of the easiest diagnostic tests for the
routine detection of toxoplasmosis is a screening
of specific IgG and IgM antibodies in serum, however;
the application of molecular techniques may be more
sensitive and appropriative methods for diagnosis
of acute toxoplasmosis in high-risk patients especial-
ly in cancerous people with low traceable antibodies
in consequence of radio or chemotherapy [2, 22, 25].

Cancer is one of the major causes of mortality
worldwide and is the second leading one in develop-
ing countries [18]. Primary bone tumours impose
aburden of mortality and morbidity with a wide range
of clinical manifestations including pain, peripheral

inflammation and bone fractures on the patients,
worldwide. Various histological types of primary
bone tumours include benign (osteochondroma, gi-
ant cell tumour, exostosis) and malignant (osteosar-
coma, Ewing’s sarcoma, chondrosarcoma) tumours
with nonspecific symptoms which make it difficult
to be managed by clinicians [10, 30].

Toxoplasmosis can cause opportunistic life-
threatening infection in cancer patients [4].
On the other hand, several studies hypothesized that
T. gondii infection is responsible for the progres-
sion of malignant diseases due to inhibition of apo-
ptosis and motility of macrophages [6]. Therefore,
epidemiological studies are required to estimate
the rate of infection in high-risk individuals, espe-
cially in immunocompromised patients with malig-
nancies undergoing chemotherapy [1, 27]. A case-
control study of 900 different cancer patients and
900 controls was conducted in China for evaluating
the epidemiology of 7. gondii infection and the results
showed a high significant prevalence of anti 7. gon-
dii 1gG in cancer patients but because of rare inci-
dence of different bone tumours, this type of tumour
hadn’t been mentioned [7], so in this study, we aimed
to evaluate the serum levels of IgG and IgM using
enzyme-linked immunosorbent assay (ELISA) and
determine parasite-specific DNA by quantitative re-
al-time polymerase chain reaction (QPCR) in afore-
mentioned patients.

Materials and methods

Fifty-three patients who suffered from various
bone tumours, as well as sixty-five healthy controls
with an unknown serological profile for anti-7oxo-
plasma antibodies, were enrolled in this cross-sec-
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tional study with local ethical approval and informed
consent, from March to August 2019. The blood
samples were collected from patients who were diag-
nosed for primary bone cancer and subjected to sur-
gery at the Shafa Orthopedic Hospital. The patient
group was divided into patients with benign tumour
subgroups including osteochondroma, giant cell tu-
mour (GGT), exostosis, and other types and patients
with malignant tumour subgroups including osteo-
sarcoma, Ewing’s sarcoma, chondrosarcoma, and
other sarcomas. Approximately five ml of blood was
obtained from each participant and divided into two
tubes. The tube with no anticoagulant was used for se-
rum isolation to be applied in serological tests and
the second tube containing EDTA was used for isola-
tion of buffy coat leukocytes and subsequently DNA
purification. All samples were stored at —20°C until
use. The serum titre of anti-7. gondii antibodies (IgG
and IgM) were measured using commercial enzyme-
linked immunosorbent assay (ELISA) kits according
to the manufacturer’s setting (Pishtazteb, Iran) and
the absorbance was read by ELISA reader (Biohit,
BP800, Finland) at 450 nm versus 630 nm. All ex-
periments were performed in duplicate and equivocal
results were repeated [2, 29].

Genomic DNA was extracted from the isolated
buffy coat samples using DNA extraction mini kit
(YTA Co., Iran) according to the manufacturer’s in-
struction. Specific primers for repeated element (RE)
gene of T. gondii (F 5-AGG GAC AGA AGT CGA
AGG GG-3’ and R 5-GCA GCC AAG CCG GAA
ACA TC-3’) was designed using NCBI blast soft-
ware [3]. The DNA samples were tested for the presence
of the 164-bp fragment of RE gene of 7. gondii by real-
time PCR machine (Rotor-Gene Q, Qiagen, USA),
in 20 pl volumes, as previously described [3]. Briefly,
1 ng of DNA template was added to SYBR Green
PCR Master Mix (YTA Co., Iran). Afterwards, 0.8 pl
of each forward and reverse primers with a concentra-
tion of 1 pmol/ul was added and distilled water was used
for volume adjustment. Quantitative PCR (qPCR) was
performed at 95°C for 10 min, followed by 40 cycles at
94°C for 30 s, 55°C for 30 s, and 72°C for 30 s. The PCR
experiments were repeated three times.

Statistics. Data were recorded and analysed with
the SPSS v.18 software (SPSS Inc., Chicago, ILL,
USA) using Mann—Whitney and Chi-square tests.
The p-value < 0.05 was considered as significant.

Table 1. Demographics data of bone cancer
patients and healthy individuals

Number
Number of healthy
Characteristics of patients individuals
(n=53) (n = 65)
Female 24 (45.28%) | 51(78/46%)
Gender
Male 29 (54.71%) 14 (21/53%)
<20yearsold 14 (26.14%) 4 (6/15%)
Age 20-40 years old 26 (49%) 43 (66.15%)
g 40-60 years old 7(13.2%) 14 (21.53%)
> 60 years old 6 (11.3%) 4 (6/15%)
Results

The demographic data of the participants are pre-
sented in Table 1. Thirty-two (60.32%) and twenty-
one (39.63%) of patients had malignant tumours and
benign tumours, respectively. The results showed
a higher and significant seropositivity rate of IgM
antibodies in primary bone tumour patients com-
pared to the control group (Table 2). All samples were
tested by real-time PCR for Toxoplasma DNA which
became positive in 18.86% of patients with primary
bone tumours and 6.15% of controls. Surprisingly,
the high presence of parasite DNA was detected in pa-
tients with malignant tumours (Table 2). We founded
a higher IgG and IgM titer against 7. gondii in pa-
tients with benign versus malignant bone tumours
but PCR results in malignant patients had a higher
percentage than benign patients and control group.

A p-value less than 0.05 was considered signifi-
cant statistically and the seroprevalence of 7. gondii
IgM antibody and DNA positivity among the cancer
patients were significantly higher than healthy in-
dividuals (p = < 0.001 and p = 0.005 respectively).
Also, chronic toxoplasmosis (it was shown with IgG
positive) appears to be more common in people with
benign cancers than malignancies.

Discussion

One of the accepted hypothesis is a higher in-
cidence of opportunistic infections such as toxo-
plasmosis in cancer patients as a group of immu-
nocompromised individuals [20], for example,
the seroprevalence rate of 7. gondii infection in Iran

Table 2. Seropositivity rates for anti-T. gondii antibodies and parasite DNA positivity in primary malignant,

benign bone tumour patients and control group

Number 1gG positive IgM positive PCR positive
Group Subgroups
ofsamples | No.| % |p-value|No.| % |p-value|No.| % |p-value
Malignant bone tumours 32 14 | 43.75 0.44 4 12.50 | <0.001 | 7 21.87 | 0.001
g:t':gﬁzs Benign bone tumours 21 11 | 5238 | 006 | 4 | 19.04 |<0.001| 3 | 1428 | 006
Total patients 53 25 | 4716 0.23 8 15.09 | <0.001 | 10 | 18.86 | 0.005
Controls | Controls 65 25 | 38.46 0 0 4 6.15
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was 45—51% in cancer patients but 39% in healthy
individuals [1, 8]. However, the geographical fac-
tors, eating habits and livestock farming practices
can be effective in the prevalence of this infection.
Khabaz et al. showed that anti-7. gondii IgG was de-
tected in 63.6% of patients with neoplasia and 58%
of healthy controls, although, all of the participants
(case and control groups) were negative for anti-
T. gondii 1gM antibodies [19]. T. gondii seropreva-
lence was 60.3% in immunocompromised patients
and 33.3% in healthy individuals in other provinces
during 2014—2015 [17]. Otherwise, the higher rate
of T. gondii infection in immunocompromised indi-
viduals, such as cancer patients could be due to many
reasons such as a difference in genetic susceptibility
and the source of 7oxoplasma infection [1, 32]. So,
it might be concluded that a high incidence of acute
toxoplasmosis in bone cancer patients could be due
to impaired genetic system or decreased immunity
to encounter this protozoan. The high rate of PCR
results obtained for 7. gondii DNA in cancer pa-
tients (18.86% against 6.15% in a healthy individual)
could be a witness of this hypothesis and the lower
immunity in malignant patients may be explained
with more incidence of this infection in patients with
malignant tumours versus benign types (21.87% and
14.28%, respectively). On the other hand, this para-
site could remain silent in tissue cysts that are com-
monly formed in different organs such as the central
nervous system and the situations such as the im-
mune suppression in cancer patients or the thera-
peutic process can cause reactivation of parasite and
latent toxoplasmosis [24]. So, this can account as an-
other reason for a high percentage of positive PCR
and IgM results in cancer.

In the current study, the findings emphasize rais-
ing the possible role of cancer on 7. gondii infection
susceptibility, because the seroprevalence of anti-
Toxoplasma antibodies in patients was higher (47.16%
versus 38.46%). The other hypothesis is the effect
of persistent infection on the promotion of cancer due
to rising mutation rates as a result of long-term host
defence responses in inflammation situations [15].
Also, intercellular pathogens like 7. gondii may dis-
rupt cell barriers against oncogenic agents and might
cause mutations after accumulating over time [14].

Interestingly, we observed that two PCR positive
patients in the malignant group were negative for anti-
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Toxoplasma IgM and IgG antibodies in ELISA which
might be due to the recent infection or impaired im-
mune response following immunosuppressive thera-
py. It was mentioned that serological tests could be
sometimes inadequate for detecting active infection
in immunosuppressed individuals, because the anti-
body titre may not rise enough to be detected [13, 23].
Overall, these patients are incapable of developing
high titres of antibodies against 7. gondii. Moreover,
anti-neoplastic drug therapy could impair specific
anti-Toxoplasma antibody production [16, 21].

Hence, serological methods alone have low reli-
ability in both patients and healthy; it was strongly
recommended that serologic tests should be com-
bined with other diagnostic methods like gene am-
plification for accurate clinical diagnosis of active
toxoplasmosis. Molecular methods are efficient
techniques that allow specific amplification of DNA.
The real-time qPCR could be successfully used
to 7. gondii diagnosis and is capable to detect low
concentrations of target DNA [3, 22, 32]. Besides,
to increase the specificity and sensitivity of immu-
nological assays in immunocompromised patients,
new antigenic targets should be designed the parasite
to have a potential immunogenic antigen in immu-
nodiagnostic tools of toxoplasmosis in patients with
cancer [5].

Conclusion

The study showed a relatively high seroprevalence
of anti-7. gondii antibodies in patients with primary
bone cancer. However, the considerable rate of posi-
tive blood samples for the presence of parasite’s DNA
should not be ignored. A key to the effective manage-
ment of diseases in immunosuppressed individuals
is prompt and accurate diagnosis of toxoplasmosis.
Moreover, it seems that PCR tests may be more reli-
able than serological methods and it could be consid-
ered as a precise method for diagnosis of acute toxo-
plasmosis.
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Abstract. Introduction. In spite of significant advances in medical care, neonatal sepsis remains an important risk factor
for neonatal morbidity and mortality. Accordingly, the present study was conducted to compare the number of nucleated
red blood cells per 100 white blood cells (NRBC/100WBC) in neonates with early onset sepsis and non-infectious neonates.
Materials and methods. In this cross-sectional study of 154 neonates admitted to the NICU of Ghaem Hospital in Mashhad,
Iran within the first three days of life, during 2014 to 2018, the characteristics of 44 neonates identified early onset sepsis
(Case group) were compared with 110 non-infectious neonates (Control group). After the confirmation of sepsis in neonates
based on positive blood culture and laboratory results, a researcher-made questionnaire containing neonatal characteristics
(gestational age, weight, first minute Apgar scores, fifth minute Apgar score, duration of oxygen therapy, and mechanical
ventilation duration) and neonatal laboratory profiles (routine blood culture, WBC, NRBC/100WBC, CRP, blood glucose,
calcium and venous blood gas) was filled in. Results. The results of this study showed that the absolute number of NRBC/mm?
in control group was 56.07£86.65 and in case group was 592.70£1166.75 (p = 0.000). Also, the number of NRBC per 100
white blood cells in control group was 6.54+11.18 and in case group was 31.84+40.07 (p = 0.000). The absolute number
of NRBC/mm? for the detection of early onset sepsis had a good sensitivity (78%) and NRBC/100WBC was suitable speci-
ficity (68.2%). Conclusion. This study indicated that NRBC/100 WBC and absolute NR BC count/mm? can be helpful in the
diagnosis of early onset sepsis and have an acceptable sensitivity and specificity.

Key words: early onset sepsis, nucleated red blood cells (NRBC), neonates, blood culture, infection, prematurity.
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(NRBC/100 WBC) Y HEAOHOLLUEHHbIX HOBOPOXXAEHHbIX C PAHHUM PA3BUTUEM CEMNCUCA
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IIUX B OTIEJCHUEe WHTEHCUBHOM Tepanuu O0oixbHUIIB [aem B Memixene, MpaH, B TeueHUe MEPBBIX TpeX AHEH XKu3-
Hu B niepuof ¢ 2014 mo 2018 . Y 44 HOBOPOXKAEHHBIX OOHAPYKEHbI MPU3HAKKU paHHEro cercuca (rpyrmnmna cerncuca),
110 HOBOPOXAEHHBIMU He UM MHGEKIIMOHHOM MaToJoruu (KOHTpoJbHas rpymmna). [locie moaTBepKaeHMS Cer-
cuca Ha OCHOBAaHMM TIOJIOXUTEIbHBIX PE3YJIbTATOB MOCEBA KPOBU U JaOOPATOPHBIX MCCAEJOBAHU M, TPOAHATU3UPO-
BaJli COCTABJIEHHbIII HAMU BOMPOCHUK, COAEPXKAIUI XapaKTePUCTUKN HOBOPOXKAEHHBIX (T€CTAllMOHHBIN BO3pacT,
BeC, OLICHKA 10 111KaJie ATirap Ha MepBoii MUHYTE, OLIEHKA I10 [TKaje ANrap Ha MsSITOi MUHYTE, TPOAOIKUTETbHOCTh
KHUCJIOPOIHON Tepanuu U MPOAOJIKUTEIbHOCTh UCKYCCTBEHHON BEHTUISIIMU JIETKUX) U HEOHATATbHBIE J1abopaTop-
Hble Tpod i (00pasiibl MyMOBUHHOM KPOBU, OOIIMII aHATU3 KPOBU, ADCOIIOTHOE KOJTUYECTBO SIIPOCOAEPKAIINX
sputpouutoB BMM® (NRBC/MM?), oTHoLIeHHe KoJMYecTBa SAPOCOASPXKAIIMX 3PUTPOLUTOB K 100 iefikoruTam
(NRBC/100WBC), C-peakTuBHBIl 0es0K). Pe3yasmame NCCENOBAHUS TIOKA3aiu, YTO aOCONIOTHOE KOJIMYECTBO
NRBC B KOHTPOJIbHOII IpyIIIe cOoCcTaBIsLio 56,07186,65/MM3, a B rpymrie cencuca — 592,70£1166,75/mm* (p = 0,000).
Kpowme Toro, konnuectBo NRBC Ha 100 1eiKOIIMTOB B KOHTPOJBHOM I'pyIie cocTaBisio 6,54+11,18, a B rpymme cen-
cuca — 31,84+40,07 (p = 0,000). MeTon onpeneneHus abeoaoTHoro koarndectBa NRBC/MM? mokasaj Xopomyio 4yB-
cTBUTENBHOCTH (78%), a moacuet cootHomreHust NRBC/100WBC — Hemntoxyio crieriuduuHocTh (68,2%) 11s1 BbISIB-
JICHUsT paHHero Havaua cencuca. 3akaouenue. OtHomeHre NRBC/100WBC u abcomoTHoe KonndectBo NRBC/mm?
MOTYT OBbITh TIOJIE3HbI B IMATHOCTUKE CEICHUCa Y HEAOHOLIEHHbBIX HOBOPOXIECHHBIX U IEMOHCTPUPYIOT IPUEMJIEMY IO

YYBCTBUTCJIbHOCTDb U CHCL[l/l(l)l/l‘{HOCTb.

Karouesvie caosa: pannuii cencuc, sopocodepucauue spumpoyumot (NRBC), Hogopoxcdentble, 2eMOKYAbMYpa, UHDEKUU,

HEOOHOUICHHOCb.

Introduction

Neonatal sepsis is a major cause of neonatal mor-
tality. Therefore, rapid and timely identification
of infected neonates is crucial in proper manage-
ment of these patients [6]. Sepsis and infection are
reported as the first (80%) and fourth (25.3%) most
common cause of neonatal deaths. Early identifica-
tion of neonatal sepsis increases the chance of neo-
nates’ recovery and reduces their complications [6].
In general, the diagnosis of infections in neonates
is challenging due to non-specific symptoms as well
as the absence of a definitive diagnostic test [4].
Neonatal clinical symptoms such as poor feeding,
lethargy, bradycardia, hypothermia, hypotension,
seizure, respiratory distress, etc. are non-specific
for diagnosis of neonatal sepsis. Body fluids culture
(blood and cerebrospinal fluid) is the gold standard
for the diagnosis of neonatal infections, however,
it takes 48—72 hours for the results to be available.
Laboratory findings including complete blood cell
count and laboratory and immunological tests have
lower sensitivity and specificity than blood cul-
ture [4, 5, 6]. Nucleated red blood cells are, in fact,
premature erythrocytes in the peripheral blood,
leading to an increase in the peripheral blood in re-
sponse to increased erythropoietin. Erythropoietin
is a glycoprotein hormone secreted by the kidneys,
liver, spleen, lungs, and bone marrow in response
to hypoxemia [8]. Many acute and chronic stimuli
increase the number of NRBC in blood circula-
tion by increasing the activity of erythropoietin [14].
Dulay et al. (2008) examined the number of NRBC
in neonates with early onset sepsis delivered at ear-
lier gestational ages (mean+SD: 27.1£2.8 weeks) and
found that it increased, and 83.9% of cases of early
onset sepsis were confirmed and 48.9% of suspicious
cases significantly increased [10].

Increasing the number of NRBCs in embryonic
circulation may be secondary to hypoxia or inflam-
mation [20]. Previous studies have shown that the in-
flammatory response associated with the release
of cytokines, especially IL-6, can be led to an in-
crease in the production of NRBC [23]. Both fetusin-
flammatory response and stress may play a role in the
production or release of NRBC in the peripheral cir-
culation. In addition, in pregnancies with histologic
chorioamnionitis, host inflammatory response may
be independent of erythropoietin resulting in in-
creased fetal NRBC [21]. In one study, NRBC count
in the peripheral blood smear helps with the diagnosis
of neonatal infection and can be used in conjunction
with other laboratory tests as a simple and convenient
method [7].

As the number of nucleated red blood cells is one
of the simple, available, and fast response factors,
it can play an important role in facilitating the diag-
nosis of sepsis if it helps in early detection of the in-
fection. Therefore, a case-control study was designed
to evaluate the number of nucleated red blood cells
in preterm neonates with early onset sepsis and com-
pare them with non-infected neonates.

Materials and methods

The study protocol was approved by the Ethics
Committee of Mashhad University of Medical Sci-
ences, Mashhad, Iran. This cross-sectional study (from
2013 to 2019) was performed on 154 neonates hos-
pitalized in the first three days after birth, in Ghaem
Hospital, Mashhad, Iran, using convenient sampling
method. Ghaem Hospital is a general referral hospital
with NICU (12 beds), level 2 care (25 beds) and a ma-
ternity hospital (Level 1 care), which has about 3000
births annually. The written informed consent was
obtained from the parents of the neonates. Neonates
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with Apgar scores less than 7 at 5 minutes after birth,
congenital malformations, congenital TORCH infec-
tions, hemolytic anemia, and erythroblastosis fetalis
were excluded from the study.

All the neonates entered the NICU in the first
day of life were examined. Clinical and laboratory
evaluation of patients was performed based on clini-
cal examination guidelines. Data was extracted from
neonatal medical history including gestational age,
weight, 1 min Apgar score, fifth-minute Apgar score,
duration of oxygen therapy and duration of mechani-
cal ventilation) and neonatal laboratory character-
istics (such as routine blood culture (Trypticase soy
broth), WBC, NRBC/100WBC, CRP, blood glu-
cose, calcium and Venous blood gas). The blood sam-
ple with EDTA, collected for the routine tests, was
used for complete cell count, followed by peripheral
blood smear analysis (by Giemsa staining). The cells
were separated and the number of nucleated red
blood cells (NRBCs) per 100 white blood cells was
reported. Neonates who had a positive blood culture
were considered as the case group. Early onset sepsis
was considered based on its onset at 0 to 3 days of age.
The neonateswho had anegative blood culture and had
no clinical and laboratory evidence of infection were
considered as control group. The NRBC/100WBC
and the number of absolute NRBC were compared
between these two groups. SPSS version 23 was used
to analyze the data. Statistical comparisons were
performed by Mann—Whitney test, unpaired t-test
and Chi-square test as required. Receiver-operating
characteristic (ROC) curves were also constructed
allowing the calculation of positive and negative
predictive values. Analysis of covariance was used
to control the variable of gestational age. A p-value
<0.05 was considered as the cutoff for significant dif-
ference between groups.

Results

A total of 286 infants were enrolled in the study;
31 were diagnosed with significant asphyxia, 26 with
intrauterine growth retardation, 11 with congeni-
tal anomaly or infection, 6 with hemolytic anemia,
6 with maternal preeclampsia and 18 had maternal
diabetes. Finally 22 neonates died in the 1%* week
and 12 with incomplete follow-up and were exclud-
ed from the study. The reported germs included:
12 cases of Klebsiella pneumoniae (27.27%), 10 cases
of Enterobacter (22.72%), 10 cases of Staphylococcus
epidermidis (22.7%), 6 cases of E. coli (13.63%), 4 cas-
es of Acinetobacter (9.09%), and 2 cases of coagulase-
negative Staphylococci (4.54%). Laboratory findings
are summarized in Table.

The results of this study demonstrated that there
was statistically significant difference in terms of the
gestational age (p = 0.001) between the two groups
(neonates who had a negative blood culture and those
who had a positive blood culture). However, after

adjusting for gestational age using the analysis of co-
variance, there was a statistically significant differ-
ence between the two groups in NRBC levels (p =
0.000). There was a significant difference between
two groups in CRP (p = 0.090), WBC (p = 0.006),
NRBC/mm? (p =0.000), and NRBC/100 WBC (p =
0.000). In other word, these variables in the neona-
tal group who had a positive blood culture were sig-
nificantly higher than those of non-infected neonates
(Table).

The results of this study showed that the number
of NRBC/100 WBC and absolute number of NRBC/
mm? increased in neonates with early onset sep-
sis. In the diagnosis of neonatal sepsis, the number
of NRBC/100 WBC greater than 5 had a sensitivity
of 72% and the specificity of 58%, and the absolute
NRBC count greater than 400/mm? had sensitivity
of 84.6% and specificity of 64% (Figure).

Discussion

Early onset sepsis microorganisms are commonly
encountered in the genitourinary tract of mother and
cause the infection of the amniotic fluid, placenta,
cervical or vaginal canal. In the event of a rupture
of the membrane or before labor begins, the infec-
tion occurs in the amniotic fluid [4, 22]. The main
causes of neonatal sepsis in advanced countries are
Streptococcus group B, E. coli and Listeria monocy-
togenes, and in developing countries are gram-neg-
ative bacilli, coagulase negative Staphylococci and
other bacteria [16]. In the present study, the most
common causes of early onset sepsis were Klebsiella
(25%), Enterobacter (22.7%), Staphylococcus epi-
dermidis (22.7%) and E. coli (11.35%). In a study
conducted by Farhat et al. (2014), the most com-
mon bacteria in neonatal sepsis in blood culture
were coagulase negative Staphylococcus (35%), fol-
lowed by Staphylococcus aureus (24%) and Klebsiella
(18%) [11]. In a previous sudy, the most common
bacteria in neonatal sepsis were gram-negative bac-
teria (55%) and coagulase negative Staphylococcus
(34%) and other gram-positive bacteria (10%) [3].
In a similar another study in this center, 44% of the
isolated microorganisms were coagulase negative
Staphylococcus, followed by Klebsiella pneumoniae
(31%), E. coli (19%), and other gram-negative mi-
croorganism (6%) [18]. The difference in the preva-
lence rate of microorganisms might be due to dif-
ference in sampling as well as that we studied only
the early onset sepsis.

In this study, the number of WBCs in the neo-
natal group who had a positive blood culture was
higher than that of non-infected neonates. The re-
sults of Hornik et al. (2012) showed that the number
of WBC had a low correlation with early onset sepsis.
The specificity of the WBC less than 5000 per mm?3
and the WBC count below 1000 per mm? to detect
sepsis was high, but with low sensitivity [15].
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Table. Comparison of the mean neonatal variables between case and control groups

Groups Control group Case group
Variables 110 [71.4%] 44 [28.6%] pvalue
CRP (Mg/dI) 8.94+16.11 23.90+28.49 0.090
WBC 9.64+5.79 14.82+11.64 0.006
NRBC absolute count (mm?) 56.07+86.65 592.70£1166.75 0.000
NRBC/100 WBC 6.54+11.18 31.84+40.07 0.000
Neutrophil percentage 45.07+41.61 44.32+21.36 0.867
Lymphocyte percentage 47.51+£18.27 44.18+21.13 0.113
Platelet (per mcL) 250.48+157.73 172.70+£106.60 0.845
1 min Apgar score 7.03+1.72 5.93+1.81 0.541
Fifth minute Apgar score 8.00+1.32 7.53+1.06 0.566
Weight (g) 1641.04+660.03 1350.22+606.23 0.382
Duration of oxygen therapy (day) 3.357.14 6.68+7.99 0.052
PT 15.16+3.01 19.39+4.67 0.319
PTT 74.50£29.99 63.00+28.88 0.643
Urea (mg/dl) 48.24£32.93 67.85+28.89 0.071
BUN (mg/dl) 60.09+20.20 39.00+13.06 0.077
Cr (mg/dl) 1.05+1.52 0.70+0.23 0.340
Sodium (mg/dI) 139.76+4.15 134.32+18.85 0.052
Calcium (mg/dl) 9.07+0.99 8.55+11.36 0.073
Blood glucose(mg/dl) 78.00+11.58 92.00+14.98 0.074
Phi 7.29+0.14 7.28+0.12 0.858
be 7.71x0.79 7.17+0.92 0.974
Hco3a 21.31+4.32 22.74+4.48 0.316
Pco2a 43.08+18.62 48.46+10.91 0.324
HCT 41.45+7.55 43.57+7.08 0.135
Gestational age (wk) 30.23£3.10 32.85+£3.90 0.001

Note. The values are based on standard deviationtmean.

ROC Curve
1.0
0.8
> 0.6
2
.%;
c
*
0.4
Source of the Curve
0.2 Absolut NRBC
’ NRBC/100 WBC
Reference Line
0.0
0.0 0.2 0.4 0.6 0.8 1.0

Specificity

Figure. Comparison of the sensitivity and
specificity of NRBC numbers in 100WBC and NRBC
absolute count in the diagnosis of neonatal sepsis

The results of the current study showed that in the
confirmed early onset sepsis, the number of NRBC/100
WBC was about 5 times greater than non-infected neo-
nates, and the absolute number of NRBC/mm?® was
nearly ten times greater than non-infected neonates.
During the first 12 hours, the number of NRBCs de-
creased by 50% and reached 20 to 30 in mm? in the first
48 hours. In a healthy term neonate after 3 to 4 days,
NRBC was not normally seen in the peripheral blood.
However, preterm neonates may have NRBC in the pe-
ripheral blood up to one week after birth [2, 9, 12]. Asim-
ilar showed that inflammatory response is associate with
release of cytokines and the increase of NRBC [23].
Ranganathan reported the increase NRBC in the blood
to be associated with an increased risk of early onset
sepsis [19]. In a study by Dulay et al., who studied 68
preterm neonates, NRBCs and other inflammatory fac-
tors in the diagnosis of early onset sepsis were compared
and a direct relationship between NRBC and IL-6 was
reported in the diagnosis of neonatal sepsis [10]. Leikin
et al. performed a study on 359 neonates of the mothers
with chorioamnionitis, and found that there was a sig-
nificant correlation between NRBC and pathological
chorioamnionitis [17].

1092



2021, T. 11, Ne 6

Percent of NRBC/100 WBC and sepsis

In the diagnosis of neonatal sepsis, NRBC/100
WBC more than 5 had the sensitivity of 72% and
specificity of 58 %, and the absolute number of NRBC
greater than 400 had a sensitivity of 84.6% and speci-
ficity of 64%. In a study conducted by Abhishek
and Sanjay, number of NRBCs was increased in all
14 neonates and had a sensitivity of 35% and a speci-
ficity of 53.48% to detect sepsis [1]. In a similar study,
sensitivity and specificity of NRBC count more than
10 were reported as 45% and 83% to detect infec-
tion [7]. Therefore, this simple, fast, and cost-effec-
tive test can be used to identify early onset sepsis and
reduce the mortality and morbidity of the neonates.

One of the limitations of our study was the selection
of the group of premature infants without infection.
Premature infants often have different morbidities and
it is difficult to find healthy premature neonates. Also,
convenient sample size and thereby overlapping confi-
dence intervals were other limitations of our study.

Conclusion

In neonates with confirmed early onset sepsis,
NRBC/100 WBC and the absolute number of NRBCs
increased by about 5—10 times greater than non-in-
fectious neonates. The NRBC number per 100 WBC
greater than 5 had a suitable sensitivity and the abso-
lute number of NRBC greater than 400 had high sen-
sitivity to the diagnosis of early onset sepsis.

“What This Study Adds”

The NRBC number per 100 WBC greater than
4 has a suitable sensitivity and the absolute number
of NRBC greater than 400 had high sensitivity for the
diagnosis of early onset sepsis.

“What is Already Known”

Neonatal sepsis is a the major cause of neonatal
mortality and rapid and timely identification of in-
fected neonates plays an important role in the treat-
ment of these patients.
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Abstract. Background. Oxygenation disturbances in sepsis patients may cause lactate levels increase which is proportional
to the severity of the inflammation, followed by decrease in albumin levels. Combination of these two parameters is ex-
pected to be predictor of mortality in patients with sepsis. The aim of this study is to investigate the profile of lactate,
albumin, and lactate/albumin ratio as mortality predictors in patient with sepsis. Methods. This prospective cohort study
was conducted in the ICU of dr. Saiful Anwar Hospital, Malang, from January to May 2019. Subjects were 82 patients with
sepsis (SOFA score > 2). Lactate and albumin levels were measured on the first day of hospitalization. Lactate levels were
examined by colorimetric method, albumin was examined by BCG method. The instrument used was Cobas 501. Compa-
ration was carried out using the T-Test/Mann—Whitney test. Prediction of mortality risk was done using relative risk (RR)
determination. Results. Significant difference was observed in albumin levels between sepsis patients who survived and
who died (p = 0.045). No significant differences were observed in lactate levels and lactate/albumin ratio between sepsis
patients who survived and who died (p = 0.211, 0.119, respectively). Relative risks were 3.034 for lactate, 3.667 for albumin,
and 4.400 for lactate/albumin ratio. Conclusion. In patients with sepsis, albumin level is the best variable in predicting mor-
tality, followed by lactate/albumin ratio and lactate value. Further study that implements repeated measurement of lactate
and albumin in 6 and 12 hours is required to better predict the mortality of sepsis patients.

Key words: lactate, albumin, lactate/albumin ratio, mortality, sepsis, prognosis.
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M0JIaTaeTCs, YTO COYeTAaHME ITUX JBYX MapaMeTPOB MOXET CIYXHUTb MPEIUKTOPOM CMEPTHOCTH Y TMAallMeHTOB
¢ cercrucoM. llenbio TaHHOTO MCCIeNOBAHUSI SBJISIIOCHh M3yUYEeHUE YPOBHS JaKTaTa, alb0yMUHA U COOTHOIIEHU I
«JJaKTaT/aJbO0yMUH» KaK MPEIUKTOPOB CMEPTHOCTH Y TALIMEHTOB C cerncucoM. Memoods. HacTosiiee mpocrneKThB-
HOE€ KOTOpTHOE McCleAoBaHue OblIO MPOBEACHO B OTACJCHUM MHTEHCUBHOM Tepanuu bonbHuLbl UM. a-pa Caii-
(yna AuBapa, Manasr, ¢ sHBaps nmo maii 2019 r. UcnieiTyemble — 82 marmueHTa ¢ cericucoM (oiieHka SOFA > 2).
YpoBHMU JlaKTaTa U aabOyMUHA U3MEPSIJIU B IEPBBIU I€Hb FOCMUTAIU3ALMU. YPOBEHD JAKTaTa ONPEAESIIN KOJIO-
PUMETPUYECKUM METOAOM, YPOBeHb anbbymnHua — metonoM BLIK Ha mpubope Cobas 501. CpaBHeHUE TPOBOA M-
JIOCh ¢ UcTonb3oBaHueM t-Tecta CThioneHTa/TecTa ManHa—YutHuU. [IporHo3mpoBaHue prucka CMEpPTHOCTH TIPO-
M3BOAMIIOCH C NCIIOJIb30BaHUEM OTIpene/icHUs OTHOCUTeNbHOTO prcka (OP). Pesyasmamer. locToOBepHAS pa3HUIIA
Ha0J1I0/1a1ach B yPOBHSIX aTbOYyMUHA Y BEIXKUBIIMX U YMEPUIUX MAIUEHTOB ¢ cericucoM (p = 0,045), 6e3 3HaunTEb-
HBIX pa3IMYUil B YPOBHSIX JIAKTaTa M COOTHOIIEHUM «JIAKTaT/aIbOYMUH» Y BEIXKMBIIMX U YMEPIINX MAaIlHEHTOB
c cericricoM (p = 0,211 n 0,119 coorBeTcTBeHHO). OTHOCUTENBHBIE pUcKU cocTaBuau 3,034 s nakrara, 3,667 nius
anboymuHa u 4,400 151 COOTHOLIEHUS «JaKTaT/albOyMUH». Bbigodbl. Y MallMEHTOB C CETICUCOM YPOBEHb ab0y-
MMHA SIBJISETCS JyYIIMM apaMeTpPOM JJIsl TPOTHO3MPOBAaHUSI CMEPTHOCTH, 32 HUM CJIEIYeT COOTHOIIEHUE «JIaK-
TaT/aJlbOyMMUH» U yPOBEHb JlaKkTaTa. ljis1 607ee TOUHOro MPOrHO3MpPOBaHUSI CMEPTHOCTHU MALlMEHTOB C CEIICUCOM
TpebyeTcs AajbHeilliee ucciaeqoBaHue, B KOTOPOM ClieAyeT MOBTOPHO MPOBECTH U3MEPEHME JaKTaTa ¥ aJibOyMUHa

yepes 6 1 12 yacos.

Karouesvie caosa: raxkmam, arv0ymuH, COOMHOUICHUE <AAKMAM/ANbOYMUH», CMEDIMHOCMb, CENCUC, NPOCHO3.

Introduction

Sepsis is a life-threatening organ dysfunction
caused by an unregulated host response to infec-
tion [14]. Sepsis, including severe sepsis and septic
shock, is a major health problem and one of the lead-
ing causes of death. It is estimated that sepsis occurs
in 30 million people worldwide each year and has
the potential to cause 6 million deaths. The mor-
tality rate due to sepsis is approximately 6% of all
causes of death in hospital. Given the high mortal-
ity rate, it is important to determine the prognosis
in septic patients, to determine subsequent manage-
ment [7]. Therefore, it is necessary to develop bio-
markers that can be used as predictors of mortality
in septic patients.

Several studies have shown that lactate levels are
a reliable parameter in predicting prognosis in sep-
tic patients [7]. Lactate levels may increase in septic
patients through several mechanisms [4]. Low pe-
ripheral oxygenation in septic patients leads to an-
aerobic glycolysis which leads to lactate production.
In clinical practice, lactate levels are commonly
used to detect tissue hypoxia. However, elevated
lactate levels seem to reflect more than just tissue
hypoxia. Hyperlactatemia is also found in septic pa-
tients with normal tissue oxygenation who experi-
ence excessive Na"-K'-ATPase stimulation, where
activation of Na'-K'-ATPase will cause release
of lactate from muscle tissue [7]. Mitochondrial
insufficiency in metabolizing pyruvate caused by
stress can also cause an increase in lactate in sep-
tic patients [4]. However, the source, clearance and
metabolic function of lactate in sepsis are still not
well known [1].

Otherthanelevated lactate, astudy by Magnussen
et al. showed that in septic patients, there was a de-

crease in albumin [8]. Albumin is an acute phase
protein produced in the liver [7]. Decreased albu-
min levels have been linked to various chronic con-
ditions such as liver failure, malnutrition, or entero-
pathy. However, studies in critically ill patients have
shown that albumin levels are more of an indicator
of inflammation reflecting the severity of inflam-
mation rather than a marker of nutritional sta-
tus [7, 8]. This supports the suggestion that albumin
may serve as an additional parameter as predictors
of mortality and prognosis in septic patients [7].

Both lactate and albumin are parameters that
can independently predict mortality. The combina-
tion of the two is expected to increase the predictive
value of mortality in septic patients. The aim of this
study is to determine the profile of lactate, albumin,
and lactate/albumin ratio as predictors of mortality
in septic patients.

Materials and methods

This study was conducted in a prospective co-
hort study design. The research was conducted at
the Intensive Care Unit (ICU) of Dr. Saiful Anwar
General Hospital, Malang, from January to May
2019. The subjects involved in this study were 82 pa-
tients who were treated in ICU and met the crite-
ria for sepsis (Sequential Organ Failure Assessment
score/SOFA score > 2). Inclusion criteria in this
study were age > 16 years, SOFA score > 2. While
the exclusion criteria were patients who had re-
ceived albumin therapy. The study was carried out
after obtaining approval from the ethical committee
of the Faculty of Medicine, Universitas Brawijaya/
Dr. Saiful Anwar General Hospital, Malang.

Lactate and albumin levels were checked from se-
rum samples taken on the first day the patients were
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admitted. Lactate levels were checked by colorimet-
ric method using Cobas 501, expressed in mmol/L.
While albumin levels were checked by colorimetric
method bromocresol green (BCG) using Cobas 501,
expressed in g/dL. The ratio of lactic acid/albumin
was calculated from the results of the examination
of lactate levels divided by albumin levels.

Statistical analysis was carried out using IBM
SPSS Statistics 25 software. Comparison test was
done using the T-test/Mann—Whitney test. P level
< 0.05 considered as significance. The prediction
of the risk of mortality was done by determining
Relative Risk (RR), while the cut-off value was de-
termined using previous research data.

Results

There were 82 subjects participating in this
study, 22 (26.8%) of them were discharged and 60
(73.2%) died. Complete lactate and albumin levels
were only found in 58 subjects, which were then
analyzed in this study. Of 58 subjects, 13 (22.4%)
were discharged, and 45 (77.6%) died. All subjects
undergone the albumin and lactate examinations
once when admission. The characteristic of study
subjects according to age and sex in the group of pa-
tients who were discharged and died are shown
in the Table. Furthermore, the comparison test was
carried out with the T-test/Mann—Whitney test,
and the p-values were 0.025 and 0.065, respectively.

There was a significant difference in albumin
levels between septic patients who were discharged
and died with p levels of 0.045. There were no sig-
nificant differences in lactate levels, as well as lac-
tate/albumin ratio in septic patients who were dis-
charged and died with p values of 0.211 and 0.119,
respectively (Table).

The cut off value determined for lactate levels,
albumin levels and lactate/albumin ratio variables
were 4.00 mmol/L, 2.45 g/dL and 1.32, respectively.
With this cut off value, the RR was 3.034 for lactate
variable, 3.667 for albumin, and 4.400 for lactate/
albumin ratio.

Discussion

The results showed that the median of lac-
tate levels in patients who died was higher than
in patients who were discharged. Lactate lev-
els in the group of patients who died were in the
range of 1.60—8.20 mmol/L. Of the 13 patients
who were discharged, 9 (69.2%) had high lactate
levels (> 2 mmol/L). In contrast, of the 45 pa-
tients who died, 6 (13.3%) had normal lactate lev-
els (< 2.0 mmol/L). These results correspond with
the study conducted by Van Beest et al. that lactate
level is higher in those patients who died rather than

those who discharged [6]. These results also cor-
respond with the study conducted by Nichol et al.
which showed that not only hyperlactatemia (> 2.0
mmol/L), but relative hyperlactatemia and lactate
levels in the upper normal range, were also associ-
ated with increased mortality [11, 12].

Although the mean lactate level was higher in pa-
tients who died than in patients who were discharged,
there was no significant difference between the two
groups. These results can be explained as follows:
1) not every hyperlactatemia is associated with acido-
sis, which is an important contributor to poor prog-
nosis [19]. Lactic acidosis is better at predicting mor-
tality in patients with severe sepsis and septic shock,
compared with hyperlactatemia. Acid-base status
needs to be considered in predicting the prognosis
of septic patients when using serum lactate levels [6];
2) the mechanisms that cause hyperlactatemia may
play an important role in predicting mortality, rather
than the hyperlactatemia itself. Lactate levels depend
not only on lactate production but also on its clear-
ance. It is not known which mechanism is more im-
portant in the prediction of mortality [12, 19], study
by Haas et al. demonstrated that severe hyperlac-
tatemia correlates with ICU mortality, particularly
if lactate clearance does not occur within 12 hours
of admission [3]; 3) comorbidities, such as renal fail-

Table. Lactate acid levels and lactate acid/albumin
ratio in patients who survived and died

Characteristics| Survived Died p value | RR*
ﬁﬂ‘l’l‘gj‘;cts 13(22.4%) | 45 (77.6%)

Age (yearold) |45.85+16.58|56.75+14.50| 0.025
Gender

Male 4(12.9%) | 27(87.1%) | 0.065
Female 9(33.3%) | 18(66.7%)

Lactate levels®

Median 2.80 3.30 0.211 |3.034
<4 mmol/L 11 (27.5%) | 29 (72.5%)

>4 mmol/L 2(11.1%) | 16(88.9%)

Albumin levels®

Mean+SD 3.02+0.56 | 2.68+0.52 | 0.045 [3.667
Range 2.68-3.36 | 2.53-2.84

>2.45 g/dL 11(28.9%) | 27 (71.1%)

< 2.45¢g/dL 2(10.0%) | 18(90.0%)
Lactate/albumin ratio

Mean+SD 1.01£0.59 | 1.35+0.70 | 0.119 (4.400
Range 0.66-1.37 | 1.14-1.56

<1.32 11 (30.6%) | 25 (69.4%)

>1.32 2(9.1%) | 20(90.9%)

Note. “RR — relative risk; SD — standard deviation.  — results
in mmol/L, * —results in g/dL.
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ure, may also have an additional role in the incidence
of mortality [19].

However, the results of this study indicate that lac-
tate levels > 4.0 mmol/L have an RR value of 3.034
in predicting mortality in septic patients. These
results are consistent with the study conducted by
Thomas-Rueddel et al. which showed that at lactate
levels of > 4.0 mmol/L, an OR of 3.0 was obtained
in predicting mortality 28 days after treatment
in septic patients [18]. The study by Mikkelsen et al.
also showed that moderate (2.0—3.9 mmol/L) and
severe (> 4.0 mmol/L) increase in lactate levels can
predict mortality by 2.05—3.27 times and 4.87 times
in patients with sepsis [9]. The study by Hasegawa
et al. showed that an increase in lactate levels can
predict mortality within 90 days in septic patients
with Disseminated Intravascular Coagulation (DIC)
with an Odds Ratio (OR) of 2.31, but not in the group
of septic patients without DIC.

Dynamic changes in lactate levels are better than
single lactate assays in predicting outcome in criti-
cally ill patients [11]. Normalization of lactate levels
suggests an improvement in tissue oxygenation and
aerobic metabolism [1, 19]. The study conducted
by Nguyen et al. showed that high lactate clearance
in septic patients occurring within the first 6 hours,
has been shown to be associated with a reduction
in 60-day mortality. Lactate clearance occurred
in 38% of the patient group who survived. Whereas
in the group of patients who died, lactate clearance
was only obtained by 12% [10]. However, lactate
clearance could not be assessed in this study be-
cause serial lactate levels were not examined.

Lower mean albumin levels were found in pa-
tients who died than in patients who were discharged,
with a significant difference between the two groups.
This result corresponds with studies by Gupta et al.
and Takegawa et al. which showed that the mortal-
ity in patients with sepsis, severe sepsis, septic shock
with hypoalbuminemia was higher than without hy-
poalbuminemia [2, 16]. The study by Yin et al. also
showed that 28-day survival rate in patients with se-
rum albumin < 2.92 g/dL was lower than in patients
with serum albumin > 2.92 g/dL [21]. In ICU pa-
tients, serum albumin can be used as a clinical prog-
nostic predictor, although its levels may also reflect
an acute phase response. The decrease in albumin
levels is in line with the increase in pulmonary vas-
cular permeability, which may play a role in mortal-
ity. Decrease in albumin that occurs within 1—3 days
has a higher mortality risk than the decrease in al-
bumin that occurs within 7—14 days [16]. In addition
to affecting vascular permeability, patients with low
serum albumin levels are more likely to experience
infection from abdominal/pelvic sources, acute kid-
ney or liver damage, septic shock, and generally have
a higher APACHE II and SOFA score [21].

The study by Qian et al. showed that the optimal
cut off value of albumin which indicates a poor out-
come is < 2.45 g/dL, where the albumin level can
predict both short and long term mortality in pa-
tients with septic shock [13]. The result corresponds
with this study which showed that albumin levels
(< 2.45 g/dL) is a good predictor of mortality with
a RR value of 3.667.

Kendall H. investigated baseline albumin levels
at presentation, the trends in albumin decline and
the lowest albumin levels in relation to predictors
of mortality in septic patients. The results showed
that the mortality rate in septic patients with initial
albumin levels < 2.45 g/dL was 63.4%. The mortality
rate became 70.6% if there is a decrease in albumin
levels. The lowest albumin level is the best predictor
of mortality, compared to the initial albumin level
and the decreasing trend in albumin [5]. The exami-
nation of serial albumin levels was not carried out
in this study, so the trend of decreasing albumin and
the lowest albumin levels cannot be evaluated.

There was a higher lactate/albumin ratio in pa-
tients who died than in patients who were discharged.
However, there was no significant difference between
the two groups. The optimal cutoff value of lactate/
albumin ratio in the study conducted by Shin et al.
was 1.32 [15]. In this study, the cut-off value could
be used as a predictor of mortality in septic patients
with an RR 0f 4.400. The study by Wang et al. showed
similar results where the lactate/albumin ratio on the
first day of admission was higher in the multiple organ
dysfunction syndrome (MODS) patient group (medi-
an of 2.295) compared to the group of patients with-
out MODS (median of 1.550). The lactate/albumin
ratio can predict mortality with AUC of 0.84 [20].
These results also correspond with the study by Shin
et al. and Thapa et al. which showed that lactate/
albumin ratio can predict mortality within 28 days,
with AUC of 0.69 and 0.90 [15, 17]. Lactate/albumin
ratio is better than lactate levels in predicting mortal-
ity in septic patients 15], according to the study.

The results of this study indicate that the lac-
tate/albumin ratio is the best predictor of mortal-
ity, followed by albumin levels and lactate lev-
els. Limitations of this study include: 1) bias from
the variation of therapy is an uncontrollable factor.
For example, administration of epinephrine, met-
formin, nucleoside analog, high volume hemofiltra-
tion with lactate-buffered fluid, will cause an in-
crease in lactate levels [12]; 2) comorbidity is also
an uncontrollable factor in this study; 3) lactate
and albumin examination was only performed once
on the first day of admission so the normalization
of lactate levels and the trend of decreasing albumin
levels could not be evaluated.

In septic patients, the albumin level is the best
predictor of mortality, followed by lactate/albumin
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ratio and lactate level. Further study is needed with
6 and 12 hours of lactate and albumin serial exami-
nation, so that the prediction of mortality in septic
patients can be better.

Acknowledgements

We would like to thank the Ministry of Research
and Higher Education and Rector of the Universitas

Conflict of interest statement

Brawijaya for providing funding for this research.
We also thank our colleagues from the Department
of Anesthesiology and Intensive Therapy for col-

We declare that we have no conflict of interest. laboration.
References
1. Garcia-Alvarez M., Marik P., Bellomo R. Sepsis-associated hyperlactatemia. Crit. Care, 2014, vol. 18, no. 5: 503. doi: 10.1186/

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

s13054-014-0503-3

Gupta L., James B.S. Hypoalbuminemia as a prognostic factor in sepsis, severe sepsis and septic shock. Crit. Care Med., 2012,
vol. 40: 727. doi: 10.1097/01.ccm.0000424942.33592.72

Haas S.A., Lange T., Saugel B., Petzoldt M., Fuhrmann V., Metschke M., Kluge S. Severe hyperlactatemia, lactate clearance
and mortality in unselected critically ill patients. Intensive Care Med., 2016, vol. 42, no. 2, pp. 202—210. doi: 10.1007/s00134-015-
4127-0

Hasegawa D., Nishida K., Hara Y., Kawaji T., Moriyama K., Shimomura Y., Niimi D., Komura H., Nishida O. Differential effect
of lactate in predicting mortality in septic patients with or without disseminated intravascular coagulation: a multicenter, retro-
spective, observational study. J. Intens. Care., 2019, vol. 7: 2. doi: 10.1186/540560-019-0389-x

Kendall H., Abreu E., Cheng A.L. Serum albumin trend is a predictor of mortality in ICU patients with Sepsis. Biol. Res. Nurs.,
2019, vol. 21, no. 3, pp. 237—244. doi: 10.1177/1099800419827600

Lee SW., Hong Y., Park D., Choi S.H., Moon S., Park J.S., Kim J.Y., Baek K.J. Lactic acidosis not hyperlactatemia as a pre-
dictor of inhospital mortality in septic emergency patients. Emerg. Med. J., 2008, vol. 25, no. 10, pp. 659—665. doi: 10.1136/
emj.2007.055558

Lichtenauer M., Wernly B., Ohnewein B., Franz M., Kabisch B., Muessig J., Masyuk M., Lauten A., Schulze P.C., Hoppe U.C.,
Kelm M., Jung C. The lactate/albumin ratio: a valuable tool for risk stratification in septic patients admitted to ICU. Int. J. Mol.
Sci., 2017, vol. 18, no. 9: 1893. doi: 10.3390/ijms18091893

Magnussen B., Oren Gradel K., Gorm Jensen T., Kolmos H.J., Pedersen C., Just Vinholt P., Touborg Lassen A. Association be-
tween hypoalbuminaemia and mortality in patients with community-acquired bacteraemia is primarily related to acute disorders.
PLo0S One, 2016, vol. 11, no. 9: e0160466. doi: 10.1371/journal.pone.0160466

Mikkelsen M.E., Miltiades A.N., Gaieski D.F., Goyal M., Fuchs B.D., Shah C.V., Bellamy S.L., Christie J.D. Serum lactate
is associated with mortality in severe sepsis independent of organ failure and shock. Crit. Care Med., 2009, vol. 37, no. 5, pp. 1670—
1677. doi: 10.1097/CCM.0b013e31819fcf68

Nguyen H.B., Rivers E.P., Knoblich B.P., Jacobsen G., Muzzin A., Ressler J.A., Tomlanovich M.C. Early lactate clearance
is associated with improved outcome in severe sepsis and septic shock. Crit. Care Med., 2004, vol. 32, no. 8, pp. 1637—1642.
doi: 10.1097/01.ccm.0000132904.35713.a7

Nichol A., Bailey M., Egi M., Pettila V., French C., Stachowski E., Reade M.C., Cooper D.J., Bellomo R. Dynamic lactate indi-
ces as predictors of outcome in critically ill patients. Crit. Care, 2011, vol. 15, no. 5: R242. doi: 10.1186/cc10497

Nichol A.D., Egi M., Pettila V., Bellomo R., French C., Hart G., Davies A., Stachowski E., Reade M.C., Bailey M., Cooper D.J.
Relative hyperlactatemia and hospital mortality in critically ill patients: a retrospective multi-centre study. Crit. Care, 2010,
vol. 14, no. 1: R25. doi: 10.1186/cc8888

Qian S.-Z., Jin D., Chen Z.-B., Ye Y.-C., Xiang W.-W., Ye L.-M., Pan J.-Y. Hypoalbuminemia, a novel prognostic factor for pre-
diction of long-term outcomes in critically ill patients with septic shock. Int. J. Clin. Exp. Med., 2019, vol. 12, no. 6, pp. 7401—7409.
Rhodes A., Evans L.E., Alhazzani W., Levy M.M., Antonelli M., Ferrer R., Kumar A., Sevransky J.E., Sprung C.L.,
Nunnally M.E., Rochwerg B, Rubenfeld G.D., Angus D.C., Annane D, Beale R.J., Bellinghan G.J., Bernard G.R., Chiche J.D.,
Coopersmith C., De Backer D.P., French C.J., Fujishima S., Gerlach H., Hidalgo J.L., Hollenberg S.M., Jones A.E., Karnad D.R.,
Kleinpell R.M., Koh Y., Lisboa T.C., Machado F.R., Marini J.J., Marshall J.C., Mazuski J.E., McIntyre L.A., McLean A.S.,
Mehta S., Moreno R.P., Myburgh J., Navalesi P., Nishida O., Osborn T.M., Perner A., Plunkett C.M., Ranieri M., Schorr C.A.,
Seckel M.A., Seymour C.W., Shieh L., Shukri K.A., Simpson S.Q., Singer M., Thompson B.T., Townsend S.R., Van der Poll T.,
Vincent J.L., Wiersinga W.J., Zimmerman J.L., Dellinger R.P. Surviving sepsis campaign: international guidelines for manage-
ment of sepsis and septic shock: 2016. Intensive Care Med., 2017, vol. 43, no. 3, pp. 304—377. doi: 10.1007/s00134-017-4683-6
Shin J., Hwang S.Y., Jo I.J., Kim W.Y., Ryoo S.M., Kang G.H., Kim K., Jo Y.H., Chung S.P., Joo Y.S., Beom J.H., Yoon Y.H.,
Han K.S., Lim T.H., Choi H.S., Kwon W.Y., Suh G.J., Choi S.H., Shin T.G.; Korean Shock Society (KoSS) Investigators.
Prognostic value of the lactate/albumin ratio for predicting 28-day mortality in critically ill sepsis patients. Shock, 2018, vol. 50,
no. 5, pp. 545—550. doi: 10.1097/SHK.0000000000001128

Takegawa R., Kabata D., Shimizu K., Hisano S., Ogura H., Shintani A., Shimazu T. Serum albumin as a risk factor for death
in patients with prolonged sepsis: an observational study. J. Crit. Care, 2019, vol. 51, pp. 139—144. doi: 10.1016/j jcrc.2019.02.004
ThapaS., Prasad P., Shakya Y. Serum lactate albumin ratio as a predictor of mortality in severe sepsis and septic shock at Tribhuwan
University Teaching Hospital, Kathmandu. Birat J. Health Sci., 2017, vol. 2, no. 2, pp. 191—195. doi: 10.3126/bjhs.v2i2.18525
Thomas-Rueddel D.O., Poidinger B., Weiss M., Bach F., Dey K., Héberle H., Kaisers U., Riiddel H., Schidler D., Scheer C.,
Schreiber T., Schiirholz T., Simon P., Sommerer A., Schwarzkopf D., Weyland A., Wobker G., Reinhart K., Bloos F.; Medical
Education for Sepsis Source Control and Antibiotics Study Group. Hyperlactatemia is an independent predictor of mortal-

1099



A. Iskandar et al. MHdekumns n uMmyHuTeT

ity and denotes distinct subtypes of severe sepsis and septic shock. J. Crit. Care., 2015, vol. 30, no. 2: 439.el1-6. doi: 10.1016/
J.jere.2014.10.027

19. Van Beest P.A., Brander L., Jansen S.P., Rommes J.H., Kuiper M.A., Spronk P.E. Cumulative lactate and hospital mortality
in ICU patients. Ann. Intensive Care, 2013, vol. 3, no. 1. 6. doi: 10.1186/2110-5820-3-6

20. Wang B., Chen G., Cao Y., Xue J., LiJ., Wu Y. Correlation of lactate/albumin ratio level to organ failure and mortality in severe
sepsis and septic shock. J. Crit. Care, 2015, vol. 30, no. 2, pp. 271-275. doi: 10.1016/j jcrc.2014.10.030

21. YinM., SiL.,QinW., Li C., ZhangJ., Yang H., Han H., Zhang F., Ding S., Zhou M., Wu D., Chen X., Wang H. Predictive value
of serum albumin level for the prognosis of severe sepsis without exogenous human albumin administration: a prospective cohort
study. Intensive Care Med., 2018, vol. 33, no. 12, pp. 687—694.

ABTOpBDI:

Uckanpap A., cneumannct no KAnHN4YecKon natonorum, kabenpa
KIMHUY€ECKOWM NaToN0rMnM MeaguumMHekoro dakynsteTa YHusepcuTeta
Bpasupxas, r. ManaHr, UHpoHesus; bonbHuua obuiero npoduns
um. o-pa Cavicdyna Ausapa, r. ManaHr, IHooHesus;

BuHceHTna M.WU., cneunanncT KIMHUYECKON NaTonorum
MeamumMHekoro dakynstTeTa YHuBepcuTeTa dnpnaHra,

r. Cypabas, HooHeaus;

O>xasa B., aHecTe3nonor, oTaAeneHne aHecTe3nonorum

1 peaHnMaLmm meguumHekoro dakynsteta YHusepcuTeta
Bpasupxas, r. ManaHr, UpoHesus; bonbHuua obuiero npoduns
uMm. o-pa Cavicdyna Ausapa, r. Mananr, IHooHesus;

Apuatu A., o.M.H., Kabepa KIMHUYECKOM NaToNnornm
MeauUMHCKOro dakynsTeTa YHuBepcuTeTa ditpnanra, r. Cypabas,
MHaoHe3ns; BonbHMua obLuero npoduns um. a-pa Coatomo,

r. Cypabas, IHooHeaus;

Mpamapxanu A., cTyaeHTka dakynsteTa MeanuyHbl YHBepcuteTa
Bpaeuaxas, r. ManaHr, IHooHe3us;

Anpunua A., cneuyanucT KIMHUYECKO naTonorum kadenpsbl
KIMHUYECKOW NaToN0rMm MeguumnHekoro dakynsteTa YHusepcuTeta
Bpasupxas, r. ManaHr, UHpoHesus; bonbHuua obuiero npoduns
um. o-pa Cavicdyna Ausapa, r. Mananr, IHgoHesus.

Authors:

Iskandar A., Clinical Pathologist, Department of Clinical Pathology,
Faculty of Medicine, Universitas Brawijaya, Malang, Indonesia;

Dr. Saiful Anwar General Hospital, Malang, Indonesia;

Vincentia M.l., Clinical Pathologist, Faculty of Medicine, Airlangga
University, Surabaya, Indonesia;

Jaya W., Anaesthesiologist, Department of Anesthesiology and
Intensive Care, Faculty of Medicine, Universitas Brawijaya, Malang,
Indonesia; Dr. Saiful Anwar General Hospital, Malang, Indonesia;
Aryati A., PhD, MD (Medicine), Professor of Clinical Pathology,
Department of Clinical Pathology, Faculty of Medicine, Airlangga
University, Surabaya, Indonesia; Dr. Soetomo General Hospital,
Surabaya, Indonesia;

Pramadhani A., Student, Faculty of Medicine, Universitas
Brawijaya, Malang, Indonesia;

Aprilia A., Clinical Pathologist, Department of Clinical Pathology,
Faculty of Medicine, Universitas Brawijaya, Malang, Indonesia;

Dr. Saiful Anwar General Hospital, Malang, Indonesia.

MocTynuna B pegakumio 02.03.2021
OtnpaBneHa Ha gopaboTky 05.07.2021
MpuHsaTa k neyatn 07.08.2021

Received 02.03.2021
Revision received 05.07.2021
Accepted 07.08.2021

1100



Original articles

oerMHaﬂbele CTaTbu

Russian Journal of Infection and Immunity = Infektsiya i immunitet
2021, vol. 11, no. 6, pp. 1101-1107

NHdekumns n uMmyHnTeT
2021, T. 11, Ne 6, c. 1101-1107

NOKANbHbIN UMMYHHBIN OTBET

Y NMAUMEHTOB C KJIACCUHECKUM

U HEA3BEHHbBIM TUITOM
UHTEPCTUUUAJIBHOIO ULUCTUTA/CUHOPOMA
BOJIESHEHHOIO MO4YEBOIO MNMY3bIP4

P.®. Illoaan

Pecnybaukanckuii neuebno-oduaenocmuueckuii yenmp M3 Azepoaiioncanckoil Pecnybauku, e. baky, Azepoaiioxcan

Pestome. Ha ceronHsmAMIT 1eHb BEIABUHYTO HECKOIBKO TUIIOTE3 11O MAaTO(MU3NOIOT UM NHTEPCTUIIMATIBHOTO IIUCTH-
Ta/cuHApoMa 6ose3HeHHOTO MoueBoro my3eips (MI/CBMII), omHako KOHCEHCYC IMoKa He HJOCTUTHYT. [Ipenmona-
raetcs, 4To HUMTOKWHBI y9acTByoT B MII/CBMII Tak ke, KaK B BOCHAJHUTEIBHBIX ayTOMMMYHHBIX 3a00JICBAHUSIX.
B HacTosIIee BpeMsI IIPOBOASTCSA UCCACIOBAHMS Pa3IMIHBIX OMOMapKepOB TKAHW MOYEBOTO ITY3bIPs, BKJIIOUAs Tyd-
Hble KJIeTKU. OMHAKO HENOCTATOUHO COOOLIEHU 0 MOoCcae0BaTeIbHOM Npoduie UMMYHHOI akTUBHOCTHU. Llenpb uc-
CJIeIOBaHUST — OIICHKA ITUTOKMHOBOTO TTPOMWIIS, KOTUIECTBA TYUYHBIX U TJIa3MaTUUECKUX KJIETOK U MX B3aMMOCBSI31
y maruenToB ¢ MII/CBMII ¢ s3B0it I'yHHepa u 6e3 Hee. O0cienoBaHo 44 KeHITWHBI ¢ TYHHEPOBCKUM TTOpakeHHUEM
NIL/CBMII (I rpynna) u 82 xkeHIMHBI ¢ Hesi3BeHHBIM TuIoM (11 rpymnma). [TaiimeHTsl mpoaHKeTUPOBaHBI MO 1IKaJIe
CUMIITOMOB Ta30BOi 00J11, UMIIepaTUBHOrO yyaiieHHoro Mmouyeucnyckanus (PUF), BusyanbHoii aHaI0roBoi 11Ka-
ne (VAS) u o uHaekcy cuMnToMoB nHTepcTulinanbHoro uuctuta O’ Jlupu—Canta (ICSI). Ilon obiueit aHecTe3ueit
BBIMTOJIHEHA IIMCTOCKOMUS U TUAPOIMCTEH3MSI MOUEBOTO My3bIps. B OMonTaTax cTeHKM MOYEBOIO My3bIPsT OLIEHEHO
KOJIMYECTBO MJIA3MOLIMTOB U TYYHBIX KJIeToK, B Moue — IL-1B, IL-6, IL-8, TNFo. Cratuctuueckasi oopabotka pe-
3yJbTaTOB IIPOBEeHA C IMOMOILbIO IIporpaMmbl Statistica 6 (StatSoft, CILIA). Paccuutansl t-xputepuii CTbIoIeHTa,
Ko3dbdunmeHT Koppensiuun CrnupMeHa. Y manueHToB ¢ TyHHepoBckuM tumioM M I /CBMII otMeuanock HecyiecT-
BEHHOE TIOBHIIIICHUE TTOKAa3aTeNel KA M CHIKEHHBIC BEIMIMHBI CPEIHET0 00heMa, YaCTOThI MOYCHCITYCKAHUS,
MaKCUMaJIbHOTO 00beMa OMOpPOXHEHUs. MaKcumMabHash BMECTUMOCTh MOUEBOTO ITY3BIPS MPU TUAPOTUCTCHINU
ob11a MeHble Ha 42,01% (p < 0,001). Yposens IL-8 B I rpymnme B cpaBHeHUU ¢ BennunHOi Bo I rpymme ObLT Bbilie
B cpenHeM Ha 28,57% (p = 0,434), IL-6 — Ha 13,46% (p = 0,638), TNFo — Ha 9,09% (p = 0,244) u IL-1p — Ha 4,13%
(p = 0,859). KotruecTBO TYUHBIX KJIETOK Y MALMEHTOB | IpyIIbl ObLIO BhIIIE, YeM y manueHToB I rpymnmsl Ha 40,65%
(p <0,05). B I rpynme 3ameTHast CBsA3b BbISIBJICHA MEX Y TYYHBIMU KJIeTKaMu U maazMouutamu (r = —0,555, p > 0,05),
Mexay rmiasmorutamu v IL-6 (r=—0,639, p < 0,05). Bo 11 rpymime 3ameTHast cBsI3b BBISIBIIeHA MEXIY TYYHBIMU KJIET-
kamu 1 TNFo (r = 40,562, p < 0,05). [TauuenTts ¢ ryaHepoBckuM MII/CBMII otinyalorcest BeIpaXXeHHBIM BOCIIa-
JIEHUEM, B MHAYKIIMM KOTOPOTO yYacTBYIOT Ty4HbIe KJeTKU. OmnpeneseHne HMTOKMHOB B MOYE MOXET 00eCIIeUuTh
HenHBasuBHoe pasaenacHue M1 /CBEMII Ha si3BeHHBIC ¥ HEI3BEHHBIE TPYTITIHL.

Karouesnie caosa: unmepcmuyuanvHbLil yucmum, CUHOPOM 00Ne3HEHHO20 MOHe8020 NY3bips, A36a ['yHHepa, uHmepcmuyuaibHbLil
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LOCAL IMMUNE RESPONSE IN PATIENTS WITH CLASSIC AND NON-ULCER TYPE OF INTERSTITIAL
CYSTITIS/BLADDER PAIN SYNDROME

Sholan R.F.

Republican Centre of Diagnosis and Treatment of the Health Ministry of Azerbaijan, Baku, Azerbaijan

Abstract. Several hypotheses regarding the pathophysiology of interstitial cystitis/bladder pain syndrome (IC/BPS) have
been put forward, but no consensus has yet been reached. It is suggested that cytokines are involved in IC/BPS, as well
as in inflammatory autoimmune diseases. Examining various biomarkers of bladder tissue, including mast cells is un-
derway. However, few reports on a consistent immune activity profile are available. The aim of the study was to assess
the cytokine profile, counts of mast cells and plasma cells as well as their relationship in patients with IC/BPS with
and without Hunner’s lesions. 44 women with Hunner’s lesions (group I) and 82 women with non-ulcer type (group II)
were examined. Patients were questioned on the Pelvic Pain Symptom Scale, Urinary Frequency Scale (PUF), Visual
Analogue Scale (VAS) and O’Leary—Santa Interstitial Cystitis Symptom Index (ICSI). Cystoscopy and hydrodistension
of the bladder were performed under general anesthesia. In biopsies of the bladder wall, the number of plasma cells and
mast cells was assessed, in urine — IL-1, IL-6, IL-8, TNFo.. Statistical processing of the results was carried out using
the Statistica 6 software (StatSoft, USA). The Student’s t-test, Spearman’s correlation coefficient were calculated. In pa-
tients with Hunner's ulcer, there was an insignificant increase in the scale indices and decreased magnitude for average
volume, urination frequency, and maximum emptying volume. The maximum bladder capacity during hydrodistension
was lowered by 42.01% (p <0.001). The level of IL-8 in group I was higher on average by 28.57% (p = 0.434) as compared
with that in group II, IL-6 — by 13.46% (p = 0.638), TNFo. — by 9.09% (p = 0.244) and IL-1p — by 4.13% (p = 0.859).
The number of mast cells in patients of group I vs. group 11 was higher by 40.65% (p < 0.05). In group I, a marked rela-
tionship was found between count of mast cells and plasma cells (r = —0.555, p > 0.05), as well as between count of plasma
cells and IL-6 level (r = —0.639, p < 0.05). In group 11, a significant connection was found between count of mast cells
and TNFa level (r = +0.562, p < 0.05). Patients with Hunner’s IC/BPS are characterized by severe inflammation,
wherein mast cells are involved in induction. Determination of cytokines in urine can provide a non-invasive division
of IC/BPS into ulcerative and non-ulcerative groups.

Key words: interstitial cystitis, bladder pain syndrome, Hunner's ulcer, interstitial cystitis, inflammation, cytokines, mast cells, plasma cells.

BeepneHue

WHTepcTHOMATBbHBIA HUCTUT/CUHIPOM 00JIe3-
HeHHOTO MoueBoro my3bipst (ML /CBMII) 6oib-
IIWHCTBOM HCCJEA0OBATeeil CUUTAETCS pe3yJibTa-
TOM JJIUTEJIbHOTO BOCIaJeHusl JaHHOTO opraHa [3,
17]. Co BpeMeHeM HabawopaeTcs GU3n4ecKoe IMo-
BpPEXJEHUE CTEHKU MOYEBOTO MY3bIPs, U BCIEMI-
CTBUE XPOHUYECKOTO BOCTIAJIEHUS] MOXET BO3HUK-
HYTb €€ pyOlLeBaHUE U YIIJIOTHEHUE.

BrickazaHO HECKOJBbKO THUIIOTE3 OTHOCUTEJb-
Ho matodusunonoruu UL /CBMII, HO Toka KOH-
CeHcyca NOCTUYb He yaaaoch. JIaHHBI CUHIAPOM
OTJINYAETCS] MHOXECTBOM YHUKAJbHBIX XapaKTe-
PUCTUK, KOTOpbIE TMpPU AajJbHEHIIeM HCCIea0oBa-
HUUW MOTYT OBbITh MCIIOJb30BaHBbI IS pa3paboTKU
KOHKpeTHoro ajroputMma JjedeHus [2]. C npyroii
ctoponsl, pazsutue ML /CBMII, Bo3MOXHO, CBSI-
3aHO C BJIMSIHUEM LIMPOKOTO creKTpa (haKTOpPOB,
TpeOywiux 0ojiee TulaTeJbHOro udydeHus [1, 4,
10]. AunarHocThKa CUHApPOMA MpeEAcTaBJsieT 3Ha-
YUTEJbHbIE CIOXKHOCTU. JAUCHYHKIIUS ypOTEaus,
KOTOpas yBEJIMUYUBAET NPOHULIAEMOCTb U CHUXKAET
€ro 3alUTHYI0 GYHKIUIO, IBJSETCS OJHON U3 MO-
TeHUMaJbHbIX npuunH UL /CBMII [16].

NIL/CBMII comnpoBoxaaercss CUMIOTOMaMu
JIETKOW UJIM CUJIBHOU 00N B MOUYEBOM TMy3bIpe U/
WJIY B Ta3y, a, KaK U3BECTHO, B Pa3BUTUU U NOAEP-
XKaHUU 00JIM pelIalollyIo POJib UTPAET UMMYHHas
cuctema. BoBieueHre UMMYHHOW CUCTEMbI MOXET

MPOMCXOAUTh Yepe3 UUMTOKUHBI [12]. DKcnpeccus
LUMTOKWHOB MpeAllecTBYeT MHOUIbTPpALIUU U al-
re3uu KJIETOK B BOCIaJIeHHY 10 TKaHb. BpoxkneHHas
OCOOEHHOCTb LIUTOKUHOB MOXKET CJIYXXUTh OCHO-
BOM MX 3HAUMMOCTU B KauyecTBe OMOMapKepoB JJIs
deHoTunyeckon xapakrepuctuku MI[/CBMII.
HN3MmepeHne LUTOKWHOB SIBJISIETCS YAOOHBIM Me-
TOIOM MOHMTOPUHIa aKTUBHOCTU KJIETOK, yya-
CTBYIOLIMX B IpoOLECCe BOCIMAJEHUSI B TKAHU MO-
yeBoro nysnips [14]. HecmoTpst Ha TO, 4TO 2TUO-
norust UL/CBMII ocraeTcst HesiCHOI, ToJjaralor,
YTO TOTEHIIMaJbHOW MPUUYMHON MaToreHesa 3a-
OoJieBaHU S, IpUBOAsIIE K addepeHTHOU MOBHI-
IIIEHHOW BO30YIMMOCTH, SBJSIETCS BOCMaJieHUe
MOYEBOIr0O My3bIPsi, KOTOPOE CBSI3aHO C MPOAYLIU-
poOBaHUEM MPOBOCIAJUTEJbHBIX HIUTOKUHOB [17].
IIpennonaraeTcs, YTO HUTOKUHBI yyacTBy1oT B LI/
CBMII Tak ke, Kak B BOCHAJUTEJbHBIX ayTOUM-
MYHHBIX 3a00JieBaHusx [19].

B HacTosiliee BpeMs MpoOBOASITCS HCCAed0Ba-
HUS Pa3JMYHBbIX OMOMapKepoB TKaAaHU MOYEBOIO
MNy3bIpsi, CBSI3aHHBIX C YPOTEIUATbHOU TUCHYHK-
uei, BKJIo4yass TydyHble KjaeTku. [loBbllIeHHOE
KosndyecTBO T-TMMGOUUTOB U TIJa3MaTUYECKUX
KJIETOK OOHapyKMBaeTcsl B CJIO€ YPOTEIUs U cO0-
CTBEHHOMI MJIacTUHKE MoueBOro ny3bipst npu U1/
CBMII no cpaBHEHUIO ¢ HOPMaJbHBIM MOYEBBIM
ny3bipeM [15]. OqHako 1moka elie HesICHO, SIBJISIeT-
CS JIU 9TO MOBBILIEHUE MPUYMHON UJIU CIAEACTBUEM
ML /CBMII.
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JlokanbHbIi UMMYHHBIV oTBeT npu MLL/CEMIN

Llenp HacToOsIIIETO HCCIAEAOBaHUS — OIllEHKa
LIUTOKWUHOBOTO TPOGUIIsl, KOIUYECTBA TYUHBIX
U TUTa3MaTUUECKUX KJIETOK U MX B3aUMOCBSI3U Y T1a-
nueHToB ¢ MII/CBMII ¢ a3Boii 'yHHepa u 0e3 Hee.

Matepuainbl 1 METOLbI

Tlayuenmut. ViccaenoBaHue mpoBoauniock B 2016—
2018 rr. B PecnybinKaHCKOM JieueOHO-IUarHOCT1-
YeCKOM LIeHTpe MUHUCTEPCTBA 3ApaBOOXPaAHEHU S
AzepoOaiimxaHckoii Pecriyonmuku. OO0cienoBaHO
126 maLMEHTOB XEHCKOIO I10jla ¢ KJIMHUYECKU
nmuarHoctupoBaHHbiM MI[/CBMII. Juarunos UII/
CBMII noctaBiieH ¢ ydyetoM Kputepuit NIDDK
(The National Institute of Diabetes and Digestive
and Kidney Disease) [13]. KpuTtepnn BKIOUYCHUS:
Bo3pacT oT 20 jJeT u cTapiue; Haauuue 00U, JaB-
JIEHUSI, TUcKoM@opTa B HUXKHMX MOUEBBIX MYTSIX
MPOAOJXKUTEILHOCThIO 0GoJjiee 6 MecCslieB B yCJIO-
BUSIX OTCYTCTBUS MH(MEKIIUU WX IPYTUX OIpee-
JISEMBIX TIPUYWH; OTCYTCTBUE (MO JAHHBIM IIUCTO-
CKOTIMM) JPYTOTO TOpa*keHMsI MOYEBOTO TY3bIpS;
OTCYTCTBUE AKTUBHON MHGEKIIMNU MOYEBBIBOMS-
WX NyTeil, HelporeHHoi AUCc(GYHKIIMY MOUYEBOTO
my3sips. KpuTepnn MCKITIOUeHMST: MOYEeKaMeHHa s
0o0JIe3Hb, BBIPAKEHHBIN IIpoJialic Ta30BBIX Opra-
HOB, MH@pPaBe3uKaJbHasts OOCTPYKIUS, TSXKEbIe
CepIeuHO-JIeTOYHBIC 3a00JIeBaHUS;, OCTpas WH-
ek MOYEBBIBONSIINX ITyTEeM, KOaryJIomaTHs,
OITyXOJIM OPraHOB Ta3a, BHYTPUITY3bIPHOE JICUCHUE
WI1I B TeyeHuMe mocieAHUX MecCsI1IeB, 0epeMEHHOCTb
W TPYIHOE BCKapMJIMBaHUE.

I[MaumeHTHl OBLIM pa3feicHBl Ha 2 TPYIIIHL:
I rpynna — 44 XeHIIUHBI C TYHHEPOBCKUM MoOpa-
xeHuem ML /CBMII; II rpynna — 82 >XeHIIMWHBI
¢ Hesi3BeHHBIM Tuniom M1 /CBMII.

ZKeHIIHBI OBLIN 03HAKOMJICHEBI C IICJIBIO NCCIIC-
JIOBaHWSI M TaJ M MUCbMEHHOE Ccorylace Ha yJacTue.
IIpu mnpoBeneHUU WUCCIENOBaHUS COOJIOIATUCH
9TUYECKUE IPUHILIUIIBI XeJIbCUHKCKON AeKIapaliuu
BceMupHoOil MeTUIIMHCKOM acconuaninm [24].

Memoodsi. BceM manueHTaM NPOBEIEHO KOM-
MJIEKCHOE 00CceloBaHKe, BKIOYalollee oo1eypo-
JIOTUYECKMEe OMarHocTUYeckKue Metoabl. Hapsimy
co cOOpOM MaHHBIX aHaMHe3a, Kajao0, >KeHIIWH
IMMPOAHKETUPOBAJIN MO ITKaJe CUMIITOMOB Ta30BOM
00JI1, UMTIepaTUBHOTO yUYallleHHOT0 MOYerCITycKa-
Hus (PUF — Pelvic pain and urgency/frequency),
BU3yaJibHOUM aHajoroBoil mkaine (VAS — visual
analogue scale) U Mo MHAEKCY CUMIITOMOB UHTEP-
ctuuuanbHoro uuctuta O’Jlupu—Canra (ICSI —
O’Leary—Sant  Interstitial  Cystitis Symptom
Index) [9]. LucTtockomuio M TUIAPOAMCTECH3UIO
MOYEBOTO MY3BIPSI BBITIOJHSIIM BCEM MallMeHTaM
noj oOieil aHecTe3uelr (BHYTPUBEHHBII HapKO3).
LlucTockonuio MPOBOAMIU C UCITOIb30BaHUEM IH-
nockoroB ¢upmbl Olympus (SIToHUs) ¢ ONITUKOM
30° u 70° B ycJI0oBUSX IHAOCKONMMYECKON omepa-
nuoHHoi. OleHKa KOoJMYecTBa IJIa3MaTUYeCKUX

W TYYHBIX KJIETOK ObLIa TIpOBeIeHa B OWoITaTtax
CTEHKU MOYEBOIO MYy3bIPsI, B3SITHIX IMMPU LIUCTOCKO-
NUH, 17151 4YeT0 Ha 3aKJIYUTEIbHOM ATalle BHIMO-
HeHa ri1y0oKasi OMOICHSI CTeHKH MOYEBOTO ITY3bIPS
JIO MBITIIEYHOT'O CJIOS IO/ KPAaTKOBPEMEHHBIM BHY-
TPUBEHHBIM Hapko3oM. OO0pa3ubl (puKcupoBalu
B 10% Oydepe HeiTpaibHOrO pacTBopa ¢hopmaan-
Ha. 3aTeM BBINOJHSJIACh ITPOBOAKA B CIIMPTOBBIX
pacTBOpax B KOHUeHTpauusax 75, 85, 95 u 99,9%.
BriocnenctBuu o6pasiibl comepKaaruch B pacTBoOpe
KCMJIOJIa U 3aKJI4YaJauch B MapauHOBbIE OJIOKHU,
13 KOTOPBIX TOTOBUJIU CEPUMHBIE CPE3bI TOJIIMHOMN
3—5 MUKPOH U OKpalllnBaJIM TeMaTOKCUJINH-2031~
HOM U o MeTony Maii—I'proHBanbaa—I uM3bl 1J1s
BBISIBJICHUSI TYYHBIX KJeToK. IIpocMoTp MuUKpo-
IperapaToB BBIMTOJIHSIIN ITOCPEACTBOM CBETOBOTO
Mmukpockona Olympus Bx 50 (SIlmonust) u cucre-
mbl Kamep Olympus PM10SP (Anonust). B kaxxaom
u3 10 yyacTKoB oOpa3lia MoJAcUYMThIBaJIU MJIa3MaTH-
YeCKHe M TYYHBIC KJICTKH I10 CJCAYIOIIeMy ITpUH-
OUITY: OTCYTCTBUE 3KCTPABACKYJISIPHBIX JICHKOIIM-
TOB M TYYHBIX KJIeTOK — () 6aJIJIOB; YUCJIO TYIHBIX
KJIETOK ¥ mia3mMouuToB MeHee 20 — 1 6ain; 20—
45 xneTok — 2 O6ana; 6onee 45 xKieTok — 3 Oa-
na. baxmer Bcex 10 cpe3oB cyMMUpOBau, ISINIIN
Ha 30 (MakcMMaJIbHO BO3MOXKHBIW OaJil) U YMHO-
>kaau Ha 100. KoJinyecTBO Mj1a3MOILIUTOB U TYYHBIX
KJIETOK TIOJCYMTHIBAIU TIPU YBEIMYECHUU MUKPO-
ckoma x200 [7, 8].

KoHueHTpanuio uarepieiikuaoB — I1L-1P, IL-6,
1L-8, ¢pakTopa Hekpo3za onyxonu-o. (TNFao) onpe-
NeNsiAu B YTPEeHHeH Moue, IJIs 4ero HCIOJIb30-
BaJll OCHOBaHHBIC Ha TBepaoda3HOM BapuaHTE
nMmMmyHo(pepmeHTHOoro ananuza (MPA) cooTset-
CTBYIOIIIME TeCcT-cucTemMbl hupmbl «BekTtop-bect»
(Poccus).

Cmamucmuueckuii aunaasu3. CraTuctTudeckas
00paboTKa MOJIyYEHHBIX PE3YyJbTaTOB ObLIa MPO-
BeJleHa C MOMOIIbI0 MPOrPaAaMMHOTO O0eCIIeUeHU s
Statistica 6 (StatSoft, CILIA). [Toka3aTenau BeIpazke-
HBI B BUJIC CPEIHET0 3HaUeHUs £ cTaHIapTHOE OT-
kioHeHUe (SD), a TakXe B IIporeHTax. s cpaB-
HEHUS CPeTHUX 3HAYCHU U JABYX T'PYIIT MPUMEHEH
t-xputepuit CtbioneHta. KoapduiunueHT Koppes-
nuu paccuutad mo Cnupmeny. Ipu p < 0,05 cratu-
CTHUUYECKHE OLICHKY CUYNTAINA 3HAYUMBIMU.

Pesynbrarhl

KnunHunueckas xapakTepucTrKa rnaueHTOB 00-
cJeIoBaHHBIX TPy MpeacTaBaeHa B Tadu. 1.

Kak BugHo mu3 Tabn. 1, mauueHThl | rpynmbl
ObLJIM HE3HAYUTEJIbHO cTaplie rmauueHToB Il rpymn-
MBI, TAKXKE Y HUX OTMEYaJINCh ITOBBIIIICHHBIC TTOKA-
3aTeM 1IKaJd U CHUXEHHbIE BEJIMUYUHBI CPEIHETO
obbeMa, 4acTOThl MOYEHUCITYCKaHUSI, MaKCUMaJlb-
HOTro 00beMa OMOPOXKHEHU S, HO pa3InNuMs He HO-
CUJIM CTAaTUCTUYSCKH 3HAUYMMBIN XapakTep. B To ke
BpeM S MaKCUMaJibHasi BMECTUMOCTbh MOYEBOTO ITy-
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Ta6nuua 1. KnuHnyeckas xapaktepuctuka naumeHTos ¢ ULl /CBMI
Table 1. Characteristics of patients with IC/BPS

Mokasatennb ! lr gx)‘:;;a "I lrgx;r: p t-kputepuin
Index (n = 44) (n=82) t-test
CpepHuii BO3pacT, neT 58,67+9,93 41,47£12,71 0.288 107
Average age, years [33-76] [21-65] ' ’
CpepHag cymma 6annos no wkane, 6anbl
Average score on the scale, points
20,4+5,11 16,2+3,03
PUF [15-32] [13-19] 0,481 0,71
6,5+1,8 6,1£2,0
VAS [1-10] [0-10] 0,882 0,15
14,1+2,02 12,5+3,11

ISCI [10-20] [4-20] 0,667 0,43
CpepHuii 06bem MoyencnyckaHus, M 115,8+32,1 134,4+46,42 0.742 0.33
Average urination volume, ml [50-230] [40-420] ' ’
YactoTa MovyeucnyckaHuii, oHU 16,2+1,43 14,1£3,57 0.586 055
Frequency of urination, days [7-30] [5-40] ' ’
MakcumanbHblii 06beM 0NOpPOXHEHUs, M1 171,3+38,13 238,5£43,11 0.245 117
Maximum emptying volume, ml [50-320] [50-540] ' ’
MakcumanbHas BMECTUMOCTb MOYEBOr0 Ny3biPsi
npyu ruApPOANCTEH3NUMU, M 502%g¢23,022 731;)061;?303 0,001 3,32
Maximum bladder capacity with hydrodistortion, ml [200-800] [350-1100]

3bIpsl IIPU TUAPOAUCTCH3UU Yy MALlMEHTOB | rpynnbl
Obl1a MeHblre, yeM Bo Il rpymnme Ha 42,01% (p <
0,001, t-xput. — 3,32).

CraTucTtuueckas olleHKa JaHHBIX 10 O pe/esie-
HMIO KOHLIEHTPAllMU LIUTOKMHOB B MOYe, a TaKKe
MJ1a3MOLIMTOB M TYYHBIX KJIETOK B OMONTaTaX CTeH-
KM MoueBoro my3bips y nauueHtoB ¢ ULI/CBMII
npuBeaeHa B Ta0. 2.

ConepxxaHWe LIMTOKMHOB B MOYE U KOJMYE-
CTBO MJa3MOIIMTOB B CTEHKE MOYEBOrO ITy3bIpS
y mauueHToB | rpyIbl B CpaBHEHMM C MHallMeH-
tamu Il rpynnel B cpeaHeM ObLIO BbIlIE, HO CTa-
TUCTUYECKM 3HAYMMO HE pa3jinyajioch. YpOBEHb

IL-8 B I rpynme, B cpaBHeHUU ¢ BeauynHoi Bo 11
rpyiie, ObUI BbIlIe B cpeaHeM Ha 28,57% (p =
0,434; t-xput. —0,78), IL-6 — Ha 13,46% (p = 0,638;
t-kput. —0,47), TNFo. — Ha 9,09% (p = 0,244;
t-xput. —1,17) u IL-1p — Ha 4,13% (p = 0,859;
t-xput. —0,18).

KosimyecTBO TYy4YHBIX KJIETOK Y MalMEHTOB
I rpynner Ha 40,65% npeBbIlIago UX COACpPXKaHUE
y nauueHToB II rpynmnsr (p < 0,05, t-xput. —3,07).

IIpoBeneHHBIT aHAIU3 KOPPETSILIMOHHON CBSI-
31 MEXJy MCCICIOBAHHBIMM IIOKa3aTeJsSIMU BbI-
SIBUJI HAJIMYME Pa3HBIX MO CUJIE Y HAITPABJICHHOCTH
B3auMOCBs3eit (Tab. 3).

Ta6nuua 2. KoHueHTpauusa ULMTOKMHOB B MOYE U KOJIMYECTBO NJIa3MOLUTOB U TYYHbIX KJIETOK B 6uonTtaTax

CTEeHKN MO4YeBOoro ny3bips

Table 2. Concentration of cytokines in urine and the number of plasma cells and mast cells in biopsies of the bladder wall

Mokasatennb ! Irgrflljr;)a "I Irgr‘:;r[l)a " t-kputepun

Index (n = 44) (n=82) t-test
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B I rpynme kpuTuyeckoe 3HaYeHUE KPUTEPUS
Cnupmena cocraBuiio 0,648. 3amerHast obGpar-
Hasl CBSI3b BBISIBJIEHA MEXIY TYYHBIMU KJIETKaMU
u 1tasmouutamu (r = —0,555, p > 0,05) u mexnmy
maasmouutaMu u IL-6 (r=—0,639, p < 0,05), a Mex-
Iy TYYHBIMU KJIeTKaMu U 1L-6 BbIsiBJieHA yMepeH-
Hasl mpsiMasi CTaTUCTUYECKU He3Hauummasl CBSI3b
(r = 40,391, p > 0,05). Bo Il rpynme KpuTudeckoe
3HaueHue kputepusi CnupmeHa coctasuio 0,415.
3aMeTHasI IpsiMast CTAaTUCTUYECKU 3HAYMMasi CBSI3b
BBISIBJICHA MeXIy TYYHBIMU KieTkamMu u TNFo
(r = +0,562, p < 0,05), cBI31 MeXIYy OCTaJIbHBIMU
MEPEeMEHHBIMU OBbLJIM CJIA0OBIMU M CTAaTUCTUYECKU
He3HAaYMMBIMMU.

Ob6cyxaeHne

M3BecTHO, YTO 3KCIIPEeCCU s IMTOKUHOB Y Mallv-
eHToB ¢ M1I/CBMII no cpaBHEeHUIO ¢ MallMUEHTaAMU
0e3 3TOM MaTOJOTUH MIPUBOMAUT K OMCOaTaHCy IIH-
TOKUHOB [11, 14]. HUTOKMHBI ABJASIOTCS KJIIOUEBbI-
MU MenuaTopaMu MMMYHHBIX OTBETOB, KOTOpPbIE
MO3BOJISIIOT MPUBOIUTH B NEUCTBUE, aKTUBUPO-
Bath U auddepeHONPoOBaTh pa3IudYHbIC UMMYH-
Hbl€ KJIETKU. MBI IPEANOJOXUIIN, YTO Yy TTallUCH-
TOB C TYHHEPOBCKMM KJjaccuuyeckum turiom MII/
CBMII nokajibHasg aKTUBHOCTb LIUTOKMHOB BBIIIIE,
YyeM y TalleHTOB C HETYHHEPOBCKUM TUIIOM.

CpaBHUTENBHBI aHAU3 KOHLEHTPALMU LIUTO-
KWHOB B MOYE, KOJIMYEeCTBAa TYUYHBIX KJETOK U IJa3-
MOIIMTOB B ITOACIU3UCTON 000JI0UKE MOUYEBOTO MYy3bI-
psI IOKa3aJI, 4TO TIepeUYnCIICHHBIC TTOKA3aTeJIN BhIIIIC
y TAIMEHTOB C TYHHEPOBCKUM TtopaxkeHueM WMII/
CBMII, uTo yKa3bIBaeT Ha TSKECThb BOCITAJICHUSI.

CpaBHUTEIBHO BbIpaXX€HHOE YBEJIUUYEHUE KOH-
nedTpauuu IL-8 u IL-6 B MoYe y ITaliueHTOB C T'yH-
HepoBckuM ML[/CBMII yka3biBaeT Ha JIOKAJTbHBI
UMMYHHBIT oTBeT. [losydyeHHbIe pe3yabTaThl CO-
MOCTaBUMBbI C JAHHBIMU JAPYTruX MCCIeA0BaTe-
neir [11, 14, 18, 22]. ITo nanubiM Argade S. u co-
aBT. [6], ypoBHU IL-8 (CXCL-8) B MOYe 1TO3BOJISLIN
pasnuyaTh I3BeHHBIN 1 Hess3BeHHBIN ML /CBMII.

CTaTUCTUYECKU 3HAYUMO OOJIbIIee KOTUUYECTBO
TYYHBIX KJETOK OTMeUaJIoch y manueHToB ¢ ML/
CBMII tuma 3C, 94TO COMNOCTaBUMO C JaHHBIMU
psaa aBTopos [12, 15, 20]. TTo naHHBIM JIUTEpaTy-
poI [20], conepkaHue TYYHBIX KJIETOK O0Jiee moce-
JIOBaTEJIbHO YBEJMYMBACTCS TMPU KJIACCUUECKOM
ture 3C, a IpHW HeSI3BEHHOM THUIIE Pe3yJIbTaThl aHa-
Ji3a TYYHBIX KJIETOK MOYEBOTO ITy3bIPs ITOKa3bIBa-
10T OOJIbILIIME CTaHAAPTHbBIE OTKJOHEHUSI.

Ty4yHBIe KJIETKHU OTHOCSTCSI K MHOTO(MYHKIIMO-
HaJbHBIM MMMYHHBIM KJIeTKaM, KOTOpBIE pa3-
BUBAIOTCS U3 OMNPENEIEHHOTO MpeAllleCTBEeHHUKA
KOCTHOT'O MO3ra, TiepeMellaloTcsl B IepuBacKyasIp-
HbIe MPOCTPAHCTBA TKaHEW U INPUOOpETaloT pas-
JIMYHBIC XapaKTEPUCTUKU B 3aBUCUMOCTHU OT YC-
JgoBuit Mukpocpensl [21, 23]. MUcxonst u3 Toro, 4To
y 00cJiefOBaHHBIX HAMU TMAllMEHTOB C TYHHEPOB-

Ta6nuua 3. KoppensunoHHble CBA3U MeXay
nepemMeHHbIMU

Table 3. Correlation relationships between variables

I rpynna Il rpynna
Mokasatenb | group Il group
Index (n=44) (n=82)
r p R p
TyuHble knetku/IL-1B
Mast cells/IL-1B -0,009 | >0,05 | 0,034 | >0,05
IL-6 +0,391 | >0,05 | -0,110 | >0,05
IL-8 +0,291 | >0,05 | 0,088 | >0,05
TNFo +0,082 | >0,05 | 0,562 | <0,05
MnaamouuTe ~0,555 | >0,05 | -0,082 | >0,05
Plasmocytes
Mnasmoumtsi/IL-T 15 085 | 50,05 | 0151 | >0,05
Plasmocytes/IL-1
IL-6 -0,639 | <0,05 | 0,290 | >0,05
IL-8 +0,070 | >0,05 | 0,107 | >0,05
TNFo +0,082 | >0,05 | -0,074 | >0,05

CKMMU MOPaKeHUSIMU KOJTUYECTBO TYUYHBIX KJIETOK
66110 40,65% 1 BBIILIE, MOXHO IIPEAIIOJIOXUTH, YTO
OHU CIMOCOOHBI MOBPEXAATH CIU3UCTYIO 000JOUKY
MOYEBOTO Ty3bIpst U ipuBiiekath [L-103, IL-6, IL-8,
TNFo, koTopble, BO3AECTBYSS HA UMMYHOKOMIIe-
TEHTHBIC KJIETKH, CIIOCOOCTBYIOT Pa3sBUTHUIO BOC-
najgeHus1. TakuM o6pa3oM, He MCKIIIOYaeTCs yda-
CTHE TYUYHBIX KJIE€TOK B ITaTOreHe3e r'yHHEPOBCKOTO
I /CBMII. BToT (bakT MOATBEPXKIAIOT COOOIIIE-
HUSI O KOJIWNUYECTBE TYYHBIX KJIETOK M UX aKTWUBa-
MU B CJIU3UCTOMN 000JIOYKE MOUYEBOIO MMy3bIps [12,
15, 20]. Hy>xHO OTMETUTH, YTO U3BECTHHIE ITUOJIO-
ruyeckue teopuu U /CBMII Hapsay ¢ apyrumu
BKJTIOYAIOT aKTUBAIIMIO TYYHBIX KJIETOK [12].

B rpynne c HeszBeHHBIM Tunom MII/CBMII
yCTaHOBJIEHA cJiabasl KOppeslus TYYHBIX Kie-
ToK ¢ IL-1B (r = +0,034, p > 0,05) u ApyruMu 1u-
TOKMHAMU; Hapsiay ¢ 3TUM BBISIBJISIIaCh 3aMeTHast
Koppeasuus TydHbiX Kiaetok ¢ TNFo (r = +0,562,
p < 0,05). OgHako ¢ ycuJeHHeM BOCHAJUTEIbHOTO
mpoliecca CBSI3U U3MEHSIUCh. B rpyrime ¢ kiaccu-
YeCKHM THUIIOM TYYHBIE KJIETKH KOpPPEIMPOBAIU
C IIPOBOCITAIUTEAbHBIMU IMTOKMHaMu (IL-6, TL-8,
TNFo) npsimoii ciiaboii cBSI3bl0 U KpaliHe ciaaboii
cBasbio ¢ IL-1B (r = —0,009, p > 0,05).

ITonmyyeHHBIe HaMU peE3yJabTAaThl CBHUICTEIb-
CTBYIOT O TTOYTH OJTMHAKOBOM KOJIMYECTBE IJIa3MO-
LMTOB B 00eUX I'pynrax uccienoBanus. M3pecTHo,
YTO TJIa3MaTUIeCKHE KIIETKH — 3TO U depeHII-
pOBaHHbBIEC KJIETKH, OHU 00J1alaloT CITOCOOHOCThIO
CEeKpeTUpOBaTh aHTUTEA U OTBEYAIOT 3a OIlOCpe-
MOBAaHHBIA aHTUTEJIAaMU UMMYHUTET [5, 12]. B nmu-
TepaType COOOIIaeTcsl, YTO ITOBBIIIEHHOE KOJU-
YeCTBO IIJIa3MOIIMTOB BCTPEUYACTCS Y 3HAUUTEIIb-
HOI yacTu MalUeHTOB ¢ 3TUM 3abojieBaHueM [12].
I[TnasMouuMTel B 00eMX TpyHmax MCCIeIOBAaHMSI
KOppEJIUPOBaJu C MPOBOCHATUTEIbHBIMU ITUTO-
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KWHaMU ciaaboii cBs3bio. OaHaKo B IpyIIIe ¢ Kjaac-
CUYECKMM TUIIOM BbISIBJSIJIACh 3aMeTHasl OTpulia-
TeabHas Koppeasuus c IL-6 (r = —0,639, p <0,05),
XOTs B TpYIINe C HeSI3BEHHBIM TUIIOM OHU KOppe-
JUPOBAIM MEXIYy cOo00i caaboii MoJoXUTEeIbHOMI
cBasblo (r = +0,290, p > 0,05).

CoriacHo TMOJYYeHHBIM pe3yjbTaTaM y Tallu-
eHTOB ¢ kiaccuuyeckum MII/CBMII nmenro mecto
MOBBbILLIEHUE YPOBHSI LIMTOKMHOB U KOJMYECTBa
TYUYHBIX KJIETOK MO CpaBHEHMIO C TallMeHTaMu
C HeTYHHEpPOBCKUM TuIloM. OOBIYHO Mperoara-
eTCsl, UTO OeJIKM-OuoMapKepbl, OOHapyKUBaeMble
B MoOYe, OTpaxkalT NOJJIUHHYIO OMOXMMMUIO odyara
3200J1eBaHU S, C KOTOPBIM OHU OCTAIOTCSI B TECHOM
KoHTakTe. [lomaraem, 4To ornpeaeseHue HUTOKU-
HOB B MOY€ MOXET 00ecneunTh HEMHBa3BHOE pa3-
neneraue MI/CBMII Ha a3BeHHBIC U HESI3BEHHEIC.

Takum o06pa3om, ornpeaejieHUe LIUTOKWHOB
B MOYE HEMAJIOBAXXHO JJ151 KTMHUKO-TATOJOrnYec-
Koii xapakTepuctuku tTunos UL /CBMII. Y nanm-

eHTOB ¢ TyHHepoBckKUM MII/CBMII umeet mecto
BBIpa’K€HHOE BOCMAJIEHVE M0 CPABHEHUIO C MallM-
€HTaMU C HESI3BEHHbIM TUTIOM M3-3a MOBBIIIIEHHOTO
KOJINYECTBA TYUYHBIX KJIE€TOK, IMTOKUHOB. Ty4uHbIe
KJIETKU yYaCTBYIOT B UHAYKIIUU BOCITAJUTEIbHOTO
nporiecca, BO3MOXHO, ITOCPEACTBOM BBICBOOOXK 1€~
HUS MeAUaTOPOB. BbIsiBJIeHME MOBBIILIEHHBIX YPOB-
Hell TpPOBOCIAJUTENbHbBIX HUTOKMHOB, YYaCTBYIO-
mux B BocnajieHuu rpu MI[/CBMII u B Boccra-
HOBJICHWHM TKaHEM, MOXeT CIoCOOCTBOBaTh aua-
THOCTHKE 3TOTO CUHIpOMA.

bnarogapHocTn

ABTOp BBIpazkaeT 0JIarofapHOCTb COTPYAHUKAM
OTAEJIEHUST TIOYEeUYHBIX OOJIe3Hell U TpaHCIIJIaHTO-
norun PecnyOGiamKaHCKOro Je4eOHO-IUarHOCTU-
YecKOro IIeHTpa M LIEHTpaJbHOW Hay4YHO-MCCIe-
JIOBAaTeJIbCKOI JlabopaTtopuu AszepOaiaKaHCKOTO
MEeIUIMHCKOIO0 YHUBEPCUTETA.
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METAFTEHOMHbIN AHAJIN3

AN UAEHTUDUKALUN BO3BYOUTEJIEN
HETUMUYHbBIX UHDEKLUN YPOTEHUTAJIBHOIO
TPAKTA

J.C. Kytuiaun

Original articles

Russian Journal of Infection and Immunity = Infektsiya i immunitet
2021, vol. 11, no. 6, pp. 1108-1122

OI'RY Hayuonanwvhotii meduyunckuil ucciedosamensckuil yenmp onxonoeuu M3 P®, e. Pocmoes-na-/llony, Poccus

Pestome. Axmyansrnocms. ViccienoBaHus NOCASTHUX TeCATUICTU I IOKA3a1, YTO KJIACCHUUECKIE METOIBI MUKPOOUO-
JIOTUY TIO3BOJISIIOT BBISIBJISITH JIMIIL HE3HAUMTEIbHYIO, TOAAAIONIYIOCS KYJIbTMBUPOBAHUIO, YACTh MUKPOOPraHM3-
MOB. OTHUM M3 COBPEMEHHBIX IOIXO/0B, MTO3BOJISIONINX BBISIBJISATh IMMPOKUI CIIEKTP OaKTepUid M apXeii, SIBIsSCT-
Cs1 Pa3HOBUAHOCTb METAal€HOMHOI'O aHaJlM3a, BBIMOJIHsEMasl MMYTeM BBICOKOIIPOM3BOAUTEIBHOTO CEKBEHMPOBAHUS
onoIMoTEK (PparMeHTOB pUOOCOMAaTbLHBIX OMEepoHOB. Llenb JaHHOTrO McCaenoBaHUs — METareHOMHBINM aHaJnu3 00-
pa3LOoB U3 YPOreHUTAIbHOIO TPAKTa MMALIMEHTOB ¢ XPOHUYECKMM BOCIIAJIMTEIbHBIM IIPOLIECCOM IJIs UAEHTU(MKA-
LMY [IaTOTE€HOB, HE BBISIBJSIEMBIX APYTUMU MeTonamu. Memoow.. TaKCOHOMUYECKUIA aHAIN3 OaKTepUaabHOIO CO-
00IIecTBa MPOBOIMIIN ITyTeM BBICOKOIIPOM3BOAMTEIBFHOIO CEKBEHMPOBAHMS TUTIepBapruadenbHoi obmactu V3—V4
rena 16S pPHK na miardopme Illumina HiSeq 3000. Pesyabmamot. IlpoBeeHHOE HCCIEN0BAHKE TO3BOJIMIIO BHISIBUTD
TaKCOHOMMYECKOEe MHOT000Opa3ne MUKPOOPTAaHM3MOB B 00pa3liaX M3 YPOreHUTaJIbHOIO TpaKTa (BBEISIBICHO OT 197
0 794 pa3IMIHBIX MUKPOOPTaHM3MOB, OTHOCSIIMXCS K IOMEHY Bacteria), a TakKxXe YCTaHOBUTH TUMhepeHIInab-
Hble pa3iuyusi, Kacaloluecs MpeactaButeneit ponoB Megasphaera, Prevotella, Veillonella, Pedobacter, Mobiluncus,
Phormidium, Sphingobacterium, Temperatibacter, Oxobacter, Georgenia, Actinobaculum, Varibaculum, Mycobacterium,
Rhodococcus, Sediminihabitans, Actinobacter, Actinoplanes, Spirochaeta, Enhydrobacter, Thermacetogenium, Bdellovibrio,
Oleibacter, Porphyromonas, Klebsiella, Lachnoclostridium, Caulobacter, Xanthomonas, Novispirillum, Marvinbryantia, Afipia,
Shinella, Tepidimonas, Faecalibacterium, Paludibacterium, Aerococcus, Campylobacter, Pasteurella, Rumen, Psychrobacter,
Haemophilus, Brevibacillus, Sporosarcina, Yaniella u Lactobacillus n3 00pa31i0B, TOJIYyYEHHBIX OT OOJBHBIX C XPOHUYEC-
KMMU BOCTHAJUTEIbHBIMU IIPOIIECCAMHU U OT YCJIOBHO 3I0POBBIX MHIMBUIYYMOB. 3akawueHue. BT oOHApyXKEHBI
nudbepeHinaabHbIe pa3Indus B COCTaBe MUKPOOKMOMa 00pa3LioB OT 00JbHBIX C XPOHUUECKMMU BOCIAIUTEIbHBIMU
MIpOIIeCCaMHU 1 YCIIOBHO 3I0POBBIX MHIMBUIYYMOB, Kacarolluecs IpeacTaBuTeieii 44 pomos, B ToM uucie Megasphaera,
Prevotella, Veillonella, Pedobacter, Mobiluncus, Phormidium v Lactobacillus. Habaogaemble BocnaauTe bHbIE MPOLIECCHI
B YPOTCHUTAJIBHOM TPAaKTe MALIMEHTOB MOTYT OBITh aCCOIIMMPOBAHEI ¢ JUCOATAaHCOM MUKPOMIOPE — CHUKCHUEM
TUMUYHBIX IpeAcTaBUTENEH poaoB Staphylococcus, Streptococcus v Lactobacillus v yBenudeHreM YUCIEHHOCTH Tpej-
craButeneit poaos Klebsiella w Citrobacter.

Karouegoie caosa: ypoeenumanvHulii mpakm, UuHGekyuu, XpoHu4eckoe 60cnaieHue, 8biCOKONPOU3800UMeNbHOe CeK8eHUPOBAHUe,
168 pPHK, ouckpumuHanmHbwLil aHAAU3.
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METAGENOMIC ANALYSIS TO IDENTIFY THE CAUSATIVE AGENTS OF ATYPICAL UROGENITAL
TRACT INFECTIONS

Kutilin D.S.

National Medical Research Oncology Center, Rostov-on-Don, Russian Federation

Abstract. Background. Research in recent decades has shown that classical microbiological methods can only detect
a small, cultivable portion of microorganisms. One of the modern approaches to detect a wide range of bacteria and
archaea is presented as a type of metagenomic analysis performed by high-throughput sequencing of ribosomal operon
fragment libraries. Objective is to conduct metagenomic analysis of samples from the urogenital tract of patients with
chronic inflammation to identify pathogens not detected by other methods. Methods. Taxonomic analysis of the bacte-
rial community was performed by high-throughput sequencing of the V3—V4 hypervariable region of the 16S rRNA gene
by using the Illumina HiSeq 3000 platform. Results. The study allowed to identify the taxonomic diversity of microor-
ganisms in samples from the urogenital tract (from 197 to 794 different microorganisms belonging to the Bacteria were
identified), as well as to establish differential differences concerning members of the genera Megasphaera, Prevotella, Veil-
lonella, Pedobacter, Mobiluncus, Phobormidium, Sphing Temperatibacter, Oxobacter, Georgenia, Actinobaculum, Varibaculum,
Mycobacterium, Rhodococcus, Sediminihabitans, Actinobacter, Actinoplanes, Spirochaeta, Enhydrobacter, Thermacetogenium,
Bdellovibrio, Oleibacter, Porphyromonas, Klebsiella, Lachnoclostridium, Caulobacter, Xanthomonas, Novispirillum, Marvin-
bryantia, Afipia, Shinella, Tepidimonas, Faecalibacterium, Paludibacterium, Aerococcus, Campylobacter, Pasteurella, Rumen,
Psychrobacter, Haemophilus, Brevibacillus, Sporosarcina, Yaniella and Lactobacillus between samples from patients with
chronic inflammation and apparently healthy individuals. Conclusion. Differential differences were found in the com-
position of the microbiome from the samples of patients with chronic inflammation and apparently healthy individuals,
concerning members of 44 genera, including Megasphaera, Prevotella, Veillonella, Pedobacter, Mobiluncus, Phormidium
and Lactobacillus. The inflammatory processes observed in the patient urogenital tract can be associated with imbalanced
microflora such as decreased level of typical members of the genera Staphylococcus, Streptococcus and Lactobacillus, but

increased number of members from of the genera Klebsiella and Citrobacter.

Key words: urogenital tract, infections, chronic inflammation, high-throughput sequencing, 16S rRNA, discriminant analysis.

BeepneHne

Nnudpexkunuu moueBbiBoasmux nyrteir (MMIT)
OTHOCSITCSI K HanboJiee YaCThIM MH(MEKIITMOHHBIM
3200JIEBAaHUSIM U BKJIIOYAIOT MHGEKIIMU HUXKHUX
(uH(pexIU YpPOreHMTaIbHOrO TpaKTa, LHUCTUT
U MNPOCTATUT) U BEPXHUX MOUYEBBIBOASIIMX IIY-
Teli [14]. YporeHuTanbHble MHGEKIIUU — TpyIlina
3a00JIeBaHM 1 OpTaHOB MOYEIIOJIOBOI CUCTEMBI, Xa-
PaKTEPU3YIOIINXCS BOCIIAIUTEIbHBIM MPOIECCOM
U TIoBpexkJaeHueM TkKaHeil [14]. Bosoymutensimu
TaKuX OOJIe3HE! SIBJISIIOTCS MaTOT€HHBIE MMKPO-
OpraHu3Mbl, MPOHUKAIOUIME B OPraHbl MpU He-
3alIUIIIEHHOM IOJOBOM KOHTaKTe, OBITOBOM 3a-
paXkeHWU, MEAUIIMHCKUX TIpolieAypax U Hapylie-
HUU pabOTHl UMMYHHOU cucTeMbl. B nuteparype
MpeacTaBIeHO MHOXECTBO CBEACHUI O BIAUSHUU
NOoJOOHBIX MHGPEKI M Ha pa3BUTUE 3JI0KAYeCTB-
€HHBIX OITyXOJeil MOYEIl0JOBO CHUCTEMBbl (Ha-
npumep, MouyeBoro mnys3wips) [14]. Bocmanenwue
SIBJISIETCSI OCHOBHBIM (paKTOpPOM pa3BUTHUS paka,
HO B3aumocBa3b Mexxay MMII u pa3zButuem 3710-
KayeCTBEHHBIX HOBOOOpa3oBaHUII HCCIedOBaHA
mauno [4].

NHdekum MOYeBbIBOASIIMX ITyTEH Yallle BCe-
IO BBI3BIBAIOT BOCIAJIEHE MOUYEBOTO MY3bIps (LIU-
CTUT) UM ypeTphl (YPETPUT). XpPOHUUYECKUE BOC-
HaJuTeJbHbIE MPOIECCH B MOYEMCIYCKATeJIbHOM
KaHaJje, B TOM YucJie B epeiHell ypeTpe, sIBISIIOT-
Csl OCHOBHOH IIPUYMHOM ITPOCTATUTOB U CHMKE-
HUS pepTuibHOCTU. HeKOoTOpHIe aBTOPHI CYUTAIOT,

YTO MMEHHO ypeTpa dJallle BCEro SIBISICTCS BXOI-
HBIMH BOpPOTAMH [JISI TOCTYIUICHHS WH(MEKIINN
B IIpeacTaTenbHylo Xejesy [3]. Mudexkuum, npo-
HHUKAaIOIINe M3 YPEeTPhl B PEHPONYKTUBHBIC Opra-
HBI MYXYWH, IIPUBOASIT TaKXKe K SIUANIUMUTY
(BocmajieHUIO TMpuAaTKa SIMYKa) U OPXUTY (BOC-
najeHuio smaka) [22]. OmHUM U3 BapraHTOB BOC-
HaJUTEJIbHBIX 3a00JIeBAHUI YPETPHI MOXET OBITH
TaK Ha3bIBaeMblii HETOHOKOKKOBBIM YPETPHUT, Xa-
pPaKTepU3YIOIINICS YpeTpaabHBIMUA CUMIITOMAaMHU,
BKJIIOYAs IU3YPUIO U 3YI, BRIOCICHUS U3 YPETPHI,
HOBBINICHNE KOJIHWYECTBA IMOJIMMOPMOHO-IIePHBIX
JICUKOIIMTOB B ypeTpe. Hambomee yacToil mpuan-
HoOW aBusttoTcss Chlamydia trachomatis, Mycoplasma
genitalium, Trichomonas vaginalis v Haemophilus
influenza, omHaXo B psAec CIIy4yacB BO30OYIUTEIb
ocTaeTcsl HeyCcTaHOBJICHHBIM. K oc1oXXHEeHUSIM He -
TOHOKOKKOBOTO ypPeTPHUTa OTHOCST SIUANINMUT,
CTPUKTYPHl YPETPHI, IPOCTATUT U PEaKTUBHBINU
apTPUT, a K OTHAJICHHBIM MOCJICACTBUSIM — pakK
ypeTpsl [27]. [ToaTOMY TOUHBIN TUATHO3 U paHHEe
JICYeHUE UMEIOT pellarolliee 3HaueHUE 3-3a pUcKa
IOJITOCPOUYHBIX MOCIEACTBUM, BKIIIOUASI XPOHUUEC-
Koe 3aboneBaHue [15].

B Hacrtosiiee Bpems nuarno3z MUMII B nepByto
ouepeab OCHOBAaH Ha HAJTUYNU CUMIITOMOB B cOUe-
TaHUM C pe3yJbTaTaMU OBICTPOTO TUATHOCTHUYEC-
KOTo TecTa (HUTPUTHBIE TECT-TIOJOCKM) Ha Ha-
IuYre 0aKTepHii B MOYe M MOJYKOJINUIECTBEHHO-
TO0 U3MEpPEeHUS JICMKOIIMTOB B MoYe. XOTS ITOCEB
MOYM OCTAaeTCs 30JIOTBIM CTaHIAPTOM IHATHOC-
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Tuku MUMII, oH TpeObyeT MHOro BpeMeHU U I0-
3BOJISIET BBISIBJISITH JUIIb HE3HAYUTEJIbHYIO YaCcTh
MUKPOOPTaHU3MOB, MOAJAIOMINXCSI KYJIbTUBUPO-
BaHu1o0 [20].

WccnenoBaHUsSIMUA YCTAaHOBJIEHO, UYTO BO MHOTMX
OUMOJIOTMUECKUX CpelaX TMPUCYTCTBYIOT OoJbllIne
TPyl MUKPOOPraHU3MOB, KOTOPbIE HEJb3$s1 BbI-
pacTuTh B JabopartopHoii KyabType. MU3yueHue mo-
cienoBaresbHocTell 16S pPHK, KoTOpbIEe 1OBOJILHO
KOPOTKMU, YaCTO KOHCEPBATHUBHBI B ITpeAeIaxX OJHOTO
BUJIA W, KaK MIPaBUJIO, pa3nydyaroTcs OT BUa K BULY,
MoKaszaJio, 4TO BCero JuIlb 1% BUIOB, OOHAPYKU-
BaeMbIX B oOpa3slie, MPUHALJICKUT K YUCIY KYJb-
TUBUpPYeMbIX. OMHUM U3 COBPEMEHHBIX IOJIXOOB,
MO3BOJISIIOIIUX BBISIBUTH HAMHOTO OoJiee IIUPOKUNA
CHEKTp OaKTEepU il U apXeid, SIBJISIETCSI pa3HOBUIHOCTh
METareHOMHOIo aHaju3a (pasaeja MOJEKYISIPHOU
OMOJIOTUM, B KOTOPOM H3YyYaeTCsl Te€HETUUYECKUU
Marepuana BCeX MUKPOOPraHU3MOB, HAXOMSIIUXCS
B 00pa3slie), BbIMOJIHSIEeMasl MyTeM BbICOKOITPOU3BO-
JMUTEIbHOTO CEKBEHUPOBAHU 1 OMOIMOTEK (pparMeH-
TOB prOOCOMaTBHBIX OITEPOHOB [21, 26].

B npakTukKe OHKOYpPOJIOTOB pPacIpoOCTpPaHEHBI
ciyJyau, Korjma pa3BUTHE MaTOJOTUMU acCOLIMUPO-
BaHO C XPOHUYECKUM UWHMEKIIMOHHBIM MTPOLECCOM
B aHaMHe3e [4]. [Tpu 3TOM OUYeHb YacTo BO30yIU-
TeJb UHMEKIIMU He yCTaHOBJIeH [21], oqHaKo naH-
HbI€ U3 UCTOPUU OOJIE3HU NMAlIUEHTOB (OO aHAa-
au3 kpoBu (OAK), obmuii ananus mouu (OAM),
ouoxumus kposu, Y3U, KT) cBuIeTelbCTBYIOT
00 MH(}pEKLIMOHHOM Tpoliecce.

Wcxonst 3 BBIIIEU3JIOXKEHHOT O, LEJbI0 TaHHOMI
paboThl CTaJ METareHOMHBIM aHaau3 ob6pasloB
U3 YPOT€HUTAJbHOTO TPaKTa MallMEHTOB C XPOHMU-
YEeCKUM BOCHAJUTEIbHBIM MPOLIECCOM IS UIACH-
TUdUKAIIMU TATOTEHOB, HE BBISIBIASIEMbIX IPYTUMU
METOAdaMMU.

Matepuaibl 1 METOLbI

Ilayuenmor u kaunuveckas kapmuua. Cpean ma-
OUEHTOB, 00PaTUBIIMXCS IJISI TPODUIAKTUICCKOTO
OCMOTpa MO MOBOAY OHKOMNATOJIOTUHU ITPEICTATESIIh-
Hoit xeJie3bl B 2018 1., OBIJIO BBIOpaHO 3 MHTEpeEC-
HBIX KJIMHUUYECKUX ciiydasi. B xome mpoBemeHHBIX
muarHoctuueckux wmeporpusatuit (OAK, OAM,
oHkomapkepnsl, Y3U, MPT) y »Tux manmeHTOB
OHKOITaTOJIOTUM OOHApy>KeHO HE OBIJIO, BBHISIBJICHA
TOOpOKaYeCTBEHHAsl TUIEPIUIA3UsI IIPEACTaTEIb-
HOM Xeje3bl. [lallMeHTHl MPembIBIISIIN KaJIOOBI
Ha XXXeHUe U TUCKOMMDOPT B 00JIaCTU HAPYKHOTO
OTBEpPCTHSI MOYCHCITYCKATeIIbHOIO KaHaja, Xpo-
HHYeCcKre 0O B 00JJaCTM MOINOHKHW W y4YallleH-
Hoe Mouencnyckanume. C 3TUMHM CUMIITOMaMM BcCe
3 manueHTa HaOJII0daINCh Y yPOJIora Mo MECTY XKH-
TEJIbCTBA B T€UCHME HECKOJIBKUX JieT. I3 nctopum
00JIe3HU OBLIM M3BJIEUCHBI CICAYIOIINE CBEICHUS:
Yy BCceX MallMeHTOB HaA MOMEHT IIEPBUYHOI0O o0parie-
HU S K yPOJIOTY OBLI TTOBBIIIICH YPOBEHb JICHKOIIMTOB

B Moue (> 20 B nosie 3peHus), oba nposeaeH TTLP-
ckpuHuHT Ha MIIIIIT (maToreHHble MUKpoopra-
HU3MBI HE BBISBJICHBI), BCEM MallMeHTAM IBaXKIbI
Ob110 BbINToIHeHO MPT Masioro tTaza M MOLLIOHKU,
VY3U mnpocTaTbl, MOYEBOI'O Iy3bIPpSI U MOIIOHKU
(y BCeX BBISBIIEHBI MHOXECTBEHHBIE MUKPOKMUCTHI
M KaJblIMHATHI [puc. 1]), BBIMOJTHEHbI KJ1aCCUUECKUE
MUKPOOUOJOTMYECKHE UCCAeN0OBaHUS (MUKPOCKO-
nupoBaHue U 6aKMoceB: BbIsIBIEHbI Staphylococcus
epidermidis v Corynebacterium spp. B KJIMHUYECKU
He3HaunMMoM KojndecTBe MeHee 10° KOE/Mi, BbI-
aneH E. faecalis 10°—10%). Ha ocHOBaHMM JaHHBIX
OakmoceBa U YyBCTBUTENBHOCTU E. faecalis K aHTU-
OMOTUKaM ypoJioroMm Obljla Ha3HaYeHa aHTUOAaKTe-
puanbHas Tepanus (AMokcukian). I[IpoBegeHHas
aHTUOaKTepUaabHas Teparus He oKa3aja BIUsHUE
Ha OO0IIYI0 CUMIITOMATHKY, CAMOYYBCTBUE MallUeH-
TOB HE YJYUIIUIOCH.

Pesynbratel OAM u OAK cBUIETETbCTBOBA-
Ju o TekylueMm BocrnajdeHuu. B OAM (c Mmukpo-
cKkonuell ocaaka) yAeJibHbIi Bec OblJ1 MOBBILLIEH
B oOpasuax Bcex nmauueHToB (1,037—1,039), Tak xe
Kak M KOJMYecTBO JehkouuToB (15—25 kieTok
B IOJie 3peHUs), BO Bcex obOpaslax oOHapy:KeHa
cJin3b. MUKPOCKOMMYECKOE UCCIeIOBAHUE Ma3KOB
M Oocajika MOYU BBISIBUJIO HAJIMUUE KOKKOB y BCEX
MalMeHTOB, a TAKXXe OTCYTCTBUE CIIOP UJIU MUILIE-
Jus rpuboB. O6pa3ibl MOYU U YPOTreHUTATbHBIX
Ma3KOB ObLIM HaIlpaBJIEHbl Ha TOBTOPHBIN OaKIIO-
ceB U [11IP-ananu3 nHbeKniA.

Hnst ucciaenoBaHUsT MUKPOMIOPbl YPOTreHMU-
TaJbHOTO TPaKTa Opaau COCKOOBI, UCTIOIb3YS YHU-
BepcaiabHblii 30HA 3T'Y LIM. JInsg MCKIIOUYEHUS
UCKaXXeHUI pe3yabTaToB OIMpeaesieHusl cocTaBa
MUKPOMIIOPHl YPOreHUTAJBHOTO TpaKTa MY>KUYWH
M3-3a MPUCYTCTBUSI TPAH3UTOPHOU MUKPOMDIIOPHI
B TedyeHUe 3 MHEW Tepen B3sSTheM Ouomartepualia
PEKOMEHJOBalM MallMeHTaM M YCJIOBHO 310pO-
BBIM MHIWBUIYYMaM BO3IepXKaTbCSI OT IOJOBBIX
KOHTaKTOB. Ilepen B3sgTueM OuoMaTepuaa peKo-
MEHIIOBAaJIM BO3AEpXaTbCsd OT MOYEUCHYCKaHUS
B TeyeHUue 2 4. HemocpeacTBeHHO mepen B3sITUEM
OuomMartepuaga Hapy>KHOe OTBEpPCTHE YpeTphl 00-
pabaTbiBajii CTEPUJbHBIM TaMIIOHOM, CMOYEH-
HBIM CTePUJIbHBIM (DU3MOJTOTUIECKUM PACTBOPOM.
B3sdTue yporeHuTaaibHbBIX COCKOOOB MTPOBOAMUJIOCH
B CTEpWJbHbIE TMJIACTUKOBBIE TIIPOOUPKU O0OB-
emMoM 1,5 Ma ¢ TpaHcnopTtHoi cpenoit nas TTLIP-
WCCJIEMOBAHUI. YpeTpaabHbIii 30HA BBOAMJICS
B ypeTpy Ha riyouHy 2—3 cM, 3aTeM OCTOPOKHbI-
MM BpallaTeIbHBIMU IBUKCHUSIMU W3BJICKAJICS
U3 Hee.

B 6akmnoceBe Mouu 1 Ma3Kax oOHapyXXeHO cie-
nytowee: nauueHt 1 — 8. lentus 10*, E. faecalis 10',
S. epidermidis 107, Corynebacterium spp. 10° KOE/
MJI;, mauuedT 2 — E. faecalis 10%, S. epidermidis 107,
Corynebacterium spp. 10° KOE/mn); nauueHT 3 —
S. hominis 108, E. faecalis 10°, Corynebacterium spp.
10> KOE/mn. Metonom TP maToreHHBIX GakTe-
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PucyHok 1. MarHuTHO-pe3oHaHcHas Tomorpagusa (MPT) manoro Ta3a v MOLIOHKM nauueHToB 1,2u 3
Figure 1. Magnetic resonance imaging (MRI) of the pelvis and scrotum in patients 1, 2 and 3

Mpumeuanus. Cnesa — yepes ABe Heaenv noce Havana 3abonesaHus, cnpasa — vyepes 37 AHeli nocne Havyana 3aboneBaHns
(0T4ETNIMBO BUAHbI BKIIIOYEHNS BENOr0 LBETa — KasbLMHATHLI [MAaTON0rMYECKME CKOMIEHNS Conelt Kanbuus]).

Notes. Left — two weeks after the onset of the disease, right — 37 days after the onset of the disease (white inclusions are clearly
visible depicting calcifications [pathological accumulations of calcium salts]).

puit (Mycoplasma genitalium, Trichomonas vaginalis,
Neisseria gonorrhoeae, Chlamydia trachomatis, Urea-
plasma urealyticum, Ureaplasma parvum, Mycoplas-
ma hominis) n tpuooB (Candida spp. (C. krusei,
C. glabrata, C. parapsilosis, C. tropicalis, C. famata,
C. guilliermondii), Cryptococcus Spp.) BBISIBIICHO
He OblJIO, BO BceX oOpasuax OblIM OOHapy>KEHBI
Corynebacterium spp. u rpynna Megasphaera spp./
Veillonella spp./Dialister spp. Ha ypoOBHE HMXe
MOPOTOBOTO (KJIMHUYECKM HE 3HA4MMO) (TecT
«Angpodiop» [AHK-Texnonorusi, Poccus]).
Takxe mpoBeIeHO KOMILJIEKCHOE MCCIeI0BaHUE
metonoM IILIP B peanbHOM BpeMeHU Ha Halu-
yre BuUpycHbIX mHpekuuir HTLV (1 u 2 Ttumos),
Adenovirus spp., BupycoB repreca (HHV-1, -2,
-4 (BOb), -5 (IMB), -6 u -8), onpenenenue JHK
BITY (Bupyca manwuJIjaoMBbl YeIOBeKa) BBICOKOTO
OHKOreHHoro pucka (tun 16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59, 66, 68) u Pegivirus A (GBV-C).
Pesynbrarbl oTpuLiaTeIbHble — HU Yy OOHOIO U3
Tpex MmalreHToB He Obla ooHapyxkeHa JJHK/PHK
BUPYCOB.

KOHTpObHYIO IPYIIITY COCTABUJIN IBOE YCIOB-
HO 3I0POBBIX MYXYUHbI, ¥ KOTOPbIX ObLJIM B3SIThI
COOTBETCTBYIOLIME Ma3Ku U aHaau3bl (B OAM Jeii-
KouuToB < 5, cmenguueckue XKajJo0obl B aHAMHe3e
OTCYTCTBYIOT, PE€3yJbTaThl TECTa «AHAPODIOP» CO-
IIOCTaBUMBbI C pe3yjbTaTaMu IallUeHTOB).

BospacTt nauideHTOB HAa MOMEHT B3SITUSI OMOMa-
Tepuana: maumeHT Ne 1 — 33 roma, manumeHT N 2 —
41 roxg m mauueHT Ne 3 — 35 ner. Bo3pacT ycioB-
HO 3JOPOBBIX MYKYMHBI cOCTaBJIsII 32 1 34 rona.
Y NauueHTOB U Y UL KOHTPOJbHOI I'PYIIbL JaH-
Hble O HaJUMYMU B aHAMHE3€ caxapHOro auadera
OTCYTCTBOBAJIN.

Ilodeomoexka oOubruomex u cexKkeeHUpoBaHue.
Jns BeigeneHust JAHK n3 oO6pas3uoB OblI UCIIONb-
30BaH Habop peakTuBoB «JIHK-cop6-B» (PBYH
IHHWUHN snouaemunonorum PocrioTpedHanzopa) co-

IJTaCHO WHCTPYKUIUU Tpom3Bomutenss. KoHieH-
Tpauuo reHomHoi JIHK usmepsinu npu nmomoinu
Habopa Quant-iT dsDNA HS Assay Kit Ha mpubope
Qubit Fluorimeter (Invitrogen, CIIIA). KadectBo
JHK onpenensinu snekrpodopesoM B 0,8% arapos-
HOM Teje. TaKCOHOMHUUYECKHUI cOCcTaB OaKTepraslb-
HOI'0 COOOIIeCTBa YCTaHABJIMBAJIM Ha OCHOBAaHUU
aHaau3a aMIIMKOHHBIX OMOIMOTEK (parMeHTOB
pUOOCOMAJILHBIX OIIEPOHOB. TaKCOHOMUYECKMIA
aHaIM3 OaKTepuaJbHOTO COOOIIECTBA ITPOBO-
OUAA C YHUBEpcaJbHbIMHU Tmpaiimepamu 319F
(5’-ACTCCTACGGGAGGCAGCAG-3")/806R
(5-GGACTACHVGGGTWTCTAAT-3") Ha runep-
BapuabenbpHyI0 o6iacth V3—V4 rena 16S pPHK,
crienu(pUIHBIMUA IJIST ITTPOKOTO Kpyra MUKpoopra-
HU3MOB, BKJIIouas dakrepun u apxeu [6, 10, 12]. Bce
npaiiMepbl UMM CIyKeOHBIE ITOCIeA0BATEIHLHO-
CTHU, COAiepKaIle JUHKEPHI (HEOOXOMMMBIC JIJIsI CeK-
BEHHMpoBaHUs 1o TexHoioruu Illumina), u ocodyio
MOCJIEIOBATEIBHOCTh (MHIEKC), TaK Ha3bIBaeMBIN
crieiicep rereporeHHocTH (heterogeneity spacers)
nanHou 12 1m.H. [16]. AMmumndukanus ¢gparMeHTOB
reHa 16S pPHK 06s11a ripoBeneHa ¢ romoiso [TLHP
C MCMHOJb30BAaHUEM OJIMTOHYKJICOTUIHBIX IIpaiiMe-
pOB, TIpeACTaBJICHHBIX B Ta0J. 1.

ITLIP On1na nmpoBeneHa B 15 MK peaKIIMOHHOK
cMmecH, coaepxarieit 0,5 em. aKTUBHOCTU TIOJIIME -
passl Q5® High-Fidelity DNA Polymerase (NEB,
CIIIA), mo 5 nkM mpssMoro m oO6paTHOro mpaii-
mepos, 10 ur JHK-matpuner n 0,2 MM Kaxaoro
dNTP (LifeTechnologies, CIIIA). Cmechp meHaTy-
puposanu 1pu 94°C 1 MuH, TIOCJIe YeTro CICI0BAJIO
35 nuknos: 94°C — 30 ¢, 50°C — 30 ¢, 72°C — 30c,
nanee ¢puHanabHasg sn0oHTanus npu 72°C 3 MUH.
AnekTpodope3 NPOAYKTOB aMILIN(pUKALIUU TTPO-
Boauau B 1,5% arapo3Hom reie. PDparMeHTbI
ObBLIM 2JIIOUPOBAHHBI M3 TeJis C MCHOJb30BaHM-
eMm QIAquick Gel Extraction Kit (Qiagen, CIIIA).
JlanbHeNIy10 MOoAroTOBKY OMOJIMOTEK ITPOBOAUIIN
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Ta6nuua 1. MocnepoBarenbHOCTU NpaiiMepoB, UCNOJIb30BaHHbIe AJg amnnudukaumm GparMeHToB reHa

16S pPHK [9]
Table 1. Primers sequences used for amplification of 16S rRNA gene fragments [9]
HanmeHoBaHue - ) s
npaiimepa nocneno;gTeanOCTb npasljlm;pa (5>3')
Primer name rimer sequence (5—>3’)
319F1 CAAGCAGAAGACGGCATACGAGATGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCCTAAACTACGGACT
CCTACGGGAGGCAGCAG
319F2 CAAGCAGAAGACGGCATACGAGATGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTTGCAGATCCAACACT
CCTACGGGAGGCAGCAG
806R1 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCCTAAACTACGGGGAC
TACHVGGGTWTCTAAT
806R2 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTTGCAGATCCAACGGAC
TACHVGGGTWTCTAAT
806R3 AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCCATCACATAGGGGAC
TACHVGGGTWTCTAAT

B COOTBETCTBUU C WHCTPYKIIUEH TPOU3BOMUTENS
HiSeq Reagent Kit Preparation Guide (Illumina,
CUIA). bubnnorekn cCeKBEHUPOBAJM B COOTBET-
CTBUM C MHCTPYKIIMEH MU3TOTOBUTENSI HA TpUbOpe
Ilumina HiSeq 3000 (Illumina, CIIIA) mapHO-
KOHIIEBBIM MeTOAoM 110 150 HyKJIEOTUIAOB C KaX-
noro koHua. IlogroroBka OMOIMOTEK U BBICOKO-
MPOU3BOJUTEIBHOE CEKBEHUPOBaHME Ha TIAT(HOP-
me Illumina HiSeq 3000 BbITIOJITHEHO B KOMTIAaHUU
000 «Dawren» (Poccus).

buoungopmayuonnelii anarus. JJanHble, TONTY-
YeHHbIE B pe3yjbTaTe CEKBEHUPOBAHU S 00pa31loB,
00pabaTsIBaJIMCh C UCTIOJb30BaHUEM TTakeToB [10
Trimmomatic [7] u QIIME [9]. Ha iepBom aTare
TMTPOU3BOIMJICS IEPBUYHBIN aHAJIN3 KauecTBa MPO-
YTeHWUsI, OTOOp TOCJIeNOBATEIbHOCTEl HA OCHOBE
KavecTBa YTEHUsI OTIAEIbHBIX OcHOBaHUI (base pair
quality), oObeAMHEHUE MMAPHOKOHIIEBBIX TIOCJIE-
JIOBATEJIbHOCTE!W C y4acTKOM TEPEKPBITHUS HE Me-
Hee 35 ocHoBaHWMit (c momomibio FLASH), a Takke
yAaJieHre TOoCIeIoBaTeIbHOCTE!, IINMHA KOTOPBIX
cocrtaBisier MeHee 150 m.H. Ha BTopom aTamne obpa-
OOTKM OCYLIECTBJSIJIOCHh YOaJleHUEe U3 OUOJIMOTEK
BCEX CJIY>KEOHBIX y4acTKOB (TIpaliMepoB), OlieHKa
Ha penMeT xuMep ¢ momomnbio UCLUST (pexxum
de novo) [11] n mpoBepka Ha HaJIUYMe KOHTAMMU-
Haluu, cBsi3aHHOU ¢ Homo sapiens, ¢ NCIONb30Ba-
HueMm Bowtie2 [18] (momnck mo NCBI Homo sapiens
Annotation Release 106 ¢ mocieayoimumM MOMCKOM
BLASTN B 6a3e mannubix GreenGenes 16S (v13.05)
IS UAEHTU(GUKAIIUA HEBBIPOBHEHHBIX TTOCIIEN0-
BaTEJIbHOCTEM, CBSI3aHHBIX C OPTAaHU3MOM-XO3SIU-
HOM — xocToM). CuuThiBaHUs, OTHeCeHHbie RDP-
kiaccudukaropoM [29] K KOHTaMUHAIIUU TEHE-
TUYECKUM MaTepruajioM MUTOXOHApUN (minimum
confidence — 50%), 6bL1M ynaaeHBI.

TakcoHoMuueckasi uAeHTUGUKAIIUS TOCIe-
JnoBaTesbHOCTEN 16S BBICOKOTO KayecTBa IMPOBO-
nouiaack ¢ moMolnblo 60a3 maHHBIX RDP (SILVA,
https://ngs.arb-silva.de), CosmosID Metagenomics
(moaxoa, OCHOBaHHBINM Ha Kmer M UCTOJIb3Y IO i
nnardopmy Genbook, www.cosmosid.com), KEGG

Pathogen, MicrobeNet (A CDC Virtual Reference
Laboratory, https://microbenet.cdc.gov) u PATRIC
3.6.8 (Pathosystems Resource Integration Center,
https://www.patricbrc.org).

JluneitnbIii TUCKpUMUHAHTHBIN aHayu3 (Linear
Discriminant Analysis, LDA) 6akTtepraibHOTO CO-
o0liecTBa B TPYIITE MAIIMEHTOB U TPYTIE YCIOBHO
3M0POBBIX UHIVWBUIYYMOB MPOBOAUIIU Ha sA3bike R
(bynkuwus lda() 6azoBoro makera MASS). lyis o-
CTpOoeHU s nuarpamMmm DnBapaca—BeHHa UCoib30-
BaJiu COOCTBEHHBIEe CKpUNTHI (JavaScript).

Pesynbrathl

B pesyabraTte NpoBENEHHOIO CEKBEHUpPOBa-
Hus y nauueHTa Ne 1 ooHapyxKeHo 197 pa3auyHbIX
MHUKPOOPraHU3MOB, OTHOCSIIUXCS K OIHOMY JIO-
Meny, Bacteria, v 13 tunam (Firmicutes, Bacteroi-
detes, Proteobacteria, Chloroflexi, Actinobacteria,
Cloacimonetes, Planctomycetes, Acidobacteria, Arma-
timonadetes, Cyanobacteria, Gemmatimonadetes, Sac-
charibacteria, Synergistetes). V13 197 mukpoopra-
HU3MOB TOJIbKO 17151 38 ObLJIM YCTAaHOBJICHBI Ha3Ba-
Hust BUaoB (19,2%). IIpu 3TOM KOJMYECTBO ITUX
38 BUAOB OTHOCHUTEIbHO BCEX OOHapPYy>KEHHBIX
MUMKPOOPraHM3MOB He npeBbIinalio 2,2%. B o6pas-
e npeodnananu Bacillus cereus, Trabulsiella farmeri,
Corynebacterium sp. oral strain a43s, Prevotella rumen
bacterium rfn2, Enterobacter aerogenes, Pseudomonas
putida, Prevotella sp. oral clone ahl25, Prevotella sp.
152r-1a, Pseudomonas nitroreducens n Veillonella
parvula. st 97,8% MUKPOOPraHU3MOB C UCIOJIb-
30BaHUE COOTBETCTBYIOIIMX 0a3 OaHHBIX ObLIU
YCTAHOBJIEHBI TOJILKO Ha3BaHUS POIAOB U CEMEICTB.
Hawunbonee yacTo BcTpevyaauch NMpeacTaBUTENN Clie-
IYIOLIKUX poaoB dakTepuii: Prevotella (78,6%), Veillo-
nella (9,3%), Megasphaera (1,9%), Dialister (0,8%),
Pseudomonas (1,1%), Clostridium (0,5%), Enterococcus
(0,2%) n Mobiluncus (0,2%).

VY nmanuenTta No 2 o6HapyxkeHO 364 pa3anMdHbIX
MMKPOOPraHu3Ma, OTHOCSIIIIMXCS K OTHOMY JOMeE-
Hy, Bacteria, v 11 tunawm (Firmicutes, Proteobacteria,

1112



2021, T. 11, Ne 6

MeTareHOMHbI aHann3 NHGeKunin

Bacteroidetes, Actinobacteria, Chloroflexi, Planctomy-
cetes, Armatimonadetes, Synergistetes, Cyanobacteria,
Spirochaetae, Tenericutes). OT cocTaBa MUKpoOuroma
NpenbIayIIero IalueHTa 3TOT COCTaB OTJIMYall-
CcsI OTCYTCTBUEM IIpEICTAaBUTEINIEN TpeX TaKCOHO-
mudyeckux tunoB — Cloacimonetes, Acidobacteria
n Gemmatimonadetes. I3 364 MUKpPOOPraHU3MOB
tosibko ajs 70 (19,2%) Gblan ycTaHOBJEHBI Ha3Ba-
Hus BUua0B. [1pu aTOM KoJiMuecTBO JaHHBIX 70 BU-
JIOB OTHOCHUTEJIBHO BCEX OOHApPYXXECHHBIX MUKPO-
opraHu3MoB He TipeBbilao 3,1%. Haubosee yacto
BcTpevanuck Corynebacterium sp. oral strain a43s,
Pseudomonas putida, Pseudomonas nitroreducens,
S. epidermidis atcc 12228, Bacillus sp. van12w Bacillus
cereus. Qs 96,9% MUKPOOPraHU3MOB C MCHOJb-
30BaHUEM COOTBETCTBYIOLIMUX 0a3 JaHHBIX ObLIU
YCTaHOBJIEHBI TOJILKO Ha3BaHM S POJIOB U CEMEICTB.
INpeobGnamanu Gakrtepuu poaoB Prevotella (63,6%),
Dialister (7,1%), Veillonella (7,5%), Phenylobacterium
(2,1%), Finegoldia (3,2%), Peptoniphilus (1,2%),
Pseudomonas (1,9%), Corynebacterium (2,5%), Steno-
trophomonas (0,6%), Varibaculum (0,4%), Mega-
sphaera (0,4%) u Mobiluncus (0,3%).

YV nauumenta Ne 3 oOHapyxeHo 466 pas3nny-
HBIX MUKPOOPTAaHU3MOB, OTHOCSIIIUXCS K OIHO-
My noMeHy, Bacteria, n 10 Tunam (Proteobacteria,
Firmicutes, Actinobacteria, Planctomycetes, Cyano-
bacteria, Bacteroidetes, Synergistetes, Tenericutes,
Fibrobacteres, Acidobacteria). OT cocTtaBa MUKPO-
OroMa ITpeabIAyIIero NallueHTa 3TOT COCTaB OTJIU-
JaJics OTCYTCTBUEM TMPEACTAaBUTEJICH TpeX TaKCo-
HoMuueckux TunoB — Chloroflexi, Armatimonadetes
u Spirochaetae — v NpucyTCTBHUEM 2 TAKCOHOM U YEC-
KUX TUIIOB — Fibrobacteres u Acidobacteria. 13 466
MUKPOOPraHu3MoB TojbKo st 100 (21,4%) 6bliu
yCTaHOBJIEHBI Ha3BaHUs BUIOB. [1pn 3TOM KoJTmde-
c¢TBO 3TUX 100 BUAOB OTHOCUTEJIBHO BCEX OOHApPY-
JKEHHBIX MUKPOOPTAaHU3MOB He TTpeBbIiaio 25,3%.
Yaie apyrux omnpeneasiiuch Pseudomonas putida,
Pseudomonas nitroreducens, Serratia symbiotica,
Enterobacter aerogenes, Corynebacterium sp. oral
strain a43s, Bacillus cereus atcc 10987, Bacillus cereus,
Bradyrhizobium sp. n Trabulsiella farmer. 1nst 74,7%
MHUKPOOPIraHU3MOB C MCITIOJb30BaHUEM COOT-
BETCTBYIOIIMX 0a3 MaHHBIX OBUIN YCTaHOBJICHBI
TOJBKO Ha3BaHUS pomoB U cemeiicTB. Haubomee
npeacTaBJieHHBIMU OBbLIU clieAylollre pojaa Oak-
Tepuit:  Pseudomonas (21,4%), Phenylobacterium
(20,8%), Stenotrophomonas (9,1%), Veillonella (4,1%),
Bacillus (3,9%), Corynebacterium (3,7%), Escherichia
u Shigella (2,4%), Dialister (2,3%), Bordetella (2,2%),
Agrobacterium (2,0%), Serratia (1,9%), Enterobacter
(1,5%), Prevotella (0,7%) u Megasphaera (0,1%).

I'pacdmyeckm pe3yibTaThl TaKCOHOMMWYECKOTO
aHaJIN3a MpeICcTaBJIeHBI Ha pUC. 2.

B xoHTponrHOM o006pa3ue Ne4 oO6HapyXkeH
331 pa3auyHbIA MUKPOOPraHWU3M, OTHOCSIIMUCS
K OIHOMY noMeHy, Bacteria, n 7 tuniam (Chloroflexi,
Firmicutes, Proteobacteria, Actinobacteria, Teneri-

cutes, Bacteroidetes, Cyanobacteria). 13 331 wmu-
Kpoopranmsma Toabko miass 60 (18,1%) Obvuin
yCTAaHOBJIEHBI Ha3BaHWg BHIOB. I[lpm 3TOM KO-
IM4ecTBO 3TUX 60 BUIOB OTHOCUTEIILHO BCEX
OOHapyXeHHBIX MWKPOOPTaHM3MOB HE IIPEBHI-
mano 4,2%. Ilpeobnamanu cienylonime MUKpPO-
opranuambl: Pediococcus acidilactici, Pseudomonas
nitroreducens, Pseudomonas putida, Lactobacillus
delbrueckii, Serratia symbiotica, Enterobacter aero-
genes, Lactobacillus sp. kc45b, Bacillus sp. vanl2,
Lactobacillus reuteri, Lactobacillus psittaci, Bacillus
cereus atcc 10987, Bacillus cereus n S. epidermidis atcc
12228. 1nsa 95,8% MUKPOOPraHU3MOB C HCITOJIb-
30BaHUEM COOTBETCTBYIOLIUX 0a3 AaHHBIX ObIIU
YCTaHOBJIEHBI TOJILKO Ha3BaHU S POJIOB U CEMEICTB.
HaubGosiee yacTto BcTpedyaauch IIpeacTaBUTENUN
ponoB Lactobacillus (85,7%), Pseudomonas (1,7%),
Phenylobacterium (1,5%) n Stenotrophomonas (1%)
(puc. 2).

B xoHTposibHOM o06Opasine Noe 6 oGHapyke-
HO 794 pa3JMYHBIX MUKPOOPraHu3Ma, OTHOCS-
IIKUXCI K OTHOMY IOMeHY, Bacteria, u 16 Ttumam
(Proteobacteria, Firmicutes, Bacteroidetes, Actino-
bacteria, Planctomycetes, Lentisphaerae, Synergis-
tetes, Gemmatimonadetes, Tenericutes, Nitrospirae,
Deinococcus-Thermus, Cyanobacteria, Epsilonbac-
teraeota, Chloroflexi, Marinimicrobia (sar406 clade),
Armatimonadetes). 13 794 MUKPOOPraHU3MOB TOJb-
Ko 1 154 (19,4%) ObIIM yCTAaHOBJICHBI Ha3BaHUSI
BugoB. Ilpu sToM KonaumyecTBOo 3TuX 154 BUIOB
OTHOCHUTEJIBHO BCEeX OOHapy:KeHHBIX MUKPOOP-
raHU3MoOB He TipeBbiano 27,7%. IlpeoGnamanu
Pseudomonas putida, Corynebacterium sp. oral strain
a43s, Lactobacillus iners, Pseudomonas nitroreducens,
Streptococcus luteciae, Campylobacter ureolyticus,
Streptococcus gordonii, Bacillus sp. vanl2 n Serratia
symbiotica. nst 72,3% MHMKPOOPraHU3MOB C HC-
MOJIb30BAaHUEM COOTBETCTBYIOIINX 0a3 ITaHHBIX
OBLIM YCTaHOBJICHBI TOJIBKO HAa3BaHUS POJOB U CeE-
meicTB. Yallle Apyrux BCTpeyasMCh IpEeacTaBU-
TeAW CcaeAyloluXx pomos: Pseudomonas (14,2%),
Phenylobacterium (11,8%), Alicyclobacillus (6,4%),
Anaerococcus (6,4%), Bacillus (5,8%), Stenotropho-
monas (5,6%), Corynebacterium (5,4%), Prevotella
(4,7%), Streptococcus (4,2%) wu Lactobacillus (3,6%)
(puc. 2).

HduddepeHinanibHble 0OCOOEHHOCTHU BUIOBOTO
cocTaBa MUKpPOOMOMA B TpyINIe NallMEHTOB M KOH-
TPOJIBHOM TpyIIIe ITpeacTaBICHBI Ha puC. 3.

TTockonbKy BUIOBOI COCTaB B HCCJEIOBaH-
HBIX o0Opaslax OBIJI YCTAaHOBJIEH TOJBKO JIJIS
18,1-21,4% MUKpOOPraHU3MOB, CTATUCTUUYCCKUIA
aHaJIW3 NPOBOINUIM Ha 0o0Jice BBICOKOM TaKCO-
HOMMYECKOM YypOBHE (poa MHUKPOOPTaHU3MA).
JIMCKpUMHWHAHTHBIN aHaJIN3 MEXIy TPyHIoi ma-
OWEHTOB W TPYNIIOM YCJIOBHO 3JOPOBBIX MYKUYUH
nokasaJji, 4yTo cratuctuuecku 3Hauumo (p < 0,05)
OTJIMYaeTCs TIPElICTaBICHHOCTh TOJILKO TpeacTa-
BUTEJIEd 3 poJOB MUMKpoopraHusMoB Prevotella,
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PucyHok 2. 0co6eHHOCTU TAKCOHOMMYECKOr0 COCTaBa MUKPOOMOMa yporeHUTaNbHOro TpakTa
Yy NaUMEeHTOB U KOHTPOJIbHOW FPYMbI

Figure 2. Features of microbiome taxonomic composition of the urogenital tract in patients and the control group
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nauueHTbl KOHTpOAbHas rpynna
patients control group

Pediococcus acidilactici
Lactobacillus delbrueckii
Lactobacillus sp. kc45b
Lactobacillus reuteri
i 22 Lactobacillus psittaci
Rfn20 rumen bacterium rfn2
Arthrobacter sp. sn16a
Lactobacillus iners
Halomonas sp. dsur-1
Lactobacillus crispatus
Bradyrhizobium sp.
Lactobacillus sp. aahonto7
Bradyrhizobium japonicum
Lactobacillus helveticus
Lactobacillus delbrueckii subsp. b

Veillonella parvula Anoxybacillus kestanbolensis Lactobacillus sp. ra2113
Prevotella sp. oral clone ahl25 Bacillus cereus Oermatophilus suis
Prevotella sp. 152r-1a Bacillus cereus atcc 10987 Pseudomonas sp. 7065
Prevotella rumen bacterium rfn2 Bacillus sp. vani2 Bacillus muralis _
Prevotella bacterium nk3b31 Corynebacterium sp. oral strain a43s Faecalibacterium prausnitzii
Actinomyces sp. gtc3949 Oesulfurivibrio alkaliphilus Paenisporosarcina sp. mbé
. - Diaphorobacter rm4
Sphingobacterium multlvorum Enterobacter aerogenes Lactobacillus brevi
Clostridium sp. tg60-81 Lysinibacillus boronitolerans Clopac s brevis -
- Pseudomonas citronellolis
Prevotella sp. 310-5 Pseudomonas nitroreducens -
Candidat il Pseud tid Bacillus sp. nccp-198
Pan cli atus ancl uhaslz seudomonas putida - Thermof lavimicrobium g+c gram-positive ba
seudomonas sp. hotl : Pseudomonas slutzgn Fulvimarina proteobacterium gssc
Lachnosplraceae nk4a rumen bacterium rfn1 Pseudomonas syrnblont tw-6 Pseudomonas syringae
Pseudomonas sp. 129 Rhodovulum marinum Bacillus flexus
Actinomyces europaeus Serr_atia symbiotica _ Lactobacillus mucosae
Actinomyces sp. oral clone ep053 Sphingomonas azotifigens Bacillus sp. r-6930
Prevotella copri Staphylococcus aureus Escherichia coll cft073
Staphylococcus bacterium k220 Dialister sp. oral clone fy011
Staphylococcus epidermidis atcc 12228 Sphingomonas wittichii
Staphylococcus equorum Pseudoclavibacter bifida
Stenotrophomonas retroflexus Staphylococcus sciuri
Streptococcus luteciae Aeromonas w20
Trabulsiella farmeri Pseudomonas sp. r-9

PucyHok 3. BugoBoii coctaB MMKpOOGMOMa YPOreHMTaIbHOr0 TPpakTa NaLMeHTOB U KOHTPOJIbHOW rpynnbi
(anarpamma daBapaca—BeHHa)
Figure 3. Species composition of the urogenital tract microbiome in patients and control group (Edwards-Venn diagram)

KOHTpONb 1

nauyeHT 3 control 1

nauueHT 2 patient 3
patient 2

1
naumenT 1
patient 1

KOHTPOSb 2
control 2

PucyHok 4. OTnuuuns B TaKCOHOMUYECKOM cocTaBe 06pasLI0B U3 YPOreHMTanbHoro TpakTa

y NauMeHTOB C XPOHMYECKON NHPeKLMen 1 YCNOBHO 340P0BbIX UHAUBUAYYMOB (TaKCOH — poA,
homarpamma dpBappaca—BeHHa)

Figure 4. Differences in the taxonomic composition of samples from the urogenital tract from patients
with chronic infection and apparently healthy individuals (taxon — genus, Edwards-Venn diagram)
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Veillonella i Megasphaera. KBanpat pacCTOSIHUS
MaxanaHobuca njs OBYX CpPpaBHUBAeMbIX TPYIIII

coctaBua 297,3. Tlpu >TOM JUCKPUMUWHAHTHAas

dynkuusa npuHsiaa sua DF = 0,001x, — 0,0097x, —
0,029%x, + 9,16, rne DF — 3HauyeHWe AUCKPUMMUHAHT-
Hoit pyHKuMu, 3HadeHus 0,001, 0,0097 u 0,029 —
KaHOHWYECKON AUCKPUMMU-
HAHTHOW OYHKUMHU, X, ,3; — YUCIEHHBIE 3HAYCHMUS
KoJIMYecTBa IpeacTaBuTeseid poaoB Prevotella,

b-koadpuieHTHI

Veillonella w Megasphaera cOOTBETCTBEHHO, a 3Ha-
yeHnue 9,16 — xkoncranra (> = 7,18; p < 0,05).

an/I CpaBHCHHWHU I10 pOJOBOMY COCTaBy MUKPO-

OuroMa oOHapyKeHBbI ciaeayolue oTauuus. B rpyn-
e nalreHTOB OOHAPYXKEHO MpeICcTaBUTEeNe POIOB
Prevotella, Veillonellan Pedobacters 16 pas (p < 0,05),
B 1448 pa3 (p < 0,05) u B 65 pa3 6onbiie (p = 0,06),
YyeM B KOHTPOJIbHOM Trpymnmne. Y yCI0BHO 3I0POBBIX
MYXYUH B OTJIMYME OT MAallMEHTOB He OOHAPYXKEHO

Ta6auua 2. OTMYMSA B TaKCOHOMUYECKOM COCTaBe 00pa3L,0B U3 yPOreHUTanbHOro TpakTa y nauMeHToB
C XpOoHMYyecKkoin uHdekumein un yCnoBHO 340pPOBbIX UHAUBUAYYMOB
Table 2. Differences in the taxonomic composition of samples from the urogenital tract of patients with chronic
infection and apparently healthy individuals

Pon P Pon P Pon P
Genus FC P-value Genus FC P-value Genus FC P-value
Prevotella 16,76 | 0,05 (Uliginosibacterium 0,53 0,20 |Candidatus 0,67 0,40
Veillonella 1448,50| 0,01 |Luteimonas 0,84 0,44 |Ensifer 1,04 0,49
Pedobacter 65,33 0,06 |Sphingomonas sp. qss| 0,64 0,39 |Rhodoplanes 0,28 0,12
HeunssecTHbIil pop, 0,65 0,07 |Brachymonas 1,33 0,43 |Lactobacillus 0,00 0,23
Pseudomonas 0,82 0,44 |[Salinarimonas 0,33 0,12 |Lachnospiraceae 1,22 0,43
Dialister 5,08 0,20 |Pseudoclavibacter 0,48 0,33 [Aquabacterium 2,33 0,25
Clostridium 0,50 0,33 |Brenneria 1,04 0,49 |(Oscillospira 0,49 0,32
Finegoldia 3,28 0,24 |Aeromonas 1,25 0,43 |Microbacterium 0,96 0,48
Corynebacterium 0,76 0,42 |Virgibacillus 1,05 0,49 |Promicromonospora | 2,76 0,16
Stenotrophomonas 0,82 0,44 |Cronobacter 0,86 0,46 [Sphingobium 1,33 0,41
Alloprevotella 0,51 0,36 |Diaphorobacter 4,89 0,24 |Phenylobacterium 0,92 0,47
Alicyclobacillus 0,15 0,26 |(Blautia 0,67 0,40 |Anaerococcus 0,07 0,26
Bacillus 0,39 0,30 |Thermoflavimicrobium| 0,37 0,13 |Alcanivorax 0,43 0,33
Enterococcus 1,04 0,47 |(Amphritea 1,07 0,48 |[Brevundimonas 0,24 0,29
Tyzzerella 3 3,11 0,12 |Arthrobacter 0,04 0,18 |Lautropia 1,17 0,45
Ruminococcaceae ucg| 0,43 0,32 |Undibacterium 2,33 0,32 |Mesorhizobium 0,85 0,44
Enterobacter 1,25 0,42 |Anaerospora 0,67 0,40 [Neptunomonas 6,00 0,15
Gallicola 8,00 0,17 |Tolumonas 0,36 0,22 |Paenisporosarcina 0,05 0,25
Bd2-13 0,80 0,43 |Peredibacter 0,36 0,32 |Prevotellaceae ucg-0| 0,10 0,27
Peptoniphilus 5,56 0,24 |Epulopiscium 0,44 0,34 |Actinomycetospora 0,67 0,40
Ochrobactrum 1,03 0,49 |Anaerofustis 7,20 0,15 |Acinetobacter 0,32 0,26
Staphylococcus 0,60 0,30 |Streptococcus 0,01 0,25 |Gordonia 0,80 0,44
Trabulsiella 1,1 0,46 |Yrc22 70,00 0,21 |Shewanella 1,11 0,47
Solibacillus 0,89 0,45 |Lysinibacillus 1,12 0,46 |Janibacter 1,11 0,47
Serratia 1,00 0,50 [Agrobacterium 0,94 0,48 |Bifidobacterium 0,67 0,40
Actinomyces 0,63 0,39 [Coxiella 0,98 0,49 |Arthrospira 1,11 0,47
Escherichia—-Shigella 1,12 0,46 |Desulfurivibrio 0,76 0,41 |Rarobacter 0,67 0,40
Bordetella 0,92 0,47 |Leucobacter 0,55 0,34 ([Sporotomaculum 0,61 0,38
Mogibacterium 42,22 0,17 |Abiotrophia 4,00 0,15 |(Cohnella 0,53 0,24
Achromobacter 0,91 0,47 |Rhodobacter 1,18 0,44 |Lachnospiraceae ucg| 3,07 0,29
Desulfurispora 1,78 0,24 |Sphingomonas 1,94 0,31 [Novosphingobium 1,49 0,39
Fulvimarina 0,83 0,44 |Coprococcus 0,91 0,47 |Pantoea 1,39 0,42
Porphyromonas 1,29 0,43 |Sanguibacter 0,59 0,18 |Proteus 0,91 0,47
Renibacterium 0,09 0,22 |Ruminococcaceae 0,48 0,08 |Christensenellaceae 0,01 0,25
Erwinia 1,23 0,44 |Aneurinibacillus 0,46 0,34 |Paracoccus 1,67 0,38
Salibacterium 0,20 0,25 |Anoxybacillus 0,09 0,20 |Brochothrix 0,83 0,45
Bacteroides 0,84 0,46 |Bradyrhizobium 0,66 0,32 |Allobaculum 1,33 0,43
Marinobacter 3,33 0,26 |Rhodovulum 0,72 0,41 |Jannaschia 1,00 0,50
Limnohabitans 0,50 0,32 |Comamonas 1,06 0,48 |Micrococcus 0,33 0,31
Dermatophilus 1,22 0,38 |Citrobacter 1,75 0,33 |Dorea 0,18 0,28
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npeacraButeneii poga Megasphaera, Mobiluncus,
Phormidium,  Sphingobacterium, Temperatibacter,
Oxobacter, Georgenia, Actinobaculum, Varibaculum,
Mpycobacterium, Rhodococcus, Sediminihabitans, Acti-
nobacter, Actinoplanes, Spirochaeta, Enhydrobacter,
Thermacetogenium, Bdellovibrio, Oleibacter, Porphy-
romonas, Klebsiella, Lachnoclostridium, Caulobacter,
Xanthomonas, Novispirillum, Marvinbryantia, Afipia
u Shinella. B To Xe BpeMs y MNallMEHTOB B OT-
JIMYME OT YCJIOBHO 3HOPOBBIX MYXYHUH HE 00-
HapyXeHO TmpeAcTaBUTeseit pona Tepidimonas,
Faecalibacterium,  Paludibacterium,  Aerococcus,
Campylobacter, Pasteurella, Rumen, Psychrobacter,
Haemophilus, Brevibacillus, Sporosarcina, Yaniella
u Lactobacillus.

Kak BUAHO U3 mpeacTaBJIeHHbIX JaHHBIX, B 00-
pasiax rpyIil NaleHTOB U YCJIOBHO 3I0POBBIX MH-
IUBUIYYMOB COCTaB MMKPOOMOTHI 3HAYMTEJIbHO
OTJIMYAETCs KaK MO MPUCYTCTBUIO psijia TAKCOHOB
(44 pomna, puc. 4), Tak 1 IO YPOBHIO UX IIPEACTaB-
seHHocTH (120 pomos, Tabi. 2), XOTS CTaTUCTUYEC-
KV 3HAUYMMBbIC OTJIMYUS KacaloTCsl TOJIBKO POIOB
Prevotella, Veillonella n Megasphaera.

Ob6cyxaeHne

Pa3zButne MeTareHOMUKM KOPEHHBIM 00pa3oMm
M3MCHMJIO HAIlld BO3MOXHOCTH XapaKTepu30BaTh
TaKCOHOMMYECKUI COCTaB MUKPOOMOJOTUUECKUX
skocucteM [13]. DT HOOCTUXEHUS TTO3BOJUIU
onpeaeauTh cneubuIecKuili MUKpOOHOM, Xapak-
TEPHBIU OJIS pa3HBIX YYACTKOB TeJjla YeJloBeKa, KO-
TOpBIE paHee CUYUTAJIUCh CTEPUIbHBIMU, BKJIIOUAST
MOYEBBIBOISIINE MyTHU. BBISIBJIEeHUE OTIpeIeIeHHO -
ro MUKpoOHOMa B MOUYEBBIBOASIIIMX MyTSIX MOXKET
WMEThb BaXXHOE 3HA4YEHUWE AJIS MOANEPXKaHUS 310-
POBbSI MAIIMEHTOB. DTO OTKPHIBAET HOBYIO 00J1aCTh
WCCJIEIOBAHWH B yPOJIOTUH, B TOM YHUCJIE U C TOYKU
3peHusi Oyayllero nu3aiiHa JieKapcTB, HalleJeH-
HbIX Ha ONpeJeIeHHbIE MUKPOOPTaHU3MBI [S].

MexaHu3M pa3BUTHUST BOCTIAJTUTEIBHOTO TTPOIIEC-
ca B ypeTpe OIpeNelIsSieTCs] COCTOSTHUEM €€ CIIU3KC-
Toit. Cnusucras 0007J04Ka ypeTpbl, MOMUMO 3ITHU-
TeIMs, BKJIIOYaeT COOCTBEHHYIO TKaHb CIM3UCTOM,
00pa30BaHHYIO PHIXJION COCMMHUTEIILHON TKAHBIO,
oorato CHaOXEHHYIO KPOBEHOCHBIMU U JuMda-
TUYeCKUMU cocygamu. IIpoTuBoMuUKpoOHass pe-
3UCTEHTHOCTb CJIM3UCTOM MOYEHCIYCKaTeJIbHOIO
KaHaJja 3aBUCHUT OT €€ MEXaHUICCKON IeJIOCTHOCTH
(mpenoTBpalaeT MPOHNKHOBEHNE MUKPOOPTAaHU3-
MOB C IIOBEPXHOCTH), BBIPAOOTKU JOCTATOYHOTO
KOJIMYECTBA CJIM3MU KJETKaMU CEKPETOPHOIro 3IH-
TeAWsI, mapa- M OyJapOOypeTpaJbHBIMU KeJIe3aMU
(obecrieunBaeT MexaHMYECKOE CMBbIBAaHUE MUKPO-
OpPraHM3MOB C TIOBEPXHOCTH YPETPbI) M OIpenie-
JICHHBIM OMOXMMUYECKUM COCTaBOM YpeTpasbHOM
CJIV3W, OKa3bIBaIOIICH HEIMOCPEICTBEHHOE IIPO-
TUBOMUKPOOHOE HAEUCTBUE (MMMYHOIJIOOYJIUHBI,
KOMIUJIEMEHT U €TI0 KOMIIOHEHTBI, JIU30LUM U Ap.).

Ilpu HapylIeHUM LEJIOCTHOCTU CIAUZUCTON JTH000TO
reHesa (TpaBMa, BHeIpeHUEe MUKPOQJOpPHLI) B 30HE
mopakeHWsI pa3BUBAETCSI BOCITAJIMTEIbHAS peak-
OHsI, TIPOMCXOAUT BHEApPEHUE MUKPOOPTAHU3MOB
M pa3BUTHE MATOJOTMYECKOro Ipoiecca [2].

ITo naHHBIM psiza aBTOPOB, Haubojee BaxKHbBIM
BO30yauTesieM MHQMEKINI MOYEIOJIOBBIX ITyTel
npopoyikaeT ocraBatbcst E. coli (mpumepHo 80%
cirydaeB 3aboseBaHust) u S. saprophyticus (15% ciy-
yaeB) [2]. TlpoBeaeHHoe Oosee 10 yneT Hazag Mac-
mTabHOe MHUKPOOMOJIOTUYECKOE MCCIIeIOBaHUE
OTIIEJISIEMOTO M3 yPeTpPhl I0KAa3aJI0, YTO OCHOBHYIO
00CEMEHEHHOCTh MOYEITOJIOBBIX ITyTel COCTaBIIsI-
IOT MOpeacTaBuUTeNn cemelictBa Micrococcaceae —
S. epidermidis (30%), S. aureus (10%), S. haemolyticus
(5%), a Takxe Streptococcaceae — Enterococcus spp.
(29%), S. agalactiae (16%), HereMOMUTUYECKUI
cTpenTokoKK (10%), O-TeMOJIMTUYSCKHI CTper-
TOKOKK (7%). HeGoblllylo rpyIiny MpeacTaBisioT
daKkyJIbTaTUBHBIE TpaMOTpPHUIATEAbHBIC ITaJIOYKU,
OakTepuu cemeiictBa Enterobacteriaceae, npeactan-
neHHsblie E. coli (15%) v Klebsiella spp. (1%). U3 rpyn-
bl MPOYMX BO30OyIUTENE BoiceBaauch Gardnerella
vaginalis, Corynebacterium spp., Mycoplasma homi-
nis, Ureaplasma urealyticum w Candida albicans.
AHanu3upysi pe3yabTaTbhl 0aKTEPUOJOTUUYECKOTO
HUCCIeN0OBaHUSI, MOXKHO TIPEAITOJIOXUTh, YTO B Kaye-
CTBe MH(MEKIIMOHHOIO ar¢HTa, CTABIIIETO IPUYNHOMN
BOCITAJICHUSI B YpeTpe, BhICTYNajii HanboJiee 4acTo
BBISIBJISIEMbIE MUKPOOpPraHu3Mbl: Enterococcus spp.,
Streptococcus agalactiae, E. colin S. aureus [2].

ITo maHHBIM HAIIIETO UCCICAOBAaHUSI, COCTaB MU-
KpPOOMOTHI y MAalIUEHTOB U YCJIIOBHO 3I0POBBIX MH-
JUBUIYYMOB CTaTUCTUYECKHU 3HAYMMO OTIMYAJICS
MO TPUCYTCTBUIO/OTCYTCTBUIO pona Megasphaera
¥ MO YPOBHIO MPEACTaBICHHOCTU poaoB Prevotella
u Veillonella.

IMpencraButenu pona Prevotella SBISIOTCS die-
HaM1 MUKPOOUOTHI MOJOCTU PTa, Biarajuiia, Ku-
IIEYHUKA 1 YaCTO aCCOLIMMPOBAHBI C UH(MOEKIIUSIMU
IBIXaTeAbHBIX MyTell. OHU TaK>Xe OBLIN BBIACICHEI
npyu MHPEKIIMSIX MOUYEBBIBOASIINX MyTel, abciec-
cax TOJIOBHOTO MO3ra, OCTE€OMUEJIUTE U MapoIOH-
To3e [23, 28]. IlpencraButenu pona Veillonella —
3TO TpaMOTpHUIATEIbHbBIC OaKTepUH, aHadPOOHBIC
KOKKH, XOpOIIIO M3BECTHBIE CBOEI CITOCOOHOCTBIO
K depMeHTanuu JakTara. Y MJIEKONUTAOIINX,
B TOM UHCJIe y YeJoBeKa, OaKTepruu 3TOro poaa siB-
JISIFOTCST 9acThl0O HOPMAaJbHON MUKPOMIOPH KU-
IIEYHUKA W CJIU3UCTON OOOJIOUKU TIOJIOCTU pTa.
OnHako HekoTopble Buabl Veillonella MOoTyT OBITH
BO30OYyIUTEASIMU PaHEBBIX U THOWHBIX MHMEKIIUIA.
V nioneit oHU ObLIM OOHaApy>KEHbI IIPU OCTEOMUE-
JUTe W dHAoKapauTe [24]. Takke nmpenctaBUTEU
pona Veillonella B HopMe NPUCYTCTBYIOT B ypore-
HHUTaJbHOM TpakTe 5—25% xeHuiuH. [1pn aTOM Te
Xe camble BUIBI Veillonella, koTopble B OQHOI CUTY-
allMM HOPMAaJIbHO COCYIIECTBYIOT C OpPraHU3MOM-
XO35IMHOM, B JIPYTOM MOTYT BBI3bIBAaTh pa3MYHbIC
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3a00JIeBaHs YeJIOBEKA: CUHAPOM pa3apaskeHHOTO
KUIIeYHNKAa, 330(paruT, MCHUHTUT, OCTCOMUEIINT,
MapoOJOHTO3 U MOPAaKEHU ST YPOTeHUTAIbHOTO TPaK-
ta [1]. IIpenctaButenu pona Megasphaera — rpam-
OTpUIIAaTeIbHBIC aHA3POOHbBIC HEITOABHUXKHBIE KOK-
KOOOpa3HbIe YCIIOBHO IMaTOreHHbIC OaKTepuM, BO3-
OynuTenu 3ab00jeBaHUNl YPOT€HUTAJIbHOTO TpaKTa
YeJIoBeKa, B YaCTHOCTH OaKTepHUaJIbHOIO BarmHO3Aa.
I1pu 5TOM OHM BXOISIT B PE3UICHTHYIO MUKPOQIIO-
Py TOJICTOI KMIIIKU YyeaoBeka [8].

BaxxXHO OTMETWUTH, YTO B HAIlleM WCCIEIOBa-
HUMW Yy TIAIIMEHTOB B OTJIMYHE OT YCJIIOBHO 310-
poBBIX MYyxX4YMH oOHapyxeHa JIHK mnpencraBu-
Teneit pona Megasphaera, Mobiluncus, Phormidi-
um, Sphingobacterium, Temperatibacter, Oxobacter,
Georgenia, Actinobaculum, Varibaculum, Myco-
bacterium, Rhodococcus, Sediminihabitans, Actino-
bacter, Actinoplanes, Spirochaeta, Enhydrobacter,
Thermacetogenium, Bdellovibrio, Oleibacter, Por-
phyromonas, Klebsiella, Lachnoclostridium, Caulo-
bacter, Xanthomonas, Novispirillum, Marvinbryantia,
Afipia v Shinella. Takxe y mallueHTOB HaOI10Aa10Ch
3HAYUTEJBHO OOJIbIIIee KOJIMYSCTBO MPEACTABUTE-
nent Pedobacter, Dialister, Finegoldia, Alloprevotella,
Alicyclobacillus, Bacillus, Tyzzerella, Gallicola, Pepto-
niphilus, Mogibacterium, Marinobacter, Anaerofustis,
Abiotrophia, Sphingomonas, Citrobacter, Promicro-
monospora 1 Neptunomonas (Tabj. 2). A BOT npel-
CTaBJICHHOCTH poja Enferococcus Obla TpaKTUde-
CKM OIMHAKOBOW y MAaIlMEHTOB Y 300POBBIX MHIM-
BUAYYMOB. [Ipr 3TOM y MalIMEHTOB OBIJIO CHUKEHO
KOJIMYECTBO MpeacTaBuTesieil ponos Staphylococcus,
Streptococcus, Renibacterium, Salibacterium, Limno-
habitans, Uliginosibacterium, Anoxybacillus, Anaero-
coccus, Acinetobacter, Arthrobacter, Tolumonas,
Peredibacter, Epulopiscium, Micrococcus w Dorea.
IlpencraButeneit Lactobacillus y naiiueHTOB 0OHa-
pyXeHo He 6b110. CpaBHMBasI HAIlIA JaHHEBIE C TaH-
HbiMU KyHryposa H.B. u coaBrt. [2], Touku nepe-
CCUCHU ST MOXXHO OOHApYKHUTHh TOJBKO KacaTeJIbHO
pona Klebsiella.

K HacTosmeMy BpeMeH MHOTHE UCCISIOBAHU S
0 TaKCOHOMMYECKOMY NpO(GHUINPOBAHUIO VYKe
oxapaKTepU30BaJili MUKPOOMOM MOYHM 4YeJIOBEKa.
B G0obLIMHCTBE 3TUX UCCIIeIOBAHU I UCITOJb30Ba~
JIoCh 16S-cekBeHUPOBaHUE JIJIsI OLIEHKUW pa3anduii
TaKCOHOMMUYECKOTO COCTaBa MEXIy oOpaslamMu
3I0POBbIX U 00AbHBIX (Tabsa. 3). OCHOBHBbIE TakK-
COHBI MUKPOOMOMa MOYM 3IOPOBBIX MYKUYWH OT-
HocsITCS K msaAtu tunaM: Firmicutes, Bacteroidetes,
Actinobacteria, Fusobacteria n Proteobacteria n yacto
BKJoualoT poabl Lactobacillus, Corynebacterium,
Prevotella, Staphylococcus n Streptococcus. Bo MHO-
TMX UCCJIEIOBAHUSIX OOHAPY>KEeH BHICOKHM T YPOBECHb
BaprabeIbHOCTU MEXIY JTIOIbMHU II0 COCTaBy MUK-
pobuoma mouu [22].

Ilo manueiM Moustafa A. u coast. [21], npu
aHaJM3e MeTareHOMa YPOIeHUTAJIbHOTO TpaKTa
(B KauecTBe OMoMaTepuaga MCIOJIb30Bajau MOYY)

cpenHee KOJIMYECTBO UACHTUDUIIMPOBAHHBIX PO-
J0B Ha oOpa3sel coctaBuyio 38 (ot 6 go 220), npu
5TOM Y MHIWBUAYYMOB C BOCHAJIUTEIILHBIMHU MPO-
neccaMM B MOYEBBIBOISIIIUX MYTSIX Mpeodiiama-
JU TIpeacTaBuTenu npoteodbakTepuit. Ilo stum
XK€ IaHHBIM Yy 3J0POBBIX WHIWBUAYYMOB HaW-
Oojiee 4YacTo OOHAPYXXMBAJUCH TIpeAcTaBUTEIU
Actinomyces, Anaerococcus, Atopobium, Facklamia,
Finegoldia, Gardnerella, Lactobacillus, Megasphaera,
Peptoniphilus, Staphylococcus v Streptococcus, a'y iH-
IVBUIYYMOB C BOCITQJIUTEIBHBIMU IIpOIECCaMU
npeobsanatoT Escherichia, Klebsiella, Pseudomonas,
Enterobacter, Citrobacter, a TakXe BUAbI C HESICHOM
WJI HEN3BECTHOM pOJIbI0 B MH(PEKIINM, TAKNE KaK
Acidovorax, Rhodanobacter u Oligella.

CpaBHuBas nanHbele Moustafa A. u coaBst. [21],
Neugent M.L. ucoasr. [22], Aragon I.M. u coaBr. [5],
Kim M.S., Jung S.I. [17] u KyHrypoBa H.B. u co-
aBT. [2] ¢ HalIMMU NAaHHBIMU, MOXHO OOHapy-
KWUTh OIpeleIeHHOe CXOACTBO IO BUIOBOMY CO-
CTaBy MHUKpPOOMOMa U IO B HEM OITpEIeICHHBIX
MUKPOOPraHU3MOB. Bo-TIepBBIX, Y 310POBBIX MH-
IVBUIYYMOB BO BCEX MCCIIECIOBAHUSIX IIPUCYT-
CTBYIOT TpeacTaButTenu Staphylococcus, Strepto-
coccus, Lactobacillus, Corynebacterium n Prevotella.
Bo-BTOpBIX, TIpU CpaBHEHWM pPe3yJILTaTOB Hallle-
ro uccieaoBaHust ¢ gaHHbiMU Aragon .M. u co-
aBT. [5] MOXHO BbIAEIUTH 9 pOJOB, NMpeACTaBUTEIU
KOTOPBIX IPUCYTCTBYIOT B YPOIeHUTAIbHOM TpPaK-
Te 3HOPOBBIX MYXUYWH B OOOMX HCCIICHOBAHUSIX:
Aerococcus, Anaerococcus, Enterococcus, Finegoldia,
Lactobacillus, Prevotella, Staphylococcus, Strepto-
coccus n Veillonella. B-TpeTbux, y My>XXYHUH C BOC-
NaJUTEIbHBIMH IIPOIECCAMU B MOUYEBBIBOASIIINX
OyTSIX BO BCEX MCCIECIOBAHMSIX TPHUCYTCTBYIOT
npeacraButenu Klebsiella, a B Haliem ucciienoBa-
HUU U paboTe Moustafa A. 1 COaBT. IPUCYTCTBYIOT
npeacraButenau poaa Citrobacter. IIpu 2TOM y My K-
YUH C BOCHAJMTEIBLHBIMU IIpOIEeCCaMU B MoOdYe-
BBEIBOISIIIUX ITYyTSIX HaAOJIOmaeTCs CHUKEHUE TU-
NUYHBIX TIpeacTaBuTeneir pomoB Staphylococcus
u Streptococcus (Ta6. 3).

Y Bcex MalreHTOB C JO0OpPOKa4YeCTBEHHOMW T'M-
nepriasuei npeacTaTeibHONM XKeJe3bl, BKIIOUYEH-
HBIX B JaHHOE WCCJeIOBaHUWE, BBISIBJICHBI IUQ-
(epeHIIMAaBHBIE OTIMYMUS COCTaBa MUKPOOHO-
Ma IO CPaBHEHWIO CO 3JIOPOBBIMU MY>XKUYMHaAMHU.
3MeHeHN S B ITOMYJISS I MUKPOOPTAaHN3MOB MO -
TYT OBITh PE3yJbTAaTOM ITOBTOPSIONIMXCS WU CO-
CYIIECTBYIOIIMX (haKTOPOB: cTpecca, AMETHI, YCIIO-
BUI oKpyxKarouieit cpeabl. [Tatodusnosornyeckue
MeXaHU3MBbI 3a00JieBaHUs MPEACTATeIbHOU XeJie-
3bl M3YyYeHBI HEAOCTATOYHO. XPOHMUYECKOE BOC-
najeHue IMPOCTaThl paccMaTPMBAeTCsI KakK BO3-
MOXHasl dJacTas IIpUYMHA JOOpOKaYeCTBEHHOM
rurneprjasuu npeacrtareabHoit xeaesbl (ITTIZK)
u  xpoHuyeckoro mpocrtatuta (XII)/cuHapo-
Ma xpoHuyeckoil TtazoBou Ooam (CXTDB) [17].
WM3BecTHO, 4TO BOCIIaJIeHUE ITPEACTaTeIbHOMN XKe-
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Ta6auua 3. CoctaB MUKPOGMOMA YPOreHMTaIbHOro TpakTa MyX4uH
Table 3. The microbiome composition in male urogenital tract

inflammatory process
in urogenital tract

Gallicola, Peptoniphilus, Mogibacterium,
Marinobacter, Anaerofustis, Abiotrophia,
Sphingomonas, Citrobacter,
Promicromonospora, Neptunomonas,
Staphylococcus, Streptococcus,
Renibacterium, Salibacterium,
Limnohabitans, Uliginosibacterium,
Anoxybacillus, Anaerococcus,
Acinetobacter, Arthrobacter, Tolumonas,
Peredibacter, Epulopiscium, Micrococcus,
Dorea

Mggﬂ:ﬂzzr:ﬂ OcHoBHble GakTepuasibHble TakcOoHbl | O6pasew, | Mcnonb3yembiit MeTop, Ccbinika
A cohort examined Main bacterial taxa Sample Method used Reference
Lactobacillus, Sneathia, Veillonella,
Corynebacterium, Prevotella,
Streptococcus, Ureaplasma, .
":‘qol‘t): Bb'elmqumb' Mycoplasma, Anaerococcus, Atopobium, qua 168 1g§KBeH"p°.BaH"e [5]
ealthy maies Aerococcus, Staphylococcus, Gemella, urine sequencing
Enterococcus, Finegoldia, Escherichia,
Streptococcus
My>X4uHbI
C BOCNaNUTENIbHbIMU .
e tecoccls, | cocxos
Enterococcus, otreptococcus, K
Mal ith Corynebacterium, Mycoplasma, X
Males wi Ureaplasma scraping
inflammatory process
in urogenital tract
Actinomyces, Anaerococcus, Atopobium,
Facklamia, Finegoldia, Gardnerella, )
:Hi,qolgt):sblelmquuubl Lactobacillus, Megasphaera, qua 1631g§KBeHMquaHMe [21]
eaithy males Peptoniphilus, Staphylococcus, urine sequencing
Streptococcus
My>X4MHbI
C BOCNaNUTEeJIbHbIMU
npoueccamm . .
B MOYEBbIBOAALLMX Escherichia, KIe_bs:ella Pseudpmonas, Moua 16S-cekBeHupoBaHue
nyTaX Enterobacter, Citrobacter, Acidovorax, urine 16S sequencin [21]
. Rhodanobacter, Oligella a g
Males with
inflammatory process
in urogenital tract
My>xuuHbl ¢ AKX
Males with benign Streptococcus, Veillonella, Gardnerella, mouya 16S-cekBeHupoBaHue [17]
prostatic hyperplasia Staphylococcus, Klebsiella urine 16S sequencing
(BPH)
Prevotella, Veillonella, Megasphaera,
Mobiluncus, Phormidium,
Sphingobacterium, Temperatibacter,
Oxobacter, Georgenia, Actinobaculum,
Varibaculum, Mycobacterium,
Rhodococcus, Sediminihabitans,
Actinobacter, Actinoplanes, Spirochaeta,
Enhydrobacter, Thermacetogenium,
Bdellovibrio, Oleibacter, Porphyromonas,
MyX4MHbI Klebsiella, Lachnoclostridium,
C BOCManuTesibHbiMu1 Caulobacter, Xanthomonas,
npoueccamu Novispirillum, Marvinbryantia, Afipia, cockob [aaHHOE
B MOY€BbIBOASLLMNX Shinella, Enterococcus, Pedobacter, n3ypetpol | 16S-cekBeHupoBaHue
o . : . uccneposaHue]
nyTax Dialister, Finegoldia, Alloprevotella, urethral 16S sequencing t stud
Males with Alicyclobacillus, Bacillus, Tyzzerella, scraping current study
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OkoH4aHue Tabnuubl 3. CocTaB MMKpPOOMOMa YPOreHUTaIbHOro TpakTa My>X4UH
Table 3. The microbiome composition in male urogenital tract (continued)

Uccnepyemas
nonynsuus
A cohort examined

Ccbinka
Reference

OCHOBHbIe 6aKTepuasnbHble TaKCOHbI
Main bacterial taxa

Oo6paseu,
Sample

WUcnonb3yemsbliii MeTon,
Method used

Prevotella, Veillonella, Tepidimonas,
Faecalibacterium, Paludibacterium,
Aerococcus, Campylobacter,
Pasteurella, Rumen, Psychrobacter,
Haemophilus, Brevibacillus, Sporosarcina,
Yaniella, Lactococcus, Lactobacillus,
Enterococcus, Corynebacterium,
Pedobacter, Dialister, Finegoldia,
Alloprevotella, Alicyclobacillus, Bacillus,
Tyzzerella, Gallicola, Peptoniphilus,
Mogibacterium, Marinobacter,
Anaerofustis, Abiotrophia, Sphingomonas,
Staphylococcus, Streptococcus,
Renibacterium, Salibacterium,
Limnohabitans, Uliginosibacterium,
Anoxybacillus, Anaerococcus,
Acinetobacter, Arthrobacter, Tolumonas,
Peredibacter, Epulopiscium, Micrococcus,
Dorea, Citrobacter, Promicromonospora,
Neptunomonas

COCKOO
13 ypeTpbl
urethral
scraping

[maHHOE
uccneposaHue]

current study

16S-cekBeHUpoBaHue
16S sequencing

340p0Bbie MYX4UHbI
Healthy males

Mpumeyanme. St (KMpHbIN WPUPT) — CXOLCTBO PE3YALTATOB APYrUX UCCNEA0BAHNIA C HALLIMMU SAHHBIMU MO COCTaBy MUKPOBMOMA 3L0POBbIX
VHAMBUAYYMOB. St (XV1PHbIA LUPUGT C NoAYEPKMBAHUEM) — CXOLCTBO PE3YNbTaToB APYriX UCCEL0BaHNI C HALLMMU AaHHBIMY MO COCTaBY M1Kpobroma
Y UIHAVMBULYYMOB C BOCNANNTENbHLIMU NPOLLECCAMU B MOYEBBLIBOAALLMX MY THX.

Note. St (bold) — similarity of data from other studies with our data on microbiome composition in healthy individuals. St (bold underlined) — similarity
of other studies with our data on microbiome composition of individuals with urinary tract inflammation.

JIe3bl UTPaeT KJIOUEeBYIO POJib B ITAaTOTeHEe3¢e U IPo-
rpeccupoBaHuu JAT'TIZK, HO ero npUYMHBI 10 KOH-
ma He usydeHbl. OmHa M3 BO3MOXHBIX MPUYUH
COCTOUT B TOM, UTO OakTepuajibHasi MUKPOOUOTA
HUXHUX MOYEBBIBOASIINX MMyTEH BIUSIET HA MECT-
HYI0 HWMMYHOJIOTUYECKYI0 cpeny. HeoOxonumbl
NajbHENIIne MCCAeJoBaHUS, YTOOBI OLIEHUTH
B3aMMOCBSI3b MEXJy MUKPOOMOTON HUKHEW 4a-
CTH MOYEBBIBOASIINX MYyTEel y MYKYMH U MPO-
cratutoM [17]. Ucnonb3yst cekBeHUpoBaHue 16S
pPHK, Kim M.S. u coaBT. cpaBHUJIU MUKPOOU-
OM CeKpeTa TpeACcTaTeJIbHOM KeJie3bl, CEMEHHOM
XKUAKOCTU U MouM y nauueHToB ¢ JAI'TI2K u pa-
KOM MpOoCTaThl U OOHAPYXUJIU, YTO MUKPOOUOTA
pazjiuyajyach B 3TUX ABYX Ipynnax. ¥ malueHTOB
¢ AT'TI2K o6HapykeHo 60oJibliiee KOJIUYEeCTBO Npe/-
ctaBuTeneit ponos FEubacterium w Defluviicoccus,
HO MeHbllee coaepxaHue Bacteroidetes, Alphapro-
teobacterian Firmicutes, a takxe cemelictBa Lachno-
spiraceae v ponoB Propionicimonas, Sphingomonas
u Ochrobactrum 10 CpaBHEHUIO C OHKOJIOTUYECK -
MU OOJNBHBIMU. DTU UCCJIETOBAHUSI TTOKA3bIBAIOT,
4TO 1MCOMO3 OKa3biBaeT CUJIbHOE BIMSHUE Ha 3a-
OosieBaHU s nmpocTtatsl [17].

Tlo nannbiM Shrestha E. u coaBt. [25], B o6pa3-
max 3JI0KaYeCTBEHHBIX OITyXOJieli MpPOCTaThl BbI-
SIBJIGHBI BUIBI Streptococcus anginosus, Anaerococcus
lactolyticus, Anaerococcus obesiensis, Actinobaculum
schaalii, Varibaculum cambriense u Propionimicrobium
lymphophilum. TTouTu Bce 3TU BUAbI U3BECTHHI B Ka-
yecTBe BO30ynuTeiell yporeHuTaabHbIX UHMEKIINA,

BKJIIOUasl pocTtaTuT. Takxke B 2TOi paboTe Ioka-
3aHO, YTO B psiie 00pas3lioB JT0OPOKAYeCTBEHHBIX
M 3JIOKAYEeCTBEHHBIX OITYXOJIeil TIpeacTaTeIbHON
KeJie3bl Mpeodjafaiu  HeKJacCUupUIIMPpOBaHHBIE
npencrasutenu Enterobacteriaceae, Lactobacillaceae
u Staphylococcaceae. Mandar R. u coaBT. [19], uzyuas
CEeMEHHYI0 XKMUJIKOCTbMY>XXUMWH C TPOCTATUTOM U 3/10-
POBBIX MYKUUH, UCMOJb3YsT 16S-ceKBEeHUPOBaHMUE,
noKasaJju, YTO pa3HUIIa MEXIY dTUMU IABYMSI TPYTI-
naMy 3aKJI04aeTcs] B CHUXXEHUU OTHOCHUTEIbHOMU
YUCJIEHHOCTU MpenctaButenein pomna Lactobacillus
Yy NAIlMEHTOB C TPOCTAaTUTOM.

K coxaJsieHuto, moyiydyeHHbIC JaHHbBIE HE TT03BO-
JISTIOT CeJIaTh OMHO3HAYHBIN BBIBOJ O TOM, KaKue
MMEHHO MUKPOOPTAaHU3MBI CTaJIN MTPUINHON ypO-
TeHUTaJbHOW MHMEKIINY y TallMEHTOB B HAIIIEM HC-
ciienoBaHuu. OgHAKO Ha UX OCHOBE MOKHO chop-
MUPOBaTh TepedyeHb Hanbojee BEePOSITHBIX MaTo-
TEeHOB JJISI TPEX paCCMOTPEHHBIX ciiydaeB. [lepBoe
MECTO TI0 BEPOSTHOCTM 3aHUMAIOT HEU3BECTHBIC
npeactaButenu poaa Megasphaera (pe3ynbTaThbl
JTUCKPUMWHAHTHOTO aHaJiu3a, OTCYTCTBUE Yy YyC-
JIOBHO 3JIOPOBBIX WHAMBUIYYMOB, W3BECTHBII
U3 TaHHBIX TUTEpATypbl MaTOreHHBIN 3 deKT), na-
Jee caenyloT npencraButenu Prevotella, Veillonella
u Pedobacter (pe3yabTaTbl ITUCKPUMUHAHTHOTO aHA-
Jin3a), a TakKxXe MpeacTtaBuTeau poaoB Mobiluncus,
Phormidium,  Sphingobacterium, Temperatibacter,
Oxobacter, Georgenia, Actinobaculum, Varibaculum,
Mpycobacterium, Rhodococcus, Sediminihabitans, Ac-
tinobacter, Actinoplanes, Spirochaeta, Enhydrobacter,
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Thermacetogenium, Bdellovibrio, Oleibacter, Por-
phyromonas, Klebsiella, Lachnoclostridium, Caulo-
bacter, Xanthomonas, Novispirillum, Marvinbryantia,
Afipia v Shinella.

besycnoBHO, HabIIOAAEMbI Y MAllMEHTOB KJIW-
HUYeCcKU 3(hdeKT MOXeT ObITh CBS3aH HE IPO-
CTO C HaJIMYMEM ONpPEeIeICHHBIX MUKPOOPraHMU3-
MOB, HO TakKXe W C CUCTEMHBIM HapyllleHUeM MX
KOHKYPEHTHBIX  B3auMMOCBsI3ell  (muMcOagaHCOM
MUKPODIJIOPHI), MPUBOASIIUM K MeTabOIOMHO-
My HapylIIEeHWIO W BOCHAJUTEIbHBIM IIpolleccaM
B ypOreHuTaJabHOM TpakTe. Tak, B Hallleii paboTe
¥ UCCIEAOBAHUSX IPYTUX aBTOPOB JIJIsI UHAWBULY-
YMOB C XPOHUYECKUM BOCHAJIUTEIILHBIM ITPOIIeC-
COM TIOKa3aHO CHMKEHHME KOJIMYECTBA TUITUUHBIX
npeacTaBuTenet poaos Staphylococcus, Streptococcus
u Lactobacillus i yBe1r4eHUe YUCIEHHOCTU POJOB
Klebsiella n Citrobacter. JlanbHeiilne uccjie10BaH U
B 9TOM HaIlpaBJICHWUU JOJKHBI PACIIMPUTH MpPeEI-
cTaBJIeHUsI 0 HOpMOMJIOpe YPOreHUTaIbHOIO TPaK-
Ta ¥ ee HapyllIeHUH, a TaK>Ke PaCIIMPUTH ITepedeHb
BEPOSITHBIX MTATOT€HHBIX MUKPOOPraHM3MOB — BO3-
oynuteneit MHGEKIUI ypOreHUTaJIbHOTO TPpaKTa.

3ak/o4yeHne

TakuMm oOpa3oM, MpOBEACHHOE MCCJIEIOBAaHME
MO3BOJIMJIO BBISBUTH TaKCOHOMUYECKOE MHOTO-
obpa3ue MHUKPOOPraHM3MOB, OTHOCSIIIMXCS K J10-
MeHY Bacteria, B oOpa3nax M3 YpPOIeHUTaJIbHOTO
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TpaKTa, a TAaKXe YCTAHOBUTH TP depeHIInaTbHbIC
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DPIbY HMHUI] enaszneix 6onesneit um. Teavmeonvya, Mockea, Poccus

Pesiome. Llenb ucciaenoBaHusi — cpaBHUTENbHbBIN aHAIU3 coaepKaHUs 3(POeKTOpHBIX CyOnonyasLuii TMM@OLUTOB
KPOBU MAIlMEHTOB C YBeaJbHOW MEJTaHOMOM MPU aKTUBAIIMU U XPOHUUYECKOM TEUEHUU TePIEeCBUPYCHON MHGMEKIIUU.
B uccnenoBanuu npuHsau yuactue 70 00JbHBIX C YBeaabHOI MeJaHOMOM, 38 MallMEHTOB C I3BaMU POTOBUIIBI U BO-
BJIeYeHMEM YBeaTbHOIO TpaKTa 1 33 310pOBLIX IoHOpa — Bcero 141 yenoBek. MMMyHO(peHOTUTTMPOBaHME TTPOBOANIIN
METOJOM IIPOTOUYHOM JTa3epHON HUTOMIYOPUMETPUM C MCIIOTb30BaHNEM CHCTEMBl MOHOKJIOHAJIBHBIX aHTUTEI TSI
nuddepeHIUPOBKY cyonomyranuiit tumbonnToB. IgM- u IgG-aHTUTENa K TeprecBUPYCHBIM MH(PEKIIUSIM OIpe-
JIEJISITA METOIOM TBepao(ha3HOro MMMYHO(PEPMEHTHOT0 aHaan3a Ha aBToMatnueckoM MPDA-ananu3atope Lazurite
(Dynex Technologies Inc., CIITA) ¢ inarnoctuueckumu Habopamu 3A0 «Bekrop-bect» (Poccust). PesynabraTsl mpose-
MOHCTPHPOBAJIN, YTO a0COTIOTHOE KOMm4uecTBO TuMbornToB (CD45") B KpoBU y TaLIMEHTOB C yBeaJbHOI MeTaHOMOI
HE OTJIMYAJIOCh OT TTOKa3aTeJieit y 30POBHIX IOHOPOB, a Y TAIIMEHTOB C SI3BaMU POTOBUIIHI C BOBJICYEHUEM yBEaIbHOTO
TpakTa OTMeYaIoCh TOBbIIIEHNE TToKa3aTessl. BeIsIBICHO CHUXXKEHME OTHOCUTENBHOTO M aDCONIIOTHOTO COIEPKaAHMS
T-xnerok (CD3*) mpu yBeasbHOII MeJTaHOME U, HATIPOTUB, YBeIUUYeHUEe abcoatoTHoro coaepxaHust CD3*" mpu Boc-
naseHuu. He Haba0ma10Ch pa3HUIlbl B OTHOCUTEIbHOM U abCOMIOTHOM colepxkaHuu cyononynsuuu CD3*CD4*-
XeJIMEePOB/MHAYKTOPOB MPU aKTUBALIMU TePIECBUPYCHBIX MHGMEKLMI pu onyxouu. [1pu s3Bax poroBuilbl yCTaHOB-
JIEHO JIOCTOBEpPHOE yBelIudYeHue adcontoTHoro coaepxanus CD3*CD4"-xennepoB/uHayKTopoB. [Ipu XxpoHnYecKoii
repIieCBUPYCHON MH(EKIIMHU BHISBICHO IOBBLIIIEHNE OTHOCUTEIBHOTO U aOCONIOTHOTO YMCIa HMTOTOKCHMYECKMX
T-mumdonuros (CD3*CD8*Y) mpu yBeanbHO# MetaHoMe. [1pr ak THBHOM MH(PULIMPOBAHUY PETUCTPUPOBATU CHUXKE-
HHe OTHOCUTEIbHOTO unciaa T-mumborutos (CD3"CDS8") mpu omyxomu, pu BocHaJeHUN — yBeIUYeHUE aDCOIIOT-
HOTO ¥ YMEHBIIIEHNE OTHOCUTEIBHOTO COMEPKAHUS TI0 CPABHEHMIO C HOPMOM. «J/1yOIb-IT03UTUBHBIC» T-KIETKHU TIPU
OTTYXOJIM M BOCIAJIEHU! yBeTuuuBaauch. B-mumbonutel (CD19%) nmpu MenraHoMe U BOCMaieHUU YBEJTUINBAIUCH.
OTHOCHTETbHOE YHMCIIO HaTypalbHBIX KujutepoB (CD16*CD56") KpoBu MpH yBea bHOM MeJaHOME TIOBBIIIANIOCH TPU
akTUBauM nHGeKIuu. [Ipn BocmajeHUu BBISIBICHO CHUXXEHNE OTHOCUTENBHOTO COIEpKaHUSI HaTypabHbBIX KUJI-
nepos (CD167CD56%). Tlpu MenaHoOMe He BBISIBIEHO M3MeHEHUI MHOeKca cooTHolueHuss CD4Y/CD8', npu Bocmna-
JICHUM OTMEYEHO €ro YBeJWYeHHe ITPU OCTPOM U XPOHMYECKOM MHGUIIMPOBAHUY TePIIECBUPYCHBIMU MH(BEKIINSIMU

Contacts:

Elena B. Myakoshina

105062, Russian Federation, Moscow, Sadovaya-
Chernogryazskaya str., 14/19, Moscow Helmholtz Research
Centre of Eye Diseases.

Phone: +7 916 196-90-30.

E-mail: myakoshina@mail.ru

Anpec ang nepenncku:

MskowmHa EneHa BoprcosHa

105062, Poccus, Mocksa, yn. CapoBas-HepHorpsackas, 14/19,
®reY HMUL rnasHbix 6onesHelt um. lrenbmronbua.

Ten.: 8 916 196-90-30.

E-mail: myakoshina@mail.ru

Citation:
Balatskaya N.V., Saakyan S.V., Myakoshina E.B., Kulikova |.G.,

[Ana uMtmpoBaHus:
banaukas H.B., CaaksiH C.B., MskowuHa E.B., Kynukosa WU.T.,

Kpuyesckas 1. OcobeHHoCTH 3ddekTopHbIX cybnonynsumii numdoLnToB
Yy NaLEHTOB C YBEAbHON MENaHOMO NPY akTUBALLMM U XPOHNYECKOM
TeYeHU repneceupycHomn uidekumm // Undexums n nmmyutet. 2021.

T. 11, Ne 6. C. 1123-1130. doi: 10.15789/2220-7619-FOE-1596

© Banaukas H.B. n coasr., 2021

Krichevskaya G.I. Features of effector lymphocyte subsets in patients with
uveal melanoma in recurrent and chronic herpesvirus infection // Russian
Journal of Infection and Immunity = Infektsiya i immunitet, 2021, vol. 11, no. 6,
pp. 1123-1130. doi: 10.15789/2220-7619-FOE-1596

DOI: http://dx.doi.org/10.15789/2220-7619-FOE-1596

1123



H.B. Banaukasi n gp. MHdekumns n uMmyHuTeT

(p < 0,05). BeisiBieHO yrHeTeHWE MMMYHHOI CUCTEMBI ITPU yBeaIbHON MeJlaHOME, He MO3BOJIs0IIee aKTUBUPOBATh
MPOTUBOBUPYCHYIO 3a1UTY. [ToJyueHHBIE pe3yabTaThl MPEACTABASIOTCS BaXKHBIMU AJIS1 pa3pabOTKU NepCOHUPULIU-
POBAaHHBIX MTOJXOA0B K MPOTHO3Y U JICUEHU IO MALIMEHTOB C YBEaJIbHON MEJTAHOMOMA.

Karouesole caoea: yseanvras meaanoma, 136a poeosulbl ¢ 08AeHeHUeM Y8eanbHo20 MPaKma, cyOnonyAayuu AUM@ouyumos,
2epneceupycHas uHGexyus, UMMYHOHeHOMUnUpoganue, UMMyHUmMen.

FEATURES OF EFFECTOR LYMPHOCYTE SUBSETS IN PATIENTS WITH UVEAL MELANOMA
IN RECURRENT AND CHRONIC HERPESVIRUS INFECTION
Balatskaya N.V., Saakyan S.V., Myakoshina E.B., Kulikova 1.G., Krichevskaya G.I.

Moscow Helmholtz Research Centre of Eye Diseases, Moscow, Russian Federation

Abstract. The aim of the study is to conduct a comparative analysis of percentages for peripheral blood effector lymphocyte
subsets in patients with uveal melanoma manifested by recurrent and chronic herpesvirus infection. There were 141 sub-
jects enrolled: 70 patients with uveal melanoma, 38 patients with corneal ulcers and involvement of the uveal tract as well
as 33 healthy donors. Immunophenotyping was performed by using laser flow cytometry with panel of monoclonal anti-
bodies to differentiate lymphocyte subpopulations. IgM and IgG antibodies to herpesvirus infections were determined by
using enzyme-linked immunosorbent assay on an automatic ELISA analyzer Lazurit (USA) with diagnostic kits of CJISC
“Vector-Best” (Koltsovo). The data obtained showed that the absolute number of blood lymphocytes (CD45%) in patients
with uveal melanoma did not differ from those in healthy donors. In contrast, patients with corneal ulcers and involvement
of the uveal tract had this parameter increased. A decreased relative and absolute count of T cells (CD3*) in uveal melanoma,
but increased absolute CD3* number in inflammation was observed. No difference in relative and absolute content of the
CD3*CD4* helper/inducer subpopulation in patients with recurrent herpesvirus infections was found. Corneal ulcers in can-
cer patients revealed significantly increased absolute level of CD3*CD4* helpers/inductor cells. Chronic herpesvirus infec-
tion in uveal melanoma patients showed increased relative and absolute number of cytotoxic T lymphocytes (CD3*CDS8").
Recurrent herpesvirus infection was featured with decreased relative number of T lymphocytes (CD3*CD8*), upon inflam-
mation, there was noted increased absolute and decreased relative number compared with healthy subjects. Double positive
T cells increased in tumor and inflammation. B lymphocytes (CD19%) increased in melanoma and inflammation. The rela-
tive number of blood natural killer cells (CD16*CD56%) in uveal melanoma increased upon recurrent infection. Inflamma-
tion was coupled to decreased relative level of natural killer cells (CD16"CD56"). Melanoma showed no changes in CD4*/
CD8* ratio; upon inflammation, its increase was noted in acute and chronic herpesvirus infections (p < 0.05). The suppres-
sion of the immune system in uveal melanoma, restricting antiviral defense, was revealed. The data obtained seem to be
important for development of personalized approaches to prognosis and treatment of patients with uveal melanoma.

Key words: uveal melanoma, corneal ulcer with uveal tract involvement, lymphocyte subsets, herpesvirus infection, immunophenotyping, immunity.

BeepgeHue

MMMyHHBIC peaKlLiM1 OpraHr3Ma Ha BHEIPEHUeE
aHTUIEHOB Pa3JIMYHOTO T'eHe3a BKJIIOUAIOT B ceOs
akTuBauuio 3¢dekTopHbIX T-KJIEeTOK, a Takxke
peryasaTopHblX T-nuM@OLUTOB, HaIpaBJIeHHbIX
Ha 3JIMMUHALMIO ONpPEISICHHOrO B1ia aHTUTEHOB
U B HEKOTOPBIX CJIydasiX OrpaHUYUBAIOIINX BIUSI-
Hue 3 pexkTopHbIX T-TuMpouuTos [13].

[loBblllIcHUE YPOBHSI OTHOCHUTEJIBHOTO IIOKa-
3aTeNisi HEKOTOPbIX CYOmnomyasauuii auM@OLIUTOB
kpoBu (uutorokcuyeckux (L[TJI) — CD3"CD8")
MOXKET CBUIETEIbCTBOBATh O TUTIEPAKTUBHOCTH UM~
MYHUTETA IIPU OCTPBIX BUPYCHBIX, OaKTepHUaIbHbBIX
M 000CTPEHN U XPOHUYECKUX MHpekuuii [12, 18].

B Hacrosiiiee BpeMms uccieaoBaTelIu aKTUBHO
3aHUMAIOTCSI BBISIBJICHUEM B3aMMOCBSI3€il pa3HBIX
cyononyasauuu JUM@OLIUTOB MPU aKTUBALIUU BU-
pycHbIX uHpekuuii [4, 12, 18]. Tak, ycTaHOBJEHO,
yto BuUpyc ODnmrteitHa—bapp (BDbB) oxkasbiBaeTr
BJIUsIHUE Ha B-muM@ouuThl, 4TO B CBOIO o4Yepelb
npuBoauT K aktuBauuu CDS8" LITJI, B ToM yucie
n cyononynsauuu CD8*CD28~ Treg, u MMMYH-

HoMmy aucOanancy [29]. [locimenHue pabOTHI mO-
KasbpiBaloT yyactue CD4"CD25* Treg B pa3BuTuu
BUY-undexuun [3]. CD4" T-kneTtku deHOTHUIIA
Thl u CD8" T-kJieTKM y4acTBYIOT B 3alllMTHOM
HUMMYHUTETEe Ipu nHDULIupoBaHumu Mycobacterium
tuberculosis|7]. PaznuuHble cyononyassuuu IuM@o-
nutoB — EKT (T-xnetku ¢ mapkepamu EK), CD4*
Th2, CD8* T-knerku, YoT-knetku u CD4*CD25*
Treg — 3ameiicTBOBaHBI IIPU CETICUCE U TTIOAABISIOT
NpU 3TOM UMMYHHBIE peakliuu opranusma [28].
Ilpn onyxonsix Takxe OTMeYeH aucOaaHC
CyOITOnyJIsSIHUMOHHOr0 coctaBa JAuM@onuToB [5].
VYBenunueHue KoanuyecTBa peryasiTopHbIX T-KiaeTok
(c penoruniom CD3*CDS8*), cHuxxeHue HaTypaib-
HBIX KuuiepoB (NK-kjieTok) HaOMOmalOT IIpU
Mporpeccuu Kok Hoi mejaHoMbl [17].
OdTanbMOTpONHBIE BO30YIUTETN XPOHUYEC-
KUX MEePCUCTUPYIOIINX WHAEKIINK (B 94aCTHOCTH,
repIieCBUPYCHI) yYaCTBYIOT B 3THOMNATOreHe3e psiia
3a0o0eBaHuii [8], B TOM 4nclie 1 OHKOJOTMYECKUX
MPOIIECCOB B TKAHSX IJ1a3a (HalrpuMep, IpU JIUM-
dome) [6, 23]. OHKOMOAYAUPYIOLIAST POJIb YKa3aH-
HBIX BO30OYIUTeJIel 3aKII0YaeTCs B PETyISIIAN BU-
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JinmdounTbl Npy yBeanbHON MenaHome

pycamMu GYHKIIMH UMMYHOKOMIETEHTHBIX KJIETOK
U TepernporpaMMUpoOBaHUM UX B HalpaBJICHUU
OOJIBIIIEH IIPOrPECCUU OITYXOJIEBOTO POCTA.

VBeanbHast MenaHoma (YM) — 350KauecTBEH-
Hasl OIyXOJib COCYIMCTOU OOOJIOUKM, CKJIOHHas
K MeTacTtaszupoBaHuio [2, 14]. Bo3HukHOBeHUe,
POCT HOBOOOpPA30BaHMIT HAIPSIMYI WJIU OIOCpE-
IOBAaHHO CBSI3aHBI C MMMYHHBIM IHcOaIaHCOM
B opranusme [24, 25]. Hamu paHee u3syvajach 4a-
crota BoIsiBAeHUs JTHK pasznuuHbIX repriecBUpy-
coB u Chlamydia trachomatis B 111a3mMe KpOBHU, CTE-
KJOBUIHOM Teje, TKaHU YM U ypOoBeHb aHTUTEN
K TEPEeYMCIEHHBIM BO30YIMTENSIM B CBhIBOPOTKE
KkpoBu. [lpu cpenHux U 60abIIUX Y M BBISIBJIEHBI
aHTUTEJa, CBUIETEIBCTBYIOIIME O peaKTUBALIUU
BOBb. Ilpu ananuse OuonTara BepeTEHOKJIETOU-
Holi AB-dopMbl YM oTMeueHO MOBBILIEHUE YPOB-
Ha AHK C. trachomatis B coueranuu ¢ JJHK BDb
u LIMB [11].

Jlo HacTosIIero BpeMeHM KaueCTBEHHBIN M KO-
JINYECTBEHHBIN cocTaB 3(hdEKTOPHBIX CyOMmoIy-
JSUui AMMGOLIMTOB KPOBU y MallMEeHTOB ¢ YM
MpU aKTUBALIUU U XPOHUYECKOM TEUYCHUU I'epriec-
BUPYCHON MHMEKIINU OCTaeTCsl MaJOM3YYCHHBIM
" TpeOyeT JabHEeNIIIero ucciaeaoBaHusI.

Llenr paGoThl — MOPOBECTU CPaBHUTEIbHBIN
aHanu3 coaepxkaHus 3(@EKTOPHBIX CYOIOMysi-
Ui TUMOOIMTOB KPOBU IMAIIMEHTOB ¢ Y M Iipu
aKTUBAIlMM M XPOHUYECKOM TCUYECHUU TEPIICCBU-
pycHOU nHdeKuu.

Marepuanbsl n MeToapl

Bcero B oOcnemoBaHue ObIJIM  BKJIIOYEHBI
70 6onbHBIX ¢ YM, 38 malilueHTOB C HEOITYXOJEeBbIM
nopakeHUeM yBeaJIbHOro TpakTa (C si3BaMU pOro-
BUIIBI C BOBJICUCHUEM yBeaJIbHOTO TpaKTa) 1 33 310-
poBbIX AOHOpa — Bcero 141 uyenoBek. CpeaHuit
BO3pacT ucciaeayeMbix coctaBua 54,9+11,1 rona.
KaxmoMy maimyeHTy ObLIO ITPOBEACHO KJIMHUKO-
MHCTPYMEHTAJIbHOE OOCJIeIOBaHNE W ITOATBEPK-
IeH guarHos3 Y M.

B knaccudpukauuu J. Shields [14] YM pasznensi-
10T Ha 3 rpynnbl. B cOOTBETCTBUM C 3TOM KJacCu-
dukanmeir m ObLIM paclpenesieHbl HUCCIeayeMbIe
MAaIlEHTHI.

O6c¢nenoBaHo 37 OOJBHBIX C OMYXOJSIMU MaJjo-
ro pasmepa (C TpOMUHEHLIUEN 10 3 MM, ITUaMETPOM
ocHoBaHUA 10 10 MM), 22 maliMeHTa ¢ OIyXOJSIMU
cpenHero pasmepa (¢ mpomMuHeHuuein 3,1-5 MM,
auameTpoM ocHoBaHus 10,1—15 mm) u 11 yenosek
C MeJJaHOMaMM OOJbIINX pa3MepoB (C MTPOMUHEH-
et > 5,1 MM, TMaMeTpoM OCHOBaHUS > 15,1 Mm)
(puc., A, b, B, 11 o610xka).

I'pyIIITy KOHTPOJISI COCTABUIIN 3IOPOBEIC JOHO-
PBl C XPOHUYECKUMU Te€PHEeCBUPYCHBIMU HMHDEK-
ousaMu (n = 33), TpyIIly cpaBHEHUST — MAIACHTHI
C sI3BaMU POTOBMIILI M BOCHAJIMTEIIBHBIM TTOpaXKe-
HUEM COCYAUCTOI 000g0uKkM (n = 38).

TTpoOHI 1IeTbHOI KPOBY B3SITHI U3 IOKTEBOI BEHBI
Haromak ¢ 08:00 mo 09:00 ¢ moMoIIbl0 BAKYYMHBIX
CHUCTEM B IIpoOUpKU Vacuette® ¢ aHTUKOAryJISHTOM
K35OTA.

NMMyHOMEHOTUITUPOBAHUE BBIMOTHSIJINA Me-
TOJIOM TMPOTOUYHON Ja3epHOI HUTOPJIYOPUMETPUU
C HCIIOJIb30BaHMEM CHCTEMbl MOHOKJIOHAJIbHBIX
antuten Multitest 6-Color TBNK Reagent B mipo-
oupkax BD TruCount (Becton Dickinson, CIIIA)
B uuTomeTrpe BD FACSCanto II (Becton Dickinson,
CIIA).

JI3uc s3puTpOUMTOB U (PUKCAIINIO JICHKOIIMTOB
BBITIOJIHSIJIM 3a CUET JIM3Upylolero pactsopa BD
FACS™ Lysing Solution (Becton Dickinson, CIIIA).
ConepxaHue AUMMOLMTOB OMNpEneasiii B Mpo-
rpamme Canto (Becton Dickinson, CIIIA), mpu 3TOM
BBIIEJISIIN aHAJIU3UPYEMbIl PETHMOH T10 O0IIIeit TTo-
nyassuuu, osKcnpeccupymouiein CD45 -aHTureH,
M 1o rpaHyiasspHocTu KieTok (CD45"PerCP-
Cy5,5%/SSC). IlpuMmeHSIINM MedYeHBIE (DIYyOpOXpo-
mamu aHtutena k CD3"(FITC), CD4*(PE-Cy7%),
CD8" (APC-CY7%),CDI16%/56"(PE), CD19*(APC¥*),
YTO AaBajio BO3MOXHOCTH MpoBecTu auddepeH-
nupoBKy T-numdonuroB (CD3"), T-xemmepoB
(CD3*CD4"CDS8"), T-uutorokcnyeckux (CD3*CD4-
CDS8") u T-py6ap mo3uTuBHBIX KJjeTok (CD3*
CD4"CD8"), NK-kietok (CD16*CD56%).

MNHGEeKIMOHHBIN cTaTyCc y BceX OOcCielnoBaH-
HBIX OIIPEHCNISIIA ITyTeM OOHapyKeHUs odTajlb-
MOTPOTTHBIX BO30YIUTENElN C BBISIBJICHUEM B ChIBO-
POTKE KPOBU MapKepOB XPOHUUECKON U aKTUBHOM
da3pl MHPeKuurii. XapakTep CepoJIOTUYEeCKOro
OTBeTa IT0Ka3biBaJl MHGUINPOBAHHOCTh U a3y
MHMEKIINN ¢ y4eTOM Kjacca UMMYHOIVIOOYJIMHOB
(taba. 1).

IgM-anTutena K CTPYKTYpPHBIM aHTUIeHaM
Bo3oOynuteseit n IgG-aHnTuTena K HeCTPYKTYPHBIM
(paHHUM) aHTUTIeHaM TreprecBUPYCOB — MapKe-
pbI, COOTBETCTBEHHO, aKTUBHOM TEPBUYHON WU
peakTUBallM XPOHUYECKON MHMEKIUU — orpe-
neysiid  MetogoM TBepaoda3sHoro MmMmyHodep-
meHTHOro aHanu3a (MDA) Ha aBTOMAaTHUUYECKOM
NdA-anannzarope Lazurite (Dynex Technologies
Inc., CIIA) ¢ nmarHoctudyeckumMu Habopamu 3A0
«BekTop-bect» (Poccus).

Hcrionp3oBaH IIporpaMMHBIIT KOMILIEKC Profes-
sional BioStat Bepcuu 2009 nias Windows. MeToabl
CTaTUCTUKU — t-KpuTepuit CTbhIOIEHTa, KPUTEPUU
®umepa u ¥?, craTUCTUYecKash 3HAYMMOCTb —
p <0,05.

PesynbraThl

AbGcoJroTHOE KOJINYECTBO JTuM@ouuTOB
(CD45") xpoBU y MalMeHTOB C MeJaHOMOMU, He-
3aBUCMMO OT HaJlM4yusl aKTUBHOU (B CpeaHEM
2,0£0,08 x 10°/1) maM XpOHUYECKOH (B cpelaHeM
2,0+0,2 x 10°/m)  repriecBUpyCHOM  MHMEKINH,
HE OTJIMYAJOCh OT 3HAYEHU, BBISIBJICHHBIX Y 3/10-
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poBbIX AoHOpoB (B cpeaHem 2,06%0,11 x 10°/m).
B To e BpeMs y ManMEeHTOB C sI3BaMU POTOBUIIBI
C BOBJICUEHHEM YBEAJbHOTO TPAaKTa OTMeYaJiu J0-
CTOBEPHOE MOBBIIEHUE ITOKa3aTeJIsI T0 CPABHEHU IO
CO 3J0POBBIMU JOHOPAMHU, HE3aBUCUMO OT aKTHBa-
uuu (2,6£0,19 x 10°/1, p < 0,05) Uau XxpOHUYECKOTO
(2,7£0,3 x 10°/1, p < 0,05) mepcucTupoBaHUs rep-
NeCcBUPYCHOM MHPeK1nii (tada. 2).

CpenHue 3HaYeHUs oOluel monyasiuuu T-KJie-
ToK (CD3"%) moka3aiiu CHUKeHUE OTHOCUTEIbHOTO
(1070,9%1,2%) n abcomotHoro (1o 1,4+0,07 x 10°/m)
ee cofepXkaHusl y OOJbHBIX C MEJIAHOMOI TMPU aK-
TUBAlLlMU TEePIIECBUPYCHOW WMHMEKIIMU U XPOHU-
YEeCKOM €€ TEUYeHUM MO CPaBHEHWIO CO 3I0POBBI-
mu goHopamu (73,1+20,87% u 1,51%+0,08 x 10°/x;
p > 0,05). IIpu aTOM HAaMU OTMEUYEHO JOCTOBEPHOE
yBeJM4YeHHne abcoJitoTHoro conepxanust CD3" kak
npu aktupHou (1,96+0,15x%x 10°/m1, p < 0,05), Tak
M TP XPOHUYECKON TeprecBUPYCHOU MHMEKINUN

Ta6auua 1. Ceponoruyeckue Mapkepbl
XPOHUYECKOMN U aKTUBHOW reprnecBUPYyCHOM
nHdekuun

Table 1. Serological markers of chronic and active
herpes virus infection

repneca 1,2 Tuna
(BMr)

Herpes simplex
virus type 1, 2 (HSV)

BosGyautennb AHTUTENa B CbIBOPOTKE KPOBU
Pathogen Antibodies in serum
Bupyc npoctoro BMr-lgG k no3gHUM* aHTUreHam

HSV-1gG to late* antigens

BMr-IgM Kk no3aHMM aHTUreHam
HSV-IgM to late antigens

Bupyc npocTtoro
repneca 1 Tuna
(BAr1)

Herpes simplex
virus type 1 (HSV 1)

IgG K paHHUM** aHTUreHam
IgG to early** antigens

Bupyc npoctoro
repneca?2 tuna
(BMr2)

Herpes simplex
virus type 2 (HSV 1)

IgG K paHHUM aHTUIeHam
IgG to early antigens

Lutomeranoesupyc
(UMB)
Cytomegalovirus
(CMV)

IgG K N0O34HMM aHTUreHaM
IgG to late antigens

IgM K no3gHUM aHTUreHam
IgM to late antigens

IgG K paHHUM aHTUreHaMm
IgG to early antigens

Bupyc 3nwrteitHa—
Bapp (B3b)
Epstein-Barr virus
(EBV)

IgG Kk spepHOMY aHTUTEeHY
1gG to nuclear antigen

IgG K paHHeMy aHTUreHy
IgG to early antigen

IgM K KancuaHOMY aHTUreHy

Herpes virus type 6

IgM capsid antigen
Bupyc repneca IgG
6 Tuna
IgM

Mpumeyanue. * — no3aHNE (CTPYKTYPHBIE) AHTUEHBI, ** — paHHWe

(HECTPYKTYPHBIE) @HTUTEHBI.
Note. * — late (structural) antigens, ** — early (non-structural) antigens.

(2,01£0,2 x 10°/1, p < 0,05) y maumMeHTOB C BOCIa-
JIUTEJIbHBIM TIOPaKeHUEM POT'OBUIIBLI U YBEAJIbHOIO
TpaKTa I10 CPAaBHEHUIO CO 3I0OPOBBIMU ITAIIMEHTaAMH.

B otHomenuun cyononynsuuu CD3"CD4*-
XeJTEePOB/MHAYKTOPOB HE OTMeYaJIi pa3HUILy Kak
B OTHOCUTEJIbHOM, TaK U B aOCOJIIOTHOM UX YMCJIE
HE3aBUCUMO OT aKTUBAILUU TepPIIeCBUPYCHBIX WH-
dexuuii y 60abHBIX ¢ YM N0 CpaBHEHUIO CO 3M10-
POBBIMU TIalIMeHTaMM. B To e Bpemsi IIpu aHan3e
MaHHBIX MOKa3aTeseil MpU si3BaX POrOBUIILI C BO-
BJICUCHUEM YBEaJbHOTO TpaKTa OTMEUEHO JOCTO-
BEepHOC YBEIMYCHHE aOCOJIIOTHOTO COACPKAHUS
CD3*CD4*-xenrepoB/MHAYKTOPOB KaK TIpU aK-
tusHoit (1,3£0,1 x 10°/1, p < 0,05), Tak u IpU Xpo-
Huueckou (1,4+0,18 x 10°/11, p < 0,05) undexuuu.
Kpome toro, y 601bHBIX ¢ YM BBISIBISIIM YBEJIU-
YeHHWe U OTHOCHUTEJIbHOI'O TT0Ka3aTesIsI IPU OCTPOM
(49,5%+1,7%, p > 0,05) 1 XxpoHNIEeCKOM MWHPUILIUPO-
BaHuu (52,1+2,1%, p < 0,05) 110 CpaBHEHUIO CO 3110~
poBbiMU nauueHtamu (45,7+1,19%).

MHuTtepecHble moka3zaTeJqn OTMEYEeHBI B OTHO-
IEeHUU HUTOTOKcuueckux T-nuMmpouuton (CD3*
CDS8"): ToabKO MpU HAAUYUU Yy OOJBHBIX XPOHU-
YEeCKO TepIieCBUPYCHONM WHMOEKINHN BBISIBICHO
TMOBBITIIEHUE OTHOCUTEJILHOTO W a0COJIIOTHOTO MX
yucia (27,7£1,6% u 0,6+0,07 x 10°/1 cOOTBETCTBEH-
Ho; p > 0,05) npu YM 1o cpaBHEHUIO CO 3I0POBbI-
mu goHopamu (25,6+1,04% u 0,52+0,03 x 10°/1 co-
OTBeTCTBEHHO). [Ipy aKTUBHOM MH(PULIUPOBAHUU
oTMevYaju HeOOoIbIIoe CHUKEHUE OTHOCUTEIBHO-
ro uuciaa T-numpouutoB (CD3*CD8") npu YM
(24,2£0,9%, p > 0,05), corocraBisis ¢ moKa3aTesisi-
MM 300pOBBIX Jtoneii. [Ipu s13Bax pOroBUIIBI C BO-
BJIEYEHMEM YBEaJIbHOTO TpaKTa OIpenesisiivu He-
KOTOpO€ yBeJMYeHUe abCOJIIOTHOTO COAEpXKaHUS
Kak IIpU aKTUBAIlMU TepIIeCBUPYCHBIX WHAEKIINMA
(0,63%£0,06 x 10°/1, p > 0,05), Tak 1 IpU XPOHUYEC-
KoM uHunupoanuu (0,56x0,06 x 10°/1, p > 0,05)
U YMEHbIIEHUE OTHOCHUTEJbHOIO COACPXKaHUS
110 CPAaBHEHUIO C HOPMOIA.

I[lpn ananm3e ypoBHEH ITyOIb-TTO3UTUBHBIX
T-xknetoxk npu YM oTMeueHO yBeIMUYEHUE UX OT-
HOCHUTEJbHBIX W aOCOJIOTHBIX MoKa3aTesJeil Kak
IPpU XPOHUUYECKOM, TaK Y IPU aKTUBHOM UHMUIIU-
poBaHMH repIriecBupycamMu. JlocToBepHast pa3HHUIIA
y OOJBHBIX BBISIBJIEHA B OTHOIICHUM ITOBBIIICHUS
OTHocUTelbHOTro coaepxxaHuss CD3*CD4+*CDS8"-
mumbonutos (1,240,13%, p < 0,05) npu akTHBa-
OWU TepIIeCBUPYCHBIX NH(MEKIINNA 1 aOCOTIOTHOTO
nmokasaTeyiss TIpU XPOHMYECKOM WHOUIIMpOBa-
Huu (0,03£0,007 x 10°/1, p > 0,05) 110 cpaBHEHUIO
CO 3J0POBBIMU JOHOPaMMU. Te 3Ke TEHASHIIMU OTMeE -
YaJIi U TIPU BOCTIAJIUTEIbHBIX 3a00JICBAHUSIX I71a3.

AHanu3 coiepxXaHus B KpoBU B-mumdonuton
(CD19%) y 60abHBIX ¢ YM 110Ka3a A0CTOBEPHOE MO~
BBIIIIEHME a0COJIIOTHOTO YKcia KaK MpU aKTUBaLlUU
(0,3£0,01 x 10°/1, p < 0,05), TaK ¥ IIPU XPOHUIECKOM
teuenuu (0,3+0,03 x 10°/1, p < 0,05) reprnecBupyc-
HOI MH(EKIINKU 10 CPaBHEHUIO CO 3[I0POBBIMU J0-
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Hopamu (0,24%0,02 x 10°/n). I1pu aHanu3e mokasare-
JIeil abCOJIIOTHOTO Y OTHOCUTEJILHOTO COJEpKaHUS
B-numdonutos (CD19%) npu si3Bax poroBUlibl ¢ BO-
BJICUCHMEM YBEaIbHOTO TPaKTa BBISIBJIEHO TOCTOBEP-
HOE MX MOBBIIIEHUE HE3aBUCUMO OT aKTUBAIIMKM UH-
ek NI XpOHUIECKOTO MH(PUIITMPOBAHMSI.
OTHOCHUTENbHOE YUCIIO HATypaJIbHBIX KUJIJIe-
poB (CD16"CD56%) kpoBH y GOJIBHBIX ¢ YM moc-
TOBEPHO TIOBBIIIAJIOCH MPU aKTHMBAIlMM HMH}EK-
ouu u coctaBuio 17,3£1,2%, p < 0,05 mo cpaBHe-
HUIO C TAKOBBIM Y 310POBBIX J0HOPOB (141+0,87%).
IMoBbiieHMe oTHOcUTeNbHOrO unciaa NK-kimeTok
(18,5%1,8%) HabGm0maJI0CH IPU MEJaHOMAaX MaJjibIX
pa3MepoB 1 aKTUBHOI MHMEKIINHU, a TAKXKE Y 00JIb-
HBIX C OIYXOJISIMU CPEIHUX pa3MepoB ITPU XPO-
HUYecKoM MHbuuupoBanuu (16,5+1,8%). OnHako
npu YM OoblIMX pa3MepoB YKa3aHHbIN MOKa3a-

TeJb BHOBb OITPEAEsIsiCSl B TpaHUIIaX HOPMBI, KakK
MpU aKTUBAMKU MH(MEKIIUMU, TaK U TTPU XPOHUYEC-
KOM €€ TeYEeHUU.

I1pu BocnanuTeabHbIX 3a007€BaHUSIX IJ1a3 OOHA-
PY>KE€HO, HaITPOTUB, CHUKEHUE OTHOCUTEILHOTO CO-
JepxKaHusl HaTypaidbHBIX KujutepoB (CD167CD56%)
KakK npu XxpoHn4YeckoM nHbuimpoBanuu (7,8+1,5%,
p <0,05), Tak ¥ MpU aKTUBHOI IreprieCBUPYCHOMN WH-
dexnnu (8,9+1,2%, p < 0,05).

Ilpu YM He BBISIBJIEHO JTOCTOBEPHBIX M3MEHE-
HUIi nHaeKca cooTHolneHuss CD47/CD8*, Torna kak
MpU SI3BEHHBIX MOPaKeHUSIX POTOBUIIBI C BOBJICYE-
HUEM YyBEaJbHOTO TPakKTa OTMEUEHO TOCTOBEPHOE
ero ysejaundeHue npu octpoMm (3,1+0,74, p < 0,05)
n XxpoHndyeckoM (2,6+0.4, p < 0,05) nHbuIMpoBa-
HHUU TePIEeCBUPYCHBIMU MHMEKIIMSIMU 10 CpaBHE-
HUIO C TI0KAa3aTeJasIMU 3[I0POBBIX JOHOPOB.

Tabnuua 2. CyononynsuMoHHbIA cocTas M OLUTOB NPU yBeasibHO MeslaHOMeE U 13B€ POroBULLbl
C BOBJIEYEHUEM YBEaJIbHOro TpakTa No CPAaBHEHUIO C NokKa3aTenssMu 34,0POBbIX JOHOPOB
Table 2. The lymphocyte subset composition in uveal melanoma and corneal ulcer involving the uveal tract compared

with healthy donors

Fpynnbi/Groups
KoHTponbHas Aissa pyc;r:::::;:os:::;:euuem YBeanbHad MeflaHoMa
Mokasarene rpynna Corneal ulcer involving the uveal tract Uveal melanoma
Factors Control group
(n=33) aKTUBaUuS XpoHuyeckas aKTMBaumMs | xpoHuyeckas
activation chronic activation chronic
(n=26) (n=12) (n=50) (n=20)
Jiumopouutel CD45* x 10%/n N 0 10* 0 2k . .
Lymphocytes CD45* %107 2,06£0,11 2,6+0,19 2,7+0,3 2,0£0,08 2,0+0,2
T-numdouuntsl (06LLan % 73,1+0,87 75,3%1,4 75,5%1,8 70,9+1,2 72,4+1,2
nonynsiuus) CD3* 10°
T-lymphocytes (bulk X g/" 1,51+0,08 1,96+0,15* 2,01+0,2* 1,4+0,07 1,5£0,1
population) CD3* x 10%/1
9 + 49,5+1,7 2,1£2,1* 45,8+1 43,4+1,
T-xennepsl CD3'CD4* 13)9 45,7119 9,541, 52142, 5,8+1,3 3 8
Thelphers CD3'CD4* | X1 Ogﬁ‘ 0,97+0,06 1,3£0,1* 1,440,18* 1,0£0,04 1,0£0,1
T-uMTOoTOKCUYECKME % 25,6+1,04 24,414 22,117 24,2+0,9 27,7+1,6
CD3*CD8* 10°
Cytotoxic T cells x10%n 0,52+0,03 0,63+0,06 0,56+0,06 0,5+0,03 0,6+0,07
CcD3*CD8* X 109/|
T-ay051b-no3UTUBHBIE % 0,54+0,31 0,9+0,1 0,8+0,2 1,2+0,13* 1,2+0,27
nMMoLUTbI
CD3*CD4'CD8* %105/
Double positive X n 0,009+0,007 0,023+0,003 0,023+0,007 0,02+0,002 0,03+0,007*
lymphocytes x 10%/1
CD3*CD4*CD8*
% * 15,2+1,1* 16,3+1,4* 11,3+0,6 12,4+0,7
B-numdouutsl CD19* 1(;)9 12,820,63
B lymphocytes CD19* X>< 1097|1 0,24+0,02 0,43+0,06* 0,46+0,08* 0,3%0,01* 0,3+0,03*
HaTtypanbHble % 14+0,87 8,9+1,2* 7,8%+1,5* 17,3+1,2* 14,7+1,2
kunnepbl CD16*CD56* 10°
Natural killers x10%/n 0,29+0,03 0,21£0,03 0,19+0,03 0,3+0,02 0,3+0,02
CD16°CD56* x 1091
pacyeTH.
CD4'/CD8* e“ﬁ:i‘t‘“a 1,95%0,12 3,1+0,74* 2,6+0,4* 2,0£0,1 1,740,2
of account

MpumeyaHue. * — [OCTOBEPHOCTb PA3NNyUs MAPaMETPOB Y 6OJbHLIX UCCEAYEMbIX FPYM MO CPABHEHWIO C rpynnoii koHTpons (p < 0,05).
Note. * — significance of differences in parameters in patients of the studied groups compared with the control group (p < 0.05).
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MHdekumns n uMmyHuTeT

O6cyxaeHne

IMocnegnue pecATWIETUSI O3HAMEHOBAJIMCH
AKTHUBHBIM MOUCKOM 3THUOJIOTUYECKUX U TaTodu-
3UOJIOTUYECKUX ACIMEKTOB BO3HUKHOBEHUS 3J10-
KayecTBeHHBbIX omyxosieii [11]. TTomumo mMoseky-
JISPHO-TEHETUYECKUX KCCIENOBAHUM, MPOBEAECHBI
paboThl, YKa3blBalOIME U HA UMMYHHBINA nucOa-
JIAaHC TIPU HOBOOOPA30BaHUSX, U HA CBSI3b BOZHUK-
HOBEHMU S OMYXOJIel C BUPYCHBIMU MHMEKIIUSAMU [7,
10]. YBeasibHasg MelaHOMa — OMYXO0Jb COCYAUCTOM
000JI04KH, COMTPOBOXIAOIIASICS PAa3BUTUEM MeETa-
CTaTUYeCKOM OOJIE3HUW U pPa3HOHAMNPABJIECHHBIMU
UMMYHHBIMU caBuramu [2]. [TonTBepXAeHUEM UM-
MYHOTE€HHOCTU ¥ M sBJsieTCs NOsIBJIEHUE OTAAaIeH-
HOIr'0 MeTacTa3upoBaHUs Nmocje s3HyKeanuu [19].

YXe B KOHIIE MPOILJIOTO BeKa OTMEYalau WU3-
MEHEHUSI UMMYHHOI cUCTeMBbI Tipu YM 1o Tumy
TMOBBILIIEHHOW YyBCTBUTEJbHOCTU 3aMEAJIEHHOTO
tuna [26]. KpoMe Toro, mosy4eHbl MOATBEPXKIC-
HUSI TIPUCYTCTBUSI B CTPOME OIMYXOJU OMYXOJIb-
UHOUIBTPUPYIOLIUX JUM@POILIUTOB, MakKpodaros
U IPYTUX UMMYHOKOMIETEHTHBIX KJIETOK B OTBET
Ha TOSBJIEHUE KJIeTOK YM B opraHusme u cpaba-
ThIBaHUS 3P OEKTOPHBIX MMMYHHBIX MEXaHU3-
MoB [22]. Uadunbrpanus tkanu mesraHombl CD4*
n CD8" T-kjieTkaMu OKa3bIBaeT MPSIMOE IIMTO-
TOKCUYECKOE NeWCTBUE Ha KJEeTKU omyxoau [27].
Hanuuue B TKaHu MeaHoMBbI Makpodaro CD68*
NoATBepPKAeHO [15], XOTS X 3HAUMMOCTDb AJIsSI BU-
TaJIbHOTO MPOTrHO3a pa3Hopeuusa [21].

IIpu MemaHOME COCYAUCTOU O0O0JOYKU BBISIBU-
JIA OTKJIOHEHUE KJIeTOK cyonomnyasauuit T-mumdo-
outoB CD3", CD4*, CD8" m mHIeKca COOTHOIIIE-
Husg CD4"/CD8" or HOpMBI, UYTO CBUIETEIHCTBO-
Baj0, MO MHEHUWIO aBTOPOB, O METACTATUYECKOU
0one3Hu [9].

Ha onpeneneHHOl cTaauu OIyXOJIEBOIO pPOCTa
MOXET yCTaHABJIUBAThCS pAaBHOBECHE MEX 1Y HOBO-
obpa3zoBaHMEM U UMMYHHOI CUCTEMOI YeOBEKa,
OHAKO BJIMSIHWE BUPYCHOU MH(EKI MU BBI3bIBAET
CPBIB MPOTUBOOITYXOJIEBOM 3AIIIUTHI U BEIET K DKC-
MaHCUM OIYXOJIEBBIX KJIETOK [6].

IlpoBeneHHBI HAMU CPAaBHUTEJIBHBIN aHaIU3
IUHAMUKU 3D HEKTOPHBIX CyONnOnmyasiuuit iuMdo-

Cnucok nutepatypsbl/References

LMTOB y MallMeHTOB ¢ YM mnpu aKTUBALIUU U XPO-
HUYECKOM TEUYEHUM TepreCBUPYCHOU WHMOEKIIUU
nokasaJl OTCYTCTBUE 3HAUUMBIX CABUIOB JMM-
douuToB, oOmel nonyasuuu T-TUMOOLUTOB,
T-xennepoB, HUTOTOKCUYECKUX T-TMM@POLUTOB.
DTO MO3BOJISIET CcleaaTh MPEAIoJoXEeHUEe 00 yrHe-
TEHUUW UMMYHHOI CUCTEMBbI OpraHu3Ma OOJIbHBIX,
HE MO3BOJISIOIIEM aKTUBUPOBATh MPOTUBOBUPYC-
HYIO 3alUTY.

OnHako y MalMeHTOB ¢ MEJaHOMOM AUarHoc-
TUPOBAHO JOCTOBEPHOE YBeJIMUYEeHUE abCOJIIOT-
Horo uyuciaa T-pyOab-MO3UTUBHBIX JUM@POILUTOB
CD3"CD4+*CDS8" npu aKkTuBallMy reprecBUPyCHON
UHGbEKIIUU U OTHOCUTEJIBHOTO — MPU XPOHUYEC-
KoM uHpuuupoBaHuu. Ilo gaHHBIM JUTEepaTypHI,
MOBBIIIIEHUE aOCOJIIOTHOTO UM OTHOCUTEJIbHOTO
yucia 1yo1b-MO3UTUBHBIX KJIETOK BBISIBISIIOT TaK-
>Ke U [IPpU MeJlaHOMe KoxHu [16].

Hamu wcciaenoBaHus mokasajd yBeJIUWYEHUE
OTHOCUTEJIbHOTO 4YHCJia HaTypaJbHbIX KUJJIEPOB
(CD16"CD56") ipu akTUBallMK BUPYCHOI MHGbEK-
uuu y 6ogbHbIX ¢ YM. IIpu pa3anuyHbIX OHKOJIO-
TMYeCcKMX 3a00IeBaHUSIX U3MEHEHUE COACPXKaHUS
NK-K/1eToK MOXeT CAYXWUTh MPOTrHOCTUYECKUM
KpUTEpUEM MeETacTa3upPOBaHUS W YMEHbIICHUS
nokasaTteJiell oo1eit BelxKkMBaeMocTH [1].

B TO Xe Bpems ucciienoBaHUE aHaJOTUYHBIX
nokasaTeJsiel pu BOCIIaJUTEIbHbIX 3a007€BaHUSIX
yBeaJbHOTO TpaKTa IT0Ka3aJo TOCTOBEPHbIE CIBU-
TU TI0 CPAaBHEHM IO CO 3HAYEHU SIMU, BBISIBJICHHBIMU
Y 300POBBIX TOHOPOB, CBUACTEIBCTBYIOIIE O HOP-
MajJbHOM MMMYHHOM pearupoBaHWU OpraHu3zMa
Ha BHEJAPEHUE YYKEPOIHBIX ar€HTOB.
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HaMHW WCCJIEMOBAaHUU TIO3BOJSIOT MPEANOJOXUTH
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BUPOBATh MPOTUBOBUPYCHYIO 3alIMTYy. TeM He MeHee
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PREVALENCE OF HEPATITIS B AND C VIRAL
MARKERS AMONG APPARENTLY HEALTHY
RESIDENTS OF THE SOCIALIST REPUBLIC
OF VIETNAM (SOUTHERN VIETNAM)

Yu.V. Ostankova?, A.V. Semenov’, E.B. Zueva?, E.N. Serikova?®, A.N. Schemelev?,
D.E. Valutite®, H.K.T. Huynh®, S.A. Egorova?, Areg A. Totolian*

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

b Ekaterinburg Research Institute of Viral Infections of SRC VB Vector of the Federal Service for Surveillance on Consumer Rights
Protection and Human Wellbeing, Ekaterinburg, Russian Federation

¢ Ho Chi Minh Pasteur Institute, Ho Chi Minh City, Vietham

Abstract. The aim of this study was to assess the prevalence of serological and molecular biological markers of viral hepati-
tis B and C among apparently healthy residents of the Southern Vietnam. The study material was represented by 397 blood
serum samples collected from apparently healthy residents of the Southern Vietnam. The ELISA examination for presence
of HBV and HCV markers involved HBsAg, anti-HBs IgG, anti-HBcore IgG, and anti-HCV qualitative determination.
For HBV DNA and HCV RNA detection, nucleic acids were extracted from serum blood, and a test for virus detection was
carried out by real-time PCR with hybridization fluorescence detection. Amplification and subsequent sequencing of HBV
and HCV were performed using nested PCR with paired overlapping primers jointly flanking the target regions. Analysis
of the overall prevalence of serological markers showed that among the apparently healthy individuals anti-HBsAg and an-
ti-HCV antibodies were detected in 12.3% (95% CI: 9.27—15.99%) and 3.27% (95% CI: 1.76—5.53%) of individuals, respec-
tively. The prevalence of HBsAg in men (19.1%) significantly exceeded that of found in women (5.9%), x*> = 14.688 with p =
0.0001, df = 1, calculated odds ratio OR = 3.751 (95% CI: 1.892—7.439). Among apparently healthy patients, taking into
account HBsAg-positive and negative samples, HBV DNA was detected in 26.95% (95% CI: 22.65—-31.6%). HBV phylo-
genetic analysis showed that subtype B4 prevalence comprised 64.49%. Subtypes C1 (14.95%), B2 (9.35%), C2 (6.54%), C3
(0.93%), and C5 (3.74%) were also identified. HCV RNA was detected in 7 samples, which accounted for 1.76% (95% CI.:
0.71-3.6%). Phylogenetic analysis showed that all HCV isolates belong to genotype 6, subtype 6a (100%).

Key words: HBV, HCV, viral hepatitis markers, molecular epidemiology, genotype, apparently healthy residents, Southern Vietnam.

PACMPOCTPAHEHHOCTb MAPKEPOB BUPYCOB NrENATUTA B U C CPEAN YCJIOBHO 340POBbIX
XXWUTENEN I0O)KHOIO PETMOHA COLMANTMCTUYECKOW PECNYBJIMKU BBETHAM

Ocrankosa I0.B.!, CemenoB A.B.2, 3yesa E.B.!, Cepukona E.H.!, Illemenes A.H.!, Baxyrure 11.9.!,

Xyiinx X.K.T.3, Eroposa C.A.!, ToTtoasn Aper A.!

' @FYH HUH snudemuonouu u mukpoouonoeuu umenu Iacmepa, Cankm-Ilemep6ype, Poccus

2 Examepunbypeckuii HUHU eupychoix ungexuyuit @Y H I'HI] BB «Bexmop» Pocnompebnadsopa, e. Examepunbype, Poccus
? Unemumym umenu Ilacmepa 6 2. Xowumun, 2. Xowumun, Beemuam

Pestome. Lleabio Halero uccaeaoBaHus OblIO OUEHUTh PACIPOCTPAHEHHOCTD CEPOJOTMUYECKUX U MOJIEKYJISIPHO-OMO-
JIOTUYECKHX MapKepoB BUPYCHBIX TenaTuToB B 11 C cpenut ycaoBHO 3m0poBhIX xkuTenei FOxHoro BreTHama. Martepuain

Appec ang nepenucku:

OcTatkoBa l0nusa BnagyMupoBHa

197101, Poccus, CankT-MeTepbypr, yn. Mupa, 14,

®BYH HUW annaemuonoruv n mukpobronoruv umenn Mactepa.
Ten.: 8 (812) 233-20-92. E-mail: shennal@yandex.ru

Contacts:

Yuliia V. Ostankova

197101, Russian Federation, St. Petersburg, Mira str., 14,
St. Petersburg Pasteur Institute.

Phone: +7 (812) 233-20-92. E-mail: shennal@yandex.ru

[Ana uMTMpoBaHus:
Ocrankosa l0.B., CemeHoB A.B., 3yesa E.b., Cepukosa E.H.,

LLemenes A.H., Banytute [.3., Xyithx X.K.T., Eroposa C.A., TotonsH Aper A.

PacnpocTpaHeHHOCTb MapkepoB BUpYycoB renatita B n C cpeam ycnosHo
3[10POBbIX XUTENel I0XHOro pernoHa Coupanuctiyeckoin Pecrny6avku
BbeTHam // ndekuns n ummynutet. 2021. T. 11, Ne 6. C. 1131-1140.

doi: 10.15789/2220-7619-TP0-1793

© OstankovaYuV. et al., 2021

Citation:

OstankovaYu.V., SemenovAV., Zueva E.B., Serikova E.N., SchemelevA.N.,
Valutite D.E., Huynh H.K.T., Egorova S.A., Totolian Areg A. prevalence of hepatitis B
and C viral markers among apparently healthy residents of the Socialist Republic
of Vietnam (Southern Vietnam) // Russian Journal of Infection and Immunity =
Infektsiya iimmunitet, 2021, vol. 11, no. 6, pp. 1131-1140. doi: 10.15789/2220-
7619-TPO-1793

DOI: http://dx.doi.org/10.15789/2220-7619-TPO-1793

1131



Yu.V. Ostankova et al. MHdekumns n uMmyHuTeT

ncciaenoBaHust — 397 06pa31oB IIa3Mbl KPOBH YCIOBHO 300POBEIX xkuTeteit FOxHoro BeetHama. Mccnenopanme MDA
Ha Hanuuue MapkepoB BI'B u BI'C Bkutouano onpenenenue HBsAg, anti-HBs IgG, anti-HBcore IgG 1 xauectBeHHOE
onpenenenue anti-HCV. Jns ooHapyxenus JJHK BI'B u PHK BI'C HykJIeMHOBBIE KMCIOTHI BBIACSIIN U3 T1JIa3Mbl KPO-
BM U ITPOBOAMIIM TECT Ha MPUCYTCTBUE BUPYCOB ¢ momolibio [T P B peanbHOM BpeMeHU ¢ rubpuIr3alinioHHO-(hJIyopec-
LIEHTHOM AeTekiueit. AMIIndukanuio u nocienytouiee cekBeHuposanue BI'B u BI'C npoBoauiu ¢ ucnoib3oBaHreM
BaoxeHHoi TP ¢ mapHBIMU TIepeKphIBAIOIIMMMUCS TTpaiiMepaMu, COBMECTHO (DIaHKUPYIOIIMMU 11eJIeBbIe PETUOHBI.
AHau3 0011ell pacIpOCTPaHEHHOCTH CEpOIOrMYeCKMX MapKepOB TTOKa3al, YTO CPear YCIOBHO 310poBhIX 1l HBsAg
u antutena K BI'C 61 o6Hapyxensl B 12,3% (95% AW: 9,27—-15,99%) v 3,27% (95% JAWN: 1,76—5,53%) cny4aeB cooT-
BeTCcTBeHHO. PacripoctpanenHocts HBsAg y MyxunH (19,1%) 3HaUMTeIbHO TIpEBBINIAaia TAKOBYIO Y XeHIIUH (5,9%),
= 14,688, p = 0,0001, df = 1, paccuntannoe otHomenue mancoB OR = 3,751 (95% JAU: 1,892—7,439). Cpenu ycioBHO
3JI0POBBIX MallMEHTOB ¢ yueToM HBsAg-monoxuteabHbix 1 oTputiatebHbix Mpod JIHK BI'B 6bl1a BeIsiBIeHa y 26,95%
(95% O W: 22,65-31,6%). ®unoreHeTnyecknii aHanus BI'B mokasa, 4to pacnpocTpaHeHHOCTb oaTua B4 cocrasisier
64,49%, Taxkxe 6b111 BhisiBIeHBI oaTHITHI Cl (14,95%), B2 (9,35%), C2 (6,54%), C3 (0,93%) u C5 (3,74%). PHK BI'C 6bl1a
oOHapyXeHa B 7 odpasmax, 4to coctaBuiio 1,76% (95% IAU: 0,71-3,6%). ®utoreHeTHYECKMIA aHAIN3 TTOKAa3aJl, YTO BCe
n3071Thl BI'C oTHOCSTCS K TeHoTHITy 6, moaTuiy 6a (100%).

Karoueswie caoea: BI'B, BI'C, mapkepoi upycHbiX eenamumos, MOACKYAAPHAS INUOEMUOA0US, 2eHOMUNDL, YCA0BHO 300POBble

acumenu, FOxcuoiii Bbemuam.

Introduction

Hepatotropic viruses, which cause chronic liver
diseases, remain one of the most serious public health
concerns in the world. Viral hepatitis is the seventh
leading cause of death worldwide, and approximate-
ly 47 and 48% of these deaths are associated with
the hepatitis B virus (HBV) and hepatitis C virus
(HCYV), respectively. According to preliminary cal-
culations, the cumulative deaths from viral hepatitis
in the period from 2015 to 2030 could be approxi-
mately 20 million [35].

The epidemiology of viral hepatitis is a dynamic
phenomenon subject to change due to socioeconom-
ic development, the development of socio-cultural
practices, community activities carried out within
the framework of national programs, and the de-
velopment of hepatitis virus awareness. Currently,
great strides have been made in the understanding
of viral hepatitis, and ideas about chronic and acute
forms of diseases caused by hepatotropic viruses have
changed. Methods have appeared that help identify
viruses in the early stages or in latent forms of the dis-
ease. Antiviral drugs and effective vaccines have been
developed against some viruses.

HBYV and HCYV are found all over the world, and
their prevalence differs depending on the geographic
region. The worst affected regions with high rates
of chronic HBV and HCV infection are in Africa, es-
pecially Sub-Saharan Africa, Central Asia, and East
Asia. Depending on the country, infections may be
concentrated in certain population groups (for exam-
ple, injecting drug users [IDU]).

HBYV and HCYV belong to parenteral-transmitted
infections, which means that virus is transmitted via
blood and/or other body fluids upon the condition
of skin or mucosal damage. Natural infection routes
include sexual transmission (direct sexual contacts),
vertical (mother-to-child transmission during or
after birth, as well as germinal infection), domestic

contacts (direct and indirect including use of com-
mon hygiene items with an infected person, etc.).
Artificial routes include IDU infection when us-
ing infected materials, via medical procedures with
the use of HBV- or HCV-contaminated tools, blood
and blood product transfusion, etc. [34]. The trans-
mission of HBV can be blocked by vaccination, while
it is not available for HCV. The progression of liver
diseases associated with parenteral viral hepatitis can
be prevented by long-term suppression of viral activ-
ity with effective drugs [16].

Either pathogen can lead to both acute and chron-
ic liver disease, and in either case, during the acute
stage of infection, most people do not experience any
symptoms [1]. According to global statistics, around
15—45% of HCV-infected people can spontane-
ously clear the virus within 6 months after infection,
without any treatment. The other 55—85% of people
develop CHC [15]. CHB is very common in infants
infected from their mothers, or before the age of 5,
when the likelihood of progressing from acute hepa-
titis B (AHB) to chronic hepatitis is more than 90%.
Infection developing at an adult age leads to chronic
hepatitis in less than 5% of cases [37].

The clinical course of infection depends on sev-
eral factors, including the age at the time of infection,
gender, ethnicity, host genetic factors, and immune
status. Viral genotype, subtype, and genomic vari-
ability of the virus are also significant factors [31, 36].
HBYV and HCYV are genetically heterogeneous. HBV
is subdivided into 10 genotypes (A—J) and more than
40 subtypes differing in nucleotide sequence com-
position [25]. HCV is classified into seven geno-
types (1-7); genotypes 1—4 and 6 are subdivided into
a variable number of closely related subtypes (more
than 100 subtypes have now been described) [28].

HBV and HCV determinations (genotype, sub-
type) are crucial for a better understanding of epide-
miological and virological particularities, including
agent characteristics. Further, this provides addition-
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al information for decision making on antiviral ther-
apy strategies. The genotypes and subtypes of viruses
differ significantly concerning the natural course
of infection, pathogenesis, modes of transmission,
disease progression, treatment regimens, responses
to antiviral therapy, and clinical outcome [5, 30].

It should be noted that the methods of HBV and
HCYV detection, as well as the diagnostics of the as-
sociated liver diseases in middle and low-income
countries, differ fundamentally from those that are
used in countries with access to high-cost technolo-
gies requiring special-purpose equipment and skilled
personnel. Most of the related tests are limited to the
detection of hepatitis B surface antigen (HBsAg) and
antibodies to the hepatitis C virus (anti-HCV IgQG),
while molecular and genetic methods providing
a more accurate assessment of virus prevalence are
available only in core laboratories in big cities [22].
Data on the prevalence of HBV and HCV markers
in a population are bounded, as tests are frequently
limited to certain groups of population — risk groups
(HIV-infected people, prisoners, IDU, etc.) and
groups where the prevalence of infection has a sub-
stantial impact on the health of the population (blood
donors, pregnant women).

The primary global health sector strategy on viral
hepatitis places particular focus on hepatitis B and C,
owing to the relative public health burden they rep-
resent [35]. One of the tasks required to follow this
strategy is to estimate the prevalence of HBV and
HCYV among conventionally healthy people.

Vietnam is currently one of the countries with
the highest mortality rates from liver cancer associat-
ed mainly with HBV and HCV infections [9]. Vietnam
is amongst the 20 countries with the highest burden
of HCV in the world. In Vietnam, the prevalence
of HCV infection varies depending on the geographi-
cal location and the target population. The prevalence
of anti-HCV IgG antibodies among the population
is 1.0—4.7%, but is substantially higher among at-risk
groups [18]. The prevalence of chronic HBV infec-
tion, as measured by the hepatitis B surface antigen
(HBsAg) prevalence, is 8—20% in the general popu-
lation and 31—54% in the high-risk urban population
in Vietnam [11]. Predictive and model studies have
predicted approximately 8 million chronic HBV cases
and 58 600 HBV-related liver cancers in Vietnam by
2025, and an estimated annual HBV-related mortality
rate of 20 000 per year by 2025 [20].

The aim of this study was to assess the prevalence
of serological and molecular biological markers of vi-
ral hepatitis B and C among conditionally healthy
residents of South Vietnam.

Materials and methods

The study material was represented by 397 blood
serum samples collected from conditionally healthy
residents of the Southern Vietnam. The examined

persons denied HBV or HCV infection anamnesis.
The local ethics committee approved the study. All
the patients gave written informed consent to partici-
pate in the study.

The ELISA examination for HBV and HCV
markers occurrence involved HBsAg, anti-HBs IgG,
anti-HBcore IgG, and anti-HCV qualitative deter-
mination (test-systems by Vector-Best, Diagnostic
Systems RPC) in compliance with the manufactur-
er’s manuals.

For primary HBV DNA and HCV RNA detec-
tion, nucleic acids were extracted from blood serum
using AmpliPrime Ribo-Prep commercial kit (CRIE,
Moscow). Virus presence test was executed by real-
time polymerase chain reaction (PCR) with hybridiza-
tion fluorescence detection using AmpliSens® HCV/
HBV/HIV-FL commercial kit (CRIE, Moscow).

Further, for HBV DNA detection, a PCR-based
method developed by the St. Petersburg Pasteur
Institute under the Rospotrebnadzor was used which
allows to detect low HBV DNA concentrations
in various clinical materials and use amplified prod-
ucts for sequence analysis, with sensitivity of 5 ME/
ml [4]. Therewith, HBV amplification was performed
involving nested-PCR according to the Taormina
Occult HBV Consensus recommendation [26].
In the first stage, asymmetric PCR with extended
oligonucleotides was performed, and at the second
stage, to increase the sensitivity, PCR was performed
using the amplification product of the first reaction,
wherein one of the nested pairs overlapping prim-
ers jointly flanking the complete HBV genome (S,
P, C, X genes) [3]. The nucleotide sequences of the
18 complete HBV genomes were deposited in the in-
ternational GenBank database under the numbers
MZ671234-MZ671251.

For HCV RNA analysis, the next stage included
areverse transcriptionreaction withthe REVERTA-L
reagent kit for cDNA synthesis from an RNA tem-
plate (CRIE, Moscow), and amplification with spe-
cific primers was used to obtain sequences of viral
region NS5B.

The amplification products were purified and
analyzed for the fragment size and concentration.
Sequencing reactions were performed according to the
instructions for the ABI PRISM BigDye Terminator 3.1
reagent kit. (Applied Biosystems, USA), in triplicate,
on forward and reverse primers. The ABI Prism 3500
genetic analyzer (Applied Biosystems, USA) was used
to identify nucleotide sequences. The primary analy-
sis of the obtained fragment was performed according
to BLAST algorithm (http://www.ncbi.nlm.nih.qov/
BLAST) in comparison with nucleotide sequences
given in GenBank international database. The ob-
tained sequences were aligned in MEGAV.7.0 with use
of ClustalW algorithm [17].

For phylogenetic tree creation and subsequent
phylogenetic analysis, distances between sequences
were considered by neighbour-joining allowing
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Table 1. Distribution of HBV and HCV serological
markers (HBsAg, anti-HBcore IgG, anti-HBs IgG,
anti-HCV) in the examined group

Revealed serological | The surveyed group (n =397),
markers in blood proportion of the total
serum surveyed number
HBsAg+ 49 (12.3%)
HBs IgG+ 153 (38.53%)
HBcore IgG+ 223 (56.17%)
Anti-HCV+ 13 (3.27%)
Seronegative 74 (18.63%)

to optimize the tree in accordance with the balanced
minimum evolution criterion; a bootstrap analysis
for 1000 replicas was performed to assess the created
trees reliability.

Statistical data processing was carried out using
the MS Excel and Prizm 5.0 (GraphPad Software
Inc.) software packages. The “exact” Clopper—Pear-
son interval was used to estimate statistical uncer-
tainty. Results are represented as a median (Me)
indicating 95% confidence interval (95% CI). Fisher
exact test or Yates-corrected Chi-Squared test was
used to evaluate statistical significance of numeric
data obtained during the paired comparison depend-
ing on sample characteristics. Probability value p <
0.05 was taken as a statistical significance threshold.

Results

The age of the examined individuals ranged from
18 to 65 years. Among the conditionally healthy indi-
viduals who applied not for medical reasons, the ratio
of men and women did not differ, amounting to 49.12
and 50.88% (95% CI: 45.85—55.9%), respectively.
The sex and age structure of the surveyed group are
shown in Fig. 1.

The analysis of the overall prevalence of sero-
logical markers showed that among the conditionally
healthy individuals HBsAg and anti-HCV antibodies
were detected in 12.3% (95% CI: 9.27—15.99%) and
3.27% (95% CI: 1.76—5.53%) of individuals, respec-

%
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20
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Figure 1. Age- and sex-related sample distribution

tively. The results of the distribution analysis for HBV
and HCV markers in the examined group are shown
in the Table 1.

When analyzing the occurrence of markers in the
group of conventionally healthy patients, depend-
ing on gender and age, it was shown that among
HBsAg-positive individuals, men prevailed (75.5%)
compared with women (24.5%). Thus, in the group
of conventionally healthy individuals, the prevalence
of HBsAg in men (19.1%) significantly exceeded that
in women (5.9%), * = 14.688 with p = 0.0001, df =1,
calculated odds ratio OR = 3.751 (95% CI: 1.892—
7.439). We did not find any dependence of the anti-
HCYV Ig G distribution on sex and age.

In the examination of 397 clinical blood serum
samples for HBV DNA and HCV RNA presence us-
ing AmpliSens® HCV/HBV/HIV-FL commercial
kit, the HCV was detected in 7 samples, which ac-
counted for 1.76% (95% CI: 0.71-3.6%), and HBV
detected in 42 of HBsAg-positive patients, which ac-
counted for 10.58% (95% Cl1: 7.73—14.03%).

Using a method that detects HBV DNA at low viral
load, HBV was detected in all HBsAg-positive sam-
ples, as well as in 58 HBsAg-negative samples, which
amounted to 14.61% (95% CI: 11.28—18.47%). Thus,
among conditionally healthy patients, taking into ac-
count HBsAg-positive and negative samples, DNA
HBYV was detected in 26.95% (95% CI: 22.65—31.6%).

Research on HBV and HCV genovariant preva-
lence in different regions of the world have been ac-
tively carried out from the moment of the genotypes’
discovery until the present. All genotypes and sero-
types have different geographic distribution, which
is changing very slowly with time reflecting viral
propagation paths related to human migration, as
well as possible different geographical origins of dif-
ferent genotypes, which allows using them as epide-
miological markers [27]. Therewith, in most regions
with rare exceptions, 1—2 prevailing genotypes and
several minor ones are circulating including those
imported from other areas [28]. The tendency ob-
served over the last years to prevalence displacement
of one or another HBV or HCV genotype in various
geographic areas due to international contact de-
velopment, labor migration flows, especially from
the regions with high hepatotropic virus prevalence,
makes clinicians and epidemiologists pay focused at-
tention to the hepatitis B and C epidemiological situ-
ation, not only in their region, but also in neighbor-
ing ones [6].

For further HCV analysis, sequencing of the NS5B
viral regions of 7 samples (100%) from a group of ap-
parently healthy patients was carried out. Phylogenetic
analysis showed that all isolates of the convention-
ally healthy group belong to genotype 6, subtype 6a
(100%). Phylogenetic relationships between the ex-
amined HCYV isolates from conventionally healthy
patients, and reference sequences from the GenBank
international database are shown in Fig. 2.
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Phylogenetic analysis of HBV (n = 107) showed
that the prevalence of HBV genotype B (73.84%)
compared to genotype C (26.16%). With regard to the
deep typing results, subtype B4 prevalence is 64.49%.
Subtypes C1 (14.95%), B2 (9.35%), C2 (6.54%),
C3 (0.93%), and C5 (3.74%) were also identified.
Phylogenetic relationships between the examined
HBYV isolates from conventionally healthy patients,
and reference sequences from the GenBank interna-
tional database are shown in Fig. 3.

Discussion

Out of 397 plasma samples, 13 (3.27%) were with
anti-HCV antibodies and 7 (1.76% of the entire group)
of them were confirmed RNA HCV. Our results do
not contradict other relevant studies. The prevalence
of anti-HCV in Vietnam is estimated to be 6.1%.
However, the prevalence is not uniform throughout
the country and in different groups. Hence, the anti-
HCYV antibody rate in blood donors is: 20.6% in Ho
Chi Minh City in Southern Vietnam; 0.8% in Hanoi
in Northern Vietnam; 9% in individuals without liv-
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Figure 2. Phylogenetic analysis of NS5B regions
HCV nucleotide sequences isolated from
apparently healthy residents of the Socialist
Republic of Vietnam (Southern Vietnam)

in comparison with the reference sequences

retrieved from the international GenBank database
Notes. Reference sequences are designated with GenBank codes
indicating the genotype/subgenotype. Bootstrap values higher than 70%
based on 1000 replications are shown at branching points.
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Figure 3. Phylogenetic analysis of HBV genome
nucleotide sequences isolated from apparently
healthy residents of the Socialist Republic

of Vietnam (Southern Vietnam) in comparison
with the reference sequences retrieved from

the international GenBank database

Notes. Reference sequences are designated with GenBank codes
indicating the genotype/subgenotype. Woolly monkey HVB (AY226578)
was used as an outgroup. Bootstrap values higher than 70% based

on 1000 replications are shown at branching points.
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Figure 4. Distribution of HBV subtypes among HBsAg-positive and negative samples

er disease in Ho Chi Minh City; and 4% in Hanoi;
22.9—89.0% in HIV-infected individuals; and 74.0—
87.0% in IDU [18].

We did not reveal any dependence of the anti-
HCYV IgG distribution on sex or age, although there
is data in the literature on an increase in the preva-
lence of HCV antibodies in people over 50 in the
south of Vietnam [9].

Our findings showed that only subtype HCV 6a
is presented in Southern Vietnamese conditionally
healthy residents, and we did not find any genotype 1.
Our results contradict studies according to which
genotypes 1 and 6 are widespread in the southern re-
gion of Vietnam, but the prevalence of one or the oth-
er genotype differs in different sources. For example,
some report a predominance of genotype 6 among
blood donors and in the general population [8]; oth-
ers report a predominance of genotype 1, in particu-
lar 1b (58%), followed by genotype 6a (17%), among
patients with liver disease [19]. The genotype preva-
lence among conditionally healthy persons has never
been clearly determined. Although Vietnam is among
those countries in which genotype 6 variants were
first detected, it cannot be argued that only geno-
type 6a is common among conventionally healthy in-
dividuals. We assume that the identification only one
of subtype in the surveyed group is associated with
limited sample size. An indirect confirmation of this
is the work of Le Ngoc C. et al. In their study, geno-
type 6 prevailed in patients with chronic HCV mono-
infection (44.4%) compared with patients with HIV
+ HCYV coinfection [18]. It was also shown that more
than half of the Vietnamese patients who lived in Ho
Chi Minh City were infected with genotype 6 vari-
ants, and the reason why these HCV variants are cir-

culating in this limited geographical region remains
unknown [24]. Regarding other countries, subtype
6a circulate in South-East Asia including Thailand,
Myanmar, Laos PDR and in the South-China terri-
tories of Hong-Kong and Macau, as well as in China’s
southernmost provinces of Yunnan and Guangxi [23].

The prevalence values of HBsAg, anti-HBs IgG,
and anti-HBcore IgG in the study groups were 12.34,
38.53, and 56.17%, respectively. Thus, over 78%
(95% CI: 73.69—82.06%) have been exposed to the
virus, which is confirmed by anti-HBcore IgG and
anti-HBs IgG antibody detection. A similar picture
of HBV serological marker occurrence in the popu-
lation is presented in the works of other researchers.
For example, among of 509 adults, comprised of 230
men (45.2%) and 279 women (54.8%), prevalence
of HBsAg, anti-HBs IgG and anti-HBcore IgG were
15.3, 60.3 and 71.7%, respectively [9]. In another
study, when analyzing serological markers in 837
samples from patients aged 16—82 years, preva-
lence of anti-HBcore and HBsAg were 68.2% and
19.0%, respectively [21]. In our study, the prevalence
of HBsAg was higher in males than females.

The PCR technique is widely used for molecu-
lar diagnostics of HBV. Testing performed with
the AmpliSens® HBV-FL commercial kit showed
that the HBV DNA prevalence in the group (10.57%)
is comparable with the HBsAg detection frequency
(12.34%). Nevertheless, both techniques are not suf-
ficiently sensitive, and it is proved by the detection
of HBV DNA in another 58 seronegative patients
(14.61% of total samples) when we used the tech-
nique developed at the Saint Petersburg Pasteur
Institute for detection of HBV DNA at low viral loads
(Table 2). Thus, the prevalence of HBV DNA in the

Table 2. Results of HBV DNA low concentration detection in blood serum samples

HBsAg in blood serum samples

Samples number

HBsAg (+) n=49

HBsAg (-) n =348

(C195%: 22.65-31.5%)

HBVDNA n =397 (100%) [12.34% fromn =397 (C195%: | [87.66% from n=397 (Cl 95%:
9.27-15.99%)] 84.01-90.73%)]
HBV DNA+ 107 (26.95%) 49 (45.79%) 58 (54.21%)

(C195%: 36.12-55.7%)

(C195%: 44.3-63.88%)
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examined group (26.95%) exceeds the previously
published prevalence rates for the virus in the region.
It can be assumed that this is due to the limitation
of the methods used, which do not allow detecting
the HBsAg-negative form of the course of CHB at
a low viral load.

Confidence intervals overlapping in HBV DNA
detection in HBV-positive patients indicates two in-
dependent phases of CHB natural progression — ac-
companied and non-accompanied by virus replica-
tion with active sub-genome RNA translation with
HBYV cccDNA persistence in hepatic cell cores, but
with entire-genome RNA transcription suppression,
which, however, does not evidence virus elimination.

It is known that chronic infection is characterized
by persistent HBsAg presence over at least 6 months
(with concomitant HBeAg presence or absence), and
its level in blood serum constitutes the main marker
for disease development risk assessment and CHB
forecasting, as well as for HBV diagnostics in gener-
al. However, one of CHB’s natural progression forms
is presented by occult hepatitis B infection (OBI),
which is characterized by HBV DNA persistence
in liver tissue and extremely low HBV DNA concen-
tration with undetectable HBsAg level in peripheral
blood [12]. OBI development is conditioned by sup-
pression of sub-genomic HBV RNA endonuclear
transcription from the covalently closed circular
HBYV DNA matrix, based on which viral genome and
viral proteins are synthesized [28]. The suppression
may be caused by a number of factors which are not
yet fully understood, including genetic traits of the
virus itself and/or of its host, or by external interfer-
ence. Hence, in most cases, viral replication and gene
expression may be suppressed to such an extent that
viral load in a patient’s peripheral blood is extremely
low, down to the impossibility of HBV DNA detec-
tion by standard methods, yet virus elimination does
not happen under the replication suppression [26].
Despite the HBsAg absence in peripheral blood, most
patients with OBI are seropositive for one or several
serological markers depending on disease progres-
sion phase: anti-HBs IgG; HBeAg; anti-HBe IgG;
anti-HBcore IgG. However, over 20% of patients are
seronegative for all HBV markers [26].

Despite the considerable public healthcare prob-
lems associated with HBV in Vietnam, it should
be noted that HBV detection methods and HBV-
related liver disease diagnostics in low or medium
income countries significantly differ from those used
in countries which have access to more advanced
technologies. Most studies on this subject in Vietnam
are limited to measurement of HBV surface antigen;
molecular genetic methods permitting more accu-
rate assessment of HBV prevalence and genotyping
the virus are available only in large cities’ central lab-
oratories [2]. Further, there are limited data on HBV
marker prevalence in the population since screening
is performed predominantly in separate population

groups: high-risk groups (HIV-infected persons,
IDU, etc.); and in the groups, where infection preva-
lence significantly influences public health (blood
donors, pregnant women). Occult hepatitis B infec-
tion occurrence varies around the world. However,
it generally correlates with the manifest HBV form’s
occurrence [13]. In our study, the high OBI occur-
rence should be noted, which is peculiar to the re-
gions where HBV is widely occurring. It should be
noted that HBV has the highest prevalence among
low-income population groups, including the rural
population, while our study included mainly persons
with relatively favorable social and economic position
by this region’s standards. We suppose that examina-
tion in poorer populations of this geographic region
would indicate considerably higher rates of HBV mo-
lecular marker prevalence.

Our results of HBV genotyping indicate that HBV
genotype B dominates in Southern Vietnam, followed
by genotype C. This is consistent with earlier data
published in Vietnam. However, while it is known
that OBI genotypes and sub-types correlate with HBV
genotype distribution in a particular region [13], lit-
erature data on occult HBV epidemiologic situations
in Vietnam are very few. With regard to the above, we
deemed it necessary to analyze HBV genotype distri-
bution within the obtained sample collection in two
groups: in the HBsAg-positive (n = 49); and HBsAg-
negative (n = 58). When comparing the distribution
of genotypes in both groups, they do not differ from
the distribution in the total group, but have significant
differences from each other ()% = 12.39, p = 0.0298,
df = 5). The identified HBV genotypes and sub-
types are, in general, peculiar to Vietnam. However,
the shown proportion considerably differs from to-
tal data. For example, among patients with chronic
hepatitis undergoing treatment, genotype B (71.43%)
prevailed compared to C (27.55%); one isolate was
recombinant (between B and C). Among the isolates
of genotype B, 92.86% were subgenotype B4, with
7.14% — B2. The others: 92.6% of subgenotype C be-
longs to Cl1; 3.7% — subgenotype C2; and the remain-
ing 3.7% — C3 [32]. Our results of HBV genotyping
indicate that HBV genotype B occurrence frequency
among HBsAg-positive individuals (85.72%) is much
closer to the data of other researchers (71.43% among
patients with CHB or 75.3% among randomly sampled
individuals) [9, 32], than the corresponding frequency
among OBI patients (63.79%). Interestingly, a lower
representation of genotype B (67.8%) and high geno-
type C (27.9%), which is similar to our results for OBI
patients, was shown among CHB patients in Northern
Vietnam [33]. Our study identified that subtype B4 oc-
currence frequency was significantly lower (51.72%),
and that of subtypes C1 (20.69%) and B2 (12.07%)
among OBI was higher than the occurrence of those
among HBsAg-positive individuals: 79.6, 8.16, and
6.12%, respectively. The distribution of HBV geno-
types/subtypes in groups is shown in Fig. 4.
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While it was shown that in Vietnam, genotype C
has a higher load than genotype B and is associated
with more severe liver diseases [33], while among
the HBsAg-negative samples we examined, geno-
type C isolates are presented with a significantly lower
viral load. It can be assumed that the diagnostic meth-
ods commonly used in the region do not allow identi-
fying these cases. Due to this, in the cases described
in the literature, the prevalence of HBV genotype C
is somewhat lower than was found in our study. In ad-
dition, in our study, a significant number of C5 sub-
type samples (3.74%) were identified among HBsAg-
negative samples. Previously, cases of HBV C5 de-
tection were reported, but in single quantities, when
reported that HBV subtype B4 (82.6%) predominated
in at-risk groups, and other genotypes detected includ-
ed B2 (2.7%), C1 (14.6%) and C5 (0.5%) [10].

Nevertheless, when evaluating the HBV diver-
sity pattern in the entire examined group material,
a close genetic relationship of manifest CHB and
OBI isolates became apparent, which also indicates
OBI prevalence in the region. It should be noted that
all HBV subtypes presented in the surveyed group
are also common in neighboring countries. However,
in Cambodia, genotype C (80.49%) was abundantly
found throughout the whole of Cambodia, while
genotype B (19.51%) was exclusively found in regions
bordering Vietnam [14]. In Thailand, the majority
of OBI samples were HBV genotype C (81.3%), with
6.3% of samples being genotype B, although geno-
type I was also detected [8]. In Laos, multiple geno-
types and subtypes cocirculate and many recombi-
nant viral forms are present, including subtypes Bl,
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3ABUCUMOCTb PEHOTUIMUYECKOIO COCTABA
T-IMMOOLIUTOB Y BOJIbHbIX XPOHUYECKUM
BUPYCHbIM TrENATUTOM C OT TrEHOTUINA
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NPAMOro NPOTUBOBUPYCHOIO JENCTBUA)
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ML.A. Yepenuun!, A.A. Auucumona', A.T. Bopucos'

'@I'BHY OUII Kpacnosapckuii nayunsiii yenmp Cubupckoeo omoenenus Poccuiickoii akademuu nayk, 060cobaennoe
noopaszodenenue HUH meouyuncxkux npoorem Cesepa, e. Kpacrospcek, Poccus

2@OIBHY Huemumym sxcnepumenmanvroii meouuunst, Canxm-Ilemepbype, Poccus
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Pesiome. Llenbio uccnenoBanus 0pu10 u3yyeHue dheHoTuna 3GpdekTopHbIX T-TuMMOLUTOB y OOJBHBIX XPOHUYECKUM
BupycHbIM rermatutoM C (XBI'C) mo u mociie jeueHus nmpenapaTaMu mpsMoro NpoTUBOBUPYCHOTO IEHCTBUS B 3aBUCU-
MOCTHU OT reHoTuna Bupyca. OocaenoBaHo 50 60onbHbIX X BI'C 6€3 mpu3HakoB LiMppo3a rneyeHu. Jluarnos ycraHaBJIMBa-
JIM HA OCHOBAHU U 3MUIEMHUOJOTMYECKUX U KIMHUKO-Ta00PaTOPHBIX TAHHBIX TPU 0OHAPYKEHU U CTIeM(UUYECKUX Ce-
ponornyeckux mapkepoB XBI'C u PHK Bupyca rematuta C (BI'C) B cooTBeTcTBUU ¢ peKoMeHaauusiMu EBpornerickoit
accounanyu o uzyuenuio nedenu (EASL, 2016). Comepxanue PHK BI'C onpeneisiiz METOIOM KOJIMYECTBEHHOM I10-
JIMMEPa3HOI LIeMHOI peak1iuK B peaibHOM BpeMeHU. CterneHb (prbposa neueHu y 60abHbIX XBI'C onieHMBaMM ¢ momMo-
1IbIO YJBTPa3BYKOBOI 2acTorpaduu. JleueHre 00JIbHBIX OCYIIECTBIISIN B TeUeHUE 3 MECSLIEB MpernapaTaMu MPsSIMOTro
MPOTUBOBUPYCHOTO IeiicTBUS cortacHo pekoMeHmanussM EASL 2016 . B KOHTpoIbHY 0 TpYIITY BOILIN 46 IpaKTHYeC-
KU 3[I0POBBIX JIUII, § KOTOPBIX BO BpeM sl MPOGUIAKTUUECKOTO OCMOTPA ObLIY UCKITIOUEHBI BBIPAKEHHbIE XPOHUYECKUE
3a00JIeBaHU S PA3JIUYHBIX OPTAHOB U CUCTEM, OTCYTCTBOBAJIM XKaJIOObI Ha COCTOSIHUE 30POBbS U OMPEACISIIUCH COOT-
BETCTBOBABIIKE HOPME MMOKA3aTeNN KIMHUYECKOTO U OMOXMMUYECKOTO aHAJIN30B KPOBU MPU OTCYTCTBUM MapKepoB
K BUpycHbIM TenaTutaM B u C, anTuTes K onuctopxucam; hakT 3J10ynoTpedeHUS aJJKOroJieM B aHAMHE3€ OTPULIAJICS.
Uccnenoanue cyonomyasiliuOHHOTO COCTaBa XeJNMEPHBIX U HUTOTOKCUUYECKUX T-TUMGBOIIMTOB OCYIIECTBISIA METO-
JIOM TIPSIMOIT UMMYHODITIyopeCIleHIINY 1IeIbHOM Tiepudepuyeckoil kposu. Hamu nonydyen 100% ycToitumBbIil BUpPY-
coylornyeckuit orBet y 60JbHbIX ¢ 1, 2 U 3 reHotunamu XBI'C 6e3 mpu3HaKoB LMPpPO3a MEYeHU MPU MPUMEHEHU U
tepanuu Codocoysupom (400 mr) u JJakaatacsupom (60 Mr) B TeueHue 12 Heesib. YCTaHOBJIEHO, YTO Y 00sbHBIX XBI'C
B 3aBUCUMOCTH OT reHoTuna BI'C Obl1M 0OHapyXeHbI XapaKTepHble 0COOEHHOCTH B PEHOTUITMYECKOM cOCTaBe (-
(bexTopHbIX T-TMMGbOLUUTOB 10 U MOCJE JIeUeHUS MpernapaTaMu MpsSMOoro MpoTUBOBUPYCHOTO AeicTBUS. [Ipy reHOTH-
nax 1 u 3 BI'Cy 60ibHBIX TOBBIIATIOCH COAEPXAaHUE TepMUHATBbHO-TU( DepeHmpoBaHHbIX 3 dekTopHbIXx (TEMRA)
T-xennepoB u acpdbexTopHoit mamsatu (EM). Tonbko y manneHToB ¢ reHoTUunoMm 2 BI'C B KpoBU MOHUXKAJICS YPOBEHD
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T-xennepoB EM. HezaBucumo ot reHotuna BI'C cHUXa10Ch OTHOCUTEIbHOE KOJIUUYECTBO T-XeaMepoB LeHTpabHOM
namsatu (CM). YpoBeHb a3pbeKTopHbIX cyononyasiuuii uutotokcuyeckux T-mumbonutoB y 6onbHbIX XBI'C cooTBeT-
CTBOBAJI KOHTPOJbHBIM YPOBHSIM UJIX MTPEBBIIIAT UX B 3aBUCUMOCTH 0T reHoTuna BI'C. ¥V 6oabHbIX ¢ reHoTUIOM | BI'C
YPOBEHb BCEX UCCIEAYEMBIX CyOnonyasiuuii 9 OEeKTOPHBIX HUTOTOKCUYECKUX T-TUM@OLIMTOB ObLT paBEH KOHTPOJIb-
HBIM 3HaYeHUsIM. Y ManueHToB ¢ reHoTumnoM 2 BI'C B nepudepryeckoil KpoBU MOBBIIIAIOCH KOJUYECTBO HAUBHBIX
nuTotokcnueckux T-knetok u CM. YV 601bHBIX ¢ TeHOTUIIOM 3 BI'C B KpoBHU ObIJI0 YBEIMYEHO COMEpKaHUE HAUBHBIX
nutotokcnueckux T-nmumbonuto, CM n TEMRA. Haubonbias BupycHas Harpyska Oblja BbISIBJEHA y OOJIbHBIX
XBI'C crenoruniom 1 BI'C. ®u6po3 nedeHu 0611 Hanbosee BeipaxeH y 001bHbIX XBI'C ¢ renotumnamu 2 u 3 BI'C. Yepes
3 Mecsila JieueHUs IpernapaTaMu IPsIMOTO MPOTUBOBUPYCHOTO NeHCTBUS y 601bHBIX XBI'C He3aBuCUMMO OT reHoTHIA
BI'C coxpansioch cHuxxeHHoe coaepxxaHue T-xennepoB CM. JIOMOTHUTENIBHO K 9TOMY Y MALIMEHTOB C FTeHOTUMaMH |
u 3 BI'C BbISIB/ISLIOCH MOHMXKEHME KOJIMYECTBAa HAMBHBIX T-XeImepoB, ay 00bHbIX ¢ reHoTunamu 2 u 3 BI'C Hopmanu-
30BbIBAJIOCH COIEP)KaHME HAMBHBIX LIUTOTOKCUYECKUX T-TMMGbOIUTOB.

Karouesnie caoea: xponuueckuii supycnutii ecenamum C, gupyc eenamuma C, eenomun, T-aumpoyumet, penomun, revetue.

A RELATION BETWEEN T CELL PHENOTYPIC PROFILE AND VIRUS GENOTYPE IN PATIENTS WITH
CHRONIC VIRAL HEPATITIS (BEFORE AND AFTER TREATMENT WITH DIRECT ANTIVIRAL AGENTS)
Savchenko A.A.?, Tsukanov V.V.?, Kudryavtsev 1.V.>¢, Tonkih J.L.?, Belenjuk V.D.?, Cherepnin M.A.?,

Anisimova A.A.?, Borisov A.G.?

@ Krasnoyarsk Research Center of the Siberian Branch of the Russian Academy of Sciences, Research Institute of Medical Problems
of the North, Krasnoyarsk, Russian Federation

¢ Institute of Experimental Medicine, St. Petersburg, Russian Federation
¢ Pavlov First Saint Petersburg State Medical University, St. Petersburg, Russian Federation

Abstract. The aim of the study was to investigate the phenotype of effector T lymphocytes in patients with chronic viral hepa-
titis C (CVHC) before and after of treatment with direct antiviral drugs depending on the genotype of the virus. 50 patients
with CVHC without signs of liver cirrhosis were examined. The diagnosis was made on the basis of epidemiological and clini-
cal laboratory data as recommended by the European Association for the Study of the Liver when specific serological markers
of CHCV and RNA of hepatitis C virus (HCV) were detected (EASL, 2016). The determination of HCV RNA was carried out
by the method of quantitative polymerase chain reaction in real time. The degree of liver fibrosis in patients with CVHC was
assessed using ultrasound elastography. Patients were treated for 3 months with direct antiviral drugs according to the recom-
mendations of the European Association for the Study of the Liver (2016). The control group included 46 practically healthy
individuals with severe chronic diseases of various organs and systems excluded during a routine examination, no health com-
plaints, having normal clinical and biochemical blood tests in the absence of markers for viral hepatitis B and C, antibodies
to opisthorchis and denying history of alcohol abuse. The study of the subpopulation composition of helper and cytotoxic
T lymphocytes was carried out by direct immunofluorescence of whole peripheral blood. We obtained a 100% sustained viro-
logical response in patients with 1, 2 and genotypes of CHCV without signs of liver cirrhosis when using therapy with Sofos-
buvir (400 mg) and Daclatasvir (60 mg) for 12 weeks. It was found that in CVHC patients were found characteristic features
in the phenotypic composition of effector T lymphocytes before and after treatment with direct antiviral drugs in depending
on the genotype of HCV. Patients with HCV genotypes 1 and 3 had an increase in the content of terminal differentiated ef-
fector (TEMRA) T helpers and effector memory (EM). Only patients with HCV genotype 2 had a decrease in the level of EM
T-helper cells in the blood. A decrease in the relative number of T helpers of central memory (CM) was independent of the
HCYV genotype. The level of effector subpopulations of cytotoxic T lymphocytes in patients with CVHC was consistent with or
exceeded control levels in depending on the genotype of HCV. The level of all investigated subpopulations of effector cytotoxic
T lymphocytes in patients with HCV genotype 1 was equal to the control values. The number of naive cytotoxic T cells and
CM in peripheral blood in patients with HCV genotype 2 was increased. The content of naive cytotoxic T lymphocytes, CM
and TEMRA in patients with genotype 3 HCV in the blood was increased. The highest viral load was detected in patients with
CVHC with genotype 1 HCV. Liver fibrosis was most pronounced in patients with CVHC infection with HCV genotypes 2
and 3. After 3 months of treatment with direct antiviral drugs the patients with CVHC had a reduced content of CM T help-
ers regardless of the HCV genotype. In addition, patients with HCV genotypes 1 and 3 had a decrease in the number of naive
T helpers and patients with HCV genotypes 2 and 3 had a normalization of the content of naive cytotoxic T lymphocytes.

Key words: chronic viral hepatitis C, hepatitis C virus, genotype, T lymphocytes, phenotype, treatment.

BeepgeHue B MuUpe cocTaBisier Oosee 185 MuiH uenosek [8,
25, 26]. Xponnueckast mHpekuuss BI'C yacTo co-

OnHO# 13 OCHOBHBIX MIPUYMH XPOHUYECKHX 3a-  [POBOXAAETCS Pa3BUTUEM LMPPO3a INEYEHU, re-
OoJsileBaHMI TIEYCHU SIBJISICTCS MHMEKIIMSI, BbI3BaH-  MATOLEJUIIOJISIPHOTO paka, MeYeHOYHOW HenocTa-

Has Bupycom remaruta C (BI'C). K Hacrosiiiemy ~ TOYHOCTU U, KaK CJIEACTBUE, TECHO CBI3aHA C He-
BpeMeHM uuciio mHuuupoBaHHbIx BI'C mrogeit  OJIaronmpusTHBIM UCXOAOM 3a0ojieBaHus [12, 28,
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T-TMMbOLMTBI NPY BUPYCHOM renatute C

33]. KauecTBO oKazaHUSI MEAULIMHCKOW ITOMOILIU
OOJILHBIM XPOHUYECKUM BHUPYCHBIM TermatutomM C
(XBI'C) 3HauuTeNbHO YJYYIIMJIOCH Ojarogapsi co-
BPEMEHHBIM MeETOIaM [IUAarHOCTUKM, JICUCHUS
n npodunaktuku. [locraBiaeHa 3agaya mo ycrpa-
HeHuto BI'C ¢ moMolbio liejieHanpaBeHHbIX Tepa-
MEeBTUYECKUX cTpaTeruii B reueHnun 15—20 net, XoTs
MPOTHO3UPYETCS, YTO BTOPUIHAST CMEPTHOCTD, CBSI-
3aHHasg ¢ BI'C-undekueii, eiie OyaeT pacTh B Te-
yeHue caenytomux 20 et [2, 9, 26]. B cBsi3u ¢ aTM
THOSIBJISICTCS HEOOXOMMMOCTh M3YUYCHUS MEXaHU3-
MOB pa3BuTusi uHpekuuu BI'C nnsg paszpaboTku
CcTpaTeruu MmpeaoTBpallleHN s KaK caMoro 3a0oJjieBa-
HUS, TAK U €r0 OCJIOXHEHU

M3BecTHO, UTO pa3BUTHE M UCXOI MH(MEKIIMOHHO-
ro mpoiiecca, BeizBaHHoro BI'C, 3aBUCUT OT coCTOSI-
HUSI UMMYHHOI cuctembl [1, 3, 28, 31]. BeposiTHo,
MMEHHO UMMYHUTET KOHKPETHOTO YeI0BeKa OIIpe-
JIeJISIeT UCXO XPOHUYECKON MHMDEKIIMU — OT MUHU-
MaJIBHBIX TUCTOJIOTMUYECKUX U3MEHEHUI 10 OO -
Horo ¢puobpo3a U UMPpo3a, C rernaToue/IIONSIPHON
KaplLuHOMOM uiu 6e3 Hee. PaHee ObLIM MOKa3aHBbI
OCOOCHHOCTM MMMYHHBIX U3MEHEHUN IIPU BUPYC-
HBIX TeNaTUTaxX W JAPYTUX BUPYCHBIX WH(MEKIUIX
C BBIIEJICHHMEM TUIIOB UMMYHHOTO pearupoBaHUS,
KOTOpbIE peaJiu3yI0TCs B IIMPOKOM Auara3oHe —
OT OTCYTCTBUS KaKOU-TUOO peaKIUU OO0 BBIpasKeH-
HBIX U3BMEHEHU I B UMMYHHOMU CHCTeMe, CBSI3aHHBIX
C pa3sBUTHEM UMMYHOIE(MUIINTHBIX COCTOSTHUI I
TUTIeppPEeaKTUBHBIX [1].

KoroueByio poiib B MexaHM3MaXxX ITPOTUBOBUPYC-
HOro UMMyHHUTeTa (B ToM uucie, u npu BI'C) urpa-
10T T-numdouutsl. B uccnenoBanuu Luxenburger H.
u coaBT. (2018) moka3aHoO, YTO 0COOCHHOCTHU pa3BU-
Tus T-KjaeTouyHoro oTBeTa y 6oabHbIX XBI'C TecHO
CBSI3aHBI C KJIWHWYECKUM TeUCHHEM WH(MEKIIN-
oHHoTrOo mpouecca [23]. Tlpuyem oTpulIaTeNbHBIN
BUPYCHBIN KJIHMPEHC ONPENesiJiCSI BBIpasKeHHBIM
OTBETOM CO CTOPOHBI T-XeJImepoB U IIUTOTOKCHUYC-
ckux T-numdouuton. OGHAPYXKEHO, YTO Y OOJTbHBIX
XBI'C mon aeiictBeM MH(MEKIIMOHHOTO Mpoliecca
pa3BUBAETCs peMoeIupoBaHe DEHOTUTTMUECKOIO
coctaBa T-TMMbOIMTOB, KOTOPOE, TIPEXJIE BCETO,
peanu3yeTrcss B CHUKCHUM KOJIMYECTBA HaUBHBIX
T-knerok [34]. Ilpu »TOoM mnpeamnonaraeTcsi, 4TO
OTHOCUTEJIbHOE <«CTapeHue» T-TUM@MOIIUTOB IIpU
XBI'C onpenensercst kak GopMUpPOBaHUEM CIIELI-
dpuueckux 3PGEeKTOPHBIX KJIETOK, TAK 1 MOBBILICH-
HOI YYBCTBUTEJIbHOCTHIO HaMBHBIX T-KJIETOK K aro-
MTO3Y 3a CUET ITOBBIIIICHHOI 3KCITPECCUU peleITopa
PDI1 [30, 34].

B psime nccienoBaHMif oTMeUaeTCsI, 9TO TepaTTnst
BI'C mpenapatramMmu NOpsIMOTO IIPOTUBOBUPYCHOTO
JIEMCTBYUS TPaKTUIECKHU BCErIa MPUBOANT K ITOJTHOM
SIMMUHAIIMKM BUPYCA W BBI3IOPOBIICHUIO TAIIVCH-
TOB [2, 12]. IIpyueM 3 HEeKTUBHOCTD JIEUEHU ST TI0-
BbIIlIaeTCS MpU omnpeneieHun reHoturia BI'C [16,
17]. OnHako BIMSHHWE caMOM Tepariuv Ha UMMYH-
HbIE peakl1u, B TOM 4yncie ¢ yueToMm reHotuna BI'C,
OCTaeTcsl HeMcciaenoBaHHBIM. [loce mpoBeaeHHOM
Tepaltii WHTEHCUBHOCTHh BOCIAJIMTEIILHOTO IIPO-

necca u Gubpos3a NeyeH CHUXKAETCs, HO He yCcTpa-
HSIETCSI, OCTAIOTCS HAapyILIEHUS CO CTOPOHBI CITeIIH-
¢duyeckoro T-knetouHoro orseTta [13, 22]. Bce aTo
onpeaeiseT ToT paxT, uto JeueHue BI'C He mpuBo-
IUT K hopMUpOBaHUIO 3(HEKTUBHOTO 3aIlIUTHOTO
MUMMYHUTETA, CJICACTBUEM YET0 MOTYT OBITh ITIOBTOP -
Hble MH(MEKIINU. B CBs3U ¢ 3TUM TTOSBIISIETCS HE00-
XOMMMOCTh M3YYeHHUs MoKazaTeyaeil T-KJIeTOYHOro
uMMmyHuTeTay 0oabHbIX XBI'C no 1 nocnie neyeHus.

Takum oOpa3oM, LIEJIbIO UCCIIeIOBAaHU ST OBIIIO 13-
yueHue (enorumna sdpdektopHbix T-mumdonuton
y 6oabHbIX XBI'C 1o 1 nmoce neyeHus1 npenapara-
MH TIPSIMOTO IIPOTUBOBUPYCHOTO IEHCTBUS B 3aBU-
CUMOCTHU OT F'eHOTUIIa BUpyca.

Matepuanbl 1 MeTOObI

ITon HabnaromeHWEM B KIMHUYECKOM TacTpO-
aHTepoJiornyeckoM otaeaeHun HHWUUM meauumH-
ckux mpobiaem Cepepa (1. KpacHosspck) Haxomu-
nuck 50 6onbHbix XBI'C B Bo3pacre 43,4%8,6 ner
(28 MyX4uMH U 22 KeHIIIUHBI). JInarHo3 ycTaHaBIN-
BaJIM HA OCHOBAaHUU 3ITUJJIEMUOJIOTUYECKUX U K-
HHUKO-JIa0OPAaTOPHBIX JAaHHBIX IIpU OOHApPYy>KEHUU
crienuduueckux cepoaornyeckux MmapkepoB XBI'C
u PHK BI'C no pekomenauusim EBponeiickoii ac-
couuanuu no uszydenuto neyeHu (EASL) [18, 19].
Dubpo3 rnevyeHu u3ydasicsi METOIOM CIBUTOBOIHO-
BOI TPAaH3UTOPHON 3JIACTOMETPUU C TIPUMEHEHUEM
YABTPa3BYKOBBIX cucTeM Aixplorer (DpaHLIMsI) MU
Siemens Acuson S2000 (I'epmanwust). Ouienka pudpo-
3a nipoBoauaach o mkajae METAVIR. Beigensinocs
4 cTenieHu (prOPO3a B 3aBUCUMOCTHU OT BEISIBJISIEMBIX
nokasatesei anacTudyHocTu neyeHu: FO — ¢puodpos
orcyTtcTByeT (< 5,8 kIla); F1 — mopranpHBIi 1 TIe-
punoprtajibHblit hubpo3 6e3 cent (5,9—7,2 klla);
F2 — mopranpHBII M HEepUNOPTAIbHBIN (UOPO3
¢ enMHUYHbIMU cenTamu (7,3—9,5 kIla); F3 — nmop-
TaJIbHBIA W TIEPUTIOPTAIbHBIN (UOPO3 CO MHOXKE-
CTBEHHBIMW MOCTOBUIHBIMU TTOPTO-TIOPTATBHBIMUA
U IIOPTO-LIEHTpaJIbHbIMU cenTamu (9,6—12,5 kIla);
F4 — uuppos (> 12,6 kI1a).

Jleuenune 60abpHBIX XBI'C ocyliecTBsIIM HA OC-
HoBaHuM pekoMmeHaanuii EASL 2016 r. [18]. Bce 50
NalMeHTOB C ITPOBOAMMOI Teparueil OblIu «HauB-
HBIMW» (paHee He JISYMJIMCh MPOTUBOBUPYCHBIMU
npenapataMu) U He UMEJIM LMPpo3a neyeHu (cTa-
nusg FO—F3 mo METAVIR). 19 6onbHbix ¢ XBI'C
umenu 1 renorun Bupyca C (y 11 O0JBHBIX omnpe-
nensuica ¢puopos nmeueHu FO—F1 mo METAVIR,
y 4 nun — ¢puodpo3 F2nmo METAVIR, y 4 601bHBIX —
¢uodpo3 F3 mo METAVIR), y 15 mauueHToB nua-
rHoctupoBascsg 2 reHotun supyca C (y 6 nui ObII
obHapyxeH puopo3s nmeueHn FO—F1 mo METAVIR,
y 3 mauueHTOB — ubpo3 F2 mo METAVIR ny 6
6obHBIX — (ubpo3 F3 mo METAVIR), 3 reHOTHUII
Bupyca C OblI BhIsIBJIeH y 16 4yenoBek (y 8 marm-
€HTOB peructpupoBanu ¢pnuodpo3 neueHu FO—F1
no METAVIR, y 3 aun — ¢dpubpo3 F2 no METAVIR,
y 5 6onmbHBIX — (ubpo3 F3 mo METAVIR). Bce
50 4yesoBeK Mojy4yanau mpernapaTbl NPSIMOro Mpo-
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C pasHbiMu reHoTunamm Brc

Figure 1. Viral load in patients with CVHC related
to various HCV genotypes

TuBoBUpycHoro aeiictBus CogocoyBup (400 mr)
n HaxmaracBup (60 mMr) 1 pa3 B CyTKM B TeUeHUE
12 Henens. KnuHaMYeckuit u 1abopaTOpHBI KOHT-
poib ¢ ompeaenaeHueM koaudectBa PHK Bupyca
renatuta C METOOOM IMOJIMMEPA3HON IIEITHOU pe-
akuuu (ITHP) ocyliecTBasiam 10 Havyaja JedyeHus
XBI'C, uepes 4 Henenu Tepanuu, B MOMEHT OKOHYa-
HU S JIedeHUs 1 yepe3 24 Heaesid Mocjae OKOHUYaHU ST
Tepanuu. [IpuBepxkeHHOCTb MpHUeMa MpernapaToB
OlleHHMBaJIaCh C UCMOJIb30BaHUEM TecTa MOpUCKU—
I'puna (Morisky—Green Test) [15].

B KOHTpOJIbHYIO FPYIINY BOLLIN 46 MpaKTUYECKH
300POBBIX JIHI, Y KOTOPEIX BO BpeMsI ITpOPUIaKTU-
YEeCKOT0 OCMOTpa ObLIM MCKJIIOUEHBI BbIPAaXKEHHBIC
XpOHUYECKHEe 3a0o0JieBaHUS Pa3JMUYHBIX OPraHoB
U CUCTEM, OTCYTCTBOBAJM >KaJJOObI Ha COCTOSIHUE

300POBbSI M ONPEISISINCh COOTBETCTBOBABIIIME
HOpMe MoKa3aTeau KJIMHUYECKOro U OMoXumMuyec-
KOro aHaJIM30B KPOBM IIPU OTCYTCTBUU MapKEpPOB
K BUPYCHBIM TrermatutaM B u C, aHTUTEI K OMUCTOP-
xucam; (pakT 3710ynoTpeOIeHU I aJIKOT0oJIeM B aHaAM-
He3e OTpUIIaCs.

Omnpenenenue coaepxanus PHK BI'C ocy-
LIECTBJISIIM MeTojaoM KosnuectBeHHOI TILIP B pe-
anpHOM BpemeHM Ha ripubope Biorad CFX96 Real
Time System (BioRad Laboratories, CIIIA) ¢ mo-
MOIIIbIO TecT-crucTeMbl Abbott RealTime HCV test®
(Abbott, CIIIA). I'enotun BI'C onpenensinu ¢ mo-
moiipio Habopa VERSANT® HCV Amplification
2.0 (LiPA) (Siemens, I'epmanus). Crenensb pudbpo-
3a nedyeHu y 6oabHbIX XBI'C oneHuBaaiu ¢ momo-
1IbIO YJIBTPa3BYKOBOI 3jacTorpaduu Ha arrapare
FibroScan 502 (Echosens, ®@paHuusi).

WUccnenoBanue cCyOIoONyasiHMOHHOIO COCTaBa
XCJMEPHBIX U IIUTOTOKCHUYCCKUX T-TMMQOIUTOB
OCYIIECTBJISIJIM METOAOM MPSIMOl MMMYHOMITYO-
peCUeHLIUU LeJIbHOW mnepudeprudeckoii KpoBU
C MCHOJb30BAaHUEM MOHOKJOHAJBHBIX aHTUTE]
(Beckman Coulter, CIIIA), meuenubix FITC (fluo-
rescein isothiocyanate), ECD (phycoerythrin-Texas
Red-X), APC (allophycocyanin), AA700 (alexa fluor
700) u AA750 (alexa fluor 750) B ciemyrolleil na-
Hean: CD45RO-FITC/CD62L-ECD/CD4-APC/
CD3-AA700/CD45-AA750. PacripeneneHue aHTH-
TeJI 10 KaHaJlaM (pIyopecleHIIMY IIPOBOAUIIN B CO-
OTBETCTBME C MPUHONIAMU (POPMHUPOBAHUS TTaHE-
JIelt JJ1S1 MHOTOLIBETHBIX TUTOMIYOPUMETPUUECKUX
uccienoBanuii [7]. [IpoOGOMOATOTOBKY BBIOIHSIIN
o CTaHmapTHOW MeTomuke [29]. AHanm3 okKpa-
IMIEHHBIX KJIETOK ITPOBOAMIN Ha IIPOTOYHOM IIUTO-
dayopumerpe Navios (Beckman Coulter, CIIA)

Ta6auua 1. PeHoTunuyeckuii coctae CD4* T-numdountoB y 60nbHbix XBIC A0 neyeHns B 3aBUCMMOCTH

ot reHotuna BI'C (Me [Q;-Q;])

Table 1. Phenotypic profile of CD4* T lymphocytes in patients with CVHC before treatment related to HCV genotype

(Me [Q,-Q;])
BonbHble XBI'C/Patients with CVHC
KoHTponb
Mokasarenu Control FeHotun 1 FeHoTun 2 FeHotTun 3
Parameters n=46 Genotype 1 Genotype 2 Genotype 3
n=18 n=15 n=17
0,83(0,56-1,16) 0,94 (0,84-1,15) 0,73 (0,62-0,84) 0,95 (0,80-1,31)
D3*CD4*, 10°/L
CD3*CD4*, 10°/ p,=0,013 p;=0,013
CD3'CD4'CD45R0-CD62L", % 14,6 (12,4-18,5) 12,0 (8,6-15,6) 14,8 (10,9-19,5) 14,0 (8,4-15,7)
19,2 (16,7-23,0) 12,4 (11,5-17,4) 12,5(7,9-15,4) 14,3 (12,1-15,1)
CD3*CD4'CD45R0O*CD62L", %
? p, < 0,001 p, < 0,001 p, < 0,001
10,6 (9,0-13,1) 15,6 (13,1-19,8) 7,8 (6,6-9,0) 12,4 (10,6-16,4)
CD3*CD4'CD45R0"CD62L-, % <0.001 p,=0,010 p, = 0,037
<o p,< 0,001 ps< 0,001
0,29 (0,12-0,95) 2,33(0,84-4,77) 0,70 (0,29-1,38) 1,47 (0,60-2,17)
CD3*CD4'CD45R0-CD62L-, % _ p, < 0,001
p; < 0,001 p, = 0,021 D, = 0,044

Mpumeyanme. p, — CTAaTUCTNHECKM 3HAYMMBIE PA3NINYNS C MOKA3ATENAMU KOHTPOJBHO rpynnbl; P, — CTATUCTUYECKM 3HAYMMBIE PA3NNyus
c nokasatensmv 60nbHbIx ¢ reHoTunom 1 BI'C; p; — cTatncTuyeckvt 3HaqmMmMble pasnnyus ¢ nokasarensimm 60bHbIX ¢ reHoTunom 2 BI'C.

Note. p1 — statistically significant differences versus controls; p, — statistically significant differences versus patients with genotype 1 HCV;
p, — statistically significant differences versus patients with genotype 2 HCV.
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T-TMMbOLMTBI NPY BUPYCHOM renatute C

LenTtpa xomyektuBHoro noJjibzoBanuss KHII CO
PAH. OO0paboTKy TMOJy4YeHHBIX LUTOMIyOpUME-
TPUUYECKUX DPE3YJbTATOB OCYILIECTBISIJIU C TOMO-
mpio mporpamMm Navios Software v. 1.2 n Kaluza
v. 2.1.1 (Beckman Coulter, CIIIA). T-xenniepsr (Th)
n uuTotokcndyeckne T-kiaetkm (Tcyt) B 3aBUCHMO-
ctu oT ypoBHel skcrnipeccun CD45RO u CD62L
pasnmessiii  Ha YeThbIpe OCHOBHBIE CYyOTOITyJsi-
LIUU: «<HAaUBHBbIe» KJIeTKU ¢ ¢deHoTunom CD45RO~
CD62L", kietku neHTpaibHoit (CM) u addekTop-
noit (EM) mamatu (penorunsr CD45RO*CD62L"
n CD45RO"CD62L~ cOOTBETCTBEHHO), a TaKxXKe
«TepMUHaNbHO-TUPGEPpEeHIIUPOBAaHHBIE» 3P deK-
topuble KieTku (TEMRA, CD45RO-CD62L0).
B kaxpnoii npobe ananuzuposBaiu He meHee 50 000
JTUM@POLIMTOB.

Bce uccnenoBaHus BBIIOJTHEHBI ¢ MHOOPMUPO-
BaHHOIO COIJIaCUsl UCIIBITYEMbIX U B COOTBETCTBUU
¢ XeJIbCMHKCKO neKapanueit BcemupHoii acconu-
aluu «DTUYECKME NMPUHLMUIBI IPOBEAEHUS Hayy-
HBIX MEIUIIMHCKUX UCCIIEIOBAHUI C yJyacTUeM 4Ye-
JnoBeKa» ¢ morpaBkaMu 2000 1. u «[IpaBumaMu Kiin-
HHMYEeCKOU mpakTuku B Poccuiickoii Demepanmm»,
YTBEPKIEHHBIMHU ITprUKa3zoM Mun3apasa PO Ne 266
ot 19.06.2003.

OnucaHue BbIOOPKU ITPOU3BOAMIIMA C IOMO-
10 moacueTa MeauaHbl (Me) 1 MHTEpKBapTUIb-
Horo pasmaxa B Buae 1 u 3 kBaptuieil (Q,—Q,).
JIOCTOBEpHOCTh pa3IWuMil MEXIY IToKa3aTelsIMU
HE3aBUCUMBIX BBIOOPOK OIIEHMBAaIW II0 HeIlapa-
MeTpuueckomMy Kputeputo ManHa—YutHu (Mann—
Whitney U test). JlocToBepHOCTb pa3iMuuii moka-
3aTelieil B IpyInax OOJIbHBIX 0 U TIOCJIe JIeUeHUS
(cBsI3aHHBIE BBIOOPKM) OIMpPENesiiu M0 KPUTEPUIO
Bunkokcona (Wilcoxon matched pairs test). st nc-
CJIEIOBaHU S CUJIbI B3AMMOCBAI3€M MMOKa3aTee Bbl-
quCasaiacsa Koa(dOUIIMEHT paHTOBO KOppeasiuu

no CnupmMmeny (Spearman rank R). Ctatructuyeckuii
aHaJIM3 OCYILECTBIISIJIM B ITaKeTe MPUKJIaIAHbIX ITPO-
rpamm Statistica 8.0 (StatSoft Inc., 2007).

Pesynbrarhl

Jleuenne CodocoyBupoM u JlakjaaTacBUpPOM
B TeyeHUe 12 Hemenb y HauBHBIX 001bHBIX XBI'C
6e3 LMppo3a IMedYeHu MO3BOJMIIO NoaydyuTs 100%-
HBI yCTOMYMBBIM BUpyconornyeckuii orset (Y BO,
oIpeesieTcs yepe3 6 MecCsleB I0cjie OKOHYAHUS
JICdeHUsI) Yy BCEeX ITallMEHTOB, IIPUHSBIINX ydYa-
CTHE B McClaeqoBaHUM. To €CThb MBI HE TOJYUUIN
pasnuuuii B oTBeTe Ha jeyeHue CodocOyBupom
u JlakJiaTacBUPOM y TTallMeHTOB ¢ 1, 2 1 3 reHOTUNA-
mu Bupyca C.

BupycHas Harpyska y 6oabHbIXx XBI'C B 3aBucH-
mocTtu oT reHotuna BI'C npeacraBneHa Ha puc. 1.
OO0HapyXeHo, 4TO Yy 00abHBIX ¢ TeHoTUIoM 1 BI'C
YPOBEHB BUPYCHOI HATrpy3KH BHIIIIE, YeM Y TTAllCH-
ToB ¢ reHoTuItamu 2 u 3 BI'C. Ilocie neueHus mpe-
mapaTaM¥ IIPSIMOTO ITPOTUBOBUPYCHOTO IEHCTBUSI
TOJBKO cpeau 00ybHbIX ¢ TeHoTUnoM 2 BI'C obHa-
PYKEHHI IBa ITAlIUEHTA, Y KOTOPBIX BBISIBIISICTCST BU-
pycHas Harpyska (7,60 x 10* ME/mnu 1,40 x 10 ME/
mJ1). C momolikio Tecta Mopucku—I'prHa 06a nanu-
eHTa ObLJIM MPU3HAHBl HEKOMITIJIACHTHBIMU. B cBSI31
C DTUM aHaau3 ocobeHHocTell eHoTUNa 3P dhek-
TOPHBIX T-TMMGMOIIMTOB MOCJIE JICUCHUS IJIsI 3TUX
IBYX IMMAaIlMEHTOB HE ITPON3BOIMIICS.

IMpu uccnemoBaHMM UMMYHOJIOTUYECKUX MOKa3a-
Tenen y 6oabHbIX XBI'C B 3aBUCMMOCTH OT reHOTHUIIA
BI'C oOHapy:keHO, 4YTO y MallMeHTOB ¢ TeHOTUIIOM 2
BI'C B nepudeprnyeckoit KpoBr MOHUXKEHO a0COJIOT-
Hoe kKonuyectBo CD3"CD4"-nuM@poLnToB OTHOCU-
TEJIBHO YPOBHEN, BBISIBJICHHBIX Y OOJIBHBIX C TeHOTH-
namu 1 u 3 BI'C (ta6m. 1). HezaBucumMo ot reHOTHITA

Ta6nuua 2. deHoTunuyeckuii coctae CD4- T-numdouumtoB y 60onbHbIX XBIC g0 neyeHus B 3aBMCMMOCTH

oT reHoTtuna BI'C (Me [Q,-Q,])

Table 2. Phenotypic profile of CD4- T lymphocytes in patients with CVHC before treatment related to HCV genotype

(Me [Q;-Q;])
BonbHblie XBIC/Patients with CVHC
KoHTponb
MokasaTtenu FeHotun 1 FeHoTun 2 FeHotTun 3
Control
Parameters n=46 Genotype 1 Genotype 2 Genotype 3
n=18 n=15 n=17
CD3*CD4-, 10°/L 0,55 (0,37-0,80) 0,49 (0,42-0,79) 0,67 (0,49-0,78) 0,72 (0,67-1,02)
5,9 (3,7-9,1) 71 (6,6-8,2) 10,2 (6,7-13,6) 9,1(6,9-11,5)
D3'CD4-CD45R0-CD62L", %
CD3'CD4-CD45R0-CD62L", % 0. = 0,021 0= 0,035
2,6 (1,8-3,8) 3,7(2,5-4,8) 5,0 (3,6-6,0) 4,4(2,3-5,7)
CD3'CD4-CD45R0*CD62L", %
: p, =0,003 p, =0,036
CD3'CD4-CD45R0*CD62L-, % 8,4 (6,2-11,6) 8,0(5,9-10,3) 9,8 (7,5-12,6) 8,7 (6,0-13,5)
6,5 (4,1-10,0) 9,7 (5,2-11,5) 6,1(3,3-10,0) 11,7 (6,1-15,6)
CD3'CD4-CD45R0-CD62L-, % p, =0,030
p;=0,043

Mpumeyanme. p, — CTaTUCTNHECKM 3HAYMMBIE PA3NINYMSA C MOKA3ATENAMU KOHTPOBHO rpynnbl; P, — CTATUCTUYECKM 3HAYMMbIE PA3NNYUs

C nokasatensmu 60nbHbIX ¢ reHoTunom 1 BI'C; p; — ctatncTnieckyt 3Ha4mmMble pasnnyus ¢ nokasarensimm 60mbHbIX ¢ reHoTunom 2 BI'C.

Note. p, — statistically significant differences versus controls; p, — statistically significant differences versus patients with genotype 1 HCV; p; —
statistically significant differences versus patients with genotype 2 HCV.
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Ta6auua 3. PeHoTunuyeckuii coctaB CD4* T-numepoumnTos y 6onbHbix XBI'C nocne neveHus

B 3aBMCUMOCTHU OT reHoTuna BIrC (Me [Q,-Q;])

Table 3. Phenotypic profile of CD4* T lymphocytes in patients with CVHC after treatment related to HCV genotype

(Me [Q,-Q;])
KOHTDOME BonbHblie XBIC/Patients with CVHC
Mokasatenu Con':rol FeHotun 1 FeHoTun 2 FeHotun 3
Parameters n=46 Genotype 1 Genotype 2 Genotype 3
n=18 n=15 n=17
0,83 (0,56-1,16) 3,19 (2,61-3,53) 2,09 (1,71-2,42) 2,70 (2,38-3,02)
CD3*CD4*, 10°/L p, < 0,001
p; < 0,001 0, = 0,019 0,72 (0,67-1,02)
14,6 (12,4-18,5) 8,7 (7,1-15,9) 10,7 (7,7-15,1) 10,6 (6,6-13,6)
D3*CD4*CD45R0O-CD62L", %
CD3*CD4'CD45R0-CD62L", % 5 = 0039 o = 0,041
19,2 (16,7-23,0) 13,5 (9,3-16,6) 16,1 (11,1-18,9) 13,8 (12,7-18,9)
CD3'CD4'CD45R0"CD62L", %
0 b, < 0,001 P, = 0,042 P, =0,015
10,6 (9,0-13,1) 20,1 (14,2-25,6) 10,3 (8,4-11,7) 12,7 (11,8-15,1)
D3*CD4'CD45R0O*CD62L-, %
CD3°CD4°CD4SROCD62L", % p, < 0,001 p, < 0,001 p, = 0,026
0,29 (0,12-0,95) 1,81 (1,12-2,38) 1,0 (0,5-2,6) 1,0 (0,6-2,1)
CD3'CD4'CD45R0-CD62L-, %
0 b, < 0,001 p, = 0,027 p,=0,017

Mpumeyanme. p; — CTAaTUCTNYECKM 3HAYUMBIE PA3INYNS C NOKA3ATENSAMY KOHTPOJILHOW rpynMbl; P, — CTATUCTUYECKM 3HAYMMbIE Pa3Nnyus
€ nokasarensiMu 60nbHbIX ¢ reHoTunom 1 BI'C; p; — CTaTUCTUYECKM 3HaUMMbIE Pa3nnyKs ¢ nokasaTensmu 60MbHbIX C reHoTunom 2 BIC.

Note. p, — statistically significant differences versus controls; p, — statistically significant differences versus patients with genotype 1 HCV;
p; — statistically significant differences versus patients with genotype 2 HCV.

BI'C y oGcnenoBaHHBIX TTAIIMEHTOB MTPOLIEHTHOE KO-
nnyectBo CM Th 6b1JI0O HUXXKEe KOHTPOJbHBIX 3HAYe-
Huit. OTHOcHUTebHOE comepkanne EM Thy 601bHBIX
¢ reHotunoM 2 BI'C moHMKeHO B CpaBHEHUM C KOH-
TPOJbHBIMU BeJIMUYMHAMMU, TOT/IA KaK MPU TeHOTUIIax
1 u 3 BI'C BbISIBIsSIETCSI OBBILIIEHUE YPOBHS JTaHHOM
dpakunu KJIeTOK. ¥ OONbHBIX ¢ reHoTUnamMu 1 u 3
BI'C B xpoBu konuuectBo TEMRA Th Bblllle KOH-
TPOJILHOT'O 1alla30Ha, B TO BpeMsI KaK y 00CIe10BaH-
HBIX ITAalIneHTOB ¢ TeHOTUNOM 2 BI'C oTHOCUTETEHBIN
YPOBEHB JIMM(POIINTOB C TaHHBIM (DEHOTUTIOM HITKE,
4yeM y OOJIbHBIX ¢ ApyruMu reHoturnamu BI'C.

Y 6onpHbiXx XBI'C o Hayaja jedeHUs B 3aBU-

CHUMOCTHU OT T€HOTHIIa BHUpYyCa TaK:Ke BBISIBIISIOTCS
M3MEHCHUST CYONOImyIsImuoHHOTO coctaBa CD4-
T-numdonuuToB (Tada. 2). Tak, y maliMeHTOB C re-
Hotunamu 2 u 3 BI'C B nepudepuyeckoit KpoBu
MOBBIIIAETCS MPOLIEHTHOE Coliep:KaHue HaMBHBIX
u CM Tcyt oTHOCUTENbHO KOHTPOJIbHBIX 3HAYEH WA,
Tonbko y 60abHBIX ¢ TeHOoTUTIOM 3 BI'C ypoBeHBb
colepxKaHUS 3peabIX 3(PGHEKTOPHBIX KJIETOK II0-
nyiasuuu TEMRA yBeauunBaeTcss OTHOCUTEIbHO
KOHTPOJILHOTO IMalla30Ha W YPOBHSI, BBISIBICHHOTO
y naiueHToB ¢ reHoTuriom 2 BI'C.

Ta6auua 4. Cy6nonynsumoHHbIi coctae CD4- T-numdoumnToB y 60nbHbix XBIC nocne neyeHus

B 3aBUCUMOCTM OT reHoTuna BIrC (Me [Q,-Q;])

Table 4. Phenotypic profile of CD4- T lymphocytes in patients with CVHC after treatment related to HCV genotype

(Me [Q;-Qs])
KOHTDOME BonbHblie XBIC/Patients with CVHC
Mokasarenu Con':rol FeHotun 1 FeHotun 2 FeHotun 3
Parameters n=46 Genotype 1 Genotype 2 Genotype 3
n=18 n=15 n=17
0,55 (0,37-0,80) 1,63 (1,10-2,28) 2,01 (1,77-2,13) 2,64 (1,47-3,50)
CD3'CD4-, 10°/L
/ b, < 0,001 by < 0,001 br < 0,001
CD3'CD4-CD45R0-CD62L", % 5,9 (3,7-9,1) 4,7 (3,5-7,9) 5,4 (3,9-9,3) 6,3 (5,1-9,7)
2,6 (1,8-3,8) 3,4 (2,2-4,9) 4,0 (2,7-7,8) 5,1(3,4-9,7)
CD3'CD4-CD45R0*CD62L", %
0 p,=0,046 p,=0,003
CD3'CD4-CD45R0*CD62L", % 8,4 (6,2-11,6) 7,0 (4,0-9,6) 9,5(7,0-18,8) 8,1(5,2-15,0)
CD3CD4-CDA45RO-CD62L-, % 6,5 (4,1-10,0) 7,6 (2,9-11,5) 9,0 (4,6-18,8) 13,;') (jl(?;:,S)
1~ Y

MpumeyaHme. p, — CTaTUCTNHECKM 3HAYMMbIE PA3ANYMS C NOKA3ATENSMM KOHTPOMIBHO rPpynMbl; P, — CTATUCTAYECKM 3HAYMMbIE Pa3nnyms
¢ nokasatensimv 60nbHbIx ¢ reHoTunom 1 BI'C; p, — cTatmcTuieckyt 3Ha4mMmMble pasnnyus ¢ nokazatensimm 60mbHbIX ¢ reHoTunom 2 BI'C.

Note. p, — statistically significant differences versus controls; p, — statistically significant differences versus patients with genotype 1 HCV;
p, — statistically significant differences versus patients with genotype 2 HCV.
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C NoMOIIIbI0 KOPPEJSIIIMOHHOTO aHajlu3a ycTa-
HOBJIEHO, UTO Y 001bHBIX ¢ TeHoTuIoMm 1 BI'C co cte-
MEHbIO BUPYCHOI HAarpy3KU OTPULIATEIbHO B3aUMO-
CBSI3aH OTHOCUTENbHBIN ypoBeHb Th-addekTopHOoit
namsatu (r = —0,53, p = 0,030) 1 TOAOXKUTEITHHO —
comepxxanue HanBHBIX Th (r = 0,58, p = 0,014) 1 Ha-
uBHBIX Tcyt (r = 0,44, p = 0,042). Y GOJILHBIX C TE€HO-
tunoM 2 BI'C co cTeneHblo BUPYCHOM HArpy3KH OT-
pUIATEeTEHO KOPPEJIMPYIOT OTHOCUTEIIbHBIC YPDOBHU
CM Tcyt (r = —0,62, p = 0,043) u TEMRA Tcyt (r =
—0,68, p=0,037). Y mauuenToB ¢ reHoTunom 3 BI'C
KOPPEISIILIMOHHBIX B3aMMOCBSI3EH MEXIY CTEIIEHBIO
BUPYCHOI Harpy3KM 1 CyOITONyISIIMOHHBIM COCTa-
BoM T-1uMdpoLUTOB HE OOHAPYKEHO.

IToce neyeHM s mpenapaTaMy IPSIMOTO IIPOTUBO-
BUPYCHOTO nieficTBUS y 601bHbIX X BI'C B nepudepu-
YeCKOl KPOBM MOBBIIIAETCS abCOMIOTHOE comepxKa-
Hue CD3"CD4*-numdpouuton (tadsa. 3). I[Ipu satom
y 0oabHbIX ¢ reHoTurnioM 2 BI'C mo cpaBHeHUIO
¢ 6onbHBIMU ¢ TeHoTUTIaMu 1 1 3 BI'C oGHapyxXu-
BaeTCsl MUHUMAJbHBIN yPOBEHb KJIETOK C yKa3aH-
HBIM (peHOTUTIOM. Y OONBHBIX ¢ reHoTHUnamMu 1 u 3
BI'C npoleHTHOE KOJTMYECTBO HAUBHBIX T-XeJIIepoB
CHUKEHO OTHOCUTEIbHO KOHTPOJBHOTO AUalta30oHa.
HeszaBucumo ot reHorurna Bupyca rernatuta Cy o0-
CJIeIOBAaHHBIX MallMEHTOB CHMXKAETCs COAepKaHUe
T-xenmepoB LEeHTpaJbHON MaMSITU U TIOBBILIAETCS
YPOBEHb «TepPMHUHAJBHO-IUDDEPEHIINPOBAHHBIX»
T-xenmepoB Mo CpaBHEHUIO C KOHTPOJHbHBIMU 3Ha-
yeHUsSIMU. TOJIBKO y 60JIbHBIX ¢ TeHoThunoM 1 BI'C
TocCJIe TIPOBEASHHOTO JICUCH ST B KPOBU TTOBBIIIIACTCS
konndyectBo EM Th Kak OTHOCUTENbHO KOHTPOJb-
HOTO AMana3oHa, TaK M YpOBHEI, BBISIBJICHHBIX Y Ma-
1ueHToB ¢ reHoTumnamu 2 u 3 BI'C.

IMocse nmpoBeaeHHOro JieueHus y 0onbHbIX X BI'C
He3aBucuMo OT reHoturia BI'C B kpoBu moBbIIIA-
eTcsi abCOJIIOTHOE KOJIMYECTBO ITUTOTOKCHUYSCKHUX
T-numponnToB (tadi. 4). Ilpm 3ToM y OGOIBHBIX
¢ reHotunaMu 2 u 3 BI'C BbisiBJIsSIEeTCS TIOBBILLIEHUE
npoueHTHoro coaepxaHusi CM Tcyt oTHOCUTEIb-
HO KOHTPOJILHOTO AHMana3oHa, U TOJIbKO y OOJIbHBIX
c reHotunom 3 BI'C B pe3ynbTare npoBeaeHHOTO Jie-
yeHus yBeauuuBaeTcsi yposeHb TEMRA Tcyt.

IIpu cpaBHeHUU CyOHNOIMYISILIMOHHOIO COCTaBa
T-mumdonuToB kpoBu y 60ibHBIX XBI'C 1o n ve-
pe3 3 Mec. 1edeHuss 0OHapyKeHO, YTO y ITAaIlMCHTOB
¢ reHotunom 1 BI'C Bo3pactaetr abCoJIIOTHOE CO-
nepxaHue kak T-xeanepoB (p = 0,028), Tak u 1u-
ToTokcuueckux T-kietok (p = 0,027), a Takke
yBeIMUMBaeTCcsl TPOLUeHTHbIM ypoBeHb TEMRA
Th (cm. Ta6a. 1—4). Y 6oabHbIX ¢ reHOoTUNIOM 2 BI'C
B pe3yJIbTaTe MPOBEICHHOTrO JeUCHU I TaKXKe YBEIH-
yuBaeTcs abcoroTHoe comepxkaHnue Th (p = 0,015)
u Tcyt (p = 0,031). KpoMe Toro, y TN JAHHO I'PYII-
OBl Yepe3 3 Mec. JiedeHUsT HaOIronaeTcsl CHUXKEHUE
MPOLIEHTHOTO KoJinyecTBa HauBHBIX Tcyt (p = 0,040)
W yBeJIWYEeHUE coiepxkaHus 3peiblX 3(hGheKTopoB
nonyjasuuu TEMRA Tcyt (p = 0,029). ¥V 60abHBIX
c reHotunoMm 3 BI'C B pe3ynbTare nmpoBeaeHHOTO Jie-
YEeHM S BBISIBISICTCS TOJBKO ITOBBIIIIEHUE a0COJIIOT-
Horo KommdectBa Th (p = 0,024) u Teyt (p = 0,009).

O6cyxaeHne

Bricokast a2(pGheKTUBHOCTh JIeUeHUST OOJIbHBIX
C XpOHMYECKUM BUPYCHBIM TeratutoMm C Tipernapa-
TaMM NPSIMOTO NTPOTUBOBUPYCHOI'O IEHUCTBUS B Ha-
1IeM MCCJIEIOBAaHUU COOTBETCTBYET COBPEMEHHBIM
MaHHBIM. 32 KOPOTKOE BpeMsI ITPOU30IILIA PEBOJIIO-
LM B TEpaluu JaHHOM narojoruu [21].

B mpomecce dopmupoBaHus 3PPEKTOPHBIX
cyononyasauuii T-TuM@OLUTE TPOXOASAT ABa dTa-
na pa3BUTHS: aHTUTEH-He3aBUcUMast AuddepeH-
IIUPOBKAa B TUMYCE W aHTUTeH-3aBUCUMAasT AUQ-
depeHIUMpoBKa B IepudepuyecKUX OpraHax HM-
MYHHOIi cucteMbl [4, 11]. IlepBblii aTan 3aBeplieT-
Cs1 BBIXOJIOM U3 TUMYCa B LUPKYJISIINIO HAMBHBIX
T-numdonnToB, Ha BTOpOM 3Tale (ITOCe aKTHUBa-
oUW CHeHUPUISCKUM aHTUTCHOM M aHTUTCH-3a-
BUCUMON nud@epeHIIMPOBKU) NPOUCXOOAUT HOp-
MUPOBaHWE KJIETOK IIEHTPaJbHOW TaMsaTU U 3¢-
deKTOpHOI TaMsTH, a TaKXe 3pesibix 3ddeKkTop-
HbIX KJeTok nonyasuuu TEMRA [4, 20]. IIpouecc
nuddepeHIInPoBKU T-TMMGOIUMTOB MOXHO KOH-
TponupoBaTh no uzodopme perentopa CD45, ko-
TOpPBIIA MpeacTaBiisseT coboil TpaHCMeMOpaHHBII
0enok ¢ Tupo3mHdocdaTrazHO aKTUBHOCTHIO.
Bueknerounast 6enkoBast yacth CD45 xomupyer-
cs 7 ak3oHaMu. B HauBHBIX T-TuMdoLuTax B 3TOT
Y4JacTOK pelenTopa BXOAST BCE NJOMEHbI, YTO 000-
3HauaeTcsa Kak CD45RA (c MosiekyJIsspHOiI Maccoii
B 220 kDa). B mpouiecce aHTUTreH-3aBUCUMOI AUd-
(epeHIIMPOBKY OCYILECTBIISCTCS aJIbTepHATUBHBIN
crutaicuHr yuyactkoB PHK, B pe3ynbsraTre KoTOporo
TePSICTCSI 9aCTh BHEKJICTOUHBIX JIOMEHOB MOJICKYJIbBI
CD45 u oHa tpaHchOpMUpPYETCS Yepe3 Tepexom-
Hble opmbl B CD45R0 (c MosiekyJisipHOiI Maccoii
B 180 kDa) [4, 11]. TEMRA T-1uMdOLUTHI TaKXKe
akcnpeccupyioT CD45RA [4, 32]. CnegoBarebHO,
T-numdouuthel, skcrpeccupylomue CD45R0, omnpe-
nensiiores Kak T-ximetku namsatu (CM u EM), Torna
KaK He 3KCIPECCUPYIOLIME NAaHHYI MOJIEKYJY OT-
HocATCS K «<HauBHbIM» U TEMRA.

A pyroit MOJIEeKYJIOit, KOTOpast 3KCIIPECCUPYETCS
Ha T-numdonuTax, onpeaesisss ux cyonomnyasiuio,
apisietcst CD62L. [aHHasT MoJIeKysda SIBJISICTCS
L-ceneKTUHOM, KOTODPBIM OIpenessieT MUTpaluio
KJeTOK B Tepudepuyeckue auMEOUIHBIE oOpra-
HBI, TaK KaK €ro JUraHJaaMU Ha SHIOTEJIUU SIBIS-
orca GlyCAM-1 (Mosekyna KJIETOYHOUM aare3uu,
9KCIIpeCCMpOBaHHAsI HA JHAOTEIUU JUMOpOY3-
noB), MadCAM-1 (6enok sHaoTenus B JUMOOUMI-
HOW TKaHW, acCOIMMPOBAHHOW C KUIIEYHUKOM)
1 CD34 (6e10K 3HI0TEINATBHBIX KJIETOK) [4, 6, 24].
CootBerctBeHHO, CD62L-perienTop 3KCIpeccupy-
eTcsl Ha HauBHBIX T-numdouutax u CM-kieTkax
(ompenensss X MUTPALIUIO B IepudeprudeCcKyro TUM-
donaHylo TKaHb) U He 3Kcrnpeccupyercsd Ha EM-
kinetkax 1 TEMRA (1x GyHKIIMS BEITOTHSICTCS BHE
JIMMGOUIHBIX OpraHoB) [6, 20, 32].

Wcxons u3 coctaBa pelien TOPHbIX MOJIEKYJT Ha TTO-
BEpXHOCTU T-TMMGOIIUTOB, MOXHO OIPEIEIUTD,
4TO 10 Hayasja IMpOBeNeHUsl Tepaluu npernapaTaMu

1147



A.A. CaByeHko 1 ap.

MHdekumns n uMmyHuTeT

MPSIMOTO TIPOTUBOBUPYCHOTO NEUCTBUS Y OOJBHBIX
XBI'C ¢ renotunnamu 1 n 3 BI'C B nepudepuyec-
KOI KPOBHU IO CPaBHEHUIO C KOHTPOJbHBIMU 3Ha-
YeHUSIMHU TIOHMXKAeTCsS TIPOIECHTHOE COIep:KaHMNe
T-xennepoB CM wu moBbIlIaeTcss Koauvyectso EM
u TEMRA. Tonbko y 6oibHbIX XBI'C ¢ reHoTHTIOM 1
BI'C BBISIBASIIOTCSI B3aMMOCBSI3M MEXAY COIepxKa-
Huem T-XeJITepoB U BEJIMUMHON BUPYCHOIN Harpys-
KU TIOJIOKUTEJIbHASI CBsI3aHa C YPOBHEM HaWBHBIX
CD4" T-nuMbOLUTOB U OTpULIaTeIbHASI — C KOJIU-
yecTtBOoM T-xesnrepoB EM. /laHHbIE B3aUMOCBSI3U OT-
pakaloT pa3BUTHE CIAEAYIOIIMX MEXaHU3MOB pearu-
poBaHus T-xenriepoB Ha MHMEKITMOHHBIN TTpoIIecc.
Bo-niepBrix, BI'C 1 reHOTHIIA CTUMYJIMPYET AHTUTEH-
He3aBUCUMYI0 TUPPepeHIUPOBKY T-xeanepoB U ux
BBIXOI M3 TUMYca B KpoBb. [Ipn 3TOM 3KCIIpeccus
CD62L-penerniTopa mo3BOJISIET UM OBICTPO MUTPH-
poBaTh B mepudepnyecKyo TUMMONIHYIO TKaHb,
YTO, COOTBETCTBEHHO, HE TIPUBOAUT K MOBBIIIICHUIO
WX KOJWYECTBA B KPOBU. BO-BTOPBIX, TOITYJISIINS
T-xenanepoB EM mpenmyIiiecTBEHHO MpelcTaBiacHa
3peabIMU 3 HEKTOPHBIMU KJIETKaMU, KOTOPhIE OCY-
IIECTBJISTIOT aKTUBHBIN CMHTE3 U CEKPEILINIO IIUTO-
KWHOB, a TaKXe 9KCIpeccuio Ha MeMOpaHe aphdek-
TOPHBIX MOJIEKY [4]. IX KonTn4uecTBO OIpeAessieTCst
MeXaHU3MaMUu aHTUTeH-3aBUCUMON AuddepeH1u-
pOBKHU, TIpudeM UMeHHO y 6osibHbIX XBI'C ¢ reHo-
tunoM 1 BI'C obGHapyxkeHa HanboJiee BbIpakKeHHas
BUpycHas Harpy3ka. [Ipu reHotune 2 BI'C HaGmi0-
MaloTcs Hanbosiee HU3KHUE 3HAUYCHUST aOCOJIIOTHOTO
KoauyecTBa T-XeNIepoB, BBISIBIISIEMbIE Y OOJBHBIX
XBI'C, a Tak:xe moHun:keHue ypopHeii CD4*-kneTok
CMu EM.

DeHOTUTITMYECKUIA COCTaB IHUTOTOKCUYECKUX
T-numdouuToB nepudepruueckoili KpoBu y 00/b-
HbiXx XBI'C ¢ renorunom 1 BI'C no Hauana neve-
HMUS TIpernaparaMu TIpsIMOrO IIPOTHMBOBUPYCHOI'O
NeUCTBUSI aHAJIOTUYEH 3HAYEHUSIM KOHTPOJIbHOM
rpynnbsl. Mexay TeM y OOJIbHBIX JaHHOM TPYIIITHI
BBISIBJISIETCSL  TIOJIOXKMTEJIbHASI  KOPPEISILIMOHHAs
CBSI3b BCIMUYMHBI BUPYCHON HATpPy3KH C YPOBHEM
HauBHBIX TCyt, 4TO, MO-BUAUMOMY, OMNPENEISICTCS
MEXaHU3MaMW CTUMYJISIIIMU AaHTUTE€H-HEe3aBUCHU-
Mot nudppepennposku. [1pu renorune 2 BI'C BbI-
SIBSIETCSI TOBBIIIIEHWE KOJIM4YecTBa HauBHBIX 1 CM
Tcyt. Kpome Toro, y aull JaHHOW rpynmnbsl oOHapy-
JKeHBI OTPUIIATEIbHBIC B3AUMOCBSI3M BETUIUHBI BU-
pycHoI Harpy3ku ¢ ypoBHsamMu CM u EM Tcyt, uto
XapaKTepu3yeT HaJIMYUe CTUMYJISILIMA aHTUTEeH-3a-
BUCUMOUN nuddGepeHIUPOBKU U (HPOPMUPOBAHUSA
crienupuyeckoro T-KJIETOUHOrO OTBETa MpPU WH-
(GEKLIMOHHOM TIpolecce. Y 00JbHbBIX C TEHOTUIIOM 3
BI'C mo Havaia mpoBeneHM s Tepalluy MpernapaTaMu
MPSIMOTO TIPOTUBOBUPYCHOT'O NEUCTBUS B KPOBU OT-
HOCHUTEIBHO KOHTPOJIBbHBIX 3HAUCHU I ITOBBIIIIAIOTCS
ypoBHU HauBHBbIX Tcyt, CM u TEMRA. Ilpu stom
HEOOXOIMMO YYUTHIBATh, YTO YPOBEHB SKCITPECCUN
nepOpPMHOB 1 TPAaH3MMOB B IIHUTOTOKCUYECKUX
T-numdonurax mnosbilIaeTcd NMpU Ux auddepeH-
LUPOBKE OT HAMBHBIX (MUHUMAJIbHOS BHYTPUKIIC-
TOuHoOe conepxaHue), dyepe3 T-kaetku CM u EM

no TEMRA (MakcumajbHOE KoOJMYeCcTBO) |[5].
CnenoBaTebHO, IIpU TeHOTHUINE 3 HaOIOgaeTCs
Haubosiee BbIpaKeHHBIN 3D(HEeKTOPpHBINA OTBET LIU-
TOTOKCUYCCKUX T-TUMDOITUTOB.

Yepes 3 Mecsla JedeHus IpenaparaMu OpsiMo-
TO IPOTUBOBUPYCHOTO AeicTBUS Yy 60JbHBIX XBI'C
HabJII0aeTCsl TTOBBIIIEHHUE a0COIOTHOIO COJepKa-
Hus T-xemrepoB B IepudeprIecKoit KpoBu (IIpu
reHoturnie 1 BI'C — B 3,4 paza, npu reHoTumne 2 —
B 2,9 pasa, mpu reHoture 3 — B 2,8 pa3a). [Ipu aTom
npu reHotune 1 u 3 BI'C BbISBISIETCS CHUXXEHUE
NPOIEHTHOTO KOJIMYEeCTBAa HAWBHBIX T-XeamepoB
U LIEHTPAJIbHOW MaMsTH, HO Ha (hOHE TOBBILLIEH U
ypoBHeil T-xennepoB EM 1 TEMRA. ¥V 60abHBIX
¢ reHoturnoM 2 BI'C nocie jseyeHus: oOHapyKeHO
cHUzKeHue ypoBHs T-xennepoB CM U TOBBILLIEHUE
conepxanusi TEMRA. Kpome Toro, y 6071bHBIX
XBI'C yepes 3 Mecs11a JieueHU s TIpenapaTaMu Mpsi-
MOro MPOTUBOBUPYCHOTO NEUCTBUS HabI0maeTcs
TMOBBILICHUE a0COMIOTHOrO KOJIWYECTBA IIMTOTOK-
cuueckux T-numdonuton (mpu reHotune 1 BI'C —
B 3,3 pa3a, ripu reHoTurie 2 — B 3,0 pa3a, mpu reHo-
tune 3 — B 3,7 pa3za). [Ipuuem nipu reHorurnie 1 BI'C
OTCYTCTBYIOT U3MEHEHUS B MPOLICHTHOM COJepKa-
HUU HauBHBIX U 2ddekTopHbIX Tcyt OTHOCUTEb-
HO KOHTPOJBHBIX 3HaUeHUI (KaK U 10 JIeUCHUSsI).
ITpu renotune 2 BI'C y GoibHBIX MOCJIE JICUCHU S
00OHapy:KeHO CHUKEHUE COASpKaHU S HAauBHBIX Tcyt
U nosbilieHUe ypoBHSI TEMRA oTHOocuTEeNbHO MO-
Kasareyel, KOTOPbIE BBISBISIJIUCH Y JAHHOU T'pYyII-
bl 00CIeN0BaHHBIX A0 JedeHus. ¥ 6oabHbix XBI'C
¢ reHoturnioM 3 BI'C mocie Tepanuu mpenapatamMmu
OPSIMOTO MPOTUBOBUPYCHOTO AEUCTBUS COXPaHSI-
IOTCSI OCOOEHHOCTH COOTHOIIEHUST 3P (PEeKTOPHBIX
LUTOTOKCUYECKUX T-TUMOOIUTOB, KOTOPbIC BbI-
SIBJISIJIUCH 1O JICUCHUS: MOBBIIIEHUE ITPOLICHTHO-
ro Kojn4yecTBa LIUTOTOKcUYeckKux T-kiaetok CM
u TEMRA.

N3meHeHne B KoauuyecTBe 3((PEKTOPHBIX CyO-
nonynsauuii T-muM@onuToB B KpPOBU y OOJBHBIX
XBI'C oo u nocie jgeyeHus Tpenapatramu IpsMo-
ro0 TPOTUBOBUPYCHOTO NEHCTBUS TaKXe MOXHO
paccMaTpuBaTh € MO3WLIMNA KOHUENIMU WMMYH-
HOro HuCTomleHUs. B HacTosIimee BpeMsl Mom HUM-
MYHHBIM HCTOILIEHHWEM TMOHUMAETCSI CHUXEHUE
KOJIMYeCTBAa WJIM (PYHKIIMOHAJIBHOM aKTUBHOCTU
aHTUreH-cneuuuieckux T-TMM@POLIMTOB B yCJIO-
BUSIX OJUTEIBHON TlepcucTeHumu aHtureHa |[10].
IMokazano, uto nmpu XBI'C noBbilIaeTcss ypoBeHb
aronTo3a T-TMMGOIIMTOB, CHUKAETCS ITMTOKHWH-
npoayuupytomass aktupHocte CD4" u  CDS8*
T-numdonnToB, a Takke KMJUIEpHAsi aKTUBHOCTH
nutoTokcuueckux T-mumdponurton [14, 27]. B Ha-
meM ucciaemoBaHuu y 6oibHBIX XBI'C mo Havana
JIeueHUsl MpenapaTaMu TIPsSIMOTO TPOTUBOBUPYC-
HOTI'O JISUCTBUSI, UCXOMs U3 KOJIMYECTBEHHOI'O CO-
ctaBa 3(p¢peKTOpHbIX T-TMM@POLUTOB B KPOBU, BbI-
pakeHHOT0 MMMYHHOTO WCTOIIEHMSI HEe OOHapy-
KEeHO, B yacTHocTu ypoBeHb TEMRA T-xenmepon
M LUTOTOKCUYECKUX T-TMM@POLUTOB JTUOO COOT-
BETCTBYET KOHTPOJIbHBIM 3HAUEHUSIM, TUOO MPEBbI-
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maeT uX. ENWHCTBEHHBIM IOKAa3aTejaeM, KOTOPBIN
B KpoBu 00JibHBIX XBI'C He3aBUCUMO OT FreHOTUIa
BI'C cHUXeH Mo CpaBHEHMIO ¢ KOHTPOJbHBIM JUa-
Ma30HOM, SIBJISIETCS MpPOLIEHTHOe coaepxaHue CM
T-xennepos. Hauxyniuuit BappaHT oOHapy>KeH Ipu
rerorturre 2 BI'C: y maliieHTOB TaHHOM T'PYIIIIHI OT-
HOCHUTEIBHO KOHTPOJBHOTO IMalla30Ha 1 IToKa3aTe-
Jiet 6osbHBIX ¢ TeHoTUIoM 1 1 3 BI'C noHu:keHo co-
nepxxanue EM Th. Yepes 3 mecsua jgedyeHnsI MOHU-
XeHHbI ypoBeHb CM Th B kpoBu y 601bHbIX XBI'C
COXPAHAETCH, [IPU 3TOM Y TTALIMEHTOB C TEHOTUIIAMU
1 u 3 BI'C BbIsIBiIsSIETCSI CHUXKEHME KOJIMYeCTBA Ha-
UBHBIX T-xeJrmepoB. Y O0JIbHBIX C TeHOTUIIaMU 2 U 3
BI'C comepxanne HaMBHBIX TCyt CTAaHOBUTCS paB-
HBIM KOHTPOJBHBIM 3HAaYCHUSIM. MOXHO IIpeAIo-
JIOXXUTh, YTO IO Havasia JeueHus y 6oabHbix XBI'C
COCTOSIHME MMMYHHOI'O MCTOLIEHUSI MpeumMylille-
CTBEHHO OIPEAEsIIOCh HE KOTUYECTBEHHbBIMU U3-
MeHEeHUSIMU d3PPeKTOPHBIX T-TMM@OLIUTOB B KPO-
BU, a X (pyHKIMOHAJIbHOM akTUBHOCTHIO. Ilocie
JICYCHUSI KOJTMYSCTBO MOHMKEHHBIX OTHOCUTEIBHO
HOPMHBI ITTOKa3aTejieil Bo3pacTaeT, Torga KakK BBI-
paxkeHHOTO YBEJIMUYEHUST YpOBHEUM 3G @OEKTOPHBIX
cyoronyasauuit T-nTuM@OLMTOB HEe BbISIBASIETCS.
CrnenoBateibHO, Ha (poHe anumMuHauuu BI'C Boc-
CTAHOBJIEHUSI PEAaKTUBHOCTU MMMYHHOW CHUCTEMbI
He HaOIomaeTcs.

3akJitoyeHme

Hamu onryuen 100% Y BO y «<HauBHBIX» O0JBHBIX
c 1,2 u 3renorunamu X BI'C 6e3 nipru3HaKkoB LUppo3a
MneyeHu npu npuMeHeHun Tepanuu CogocoyBUpoM
(400 mr) u JakmaracBupom (60 mMr) B TeyeHue 12
Henenb. Y 0oinbHBIX XBI'C B 3aBUCMMOCTH OT Tre-
Hotnnia BI'C oOHapy:kKeHBI XapaKTepHBIE OCOOCH-
HOCTU B (DEHOTUITMYECKOM cOCTaBe 3(P(HeKTOPHBIX
T-nmuMbOIUTOB 10 U MOCJEe JeYeHUs IpernapaTaMu
MPSIMOTO MPOTUBOBUPYCHOTO AcicTBUs. [Ipr reHo-
tunax 1 u 3 BI'C y O0JIbHBIX MOBBILIAJIOCH COAEP-
xanue T-xenmmepoB EM u TEMRA. Tonbko y na-
nueHToB ¢ reHoTurioM 2 BI'C B KpoBu moHMXKAICS
ypoBeHb T-xenmnepoB EM. He3aBucrumo oT reHoTUNA
BI'C 06BLJIO CHMXKEHO OTHOCHUTEJIFHOE KOJMYCCTBO
T-xenmnepoB CM. YpoBeHb 2D (HEKTOPHBIX CyOIIony-
JISUUANA ITUTOTOKCUYECKUX T-TMM@POIINTOB y GOJb-
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HMSIM MJIM TIPeBbIIIAJ] UX B 3aBUCMMOCTH OT I€HO-
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BJINAHUE YJIbTPADOUOJIETOBOIO OBJTYHEHUSA
KPOBW HA TEHEHWE BHEBOJIbHU4YHOW
NHEBMOHMU, ACCOLIUMPOBAHHOW

C COVID-19

N.9. Xon3za', I1.]1. Ily3apak'?, I1.b. bougapenko!, A.M. Jlerrapes', A.A. Epogees’,
K.A. Ynxkosa?, B.B. I1Liomun!, E.C. Benepankona!

OpI/IFVIHaﬂbeIe cTaTbu

NHudekums n ummyHuteT
2021, T. 11, Ne 6, c. 1152-1158

! Topodckasn muoeonpoguavnas 6oavruya No 2, Cankm-Ilemepoype, Poccus
2@I'BOY BO Cesepo-3anadusiii 2ocyoapcmeennvlii Meouyunckuil ynueepcumem umenu U.U. Meunukoesa, Cankm-Ilemep6ype,
Poccusa

Pestome. [Tanmemusa XXI Beka, Bei3BaHHas BupycoM SARS-CoV-2, mocTtaBuia CIOXHBIE 3a0auyd Iepel MIUPOBBIM
MEIUIMHCKAM COOO0IIecTBOM. BHeOOTbHIMYHAS TTOIMCETMEHTApHAS ITHEBMOHMSI, BRI3BaHHASI HOBOI KOPOHABUPYC-
Hoit undexuueir (COVID-19), mpoTekaeT no-pa3zHOMY U MOXET OCJIOXHUTHCS MOTEHIIMATBHO JIETAJbHON peakiiuei
MMMYHHOU CUCTEMBI — IIMTOKMHOBBIM IITOPMOM. [10J0OHBIN MMMYHHBIN OTBET XapaKTepuU3yeTcs OBICTPOM Tpo-
ndepalreil ¥ MOBBIIIEHHON aKTUBHOCTHIO T-KJIeTOK, MaKpo(aroB 1 eCTeCTBEHHBIX KUJIJICPOB C BEICBOOOXKICHUEM
3AIIUTHBIMU KJIETKAMU Pa3JIMYHBIX BOCITAJIUTECIBHEIX IUTOKMHOB M XUMUUECKNUX MEIUATOpOB. Takoe maTojIoru-
YECKOE COCTOSTHME MOXET ObITh KYNMMPOBAHO NYyTEM BBEICHUS PEKOMOMHAHTHOIO I'yMaHU3MPOBAHHOIO MOHOKJIO-
HaJIbHOTO aHTHUTEJIa K YeJloBeuecKomy perientopy IL-6 — MOHOGYHKIIMOHAJIBHOTO HIMTOKMHA. DddeKT 6J10KaTopoB
IL-6 3akio4yaercs B CeIEKTMBHOM CBSI3bIBAHMU U TIOAABJICHUM KaK PACTBOPUMBIX, TAK M1 MEMOpPaHHBIX PELIENITOPOB
IL-6 (sIL-6R u mIL-6R). Cy1iecTBYIOT HCCIEI0BaHUS, AEMOHCTPUPYIOLIKE MOJOKUTEIbHOE BIUSHUE U MOBBILICHUE
YPOBHSI BBIXKMBAEMOCTH ITPU UCITOJIb30BaHU U TTPENApaToB, 0JOKUPYIOLIMX BeipadoTKy IL-6. HoBast kopoHaBupycHas
MHGEKIUS CrocoOHa BRI3BIBATH BOCHAJICHNE CTEHKH apTepUM C Pa3BUTHEM BHYTPUCOCYAMCTOIO TPOMOOOOpa3oBa-
HHsI, YTO 00OCHOBBIBACT BBICOKYIO 3((PEKTUBHOCTD JICUCHUSI aHTUKOATYISHTAMHI U TOPMOHOTepanueit. B ctanmap-
THI MEIMKAMEHTO3HOTO JICUCHU ST N3yJyaeMoil HaM1 MH(MEKIINY BXOASAT IIPOTUBOBUPYCHAST, TPOTUBOBOCIAIUTEIbHAS,
AHTUKOATYJISTHTHAS, MYKOJUTUYECKasl, CAMIITOMAaTHYeCKasl, BHYTpUBEHHAS WH(GY3NOHHAS TepaItis U OKCUTEHOTE-
panus. Metoauyeckue peKOMEHIAIMHU 10 TUATHOCTUKE W JICYSHUIO HOBOW KOPOHABUPYCHOI MHMEKIINHU, pa3pado-
TaHHBIe MUH3IpaBoM P®D, peryasipHO 0OHOBJISIOTCS B COOTBETCTBUY C HAKOIJIEHWEM TTOJIOKMTEBHBIX PE3yJBTaTOB
JIEYCHU ST MUPOBBIM ¥ JIOKATbHBIMHI MEAUIIMHCKUMHU coo0mecTBaMu. [ToMMO JIeKapCTBEHHOM Tepariiy CYIIECTBYIOT
Y MHbIE METObI NIETOKCUKALIMK OpraHu3Ma. K omHOMY U3 JOMOJTHUTEIbHBIX METOIOB JIEUEeH M sI BHEOOJIbHUYHOM THEB-
MOHHUM Ha (pOHE MPOTEKAIOIIEro BUPYCHOTO «BACKYJIMTa» U KOPPEKLIMM UMMYHHOTO OTBETa MOXET OTHOCUTBCS YiIb-
TpaduoseToBoe obnydeHne Kposu (nanee — YPOK). O0uen3BecTHO, YTO YABTPa(hUOIECTOBOE U3TyUeHE 001azaeT
obe33apaxuBaomnM apdektoM. [Ipumensemsie B YOOK ninHbI BoJHBI 3G (EKTUBHO MOMIOIAIOTCI MOJEKYIaMu
JIHK marorena. bakrepuiimanoe Y®-uznydeHne Ha onpeaeaeHHbIX IJIMHAX BOJH BbI3bIBAET JMMEPU3ALIMIO TUMUHA
B MoJiekynax JJHK. Hakonnenue takux nsmenenuit B JIHK MukpoopraHu3moB puBOAUT K 3aMeIJICHUIO TEMIIOB UX
pPa3MHOXECHUS ¥ BEIMUpaHUI0. {115t MeToma (poToreMoKoppeKINU XapaKTepHBI UMMYHOCTUMYIUPYIOIIWI, ITPOTUBO-
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BOCHAIUTENbHbBINA, AHTUTUIIOKCUYECKHI, MEMOPAaHOCTAOMIM3UPYIOIINIA, AHTUOKCUIAHTHBIN U I€TOKCUIIMPY IOILI I
s dexThl. B HacToOsIEM HCCIENOBAHNN TOJYYEHBl JAHHBIE O JOCTOBEPHOM CHYXXKEHHUM CUCTEMHOM BOCIAJUTEb-
HOIi peak1luy B BUJie 3HAUMTEIBHOTO ¥ OBICTpOro yMeHbleHus1 ypoBHs CPB B KpoBu y manieHTOB Ha (hoHe yIbTpa-
(buoneroBoro o6ayueHus KpoBu. KynupoBaHue CUCTEMHOI BOCIAJIMTEIbHOM PeaKIMy MOJOXUTEIbHO CKa3aJoCh
Ha yMEHbIICHU U MHOUIBTPATUBHBIX U3MEHEHU I B JISTOYHOIM TKAHU, a TAKXKE Ha CPOKAX BBIMUCKM.

Karouesnie caosa: yrompaguosemosoe obayuenue kposu, Hoeas Koporasupycnas ungekyus, sevenue COVID-19, éneborvhuunas
supycnas nneemonus, nandemus XXI eexa.

INFLUENCE OF ULTRAVIOLET BLOOD IRRADIATION ON COVID-19 ASSOCIATED COMMUNITY-
ACQUIRED PNEUMONIA

Khodza I.E.?, Puzdryak P.D.*", Bondarenko P.B.?, Degtyarev A.M.?, Erofeev A.A.?, Chizhova K.A.", Shlomin V.V.?,
Vedernikova E.S.?

@ City Multiservice Hospital No. 2, St. Petersburg , Russian Federation
b North-Western State Medical University named after I.1. Mechnikov, St. Petersburg , Russian Federation

Abstract. The pandemic of the 21* century caused by the SARS-CoV-2 virus has posed a challenge for the global medi-
cal community. Community-acquired polysegmental pneumonia caused by the novel coronavirus infection (COVID-19)
proceeds in a variety of types and may be complicated by a potentially lethal immune response — the cytokine storm.
The latter is characterized by rapid proliferation and increased activity of T cells, macrophages and natural killer cells
releasing various inflammatory cytokines and chemical mediators by protective cells. This pathological condition can
be treated by recombinant humanized monoclonal antibody against monofunctional cytokine human interleukin-6 re-
ceptor. The effect of 1L-6 blockers is to selectively bind and inhibit both soluble and membrane 1L-6 receptors (sIL-6R
and mIL-6R). There are studies demonstrating a positive effect and increased survival rate while using drugs that block
the production of interleukin-6. The new coronavirus infection causes inflammation of the artery wall with intravascular
thrombogenesis, which justifies the high efficiency of anticoagulant and hormone therapy. The standards of drug treat-
ment of the studied infection include antiviral, anti-inflammatory, anticoagulant, mucolytic, symptomatic, intravenous
infusion and oxygen therapy. Methodological recommendations for the diagnosis and treatment of a new coronavirus
infection, issued by the Ministry of Health of the Russian Federation, are regularly updated in accordance with the accu-
mulation of positive treatment results by global and local medical communities. In addition to drug therapy, there are other
methods of body detoxification. One of the additional methods for treatment of community-acquired pneumonia along
with viral “vasculitis” and correction of the immune response can be provided by ultraviolet blood irradiation (UBI). It is
well known that ultraviolet radiation has a disinfecting effect. The wavelengths used in UBI affect the efficiency of UV
absorption by DNA molecules of the pathogen. Bactericidal UV radiation at certain wavelengths causes thymine dimeri-
zation in DNA molecules. The accumulation of such changes in the DNA of microorganisms leads to a slowdown in the
rate of their reproduction and extinction. The photohemocorrection method is characterized by immunostimulatory, anti-
inflammatory, anti-hypoxic, membrane stabilizing, antioxidant and detoxifying effects. In the current study we obtained
data on a significant decrease in the systemic inflammatory response, marked and fast decrease of the C-reactive protein
in blood tests of patients while receiving ultraviolet blood irradiation. The relief of the systemic inflammatory reaction had
a positive effect on the reduction of infiltrative changes in the lung tissue, as well as the timing of discharge from hospital.

Key words: ultraviolet blood irradiation, new coronavirus infection, COVID-19 treatment, community-acquired viral pneumonia,
2[* century pandemic.

BBeneHune

CrnocobHocth Bupyca SARS-CoV-2 BbI3bI-
BaTbh BOCHaJIeHWE CTEHKU apTepUM U MOBbILIEHUE
YPOBHSI BOCHAJIUTEJIbHBIX LIUTOKUHOB, MNPUBO-
Jsiee K BHYTPUCOCYIUCTOMY TpomMboobpa3oBa-
HUIO, BILJIOTh A0 Pa3BUTUSI CUHApPOMA AUCCEMU-
HUPOBAHHOTO BHYTPUCOCYAUCTOIO CBEPThIBAHU S,
NpUBEJIO0 K HEOOXOAMMOCTU Ha3HAuY€HUsI MHOIO-
KOMMOHEHTHOW aHTUKOAryJssHTHOI, rOpMOHaJIb-
HoOlt, crneuuduueckoil MPOTUBOBOCIAIUTEIbHON
Teparnuu, a TakXXe NPOTUBUPYCHBIX JIEKAPCTBEH-
HBIX MpenapaToB, HANpaBJIeHHbIX Ha TOJaBJIeHUE
MPOLECCOB PEeMJIMKALIMU U pa3pylIeHUe BUPYCHBIX

yactul [5, 6, 7, 9]. OnHaKO MOMUMO MeIMKaMEH-
TO3HOW Tepanuu CYLIECTBYIOT U APYTUE METObI
JNETOKCUKAIIMU OpraHu3Ma, B TOM YUCJIe OCHOBAH-
HbI€ Ha UCTTOJb30BaHUM (PU3NUYECKUX (DAKTOPOB.
OO01Ien3BECTHO, UYTO YJbTpaduroseToBoe 00Jy-
yeHue 00saJaeT CIOCOOHOCThIO pa3pyllaTh BUPYCHI
U OGakTepuu. YabrpaduonaeToBoe o0JlyyeHHue KpPOBU
(YDOOK) — MeTon reMOKOpPEKLMH, 3aKJIIoJyaro-
LIUIACS B 3KCTpa- WJIM MHTPAKOPHOpPaJlbHOM BO3-
JNEWCTBUM HA KPOBb KBAaHTaMU ONITUUYECKOTO M3y~
YyeHUs yaAbTpadUuoIeTOBOI YyacTu criekTpa. Meton
YOOK npumeHsieTcst B MeauliiHe 6osiee 90 JieT.
B 1928 r. Hancock V. u Knott E. BriepBbie BbINOJI-
HUWJIM HECKOJIbKO CEaHCOB 3KCTPaKOPIIOpaaibHOIO

1153



N.9. Xopzan ap.

MHdekumns n uMmyHuTeT

YOOK ponuibHUIIe, TTOorubarolieii oT cercuca,
W B pe3yabTraTe IIPOBOAMMOrO JieUeHUS OOJbHAS
BBI3IOpOBeNa [2].

B CCCP atoTt MeToz iedeHU 1 00IbHBIX BIIEPBhIE
OBLJI TIPUMEHEH JICHUHTPAaACKUMU TpaHC)y3M0JI0-
ramu A.H. ®unatoseim u I'M. KacymoBbeiM B 1937 1.,
a B 1979 r. B JIeHUHTpaaCKOM rocyaapCTBEHHOM OIl-
TuyeckoM nHctutyTe um. C.1. BaBuioBa yueHbIMU
FO.B. Tlomoeim u JI.M. Kykyem Obl1 pazpaboTan
arnmmapat «M3ompma» (MJI-73), KOTOpBIT SIBIISICT-
Csl TIPOTOTUIIOM IIMPOKO HCIIOJb3YeMOro BpayaMu
110 HacTosiiero BpemeHu anmnapara OBK-03 [3].

K neueonbpiM apdpektam YDPOK oTHOCAT HOp-
MaJM3alrio CHa, MOBBIIIEHUE aMlMNeTuTa, YMEHb-
IIEHWEe JNXOPaaKW, IIPU3HAKOB WHTOKCUKAIIUU
W TUTIOKCUM, YMEHBIIICHNE BOCITAJIUTEIIBHOTO IIPO-
mecca, WIIEMUYCCKMX OOJIel, YyJIydIlIeHUEe Iepu-
GdbepryecKoro M KOPOHApPHOro KPOBOOOpPAIIEHUS

Ta6auua 1. KnuHnyeckas xapaktepuctuka
uccneayembix naumeHToB

Table 1. Clinical characteristics of studied patients

XapakTtepucTuka Fpynna 1| Mpynna 2
Characteristics Group 1| Group 2 P
(n=35) [ (n=35)
Bospact, ner 64+12 | 6110 |03
Age, years
ml’g‘:“" non 13(37%) | 20 (57%) |0,09
MMnepToHuyeckas 605e3Hb
-l cT. 0 0
Hypertensive disease 21(60%) | 19(52%) | 06
(-1l stage)
Nwemunyeckas 6onesHb
cepaua 15 (43%) | 12(34%) | 0,4
Coronary heart disease
CTeHoKapaua HanpsXXeHus
11-111 ¢.kn. 0 0
Angina pectoris 6 (17%) 3(7%) | 0.3
(II-1l functional class)
MocTuHdapKTHbIN
KapAuocknepos 3 (8%) 2(6%) | 0,6
Postinfarction cardiosclerosis
LlepeGpoBackynspHas
60J1e3Hb 9(25%) | 7(20%) | 0,5
Cerebrovascular disease
CaxapHbiii guaber Il Tuna 0 o
Type Il diabetes mellitus 7(20%) | 4(11%) | 0.3
MepuaTtenbHag apuTMus o 0
Atrial fibrillation 6 (17%) 5(14%) | 0.7
Taxenoe TeyeHne
3a6oneBaHus 15 (43%) | 12(34%) | 0,8
Severe course of the disease
Kaptuna KT-3 o o
CT scan 3 24 (68%) | 22 (62%) | 0,6
CPB npu noctynaexHuu, mr/an + +
CRP on admission, mg/dl 17 106 0.2

1 TPOGUKHU TKAHEH, CTUMYJIISIIIAIO pereHepaTOPHBIX
npoiueccoB. OTMeuaJucCh yBEIMUYECHUE COAePXKaHU S
reMOIJIO0OMHA M 3PUTPOLMUTOB B IepudeprUIeCKOi
KpPOBHU, TIOBBHIIICHHME IIOKa3aTelei WMMMYHUTETa
U HecreuuIecKoil pe3auCTEHTHOCTH OopraHu3Ma,
HOpMajaM3alus YIJIEBOAHOIO, >XWPOBOro U OeJ-
KOBOTO OOMEHOB, VJIYYIICHUE PEOJOrnISeCKUX
CBOMCTB KPOBU M MUKPOUMPKYJISIIAW, YJIyJIIe-
HUE (UIBTPALIMOHHOW CIOCOOHOCTU Tiouek |[3].
Konnaranze A.M. 1 coaBT. ONUCHIBAIOT MPOTUBO-
BUPYCHBI, OAKTEpULIMAHBIN 1 0aKTeproCcTaTUUEC-
Kuit 3PdeKTh  YIbTPadUOIeTOBOTO OOJIYUYEHU ST
kposH [4]. [TogooHbIe 23D exTh puMeHeHus1 YOO
KPOBU SIBUJTMCH TPUUYMHON €€ MPUMEHEHMU S B Jieue-
Huu nanueHToB ¢ COVID-19-acconmupoBaHHOMN
BHEOOJIbHMYHO MHEBMOHUEN.

Matepuanbl n MeToab!

B nepuon ¢ 1 maprta o 20 mionsg 2020 roga neued-
Ho-TipountakTuueckoe yupexaenue CII6 T'bY3
T'MIIB Ne 2 66110 IeperrporIIMPOBaHO IO/ JICUCHE
VHGEKIIMOHHBIX 00JIbHBIX. TocnmuTann3mpoBaHHBIE
NaUeHTHI MOTyJalin JISYeHE COIIaCHO BpeMEHHBIM
METOANYECKUM PEKOMEHIAIIMSIM TI0 TIpOUIaKTUKE,
MUArHOCTUKE W JICYEHWIO HOBOW KOPOHABUPYCHOM
nHbexknu (COVID-19).

Ha otmenmeHnMn rpaBUTAIMOHHOW XUPYPIUU
KpOBHU OBLJIO TIPOBEACHO MCCJIENOBAHUE, B KOTOPOE
oo 70 IMmalrMeHTOB ¢ BHEOOJBHUYHOMN JBYCTO-
POHHEN TOJUCETMEHTAPHOM BUPYCHOW ITHEBMOHU-
eit, accoumupoBaHHoil ¢ COVID-19 [33 MyX4YUHBI
(47%) wn 37 xxenmuH (53%)]. KputepreMm BKIIOYSHU ST
B MCCJIE[IOBAHUE SIBJISIJIOCH CPEIHE-TSIKeJIoe Tede-
HUe 3a00JIeBaHM I, HAJTUYME JIMXOPAIKU B aHAMHE3€e
(> 38°C), moBbimieHrEe ypoBHSI C-peakKTUBHOTO OeJTKa
(CPb), monrBepxxneHHass MmetogoM KT ITHeBMOHMSL.
CpenHuit Bo3pacT IMaleHToB cocTtaBui 61113 neT.
B nepByto rpymnmny ObIJIM BKJIIOUYEHBI 35 MalMeHTOB,
KOTOPBIM TIPOBOAMJIACH PEKOMEHIOBaHHAsI CXe-
Ma JIeYeHMsI, IOomoJHeHHas mponenypoir YDOK.
Bo BTopyto rpyrmiy Boliio 35 MalueHTOB, KOTOpbIe
nojayJyaiad CTaHIapTHYIO PEKOMEHIOBAaHHYIO Te-
panuio. McciaenyeMmble OOJIbHBIE B 00EMX TIpyIiax
OBLJIM CXOXH IO TSIXKECTU TEUCHUST 3a00IeBaHUSI, NX
XapaKTepUCTUKA MpeAcTaBieHa B TabJI. 1.

B xauecTBe Tepanmuu B TIpyIliax MCIIOJb30Ba-
JIUCh TIPOTHMBOBUPYCHBIE M aHTUOAKTepHaJbHBIC
nperapaTbl, HU3KOMOJEKYISIpHbIe aHTUKOATYJISH-
ThI, BHYTpUBeHHas WHODY3UsT (HUUOJIOTUUECKOTO
pacTBopa ¢ nekcameTazoHoM. [Ipu HeadbhekTUB-
HOCTHU TIPOBOAMMON Teparuyd U Pa3BUTUU ILIUTO-
KMHOBOI'O IIITOpMa NPUMEHSJINCH CTaHIapTHBIC
CXEMBI JICUCHUS JIONWHABUPOM/pPUTOHABUPOM,
TUAPOKCUXJIOPOXMHOM, a TaKXe, B psle Ciaydyaes,
O0J0KaTopaMu LIMTOKMHOBOTO IITOPMA.

Memoduka evtnoanenus YOO kposu. Bee maiiu-
eHTHI moyyanu jeueoHoe YDO KpoBU Ha anmnapa-
te «MBonara-OMC-01». MexaHu3M Jie4eOHOTO BO3-
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JECTBUS 3aKJII0YAJICS B CTUMYJISIIIAU TIPOIIECCOB
MEePEKNCHOTO OKUCJICHUS JUMNUIOB B KJICTOYHBIX
MeMOpaHax, aKTUBU3allMM aHTUOKCUIAHTHOMN CH-
CTEeMBI, YBEJIMUEHUSI KUCIIOPOTHOM €MKOCTU KPO-
BU, a TaKXe TOCTUXKECHUST OAKTEPUIIMIHOTO U BU-
TaMWUHOOOpPAa3yIOIIEero NEWCTBUSI W ITIOBBIIICHUS
00111eif *MMYHOPE3UCTEeHTHOCTHU OpraHu3Ma.

Ilepen TpUHSTHEM peIIeHUs O NPOBEACHUU
MpPOIEeNyPEl WCKJIIOYAJIMCh THPOTUBOITOKA3aHMUS
K €¢ BBITIOJTHEHHIO: BCE BUIBI JOOPOKAaYeCTBEHHBIX
M 3JIOKAYeCTBEHHBIX OMYyXOJieii, 3JJ0KauyeCTBEHHBIE
3a00/1eBaHUSI KPOBU, aKTUBHbIE (DOpPMBbI TyOep-
KyJie3a, OCTpble pacCTpPOMCTBAa MO3TOBOIO KPOBO-
oOpaIeHsI, TSKeJIBIIT HEKOMIICHCUPOBAHHBINI ca-
XapHbI 1uaberT.

IMpouenypa 3akiap4anach B MHTPAKOPIOISIP-
HOM OOJyYeHUU KPOBHU IYTEM BBEICHUS OIHO-
pa30BOT0 CTEPUIBHOrO KareTepa 4epes IMyHKIIM-
OHHYIO WIJIy WJIM LIEHTpaJbHbIIl KaTeTep HEIo-
CPEICTBEHHO B KPOBEHOCHOE PYCJIO B MOJOXEHUU
Jiexka Ha cuHe. Bo BpeMs ceaHca UCOJIb30BaJIOCh
2 nuana3oHa usnydeHus: 240—300 HM — KOpPOTKU i1
yasrpaduosetr u 300—400 HM — IAUHHBIN YJIBTpa-
duoser. JMUTEABHOCTh OOJIYYCHMSI COCTaBJIsIJIa
15 MmuH 3a 1 ceaHc, B cpelHEM OJIHOMY MallMEHTY
BBITIOJTHSIJIOCH 3 ceaHca.

Cmamucmuueckuili avaau3. Pe3yabraTbl OblIN
pa3HeceHbl MO MIKajie cpeaHeapruPMeTHIecKuX
3HaYeHU M (mean)*cTaHaapTHoOe oTKJoHeHue (SD).
PasHuny B KareropuajibHBIX IT€PEMEHHBIX aHa-
JIU3UPOBAJN MOCPEICTBOM Y>-KpuTtepust [1upcona
u F-xpurepusi @uiepa, KoJIMYeCTBEHHbIC JaH-
Hble — C momolibio U-kputepuss MaHHaAa—YUTHU
JIIS1 HeTlapHBIX cpaBHeHU . CTaTUCTUYCCKYIO 3HA-
yumMocTh npuHuManu npu p < 0,01. Ilpu ananuse
MCIoab30BaJiv nakeT nmporpaMM SPSS Statistics 17.0
(SPSS Inc., Chicago, IL).

Pesynbrathl

B pesynbraTe 1OMOTHEHUS CXEMBbI JCUCHUS Me-
Tonom YMOK oTmeueHO coKpallleHUe MNpeObiBa-
HUA nmauuedTa B 6oabHuLE ¢ 18+7 no 1119 koiiko-
mHer (p = 0,07). Y manmeHToB U3 IePBOil TPYIIIEI
HaO0JI0HaI0Ch YIIYUIICHUE COCTOSHUS B BUIE OT-
CYTCTBMS JIMXOPAJIKU MOCJIE MepBOro cearca B 85%

100

90 21
80 43
70 A 60
60
85
50 +
40 4 79
30 57
20 -
33
o
6
0 T T
pynnat Ipynna2 Mpynnat Ipynna2
Group 1 Group 2 Group 1 Group 2
[lo neyvenus Yepes 7 gHeit
Before treatment 7 days after treatment
D CpeaHee - Tsxenoe D Y0BNETBOPUTEIbHOE

Moderate Severe Satisfactory

PucyHok 1. Ctabunu3saumns coCTOSHUS NaLUEeHTOB
B Te4YeHue 7 gHei ¢ MOMEeHTa NOCTYyrMJIeHus

B CTaLMOHap B UCccNeAyeMbix rpynnax

Figure 1. Stabilization of patient condition 7 days after
admission to the hospital in the study groups

caydaeB (n = 30), y Tpex MallMEHTOB yJyullleHue
BBISIBJICHO B TEUCHME TIEPBOM HEMIeIM TTOCTIe IIPOBe-
neHust kypca YOOK (puc. 1).

CocTossHUE TTallMeHTOB MEePBOI T'PYIIITBI OTME-
JaJIOCh KaK YIOBJICTBOPUTEIBHOE B CPEAHEM Uepe3
6 cyTok Tocsie Hayasta BeinosHeHus YOOK. Takoe
yAydIlIeHUE 3apETUCTPUPOBAHO Y 85% MaleHTOB
nepBoii rpynnbsl. Bo Bropoii rpynmne cpeaHee Bpems
CTAaOMIU3AlMU COCTOSIHUSI Y CHUXKEHUST TSIXKECTU
TeyeHU sl 00JIE3HU TI0CTIe TTPOBENCHUST Kypca Tepa-
nuu coctaBujio 8 nHei. [TogoOHbIe yaydIlIeHU s OT-
MeYaJIMuCh TOJIbKO Y 60% manueHTOB BTOPOii rpym-
MBI, TOTIa KaK OCTaJIbHBIM TpeboBaJiach JOMOJTHU-
TeJIbHAs KOPPEKIIUS TePaIluu.

IIpu ouenke nuHaMuKU ypoBHsT CPB BEIsIBIIEHO
ero 3HaYMMOE CHUKEHHE B TeUeHME 7 THEH IToce Ha-
JaJjia IIPOBeICHU S MEINKAMEHTO3HOM Tepainu C 10-
noiaHeHneM ee KypcoMm YDOK ¢ 11,5171 mo 2,1+3,2
(p < 0,001), B oTmMuMe OT TPYIITBI KOHTPOJIS, TIe

Ta6nuua 2. iluHamuka cHuxkeHus CPB B uccnegyembix rpynnax

Table 2. Dynamics of CRP reduction in the study groups

Mokasatenu Fpynnbl Lo neyeHus Hepes 7 pHeii Mpu BbinMcKe
Indicators Groups Before treatment 7 days after P At discharge P
treatment from hospital
1-51 (CPT + YOOK)
11,5+7,1 2,1£3,2 1,241
CPB, ycn.eq. 1% (SRT + UBI) 5%, 123, 2+4,
CRP, units 2-5 (CPT) 0,001 0,06
EH - + + .
2" (SRT) 1046,6 8,1+7,1 3,2+6,7

Mpumeuanune. CPT — cTaHmapTHas pekoMeHaoBaHHas Tepanus, CPB — C-peakTuBHbIin 6enok, YOOK — ynbTpaduonetoBoe 061y4eHne KpoBu.
Note. SRT — Standard recommended therapy, CRP — C-reactive protein, UBI — ultraviolet blood irradiation.
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12 B T€YEHHE TOTO Xe BPEeMEHU 3HAYUMMOI'O CHUXKEHU ST

\ ypoBHsi CPb He Habmonanock. IlogpoOHast xapak-

10 TEePUCTUKA TUHAMUKU U3MEHEHUSI KOHIEHTpAIluU
CPb ykazaHa B Ta01. 2.

8 Ha puc. 2 npoageMoHcTpupoBaHa CKOPOCTb CHU-

\ xkeHu s ypoBHs CPb B iepBoii rpynme. [ToiydyeHHbIE

6 JaHHBIE TMOATBEPXKIAIOT IOJIOXUTEIbHOE, TTPOTHU-

\ \ BOBOCHAJIUTEJIbHOE BIMSIHUE CEaHCOB yJIbTpaduo-

4 \. JIETOBOTO OOJIy4eHMsI KPOBM Ha TeueHue 3aboie-

BaHUs. Tak>ke BBISIBJICHO, YTO YPOBEHb CHUKEHU ST

2 CPBb 3HauunTe1bHO 00JbIIIE B IEPBOM UCCIeNYEMOIA

rpyie (p < 0,001).

CPB npunoctynnennn  CPE4epe3 7 gHeit CPB npw Bbinucke JletanbHOCTH B MEepPBOM T'pyIINe HE 3aPETUCTPU-
C-reactive protein C-reactive protein C-reactive protein
atadmission at 7 days after treatment atdischarge pOBaHa, 9TO MOATBCPXKIACT 6esonacrHocTs YOOK

IUIST TUIL ¢ KOPOHABUPYCHOM MHeBMOHUE. Bo BTO-

I 1 I 2 o
—@— Mpynnal =@ Mpynna poii TpyIlIe 3aperTucTpupoBaHa JETaJbHOCTH

Group 1 Group 2
B 2,8% cnydaeB. OCHOBHOI MPUYNHOM JIeTaJIBHOC-
PucyHok 2. AvHamuka CPB npu noctynneHuu, TU CTaJlo TSXKEJIoe TeUyeHHUEe HOBOW KOpOHaBUPYC-
yepes 7 pHen v Npu BbiNnUcke HOI MH(MEeKUUU ¢ MopaxkeHUeM JIeTKUX 3 CTeNeHun
Figure 2. Dynamics of serum CRP level on admission, no KT u pasBuTreM TSXKeJI0M IbIXaTeJIbHOU HEeI0C-
7 days later and at discharge from hospital TatouHocTu. Ha puc. 3 mpeacrtaBieHbl KOMIIbIO-

¢)

PucyHok 3. KT opraHoB rpyaHo# kneTkm y naumeHTku 63 net ¢ noarsepxaeHHbiMm SARS-CoV-2
Figure 3. Chest CT scan in a 63-year-old female patient with confirmed SARS-CoV-2

MpumevaHue. A — nepBble CyTKM NOCe rocnuTannsatmm, 06bemM nopaxeHHol napeHxumsl 15%, sPO, = 98%; b — yepes

6 ,D,Hel7|, y4acCTKn I/IH(DI/IJ'IpraTVIBHbIX M3MEHEHU No TNy «MaTOBOro cTekna» pasnquoH cTeneHn MIHTEHCUBHOCTU HenpanmbHoM
GOpPMbI C HEPOBHLIMN HEYETKMMUW KOHTYpaMu, 06beM NopaxxeHHOW naperHxumbl 1o 70%, sPO, = 86%, KT-kapTuHa ABYCTOPOHHEN
nHeeMoHuUn (KT3). B — Ha koHTponbHoM CKT OI'K yepes 16 aHei nonoxuTtenbHas anHammuka nocne npoeeaeHus ceaHcos YPOK
B BUAE YMEHbLUEHNA NHTEHCUBHOCTW 1 NaoLwagn BOCNannTesibHbIX I/I3MeHeHI/II71, c 0beunx CTOPOH, npeo6pa3OBaH|/|e Yy4aCTKOB
«MaTOBOIr0 CTEKJIAa» B TAXNCTbIE YMJIOTHEHNA NO TUMNY KOHCONMAaunn  peTUKynapHble NUSMEHEHNA, MOJIOXNTENbHAA ANHAMUNKA,
00beM nopaxeHus nerkmx cHuaunca oo 30%.

Note. A — the first day after hospitalization, the volume of the affected parenchyma is 15%, sPO, = 98%; B — after 6 days, areas
with ground-glass opacity infiltrative changes of varying intensity of irregular shape with uneven fuzzy contours, the volume

of the affected parenchymais up to 70%, sPO, = 86%, CT scan of bilateral pneumonia (CT3). C — on the control CT of the

chest 16 days after, positive dynamics after the UBI sessions in the form of a decrease in the intensity and area of inflammatory
changes, on both sides, transformation of the ground-glass opacity areas into heavy seals of the consolidation type and reticular
changes, positive dynamics, the volume of lung damage dropped to 30%.
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Y®POK n COVID-19-accoummnpoBaHHasi THEBMOHUS

TEepHBIC TOMOTpaMMBbI MTallEeHTa, JIEYeHUE KOTOPO-
IO IOTOJTHSJIOCH TTpotenypoii YPOK. BpeMeHHOM
MPOMEXYTOK MEXIYy TIEPBUYHBLIM M ITOBTOPHBIM
KT-uccnemoBanuem coctaBu 10 gHeii.

O6cyxaeHne

MeTon ynbTpadumosieToBOTO OOJIy4eHUsI Kpo-
BU (YOOK) npumeHsieTcss B MEAUIINHE yke Oosee
80 ner [4]. YnabprpaduoneToBoe oOJiyueHUE KPOBU
OKa3bIBaeT BBIPAKEHHOE MHOTOKOMIIOHEHTHOE,
MaTOreHeTUYeCKn OOOCHOBAaHHOE BIUSHUE TIpU
LIEJIOM PsIe MAaTOJIOTNYEeCKUX COCTOSIHUI. Bo MHO-
rux paborax nokazaHo 3¢p@{eKTUBHOE MpPUMEHE-
HUE JaHHOI0 METoJa MpPU UILIEMUYECKON 00JIe3HU
cepala, XpOHUYECKUX 3a001eBaHUSIX KOXU, EPU-
depuyeckux HepomaTusax U aHruomnatusx [1, 2].
HcnonpzoBanne YOOK nipu BHEOOJIbHUYHOM IBY-
CTOPOHHEN TTOJIMCErMEHTAPHOW BUPYCHOW MHEB-
MOHWU, BbI3BAHHOU HOBOW KOPOHABUPYCHOW WH-
dexkuueit COVID-19, HegocTaTOYHO U3YYEHO.

IMposenenne YOOK B niepBoii TpyIITie MaliieHTOB
MOKa3aJio TOCTOBEPHOE CHUXKEHUE CUCTEMHOM BOC-
NaJUTEJbHON peakl MU, YTO, BEPOSITHO, TTOBJIU IO
Ha TpolIeCC BOCTATUTEIbHBIX U3BMEHEHUN B COCY-
JIUCTOM CTEHKE, yYaCTBYIOIIMX B PA3BUTUU JIOKATb-
Horo JIBC-cunapoma. CorjlacHoO JauTepaTypHBIM
JTAaHHBIM, (POTOreMOKOPPEKIIMSI BJIMSIJIa HA yTy4dllIe-
HUE KPOBOTOKA Y JIULI, CTPAJAIOLINX BOCITATIUTEb-
HBIMM 3200JIEBAHUSIMU COCYAO0B (IHIAPTEPUUTOM).
VYV TakuX MaluveHTOB PErucTpupyeTcsl yBeJIUUYEHUE
MpOCBETa apTEepUU 3a CUET YMEHbIIIEHHUST BOCTaje-
HUs ee cTeHKU. Takoe pacuinpeHue NpocBeTa apre-
pUU 'y 9TUX OOJBHBIX, TIO-BUAUMOMY, OBLIIO CBSI3aHO
C yCTpaHEHUEM Ba30KOHCTPUKIINUU [3].

[MonyyeHHble B XOJ€ HAILETO MCCIEIOBAHUS
NIAaHHbIE TIOKa3ajJu I[OJIOKUTEJbHOE BJIMUSIHUE
B Bune cHuxeHusi CPb B TeueHue 7 nHeit nocine Ha-
yana Kypca YDOOK ¢ 11,5+7,1 no 2,1£3,2 (p < 0,001).
KynupoBaHue CUCTEMHOI BOCIaJaUTEIbHON peak-

Cnucok nutepatypbl/References

WU TTOJIOXKHUTEIBHO CKa3aJ0Ch Ha CPOKaAX BBITTHC-
ku, a gaHHble KT B nuHamMuKe moka3aju 3HAYu-
TeJIbHOE YMEHbIIIEHNEe MHPUIBTPATUBHBIX U3MEHE-
HU BerouyHoi TkaHnu. CormocTaBUMBIC PE3YIbTaThI
KYITAPOBAaHUS BOCHAJINTEIBHBIX SIBJICHUU U OoJiee
OBICTPOTroO Mepuoaa BOCCTAHOBJIEHUS OIMCHIBAIOT-
csl TIpU IMTPUMEHEHUU OJIOKATOPOB ILIMTOKMHOBOIO
IITOpMa, B YaCTHOCTU Mpenaparta Touuansymao [8,
10]. WcnonbzoBanme YDOOK wmeToma Mo3BOIUIIO
YMEHBIIUTHh BpeMsI TOCITUTAJIN3allii TMallieHTOB,
CHU3UB CPEeIHUI CPOK MPeObIBAaHUS B CTallMOHApe
c 18 no 11 koiiko-nHel. [TonoOHOe CHUXXEHME KO-
YecTBa KOMKO-IHE BCTpedaeTcsl U B PsIe IPYTUX
ucciienopaHuii [4]. TakuM obpazom, AOMOJTHEHUE
cxeMbl Tepanuu MetonoM Y®OK njisi manueHTOB
¢ COVID-19 MoXeT 3HaUUTEIbHO YCKOPUTD U YTy 4-
IIUTH PE3yTbTaThI JICUCHU .

OmnncaHHBIC TTO3UTUBHBIC PE3YJbTATHl IPpUME-
HEeHUsT MeToda (OTOreMOKOPPEKIIMU MOTYT CITO-
co6cTBOBaTh BKIIOUeHU10 MeToga YDOK B MeTo-
TUYeCKUE peKOMEHIAIIMM 10 IMarHOCTUKE U JIeUe-
HHIO0 HOBOUW KOPOHABUPYCHOI MHMEKIINH.

3aknyeHme

1. [IpumeHeHue yabTpadUONECTOBOTO OOJIY-
4yeHUs KpoBU sBiseTcsd 3(PGDEKTUBHBIM U 0e3-
OMaCHbIM JOMOJHUTEJAbHBIM METOIOM JIEUCHUS
OONBHBIX C BHEOONBLHUYHON MOJIMCErMEeHTAapHOMI
JIBYCTOPOHHEW BUPYCHOW NHEBMOHMUEH, BbI3BAH-
Hoit COVID-19.

2. YOOK 1mo3BoJisieT COKPaTUTh CPOKM JICUCHU S
OOJIBHBIX.

3. YOOK moMoraet 1o0OUThCS CHUKEHUS YPOB-
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YYBCTBUTEJIbHOCTb K MPOTUBOBUPYCHbIM
NMPEMNAPATAM LUTAMMOB BUPYCA 'PUIMA,
BblIAEJIEHHbIX B PA3JINYHbIX PETMOHAX
KA3AXCTAHA B 2018-2019 rr.

T.N. I'ne6osa, H.I'. Knusjieesa, I'.B. JIlykmanosa, H.T. Cakraranos,
A.M. baiimyxameToBa

TOO «Hayuno-npoussodcmeerHulii uermp MuKpoouosocuu u supycoroeuu», e. Aamamot, Kazaxcmaun

Pestome. ['pumnm mpenctaBiasieT cepbe3HYIO MTPOOIeMY IS OOIIEeCTBEHHOTO 3ApaBooXpaHeHMs. [l TIpaKTUdecKoit
MEIWIIMHBI ¥ BUPYCOJIOTHH CaMOI Cephe3HO TPo0JIeMOit IBIsIeTCS CIIOCOOHOCTh BO30YIMTEINS TPUTIIA K MOIU(H-
KallM¥ B TIPOIECCE PETIMKAIINH, YTO MOXKET ITPUBOAUTH K KAPANHAJIBHOMY U3MEHEHUIO TAKMX CBOMCTB BUpYCa, KaKk
MHQEKITMOHHOCTb U BUPYJIEHTHOCTh. BbIcOKast MyTallMOHHAsl N3MEHYMBOCTH BUPYCOB TPUIINIA MOXET CITOCOOCTBO-
BaTh OBICTPOMY ITPUOOPETEHU IO YCTOMUYMBOCTH K JIEKAPCTBEHHBIM Mpernapatam. [1oaTomy n3ydeHne 4yBCTBUTETbHO-
CTHW BUPYCOB TPUIIIA K TPOTUBOBUPYCHBIM TperapaTaM HeoOX0MMMO IS 000CHOBAHMS HaJIeKaIIero MpUMEHEH ST
JIEKAPCTBEHHBIX CPEACTB IS Tepanuy U MPOoPUIAKTUKY TPUITIO3HON uHpekuu. Llenb faHHOTrO UccaeqoBaHUsT —
M3y4YeHUe YYBCTBUTEIbHOCTU Ka3aXxCTaHCKUX 1ITaMMOB BUpycoB rpunmna A/HINI u B, BbiieeHHBIX B pa3IUYHbIX
pernoHax Kasaxcrana B 2018—2019 rr., K TpOTMBOBUPYCHBIM IpenapataMm. Mamepuaavi u memodsl. AHAIU3 9yB-
ctButenbHocTu 20 mramMMoB Bupyca rpunmna A/HINI u B mpoBoaunu co caeayomuMu XxuMuonpenaparamu: Pe-
MaHTanauH, Tamudmao, Apounona u MHraBupuH. Bupychel Ky TbTMBHPOBAIN B aJIJTAHTOMCHOM MTOJIOCTU pa3BUBAIOIINX-
cs1 10-mHeBHBIX KYPUHBIX 3MOpHUOHOB B TeueHue 48 4 mpu 36°C. [eMarriioTHHUPYIOIIYIO AKTUBHOCTD OIPEIeISIIN
10 OOILEHIPUHATON METOAMKE Ha 96-TyHOUYHBIX IIJIaHIIEeTax ¢ ucrnojab3oBanueM 0,75% B3BeCH KYPUHBIX SPUTPOLIK-
TOB, UH(PEKIIUOHHOCTh Beiuucasau no Metoay Reed L. u Muench H. YyBcTBUTETBHOCTD IITAMMOB BUpYyCa K pa3-
JIMIHBIM KOHIIEHTPALIMSIM TTPOTUBOBUPYCHBIX ITPEITapaToB OLIEHNBAJIN TI0 CTETICHU ITomaByieHus perrponykunu 100 1g
BN ,,/0,2 Ma BUpyca Ha KypuHBIX aMOprnoHax. CTaTUCTUYECKUIA aHAN3 BBITIOJNHSIIN C TTOMOIIBIO TTPOrPaMMHO-
ro obecrnieuenuss Microsoft Office Excel 2010. Pe3yirsmamsr. VI3yuyeHure 4yBCTBUTEIBHOCTU K XMMUOIpeENnapaTam
M0Ka3aJIo TeTepOreHHOCTh MOMYJISIIMU Ka3aXxcTaHCKUX BUpycoB rpunmna A u B 2018—2019 rr. mo aToMy nmpu3HaKy.
YyBCTBUTENBHOCTD K Tpenapaty TaMudao oOHapyXeHa y BCceX Ka3aXCTaHCKUX IITaMMOB Bupyca rpumnmna A/HINI
1 TpeX LITaMMOB BUpyca rpunima B (MHrubupytoas KoHleHTpaus coctaisia 0,44—25,38 mxr/mi). Penponykius
0OJIBIIMHCTBA BUPYCOB 3(PeKTBHO MHTMOMpoBaiach npenapatoM Tamuduio B KoHueHTpauu 0,68—3,23 MKr/MJI.
Hnsa Tpex mTammoB Bupyca A/HINI uHrubupyolias KOHIEHTpauus coctaBuaa 7,23—25,38 Mxr/ma. Pemantagun
MOJABJISLI PENPOAYKIIMIO BUPYCOB B Gojiee BhicOKUX ao3ax (12,60—25,55 mkr/mi). K Apoumony u MHraBupuHy Bce
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HCCIIeMOBaHHBIE BUPYCHI OKA3aIMCh Pe3NCTEHTHRIMU. OIMH MITaMM BUpyca IpHITa ThIa B oka3aics cj1abo 9yBCTBU-
TeJbHBIM K MHTaBUPUHY. Bbi6odb. [eTepOreHHOCTD MOMYJISIIIMU BUPYCOB TPUIINA ITO YYBCTBUTEIBHOCTH K ITPOTUBO-
BUPYCHBIM IpenapaTtaM YKa3biBaeT Ha HEOOXOIMMOCTb IMMOCTOSIHHOTO 3MUAEMMYECKOro Haa30pa sl BbISIBJACHUS Jie-
KapCTBEHHO-YCTONYMBBIX BADUAHTOB.

Karouesnle caoea: gupyc epunna, peucmeHmHocme, vygcmeumensnocms, Apoudon, Uneasupun, Pemanmadun, Tamughaio.

2018-2019 ANTIVIRAL DRUG SENSITIVITY OF THE INFLUENZA VIRUS STRAINS ISOLATED FROM
VARIOUS REGIONS OF KAZAKHSTAN

Glebova T.I., Klivleyeva N.G., Lukmanova G.V., Saktaganov N.T., Baimukhametova A.M.

Research and Production Center for Microbiology and Virology, Almaty, Kazakhstan

Abstract. Influenza is a serious public health problem. The ability of influenza virus to change upon replication is the
most serious issue for practical medicine and virology, which can fundamentally alter virus biological properties, such as
infectivity and virulence. The high mutational variability of influenza viruses can contribute to rapidly emerging drug
resistance. Therefore, the study of antiviral drug sensitivity among influenza viruses is necessary to justify proper drug
use for treatment and prevention of influenza infection. The aim of the study was to examine antiviral drug susceptibility
of influenza A/HINI1 and B virus strains isolated from various regions of Kazakhstan in the years 2018—2019. Materials
and methods. The susceptibility analysis of 20 strains of influenza A/HIN1 and B viruses was carried out by using chemo-
therapeutic agents including Remantadine, Tamiflu, Arbidol, and Ingavirin. Viruses were cultured in the allantoic cavity
of developing 10-day-old chicken embryos for 48 hours at 36°C. The hemagglutinating activity was determined according
to the standard method on 96-well plates using 0.75% chicken red blood cell suspension; the infectivity was calculated by
the Reed—Muench method. The susceptibility of virus strains to different concentrations of antiviral drugs was evaluated
by the level of virus reproductive suppression of 100 Ig EID,,/0.2 mlin chicken embryos. Statistical analysis was performed
using Microsoft Office Excel 2010 software. Results. A study of susceptibility to chemotherapeutic agents demonstrated
heterogeneity of influenza A and B virus population isolated in Kazakhstan during the 2018—2019 period. The suscep-
tibility to tamiflu was found in all Kazakhstan strains of influenza A/HINI virus and three type B strains (inhibitory
concentration was 0.44—25.38 ug/mL). The reproduction of most viruses was effectively inhibited by Tamiflu at a con-
centration of 0.68—3.23 ug/mL. The inhibitory concentration for three strains of A/HINI virus was 7.23—25.38 ug/mL.
Remantadine inhibited reproduction of viruses at higher doses (12.60—25.55 pg /mL). All investigated viruses were re-
sistant to Arbidol and Ingavirin. A single type B influenza virus strain was found to be weakly susceptible to Ingavirin.
Conclusion. The heterogeneity of influenza virus population in susceptibility to antiviral drugs suggest a need for constant
epidemiological surveillance in order to identify drug-resistant variants.

Key words: influenza virus, resistance, sensitivity, Arbidol, Ingavirin, Remantadine, Tamiflu.

BBeneHue

I'punm npeacTaBiasgeT Cepbe3HYI0 MPOOJIeMYy IS
0OIIeCTBEHHOI 0 3ipaBOOXpaHeHUs1. BbI3bIBast exe-
TOAHBIE CE30HHbIE IMUAEMUN U TEPUOIUYECKUE
MaHIeMUU, TPUIITIO3HAsT WHOEKIUs TPUBOIUT
K Pa3BUTUIO PA3JIUYHBIX OCITOXHEHUI, OCHOBHBIM
13 KOTOPBIX SIBJISIETCSI BTOPUYHAST OaKTepuaibHas
MHEBMOHUS, HEPEAKO CO CMEPTEJbHBIM UCXOAOM
B rpymnmnax pucka. ExeromHo, nmo maHHeiMm BO3,
PETUCTPUPYIOTCS AECSITKM MUJUIMOHOB CJIydaeB
3a00JIeBaHUS TPUIITIOM, U3 KOTOPBIX OKOJIO TTOJY-
MUJIJIMOHA 3aKaHYMUBAIOTC JieTajbHO [1].

J st mpakTuuecKoi MeIUIIMHBI U BUPYCOJIOTUN
B TIJIaHE CO3JaHUs BAaKIMHHBIX, TUAaTHOCTUYEC-
KUX W JIEYEOHBIX TMpemapaToB caMoOil Cepbe3HOU
NpoO0JIEMO SBJISIETCS CIOCOOHOCTH BO30OYIUTEN S
TpUTIa NOCTOSTHHO U3MEHSIThCS B TMPOLIECCE pe-
nnukanuu. CerMeHTUpOBaHHAasI CTPYKTYypa reHo-
Ma BUpYyca TpUIIa CIIOCOOCTBYET peaccopTaluu
TeHOB, 3a4YacTyIO0 TPUBOASIIEH K KapIWHaJIbHO-
MY U3MEHEHUIO OUOJOTrMYECKUX CBOUCTB, TAKUX
KakK MHMEeKIMOHHOCTh U BUPYJEHTHOCTH [11, 21,

28]. OnHOU U3 BaXXHEUIIUX XapaKTEePUCTUK BU-
pyca SIBJISETCSI €ro YyBCTBUTEJbHOCTh K CIIEIl-
UPUUECKUM JIEKapCTBEHHBIM cpeacTBaM. OaHaKo
BBICOKAasi MyTallMOHHasi M3MEHYMBOCTh BUPYCOB
TPUIIIa MOXET CIIOCOOCTBOBATh OBICTPOMY IIPH-
OOpeTeHNI0 YCTOMYMBOCTH K JICKapCTBEHHBIM
npenapatam [4, 6, 20]. UMeHHO MO3TOMY M3yue-
HUE YYBCTBUTEJIBHOCTHU BHUPYCOB IpUTIITa K MPO-
TUBOBUPYCHBIM ITperaparaM HEOOXOAUMO JIsI
000CHOBaHMU S HaJIeXKalllero NIpuMeHeH s JieKap -
CTBEHHBIX CPEJACTB JIJIsl Tepanuu U NpoduiakTu-
KU TPUNITIO3HOM MHp ek [2].

XuMuoTeparus BUPYCHBIX NH(MEKIINI BOZHUK-
J1a B KoH1e 1960 rr. — HauaJje 1970 rr., korma ObLau
YCTAaHOBJICHBI TTPOTUBOBUPYCHBIE CBOWCTBA IIPO-
M3BOJIHBIX ajaMaHTaHa. K HacTosimeMy BpeMeHU
HAaKOIJIEH 3HAYMUTEIbHBINA OINBIT MIPUMEHEHUS XU-
MMOIIperapaToB, pa3pabdaTbhIBalOTCS IPUHIIMIIU-
aJbHO HOBBIE CPEICTBA JICUYCHUS M MPOPUIIaKTHU-
ku rpurniia 1 OPBU [4]. DddexTnBHasg cTpaTerns
1o 00pb0Oe ¢ TPUIIIIOM MpeaIrojaraeT IpuMeHeHUE
STUOTPOTTHBIX CPEICTB, OKAa3bIBAIOIINX HETIOCPEI-
CTBEHHOE BO3[IEiICTBME Ha CHEIUMUIECKYI0 MH-
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IIeHb — BUPYCHBII OEJIOK, YUaCTBYIOIIWH B IIUKJIE
pennukauuu. Hanbonee mIMpoKo MpuMeHsieMble
B KazaxcraHe JiekapcTBEeHHBIE NPOTUBOTPUIIIIO3-
HBIC CPEICTBA MPEACTaBICHBI YeTBIPbM S TpyIIIaMu
9TUOTPOITHBIX MTpenapaTos [4]:

— OJioKaTOpbl MOHHOrO KaHaJjia (ajaMaHTaHBbI,

B TOM yuciie PemanTagmnn);

— MHTUOUTOpPHl HeWpamuHuaasbl (Tamudaio

(ocenvramuBup), Penensa, [lepamuBup);

— crneuuUuUIeCcKMil 1anepoH IeMarrJloTUHU-

Ha (Apoumomn);

— umHrnomTopsl NP-6enka (MHTaBUPHUH).

Llenpio HacTosileid pabOThl OBLIO H3YyYEHUE
YYBCTBUTEJIBHOCTU Ka3aXCTAaHCKUX IITAMMOB BH-
pycoB rpunna A/HINI1 u B, BbelaeSeHHBIX B pa3-
anuHbBIX pernoHax Kaszaxcrana B 2018—2019 rr.,
K TIPOTUBOBUPYCHBIM TIperaparam.

Marepuansl 1 MeToapl

Bupycer. 1ns vccinenoBaHuii ucnojib3zoBaau 17
mrtamMmoB Bupyca rpunma A/HINI u Tpu mtamma
BUpyca rpurnma B, Belae/ieHHbIC B pa3JIMYHBIX pe-
rnoHax Kaszaxcrana B 2018—2019 rr., a TakXe pede-
peHcHbie mTammbl A/swine/lowa/15/30, A/swine/
USA/1976/31, A/New Jersey/8/76, A/Solomon Islands/
03/06, A/California/04/09pdm u B/Shandong/07/97,
XpaHSIIUeCcs B KOJJIEKIIMU J1abopaTopuu OMOXU-
mun BupycoB TOO «HaydHO-TIpOM3BOACTBEHHBIN
LIEHTP MUKPOOUOJIOTUY U BUPYCOTIOTUM».

IIpomueosupycuovle npenapamsi. B axcriepruMeH-
Tax MCIIOJb30BaJIM CJCOYIOIINe JIeKapCTBEHHBIC
cpencTna:

— Pemantamuua (100 mr/karcyna, Olainfarm,

JlaTBu);

— Tamudnawo (75 wmr/kancyna, Cenexi SAS,

®pannus, ynmakosano F. Hoffmann—La Roche

AG, IBeiinapus);

— Apounon (100 mr/kancyyia ymucbeHOBUpa -

JIPOXJIOpHMIa MOHOTHIpaTa B IepecueTe Ha YMU-

denoBupa runpoxiopun, OAO «DapmcraH-

napt-JlekcpencrBa», Poccus);

— WuraBupuH (90 Mmr/karcyia MMUIA30UII-

9TaHaMMla NIEHTaHIMOBOM KUCIOThHl — BUTATJIy-

tama, OAO «BamenTta @apmaneBTuKka», Poccus).

Bupycel KyapTUBUpPOBAJM B aJIAHTOUCHOM
MoJIOCTU pa3BuBamIIUXcs 10-AHEBHBIX KYPUHBIX
3MOpHoHOB B TeueHue 48 4 npu 36°C. I'emarriio-
TUHHUPYIOIIYIO aKTUBHOCTH OIIPEICIISIIN T10 00IIIe-
MPUHSITON METOAMKE Ha 96-TyHOUHBIX TJIAHIIETaX
¢ ucnonb3oBanueMm 0,75% B3Becu KypUHBIX 3pU-
TpouMTOB [26]. MHGMEKIIMOHHOCTL BBIUYUCISIIN
no metony Reed L. m Muench H. [25].

YyBCTBUTEIBHOCTh BBIJCJACHHBIX IIITAMMOB
K pa3JIMYHBIM KOHIIEHTPAL U SIM ITPOTUBOBUPYCHBIX
nperapaToB OLIEHMWBAJIMU MO CTENEHU IOJaBICHUS
perponyknuu 100 DU ;,/0,2 M1 Bupyca Ha Ky-
pUHBIX 3MOpuoHax. IIpemapaTbl, pacTBOPCHHBIC
B ¢ochatHOM OydbepHOM pacTBOpe B KOHILIEHTpa-

uuu 50 Mr/MJI, UCMIOJb30Bal B KAa4eCTBE UCXOJI-
HbIX. Jlo3y nmpemnapara, NOAaBISIIOIIYIO TUTP BUPY-
ca B peakl[My reMarrjJioTUHAILIUY B 2 pa3a o cpaB-
HEHUIO C KOHTPOJIEM, CUWUTAJIM WHTHOMPYIOIICH
koHueHTpauueit (MKsy)) [14]. dnsg kaxaoil Kom-
OMHalMU KOHLIEHTpaluii mpernapara U BUPYCHOTO
Marepuaja MpOBOAMIAN TPU HE3aBUCUMBIX IKCIIC-
pHUMEHTA.

Cmamucmuueckuil anaarus. Ilpu cratuctuyec-
KOt 00paboTKe /151 BCeX CEPUl pe3yIbTaTOB HaX0-
IUJIN CpemHUe reoMeTpruyeckue (geometric mean
titer, GMT) u ompeneiasiam MX CTaHZAPTHBIC OT-
kJoHeHus (£SD) [3] ¢ momolibio NPOrpaMMHOTO
obecrnieueHust Microsoft Office Excel 2010.

Pesynbrarhl

Pesynbrarhl M3ydyeHUsI YyBCTBUTEIbHOCTU Ka-
3aXCTAHCKMX BUPYCOB I'PUTITIA K XUMHUOTIperapaTaM
B CpaBHEHUU C pedepeHCHBIMU IITAMMaMU TIPE-
CTaBJICHBI BTA0IMIIE. YCTAaHOBJIEHATEeTEPOTeHHOCTh
MOMYJISIIUY Ka3aXCTAaHCKUX BUPYcOB rpunna Au B
2018—2019 rr. o 3ToMy mpu3HaKy. Tak uam mHa-
ye BCe IITAMMBbl BUPYCOB TPUIIIA MOKA3aJdu YyB-
CTBUTENBHOCTh K TaMudIio, pernpomnyKius Bcex
M30J5ITOB MHTMOUpoBaachk B go3ax ot 0,44+0,44
no 25,38+1,5 mkr/mua. Bonbiias 4yacTh BUPYCOB
rputniia Au B (A/Anmmatei/04/18, A/Aamater/05/18,
A/Kaparanma/14/18, A/T1aBnonap/20/18, A/Anmarsl/
01/19, A/Anmatsi/04/19, A/Anmarsi/05/19, A/TlaB-
nonap/09/19, A/Tlasnonap/11/19, A/CKO/13/19, A/
Kaparanna/23/19, A/Kaparanpma/24/19, A/BKO/
39/19, A/3KO/41/19 B/Aamatbei/06/18, B/Anma-
T61/07/18, B/Anmarsi/08/18) acddekTMBHO MHTMOM-
poBaiuchk npenapatom Tamudmo (MK, = ot 0,68
no 3,23 MKr/ma), ipudeM mrtamm B/Anmatei/08/18
MPOSIBUJI Yy BCTBUTETBHOCTb UCKJIIOUUTELHO K 9TO-
My npernapary. [lo naHHOMY MPU3HAKY YIIOMSTHYThIE
MU30JISIThl CXOAHBI C pedepeHCHbIMU BapUaHTaMU
A/Solomon Islands/03/06 u B/Shandong/07/97, xo-
TOpble TakXKe 0oJjiee YyBCTBUTEIbHBI K TamudJiio
(UK, = 3,40 1 9,31 MKT/MJI COOTBETCTBEHHO). MeHee
YYBCTBUTEJbHBIMU K Tamudiato ObLIM BUPYCHI A/
Artbipay/17/18, A/Atbipay/18/18 u A/T1aBnonap/19/18
(UK, = ot 7,23 mo 25,38 MKr/MmI).

B Oosiee BrIcOKMX n03ax mopaBasijiuch PemaH-
TaguHOM Bupychl A/Anmatsl/04/18, A/Aamatei/05/
18, A/IlaBnonap/19/18, A/IlaBnonap/20/18, A/An-
matbel/05/19, A/IlaBnonap/09/19, A/IlaBnomap/11/
19, A/CKO/13/19, A/BKO/39/19, A/3KO/41/19, B/
Anmarbi/06/18 u B/Anmatsi/07/18. UKy, Peman-
TaJgWHa O JaHHBIX BUPYCOB cocTaBuia 12,60—
25,55 wmxkr/miua. Ilramm B/Anmarei/08/18, aHa-
noruuyHo 3TtajioHy A/California/04/09, oxasancs
PE3UCTEHTHBIM K JaHHOMY Tiperaparty. Tpu u3o-
nsaTta (A/Ateipay/17/18, A/Atbeipay/18/18 u A/Ka-
paranma/14/18), HaIIpOTUB, IIPOSBUIN OOJBIIYIO
YYBCTBUTEJNLHOCTh TIO OTHOIIEHWIO K PemaH-
ranuny (MK, = 3,90, 3,49 u 13,23 MKr/mMi), yem
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TaGnuua. YyBCTBUTENBHOCTb Ka3aXCTaHCKUX U pedepeHCHbIX LUTAMMOB BUMPYCOB rpunna
K xumuonpenapartam (GMT=SD)
Table. Sensitivity of Kazakhstan and reference influenza virus strains to chemotherapeutic agents (GMT£SD)

WHrnbupyiolas KOHLEHTpauua npenapara, MKr/mn
Bupyc Inhibitory concentration, pg/ml
Virus Tamudnio PemaHTaguH Ap6ugon WUHraeupux
Tamiflu Remantadine Arbidol Ingavirin

KasaxcTaHckue WTamMmmbl
Kazakhstan strains

A/Anmartbi/04/18 (HIN1) He UHrMbupyet He UHrMéupyet
A/Almaty/04/18 (HIN1) 3,23:0,6 12,6006 does not inhibit does not inhibit
A/Anmatbl/05/18 (H1N1) 1,3840,9 12,88+0.8 He MHFVI6.VIp‘y(‘BT He VIHFVIG.VIp‘y‘eT
A/Almaty/05/18 (H1N1) does not inhibit does not inhibit
A/Kaparanpga/14/18 (HIN1) 1,90£0,6 3.94+1,0 He erMGIMp.ygT He erMGIMp.ygT
A/Karaganda/14/18 (H1N1) does not inhibit does not inhibit
A/ATtbipay/17/18 (HIN1) . " He UHrMbupyeT He UHrMbupyeT
A/Atyrau/17/18 (H1N1) 723+05 3,900,3 does not inhibit does not inhibit
A/Atbipay/18/18 (H1N1) + " He UHrubupyeTt He UHrMbupyeTt
A/Atyrau/18/18 (HIN1) 12,9820,5 3,49£0,3 does not inhibit does not inhibit
A/Naenopap/19/18 (HIN1) N N He UHrubupyeT He UHrubupyeT
A/Pavlodar/19/18 (H1N1) 25,3815 13,23+2,8 does not inhibit does not inhibit
A/NMaenopap/20/18 (HIN1) 0.70+1.0 25 50+3,0 He VIHI'VIGIVIp.y.eT He VIHl'Mﬁ.VIPIVIET
A/Pavlodar/20/18 (HIN1) does not inhibit does not inhibit
A/Anmatbi/01/19 (HIN1) . " He UHrubupyeT He UHrubupyeT
A/Almaty/01/19 (HIN1) 0.67+0,13 50,22:0,03 does not inhibit does not inhibit
A/AnmaTtbi/04/19 (HIN1) He UHrMbupyeTt He UHrMbupyeTt
A/Amaty/04/19 (HIN1) 3,1120,40 42,018,13 does not inhibit does not inhibit
A/Anmatbi/05/19 (H1N1) N " He UHrubupyeT He UHrubupyeT
A/Almaty/05/19 (H1N1) 1,8420,21 25,42+0,08 does not inhibit does not inhibit
A/Naenogap/09/19 (HIN1) N . He UHrMbupyeT He UHrMbupyeT
A/Pavlodar/09/19 (HIN1) 0,44x0,44 25,08+0,6 does not inhibit does not inhibit
A/Naenopap/11/19 (H1N1) N " He UHrMbupyeT He UHrubupyeT
A/Pavlodar/11/19 (H1N1) 0,98£0,9 25,50£0,6 does not inhibit does not inhibit
A/CKO/13/19 (H1N1) . . He UHrMbupyeT He UHrMbupyeT
A/SKO/13/19 (H1N1) 0,62+0,06 25,55+0,11 does not inhibit does not inhibit
A/Kaparanpa/23/19 (H1N1) N " He UHrubupyeT He UHrMbupyeT
A/Karaganda/23/19 (HIN1) 115£0,09 50.17+0,07 does not inhibit does not inhibit
A/Kaparanpa/24/19 (H1N1) " " He UHrMbupyeT He UHrMbupyeT
A/Karaganda/24/19 (H1N1) 1,92x0,07 50,26+0,03 does not inhibit does not inhibit
A/BKO/39/19 (H1N1) " " He UHrubupyeT He UHrMbupyeT
A/VKO/39/19(H1NT) 0,9720,05 25,5201 does not inhibit does not inhibit
A/3KO/41/19 (H1N1) He UHrMbupyeT He UHrMbupyeT
A/ZKO/41/19 (HINA) 1,28+0,12 25,42+0,08 does not inhibit does not inhibit
B/Anmatbi/06/18 He UHrubupyeT

B/Almaty/06/18 0,681,0 15,1317 does not inhibit 25,50+0.,6
B/Anmatbi/07/18 He UHrMbupyeT He UHrMbupyeT
B/Almaty/07/18 2,04:1,1 25,3810 does not inhibit does not inhibit
B/Anmatbi/08/18 199412 He UHrubupyer He UHrMbupyeT He UHrMbupyeT
B/Almaty/08/18 T does not inhibit does not inhibit does not inhibit
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WHrnbupyioLaa KOHLEHTpauua npenapaTa, MKr/mn
Bupyc Inhibitory concentration, pg/ml
Virus Tamudnio PemaHTaguH Ap6ugon WUHraesmpuu
Tamiflu Remantadine Arbidol Ingavirin
PedepeHcHble WwTammbl
Reference strains
. He UHrMbupyeT He UHrMbupyeT
+ +
A/swine/lowa/15/30 (Hsw1N1) 6,51+0,1 6,75+0,2 does not inhibit does not inhibit
. He UHrnéupyer He UHrnubupyer
+ +
A/swine/USA/1976/31(Hsw1N1) 6,60+0,6 7,05+0,1 does not inhibit does not inhibit
He UHrMbupyeT He UHrMbupyeT
+ +
A/New Jersey/8/76 (HIN1) 6,25:0,1 1265202 does not inhibit does not inhibit
T He uHrnéupyer He uHrnéupyer He UHrMbupyeT
*
A/California/04/09 (H1N1) pdm 3,50+0,02 does not inhibit does not inhibit does not inhibit
He UHrMbupyet He MHrnoupyet
+ +
A/Solomon Islands/03/06 (H1N1) 3,40£0,02 6,4+0,02 does not inhibit does not inhibit
He UHrMbupyeT
+ + +
B/Shandong/07/97 9,31+1,3 18,01+1,2 25,85+1,5 does not inhibit

Mpumeyanue. YkasaHa KOHLEHTpaLMs Npenapara, Bbi3biBaloLLas CHXEHUE PENPOAYKLIM BUPYCa B PA3BUBAIOLLMXCS KYPUHBIX 3MOPUOHAX B ABA pasa.
Note. Drug concentration causing 2-fold reduced virus reproduction in chicken embryos is indicated.

k Tamudao (UKy, = 12,98, 7,23 u 25,08 MKT/MI
cooTBeTcTBeHHO). Bupyc A/Kaparanna/14/18 oka-
3ajicsl 4yBCTBUTENbHBIM U K Tamudnawo (UK, =
1,90 mxr/™Min), u K Pemantanuny (MK, = 3,94 mxr/
MJI) aHAJJOTUYHO DTAJIOHHBIM BUpycam (A/swine/
lowa/15/30, A/swine/USA/1976/31 u A/Solomon
Islands/03/06).

K Apbunomny Bce ucciaeToBaHHBIE BUPYChI OKa-
3anuch pesucteHTHbIMU. K WMHraBupmHy nuiib
onuH Bupyc (B/Anmatbei/06/18) okasancst ciabo
qyBcTBUTENbHBIM (MK, = 25,50 MmxT/MI).

Takum o6pa3zom, Ipu U3yUYeHUUW YYBCTBUTEIb-
HOCTHU TI0 OTHOIIEHWIO K 3TUOTPOITHBIM XUMMUO-
npernapartaM BUPYCOB, HUPKYIupoBaBIInUX B 2018—
2019 rr., ycTaHOBJIEHA TETEPOT€HHOCTh MOMYAS 1IN
Ka3aXCTaHCKMUX IITAMMOB CPEIU BUPYCOB TpUTITIA
A/HINI u B.

O6cyxaeHne

AmaHTaguH u PemantamuH  (o--mMeTua-1-
agjaMaHTaHMETUJIaMUH) SBJISIOTCS TpernapaTaMu
CTPOTO HaNpaBJICHHOTO NEHCTBUSI Ha BUPYCOCIIC-
HM(pUUIECKYyI0 MUIIIEHB, IOKaJIM30BaHHYIO B TPaHC-
MeMOpaHHOM 00J1aCT MUHOPHOTO MOBEPXHOCTHO-
ro 6enka M2 BupycoB rpunna tumna A. OHM He-
o6paTuMO MHIrUOUPYIOT M2-0€JI0K U TeM caMbIM
OCTaHaBJIMBAIOT MOTOK ITPOTOHOB Yepe3 MemMOpa-
HBI BUpHoHOB. [IpenapaTsl amamMmaHTaHa, OJJIOKUPYS
GYHKIIMM MOHHBIX KaHaJOB, HapyIIaloT ITPOIECC
«pasgeBaHus» BUpyca [8, 22]. PemaHTaguH MOXHO
OTHECTU K KaTEeTOPUU BBIAAIOIIUXCS MPEIrnapaTos.
OTKpBITBHIN TPaKTUYECKU CclaydyaiiHO, mpernapar
OoCTaBaJjICsl OCHOBHBIM JJISI JICUYCHUS TPUIITa B Te-

yeHue 6osee 35 yet. OgHako HaumHas ¢ 1980 rr.
9(phHEeKTUBHOCTh €ro NPUMEHEHUS TOCTEIIEHHO
CHUKaJIaCh U3-3a MOSIBJICHUS PE3UCTEHTHBIX HOPM
BupycoB [4, 12]. B nurtepaTtype mnpenctaBiIeHBI
JAaHHBbIE MHOTOYWCJIEHHBIX HWCCJIEAOBaHUI, CBU-
JIETebCTBYIOIIUE O PE3UCTEHTHOCTU BapUAHTOB
nannemMudeckoro mramma A/HIN1/2009 k ipemna-
pataMm anamaHTaHoBoro psna [13, 19]. Pesynbrarsl
U3yYEeHUS  YYBCTBUTEJIBHOCTU  Ka3aXCTAHCKUX
MITAMMOB T10 OTHOIIIEHWIO K PemaHTanmHy moka-
3aJ1, 4TO OOJIbIliee YUCIO BUPYCOB, MOJAOOHO 3Ta-
nonHomy mrtammy A/California/04/09pdm, mpo-
SIBUJIM PE3WCTEHTHOCTh K JAHHOMY IIpernapary.
B otnnume ot Hux mrammbl A/Kaparanna/14/18,
A/Ateipay/17/18 wu  A/Ateipay/18/18 okazanuch
YYBCTBUTEJIBHBIMU K JTAHHOMY IIpenapary.
MHrubuTopsl HelipaMUHUIa3bl BUpyca rpunna A
u B (Penensa, Tamuduio, OceabTaMuBUp) JJIs Jie-
4eHu s rpurnna npumenstorcsd ¢ 1999 r., korga 6bi1a
nokaszaHa 6ojiee yeM 80%-Hast 3¢ GHEeKTUBHOCTD Mpe-
napatosB [5, 13]. HefipamuHunaza — ¢pepMeHT, KOH-
TPOTUPYIOIIUNA MPOLECChl TOYKOBAHUSI U BBICBO-
OOXIEHUST 3PEJIbIX BUPYCHBIX YAaCTUIL OT MeMOpaH
WHOUIIMPOBAHHBIX KJETOK TyTEM OTIIETIJICHUS
OCTaTKOB CHAJIOBBIX KMCJIOT OT OJIMTOCAXapuIOB
remarciloTuHUHA. Kpome sToro, HelipamMmuHuaasa
UTPAET OMPENEJICHHYIO POJb B HAYAJIbHBIX CTAAUSIX
MPOHUKHOBEHM ST BUPYCOB T'PUTITIA B KJIETKH, TO €CTh
B UX UHOULMPOBAaHUU. HIUOUTOPBI HEMPaMUHU-
JIa3bl B3aMMOJEHUCTBYIOT C aKTUBHBIM IIEHTPOM (Dep-
MEHTa ¥ SIBJISTIOTCSI KOHKYPEHTHBIMUA WHTUOUTOpPA-
MU, Hapylas MpoIecchl TPOHUKHOBEHUS BUPYCOB
B KJIETKY M TIOYKOBAHUSI 3pEJIIX BAUPUOHOB OT MEM-
OpaH WHMUIIMPOBAHHBIX KJETOK. [IpuMeHeHUe
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MHdekumns n uMmyHuTeT

OcenpTaMuBUpa TPUBOAUT K COKpAIEHUIO Cpel-
HEll TPOAOJKUTEIBHOCTH 3abosieBaHust Ha 37%,
YMEHbIIIAeT MNPOSIBJIGHUE CUMIITOMOB 3a00JeBaHUS
Ha 30—38% u Ha 67% cCHUXXaeT 4aCTOTYy BTOPUYHBIX
ocioxHeHuil rpunna. Ilpemapar xopouro nepeHo-
cuTcs OONbHBIMU M Ha 71% cHUXaeT CMEpPTHOCTh
OT OCJIOXKHEHUI Yy TTOXKUJIBIX JIIOJEI, OTHOCSIIIUXCS
K IpyMrie NoBbIIIEeHHOTO pucka [4, 8]. B cBsi3u ¢ aTUM
UHTUOUTOPBI HeWpaMUHUOA3bl, B OCOOEHHOCTU
TamMudmo, MKUPOKO MCHONB3YIOTCS TIPU JICYSHUU
rpunmna. OgHakKo B MOCJeAHEe BpeMs IMOSIBJISIOT-
cs CBEAEHHUS O MPUOOPETEHUHM BUPYCaMU TpHUIIIa
YCTOMUYUMBOCTHU K TaHHOMY mpenapary [24, 27].

B npoBeneHHbBIX UCCAEOOBAaHUSIX BCE IITaMMBbI
BupycoB rpunna A/HINI u B, kxak pedepeHc-
Hble, TaK M Ka3axCTaHCKWE, MoKa3aJid YyBCTBU-
TeabHOCTh K Tamudmnw. Ilpenapat addekTuBHO
B HU3KUX 3HaueHUusix MK, momapisia penpoayk-
M0 Ha KYPUHBIX SMOpPUOHAX MOYTU BCEX BUPY-
COB, B3SITBIX B DKCIIEPUMEHT, 3a MCKJIOUYEHUEM
Tpex mramMmMmoB: A/Atbipay/17/18, A/Atsipay/18/18
un A/IlaBnomap/19/18, KoTOpble MOXHO OXapakKTe-
pU30BaTh KaK CpeAHEUYBCTBUTEIbHbBIE IO OTHOIIIE-
HUIO K JaHHOMY Iperapary.

ITomuMmo mipenapaToB TPSIMOTO MNPOTUBOBU-
pycHoro aeictBusi, B Poccuu ¢ Toit xKe LeJibio uc-
MOJIB3YIOTCSI BEIeCTBA, OOJamaroniue KOMOWHM-
POBaHHBIM ME€XaHU3MOM aKTUBHOCTHU [17]. OnHUM
13 3¢ HEKTUBHBIX POCCUNCKUX MPOTUBOBUPYCHBIX
npernaparoB AJs JedyeHus rpurnmna u apyrux OPBU
cuurtaetcd Apounon (¥Ymudenosup) [4]. B ntutepa-
Type BCTpevyaloTcsi ynoMUHaHus 00 3h(HeKTUuBHO-
cTU ApOuaoaa Mo OTHOIIEHUWIO K BUpycaM TpuIllia
U OTCYTCTBUU PE3UCTEHTHBIX K HEMY IITaMMOB [7].
Ilpenapar neificTByeT Ha paHHUX CTaAUsSIX PENpo-
NYyKIUU BUpyca. MexaHu3M nercTBus ApOumosna
3aKJII04aeTCcsl B MHAYKIUU KOH(MOPMAIIMOHHBIX
M3MEHEHUII MOBEPXHOCTHOIO OejiKa reMarriloTu-
HUHA, BEAYIIMX K HAPYLIEHUIO CAUSHUS BUPYCHOU
JIUMTUIHON 000JIOUKU C MeMOpaHaMU 9HA0COM, He-
obxonuMoe AJisi BbICBOOOXIAECHMUSI BUPYCHOTO HY-
KJeoKarcuaa U Havaja TPaHCKPUIILIUU BUPYCHO-
ro resoma [16]. JIpyroii mpemnapar 3Toro Kjaacca —
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OUEHKA UMMYHOIEHHOCTH

U NMPOTEKTUBHOCTU BUPYCA OCMNMOBAKLHWHDI
LIVP-GFP HA TPEX BUAAX JIABOPATOPHbIX
XUBOTHbIX

C.H. Illeakynos, A.A. Ceprees, C.H. fAAkyounkmuii, K.A. Turosa, C.A. IIpssHKOB

@DBYH TlocyoapcmeenHubiil Hay4HbLil yeHmp supyconroeuu u buomexuoaoeuu «Bexmop» Pocnompeonadsopa, p.n. Koasyoseo,
Hoesocubupckas obaacms, Poccus

Pestome. JIukBUAAMS OCIBI M OTCYTCTBHUE a1€KBATHOM XK MBOTHOM MOJIEJIM OCTIEHHOM MH(bEKIIMH Y YeI0BEKa 00yCI0B-
JIMBAET HEOOXOAMMOCTD OLIEHKM MMMYHOT€HHBIX U MPOTEKTUBHBIX CBOMCTB CO3/1aBaeMbIX METOAaMU T€HETUYECKOI
WHKEHEePUU XKMBBIX aTTEHYHPOBAHHBIX MPOTUBOOCIICHHBIX BaKIIMH Ha Pa3HBIX XKMUBOTHBIX MOMAESIX OPTOIMOKCBU-
pyCHBIX MHGbeKuiA. B naHHO# paboTe MpoBeaeHO CpaBHEHNE MMMYHOI€HHBIX 1 MTPOTEKTUBHBIX CBOMCTB PEKOMOM-
HaHTHOTO BUpyca ocrioBakiinHb (VACV) LIVP-GFP nipu BHyTpuKoXHOM (B/K) BBEIEHUU MBIIIIaM, MOPCKUM CBUH-
KaM 1 Kposnukam. UmmyHusupyioniue go3bl Bupyca LIVP-GFP 1t Bcex BUIOB XXMBOTHBIX cocTaBisiu 2 X 10* uiaun
2 x 10® BOE. KOHTpOJIBHEIM XMBOTHEIM B/K BBOIUIN (DM3UOJIOTHIECKII pacTBOP. 3a60p P06 KPOBU ¥ KUBOTHBIX
MPOBOIMIIM TIPUKU3HEHHO uepe3 28 cyTok mnocie BBeneHus Bupyca LIVP-GFP unu dhusunonornueckoro pactsopa:
y MBILIEH — U3 PeTPOOPOUTATBHOTO BEHO3HOTO CUHYCA, Y MOPCKUX CBUHOK — U3 CEP/LA, Y KDOJIMKOB — U3 KPaeBOM
BeHBI yxa. M3 00pa3iioB KpoBM OTAEIbHBIX 0CO0OEH ObLIN TIOJTYYEHBI CHIBOPOTKH, B KOTOpHIX MeTogoM MDA ompene-
s Tutp VACV-cneuunbuynbix antutesa. Ha 30-e cyTku aKkcniepuMeHTa UMMYHU3UPOBaHHBIX BUpycoM LIVP-GFP
1 KOHTPOJbHBIX XKMBOTHBIX MHTPAHA3aJbHO 3apakau JeTaJbHBIMU 103aMU COOTBETCTBYIOLIIUX OPTOIMOKCBUPYCOB,
K KOTOPBIM KaXXIblif BUJ XKMBOTHBIX UyBCTBUTENEH. Mblleit 3apaxaau BupycoM ociibl KopoB (CPXV) GRI-90 B nose
68 J1/15,, Mopckux cBuHOK — VACV GPA B no3e 56 J1/15,, kpoiaukoB — VACV HB-92 B noze 100 JI/1;,. Bce koHTpob-
HbI€ XKMBOTHBIE TIOCJIE 9TOTO IMTOTUOJIH, a BCE XKMBOTHBIE, UIMMYHU3MPOBAHHbBIE aTTEHYPOBAHHBIM PEKOMOMHAHTHBIM
BupycoM LIVP-GFP B nose 2 x 10 BOE, soixuiau. [pu ummyHusupymomieii 1o3e LIVP-GFP 2 x 10* BOE Bbixuio
88% mblieii ocie 3apaxeHus CPXV, 67% kponnkos nocie nHdekunn VACV HB-92 1 50% MOpCKUX CBUHOK TOCIE
sapaxeHnst VACV GPA. lannbsie MDA cbIBOPOTOK KPOBU MOKa3aIu Koppensaunio ypoBHS VACV-cienmnUIHbBIX aH-
THUTEJ C YPOBHEM IIPOTEKTUBHOCTH, MHIYIIMPYEMBIM Y COOTBETCTBYIOIINX KMBOTHEIX. Ha OCHOBAaHMU ITOTYYeHHBIX
Pe3yIBTaTOB MOXHO 3aKJIIOUUTh, UTO BCE TPU M3YUYEHHEIE TTAPHl «J1a00PaTOPHOE XXKMBOTHOE — OPTOIOKCBUPYC» T10-
3BOJISIIOT IaTh aJcKBAaTHYIO OIICHKY MMMYHOTEHHOCTH ¥ TIPOTEKTUBHOCTHU CO3[aBaEMBIX COBPEMEHHBIX aTTEHYUPO-
BaHHBIX BAaKILIMH ITPOTHUB OCIIBI ¥ IPYTUX OPTOIIOKCBUPYCHBIX MH(pEK It yeaoBeka. [Tpu aTom mbrnu tuHuu BALB/c
SIBJISIIOTCSL Haubosiee ynoOHbIM 00 BEKTOM UCCIIEIOBAHUS.

Karouesvie caosa: BUPYC OCNOBAKUUHbL, ammMeHyayus, llMMyHHblﬁ omeem, ahmumend, npoOmeKmueHocmos, OpmMoOnNOKCceuUpycol.
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ASSESSING IMMUNOGENICITY AND PROTECTIVENESS OF THE VACCINIA VIRUS LIVP-GFP
IN THREE LABORATORY ANIMAL MODELS
Shchelkunov S.N., Sergeev A.A., Yakubitskiy S.\N., Titova K.A., Pyankov S.A.

State Research Center of Virology and Biotechnology “Vector”, Federal Service for Surveillance on Consumer Rights Protection and
Human Wellbeing, Koltsovo, Novosibirsk Region, Russian Federation

Abstract. Smallpox eradication and lack of adequate animal model for smallpox infection underlies a necessity to assess
immunogenic and protective properties of genetic engineering-created live attenuated smallpox vaccines in several animal
models of orthopoxviral infections. Here we compared immunogenic and protective properties of the recombinant vac-
cinia virus (VACV) LIVP-GFP intradermally (i.d.) inoculated to mice, guinea pigs and rabbits. LIVP-GFP immuniza-
tion in all animal species was applied at dose of 2 x 10* or 2 x 10° PFU. Control animals were injected with saline. Blood
sampling was performed on day 28 after virus LIVP-GFP or saline inoculation. Blood samples were taken intravitally
from the retro-orbital venous sinus in mice, heart in guinea pigs or marginal ear vein in rabbits. Serum samples were
isolated by precipitating blood cells via centrifugation. The serum anti-VACV IgG titers were determined by ELISA.
On day 30 post-immunization animals were intranasally challenged with lethal dose of host specific orthopoxvirus spe-
cies. Mice were infected by cowpox virus (CPXV) strain GRI-90 at dose 68 LD;,, guinea pigs — by VACV GPA at dose
56 LDy, rabbits — by VACV HB-92 at dose 100 LDs,. All animals in control group died afterwards, whereas all animals
immunized by attenuated recombinant virus LIVP-GFP at dose 2 x 10° PFU survived. In case of the LIVP-GFP im-
munization at dose 2 x 10* PFU, 88% of mice, 67% of rabbits and 50% of guinea pigs survived after being challenged with
species-specific CPXV, VACV HB-92, and VACV GPA. ELISA data for the blood serum samples revealed a correlation
between level of VACV-specific antibodies and level of protection in animal species. Based on the data obtained, it could
be concluded that all three “animal—orthopoxvirus” models allow to provide with a proper evaluation of immunogenicity
and protectiveness for generated modern attenuated vaccines against smallpox and other orthopoxviral human infections.

Upon that, it was shown that BALB/c mouse strain was the most convenient investigational host species.

Key words: vaccinia virus, attenuation, immune response, antibodies, protectiveness, orthopoxviruses.

BeepgeHue

Bupyc ocnoBakumnbsl (Vaccinia virus, VACV)
CTaJl JKWUBOW TTPOTUBOOCIIEHHOI BaKIIMHOM, C T10-
MOIIBIO KOTOPO#l BIEpBbIC yAAJOCh JUKBUINPO-
BaTh 0C000 omacHoe MH(PEKIIMOHHOE 3aboJieBaHUE
yenoBeka [5]. Hecmotpst Ha 1o, uTo B 1980 r. ObLIO
00BsIBJIEHO 00 UICKOPEHEHM U OCITbl U PEKOMEH 10Ba-
HO MpeKpaTUTh MPOTUBOOCHEHHYIO BaKILIMHALIUIO,
nHTepec K VACV Bckope BO30OHOBMIICS B CBSI3U
C BO3HUKIIIECH BO3MOXHOCTBbIO TCHHOWH>KCHEPHOU
PEKOHCTPYKIIMHY reHOMa 3TOro BUpyca Ipu HarpaB-
JIEHHOM BCTPOMKE 4yXXE€POOHBIX T€HOB WJIM yaaje-
HUU (OeJeluu) onpeaesieHHbIX BUPYCHBIX T'€HOB.
Takast reHOMHasi TEXHOJIOTUSI TO3BOJIMJIA TI0JIyYaTh
CTaOMIBHO aTTeHynpoBaHHBIe mTaMMbl VACY,
NpoAyLMpPYIOIIMEe aHTUIeHbl Pa3IUYHBbIX MHQEK-
HOMOHHBIX areHToB. Co3maBaeMble Ha ocHOBe VACV
MOJIMBAJIEHTHBIE KMBbIe BaKIIMHBI 00eCleuyuBaloT
MHIYKIMIO KaK aHTUTEIbHOr0, TaK U T-KJIeTOYHOIo
MMMYHHBIX OTBETOB Ha Uy KepOAHbIE aHTUTEHHI [11].
B cBs13u ¢ Bo3pacTalolieit yrpo30ii BOBHUKHOBEHUSI
B pe3yJibTaTe €CTECTBEHHOM 2BOJIIOIIMU OPTOIOKC-
BUPYCOB, MaTOTeHHBIX AJISI YeJIOBeKa, B MOCJEIHUE
roabl BaXXHOM 3ajlayeii CTaJI0 CO3JaHUE METOAAMMU
TeHEeTUICCKO MHXKEHEPUU XKUBBIX aTTCHYUPOBaH-
HBIX BaKIIMH MPOTUB OpTONOKCBUPYCOB [3, 11, 12].

B 3aBUCHMOCTHU OT >KMBOTHOM MOAEJIN UJIN CIIO-
coba BBeneHus VACV ¢ HampaBJIEeHHO HapylIeH-
HBIMU F€HaAMM BUPYC MOXKET MPOSIBIASITH CHUXKEH-
HYIO B Pa3HOI CTeNeHU BUPYJIEHTHOCTS [4, 7, 8, 13],
4TO MOXeT obecrneuyrnBaTh pa3Hble YPOBHU UMMYH-

HoTo oTBeTa Ha nHpeKuIo. [ToaTomy npu qoKIM-
HUYECKUX WCCJIETOBAHUSX HOBBIX KaHAMIATHBIX
BakIIMH Ha ocHOBe VACV He0oO0XOAMMO HCIOJIb30-
BaTh pa3HbIE XKMBOTHBIE MOAEIU OPTOIMOKCBUPYC-
HbIX WHOeKIuil. [Ipu MHOUIMPOBAHUU MBIIIEH
TpeMsl pa3HbIMU crocobaMu (MHTpaHa3aJlbHbIM
(1/H), BHYTPUKOXHBIM (B/K), TIOOKOXHBIM) HaMU
OBLJIO TIOKa3aHO, YTO ONTUMAJIbHBIM IO COOTHO-
IIEHUIO «MaTOT€HHOCTh/UMMYHOT€HHOCTb» JJIsI
mrtamma VACV LIVP-GFP ¢ HapylieHHbBIM T€HOM
TUMUAUHKWHA3KI IBJIsSEeTCs B/K BBeaeHue [2].
Llens manHON pabOThl — BMEPBbIE MPOBECTU
CpaBHEHUWE MMMYHOT€HHOCTU M MNPOTEKTUBHOC-
™ (3amuTHOro 3s@deKTa) aTrTeHyUupOBAHHOIO
mramma LIVP-GFP VACV npu ero B/K BBeIeHUN
Mbliam tuHuu BALB/c, 6ecriopoHbIM MOPCKUM
CBMHKAaM UM KposukKam nopoasl «[HuHmmnnas.

Matepuanbl n MeToOb!

Bupycei. B paboTe uCIonb30Badu ciaeayroliue
IITaMMBI, TIOJyYeHHble W3 Koyurekuuum DOBYH
I'HLI Bb «Bexktop» PocmoTpebOHan3opa: LITamMM
GRI-90 Bupyca ocnbl kopoB (CPXV) [1]; mitamm
LIVP-GFP VACV [9]; mrtamm HB-92, BorImeneH-
HBIW U3 TKAHU TOJIOBHOTO MO3Ta KPOJIMKA TTOPOJIbI
«MIuHmwunna», UHTpalepeopaibHo (/1) UHOU-
nupoBaHHoro Bupycom VACV LIVP; ampantupoBaH-
HBIA K MOPCKUM cBUHKaM mTaMM GPA, mosyyeH-
HBIN B pe3yJibTaTe nmaccupoBaHus mramma HB-92
VACYV nipu n/11 (5 maccaxeii) u u/H (3 mmaccaxka) 3a-
pakeHUHM MOPCKHUX CBUHOK.
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MMMYHOreHHOCTb BUpyca 0CnoBakLUMHbI

Kueommnuwie. TIOCKOJIbKY B MNpeaBapUTEIbHBIX
9KCMEePUMEHTaX Ha )KUBOTHBIX Pa3HOTO M0J1a HE BbI-
SIBUJIA JOCTOBEPHBIX Pa3IMYUI Y CAMOK M CaMIIOB
B YPOBHE aHTUTEJT, CHHTE3UPYEeMBbIX B OTBET Ha M-
myHuzanuio VACV, B f1aHHOI paboTe MCHOJIb30Ba-
JIU pa3HOMOJIbIX XXMBOTHBIX. B uccienoBaHusix uc-
MOJb30BaJIM MHOPEAHBIX 5—6-HeAeIbHBIX MBILIENA
squaun BALB/c maccoit 13—16 1, 6ecnopoaHbIX
4-HenebHBIX MOPCKUX CBUHOK Maccoit 210—230 r
U 4-MeCSIYHbIX KPOJIMKOB nopoabl «IlluHmummia»
maccoit 3,0—3,5 Kr, MoJy4eHHBIX M3 MUTOMHUKA
®BYH T'HII BB «Bekrtop» PocmorpebHam3opa.
IMomombITHBIX XWBOTHBIX COMEpXKaJd Ha CTaH-
MapTHOM pallMOHE C AOCTAaTOYHBIM KOJUYECTBOM
BOIBI COTJIACHO BeTepMHApPHOMY 3aKOHOIATEIbCTBY
1 B COOTBETCTBUHU C TPEOOBAHUSIMHU 10 TYMaHHOMY
COJIep>XKaHU IO U UCITOJIb30BAHUIO SKUBOTHBIX B OKC-
MepUMEHTaIbHbBIX MCCIeNOBaHU SIX. MIcciienoBaH U
U MAaHUITYJSIMU Ha XXKMBOTHBIX OBIIM IMpOBEIE-
HBI ¢ onoOpeHus KoMuTteta mo 6mostuke MBYH
I'HI1I Bb «Bextop» PocniorpedHanzopa (ITpotokon
Ne 08-09.2020 ot 25.09.2020).

Manunyasyuu ¢ acusomnvimu. B/K BBemeHue
BHUPYCHOTO Mperapata Ju00 (U3MOJIOTHUECKOTO
pactBopa (®P) ocymiecTBasiin MBIIIaM B KOPEHb
XBocTa B 00beMe 30 MKJ, MOPCKUM CBUHKaM —
B 00JlacTh Ta3a C MpeaBapuTEJbHO yHaJeHHBIM
IIEPCTSIHBIM MOKPOBOM B 00beme 100 MKJI, Kpou-
KaM — B 00JIacTh XOJIKM C MpeIBapUTELHO yua-
JIEHHBIM LIEPCTSIHBIM MMOKPOBOM B 00beMe 100 MKJT.
Nuobunupyromue mno3bl Bupyca LIVP-GFP nnsg
BCEX BUIOB KMBOTHBIX COCTABIISLIM 2 X 10* nim 2 X
10° BOE. Kaxmas rpyriia 3KCIepUMeEHTaIbHbIX
KUBOTHBIX cocTostia u3 6—8 Mbiliei, 4—6 mMop-
CKMX CBUHOK M 3—6 KpoJinkoB. Bcero B akcnepu-
MeHTax ObLJIO 3aaeiicTBOBaHO 46 Mbliieit, 34 Mop-
CKMe CBUHKH 1 25 KPOJIMKOB.

3a0op npoO KpoOBU Yy XMBOTHBIX MPOBOAUIU
NPUXU3HEHHO 4Yepe3 28 CyTOK Iocjie BBEACHUS
IperapaToB: Y MBIIIEH — U3 PeTPOOpOUTATIBHO-
ro0 BCHO3HOI'O CHHYCa C TOMOIIBIO OIHOPA30BBIX
CTEPUJIBHBIX KalMWJUISIPOB, Y MOPCKHUX CBUHOK —
U3 cepalla ¢ MOMOIIbIO ILIMPUIIa O0BEMOM 5 MIJI,
Yy KPOJIMKOB — 13 KpaeBOI BEHBI yXa MyTEM e¢ IPo-
KaJIbIBAHUSI UTJIOW OT IImpuiia oobeMoMm 2,5 MIIL.
M3 00pa3110B KPOBU OTIE€IbHBIX 0CO0€ Oblj1a MOy~
YyeHa ChIBOPOTKA MyTeM OCaXIeHM s ee POPMEHHBIX
9JIEMEHTOB C TIOMOIIbIO LIEHTPUMYTUPOBAHUS TTPU
3000—4000 r B Teuenue 7—10 muH. [NoydyeHHBIE
CBIBOPOTKHU OBLJIM TEPMUYECKU MHAKTUBUPOBAHBI
npu remneparype 56°C B TedeHre 30 MUH U XpaHU-
auck mpu Munyc 20°C.

Ha 30-e cyTku 3kcriepruMeHTa (BTOPOM AeHB MO~
cJie B3SITUSI KPOBU) B/K UMMYHU3UPOBAHHBIX BUPY-
com LIVP-GFP 1 KOHTpOJbHBIX (B/K MHBEIIUPO-
BaHHBIX DP) JKUBOTHBIX M/H 3apa>kaJiv JeTaJlbHbI-
MH J03aMU COOTBETCTBYIOIINX OPTOIIOKCBUPYCOB.
Mprueit 3apaxanu CPXV GRI-90 B nmoze 68 JI [,
Mopckux cBuHOK — VACV GPA B moze 56 JI/,,

kpoJsinkoB — VACV HB-92 B no3e 100 JIs,. 3a xxu-
BOTHBIMU HaOJIIOAA M B TeueHue 14 CyTOK 1 peruc-
TPUPOBAJIM Y HUX KJIMHUISCKHUE MPOSIBICHUS UH-
deKrn U Tuoeb.

HmmyHnopepmenmuniii anaaus col8Opomox Kpo-
8U IKCNEePUMEHMANbHbIX HCUBOMHbIX. TUTP aHTU-
TeJl K aHTUTreHaM (BUPMOHHBIM OenikaMm) VACV
LIVP ompenenstnn metonom MPA. Mcnonb3oBanu
«Habop peareHTOB mJids WMMMYHO(EPMEHTHOrO
BBISIBJICHUSI aHTUTEJ K aHTUIeHaM ITOKCBUPYCOB
“Bektop DA Tlokc-AT” nast HaydHBIX UCCIIEI0-
BaHuit» mo TY 21.10.60-085-05664012-2019 (manee
Mo TeKcTy — Habop peareHTOB «BekTop MDA TMokc-
AT»). Hab6op 3apeructpupoBaH B Poccranmapre
Poccuu, ®BY HoBocubupckuii LICM, KJIIT Ne 080/
007372 ot 03.07.2019. OcHoBoOIT HaboOpa SIBASICTCS
MMMYHOCOPOEHT, Ha MOBEPXHOCTHU JIYHOK KOTO-
poro MMMOOMJIM30BAaH OYMIIEHHBIA Ha caxapo3e
npenapat BupruoHoB VACV LIVP. I1pu BeisiBieHU U
aHTUTEJ B KPOBU XXMUBOTHBIX MCITOJIb30BaH IIEPOK-
CUIA3HbIN KOHbIOTAT 0eKa A S. aureus.

Jnst cpaBHeHUST KOHLEHTpaMK crienuduydec-
kux IgG k VACV B pazau4HbIX o0pa3lax npume-
HAIM TuUTpoBaHme. KaxXmblit mcciemyeMblit 00-
pasenr B ay6Jsie pasBoausid TipenBaputesbHo 1:10
B pacTBOpEe AJISI IIPEABapUTEIbHOIO pa3BEICHUS
00pas3loB C UCII0JIb30BaHMEM IIJIaHIIIeTa IJIsI TIpe-
BapUTEIBHOTO Pa3BeACHMS COTJIACHO MHCTPYKIIU M.
3aTreM mpenBapuUTEIbLHO pa3BeIeHHBIN 00paselr
B 00beMe 20 MKJI BHOCUJIM B BEPXHIOIO JTYHKY Bep-
TUKAJbHOTO psilia IUIaHIIeTa-UMMYHOCOpPOEHTa
co 180 MK pacTBOpa AJis pa3BeAeHUs 0Opa3lioB
(PPO). Takum 0Opa3oM mosyvyanu pa3BeaeHue 00-
pasua 1:100. TlepememimBaau MOUIIETUPOBAHUEM,
oToupanu 100 MK U TIEPEHOCUJI B JTYHKY HUXKE
co 100 mxn PPO, 3arem mocie nepeMemiMBaHUS
B 1yHKY HUXe co 100 mxa PPO u 1. 1. 10 BocbMoii
HMXKHEW JTYHKW BepTuKajJbHOro psina. [Momyvanu
NyOIUPOBAHHYIO CEPUIO MOCJEAOBATEIbHBIX JIBY-
KpaTHBIX pas3BeaecHU x100, %200, x400, x800,
x1600, x3200, x6400, x12 800 pas.

Kaxxapiii miaHmeTt cogepxali 1 1yHKy co 100 MkJ1
MOJIOXKUTEJIbHOTO KOHTPOJBHOIO 0bpasia u 2 JyHKU
o 100 MKJI OTpULIaTEJIbHOTO KOHTPOJILHOTO 00pa3iia.

AHaun3 pe3yabTaTOB IIPOBOAMIIN COTIIACHO WH-
cTpyk1mu 1o npuMmeHeHuio «Bekrop MPA Tlokc-
AT». OH 1O3BOJISIJI BBISIBUTh IMOJIOXKUTEIbHbBIE 00-
pasipl, TO eCcTh uMelomue TUTp He MeHee 1:100.
AT TOMOXUTENbHBIX PE3yAbTAaTOB OMNPEACIISIIN
TUTpbl. Ha Kaxkmmoe pasBeeHNe CHIBOPOTKU OBLIO
MCIIOJb30BaHO IO 2 TYHKU IJiaHlIeTa (2 MOBTOpa).
ITo pesynbTataM H3MEpeHUST ONTUYECKOW IJIOT-
HOocTu (OIl) mBYX JYHOK pacCUMTBIBaJIM CpeaHEe
apudmMeTnueckoe 3HaueHue OIl nast naHHOTO pas-
BefeHMs. [lajee 1Mo MHCTPYKIIMY 110 TPUMEHEHUIO
Habopa pacCUMThIBaJM KPUTUYECKYIO OMNTHUYEC-
Ky1o mroTHocTh (OIl, ) 1 nnanmeTa, KoTopas
SIBJISICTCSI BEPXHUM IIpeaesioM (pPOHOBBIX 3HAYCHU I
OTpHUILIaTEIbHBIX KOHTPOJICH.
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PucyHok 1. AnHamuka ru6enu moiweii (A),
MOpCKuUx cBUHOK (B) n kponukos (B),
mMmmMmyHusuposaHHbix VACV LIVP-GFP B po3se

104 BOE/>XXUBOTHOE, NpPU MHTPaHa3a/IbHOM
3apaxeHuu netanbHbimu go3amu CPXV GRI-90 (A),
VACV GPA (B), VACV HB-92 (B)

Figure 1. Mortality rate in mice (A), guinea pigs (B)

or rabbits (C) immunized by VACV LIVP-GFP at dose

10* PFU/animal after intranasal challenge at lethal doses
with CPXV GRI-90 (A), VACV GPA (B) or VACV HB-92 (C)
Mpumeyvanue. MprBeaeHbl AaHHbIE AN TPYNN XUBOTHbIX,
UMMYHM31POBaHHbIX BUpycom LIVP-GFP, a Takxe rpynnm,

He UMMYHU3UPOBaHHbIX LIVP-GFP 1 He MHGULMPOBaHHbIX
(oTpuuaTeNbHbIA KOHTPOSb) UK 3aPaXEHHbIX
(I'IOJ'IO)KI/ITGJ'II:HbII7I KOHTpOJ‘Ib) COOTBETCTBYOLWMM NeTanbHbIM
OpPTONOKCBMPYCOM.

Note. Data for animal groups immunized with virus LIVP-

GFP or groups unimmunized with LIVP-GFP and uninfected
(negative control) or infected (positive control)

by corresponding lethal species-specific orthopoxvirus.

3areM NpPOBOAMJIM CpaBHEHUE cpemHeapudme-
tryeckux 3HayeHuii OIl passenenunii ¢ OIl,,,, nas
miaHiueTa. TUTpoOM CBIBOPOTKHM OBbLIO ITOC/IEAHEE
passenenue co s3Hauennem OIl 6ombme OI1,

Cmamucmuveckuii  anaau3. CTaTUCTUYECKYIO
00paboOTKyY MOTYYEHHBIX JaHHBIX MTPOBOAMUIMN CTaH-
MapTHBIMU METOJIAaMU, MCIOIb3Ys ITaKeT KOMIIbIO-
TepHBIX mporpamm Statistica 10.0 (StatSoft Inc.
1984—2001). HopmanbHOCTB pacipeneaeHus TUTPOB
AHTUTEN B CBIBOPOTKAaX KPOBU KMBOTHBIX OLIEHU-
Banu ¢ nomoiubio W-kputepus lllanupo—Yuika.
B cBs131 ¢ TeM, YTO HOPMAaJIbHOCTD pacIipeIe/ICHUS
TUTPOB aHTUTEJI B CBIBOPOTKAX KPOBU MMMYHU3U-
poBaHHBIX 103011 2 X 10* BOE LIVP-GFP VACYV xu-
BOTHBIX ObLJIa ycTaHOBJIeHA TIpu p > 0,05 TobKO 1151
MBIIIIE, MEXBUIOBBIC CPaBHECHUSI TUTPOB aHTUTEN
JUTST MBITIEN, MOPCKUX CBUHOK U KPOJIMKOB TIPOBO-
JIIUJIM C TIOMOIIbIO HelapaMeTpUYeCKOro MeToaa —
U-kputepusi MaHHa—YUTHU C OIpeaeieHUEM IBY-
CTOpoHHel BeposiTHocTU (p-value). Koadbduimment
KOPPESIIUY MEXTYy MHIYIIMPOBAHHBIMUA Pa3HBIMU
no3amu LIVP-GFP VACV tuTpaMu aHTUTEN Y XU~
BOTHBIX M HaOJOAAaeMbIMU YPOBHSIMU 3alllUThI
oT rubenmn ompenensan meromom Crupmena [10].
Pacuer 50% netanbHoit no3b1 (J1/5,) Mpou3Boauiv
Ha OCHOBaHMM TOKa3aTesieil KoJIMJecTBa IMOruoImx
XKUBOTHBIX ITO MeTony CriupmeHa—Kepoepa [10].

Pesynbrathl 1 06CyXaeHne

Bospacraromiasi B mocjenHue Toiabl OIMACHOCTh
mnepexojia JIOKAJIbHBIX BCITBIIIEK 300HO3HBIX OPTO-
TMOKCBUPYCHBIX MH(EKIINI Cpeau JIIOOSH B pacIIpo-
CTpaHEHHBIE AMUAEMUH OCTPO CTABUT BOIPOC O He-
00XOAMMOCTH CO3JaHU S KUBbIX aTTEHYUPOBaHHBIX
BaKIIMH HOBOT'O ITOKOJICHUSI IIPOTUB 3TUX MHAMEKIIN
M UCITOJIb30BaHUS aIeKBAaTHBIX SKUBOTHBIX MOIEIICH
JIJIS1 OLIEHKW UX UMMYHOTE€HHBIX CBOICTB [3, 8, 13].

B nmogaBasioliem 00JbIIMHCTBE padOT CBOCTBA
cozpaBaeMbIX mitaMMoB VACV u3yvaloT Ha j1abo-
paTopHbIX MbIax [2, 4, 7, 8, 13]. OTo oOycinoBiaeHO
TeM, YTO MBbIIIMWHAs MOJeb 00JagaeT CIIOCOOHO-
CThIO UMUTHUPOBATh UMMYHHBIN OTBET Ha MH(DEK-
o VACYV, HaOmogaeMblii Tpy NPOTUBOOCIIEHHO
MMMYHU3aInu Toaceii. [TokazaHo, 94To cyMMapHBIE
aHTHUTEJIa, CUHTE3MpPYeMble B OpraHM3ME MBbIIICH
B oTBeT Ha VACV-BaKLMHALINUIO, Y3HAIOT CXOXMUI
CHEKTP BUPUOHHBIX O€JIKOB, C KOTOPHIMU B3a1IMO -
IEeMCTBYIOT aHTHUTEJIa CBIBOPOTOK KPOBU BaKIIMHI-
POBaHHBIX MTALIMEHTOB [6].

Pacimimpenue crnektpa GMOJIOTMYECKUX CUCTEM
IJIsT OLIEHKW CBOMCTB KaHIUIOATHBIX ITPOTUBO-
OCIICHHBIX BaKIIMH MTO3BOJIUT MOJIy4aTh O0JIee KOp-
PEKTHBIC JaHHBIE 00 MX MMMYHOTCHHBIX U ITPO-
TEKTUBHBIX CBOMCTBAaX Ha 3Tare HOKJIMHUYECKUX
ucciaenoBaHuii. [loatoMy HaMU NMpPOBEACHO CpaB-
HEHME TAKUX CBOMCTB aTTeHYMPOBAHHOIO IIITaMMa
LIVP-GFP mnipu B/Kk "MMyHM3alluu UM HE TOJIBKO
MBIIIE, HO 1 MOPCKUX CBUHOK M KPOJINKOB.
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MMMYHOreHHOCTb BUpyca 0CnoBakLUMHbI

J st B/K MMMYHM3allM1 MbIIIeH, MOPCKUX CBU-
HOK 1 KPOJUKOB HUCIOJIb30BaIM 103bI BUPYCOB 2 X
10° u 2 x 10* BOE/xkxuBotHOE. B/K crioco6 mmMmy-
HU3allUU UCTTOJIb30BaJIU KaK HanboJiee onTuMaib-
HBIN MO COOTHOIIEHUIO0 «<MMMYHOT€HHOCThb—BUPY-
JIEHTHOCTb» [2]. s Bcex Tpex BUIOB KMBOTHBIX
NPUXU3HEHHBI OTOOP KPOBU U MOJYUYEHUE ChI-
BOPOTOK MPOU3BOAUIMN Ha 28 CYyTKHU IOCJIE€ UMMY-
Huzauuu. CbIBOPOTKU aHAJU3UPOBAJIU Ha YPOBHU
aHTutes metogoM MDA,

Ha 30 cyTku skcrnepyMeHTa UMMYHU3UPOBaH-
Hbix VACV LIVP-GFP u KOHTpOJIbHBIX (MHBE-
nupoBaHHbIX PP) XMBOTHBIX U/H 3apaXkaiu Jie-
TaJbHBIMU 03aMU COOTBETCTBYIOIIUX OPTOITOKC-
BUPYCOB, K KOTOPBIM KaXXIbIii BUJT XKMUBOTHBIX Uy B-
CTBUTEJIEH.

Bce koHTpoJibHBIE (HE MMMYHHU3UPOBAaHHBIE)
JKUBOTHBIE B pe3yJibTaTe TaKUX 3apakeHU Io-
TUOJU: MBIIIU Ha 4—7 CyTKM, MOPCKHE CBUHKU
Ha 5—8 cyTkM, KpoinkKu Ha 6—10 cyTKM mocje nH-
dunupoBanus (puc. 1). ZKUBOTHBIE BCceX Tpex U3-
YUYEHHBIX BUJIOB, UMMYHU3UPOBAHHBIE PEKOMOU-
HaHTHBIM BupycoM LIVP-GFP B nose 2 x 10 BOE,
BBIXKMJIM TIOCJIE€ WCIIOJIb30BaHUS JIeTaJbHBIX /103
COOTBETCTBYIOIIUX OPTOMTOKCBUPYCOB.

Ilpu ummyHusupytomeit noze LIVP-GFP 2 x
10* BOE BbIxxuio0 nocite 3apaxkenus 68 JI11;, CPXV
7 u3 8 (88%) muieii. [1pu TOit ke 103e UMMYHM-
sanuu Bupycom LIVP-GFP Beikuio 4 us 6 (67%)
KposaukoB nocie nHbexkuu 100 J14, VACV HB-92.
YV MOpcKHX CBMHOK TakKasli 103a MMMYHU3alUH
obecnieynBasia 3alUTy JUIIb 50% U3 6 KMBOTHBIX
nocJe 3apaxkenus 56 JI11;, VACV GPA (puc. 1).

Hanuble MDA cbIBOpOTOK KpoBU (puc. 2A) ajs
MeHbIIIel 1036l UMMYyHU3alnu (2 X 10* BOE) nmokasa-
JIU BBICOKYIO KOppeJsiLuio (KoadPUILIMeHT Koppesi-
uuur=0,95,p < 0.005) ypoBHs1 VACV-cnetuuduyHbIX
aHTUTEJ C YPOBHEM MPOTEKTUBHOCTH, WHAYIIUPYE-
MBIM Y COOTBETCTBYIOIINX K MBOTHBIX.

TakuMm o6Gpa3zoM, BBITIOJHEHHBIE DKCIIEPUMEH-
THI TTIOKa3aJIM, YTO BCE TPU M3yUYEeHHBIC Mapbl «jia-
OopaToOpHOE XUBOTHOE — OPTOIMOKCBUPYC» MO3BO-
JISTIOT AaTh aJIeKBaTHYIO OLIEHKY MMMYHOT€HHOCTH
M TIPOTEKTUBHOCTHU CO3JaBaeMbIX aTTEHYWPOBaH-
HBIX BapUaHTOB MPOTUBOOCTIEHHBIX BAaKIIMH HO-
BeWmux nokoysieHUit. [Tpu 3TOM JTUHENHBIE MBILLINU
SIBASIIOTCS HanboJiee y100HbIM 00bEKTOM UCCIIEN0-
BaHUSI, TTOCKOJIBKY OOECHeYMBaAIOT MPU MEHBIITNX
3aTpaTax BBINOJHEHUE SKCIEPUMEHTOB Ha 0OJb-
IIeM YHCJIe XK MBOTHBIX.
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PucyHok 2. OnpepeneHHble meTogoM UDA Tutpbl VACV-cneumpuyHbIX aHTUTEN B CbIBOPOTKE KPOBU
MbILLE, MOPCKMX CBUHOK U KPOJIMKOB, UHGULUMpoBaHHbix VACV LIVP-GFP B nosax 104 BOE (A) n 106 BOE (B)
Figure 2. Serum VACV-specific antibody titer in mice, guinea pigs or rabbits infected by 104 PFU (A) and 10° PFU (B)

VACV LIVP-GFP assessed by ELISA

npumeanMe. YkasaHo cpeaHee reomMeTpmnyeckoe 3Ha4eHne 06paTHOFO TUTPa anga Ka)K/J,OI7I rpynnbl XXMBOTHbIX.
Note. The geometric mean of the back titer is indicated for each group of animals.
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*Ynpaeaenue Pocnompebrnadszopa no Kpacnospcrkomy kpaio, 2. Kpacrospck, Poccus

SDOBY3 Ilenmp eueuenvt u snudemuonocuu ¢ Kpacnospckom kpae, e. Kpacnospck, Poccus

¢ KI'bY3 Kypaeunckas uenmpanvras paiionnas 6oaviuua, p.n. Kypaeuno, Kpacnospckuii kpait, Poccus

Pestome. Cubupckuii knemenoit Tud (CKT) saBisieTcs Hambosree pacmpocTpaHeHHBIM KJIeIeBEIM pruKKeTcrno3oM (KP)
B Poccun, perncrpupyeMblM Ha 17 afMUHUCTPATUBHBIX TeppuTopusx fora Cubupu un JdanbHero Bocroka. Ilenbio
JTAHHOTO MCCJIeA0BaHMS ObIJIO ONMUCAHUE KJIMHUYECKONH KapTUHBI, ATOJOT0AaHATOMMYECKUX TAHHbBIX U PE3YJIbTaTOB
JTa00PaTOPHON TMATHOCTUKM 3aKOHUMBIIECHCS JIETAJIbHBIM UCXOIOM MUKCT-MH(DEKIINN, BRI3BAHHOI IBYMS BUIAMM
HamboJIee pacripocTpaHeHHHBIX B Poccuu BUIOB pUKKETCUIT — TTaTOTeHHOM Rickettsia sibirica i HEMOCTaTOUHO M3yUCH-
Hoit Candidatus R. farasevichiae, BKTro4ast UICHTU(PUKAIIUIO €€ STUOJOTUMISCKOT0 areHTa. Y YeThIpeXJeTHEH JeBOUKHI
B KpacHospckom Kkpae B runepanaemMmuaaoM odare CKT mocite mprcacsIBaHMS KJIeIIa BRISIBICHB TUITHYHBIC CUMIITO-
MBI KP (cTpyn B MecTe mprcachiBaHUs, TUXOpaaKa, IIITHUCTAS CHIITh, MUAJITHS) 1 MEHWHT¢aTbHBII CHHIPOM, HE Xa-
paktepHbIi 111 CKT. PeOeHOK cKOHYAJICSI Ha CeabMOii IeHbh C MOMEHTa 3a0ojeBaHus. JlaHHBIC ayTOICUU (TeIaTo-
CILJIEHOMETAJIMSI; OTEK MO3ra, KOTOPBII CTaJl HEMOCPEACTBEHHOM MPUUNHON CMEPTH) U Pe3YJIbTaThl TUCTOJOTUYECKOTO
o0cnenoBaHUs (MPONYKTUBHEIN BaCKYJIMT T'OJOBHOTO MO3ra, CIIMHHOTO MO3Ta M KOXMH, ITOJIMMOP(PHO-KIETOUHBIE
MepUBACKYJISIpPHbIE MH(MUIBTPATHI B MEYEHU U JETKUX, CEPO3HbIA MEHUHTUT, MUEJIOUIHAS TUIIEPILIA3Usl CeNe3eHKU
1 TuM(aTHIeCKUX y3JI0B, MHTEPCTUIIMAbHAS TUMOONIHAS MHOUIBTPAUs B MUOKAp/e) MMOATBEPANIN KIMHAYECC-
KWl IMarHo3 KJIEMIeBOro pukkeTcruo3a. O0pa3ibl KPOBU 1 TOJOBHOTO MO3Ta IallMeHTa OBLIN MCClIeNOBaHbI Ha HAIU-
YK€ HIMPOKOTO CIEKTPa KJICHIEBbIX MAaTOTEHOB M KUIIEUHbBIX BUPYCOB, BbI3bIBAIOIIMX MOPAXKEHUE TOJIOBHOIO MO3ra,
¢ omomnibio 1P ¢ mocnenyommum ceKBeHUPOBaHUEM MONOXUTENbHBIX po0. JIHK Rickettsia sibirica u Candidatus
R. tarasevichiae O0p1a 0OHapyXeHa KaK B 00pa3liax KpOBU, TaK U TOJOBHOTO Mo3ra. R. sibirica naeHTU(GUIIMPOBaHA
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10 HYKJIEOTUIHBIM TMOCIEN0BATEIbHOCTIM (DparMeHTOB reHoB gltA, ompA u ompB, a Candidatus R. tarasevichiae —
10 MOCJIENOBATEAbHOCTIM (hparMeHTOB I'eHOB gltA u ompB ¢ ucnonb3zoBanueM nested-TTL[P u cekBenuposanus. Bece
aMIIMUIIMPOBaHHBIE (DParMEHTHl CEKBEHMPOBAJIM B 00OMX HAIPaBJICHUSX; MOJYUYEHHBIE IMOC/EIOBATEILHOCTI
JIeTIOHMPoBaHbI B 6a3e maHHbiX GenBank nox nnaBeHTapHbiMu HoMepamMu MK048467—MK048475. Mbl He BHISIBUIIU
B o0Opaslax JApyrue rnepeaaBaeMble KJelaMu MaTOreHbl MM KUIIEYHbIe BUPYChI, KOTOPBIE TAKXKe MOTYT IPUBOIUTD
K MEHUHTeaJIbHOMY CUHApOMY. PaiioH, B KOTOpOM ITPOM3OIILIO ITPUcachiBaHUE KJlella y pebeHKa, OTHOCUTCS K perro-
HaM ¢ BbICOKMM ypoBHeM 3abojeBaemocTu CKT. B aTOoM paiioHe coCylecTBYIOT HECKOJIBKO BUIOB KJEIIeH; U3 HUX
Haemaphisalis concinna, nepeHocuuk R. sibirica, TOMUHUPYET B TOMYJISILUSIX UKCOIOBBIX KJeILel, B TO BpeMs Kak Ixodes
persulcatus, ocHoBHOI pe3epByap Candidatus R. farasevichiae, BcTpeuaeTcs pexe. B pe3ynbrate mpoBeAeHHBIX UCCIEN0-
BaHUi1 BriepBble B Poccuiickoit Mdenepalinyl BBISIBIICH U ONTMCAH BepuDUIIMPOBAHHBII CITydyail JIeTalbHOM MHMEKIINH,
aCCOLIMUPOBAHHOM C pPUKKETCUSIMU ABYX BUIOB — Rickettsia sibirica n Candidatus R. tarasevichiae.

Karouesvie caosa: Candidatus Rickettsia tarasevichiae, Rickettsia sibirica, smuonoeuueckue azeHmol, pUKKemcuo3nl, KAUHU4ecKue
nposaeHus, UKCO008ble KACUU.

CLINICAL AND LABORATORY CHARACTERISTICS OF TICK-BORNE RICKETTSIOSIS RELATED
TO RICKETTSIA SIBIRICA AND CANDIDATUS RICKETTSIA TARASEVICHIAE

Rudakov N.V.*?, Samoylenko I.E.?, Shtrek S.V.**, Rudakova S.A.?, Kumpan L.V.*", Igolkina Ya.P.c, Rar V.A.c,
Zhirakovskaya E.V.c, Tkachev S.E.¢, Tikunova N.V.¢, Kostrykina T.V.Y, Blokhina I.A.¢, Lents P.A.f

@ Omsk Research Institute of Natural Focal Infections, Omsk, Russian Federation

b Omsk State Medical University, Omsk, Russian Federation

¢ Institute of Chemical Biology and Fundamental Medicine SB RAS, Novosibirsk, Russian Federation

4 Krasnoyarsk Office of the Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing, Krasnoyarsk,
Russian Federation

¢ Center for Hygiene and Epidemiology of Krasnoyarsk Krai, Krasnoyarsk, Russian Federation

I Kuraginsky Central District Hospital, Kuragino, Krasnoyarsk Krai, Russian Federation

Abstract. The Siberian tick-borne typhus (STT) is the most common tick-borne rickettsiosis (TBR) in Russia, registered
in 17 administrative territories of the Southern Siberia and the Far East. The aim of this study was to describe clinical picture,
pathological data and results of laboratory diagnostics during fatal mixed infection caused by two Rickettsia species most
common in Russia — pathogenic Rickettsia sibirica and poorly examined Candidatus R. farasevichiae, including identifica-
tion of its etiological agents. A four-year-old girl in Krasnoyarsk Krai in a hyperendemic focus of the Siberian tick-borne
typhus after tick sucking revealed typical TBR symptoms (scab at the site of tick suction, fever, spotted rash, myalgia) and
meningeal syndrome, which is not typical for the Siberian tick-borne typhus. The child died on the seventh day of illness.
Autopsy data (hepatosplenomegaly; cerebral edema, which was the immediate cause of death) and the results of histological
examination (productive vasculitis of the brain, spinal cord and skin, polymorphic cell perivascular infiltrates in the liver
and lungs, serous meningitis, myeloid hyperplasia of the spleen and lymph nodes, interstitial lymphoid infiltration in the
myocardium) confirmed the clinical diagnosis of tick-borne rickettsiosis. The patient’s blood and brain samples were tested
for a wide range of tick-borne pathogens and enteric viruses that cause brain damage using PCR followed by sequencing
of the positive samples. The DNA of Rickettsia sibirica and Candidatus Rickettsia tarasevichiae was found in both blood and
brain samples. R. sibirica was identified by the nucleotide sequences of gene fragments glt4, ompA and ompB, and Candi-
datus R. tarasevichiae — by the gltA and ompB genes using nested PCR and sequencing. All amplified fragments were se-
quenced in both directions; the obtained sequences were deposited in the GenBank database under the inventory numbers
MKO048467—MK048475. We have not identified other tick-borne pathogens or intestinal viruses in the patient samples able
to result in meningeal syndrome. The area where the child was sucked by the tick belongs to the regions with a high incidence
of STT. Several species of mites coexist in this area; of these, Haemaphisalis concinna, the carrier of R. sibirica, dominates
the populations of Ixodes mites, while Ixodes persulcatus, the main reservoir of Candidatus R. farasevichiae, is less common.
As a result of the conducted studies, for the first time in the Russian Federation, a verified case of a lethal infection associated
with two species of Rickettsia — Rickettsia sibirica and Candidatus R. tarasevichiae — was identified and described.

Key words: Candidatus Rickettsia tarasevichiae, Rickettsia sibirica, etiological agents, rickettsioses, clinical manifestations, ixodid ticks.

nposiieHuss CKT BkoualoT JUXOpaaKy, MepBUY-
HBII addekT (CTPYIT) B MECTE MPHCACBIBAHU ST UKCO-

BBeneHune

B Poccnn BEISIBIIEHO HECKOIBKO KJICIIEBBIX PUK-
ketrcuo3oB (KP), Haubonee pacnpocTpaHEeHHBIM
M3 KOTOPBIX SIBJISIETCS CUOMPCKUIT KICIIEBOU TUD
(CKT), peructpupyemMblii Ha 17 amiMUHUCTpaTUB-
HBIX Tepputopusix Cubupn [2, 5]. Knunuueckue

JIOBOI'O KJjella, TMMMaHTOUT, peruoHaJIbHBIN JTUM-
dageHUT, MITHUCTO-TTANYJIC3HYIO CHIIb, TOJJOBHYIO
6oib U MuanTUIoO [3]. DTUONIOTMYECKUM areHTOM
CKT asnsiercst Rickettsia sibirica subsp. sibirica, 4T0O
ObLJIO TIOATBEPXKIECHO UACHTU(DUKALIMEN IITaMMOB
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KnewieBble pUKKeTCUo3bl

W3 KJIeIIeU U OT MaleHToB [16]. R. sibiricaiepenaeTt-
Cs IIPEUMYIIIeCTBEHHO KJIeIaMu ponoB Dermacentor
u Haemaphysalis; 3TOT areHT WHOIAA BbISBJSIIOT
B KJemax Ixodes persulcatus [13, 17].

B nomnonnenue x R. sibirica, B UKCOOOBBIX KJIE-
max B CuOupu BBISIBJICHBI U JIPYTMe areHThI, KO-
Topble MOTYT BbI3bIBaThb KP, a umMeHHO Rickettsia
heilongjiangensis,  Rickettsia  helvetica,  Rickettsia
raoultii m Candidatus Rickettsia tarasevichiae |9, 13,
17]. Ha rore 3anagHoii Cubupu B nociaeaHue Toabl
JTabopaTOPHO TIOATBEPXKICHO HECKOJBKO ClIyda-
€B PUKKETCHO30B, BbI3BaHHbIX R. heilongjiangensis
u R. raoultii [2, 7, 8]. Jlo HacTosI111eTO BpeMEHU KJTH-
Hu4Yeckue ciaydau, BeizBaHHbIe Candidatus R. tara-
sevichiae, B Poccuu He OBIJIM OTIMCAHBL.

Cubupckuii kaeueBoii Tug B Poccuu cuuraior
IOOpOKaYeCTBEHHON MHQEKIMed, ITPUBOASIICH
K JleTaJIbHBbIM UcxoaaM KpaiiHe peako [3]. Tem He me-
Hee B 2017 1. B KpacHosipckoM Kpae ObIJT 3aperucTpu-
pOBaH ciiydyaii pUKKETCUaJIbHOW MHMEKINU Mocie
MpUCacChIBAaHUSI MKCOAOBOrO KJIEIA y YETBhIPEXJICT-
Hell NeBOYKU C TUMMUYHBIMU cuMmnToMamMu KP (1u-
XopajKa, Chbillb, CTPYI B MECTE MpUCAChIBAaHU S KJIe-
Ia, MUAJTUST) U MCHUHTEaJIbHBIM CUHIPOMOM, 3a-
KOHUYMBIINICS JeTanbHO. Kparkoe omucaHue ciy-
yasl ripeacTaBiieHo paHee [15]. Lleablo HacTosIero
HUCCJIEIOBaHU S OBLJIO ONMCaHUE KJIMHUYECKON Kap-
TUHBI U PE3YJILTATOB J1a00OpaTOPHOI AMATHOCTUKU
MUKCT-UHOEKIIMH, BBI3BAHHONI I1ByMsI BUAAMU Hau-
OoJree pacIpocTpaHeHHBIX B Poccit BUIIOB pUKKET-
CUil — TaTOreHHOI Rickettsia sibirica i HemoCTaTOU-
Ho uszyueHHoit Candidatus R. farasevichiae, BKytiouast
UISHTU(UKALIMIO €€ 3TUOJIOTMYECKOro areHTa.

Matepwuasbl 1 MeETOLbI

Toranvnass JIHK Onina skcTparupoBaHa
n3 100 Mk 06pa3oB KPOBU U TOJOBHOTO MO3ra,
B3STBIX TOCJE BCKPBITHUS. DKCTPAKIIMS BBIMOJ-
HsUJTach ABaXKIbl AJISI KaXKJI0i TKaHU. BeioereHue
HykjaenHoBbIX kKucjioT (HK) npoBoguau ¢ momo-
1bto HabopoB «Ammiullpaitm PUBO-npern» (OO0
«AuTepJlacCepBuc», Poccust) m «Peanbect 3kc-
tpakuusg 100» (3AO «BekTop-bect», Poccus).

Boisinenue HK Bo3Oynuteneil kieiieBoro sH-
nedanuta (KD), nHPEKIIMOHHOrO KJeleBoro 0op-
pennosza (MKB), rpanynouurapHoro aHarijiazmosa
yenoBeka (I'AY), MOHOLIMTApHOTO 3PJAUXUO3a YeJIO-
Beka (MBOY) mpoBoauau metonoMm [P B pexume
peanbHOrO BpeMeHM Ha amruiudukaropax CFX96
(Bio-Rad, CIIIA), «AT-96» (OO0 <«HITO JHK-
TexHosiorusi», Poccust) u Rotor-Gene 6000 (Qiagen,
I'epmaHus), TIpd DBTOM UCIIOJb30BaJu  HaboOp
«AmmmnCenc TBEV, B. burgdorferi s.l., A. phago-
cytophilum, E. chaffeensis/E. muris-FL», npumMeHsis
IpeaBapuTeIbHO OJISI IIPOBEICHMST OOpaTHOU TpaHC-
kpunuuu kKoMmruiekT «Pesepta-L» (OOO <«MHTep-
JIa6CepBuc», Poccust), m Habopsl «Peanbect JTHK
Borrelia burgdorferi s..L/PHK BK3®», <«Peanbect
JHK Anaplasma phagocytophilum/Ehrlichia muris,
Ehrlichia chaffeensis» (3AO «BekTop-bect», Poccus).

Kpome toro, JIHK Rickettsia spp. Obljla 0OHa-
pyXeHa ¢ ucrnojb3oBaHuUeM aByxpayHiaoBoi ITLIP
C mpaiiMepamMu AJis1 reHa gltA (tabi.), Kak OmUucaHo
panee [8]. JJIsg TIpaBUJIBHOTO ONpeAesIeHUsI B CIIy-
yae BO3MOXHBIX MHUKCTOB JIBYXpayHIOBBIC peak-
LMY TIPOBOIMIN HE3aBUCUMO, UCITOJb3Ys IpaiimMe-
pol, cneuuduunble 11 Candidatus R. tarasevichiae
U PUKKETCUM I'PYIIIbI KJICIIEBOM NSTHUCTOM JINXO-
panku (PI" KITJI). /Ins nocienyoniero CEKBEeHUpo-
BaHUS dparMeHTHI reHa ompA aMIIIUGUIIMPOBATU
Cc ucrnojib3oBaHueM naByxpayHiaosoi ITLIP; dpar-
MEHTBI FeHa omp B aMnanduupoBaiv HE3aBUCUMO,
ucnoab3ysa AByxpayHaoBywo [1LIP ¢ mpaitmepamu,
crieuuduunabiMu aas Candidatus R. tarasevichiae
n pukkercuit rpynmsl KITJI (ta6a.). [MoxyueHHBIE
¢dparmenTsl JJHK Obl1M cekBeHUpPOBAHBI U JEMO-
HupoBaHbl B GenBank.

O06pasibl ObIJIU UCCIEAOBAHbI B ABYXpayHI0BOM
IIIIP Ha mpucyTCTBHUE areHTOB, IepeaarolInXCs
KJIeIIaMHM, BKJIIO4asi BUPYC KJIEIIEBOTo aHIIehaan-
ta (TBEV), Bupyc KemepoBo, Borrelia burgdorferi
sensu lato, Borrelia miyamotoi, 6akTepuu cemeicTBa
Anaplasmataceae, kxak onucaHo paHee [13]. Kpome
TOTO, 00pa3IIbl MMOABEPTaii CKDUHUHTY C TIOMOIIIBIO
TP Ha Hanuune HK Kui1edHbIX BUPYCOB: pOTaBU-
pycHoii rpynibl A (RVA) u rpynnsl C (RVC), Hopo-
Bupyca (NoV GII), actpoBupyca (HAstV) u saHTEepo-
Bupyca [12, 18].

Pesynbrarhl

B mae 2017 1. yeThIpexJaeTHsISI AeBOYKa Obljia ro-
cUTanu3upoBaHa B MIIpUHCKYIO palilOHHYIO OOIb-
HUILLY Yyepe3 YeThIpe JHS MOocJe IMpucachbiBaHMsI KJIella
3a JIEBBIM YXOM C 3KaJJ00aMU Ha Tuxopaaky 1o 39,5°C,
TOJIOBHYIO 00JIb, PE3KYIO CJIa0OCTh U ChIMb Ha BEPX-
HHMX KOHEYHOCTSIX. Ha ciiemyromuii neHb ChIITh pac-
npocTpaHuiachk Mo Bcemy teny. IlanmeHTKka kuia
B AepeBHe Ha rore KpacHosipckoro kpasi. I1pu mocry-
naeHuu: tuxopanka (38,6°C), ysenmuenue 10 0,5 cM
1 OO0JC3HEHHOCTh 3aAHCEIICHHBIX JUMMaTUUIeCKUX
Y3JI0B U MakyJjionarmyJjie3Has cbifb. O0ciienoBaHue
cepalia, JIETKUX W OPraHOB OPIOUIHON TMOJIOCTU
HE BBIBMJIO TaTosioruu. IlpenBapuTeabHBIM aHa-
THO30M OBIJT KJIEILIEBOI pUKKETCUO3, TsxKeast (pop-
ma. Ha3HaueHHoOe JieyeHre BKJIIoYaIo 1edoTakcum
(2 x 650 mr). Ha yeTBepThIii JeHB JIEYEH ST Y IEBOYK U
Ha0I00aI0Ch CHUXKEeHUE TeMmIieparypbl jo 37,4°C,
CcJ1a00CTh, AaHOPEKCUS; DJIEMEHThI CHIMIM CTAaHOBU-
nuck oinenHee. JlabopaTopHbIe TECTHI TTOKA3aIU JIei-
KorteHu10 (2,7 x 10° KJIETOK Ha JIUTP) U JIUM@POIIEHUIO
(9%); ocTasibHbIE MOKA3aTeIM KPOBU ObLIU B HOPME.
Yepes nmaTh AHEH Tocie Hayajda 00JIe3HU y peOeHKa
HavaJanCh CyOopord m Opamukapaus. Ha tmecroit
JIeHb 3a00JieBaHUs JeYeHre ObLIO CKOPPEKTHUPOBaA-
HO: OTMEHeH IiepoTakKCHMM, Ha3HA4YeHBI TeTpallu-
KauH (3% 0,05 ) u 6eH3uaneHuuuaanH (4 X 500 Toic.
EJl). B TeyeHue gHS COCTOsSIHUE pebeHKa OCTaBaJIOCh
CPEOHETSIKEIbIM, HO HOYBIO PE3KO YXYIIIUIOCH,
pa3BuiICcsI MH(PEKIIMOHHO-TOKCUYECKHI IIIOK C KJIO-
HUKO-TOHUYECKMMHM CyIOopOoraMu 1 OpajarKapaueii.
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bonbHas Oblila mepeBeieHa B OTAeJIeHUe MHTEHCUB-
Hoil Tepanuu KyparmHcKol lLieHTpaJIbHOM pailoH-
HOI OONbHUIIBI. Yepe3 HEeCKOJIbKO YacoB IeBOYKA
yMepJa, HECMOTPSI Ha IPOIOJIXKAIOLIYIOCI UHTEH-
CUBHYIO TepaITuio.

JlaHHBIE ayTorncuu (TelaTOCIICHOMETa NS ; OTEK
MO3Ta, KOTOPBI# CTaJI HeTIOCPEICTBEHHOM ITPUIMHOMN
CMEpPTH) M Pe3yabTaThl TUCTOJIOTMYECKOTO 00CIen0-
BaHMUS (ITPOIXYKTUBHBINA BACKYJIUT TOJIOBHOI'O MO3Ta,
CIMHHOIO MO3ra U KOXHU, MOJIUMOPGHOHO-KJIETOUHbIE
NepruBaCKyAsIpHble WHOUWJIBTPAThl B MEYECHU U JIeT-
KX, CepO3HBIII MEHUHTUT, MUEJIOUIHAS TUIIepILia-
31S CeC3CHKU 1 TUM(PATUICCKUX Y3I0B, MHTEPCTHU-
nuaibHast TuMdonaHast MTHGUIBTPALUS B MUOKap-
Jie) TIOATBEPAUIUN KIMHUYeCKUt nuarto3 KP.

JHK kak R. sibirica subsp. sibirica, Tax u Candi-
datus R. ftarasevichiae ObITM WASHTUMUIIUPOBA-
Hbl B 00pa3liax KpoBU U MO3ra ¢ UCHOJIb30BaHUEM
nested-ITIHP u cekBenupoBaHus. Bce ammiudpu-
LMpOBaHHBIE (PparMEeHTHl CEKBEHUPOBAJIN B 000UX
HaIIpaBJICHU X, TTIOJyYSHHBIC TTOCIeI0BATeIbHOCTH
IEeTTOHNpPOBaHEI B 0a3e maHHBIX GenBank mom mH-
BeHTapHbIMU HoMmepamMu MK048467—MK048475.
OmpenesieHHbIE TOCEIOBATEIbHOCTU TEHOB gltA,
ompA v ompB R. sibirica (827, 782 n 745 n.H. COOTBET-
CTBEHHO) ObIJIM UAEHTUYHBI COOTBETCTBYIOLIIMM MO-
caeaoBatesIbHOCTIM R. sibirica subsp. sibirica mntamm
246 (GenBank NZ AABWO01000001); BbIsIBJIeHHBIE
MoCJIeIOBaTeIbHOCTH TeHOB gltA 1 ompB Candidatus
R. tarasevichiae (575 n 741 T.H. COOTBETCTBEHHO)
OBUTM WACHTUYHBI W3BECTHBIM ITOCJICHOBATECIIb-

Ta6nuua. Mpaiimepsbl, ucnonb3oBaHHble ang MUP
Table. PCR design primers

HocTsaM Candidatus R. tarasevichiae W13 XJielmen
1. persulcatus (GenBank AF503167, KR150783).

Bce knuHuuyeckue oOpasibl ObLIM OTpULIATEIb-
HeiMu B [T P ¢ npaiimepamu, cneniuuIHBIMU 15T
IPYTUX KJICIIEBBIX aT€HTOB, BKJIIOUAsl BUPYC KJIEIIe-
Boro sHIedanuTa, Bupyc KemepoBo, B. burgdorferi
sensu lato, B. miyamotoi, Anaplasma spp., Ehrlichia
spp. u Candidatus Neoehrlichia mikurensis 1 Kuie4d-
HbIe BUPYCHI (poTaBUpYyCHI yejioBeka rpynn A u C,
HOPOBHUPYC, aCTPOBUPYC, SHTEPOBUPYC, MUKOPHAa-
BUPYCHI U aAeHOBUPYC).

Ob6cyxaeHune

KpacHosipcknii kpaii sIBJIsIeTCS] OOHUM W3 3H-
nemMuudHbIX peruoHoB mjst CKT. MapuHckuii paii-
OH, B KOTOPOM MPOM3OIIJI0 MHpHUcCAaChIBAaHUE KJIie-
11a, OTHOCUTCS K PErioHaM C BBICOKUM YPOBHEM
3aboneBaemocTu CKT (cpenHeMHOrojleTHUI NoKa-
3arenb — 80,2 caydas Ha 100 000 gemoBexk B 2000—
2016 rr.). B 3TOM paiioHe COCYIIEeCTBYIOT HECKOJIBKO
BUIOB KJiellel; u3 Hux Haemaphisalis concinna, iepe-
HoOcuuK R. sibirica, TOMUHUPYET B MOMYISLUSX UK-
COJIOBBIX KJIellleli, B TO BpeMsl Kak Ixodes persulcatus,
ocHoBHOI1 pesepByap Candidatus R. farasevichiae,
BCTpevyaeTcsl pexe. B HEKOTOPBIX HMcCaeqoOBaHMSIX
R. sibirica 6pl1a oOHapyxXXeHa y Kielteit 1. persulcatus,
a Candidatus R. farasevichiae — y H. concinna |6, 13].

KnuHndeckre CHUMNOTOMBI MUKCT-WHQEKIINH,
OINMMCAaHHBIE B 3TOM WCCJEAOBAHUM, OTINYAIOTCS
oT TuNMYHbIX cumMIiTomMmoB CKT Hannyuem MeHUH-

Temnepatypa
FeHbl-MULIEeHN Peakuus nocnevp,osaTen’bHo,C'rb Pasmep OT)K".ra Ccbinka
- t gen Reaction npaiimepa (5’-3’) Length Annealing Referen
arget genes eactio Primer sequence (5'>3") (bp) temperature eference
(°C)
MepBuyHas glt1 (gattgctttacttacgaccc)
. . Primed glt2 (tgcatttctttccattgtge) 1087 52 (71
Rickettsia spp. gltA
OByxpayHpoBas | glt3 (tatagacggtgataaaggaatc) 667 53 7]
Nested glt4 (cagaactaccgatttctttaagc)
Candidatus R. tarasevichiae | AByxpayHpoeas | RT1 (tactaaaaaagtcgctgttcattc) 300 56 7]
gltA Nested RT2 (tgttgcaaacatcatgcgtaag)
PrKnn gitA
. 4 ) AsyxpayHpoBasa [ RH1 (gtcagtctactatcacctatatag)
Rickettsia of the group of tick- 906 54 [9]
borne spotted fever gitA Nested RH3 (taaaatattcatctttaagagcga)
nepguquaq A1 (taacattacaagctggaggaagcc) 1335 58 7]
, , Primed A2 (ttcagagcctgaccaccgg)
Rickettsia spp. ompA
[AByxpayHpoBas A5 (caagtgctggtgatgttacta) 975 56 [9]
Nested A6 (tagttacatttcctgcacctac)
nepguquaa B1 (atatgcaggtatcggtact) 1970 56 7]
, , Primed B2 (ccatataccgtaagctacat)
Rickettsia spp. ompB
[AByxpayHpoBas B3 (gcaggtatcggtactataaac) 843 56 7]
Nested B4 (aatttacgaaacgattacttccgg)
Candidatus R. tarasevichiae | AByxpayHpoBas | Btar1 (gcaggtctgtttactgtaaatgacg) 800 59 [9]
ompB Nested Btar2 (gcgaaacgaaccccgccttgg)
PrKnjlompB
BSFG1 (ctaggtctt t
Aicketsiaofthegroun of k- | 47 FEEA0 % | e e emcac), | 2 56 (10}
borne spotted fever ompB 9 9
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KnewieBble pUKKeTCUo3bl

reaJbHOTO CUHIPOMa, BOCITAJIEHUST COCY/IOB T'OJIOB-
HOT'0 U CIITMHHOTO MO3Ta U MOBPEXAEHNUEM TeUYeHHU,
JITKMX, CEJIE3EHKU 1 ceplia.

Panee OCHOBHBIM MOP(OJOTMUYECKUM OOBEKTOM
B M3YUYCHUM KJICIIEBOIO CHIITHOIO THda SIBJISIIACh
OMOIICMpPOBaHHBIC BJIEMEHTHI KOXHOW CBINIM, TaK
KaK OTCYTCTBHE CMEPTEJIbHBIX CIIy4aeB WMCKJIIOUAJIO
BO3MOXHOCTh IIIMPOKOTO MOP(OJIOTUIECKOro WC-
cnemoBaHusl. TONBKO MaTepuall C OIMMCAaHUEM JIBYX
cekmoHHbIX ciaydaeB CKT, zapernctpupoBaHHbBIX
B 1950-¢ rr. B ToM Xe KpacHosipckoM Kpae, Io3BO-
JIAJI IONTy4YuTh onucanue rmaromopdonoruu CKT [1].
B mpoTokoite BCKpPBITUSI OTMEUYaeTCsl yMEpEeHHOE Ha-
OyxaHMe MO3ra, THIIePIJIa3usl CEIe3eHKHU, IUCTPO-
dryeckre M3MEHEHUS NapeHXMMAaTO3HBIX OpraHOB
C OCTPBIM BEHO3HBIM TTOJTHOKPOBUEM. AHEMUYECKUA
nHGAPKT C TeMOPParn4eckKuM TOsICOM B JICBOM TTOU-
ke. [TaroMopdonornyeckue U3MeHEHUsI B TOJIOBHOM
MO3r€ MPENCTABJIEHbl B BUIE SHIOINEPUBACKYJIUTA,
OTMEYAIOTCS YUACTKU AUATICAC3HOTO KPOBOU3IUSIHUS
M TIJIa3MOpparuu, TpoM00-3HI0BACKYINTA C 04arOBOM
JIECTPYKIIMEH COCYOINCTON CTEHKU W IIepUBACKYJISIP-
HBEIM OTEKOM. B CITMHHOM MO3re — IIepUIIeIUTIONSIP-
HbI OTEK M OYEHb YMEPEHHOE HabyXxaHue KJIeTOK [1].

Panee ungekuus, BeizBaHHas Candidatus R. fara-
sevichiae, 6b1111 BeIsiBJieHa B Kutae. I1pu aToM Kiau-
HMYECKUE IPOSIBJICHUSI MEHUHTUTAa OBbIJIM OMuca-
HBI B JICTaJIbHOM CJIydyae pMKKETCHO3a, BBI3BAHHOT'O
Candidatus R. tarasevichiae [10]. ITo3mHee ObLI oncaH
61 cayyait 3Toif MHGEKIINU, TIPU 3TOM B 34 ciayya-
X Habmoganach KOMHMeKus OyHbIBUPYCOM poza
Phlebovirus, KOTOpPbIii BbI3bIBAET TSIXKEIYIO JTUXOPA/I-

Cnucok nutepatypbl/References

KY C CHUHJIPOMOM TPOMOOIIMTOIICHU U U CBSI3aH C IIPH-
cacblBaHUeM KJiellleit BunoB Haemaphysalis longicornis
u Rhipicephalus microplus. CMepTeabHBIN UCXOO ObLT
3a(MKCUPOBAH B NIEBIATHU CJydyasx; BOCEMb M3 HUX
OBLIIU BBI3BaHBI cMeaHHol nHdeknueii Candidatus
R. tarasevichiae ¢ oyubsBupycoM [10, 11]. B Poccun
3TOT BUPYC IO HACTOSIIIETO BPEMEHH He BBISIBIICH.

IIprMeuareapbHO, YTO PUKKETCUM TPYINTHI TU(DA
M MIpeICTaBUTEIIb IPEIKOBOM Ipynnbl R. canadensis,
onuxkanmuii poactBeHHUK Candidatus R. farase-
vichiae, opazkaloT TJIaBHBIM 00pa3oM COCYIbI I'O-
JIOBHOTO MoO3ra [5].

Cnyvaii cMmemaHHoit wuHdbexkuuu R. sibirica
n Candidatus R. farasevichiae ObI1 OITICaH BIICPBHIC,
M BTOT CJIyYail IpHUBeEJI K JIeTaJIbHOMY MCXomy. MBI
HEe BBISIBWJIM B oOpasliax Apyrue, IepenaBaeMbie
KJIeIIaMU TTaTOTeHBl WJIN KHWIIeYHBIE BUPYCHI, KO-
TOpbIE TaK>Ke MOTYT ITPUBOIUTH K MEHUHT€aJIbHOMY
cuHapomy [14].

HecMoTpss Ha BBICOKYIO pacIIpOCTPaHEHHOCTH
Candidatus R. farasevichiae B xnemax 1. persulcatus
B pa3HBIX o0JIacTSaX apeasyia nx oouranus [9, 13, 16],
MBI ONHCHEIBAEM TMEPBBINA CIy4Yail JIETAJILHOTO PUK-
KeTcuro3sa, cBsizaHHoro ¢ Candidatus R. tarasevichiae.
MBI mpenriojlaraeM, 4TO TSDKEJIble KIIMHWYECKIE
MPOsIBJICHU S pa3BUBAIOTCS IJIaBHBIM 00pPa3oM B CJTy-
yasiX MUKCT-UHGEKIIUU.
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N.H. JlaBpentbena', M.A. Buuypuna', A.FO. Autunosa!, 2K. Kamapa?,
H’®. Maraccy6a?, C.A. Eroposa!, Aper A. ToTo.isn!

'®@FYH HUHU snudemuonozuu u muxpoouosoeuu umenu Ilacmepa, Cankm-IlemepOype, Poccus
2 Yuuseepcumem umenu Famans A6deav Hacepa, e. Konakpu, Ieuneiickas Pecnybnuxa

Pesiome. Bsgedenue. B cBsi3u ¢ smumaemueit nuxopagku D00yia B rocymapcTBax 3amamgHoil AQpUKU, B TOM YHCIIe
u B I'BuHelickoit Pecriybmke, mMeI0 MecTO HapylieHHUe IIPOorpaMMbl UMMYHU3ALW U IIPOTUB KopH. Jlois cepoHera-
TUBHBIX K BUpYcY Kopu B 2017 T. coctaBusia 52,4% oT uncnia obcaenoBaHHbIX inil. B 2018 1. Gblia BEISIBIIEHA BBICOKAS
J0JIs1 3a00JIEBINKMX KOPbIo cpenu aeteit 1-5 net (61,6%). s kynupoanus Benbinky B 2018 1. B I'BuHeiickoit Pec-
ny0JMKe MpoBeeHa KaMITaHUs TOTIOJTHUTEIbHOM MMMYHU3alun HaceneHus npedexktyp Konakpu n Hiepekope.
Llenb HACTOSIIETO UCCIENOBAHUS — U3YUYEHUE MUAEMUYECKON CUTYAINH 110 KOPY 1 OIIeHKa TOMYJISIIIMOHHOTO NM-
MYHUTETa K BUpycy Kopu B 'BuHeiickoit Pecniyonuke B 2019—2020 rr. Mamepuanvi u memods:. Ha Hanuuue cnetudu-
YEeCKMX aHTUTEJ PETPOCIEKTUBHO ObLIM TeCTUPOBaHbI 1697 00pa3lioB ChIBOPOTOK KPOBU XMTEJCH pa3HbIX Peruo-
HOB CTpaHBbl, B BO3pacTe oT 7 MecsiieB 10 76 jeT, monydeHHbIX B 2019—2020 rr. Mcnonb3oBanbl MDA-TeCT-cUCTEMBI
Anti-Measles Virus ELISA (IgM) Euroimmun u Anti-Measles Virus ELISA (IgG) Euroimmun (I'epmanus). Hanuuue
B CHIBOPOTKE KpoBU IgM-aHTHUTEN K BUPYCY KOPU OIICHUBAJIM KaK OCTPYI0 KOpeByIo nHpeKno0. CTaTUCTUUSCKUI
aHaJIM3 BBIIIOJHSJIU C TIOMOIIBIO ITaKeTa mporpamm Statistica 6.0. Pezyromamo. Ha Hanuuue IgM-kopb ncciienoBaHo
638 cbIBOPOTOK KpOBH, B 46,6% ciydyaeB 1MarHo3 MOATBEpXAeH JabopaTopHo. Haubosblnas 1oyst OT 061ero yncia
3abojeBuux (61,6%) — netu 1—4 net. Bropas mo 3HauMMOoCTH Bo3pacTHasi rpymma 5—9 jet, TpeThst — aeTH 1o 1 roja:
18,51 11,8% ot o01iero uncia 3a60eBIINX COOTBETCTBEHHO. Kopb perucTprupoBaach y IpuBUTHIX B 7,4% oT o61iie-
ro umcJja jadopatopHo noaTBepxkaAeHHbIX ciydaeB. Ha IgG-kopb o6caenoBaHo 1059 yenosek. CaMblit HU3KUA TO-
Ka3aTeJIb CePOITPEBaJIEHTHOCTH YCTAHOBIICH cpeau aeteit no 4 et (47,8%), camblii BeIcOKUi (85,5%) — cpenu nuil
40 net u crapue. 3akarouerue. Kopb B 'BUHeiickoil Pecryonuike octaeTcs cjlabo KOHTPOJUpPYeMOi WHGbEKIIUEH.
Kak u B mpenbiayiiue roasl HadaoaeHus (2017—2018 rr.), netu 1o 5 JaeT SABASIOTCS Hauboee yI3BUMOM KOropToi
HaceJieHUsl, HeCMOTPS Ha npoBeneHHY0 B 2018 T. B psific perMOHOB CTpaHbl KAMIIAHUIO TOMOJHUTEIbHON UMMYHU-
3auuu. Emne 6osblie mpobieM ¢ KOHTpoJieM KopeBoit nH(pek1nu B 'BuHee oxkxupaetcsd HaunHast ¢ 2021 1., MOCKOIbKY
Hapsany ¢ anuaeMmueiit COVID-19 B cTpaHe BHOBb perucTpupyeTcs Juxopaaka Doona. [BuHeiickas Pecryonnka oco-
00 OCTPO HYXJAETCs B MOMOIIIM MUPOBOTO COOOILECTBA ISl peanu3anuu nporpaMmbl BO3 1o anumuHanmm kopu
B IJ100a1bHOM MaciuTabe.

Karouesnie caosa: kopsw, leuneiickas Pecnybauka, 603pacmuas epynna, NOnyAsSyUOHHbIIL UMMYHUmMeEN.
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2019-2020 MEASLES IN THE REPUBLIC OF GUINEA: EPIDEMIC FEATURES AND HERD IMMUNITY
Lavrentieva I.N.?, Bichurina M.A.?, Antipova A.Yu.?, Camara J.’>, Magassouba N’F.’, Egorova S.A.?, Totolian Areg A.?

@ St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation
® Gamal Abdel Nasser University, Conakry, Republic of Guinea

Abstract. Introduction. In connection with the Ebola epidemic in the West African countries, including the Republic of Guin-
ea, a failure in implementing measles immunization program was noted. A proportion of measles seronegative subjects in 2017
was 52.4% of total examined individuals. In 2018, a high proportion of measles cases among children aged 1-5 years (61.6%)
was identified. In order to stop the 2018 outbreak, the Supplemental Immunization Campaign was conducted in the Konakri
and Nzerekore prefectures in the Republic of Guinea. The aim of this study was to examine the 2019—2020 measles epidemic
situation and assess the measles population immunity in the Republic of Guinea. Materials and methods. Measles-specific
antibodies were examined in 1697 blood serum samples collected from residents of different regions of the Republic of Guinea,
aged from 7 months to 76 years, obtained in 2019—2020, and tested retrospectively. The ELISA test systems Anti-Measles Virus
ELISA (IgM) Euroimmun and Anti-Measles Virus ELISA (IgG) Euroimmun (Germany) were used. The presence of serum
IgM measles antibodies was considered as acute measles infection. Statistical analysis was performed using the software pack-
age Statistica 6.0. Results. Blood sera (n = 638) were tested for [gM-measles, and in 46.6% of cases the diagnosis was confirmed
by laboratory tests. The biggest proportion of the total cases (61.6%) was found in children aged 1—4 years. The second most
important age group was 5—9 years of age, the third is children under 1 year: 18.5% and 11.8% of the total number of patients,
respectively. Measles infection was registered in vaccinated patients in 7.4% of the total number of laboratory-confirmed cases.
1059 subjects were examined for IgG measles antibody. The lowest seroprevalence rate was found among children under 4 years
of age (47.8%). The highest (85.5%) was found among subjects of 40 years old and older. Conclusion. Measles in GR remains
a poorly controlled infection. As in the previous years of observation (2017—2018), children under 5 years of age are the most
vulnerable cohort of the population, despite the 2018 DI campaign conducted in a number of GR territories. More problems
with the measles control in the Republic of Guinea are expected in the period from 2021, as along with the COVID-19 epidem-
ic, Ebola is repeatedly registered in the country. The Republic of Guinea particularly requires assistance from the international
community to implement the WHO measles elimination program on a global scale.

Key words: measles, Republic of Guinea, age group, herd immunity.

BeepgeHue

Crparerndyeckuii mjaH BcemupHoii opraHu-
3anuu 3apaBooxpaHeHus (BO3) mo snuMmuHaiim
KOpM IIpeaycMaTpuBajl CHMXEHUE CMEPTHOCTU
OT KOopu Ha 95% mo CpaBHEHMUIO C IMOKa3aTeJISIMU
2000 r. 1 OCTUKEHU ST DIIMMUHALIUU KOPU B IISITU
perunonax BO3 [9, 10].

OnHako 0 HACTOSIIEr0o BPEMEHHU B MHUPE BO3-
HUKAIOT KPYITHBIE BCIBIIIKK 3TOTr0 3a00eBaHus [1,
2, 6]. Tak, B 2019 r. B Mupe ObLIO BbIsIBJICHO 524 718
cinydaeB kopH [12]. UMenu MecTo OONbIINE BCITBIII-
K1 kopu Ha Manarackape (151 032 cinyuast), B Unauu
(76 588 cayuaeB), Ha DuiaunnuHax (46689 ciy-
yaeB), B Hurepuu (27 195 cayvyaeB) u apyrux crpa-
Hax. ITombeMm 3abo0JieBaeMOCTU KOPBbIO HaOJI00asICs
B 2017—2018 rr. u B 'BuHeiickoit Peciyonuke (I'P) [3].
ITo nanubiM BO3, B 2017 1. OBLJIO 3aperucTpUPOBAHO
596 cnyuaes, a B 2018 . — 516 ciiy4aeB KOpH.

B npenpiayliiye roabl UMeJI0 MECTO HapylleHue
nporpaMMbl MMMYHM3alMU IPOTUB BCeX MH(pEK-
LIMIA, B TOM YUCJIE U [IPOTUB KOPU, B CBSI3U C SIIUJIEC-
MMEN Tuxopaaku D0o0Jjia B rocynapcTBax 3amnaiHon
Adpuku, Bkaouass u I'P [8]. Jons cepoHeratuB-
HBIX K BUpycy kopu B 2017 r. cpeau nui; oT 7 mMe-
caies 10 22 jet cocraBuia 52,4%. Beicokast monst
BOCIIPUMMYUBBIX K KOPU CPenu OeTeil U MOJIOIBIX
JIIO[eil CIOCOOCTBOBaJa IOAACPXKAHUIO DIUIC-
Mmuuyeckoro mpomnecca B I'Bunee m B 2018 1. [3].
B aToT niepuos Obljia BhISIBJIEHA BBICOKAS J0JIsI 3a-

00JIEBIIMX KOPBIO Cpenu AETE B BO3pacTe OT roaa
g0 nsatu et (61,6%). ast KynmupoBaHUS BCIIbILI-
ku B 2018 1. B I'P Gbl1a TIpoBeaeHa KaMITaHUS OO~
TMOJIHUTENbHON WMMYHM3allMU HaCceJeHUS JBYX
npedextyp: Konakpu um H3sepexkope [7]. Baxno
OLIEHUTH, KaK MOBJIUSJIN 9TU MEPONPUITUS Ha Te-
YyeHUe SIMUJEMHUYECKOro Mpoliecca KOpU M Ha ypo-
BEeHb MOMYJSIIMOHHOTO MMMYHUTETA B Pa3HBIX
rpynnax HaceJIeHUS.

Ilennb HaCTOSIIETO MCCIIEAOBAHUS — U3yUYeHUE
SMUJIEMUYECKON CUTYalIuM IT0 KOPU U OlLIEHKa MO-
NYJSIIMOHHOTO UMMYHUTETa K BUpycy Kopu B I'P
B 2019—2020 TT.

Matepuanbl n MeTOOb!

Ha Hamuuue aHTHUTEN K BHUPYCY KOpPU pe-
TPOCHEKTUBHO OBUIM TECTUPOBAHBI CHIBOPOT-
Ku kpoBu xutejeit I'P B Bo3pacTe oT 7 MecsiieB
mo 76 jeT, TIpoXuBaloux B npedekTypax boke,
Konakpu, ®apana, Kankan, Knanua, Haepekope.
ChIBOpOTKM moJiyudeHbl 13 HalmoHanbHON n1abo-
paTopuu 1o Haa3opy 3a Kopblio B I'P B mepuon ¢ ssH-
Baps 2019 mo deBpanb 2020 r. Bcero ucciaenoBaHo
1697 o6pa3110B, B TOM YHCIIE:

— 638 CBIBOPOTOK KPOBH, TIOJTYYEHHBIX OT 00JIb-

HBIX C MaKyJIOTIAITYJIC3HOM ChIITBIO M KIMHHUYEC-

KUM JUArHO30M «KOPb»,

— 1059 chIBOPOTOK KPOBHU OT MPAKTUYECKU 310~

POBBIX JIMIL Pa3HOTIO BO3pacTa.
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Kopb B IBMHee 2019-2020

MMmyHorno0yauHbl kjaccoB M u G K BU-
pycy kopu BoigBIsiIn B MDA c TecT-cucreMaMu
Anti-Measles Virus ELISA (IgM) Euroimmun
(Tepmanust) u Anti-Measles Virus ELISA (IgG)
Euroimmun (I'epmanus). Haauuue B ChIBOPOTKE
KpoBu IgM-aHTuUTEN K BUPYCY KOPU OLIEHUBAJIU
KaK OCTPYI0 KOPEBYI0 MHDEKIIUIO.

CTaTUCTUYECKMI aHau3 BBIMOJHSAIU C MO-
MOIIIBIO TMakeTa IIporpaMm Statistica 6.0. Mcnois-
30Bajiu MapaMeTpuyecKre M HermapaMeTpuyecKue
metoabl. OlleHKa CTaTUCTUYECKOU 3HAYMMOCTU
KOPPEJSILIMOHHOM CBSI3U OCYIIECTBJISIJIACH C TIOMO-
1iblo t-kpuTepus. B KauecTBe nmopora 10CTOBEPHO-
CTU OTJIMYU U OBLJIO OMpeneeHO 3HaueHe BEPOsIT-
HocTH p < 0,05.

Pesynbratbl 1 06CyXaeHne

B 2019—2020 rr. Ha Hanuuue IgM-Kopb OBIIO
uccaeqoBaHo 638 CbIBOPOTOK KPOBU, IMOJIYYEHHBIX
OT OOJILHBIX Pa3HOI'0 BO3pacTa ¢ 001IenH(EKIIMOH-
HBIM CUHIPOMOM, JIUXOPAAKON 1 HAJIMINEM MaKy-
JIOTIAITYJIE3HOM CHINY 1/MJIN S HaHTeMbl. ChIBOPOTKH
ObLJIU pacrpenesieHbl Ha 5 BO3pacTHBIX rpymil: [ —
netu go 1 roma; I — ot 1 mo 4 et; 11l — o1 5 10 9 ner;
IV — ot 10 no 14 net; V — nuna 15 net u crapiie.

HaubGonbuiee konmuyectBo JiabopaTopHO 00-
CclIeMOBaHHBIX MPUIIIOCh HA BO3PACTHBIC TPYMIIBI
1—4 1 59 net: 361 u 134 6OBbHBIX COOTBETCTBEH-
HO. JlocTaTO9YHO MHOT'O 3a00JICBIIMX C TIECPBUY-
HBIM TUArHO30M «KOpb» (n = 85) OBLIO BBISIBIICHO
cpenu geteil B Bo3pacte a0 1 roma. Y nmereit ot 10
o 14 et cymecTBeHHO pexke Habiomaau 3adoJie-
BaHMUE C KJIMHUYECKON KapTUHOM KOopu: y 36 yuil
U3 00IIero yrcja o0cae1oBaHHbIX, a B TPYIIIE MOo/-
POCTKOB cTapiie 15 1eT u B3pOoCiblX KOpb ObljIa 3a-
MOJ03peHa TOIBKO y 22 YeI0BeK.

B uenom u3 638 6onbHbIX Yy 297 (46,6£1,97%)
KJIMHUYECKUI IMarHO3 «KOPb» ObLI IMOATBEPKIEH
JabopaTopHO (Tab. 1).

Hawubonbliee KonmyecTBO 3a00IEBIIUX U3 00-
miero yucaa (n = 297) npunuiock Ha Il Bo3pacT-
Hyto rpymnny (1—4 roga) u coctaBuiio 183 (61,6%),
niu 28,7+1,79% ot 0o611ero yncia oocaeI0BaHHbBIX
(n = 638).

Bropoit mo 3HaunmMoctu okaszainach III Bo3pact-
Hasl rpymnmna, rae MHdeKius Oblia BhISIBICHA y 55
(18,5%) ot ob1ero yucia 3a00JIEBLINX KOPbIO, WJIN
y 8,6%1,11% ot umcia 1aboparopHO 00CIET0BAHHBIX.
BakHO OTMETUTH U CYIIECTBEHHYIO TOJIIO0 OOJILHBIX
Kopblo neteit | BospacTHol rpynnbl (10 1 roga): 35 ue-
noBek, uan 11,8% ot oOliero yucia 3a00JIE€BIINX.
3HaAYMUTEJILHO pexe KOopb BbisiBiasaachk B IV u V Bo3-
pacTHBIX Tpynmax: y 15 (5%) u 9 (3,1%) yenoBek co-
OTBETCTBEHHO OT OOIIIETro KOJIMYeCTBa 3a00JIEBIIIX.

Ilpu aHaimM3e CTPYKTYpHl 3a00JIEBIINX KOPbIO
B 3aBMCHMOCTH OT BaKIIMHAJBHOTO CTaTyca OKa-
3aJI0Ch, YTO OCHOBHYIO 4acTh OOJBHBIX COCTaBM-
JIV He TIPUBUTHIE TIPOTUB KOPU JIMIIA U JUllA C He-
U3BECTHBIM aHaMHe3oM: 189 (63,6%£1,81%) u 86
(29,0%1,35%) coorBeTcTBEeHHO. OTHAKO KOPb PETHC-
TpupoBasach Uy 22 yenosek (7,4£0,72%), uMeBLINX
JMIOKYMEHTUPOBAHHbBIC CBEACHU S O ITPUBUBKAX.

TMonyyeHHble pe3yabTaThl CBUIETEIBCTBYIOT
o ToM, 4To B 2019—2020 rr., KaKk ¥ B MpeAbIAYIINT
nepuon (2017—2018 rr.), kops B I'P nocratouHo ak-
TUBHO paclpocTpaHsiach, B TOM YUCJe U CPeau
JINL, IPUBUTHIX IPOTHUB 3TOU MHMEKIINN, C BOBJIE-
YeHHMEM B SIUIEMUYECKU I ITPOIIeCC B OCHOBHOM Jie-
Tell B Bo3pacTe 10 14 jieT.

IMponosrkarolieecss aKTUBHOE TeUYeHUE SITUIIC-
Muuyeckoro mnpouecca kopu B I'P oOycioBiauBaer
HEOOXOIMMOCTb OCYIIECTBJICHUSI AUHAMUYECKOTO
HaOa0aeHUs 3a GopMUPOBAHUEM MOMNYJISILIMOHHO-
ro MMMYHHMTETa IIPOTUB BUPyca KOPU B 3TOM CTpaHe.

Coroii ueabio B 2019—2020 rr. Ha IgG-anTuTena
K BUpYyCy KOpU ObLIO obcnenoBaHo 1059 yenoBek
B BO3pacTe OT 7 Mecs1eB 10 76 JeT, pacrpeacieH-
HBIX Ha BOCEMb BO3PACTHBIX TPyINI. PesynbraThl
npeacTaBJieHbl B Ta0. 2.

Ta6auua 1. BoiseneHue cneundunyeckux IgM k Bupycy kopu B 06pasLiax CbIBOPOTOK KPOBM XUTenen

MBuHelckoi Pecny6auku pasHbiX BO3PaCTHbIX rpynn

Table 1. Identification of serum specific anti-measles IgM antibodies in residents of the Republic of Guinea in various

age groups
U3 Hux IgM«+» k BUpycy kopu
5 - Hucno Of these, IgM«+» to measles virus
E 2 MOCNeAOBAHHbIX DOons nuuy gaHHO BO3pacTHOM
E 5| Bospacr, net | 06pa3uLoB CLIBOPOTOK |  KonnyecTeo oT 06Liero yucna uAa P
& 3| Age,years KpoBwm, a6c. o6cnepnoBaHHbIX, aée./Mtm, % rpynnb|60T oﬁmero;ucna
20 Number of serum The number of the total number Percent:ge?)?s::::s, inothis age
samples examined, abs. | of surveyed subjects, abs./M<m, % group of the total number of cases, %

| <1 85 35/5,5%0,90 11,8+1,87

1l 1-4 361 183/28,7+1,79 61,6+2,82

m 5-9 134 55/8,6+1,11 18,5+2,53

v 10-14 36 15/2,4+0,60 5,0+1,27

15 ncrapwe

V' | 15andolder L 9/1,4+0,47 3,1£0,99

Bcero/Total 638 297/ 46,6%1,97 100,0
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Ta6auua 2. BeigBneHue cneundudeckux IgG Kk BUpycy kopm y xuteneii l'BuHeiickoit Pecnyonmku B pa3Hbix

Bo3pacTHbIX rpynnax 8 2019-2020 rr.

Table 2. 2019-2020 identification of specific anti-measles IgG antibodies in residents of the Republic of Guinea

in various age groups

2 Yucno uccneposaHHbIX 06pasLoB W3 hux 1gG «+» k BUpyCYy Kopu
E 'o| Bospacrt, net CbIBOPOTOK KPOBM, abc. In these IgG «+» to Measles virus
2 § Age, years Number of blood serum samples abc. [ons cepono3antusHbix, Mtm, %
20 examined, abs. abs. Percentage of seropositive, Mtm, %
I <1 33 14 42,4+8,60
1 1-4 151 74 49,0+4,07
]| 5-9 72 46 63,9£5,66
\'} 10-14 34 28 82,346,83
v 15-19 126 89 70,6+4,00
\'/| 20-29 323 232 71,8+2,22
vil 30-39 214 176 82,2+1,73
40 u cTapwe
vill 40 and older 106 91 85,8+3,39
Bcero/Total 1059 750 70,8+1,39

B nienioM cpenu o0ciieIOBAHHOTO HaceJIeHU S pec-
nyonuku 70,8% nuir umenu IgG-aHTuTeNa TPOTUB
BUpyca Kopu (0e3 CyIIeCTBEHHBIX T'€HIECPHBIX pa3-
arauii). J1oJisi cepono3uTUBHBIX KEHIIITWH COCTaBUJIA
75,7£1,92%, myxuuH — 77,2%2.45%.

AHaau3 BO3pPAaCTHON CTPYKTYPHI IMOKa3aj, 4YTo
camasl BBICOKasl HOJSI CEpPOIO3UTUBHBIX (85,5%)
peructpupyetcs B VIII Bo3pacTHoit rpyme (40 et
M cTapliie), 4YTO, BUAMMO, CBSI3aHO C MPEIbIAY M
WHOUIITPOBAaHUEM, YIYUTHIBAS TIOXKU3HEHHBI MM-
MYHUTET MOCje MepeHeCeHHOU UHMEKIIUU.

CaMblli HU3KUI TI0Ka3aTesib CepornpeBaJIeHT-
HOCTU ycTaHOBJIeH cpenu aeteit I u Il Bo3pacTHBIX
TPYMIT: COBOKYITHO MX nojsi coctaBmia 47,8% (p <
0,05). Kak u B npeabiayuive roasbl [3, 4, 5], netu
JI0 5 JIeT OCTalOTCsl caMOM YsSI3BUMOI KOrOpTOil Hace-
JIeHUsI, HeCMOTps Ha To, uTo B 2018 1. B I'P Ob1y1a npo-
BelleHa KaMTIaHW I JIOTIOJTHUTEIbHON MMMYHU3aIlM .

Jlanee 6bL10 U3yuyeHo pacripeaeieHue IgG-kopb-
MO3UTUBHBIX CBIBOPOTOK, TTOJTYYEHHBIX OT JIUIL CTap-
me 15 jeT B mATH MyHUIUIIATUTETax MpedeKTyphl
Konakpu, a umeHno Jukcun, Kanym, Maram, Ma-
ToTo, Patroma.

HawubGosnbliiee yucio obpaslioB ObLJIO TMOJYYEHO
U3 IBYX MyHULMNaauTeToB: Maroto u Patoma (307

n 246 coorBercTBeHHO). Jlonst IgG-TIO3UTUBHBIX
o0pa31oB Kojiebanack oT 73,3% B Maroto no 81,9%
B Kayryme 6e3 cTaTUCTUYECKH 3HAUMMBIX Pa3TUdMid.

OnHako Tipu OoJjiee AETaJbHOM PAaCCMOTPEHUU
rnoka3zaTeJjieit 1o OTACIbHBIM palioHaM 3TUX IBYX MY-
HUILIMTAJUTETOB ObLIM BbIICJIEHBI TEPPUTOPUU, TIE
JIOJIsI TIOJIOXKUTEIBHBIX HAaXOMOK Oblja BhIIe. Tak,
B MyHUIIMTIaJuTeTe JIUKCUH B 1IEJIOM OBLIO BBISIB-
smero 73,3% IgG-ToaoXUTEIbHBIX 00pasloB, TOT-
Jla KaK B LIEHTpaJIbHOM paiioHe JlmkcmHa — 91,7%.
AHaJIOTUYHBIC Pe3yJbTaThl TTOJyYeHBl M1 B Marame:
B IIEJIOM TT0 MYHUIIMITAJIUTETY BbISIBUIN 74,4% ce-
POITO3UTUBHBIX, TOTAa KaK B IIEHTPaJIbHOM paiioHe
Matama — 90,9%. BeposiTHO, 3Ta CUTyalvisI CBsI3aHa
¢ 6oJiee aKTUBHBIM pacIipoCTpaHEHUEM KOPU B MHO-
TOHACeJICHHBIX palioHax, BCJEGACTBUE Yero u chop-
MHUPOBAJIaCh TOCTATOYHO BBICOKAasi UMMYHHAas ITPo-
cJIoiiKa cpeay TTPOXKMBAIOIIEro TaM HaceJIeHU .

OneHKa HaIPSIKEHHOCTH — MOIYJISIIIMOHHOTO
MMMYHHUTETa HAPSIMYIO CBSI3aHa C KOJIMYECTBEH-
HBIM ompeneieHueM ypoBHs IgG-Kopb-aHTHUTEN
B pa3HBIX BO3pACTHBIX rpymnmnax. PacrnpeneneHue
CBIBOPOTOK KPOBHU, TOJYUYEHHBIX OT Xwuteneir I'P
B 2019 1., mo ypoBHIO IgG-KOpb-aHTUTEN MPEACTaB-
JIEHO B TaoOJI. 3.

Ta6nuua 3. PacnpepeneHue cbiIBOPOTOK KPOBU Mo YpoBHIo IgG-kopb-aHTuTen y nuy, B FBuHelickoin Pecny6nuke
Table 3. Distribution of blood sera by level of anti-measles IgG antibodies in individuals in the Republic of Guinea

BoapacrT, net/Age, years
YposeHs 40 u cTapwe Bcero
IgG-aHTuen, ME/n 15-19 20-29 30-39 Ly 0
) a6c./% a6c./%
IgG antibody a6c./% abc./% a6c./%
levels, 1U/I abs./% abs./% abs./% 40 and more Total
' ' ’ abs./% abs./%
£275,0 37/22,4+3,05 91/28,2+3,31 38/17,7+2,61 15/14,1£2,56 181/23,3+3,13
>275,0-<1000,0 59/46,8+4,45 156/48,3+2,78 104/48,6+3,42 43/40,6%4,77 362/46,9+2,62
>1000,0 -<3000,0 15/11,9+£2,89 35/10,8+1,73 33/15,4+2 47 24/22,6+4,06 107/13,9+3,34
>3000,0 15/11,9+2,89 41/12,7%1,85 39/18,2+2,64 24/22,6+4,06 119/15,4+3,30
Bcero/Total 126/16,3+3,29 323/41,8+2,74 214/27,7+3,05 106/13,7+£3,33 772
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B cooTBeTcTBMM ¢ MHCTPYKIIMEH M3rOTOBUTENS
TecT-cucTeMbl Ha IgG-KOpb CHIBOPOTKM C IMOKa3a-
TenaeM MeHee 275 ME/n curuTanu oTpuliaTeIbHbIMU.
CBIBOPOTKM KPOBH C Moka3zatejieM 6oiiee 275 ME/n
OBLIM YCJIOBHO paclipelieJieHbl Ha TpU TPYIIITHIL.
K nepBoii rpy1ire oTHECeHbI CBIBOPOTKY C ITOKa3aTe-
sem 275,0—1000,0 ME/n (yCJIOBHO «<HU3KME» TUTPHI),
KO BTOPO#1 IpyTiTie OTHECEHBI CBIBOPOTKHU C IOKa3a-
tesem ot 1000,0 mo 3000,0 ME/n, B TpeThlo BOLILIN
obpa3sibl ¢ nokazareaem 6osee 3000,0 ME/m.

Cpenu null 15 neT u ctapiie 10Jsl cepoHeraTuB-
HBIX cocTaBuia 23,8%, B TO BpeMs KaK Cpeay AeTeil
nmo 5 yer oHa cocraBuia 47,8% (p < 0,05). Okojo
MOJIOBUHBI TUII cTapiie 15 et (46,9%) umenn TUTP
1gG-xopsb 10 1000,0 ME/a, 1 3T0, BO3MOXKHO, IMTOCT-
NPUBUBOYHBIC aHTUTeNA. B To ke Bpems y 15,4%
Jn1L ObIJT OOHApYKeH BhICOKUI ypoBeHb [gG-Kopb-
antutel (= 3000,0 ME/), 4TO MOXXeT CBUACTEITb-
CTBOBaTh O HEAAaBHO MEpPeHECEHHOM 3a00JIeBaHUU.
CraTUCTUYECKN 3HAYMMO HMXKE JIOJISI CepoHera-
TUBHBIX JIUIL B BO3pacTHBIX Ipynnax 40 jieT u crap-
1I€ TI0 CPAaBHEHMUIO C JIBYM S BO3PaCTHBIMU I'pyIIIia-
mu: 15—19 u 20-29 net (p < 0,05).

Takum o6pazom, kopb B I'P B 2019 1 nepBoii no-
soBrHe 2020 1. mpoaosKaia pacipoCTPaHsIThCs TakK
»Ke aKTUBHO, KaK U B IIpeAllecTBYOLIME aBa roja [3].
Jons IgM-nonoxuTteabHbIX 00pa3loB OT 4Yucaa
HcclieioBaHHbBIX coctaBuaa 47,2% (2017—2018 rr.)
u 46,6% (2019—2020 rr.), C CylIeCTBEHHBIM MpeobJia-
JTaHUEM JeTel MJTaIIIINX BO3PACTHBIX IPYIIIT B CTPYK-
Type 3a00JIeBIINX 32 BCE YEThIPE Tofa HaAOIIOACHUIA.
IMonyueHHbIe pe3yabTaThl CBUACTEIBCTBYIOT O HeE-
JlocTaTKax IJIAaHOBOW BaKIIMHAIIMM ITPOTUB KOPU
B I'BUHee, KOTOPYIO, COMTAaCHO HAllMOHAJIBbHOMY Ka-
JIeHAApIo NpOoMMIaKTUIECKUX TPUBUBOK, TTPOBOIST
B BO3pacTe 9 Mecs1IeB, YTO JOJKHO 3alllMTUTD AeTei
MJIAJIIMX BO3PACTHBIX TPy OT MH(beKIInu. OgHaKo,
KaK 1 B IIPEABIYIIIME TOIBI, CPEIU IETEH 10 S JIET BbI-
sIBJIEHA caMasi HU3Kasl J10JIsl CEPONO3UTUBHBIX K BU-
pycy xopu nuil (47,8%; p < 0,05). Dra rpyriia ocra-
eTCsl caMOM YsSI3BUMO# HECMOTPSI Ha JTOIOTHUTETb-
Hyo uMMyHu3anuio (IN) B mpoBuHuusaX KoHakpu
n Hzepekope, npoBeaeHHyto B 2018 r. OuyeBUIHO,
YTO AJIsI OIIYTUMOIO CHUXKEHMs 3a00JIeBa€MOCTU
kamnaHuu AW nojXHbI ObITh HalpaBJeHbI MPEXIe
BCEro Ha UMMYHU3AlIMIO JeTel 10 5 JIeT B MacliTadax
BCell CTpaHBI JJIsI CO3IaHUST MTPOYHOIO KOJJICKTUB-
HOro UMMYHUTETa UMEHHO B 3TOM, SITUIAEMUYECKHU
3HAYMMOM KOoropTte HacejieHus1. Ho Takske MMOHSITHO,
YTO peasiM3alusi MacCOBO MMMYyHU3auu neteii I'P
COIpSIKEeHA C CYIIECTBEHHBIMU 3KOHOMMYECKUMU
¥ C OPraHU3alMOHHBIMU TPYTHOCTSIMU.

Cnucok nutepatypbl/References

TMonyyeHHbIE HAMM PE3yIbTaThl TAOOPATOPHOTO
o0cenoBaHus OOJIBHBIX KOPBIO U YCIOBHO 3/10PO-
BbIX xxuTeaeid I'P moaTBepKaaroTCs 3MUAEMUOJIO-
ruyeckumu gfaHHeiMu BO3

TTo opunmanbHbiM gaHHbIM BO3, B 2019 1. B TP
ObLIO 3apeructpupoBaHo 1208 ciyyaeB kopu (rmo-
KazareJib 3a00JieBaeMocTu cocraBui 100,6 Ha 1 MiIH
HacesieHus1), B 2020 . — 529 ciayyaeB (ImokasaTesb
3aboneBaemoctu — 44,1 Ha 1 MaH HaceneHus) [11].
B mapre—mae 2019 r. oTMedeH noabeM 3aboJieBae-
MOCTU KOpPblIO, exxeMecsiuHO (puKcupoBaoch ot 200
1o 300 ciayuaeB. B 2020 r. ToJIbKO B SIHBape BbISIB-
JieHo okoJio 500 ciyyaeB KOpH, B MOCJIENYIOIIUE Me-
caubl nocie pa3putus snugemun COVID-19 kopb
perucTpupoBaliach B eIMHUYIHBIX cirydasix. OmHako
B 2020 I. TeHAEHLIMSI pacIIpoCTpaHEeHU sl KOPU Cpean
JIETCKOT'0 HAaceJICHU ST CTpaHbl COXpaHUJIACh — CaMble
BBICOKME ITOKa3aTesii 3a00JIeBaeMOCTH ObIJIM OTME-
YeHBI B TPEX BO3PACTHBIX IpyIIax: IeTH A0 Troma —
65,4, ot 1 rona o 5 et — 69,4, ot 5 no 10 met — 22,0
Ha 1 MJTH JIMII KaXX10i BO3paCTHOM IPYIITIHL.

Oco0y1o0 TpeBOTY BbI3bIBAET TOT (paKT, YTO 3a00-
JieBIIre Kopbio B I'P peructpupytorcs u cpeau mpu-
BUTBIX MPOTUB 3TOK MHbeKInU. BodaMoxHO, 3TO
CBSI3aHO C HEAOCTAaTOYHBIM MMMYHHBIM OTBETOM
Ha OTHOKPATHYIO0 UMMYHU3AIIMIO IeTeil B BO3pacTe
9 MecsueB. Henb3st TakkKe MCKJIIOYaTh CHUKEHM ST
MPUBUBOYHBIX CBOMCTB BaKIIMH M3-3a HApyICHU S
«XOJIOMOBOM 1IeTT» B MPOIECCe TPAaHCIIOPTUPOBKU
MMMYHOOMOJIOTMYECKUX TIpEeIapaToB B YCIOBUSIX
TPOIMUYECKOTO KJIMMaTa.

3ak/yeHme

HecmoTpsa Ha mpoBencHHE MJIAHOBOM WMMY-
HU3aIlUH JeTeil B Bo3pacTe 9 MecsIeB U JOIIOJTHU-
TEJIbHYI0 UMMYHM3AIIIO B PsIZie PETUOHOB CTPaHBI,
Kopb B I'P mpomoikaeTr octaBaThbCsl MaJJOKOHTPO-
TupyeMoil MH(peKIreir 1 aKTUBHO PacIIpoOCTpaHsI-
eTCsI CpeaM AeTeil MJIaIIIMUX BO3PACTHBIX TPYIII,
YTO OTMEYCHO 3a YETHIPEXJISTHHUI TTepUoI HaOII0-
meHus (2017—2020 rr.).

Ewe OGoJbiie mpoOiieM ¢ KOHTPOJIEM KOpPEBOM
nHpekunu B ['P oxunmaercsa HaunHag ¢ 2021 r., mo-
CcKOJIbKY Hapany ¢ snugemueii COVID-19 B cTtpaHe
BHOBb PETUCTPHUpPYETCS Juxopanka Doomna. [ToHsT-
HO, UYTO BC€ CHMJIBI HAIIMOHAJBHOT'O 3IpaBOOXpaHe-
HUSI COCPEIOTOYEHBI Ha 00pbhOE ¢ 0CO000 OTMacHbBIMU
nHpekuugamMu u I'P ocobo ocTpo HyXmaeTcd B 1MO-
MOIIII MHMPOBOTO COOOIIEeCTBa ST peaau3aluu
nporpaMMbl BO3 110 saimMmHaIIMM KOPH B TJI00AITh-
HOM MaciiTaoe.
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BLOCKADE OF LIRs AS A NEW APPROACH
FOR DIAGNOSTICS AND TREATMENT
OF ATLL MALIGNANCY

M. Keikha?, M. Karbalaei®

@ Mashhad University of Medical Sciences, Mashhad, Iran
b Jiroft University of Medical Sciences, Jiroft, Iran

Abstract. In the new world of medicine, one of the main concerns in the field of infectious diseases has been focused
on Human T-cell Leukemia Virus type 1 (HTLV-1). During the infection, lymphocyte inhibitory receptors (LIRs) play
a prominent role in the occurrence of adult T-cell leukemia/lymphoma (ATLL). These receptors include LAG3, PD-1,
TIGIT, CD160, TIM3, and 2B4. First, we have collected all microarray information on the profile of HTLV-1 infected
patients from the Gene Expression Omnibus (http://www.ncbi.nlm.gov/geo) database until March 2020, in order to iden-
tify the microarray related to evolutionary development of LTRs during various phases of HTLV-1 infection in human
peripheral blood CD4" T cells by searching for keywords such as “Human T-lymphotropic virus type I (HTLV-1)”, “Homo
sapiens”, “ATLL”, and “Whole genome sequencing”. Considering the main goal of the study, we have only assessed data
related to Homo sapiens particularly CD4* T cell lineage from human subjects infected with HTLV-1. We evaluated these
receptors in ATLL patients compared to healthy control (HC) individuals and HTLV-1 infected-asymptomatic carri-
ers (ASCs). Out of all 18 identified records, we only selected and analyzed three studies: GSE19080, GSE33615, and
GSES57259, which satisfied inclusion criteria with proper quality analysis of ATLL vs. normal, ATLL vs. asymptomatic
carrier as well as asymptomatic carrier vs. normal. Unfortunately, we could not analyze various stages of ATLL malig-
nancy (acute, lymphomatous, chronic and smoldering) in all included studies due to the lack of sufficient information.
Finally, based on Benjamini—Hochberg False discovery rate (FDR), the differentially expressed genes (DEGs) were se-
lected for several categories. Hence, for the first time we demonstrated that the expression rate of LIRs in ATLL group was
higher than either in asymptomatic carrier or healthy donor groups. As a conclusion, it seems that the blockade of LIRs
has a pivotal role in diagnostics and treatment of ATLL malignancy.

Key words: ATLL, HAM/TSP, HTLV-1, LIRs, malignancy, immunity.

BJIOKAAA LIRs KAK HOBbI NOAX04 K AUATHOCTUKE U JIEYEHUIO T-KNIETOYHOIO
JIENKO3A B3POC/IbIX
Keuxa M.!, Kapoanaen M.?

! Mewxedckuii ynusepcumem meOuyuHcKux nayk, e. Mewxeod, Hpan
2 Heaamexuit ynusepcumem Azao, ¢uauan Tonkabon, e. Tonkabon, Hpan

Pesiome. B coBpeMeHHOI MeIMIIMHE OAHOI M3 OCHOBHBIX TTP0O0JIeM B 001aCTU MH(PEKIIMOHHBIX 3a00JIeBaHUIA SIBJISIET-
cs Bupyc T-knerouHoro neiiko3a yenoeka 1 Tuna (HTLV-1). BaxkHyto posib B BOSHUKHOBEHUHU T-KJIETOYHOTO JIek-
ko3a/muMdomsl B3pocnbix (ATLL) Ha done HTLV-1-undekum urparoT TMMOOIUT-UHTMOUPYIOIINE PELENTOPHI
(LIR). K LIR ornHocsarca LAG3, PD-1, TIGIT, CDI160, TIM3 u 2B4. Jlns npoBeneHusT UccienoBaHus U3 0a3bl JaH-
Hbix Gene Expression Omnibus (http://www.ncbi.nlm.gov/geo) 1mo Takum KJII0UeBbIM CI0BaM, KakK «T-TuM(POTPONHBII
Bupyc yenoBeka tumna I (HTLV-1)», «Homo sapiens», «<ATLL» u «mtomHOreHOMHOE CeKBEHUpOBaHME», OblJa coOpa-
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Ha Bcs uHbopmanus o pesyabratax aetekuuu LIR B CD4* T-kneTkax nepudepuyeckoil KpoBU NallMeHTOB, UHPU-
uupoBaHHbIX HTLV-1, ¢ moMonibio TeXHOJIOTMU MUKPOYMIIOB AJIs1 M3ydyeHUs aBoatounu LIR Ha pasHbIX cTagusax
HTLV-1-undexuuu. [Mouck 6611 orpannyeH MmapTom 2020 1. [TpyHMMasi BO BHUMaHUE IJIaBHYIO 1IeJIb UCCIeNOBAHMS,
MblI MIPOBEJIM OLEHKY JAHHBIX, OTHOCSIIUXCSI K Homo sapiens, B yacTHOCTU K TuHUU CD4" T-kneTok nwoaeit, nHbuU-
uupoBaHHbIX HTLV-1. Mbl usyvyanu 3Tu peuentopsl y nanueHToB ¢ ATLL B cpaBHEHMU CO 3M0POBBIMU JIOIbMU
u3 KoHTpoJibHoii rpynnbl (KI') uy 6eccumntomubix Hocuteneit HTLV-1. M3 Bcex 18 oOHapyKeHHbBIX UCCIeI0BAHU It
MBI BBIOpaM M MIpoaHaau3nupoBaiu Toabko Tpu paboTsl: GSE19080, GSE33615 u GSES57259, xoTopble yIOBIETBO-
PSIM KPUTEPUSIM BKJIOUEHUS C HaaslexXalluM KadyecTBeHHbIM aHaau3oM ATLL no cpaBHeHMI0 ¢ KoHTpoJeM, ATLL
10 CPAaBHEHUIO ¢ 6€CCUMITTOMHBIM HOCUTEIHCTBOM, a TAKXXE OECCUMITOMHOE HOCUTEIbCTBO MO CPABHEHUIO C KOH-
TposieM. K coxaneHuto, Mbl He CMOIJIM MpPOaHaIU3UpoBaTh pasnuuyHblie ctaguu ATLL (octpas, numdomatosHas,
XpOHMYECKasi U MeIJIEHHAs1) BO BCEX BKJIIOUEHHBIX MCCIENIOBAHUSX U3-3a OTCYTCTBUS JOCTATOYHON MHGMOpPMAILIUU.
Hakonel1, Ha ocHOBe KoadduliMeHTa J1oxXHOro ooHapyxeHust benaxamuuHu—Xoxoepra (FDR) a1 HeCcKoJbKUX Ka-
Teropuit Opl1M 0TOOpaHbl AuddepeHmaabHo sKcnpeccupyeMbie TeHbl (DEG). TakuM 00pa3oM, Mbl BIIepBble TPO-
JIEMOHCTPUPOBAIH, 4YTO ypoBeHb aKcnpeccuu LIR B rpynine ATLL Obli BbilIe, yeM B IpyIine 0€CCUMMITOMHBIX HOCHU-
TeJiel UM 30pOBBIX JOHOPOB. B 3aKkiitoueHue caenyeT OTMETUTh, YTO, M0 HAILIMM MpearnojoxeHusam, oaokaga LIR

UrpacT KJIKYEBYIO POJIb B ITMArHOCTUKE U JCYCHU U 3JI0KAYCCTBCHHbBIX HOB006p330BaHI/H71 ATLL.

Karueesvte caosa: ATLL, HAM/TSP, HTLV-1, LIRs, 310kauecmeeHHoCMb, UMMYHUMEN.

Introduction

In recent years, it has been demonstrated that high
expression of inhibitor receptors on lymphocytes
leads to modulation of function of co-stimulatory
receptors and finally decreased T cell activity, tis-
sue damage, and autoimmunity [1, 33]. According
to in vitro evidence, about 24 h after stimulation
of lymphocytes, lymphocyte inhibitory receptors
(LIRs) begin to express and reach to their highest lev-
els after 48 h [31]. Hence, it seems that long stimula-
tion of lymphocytes increases the expression of LIRs
genes, which in turn leads to the T cells dysfunction,
and finally cancer [26, 33]. Based on recent studies,
chronic inflammation by viral infection can cause
excessive expression of LIRs and as a result down-
regulation of lymphocyte proliferation and dysregu-
lation of cytokine release [30]. Like hepatitis C vi-
rus, Human T-cell leukemia virus type 1 (HTLV-I)
is one of the most important single-stranded RNA
viruses [2, 12]. Once it enters human circulatory sys-
tem, HTLV-1 creates persistent infection and chronic
inflammation through inhibition and escape mecha-
nisms from facing immune responses. Therefore,
it is likely that the activity of LIRs can have a posi-
tive impact on pathogenesis of HTLV-1 virus with
clinical symptoms [14, 17]. This oncogenic virus be-
longs to Retroviridae family which has infected about
15—20 million people worldwide [15]. Although most
infected individuals remain asymptomatic, 2—6%
of them progress to adult T-cell leukemia/lymphoma
(ATLL), and 2—3% to HTLV-1 associated myelopa-
thy/tropical spastic paraparesis (HAM/TSP) [10, 13,
15]. ATLL is one of the most severe types of leuke-
mia in which CD4* T cells increase dramatically [28].
Although the pathogenesis of ATLL is still unknown,
its most well-known features include immortalization
of the infected CD4* T cells, continuous lymphocyte
proliferation, CD4" T cell exhaustion and the increase
in the number of regulatory (Treg) T cells of TGF-J3
and IL-10 cytokines [7, 11]. However, LIRs play

an important role in the development of ATLL [9].
The aim of this study was to investigate the differ-
ences of expression of LIRs genes such as LAG3,
PD-1, TIGIT, CD160, TIM3, and 2B4 in ATLL pa-
tients compared to healthy control (HC) individuals
and HTLV-1 infected-asymptomatic carriers (ASCs).

Methods

First, we have collected all microarray informa-
tion on the profile of HTLV-1 infected patients from
Gene Expression Omnibus (http://www.ncbi.nlm.
gov/geo) database till the end of March 2020, in or-
der to identify the microarray related to evolutionary
development of lymphocyte inhibitory receptor genes
during various phases of HTLV-1 infection in CD4*
T cells of human subjects. The keywords such as
“Human T-lymphotropic virus type I (HTLV-1)”,
“Homo sapiens”, “ATLL”, and “Whole genome se-
quencing” were being used repeatedly. Considering
the main goal of the study, we have only assessed
data related to Homo sapiens particularly CD4*
T cell line of human subjects infected with HTLV-1.
Quality and consistency of data was done using R
package MetaQC. In the next step, both differentially
expressed genes (DEGs) and Logarithm fold-change
(logFC) were measured for several different catego-
ries such as: 1) ATLL vs. HC individuals; 2) ATLL
vs. ASCs; 3) ASCsvs. HC individuals; 4) combination
of various subtypes of ATLL by GEO2R; DEGs were
selected according to Benjamini—Hochberg False
discovery rate (FDR) with p value < 0.05. The posi-
tive logFC represents upregulation, whereas negative
logFC represents downregulation. The lymphocyte
inhibitory receptor genes were selected by Kyoto En-
cyclopedia of Genes and Genomes (KEGG) path-
ways, one of the best Enricher web tools based on the
top combined scores. In addition, the super-network
comprises protein interaction network between LIRs
which was constructed by STRING online database
version 10.5. Also, the heatmap plots were generated
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using Morpheus (https://software.broadinstitute.
org/morpheus) [8]. In the final step, we have pro-
posed the signaling network in relation to potential
role of the lymphocyte inhibitory receptor genes dur-
ing pathogenesis of HTLV-1 infection.

Results and discussion

From total of 18 identified records, we only
selected and analyzed three studies: GSE19080
(https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE19080), GSE33615 (https://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE33615),
and GSES57259 (https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSES57259); they all met our in-
clusion criteria with proper quality analysis of ATLL
vs. normal, ATLL vs. asymptomatic carrier as well as
asymptomatic carrier vs. normal. Unfortunately, we
could not analyze various stages of ATLL malignan-
cy (acute, lymphomatous, chronic and smoldering)
in all included studies due to lack of information.
Overall, the expression rate of LIRs in ATLL group
was higher than either of asymptomatic carrier and
healthy donor groups (Fig. 1, I1I cover).

It is notable that the expression rate of LIRs was
also higher in ASCs in comparison with HC do-
nors (Table). Among all, the analysis of GSE33615
study showed that expression of LIRs in particu-
lar PD-1 and LAG3 genes was significantly related
to severity of the disease (p value < 0.001). In addi-
tion, ADAMI10/17 gene is coded a transmembrane
metalloprotease which is cleavage LAG 3 which
is downregulated in precancerous phase (Table).

According to STRING network, a close re-
lationship was observed among interfering genes
in lymphocyte inhibitory process (Fig. 2, III cover).
The PPIN networks consist of 11 nodes and 35 edges;
the distance between each nodes represents a close
contribution and cooperative functions of each node
as well as the color of the edges which is responsible
for type of each experiments which confirmed rela-
tionship between each node.

According to KEGG and wikiPathway databases
in relation to the effects of the lymphocyte inhibi-
tory receptor genes and their alternation in normal

signaling pathway during HTLV-1 infection, con-
stant stimulation and continuous expression of LIRs
on HTLV-1 infected CD4" T cells could cause: 1) ap-
optosis of HTLV-1 specific CD8" T cells; 2) anergy;
3) expression of immune suppressor cytokines e.g.
IL-10 and TGF-B; 4) support of Treg cells; 5) cell-
proliferation and 6) HTLV-1 infected T cells develop
into ATLL malignancy (Fig. 3, III cover).

Based on the results obtained in the present study,
we demonstrated a significant increase in the expres-
sion of genes associated with lymphocyte inhibitory
effect and their relationship with severity of the dis-
ease, in particular PD-1 and LAG3 genes in patients
affected by ATLL. Some alterations such as cell pro-
liferation, T cell exhaustion, and immune dysregula-
tion are among the main factors related to the occur-
rence of HTLV-1 infected CD4" T cells [24]. Recently,
studies have shown that the number of T cells (CD4*
and CDS8") which express PD-1, would increase
in ATLL patients [19, 29]. Either of two HBZ and
Tax proteins of HTLV-1 virus can increase the ex-
pression of IL-10 by HTLV-1 infected CD4" T cells.
Also, the induction of Treg cells function in infected
patients leads to the enhancement of 1L-10, TGF-p,
and secretion of epidermal growth factor (EGF),
these changes could cause continuous proliferation
and immortalization of HTLV-1 infected T cells, and
are considered as risk factors for ATLL [7, 16, 23, 24].
There is a dysregulation of function of LIRs express-
ing T cells which have been infected by HTLV-I;
forexample, Ouaguia et al. (2014) showed that the num-
ber of Treg type 1 (Trl) cells which produce cytokines
such as 1L-10, TGF-B, CDI8 and LAG3 increases
in patients affected by ATLL [23]. Konnai et al. (2013)
in their study on bovine leukemia virus (BLV), discov-
ered that the expression of LAG3 increases on the sur-
face of lymphocytes of bovis affected by leukemia [24].
In 2016, Yasuma et al. illustrated that HTLV-1 bZIP
factor inhibits the cytotoxicity function of T CDS8* cells
via induction of T-Cell Immunoglobulin and ITIM
Domain (TIGIT) [32]. Ndhlovu et al. (2011) by moni-
toring the HAM /TSP patients, discovered that HTLV-1
tax specific CD8" T cells decreases the expression
of TIM3 receptor. They also realized that some un-
known factors, through their non-inhibitory effects

Table. LogFC of ATLL vs ASCs or HC, as well as ATLL subtypess

GEO studies Population setting LAG3 PD1 | ADAM10/17 | TIGIT | CD160 | TIM3 2B4
ATLL vs. ASCs 0.78 0.80 NA NA 0.1 NA 0.18

GSE19080 ASCsvs. HC 0.55 0.29 NA NA 0.16 NA 0.42
ATLLvs. HC 0.48 1.2 NA NA 0.47 NA 0.61

GSE57259 ATLLvs. HC 2.47 2.79 -0.97 NA 3.19 0.06 0.31
ATLLvs. HC 213 -0.65 0.45 1.13 0.31 1.29 1.39
Acute vs. Chronic 0.29 0.03 -0.59 -0.20 -0.71 0.43 -0.45

GSE33615 Acute vs. Smoldering 2.51 1.30 0.89 2.65 -1.01 0.54 0.84
Chronic vs. Smoldering 2.69 1.39 1.50 273 -0.23 -0.11 1.27
Lymphomatous vs. other types 0.36 248 -0.54 -1.50 -1.21 -1.69 -0.44

Note. LogFC — logarithm fold-change, ASCs — infected-asymptomatic carriers, HC — healthy control.
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on exaggerative responses in immune system, could
develop chronic progressive inflammation status [25].
In 2014, Chibueze et al. demonstrated that the expres-
sion of CD160 molecule on HTLV-1 specific CD8"
T cells will have an inhibitory effect on their function,
and must be considered as a risk factor in developing
the infection into ATLL [4]. In another related study,
Ezinne et al. (2014) declared that blocking 2B4/CD48
interaction can increase functional capacity of the in-
fected CD* T cells (Fig. 3, II1 cover) [5].

In recent years, various studies have focused
on the impact of LIRs blocking drugs for treating
ATTL malignancy. For example, Pembrolizumab,
which is a monoclonal antibody against PD-1, has
successfully passed phase II of clinical trial among
T cell-lymphoma patients [3]. Relatlimab (CA224-
060), as an anti-LAG3 has passed phase 11 of clini-
cal trial [6]. Another Relatlimab (1302TiP CA224-
047) in combination with Nivolumab (anti-PD-1)
is in phase II/1I1 of the study [21]. Sym023, a human
anti-TIM3, is a well-known antibody which inhibits
TIM3 in vitro [20]. TSR-022, is a potent anti-human
TIM-3 therapeutic antibody. Anti-CD160, alone
or in combination with Bevacizumab, is considered
as an inhibitor of ocular neovascularization in rabbit
and monkey models [22]. Hence, it seems that block-
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In summary, in the present study, we first showed
that LIRs such as LAG3, PD-1, TIGIT, TIM3,
CD160 and 2B4 were overexpressed in ATLL patients
compared to asymptomatic carriers and healthy indi-
viduals. Hence, LIRs are considered as a significant
biomarker in development of the infection to ATLL.
On the other hand, LIRs blocking drugs can be
used as the best candidates for treatment of ATLL
malignancy. As noted before, several anti-LIRs are
being used in both human and animal cases, includ-
ing Pembrolizumab and Nivolumab (anti-PD-1),
Relatlimab (anti-LAG3), Sym023 and TSR-022
(anti-TIM-3), and monoclonal antibodies against
CD160, TIGIT, and 2B4.

Conflict of interest statement

The authors declare that there are no conflicts
of interest.

1. Andrews L.P., Marciscano A.E., Drake C.G., Vignali D.A. LAG 3 (CD223) as a cancer immunotherapy target. Immun. Rev., 2017,

vol. 276, no. 1, pp. 80—96. doi: 10.1111/imr.12519

2. Bangham C.R. Human T cell leukemia virus type 1: persistence and pathogenesis. Annu. Rev. Immunol., 2018, vol. 36, pp. 43—71.

10.

11.

12.

13.

14.

doi: 10.1146/annurev-immunol-042617-053222

Barta S.K., Zain J., MacFarlane A.W. 4" Smith S.M., Ruan J., Fung H.C., Tan C.R., Yang Y., Alpaugh R.K., Dulaimi E.,
Ross E.A., Campbell K.S., Khan N., Siddharta R., Fowler N.H., Fisher R.I., Oki Y. Phase II study of the PD-1 inhibitor pem-
brolizumab for the treatment of relapsed or refractory mature T-cell lymphoma. Clin. Lymphoma Myeloma Leuk., 2019, vol. 19,
no. 6, pp. 356—364.e3. doi: 10.1016/j.clml.2019.03.022

Chibueze C.E., Yoshimitsu M., Arima N. CD160 expression defines a uniquely exhausted subset of T lymphocytes in HTLV-1
infection. Biochem. Biophys. Res. Commun., 2014, vol. 453, no. 3, pp. 379—384. doi: 10.1016/j.bbrc.2014.09.084

Ezinne C.C., Yoshimitsu M., White Y., Arima N. HTLV-1 specific CD8" T cell function augmented by blockade of 2B4/CD48
interaction in HTLV-1 infection. PloS One, 2014, vol. 9, no. 2: e87631. doi: 10.1371/journal.pone.0087631

Feeney K., Kelly R., Lipton LR., Chao J., Acosta-Rivera M., Earle D., Lei M., Kollia G., Tebbutt N.C. CA224-060: a rando-
mized, open label, phase II trial of relatlimab (anti-LAG-3) and nivolumab with chemotherapy versus nivolumab with chemo-
therapy as first-line treatment in patients with gastric or gastroesophageal junction adenocarcinoma. Am. J. Clin. Oncol., 2019,
vol. 37, no. 15: TPS4143. doi: 10.1200/JC0.2019.37.15 suppl. TPS4143

Futsch N., Prates G., Mahieux R., Casseb J., Dutartre H. Cytokine networks dysregulation during HTLV-1 infection and associ-
ated diseases. Viruses, 2018, vol. 10, no. 12: 691. doi: 10.3390/v10120691

Ghazvini K., Youssefi M., Keikha M. Expression changes of cytotoxicity and apoptosis genes in HTLV-1-associated myelopathy/
tropical spastic paraparesis patients from the perspective of system virology. Access Microbiol., 2020, vol. 2, no. 3: acmi00008§8.
doi: 10.1099/acmi.0.000088

Hude 1., Sasse S., Engert A., Brockelmann P.J. The emerging role of immune checkpoint inhibition in malignant lymphoma.
Haematologica, 2017, vol. 102, no. 1, pp. 30—42. doi: 10.3324/haematol.2016.150656

Karbalaei M., Keikha M. Curcumin as an herbal inhibitor candidate against HTLV-1 protease. Jentashapir J. Health Res., 2019,
vol. 10, no. 1: €92813. doi: 10.5812/jjhr.92813

Karbalaei M., Keikha M. What is adult T-cell leukemia pathogenesis? System virology as a solution of this puzzle. Jundishapur.
J. Chronic. Dis. Care, 2019, vol. §8, no. 3: €93351. doi: 10.5812/jjcdc.93351

Keikha M., Eslami M., Yousefi B., Ali-Hassanzadeh M., Kamali A., Yousefi M., Karbalaei M. HCV genotypes and their determi-
native role in hepatitis C treatment. VirusDisease, 2020, vol. 31, no. 3, pp. 235—240. doi: 10.1007/513337-020-00592-0

Keikha M., Ghazvini K., Eslami M., Yousefi B., Casseb J., Yousefi M., Karbalaci M. Molecular targeting of PD-1 signal-
ing pathway as a novel therapeutic approach in HTLV-1 infection. Microb. Pathog., 2020, vol. 144: 104198. doi: 10.1016/j.mic-
path.2020.104198

Keikha M., Karbalaei M. Overview on coinfection of HTLV-1 and tuberculosis: mini-review. J. Clin. Tuberc. Other Mycobact. Dis.,
2021, vol. 23: 100224. doi: 10.1016/j jctube.2021.100224

1188



2021, T. 11,Ne 6 Blockade of LIRs and ATLL malignancy

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Keikha M., Karbalaei Zadeh Babaki M., Marcondes Fonseca L.A., Casseb J. The relevance of HTLV-1-associated mye-
lopathy/tropical spastic paraparesis in Iran: a review study. Rev. Clin. Med., 2019, vol. 6, no. 2, pp. 60—65. doi: 10.22038/
RCM.2019.38759.1266

Kinosada H., Yasunaga J.I., Shimura K., Miyazato P., Onishi C., Iyoda T., Inaba K., Matsuoka M. HTLV-1 bZIP factor enhances
T-cell proliferation by impeding the suppressive signaling of co-inhibitory receptors. PLoS Pathog., 2017, vol. 13, no. 1:e1006120 .
doi: 10.1371/journal.ppat. 1006120

Kinosada H., Yasunaga J.-I., Shimura K., Matsuoka M. Functional impairment of co-inhibitory receptors promotes T-cell
proliferation in HTLV-1 associated adult T-cell leukemia cells. Blood, 2016, vol. 128, no. 22, p. 2516. doi: 10.1182/blood.
V128.22.2516.2516

Konnai S., Suzuki S., Shirai T., Ikebuchi R., Okagawa T., Sunden Y., Mingala C.N., Onuma M., Murata S., Ohashi K. Enhanced
expression of LAG-3 on lymphocyte subpopulations from persistently lymphocytotic cattle infected with bovine leukemia virus.
Comp. Immunol. Microbiol. Infect. Dis., 2013, vol. 36, no. 1, pp. 63—69. doi: 10.1016/j.cimid.2012.09.005

Kozako T., Yoshimitsu M., Fujiwara H., Masamoto 1., Horai S., White Y., Akimoto M., Suzuki S., Matsushita K., Uozumi K.,
Tei C., Arima N. PD-1/PD-L1 expression in human T-cell leukemia virus type 1 carriers and adult T-cell leukemia/lymphoma
patients. Leukemia, 2009, vol. 23, no. 2, pp. 375—382. doi: 10.1038/leu.2008.272

Lindsted T., Gad M., Grandal M.V., Frélich C., Bhatia V.K., Gjetting T., Lantto J., Horak 1.D., Kragh M., Koefoed K.,
Pedersen M.W. Preclinical characterization of Sym023 a human anti-TIM3 antibody with a novel mechanism of action. AACR,
2018, vol. 78, no. 13: 5629. doi: 10.1158/1538-7445.AM2018-5629

Lipson E.J., Long G.V., Tawbi H., Schadendorf D., Atkinson V.G., Maurer M., Simonsen K.L., Harbison C., Hodi F.S. CA224-
047: a randomized, double-blind, phase I1/111 study of relatlimab (anti-LAG-3) in combination with nivolumab (anti-PD-1) ver-
sus nivolumab alone in previously untreated metastatic or unresectable melanoma. Ann. Oncol., 2018, vol. 29, no. 8, pp. viii464—
viii465. doi: 10.1093/annonc/mdy289.058

Menguy T., Briaux A., Jeunesse E., Giustiniani J., Calcei A., Guyon T., Mizrahi J., Haegel H., Duong V., Soler V., Brousset P.,
Bensussan A., Raymond Letron I., Le Bouteiller P. Anti-CD160, alone or in combination with bevacizumab, is a potent inhibitor
of ocular neovascularization in rabbit and monkey. Invest. Ophthalmol. Vis. Sci., 2018, vol. 59, no. 7, pp. 2687—2698. doi: 10.1167/
iovs.18-24024

Mori N., Gill P.S., Mougdil T., Murakami S., Eto S., Prager D. Interleukin-10 gene expression in adult T-cell leukemia. Blood,
1996, vol. 88, no. 3, pp. 1035—1045.

Mozhgani S.H., Zarei-Ghobadi M., Teymoori-Rad M., Mokhtari-Azad T., Mirzaie M., Sheikhi M., Jazayeri S.M., Shahbah-
rami R., Ghourchian H., Jafari M., Rezaee S.A., Norouzi M. Human T-lymphotropic virus 1 (HTLV-1) pathogenesis: a systems
virology study. J. Cell Biochem., 2018, vol. 119, no. 5, pp. 3968—3979. doi: 10.1002/jcb.26546

Ndhlovu L.C., Leal F.E., Hasenkrug A.M., Jha A.R., Carvalho K.I., Eccles-James I.G., Bruno F.R., Vieira R.G., York V.A.,
Chew G.M., Jones R.B., Tanaka Y., Neto W.K., Sanabani S.S., Ostrowski M.A., Segurado A.C., Nixon D.F., Kallas E.G. HTLV-1
tax specific CD8" T cells express low levels of Tim-3 in HTLV-1 infection: implications for progression to neurological complica-
tions. PLoS Negl. Trop. Dis., 2011, vol. 5, no. 4: e1030. doi: 10.1371/journal.pntd.0001030

Odorizzi P.M., Wherry E.J. Inhibitory receptors on lymphocytes: insights from infections. J. Immunol., 2012, vol. 188, no. 7,
pp. 2957—2965. doi: 10.4049/jimmunol. 1100038

Ouaguia L., Mrizak D., Renaud S., Moralés O., Delhem N. Control of the inflammatory response mechanisms mediated by
natural and induced regulatory T-cells in HCV-, HTLV-1-, and EBV-associated cancers. Mediators Inflamm., 2014: 564296.
doi: 10.1155/2014/564296

Rodriguez-Zuiiiga M., Cortez-Franco F., Qujiano-Gomero E. Adult T-cell leukemia/lymphoma. Actas Dermosifiliogr. (Engl.
Ed)., 2018, vol. 109, no. 5, pp. 399—407. doi: 10.1016/j.ad.2017.08.014

Shimauchi T., Kabashima K., Nakashima D., Sugita K., Yamada Y., Hino R., Tokura Y. Augmented expression of programmed
death-1 in both neoplastic and non-neoplastic CD4" T-cells in adult T-cell leukemia/lymphoma. Int. J. Cancer, 2007, vol. 121,
no. 12, pp. 2585—2590. doi: 10.1002/ijc.23042

Virgin HW., Wherry E.J., Ahmed R. Redefining chronic viral infection. Cell, 2009, vol. 138, no. 1, pp. 30—50. doi: 10.1016/
J.cell.2009.06.036

Workman C.J., Rice D.S., Dugger K.J., Kurschner C., Vignali D.A. Phenotypic analysis of the murine CD4 related glycopro-
tein, CD223 (LAG-3). Eur. J. Immunol., 2002, vol. 32, no. 8, pp. 2255—2263. doi: 10.1002/1521-4141(200208)32:8<2255::AID-
IMMU2255>3.0.C0O;2-A.

Yasuma K., Yasunaga J.-1., Takemoto K., Sugata K., Mitobe Y., Takenouchi N., Nakagawa M., Suzuki Y., Matsuoka M. HTLV-1
bZIP factor impairs anti-viral immunity by inducing co-inhibitory molecule, T cell immunoglobulin and ITIM domain (TIGIT).
PLoS Pathog., 2016, vol. 12, no. 1: e1005372. doi: 10.1371/journal.ppat. 1005372

Zarour H.M. Reversing T-cell dysfunction and exhaustion in cancer. Clin. Cancer Res., 2016, vol. 22, no. §, pp. 1856—1864.
doi: 10.1158/1078-0432.CCR-15-1849

ABTOpBDI: Authors:

Keuxa M., k.H., kadbeapa MUKPOOUONIOrM 1 BUPYCOOM NN Keikha M., PhD, Department of Microbiology and Virology, Faculty
mMeamumnHekoro dakynsteTa, Mewxeackunin yHnsepcuTeT of Medicine, Mashhad University Medical Sciences, Mashhad, Iran;
MEIMUMHCKUX HayK, . Meluxen, MpaH; Karbalaei M., PhD, Department of Microbiology and Virology,
Kap6anaeu M., «.H., kadbenpa MUKPOBMONOrn 1 BUPYCONOT U School of Medicine, Jiroft University of Medical Sciences,
MEAMLMHCKOW LLKOSbI, YHUBEPCUTET MEANUMHCKMX HayK JxnpodTa, Jiroft, Iran.

r. IxvpodT, NpaH.

MocTynuna B pegakumio 10.11.2020 Received 10.11.2020
OtnpaBneHa Ha gopaboTky 28.03.2021 Revision received 28.03.2021
MpuHsaTa k nevyatn 10.04.2021 Accepted 10.04.2021

1189



Short communications

Russian Journal of Infection and Immunity = Infektsiya i immunitet
2021, vol. 11, no. 6, pp. 1190-1196

TPAEKTOPUA BOSPACT-ACCOLLUMNPOBAHHDIX
W3MEHEHUA MUKPOBHOIO COOBLLECTBA
TOHKOI0o KMWWEYHUKA 340POBbIX JIUL

B KOHTEKCTE METAOPTAHU3SMA

10.10. ®ummnnosa, M.E. Xonxoauauna, A.JI. Bypmucrposa

KpaTtkue coolOLueHuns

NHudekums n ummyHuteT
2021, T. 11, Ne 6, c. 1190-1196

DI'EOY BO Yensounckuii cocyoapcmeennuiii ynugeepcumem, 2. Yensounck, Poccus

Pesitome. M3yueHne MUKpOOMOTHI TOHKOTO KMIIEYHUKA Y YeJI0BEKa 3aTPYAHEHO B CBSI3U C MaJIOi TOCTYITHOCThIO O1O-
MaTepuana. [IpuMeHeHe HEeMHBAa3UBHBIX METOIOB META0OJOMUKY ¥ OMOMH(MOPMALIMOHHOTO aHaJI13a JAHHBIX MOXET
paCIIMPUTD HAIIU MPENCTABICHUS O CTPYKTYPE MUKPOOUOTHI TOHKOTO KMIIIEYHHUKA U €€ POJIU B IMOAAEPXXKaHUU TOMEO-
cta3a opraHusma. Lleap uccienoBaHusi — ¢ MOMOIIbIO METOJIOB FA30BOM XPOMATO-MacC-CIEKTPOMETPUM MUKPOOHBIX
MapkepoB (I’ XMC MM) 1 onTuMaabHOrO IKaIUPOBAHU S OLEHUTb TPAEKTOPUIO BO3PACTHBIX U3MEHEH U1 MUKPOOHOTO
C000I1IeCTBAa TOHKOTO KMIIIEYHUKA Y 30POBBIX JIUII B KOHTEKCTE B3aMMOAEHUCTBUS C LIMTOKMHOBON U HEUPOIHIOKPUH-
HOU cucTeMaMM B paMKax MeTaopraHusMa. B ncciemoBaHue BkJoueHbI 110 mpakKTUYeCKM 300POBbIX MHIWBUAYYMOB
JETCKOTO, PEMPOAYKTUBHOIO U MOXUJIOro/cTapyeckoro Bodpacta. YMCAEHHOCTh MpeACTaBUTENE OCHOBHBIX TUITOB
MUMKpPOOMOTHI TOHKOTO KUIeuYHuKa (Bacteroidetes, Firmicutes, Actinobacteria, Proteobacteria v Fusobacteria) onpenens-
qu metonoM '’ XMC MM B nepudepuyeckoii KpoBu. sl MOCTPOEHUS TPAEKTOPUI U3MEHEHMST cOO0IIeCTBa MUKPO-
OMOTHI TOHKOTO KUIIEYHUKA U TIoKa3areieil IIMTOKMHOBON W HEHPOIHIOKPUHHON CUCTEM C BO3PACTOM MPUMEH SN
TEXHUKY ONTUMAaJIbHOTO IKaJIUPOBaHMUSI, OCHOBAHHYI0 Ha MHOroMepHoM mnpeodpaszoanHuu Ixudu (meton CATPCA
[Categorical Principal Components Analysis]). YctaHoBJI€HO, UTO 1151 6aKTEpUATbHOTO COOOLIECTBAa TOHKOTO KMILIEYHU-
Ka IeTeil M MOKMJIBIX U1 ObljIa XapaKTepHa 3HAYMMO HU3Kasl 0011ast YUCIEHHOCTh MUKPOOPIaHU3MOB 32 CYeT HU3KOTO
KoJinuecTBa OakTepuii TMNoB Firmicutes n Actinobacteria Ha (poHe BbICOKOTO YMcia IpeacTaBuTeeit Tunos Proteobacteria
u Fusobacteria Mo cpaBHEHUIO C aHAJOTMYHBIMU TMOKA3aTeIsIMU B PEMPOAYKTUBHOM Bo3pacTe. OlLieHKa TPaeKTOPUU
BO3PaCT-aCCOUMUPOBAHHBIX U3MEHEHU I MUKPOOUOTHI TOHKOTO KUIIIEYHHMKA MoKa3aia 1) Haauyue CUAbHbIX TUHAMU-
YeCcKMX KOJeOaHU i YUCIEHHOCTHU U CBS3eil BHYTPU COOOIECTBA MUKPOOPraHU3MOB Ha poHE (pOpMUPOBAHUS CBSI3Ei
MEXIy OCHOBHBIMU PErYJSITOPHBIMU CUCTEMaMU METaoOpraHu3Ma — UMMYHHOW U HEMPOIHIAOKPUHHON — B JE€TCKOM
BO3pacTe; 2) MIACTUYHOCTb U CONTaCOBAHHOCTh (DYHKIIMOHUPOBAHMSI UMMYHHOI U HEPBHOI CUCTEM, OMpeaesione
COCTOSTHME TMHAMUYECKOTO PABHOBECHSI MUKPOOMOTHI TOHKOTO KUIIEUYHUKA Y JIIOAEH PEermpoayKTUBHOTO BO3pacTa;
3) MakCUMAaJIbHYIO CTETEHb KOOMepaly MeX 1y OCHOBHBIMU YJeHaMU OaKTepuaJbHOro coo0lIecTBa, 00ecneunBao-
11Y10 CTAaOMJIBHOCTh CUCTEMbI Ha HOBOM YPOBHE, KaK OIMH U3 MEXaHU3MOB aJanTallii OpraHru3Ma Mpyu 310pOBOM CTape-
Huu. Takum obpazom, ucnojb3zoBanue MeTogoB ' XMC MM u onTUMabHOIO IKAJIUPOBAHMS MTO3BOJISET PAaCIIUPUTH
HaIllY MPECTaBICHUS O BO3PACT-aCCOLIMMPOBAHHON TPAeKTOPUM U3MEHEHU I MUKPOOUOTHI TOHKOT'O KMIIIEYHUKA U €€
Koonepaluuy ¢ UMMYHHOI U HEMPOIHIOKPUHHOM cCUCTeMaM B paMKaX METaOpraHM3Ma, YTO MOXET ObITh UCIOIb30Ba-
HO B pa3paboTKe HOBBIX CIIOCOOO0B Tepaluu 3a00eBaHM T MHPEKIIMOHHOI ¥ HeMH(MEKIIMOHHON MPUPOIBI.

Karouesoie cao06a: Mukpoduoma monkoeo KUeHHUKA, YUmMoKUHbl, Helipo20PMOHbL, 2A308a5 XPOMAMO-MACC-CNeKmMPOMempus.
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TRAJECTORY OF AGE-ASSOCIATED CHANGES IN SMALL INTESTINAL MICROBIAL COMMUNITY
OF HEALTHY PERSON METAORGANISM

Filippova Yu.Yu., Kholodilina M.E., Burmistrova A.L.

Chelyabinsk State University, Chelyabinsk, Russian Federation

Abstract. The study of the small intestinal microbiota in humans is complicated due to the low availability of biomate-
rial. Non-invasive methods of metabolomics and bioinformatic data analysis can expand our understanding of the small
intestinal microbiota structure and its role in maintaining body homeostasis. Here we assess the trajectory of age-related
changes in the small intestinal microbial community of healthy individuals in the context of metaorganism-wide inter-
action between cytokine and neuroendocrine systems, by using the methods of gas chromatography mass spectrometry
of microbial markers (GCMS MM) and optimal scaling. 110 apparently healthy children, adults and elderly individuals
were enrolled to the study. The main types of the small intestine microbiota (Bacteroidetes, Firmicutes, Actinobacteria,
Proteobacteria, and Fusobacteria) were quantified in peripheral blood by the GCMS MM method. To construct age-related
trajectories of changes in the small intestinal microbiota and parameters of cytokine and neuroendocrine systems, the op-
timal scaling technique based on the multivariate Gifi transformation (CATPCA method) was used. It was found, that
the small intestinal bacterial community of both children and seniors contained significantly lowered total number of mi-
croorganisms due to the low number of bacteria of Firmicutes and Actinobacteria types along with high number of members
of Proteobacteria and Fusobacteria types compared with adults. Assessment of the trajectory of age-associated changes
in microbiota of the small intestine showed that 1) children have strong dynamic fluctuations in the number and links
within microbial community along with formation of links between the main regulatory immune and neuroendocrine sys-
tems of the metaorganism, 2) adults display plasticity and consistency in functioning of immune and nervous systems that
determine the state of dynamic balance of the small intestinal microbiota, 3) healthy aging is characterized by high degree
of cooperation between the main members of the bacterial community, which ensures system stability at new level, as
one of the mechanisms of host adaptation. Thus, using methods of GCMS MM and optimal scaling, allows us to expand
our understanding about age-associated trajectory of changes in the small intestinal microbiota and its cooperation with
immune and neuroendocrine systems within the metaorganism, which can be used to develop new methods of therapy
for infectious and non-infectious diseases.

Key words: small intestine microbiota, cytokines, neurohormones, gas chromatography mass spectrometry of microbial markers, children,

the elderly, adult people.

CorjlacHO COBPEMEHHBIM HaHHBIM, YEJIOBEK
MpEeaCcTaBsIeT COO0 METaOPraHU3M — CJIOXHYIO
CHUCTEMY, COCTOSIIYI0 M3 MHOXECTBa dyKapUOTH-
YEeCKNX KJIETOK U CUMOMOTUYECKUX COOOIIECTB
MHUKPOOPraHN3MOB, BKJIIOUAOIINX 0aKTepUH, TPU-
ObI, apxeu, BUPYCHI U mipocTeitmue [9, 17]. Y B3poc-
JIOTO YeJIOBeKa KOJIMYECTBO OaKTepHUaJIbHBIX KJe-
TOK mpuMmepHO B 10 pa3 IIpeBBIIIaET YUCIO €ro
COOCTBEHHBIX, IIPU 3TOM OOJIbIIIAS UX YACTH (OKOJIO
70%) HAXOOUTCS B KEJIYIOYHO-KUIIEYHOM TPaKTe
(2KKT) [3]. Kumreunast MUKpoOMOTa UTpaeT KO-
YeBYIO POJib B IOIACPKAaHMUM OOIEro roMeocrasa
OopraHu3Ma 1 3M0POBbSI YeJIOBEKA, BBITIOTHSS PSII
BaxXKHBIX (DYHKIIMIT: OHA y4acTBYeT B MOp(poreHese
OpraHOB, B TOM YMCJI€ HEPBHOW CUCTEMBI, METabO0-
JIU3ME U CTapeHUH, oOecreurBaeT 3alluTy OT Ma-
TOI€HOB, KOJIOHU3AIlMOHHYIO PE3UCTEHTHOCTH
M co3peBaHMe MMMYHHO# cuctembl [1, 13, 17].
B cBoio ouepenb, opraHu3M X03siMHA (QOPMUPYET
mukpoomom XKKT 3a cyeT BbIOOpa 1MeTHl U oOpa3a
JKM3HM, a TAKKE 3a CYET HEPBHOM U UMMYHHOM pe-
ryasuuu. B HacTosiiee Bpemst aucbaiaHC roMeo-
CTAaTUYECKUX B3AUMONCUCTBUI OpraHU3Ma XO35U-
Ha U MUKpOOHMOMa CBSI3BIBAIOT C MAaTOINCHE30M 3a-
0oJeBaHUN KaK MH(EKIIMOHHOI, TaK U HeMHpeK-
IIMOHHOM NPUPOABI, BKJIOYas BOCIAJIUTEIbHBIC
3a00JeBaHUSI KMIICYHUKA, OMA0ET, OXHpPEHUE,
pak, TpeBory u aenpeccuio [5, 13].

IIpumeHenue METOOB CEKBEHUPOBAHM S
U «OMUKCHBIX» TEXHOJIOTUI» (TeHOMHUKHU, ITPOTEO-
MUWKU, META0OJIOMUKM) MPUBEJIO K 3HAUUTESIIBHOMY
IpOrpeccy B MPEACTaBICHUM O TAKCOHOMUYECKUX
1 (DYHKIIMOHAJBHBIX XapaKTEPUCTUKAX MUKPO-
OMOTHI TOJICTOTO KMIIIEYHUKA, a TAKXKE O €€ CTAHOB-
JICHUU U pa3BUTUU Ha MPOTSIKCHUU XKU3HU MeTa-
opraHu3Ma B HOpMe U I1pu natojoruu [19]. B To ke
BpeMs CTPYKTypa U (YHKIIUU MUKPOOMOTHI TOH-
KOTO KHUIIEYHHMKA YeJIOBeKa OCTalOTCS MaJloU3-
YUYEHHBIMU, YTO CBSI3aHO, ITPEX e BCEro, ¢ HEO0X0-
MTUMOCTBIO MCIIOJIb30BaHNSI WHBA3UBHBIX METOMOB
oTbopa npoob: 330(daroracTpoayoaeHOCKON NN, KO-
JIOHOCKOITU U, UJIEOCTOMUU U 1Pp. [16], XOTsT XOpoIiIo
M3BECTHO, YTO MUKPOOMOTAa TOHKOTO KHUIIIEUHUKA
OKa3bIBacT 3HAUYMTEIbHOE BIUSHUC Ha pa3IMIHbBIC
acmeKThl (PU3MOJOTUM MeTaopraHu3Ma, BKJIIOYas
MeTaboJnuecKylo (0OTBe4yaeT 3a BCachiBaHUE MPHU-
MepHO 90% o0111eii SHEPrUuU U3 MUIIN), UMMYHHYIO
U SHAOKpMHHYIO ¢yHKuUMuM [12]. UccaenoBaHus
Ha XUBOTHBIX MOJIEJISIX THOTOOMOTUYECKUX U Tpa-
MTUIIMOHHBIX MBIIIEH BHOCST 3HAYUTEIbHBIN BKJIA
B M3YYCHUE POJIM MUKPOOUOTHI TOHKOTO KMIIICU-
HHKa, HO UX OTJMYHUS OT JIIOJAC C TOUKU 3PCHUS
pa3Mepa KHIIIEYHUKA, CKOPOCTH MeTaboamu3Ma,
MUCTUYCCKUX IMIPUBBIYCK U IPOCTPAHCTBEHHO-BpE-
MEHHBIX MUKPOOHBIX CTPYKTYP 3aTPYIAHSIIOT 3KC-
Tpanoasunio faHHbIX [16]. [TosTOMY MOUCK U ITpH-
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MHdekumns n uMmyHuTeT

MEHEHME COBPEMEHHBIX METOJ0B MeTa0OJOMUKU
¥ OMOMH(MOPMALIMOHHOIO aHajii3a MOXET pacllu-
PUTH HAIIM MPEACTABJICHUS O CTPYKType M POJIU
MHUKPOOMOTHI TOHKOTO KUINEYHWKA B ITOIACPKa-
HUU roMeocTa3a opraHu3Mma.

Llenbp uccaenoBaHuWsT — € MOMOIIBIO METOIOB
ra3oBOM XpoMartorpaduu — Macc-CcreKTPOMETPUU
MHUKpOOHBIX MapkepoB (I XMC MM) u orrTuMaib-
HOTO ILIKaJUPOBAHUS OLEHUTh TPAeKTOPUIO BO3-
PacTHBIX H3MEHEHUI MHUKPOOHOro coobdllecTBa
TOHKOI'O KMIUEYHUKA Y 3A0POBBIX JIML, B KOHTEKCTE
B3aMMOJIEUCTBUS C LIMTOKMHOBOU W HEWPOIHJIO-
KPUHHOM cucTeMaMi B paMKax MeTaopraHusma.

Marepuanbsl n MeToapl

B kpocc-CeKIIMOHHOE WCClAeAOBaHUe ObLIU
BKJIIOYeHBI 110 mpakKTU4ecKU 3A0POBBIX UWHIVBU-
IYYMOB TpeX BO3paCTHBIX Ipyni. B mepByo rpyii-
ny («Jdetm») Bommam 45 300pOBBIX (TUIIMYHO pa3-
BUBatomuxcs) aeteit (32 manpurka u 13 neBoyek)
JMIOIIKOJIBHOIO U MJIAAIIEro IIKOJbHOIO BO3pacTa
ot 4 1o 13 net (cpenHuii Bo3pact — 9 net). Bropyio
rpynny («PenpomyKTUBHBIZ BO3pacT») COCTaBU-
i 25 MOTEHILUAJIbHBIX JOHOPOB KOCTHOTO MO3ra
(16 myxunua n 9 xkeHmwuH) 'BY3 YenssomHckas
obylacTHasi CTaHIIMS TIepeJrBaHUsI KPOBU B BO3-
pacte ot 21 10 49 net (cpenHuit Bo3pact — 36 jeT).
B Tpetpio rpynny («310poBO€ cTapeHUE») BOIII-
au 40 doaeil MoXMJIOro M CTapyecKoro Bo3pac-
Ta (16 My>XuuH U 24 XeHIIUHBI) OT 66 mo 89 et
(cpemHuii Bo3pacT — 79 5eT), IMOCTOSHHO IIPO-
XKUBaBIIMX B YeIIOMHCKOM TE€pPOHTOJOTMUECKOM
neHTpe. JItoau MOXMIIOTO U CTapuyecKOoro Bo3pacra
MMeJIM TUTIMYHbIE BO3PaCT-aCCOLIMMPOBAHHBIE 3a-
OoneBaHUS BHe cTaauu oboctpeHus. Kpurepusamu
WCKJIIOUCHUS TIOXMJIBIX JIIOACH W3 WCClIeaoBa-
HUS OBITM OXUWpEHUe, OHKOJIOTMUeckue 3aboie-
BaHUs, Oone3Hb IlapkmHcoHa M AJblLreiiMepa,
HeBpoJiorndeckue 3abosieBaHusi. McciemoBaHue
0JI0OPEHO ATUYECKUM KOMUTETOM Yensi6MHCKOro
roCcyJapCTBEHHOro yHUBepcuteTa (IpoToko No 1
ot 16.05.2016). YyacTHUKaMM MM WX 3aKOHHBIMU
NpeACTAaBUTEASIMUA TOANMCAaHO HHMOOPMUPOBAH-
HOE coIylacue, pa3pelrarliee IpuMeHeHNE TOJTy-
YEeHHBIX PE3yJIbTaTOB B HAYYHOI paboTe.

Matepuaiom 1 UCCIeAOBaHUS CIYXKUJIa BEHO3-
Has KpoBb. OrnpeneseHUe YMCISHHOCTU MpeacTa-
BUTEJICT OCHOBHBIX 5 TUTIOB MUKPOOMOTHI TOHKOTO
KUIleuHuKa (Bacteroidetes, Firmicutes, Actinobacteria,
Proteobacteria v Fusobacteria) npoBOANJIA METOAOM
I'XMC MM B nepudeprnieckoii KpoBHr ¢ ITOMOIIBIO
ra3oBOro XpoMaTo-Macc-CIeKTpoMmeTpa «MascTpo»
(OO0 «MHuTepmabd», Poccusi), kak ObLJIO OMMCAHO
paHee. 40 MKJI KpOBU MOJABEPraau KUCIOMY METaHO-
ausy 1 14 npu 80°C. MeTunoBbie 3(pUPbl U TUMETU-
aleTajau XKUPHBIX KUCJIOT 1 aJIbJIETUI0B KPOBU ABY-
KpaTHO aKcTparupoBaysu 200 MK rekcaHa, BBICY-
muBaJn U oopadareiBanu 15 MmuH npu 80°C 20 Mk

N,O-6uc(TpuMeTUJICUINI)-TpUudTOpaLeTaMuIa
JUTS TIOJIyYeHU S TPUMETUJICUIUIBHBIX 3(bUPOB OK-
CUKMCIIOT U CTUPOIOoB. [TonydyeHHYI0 cMech 3(pUpoB
XpomarorpaduiecK pa3aelisian Ha KaIllWIsIpHOI
kosionke HP-5ms (Agilent, CIIIA) ipu cienyrommx
YCJIOBUSIX: HauaJibHasi TeMriepatypa 130°C, Bbraepxk-
Ka Ipu HavyaJIbHOI Temniepatype — 0,5 MUH, HarpeB
TeMIlepaTypbl co ckopocThio 70°/MuH no 320°C, BbI-
JepKKa MpY KOHEUHOU TeMIiepaType — 6 MUH, pe-
JKUM CEJIEKTUBHBIX MOHOB, Ta3-HOCUTENb — TeJUM,
noTok 1,2 MJI/MUH B pexxume 0e3 IeJIeHUs MOTOoKa.
B pesynabraTe mnojyuyajiii XpoMaTorpaMMbl KUP-
HBIX KUCJIOT U APYTUX JUMUAHBIX MTPOAYKTOB KJie-
TOYHBIX CTEHOK MHUKPOOHBIX COOOIIECTB TOHKOTO
KUWIIEYHNKA, KOTOPbIe OBIIU COOTHECEHBI C COOT-
BETCTBYIOIIIMM TUIIOM M KOJIMYECTBOM MUKpPOOpra-
HU3MOB C TTOMOIIIbIO MPOrpaMMBbl, pa3paboTaHHOM
OcumnoBbiM I'A. B KauecTBe BHYTpEHHETO CTaHaap-
Ta MUCITOJIb30BaIN IS TEePOMETHIIOBEIN 3(hUp TpHUIe-
KaHOBOW KHUCJIOTHI. YyBCTBUTEIBHOCTH METO/IA CO-
crasaset 10* KOE/mu [6].

CraTucTuyeckyro o0pabOTKy AaHHBIX TPOBO-
VTN TTPY TIOMOIIM TTaKeTa IMPUKIaTHBIX IPOTPaMM
SPSS for Windows (v.18.0, SPSS Inc.). das 1o-
CTPOEHUsSI TpPaeKTOpPU U3MEHEHMS COOOIIecTBa
MUKPOOMOTHI TOHKOTIO KHIIEYHMKA W ITOoKa3are-
Jei IMTOKMHOBOU UM HEMPOIHIOKPUHHOU CUCTEM
C BO3pacTOM MPUMEHSUIM TEXHUKY OITHMAaJIbHO-
ro IIKaJWMpOBaHUs, OCHOBAHHYIO Ha MHOTOMeEp-
HoM mnpeobpazoBaHuu xudpu (meton CATPCA
[Categorical Principal Components Analysis|). I1pu aTom
YUCJIEHHOCTh MUKPOOPTaHU3MOB TOHKOIO KHUIIIeY-
HHMKa, a TaKXe YPOBHU IIUTOKMHOB U HEHPOTOPMO-
HOB B TJ1a3Me 00padaThIBaIu KaK KOJIMYECTBEHHbBIE
MepeMeHHbIe C TOCEAYIONINM pPaHXUpPOBaAaHUEM,
BO3pacT — KakK HOMHHaJbHYIO KaTeropuio. [aee
NPOBOAMJIU COIOCTAaBJICHUE MCXOMHBIX HTaHHBIX
0 Bo3pacTy ¢ onndpoBaHHBIMU 1o Xumbu 3HaUC-
HUSIMH, YTO TIO3BOJISITIO TIOJIYUUTh WHTETPATbHBIN
nokasaTesib JJIs1 KaXXJIOTO BO3pacTa, CIIOCOOHBIN
BBISIBJISITh HEJIMHEWHOCTh (AMHAMUYECKUE U3MeE-
HEHM ) YPOBHEU MCCIEAYEeMBIX ITOKa3aTesei 1 CBsI-
3eit Mexxnmy HUMU. I TIOMy4YeHUST CTIIasKeHHBIX
KPUBBIX TIPUMEHSIJIM UHTEPIOJSIMIO CTIaliHAMU
Axumbl. I'paprueckre MOCTPOEHUS BBITIOJHEHBI
B iporpammMme KyPlot (v.5.0.3 KyensLab Inc.).

Pe3ynbrathl 1 06CyXaeHne

Ha nepBom aTamne ¢ momoubsio Metoga I'XMC
MM Hamu Gbl1a IpoOBeeHa OlleHKa YUCICHHOCTU
OCHOBHBIX IISITU TUIIOB MUKPOOUOTHI TOHKOTO KH-
IMICYHUKA B TPYIIIaX MPaKTUICCKU 3TOPOBBIX MH-
IVBUIYYMOB IETCKOIO, PENPONYKTHBHOIO U IO-
JKMJIOTO/CTapyecKkoro Bo3pacTa (TabJi.).

Kak BMAHO M3 TaGaMIBI, Y JIOACH PEIIPOmyK-
THBHOIO BO3pacTa O0Illas YMCIEHHOCTb OaKTe-
puii TOHKOTO KHWIICYHWKA OBIJIa 3HAYMMO BBICO-
KOI 3a cUeT yBEJIMYECHUS YHCJia TMpeIcTaBUTEICH
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Ta6aunua. YMcneHHOCTb OCHOBHbIX TUMOB CO00LLLECTBA MUKPOOMOTHI TOHKOrO KMLUEYHUKa AeTel, nioaen
penpoAayKTUBHOIro BO3pacTa v npyu 340POBOM CTapeHumn
Table. The number of the main phyla of the small intestinal microbial community in children, adults and healthy elders

Mokazatens I}:l,.em PenpoaykTueHbIii BO3pacT 340poBoe cTapeHue
Indicators Children Adults Healthy elders
(n =45) (n =25) (n=40)

Bacteroidetes, KOE/mn 2,2x 108 2,6 x 108 2,3x 108
Bacteroidetes, CFU/ml (2,0-2,5 x 10%) (1,9-2,9 x 109) (1,3-3,9 x 109)
Firmicutes, KOE/mn 1,4 x 10° 2,0 x 10%* 1,6 x 109**
Firmicutes, CFU/ml (1,2-1,6 x 10°) (1,7-2,2 x 10°) (1,4-1,9x 10°)
Actinobacteria, KOE/mn 5,1x 108 6,4 x 108* 4,7 x 108**
Actinobacteria, CFU/ml (4,6-6,3 x 10%) (5,7-8,7 x 108) (4,1-5,7 x 108)
Proteobacteria, KOE/mn 3,7x 108 3,2 x 108* 4,2 x 108**
Proteobacteria, CFU/ml (3,0-4,7 x 108) (1,3-3,8 x 10°) (3,6-5,2 x 10%)
Fusobacteria, KOE/mn 2,0x 10° <1x10%* 2,0 x 105**
Fusobacteria, CFU/ml (1,0-2,0 x 10%) (0-0x 10%) (0-3,0 x 10%)
006Lwas YNCNEHHOCTb
Mukpooprauuamos, KOE/mn 1,9x10° 2,7 x 10%* 2,0 x 109**
Total number of microorganisms, (1,8-2,2 x 10°) (2,4-3,0 x 109) (1,8-2,4 x 10°)
CFU/ml

Mpumeyanue. [laHHble NpeACcTaBNEHb! B BUAE MeANaHHbIX 3HAYEHWIA N MHTEPKBAPTUABHOMO Anana3oHa; * — CTaTUCTUYECKM 3HAYMMbIE Pa3nMyns
MeX[ly nokasaTensiMu feTeit u ntoae penpoaykTUBHOIO 1 noxunoro BopacTta (p < 0,05); ** — cTaTMCTUYECKM 3HAYUMBIE PA3/INYNS MEeXIY

nokasaTtensiMu floaei PenpoayKTUBHOrO 1 Noxunoro sodpacta (p < 0,05).

Note. Data are presented as medians and interquartile range; * — significant differences between parameters in children and adults as well as healthy
elders (p <0.05); ** — significant differences between parameters in adults and healthy elders (p < 0.05).

TunoB Firmicutes n Actinobacteria Mo cpaBHEHUIO
C aHaJIOTMYHBIMHU IIOKa3aTeIsIMU B TPYIIIIEC e-
Teil. OMHAKO KOJIMYECTBO MUKPOOPTAHU3MOB TH-
noB Proteobacteria u Fusobacteria, Ha000pOT, ObILTIO
3HAUYMMO CHUKEHO B PEIIPOAYKTHMBHOM BO3pacTe.
BrisiBaEHBI cenyoomme 0COOEHHOCTH MUKPOOMO-
Thl TOHKOTO KHUIIEYHMKa IIPU 3I0POBOM CTape-
HUH: 3HAUYMMOE COKpalllcHHe OOIIeil YMCIIEHHO-
CTH MHUKPOOPTAaHWU3MOB U U3MEHEHUE CTPYKTYPhI
cooO1IecTBa — CHMXXKEHME KOJMYeCTBa MpeacTa-
BUTeNe TUIIOB Firmicutes n Actinobacteria v 1o-
BBIIIIEHUE 4uciaa OakTepuil tunos Proteobacteria
n Fusobacteria o cpaBHEHMIO C JaHHBIMM MO-
KasaTeJasIMHU JIIoAell perpoayKTHUBHOTO BO3pacTa
(tabna. 1). UHTEepeCcHO OTMETUTD, YTO YUCIEHHOCTh
OCHOBHBIX THUIIOB MHUKPOOPTraHU3MOB B TOHKOM
KUIIEYHUKE B CTAPOCTH HE OTJIMYATIACh OT TAKOBOM
B IETCKOM Bo3pacte (tadi. 1). [TonyuyeHHbIe HAMU
JMaHHbBIE MOKa3bIBalOT, YTO 3HAYCHUSI U COOTHOIIIEe-
HHE OCHOBHBIX TUIIOB MUKPOOPTaHU3MOB TOHKOTO
KUIIEYHUKA TIpPeTepreBaloT 3HAYUTEIbHBIC W3-
MEHEHM S ¢ Bo3pacToM. Tak ke Kak U A8l (pekasib-
HOrO MHUKpPOOMOMaA, IJIsI MUKPOOMOTHI TOHKOTO
KUIIEYHNUKA XapaKTepHBbI HUW3Kasl YHMCJICHHOCTh
U pa3HooOpasue B IETCTBE, KOTOPbIC MOBBIIIAIOT-
csI TIo Mepe B3pociieHus opraHusma. [lpu 3mopo-
BOM CTapeHUH I10 CPAaBHEHUIO C PEIIPOAYKTUBHBIM
BO3paCTOM IPOUCXOAUT CHUXKEHUE OOIIEero Koau-
YyecTBa MUKPOOPTaHM3MOB, a TaKxKe ITOBBIIICHUE
yucyiia MaTOOMOHTOB M3 IIpeAcTaBUTENIel TUIIOB
Proteobacteria n Fusobacteria [18].

Ha BTOpOM 5Tare paGoThl ¢ MTOMOIIIBIO METOIA
ONTUMAJIBHOTO IIKAJWPOBAHUS MBI MOIBITAINCh

co31aTh WHTErpaJbHBI MOKa3aTelb (BKJIHYAIO-
U B ce0s1 3HAUCHM ST YMCIICHHOCTHU UCCIIETyeMBbIX
TUTIOB MHUKPOOPTAaHU3MOB U KOPPEISIINOHHBIC
CBSI3M MEXAY HUMHM), KOTOPBIM, C OIpeaeIeHHOMU
OJICH TOMYIIEHUS, MOXET OTpakaTh TMHAMUYEC-
KHe M3MEHEHUS/CTaOMIbHOCTh MHUKPOOHOIO CO-
0o01IeCcTBa TOHKOTO KHUIIIEYHMUKA B TEUCHUE XKU3HU
MeTaopTraHU3Ma.

B pesynbrare aHajin3a ObLIM BbIACJIEHbI 5 TaT-
TEPHOB B3aMMOCBSI3aHHBIX TTOKa3aTeseil, onpene-
nsomux Bclo (100%) BHYTpU- U MEXTPYIIIIOBYIO
M3MCHUYMBOCTh 0OaKTepWaJbHOIO COOOIIECTBA,
Ha OCHOBE KOTOPBIX MOJYYEHO 3HaYeHUE HHTE-
TpaJIbHOTO TIOKazaTessl IJIsl KaXIoTro Bo3pacTa
¥ ITOCTPOEHA BO3PaCT-aCCOIIMMPOBAHHAS TPACKTO-
pus ero usmeHeHus (puc., A).

Kak BugHoO 13 puc. A, KpuBas (GyHKIIUS) 3HA-
YeHUU MHTETPaIbHOTO IT0KA3aTeIsI MUKPOOUOTEHI
TOHKOTO KMIIEYHHKAa PEe3KO Bo3pacTaeT y neTeit
oT 4 10 13 neT, YTO TOBOPUT O CUJIBHBIX AUHAMU-
YeCKMX W3MEHEHUSIX MCCIeayeMbIX IIPU3HAKOB
U CBSI3€il BHYTPU COODIIeCTBA MUKPOOPTraHU3MOB
B HaHHBII nepuoa. HaobGopoT, nias1 mpakTudyecku
3I0POBBIX MHANBUAYYMOB C 23 JICT 3HAYCHUS WH-
TerpaJibHOro IokasaTtesisi OQMHAKOBbI, YTO MOXET
TOBOPUTHh 00 OTHOCHUTEJIbHOU CTAOMIBHOCTU MU-
KpoOMoMa TOHKOT'0 KUIIIeYHUKA (TTOJIOTUIA yIaCTOK
KPUBOM, puc. A) BIJIOTh O CTapYeCKOro Bo3pacrTa.

XopolIo M3BECTHO, YTO Ha YHUCICHHOCTh
M CTPYKTYPY MUKPOOMOTHI KHUIIEYHHKA CYIIe-
CTBEHHOE BJIMSIHME OKa3bIBaeT OOJIbIIIOE KOJIUYe-
CTBO (DaKTOPOB, BKJIIOUas HEPBHYIO U TOPMOHAJIb-
HYIO Perysinnio, akTopbl BPOXKICHHOIO 1 aJar-
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Figure. Age-related trajectory in altered community of the small intestinal microbiota (A) and parameters

of the immune and neuroendocrine systems (B) changes in healthy persons

Mpumeyvanwme. Nonorve y4acTkn KpUBO (GYHKUMK), NapannesbHble 0cx X, 03Ha4atoT, YTO B MHOrOMEPHOM NPOCTPaHCTBE

BCE BO3PACThl, BXOAALME B 3TV y4acTKM, 0OHAPYXMBAIOT CXOAHbIE XapaKTEPUCTUKN UHTErPaNIbHOrO Noka3aTess U Mo3ToMy
oundpPOBLIBAIOTCSH OANHAKOBO. YHaCTKM BO3paCTaHNS KPUBOW (DYHKLMM) FOBOPAT O AMHAMUYECKNX U3MEHEHUAX UHTErPasibHOro

nokasarensd B AaHHble BO3PaCTHbIEe Nepnoabl.

Note. Shallow sections of the curve (functions), parallel to the X-axis, imply that in a multidimensional space all ages included
in these sections exhibit similar characteristics of the integral indicator and therefore are digitized in the same way. The sections
of the curve (function) increase indicate dynamic changes in the integral indicator in these age periods.

TUBHOTO UMMYHUTETa, OOMEH BeIIeCTB, (DaKTOPhI
TeHeTUUECKONM WM SMNHUTeHETUYECKON pPerysiunu
(mpexnae Bcero, MuPHK), nuera, mpuem aHTUOUO-
TUKOB U ap. [5, 15]. [loaTOMYy nJ1s1 OLIEHKU KOOIIe-
paluuu MUKPOOMOTHI TOHKOTO KHWIIIEYHUKA U OC-
HOBHBIX PEryJIsITOPHBIX CUCTEM (HEHPOIHIOKPUH-
HOM M MMMYHHOII) B KOHTEKCTE MeTaopraHu3Mma
Ha TPEeTheM 3Tane padboThl HAMU ObLJIa ONpeaeeHa
BO3pacTHasl TPaeKTOpHUs MU3MEHEeHHUs WHTerpasb-
HOTO TIoKa3aTesss B3aMMOIECHCTBUS HHUTOKWHO-
BOU U HEMPOIHAOKPUHHOIN CUCTEM Ha nepudepun
y NpaKTUYECKU 3AOPOBBIX JMIL U €€ COIJIaCOBaH-
HOCTh C IMHAMUKOM MUKPOOHOTO COOOIIIeCTBa.

B npeapiayumiux uccienoBaHUSX HaMU ObLIU
omnpeaesieHbl CUCTEMHBIE YPOBHM IIECTH ITOKa3a-
teneit uutokuHoboit (IL-6, IL-1B, TNFa, 1FNy,
IL-10, IL-4) u cemu mnokasaTejieii HEHWPOIHAO-
KPUHHOM (OKCUTOLMH, f1oaMUH, aipeHaInH, HO-
palpeHaquH, KOPpTU30Ji, aAPEHOKOPTUKOTPOITHBII
ropmoH (AKTI') u cepoTOHUH) CUCTEM B pa3HbIX
BO3PACTHBIX IPpyNIax NPaKTUUECKU 3MIOPOBBIX JIIO-
neit [2, 6], KoTopble ObLIX UCIOJb30BaHbI IJIsI O-
CTPOEHUSI BO3PACTHOW TPAEKTOPUMU HU3MEHEHUS
MHTETPaJIbHOTO TT0KAa3aTesIsI B3aUMOJCUCTBUS OC-
HOBHBIX PEryJsiTOPHbIX CHUCTEM MeTaopraHu3zMa
(puc., b). Kak BugHo u3 puc. b, kpuBas 3HaueHU i1
MHTETPAJIbHOTO ITOKa3aTeslss M3MEHEHU MMMYH-
HOW M HEWPOI3HIOKPUHHOW CUCTEM ITOCTEIIEHHO

Bo3pacTaeT y neteit ot 4 no 10 jeT u y uHIUBUIY-
yMOB OT 36 10 80 JieT, YTO CBUIAETEIbCTBYET O IM-
HaMUUyecKux (JIyKTyallMsIX 3HAYEHUU ucclienye-
MbIX TTPU3HAKOB U CBSI3EU MEXAY HUMU B JaHHbIE
nepuoabl. Y nwoaeit B Bo3pacte 21—35 neT u crapiue
80 jeT 3HaYeHUSI MHTErpajbHOI0 MoKa3aTess 1IU-
TOKMHOBOW M HEMPOSIHIOKPUHHOMU CUCTEM OIMHA-
KOBBI, YTO TOBOPUT O JUHAMUYECKU YCTONYUBOM
COCTOSIHMM 3TUX CUCTeM (II0JIOTHE YYaCTKU KpU-
Boii, puc. b). [lorydyeHHast HAMU TPAeKTOPU ST IETKO
COOTBETCTBYET OCHOBHBIM 3TaraM pa3BUTUS UM-
MYHHOM U HEUPOSHAOKPUHHOMN CUCTEM, U OTpaxKa-
eT KpUTHUUYECKMEe Nepruoabl (Bo3pacTalollne yyacT-
KU KpuBoii, puc. b) [7, 8]. B aTu nepuoas! pa3zBuTus
NPOUCXOAUT CTaHOBJICHUE/yracaHue CTPYKTYPBI
U GYHKIIUM UMMYHHOR U HEUPOIHIOKPUHHON CU-
CTE€M, YTO HAXOAUT OTPAXKEHUE B BbICOKOU Bapua-
0ebHOCTU (B TOM YMCJIE MEKWHIWBHUIYAJTbHOM)
nokasaTeJe W UX JAUHAMUYECKUX W3MEHEHUSX
U3 rojia B roj.

BrIicokast 1aOMIBHOCTD TTOKa3aTeaei u hopMu-
pOBaHMUE CBSI3e MEX1Y OCHOBHBIMMU PETYJISITOPHBI-
MU CUCTEMAaMM METAOPraHU3Ma y JIeTei OKa3blBAET
CYLIECTBEHHOE BJMSIHME Ha KoJieOaHUs YUCJIeH-
HOCTU M CTPYKTYPbl MUKPOOHUOTHI KMIIIEYHUKA,
HaO0JI101aeéMbIX HAMU BIJIOTh 0 PEMTPOAYKTUBHOTO
Bo3pacTta. Hao60poT, m1acTuYHOCTh U COTJIaCOBaH-
HOCTbh GYHKIIMOHUPOBAHUSI UMMYHHOUW U HEPBHOM
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CUCTEM Y JIIoJIelt penpoayKTHUBHOTO BO3pacTa olpe-
JIEJISTIOT COCTOSTHUE ITWHAMWYECKOrO pPaBHOBECHS
MUKPOOHOro cooOlIecTBAa TOHKOTO KMIIEUHUKA
B DTOT MEPUOJ, UTO COIJACyeTCsl C UCCIEeNOBAHU -
MU psiga aBTopos [11, 14]. Jass MUKPOOUOTHI TOH-
KOro KMIIeYHMKA MPaKTUYECKU 3I0POBBIX JIIOACH
B MOXMWJIOM U CTapyeCKOM BO3pacTe XapaKTepHa,
KaK HaMU TOKa3aHO paHee, MaKCUMaJbHasl CTe-
MeHb KOOTepallui MeXJTy OCHOBHBIMM YJICHAMU
coobuiecTBa [4]. DTO MOXET MPUBOAUTHL K TOBbBI-
IIEHW 0 MeTaboanueckoil 2(pheKTHUBHOCTU PabOTHI
MHUKPOOPTaHU3MOB Y CIIYKUTh OOHUM 13 MEXaHMN3-
MOB ajanTauuu, obecrneuyrBasi cTaOUJIbHOCTb CU-

CTeMbl Ha HOBOM YPOBHE, Ha (DOHE AMHAMUYECKUX
U3MEHEeHU M (pyHKIMOHUPOBAHUSI OCHOBHBIX peEry-
JSTOPHBIX cucTeM MeTaopranusma [10].

TakuMm oOpa3oM, MCHOJb30BAaHUE METOIOB
I'XMC MM u onTuMaJIbHOroO MIKaJIUPOBaHUS TO-
3BOJISIET PACLIUPUTH HAllU MPeICcCTaBIEHUSI O BO3-
pacT-acCOLlMMPOBAHHON TPACKTOPUU U3MEHEHUI
MUKpPOOMOTHI TOHKOI'0O KMIIEUHUKA U €€ Koorepa-
LMY C UMMYHHOI 1 HEMPO3HAOKPUHHOM CUCTEMaM U
B paMKax MeTaopraHu3Mma, 4YTO MOXET HAWTUu IMpu-
MeHeHHue B pa3paboTKe HOBBIX CIIOCOOOB Teparnuu
UH(PEKIMOHHBIX, OIMYXO0JEBbIX, ayTOMMMYHHBIX,
aJJIepruyecKrx U HEBPOJOruuyeckKux 3a0oaeBaHUI.
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NPABWUJIA AJ19 ABTOPOB

CTaTby MPEACTABISIOTCS B peIaKIIMIO Yepe3 CUCTEMY dIeKTpOHHOro u3nateabcTna (http://iimmun.ru) B cooTBeT-
CTBUHU ¢ TpeGoBaHMAMMU XypHana «MHGbeKIUT 1 UMMYHUTET» U «MHCTpYKIIMEH [T aBTOPOB», MPeACTaBIeHHOM
Ha caiite. C dpeBpans 2016 roga xxypHaa «MHbeKLUS 1 UMMYHUTET» MyOJIUKYET CTaThbU HA ABYX S3bIKaX (PyCCKOM
U aHTJIMIICKOM).

OCHOBHble BUAbI CTaTeil, Ny6/IMKyeMbIX B XXypHane

OpurnHaJbHas CTATHSA

CTaTbs T0JKHA OMMUCHIBATH PE3YJIbTaThl 3aKOHYEHHOT0 ccliefoBaHus. JlomyckaeTcss 00beM cTaTh 10 20 Maliu-

HOIIMCHBIX CTpaHMUII, BKJIIOYask pUCYHKHU, Tabauibl. CTaThs HOJXKHA coaepKaTh: 1) BBeAeHUe; 2) MaTepraibl U METO-
Ilbl; 3) pe3yabTaThl UccaenoBaHUI; 4) 00CyXKaAeHUe pe3ybTaToB; 5) 6JarofapHOCTH.

e BBenenne conepxuT 000CHOBaHUE LIEJIU U 3a]a4 TPOBEIEHHOr0 UCCIEA0BAHUSI.

e Marepuajbl 1 METOIbI MOTYT M3JIaTaThCs B BUE OTIAEJIbHBIX (DPATMEHTOB C KOPOTKMMU MO/I3aT0JIOBKAMMU.

e Bce HeTpaaAMIIMOHHBIE MOAMGbUKAIIMA METOJAOB TOJIXKHbBI OBITh OMUCAHbBI C TOCTATOUHOM CTENMEHbIO MO/~
po6HocTH. sl BCeX MCMOJIb3yEeMbIX B pab0Te PeaKTUBOB, JKMBOTHBIX, KJIETOUHBIX KYJIbTYp U T.lI. HEO0-
XOJMMO TOYHO yKa3bIBaTh MPOU3BOIMTEIICH U/WUIU UICTOYHUKU TOJyYeHU ST (C Ha3BaHUSIMU CTPaHbl, QUP-
MBI, UHCTUTYTA).

e Pe3ynbTaThl ONMUCHIBAIOTCS B JIOTMYECKON MOCIEA0BATEILHOCTU B BUIE OTIEJbHBIX (DparMeHTOB, pa3ae-
JIEHHBIX MO/13ar0JIOBKaMU, 0€3 2JIEMEHTOB 00CYXAeH s, 0€3 MOBTOPEHU I METOINYECKUX MOJPOOHOCTEI,
0e3 nyospoBaHUs UM POBBIX TaHHBIX, TIPUBEJACHHBIX B TaOJIMIIAX U PUCYHKAaX.

e B 00cyKaeHUH MPOBOAUTCS AETAIbHBINM aHAJINU3 MOJTYYEHHBIX JAHHBIX B COMMOCTABJIEHUY C TaHHBIMHU JI-
TepaTypbl, UTO CIYKUT 0OOCHOBAHMEM BBIBOJIOB M 3aKJIIOUEHU T aBTOPOB.

e Paznen «baarogapuocTu» He siBJIsieTCS 00s13aTeIbHBIM, HO KpaliHe XKejatesieH. B 3Tom pa3nesie aBTopbl MO-
TYT BbIPa3UTh MPU3HATEIBHOCTh OpraHMU3al, CyOCUINpPOBABIIeH TTPOBEIeHNE UCCIIeIOBAHU I, KOJlJIe-
ram, KOHCYJIbTUPOBABIINM pabOTY B ITPOLIECCE €€ BBITMOJHEHU ST U/ WU HATTMCAHM S, A TAKKE TEXHUIECKOMY
nepcoHay 3a MoMolllb B BRIMOJIHEHU U UCCliefoBaHuil. biarogapHocTH 3a mpegocTaBiaeHue crienuduyec-
KUX peaKTUBOB UJIU 000PYAOBaHUSI, KaK MIPAaBUJIO, TIOMEIIAIOTCS B pazaelie «MaTepuajibl U METOIbI».

Kparkue coobmenns

Kypnan ny6aukyeT HeOOJIbIINE M0 00bEMY CTaThU, KOTOPLIE UMEIOT 0€3YCIOBHYIO HOBU3HY M 3HAUMMOCTbh. DTHU
CTaTbU MPOXOAST YCKOPEHHOE PelieH3MPOBaHUE U MYOJIUKYIOTCSI B KOPOTKHME CpoKU. OOIIMit 00beM KpaTKOTo co00-
IIEHW ST OTPAaHUYEH 8§ MAIIIMHOMMCHBIMU CTPAaHULIAMU, KOJTMYECTBO PUCYHKOB M/UJIM TaOJIUIL HE MOXET ObITh OoJiee 3,
a CIMMCOK MCTOJb30BaHHBIX INTEPATYPHBIX UICTOYHUKOB He JOJIKeH MPeBbIATh 15. TUTYIbHBIN TUCT oopmIsieTcs,
Kak onucaHo Huxe (cM. «[logroroBka crateii»). Pazmenbl KpaTKOro cooOIIeH s aHaJOTMYHBI BBIIIEONIMCAaHHBIM pa3-
JleJlaM OPUTUHAJbHOM CTaTbU, HO HE BBIACISIOTCS 3aTOJOBKAMU U MOA3ar0JIOBKaMU, Pe3yJabTaThl MOTYT ObITh U3J10-
>KEHBI BMECTE C O0CYXJICHUEM.

O030pHBIE CTATHHU U JEKIUH

O030pHbIE CTATbU U JIEKITMHU B OCHOBHOM 3aKa3bIBAIOTCSI pEeIAKIIMEN NI MOTYT OBbITh PEKOMEHIOBAHbI OMHUM U3 UJje-

HOB peakosuiernu. bosee nonpo6Hyo nHdopMalrio o mpaBuiIax oHOpMIEHUS ITUX CTATE MOKHO Y3HATh B pelaKIiu.

Bubnuorpacduyeckme ctaHgapTbl ONMCAHUS LUTUPYEMbIX NyGnuKkaumni

OnucaHue cTaTbu U3 XKypHAJa:

Canuna T.1O., Mopososa T.1. UmmyHonornueckue Metons! B uddepennranbHoil auarnoctuke // Tybepkynes u 6071€3HU TEeTKHX.

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.

OnucaHue cTaThby U3 KHUTU (MOHOTpaduu):

ypsiruna U.A., YectnokoBa M.B., Kitumos B.T. [TceBnoTyoepkyies. HoBocubupcek: Hayka, 2003. 320 c.

Shurygina I.A., Chesnokova M.V., Klimov V.T. Pseudotuberculosis. Novosibirsk: Nauka, 2003. 320 p.

IIpumepsi npaBuabHOTO 0hOPMIIEHHS AHIJIOA3BIYHBIX CCHIJIOK:

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.

CchUIKY Ha TUTEpaTypPHbIC MICTOYHUKHU B TEKCTE CTaThU, B PUCYHKAX M Ta0IM1IaX 0003HAYaIOTCSI apabCKUMU I -
paMu B KBaJpaTHBIX cKoOKax [1, 2, 3,...]. He momyckaioTcs cChIJIKM Ha IMCcCepTallnu, aBTopedepaThl JUCCepTalnii,
myOoJIMKaluy B COOPHUKAX, METOANYECKHE JOKYMEHTHI MECTHOTO ypOBH . KoIruecTBO NICTOYHUKOB HE OrpaHUYEHO.
B xax ot cchliiKe MpuBOISITCS BCe aBTOPhI padoThl. HeonmyO1nKoBaHHBIE CTaTbU B CITMCOK HE BKJIIOUAIOTCS.

00603Ha4YeHNs, COKpaLLEHUS U eAUHULLbI U3MEepPEeHNs

JIst CIOKHBIX TEPMUHOB MJIW Ha3BaHM I, HanboJiee YaCTO UCTIOJIb3YeMbIX B TEKCTE CTATbU, MOXKHO BBECTH (B KPY-
IJIBIX CKOOKAaX IOCJjie MepBOro YIIOMMHAHUS TIOJTHOIO Ha3BaHUS TepMMHA) He Oosee 3—5 HeTpaaUIIMOHHBIX COKpa-
IIEHUI. Y3aKOHEHHbIe MEXIYyHapOAHBIMU HOMEHKJIATypaMu COKpAIIeHUs WCMOJb3YIOTCS B COOTBETCTBYIOILEH
TpaHcKpunuuu. Hampumep, 171 TepMUHA «MHTEPIEHKWH» UCTIONIb3yeTcsT cokpaienue «IL», a He pycCKOSI3bIYHBII
BapuaHT «JI»; aHaIOrn4HO 3TOMY UCTIONB3YI0TCs cokpalneHus: < NF», a He «TH®» unu «®DHO»; «CD», a He «C».
Ha3zBaHus1 MUKpOOPTaHU3MOB IPUBOISITCS B OPUTMHAJIBHOM TPAaHCKPUIILIMU C UCHOJAb30BaHueM KypcuBa (E. coli,
Streptococcus pyogenes). ETMHUIIBI U3BMEPEHU S TPUBOASTCS 0€3 TOUKHU MOCJe UX COKPallleHHOr0 0003HaYeHUsI, perfia-
MEHTUPOBAHHOI'O MEXYHAapOJHBIMU NIpaBUiaMu (¢, 4, cM, MJi, MT, kDa u 1.11.).
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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
SIBJISTIOTCSI COTPYTHUKU Pa3HBIX YUPEXKJISHUI, TO MOCIeTHUEe HYMEPYIOTCS 110 MOPSAKY, HauMHas
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, HA3BAHKE MYOIMKALMH
1 HCTOYHHUKA, TIe OHA
OnyO0JMKOBAHA, BLIXOAHbIE AHHbIE

®.1.0., Ha3BaHKe MyOIHKAIMA H HCTOYHHKA
Ha aHIJIMIACKOM f3bIKe

[Toanbiii uHTEpHET-2/IpEC
(URL) uurupyemoii ctaTbu
u/unm ee DOI

Pasmeinatorcs

B Ta01M1Ie

B ajihaBUTHOM
MopsiiKe, BHavYaIe
PYCCKOSI3bIUHBIE,
3aTeM Ha sI3bIKax
C JIATUHCKOIA
rpacdukoi

VkasbIBaTh

1o 6ubarorpapuyecKkomy
CTaHapTy, MPEACTABICHHOMY
BbILLE

OdunraabHOE aHTIOSI3bIYHOE Ha3BaHUE
nyOJMKalMK U UCTOYHKKA, TIe OHA
ory0JIMKOBaHA — JIJISI PYCCKOSI3bIYHBIX CTATEi.
B penkux ciyuasix, KOraa He CylecTByeT
ouIIMaTbHBIX AHTJIOS3bIYHBIX HA3BAHU,
penakius MPOCUT MPEAOCTABISATh X EPEBO/I,
0003Hayas ero KpaCHbIM LIBETOM HIpUQTa.
J11s1 aHTI0SI3BIYHBIX MYONMKANMIL M HCTOYHUKOB
B 3TOM CTOJI0IIe CTABUTCS MPOYEPK

B oM ciyuae, eciu
nHdopMalus o cTaTbe
He pa3MeleHa

Ha o(UIIMaTbHOM caiiTe
W3IaHUs, IOTTYCTUMO
ucnosnb3oBath URL ctatbu
CO CTOPOHHUX CAalTOB,

B T.4. CUCTEMBI
www.e-library.ru.
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Unnioctpauum k ctatbe «bnokapa LIRs kak HOBbIM NoAxo4 K AMarHOCTUKE U Nie4eHUI0 T-KNeTO4YHOoro
neiiko3a B3pocnbix» (aBTopbl: M. Kenxa, M. Kap6anaeu) (c. 1185-1189)

lllustrations for the article “Blockade of LIRs as a new approach for diagnostics and treatment of ATLL malignancy”
(authors: Keikha M., Karbalaei M.) (pp. 1185-1189)
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Figure 1. The protein network interaction between B coi6o
various lymphocyte inhibitory receptors (LIRs) ... TIM3
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Figure 2. The heatmap of the lymphocyte inhibitory
receptors expressed genes in HTLV-1 infected
patients; colors demonstrate the expression level
of each gene

Figure 3. Proposed hypothesis network to determine the crucial role of lymphocyte inhibitory receptors
in alternation of signaling pathway in tumor microenvironment of ATLL patients
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