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BCTyI'II/ITeJ'IbHoe cnoBo

YBaxaemble untatennu!

Ha npotaxeHnn nocnegHux Tpex neT CTPyKTypa ornas-
NeHunA XypHana ceoannacb K nHdopmaumm 06 otpaciu me-
OVLMHBI, 3aTPOHYTON cofep)kaHuem cTaTbu (Kapauosnorus,
OHKOJIOrMA 1 Ap.), U NpeAcTaBNeHHOMY Yepes KOCyto YepTy
Ha3BaHM0 061acTn CneumnanbHOCTW «KNMHUYeCKas nabopa-
TOpHaA ANarHOCTUKay, @ TaKXKe XapaKTepy CoaepKaHua ony-
6NMKOBaHHOW CTaTby 1 ee OTMYMTENIbHbIM YepTam. Takoe
HOBOBBe[leHMe ObI0 MPK3BaHO MPUBMEYb BHUMAHUE Bpa-
yel KIIMHNYECKMX CreLmanbHOCTEN K BbINMOHEHHOMY Ucce-
[0BaHWI0. BmecTe ¢ Tem, Kak BbIIBUNOCb, IMaBHbIM B cofep-
XaHun 6onblIMHCTBA NY6MKyeMbIX CTaTell oKasanca BKNag,
NX aBTOPOB B BbIMOJIHEHME MNPAKTUKO-OPUEHTUPOBAHHbIX
byHAameHTanbHbIX UCCnefoBaHNiA, Pa3paboTKy HOBbLIX Tex-
HoMornn 1 TecToB NabopaTopHO-ANArHOCTUYECKOTO Mcche-
foBaHuA. C yyeTom 3TOro 06CTOATENbCTBA PeaaKLMOHHOW
Konnermen 6bino NPUHATO peLueHne BO3BPaTUTbCA K XOPOLLO
YCTOABLUENCA B TeYyeHue BCex Mpefblaylimx feT npaktmke
npefcTaBieHns OrnaBieHns, COCTOALLErO B YKa3aHum obna-
CTW CneumanbHOCTU «nabopaTopHasa ANarHOCTUKa» U yepes
KOCYI0 YepTy OCOGEHHOCTEN (TEXHONMOMMYECKUX U OPYrux)
BbINOSHEHNA PaboTbl, a TaKXKe ee 3HaUMMOoCTU (B LLenom 6o
ONA onpefeneHHOro KOHTMHreHTa Bpayen-cneumanunctos).

B npepctaBneHHOM MpeaHOBOrofgHEM HOMEpPEe OCHOB-
Hoe BHVMaHMWe yAeneHo KIIMHUYECKOo MUKPOOroNorin Kak
OZHOW N3 BaXKHbIX CyOANUCLNANH CMELNANbHOCTU «KIINHU-
yeckaa nabopaTopHasa AuarHocTukar. OTyacTn 3To CBA3aHO
C Tem, YTO B HacToAllee Bpems ee npefcTaBuTensaMm g
pelleHna NocTaBNeHHbIX 3afay WMPOKO NCMOMb3YTCA MO-
NEKyNApHO-6uonornyeckne 1 Apyrne BbICOKOTEXHONOIMY-
Hble meTofbl nabopaTopHoro uccnegosaHusa. OTMeyeHHas
TeHAEHUMA KOCHYNacb He TONMbKO 06nacTu KNUHWYECKOn
MUKPOGUONOrN 1 BIN3KON K Hell KINMHUYECKON UHGEKTO-
JIOTUW, HO TaKXXe W HanpaB/ieHWs, Kacatloweroca BbiMosiHe-
HUA 3NNOEMNONOTNYECKUX UCCIeAOBaHWUI, YTO MO3BONWIO
pAagy W3BeCTHbIX cneumanuctos Poccuiickon ®epepaunn
NPeasioXNTb TEPMUH «KIMHWYeCKas nabopaTtopHas anuge-
Muonorusa». IMeHHo Takas ofHOMMeHHas pybpuka 6bina
nprYMeHeHa K NpeAcTaBiieHHOWN COTpyAHMKammn Pecny6nu-
KaHCKOro LieHTpa rMMrMeHbl, SNMAEMUONIOTMN 1 ObLLeCTBEH-
Horo 3p0poBbA ([MoknoHckon H.B., AmBpocbeson T.B., Kon-
TyHoBoM 0.b., benbckon W.B., Kosuyp O.B.) opurmHanbHom
cTaTbe «MoneKkynspHble MexaHW3Mbl FeHEeTUYECKOro pas-
HOOb6pa3nA HOPOBMPYCOB, LMPKyNMpoBaBLWKX B benapycn
B 2009-2024 rr.», OTKPbIBLUEN 3TOT BbINYCK, MOCKONbKY OHa
OTpaXkaeT WrpoKoMaclTabHoe BbINONHEHVE MONEKYNAPHO-
3MNMAEMNONIOTNYECKUX NCCefOoBaHNIA.

ABTOpbI pAfa cTaTel fo6unncb 6oNbLLNX YCNeXoB B pas-
paboTKe HOBbIX HaNPaBNEHW U TEXHONOMMI KIIMHWKO-Nabo-
paTOPHOro NCCNefoBaHUA, YTO NPUAAET BbIMOIHEHHbIM C UX
yyactriem paboTtam MHHOBALMOHHbIN xapaKTep. Tak, coTpya-
HUKamn POAHEHCKOro roCyAapCTBEHHOrO MEeAULMHCKOro

539

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




yHUBepcmTeTa U [POAHEHCKON YHUBEPCUTETCKOW KIUHWUKM
JNlemewem A.B., AkybueBnyem PD. npefnoxeHbl HOBble Na-
60opaTopHble TecTbl ANA AWArHOCTUKW KIOCTPUAMANbHON
nHdeKummn y naumeHtos ¢ cencucom. CotpygHukom beno-
PYCCKOro rocyaapcTBEHHOrO MeJULMHCKOrO yHMBepCMTETa
Namueson A.K. c ycnexom 6bin ncnonb3osaH MLP-aHanu3 B
COUYETaHUUN C CEKBEHMPOBaHMEM ANA uaeHTdMKauum reHa
16S pPHK ycnoBHO-nmaToreHHbIX MMKPOOPraHM3MOoB C Lie-
Nbl0 YCTAaHOBMIEHWA 3TUONIOMUN NEPUNPOTE3HON MHPEKLUNN
CyCTaBOB.

YaeneHo BHMMaHMeE He TONbKO BHeAPEHUIo B MPaKTUKY
30PaBOOXPAHEHNA COBPEMEHHbIX METOAOB KJIMHUYECKON
aQHaNNTMKKN, HO 1 HOBOW TPaKTOBKe pPe3ynbTaToB KINHUKO-
nabopaTopHOro uccnefoBaHnaA (B TOM YMCe BbIMOIHEHHO-
ro C NpMMeHeHeM TPaAMLMOHHbBIX METOAOB aHanu3a), uTo
BHOCMWT BECOMbIVi BKNaZ 1 B KIIMHNKO-NabopaTopHyto nHbop-
MaTuKy. Tak, B cTatbe JlnnHuukoro A.Jl., BbINOSIHUBLLETO WC-
cnefioBaHue Ha 6ase MoruneBckon 061acTHOM KNMHNYECKOM
60nbHULbI N BrTebCcKoro rocyapCTBEHHOrO MeANLUHCKOrO
YHUBEPCUTETA, NOKa3aHo, YTO OLleHKa AUHAMUKN M3MEHEHWsA
KOHLIEHTpaLuUn CbIBOPOTOYHOIO ene3a no3BosAeT ycTaHo-
BUTb HacTymnaeHne CMepTH roNOBHOMO MO3ra Y NaLMeHTOB C
YepenHo-Mo3roBoW TPaBMOW.

3aBegyowmm nabopatopueint Guoxmmnn Pecnybnvkan-
CKOrO Hay4HO-NMPaKTUYecKoro LeHTpa cnopta (MuHCK) Aky-
nuyem H.B. Ha ocHOBaHWUM NpYBeAEHHbIX UM B CTaTbe «3Ha-
YMMOCTb NakTaTa SPUTPOLIMTOB B aAanTaLun K rMNOKCUM Npu
NPOBEAEHUN HArpy304YHOro TeCTMPOBAHUA» pPe3ysbTaToB
npencTaBneHbl HOBble acNekTbl TONKOBaHWA AUHAMUKM YPOB-
HA NakTaTa B 3pUTPOLMTaxX 1 KanuanAapHON KPOBK CNopTcMe-
HOB MO BAVAHMEM Harpy3ouHbIX BO3AENCTBUIN, YTO BHOCUT
CYLLeCTBEHHbIV BKS1aA B CMIOPTUBHYIO MeANLUHY.

Mo yxxe cnomusLIenca TPagNLMM Ha CTPaHULAX »KypHa-
na Hawsv oTpaKkeHne pe3ynbTaTbl BbIMONHEHUA CEpUN OpU-
TMHaNbHbIX UCCNeAoBaHWIA, NMPOBEAEHHbIX CrheunanmucTamm
13 Mpaka 1 Kacalowmxca oCyLecTBNIEHHONM B SKCNepUMeHTe
nabopaTtopHoON OuUeHKU neyebHoro (Ppapmakonormnyeckoro)
BAUAHMUA CpefcTB dUTOTEPanUM, NONyYaeMbIX U3 Npom3spac-
TaloLNX B CTPaHe PacTeHUN.

Hapgeemcs, uto npeAcTaBneHHbIN HOMEP OKaXeTCA BOC-
TpeboBaHHbIM KaK crneuuanucTaMmmn KnmHuyeckon nabopa-
TOPHOW [AMArHOCTMKK, Tak Y Bpavamu-KIVHULUCTaMU B UX
NPaKTUYECKON N HayYHOW AeATENbHOCTU.

»Kenaem Bcem untatenam xypHana «/labopatopHas guna-
rHocTunka BoctouHas Espona» B HoBom, 2026 roay Kpenkoro
3[0POBbA, CYACTbA 1 BONbLUINX yCrexoB B npodeccmoHanb-
HOW 1 Hay4YHOW AeATenbHoCTH!

[maBHbIN pepakTop B benapycn %
Bnagnmunp CemeHoBMY KaMbILWHMKOB
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Pesiome

BBepeHmne. HopoBupychbl — LLMPOKO pacnpOCTPaHEHHbIE STUONOTMYECKMe areHTbl OCTPO-
ro racTpo3HTEPUTa U AOMUHMPYIOLLNE BO3OYyAMTENN FPYNNOBOI 3a601eBaemMoCTy.

Llenb. YcTaHOBNEHME reHeTUUYECKOrO Pa3HO0OPa3nAa HOPOBMPYCOB, LIMPKYIMPOBABLUNX B
Bbenapycm ¢ 2009 no 2024 r., 1 MONEKYNAPHbLIX MEXAHN3MOB €ro GopMMpPOBaHUS.
Marepumanbl n metoAbl. B paboTe npeacTaBneHbl pesynbTaTbl aHanM3a HyKNeoTUAHbIX
nocnepoBaTenbHOCTEN HOpoBMpPYCoB (N=500), coaep<aLlume GpparmeHTbl OCHOBHOTO Kar-
cupHoro 6enka u PHK-nonvmepasbl (504 HT). MonekynsipHoe TMNMpoOBaHWe Noc/iefoBa-
TeNbHOCTeN OCyLWeCTBAANN C MOMOLLbI0 NporpammHoro naketa MEGA 7.0.

Pesynbratbl. 3a nepuop HabnogeHnsa nageHTMGULMPOBaHO 23 pasnnyHbIX reHoTuna /
peKkomburHaHTHble popMbl HOpPOBUPYCOB. Ha Tepputoprn cTpaHbl 4OMUHUPOBaNK re-
HOTUMbI OCHOBHOTO KancugHoro 6enka VP1 Hoposupycos Gll.4, GlIl.17, GlI.2, GIL.6, GII.3.
Cpenou reHoB PHK-nonvnmepasbl npeo6bnaganu Gll.16, Gll.4, GII.17, GII.31. 3HaunTesbHble
pa3nnuns B CriekTpe AoMMHUpoBaBWUX reHoB VP1 1 PHK-nonumepasbl o6bAcCHANUCH
LUMpPKynsaLmnen 60blLOro KoNMyecTsa pekomMOrHaHTHbIX popm HopoBupycos. Hanbonee
YacTo BCTPeYanucb pekoMbuHaHTHble dopmbl GILL4[P16], GII.2[P16], GII.4[P31], GII.6[P7].
leHeTnuecknin gpend TakKke BHOCWN Cepbe3Hbifl BKNaJ B MOAAEPKaHNE reHEeTNYECKOro
pa3Hoobpa3ua HOPOBMPYCOB. Pa3nnyHble reHoBapuaHTbl HOPOBUPYCOB ObINN MAEHTU-
duumposaHbl BHyTpY reHotmna Gll.4 (Gll.4 Den Haag, Gll.4 New Orleans, Gll.4 Sydney),
pekoMbuHaHTHON ¢opmbl GIL6[P7] (Gll.6a[P7] n GII.6b[P7]) n reHotuna GII.17[P17]
(GI.17[P17]a n GII.17[P17]b).

3akntoueHue. NpeacTaBneHHble pesynbTaTbl CBUAETENLCTBYIOT O TOM, UTO 6OsbLUOE re-
HeTuuyeckoe MHOroobpasre HOPOBUPYCOB, KOTOPbIM 06eCNeUNBaETCA Kak reHETUYECKIN
apend, Tak 1 pekombrHaumA, ABNAETCA OCHOBOW WMPOKOrO PacipoCTPaHeHWs STUX Ma-
TOreHoB. [1nA oCyleCcTBNEHNA YCMELIHOMO KOHTPOMA 3a 3a0051€BaeMOCTbIO KMLLEYHbIMU
BUPYCHBbIMU MHGEKUMAMUN 1 NPEeOTBPALLEHNA BCMbIWEK M SNNAEMUA HOPOBUPYCHOW WH-
dbekunn HeobxoaMMO NpoBefeHrEe PEryNAPHOro MOMEKYAPHO-3MMAEMUONIONMYECKOrO
MOHUTOPWHIa HOPOBNPYCOB.
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Abstract

Introduction. Noroviruses are widespread etiologic agents of acute gastroenteritis and
the dominant causative agents of group morbidity.

Purpose. To establish the genetic diversity of noroviruses circulating in Belarus in 2009-
2024 and the molecular mechanisms of its formation.

Materials and methods. The paper presents the results of the analysis of norovirus
nucleotide sequences (n=500) containing fragments of the major capsid protein and
RNA polymerase (504 nt). Molecular typing of sequences was performed using MEGA 7.0
software package.

Results. During the observation period, 23 different genotypes/recombinant forms of
noroviruses were identified. The genotypes of the main capsid protein VP1 of noroviruses
Gll.4,GIl.17,Gll.2, GlI.6, GII.3 dominated in the country. Among the RNA polymerase genes,
Gll.16, Gll.4, GII.17, and GlI.31 were predominant. Significant differences in the spectrum
of dominant VP1 and RNA polymerase genes were explained by the circulation of a large
number of recombinant forms of noroviruses. The most common recombinant forms were
Gll.4[P16], GII.2[P16], GII.4[P31], and GII.6[P7]. The genetic drift also made a significant
contribution to maintaining the genetic diversity of noroviruses. Different genovariants of
noroviruses were identified within the Gll.4 genotype (Gll.4 Den Haag, Gll.4 New Orleans,
Gll.4 Sydney), the recombinant form GII.6[P7] (Gll.6a[P7] and GII.6b[P7]) and the GII.17[P17]
genotype (GIl.17[P17]a, and GII.17[P171b).

Conclusion. The results presented indicate that the high genetic diversity of noroviruses,
which ensured both genetic drift and recombination, underlined the wide spread of these
pathogens. Regular molecular epidemiological monitoring of noroviruses is required
to ensure effective control of enteric viral infections and prevent norovirus infection
outbreaks and epidemics.

Keywords: norovirus, genetic diversity, genotype, recombination, genetic drift
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B BBEJAEHWE

BriepBble 3aboneBaHue, XxapakTepumsytoleeca BHe3arnHol pBoTol U anapeent 1 yalle
BCTpeuyatoleecs 3umol, 6bino onucaro B 1929 r. [1]. MHoro net cnycTa 6bl10 ycTaHOBIe-
HO, YTO ero 3TUONIOrMYECKNM areHTOM ABAAITCA HopoBupychl (HoB) — PHK-cogepxalyune
Menkue 6e3060n04eyHble BUPYChI, Ype3BblYaliHO LWNMPOKO pacnpoCcTpaHeHHbIe B MUPE 1,
Mo COBPEMEHHbIM OLieHKaM, Bbi3biBatoLire Ao 50% rnobanbHO perncTpupyembix cilyya-
eB oCTporo ractpoaHTeputa (Or3) [2]. HOB — pomnHupytowme Bo3byautenu rpynnoBom
3a60/1eBaeMoCTy, BCMbIWEK 3nMaeMnii n aaxe naHaemuii O3 [3], conpoBoXxaatoLmxcsa
LOCTAaTOYHO H6ONbWINM KONNYECTBOM CMepTel [2] 1 cepbe3HbIMU SKOHOMUYECKUMI NOoTe-
pamu [4].

HoB uenoseka oTHocATcA K pogy Norovirus, cemelicty Caliciviridae. OHn siBnsitoTCA
OCHOBHOW NPUYMNHOW 3NMAEMUYECKMX 1 cnopagnyeckmnx cnyyaes O3 Bo Bcem mupe [5].
leHom HoB npepactaBneH +PHK npunbnusmtensHo 7,5 Kb, cogeprkalueint Tpu OTKpbITble
pamku cuntbiBaHua (OPC) [6]. OPC1 koampyeT NOANMNPOTENH, KOTOPbIA MOXeET ObITb pac-
LensieH Ha WeCTb HeCTPYKTYPHbIX 6enkoB, Bkntovas p48 [7], HT®asy [8], p22 [9], VPg [10],
npoteasy [11] n BupycHyto PHK-3aBucmmyto PHK-nonnmepasy [12]. OPC2 n OPC3 kogupy-
0T CTPYKTYpHble 6enku — VP1 1 VP2 [13]. Kaxablii Kancug BUPYCHOWN YacTuLbl COCTOUT 13
90 anmepos VP1, cofepxalynx JOMeH 060NI0UKN 1 BbICTYMNAIOLWMIA JOMEH, KOTOPbIN CIly-
XUT BUPYCHBIM NUraHAOM [151 CBA3bIBAHUA C aHTUTeHaMM MMCTOrPYbl KPOBU XO3AUHA
(HBGAS), pelicTBys Kak MemMOpaHHbI 6efloK 1 BbINOAHAA Posb peLenTopa AnsA HOPOBU-
pyca [14]. VP2 — 5T0 MUHOPHbIN CTPYKTYPHbINA 6EfI0K, KOTOPbI B3anMOJENCTBYET C BHY-
TPeHHel NOBePXHOCTbIO Kancnga. VP1 — oCHOBHOW CTPYKTYpPHbI 6enoK, oTBevaroLwuii 3a
B3aVMMOAENCTBME C KNeTKaMy X03ANHaA U YKIIOHeHne OT MMMYHHOrO oTBeTa Xo3AnHa [15].

Bonbluas reHeTMyeckas BaprabenbHOCTb — eCTECTBEHHbIN OOMOrMUYECKUN MeXaHN3M,
KOTOPBbIN NIEXUT B OCHOBE LUMPOKOro pacnpocTpaHeHna HoB. MpoBeaeHHble paHee unc-
CflefloBaHNA NOKa3asnu, YTo YMeHbLUEHVEe reHETUYECKOro pasHoo6pasnsa BUPYCOB NPUBO-
OUT K YMEHbLUEHWIO NPUCNOCOBNEHHOCTN BUPYCHOM NONYNALUN K MEHAIOLWMMCA YCIIOBU-
AM OKpYy»atoLen cpeabl. NpegnonaraeTcs, 4To BUPYChHl 6onee NpUCnocobneHbl, eCv oHN
B COCTOSIHUW NPOV3BOANUTL Pa3HOOO6pa3Hoe NOTOMCTBO. 3a CYET 3TOro MexaH13ma Npounc-
xoanT GOpPMUPOBaHNE HOBbIX aHTUIEHHbIX BapMaHTOB BMPYCa, onpefensolmnx yMeHme
YCKONb3aTb OT ero pacrno3HaBaHWA MMMYHHOI CUCTEMON U LUMPOKO PacnpoCTPaHATbLCA
cpepu nogen [15].

M3BecTHbI ABa OCHOBHbIX MeXaHu3Ma, obecrneunBaoLmnx reHeTUYeCKyo Bapuabens-
HocTb HOB. MepBbIi U3 HNX — 3TO FeHETUYECKUI (QHTUTEHHbIN) Apeid, KOTOPbIN Npounc-
XOAWT B pe3ynbTaTe HaKOMEHWs B FeHOMEe TOYEYHbIX MyTaLuii 3a cueT 60/bLIOro Konu-
yecTBa oWM60K, coBepluaemMbix PHK-nonumepasoli B npouecce pennukauumn Bupyca.
BTropoit MexaHU3M — peKombuHauus, B Xoae KOTOPOW NPy OAHOBPEMEHHOM 3apakeHNN
KNeTKy ABYMA Pa3fiyHbIMK FreHOTUMaMK BMpYCa B Npouecce pennkauum nponcxoauTt
CMEeHa MaTpuubl, N fOYepHME FreHOMbI NPeacTaBNAlT 60 pPeKoOMOUHAHTHbIE GOpPMbI,
cocTosALMe N3 YacTen, MoNyYeHHbIX OT pasHbIxX reHoTnnoB HoB [15].

Pe3ynbraTtbl nccnefgoBaHUM in vitro Nokasanu, YTo CKOPOCTb MyTaLMii HOPOBUPYCHON
nonumepasbl coctasnaeT oT 107 go 107> HYKNeoTUAHbIX 3aMeH/CalT 1 3aBUCUT OT pacnpo-
CTPaHeHHOCTU FreHoTUNa (reHoBapmWaHTa) BUpYyca. Hanbonee LWMPOKO pacnpocTpaHeH-
Hble WTammbl Gll.4 umenu B 5-36 pa3 6os1ee BbICOKYIO CKOPOCTb MyTaL1ii MO CPaBHEHMIO C
pexe obHapyxrBaembimu [16].
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leHom HoB copepuT ropsauyio TouKy pekombuHauum Ha rpaHuue mexgy OPC1 u
OPC2, nostomy 3HauuTenbHaA YacCTb LMPKYIMPYIOLWMX BUPYCOB NpefcTaBneHa peKkoMm-
6uHaHTHbIMKM dopmamn. B cBA3M C 3TUM ANA onmMcaHWA LMPKYIUPYIOLWMX BUPYCOB MC-
nonb3yeTcsa cucteMa ABOWHOIO TUMMPOBaHMA, BKOYaoWwaa obo3HaveHne reHoTmna, K
KOTOPOMY OTHOCATCA CTPYKTYpPHbIE FreHbl BUpYca, 1 0603HaueHre reHoTUna, K KoTopomy
npuHagnexumt PHK-nonmmepa3sa. Takum ob6pasom, pekombrHaHTHble Bupycbl OPC1/0PC2
0603HaualTCa ymcnamu, NPeacTaBAWUMM NX TUMbI Kancvuaa 1 noaumepasbl (Hanpu-
mep, GII.2[P16], GII.6[P7]) [17]. NosBneHune pa3nnyuHbix npeobnapatowmx HoB moxeT 6b1Tb
CBA3aHO C M3MeHeHuAMU B VP1-6enke, UTo NO3BONAET BMpYyCam n3beratb MMMYyHUTETa,
BblpaboTaHHOrO NPOTMB NpeablayLmx MHbekuun. OgHako B nocnefHue rogpl 66110 No-
Ka3aHo, UTO M3MeHeHUA B HECTPYKTYPHbIX 6efikax U peKoMObUHaLMA Takxke MOryT Npuso-
OWTb K BO3HMKHOBEHMIO 3BONIOLMOHHO 6onee ycnewHbix BapraHToB HoB, koTopble cno-
COOHbI BbITECHUTb NpefbliayLue 1 CTaTb AOMUHMpPYOWMMK Bo36yautenammu O3 y niogei.

B Pecny6nuke benapycb HoB BHOCAT 3HaunTenbHbI BKNag B dopmmpoBaHme 3abo-
NEeBaeMoCTN OCTPbIMU KuLeYHbiMU nHPeKuuamu [18]. OHM ABNATCA BTOPbIMK MO 3Ha-
YVIMOCTM BMPYCHBIMIY 3TUOIOrMYECKUMI areHTamuy nocsie poTaBupyca B GopmMmpoBaHmm
cnopagmyeckoi 3aboneBaeMocTu cpeau feTeln 1o 6 neT 1 BHOCAT paBHbI C POTaBMPYCOM
BKnag B 3abonesaemoctb O3y feTell LWKObHOIO BO3pacTa 1 B3pocnbix. Cpean Bo3byau-
Tenew rpynnosoi 3abonesaemocTyi HoB yBepeHHO nuanpytoT: 3a Becb nepuog Habnopae-
HuA ¢ 2009 no 2024 r. oHW BbI3Banu 74% 3n1M3040B rpynnosoi 3abonesaemocTy.

B LIEJTb NCCJIEOOBAHUA
YcTaHOBREeHVe reHeTMYeckoro pasHoobpasua HoB, unpkynuposasmx B benapycu ¢
2009 no 2024 r., 1 MONeKyNAPHbIX MeXaHN3MOB ero GopMMpPOBaHUA.

B MATEPWAJIbl U METObI

WccnepoBaHmAa NpoBoAnamM Ha OCHOBaHUM aHanm3a HyKIeOTUMAHbIX nocnefoBaTesib-
HocTel 500 HoB, koTopble 6biIM MOyYeHbl B X0Ae MONEKYNAPHOr0O MOHUTOPUHIa 3TWX
Bo30yauTenen B 2009-2024 rr. n cogepxanu ¢bparmMeHTbl OCHOBHOIO KarncuaHoro 6eka
1 nonmumepasbl HoB.

BbigeneHvne PHK HoB ocywectBnanu ¢ nomoubio Habopos «Prubo-npen» («<Amnnu-
CeHo», Poccns) n «HK-akcTpa» (benapycb) B COOTBETCTBUMN C MHCTPYKLUMEN MO NpUMeHe-
HUIO.

[na HakonneHus ¢parMeHTOB reHOMa BMpYca C Liefbio CEKBEHMPOBAHMWA NCMONb30Ba-
nmn «5x AptMuke» («AptbrnoTex», benapych), cogepaLumii Bce Heo6xoarMble KOMMOHEH-
Tbl AnA nposegeHma OT-NMLP B ogHoM NpoburpKe 1 KOMMNEKTbl NpaiMepoB, pa3paboTaH-
HbIX pa3nnyHbIMK aBTopamu [19, 20]. [TocTaHOBKY peaKkuun NpoBOANAN B COOTBETCTBMM C
WHCTPYKLUMEN No NpUMEHEHMIO «5X ApTMUKC», TemnepaTypy 1 Bpems oTKura npanimepos
yCTaHaBNVBaAM B COOTBETCTBUM C peKOMeHAaUNAMN pa3paboTunKoB Npanmepos.

Peakunio cekBeHMpPOBaHUA OCYLLECTBAANMU C MoMollblo Habopa Genomlab Dye
Terminator Cycle Sequencing with Quick Start Kit (Beckman coulter, CLUA). letekuuto pe-
3ynbTaToB NpoBoaunu Ha npmbope CEQ 8 000 (Beckman coulter, CLLA). MonekynspHoe
TUNNPOBAHWE BbINOSHANM C MOMOLLbIO NporpamMmmHoro npoaykta Norovirus Genotyping
Tool Version 1.0, gocTynHoro ana cBO604HOIo NCNONb30BaHUA B pexrmMe oHnarH [21], n
BLAST, oTKpbITOro AnsA ceo604HOro ncnonb3oBaHma [22].
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KomnbloTepHbI aHann3 nocnefoBaTeNibHOCTEN OCYLECTBAAAM C MOMOLLbIO MPO-
rpammHoro npogykta MEGA (Molecular evolutionary genetics analysis) Bepcun 7.0 [23].
PedepeHcHble nocnegoBaTenbHOCTY 6biIK MonyyeHbl U3 6a3bl faHHbIX Genbank ¢ nc-
nonb3oBaHuem WHTepHeT-pecypca BLAST (https://www.ncbi.nlm.nih.gov/nucleotide/)
[22]. DunoreHeTNYECKYIO PEKOHCTPYKLMIO NPOBOAMIN METOAOM MaKCMMasibHOro NpaBo-
nogo6usa, CTaTUCTUYECKYH0 JOCTOBEPHOCTb TONOJIOrMI OLLeHUBaN C MOMoLLbio ByTcTpen-
nuHra (1000 nceBgopennnKkaTos).

B PE3YJNIbTATHI

3a Becb nepuoa HabnoaeHUs B cTpaHe 6b110 MAEHTUPULNPOBAHO 23 Pa3INYHbIX re-
HoTMNa / pekoMbuHaHTHble popmbl HoB. Ha puc. 1 npeacTaBneHbl CNEKTP U YacToTa KX
ob6HapyXeHua No rogam.

B TeueHme aHanusupyemoro nepuoga Ha TEPPUTOPUK CTPaHbl PerynsapHO NpPOnCXo-
Onna cMeHa JOMUHUMPYIOLEro reHoTrna / pekombuHaHTHom dopmbl HoB. VcknioueHnem
CTanu TonbKo rogbl naHgemmm COVID-19 n noctnaHaemuiiHbin nepuog (2020-2024 rr.): B
3To BpemA Habnoganucb AnuTenbHasa UMPKyNaUMA u npeobnagaHne HeCKONbKUX reHo-
Tnos — GIL.4[P16], GII.2[P16], GlI.17[P17], koTopble 0OHapyXMBannCb 1 AOMMHUPOBANN B
npepLecTByoLUe rofbl.

B xope HabniogeHua 6bina 3apernctpupoBaHa uupkynauma HoB, Hecywmx reHbl VP1
15 reHotunos (Gll.1-1,6%, GII.2 - 14,1%, GlI.3 - 8,0%, GlI.4 - 41,4%, Gll.6 - 10,7%, GlI.7 - 0,8%,
GlI.8 - 0,2%, GIl.12 - 3,0%, GII.13 - 0,2%, GlI.17 - 17,9%, GI.1 - 0,2%, GIl.2 - 0,2%, GI.3 - 1,4%,
GL.5 - 0,2%, GIX.1T - 0,2%) v reHbl nonumepa3sbl 18 reHotunos (GII.P2 - 0,4%, GII.P4 - 7,6%,
GlI.P7 - 10,8%, GII.P8 - 0,2%, GII.P12 - 2,0%, GII.P13 - 0,6%, GII.P14 - 0,8%, GII.P15 - 0,2%,
GII.P16 - 47,2%, GII.P17 - 18,0%, GII.P21 - 0,8%, GII.P31 - 7,2%, GII.P33 - 2,0%, GI.P1 - 0,2%,
Gl.P2 - 0,2%, GI.P3 - 1,4%, GI.P5 - 0,2%). YacToTa BbIABNIEHWA U CNEeKTP 0OHapy»KMBaeMbIxX
y umpKynupoasLwmx HoB reHoTunos kancugHoro 6enka n PHK-nonumepasbl umenu cylue-
CTBEHHbIE OTINUNA, YTO MOXHO OOBACHUTL LMPKYNALMEN Pa3fIMYHbIX PEKOMOUHAHTHBIX
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Puc. 1. PacnpepeneHne reHOTUNOB 1 PeKOMGMHaHTHbIX pOPM HOPOBUPYCOB, UAEHTUPNLMPOBAHHbIX
B Benapycn ¢ 2009 no 2024 r. (n=500)

Fig. 1. Distribution of genotypes and recombinant forms of noroviruses identified in Belarus from 2009
to 2024 (n=500)
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¢dopm HoB. B pesynbrate aHanm3a 4acToTbl BbIABNEHWA Pa3fINYHbIX FEHOTUMNOB KanCUgHO-
ro 6enka n PHK-nonumepasbl No rogam yCcTaHOBMIEHO, YTO Ha MPOTAXEHUM BCEro neproaa
HabntogeHna cpean HoB npeobnapanu reHol VP1 (puc. 2A) n PHK-nonnmepasbl (puc. 2B),
KOTOpble OTHOCWINCH K HECKONbKUM AOMUHUPYOWUM reHoTunam. [lonblue Bcex LupKy-
nuposanu HoB, kotopble Hecnu rerbl VP1 Gll.4 (2009-2011, 2015-2024 rr.), GIl.2 (2014,
2016-2024 rr.), GII.3 (2012, 2017-2024 rr.), GII.6 (2012, 2015, 2019-2024 rr.), GIl.17 (2015-
2024 rr.). Cpean reHoB PHK-nonumepasbl npeo6naganu Gll.4 (2009-2011, 2015-2022 rr.),
Gll.16 (2016-2024 rr.), GIl.17 (2015-2024 rr.), GII.31 (2015-2022 rT.).

Mpeobnapaslumnn cpegn unpkynuposaswmx HoB reH VP1 reHotmna Gll.4 6bin npea-
CTaBfeH HECKONTbKUMW 3NUAEMNYECKUMMN reHOBapMaHTaMK, KOTopble, Kak Oblf1o Nokasa-
HO paHee [16], umenu rnobanbHoe pacnpocTpaHeHue. Ha Tepputopun benapycn obHa-
py>eHa UMPKynauMA Tpex paHee uaeHTUPMUMPOBaHHbIX rnobanbHbiX reHOBapuaHTOB
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Fig. 2. Frequency of detecting noroviruses carrying the VP1 (A) and RNA polymerase (B) genes

of different genotypes, by years
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VP1 Gll.4: Den Haag (2009-2010), New Orleans (2010-2012) n Sydney (2015-2024). Bcero
naeHTudnumposaHo 200 HoB, KoTopble Hecny reH OCHOBHOIO KancupgHoro 6enka 3To-
ro redotuna. Cpegn Hux 9,0% [5,3%; 14,2%] npuHagnexanun reHoBapuaHTy Den Haag,
5,0% [2,4%; 9,2%] — reHoBapuaHTy New Orleans 1 86,0% [73,6%; 99,9%] — reHoBapuaHTy
Sydney (p<0,001). Ha pwuc. 3 BugHoO pacnpepeneHne 4actoTbl OOHapyXeHUA pa3nnNYHbIX
reHoBapuaHToB VP1 Gll.4 no rogam. feHoBapuaHTbl Den Haag n New Orleans, unpkynu-
poBaswue B benapycu B 2009-2011 rr., He 6bUIM PEKOMOVHAHTHBIMK U CMEHWUAWN OpYr
apyra yepes ABa roga nocne nossneHua. B 2015 r. um Ha cmeHy npuluen reHoBapuaHT
VP1 Gll.4 Sydney B cocTtaBe BYx pekombuHaHTHbIX dopm: Gll.4 Sydney [P31], KoTopbiii
umen PHK-nonnmepasy reHotuna GlI.P31, n Gll.4 Sydney [P4 New Orleans], KoTopblii Hec
PHK-nonnmepasy Toro »e reHotuna Gll.4, Ho gpyroro reHoBapuaHTa (GIl.P4 New Orleans).
Mo pe3ynbTaTam MONEKyNAPHOro TMNMPOBaHKA YCTaHOBJIEHO, UTO 3TU BE PEKOMOMHAHT-
Hble GopMbl LMPKYNMpoBanu napannensHo ¢ 2015 no 2022 r. B 2016 r. noasmnacb Tpe-
TbA pekomMburHaHTHaA popma HoB, cogepatian reH VP1 Gll.4 Sydney n PHK-nonnmepasy
GIl.P16. OTa pekomburHaHTHasA popma HoB ctana gommHMpyioLLen Ha NPOTAXKEHUN Cre-
aylowmnx BoCbMU neT BnioTb Ao 2024 r. (puc. 3). HoB VP1 Gll.4 Sydney, KoTopble Hecnu
PHK-nonnmepasy GII.P16, B pa3Hble rogbl coctaBnanu ot 17,9% fo 53,1% npeHtnduum-
poBaHHbIX HoB: cogepxalyme PHK-nonumepasy GII.P31 - o1 4,4% go 21,4%, cogepxalyne
PHK-nonnmepasy Gll.P4 New Orleans - ot 1,5% fo 7,1% reHoTunmpoBaHHbix HoB. B ue-
nom yvactota obHapyxeHusa Gll.4 Sydney [P16] coctaBuna 25,2% [21,0%; 30,0%] n 6bina
nocTtoBepHo Bbiwwe, Yem Gll.4 Sydney [P31] (7,2 % [5,0%; 10,0%)]) n Gll.4 Sydney [P4 New
Orleans] (2,2% [1,1%; 3,9%]).

leH PHK-nonumepasbl GII.P16, KoTopbili Bowen B COCTaB AOMUHMPYIOLWErO PeKoM-
6uHaHTHOro reHoBapuaHTa Gll.4 Sydney [P16], o6Hapyu1Banca Tak»ke B cOCTaBe ApYrmx
pekombrHaHTHbIX ¢popm HoB. Bcero ngeHtueunuymposaHo 224 HoB, koTopble Hecnn reH
PHK-nonmumepasbl GII.P16. OHM npuHagnexanu nAT! pas3inyHbiM PEKOMOMHAHTHbBIM $op-
mam: GII.2[P16] (30,8% [24,0%; 39,0%]), GII.3[P16] (9,0% [5,5%; 13,8%]), Gll.4[P16] (56%
[46,9%; 67,0%]), GII.12[P16] (3,6% [1,5%; 7,0%]) n GII.13[P16] (0,5% [0,01%,; 2,5%]).
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Puc. 3. YacToTa pa3nnyHbIX reHOBapuaHTOB 1 PpeKOMOGUHaHTHbIX $opm HopoBupycoB reHotuna VP1 Gll.4
Fig. 3. Frequency of different genovariants and recombinant forms of noroviruses of VP1 Gll.4 genotype
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B 2015 r. Ha TeppuTopun benapycu noasunca Hosbiv reHotun — HoB GII.17[P17], ko-
TOpPbI BNOCNEACTBAM MOMYUU Ype3BblYaHO WMPOKoe pacnpocTpaHeHue. [JaHHbIn re-
HOTUM NPOAOSIKAET LIMPKYINPOBaTb O HACTOALLEro BPeMeHN U BXOAWUT B YMCIIO JOMU-
Hupytowmx reHoTnos HoB cpean Bcex ngeHtndurumposaHHbix (18,0% [14,5%; 22,1%]).
Pe3ynbratbl MOneKynapHoro TMnposaHmaA nokasanu, uto Gll.17[P17] He aBnAeTcA pekom-
6uHaHTHbIM — 1 PHK-nonnmepasa, n kancugHoin 6enok npuHagnexat reHotuny GIILP17.
JnuTtenbHaa UMPKYNALUA JaHHOMO reHoTUMNa NOC/YXMna OCHOBaHWEM ANA Npeanonoxe-
HMA O BO3MOXXHOCTM GOPMMPOBAHMA BHYTPY HEro pa3finMyHbIX reHoBapuaHToB. [1na noa-
TBEPXKAEHNA 3TOro NpeAnonoxeHusa 6o NpoBeaeH punoreHeTUYECKUA aHanu3 (puc. 4).
YcTaHOBNEHO, UTO M30NATbI, LMPKYIMPOBaBLUVE B pa3HOe Bpems, JOCTOBepHO popmupy-
I0T ABa Pa3/MYHbIX Knactepa, ofH U3 KOTOpbIX BKNtouaeT HoB, ngeHtnouumnpoBaHHble
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Puc. 4. UpenTndpukaumna reHosapuantos Gll.17[P17], unpkynuposaswunx B benapycu, n nux yacrora

B pa3iinyHble rofbl: A - punoreHeTYecKana PpeKOHCTPYKLUMA No pparmMeHTy reHoMa HOPOBUPYCOB
GII.17[P17], BKnioyatoiwero yyactok 5'reHa PHK-nonumepasbi n 3'reHa 0CHOBHOro KancuaHoro 6enka
(504 HykneoTuga). PeKOHCTPYKL IO NPOBOAVIN METOAOM MaKCMMaJibHOro NpaBgonoao6ums,

ANA MOAENNPOBaHNA Pasnnyuii B CKOPOCTY SBOJIIOLMN MeXAY caliTaMu NCNO/b30BaNocb ANCKPeTHOE
ramma-pacnpepeneHue: BHU3Y c/ieBa - LWKana reHeTM4eckoro paccToaHnA (HyKneoTnaHbIX 3ameH/canT),
B y3n1ax ApeBa - 3HaueHusa 6yTcTpenna; B - yactorta BbisiBieHUA reHoBapuaHToB Gll.17[P17]a

1 GlIl.17[P17]b B pa3nuuHble rogbi

Fig. 4. Identification of Gll.17[P17] variants circulating in Belarus and their frequency in different years:
A - phylogenetic reconstruction based on a fragment of the GIl.17[P17] norovirus genome, including
the 5’ RNA-polymerase and the 3’ major capsid protein genes (504 nucleotides). The reconstruction was
performed using the maximum likelihood method; the discrete gamma distribution was used to model
differences in the rate of evolution between sites; the genetic distance scale (nucleotide substitutions/
site) is shown at the bottom left; bootstrap values are at tree nodes; B - detection frequency

of GII.17[P17]a and GII.17[P17]b variants in different years
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B8 2015-2020 rr., a BTopon — HoB, ngeHtndurumposaHHbie B 2022-2024 rr. (puc. 4A). MNony-
YeHHble pe3ynbTaTbl YKa3blBaloT Ha To, 4yTo nocne 2021 r., korga HoB GII.17[P17] He BbisiB-
NANMCb Ha TEPPUTOPUM CTPaAHbI, BO3HVK HOBbI FeHOBAaPWaHT JaHHOrO reHOTUMa, C YeM 1
6bI10 CBA3AHO YBeIMYEHNe YacToTbl ero obHapyxeHua B 2022-2024 rr. (puc. 4B).

Ewe oAgHMM JOBOJSIbHO LIMPOKO PacnpOCTPaHEHHbIM M ANUTENbHO LMPKYAMPYIOLWUM
B benapycu pekombrHaHTHbIM reHoTUnom AsnsetcA HoB GII.6[P7]. BnepBble oH 6bin 06Hapy-
XeH B 2012 ., 3atem — B 2015 . laHHbIV reHOTWN BXOAWI B YNCNO AOMUHUPpYOWMX B 2019-
2020 rr. U NPOACIKMN LUPKYNMpoBaTb BNAOTb A0 2024 r. PaHee 6bi10 NoKa3aHo, YTO OH
LMPKyNupyeT B BUAe TPeX reHOBapMaHTOB, KOTOPble BO3HUKIIW B pe3ynbTaTe reHeTUYeckoro
npenda reHa VP1 - Gll.6a[P7], GII.6b[P7], GIl.6c[P7] [24]. NpoBeAeHHbI dunoreHeTUYECKNIA
aHanu3 (puc. 5A) nokasan, Yto yacTb uaeHTUdULMpoBaHHbIX B benapycn HoB nprHagnexa-
na reHoBapuaHTty Gll.6a[P7], a npyrue — reHoBapuaHTy GIl.6b[P7]. leHoBapuaHT Gll.6¢[P7] Ha
TeppuUTOPMM CTPaHbl He obHapyxunBanca. Pe3ynbTaTbl BbIABNEHUA Pa3fINYHbIX reHOBapW-
aHTOB Ha MPOTAXKEHUN BPEMEHMN MOKa3asu, YTO AOMUHUPOBaBLLMIA B 2012 r. reHOBapUaHT
Gll.6a[P7] B8 2019 r. cmeHun reHoBapuaHT GII.6b[P7], KoTopbi cTan goMuHnpytowmm B 2020T.,
a 3aTeM OHU LUMPKYNMPOBanu napanienbHo C npeobnagaHnem nocnegHero (puc. 5B).
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Puc. 5. UaeHTndpukaumna renHosapmaHtos Gll.6[P7] B Benapycn n nx yactora B pasnnyHbie ropbl:

A - punoreHeTnUeCcKanA PeKOHCTPYKUUA No pparmeHTy reHoma HoposupycoB Gll.6[P7], Bkniouyalowero
yyacTok 5'reHa PHK-nonnmepasbi n 3’reHa ocCHOBHOro KancupgHoro 6enka (504 Hykneorunpa).
PeKOHCTpYKLMI0O NpOBOAUIN METOAOM MaKCMaibHOTrO NpaBAonoAo6us, AnA MoaennpoBaHmna
pasnnymii B CKOPOCTU 3BOMNIIOLNN MEXAY caliTaMil CNONb30Baiochb ANCKPETHOE ramma-
pacnpepeneHue: BHU3Y cNeBa - WKana reHeTM4eckoro paccToaHnA (HyKneoTuaHbIX 3ameH/canT),

B y3/1ax ApeBa - 3HaueHuAa 6yTcrpenna; B - yactoTta BbiaBneHns reHosapunanTos Gll.6a[P7] n Gll.6b[P7]
B pa3/inyHble rogbl

Fig. 5. Identification of GII.6[P7] variants in Belarus and their frequency in different years:

A - phylogenetic reconstruction based on a fragment of the GII.6[P7] norovirus genome, including the
5’ RNA-polymerase and the 3’ major capsid protein genes (504 nucleotides). The reconstruction was
performed using the maximum likelihood method; the discrete gamma distribution was used to model
differences in the evolutionary rate between sites; the genetic distance scale (nucleotide substitutions/
site) is shown at the bottom left; bootstrap values are shown at tree nodes; B - detection frequency

of Gll.6a[P7] and GlI.6b[P7] variants in different years
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B ObCYXIOEHWE

MNpoBeaeHHble UCCNefoBaHMA NO3BOMUM YCTaHOBMUTb, YTO 3a BeCb nepuop Habnto-
LEHMNA reHeTMyecKkoe pasHoobpasve LUPKyNMpoBaBLWnxX Ha Tepputopumn benapycn HoB
6bl10 JOBONBHO WNPOKO. ExXerofHoO obHapyXMBanacb napannenbHas LUMpKynauma He-
CKOMNbKUX reHOTUMNOB / peKoMOUHaHTHbIX dopm HoB. Mpuruem B 2009-2014 rr., KOraa reHo-
TUNUPOBAHME NPOBOANNOCH B OTHOLEHNN HebonbLLoro kKonnyectsa HoB (10-15 exerog-
HO), NAeHTUOMLMPOBANNCh MPENMYLLECTBEHHO CaMble PacripOCTPaHeHHbIe reHoTUMbI /
peKombrHaHTHble dopmbl. HaunHaa ¢ 2015 r. exxerogHo reHotTununposanocb 35-60 HoB,
UTO MO3BOJNIMIIO OBHAPYXKUTb MapanfeNibHylo LUPKYNALMI0 3HAYUTENIbHOMO KONM4yecTBa
reHoTUNoB / PeKOMOBUHaAHTHbIX popM. MakcumanbHoe KONMyecTBO OJHOBPEMEHHO LUp-
KynupoBasLuunx reHotunos HoB (13) 6bi1o naeHTnduumposaHo 8 2019 T.

o Hauana naHgemun COVID-19 B cTpaHe Habnoganacb perynapHasa cMeHa AOMUHM-
POBaBLUMX reHOTMIMOB B TeyeHne 1-3 neT. 3a 3TOT nepuog onpepeneHHbl reHoTHn/reHo-
BapraHT/pPeKOMOUHAHT NOABAANCA, CTAaHOBUICA NpeobnafatoLym, a 3aTeM ncyesan unm
obHapyxuBasnca pexe (puc. 1). OgHako ¢ Havyana naHgemun BrsIoTb JO HacTosALLero Bpe-
MeHM Habnoganacb ANMTeNbHaa UMPKYIALNA OGHUX U TEX e reHOTUMNOB / PEKOMOVHAHT-
Hbix dopm HoB - GII.4[P16], GII.2[P16], GII.17[P17], GII.6[P7].

AHanu3 pgomuHupytowmx cpean HoB reHoB ocHoBHoro kancugHoro 6enka VP1 un
PHK-nonvmepasbl nokasan, 4to B TeueHre BCEro nepuoga HabnoaeHna Ha TeppuTopum
CTpaHbl MEeNo MeCcTo OTHOCUTESIbHO Hebonblloe KoNMMYecTBo npeobnafatlmx reHoTum-
nos reHa VP1: Gll.4, GII.2, GII.3, GIl.17, GII.6 — 1 elle MeHbLIee KONMYEeCTBO LMPOKO pac-
NPOCTPaHeHHbIX reHoB nonumepasbl: Gll.P4, GII.P31, GII.P16, GII.P17. leHeTuyeckoe pas-
Hoob6pa3ue unpkynuposasLwmx HoB gocturanock 3a cuet ob6pa3oBaHUA MHOXECTBA pas3-
NINYHBIX PEKOMOVHaHTHbBIX GOpPM, BKNIOUYABLLUX Hanbonee pacnpoCTpaHeHHbIE FeHOTUMbI
VP1 n PHK-nonnmepassbl. Tak, VP1 Gll.4 BcTpeyanca ¢ Tpema pasnNyHbIMU reHOTMMaMK
PHK-nonumepasbl: GlI.P4, GII.P31, GII.P16. TeHotnn VP1 GIll.3 o6pa3oBbiBan pasnmyHble
peKoMOVHaHTHble ¢dopMbl C reHamu nonumepasbl GILP16, GII.P12, GII.P13, GII.P21. Te-
HoTmn VP1 GII.2 Bxogun B cOCTaB BUpYyca C NonMmepason Toro xe reHotuna — GII.P2, a
TakXe B COCTaB PeKOMOUHaHTHOW popmbl ¢ nonumepasoin GIL.P16. U, HaobopoT, annenb
PHK-nonumepasbl GII.P16, no-enagnmomy, AaBana 3HauuTeNbHble 3BOMIOLMOHHbIE Mpe-
MMyLLeCTBa ee HOCUTESI, Y MO3TOMY Ha TEPPUTOPUUN CTPaHbl OBHapY»KeHa LMpKynauma
NATN PEKOMOMHaHTHBIX GOPM, B COCTaB KOTOPbIX OHa BXOAW/a BMeCTe C Pa3fiMyHbIMU re-
Hamu VP1: GII.2[P16], GII.3[P16], GII.4[P16], GII.12[P16], GII.13[P16]. Takum o6pa3om, ncxo-
[A 13 NpefCcTaBNeHHbIX JaHHbIX MOXHO cZlenaTb BbIBOJ O TOM, UTO pekoMOuHaLus aBns-
€TCA O HUM 13 OCHOBHbIX 3BOJIOLIMOHHbIX MEXaHN3MOB, HanpaBieHHbIX Ha NOAAePKaHWe
reHeTnYeckoro mHoroobpasus upkynupywoumx B benapycm HoB.

MonyyeHHble pe3ynbTaThl CBMAETENLCTBYIOT O TOM, UTO Hauboree pacnpocTpaHeH-
HbIM 3a BeCb neprog HabnogeHna cpean umpkKynuposasLwmnx HoB 6bin reH VP1 reHoTmna
Gll.4. OH 6bIn NpepcTaBneH Tpems reHoBapuaHTamm: Gll.4 Den Haag (2009-2010), Gll.4
New Orleans (2010-2011), Gll.4 Sydney (2016-2024), KOTOpble CMEHANN APYT Apyra C Te-
yeHneM BpemeHU. PaHee 6blNo NOKA3aHO, YTO AaHHbIN reHOTUN ¢ cepeaunHbl 1990-X IT. AB-
NANCA NPUYMHOM BONBLIMHCTBA BCMbILWEK M CMOPaMYecKknx ciyyaeB Bo Bcem Mupe [16,
25]. C 2002 r. HoBble reHoBapwuaHTbl Gll.4 noABNANMCb Kaxable 2—-3 rofa, YTo NPMBOJAUNIO
K 3MMaemMuaMm, a MHOTAa M K naHaemusam. deontouna reHotmna Gll.4 6bina obycnosneHa
KaK aHTUreHHbIM apeidom, Tak 1 pekomburHaumen [26]. MyTaumm KnoueBbiX 3NMTONOB
B fomeHe P2 OPC2 no3Bonunnm HOBbIM reHoBapMaHTaM m3beratb pacno3HaBaHuA nyTem
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HenTpanu3aumMm aHTuTen, BbipabaTbiBaeMbiX paHee LMPKYIMPYOWUMK reHoBapraHTa-
MU Gll.4 [27]. BHYTpureHoTMNMUYECKan U MeXreHoTMnuueckana pekoMbrnHaumsa, Nponcxo-
OAwan B nepyto ovepedb Ha cTbike OPCT — OPC2, Ho Takxe BHYTpM OPC2 1 Ha CTbike
OPC2 - OPC3, aBnanacb ewe ogHUM MEXaHN3MOM BO3HMKHOBEHMA NAaHAEMNYECKNX Ba-
puaHToB Gll.4 [28]. CnegyeT oTMeTUTb, YTO aNnaemmnyeckne BapuaHTbl Gll.4, onncaHHble
B 1995-1996, 2002, 2004 n 2006 rr., bopMMpPOBaNNCL B OCHOBHOM NOCPELACTBOM aHTU-
reHHoro apenda, a BapmaHTbl Gll.4, onucaHHble B 2009 1 2012 rr.,, BO3HUKAN C yYacTuem
peKomOrHaumn.

B Benapycu B 2016-2022 rT. 0JHOBPEMEHHO LIMPKYINPOBaNu TpU PeKOMOUHAHTHbIe
dopmbl HoB, koTopble Hecnun VP 1, npnHagnexalymn K reHosapuaHTy Gll.4 Sydney, n nonu-
Mepasy Tpex pa3nnyHbix reHotunos: GII.P16, GII.P4, GII.P31. NpeactaBneHHble B HacTOA-
wen paboTe faHHbIe CBUAETENbCTBYIOT O TOM, UTO 113 TPEX peKOMOUHaHTHbIX dopm HoB nx
npegcTaBuTeny, Hecyume reH nonnmepasbl GILLP16, umenu npenmyLecTso nepen AByMA
OPYrMMU peKoMOUHaHTHbIMK GOopMamu — OHY JOMUHNPOBANKY B TeUeHMe BCero nepuopga
napannenbHon unpkynauumn B 2016-2022 rr. CnegyeT OTMETUTb, YTO reHoBapuaHT Gll.4
Sydney, KoTopblli B cocTaBe pekombuHaHTHo Gopmbl GILLA[P16] unpkynmpyeT B Haluel
cTpaHe ¢ 2016 I. 1 ABnAeTCA Npeobnafalowwm, TakxKe B HacToALLee BpemMa AOMUHMPYET B
rno6anbHoM MacluTabe. [laHHbIV reHoBapraHT ABNAETCA eANHCTBEHHbIM 13 BCEX U3YUeH-
HblX reHoBapmaHToB VP1 Gll.4, KOTOpbI He HaKanMBaeT MyTaLUWW B @aHTUIeHHbIX canTax
1 NpofomKaeT UMPKYNMPOBaTb Ha NPOTAXKEHUN AecATUNETUA. ITOT GaKT Ha CerogHAL-
HWU JeHb He NMeeT OfjHO3HaUYHOro 06bAcCHeHNA. C OHON CTOPOHbI, MOXXHO NMPeAMnono-
XWUTb, YTO reH nonumepasbl GII.P16, Bxoaawmin B coctaB pekoMmbuHaHTHO ¢popmbl ¢ Gll.4
Sydney, obecneumBaeT BbICOKYIO TPAaHCMUCCUBHOCTb 1 NOALEPKMNBAET aKTUBHYIO LIMPKY-
NAUMIO 3TOro BMPYCa, C Apyron — uto cnyudmsanca naHgemma COVID-19 u ceaA3aHHble €
Hell »KeCTKne orpaHnyYeHna Ha KOHTaKTbl U NepemelLeHnA ntogen Mornn NpuBecTu K 3Ha-
YnNTENbHOMY YBENINYEHNIO HEMMMYHHOI NPOCIONKN BOCNPUMMYUNBbIX JINL, YTO MPONOHT -
poBano nepuog UMpKyIaLumn oTaeNbHbIX FeHOTUMOB / peKoMOMHaHTHbIX dopm HoB.

leH nonumepasbl GIL.P16 6611 npeobnagatowmm cpeam HoB B TeueHme Bcero nepuopa
HabniopeHnsA. Bnepsble OH NOABUCA Ha TeppuTopun cTpaHbl B 2016 I. B COCTaBe peKkoMm-
6uHaHTHOM Ppopmbl HoB GII.2[P16], KoTopas cpa3y ctana gomuHupyiowein [29]. OgHoBpe-
MeHHO B 2016 T. B CTpaHe noaAsBunacb pekombrnHaHTHaa ¢opma GlI.4[P16], KoTopasa cTana
npeobnapatowiet B 2017 r. v npoaomKunia LmpKynauuio BnnoTb o 2024 r. B mype nossne-
Hue HoBow annenn PHK-nonnmepasbl GII.P16 Bnepsblie onucaHo B 2015 r. [poBegeHHble
nccnefoBaHMA NOKasanuy, YTo OHa Ype3BblYaliHO LWMPOKO pacnpocTpaHmunach B coctaBe
pasfiMyHbIX PeKOMOUHAHTHbIX GOPM, MHOTE U3 KOTOPbIX OblNN 3aperncTpmupoBaHbl U B
Halein cTpaHe. Ha ocHoBaHUM aHanu3a HOBOro BapunaHta PHK-nonnmepasbl npegnona-
raeTcs, UT0 aMUHOKMCNOTHbIE U3MEHEHNA B 3TOM 6efike NpuBey K BO3HUKHOBEHUIO NO-
BbILLIEHHOWN TPaHCMUCCUOENbHOCTU PEKOMOUHAHTHBIX PopM, Hecywmnx PHK-nonnmepasy
GlI.P16 [30].

B dopmmpoBaHme reHeTuyeckoro pasHoobpasua HoB, nomnmo pekombuHaLmm, 3Ha-
UMTeNbHbIV BKNag BHOCUN U reHeTuyecknii apeiid, KoTopbi npusoann K o6pasoBaHuio
HOBbIX FEHOBAaPMAHTOB OAHOMO W TOrO »Ke reHOTUMNa, CMEHABLUMX APYr Apyra C TeYeHnem
BPEMeHW NNn LMPKYNIMpoBaBLLVX OfHOBpPeMeHHo. Tak, reHoTun GII.6P7 6bin npeactasneH
aBymA reHoBapuaHTamu — Gll.6aP7 1 GIl.6bP7, koTopble Ha NepBoOM 3Tane cMeHANV apyr
pyra, a 3aTeM LMpPKynnpoBanu napannenbHo ¢ npeobnagaHvem Gll.6bP7. l[eHoBapuaHT
Gll.6bP7 Bnepsble noasunca B benapycu B 2019 r. n Bowen B TPOWKY AOMUHUPYIOLLMX,
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a B 2020 r. cTan cambiM pacnpoCcTpaHeHHbIM cpeam Bcex umpKynnposasLumnx HoB. B apyrunx
CTpaHax camble paHHWe ngeHTUdUUMpoBaHHble n3onaTol GIl.6bP7 patuposanncb 2010-
2014 rr,, Torga Kak Gll.6aP7 — 1976 r. [31], uTo yKa3blBaeT Ha OTHOCUTESIbHO HeflaBHee Mo-
ABJIeHVe 1 pacnpocTpaHeHne reHoBapuaHTa Gll.6bP7 B rnobanbHOM macluTabe.

Lunpkynauma reHotmna Gll.17 6bina onvcaHa ewe B 1970-€ IT., HO XapaKTepr3oBanacb
OYeHb OrpaHNYeHHbIM KonlnuecTBoM cyyaes. Moasmewmninca 8 2015 1. v NoAyUMBLUNIA LWK-
pokoe pacnpocTtpaHeHue reHotun GlI.17[P17] Kawasaki ssontounonunposan B 10 pas 6bl-
cTpee, YeM JOMUHMPYOLWNIA B rnobanbHom MacluTabe reHotun Gll.4. Tak, ecnm ckopocTb
3BonouMKn nocnegHero 6bi1a 4,3x1073 HyKNeoTUAHbIX 3aMeH/caliT/rof, TO CKOPOCTb 3BO-
nmounu GIIL17[P17] Kawasaki coctaBuna 1,2-2,1x1072 HyKneoTUAHbIX 3ameH/cant/rog [32].
B Benapycu 3TOT reHoTMN NoABKACA B KOHLe 2015 . 1 npakTnyeckn cpasy ctan JOMUHU-
pytowum. Ero unpkynauma npognunace ao 2020 r. BKAounTeNnbHO, npepsanacb B 2021 n
B0306HOBMNAch B 2022 r. Pe3ynbTaThl rinoreHeTMUECKOro aHanm3a CBMAETENbCTBOBANN O
TOM, UTO BO306HOBNEHKe uupKynaumm GlI.17[P17] 6bino cBA3aHO C NOABNEHKEM B HaLLEeW
CTpaHe HOBOro reHoBapuaHTa JaHHOMo reHoTUNa. OTOT reHOBapWaHT BNepBble NOABUICA
B PymbiHUM B 2021 1. BO BpemsA KPYMHOWN BCMblLWKK HOpoBrpycHoro O u BnocneacTenmn
TaKXe pacnpoCcTpaHWCA No pAgY eBPONencKux CTpaH, CTaB AOMUHMPYowmm [33].

B 3AKJTIOMEHUE

MNpepcTaBneHHble B paboTe pe3ynbTaTbhl OTPAXKAOT 3HAUUTENbHOE FreHeTUYeCKoe MHO-
roo6pa3sue HoB, umpkynuposasLlumnx B benapycu ¢ 2009 no 2024 r. Bcero B pecnybnuke 3a
nepuog HabnogeHna naeHTMGUUMPOBaAHO 23 pPa3NUYHbIX reHOTMNa / PeKOMOUHAHTHbIE
¢dopmbl HoB.

Ha tepputopun ctpaHbl gommHuposanu reHotunel VP1 Gll.4, GIl.17, GllI.2, GlI.6, GII.3.
Cpepu reHoB PHK-nonumepasbl npeobnaganu Gll.16, Gll.4, GII.17, GII.31. 3HaunTenbHble
pa3nnuma B CNekTpe AOMUHUpPOBaBLLMX reHoB VP1 n PHK-nonumepasbl o6bACHANMCD
UMpKynauren 60nbLIOro Konnyectsa pekombnHaHTHbIX dopm HoB, KoTopble Hecnu reHbl
VP1u PHK-nonnmepasbl pa3fnyHbix reHoTMnoB. Hanbonee yacTto BCTpevanncb pekomou-
HaHTHble ¢opmbl GII.4[P16], GII.2[P16], GII.4[P31], GIL.6[P7].

MNoABneHne Ha TeppuTOpUM CTPaHbl HOBOro reHoTunNa reHa PHK-nonumepasbl GII.P16
B cocTaBe pekombuHaHTHoW dopmbl Gll.4 Sydney [P16] n ee wnpokoe pacnpocTpaHe-
HMe COMPOBOXanoCb 3HAUYUTESIbHbIM CHUKEHMEM YacTOTbl OOHapy»KeHusA paHee Lup-
KyNpoBaBLUNX pekoMOMHaHTHbIX popm Gll.4 Sydney [P4] n Gll.4 Sydney [P31], KoTopble
Hecnn TOT Xe reH KancmpaHoro 6enka, YTo HenmocpeacTBEHHO YKasblBaeT Ha POJib reHa
PHK-nonnmepasbl 1 npouecca pekombrHaumm B GOpMUPOBaHUN HOBbIX SMMAEMUYECKMX
¢opm HoB.

[eHeTUYeCKUn (@HTUreHHbIN) apend Takxe BHOCUN 3HAUMTENbHbIN BKNag B Nogaep-
»aHve 60nblLOro reHeTMYeCcKoro pasHoobpasusa HoB u dopmrpoBaHme HOBbIX 3NUAEMU-
yecKkmnx reHoBapuaHToB. Tak, reH VP1 Gll.4 6bin npeacTaBnieH TpemMa PasfnYHbIMK FeHO-
BapvaHTamu (Gll.4 Den Haag, Gll.4 New Orleans, Gll.4 Sydney), cmeHABWIMMY Apyr Apyra
C TeyeHnem BpemeHu. leH VP1 GlI.6 B cocTaBe pekombrHaHTHON ¢popmbl GIIL.6[P7] Takxke
6bI1 NpefCcTaBNeH ABYMA pa3nUYHbIMU reHoBapuaHTamu — Gll.6a[P7] u GII.6b[P7], npuuem
noseJieHNe NocsefHero NPUBENO K Pe3KOMYy MOBLILLEHMIO YAaCTOTbl ero obHapyXeHua y
nauuneHToB. leHotnn GII.17[P17], KOTOpbI ABNAETCA OQHUM 13 AOMUHUPYIOLNX Ha Teppu-
TOpWK CTPaHbI, Takxe Obin NpefcTaBfeH AByMA reHOBapuaHTamMu, CMEHVBLUMMMN APYT ApY-
ra B unpkynauuu. lenosapuant GII.17[P17]a unpkynuposan c 2015 no 2020 r., a B 2022 .
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ero cMeHun reHoapmaHT GlI.17[P17]b, KoTopbIi NpoAomKaeT LMPKYIMpoBaThb BMNIOTb A0
HaCTOALLEero BpemeHu.

M3noKeHHble B HaCToALEM NCCefoBaHNM JaHHble CBUAETESIbCTBYIOT O TOM, YTO 3Ha-
unTenbHOe reHeTMyeckoe MHoroobpasre HoB, KoTopoe obecneunBaeTca Kak reHeTnye-
CKMUM (aHTUIreHHbIM) AperidoM, Tak U pekoMOUHaLKel, ABAAETCA OCHOBOW WMPOKOIO pac-
NpocTpaHeHUA 3TNX NatoreHoB. MHorne dyHAaMeHTaNbHble 3aKOHOMEPHOCTY, NpUBoAA-
LMe K UX MOABNIEHMIO, CMEHE N CYE3HOBEHNIO, K HACTOALLEMY BPEMEHY €LLle He N3BECTHbI.
B 3TMX ycnoBuMsAx coXpaHAETCA BbICOKas akTyanbHOCTb OCYLLECTBEHMA PEryAspHOro Mo-
NEeKyNAPHO-3NNAEMNONOINYECKOro MOHUTOPWHIA LUPKYNMpYyoWwmx B ctpaHe HoB n n3y-
UeHNA NX FeHeTUYECKNX XapaKTePUCTUK, YTO ABNAETCA OCHOBOW 3 GEKTUBHOIO KOHTPOA
3a 3a6011eBaeMOoCTbi0 KULWEYHbIMU BUPYCHBIMU MHGEKUUAMY C LieNblo CBOEBPEMEHHOTO
npepoTBpaLLeHA BCMbIWeK 1 3NuaeMnii HOPOBUPYCHOWM NHOEKLNN.
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Pesiome

BBegeHue. Cpei OrPOMHOIr0 MHOroo6pasusa rPUOKOBbIX MUKPOOPraHN3MOB (MUKPO-
MuueT) ocoboe BHMMaHWe yaensaeTcA MnecHeBon (MuuenvanbHon, dunameHTO3HOI)
MUKpOOMOTe, LWNPOKO PacnpoCTpaHEHHOW B OKpYXKaloLLe cpefie 1 Bbi3biBatoLLel TaXe-
Nble MOPaXXeHNA MOBEPXHOCTHbIX M BHYTPEHHMNX OPraHOB M TKaHen y nuL, C HapylueHns-
M1 UMMYHHOW cucTeMbI. B nepByto ouepeslb 3TO OTHOCUTCA K MaLMeHTam C PasinyHbIMA
dbopMamy OHKoremaToNnorMyeckon NaTonornn, peumnmeHTaMm remornosaTMyeckmnx CTBoso-
BbIX KNETOK, MauueHTam C BPOXAEHHbIMM U MPUOBPETEHHBIMU UMMYHOAEDULUTHBIMA
COCTOAHUAMMU. [INA yKa3aHHbIX UL, XU3HEHHO Ba)KHOE 3HaueHue NMeeT CBOeBPeMEHHasA
[MArHoCTMKa COMNyTCTBYIOLWMNX FPUOKOBBIX MHPeKUUI ¢ naeHTudmnKaumen sosbyanTens,
onpepesieHnem ero YyBCTBUTESIbHOCTU K aHTUIPUOKOBbIM JIeKapCTBEHHbBIM NpenapaTtam
(QHTUMMKOTUKAM) U Ha3HAUEHMEM afieKBaTHOW NPOTUBOrPUOKOBOI Tepanuu.

Lenb. M3yyeHune 3TMONOrMYECKON CTPYKTYPbl U aHTUMUKOTMKOUYYBCTBUTENIbHOCTM Mec-
HeBbIX FP1OOB, BblAENEHHDbIX Y IETEI C OHKONTIOTMYECKMM 1 reMaToNornyeckumm 3abone-
BaHMAMM, HAXOAUBLLUXCA Ha nevyeHUn B PecnybnnmkKaHCKOM HayuyHO-NMPaKTUYECKOM LieH-
Tpe AeTCKOW OHKONOrnu, reMaToniorn n ummyHonoruu (ganee — LieHtp). lemoHcTpauma
BO3MOXKHOCTU MPAKTUYECKOTO NMPUMEHEHNS KOMIMIEKCHOIO NMOAX0AA K AUArHOCTUKE WH-
Ba3VBHbIX MJIECHEBbLIX MUKO30B C NCMOJIb30BAHNEM KJTAaCCMUYECKMX MUKPOOUOSIOrMUYECKUX
N COBPEMEHHbBIX MOJTIEKYNAPHO-TEHETUYECKUX METOOB NCCIefoBaHWIA.

Martepuanbl n metoapbl. B KauecTBe nccnegyeMoro matepuana npy npoesegeHnn nabo-
PaTOPHbIX MCCeaoBaHMIA UCMONb30BANIUCL Pa3finyHble 0b6pa3ubl 6MONOrNYEeCcKoro ma-
Tepuana 13 KNMHUYECKM 3HaUYMMbIX JIOKYCOB (KPOBb, COAEPXKMMOE AbIXaTeslbHbIX NnyTei
N OpraHoB [bIxaHus, 6oNTaTbl NEFKOro, MoOYa), MOMyYeHHbIe OT AeTell C OHKOreMaTono-
rMyeckMmMmn 3aboneBaHNAMM, HAXOAMBLUUXCA Ha NieyeHun B LleHTpe ¢ sHBapA 2002 . no
Aekabpb 2024 r. Micnonb3oBaHHble Npu paboTe MeToAbl AMArHOCTMKM BKOYanu B cebs
MUKPOBMONOrMYecKunin noceB GUONOrMYeCcKoro Matepuasa c Nocneayowmm MHKYonpoBa-
HYem B TepMOCTaTe; OKpPacKy (C mocneayoLleinl CBETOBOWN 1 IIOMUHECLEHTHON MUKPOCKO-
nueii) Ma3koB HaTMBHOIO GBLUoOMaTepuana 1 BbIPOCLINX Ha TBEPAbIX NUTaTeNIbHbIX Cpeaax
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Cabypo 1 Yaneka — [lokca M301MPOBaHHbIX KOMOHWIA MAECHEBbIX MUKPOMULET; GeHOTU-
NNYECKYI0 OLIEHKY YCNOBWIA, XapaKTepa pocTa, LiBeTa, CTPYKTYPbl 1 TEKCTYPbl BblpOCLLEN
MUKPOOMOTbI; MacC-CNeKTPOMETPUYECKNIA aHanun3 6enkoBON CTPYKTYPbl BbiAENeHHbIX KO-
NOHUI NNeCHeBbIX FPU60B; BbiIABNEHNE METOAOM MMMYyHOdEPMEHTHOrO aHann3a ranakto-
MaHHaHa B 61MONIOrMYecKnX }KUOKOCTAX B BUIE CbIBOPOTKM KPOBU, COAEPKUMOro HPOHXO-
anbBeONAPHOrO NlaBaXka N TPaxeoObPOHXMaNbHOo ApeHaKa.

Pesynbratbl. BbifBneHbl 123 wTamMmma nnecHeBbIX MUKPOMULET, OTHOCAWMXCA K 14 po-
dam n 22 sugam. Hanbonee uacto obHapyxmBanucb npepcrasutenu pogos Aspergillus
n Fusarium. B cBoto ouepenb, cpeaun acneprunn npeanupoanu Aspergillus fumigatus
(52,46%; 32 13 61 wramma), Aspergillus flavus (22,95%; 14 u3 61 wramma) u Aspergillus
niger (11,48%; 7 n3 61 wramma), a cpegn dy3apuin — Fusarium solani B kposu (41,18%;
7 n3 17 wrammos) 1 Fusarium oxysporum B moue (31,25%; 5 n3 16 wrammos). C yueTom
aHanmM3a 3TMOJNIOrMYEeCKOro CoCTaBa BblfeNeHHON (rNamMeHTO3HON MUKPOOMOTbI Gbina
pa3paboTaHa 1 NpUMeHeHa TEXHONIOTMA MYNbTUMIIEKCHON MONEKYNAPHO-TeHETUYECKON
naeHTUPMKaLMM MUKPOMMULET METOLOM MOSIMMEPA3HOWM LEMNHOW peakuun B pexume
peanbHoOro BpemeHn. HeobXxogMmMo OTMeTUTb, UTO BUAOBaA uaeHTUGMKaLnNA BblaeneH-
HOW nnecHeBon MMKPOodIopbl NpoBeAeHa C MOMOLLbIO KOMMIEKCHOrO MUCMONb30BaHNA
beHOTMNNYECKMX U MONEKYNAPHO-TeHETUYECKUX MEeTOL0B AnarHoCcTUKK. [ina onpegene-
HWUA YYBCTBUTENBHOCTM MUKPOMULIET MPUMEHANCA rpagueHTHO-ANddY3HbIN MeTof B Ba-
puaHTe E-test. OueHKa YyBCTBUTENIbHOCTU BbIABMEHHbIX LUTAMMOB MieCHeBbIX rPUboB K
NPOoTUBOrPUOKOBbLIM NpenapaTtaMm NPOBOAMIACh HA OCHOBaHUWN MMEILINXCA KpUTepreB
EUCAST. CornacHo nony4eHHbIM pe3ynbrataM, HanbosbLias YyBCTBUTENIbHOCTb LUTAMMOB
Aspergillus fumigatus 6bina BblABNEHA K NPUMEHEHMIO BOpPMKOHa3ona — 86,67% (13 u3
15 nccnepoBaHHbIX KyNbTyp).

3aknioueHune. Ha ¢oHe obLyero npesannpoBaHUA acneprunn cpefmn nnecHeBbIX MUKPO-
OpPraHN3MoB, BbIAIBNIEHHbIX B Pa3fNYHbIX BrAax 610ornyeckoro Matepuasna, otmeyaercs
obHapyXeHne BO36yauTenel Tak HasblBaeMbIX pefKMx MUKO30B B Buge Fusarium spp.,
Geotricum spp., Mucor spp., Rhizomucor spp., Rhizopus spp., Lichtheimia spp. OcHoBHbIM
BMAOM Cpean BblaeneHHblx acneprunn ssnsetcsa Aspergillus fumigatus, nposasnstowmi
HanbonbLUylo YyBCTBUTENBHOCTb K BOpMKOHa3ony. CyllecTByolWMe B HaCTosALEe BpemA
nabopatopHble TEXHOSIOTMU MO3BONAT NPOBOANTL KOMMIIEKCHYIO NnabopaTopHyto Ana-
FHOCTUKY MHBa3UBHbIX MMKO30B MJIECHEBOW 3TUOJNIOTK, BK/OYaa nposefeHne peHoTu-
NUYECKNX, MacC-CNeKTPOMETPUYECKNX U MONEKYNAPHO-TeEHETUYECKNX UCCNefoBaHNA B
couyeTaHuK C BblIBNEHMEM BUONTIOrMYECKX MapKepoB 1 onpegeneHnemM aHTUMUKOTUKO-
YYBCTBUTENbHOCTU BblAeSIEHHbIX MUKPOMULIET.

KnioueBble cnoBa: NHBa3nBHbIE MUKO3bl, OHKOreMaTosiorua, 4eTu, MMKPOMULETbI, MONK-
Mepa3Has LienHasa peakuusa B peXkmme peasibHoro BpemeHu
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Abstract

Introduction. Among the huge variety of fungal microorganisms (micromycetes), special
attention is paid to the mold (mycelial, flamentous) microbiota, widely spread in the
environment and causing severe lesions of superficial and internal organs and tissues in
persons with immune system disorders. This primarily applies to patients with various
forms of oncohematological pathology, recipients of hematopoietic stem cells, and
patients with congenital and acquired immunodeficiency conditions. For these subjects,
timely diagnosis of concomitant fungal infections with identification of the causative
agent, determining its sensitivity to antifungal drugs (antimycotics), and prescribing
adequate antifungal and effective therapy are vital.

Purpose. To investigate of the etiological structure and antisensitivity of mold fungi
isolated from children with oncological and hematological diseases treated in the
Republican Scientific and Practical Center for Children’s Oncology, Hematology and
Immunology (hereinafter referred to as the Center). To demonstrate opportunities for
practical application of an integrated approach to the diagnosis of invasive mold mycoses
using both conventional microbiological and modern molecular genetic research
methods.

Materials and methods. The so-called gold standard of microbiological diagnosis
of infectious pathology is the isolation of the causative agent with its subsequent
identification. Various samples of biological material of clinically significant loci (blood,
contentsofrespiratorytractand respiratory organs, lung biopsy specimens, urine) obtained
from children with oncohematological diseases treated in the Center from January 2002
to December 2024 were used as the study material for these laboratory tests. This time
period was chosen for the study due to the introduction of a highly efficient automated
culturing system into the practice of the Center in 2002. The diagnostic methods used in
the work included microbiological seeding of biomaterial with subsequent incubation in
thermostat; staining (with subsequent light and luminescent microscopy) of smears of
native biomaterial and isolated colonies of mold microfungi grown on Sabouraud and
Chapek - Dox solid nutrient media; phenotyping of conditions, growth pattern, color,
structure and texture of the grown microbiota; mass-spectrometric and protein structure

«JlabopaTopHas anarHocTuka BoctouHas EBpona, 2025, Tom 14, N2 4 561

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO



KomnneKkcHbI nogxoa K na6opaTopH0|7| ANarHoCTUKe NHBa3snBHbIX MUKO30B
njecHeBOW 3TMONOTNN y feTel C OHKoremaTonornyeckom natonorven

of isolated colonies of mold fungi; molecular genetic detection of specific parts of the
genome of micromycetes; detection of galactomannan in biological fluids as blood serum,
bronchoalveolar lavage and tracheobronchial drainage by enzyme immunoassay.
Results. A total of 123 strains of mold micromycetes belonging to 14 genera and
22 species were identified. Representatives of genus Aspergillus and Fusarium were most
frequently detected. Aspergillus fumigatus (52.46%; 32 of 61 strains), Aspergillus flavus
(22.95%; 14 of 61 strains) and Aspergillus niger (11.48%; 7 of 61 strains) prevailed among
Aspergillus. In turn, Fusarium solani dominated in blood (41.18%; 7 of 17 strains) and
Fusarium oxysporum dominated in urine (31.25%j; 5 of 16 strains). Taking into account the
analysis of etiological composition of the isolated filamentous microbiota, a technology
of multiplex molecular genetic identification of micromycetes by real-time polymerase
chain reaction was worked out and applied. It should be noted that species identification
of the isolated mold fungal was carried out using a comprehensive approach involving
phenotypic and molecular genetic diagnostic methods. To determine the sensitivity of
micromycetes, the gradient-diffusion method in E-test variant was used. The susceptibility
of the identified mold strains to antifungal agents was assessed using existing EUCAST
criteria. According to the results obtained, the highest susceptibility of Aspergillus
fumigatus strains to voriconazole was found to be 86.67% (13 of 15 cultures tested).
Conclusion. Against the backdrop of the general prevalence of aspergillus among
mold microorganisms identified in various types of biological material, the detection
of pathogens of so-called "rare" mycoses in the form of Fusarium spp., Geotricum spp.,
Mucor spp., Rhizomucor spp., Rhizopus spp., and Lichtheimia spp. is reported. Aspergillus
fumigatus, which has the highest sensitivity to voriconazole, is the main species
among the isolated aspergillus. Current laboratory technologies allow comprehensive
laboratory diagnosis of invasive mycoses of mold etiology, including phenotyping,
mass spectrometric, and molecular genetic tests in combination with biological markers
identification and determination of antifungal sensitivity of isolated micromycetes.
Keywords: invasive mycoses, oncohematology, children, micromycetes, real-time
polymerase chain reaction

m BBEJEHVE

HecmoTps Ha obLee npeBannpoBaHme APOXKeBON MUKPO(IOpPbI B CTPYKTYpe BO36y-
AuTenein NHBa3MBHbBIX MMKO30B Yy fleTell C OHKOreMaToIornyeckon naTonornen, Hemano-
Ba)XHas PONb B Pa3BUTUN MHPEKLMOHHBIX OCTOXHEHUI FPUOKOBOI STUONOMW NPUHaA-
NeXNT NpeACTaBUTENAM NJIECHEBON MUKPOGIOPbI 1 B NePBYIO0 ouepefib — MUKPOMULIETaM
poga Aspergillus [1-3]. B To »ke BpemA B nocnefHue rofbl yBeNMYMBaeTcsa KoOnmyecTBo
C/lyyaeB TaK Ha3blBaeMbIX PefKMX COMYyTCTBYIOWMUX rPUOKOBbLIX MHGEKUMIA, Bbl3BaHHbIX
rpubamm, TaKCOHOMUYECKM OTHOCALWMXCA K Fusarium spp., Mucor spp., Rhizomucor spp.,
Rhizopus spp., Lichtheimia spp., Alternaria spp., Geotrichum spp. [4-7]. inBa31BHble Mu-
KO3bl, Bbl3blBaeMble MULIENManbHON MUKPOGIOPON, YacTO HOCAT AUCCEMUHMPOBAHHbIN
XapakTep C TAXKeNbIM KIMHNYECKNM TeUYEHNEM U BbICOKM YPOBHeM neTanbHocTn. Oco-
6yl0 OnacHOCTb CO3[aeT coyeTaHHOe UHOULMPOBaHNE HECKOSIbKAMW MIECHEBLIMU MU-
KpoopraHusmamu [8-10]. MNprcoenmHeHne conyTcTByiOLLEN FPMOKOBON MHEKL N B KNK-
HUYECKN TAXENbIX CNTyYanx NPUBOAUT K HEOOXOAMMOCTW KOPPEKLMUN eYeHNsi OCHOBHOM
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OHKOreMaToNornyeckon naToNoruy, BNaoTb JO €ro BpeMEHHOro npekpaleHus. OgHo-
BPEMEHHO BO3HUKAET NOTPebHOCTb B NpoBeAeHnm crneuudryeckon npoTnsorproKoBom
Tepanuu, Bbi3blBatoLLel JOMOMHUTENBHYIO NIeKapCTBEHHYIO Harpy3Ky Ha OpraHu3mM UMMy-
HOCYMNPEeCCMBHbIX NaLMEHTOB. B To e Bpems, HECMOTPA Ha KIMHUYECKYIO 3HAYMMOCTb
COMyTCTBYIOLLEN FPUOKOBOW MULeNManbHON MHGEKLMK, B NoAaBstowem 6oNbLIMHCTBE
MUKPOOMONOrMyecknx nabopatopuii MESULNHCKUX YUPEXOEHUA COMATUYECKOTO U WH-
deKumoHHoro npoduna Hawen cTpaHbl nabopatopHaa ngeHtTndrKauma Bo3dyauTenen
bUnameHTO3HbIX MHBA3UBHbIX MMKO30B OCYLLECTBAETCA A0 YPOBHS «MeCHeBble FPUObI»
6e3 nocneayolleil pofoBor U/unn BUROBoOW uaeHTUdrKaumy, a Takxke 6e3 onpepnene-
HWA YYBCTBUTENIBHOCTY K MPOTUBOMPUOKOBBIM NEKapCTBEHHbIM CpefcTBaMm. B pesynbtate
nopgo6Horo nogxofa NPOTUBOrpMOKOBasA Tepanusa NMPOBOAUTCA SMNUPUUECKAM NyTEM C
PUCKOM pa3BUTUA HEBNAronpUATHBIX KNMUHUYECKMX NOCAeACTBUNA, BNAOTb A0 NeTafbHOro
ncxofa. B ceoto ouepefb, NpoBefeHNE KOMMAEKCHON ANAarHOCTUKM MHBA3UBHBIX MiecHe-
BbIX MMKO30B C MUKPOOMONOrMYeck M BbleneHnem Bo30yauteneid, nocneayoulein po-
[OBOW 1 BMAOBON UAeHTUUKaLMeN, onpefeneHneM aHTUMUKOTUKOUYYBCTBUTENIbHOCTA
MUKPOMULIET La€T BO3MOXXHOCTb CBOEBPEMEHHO YCTAHOBUTb STUOOTMIO CONYTCTBYIOLLEN
NHGEKLNOHHOW NaTONOMMM 1 Ha3HAYUTb afieKBaTHYIO NPOTUBOrPUOKOBYIO TEpanuio.

B LEJTb NCCNEOQOBAHKA

M3yueHune 3Tonornyeckom cTpykTypbl U aHTUMUKOTUKOPE3UCTEHTHOCTU MIECHEBbIX
rpu6oB, BbifeNeHHbIX Y AieTeil C OHKONOTMYECKMMU U reMaTonornyeckumm 3abonesaHu-
AMW, HaXOAMBLUMXCA Ha NledyeHun B PecnybnmkaHCKOM HayuyHO-MPaKTUUYECKOM LieHTpe
[eTCKON OHKONOMMK, remaToniornn n ummyHosnorun (ganee — LieHTp). BoiaBneHne aHTumu-
KOTUKOYYBCTBUTENBHOCTU OCHOBHbIX MIECHEBbIX MUKPOMULIET, BbIA€NIEHHbIX U3 KNHMNYe-
CKM 3HAYMMOTOo BUOSIOrMYECKOro MaTepmasa Ha OCHOBaHUN onpeaeneHns MUHUMANbHbIX
WHIMOMPYIOWNX KOHLEHTPaLUN NpOTUBOrPUOKOBBIX JIEKAPCTBEHHbIX CPeacTB. [JeMoH-
CTpauma BO3MOXHOCTM MPAKTUUYECKOTO MPYMEHEHMA KOMMIEKCHOrO noaxoda K AnarHo-
CTUKe MHBa3UBHbIX MN1IECHEBbIX MUKO30B C MCMOJIb30BaHNEM K1AaCCUYECKUX MUKPOOUNOSIO-
rMYECKrX 1 COBPEMEHHbIX MONEKYNAPHO-TEHETUYECKMX METOA0B UCCNIeJOBaHNIA.

B MATEPWAJIbI U METObI

«30M10TbIM CTAHAAPTOM» MUKPOOMONOrMYeCKom AMarHoCcTMKn MHGEKLMOHHOM NaTono-
rmun ABNAETCA BblaeneHne Bo3byautena c nocneaytllein ero ngeHTuduxkaymen. B Kave-
CTBe nccnefyemoro Matepuana npv NpoBefAeHUN AaHHbIX 1abopaTopHbIX NcCnefoBaHNl
MCMob30BaNnCh pasnnyHble obpasubl Gronornyeckoro Matepuana KInMHUYECKM 3Hauu-
MbIX JIOKYCOB (KpOBb, COiep>KUMOe AbIXaTeflbHbIX NyTel 1 OpraHoB AblxaHusA, 6uonTaTtbl
Nerkoro, Moya), NonyyeHHble OT ieTell C OHKoremMaTonornyeckmummn 3abonesaHmaMM, Ha-
XOAUBLLUMXCA Ha NeyeHUn B LieHTpe ¢ sHBaps 2002 r. no agekabpb 2024 r. Boibop ans npo-
BefleHVA NCceloBaHNIA AaHHOTo nepuoga BpemeHn obycnosneH BHeagpeHuem B 2002 T.
B MPaKTUKY paboTbl yupexaeHnsa BbICOKOI)OEKTMBHON aBTOMATU3MPOBAHHOWN CUCTEMDI
KynbTUBUPOBaHUA Brionornyeckux matepuanos. [NprmeHeHHble Npy paboTe MeToabl Ana-
FHOCTUKM BKJItOYanu B ceba Mmkpobronornyeckmin noces buomarepuasna c nocneayowmm
NHKYy6VpOBaHeM B TepMOCTaTe; OKpacKy (C nocnegytoLlern CBETOBOM U NMIOMUHECLEHTHON
MUWKPOCKOMME) Ma3KoB HaTUBHOIo 6riomaTeprana 1 BbIpOCLIMX Ha TBepAbIX NuUTaTenb-
Hbix cpefax Cabypo 1 Yaneka — [lJokca M301MPOBaHHbIX KOMIOHWI NAeCHEBbIX MUKPOMU-
ueT; GeHOTMNNYECKYIO OLIEHKY YCNIOBMIA, XapakTepa POCTa, LiBeTa, CTPYKTYPbl 1 TEKCTYPbI
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BblpocCLIet MUKPOPNOPbI; MacC-CNeKTPOMETPUYECKUI aHann3 6eNIKoBOW CTPYKTYpPbI Bbl-
[eneHHbIX KONOHWI rPUOKOBO MUKPOBMOTbI; NPOBEAEHNE MONEKYNAPHO-TEHETUYECKON
JeTekuun cneurdryeckmnx y4acTKoB reHoMa MUKPOMULIET; BbIAABEHWE rasakToMaHHaHa
B CbIBOPOTKE KPOBU, COAEPKMMOM BpOoHXx0anbeeonspHoro faeaxa (bAJ1) n TpaxeobpoH-
XvanbHoro gpeHaka (TbJ]) npm nomowm MMMyHOpepMEHTHOIO aHan13a.

B PE3YJIbTATbI 1 OBCYXXAEHNE

Pe3ynbTaTbl BbiISiBAeHUA BO30YAUTENEl MNeCHEBbIX MUKO30B B Pa3finyHbIX Baax 61o-
NOrMYEeCKoro matepurana, NoslyYeHHoro ot AeTell C OHKOreMaToNorMyecKon naTosnormen,
npveeaeHbl B Tabn. 1.

Ta6bnuua 1

3TMonornyecKkas CTpyKTypa Bbife/IeHHbIX NIecHeBbIX rpu6oBs

Table 1

Etiological structure of the isolated mold fungi

Buppbl 6uomarepuana 3a nepuop 01.01.2002 - 31.12.2024

N HaumeHoBaHMne Mukpommuer Kposb Zad LI o

n/n 6uonTtatbl nerkoro | =1000 KOE/mn

K-Bo % K-Bo % K-Bo %
1 Aspergillus fumigatus - 0,00 32 35,56 - 0,00
2 Aspergillus flavus - 0,00 14 15,56 - 0,00
3 Aspergillus niger - 0,00 7 7,78 - 0,00
4 Aspergillus ochraceus - 0,00 1 1,11 - 0,00
5 Aspergillus sydowii - 0,00 2 2,22 - 0,00
6 Aspergillus nidulans - 0,00 1 1,11 - 0,00
7 Aspergillus spp. - 0,00 4 4,45 - 0,00
8 Fusarium solani 7 41,17 - 0,00 3 18,75
9 Fusarium oxysporum - 0,00 - 0,00 5 31,25
10 Fusarium proliferatum - 0,00 - 0,00 1 6,25
11 Fusarium dimerum 2 11,77 - 0,00 1 6,25
12 Fusarium chlamydosporum - 0,00 - 0,00 1 6,25
13 Fusarium spp. - 0,00 - 0,00 1 6,25
14 Penicillium spp. - 0,00 5 5,56 2 12,50
15 Mucor spp. 1 5,88 6 6,67 1 6,25
16 Rhisopus microsporus - 0,00 2 2,22 - 0,00
17 Rhisopus arrhizus - 0,00 2 2,22 - 0,00
18 Rhisopus spp. 1 5,88 1 1,11 - 0,00
19 Rhizomucor pusillus - 0,00 1 1,11 - 0,00
20 Lichtheimia corymbifera - 0,00 1 1,11 - 0,00
21 Epidermophyton spp. 1 5,88 - 0,00 - 0,00
22 Geotrichum capitatum 2 11,77 - 0,00 - 0,00
23 Geotrichum candidum - 0,00 1 1,11 0,00
24 Geotrichum clavatum 1 5,88 - 0,00 0,00
25 Trichophyton spp. - 0,00 1 1,11 - 0,00
26 Paecilomyces variotii - 0,00 3 3,33 - 0,00
27 Purpureocillium liliacinum - 0,00 1 1,11 - 0,00
28 Scedosporum apiospermum - 0,00 1 1,11 0,00
29 Scedosporum spp. - 0,00 1 1,11 - 0,00
30 Alternaria alternata - 0,00 - 0,00 1 6,25
31 ?:f:d’d’epe””"'p“a””a" me- 1, 177 |3 3,33 - 0,00
BCEIO 17 100,00 90 100,00 16 100,00
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Mpu aHanu3e npuBefeHHoN B Tabn. 1 uHPopmaumm obpalyaeT Ha ceba BHMMaHUe
npeBanupoBaHue npefcTaButenen popa Fusarium cpegn MMKPOMULET, BblAeNeHHbIX
n3 nepudepunyeckon Kposu (67,78%; 9 n3 17 wrammos — 52,94%) n moum (75,0%; 12 n3
16 wrammoB). [pn 3ToM Heo6xoANMO OTMETUTL MOJTHOE OTCYTCTBME Gy3apuii B COAEPXKM-
MOM [bIXaTeNibHbIX NyTel 1 6uonTtaTax nerkoro. MoXXHO NpeanonoxuTb, UTo y obcneso-
BaHHbIX 1L, Npeobnafano AMcceMrHMPOBaHHOE NopaXeHne Bo3dyamTenamm ¢py3aprosa
MOUYEBbIAENNTENBHON CUCTEMbI U CUCTEMbI KPOBOCHabxeHuA. Cpean $rnameHTO3HbIX
rpnboB, BblAENEHHbIX N3 OPraHoB AbixaTenbHon cuctembl (BAJ1, TB[, 6uonTathl nerko-
ro), Hambonee yacto o6Hapy»kuBanucb acneprunnbl (67,78%; 61 13 90 KynbTyp) C OXuaa-
eMbIM npeBanvpoBaHuem cpean Hux Aspergillus fumigatus (52,46%; 32 13 61 WTamma).
NHPmUmpoBaHHOCTb BO36yauTENAMMN acnepriunnesa bbiia NoATBEPXKAEHa Y YacTu feTen
C COMyTCTBYOWNMU MHOEKLNOHHbIMK 3aboneBaHnAMN Ha GOHe OCHOBHOW OHKOremaTo-
NOrnyeckom NaToNorMm NPy NOMoLLN UMMYHOPEPMEHTHOIO MeToa ANarHocTukmy 6rono-
rMyeckoro Mmapkepa — ranakToMaHHaHa B CbIBOPOTKE KPOBU 1 COAEPKUMOM AiblXaTeNbHbIX
nyTtei. Mnbopmauma, nsnoxeHHas B Tabsn. 1, ykasbiBaeT U Ha 06HapyxeHne Bo3byautenen
TaK Ha3blBaeMblX pefKuX MHBa3VBHbIX FPUOGKOBbIX 3aboneBaHui (by3apuii, MykopomuLerT,
reoTpuxuin) B pasfnyHbIX BUAax nccnefoBaHHoro buomarepmana. C yyetom Hannuus B
LleHTpe 6aHKa BbleNeHHbIX MUKPOMULET 1 BHepeHua B 2017 1. B NpaKTUKy paboTbl Me-
TOfla MacC-CMEeKTPOMETPUM B BapUaHTe MaTPUKC-aCCoOLIMMPOBAHHON la3epHon fetekumun/
NOHU3aLun ¢ 3agepxKoi Bo BpemeHn (MALDI-TOF MS) nopasnstoLlee 601bLINHCTBO fe-
TeKTPOBaHHbIX NIECHEBbIX MMKPOMULET YAanocb peTpocnekTMBHO anddepeHUnpoBaTb
noBuga. Tak, cpeam npeactasuteneit Fusarium 6binu BoianeHbl Fusarium solani, Fusarium
dimerum, Fusarium oxysporum, Fusarium chlamydosporum. Cpean npepctasutenei
cemelctBa Mucoraceae ngeHtnéoumumposanbl Rhizopus arrhizus, Rhizopus microsporus,
Rhizomucor pusillus, Lichtheimia corymbifera. Bo36yauTtenu reoTprxo3a npefcTaBneHbl B
Buae Geotrichum capitatum, Geotrichum candidum n Geotrichum clavatum.

MNpoBeaeHne Knaccmyeckoro MMKPo6bUonornyeckoro noceBa Ha TBEPAbIE U B XKUAKUE
nuTaTenbHble cpefpbl PasfiMyHbIX 06pasLoB 6UONOrMYeckoro matepurana, nosyyYeHHoro
13 NPEenMyLLEeCTBEHHO K/IMHUYECKM 3HauMMbIX TOKYCOB OpraHu3mMa 4YesioBeKa, ABNAeTcA
Ha CEroAHALWHNA AeHb OLHUM K3 TEX OCHOBHbIX MeTOOB N1abopaTOPHON AMarHOCTUKM
WHBa3MBHbIX MMKO30B, YTO NMPUMEHAIOTCA B nabopaTtopuax mepyupexneHnin nHpeKuu-
OHHOro U comatnyeckoro npoduna. Hambonee MHPoOPMaTUBHBIM ABNAETCA BbigeneHne
MUKPOMULIET M3 KPOBM, IMKBOPA U APYrMX G1ONOrnyecknx XmaKocTen, NoyyeHHbIX u3
CTePUNbHbIX NOKYCOB (cofilepKnmoe GPIOLLIHON NOIOCTY, }KUAKOCTb KPYMHbIX CYCTaBOB).
C 37101 Uenbto 3PeKTNBHO MCNONb30BaNNCh aBTOMATU3NPOBAHHbIE CUCTEMbI FeMOKY/b-
TBupoBaHua Tina BACT/ALERT n BACTEC, 6asupytolimeca Ha KOIOpUMETPUYECKON
perucTpaumm U3MeHeHNa OKpacKy CeHCopa WU M3MepeHnsa YpoBHA dnioopecueHLmnn,
perucTpupyembix Npu BblAeNeHN YIIEKNCIOro ra3a B Xofe pocta MIKPodnopbl B COOT-
BeTCTBYIOWMX remodnakoHax. Mpu 3Tom 6onbluoe 3HaUeHNe UMeeT ANNTENIbHOCTb KyJb-
TMBUPOBaHUA GNakoHOB C buonornyecknum matepuanom. C yueTom Hanuuma megsieHHo
pacTywmx BUAOB NNeCcHeBbIX MUKPOMULIET MEPUOA BPeMEHW OT BHeceHMA bromaTtepurana
[0 VHAUKaUUM B reMOKYNbTUBaTOpe pocTa MULennanbHON MMKPOodopbl cCOCTaBnAN Ao
14 cyTok. B cBoto ouepefb 6ronornyeckun matepman n3 6pPOHX0anbBeOIAPHBIX CTPYK-
Typ 1 6UONTATOB NIErKOro, a TakKe M3 MOUYN BHOCWUACA B YalKuy [eTpu unm npobupkn c
TBEPAON NMbo Xnakon nutatenbHom cpefon Cabypo C aHTUONOTUKOM COOTBETCTBEHHO.
Heobxognmo oTmMeTuTb, uto cpepa Cabypo no3sonusna Npy NePBUYHOM NOCEBE NONYYNTb

«JlabopaTopHas anarHocTuka BoctouHas EBpona, 2025, Tom 14, N2 4 565

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




KomnneKkcHbI nogxoa K na6opaTopH0|7| ANarHoCTUKe NHBa3snBHbIX MUKO30B
njecHeBOW 3TMONOTNN y feTel C OHKoremaTonornyeckom natonorven

3bPEeKTUBHBIN POCT NiecHeBbIX MUKpomuLeT. MNpu 3Tom Ana $opmMmpoBaHMA TUMUYHO-
ro pocTa nnecHeson Mnkpodnopsl (B 0cobeHHOCTU NpeacTaButenen poga Aspergillus) n
nocnepyoulen ee ngeHTndMKaumm (Ha OCHOBaHUU BM3yasibHOTO aHanm3a obpasyoLmxca
Npu CNOPOHOLIEHUN KOHUAMI N KOHMAMNANbHBIX CTPYKTYpP) MCNonb3oBanach cpega Yane-
Ka — Jlokca.

C yyeTom Hanmuua NpupopHor Nnbo NprobpeTeHHON Pe3UCTEHTHOCTUM HEKOTOPbIX
BMAOB rprbKoBO MUKPOQNOPbI K OTAENbHbIM BUAaM aHTUMUKOTUKOB B CJlyyae nonyye-
HUA MePBUYHOIO POCTa MUKPOMULET LienecoobpasHo NPOoJoIKUTL (MPY HaNMYUM BO3-
MOXKHOCTW NlabopaTtopun) UX NCCnefoBaHne C Liefiblo NpoBefeHnA poLoBO U BULOBOM
naeHTUdPrKaumn. K coxaneHuio, K HacTosLlemMy BpeMeHU OTCYTCTBYIOT AarHOCTUYECKUe
naHenu, No3BosiALL e NPOBOANTL B aBTOMAaTUUECKOM peXxrMe naeHTUdUKaLmio ninecHe-
BbIX rpM60B NpY NomoLLM MUKpobronormyecknx aHanusatopos Tuna Vitek 2 Compact un
Phoenix. B cBA3M ¢ 3TM Hanbonee JOCTYMHbIM MOAXOAOM K POLOBOI 1 BULOBOW MHAWKA-
unn 1 naeHTdnKaLmMm NnecHeBo MMKpobnopbl ABNAETCA aHaNn3 BHELIHEro BUaa, ycno-
BWI 1 XapaKTepa pocTa rpnboB, a Take NpoBefeHne CBETOBON U JIIOMUHECLIEHTHOW MU-
KPOCKOMWM N30INPOBAHHBIX KOJIOHU MUKPOMULIET Ha CTafMun HayalbHOro CMOpOHOLLe-
HMA NPU POCTe Ha CNeLnanu3npoBaHHbIX arapu3npoBaHHbIX MUTaTeNbHbIX cpefax. Takxe
3bPEeKTUBHO NPUMEHAIOTCA U COBPEMEHHbIe METOAbI MHANKALUN U nAeHTUdUKaL KN BO3-
6ynuTeneil MHBa3MBHbIX NECHEBbIX MUKO30B, 6a3npylowmecsa Ha Macc-CleKTpomMeTpum
CTPYKTYPHbIX KOMMOHEHTOB MUKPOMULIET U Ha JeTekuun cneuymdunyecknx dparmeHTos
OHK rpn6oB. B nepByto ouepeb 3TO OTHOCMTCA K aHann3y 6enKoBbIX CTPYKTYP B BapuaH-
Te MALDI-TOF MS [11]. YKa3aHHbIn MeTOf, NO3BOAIAET NPOBECTUN NCCNIe[OBaHNE N30ANPO-
BaHHbIX rPMOKOBbLIX KOJNIOHUI B TeUEHKE HECKONbKMX MUHYT C yY4ETOM MCMNONb30BaHUA 06-
LIMPHOW HOMEHKATYpbl MUKPOOPraHN3MOB, BXoAALMX B 6a3y AaHHbIX aBTOMaTUYECKMX
Macc-cnekTpomeTtpos Tuna Vitek MS n Bruker. Ha ¢oHe MHTEHCMBHOrO pa3BUTUA U BHe-
OpPeHnA B NpaKTUYecKoe 34paBooXpaHeHne MONEKYNAPHO-OMONOrMYecKmx TeEXHONOrniA B
MUKpoburonornyeckux nabopatopusx Bce LWrpe NPUMEHAETCA UHAMKaUWA Bo30yanTenen
drnameHTO3HbIX FPUOKOBbLIX MHOEKLNI METOLOM NONMMepPa3HoN LenHol peakuun (MLP)
B BapuaHTe TaK Ha3blBaeMoro peanbHoro BpemeHu [12, 13]. Kak npaBuio, ncnonb3ytorca
KOMMepuecKre TecT-CcTeMbl ANA BbIABNEHNA OTAENbHbIX, Hanbonee akTyasbHbIX BUAOB
MukpomuueT poaa Aspergillus. B nocnegHee Bpemsa NpoBogATcA akTUBHblE MCCiefoBa-
HMA B obnactn pa3paboTkm mynbTunpanimepHbix MLP-TexHoNorni, HanpaeneHHbIX Ha
OHOBpPEMEeHHOe BbifBNIeHMe B UcciiefyeMbix 06pasLiax 61uonormyeckoro matepurana cpa-
3y HECKONbKMX MAeCHEeBbIX MUKPOMMULIET, OTHOCALLMXCA K Pa3IMYHbIM TaKCOHOMMNYECKNM
rpynnam. lNpumeHeHne NnogobHOro AMarHOCTUYECKOro NoAxXoAa MO3BOJIAET pPaclMpUTb
[1anasoH BbIABAAEMbIX U naeHTUGMLMpPYyeMbIX BO3OyaMTeneli MMKO30B, a TakKe CBoe-
BPEMEeHHO Ha3HauunTb LiefieHanpaB/ieHHOe NPOTMBOrpUOKOBOE NeyeHre BMECTO SMNUPU-
yecKol aHTUMUKOTMKOTepanuu.

B yactn nHgnkauum n ngeHTrduKaLmm nnecHeBon MMKpodnopbl B HaTMBHOM 6rono-
rmyeckom matepuane npumeHenue MNLP B pexxume peanbHOro BpeMeHu ABNAETCA, HapA-
ay ¢ MALDI-TOF MS, He TonbKo 3pdeKTUBHbBIM, HO 1 MOHOCTbIO 06bEKTUBHBIM METOLOM
OVArHOCTMKM MULenmManbHbIX MHBa3MBHbIX MMKO30B. CnefyeT Take OCTaHOBUTbCA Ha
NCMosb30BaHNM METOAOB onpefeneHnsa YpoBHel G1oNornyeckmx Mapkepos B KauecTse
«HEKYNbTYpanbHOro» Noaxofa K AnarHoCTMKe niecHeBbiX rpubkosbix HbeKkuuin. K Hactos-
LieMy BPeMeHU MMEETCA OMbIT NPaKTUUYECKOro NCMOoNb30BaHKA TeCT-CUCTEM AJ1A BbiABIe-
HVA B KPOBU 1 COAEPKMMOM [bIXaTeNbHOW cucTeMbl cneunduyecknx 6enkos MUKpoMmuet
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B BUJe ranakToMaHHaHa, MaHHaHa u 1-3-6eta-D-rniokaHa [14]. B cnyuae gnarHocTukm 3a-
6oneBaHMI, BbI3BaHHbIX MJIECHEBOW MUKPOGNOPOW, UCMONb3YIOTCA ANArHOCTUKYMbI AN
onpepeneHna ypoBHe ranaktomaHHaHa u 1-3-6eta-D-rniokaHa. K coxaneHuto, faHHble
peareHTbl He MO3BONAIOT JeTEKTNPOBaTb BECb CNeKTP BO3byauTenein niecHeBbIX MAKO30B
(B YaCTHOCTU, MYKOPMMKO30B) 1 B pAfle ClyyaeB AatoT JIOKHOMOOXKUTENbHbIE U JIOXKHO-
oTpuvuaTenbHble pe3ynbraThl (Tabn. 2).

B pamkax BbINOMHEeHUA Hay4YHO-UCCneoBaTesIbcKol paboTbl B LieHTpe Ha ocHoBe 3Ta-
NOHHbBIX HYKNEeOTUAHbIX NocsiefjoBaTeNlbHOCTeNn MUKpomuLeT 13 6a3bl gaHHbIX GenBox
CKOHCTPYyMpOBaHa MynbTUMNpPaiMepHasa TEXHONOIMA BbIABIEHUA MNeCHeBbIX rpnbos, B
OCHOBE KOTOPOW NEXNT NPOBEAEHNE STUOSIOMMYECKOIO aHann3a rpnbKoBbIX MUKPOOopra-
HU3MOB, LIMPKYNPYIOLLMX B KOHKPETHOM cTaunoHape. C yueTom oOHapyXeHHOWM YacToTbl
BblAeNeHnA MULLeTIMapHON MUKPOOMOTHI Y AeTel C MHPEKLNOHHBIMW OCJIOXKHEHUAMM Ha
¢$boHe OCHOBHOI OHKOremMaToNIorMyeckor naTonorny NpoBoanuTca asyxtanHas MLP B pe-
XVMe peanbHOro BpemeHu ¢ NnepBoHavanbHoON feTeKumnen MUKPOMULIET Ha YPOBHe poja
(nnbo cemelicTBa A4nNAa MyKopomuueT) 1 nocnegymouen nx ngeHtndrkaumen Ha ypoBHe
Buga (puc. 1-3).

B KauecTBe nccneyemoro matepuana npu NpoBefeHn MybTUNpaiMepHbIX Mosie-
KYNApHO-reHeTuyecknx nccnegosaHuin metogom MNUP B pexnme peanbHOro BpemeHu
NCMNONb30BaNUCh BblAeNIeHHbIE KyNbTypbl MUKPOMULET U HaTUBHbIN 6UONOrMyecKuin
mMaTtepuan.

OAHVM 13 3HAYMMBbIX 3TaNoB KOMMIEKCHOW TabOpPaTOPHON AMAarHOCTUKN MHBa3UBHbIX
MUWKO30B MieCHeBOW 3TUONOMNN ABAAETCA onpefeNieHe YyBCTBUTENbHOCTM MiIeCHEBbIX

Ta6bnuua 2

OCHOBHbIe BUAAbl MMKPOMMULIET, leTEKTMPYEeMble NPV NOMOLYM onpefesieHnA YpoBHeil 61nosiornyecknx
MapKepoB

Table 2

Main types of micromycetes detected by determining biological markers levels

HanmeHoBaHune

61ONOrNIEckoro mapkepa HanmeHoBaHune AeTeKTupyemMmbiX MUKpoMunueT

FanakTomaHHaH (Galactomannan) Aspergillus spp., Penicillium spp., Geotrichium spp., Fusarium spp.,

Cryptococcus spp.
1-3-6eTa-D-rniokaH Candida spp., Aspergillus spp., Fusarium spp., Trichosporon spp.,
(1-3-betta-D-glucan) Saccharomyces cerevisiae, Pneumocystis jirovechi

Amplification
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Puc. 1. leteKuna nnecHeBbIX MUKpOMULIET
Fig. 1. Species-specific PCR detection of mold fungi
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MUKPOMULIET K NPOTUBOIPMOKOBbLIM NEKAPCTBEHHBIM CPeCTBAaM HAa OCHOBe onpeaene-
HUA MUHUMANbHbIX MHIMOUPYIOLWMX KOHLEHTPauui aHTUMNKoTnkos (MUK). B HacTosALee
Bpema NMWb eAuHNYHble nabopatopuy NPoBOAAT NofobHble nccnenoBaHua B Pecny-
6nuke benapycb. B uactn metogonoruy onpeneneHna Pe3UCTEHTHOCTU MULeNNanbHOM
rpubKoBoW MUKPObNopbl ONTMMasbHbIM AMarHOCTMYECKNM NOAX0AOM (C yyeTom 3aTpat
BPEeMeHW Ha BbIMOJIHEHNE NCCIeoBaHNA 1 MoNyYeHne pesynbTata B BUAe MUHMMaIb-
HOW MHrMOMpyloLen KOHLUEHTPauuM UCMOoMb3yemMoro aHTUMMNKOTMKA) ABNAETCA rpagu-
€HTHO-AMbPY3HbIN MeTof aHanM3a C UCMONb30BaHKEM TecT-Noslocok (Tuna E-tectos)

Amplification
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Puc. 2. BupoBas MNLUP-ugeHTndunkauusa rpn6os popa Aspergillus
Fig. 2. Species-specific PCR identification of fungi of Aspergillus genera
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Puc. 3. BugoBas MNUP-ugeHTndunKayumsa rpu6os popa Fusarium
Fig. 3. Species-specific PCR identification of fungi of Fusarium genera
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C Pa3NYHbIMK KOHLIEHTPALMAMMN NPOTUBOTPUOKOBBIX NTIEKapCTBEHHbIX CPeACTB — B Npe-
UMyLLeCTBEHHOM Agurana3oHe ot 0,002 go 32,0 mkr/mn. OueHKa pe3ynbTaTtoB NPOBOAUTCA
MO HWXKHEMY Kpalo SMUMNCOBUAHON 30HbI 3afiePXKKM POCTa MieCHEBON MUKPOOMOTbI Ha
yawkax MNeTpwn co cpeponn RPMI. Mocnepytowan Bepudukauma yyBCTBUTENbHOCTU NGO
PEe3UCTEHTHOCTM nccneayemMbiX GrnaMeHTO3HbIX MUKPOMULIET BbIMOSHAETCA C NPUMeHe-
HMeM yCTaHOBNEeHHbIX Noka3saTtenen MUK.

C yueTtom yctaHoBneHusa B EUCACT KpuTepues nHtepnpetaumm MUK nuwb gna orpa-
HUYEHHOro pAfa MNecHeBbIX MUKPOMULIET MPOBefdeH aHanu3 pesynbTaToB UcCnefoBa-
HUN AHTUMUKOTMYECKOW aKTUBHOCTW MO3aKoHa3ona, amdoTepuumHa B, BopukoHasona
N UTpPaKoHa3ona B OTHoweHuN 15 BbigeneHHbIX U3 KnmHuyeckoro matepuana (bAJ1, TBJ
1 6ronTaTbl nerknx) wrammos Aspergillus fumigatus. BoiasBneHHble napameTpbl MUK ko-
ne6anucb B gnanasoHe ot 0,002 go 32 mr/n. Hanbonee uyBCTBUTENbHBIMU UCCNIEOBaH-
Hble MUKPOMULIETbI ObINN K MPUMEHEHMIO BOpPMKOHa3ona (86,67%; 13 u3 15 wTammos).
Mpwn 3TOM B OTHOLWIEHUN €AUHNYHBIX aHTUMNKOTUKOPE3UCTEHTHBIX KynbTyp (13,33%; 2 13
15 wrammoB) Aspergillus fumigatus MK BoprkoHasona coctasuna 1,5 Mr/n npu yctaHoB-
neHHoMm pedepeHTHOM nNapametpe 1 mr/n.

B 3AK/TKOYEHNE

ConyTctylowme NUHOGEKUMOHHbIE OCNIOXKHEHUA, Bbi3blBaeMble PasfvyHbIMU BUba-
MU MAECHEBON MUKPOGIOPbI, NMPOAOMKAIOT OCTaBaTbCA OAHOW M3 aKTyaslbHbIX MpPO-
6n1emM B leYeHUN JeTell C OHKoremaTosiornyeckomn natoniorneit. OCHOBHbIM MAECHEBbIM
MaToreHoOM MpY MOPaKEHUWN AblXaTENbHbIX MYTE N OPraHoB AbIXaHWSA ABMATCA BO3-
6yputenu popa Aspergillus n B yactHocTn — Aspergillus fumigatus. imeeT mecTo obHa-
py’eHue Bo3byauTenel Tak Ha3blBaEMbIX PedKMX MUKO30B (py3apuil, MyKopoMMILET,
reoTpUXNIA), XapaKTePU3YIOWNXCA B PALE CNy4YyaeB BblPakEHHOWN arpeccrBHOCTbIO B
nnaHe pasBUTUA KIUHUYECKUX MPOABNEHUA UHBA3MBHbIX MUKO30B M YCTONUYMBOCTBIO K
NPVIMEHEHMIO NPOTUBOrPUOKOBLIX MpenapaToB. dbdeKTNBHOCTL nabopaTopHol Aua-
FHOCTVKM MieCHeBbIX MHBAa3UBHbBIX MUKO30B BO MHOIOM ONpefensieTcd BHEAPEHUEM U
KOMIMJIEKCHbIM MCMOMb30BaHWEM COBPEMEHHbIX ANArHOCTMYECKMX MOAXOAOB B BuUAe
Macc-crnekTpoMeTpuyeckoro aHanusa, MNUP-guarHocTky, onpegeneHns ypoBHei 6mo-
nornyeckux mapkepos. HeobxognMmo NpoBOANUTL MOCTOSIHHBIAE MOHUTOPWHI POJOBOTO U
BMOOBOIO pa3HoObpasna LMpKyMpyioLlel B KOHKPETHOM MeflyupeXKaeHnn rpubkoBon
MuKpodnopbl (B Nepsyio ouyepefb — MNIECHEBOW 3TMONIOTUN) C LIENbI0 CBOEBPEMEHHOTO
NpYoGPeTEHNS N BHEAPEHNA B TaOOPATOPHYI0 NPaKTKY COOTBETCTBYIOLNX HEOOXOAN-
MbIX AVArHOCTUYECKMX TEXHONIOTNIA, METOOB 1 peareHToB.
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Pesiome

BeepeHume. Bupycbl cemerictea Anelloviridae (aHennoBupychbl), K KOTOPOMY OTHOCAT POg,
Alphatorquevirus, cuntaloT ofiHMM M3 OCHOBHbIX KOMMOHEHTOB YesIoBeYeCcKoro Brpoma.
WHTepec K onpefeneHunio BUPYCHOMN Harpy3ku obycniaBvBaeT akTyanbHOCTb pa3paboTku
W CTaHAAPTM3aLUMM KaueCTBEHHbIX Y KONMYECTBEHHbIX METOAOB BbIABIEHUSA.

Llenb. Pa3paboTatb 1 anpobrpoBaTb METOS BbIABNEHNA U KOMMYECTBEHHOIO Onpeaene-
Hua OHK npeacrasutenen poga Alphatorquevirus B 6uonornyeckom matepuasne yenose-
Ka Ha OCHOBe MonumepasHo LIeMHON peakunn C JeTeKumneln B peabHOM BPeMeHWN.
Matepuanbl n metogbl. brionornueckum matepmanom Ana UCCNefoBaHWA CTany nnas-
Ma 1 NerKkouuUTbl KpOBM 92 NpakTMYeCKn 300POBbIX YenoBeK, Nia3Ma 1 NelkouuTbl Kpo-
BM, CJIlOHa U Ha3odapurHreanbHble Ma3ky 28 MayMeHTOB C YCTaHOBNEHHbIM JMAarHO30M
BTOPUYHOIO MMMyHodeduuUTHOro coctoaHuA. Mpu pa3paboTke MoneKkynspHo-reHe-
TUYECKOro MeTOoAa BbIABMEHUA U KonuuyecTBeHHoro onpegenerna [HK Bupycos popga
Alphatorquevirus yenoseka ncrnonb3soaHa TagMan-lLP (nonvmepasHas LenHaa peak-
uuA), npoBefeHa BeprdrKaLmua METOAOM CEKBEHNPOBAHMSA.

PesynbraTtbl. BbinonHeH Am3aiH u nopgobpaHa HykneoTugHasA nocnefoBaTeslbHOCTb
npanmepos 1 TagMan-3oHaa ana sbiasneHusa [HK Bupycos popa Alphatorquevirus no
BbICOKOKOHCEPBATMBHOWM 06/1acT! reHoMa; NogobpaHbl ONTUMaJIbHBIV COCTaB peaKLMOH-
HoW cmecu, nporpamMma amnandukaumm. PaspaboTtaH MoneKynAapHO-reHeTUYeCKnin me-
TOZ BbIAABNEHNA 1 KonnyecTBeHHOro onpeaeneHna IHK supycos poga Alphatorquevirus
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B 6Grionornyeckom matepuasne yenoeka. AHaNUTUYECKan YyBCTBUTENbHOCTb pa3paboTaH-
Horo metofa coctaBunia 500 Konuii/mn, AuarHoCcTnYecKasa YyBCTBUTENbHOCTb —95,7% (95%
W:0,878; 0,991), anarHoctnyeckana cneyndunyHocTb — 83,3% (95% [N: 0,626; 0,953), ana-
rHocTnyeckas 3¢pdekTMBHOCTL — 92,5% (95% [N: 0,851; 0,969), NnpeackasaTenbHasA LieH-
HOCTb NONIOXMTENbHOMO pe3ynbraTa Tecta — 94,3% (95% [W: 0,86; 0,984), oTpruaTenbHOro —
87,0% (95% [W: 0,664; 0,972). AHanuTnyeckaa cneundmnUHOCTb MeTofa onpepesieHa in
silico n cekBeHmpoBaHMeM npoaykToB amnanduKalymm, paclimdpoBaHHble HYKNeoTua-
Hble NOCeaoBaTENbHOCTU AEMNOHMPOBaHbI B reHHbIN 6aHK (GenBank NCBI) nog Homepamu
PV806635.1 - PV806639.1. YTBepxaeHa M3 Pecnybnuku benapycb MHCTpYKUMA NO Npume-
HeHuo pa3paboTaHHOro MeToga uccnefoBaHusa «<MeTog KonmMyecTBEHHOIO onpeaeneHmns
BupycoB TTV B 6bronornueckom matepumane / O.B. OcunkunHa, E.B. Boponaes, A.H. Pbimko,
C.T. Akanosuuy, A.B. Boponaesa, B.M. Munuypa, A.A. KoBaneB. HCTPYKL 1A MO NPUMEHEHWIO
N2 014-0525».

3aknioueHune. B ocHoBe pa3paboTaHHOro MONeKynApHO-reHeTUYeCcKkoro metoga nabopa-
TOPHOW AUArHOCTUKK, NMO3BONAIOLLEro NPOBOANTb KaueCTBEHHOE BbIfIBNIEHNE N KONnye-
cTBeHHyto oueHKy [IHK Bupycos Alphatorquevirus B 6uonornyeckom matepuane yenose-
Ka, NeXxnT npuHumnn mynstnnekcHon MNUP ¢ getekunen B peanbHOM BpeMeHU, UCNONb30-
BaHbl OPUTNHaNbHblE ONIMFOHYKNEOTUAHbIE MPaNMepbl 1 MOIEKYNAPHDBIN 30HA K KOHCep-
BaTMBHOMY pernoHy reHoma BrpycoB poga Alphatorquevirus, nogo6paHbl ONTYManbHbIN
COCTaB peaKkLMOHHOWN CMecK 1 nporpamma amnandukaumm. OnpegeneHbl aHanUTUYecKme
napameTpbl MeTofa U AnarHoCTUYeCKne KpUTeprmn BbINOJTHAEMbIX C €ro UCMOb30BaHNEM
TecToB. MeTog nmeeT NpuemnemMble NOKasaTenr NOBTOPAEMOCTU 1 BOCMPOU3BOANMOCTU.
KnioueBble cnoBa: nabopatopHasa AnarHocTrika, nofmmMmepasHas LenHasa peakumsa, Konu-
yeCTBEHHAA OLEHKa, pa3paboTka MeToha, anpobayma
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Abstract

Introduction. Viruses of the Anelloviridae family (Anelloviruses), which includes the
Alphatorquevirus genus, are considered one of the main components of the human
virome. The interest in determining viral load stipulates the relevance of elaborating and
standardizing both qualitative and quantitative detection methods.

Purpose. To elaborate and test a method for detecting and quantifying DNA of
Alphatorquevirus species in human biological material based on real-time polymerase
chain reaction.

Materials and methods. The biological material for testing was plasma and leukocytes
from 92 apparently healthy individuals, and plasma and leukocytes from the blood, saliva
and nasopharyngeal swabs from 28 patients with established diagnoses of secondary
immunodeficiency. TagMan PCR (polymerase chain reaction) was used to elaborate a
molecular genetic method for detecting and quantifying human Alphatorquevirus DNA,
and verification was performed by sequencing.

Results. The design and nucleotide sequence of primers and TagMan probes for detecting
Alphatorquevirus DNA in a highly conserved region of the genome were completed.
The optimal reaction mixture composition and amplification program were selected.
A molecular genetic method for detecting and quantifying DNA of Alphatorquevirus
genus viruses in human biological material was elaborated. The analytical sensitivity
of the method elaborated was 500 copies/ml, diagnostic sensitivity was 95.7% (95% Cl:
0.878; 0.991), diagnostic specificity was 83.3% (95% Cl: 0.626; 0.953), diagnostic efficiency
was 92.5% (95% Cl: 0.851; 0.969), the predictive value of a positive test result was
94.3% (95% Cl: 0.86; 0.984), and of a negative result was 87.0% (95% Cl: 0.664; 0.972).
The analytical specificity of the method was determined in silico and by sequencing
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the amplification products. The deciphered nucleotide sequences were deposited in the
NCBI GenBank under accession numbers PV806635.1 — PV806639.1. The instructions for
use of the elaborated research method "Method for TTV viruses quantification in biological
material / Osipkina O., Voropaev E., Rymko A, Akalovich S., Voropaeva A., Mitsura V.,
Kovalev A. Instructions for use No. 014-0525" were approved by the Ministry of Health of
the Republic of Belarus.

Conclusion. The elaborated molecular genetic method of laboratory diagnostics,
enabling both qualitative detection and quantification of Alphatorquevirus DNA in
human biological material, is based on the principle of multiplex real-time PCR. Original
oligonucleotide primers and a molecular probe targeting a conserved region of the
Alphatorquevirus genome were used. The optimal reaction mixture composition and
amplification program were selected. The analytical parameters of the method and the
diagnostic criteria for tests performed using the method were determined. The method
demonstrated acceptable repeatability and reproducibility.

Keywords: laboratory diagnostics, polymerase chain reaction, quantification, method
elaboration, testing

B BBEJAEHWE

Bupycbl poga Alphatorquevirus aBnsaTcA Hanbonee YacTo BCTPEYAOLWMMUCS Cpeau
aHEeNIOBMPYCOB, MHOULMPYIOLWNX YENOBEKA; POL BKIIIOYAET HECKONbKO AECATKOB BU-
[OB 1 XapaKTepusyeTcs 6OMbLUIUM FeHeTMYyecknM pasHoobpasuem [1]. MimeHHO K poay
Alphatorquevirus otTHocutcs Bupyc Torque teno virus (TTV), BnepBble BbieneHHbI B 1997 T.
T. Huecupsasa ¢ konneramu [2] y naumeHTa nocne nepennBaHna KpoBu. TakcoHOMMA ce-
mericTa Anelloviridae perynsapHo o6HoBnsieTcA. CornacHo NociefHUM pekoMeHAaunam
MexagyHapoaHoro kommTeta no TakcoHommm Brupycos (ICTV, 2021), Bce Ha3BaHWA BMAOB
BMpycoB odopmnsaioTca B buHoMmmanbHom dopmate. Tak, ceityac sug Alphatorquevirus
homin1 cooTBeTcTBYET TpaguunoHHoMy Bupycy TTV1, KOoTopblii ynoMUHaeTcs B 60sb-
LUMHCTBE NY6AMKaLniA 1 AUArHOCTMYECKNX peKkoMeHaaumax [3, 4].

MpeacTtaButenn poga Alphatorquevirus noBcemMecTHO PacNpPOCTPAHEHbI, COCTABAAIT
97% BCex aHennoBUPYCOB 1 GOPMUPYIOT 3HaUKTENbHYO Aot (68%) BUpoma Kposu [1],
MOryT 6bITb 06Hapy»xeHbl y 90% 380poBbIX ftofel [5], a nHGMUMPOBaHHOCTbL CPeaU AOHO-
poB KpoBu gocturaeT 100% [6]. CumtaeTcs, uto BUpYchl pofda Alphatorquevirus Bbi3biBatoT
XPOHUYeCKyto nHbeKUno 6e3 yCTaHOBNEHHOMO 3ab0eBaHMA UK KIMHUYECKUX NPOAB-
NEHWI, @ KOHLEHTPALMA 3TUX BUPYCOB B Mila3Me KPOBU pacCMaTpmBaeTCA Kak NoOTeHUu-
anbHbIN MHANKATOP COCTOSHUS MMMYHHOW CUCTEMbI M MOXET CMOb30BaTbCA, B YaCTHO-
CTW, ANA NPOrHO3MPOBAHMSA PUCKa MHOULMPOBAHUSA 1 OTTOPXKEHUA TPAHCNIAHTaTa nocne
nepecagkmn conupHelx opraHoB [1]. [o3Tomy B CBA3M C LUMPOKOWN PacnpoCTPaHEHHOCTbIO
BMpYycoB pofa Alphatorquevirus ArarHOCTUUYECKOe 3HaYeHME UMEET NPEXe BCEro UX Ko-
NMYeCcTBEHHasA, a He KaueCTBEHHasA OLeHKa.

O6HapyxeHune BupycoB popa Alphatorquevirus ocylecTBnfeTcs ¢ NOMOLLbIO MO-
NEKYNAPHO-TEHETUYECKMX METOLOB (M3-3a OTCYTCTBUA KNETOYHbIX KYyNbTyp): CTaHZapT-
Hasa MUP, BnoxeHHas [LP (nested-PCR), MNUP B peanbHom BpemeHu (real-time PCR),
undposas KanenbHas MNUP, cekBeHMpoBaHMe, B TOM UYMCIIe BbICOKOMPOW3BOANTENIbHOE.
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MpeanprHMMaloTCA NOMbITKA pa3paboTaTb TeCTbl HA OCHOBE UMMYHODEPMEHTHOTO aHa-
nu3a (MOA) ona BolABAEHUA aHTUTEN, cneundunuHbIX K 6enkam BuproHa Alphatorquevirus,
HO MOKa TaKue TeCTbl He NOJTYUNIN LIMPOKOTO pacnpocTpaHeHus n3-3a cnabon koppens-
LUKn MexKay Cepono3nTUBHOCTbIO U BUPYCHOW Harpy3skom [1].

B TeueHne MHormx neT Ans BbiABNeHUA BUpYcoB cemeiictea Anelloviridae n oueHKun nx
KoSIMyecTBa UcciefoBaTeNiv UCMonb3oBanm pa3paboTaHHble MMu cobcTBeHHble (in-house)
TecT-cuctembl [7], paboTbl B 3TOM HanpasneHun BedyTtca u B Pecnybnuke benapyco [8].
B nocnegHwue rogbl 6b1n pa3paboTtaH 1 cepTdULUPOBaH ANA KIMHUYECKOTo NPUMeHeHNA
kKommepueckunii Habop TTV R-GENE (IVDR - for in vitro diagnostic use, ana gmarHoctukm
in vitro) (BioMerieux, ®paHuus). [laHHbI Habop TeCTUPOBaNN BO MHOTMX UCCNIEOBaHUAX
na cpaBHeHusA ¢ in-house TecT-cnuctemamu [9, 10]. Takke NpoBeieHO MyIbTULEHTPOBOE
nccnepgoBaHue ¢ yyactrem 13 nabopaTtopuii, NoKasaBluee BbICOKYO TOYHOCTb O6Hapy-
XeHua n KonmyecteeHHon oueHku [IHK Bupycos poaa Alphatorquevirus [11]. OgHako B
Pecny6nuke benapycb B HacToslee Bpema OTCYTCTBYIOT 3aperncTpupoBaHHble Habopbl
peareHTOB AN NpoBeAeHNA AaHHbIX aHaNIN30B.

Mpwu pa3paboTke KONUUECTBEHHbIX METOAOB ONpefeNieHNA HYKNENHOBBIX KUCIOT HYX-
HO yuuTbIBaTb pAg TpeboBaHWIA, TaKUX Kak BbI6op bronornyeckoro matepuana, ero otbop
N XpaHeHNe, BbiieNieHne HyKIIeMHOBbIX KAC/OT, Noabop npanmepos, 30HAOB, KOHTPONEeN
n Kanubpatopos, ycnosua nposegeHus MNUP, onpepenerne sddeKkTMBHOCTM aHanu3a
(3ddeKkTnBHOCTD peakumn amnandunkauum, npegen obHapyeHua n ap.), onpeaeneHne
AMarHocTMyecknx nokasatenen [12]. MNpu nogbope npanmepoB ana BbiasneHma OHK
Alphatorquevirus Heo6Xxo4MMO yuecTb OCHOBHble TpeboBaHUA K Nx An3aiiHy [13], a Takxe
CTPYKTYpY FeHOMa, BK/loUaloLlero Kak BapuabesnbHble, Tak U KOHCepBATMBHbIE YUYaCTKK,
UTO CyLLECTBEHHO BNMAeT Ha 3¢ deKkTMBHOCTL AeTekumn [1]. NMommmo BbiGopa onTmanb-
HbIX MpaiMepoB, Gonblloe 3HaYeHne ANA XapakTePUCTUKN MeTofa AeTeKkunu BUpYCoB
UMeIOT ero aHanuThyYecKue napameTpbl, Takue Kak npegen obHapy»eHus (LOD - Limit of
Detection) n npegen konnuyectseHHoro onpegenerHns (LOQ - Limit of Quantitation). MNog
npegenom obHapy»KeHUA MOHUMAIOT HaMMeHbLUee KOIMYECTBO aHannTa, KOTOpoe MOXHO
BbIAIBUTb C YPOBHEM OCTOBEPHOCTU 95% 6€3 TOUHOro KONMYECTBEHHOrO onpeaeneHns
[12]. AHaNUTUYECKyIo YyBCTBUTENBHOCTb METOa OLIEHMBAIOT C MOMOLLIbIO CepuM pa3Bese-
Hui [14]. Mpenenom KonuyecTBEHHOTO onpefeneHns ABNAETCA HaMMeHbLUee KONMYecTBO
n3mepaemMon BennurHbl B 06pasLe, KoTopoe MOXeT ObiTb KONMYeCTBEHHO onpefeneHo
C yKa3aHHOW NpuemMnemon TOYHOCTbIO MPU YKa3aHHbIX 3KCNepUMEHTaNbHbIX YCIOBUAX
[15]. LOQ onpepensT Kak MAHUMAJIbHYIO KOHLEHTPaLMIO, NPU KOTOPON KO3bduLMeHT
Bapuaumm (CV) gponxeH 6biTb <35% OT pacCUMTaHHbIX paHee KOHUeHTpauui [15]. B Taknx
cnyvasx, ecnn KoaddburumneHT Bapraumm NpeBbilaeT yCTaHOBAEHHbIM nopor (35%) npu
onpepeneHHOM LiefIeBOM KOJIMUECTBE, 3aTeM CHUXKAETCA HUXKe Nopora Npu MeHbLIem Ko-
nuyecTBe, a 3aTeM CHOBa yBenunumaaetca, 3a LOQ cnegyet npuHnMaTh HauMeHbLLee Liene-
BOE 3HaueHue, npu kotTopom CV He NpeBbILWaeT yCTaHOBMIEHHbIN Nopor. Takue KonebaHuA
06ycnoBneHbl HETOYHOCTbIO pPacyeTHbIX KO3GOULIMEHTOB BapMaLmK, Kak NpaBuo, ns-3a
C/IMLIKOM Masioro Konnyectsa NOBTOPOB Npy NOCTaHOBKe TecToB [15].

Mopa npeum3noHHocTbio, cornacHo FOCT P NCO 5725-1-2002, noHMMAtOT cTeneHb 6nu-
30CTU APYr K ApYry HE3aBNCUMMbIX pe3ynbTaToB M3MEPEHMI, NOSTyUEHHbIX B KOHKPETHbIX
pernameHTUPOBaHHbIX YCIOBUAX. [TOBTOPAEMOCTb (CXOAUMOCTb) — OLleHKa pe3ynbTaTos,
NOMyYeHHbIX C MOMOLLbIO OHOMO 1 TOTO »Ke METOAa OHMM 1 TEM >Ke OrnepaTopOM B OLHOMN
1 Tol xe nabopaTtopuu C TeM ke 060pyLoBaHMEM Ha OAHNUX U Tex »e obpa3uax (ycnosus
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nostopsaemocTtu) [16]. Bocnpon3BogumocTb oLeHUBAlOT NO pesynbraTam, NonyyeHHbIM
OOHVIM U TeM e MeTOLOM Ha MAEHTMYHbIX 0O6beKTax B pa3Hbix nabopatopmax C UCNonb-
30BaHMeM pasnuyHoro obopynosaHus [16].

CnepyeT OTMETUTb, YTO OCHOBHbIMU NapameTpaMmn BanngaLMlOHHOW OLEeHKIN NPy Hayu-
HbIX UCCNefoBaHUAX, KOTOPble XapaKTepu3yTCA HU3KOW MPOMYCKHOW CMOCOBHOCTbIO U
MHOeCTBOM Pa3fIYHbIX TUNOB 06Pa3LOB, ABMAIOTCA aHaIUTUYECKan YyBCTBUTENbHOCTb
n cneunduyHocTb [12].

HecmoTpsa Ha HeocnabeBawluin MHTepec wuccnegoBaTener K BUpycam pPoAa
Alphatorquevirus 1 gpyrum aHennoBmpycam ¢ MOMeHTa UX OTKPbITWA, MHOTe BOMPOChI
Nno-npeXHemMy He peLleHbl, @ POfb laHHbIX BUPYCOB B 3J0POBbe YenoBeKa OCTaeTcA He-
ACHON. ECTb MHeHNe, UTO Henb3A UCKYaTb NAaTOreHHOCTb OTAENbHbLIX NpeacTaBuTenei
cemerictBa Anelloviridae, KOTOpylo CNOXHO 3amMeTUTb M3-3a NpeobnagaHUA HenaToreH-
Hbix popm [17]. Boicokasa npefcTaBneHHOCTb BUpYcoB poga Alphatorquevirus B Bupome
yesioBeKa, LUIMPOKOe pacnpoCcTpaHeHne, Be3[EeCyLHOCTb U MHOXECTBO HepeLLEHHbIX BO-
npocoB 0bycnaBnMBalT HermpeKpallawoLmeca NcCnefoBaHus, B TOM Yncie 1 B obnactu
nabopaTopHOW AMAarHOCTMKM JaHHOTO BUpyca. BoamoxHo, 6yayT pa3paboTaHbl gnarHo-
CTUYECKUE CUCTEMBI, KOTOPbIE NMO3BOMAT HE TONbKO OOHAPYKMBaTb U KONMYECTBEHHO OLle-
HMBaTb BECb CNEKTP reHeTnYeckoro pasHoobpasma Bupycos poaa Alphatorquevirus, Ho u
naeHTUPNLMPOBaTb KOHKPETHbIE IPYNMbl U FreHOTUNMbI.

B LIEJTb NCCJIEOOBAHUA

PaspaboTaTb 1 anpobuposaTb MeTOA BbIABNEHNA U KONIMUYECTBEHHOIO onpeaesneHns
IHK npeactaButenein poga Alphatorquevirus B 6uonornyeckom matepuase Yenoseka Ha
OCHOBe NONMMEpPa3HO LieNnHOM peakLum ¢ eTekuren B peasibHOM BpeMEHM.

B MATEPWAJIbl U METObI

WccnepoBaHua npoBoaunuch Ha 6a3e HayuyHo-uccnepoBaTenbCcKkon nabopaTtopuu
(HWUI) yupexpeHna obpa3oBaHua «[OMeNbCKUA FOCYAAPCTBEHHbIA MeQULMHCKUA YHU-
BepcuteT». [inA pa3paboTkm 1 anpobaymm Metofa NCNonb3oBany G1uonornyecknii Mate-
puvan 300p0oBbIX 4OOPOBONbLEB (Na3Ma 1 nenkoumnTapHaa ¢pakuma Kposu) (N=92, 16
(17,4%) my>kunH, 76 (82,6%) XeHLMH, cpeaHuii Bo3pacT — 39 net (+/-12,44) [21,00; 64,00]),
M NayMeHTOB C YCTaHOBIEHHbIM JMarHO30M BTOPUYHOIO MMMYHOAedULUTHOTO COCToA-
HUA Ha $OHe OCHOBHOrO 3aboneBaHnA (MNama U NenkounTapHas ¢pakumMa KpoBu, CIito-
Ha, HazodapuHreanbHble Ma3kn) (N=28, 12 (42,9%) myxuuH, 16 (57,1%) »eHLWUH, cpea-
HWI Bo3pacT — 59,82 roga (+/-18,50) [19,00; 87,00]). YyacTHUKK nccnegoBaHua (Kutenm
r. fomena n fomenbckol ob6nactu) 661 NPOUHPOPMUMPOBAHBI O LENAX U NIaHUpPyeMbIX
npouenypax, oT BCex NnonyyeHo nMcbMeHHoe nHGOPM1POBaHHOe cornacue.

MNpwu pa3paboTke meToAa BbIABIEHUA 1 KonuyecTBeHHOro onpegeneHva JHK Bupycos
poga Alphatorquevirus uenoBeka ncnonb3osanu TagMan-TLP, ocHoBaHHyl0 Ha nNpume-
HeHun nyopecLeHTHO-MeUeHbIX FMAPONM3YeMbIX OIMFOHYKNEOTUAHbIX 30HAOB (MPob)
N 5'-3K30HYyK/ea3Hon akTMBHOCTU nonvmepasbl [18, c. 42]. BoiaBneHne n onpegeneHune
konunuectea [JHK Alphatorquevirus Bkntoyano gea 3tana: BolgeneHve HK 13 obpasuyos
6uonornueckoro mateprana u mynbtunnekcHas MUP. BoigeneHne HyKNnenHoOBbIX KMCNOT
13 obpasuoB 6MoNOrMYecKoro maTepurana NPoOBOAWIN C UCMONb30BaHNEM Habopa pea-
reHToB «PUBO-npen» («kAmnnuceHc» OBYH LUHUW anngemmnonornm PocnoTtpebHaasopa,
P®) cornacHo MHCTPYKLUK Npon3BOAUTENs.
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[un3aiH npalimepoB 1 30HAOB MPOBOAMAN C UCMOSIb30BaHNEM MpPOrpaMm AnA nog-
6opa 1 aHanm3a ONNroHyKNeoTUAHbIX NpaiMepoB Primer-BLAST (https://www.ncbi.nim.
nih.gov/tools/primer-blast/) n Primer3Plus (https://www.primer3plus.com/index.html).
C uenbio obecneyeHNA BbICOKOW YyBCTBUTENIBHOCTU 1 CnelndUYHOCTM TecTa Npu Makcu-
MaslbHOM OXBaTe BapMaHTOB BMpYCa B KauecTBe MULLEHW BbiOpaH KOHCEPBATVBHbIN pe-
rMoH reHoma Bupycos poga Alphatorquevirus. 1na ero ngeHTudéukauum 6oy ncnonb-
30BaHbl HYKNeoTMAHbIE NOC/IeJOBaTENbHOCTY BCEX NpefcTaBUTeNen poaa, UMeLUXcs B
6a3e faHHbIX reHoMOoB HaumnoHanbHOro ueHTpa buotexHonormyeckon nHeopmaymm CLIA
(NCBI)  (https://www.ncbi.nlm.nih.gov/datasets/genome/?taxon=687331), npoBeaeHO
obbefHeHNe NocneaoBaTenbHOCTeN B MHOroMepHbli FASTA-dainn 1 MHoOXeCcTBEHHOE
BblpaBHMBaHWe NpY NOMOLLM OHMNalH-pecypca ¢ anroputmom Muscle: https://www.ebi.
ac.uk/jdispatcher/msa/muscle.

CvHTe3 nNpaimepoB, 30HA0B, BHYTPEHHEro KOHTPonbHOro obpasua (BKO) n ctaHaap-
ToB ocyulecteneH B OO0 «ApTbroTex» (Pecnybnuka benapyco). Ana nposegeHus MNUP nc-
nonb3oBaHbl peareHTbl NpoussogcTea OO0 «ApTbroTex» (Pecnybnuka benapycsb).

Ontumwunsauus MNUP skniovana nog6bop KOMMNOHEHTOB PeakLMOHHON CMecK 1 Napame-
TPOB TEPMOLMKIMPOBaHMA (TeMNepaTypHbI NPodunb U ANUTENIbHOCTb KaXAoro 3Tana
uukna). Mpw BbiasneHun JHK supycos poaa Alphatorquevirus B nekoLmTax KpoBu, Ha3o-
dapurHreanbHbIX Ma3Kax B KauecTBe SHLOreHHOro BHYTPEHHEro KOHTPOMA NCNob30BaHa
OfHOBpeMeHHasa aMmninduKaLmsa KOHCepBaTUBHOrO yyacTka reHoMa Alphatorquevirus n
yyacTka [3-rno6uHoBoro reHa yenoseka. B MLP-cmech Bkntouanu npaimepsl n TagMan-
3oHabl anAa BbianeHua JHK Bupycos popa Alphatorquevirus u B-rmobuHoBoro reHa
yenoBekKa (B-rno6GVHOBLIN reH JOMKEH NPUCYTCTBOBaTb B 0OpasLe B KONMYECTBE, SKBU-
BaJIEHTHOM KONMYeCTBY KneToK, — 103-10° reHom-3KkBMBaneHToB). [Mpun BbiaBneHun OHK
BMpycoB poga Alphatorquevirus B nnasme KpoBu 1 CIIIOHE BblAeNIeHNe HyKNeNHOBbIX KNC-
NnoT 13 Kaxgoro obpasua bromateprana NpoOBOAUAN B NPUCYTCTBUM 3K30reHHoro BKO.
B ML P-cmecb BkAtouanu npanmepsbl 1 TagMan-3oHabl Ana BoiasneHna JHK Bupycos poga
Alphatorquevirus n ana soiasnexnsa JHK BKO. B kaxgayto noctaHoBky lNLP Bkntoyanu aHa-
nusnpyemble 06pasubl, KanMbpaTopbl U OTPULIATENbHBIN KOHTPONbHBIM 06pa3el. B kKaue-
CTBe OTpuLaTeNIbHOro KOHTPOsIbHOro obpasua ncnonb3osanu 6ydep Ana anouny, He co-
nepxawuin uenesble HK v npoxoanBLlumniA BCce CTagumn NpobonoaroToBKM.

MNpoBepeHne peakuun amnandmkaumm, aHanmu3 1 yyeT pesynbTaToB OCYLLECTBAANM
npu nomowm amnnndukatopa Rotor-Gene Q (QIAGEN, lepmaHus). NMogobpaHa nporpam-
Ma amnnnoukaumm: geHatypauma 1 ymkn - 95 °C, 15 muH; 45 umknos (95 °C-5¢,63°C-10¢,
67 °C — 10 c), kaHanbl pgetekunn HEX/Yellow (OHK Bupycos popa Alphatorquevirus)
n FAM/Green (OHK B-rno6uHa, JHK BKO). MonyyeHHble faHHble aHanu3mMpoBanu ¢ NOMo-
b0 NPOrpaMmMHOro obecneyeHns NCNONb3yeMoro aMnandrkaTopa, HaCTPOWMKK yCTaHaB-
NNBanNM B COOTBETCTBMUN C MHCTPYKUMEN K Hemy. [1na cTaHOapToB (KanvbpatopoB) geTek-
TUPOBANNCb XapaKTepHble KUHETUYECKNe KPMBble MO KaxKaomy 13 KaHanos (FAM/Green u
HEX/Yellow). laHHble cuntanu BanuaHbIMK1, eciv 6binm nonyyeHbl NpaBuiibHble pe3ynbTaThl
ons cTaHgapToB (kanubpatopos), BKO 1 oTpuuaTtenbHoro obpasua. [na nocTpoeHus Kanm-
6poBOYHON NpAMON B peakumio 406aBNANM CTaHAaPTHbIE PacTBOPbI KannbpaTopos C n3-
BECTHbIMW MOKa3aTeNAMn KoHueHTpauuu. Mocne focTvXeHWsa oNTUManbHbIX NapameTpoB
amnndrKaumm (HaknoH, 3GdeKTUBHOCTb, KO3GGULMEHT kKoppensauumn R?) nonyyeHHble Ko-
nunyecTBeHHble nokasatenu (konum HK Bupycos poga Alphatorquevirus, B-rno6uHa yeno-
BeKa 1 BKO) ncnonb3osanu ansa pacueta BUPYCHOW Harpy3ku B Grionoruyecknx obpasuax.
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[nAa KonnyecTBeHHON OLIEHKN BUPYCHOW Harpy3km B niasme KpoBu 1 CNIOHE UCMONb-
30Banncb 3HaueHMA Konnuectsa konui JHK Bupycos poga Alphatorquevirus Ha munnu-
nmTp (konuw/mn) n nx norapudmuyeckoe npeobpasosaHme (log10 konuin/mn), paccum-
TaHHbIe C MOMOLLbIO NPOrpaMmMHOro obecneyeHna amnnndunkaTopa.

[nAa KonuyecTBEHHOWN OLEHKM BUPYCHOM Harpy3Kku B KreTkax KpoBu, HazodapuHre-
anbHbIX Ma3Kax NPOBOAWAN pPacyeT BUPYCHOWN Harpysku no ¢opmyne, KotTopas LWMPOKO
ncnosnb3yeTca Npu KonnyectseHHol oleHke [HK Bupycos B npobax JHK npwv BbigeneHmm
ToTanbHom [JHK 13 uenbHom KpoBu, NenkounToB Kposu, bruontatoB. KoadduumeHT nepe-
cyeta: 10° KneTok = 2x10° reHOMOB YenoBeka.

®opmyna ana pacyeTa BUpYcHon Harpy3ku Alphatorquevirus B KneTkax KpoBu, Ha3o-
dapurHreanbHbIX Ma3Kax:

log10 konun OHK Alphatorquevirus / 10° kneTok =
uncno konui OHK Alphatorquevirus B MNLP npo6e

X 2x10°
yncno konui JHK 3-rno6uHa B MNUP npo6e

=log10

AHanuTnyeckas cneyndmnUHOCTb paspaboTaHHbIX ONUIOHYKNEOTMAOB U 30HAOB onpe-
peneHa in silico c nomouybto nporpammHoro npunoxeHus Nucleotide BLAST (https://blast.
ncbi.nlm.nih.gov/Blast.cgi), a TakXe npu nccnefoBaHWUM KNIMHUYECKOro MaTepuana ¢ no-
cnefyloWUM NOATBEPXKAEHNEM pe3ynbTaTa CEKBEHUMPOBaHMEM NPOAYKTOB amnanduka-
unn. CekBeHpoBaHMe nposeaeHo no metogy CaHrepa (Metof obpbiBa Lienu) ¢ UCnonb-
30BaHveM npubopa «HaHodop-05» (PD).

AHannTUYecKyto 4yBCTBUTENbHOCTb MeToAa OLieHBaM C UICNOMb30BaHMEM Cepum No-
cnenoBaTeNbHbIX Pa3BeaeHuin NoNOXUTENbHOTO KOHTPobHoro obpasua (K1, 10° konuii/mn
OHK TTV). Bbinn npoTecTMpoBaHbl KOHUEeHTpaumu, cogepxatwme 500, 250 1 125 konun/mn,
KaxJaa B LIeCTVM nosTopax. HammeHbluee pa3BefeHWe C MoKasaTenem obHapyXeHus
6/6 6bIN10 onpefeneHo Kak Npeaen obHapyxeHus [14]. Npeaen KonnyecTBeHHOro onpe-
OeneHna paccymTaH no pekomeHgaumam gna nccnefoBaHUM ¢ ManbiM YMC/IOM MOBTO-
pos [15].

OueHka NOBTOPAEMOCTU 1 BOCMPOU3BOAMMOCTY NpoBefeHa B cooteetctaum ¢ MOCT
P NCO 5725-6-2002 [19]. NMoBTOpAemocTb oueHeHa Ha 6a3e HUJ1 YO «fomenbckuin rocy-
LApCTBEHHbIN MeAVNUUHCKUA YHUBEPCUTET» MPW NPOBEAEHWMU aHanu3a CTaHAapTHOro
o6pa3sLa B A4eBATU NOBTOPHOCTAX. 3HaUeHMe CTaHAAPTHOrO OTKIOHEHWNS MOBTOPAEMOCTH
(Sr) cocTasuno 0,0406 (log10 konwuin B mn), koadduumeHT Baprauun (CV) - 0,82%, npeaen
nosTopaemocTy (r) — 0,1138 (log10 Konwuii B Mn). Bocnpon3BogMMocTb OLeHeHa npu Npo-
BeeHUM aHanm3a 21 obpa3sua bruonornyeckoro matepuana Ha 6ase HAJ YO «fomenbckunin
rocyfiapCTBEHHbIN MeAULMHCKUI YHUBEPCUTET» U nabopaToprm BUPYCONOrMYeCcKUX nc-
cnepoBaHuin, guarHoctukm BUY/CMNL n ocobo onacHbix nHdekumin IN'Y «fomenbckuin 06-
NACTHOW LEHTP rUrMeHbl, SNNAEMNUOIOrN N 06LEeCTBEHHOIO 340POBbA».

JmarHoctmyeckyto HafeKHOCTb JlabopaTOpPHOro TecTa OLeHMBanuM No pekomeHo-
BaHHbIM KPUTEPUAM: MAarHOCTMYECKasa YyBCTBUTENbHOCTb, ANarHocTnyeckas cneundumy-
HOCTb, ANarHocTMyeckan 3¢pPeKTMBHOCTb, MpeAcKasaTesbHas LEHHOCTb NOJIOKNUTENbHO-
ro (MNU+) n otpruatenbHoro pesynbraTtos TecTa (MLU-) [20, c. 124]. OueHKa gnarHocTuYe-
cKol nHbopmaTMBHOCTM NabopaTopHoro Tecta 6a3upyeTcsa Ha NpeaBapUTENbHOM TOY-
HOM YCTaHOBNEHUW narHo3a 3abonieBaHUA C NCMNONb30BaHMEM PEHTIEeHONOrMYecKoro,
YNbTPa3ByKOBOro 1 ApYrnx BUAoB nccnegosaHun [20, c. 124], ogHako B AaHHOM cilyvae

578 "Laboratory Diagnostics Eastern Europe", 2025, volume 14, No. 4

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




KnuHunyeckas mukpobuonorus / HoBble TexHoMorum B nabopatopHoii MeguuuHe P,
Clinical Microbiology / New Technologies in Laboratory Medicine <3

TaKoW NoJXo[ HEBO3MOXEH, Tak Kak B HacTosllee BpeMa CUMTAeTCA, YTO BUPYChl poja
Alphatorquevirus ABnATCA NAHTPOMNHLIMW U MOBCEMECTHO PACNPOCTPAHEHDI, a UX NaTo-
reHHOCTb B OTHOLLUEHUW YeNioBeKa He noaTteeprkaeHa [1]. na pacyeTta AnMarHoCTMYeCcKmx
XapaKTePUCTUK MOXHO MCMONIb30BaTb CPaBHEHVe pe3ynbTaToB MHAEKCHOro TecTa C pe-
3ynbTaTaMm Hauydllero B HacTosLlee BpeMs W BNOMHe JOCTYMHOro TecTa, Ha3blBaeMo-
ro 3TafNOHHbIM CTAHAAPTOM. DTA/IOHHbIM CTAHZAPTOM MOXET ObITb «30/10TON CTAHZAPT» C
UyBCTBUTENbHOCTbIO U cneundryHoCcTbio, paBHbiMK 100% [21]. MNockonbKy B Pecnybnuke
Benapycb B HacToslllee BpemAa OTCYTCTBYIOT 3apermcTpupoBaHHble Habopbl peareHToB
ONA BblABNEHUs U KOMMYECTBEHHOW OLIEHKW npepcTaBmTenen poga Alphatorquevirus,
MOXHO cZienaTb BblBOJ 00 OTCYTCTBUM TeCTa, KOTOPbIA AOMYCTUMO Ha3BaTb «30JI0TbIM
cTaHaapTom». CyLlecTBYIOT MeTOAbI, pa3paboTaHHble U UCMOb3yemble ANA OLEHKU auna-
FHOCTUYECKON TOUHOCTW TECTOB B Cyyasx, Korga «30/10TON CTaHAAPT» OTCYTCTBYET UK
HegocTyneH [21]. Hanpumep, NpYMeHAT MeTof MNOCTPOEHMA COCTaBHOrO 3TaloHHOro
CTaHAapTa. ITOT MeTo 06beAuHAET pe3ynbTaTbl HECKONbKMX HECOBEPLUEHHbIX TECTOB (3a
NCKNIOYEHNEM NHLEKCHOTO TeCTa) C 3apaHee 3afaHHbIM NPaBUIOM AJ1A NOCTPOEHUA 3Ta-
NOHHOrO CTaHZapTa, UCMONb3yeMOoro AA OLEeHKM NHAEeKCHoro TecTa [21]. O6ocHOoBaHMEM
[NA TaKoro BrAa CPaBHEHUA B BbINOAHEHHOM UCCNEA0BaHUN NOCAYXUN TakxKe ony6nu-
KOBaHHble paboTbl, B KOTOPbIX BBUAY BbICOKOTO pa3HOO6pa3una reHeTYeCckom nocnefoBa-
TeNIbHOCTY BMpYCa ANA AeTeKLUN BCero CnekTpa CywwecTByLWMX reHOTUMNOB B nNpegenax
popa Alphatorquevirus npepgnaraeTcs UCNONb30BaTb HECKONIbKO HaboOpPOB NpalriMepos
[22]. InA nOCTPOEHMA COCTaBHOIO 3TaJIOHHOTO CTaHAapTa 6binn 06befHeHbl pe3ynbraTbl
HeCKONbKMX TeCcTOB BbiABNeHNA TTV (3a ncknoyeHnem paspaboTaHHOro metoga), nony-
YeHHbIX NPY NPOBeAEHHbIX paHee nccnefoBaHmAxX [23]: ¢ noMolLLbio HabopoB NpariMepos
[NA BbIABNEHMWA NO KoAupyoLlwemMy 1 KOHCepBaTUBHOMY PerrMoHaM 1 KOMMepPUYeCcKoro Ha-
6opa peareHToB «[MOJIUTEM-TTV» (OO0 «HayuyHo-npounssogcTBeHHas rpma JINTEX», PO).
C ncnonb3oBaHMEM YKa3aHHbIX BapMaHTOB TEXHONOMMMN MUCCefoBaHmA Bbifo oLeHeHo
BbiABneHne JHK TTV B ogHOW 13 LieneBbIX Fpynn nauneHToB (340poBble JO6POBOSIbLbI).
[lnA pacueTa KpUTepmes ANArHOCTUYECKON HAAEXHOCTN NCMOSb30BaHbI LWMPOKO U3BECT-
Hble dopmynbl [20, c. 125].

BbisBneHue Alphatorquevirus-cneynduueckux nmmyHornobynnHos (TTV-IgG wu
TTV-IgM) B nna3me KpoBu 300poBbix fobpoBonbLeB ocylwecTenanm metogom NOA ¢ uc-
nonb3oBaHMemM HabopoB peareHToB Qualitative Human Transfusion Transmitted Virus
Antibody IgG (TTV-IgG) Elisa Kit MyBioSource.com u Qualitative Human Transfusion
Transmitted Virus Antibody IgM (TTV-IgM) Elisa Kit MyBioSource.com, npegHa3HauyeHHbIX
ONA UCCnefoBaHWUi, He ANA AMAarHOCTUKW, MHTEpPRpeTaumna pe3ynbTaToB COMIAcHO WH-
CTPYKLMM NPOU3BOAMUTENS.

CTaTUCTNYECKI aHaNM3 AaHHbIX BbIMOMHANCA C NOMOLLbIO A3blKa NPOrpaMMmMpoBa-
HuA R (Bepcua 4.5.0), c npumeHeHneM 6ubnuoteku tidyverse (Bepcua 2.0.0), ggstatsplot
(Bepcma 0.12.1), rstatix (0.7.2), cutpointr (1.1.2), caret (6.0.94), pROC (1.18.4). OnucaHwne
KOMIMYECTBEHHbIX MPU3HAKOB NPeACTaB/ieHO B BUAE CpeAHero 3HaueHusA U CTaHAapTHOro
oTKnoHeHua (Mean (SD)), MMHUMYMa 1 MaKcMMyMa — AfiA OLEeHKM Anana3oHa pasbpoca
3HauyeHunn nokasartena (Min; Max). [InAa npoBepKn COOTBETCTBUA pacnpefeneHnsa Konm-
YeCcTBEHHbIX laHHbIX HOPMaNbHOMY pacnpefenieHnto NpumMmeHanca Kputepun LWanupo —
Yunka (W). lnsa oueHKN NOBTOPAEMOCTM UCMOJIb30BaHbl 3HAYEHWUA CTAaHJAPTHOMO OTKIO-
HEHWA NOBTOPAEMOCTH (Sr), ko3pouumeHTa Bapmauyum (CV), npegena nostopsemocTu (r).
[lnsA oueHKM BOCNPOU3BOAMMOCTA MUCMOJIb30BaHbl 3HAYEHWA CTAHJAPTHOIO OTKIIOHEHUA
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BOCMPOU3BOANMOCTH (S,), OTHOCMTENIbHOMO CTAHAAPTHOMO OTKNOHEHUsA BOCMPOM3BOAN-
mocTtu (RSD_R), npepena Bocnpoussogumoctu (R). KateropuanbHble Npr3Haku npeacTas-
NeHbl B BUAE 3HAUYEHWIN abCONMIOTHBIX U OTHOCKTESIbHBIX YAcTOT (fonein) BCTpeyaemMocTy
3HayeHUN Npu3HaKka. AHanM3 CornacoBaHHOCTM ANArHOCTUYECKNX TECTOB BbIMOJIHEH C MO-
MolLbto TecTa MakHemapa — boykepa u Kannbl KosHa (k KoaHa). [na oueHKn gnarHoctu-
yeckol 3¢pPEKTMBHOCTU PacCcumTaHbl ONepPaLNOHHbIE XapaKTePUCTUKI: AnarHOCTUYeCKas
UyBCTBUTENbHOCTb (Se), AnarHocTnyeckasa cneunduyHocTb (Sp), TouHOCTb (ACC), NONOXKU-
TenbHasA (PPV) n otpuuatenbHas (NPV) nporHoctnyeckas LeHHOCTb.

B PE3YJIbTATbl W OBCYXAEHUE

BbinonHeH pAu3alH M nogobGpaHa HyKNeoTMAHasA MnocnefoBaTeNbHOCTb MpariMe-
poB n TagMan-3oHga ana BoiseneHva OHK Bupycos popa Alphatorquevirus: TTV-Art-
npsamoin-5'-cc[+glaatg[+gl[+cltgagtt-3’ ([+N] - LNA-mogudurkauma), TTV-Art-o6paTHbIin-
5’-gccccttgactbeggt-3; TTV-Art-30Ha-5"-HEX-cggcacccgccct-MGB-BHQ1-3° C nomoubio
MHOXECTBEHHOro BblpaBHMBaHWA HalfeHa BbICOKOKOHCepBaTMBHasA obnactb reHoma
BMpycoB pofa Alphatorquevirus ansa oTkura npanmepos (B KauecTse NprMepa Ha PUCYH-
Ke npriBefeHa 30Ha oTXmMra obpaTHOro nparnmepa), TeM He MeHee OfUH 13 NpaimepoB
MMeeT BblpOoXKAeHHY0 no3umuuio. na ysenuueHnsa adpOUHHOCTU K MULLIEHW NCMONb30BaHbI
LNA- (Locked Nucleic Acid) n MGB-moandukaumm (Minor Groove Binder) npaiimepos.

Ans amnnndurkaumm yyactka B-rnobUHOBOro reHa YenoBeKa BblGpaHbl npaiMepsbl [24] n
BbIMONHEH Au3aiiH TagMan-30Haa: B-rnobuH-npamoin-5'-tgcacgtggatcctgagaact-3; B-rnobun-
obpatHbI-5'-aattctttgccaaagtgatggg-3, B-rnobmH-30HA-5'-FAM-caggctcctgggcaacgtgctg-
BHQ1-3.

B KauecTBe MONOXWTENBHOrO KOHTPOMNA U ANA NPOBEAEHWA KONMUYECTBEHHON OLeH-
KW MCNONb30BaHbl CMHTETUYECKME CTaHAapTbl (KanmbpaTopbl) C M3BECTHBIM YNCIIOM KO-
nun (K1 - 103 konuin/mn, K2 — 10* konuii/mn, K3 - 10° konuin/mn, K4 — 108 konuin/mn, K5 —
107 konun/mn, K6 — 108 konui/mn).

CraHpapTbl (kanubpatopbl) HK B-rnobuHoBoro reHa: tgcacgtggatcctgagaacttcaggctc
ctgggcaacgtgctggtctgtgtgctggcccatcactttggcaaagaatt.

Ha pucyHke npefcTaBnieHbl pe3ynbTaTbl BblpaBHMBaHWA HYKNEOTUAHbIX NocsiefoBa-
TenbHOCTeN NpeacTasutenen poga Alphatorquevirus, Boweawnx B 6a3y gaHHbIX FeHOMOB
NCBI.

CraHpapTbl (kanubpatopbl) gna soiasneHua [JHK Bupycos poga Alphatorquevirus: Cc
gaatggctgagttttccacgcccgtccgcageggtgaagccacggagggagatcagcgegtcccgagggegggtge
cggaggtgagtttacacaccgcagtcaaggggc.

CrpyKTypa 3Kk3oreHHoro BKO, a Takxke cTpyKTypa npanmepos [25] n opurnHanbHoro
30HOa pnAa ero BbiaBneHumA: BKO-npamoin-5'-gtcgcggtaattggcge-3;, BKO-o6patHbIi-5'-
ggccacgtgttttgatcga-3, BKO-30Ha-5'-FAM-atcttcgtttagggcaagatcggcacaggcca-BHQ1-3;
BKO-ctanpapt5'ggccacgtgttttgatcgaaactttcgatcttcgtttagggcaagatcggcacaggccageccgge
cggaccggcgccaattaccgcgac3.

AHanutnyeckasa cneundUUHOCTb pPa3paboTaHHbIX ONIMFOHYKNEOTMAOB U 30HAOB
onpepeneHa in silico, a Takke Npu UccefoBaHNM HECKOMbKUX KNMHUYECKUX 06pa3LoB.
MonyyeHHble aMMIMKOHbI CEKBEHUPOBaNy, pacluindpoBaHHble HyKNeoTuaHble nocneao-
BaTeNIbHOCTY CONOCTaBAANM € pedepeHCHbIMY reHoOMaMu BUpYcoB pofa Alphatorquevirus,
nocnie yero Te GbINN AEMOHMPOBaHbI B reHHbIN H6aHK (GenBank NCBI) nog Homepamu:
PV806635.1, PV806636.1, PV806637.1, PV806638.1, PV806639.1.
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At AL ALt 0 b,

Consensus GA-GTTTACACACCGCAGTCAAGGEECAATTCGEGCTCEEG - ---- - ACTGGCC--G-GGCTATGGGCAAGGCTCTTAAA
ABD41007.1 Tor..0 virus 1 orf2 GA-GTTTACACACCGAAGTCAAGGGGCAATTCGGGCTCGGG----- - ACTGGCC- -G-GGCTATGGGCAAGGCTCTGAAA 257
ABD41957.1 Tor no virus 4 DNA GA-GTTTACACACCGAGGTTAAGGGGCAATTCGGGCTCGGG- - - - - - ACTGGCC--G-GGCTATGGGCAAGGCTCTTGTG 248
ABO&4607.1 Tor o virus 10 DNA GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGGCTCGGG-- - - - - ACTGGCC--G-GGCCATGGGCAAGGCTCTTAAA 249
AF261761.1 Tor.. 7 isolate PMV GA-GTTTACACACCGAAGTCAAGGGGCAATTCGGGCACGGG---- - - ACTGGCT--G-GGCTATGGGCAAGGCTCTTAGG 252
ABDOS4595.1 Tor_o virus 27 DNA GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGGCACGEG----- - TCTGGCC--G-GGCTATGGGCAAGGCTCTTAAA 280
ABO25546.2 Tor. o virus 19 DNA GA-GCTTACACACCGCAGTCAAGGGGCAATTCGGGCTCEEE----- - ACTGGCC--G-GGCTATGGGCAAGGCTCTTAGG 253
ABOGA4598.1 Tor..0 virus 28 DNA GA-GTTTACACACCGAAGTCAAGGGGCAATTCGGGCTCEBEG----- - ACTGGCC--G-GGCTATGGGCAAGGCTCTTAAA 280
ABO37926.1 Tor..0 virus 14 DNA GA-GTTTACACACCGAGGTTAAGGGCCAATTCGGGCTTGEG----- - ACTGGCC--G-GGCTGTGGECAAGGCTCTGTGE 263
AY666122.2 Tor..3 strain HEL32 GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGGCTCGGG----- - ACTGGCC- -G-GGCTATGGGCAAGGCTCTTAGE 254
AF435014.1 Tor... 6 isolate KAV GA-GTTTACACACCGAAGTCTAGGGGCAATTCGGGCTCGEG---- - - ACTGGCC- -G-GGCTATGGGECAAGTGTCTTAAA 253
ABOS4605.1 Tor o virus 12 DNA GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGGCTCGGG - - - - - - ACTGGCC- -G-GGCCCCGGGCAAGGCTCTTAAA 249
ABO41958.2 Tor_o virus 26 DNA GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGGCAGG- - -~ -~ -~ GCTGGCC- -GGGCATCTGGGCAAGTGTCTGAAA 113
ABD41955.1 Tor_o virus 25 DNA GAGGTTTACCCCCGCGAGTCAAGGGGCAATTCEGGCAAGEG----~---- CGGTCTCG-GGGACCGGGCAAGGCTCTGAAA 280
ABD17613.1 Tor..0 virus 16 DNA GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGGCTCEEG----- - ACTGGCC--G-GBCCCCGGECAAGGCTCTTAAA 257
ABO2B668B.1 Tor..0 virus 15 DNA GA-GTTTACACACCGCAGTCAAGGBGGCAATTCGGGCTCGEE----- - ACTGGCC--G-GBCCCTGGGCAAGGCTCTTAAA 257
ABO49608.1 Tor.0 Vis20RF2 | - ---------------o GTCAAGGGGCAATTCGGGCTCGTACAAGTCGTTGACC- -G-GEGCTATGGECAAGGCTCTTGTG &1
KP296853.1 Si..te VGAD0123.3 GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGGCGGECE-------- CAGTCCGGAGCAACCGGGCAAGTGTCTGAAA 304
KP296857.1 Si..te VWP00522.2 GAGGTTTACCCCGCGCAGTCAAGGGGCAATTCGGGCAGAG------- ACCGGTC- -GCGGAACCGGECAAGGCTCTTAAA 300
KP296854.1 Si..te VGADO154.2 GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGGCGGECE-------- CAGTCCGGAGCAACCGGGCAAGTGTCTTAAA 303
KP296856.1 Si..te VGAD0120.1 GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGECAGE - ----- - - GCTGGCCGGG-CGGAACGGECAAGTGTCT -AAA 15

KP296B55.1 Si e VWPDD522.11 GA-GTTTACACACCGGAGTCAAGGGGCCTATCGGGCAGGBAG- -
AF345523.1 Tor..and Orf1 genes GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGGCTCGGG-

--CAGTCTCG-CGCAACGGGCAAG--TATAGGG 299
-ACTGGCC--G-GGCTATGGECAAGECTCTTAAA 15¢

DQ1B87006.1 To..2 (ORF2) gene GA-GTTTACACACCGGAGTCAAGGGGCAATTCGGGCTCEEE------ ACTGGCC- -G-GACCCCGGGCAAGGCTCTTAGA 754
AF345524.1 Tor.and Orf1 genes GA-GTTTACACACCGGAGTCAAGGGGCAATTCGGGCTCBGE - --- - - ACTGGCC--G-GECTATGGECAAGTGTCTTAAA 153
AF345526.1 Tor..and Orf1 genes GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGGCTCGEG---- - - ACTGGCC- -G-GGCTATGGGECAAGGCTCTTAAA 153
ABOE0S94.1 Tor... virus 20 ORF4 GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGGCTCGEG- - - - - - ACTGGCC- -G-GGCTATGGGCAAGGCTCTTAGE 147
AF348409.1 To..nd ORF1 genes GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGGCTCGEE- - - - - - ACTGGCC- -G-GGCTATGGECAAGGCTCTTAAA 153
ABO49607.1 Tor... virus 23 ORF2 GA-GTTTACACACCGAGETTAAGGGGCAATTCGGGCTCGEG - - - - - - ACTGGCC- -G-GGCTATGGGCAAGGCTCTTGTG 260
ABOE0S597.1 Tot... virus 24 ORF4 GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGGCTCGEE - - - - - - ACTGGCC- -G-GGCTATGGGCAAGGCTCTTAAA 147
ABO38621.1 Tor.. virus 29 ORF2 GA-GTTTACACACCGAAGTCAAGGGGCAATTCGEGCACGEG----- - ACTGGCC--G-GGCTATGGGCAAGACTCTTAAA 382
AX025830.1 S...nt WOD02B039 GA-GTTTACACACCGAAGTCAAGGGGCAATTCGGGCTCGEG------ ACTGGCC--G-GECTATGGECAAGGCTCTTAAA 257
AX025718.1 S...nt WOD0D2B039 GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGGCTCBGE - --- - - ACTGGCC- -G-GECTATGGGCAAGGCTCTTAAA 249
AX174942.1 S..nt WOD142299 GA-GTTTACACACCGCAGTCAAGGGGCAATTCGGGCTCGEG----- - ACTGGCC- -G-GGCTATGGGCAAGGCTCTTAGE <65
MTD10524.1 Cer.. 1 strain LVOS GA-GCAGCGAGAGGCGAGTCAAGGGGCAATTCGGGCTCGEG---------GACC--GTGGCGGGEEECAAGATTCTTATE 174
MT010529.1 Lyc.. 1 strain LVO7 GA-GCTGAGTCGTGCGAGTCAAGGGGCAATTCGGGCACGE--------- TGACCTGA-GCAGCCGGGCAAGGTTCTTATG 130

Pe3ynbraT MHOXKECTBEHHOTO BbIpaBHMBaHNA HYKNEOTUAHbIX NOCNeAoBaTeNbHOCTEl BCeX
npepacraButenei popa Alphatorquevirus, KoTopble 3aHeceHbl B 6a3y AaHHbIX reHomos NCBI
Result of multiple alignment of nucleotide sequences of all representatives of the genus
Alphatorquevirus, which are presented in the NCBI genome database

AHanMTMyeckas 4yBCTBUTENbHOCTb Pa3paboTaHHOro MeTofda coctasuna 500 Konuid/mn
(5 kKonnin B peakumto). Takoe 3HaAYEHME aHANUTUYECKOWN YYBCTBUTENBHOCTM MeToga Co-
rnacyetca C AaHHbIMWU NTepaTypbl O BO3MOXHOCTAX KonuuyectBeHHoro [LIP-aHanm3a
[15]. Tak, nccnepoBatenamy 6uoaHanutTuueckon nabopatopum TATAA Biocenter noka-
3aHO, YTO B yCNOBUAX OTCYTCTBMA owmnbok LOD npm 95%-i 4OCTOBEPHOCTM COCTaBnAeT
3 monekynbl JHK-maTtpuubl [15], a ana 60nblIMHCTBA peanbHbix obpasuos LOD 3aBucut
OT LUYMa, BHOCMMOTO BbIOOPKOI, METOLOB BblAeNeHNA U APYTrX GakTOPOB N MOXKET ObITb
CylecTBeHHO Bbiwe. [pefen KONMYeCTBEHHOTO onpefeneHns paspaboTaHHOro Me-
Tofa coctaBun 1500 konuii/mn. [uana3oH KONNYECTBEHHONW OLEHKU MeTofa COCTaBuWi
1500 konwuiA/mn — 108 konui/mn. MonyyeHHble XapakTepPUCTUKMA CONOCTaBUMbI C XapakK-
Tepuctukammu TecT-cuctembl TTV R-GENE (BioMerieux, ®paHuuna), npeactaBneHHbIMU
B OTKPbITOM [OCTYNe Ha MHTepHeT-pecypcax: AaHHaa cuctema ocHoBaHa Ha lMLP B pe-
anbHOM BpemeHu, TexHonorusa TagMan (ueneBoii pervoH TTV 5-UTR o6nactb, 128 nap
HYKeoTMAOB) BKJIIOUAET Habop Ans BblAeNneHus, NPeMUKC Ans amnandrkaumnm, BHyTPeH-
HUI KOHTPOJb, OTPMLATENbHbIA KOHTPOJIb, YETbIPE CTaHAapTa KONNYECTBEHHOIO onpe-
[eneHunsa; 3aABNEHHbIN AMHAMNYECKUI AMana3oH KONMNMYECTBEHHOW OLEHKN COCTaBnAeT
250 konui/mn — 10° Konuin/min, no3BonsieT 06HapyxnTb 1 n3meputs JHK TTV B 06pa3suax
naasmbl 1 LenbHOW KpoBK [26].
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Pa3paboTka 1 anpobauusa meToaa KonnyectBeHHoro onpepaenexua JHK Bupycos popa Alphatorquevirus

3HauyeHne CTaHAAPTHOrO OTKJIOHEHMA BOCMPOM3BOANMOCTHU (SR) coctaBuno 0,5804
(log10 konuin OHK TTV / 10° Knetok), OTHOCMTENbHOE CTaHAAPTHOE OTKJIOHEHME BOC-
npownssogumocTtn (RSD_R) - 19,05%, fona obLel Bapuaumm, o6ycioBleHHas CMCTEMON
nsmepenHuin (GRR), - 6,5%, npegen Bocnpoussogumoctu (R) — 1,6251 (log10 konuin JHK
Alphatorquevirus / 10° KneTok). MonyyeHHbI pe3ynbTaT CONOCTAaBUM C BHYTPU- U MEX-
nabopaTopHbIMK MOKa3aTeNnsAMu, NPOAEMOHCTPUPOBAHHBIMA B MYNBTULEHTPOBOM WC-
cnepoBaHUM Kommepdeckoro Habopa TTV R-GENE (BioMerieux): mexnabopatopHoe
CTaHAapTHOe OTKNoHeHue cocTaenset 0,17 log10 Konui/mn 1 BHYTpunabopaTopHoe —
ot 0,03 go 0,20 log10 konui/mn (B xofe BHeApPeHMs), a TakxKe mexnabopatopHoe SD -
0,19 log10 konuin/mn 1 BHyTpunabopatopHoe SD - ot 0,07 go 0,18 log10 konwuiA/mn
(B xoge ucnbitaHuin) [11]. Taknm 06pa3om, pa3paboTaHHbIN MeToh UMeeT Npuemsiemble
nokasaTefi NOBTOPAEMOCTU U BOCMPON3BOANMOCTH.

AnTuTena knacca M k Bupycam poga Alphatorquevirus BbiagneHbl y 14 (15,2%) 3gopo-
BbIX JOOpoBONbLEB, aHTUTeNa Knacca G K Bupycam poga Alphatorquevirus —y 37 (40,2%).

CpaBHeHUe psifa MeTOLOB BbisiBNeHUs BMpPYcoB poga Alphatorquevirus B nnasme
KpoBM 300poBbix AobpoBosbueB, BKMovYas DA Ha TTV-IgG n TTV-IgM, MUP ¢ ucnonb-
30BaHMEM HabOpPOB MpaiMepOB AJIA KOAMPYIOLWEro U KOHCEPBATMBHOIO PEFVIOHOB,
nprYMeHeHne Kommepyeckoro Habopa «MOJIUTEM-TTV» 1 npegnoXeHHOro HamMu mone-
KYNAPHO-TeHEeTUYECKOro MeToAa NO3BOAWAM NOAYYMTb pe3ynbTaTbl, CBOAALIMECA K Bbl-
ABJIEHNIO CYLLeCTBEHHOW CTeMNeHn cornacua mexay pa3paboTaHHbIM METOAOM 1 COCTaB-
HbIM 3TaJIOHHBbIM CTaHZAPTOM (KO3dduLMeHT «k KosHa» cocTasun 0,801); ycTaHOBEHMIO
YMEpPEHHON CTeMNeHN cornacrsa Mexay pa3paboTaHHbIM METOZOM, ONpeaesieHNEM Mo KOH-
CcepBaTUBHOMY pernoHy (BrnoxxeHHas [LP), BbiAsBNeHeM Mo KoAMpYyoLWeMy pervoHy v c
NMoMoLLblo KoMMepyeckoro Habopa «MOJTIUTEMN-TTV» (koadpouumeHT «k KosHa» 0,6 n 0,4
cooTBeTCTBeHHO). CTeneHb cornacma mexpy Bcemu BapuaHtamu BbiiBieHna OHK Bupy-
coB popa Alphatorquevirus, ncnonb3oBaHHbIMY B JaHHOM UCCNIeJOBaHNW, U BbiABIEHNEM
Alphatorquevirus-cneunduryecknx MMMyHornobynHoB 6bina cnaboi, uto cornacyeTca C
JaHHbIMY nuTepatypbl [1].

C ncnonb3oBaHMeEM MeTOLA NOCTPOEHUA COCTaBHOMO 3TaJIOHHOIO CTaHAapTa onpeje-
NeHbl ANarHoCTUYECKME KPUTEPUN: ANAarHOCTYECKasa YyBCTBUTENIbHOCTb Peann3yemoro ¢
NCNonb3oBaHNEM pa3paboTaHHOro MeTofa TecTa coctasuna 95,7% (95% [1N: 0,878; 0,991),
AnarHoctTuyeckan cneunduyHoctb — 83,3% (95% [W: 0,626; 0,953), anarHoctnyeckas a¢-
beKTMBHOCTb — 92,5% (95% [W: 0,851; 0,969), NnpeackasaTeNibHasA LEHHOCTb MNONIOXKUTENb-
HOro pesynbrata TecTa — 94,3% (95% [W: 0,86; 0,984), otpuuatensHoro — 87,0% (95% AW:
0,664; 0,972). KoadpdunumeHT «k KoaHa» coctaBun 0,801, UTo yYKa3bIBaeT Ha CYLLECTBEHHYIO
CTeneHb cornacua aHanusnpyemblx TectoB (p Tecta MakHemapa =1). CornacHo AaHHbIM
nuTepaTypbl, AUarHocTUyeckan cneundrUyHOCTb TecTa AomkHa ObiTb He MeHee 80% [20],
cnepoBaTesibHO, pa3paboTaHHbIN MeTo NPOAEMOHCTPUPOBA [OCTaTOYHO BbICOKYIO ANa-
FHOCTUYECKYIO HAaleXXHOCTb.

TakuMm 06pa3om, pa3paboTaH MOMEKYNAPHO-TEHETUYECKUA MeTof JlabopaTopHOW
LAVArHOCTUKM, MO3BONALWNI NPOBOAUTb KaUeCTBEHHOE BbIAIBIEHNE U KONTMUYECTBEHHYIO
oueHky [HK Bupycos Alphatorquevirus B 6uonornyeckom matepuane yenoseka. Metog
OCHOBaH Ha NONMMepPa3HON LIeNHOW peakuum C geTeKunen B peasibHOM BpeMeHU B Myfb-
TUNAeKCHOM dopMaTe C UCMoNb30BaHVEM NPaMEPOB K YUYacTKy 3-rnobMHOBOro reHa ve-
NIOBEKa U OPUrMHANbHbBIX ONIMIOHYKNEOTUAHbIX NPAaiMEepPOB K KOHCEPBAaTUBHOMY PErvoHy
reHoma BupycoB poga Alphatorquevirus, a Takke MONIEKYNAPHbIX 30HAOB; NOJOOPaHbI
ONTUMAbHbIN COCTAaB PeaKkLMOHHON CMeCcH 1 NporpamMmma amnanduKkalmu.
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B 3AKJTIOMEHUE

B ocHoBe pa3paboTaHHOrO MONEKYNSPHO-TEHETUYECKOTO MeTofda JlabopaTopHoi
OMarHOCTMKY, MO3BONAOWEro NPOBOANTbL KaUeCTBEHHOE BbiABIIEHNE 1 KONIMYECTBEHHYIO
oueHky [HK Bupycos Alphatorquevirus B 6rnonormyeckom MaTepuasne YenoBeka, Nexut
npuHUmMn mynbtunnekcHou NLUP ¢ getekunen B peanbHOM BpemeHW, NCMOJb30BaHbl Opu-
rMHanbHble ONIMIOHYKNEeOoTUAHbIE NPanMepbl U MONEKYNAPHDBIN 30HA K KOHCepBaTUBHOMY
pervoHy reHoma BMpycoB poga Alphatorquevirus, nogo6paH onTMMasbHbI COCTAaB peak-
LMOHHOWN CMeCcH 1 Nporpamma amnandurkaumu.

OnpepeneHbl aHaNUTUYECKME XapaKTEPUCTUKK pa3paboTaHHOro metoda nabopartop-
HOW AMAarHOCTNKM UH$eKLUN, BbI3BaHHON BUpYycamu poga Alphatorquevirus (aHanutunye-
CKas YyBCTBUTENbHOCTb, aHaNUTUYeckaa cneyndpryHoCTb, MOBTOPAEMOCTb 1 BOCMPOU3-
BOAMMOCTb). AHanUTUYeCKasa YyBCTBUTENbHOCTb cocTaBmia 500 konui/mn, gnanasoH rs-
mMepeHuid 1500 — 102 konuin/mn. MeTog meeT npremnemMble nNokasaTtesny NoBTOPsAEeMOCTr
N BOCMPOM3BOAMMOCTU. AHanuTUyeckaa cneynduyHoCTb Metofa onpegeneHa in silico
N CEeKBEHUPOBaHMEM MPOAYKTOB amnnundrkaumy, paclimdpoBaHHble HYKNeoTMAHble
nocnefoBaTeflbHOCTM AeMNOHMPOBaHbl B reHHbI 6aHK (GenBank NCBI) nog Homepamu
PV806635.1 - PV806639.1.

PacueT gnarHoCTMUeCKMX KpUTEPMEB, BbIMOMTHEHHbIN MO METOAY NOCTPOEHNA COCTaB-
HOrO 3TaJIOHHOMO CTaHAAPTa, NoKa3asl BbICOKYI0 HafeXXHOCTb pa3paboTaHHOIro MOJIeKy-
NAPHO-TEHETMYECKOro MeTofa, MO3BONALEro NPOBOANTb KaueCTBEHHOE BbiAABNEHWE 1
KonmyecTBeHHyto oueHky [IHK Bupycos Alphatorquevirus B Gronornyeckom matepuane
yenoBeKa: AMarHOCTMYeCKan YyBCTBUTENbHOCTb COCTaBMNa 96%, AmarHoctuyeckasa crneuu-
$MUHOCTL — 83%, AnarHocTuyeckasn 3$pdeKTMBHOCTb — 92%, NpeAcKa3aTefibHasA LLeHHOCTb
NONOXUTENbHOro pesynbsTaTta — 94% mn oTpuuaTenbHoro pesynbrata — 87%.
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Pesiome

BBepeHme. Pak weiikn matkm (PLUM) no-npexHemy eXerogHo YHOCUT XW3HWU Gornee
300 000 »eHLwWwKH. B nccnegosaHmax nocnegHnx et BCe valle n3yyvyaeTcsa COCToAHNe MU-
Kpob6uoLieHO3a Braranuila npu ANCniasnax WenKn MaTku 1 obCyKaaeTca Koppenauums
MeXAY pe3naeHTHOM MUKPODBMOTON BRaranuila 1 npefonyxosieBoi NaTtonornen Wenkn
MaTKu.

Liennb. MNpoBecTy OUEHKY COCTOAHMA MUKPOOMOLEHO3a Bnaranvia u GpyHKLMOHaNbHON
AKTUBHOCTU PE3UAEHTHON MUKPOOUOTBI Y >KEHLUH Npu BMY-HeratmBHOM LepBUKanbHON
ancnnasum.

Marepuanbl u metoabl. OGBHEKTOM UCCIEA0BaHUS ABUNINCD 78 XeHLWWH penpoayKTuB-
Horo Bo3pacTa (18-49 nert). [epByto, KOHTPOMNbHY!IO, rpynny (N=39) COCTaBUN XEHLLWHbI C
HOPMOLUTOrPaMMOW; BTOPYH0, OCHOBHYHO, rpynny (n=39) — XKeHLWMHbI C LepBUKaNbHOW WH-
TpasnuTenuanbHon Heonnasvei (LIVH). Y Bcex naumeHTOK 6bin oTpuLaTenbHbIN pesyib-
Tat NUP Ha Bupyc nanunnombl yenoseka (BIMY) Bbicokoro kaHueporeHHoro pucka (BKP) B
COCKobax M3 LiepBMKANIbHOMO KaHana WenKn MaTKu. BeinonHeHo MrKpobuonoruyeckoe
nccnefoBaHvie Ma3KkoB 13 334HEero CBoja BraranuLla, onpeaeneH yposeHb pH Bnaranmu-
HOrO OTAENAeMOro, NPOBEeAEHa OLIEHKA COCTOSHMA MUKPOOUOLIEHO3a Blaranuila, u3yyeH
BMAOBOW COCTaB fakTobaKTepuin, MPOAYKLUSA UMM NEPEKNCH BOJOPOLA, aHTAarOHMCTYe-
CKas aKTMBHOCTb 1 CMNOCOBHOCTb GOPMUPOBaATb OUOMIEHKY.
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PesynbraTbl. B rpynne ¢ gucnnasuven WM B 87,2% (n=34) cnyyaes MmukpobroLeHo3 Bna-
ranuwa CoOOTBETCTBOBAN KpUTeEpUAM ANCOMO3a. Y XKEeHWUH C HOPMOLUTOrPaMMON 3Ha-
YMMO yalle BblIBNEH HOPMOLEHO3 (69,2%) B cpaBHeHWW C rpynnon ¢ gucnnasven WM
(p<0,001). 3HaueHuA pH BnaranUWHOro OTAENAEMOro HaxXoAUINC B Npeaenax Hopmasb-
HbIX 3HaueHwn (4,0 [4,0; 4,0]) B rpynne c HOPMOLUTOrPamMmoi 1 ObiNn 3HaUMMO MOBbILLE-
Hbl (5,0 [4,0; 6,0]) B rpynne c LepsrKanbHon ancnnasuen (p=0,001). B rpynne c ancnna-
3uen vaue BcTpevanuch L. acidophilus (23,1%), L. gasseri (23,1%), L. plantarum (23,1%).
B rpynne »eHLWMWH C HOpMOLMTOrpaMMon Npeobnagany cnegytowme BUabl nakTobakTe-
pwia: L. crispatus (35,9%), L. gasseri (25,6%), L. plantarum (17,9%). Y »eHLW1H C LepBrKab-
HOW Aucnnasmer NpakTUYecKn Bce N3onATbl NakTobakTepuii (92,3%) He npoayumpoBanu
nepekncb Bogopopa 1 obnagany HU3Kom cnocobHoCTbio GopMUpoBaTb BUOMNEHKY (CUH-
Te3npoBaTb OCHOBHOE BellecTBO — 69,2%, HakannmBaTb 6uomaccy — 46,2%), y naktobak-
Tepui 3TON rpynnbl 6bia CHYXKEeHa aHTarOHUCTUYeCKana akTUBHOCTb MO OTHOLIEHWIO KO
BCEM TeCT-LuTaMMaM. bbinn BolABReHbl GaKTOpPbl, aCCOLUMNPOBAHHbIE C ANCMNIA3NEN LWENKN
MaTKW, Hanmyre KoTopbIX NO3BONNT cGOpMMpPOoBaTh Fpynibl pUCKa pa3BuTrA Npeaonyxo-
NEeBOW NATONOMNU CPEAU XKEHLLMH ANs AMHAMUYECKOro HabnogeHNs.

3aknioueHue. [onyyeHbl HOBble pe3ynbTaTbl O COCTOAHUN MUKpOoOMOoLeHO3a Bnaranumuia
1 0cobeHHOCTAX GYHKUMIA pe3unieHTHol Mukpodnopbl Bnaranuwa npu BMY-HeratneHoOM
LepBUKanbHOM Ancnnasnn. YctaHoBneHbl pakTopbl, accoummnpoBaHHble ¢ BMY-HeraTneHOM
LepBrKanbHOWM ancnnasuei. K HUM cnegyeT oTHeCTU: AUc6m1o3 Bnaranmila, NOBbILLEHHbIN
ypoBeHb pH BnaranuwHOro OTAenAemMoro, CHUXeHWe aHTaroHUCTUYECKOWN aKTUBHOCTU
NakTobGaKTepui No OTHOLIEHWMIO K Pa3fIMYHbIM NaToreHam, OTCYTCTBUE NPOAYKUMM nepe-
KNCW BOJOPOAA U HU3KYIO CNOCOOHOCTb NnakTobakTepuin K bronneHkoobpasosaHuio. Mo-
HMMaHVe POonu BarmHanbHbIX NakTobakTepuin n nx dyHkumin npm BrNY-HeratneHom Lepsu-
KanbHOW ANCnnasnm oTKpbiBaeT HOBble BO3MOXHOCTUN npedynpexaeHna pa3smTua PLLIM,
NepCcoHann3npPOBaHHOTO MOAXOAA K KaX oM »KeHLHe, NPOoBeAeHNA ANHAMNYECKOro Ha-
6N0AEHMA N KOPPEKLMM COCTOSHMA MUKPOOMOLLEHO3a Baranuiia.

KnioueBble cnoBa: MMKpOOUOLIEHO3 Baranumiya, naktobaktepum, GyHKUUM nakTtobaKkTe-
pui, uepBMKanbHaa ANCNaasnsa, BUPYC NanuiaoMbl YenoBeka
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Abstract

Introduction. Cervical cancer (CC) continues to kill over 300,000 women annually.
Recent studies have increasingly examined the state of the vaginal microbiocenosis in
cervical dysplasia and discussed the correlation between resident vaginal microbiota and
precancerous cervical pathology.

Purpose. To assess the state of the vaginal microbiocenosis and the functional activity of
the resident microbiota in women with HPV-negative cervical dysplasia.

Materials and methods. The study involved 78 women of reproductive age (18-49 years).
The first (comparison) group (n=39) included women with normocytogram, the second
group (n=39) included women with cervical intraepithelial dysplasia (CIN). All patients
had negative PCR results for high-risk human papillomavirus (HPV) in scrapings from the
cervical canal of the cervix. A microbiological study of smears from the posterior vaginal
fornix was performed, the pH level of vaginal discharge was determined, the state of the
vaginal microbiocenosis was assessed, and the species composition of lactobacilli, their
production of hydrogen peroxide, antagonistic activity and ability to form a biofilm were
studied.

Results. In the group with cervical dysplasia, vaginal microbiocenosis met the criteria of
dysbiosis in 87.2% (n=34) of cases. Normocoenosis was detected significantly more often
in women with normocytograms (69.2%) compared to the group with cervical dysplasia
(p<0.001). The pH values of vaginal discharge were within the normal range (4.0 [4.0; 4.0])
in the group with normocytograms and were significantly increased (5.0 [4.0; 6.0]) in the
group with cervical dysplasia (p=0.001). L. acidophilus (23.1%), L. gasseri (23.1%), and
L. plantarum (23.1%) were more common in the group with dysplasia. In the group of
women with normocytograms, the following types of lactobacilli prevailed: L. crispatus
(3.9%), L. gasseri (25.6%), and L. plantarum (17.9%). In women with cervical dysplasia,
almost all lactobacilliisolates did not produce hydrogen peroxide (92.3%) and had a low
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ability to form biofilms (to synthesize the main substance in 69.2%, and to accumulate
biomass in 46.2%); lactobacilli of this group had reduced antagonistic activity in
relation to all test strains. Factors associated with cervical dysplasia were identified, the
presence of which will allow establishing precancerous risk groups among women for
case follow-up.

Conclusion. Thus, we have obtained new results about the state of the vaginal
microbiocenosis and the features of the functions of the resident vaginal microflora in
HPV-negative cervical dysplasia. We have established factors associated with HPV-negative
cervical dysplasia. These include: vaginal dysbiosis, increased pH of vaginal discharge,
decreased antagonistic activity of lactobacilli against various pathogens, lack of hydrogen
peroxide production, and low ability of lactobacilli to form biofilms. Understanding the
role of vaginal lactobacilli and their functions in HPV-negative cervical dysplasia opens up
new opportunities for preventing cervical cancer, personalizing approach to each woman,
case follow-up, and correcting vaginal microbiocenosis state.

Keywords: vaginal microbiocenosis, lactobacilli, lactobacilli functions, cervical dysplasia,
human papillomavirus

B BBEJAEHWE

Bo Bcem Mmpe npeanpuHUMAalOTCA MHOTOYMCIIEHHbIE YCUTAA MO CHUXKEHUIO YnCha 3a-
60neBLUNX paKkoM LWenku MaTku (PLUM), BKntouas ynyJlieHre CKpUHUHIa 3abonesBaHus
M NporpamMmm BaKUMHaUUU NPOTMB BUPYCa nanumiomMbl yenoseka (BMY). Tem He meHee
PLUM no-npexHemy exxerofgHo YHOCUT »u3Hu 6onee 300 000 »keHLWKMH. XOpOoLlIO 13BeCT-
HO, uTo BIMY sBNAeTCA fOKa3aHHbIM 3TMONOMMYECKUM GaKTOPOM Pa3BUTUA NPefonyXo-
neBow natonoruu wenkn matkn 1 PLUM [1, c. 890]. OgHako nub HE6ObLIOW MPOLEHT
UHPeKL I, BbI3BaHHbIX BIMY BbicOKOro KaHLeporeHHoro pucka (BKP), nporpeccupyet fo
npegpaka u paka Wwewnku matku [2, ¢. 1]. lo KoHUa He NOHATHO, MOYeMY Yy O HUX MeHLUNH
NPOUCXOAUT SNIMMUHaLMA BMPYCa, a Y APYTUX OH MepexoanT B UHTErpaTMBHYO dopmy
1 BbI3bIBaeT pa3BUTUE NPedonyXxosieBO NaTonoruy wenkn matkn (LUM). OgHo3HayHoro
OTBeTa Ha 3TOT BOMPOC He NonyyeHo. 3a nocnegHne 3 4ecATUNETUA BO MHOTMX SNuaemMu-
OJIOrMYEeCKMX NCCNeRoBaHUAX N3yYanuch GakTopbl pUCKa, CBA3aHHbIE C MepCucTeHLen
BMY BKP u pazsutrem PLUM, BKntoYyas nMMyHOCYMNpeccuto, BCTPeYaemMocCTb UHdeKuui,
nepeaaroLLMxca NofoBbIM NyTeM, PUCKOBAHHOE CEeKCyallbHOe NoBefeHne N KypeHue [3,
. 2] v gp. B npoBefeHHbIX paHee nccnefoBaHUsX Obiia NokKasaHa cBf3b 3TUX GAKTOPOB
pucka ¢ passutuem PLUM.

B nocnepHwme rofibl BCe Yalle M3yyaeTca COCTOAHME MUKPOOMOLLEHO3a BaranuLya npu
OUCMNNA3nNAX WENKN MATKU U 0OCYKAAeTCA KOppensaLus MexXay pe3vaeHTHON MUKpobro-
TOW Bnaranuwa v npegonyxonesou natonorven WM [4, c. 1]. OcTaeTca OTKPbITbIM BO-
npoc 06 U3MeHEHNAX COCTOAHNA MMKPOOMOLIEHO3a Baranuwa npu aucnnasum y Bry-
No3uTMBHbIX 1 BIMY-HeraTrBHbIX NaumMeHTOK. MiccnegoBaTteny He MOTyT peLlunTb, YTo nep-
BMYHO: ABNAETCA N Ancbros Bnaranuwga pakTtopom, cnocobctayowiM ¢opmMmnpoBaHmio
naToMopdONorMyecKux N3MeHeHN B LePBUKabHOM SNUTeNnn, HoUUnpoBaHHom BIMY,
U1 M3MeHeHNa MUKPodopbl CNocobCTBYOT MHOMUMpPOBaHMo BMY, npueogat K anu-
TeNIbHOWM NepCUCTEHLMM BMpPYCa U 3anycKaloT KaHueporeHes [5, . 25].
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B MunkpobuoueHose Bnaranuiia B Hopme npeobnagatot Lactobacillus spp. dkocucrema
Bnaranuiia yenoBeka CBA3aHa C HU3KUM MUKPOOHbIM pa3Hoobpa3mem. B Hopme gomu-
HUpYIOT NaktobakTepmm (>90%), cpeamn KOTOPbLIX KIHUYEBLIMU ABNATCA HECKONbKO BU-
no. Lactobacillus: L. crispatus, L. jensenii, L. gasseri u L. iners [6, c. 159]. JlaktobakTepunmn
nogaepxmBatoT pH Bnaranuwa Ha yposHe 3,8-4,5 3a cueT cCMHTE3a MONIOYHOW KUCNIOTbI U
nepekncm Bogopopa [7, c. 1]. Lactobacillus spp. BbINOAHAIOT 3aWUTHY0 GYHKLMIO Ha Cu-
3UCTbIX Bnaranuwa, GopmMmpysa KONOHU3aLMOHHY pPe3nCTeHTHOCTb. KonoHu3auoHHas
PEe3UCTEHTHOCTb BRaranuiia — BaXKHEWLMA MeXaHn3M npegynpexaeHvua BO3HWKHOBe-
HuA nHdekumn [8, c. 109]. 3nopoBan LepBMKOBarnHanbHaA MMKPobnoTa NnoaaepKmBaet
LefIoCTHOCTb 3NuUTeNnanbHOro 6apbepa Wenkn MaTki 1 MOAYIMPYET UMMYHHYIO CUCTe-
My cnusucTor obonouku. HapyueHna coctaBa MUKPOOGUOTbI CONPOBOXKAAIOT N3MEHEHUA
MUKPOOHbIX MeTabosIMTOB, KOTOPbIE BbI3bIBAlOT MECTHOE BOCMasieHre, MOBPeXAaloT 3nu-
TeNanbHbIN U IMMYHHBIN 6apbep ek MaTKK, a TakKe MNOBbILWAT BOCNPUNMUYNBOCTD K
nHdeKumnaAMm, NnepeaoLLmMmca NonoBbIM NyTem, B ToM uncne nk BN4[7,c. 1; 9, c. 1]. Yto Ka-
caetca nHbekumi BIMY, To "OMUMO TOro, UTO OHU CMOCOBCTBYIOT MX NPUOBPETEHNIO, 0ObIY-
HO CUMNTAETCA, UTO OKUCIIUTENbHbIN CTPECC, BO3HMKAIOLWMIA B pe3yfbTaTe MUKPOOHOro Amnc-
61033, TakKe CnocobCTBYeT nocseaytlemMy nporpeccmpoBaHmio BMNY-nonoxumrenbHbix
HeonnacTnyeckmx nopaxexuin [10, c. 10].

JNakTobaKTepun, npoayumpytoLme nepekncb BOAOPOAA, NPY B3aMOAeNncTBmmM ¢ ne-
POKCMAA30/ UepBUKanbHOW CAN3M U FranougHbIMU COeAUHEHUAMU NOAABAAIT POCT U
pa3MHOXeHMe NaToreHHbIx 6akTepuit. JlaktobakTeprm cCNoCoObHbI CUHTE3NPOBATb aMUHO-
KUCNOTbI, N30UnM, 6aKTepUOoLIMHbBI, KOTOpble TakxKe 06nafjalT aHTaroHNCTUYECKON aK-
TUBHOCTbIO B OTHOLLUEHWW NaTOreHHOWN 1 YCNOBHO-NATOreHHOW MUKpodiopbl Bnaranuua
[11, c. 154]. CnocobHOCTb NakTobakTepuin dopmmnpoBaTb BONNEHKNM in vivo nNpeacTas-
nAet cobor MOLHbIN 3aWUTHBIN dakTop, obecrneumnBaloWwmii CTabUNbHYI0 KONOHU3aLMIO
BarvHanbHOro aNunTona n co3gatowmii dprsmyecknin bapbep NPOTUB MHBA3MM N YUpe3Mep-
HOro pa3MHOXeHMA NaTOreHHbIX MUKPoopraHnsmos [12, c. 433].

B cBA3M € 3TMM aHann3 BarmHanbHOW MUKPOBMOTbI U ee CBOWCTB BaXeH AJ1A NOHMMa-
HMUA NaToreHeTUYEeCKNX MeXaHN3MOB BO3HVKHOBEHNA AMNCNIAa3UN WeNKN MaTKu, Ans Bbl-
ABneHNA $akTOpPOB, aCCOLUNPOBAHHBIX C LiepBMKanbHOWM AMCMa3mel, a TakKe MoXeT
CNYXUTb JONONHUTENIbHBIM UHCTPYMEHTOM OLIEHKM PYCKa NPeAoNyXoNneBbiX COCTOAHUN.

B LIEJTb NCCJIEOOBAHUA

MpoBecTn oLeHKy COCTOAHUA MUKPOoOUOLIeHO3a Baranuwa 1 GyHKLMOHaNbHON aK-
TUBHOCTU Pe3NJEHTHON MUKPOOMOTbI y MeHWuH npu BlNY-HeratmeBHOW LiepBUKanbHOWM
avcnnasuu.

B MATEPWAJIbI U METObI

O6beKTOM MccnefoBaHUA ABUNNCH 78 XeHLWMH penpoayKTMBHOro Bo3pacTa (18-49 ner).
CpefiHMIN BO3pacT yUYacTHUL nccnefoBaHma — 357 net. KOHTUHIEHT XeHLWurH Obin pas-
OeneH Ha 2 rpynnbl B 3aBUCMMOCTW OT Pe3ynbTaToB LIMTONOrMUYEeCKoro nccnefoBaHuns
COCKOGOB LiepBMKanbHOro KaHana wenkn matku (LLUM). MepByto, KOHTPObHYIO, rpynny
(n=39) cocTaBUNM XeHLWUHbI C HOPMOLUTOrpammom, BTopyto rpynny (n=39) — KeHLWK HbI
C LepBUKanbHOWM MHTPasnuTenuanbHol ancnnasmen. Y naumeHTok B obenx rpynnax o1
oTpuuatenbHbin pesynbtat MLUP Ha JHK Bupyca nanunnombl yenoseka (BIMY) Bbicoko-
ro KaHueporeHHoro pucka (BKP) B cockobax 13 LiepBUKaSIbHOrO KaHana LEeNKN MaTKu.
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Pe3nAEHTHON MUKPOOUOTDI Y KeHLMH Npu BIMY-HeraTuBHOM LepBUKanbHOM AUCnnasum

Y XeHLMH nonyyeHo nnucbmeHHoe fo6poBonbHOe NHGOPMUPOBAHHOE corflacue Ha yya-
CTve B uccnefoBaHMmn. MaTepuanom AnsA UCCNefoBaHuA NOCHYKUIWM Ma3Ky U3 3aiHero
cBopfa Bnaranuwa. Bcem naumneHTkam 66110 BbINONHEHO MUKPOBUONOrMYeckoe nccneao-
BaHMe KNMHUYeCKNX 06pa3LoB C NONyKOMYECTBEHHbIM MOCEBOM Ha Habop anddeper-
LManbHO-gmarHocTuyecknx cpes (cpefa SHA0, MaHHUT-XEeNTOYHO-CONeBON arap, SHTepo-
KoKk arap, Cabypo c xnopamdeHukonom, 5% kpossaHou arap, MRS-arap). UoeHtudunkaumio
BbIPOCLUNX MUKPOOPraHN3MOB NPOBOANN C UCNONb30BaHNEM aBTOMATUYECKOTO MUKPO-
6uonorunueckoro aHanusartopa Vitek 2 Compact (BioMerieux, ®paHuus). Jlaktobaktepun
naeHTudnumMpoBann ¢ ucnonb3osaHnem kapt ANC n ctpunos api50CHL (BioMerieux,
®paHuwma). lna KoHTponA KauecTBa naeHTUGMKaLMM NakTobaKTepuin NPUMEHANCA KOH-
TponbHbIi wWTamm L. acidophilus ATCC 4356. CocToAHMe MUKpPOOGMOLEHO3a Baranumua
OLleHUBaNM B 3aBMCUMOCTM OT YMCI1a BbIPOCLUMX MUKPOOPraHM3MOoB. BapuaHT Mukpobuo-
LileHO03a, NPU KOTOPOM KONMYeCTBO lakTobakTepuii 6bino 6onee 107 KOE/mn, Candida spp. -
MeHee 10* KOE/mn, ycnoBHO-NaToreHHbix MukpoopraHusmos (YINM) — meHee 10° KOE/mn,
pacueHuBany Kak abCconioTHbIN HopMoLeHo3, npu cogepxaHun Candida spp. 6onee
10* KOE/mn, nakto6akTepuii 10°-~10° KOE/MN — Kak ymepeHHbIn Ancbros, a npu cHuXe-
HUW coflepaHua naktobaktepuin meHee 10° KOE/mMn unm npm nonHOM mMx OTCYTCTBUMU,
YMM 6onee 10° KOE/Mn — Kak Bblpa)keHHbIA ancbunos. Bo Bcex obpasuax otaenaemoro
Bnaranuiia BbINONHeHO onpefeneHne pH ¢ ncnonb3oBaHWEM VHAWKATOPHbIX MOMOCOK
(Macherey-Nagel, lepmanus).

OnpepeneHa ¢yHKUMOHaNbHaA akTMBHOCTb LITaMMOB BbIPOCLUMX NaKTOBaKTepUiA.
OueHeHa cnocobHoCTb nakTobaKTepui NpoayuMpoBaTb Nepekncb BOAOPOAA, aHTaro-
HUCTUYECKan akTUBHOCTb M CNocobHOCTb popmrpoBaTb GruonneHKy. [ina onpeaeneHuns
NPoAYKLUUN Mepekncn Bogopofa NakTobaKTepuaMMU KCNONb30BancAa pa3paboTaHHbIN
B nabopatopun metoa c gobaBneHneM K CyTOUHOWM KyfnbType nakrobaKTepui pacTBopa
CepHON KMUC/IOTbI U pacTBOpa KpaxmanbHo-rioancToro Kanua*. Yepes 10 muH Habniopaa-
NN 3a N3MEHEHMEM LiBeTa pacTBopa B Npobupke. MNossneHve B Hel OTAENbHbIX NATEH CU-
Hero LBeTa Uiy NOCUHeHUA Bcero BynboHa yKasblBano Ha NPoAyKLMI0 Nepekncn BoAo-
pofa naktobakTepuaMM — MONOXUTENbHbIA pe3ynbTtaTt. Ecnn ugeTt 6ynboHa B npobupke
He M3MEHSANCA, TO pe3ynbTaT OLeHNBaNM Kak oTpuuaTenbHbli. [nA KOHTPONA KavecTsa
onpepeneHna NpPoayKUMn nepekncu BOAOPOAA MCMOJb30BaNCA KOHTPOJbHbLIA LWTaMM
L. acidophilus ATCC 4356, KoTopbiit npogyurposan H,0,.

[na onpepeneHns aHTaroHWCTUYECKOW aKTUBHOCTU MPUMEHANN METO[ arapoBbiX
6nokoB [13, c. 42]. B kauecTBe TECT-LITAMMOB, B OTHOLLEHW KOTOPbIX ONpeAensamv aHTaro-
HUCTUYECKYIO aKTUBHOCTb, UCMOJIb30BasIN KOHTPOJIbHbIE LITaMMbl 13 aMepPUKaHCKOW KO-
nekumm: E. coli ATCC 25922, S. aureus ATCC 25923, E. faecalis ATCC 29212, P. aeruginosa
ATCC 27853. Pe3ynbTat yumTbiBanu, U3mepas 30Hy 3afiepKK1 pocta B MUINIMMETPaX, 1 CO-
OTHOCWNU C AMaMeTPOM 30H 3aflepKKU poCTa AnA KOHTposibHoro wramma L. acidophilus
ATCC 4356 (E. coli — 12 mm, S. aureus — 12 mm, E. faecalis - 13 mm, P. aeruginosa — 14 mm).
B cnyuae uyBCTBUTENbHOCTY NOCNEHMX K aHTUbaKTepuanbHOMY BellecTBY NpoAayLieHTa

* JlornHosa O.IN. Cnoco6 onpefeneHns NPoAyKLUMIN NEPEKNCY BOJOPOAa NlakTobakTepusamu /
'Y «PHIML, PMn3Y4». Ne 1338 ot 20.03.2024. URL: https://www.rcrm.by/science/rezultaty-nauchno-
issledovatelskoy-deyatelnosti/.
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BOKpYr arapoBbix 6510KoB 06pa3oBbiBanach 30Ha 3afiepXKu pocTta. Yem 6onblue Bbigens-
Nnocb aHTMHaKTepManbHOro BeLLecTBa JlakTobakTepnamuy, Tem 6onblue 6bi1 AUAMETP 30HbI
3a/lepKKN poCTa BOKPYr arapoBoro 6510Ka ¢ naktobaktepuamu. Ecnv 3oHbl 3afepKku po-
CTa TecT-lUTaMMa NakTobaKTepuil NpeBblllany TakoBble AN KOHTPOJIbHOIO WTamMMa, TO
aHTaroHUCTMYeCKasa akTUBHOCTb CUMTaNachb BbICOKOW, €C/IN 30HbI 3aePXKKM pocTa 6binn
MeHbLLE — HN3KOW.

OueHKy deHoTMNMYecKor cnocobHOCTM dopmMMpoBaTb GUOMMEHKY BbINOMHANN MO
pa3paboTaHHOMY MeTOAY, 3a OCHOBY B3AT MaTeHT Ha n3obpeteHne Pecnybnukm benapycb
Ne 20326 [14] n mognduumpoBaH Ansa naktobakTepuid. na storo nonyyanum 48-yacosyto
KynbTypy naktobaktepuii B8 MRS-6ynboHe myTHOCTbio 2McFarland. Mo 100 mkn nony-
UEHHOW CYCMeH3UN UHOKYINPOBaNW B NYHKU MIOCKOAOHHOIO MnaHweTta B fyonax ana
KaXJoro LTaMMa lakTo6aKTepuii, napannenibHo B 2 IYHKU BHOCKIM CYCMEeH3MIo LTaMma
L. acidophilus ATCC 4356. B nonosuHy nyHok go6asnanu no 50 mkn 0,1% BOAHOro pacTso-
pa kpacutensa Congo Red, nnaHwet 3aknemsanu aare3vBHON NAEHKON U NHKYOrpoBanu
ero npv Temnepatype 37 °C B aHa3pobHbIX ycoBuAxX 72 u. Yepes 72 4 U3 nyHOK yaananu
NNaHKTOHHbIE KNETKN U TPEXKPaTHO NpoMbiBanm obpa3oBasLuytoca 6bruonneHKy docdat-
HbiM 6ydepHbIM pacTBOpOM, 3aTem B NiyHKM 6e3 Congo Red gobasnsanu 50 mkn 0,1% pac-
TBOpa Kpacutena reHuMaHBroONeTa U oKpawmsanm oruonneHky 10 MUH NpyY KOMHaTHOW
TemnepaTtype, nocse yero npombiBany ee dochatHbim OydbepHbIM pacTBOPOM, NNaHwweT
BbiCylwIMBanu. [1na okpackm ocHoBHoro BelyectBa (OB) 6uonneHkn ncnonb3osanu Kox-
ro KpacHbli, AnsA okpacku 6uomaccol (BM) — reHumaHsmoneT. Bo Bce nyHku gobasnanu
no 200 mKn 96% 3TUIOBOro CNUPTa ANA N0MPOBaHUA KpacuTenen n3 nyHok. PesynbTtaTtbl
YUUTbIBaNM C NCNOJIb30BaHMEM CNeKTPodOTOMETPa, onpeaensany 3HaueHa ONTUYeCKom
nnoTHoctn 3ntoata Congo Red npu 490 HM 1 3nt0aTa reHUmMaHBroneTa npu 540 HM anA
KOHTPOJIbHOTO WTaMMa U ANnA KIWHUYECKMX LWITaMMOB NakTtobaktepuid. Pe3ynbTtaTt Bbl-
paxanu B egnHMLUax ontnyeckor nnotHoctn (OD). KoHTponem (ODK) cnyunu nyHKu, B
KoTopble fo6aBnaAnm Tonbko MRS-6ynboH 6e3 naktobaktepuit. OTCYyTCTBUIO CMOCOBHOCTU
K obpasoBaHuto OB cooTtBeTcTBOBanM 3HaueHna OD<0,053 ea. ana skcTpaktoB Congo
Red / ataHon 1 HakonneHuto BM - OD<0,071 eg. AnA 3KCTPaKTOB reHUMaHBNONET/3TaHON.
Hu3kasa cnocobHoOCTb HakannMBaTb OCHOBHOE BellecTBO onpefensanacs npegenamu OD
o1 0,053 po 0,106 ea., ymepeHHasa — 0,106 go 0,213 eg., BblpaxeHHasa — >0,213 epn. Hus-
Kaa cnocobHOCTb HakannmeaTb BM onpepenanacb npeaenamm OD 01 0,0713 go 0,142 ef.,
ymepeHHas — ot 0,142 no 0,284 ep., BbipaxkeHHanA — >0,284 ef.

KonnuectBeHHble nokasaTenu MCCNefoBaHWA MNpefcTaBiieHbl MeauaHoW 1 KBapTu-
namm B Bnge Me [Q25; Q75]. CpaBHeHMe KONMMYECTBEHHbIX MOKa3aTenen NpoBoauioch C
nomotypbto Kputepma MaHHa — YUTHUW, Npy OGHOBPEMEHHOM CPaBHEHMW HECKONbKIMX MOA-
rpynn npumeHanacb nonpaeka XofMa Ha MHOXeCTBEHHble CpaBHeHUA. KauecTBeHHble
nokasaTenu NpeAcTaBfieHbl YacToTamn 1 NpoueHTamu B rpynne. MNpu nccnegosaHnn Ta-
611U, conpAXEHHOCTN NCNOJIb30BaNCA KpUTEPUIA XM-KBaApaT, B CJlyyae HapyLleHUs npes-
NOJSIOXEHWNN, NeXxallmx B OCHOBE KpUTEPUA XM-KBadpaT, NPUMEHASICA TOUYHbIN KpUTEPUIA
®uwepa. Bce pacueTbl NpoBOAUNMCL B cTaTUCTMYecKoM nakeTe R, Bepcua 4.1 (R Core
Team (2023)), n opncHom nakeTe Excel 10. YpoBeHb oWIMOKM NepBOro poaa a 6ol NpUHAT
pasHbim 0,05 Ana ctaTMCTNYECKOro BbiBOAA.

Bce nccnepgoBaHua BbINONHANUCH B nabopatopun KNeTouHbIX TexHonorun 'Y «PHIML,
PMu3Y» B pamkax puHaHcupyemoro npoekta BPODOU «/3yuntb dyHKUMOHaNbHblE OCO-
6eHHOCTU pe3naeHTHON MUKPOOMOTbI BRaranuviya npy pasfiMyHON CTeNeHU TAKeCTu
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CocTosiHMe MUKPOOUOLIEHO3a BNaranmiya 1 oLeHKa GyHKLMOHaNbHON aKTUBHOCTA
pe3ngeHTHOM MUKPOBMOTHI Y »KeHLWWH Npu BIMY-HeraTuBHOI LiepBriKanbHOWM Ancnnasnm

npefonyxoneBbiX MOPaXKeHU Wenkn MaTKn y BIMY-no3nTMBHBIX KeHLWWH penpoayKTuB-
Horo Bo3pacta flomenbckom obnactux», N@ roc. pernctpaumm 20221047 ot 04.07.2022.

B PE3YJNbTATHI

Pe3ynbTaThbl MCcCejOBaHWI OLIEHKM COCTOAHMA MUKpOOroLeHO3a Bnaranuiia nokasa-
NN 3HaUMMBble OT/IMYMA MEXAY FPYNnamMu XeHLKWH ¢ natonoruen u 6e3 natonorvn M.
HapyweHue 6anaHca Mukpodnopbl Bnaranuiia yctaHoBneHo B 87,2% (n=34) B rpynne ¢
avcnnasuen, npuyem B 66,7% (n=26) cnyyaes Obin onpefeneH BbipaXKeHHbIN Ancbrnos u
TONbKO Y 12,8% (n=>5) NnauneHToOK COCTOAHNE MUKPOdNOpblI COOTBETCTBOBANO HOPMOLle-
Ho3y. HanpoTus, B rpynne 6e3 natonorun LM coctosHue mmkpobuoLieHo3a Bnaranuiia B
6onee yem NonoBuHe cyiyyaes — 69,2% (n=27) COOTBETCTBOBAJIO KPUTEPUAM HOPMOLIEHO-
3a 1 BblpaXeHHbI AMCcOmOo3 B 3TON rpynne He BbIABAANCA, YMEPEHHbIV ANCOMO3 OTMeueH
B 30,8% (n=12). CnepoBatenbHo, B rpynne ¢ gucnnasuen LM 3adurkcmposaHo npeobna-
JaHve N3MeHeHWI HOpMaNibHOM MMKPOGopbl BRaranuila, COoTBETCTBYIOLEN KpuTepu-
AM ancbrosa. B rpynne naymMeHTOK C HOPMOLIMTOrPaMMON 3HaUMMO Yalle BbiABJIEH HOP-
MOLIEHO3 B CPaBHEHMM C FPYNMOW »eHLWuH ¢ gucnnasuen WM (p<0,001) (tabn. 1).

3HauyeHnA pH BnaranMWHOro OTAENAEMOro HaxoAWIWCb B npegenax HopManbHbIX
3HaueHun (4,0 [4,0; 4,0]) B rpynne ¢ HOPMOLUMUTOrPaMMON 1 Gblav 3HAUYMMO MOBbILLEHDI
(5,0 [4,0; 6,0]) B rpynne c uepsrKanbHon gucnnasuen (p=0,001). YcTaHOBNEHO, UTO Yalle
ypoBeHb pH oTnnuanca ot HoOpMbI Npu Hanuumum ancburosa. B rpynne naumeHToK ¢ anc-
nnasuen yposeHb pH npu ymepeHHOM 1 BbipaKeHHOM Ancbriose 6bin 3HaUMMO yalle r3-
MEHEH, YeM Y >KEHLLNH KOHTPONbHON rpynmbl. 3HaUMMble pasnuuma B ypoBHAX pH 6binin
OTMEYUEHbI 1 Y XKEHLLVMH C AnCnnasmell U HOPMOLIUTOrPaMMON NpU HopmMoLeHo3e (Tabn. 2).

Ta6bnuua 1
CocTosiHe MUKpOGUoLLeHO3a BNaraavila B uccieayembixX rpynnax
Table 1
Vaginal microbiocenosis state in the studied groups
Auncnnasua ‘ HopmouunTtorpamma
CocTosiHne MUKpo6uoLeHo3a p
n (%)
HopmoueHo3 5(12,8) 27 (69,2)
YmepeHHbIi Ancoros 8(20,5) 12 (30,8) <0,001
BblpaxeHHbIn gncbmos 26 (66,7) 0
Ta6nuua 2
YpoBeHb pH B 3aBMCUMOCTU OT BbIpaXKeHHOCTN U3MEeHeHUIl MMKpo6uoLieHo3a Bnaranuua B rpynnax
CpaBHeHUA
Table 2
pH level depending on the severity of changes in the vaginal microbiocenosis in the study groups
YpoBeHb pH P
Aucnnasua HopmouuTorpamma SODaE s
CocTosiHVe MUKpo6uo- n=39 n=39 Kol Ha
LueHo3a MHOXe-
n Me [Q25; Q75] n Me [Q25; Q75] CTBEHHbIe
CpaBHeHusA
HopmoueHo3 5 6,0 [4,0; 6,0] 27 4,0 [4,0; 4,0] 0,004
YMepeHHbIN Anucbros 8 5,5[5,0;7,2] 12 4,0[4,0; 4,6] 0,014
BblpaxkeHHbIn gncbumos 26 5,0[4,0; 5,8] 0 - -
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B pe3ynbrate npoBeAeHHbIX MUKPOOMONOrMYeckux NCceoBaHni B FPYnne XKeHLWMH
C HopMouuTorpammon nonyyeH poct 39 (100%) wrammoB naktobaktepuid. B rpynne
MKEHLMH C Ancnnasnen pocT NnakTobakTepuii perncTprupoBancs B 3 pasa pexe u 6bino
nonyuyeHo 13 (33,3%) nsonAtos. B uenom sngosoe pasHoobpasme nakTobakTepuin B UC-
cnefyeMbix rpynnax 3Hau4Mmo He pasnunuyanoch (p=0,264). OgHaKo YacTOTHbIVM aHanms3 nx
BCTpeYaemMoCTV NMO3BONIN YCTaHOBUTb, YTO NMAMPYIOLLME NO3ULMK B 06enx rpynnax npu-
HaZnexanu pasHbiM BugaM naktobakTepuii. B rpynne naumeHToOK ¢ gucnnasuvent BCTpe-
Yanucb ¢ oanHakoBow YacToTon (no 23,1% (n=3)) L. acidophilus, L. gasseri, L. plantarum,
a L. crispatus 3apernctpmupoBaH nuwb B 1 KNMHUYeckom obpasue (7,7%). HanpoTus, B
rpynmne >eHLWMH C HopmouuTorpaMmmon wramm L. crispatus ngeHtnéouuymposatH B 35,9%
(n=14) cnyuaes, L. gasseri u L. plantarum onpegenanucb y 25,6% (n=10) n 17,9% (n=7)
NnauneHTOK COOTBETCTBEHHO.

Ba)kHO yumnTbiBaTb, UTO NakTOobaKTepun yyacTBytoT B obecneyeHnn 6apbepHoi GyHK-
UMM 1 noaaepkaHum 6anaHca MUKpPOQIopbI BRaranmila, B CBA3M C YeM Y MONyYeHHbIX
LWTaMmoB Oblna M3yyeHa 1X aHTaroHMCTMYeCKasa akTUBHOCTb (AA). PeynbTaTbl, NonyyeH-
Hble B XO4e UccnefoBaHnA, NPogeMOHCTPUPOBANN CTaTUCTUYECKU 3HAYMMble pa3nnuns
AA naktobakTepuin B uccnegyembix rpynnax (p<0,001). B ocHoBHoI rpynne naktobakTe-
pUM NPaKTUYeCKN He AeMOHCTPUPOoBany AA No OTHOLLEHMIO KO BCEM NCMOMNb3yeMbIM TecT-
wrammam (Tabn. 3). B KoHTponbHoOI rpynne, HA060POT, U30NATHI NakTobakTepuii obnaganu
Bblcokol AA. JTnwb 12,8% WITaMMOB NPOABAANAN HU3KYIO akTUBHOCTD K E. faecalis, 5,1% -
K P. aeruginosa, 2,6% - Kk S. aureus. B oTHoweHuu E. coli Bce wrammbl nakTobakTepuin B
rpynne c HOPMOLUTOrPamMmmMoN NPOABAANIMN BbICOKYIO AA.

Heobxoanmo aKueHTMpOBaTb BHMMaHWE Ha TOM, UYTO NakTobakTepun obnaganu
Hu3Kol AA B rpynne ¢ gucnnasuen LLIM no otHoweHwio K E. coli, S. aureus, E. faecalis
n P. aeruginosa. CpegHue 3HauyeHUA 30H 3afepPXKW POCTa BCEX BbilenepeyncieHHbIX
MUKPOOPraHN3MOB OblI 3HAUNMO HUXKE B CPAaBHEHUN C TaKOBbIMU AA TECT-LUTaMMOB B
rpynne ¢ HopmovumTorpammon (p<0,001) BbigeneHHble n3onATbl NakTobakTepuii NposB-
nanu Hanbonbuwyto AA no oTHolweHwuio K P. aeruginosa, E. coli n B rpynne »eHwwH c uep-
BMKaNbHOW Ancnnasven, n B rpynne ¢ Hopmouutorpammon — 11,2+5,8 mm 1 18,2+2,4 mwm;
9,6+6,3 Mm 1 19,0 +4,2 MM COOTBETCTBEHHO. HanMeHbLLYyo aKTUBHOCTb NlakTobakTepumn
nponsnanu no otHowewwuo E. faecalis (puc. 1).

Ta6bnuuya 3

AHTaroHucTnYeckas akTMBHOCTb LUITAMMOB NlakTo6aKTepuii no oTHoweHuo K E. coli ATCC 25922,

S. aureus ATCC 25923, E. faecalis ATCC 29212, P. aeruginosa ATCC 27853

Table 3

Antagonistic activity of lactobacilli strains against E. coli ATCC 25922, S. aureus ATCC 25923, E. faecalis
ATCC 29212, P. aeruginosa ATCC 27853

Ancnnasuva Hopmouyutorpamma
AHTaroHncTnyeckas _ =

n=13 n=39 p
AKTUBHOCTb, MM*

n (%)
E. coli, <12 7(53,8) 0 <0,001
S. aureus, <12 7(53,8) 1(2,6) <0,001
E. faecalis, <13 10 (76,9) 5(12,8) <0,001
P. aeruginosa, <14 9(69,2) 2(5,1) <0,001

MpumeyaHue: * pasmep 30Hbl 3aaepXKn pocTa ans wramma L. acidophilus ATCC 4356 B MM, HIXKE KOTOPbIX aHTaroHUCTUYecKasn
AKTMBHOCTb 6bina Hu3Kom; ATCC — AMepUKaHCKas KONneKuus TUMOBbIX KyNbTyp.
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CocToAHMe MKpobUOLeHO3a BRaranmiya 1 oueHKa GpyHKLMOHaNbHON aKTUBHOCTY
pe3naEeHTHOM MUKPOOMOTBI Y >KeHLWWH Npu BIMY-HeraTuBHOI LiepBriKanbHOWM Ancnnasnm

E.coli, 19 | '
20 . Co' Paeruginosa, 18,2 |

18

16 _S.auteus,15,2 | : E.faecalis, 15,1

p<0,001

14

12 :Eeruginosa,i{!

|E.cali, 9,6 |
10 == |S-aureus, 88  Efaecalis, 8,3 |

30Ha 3adepKKKn PocTa, Mm

(= L

E.coli S.aureus E.faecalis Paeruginosa
Bug MrkpoopraHusma

B [lncnnasuma WM ® HopmMouuTorpamma

Puc. 1. ilnameTp 30H MHFM6MPOBaHWNA POCTa TECT-LITAMMOB B rpynnax npu onpegeneHnn
aHTaroHNUCTNYeCKom akTuBHocTn, mm (M)

Fig. 1. Diameter of growth inhibition zones of test strains in groups when determining antagonistic
activity, mm (M)

BaxHbIM CBOMCTBOM nakTobaKTepuii ABNAETCA CNOCOBHOCTb NPOAYLMPOBaTh rnepe-
Kucb Bogopopa. lMepekncb Bogopoaa nofdasnseT pocT rpamoTpuLiaTesibHbIX, rpammono-
XKUTENbHbIX BaKynbTaTUBHBIX U 06NUraTHbIX aHaspo6oB., B Tom unche E. coli, G. vaginalis,
Mobiluncus n gp. BmecTte ¢ noHamu x/i0pa 1 MUeNonepoKCcMAa3on Nepekncb BOAOPOAA
yyacTByeT B 06pa3oBaHMM BO Brlaranuiie TOKCMUYHbIX OKMCIUTenen, obnagawowmx 6ak-
TepuungHboiMm gencterem [15, c. 66]. CHUXKeHNe CMOCOOHOCTM TAKTOBAKTeEPUI NpoayLm-
poBaTb Mepekncb BOAOPOAA MOBbIWAET PUCK MHOULMPOBAHUA YCIIOBHO-MATOreHHbIMU
W NMaTOreHHbIMY MUKPOOpraHm3Mamu. B npoBefieHHOM MCCiefoBaHMM B KOHTPOJbHOM
rpynne Bce WTaMMbl NPOAYLMPOBany Nepekncb Bogopopa (t1abn. 4). B otnnune ot rpyn-
Mbl >KEHLWMH C HOPMOLIMTOIPaMMOIA, B rpyrnne NaLMeHTOK C AUCnasnei ToNbko 1 Wwramm
npoayunposan H,0, (7,7%), 92,3% (n=12) wrammoB He obnaganu 3Toil CNOCO6HOCTbIO.
Pa3nuuma B rpynnax 6biay cTaTMCTUYeCKM 3HaunmMbimn (p<0,001).

DopmMupoBaHMe 6UONNEHKN NakTobaKTepuAMM ABRAETCA OAHUM 13 $GaKTOpOoB Ko-
NOHM3ALMOHHON PEe3NCTEHTHOCTU. Ha nMoBepxHOCTU CAU3MCTON BRaranuvija Co3gaeTcA
dusmonornyecknin 6apbep n3 nakTobakTepuii, NPENATCTBYIOWMIA agre3umy naToreHHbIX

Ta6bnuuya 4

MpoayKuna nepekncy Bogopoaa usonATammn nakrobakrepmii B uccnepyembix rpynnax
Table 4

Production of hydrogen peroxide by isolates of Lactobacteria in the study groups

Mpo, T Ancnnasna Hopmouutorpamma
AYKLUA Nepekncn _ -
Bogopona n=13 n=39 p
n (%)
1(7,7 39 (100
fa (7,7) (100) 20,001
Het 12(92,3) 0
594 "Laboratory Diagnostics Eastern Europe", 2025, volume 14, No. 4

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPKAHUIO




KnunHnyeckas mukpobuonorus / OpuriHanbHble NCCnefoBaHns s
Clinical Microbiology / Original Research =3

MUKpoopraHusmos [12, c. 433]. Ha ocHoBaHWM oLeHKN 6rnonneHkoobpa3oBaHMA Bblae-
NEHHbIMU HamMK M30NATaMy NakTobaKTepuii YCTaHOBNEHO, UTO B rpynne C Aucnnasuen
CcnocobHocTb HakannueaTb 6uomaccy (bM) 6bina Huxe B 1,8 pa3a M OCHOBHOE BeLLeCTBO
(OB) — B 2,5 pa3a no cpaBHEHUIO C N30NATaMU NaKTOOAKTePUA, BbIAENEHHBIMUA OT XeH-
LWMH C HopmouuMTorpammon. Ontuyeckas nnotHocTb (OD) npu gucnnasum LM skcTpakTa
Kpacutensa KOHro KpacHoro 6biila CTaTUCTMYECKN 3HaYMMO HIKe B 2,5 pas3a 1 3KCTpaKTa
reHyvaHsuoneta - B 1,84 pa3a no CpaBHEHMIO C aHANIOMMYHbIMW MOKa3aTeENAMU Y XKEHLUNH
KOHTpOJIbHOM rpynnbl (Tabn. 5). Hu3kaa MHTEHCUBHOCTb HAKOMIEHUA OCHOBHOTO BeLle-
CTBa YKa3blBaeT Ha CHUXKEHME NepCUCTEHTHOrO NoTeHUMana v 3aWwnTHbIX GYHKL WA NaKkTo-
6akTepwuii B rpynne ¢ gucnnasven M.

Mpu oLeHKe MHTEHCUBHOCTU BroNIeHKOO6Pa3oBaHNA YCTaHOBEHO, YTO B rpyrnmne na-
UmeHToK ¢ ancnnasuen LM naktobaktepum yalye obnafanu HU3KOM CMOCOBHOCTbLIO CUH-
TesnposaTb OB (69,2%) 1 HakannnBaTb BM (46,2%). Y 23,1% nakto6akTepuin 3Ton rpynmnbl
cnocobHocTb HakannueaTb BM oTtcyTcTBOBana. B rpynne ¢ HopmoLmMTOrpaMmow n3ons-
Tbl TlakTOOAKTEPUI, HANPOTUB, B 66,7% cnyyaeB obnafanu BbipaXeHHON CNOCOOHOCTbIO
dopmumpoBatb OB. CnocobHocTb HakannueaTtb BM 6bina ymepeHHom y 43,6% LITaMMOB 1
BblpaeHHo! — y 23,1% m130nAToB NakTobakTepuii 3Tol rpynnsl (puc. 2).

Ta6bnuuya 5
Cnoco6HocTb popMupoBaTh 61IONNEHKY M301ATaMU IaKTOGaKTepuii B NcciefyeMblX rpynnax
Table 5
Ability to form biofilm by lactobacilli isolates in the study groups
Auncnnasua Hopmouyutorpamma
Cnoco6HocTb popMupoBaTb
6ronneHKky OnTnyeckas NNOTHOCTb IKCTParmpyemMoro Kpacmrens p
Me [Q25; Q75]
KoHro kpacHbiii (OB) 0,095 [0,063; 0,137] 0,233 [0,176; 0,322] <0,001
leHumnaHsuonet (BM) 0,100 [0,084; 0,158] 0,184 [0,114;0,277] 0,029

MpumeyaHue: OB — ocHoBHOe BellecTBo, BM - 6nomacca.

% 80
p<0,001 <0,041
70 69,2 ’ 66,7 p &
60
50 Ao 436
40
0 282 30,8
23,1 231 231 231
20
10 51 £ 26 57
, Hm N i N
HW3KaA YMepeHHas BblpaKeHHanA oTCyTCTBYET HW3KaA ymepeHHas BblpaxeHHasa
OcHoBHoOe BelecTBOo (KOHIo KpacHbI) brnomacca (reHumnaHemnoneT)

® [lucnnasna  ®HopmouyuTorpaMmma

Puc. 2. OyeHKa MHTEHCMBHOCTU 6MONNeHKoo6pasoBaHNsA NakTo6aKTepuAMMN B MCCnegyembiX rpynnax
Fig. 2. Evaluation of the intensity of biofilm formation by lactobacilli in the study groups
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CocTosiHMe MMKPOOUOLIEHO3a BNaranuiya 1 oLeHKa GyHKLMOHaNbHOMN aKTUBHOCTU
Pe3nAEHTHON MUKPOOUOTDI Y KeHLMH Npu BIMY-HeraTuBHOM LepBUKanbHOM AUCnnasum

B OBCYXIEHWUE

B npoBefeHHOM MccnefoBaHUN NPOAEMOHCTPUPOBAHO CHUMXEHNE OMUHUPOBAHUA
naktobaKkTepui B MUKpobroLeHo3e Bnaranuila y 87,2% »eHLWWH C LepBrKaibHON AnC-
nnasuen. PesynbtaTom 3TOro ABMAETCA pa3BuTUe AncbakTepunosa BRaranuila u CHUXeHue
KOJIOHN3aLIMOHHOW Pe3UCTEHTHOCTU. AHanornyHble pesynbraTbl nonyyeHbl Kovachev S.M.
ABTOp nokasan, uto y 23 (71,9%) xeHwwmH c PLLUM BbisiBNeHbl HapyLeHna MUKPObroTbl
BNarajaunlLa co CHUXXeHNeM KonmyecTBa naktobakTtepuit [16, c. 1. CHUXeHue umcna nak-
TOBGaKTepU MOXeT OKa3blBaTb CyLIeCTBEHHOE BAIMAHME Ha BO3HWKHOBEHME U pa3BuUTME
PWM [17, c. 2237]. Ancbro3 uepBrnKoBarnHanbHOM MUKPOdIopbl B COYETAHUN C N3MeHe-
HUAMU B MUKPOBHOM COCTaBe, MeTabonmTax  UMMYHHOM MUKPOOKPYXXEHM NoBpexaaeTt
6apbep U aNuTeNnvanbHble KNeTKW, a TakKe HapyLllaeT UMMYHHbI/ OTBET NPOTUB UHdEeK-
umni BIMY [18, c. 8-9], uto B UTOre NpmnBOAUT K passututo PLLUM [19, c. 7]. HekoTopbiMu aB-
TOpamMy MOKa3aHo, UTO LiepBMKOBarHanbHble NakTobauunsbl MOryT OKa3biBaTb NpsAMoe
LMTOTOKCMYeCKoe fencTBre Ha knetku PLLM [20, c. 236]. HepaBHmne nccnenosanusn B L se-
UM NPOLEMOHCTPMPOBANN, YTO BarMHanbHbIA AMCOMO03, XapaKTepu3yloLWmnca noTepen
JomuHupoBaHuA Lactobacillus n yBenuueHnem mnkpobHoro pasHoobpasus, CBsizaH He
TOMNbKO C MOBbILIEHHbIM PUCKOM 3ab0neBaHWI NONOBbIX NyTeN, BKNOYas 6aKkTepuasibHbIii
BarvHO3, a3pOOHbIN BarvHUT, By/IbBOBarMHasbHbI KaHAMA03, MHGeKLUK, NepeaatoLmecs
MONOBbIM MYTEM, HO U C OCJIOXKHEHMAMMN BepPeMeHHOCTH, TaKUMU KaK NpeXKaeBpeMeHHble
pogbl [21].

M3BecTHO, UTO NnakTobakTepum cocTaBnstoT bonee 95% BCel KOMMEHCANbHOW KO-
CMCTeMbl BRaranua 1 B HopMme nogaepxmeatot pH ot 3,8 go 4,5 6narogaps BbipaboT-
Ke MOJIOUHOM KncnoThl [6, 7]. Mpu ymeHblUeHUM KONMYeCTBa TaKToBaKTepui B rpynne ¢
aucnnasven LM otmeyvaetcs yBenmueHne pH cpefibl BCneacTBre CHUMKEHUA BblpaboT-
K1 MOJTIOUYHOW KUCNOTbl U Nepekncn sogopoaa. D.E. O'Hanlon n coaBT. nokasanu, 4To B
MUKpOOMOLEHO3€e BNaranuiLa XeHLMH, Y KOTOPbIX AOMUHMPOBANU NakTobaLubl, KOH-
LeHTpaLmsa MOMOYHOW KUCNIOTbI Oblna 06paTHO NponopumoHasibHa pH, UTo yKa3biBaeT Ha
BaKHYI0 POJIb MOJIOYHOW KNUCOTbI B NOAAep»KaHW KMCIOM cpeabl Bnaranuiya [22. ¢. 4-5],
KOTopas AelCTBYeT Kak aHTUMUKPOOHOe coefiHeHMe NPOTUB GaKTepranbHblX, FPUGKo-
BbIX U BUPYCHbIX NaToreHos [23, c. 4].

XoTA B BbINONHEHHOM WCCNEfOBaHMMN BUOOBOW COCTaB NakTobakTepuin B rpynnax
3HaUMMO He pa3nunyancs, boina oTMeUYEHa X pa3Hasa YacTOTHas NpPeacTaBleHHOCTb B UC-
cnepyeMbix rpynnax. Hanprmep, B rpynne »eHLWwmH C HOPMOLMTOrpaMMON Yalle BCTpeya-
nuce L. crispatus, a npu grcnnasmm oHn obHapy»KeHbl TONbKO B 1 KNUHUYeCcKoMm obpa3sLe.
MHorue aBTOpbI NPW OLeHKe pa3HOobpasna NakTobaKTeEPUn NPUBOAAT AaHHbIE, CBUAE-
TeNbCTBYIOLLME O TOM, YTO NAMpPOBaHMe L. crispatus xapakTepHoO A9 HOPMOLEHO3a, OHU
yalle oTMeyvaloTcA B 61OTOMNE 300POBbIX KEHLWMH [24, c. 64], OKa3blBaA UHIMOUpYioLLee
pencTeue Ha knetku PLLUM [25, c. 11. Nunn 1 coaBTopbl 06Hapy»unu, 4yto npeobnagaHue
L. crispatus 1 OTHOCUTENbHO BbICOKME YPOBHM D-MOMOUYHOM KNCNOTbI OKa3biBaloT BAMAHME
Ha NoBblLUEeHNe BA3KOCTY LIePBUKOBarnHanbHON Cln3K, YTOo CNOCOBCTBYET 3axBaTy BUPYC-
HbIX YaCTUL, NPY BUPYCHBIX ypOreHnTanbHbIX MHbeKunax [26, c. 3].

Pe3ynbTaThl NpoBefeHHON HaMU OLeHKN QYHKUMIA NakTobaKTepuin NoKasanu 3Hauu-
Mble U3MEHEHNWA B rpynmne XeHLWWH C AnCniasren Wenkn maTtkn. B aTon rpynne otmeyeHo
CHWXeHUe MPOTEKTVBHbIX CBONCTB JlaKTObaKTepuid: HefoCcTaTouHaa Mpoaykuma nepe-
KNCW BOAOPOAA, CHUXKEHHAA aHTaroHMCTUYeCKasa akTUBHOCTb 1 CMOCOBHOCTb GOopMUPO-
BaTb GMOMMEHKY, UTO XapaKTepu3yeT CHUMKEHHYI KONOHM3aLWNOHHYK Pe3NCTeHTHOCTb
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Mo OTHOLLEHWIO K HaKTepuanbHbIM 1 BUPYCHbIM BO3OyauTenam. B rpynne ¢ HopmouuTto-
rPaMMol, HanpPOTUB, BCE CBOWCTBA NTAKTOOaKTepunid Oblin peann3oBaHbl B NMOTHOM Mepe.
MonyuyeHHble Hamy pe3ynbTaTbl COBMAAAlOT C paHee onybnMKoBaHHbIMY NCCNeoBaHNA-
mm A.C. VicaeBoi 1 CoaBT., NOKa3aBLUUMW, YTO NPU HOpMOLeHO3e 96,7% 1N30nATOB Npoay-
UMpoBany nepekncb Bogopoaa, Npu mesoueHose 30% N30NATOB TepAnn TaKylo Cnocob-
HOCTb, a Npy 6aKTepranbHOM BarmHo3e (4Mcbrose) NoYT! NOMOBUHA U30NATOB NTaKTOba-
LUunn He NnpoayunpoBanm nepekncb Bogopoaa [24, c. 63].

B Hopme Lactobacillus spp. gommHupytoT Bo BnaranuwHom 6rnoTone, noanepxusatoT
OVHaMUyecKoe paBHOBECKE W COCTaBAAIT OCHOBY MUKpodopbl. B cnyyae HapyleHus
3Toro 6anaHca KonmyecTso nakTobaLuuin yMeHbLIaeTca ¢ NoceayoLwmnm yrHeTeHnem 3a-
WUTHBIX GYHKLUUIA, pa3pyLuiaeTca K1cnasa cpefa Bnaraaunila, HacTynaeT rmnoKCus, CHXa-
eTcA YpoBeHb MECTHOTO UMMYHUTETa, ocslabeBaeT NPOTUBOONYXoNeBbin 3GdEKT 1 NOBbI-
LIaeTCA BEPOATHOCTb BO3HMKHOBEHUA nopakeHun LLUM [27, c. 2].

Takum 06pa3om, Hamun yCTaHOBMIEHbI MPUHLMUMNNANIBHO Ba)Hble OTINUNA COCTOAHUA
MUKpobuoLeHo3a Bnaranva u GyHKUUA pe3naeHTHON MUKPOGIOPbI Y XeHLWWH npu
BlMNY-HeraTnBHOM LepBUKaNbHOM ANCMNA3MM NO CPABHEHWUIO C TAKOBbBIMU Y MEHLLMH C HOP-
moumTorpammon. MpoBeaeHHbIN aHanmM3 nokasan, YTo Ana »KeHwmH ¢ BMNY-HeratneHom
LepBrKanbHOW Ancnnasment 6ol xapaktepeH ancbros Bnaranuila, NOBbILEHHbIN Ypo-
BeHb pH BRaranuLwHoOro oTaenAaemMoro, CHUXeHMe aHTaroOHNCTUYECKON aKTUBHOCTU IaKTO-
6aKTepuii MO OTHOLLEHNIO K Pa3fINYHbIM MaToreHam, OTCYTCTBME NPOAYKLIMM NEPEKNCH BO-
Jopopja v H3KasA cnocobHOCTb NlakTobakTepuii K 6uonneHkoobpasosaHmio. [onyyeHHble
JaHHble CBMAETENbCTBYIOT O TOM, YUTO MUKPOOMOTa MOXKET UrpaTb onpefesieHHYI0 posb B
CO3JaHNN NPOOHKOrEeHHOM CPefbl Y KEHLWMH C AnCnnasnen.

AHanu3 BarnMHanbHOM MUKPOOUOTbI, B YaCTHOCTU €ro OCHOBHOFO MUKPOOHOIO KOMMO-
HeHTa — nakTob6aKTepun 1 nx GyHKLUN, MOXKET CNY>KUTb ONOAHUTENIbHBIM MHCTPYMEHTOM
OLEHKM prcCKa 1 npeaynpexaeHna pa3sntua PLUM npu BlMNY-HeraTvBHOM LepBrKanbHOM
ANCNnasnm, a Takxke NepCcoHanM3npoBaHHOMO MNOAXOAA K KaXAoM »KeHLHe, NpoBeaeHNsA
OVHAMNYECKOro HabnlogeHna N KoOppeKUMn COCTOAHMA MUKpobuoLeHo3a Baranuia.
HecomHeHHa Ba)KHOCTb MPUMEHEHUA NMPeanNKTMBHOrO, NepPCOHaNN3NPOBaHHOIO 1 NpPo-
bMNakTUYeCKoro NOAXoL40B K BeAEHUI0 KaXKAOW MaUMeHTKN ANnA NpefoTBpalleHna pas-
BUTUA Npegonyxoneson natonoruu WM.

B BbIBO/bl

1. B rpynne xeHwWwuH c gucnnasuen UM B 87,2% (n=34) cnyyaeB MnKpobuoLieHo3 Bna-
ranuwa COOTBETCTBOBAN KpuTepusm Ancbuosa. Y KeHWMH C HOPMOLMTOrpaMMoNn
3HauMMO yalle BbliBIeH HOpMOLLeHO3 (69,2%) B CpaBHEHMWW C rpyMnnoin NauneHToK ¢
ancnnasven WM (p<0,001). 3HaueHna pH BnaranuwHoOro oTaenAaemMoro Haxoguancob
B npepenax HopmasnbHbIX 3HaueHuin (4,0 [4,0; 4,0]) B rpynne ¢ HOPMOLIUTOrPaMMON
1 6binn 3HaumMmo nosbiweHbl (5,0 [4,0; 6,0]) B rpynne C UepBUKanbHOW AMCNnasnen
(p=0,001).

2. BupoBoe pa3Hoobpa3ue nakTobakTepuin B Mcciefyembix rpynnax 3HauMMo He pasnu-
yanocsb (p=0,264). OgHako nuanpytoLne BUabl NakTobakTeprii pa3nuuHbl. B rpynne ¢
Ancnnasven yawe Bctpeyvanuchb L. acidophilus (23,1%), L. gasseri (23,1%), L. plantarum
(23,1%). B rpynne »eHLWmH c HopMouuTorpammon npeobnaganu L. crispatus (35,9%),
L. gasseri (25,6%), L. plantarum (17,9%).
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3. Brpynne c gucnnasven Wenkn MaTkyi aHTaroHUCTUYeCKasa akTUBHOCTb Oblfia CHUXKeHa
Mo OTHOLLEHMIO KO Bcem TecT-wtammam (E. coli, S. aureus, E. faecalis u P. aeruginosa).
BblaeneHHble n3onATbl NakTobakTepuii NPoABAAnn Hanbonbluyio AA MO OTHOLLEHMIO K
P.aeruginosa, E. coli n B rpynne c LepBuKanbHo Arucnnasuven, 1 B rpynmne c HOpMoLu-
TOrpPaMMO, OAHAKO ANaMETPbI 30H 3aJePKKM pocTa Obliv 3HaUUMMO Huxe (11,2+5,8 n
18,2+2,4 mm; 9,6+6,3 1 19,0 +4,2 MM COOTBETCTBEHHO).

4. Y XeHLWWH C uepBUKanbHON Ancnnasnern NpakTUYeckn BCe U30NATbI NakTobaKTepui
He nNpoayumnpoBany nepekncb Bogopoga (92,3%) n obnagany HU3KoOM CNOCOOHOCTbIO
dopmmpoBaTb 6UONNEHKY (CUHTE3UPOBaTb OCHOBHOE BeLlecTBO — 69,2%, Hakanu-
BaTb 6buomaccy — 46,2%).

5. W3yueHune cocTtoaHUAa MUKpobuoLieHo3a Bnaranuila n GyHKUUn naktobaktepuin no-
3BOJSIANO YCTAHOBMUTb NOTEHLMANBbHYIO CBA3b MEXAY U3MEHEHNAMY MUKPOOMOTHI Bia-
ranuwa 1 uepBuKanbHom gncnnasunen. boiin BolaBneHbl ¢pakTopbl, aCCOLUNPOBAHHbIE
C Aucnnasven LWenky MaTKuK, HanmumMe KOTOpbIX MOo3BONUT cHOpMMpPOBaTb rpynmbl
purcKa pa3BuUTUA NPefonyXoneBon NaToNorMm Cpeam *eHLWwmH ana nx AMHaMmyeckoro
HabnogeHus.

B JINTEPATYPA/REFERENCES

1. MolinaM.A, Steenbergen R, Pumpe A., et al. HPV integration and cervical cancer: a failed evolutionary viral trait. Trends Mol Med. 2024;30(9):890-
902. doi: 10.1016/j.molmed

2. Usyk M., Zolnik C.P, Castle PE., et al. Costa Rica HPV Vaccine Trial (CVT) Group. Cervicovaginal microbiome and natural history of HPV in a
longitudinal study. PLoS Pathog. 2020;16(3):e1008376. doi: 10.1371/journal.ppat.1008376

3. Bowden S.J., DoulgerakiT., Bouras E., et al. Risk factors for human papillomavirus infection, cervical intraepithelial neoplasia and cervical cancer:
an umbrella review and follow-up Mendelian randomisation studies. BMC Med. 2023;21(1):274. doi: 10.1186/512916-023-02965-w

4. LiY., Wu X. Vaginal microbiome distinction in women with HPV+, cervical intraepithelial neoplasia, and cervical cancer, a retrospective study.
Front Cell Infect Microbiol. 2025;14:1483544. doi: 10.3389/fcimb.2024.1483544

5. Kononova I.N., Voroshilina E.S., Zornikov D. L., et al. Vaginal microbiocenosis in patients with HPV-associated and HPV-negative cervical
intraepithelial neoplasia. Arkhiv Akusherstva i Ginekologii im. V.F. Snegiryova. 2015;2(1):22-26. Available at: https://cyberleninka.ru/article/n/
mikrobiotsenoz-vlagalischa-u-patsientok-s-vpch-assotsirovannymi-i-vpch-negativnymi-tservikalnymi-intraepitelialnymi-neoplaziyami
(accessed 20.08.2025). (in Russian)

6. Anahtar M.N., Gootenberg D.B., Mitchell C.M., et al. Cervicovaginal Microbiota and Reproductive Health: The Virtue of Simplicity. Cell Host
Microbe. 2018;23(2):159-168. doi: 10.1016/j.chom.2018.01.013

7. Dong M., Dong Y., Bai J., et al. Interactions between microbiota and cervical epithelial, immune, and mucus barrier. Front Cell Infect Microbiol.
2023;13:1124591. doi: 10.3389/fcimb.2023.1124591

8. Sozonova E.A. Chapova N.E, Budanova E.V. Dynamic changes in the women’s vaginal microbiota. Gynecology, Obstetrics and Perinatology.
2021;20(4):106-114. doi: 10.20953/1726-1678-2021-4-106-114. (in Russian)

9.  Fraszczak K., Barczyniski B, Kondracka A. Does Lactobacillus Exert a Protective Effect on the Development of Cervical and Endometrial Cancer in
Women? Cancers (Basel). 2022;14(19):49009. doi: 10.3390/cancers14194909

10. Mitra A, MacIntyre D.A., Ntritsos G., et al. The vaginal microbiota associates with the regression of untreated cervical intraepithelial neoplasia 2
lesions. Nat Commun. 2020;11(1):1999. doi: 10.1038/541467-020-15856-y

11.  Rakhmatullaeva M.M., Navruzova N.O. Lactobacilli of the vagina: their types, properties and role in vaginal biotope. Doktor Axborotnomasi.
2019;2:154-158. Available at: https:/inlibrary.uz/index.php/doctors_herald/article/view/2466 (accessed 20.08.2025). (in Russian)

12. Zakaria Gomaa E. Antimicrobial and anti-adhesive properties of biosurfactant produced by lactobacilli isolates, biofilm formation and
aggregation ability. J Gen Appl Microbiol. 2013;59:425-436. doi: 10.2323/jgam.59.425

13. Irkitova A.N., Kagan Ya.R., Sokolova G.G. Comparative Analysis of the Methods to Define Antagonistic Activity of Lactic Bacteria. lzvestiya
of the Altai State University. 2012;3(1):41-44. Available at: https://cyberleninka.ru/article/n/sravnitelnyy-analiz-metodov-opredeleniya-
antagonisticheskoy-aktivnosti-molochnokislyh-bakteriy (accessed 20.08.2025). (in Russian)

14. Yarets, Yu.l. Method for assessing the ability of bacteria to form a biofilm: patent for invention BY 20326 IPC C12Q1/02. Patent N2 a 20130260.
Official Bulletin of the National Center for Intellectual Property, Minsk. 2016;4(111):137-138. Available at: https://ncip.by/upload/iblock/48b/48be
b90d6d001e5ef24214b2bcb23112.pdf. (in Russian)

15.  Tikhomirov AL, Kazenashev V.V, Sarsaniya S.., et al. Prebiotic correction in bacterial vaginosis. Meditsinskiy sovet. 2017;(2):66-68. doi:
10.21518/2079-701X-2017-2-66-68. (in Russian)

16. Kovachev S.M. Cervical cancer and vaginal microbiota changes. Arch Microbiol. 2020;202(2):323-327. doi: 10.1007/500203-019-01747-4

17.  Wei W, Xie L.Z, Xia Q, et al. The role of vaginal microecology in the cervical cancer. J Obstet Gynaecol Res. 2022 Sep;48(9):2237-2254. doi:
10.1111/jog.15359

18.  Moscicki A.B., Shi B, Huang H., et al. Cervical-vaginal Microbiome and Associated Cytokine profiles in a prospective study of HPV 16 Acquisition,
persistence, and Clearance. Front Cell Infect Microbiol. 2020;10:569022. doi: 10.3389/fcimb.2020.569022

598 "Laboratory Diagnostics Eastern Europe", 2025, volume 14, No. 4

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO



https://doi.org/10.1016/j.molmed
https://doi.org/10.1371/journal.ppat.1008376
https://doi.org/10.1186/s12916-023-02965-w
https://doi.org/10.3389/fcimb.2024.1483544
https://cyberleninka.ru/article/n/mikrobiotsenoz-vlagalischa-u-patsientok-s-vpch-assotsirovannymi-i-vpch-negativnymi-tservikalnymi-intraepitelialnymi-neoplaziyami
https://cyberleninka.ru/article/n/mikrobiotsenoz-vlagalischa-u-patsientok-s-vpch-assotsirovannymi-i-vpch-negativnymi-tservikalnymi-intraepitelialnymi-neoplaziyami
https://doi.org/10.1016/j.chom.2018.01.013
https://doi.org/10.3389/fcimb.2023.1124591
https://doi.org/10.20953/1726-1678-2021-4-106-114
https://doi.org/10.3390/cancers14194909
https://doi.org/10.1038/s41467-020-15856-y
https://inlibrary.uz/index.php/doctors_herald/article/view/2466
https://doi.org/10.2323/jgam.59.425
https://cyberleninka.ru/article/n/sravnitelnyy-analiz-metodov-opredeleniya-antagonisticheskoy-aktivnosti-molochnokislyh-bakteriy
https://cyberleninka.ru/article/n/sravnitelnyy-analiz-metodov-opredeleniya-antagonisticheskoy-aktivnosti-molochnokislyh-bakteriy
https://ncip.by/upload/iblock/48b/48beb90d6d001e5ef24214b2bcb23112.pdf
https://ncip.by/upload/iblock/48b/48beb90d6d001e5ef24214b2bcb23112.pdf
https://doi.org/10.21518/2079-701X-2017-2-66-68
https://doi.org/10.21518/2079-701X-2017-2-66-68
https://doi.org/10.1007/s00203-019-01747-4
https://doi.org/10.1111/jog.15359
https://doi.org/10.1111/jog.15359
https://doi.org/10.3389/fcimb.2020.569022

KnuHnyeckas Mukpobuonorus / OpurvHanbHble NCCeAoBaHUA s
Clinical Microbiology / Original Research  £3

19. Wang Y., Wang X., Zhu M,, et al. The interplay between Cervicovaginal Microbial Dysbiosis and Cervicovaginal Immunity. Front Immunol.
2022;13:857299. doi: 10.3389/fimmu.2022.857299

20. WangK.D., Xu D.J,, Wang B.Y,, et al. Inhibitory Effect of Vaginal Lactobacillus Supernatants on Cervical Cancer Cells. Probiotics Antimicrob Proteins.
2018;10(2):236-242. doi: 10.1007/512602-017-9339-x

21. ValerianoV.D,, Lahtinen E., Hwang I-C, et al. Vaginal dysbiosis and the potential of vaginal microbiome-directed therapeutics. Front. Microbiomes.
2024;3:1363089. doi: 10.3389/frmbi.2024.1363089

22. O'Hanlon D.E, Moench TR, Cone R.A, et al. Vaginal pH and Microbicidal Lactic Acid When Lactobacilli Dominate the Microbiota. PLoS ONE.
2013;8(11):e80074. doi: 10.1371/journal.pone.0080074

23. Avitabile E, Menotti L, Croatti V, et al. Protective Mechanisms of Vaginal Lactobacilli against Sexually Transmitted Viral Infections. Int J Mol Sci.
2024;25(17):9168. doi: 10.3390/ijms25179168

24. Isayeva AS., Letarov AV, llyina E.N., et al. Species identification of vaginal lactobacilli isolated in reproductive-age women. Obstetrics and
Gynecology. 2012;3:60-64. Available at: https://aig-journal.ru/articles/Vidovaya-identifikaciya-vlagalishnyh-laktobacill-vydelennyh-u-jenshin-
reproduktivnogo-vozrasta.html (accessed 20.08.2025). (in Russian)

25. ZhonglL, ZhengJ.,, Wang Z,, et al. Metabolomics and proteomics reveal the inhibitory effect of Lactobacillus crispatus on cervical cancer. Talanta.
2025;281:126839. doi: 10.1016/j.talanta.2024.126839

26. Nunn K.L, Wang Y.Y,, Harit D,, et al. Enhanced Trapping of HIV-1 by Human Cervicovaginal Mucus Is Associated with Lactobacillus crispatus-
Dominant Microbiota. mBio. 2015;6(5):e01084-15. doi: 10.1128/mBi0.01084-15

27. Cui M, Wu Y, Liu Z, et al. Advances in the interrelated nature of vaginal microecology, HPV infection, and cervical lesions. Front Cell Infect
Microbiol. 2025;15:1608195. doi: 10.3389/fcimb.2025.1608195

«JlabopaTopHas anarHocTuka BoctouHas EBpona, 2025, Tom 14, N2 4 599

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPKAHUIO



https://doi.org/10.3389/fimmu.2022.857299
https://doi.org/10.1007/s12602-017-9339-x
https://doi.org/10.3389/frmbi.2024.1363089
https://doi.org/10.1371/journal.pone.0080074
https://doi.org/10.3390/ijms25179168
https://aig-journal.ru/articles/Vidovaya-identifikaciya-vlagalishnyh-laktobacill-vydelennyh-u-jenshin-reproduktivnogo-vozrasta.html
https://aig-journal.ru/articles/Vidovaya-identifikaciya-vlagalishnyh-laktobacill-vydelennyh-u-jenshin-reproduktivnogo-vozrasta.html
https://doi.org/10.1016/j.talanta.2024.126839
https://doi.org/10.1128/mBio.01084-15
https://doi.org/10.3389/fcimb.2025.1608195

https://doi.org/10.34883/P1.2025.14.4.005 —®®@
YAK 616.98:579.852.13]-074:616-036.882-08 O

Nemew A.B.D<|, fikybuesny P.D.
[poAHeHCKMI rocyaapCcTBEHHbIN MeguUNHCKIIA yHUBepcuTeT, [pogHo, benapych
[popgHeHcKan yHuBepcuTeTcKas KNnHuKa, l(pogHo, benapycb

NabopaTopHble MapKepbl KNOCTPUANANbHON
NHPEKLNM Y NALUMEHTOB C CEMCNCOM

KoH$NUKT nHTepecoB: He 3asBneH.

Bknap aBTopoB: Jlemels A.B. - npoBefeHne nccnefoBaHus, HanvcaHme TekcTa, 063op nutepatypbl; Aky6uesuy P.3. — pefaktu-
poBaHue.

®uHaHcMpoBaHue: 1cciefjoBaHNe NPOBeAEHO Npy pUHAHCOBOI nopaepxke benopycckoro pecny6nmkaHckoro GoHaa dyH-
JlaMeHTasbHbIX CCNeAOBaHNI B paMKax Hay4YHOro npoekTa «Pa3paboTka nepcoHMULMPOBAHHOIO NMOAXOAA B IEUEHUN aHTM-
6VOTUK-aCCOLMMPOBAHHON ANapen Ha OCHOBaHUM FreHeTUYEeCKIX NPeJUKTOPOB ee Pa3BUTUA Y NaLMEHTOB C cencucom», Ne roc.
peructpaunn 20231275.

MopaHa: 10.03.2025

MNpwuHaTa: 18.08.2025
KoHTakTbl: anton_lemesh@mail.ru

Pesiome

BeepeHume. Clostridium difficile (C. difficile) ABnAaetca yactbim BO36yanTENnemMm Ho30KOMU-
anbHOW Anapeu, UTo NpeacTaBnsaeT cobol cepbesHyo nNpobnemy COBpeMeHHOro 3apa-
BOOXpaHeHUs. 3a nocsiefHue TpY AeCATUNETNA Pe3KOo yBenunuunacb 3abonesaemocTb
n TaxkecTb nHdekumm C. difficile (MKL) Bo Bcem mupe. C. difficile - rpamnonoxurtenbHas
aHaspOo6Has cnopoobpasyioLlas 1 TOKCMHNpoAyLMpyiowas 6auunna, nprHagnexallas K
poay Clostridium. ®aktopamu BupyneHtHocTu C. difficile anatoTca Bbicokomonekynap-
Hble KIIOCTPMAnanbHble TOKCMHbI: TOKCUH A (TcdA) n TokcunH B (TcdB). K mapkepam, oue-
HMBAIOLLMM YPOBEHb NMPOHULLAEMOCTY U NOBPEXAEHNA KNLLIEYHOTO SMNUTENNA, OTHOCUTCA
6enoK, CBA3bIBAOLUNA XNPHbIE KUCOTbI.

Liennb. MpoBecTy CpaBHUTENbHBIV aHANN3 YPOBHSA KNOCTPUAMANIbHBIX TOKCMHOB B CbIBO-
POTKe KPOBU U Kane (CTyne) NauueHTOB B KPUTMYECKOM COCTOAHUN, Y KOTOPbIX pa3Bunach
aHTUOMOTUK-accoLMMpoBaHHaa auapea Ha ¢doHe npuema KapbaneHemoBbiX aHTUOKO-
TUKOB, @ TaKXKe BbIMOIHUTL BMOXMMMYECKOE UCCNefoBaHNE COAEPXKAHNA B CbIBOPOTKE
KpoBW 6esKa, CBA3bIBaOLLEro XNPHbIE KNCNIOTbI, AN151 OLEHKN NOBPEXAEHNA LLeNOCTHOCTA
WHTECTVHabHOro 6apbepa y NaureHToB C aHTMOUOTUK-aCCOLMUPOBAHHOW Anapeen.
Matepuanbl u metogbl. [TpoBeaeH NabopaTopHbI CKPUHMHE 29 NaLVEHTOB OTAEeNEeHMA
WHTEHCUBHOW Tepanuu. KonnyecTBeHHOE onpefenieHre yPOBHS TOKCMHOB, 6enKa, CBS3bl-
BAIOLLIEro »KMpPHbIE KNCNOThI, B BoNornyeckom matepurane naunmeHToB OCyLLeCTBAANOCh
C UCnonb3oBaHNemM HabopoB peareHTOB A9 UMMYHOPEPMEHTHOMO aHanv3a no meToay,
OCHOBaHHOMY Ha pepMeHTCBA3aHHOW MMMYHOCOP6GEHTHON CIHABUY-TexHoNornn. Konu-
yecTBEHHOE ornpefeneHne coaep)aHua 6enka NPoBoAMIOCh Ha UMMYHObEPMEHTHOM
aHanusartope npu anvHe BosiHbl 450 HM.

Pe3ynbraTbl. B x0ae nccnefoBaHma Obiiv YCTAHOBNEHDI MEAWNAHHbBIE 3HAYEHUS] KOHLIEH-
Tpauuun KNocTpnamnanbHbiX TOKCUHOB B KPOBW: 223 Hr/n ana TokcuHa A n 1169 Hr/n ana
TOKCMHa B. OTMeueHo, YTo NpU BbICOKOM YPOBHE TOKCMHOB B KPOBW NNLLb Y 52% navmeH-
TOB 6bIn 06HapyxeH TokcuH C. difficile B Kane. MNoka3aHo, UTO NOBbILWEHHAsA KOHLEHTpa-
uma 6eska, CBA3bIBAIOLLErO XUPHbIE KUCIOTbI, COCTaBnAlLWan 639 HI/n, MOXeT ClyXUTb
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MapKepOM HapyLLeHUA LenoCTHOCTA KULWEYHOTO SMTENUA Y NauueHToB oTaeNeHna pe-
aHMMaLUUM U MHTEHCUBHOW Tepanun C aHTUONOTUK-aCCOLMMPOBAHHON Anapeeit, UHAyL M-
poBaHHOW KapbaneHeMaMu.

3akntoueHue. Boicoknii ypoBeHb pacnpocTtpaHeHHocTn nHoekuun C. difficile, cnigpoma
MOBbILIEHHOW 3MMTENNanbHOM MPOHULLAEMOCTU Y CENTUYECKMX NaLMEHTOB B OTAENEHN
WHTEHCMBHOW Tepanuu TpebyeT U3yyeHua 1 UCNOoNb30BaHUA AOMOHUTENIbHbIX METOA0B
OVArHOCTMKM NPU KPUTUYECKUX 3ab0NieBaHMAX, COMPOBOXKAALMXCA FACTPONHTECTU-
HasfIbHOW HefoCTaTOUHOCTLIO. [pn coxpaHstowenca anapee Ha GoHe oTpULATENBHOO
WU COMHUTENbHOrO pe3ynbTaTa aHanu3a Ha C. difficile B kane (cTyne) Heobxogumo po-
nonHuTenbHoe obcneoBaHNe, cBoAsALLeeca K onpeaesneHno YPoBHA KNoCTpUananbHbIX
TOKCUHOB A 11 B KpoBM, a Takxe 6enka, CBA3bIBAIOLLETO XXMUPHbIE KNCNOTbl, — TECTOB OLIEHKM
LeNOCTHOCTU KMLLEYHOro 6bapbepa.

KnioueBble cnoBa: Clostridium difficile, Tokcun A C. difficile, Tokcun B C. difficile, kno-
cTpuamnanbHaa UHPeKUMA, 6eNoK, CBA3bIBAOLWMNIA XNPHbIE KUCOTbI, CENCUC
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Abstract

Introduction. Clostridium difficile (C. difficile) is a common cause of nosocomial diarrhea
and a major public health issue. Over the past three decades, the incidence and severity
of C. difficile infection have increased dramatically worldwide. C. difficile is a Gram-
positive, anaerobic, spore-forming, and toxin-producing bacillus belonging to the genus
Clostridium. The virulence factors of C. difficile are high-molecular clostridial toxins: toxin
A (TcdA) and toxin B (TcdB). One of the markers assessing the level of permeability and
damage to the intestinal epithelium is fatty acid binding protein.

Purpose. To perform a comparative analysis of clostridial toxin levels in the blood serum
and feces (stool) of critically ill patients presenting with antibiotic-associated diarrhea
against the background of carbapenem antibiotics, as well as to conduct a biochemical
assay of the blood serum content of fatty acid-binding protein to evaluate damage to the
integrity of the intestinal barrier in patients with antibiotic-associated diarrhea.
Materials and methods. A total of 29 patients in the intensive care unit underwent
laboratory screening. The quantification of toxins and fatty acid-binding protein was

«JlabopaTopHas anarHocTuka BoctouHas EBpona, 2025, Tom 14, N2 4 601

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




JlabopaTopHble MapKepbl KNOCTPUANANbHON MHGEKLMN Y NAaLMEHTOB C Cencncom

performed using enzyme-linked immunosorbent assay kits based on enzyme-linked
immunosorbent sandwich technology. The quantification of protein content was performed
using an enzyme-linked immunosorbent assay analyzer at a wavelength of 450 nm.
Results. The study established median values for clostridial toxin blood levels: 223 ng/L
for toxin A and 1169 ng/L for toxin B. It was noticed that with high blood toxin levels,
C. difficile toxin was only detected in the feces of 52% of patients. Furthermore, it was
shown that elevated fatty acid-binding protein level as high as 639 ng/L could serve as a
marker of intestinal epithelial impairment in intensive care unit patients with carbapenem-
associated antibiotic-associated diarrhea.

Conclusion.The high prevalence of CDl and increased epithelial permeability syndromein
septic patients in intensive care units require investigating and using additional diagnostic
methods in critical conditions accompanied by gastrointestinal failure. If diarrhea persists
despite a negative or inconclusive C. difficile stool test result, additional tests are needed
to determine clostridial toxin A and B blood levels, as well as fatty acid-binding protein
levels, which are tests for assessing intestinal barrier integrity.

Keywords: Clostridium difficile, C. difficile toxin A, C. difficile toxin B, clostridial infection,
fatty acid binding protein, sepsis

B BBEJAEHUE

C. difficile sBnsieTca ocHOBHOW NPUUYUHOW UHGEKUNIA, CBA3AHHBIX C HE3aMeaUTesb-
HbIM OKa3aHUeM MeVLMHCKOW MOMOLLM, U aHTUOMOTMK-acCOLUMPOBAHHON ANAPEN Y ro-
CNUTANM3UPOBaHHBIX NMaLUEHTOB BO BcemM mupe. Okono 70% nauneHToB, MOCTYNMBLUMX
B OTAE/IeHUsl MHTEHCUBHOW TePanuK, NOMyYaloT fieyeHrie aHTMbMoTrKamu., AHTUONOTUK-
accoUMMpPOBaAHHON Anapeei 3a6oseBaloT 0Kono 5-35% MauMeHTOB, NMOMyYaALWUX aHTK-
6UOTUKN. Y NaLUEHTOB, CTPAZAOLNX AVAPEEN, YBENTMYMBAETCA NPOAOIKUTENIBHOCTD Npe-
OblBAaHMSA B OTAENEHUN UHTEHCUBHOW TEPANUU U BO3PACTaeT CMEPTHOCTb MO CPABHEHMIO C
TaKoBOW y nauueHToB 6e3 guapen [1].

Oko1o 90% KuweyHon MUKpodnopbl TepAETCA B TeYeHne 6 YacoB NOoC/e NOCTYNIeHUA
nauueHTa B OTAe/IeHNe NHTEHCMBHOW Tepanuu. MUKpobroTa K1LeYHrKa Y NauneHToB,
NpPe6bIBAIOLLNX B KPUTUUECKOM COCTOAHUN, ONpefenseTca Kak natobmota [2]. OgHum n3
CaMbIX BUPYEHTHbIX LITAMMOB MAaTOOMOTbI, CNOCOOHbBIX BbI3blBaTb 3HAUUTESIbHbBIE 3Me-
HeHUs B opraHu3me TskenobonbHoro nauveHTa, aenaercs C. difficile.

C. difficile - obnuratHo aHaspobHaa rpamnonoXutesbHas cnopoobpasyioLlas LUTo-
TOKCMHMNpogyuupytowasn 6aunnna. Onpepensercs B COCTaBe KMLLEYHOTO MUKpobrioma B
KonnyectBe He 6onee 107 KOE/mn y 3-15% B3pocsibix MHANBUAYYMOB. OCHOBHbIMM daK-
TOpaMy BUPYNEHTHOCTU NHbeKLMM cny»aT TokcuHbl A (TcdA), B (TcdB) n 6uHapHbIi TOK-
CWH. Bo3aeincTBre TOKCMHOB BbI3bIBAET MOBPEXAEHUE KMLLEYHOW CTEHKU U BOCMNaNeHne B
Hell BCNeACTBYE HApYLIeHNs KULLEYHOTo NUTENnanbHOro 6apbepa, MHAYKLMM NPOBOC-
nanuTenbHbIX LUTOKMHOB, anonTo3a U HeKPO3a anuTennoumnTos [3].

NHpekyus C. difficile (MK[) guarHoctnpyeTtcs nyTem NOATBEPXKAEHUA HANNUNA TOKCU-
reHHoro wramma C. difficile unu ogHoro 13 ero TOKCMHOB B CTyJe NauUMeHTa C CUMITOMaMMU,
COOTBETCTBYOLWMMM 3aboneBaHunI0. B oTnmume oT 60nblUMHCTBA JpYyrux 6akTepranbHbiX
UH}EeKUUiA, BbiieNEHNE STOMO MUKPOOPraHn3Ma B KynbType ABNAETCA LOPOroCTOSLLMM,
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TpebyeT MHOro BpeMeHu U HefOCTaTOUYHO ANA [oKa3aTeNnbcTBa 3aboneBaHMA 13-3a Ha-
nuuus HetokeureHHbix C. difficile B ctyne. uarHoctrka VK[ npeTepnena HecKonbKo ce-
Pbe3HbIX M3MEHEHUI 3a YeTbipe AecATUNETUA C Tex Nop, Kak baktepus C. difficile 6bina
BMepBble onucaHa Kak yenoeyeckuin natoreH. O6HapyeHre TOKCMHOB C UCMOMb30Ba-
HYeM MMMYHOaHaJs3a BbITECHUIIO METOAbI, OCHOBaHHbIE Ha NMPUMEHEHUN KyNbTypanbHbIX
cnoco6oB nccnegoBaHUA U/mnu cnocoboB 06HapYyKeHMA LLUTOTOKCUHOB. Hannune HeTok-
cureHHbix Wwtammos C. difficile MoXeT NprBeCcTU K NIOXXHOMONOXKUTENIbHOMY pe3ynbTaTy,
npesbiwatowemy 10%, ecnu gna guarHoctuku UK ncnonbsyeTtca ToNbKo KynbTypanbHas
OVarHocTMKa Kana. [lokasatenbCTBO MAaTOreHHOCTU KYNbTUBMPYEMOrO MUKPOOpPraH1M3ma
TpebyeT fanbHelLero aHanmsa Ana onpefeneHns Hanmuuma TokcMHa A, TokcnHa B nnm
reHoB ¢baKTopa BMpyneHTHocTH [4].

YposeHb TcdA 1 TcdB B Kane cBsi3aH C TAXkeCTbio 3aboneBaHVA 11 YPOBHEM CMEPTHOCTM.
OnpepeneHne KOHLEHTPALMM TOKCUHOB MOXET OblTb 06 bEKTUBHbBIM U TOYHBIM COCO60M
oueHku cteneHmn Taxectn NK. Tak, 6bin0 nokasaHo, YTo YpoBeHb TOKCUHOB >2500 Hr/n
CBA3aH C MOBbILEHHOW CMEPTHOCTbIO Y NauneHToB ¢ passuslenca MK] [5]. OgHako no-
ABNATCA paboTbl, HA3KO oueHuBaowme 3GHeKTUBHOCTb NCNONIb30BaHMA UMMYHOdep-
MEHTHOTO aHanu3a CTyna [nA YCTaHOBJIEHWA MapKepa BblABNEHMA KNOCTPUAMaNbHbIX
TOKCUHOB [6-8]. Kpome Toro, 60nbWNHCTBO NabopaTOpHbIX TECTOB He MO3BOMIAET OLe-
HWUTb TUMbI U YPOBEHb TOKCUHOB MO OTAENbHOCTY, @ AaeT UX CYMMapPHYIO oLeHKy. 1o 3Tum
npuynHam AMepUKaHCKNM 06LLeCTBOM UHGEKLMOHHBIX 3aboneBaHnin 1 AMePUKAHCKM
o6L1ecTBOM 3MMAEMNONOTUN 34paBOOXPAaHEHNA PEKOMEHYETCA MPOBOAUTL TECT Ha TOK-
cuH C. difficile B Kane Kak 4aCcTb MHOrOSTAMHOMO anropyTMa A1 BbIABEHNA KJIMHUYECKN
3Haummon UK [9].

OpfHol 13 nepBbix PaboT Mo oueHKe TokcMKoemumn npu VMK ctano nccnepgosaHue,
BbIMOJIHEHHOE TPYNMO aBTOPOB Ha KOHTMHreHTe NaluueHTOB C nceBAoOMeMOpPaHO3HbIM
Konutom, uHgyumposaHHbiM C. difficile y peteir. B sTom nccnegosaHum Bnepsble 6bi10
ycTaHoBnEeHO, uto umtoTokcuH C. difficile MoxeT UMpPKyNMpoBaTb BHE KMLIEYHUKa Npw 3a-
nyLeHHOM nceBaomMmemOpaHoO3HOM KonuTe y feTeit. [laHHoe AaBneHne Habnoganoch Tob-
KO B Cylyyasx 6akTepmanbHON UHBa3NM CAN3MUCTON UKW NoACAN3MCTON obonouku. B cny-
yae 6onesHu [MpLNpyHra, Korga MMKPOOpraHn3mMbl 6b11M OrpaHNYeHbl MOBEPXHOCTHLIMU
ncesgoMembpaHamu 10 U MOC/Ie CMepTH, a TakxkKe Npy nepdopaLmn K1WeYyHnKa LMpKyna-
LMA LMTOTOKCMHA He Habntopanach [13]. 3T JaHHbIe COrnacyoTca C pe3ynbTaTaMu SKCne-
PVMEHTOB Ha »KMBOTHbIX, NOKa3biBatowux, uto TcdA 1 TcdB nonagatoT B CUCTEMHbIN KPO-
BOTOK 1 BbI3bIBalOT reHepan30BaHHOE NOPaXKeHWe NNLb NPV NPEOAOSIEHNN KALLIEYHOTO
6apbepa, B TO BPeMSA Kak Npu HEOCIOXKHEHHOW Anapee TOKCMHbI B CbIBOPOTKE KPOBU He
obHapyxuatotca [14]. CnuctemHan UK, ckopee Bcero, o6ycnosneHa TOKCUYHOCTbIo TcdA
1 TcdB v HayKuKrein obpa3oBaHUA MPOBOCNANUTENbHbIX LUTOKAHOB TOKCMHAMMU.

Hu3kaa yactota BepmdMKauum TOKCUHEMMM B KIIMHMYECKON NPAKTUKE MOXET ObiTb
obycnoBneHa HeckonbKUMK dakTopamu: KpaliHe HW3KOW KOHLeHTpaumneln LupKynupyo-
LLLero TOKCMHa, HanMumnem HeMTPanu3yoLWwmx aHTUTEN, KOTOPble MOFYT MaCKMPOBaTb TOKCU-
Hbl 1 MPVBOANTb K NIOXKHOOTPULATENbHBIM pe3ynbTaTam. [oaTBepKaeHEM STOMY CIYXKUT
TOT daKT, uTo Aaxe y nauuneHToB ¢ BepuduumnposaHHon VK[ TOKCMHbI B KPOBU BbIABAAOTCA
pepnko. TonbKo fABa Ciyyas C NONOXKNUTENIbHbIM Pe3yNbTaTOM Ha TOKCEMUIO Oblnv yCnewHo
BblABMEHbI cpeamn 88 B3pocsbix NaumeHToB ¢ MK/ [15, 16]. Takum ob6pa3om, NoNoXnTesb-
HbI pe3ynbTaT TecTa Ha TOKCEMUIO ABNAETCA MapKepom Taxenon dopmbl KO n moxet
accoummpoBaTbca ¢ HebnaronpUATHLIM MCXOA0M, OCOOEHHO Y NaLNEHTOB C CENCCOM.
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Bcnepnctere BAMAHNA MHOTOUMCNEHHBIX MEXaHM3MOB, OKa3blBaloLWMUX NOBPeXaatoLee
BO3AENCTBME Ha KMLeYHbI 6apbep, B TOM uncie 1 3HTepo-/umtotokcuHoBs C. difficile, y
KPUTUYECKNX MALMEHTOB pPa3BMBAETCA MOBbIWEHHAA 3NUTENMANbHAA MPOHULAEMOCTD,
CONPOBOXAaloLWanca TpaHCIOKaLMeR aHTUFeHOB 1 TOKCMHOB KMLLIEYHOro MUKpobrioma B
cy63nuTenvanbHoe NPOCTPaHCTBO, a 3aTeM B CUCTEMHbI KPOBOTOK, YTO NPUBOANT K re-
Hepanusaumm npouecca. OgHMM 13 MapKepoB, OLIEHMBAIOLWNX COCTOSHME SHTEPOLUTOB,
MOXET ObITb KuLIeyHan n3opopma 6enka, CBA3bIBAOLLENO XUPHble KucnoTol (I-FABP). ben-
KK, cBA3bIBaloLMe KupHble Kncnotbl (FABP), npeactaBnAtoT cobol Knacc HU3KOMONEeKy-
nApHbIX (14-15 k[a) unTO30/bHBIX 6€/1KOB, 0OHAPYXEHHDBIX B BbICOKUX KOHLIEHTPaLUAX B
TKaHAX, y4aCTBYIOLMX B MOFNOLEHNN 1 NOTPe6eHNN XUPHbIX KUCOT. B KuleyHmke npu-
cyTcTBytoT Tpu nsodpopmbl FABP: I-FABP, neueHouHbin (L)-FABP n 6enok, ceasbiBatowumii
XeNuHyl KUCNoTy B noas3foLwwHol Kuwke (I-BABP). I-FABP, L-FABP n I-BABP oco6eHHO
BbICOKO 3KCMPECCMpyoTCA B KileTKax, MPUCYTCTBYIOLLMX Ha BEPLUMHAX BOPCUHOK. MpucyT-
ctBMe FABP Ha BepLuMHax BOPCMHOK — MepBOHaYarbHOM MecTe pa3pyLleHUa Npu MHOro-
UMCNEHHDBIX KuLWeyHblx 3aboneBaHmAx — genaeT umpkynupyiowme FABP noteHumanbHo
NOJSIE3HLIMW MJIA3MEHHBbIMM MapKepaMn Ha PaHHUX CTagMAX KULWEYHOrO NOBPEXAeHUS.
I-FABP B OCHOBHOM OrpaHuyeH 3pefibiIM/ SHTEPOLMTaMM TOHKOFO U TONCTOrO KMLWEYHNMKa.
I-FABP siBnaeTca nosnesHbiM Mia3mMeHHbIM MAapKePOM paHHe rmbenn KneTok sHTepoLm-
TOB, U €ro ypoBHU ObICTPO MOBbILIAKTCA NOC/E 3MM3040B OCTPON KULIEUYHOW ULLEMUN Y
BocnaneHus [10].

B LIEJIb NCCNEQOBAHUA

npOBECTI/I CpaBHI/ITeanbII7I aHanms ypoBHA KNOCTpMAnalibHbIX TOKCUMHOB B CbIBOPOTKE
KpOoBWU 1 Kane (CTyJ'IE) NauneHTOB B KPUTNYECKOM COCTOAHUN, Y KOTOPbIX pa3BhJlaCb aHTU-
6VIOTI/IK-aCCOLI,VIVIpOBaHHaﬂ Anapea Ha ¢OHe npmnema Kap6aI'IEHEMOBbIX AHTUOMOTUKOB, A
Tak»e BbINOJIHATb BUOXUMUNYECKOE ncanenoBaHne cogepxaHnaA B CbIBOPOTKE KPOBU 6en-
Ka, CBA3bIBAOWETO XXNPHblI€ KNCNOTbI, ANA OUEHKN noBpeXaeHnA LenoCTHOCTU NHTECTU-
HaJlbHOIro 6apbepa Y nayneHToB C aHTVI6VIOTI/IK-aCCOLI,VII/IpOBaHHOVI ,qvlapee|7|.

B MATEPWAJIbI U METObI

MNpoBeneH NabopaTOPHbIN CKPUHMHT 29 MalUMeHTOB OTAeNeHNA UHTEHCUBHOW Tepa-
nuwn, y KOTopbix Ha GoHe aHTNbGaKTepuanbHO Tepanum passuiacb aHTMOMOTHK-accoLUn-
poBaHHas anapesn. B3atne bnonornyeckoro matepmana ania uccnefgoBaHus (Kana, Kposu)
OCYyLLEeCTBAANOCH B NepBble CYTKM KIIMHNYECKOro NPoABneHns 3aboneBaHus.

Metog onpegeneHnsa TcdA, TcdB ocHoBaH Ha TBepoda3HOM COHABMY-BapraHTe MMY-
HodepmeHTHOro aHanusa. KonuuectBeHHOe onpefeneHne ypoBHA TOKCUHA A B CbIBOPOT-
Ke KpOBU NpOBOAMNOCH C UCMONb30BaHMEM HaboOpOB peareHToB AN UMMyHOpEepMeHT-
Horo aHanm3a Human Clostridium Difficile Toxin A (TOXA) ELISA. MHTEHCMBHOCTb OKpa-
lwmnBaHUA Obina NponopLUnoHanbHa KoNMyecTsy Coaepalleroca B 06pasLax CbiIBOPOTKM
KpoBu TOKCcUHa A. KonnuectseHHoe onpepeneHre ypoBHA TOKCMHa A B CbIBOPOTKE KPOBU
C NOCTPOEHNEM KaIMOPOBOYHON KPUBOW MPOBOAUIOCH HA UMMYHOPEPMEHTHOM aHanu-
3aTope Sunrise Tecan B TeueHue 15 MUHYT. 3aTem 06pabaTbiBannCh NOSTyYEHHbIE laHHbIE,
BbIBOAUNINCH CpefHue NoKasaTenn ToKCUHa A. Takum e MeTofoM MpPOoBOAMAN Konnye-
CTBEHHOe onpefeneHne ypoBHA TOKCMHa B. AHanu3 ocyulecTBnAnca ¢ NpYMeHeHreM Ha-
60p0oB peareHTOB AN MMMyHodepMeHTHoro aHanm3a Human Clostridium Difficile Toxin B
(TOXB) ELISA.
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Bce o6pasubl dekanuin naumeHToB ¢ Nogo3peHrem Ha VK] xpaHmunuce npu Temnepa-
Type 4 °C go o6paboTku unm npu Temnepatype —80 °C, ecnn o6pasLbl He mornu 6bITb
obpaboTaHbl B TeueHne 24 yacos. PeKanbHbIi YPOBEHb KNOCTPUAMANbHbLIX TOKCUHOB
yCTaHaB/MBanca ¢ nomouibto Habopa peareHtos VIDAS C. difficile Toxin A u B cornacHo
WHCTPYKUUN npounssoautens. Pe3ynbTaT aHanu3a paccumtbiBanca npubopom no cnepy-
e dopmyne: oTHocUTeNlbHaA BennumnHa dnyopecueHUun obpasia / oTHoCUTeNbHan
BenuuMHa nyopecueHunn cTaHaapTa. MiHTepnpeTauua aHanvsa ocyliecTsisanacb Co-
rnacHo cnegywowmm pesynbsratam: <0,13 — otpuuatenbHbid; 20,13 1 <0,37 — CNOpHbIN;
>0,37 - nonoxuTenbHbIN. KonnuectseHHoe onpegeneHne yposHa |-FABP B cbiBopoTke
KpOBM NPOBOAMIIOCH C MOMOLLbI0 HAOOPOB peareHToB ANA UMMYHODEPMEHTHOIO aHanu-
3a Human IFABP/FABP2 (Intestinal Fatty Acid Binding Protein) meTogom, ocCHOBaHHbIM Ha
bepmeHTCBA3aHHON MMMYHOCOPOEeHTHOW caHABMY-TexHonorum (ELISA). KonuuecteeHHoe
onpepeneHue yposHs |-FABP B cbiBOpOTKe KpPOBW C NOCTPOEHNEM KannbpoBOUYHON Kpu-
BOW OCYLIeCTBAANOCb Ha MMMyHOodepMeHTHOM aHanu3aTtope Sunrise Tecan npu anuHe
BOJIHbI 450 HM.

Cratnctnueckyto 06paboTKy aHHbIX NPOU3BOAUNY C MOMOLLbIO MporpaMmbl Statistica
12.0 ana Windows, ncnonb3ys metofbl onvcaTefibHON Y aHaNUTUYECKO CTaTUCTUKM.

B PE3YJNbTATbl U OBCYXOAEHNE

MNpwn onpegeneHnn ypoBHA KNOCTPUAMaNbHbIX TOKCMHOB B Kane 29 nauneHToB oTge-
NEHVA MHTEHCUBHOW Tepanuu Gbiny nonyyeHsbl ciegyowme gaHHole: y 15 (52%) naumeH-
TOB BbIABMAIMCb TOKCKHbI B Kane (cTyne), y 14 (48%) oHu He 6blv BbIAIBNEHDI.

Mpwu onpegeneHun yposHa TcdA, TcdB B cbiBOPOTKe KPOBY Gbiiv NONTyYeHbl Cliefyto-
LMe NnokasaTeNn TeCToB, NPeACTaB/ieHHble B Tabnuue.

MNpn cpaBHUTENBHOM aHanM3e JOCTOBEPHO 3HAUMMbIX Pa3NUYNN MEXAY YPOBHAMU TOK-
CWHa B KPOBW 1 Kane (CTyne) BbiABIEHO He 6bino, HO Obina ycTaHOBNEHa NPonopLoHasb-
Has B3ammo3aBncmocTb ypoBHein TcdA n TedB (r-Cnvpmena =0,879; p<0,05). Mpwn Br3y-
anbHOM aHann3e oTMeyanacb MHeNHaA CBA3b MeXAy ABYMA BENMUYNHAMWU, T. €. POCT yPOB-
HA TOKCMHA A COMPOBOXAAETCA NPONOPLMOHaNbHbIM MOBbILWEHMEM YPOBHA TOKCMHa B
(cm. prcyHok). Mpr KoppenALMOHHOM aHanmn3e onpeaensancsa B Tom yncne KoabobuumneHt
nuHenHon Koppenaunn NMpcoHa, KOTopbIV ABAANCA CTAaTUCTUUYECKM 3HAUNMbIM, HO B CUITY
OTCYTCTBUA HOPMAaJNIbHOCTY pacnpefeneHuns 3TotT KosdbduureHT He 6bi1 NpuBeseH B pa-
60Te, NoaTomy 6b11 NpeacTaBneH KoadpoduumeHT paHroson Koppenaunn CnMpmeHa, He
YYBCTBUTENbHbBIN K HOPMaNbHOCTU.

O3HakomJieHne C AaHHbIMU NUTepaTypbl MOKa3ano, YTo AManasoH CpefHeln KOHLEeH-
Tpauun |-FABP B KOHTpONbHbIX rpynnax 340poBbix 4oOpoBONbLEB cocTaBnAeT oT 69+14

YpoBHM 6enkKa, cBA3bIBaloLero XupHbie kucnotbli (I-FABP), KnoctpugmnanbHbix TokcuHoB A n B
B CbIBOPOTKE KPOBM Y NaumneHToB ¢ cencucom n UK
Fatty acid binding protein (I-FABP), clostridial toxins A and B blood levels in septic patients and CDI

MuHumanbHoe - 95% posepuTtenb-
o 25-75%
MokasaTenb MakcumanbHoe | Mio HbIll UHTepBan Mepunana
. npoueHTu b

3HayeHnA cpegHei
TcdA, Hr/n 34,4-1482,1 415,4+385,8 | 306,1-521,8 2233 156,9-731,1
TcdB, Hr/n 191,7-5848,3 1715,6£1449 | 1149,9-1959,7 1169,1 680-2598,2
|I-FABP, Hr/n 40-12 858 2893+4009 3181,9-5422,6 639,7 247-4290
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0o 124,72+147,81 vr/n [11]. Mpwn cpaBHeHWUM CpefHero 3HaYeHUs y NaLueHToB C aHTMomo-
TUK-acCOLMNPOBAHHOW fNapeei Co CPefHUM «IMTepaTyPHbIM» 3HaUeHMeM 340POBbIX J0-
6poBosibLeB Obin NPYMeHeH OHOBbIOGOPOUHbI KpUTEPUI BUNKOKCOHA, KOTOPbIN BbIABUI
[OCTOBEpPHbIe pa3Muna Mexay rpynnamm cpaBHeHus (p<0,001).

B nccnepyemoli rpynne otmeyanoch Wnpokoe KonebaHve nokasateneit I-FABP: o1 40,1
0o 12 858 Hr/n. CornacHo AaHHbIM NUTEpPaTypbl, NOBbleHWe ypoBHA I-FABP koppennpyet
CO CTeneHblo NOBPEeXAEeHNA KNLWeYHNKa. Tak, Npu pa3nnyYyHo CTeneHn TpaBMbl KALWEYHN-
Ka yposeHb |-FABP nosbiwanca ot 231 go 1806 Hr/n n gocturan 84000 Hr/n y naumeHTa
¢ nepdopauumen knwkm [11]. Takke oTMeueHa fOCTOBEpPHasA pa3Huua B ypoBHe |-FABP y
NaLUmeHTOB C HeA3BEHHbIM KOMIMTOM, B 3aBMCUMOCTH OT JIOKaNM3aunn 1 akTUBHOCTY 3a60-
nesaHwuA. Tak, Npy NeBOCTOPOHHEM KONUTe CpefHmne 3HayeHna coctasnanmn 61,8+8,5 Hr/n,
a Npu NaHKonNuTe JOCTOBEPHO AocTuranu 260,5+606 Hr/n [12].

MepaunaHHoe 3HaueHune ypoBHA |-FABP, paBHOe 639 Hr/n, ApKO oTpakaeT cTeneHb no-
BpeXAeHNA LenoCTHOCTU SMUTENNA KULLEYHMKA Y KPUTUUYECKMX NaLMeHTOB OTAesneHunA
WHTEHCMBHOW Tepanuu C aHTUOUOTUK-aCCOLMMPOBAHHON Anapeeit, YTo faeT npeacTas-
neHve o6 yxyguweHum 6apbepHoi GyHKUUM 1 TMNepnpoHNLIAEMOCTI SMUTENNSA, a TakxKe
[EeMOHCTPUpPYET BaXKHENLUY0 Pofb KMLWEYHUKa Kak MOTopa NoNMopraHHon anchyHKumnn.
CornacHo pesynbTaTaM BbINOSIHEHHOrO HAMW UCCNeaoBaHuA, y naumeHTos ¢ UK ypoBeHb
I-FABP koppennpoBan ¢ JaHHbIMW MTMCTOIOMMYECKOro CCnefoBaHusa 6onTaTos, KoTopble
BbIAIBUSIM CNEKTP U3MEHEHWI: OT KNacCUYeckon KapTuHbl NceBLOMeMOPaHO3HOro Konu-
Ta (cnowncTble nceBgomembpaHbl U3 GrbpUHa N HEKPOTUUECKOTO AETPUTA, PacCLUMpPEHHble
KpunTbl, GrbprHOBbIE TPOMObI) O OYaroBOro akTUBHOMO KOMWTa C KpunTt-abcueccamu,
Ho 6e3 ncesgomembpaH [17]. Mbl He 06Hapy»KUM OCTOBEPHON CBA3UN MeXAY YPOBHEM
KnocTpuamnanbHbiXx TOKCMHOB 1 |-FABP, uTo MoXeT 6biTb CBA3aHO C 6onee BblpaXkeHHbIM
NOBPEXAALWMM BO3AENCTBMEM KIIOCTPUANANbHBIX TOKCMHOB Ha CTEHKY TONCTOrO Ku-
LIeYHUKa.

Scatterplot: Toxin A pg/ml vs. Toxin B pg/ml (Casewise MD deletion)
Toxin B pg/ml = 223,07 + 3,5929 * Toxin A pg/ml

Correlation: r =,95668
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B 3AKJTIOMEHUE

Moka3aHo, UTO B CMTyaLUAX, XapaKTepmUsyoLWmnXca oTpuLaTenbHbIMUA MUAN CNOPHbIMU
pe3ynbTaTamy TECTUPOBaHWA Kasla Ha TokcuHbl A 1 B C. difficile n coxpaHsiowenca guapeen,
npencTaBnAeTcs LenecoobpasHbiM onpefeneHne B KPOBU KOHLIEHTPALIMM KNOCTpUaMasb-
HbIX TOKCMHOB, a TakXKe YPOBHA 6erlka, CBA3bIBAIOLLErO XUPHbIE KUCNOTbI, AR OLEHKMN Mo-
BpeXAeHVA LeNOCTHOCTM MHTECTMHaNIbHOro 6apbepa y NaLMeHTOB C CENCUCOM U aHTUOMO-
TUK-acCOLMMPOBAHHON Anapeen. 3T Mepbl NO3BOMAIOT OLEHUTb CTeNeHb NOBpeXAeHUA
KMLLIEYHOTO 6apbepa, a TaKXkKe TAKEeCTb (aKTUBHOCTb) MHGEKLMOHHOrOo npouecca. Hannuune
KNOCTpMANAnbHbIX TOKCMHOB B KPOBU (YPOBEHb KNOCTPUAMANbHOrO TOKCUHA A =223 Hr/n
n/Vnn ypoBeHb KNOCTPUANANBHOrO TOKCMHa B =1169 Hr/n) gaxe npy nepBUYHOM OTPU-
LaTeslbHOM CKPVHWHIOBOM MCC/IeAOBaHNM Kajla MaLUeHTOB YKa3blBaeT Ha COXPaHAIOLLY-
I0CA KNOCTPUAUNANbHYI0 UHGEKUMIO, KOTOpas TpebyeT ee JOMONHUTENbHON ANArHOCTMKM
1 NpoBedeHns cooTBeTCTBYloLen Tepanun. OueHka yposHeli I-FABP B nnasme KpoBu faet
BO3MOXHOCTb KOHTPONMPOBaTb Hannume noBpexaeHnA aNUTeNNanbHbIX KNETOK KuLuey-
HUKa, YTO KaUeCTBEHHO OT/INYAET JaHHbI MeToA ANarHOCTUKM OT CTaHAAPTHOrO MHBa3UB-
HOro MeTofa B Bu/ie SHAOCKOMMUYECKOW ANarHoCTUKIM € broncuen, no3BonsaioLLein oLeHUTb
nuwb GyHKLMI0 BONCUIAHOTO YUacTKa KuleyHuKa. K Tomy ke oHa He Bcerfia ocyLiecTBuma
y NaumeHToB, NpebbiBaloLLNX B KPUTUYECKOM COCTOAHUN, B CUITY HEBO3MOXHOCTU NCMONb-
30BaHNA cefjauuu, Koarynonatum, reMogMHamMmnyeckor HeCTabUIbHOCTM 1 psAaa Apyrux
dakTopoB. Kpome Toro, onpegeneHne ypoBHsa I-FABP moxeT NoOMoYb KOHTPONMPOBaTh fe-
yeHVie, HanpaBNeHHOe Ha BOCCTaHOBEHUE KULeYHOoro 6apbepa, HapyLleHNsA B KOTOPOM
conpoBoXpaatoTcA 6onee BbICOKMMY MOKa3aTenamu 3ab6oneBaemocTvt 1 CMEPTHOCTM.
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Pesiome

BBepeHme. [eH 165 pPHK — 3BOIOLMOHHO COXPaHEHHbIN reH, BCTpeYatoLWwnnca NCKun-
TeNIbHO y 6aKkTepPWiA 1 apXel, BbICTYNAOLWWIA B PO MOSIEKYIAPHOW MULLEHW A5l UAEHTU-
brKaunm MMKpPOOpPraHn3MoB Ha ypoBHe poaa, Buaa. MNMLP reHa 16S pPHK npepcrasnaer
cobol NpuBNeKaTENbHYIO anbTePHATUBY AJj1s OOHAPYXeHWA 1 naeHTuduKauum 6aktepu-
anbHbIX NMATOrEHOB B KJIMHMYECKNX 0Opa3uax nauveHToB ¢ NepunpoTe3Hon NHbeKLmen
CYCTaBOB, Y KOTOPbIX MEETCA BbICOKOE NMOoAO3peHNE Ha MHOEKLMIO, HO BaKTepranbHble
KYNbTYpbl OTPULIATENbHbI.

Llenb. PazpaboTatb 1 anpobupoBaTb MeTof yHMBepcanbHoro MLP-aHanu13a ans naeHtu-
durKaumm reHa 16S pPHK ycnoBHO-naToreHHbIX MMKPOOPraHM3MOB B COYETAaHUN C CEKBE-
HUpPOBaHNEM B CMHOBUANIbHOWN XUAKOCTU N CMHOBKANIbHOM TKaHW ANAA 3TUONOrnYeckon
naeHTUdMKauy Bo3byautenen nepunpoTesHon MHGeKLun, obycIoBNEHHON SHAOMNPOTE-
3MPOBAHNEM KOJIEHHOT O, Ta306ePEHHOIO CYCTaBOB.

Martepuanbl n metopbl. [MpoeegeHa amnandmkauma reHa 16S pPHK ¢ ncnonb3osa-
HVEeM YHMBepCasbHbIX NPamMenpoB C nocnedyLlen agetekumen pesynbratoB MeTogomM
anekTpodopesa. C nomoLlblo cekBeHnpoBaHUA No CoHrepy nposefeHa naeHTMdmKayma
YC/TOBHO-NATOreHHbIX MMKPOOpPraHn3moB. [TpoBefieHa OLeHKa ArarHOCTUYeCKO Idpdek-
TUBHOCTM PA3/INYHBIX METOLOB MUKPOOMOMOrMYECKON AUArHOCTVKA MepUrnpoTe3Hom
UHbekuun.

Pesynbrarbl. bbinn yctaHOBAEHbI JOCTOBEPHbIE OTANYMA MO YaCTOTe BbIABAEHUA cheuu-
bryecKmMx amnaMKOHOB pa3mepomM okono 1500 nap HyKneoTuaoB MeXKAy OCHOBHOW Y
KOHTPOMbHON rpynnamu npu snektpodopetmyeckon getekumm reHa 16S pPHK B cmHo-
BUAJNTIbHOW XUJKOCTUN N B CMHOBUanbHowm TkaHn. MeTog MUP B coueTaHnm ¢ ceKBeHMpoBa-
Huem reHa 16S pPHK noka3san BbICOKYI0 YyBCTBUTENbHOCTb (82,8% (95% [W: 71,8-90,1%))
n cneynouyHocTb (95,0% (95% AW: 76,4-99,1%)) no cpaBHeEHUIO C GaKTepuonormye-
CKMM METOOM MCC/IefoBaHnA (MoKasaTeym ANarHoCTUYECKOW YyBCTBUTENIbHOCTY U Ana-
rHoCTUYeckom crneyndumyHoctn Tecta — 70,3% (95% [AN: 58,2-80,1%) n 90,0% (95% ON:
69,9-97,2%) COOTBETCTBEHHO) OUONOTMUYECKOTO MaTepmrasa nauneHToB C NepunpoTe3Hol
MHEeKLMen CyCcTaBOB.
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3aknioueHue. AMnnndoukaLmua n cekBeHnpoBaHve reHa 16S pPHK nmeer Bbicokyto auna-
rHocTuuyeckyo 3pdeKTMBHOCTb 1 No3BoNAET NAeHTUOMLMPOBATb YCIOBHO-NATOTEHHbIE
H6aKTepuw, yyacTayioLLMe B STUONOTUN NePUNPOTE3HON MHDEKL N CYCTaBOB.

KnioueBble cnosa: MNUP, reH 16S pPHK, cekBeHnpoBaHve, yCNOBHO-MATOreHHbIE MUKPO-
OopraHu3mbl, NepunpoTesHas MHPeKLUUA CyCcTaBoB, SHAOMPOTE3MPOBAaHME CYCTaBOB
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Abstract

Introduction. The 16S rRNA gene is an evolutionarily conserved gene found exclusively
in bacteria and archaea, and acting as a molecular target for identifying microorganisms
at the genus and species level. 16S rRNA gene PCR represents an attractive alternative
for detecting and identifying bacterial pathogens in clinical specimens from patients
with periprosthetic joint infection presenting a high suspicion of infection but negative
bacterial cultures.

Purpose. To elaborate and approve a universal PCR analysis method for identifying the 165
rRNA gene of opportunistic pathogens in combination with sequencing in synovial fluid
and synovial tissue for etiologic identification of pathogens responsible for periprosthetic
infection caused by knee and hip joint endoprosthesis replacement.

Materials and methods. Amplification of the 16S rRNA gene was performed using
universal primers with subsequent detection of the results by electrophoresis. Sanger
sequencing was used to identify opportunistic microorganisms. The diagnostic efficiency
of various methods of microbiologic diagnostics of periprosthetic infection was evaluated.
Results. Significant differences were found in the frequency of detection of specific
amplicons of abour 1500 base pairs between the main and control groups in the
electrophoretic detection of the 16S rRNA gene in synovial fluid and synovial tissue.
The PCR method in combination with sequencing of the 16S rRNA gene showed high
sensitivity (82.8% (95% Cl: 71.8-90.1%)) and specificity (95.0% (95% Cl: 76.4-99.1%))
compared with the bacteriologic research method (sensitivity and specificity of the
test being 70.3% (95% Cl: 58.2-80.1%) and 90.0% (95% Cl: 69.9-97.2%), respectively) of
biological material from patients with periprosthetic joint infection.
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Conclusion. Both amplification and sequencing of the 165 rRNA gene have high
diagnostic efficiency and allows identifying opportunistic bacteria involved in the etiology
of periprosthetic joint infection.

Keywords:PCR, 165 rRNA gene, sequencing, opportunistic microorganisms, periprosthetic
joint infection, endoprosthesis replacement

B BBEJEHWE

OpHMM 13 BaXXHENLLNX JOCTVXKEHNI B KIIMHUYECKOW NPaKTUKe MHPEKLMOHHbIX 3a60-
NeBaHWI CTaNo OTKPbITME HYKNENHOBBIX KUCNIOT. BO3MOXHOCTb OGHapy»KuBaTb 1 UOEHTU-
duumpoBaTb MoneKynbl HYKIENHOBBIX KACIOT MUKPOOPraHM3MOB, FaBHbIM 06pa3om ny-
TemM aMmnandUKaLum HYKNEeMHOBbLIX KUCIOT C MOMOLLbIO MOIMMEpPa3Ho LIeMHON peakuum
(MNUP), co3pana mMolHoe cpeacTBo AnA GbICTPOro o6HapyKeHWA KyNbTUBMpPYEMbIX U He-
KynbTmBrpyembix 6akTepuid. MNUP ¢ ncnonb3oBaHnem yHuBepcasnbHbIX NpaniMepos C no-
cnefylowymM ceKBeHPoBaHNEM NMPOAYKTOB amnnndmrKaL M B HacTosLiee BpeMs AOCTyMNHa
[NA BbINOMHEHNA MHOTMM NlabopaTopmnAM MeAULIMHCKUX YUpeXKaeHU. KoHuenuma yHu-
BepcanbHol cucteMbl 0OHapyeHus 1 ngeHTudrkaumm 6aktepuin 6bina NpeasioxeHa Ha
OCHoBe reHa 16S pnbocomHon PHK (pPHK), 3BoNoUMOHHO COXpaHEHHOTO reHa, BCTpeya-
loLLeroca UcknounTenbHo y 6aktepuin n apxei [1]. C nomolybto NpaiMepoB, KOMMIEMEH-
TapHbIX 3TUM Y4acTKaM, TEOPETUYECKN MOXHO YCTaHOBUTb NPUCYTCTBUE Ntobol bakTepuu.

leHbl npokapuoTnyeckon pPHK, B yactHoCTK, BKtoYaloT 55, 16S, 23S 1 mexreHHble
ob6nactn. Hanbonee sdpdekTnBHbIE MeTOoAbl MAeHTUOMKaALUN GaKTepuii OCHOBaHbl Ha
CpaBHeHWMW NocnefoBaTenbHOCTEN BaxkHenwero reHa — 16S pPHK. 3T1oT reH Kogupyet no-
cnepoBatenbHocTb PHK B coctaBe manoi cy6beauHuubl (30S) npokapuoTtuueckmx pnbo-
CoM, UMeeT annHy okono 1500 nap Hykneotugos (M. H.) (~1,5 Knno6asbl — 3TO0 cpefHee
3HaueHune, HeKOTopble OpraHM3Mbl MOTYT UMEeTb 6onee KOPOTKME NN ANNHHbIE NOCNEeAO-
BaTenbHOCTY 16S). Ha pnbocomax ocywecTtsnaetca TpaHcnauma MPHK ¢ o6pa3oBaHuem
nenTuaHbIX Lenew. NockonbKy nogaepxaHue npowecca TPAHCAALUN U ero HaleXKHOCTb
MMeIOT KIloUeBOe 3HauyeHue, OHU obGecneunBaloTCA BbICOKOKOHCEPBATUBHLIMU MOCIe-
noBatenbHocTAMU reHa pPHK. 3T nocnefoBaTenbHOCT HAaCTONBbKO MOCTOAHHBI, YTO UX
MO>KHO MCMONb30BaTh AN1A CPaBHEHMA FreHOB GUnoreHeTYeCKn oTaaneHHbIX MUKpPoopra-
H13MOB. [ipyrve, He CTOMb BaXHble ANA NpoLecca TPaHCIALMM YY4aCTKM 3TOFO reHa MUCrbl-
TbIBAIOT ropa3fo MeHbLUee JaBfieHre 0T6opa, NO3TOMY [NA KaX4Oro B1a OHWM YHUKanNb-
Hbl U NO3BONAIOT OTANYATb APYr OT Apyra 6m3Kue Bugbl [2].

Heckonbko nocnegoBatenbHocTelr 16S MOryT cyllecTBOBaTb B OfHOWN GakTepuw, u
HeKoTopble Konun MOryT pa3nunyatbea [3]. MccnepoBaHMA reHOMHOTO CEKBEHMPOBaHUA
TaKXKe NOoKa3sblBaloT, UTO MHOTME BUAbI 6aKTepuin UMET BHYTPUIEHHYI0 reTepOoreHHOCTb,
T. €. HecyT B cebe HecKonbKo Konui reHa 16S pPHK n nonnmopdusmbl mexgy sTumm Ko-
NUAMMK, YTO NO3BONAET MPOBOAUTb MEXBMAOBOE MNOATUNMPOBAHKE NOCPEACTBOM YacTUNY-
HOro UM NOMHOro cekBeHMpoBaHuA. 16S pPHK 6bi1 WNPOKO M3yyeH 1 NpUMeHeH ana
YCTaHOBNEHMWA ONUCaHNA BMAA, TAKCOHOMUM BUAa U GUNOreHeTUYeCKMx oTHoLWeHun [2].
Takum obpasom, reH 16S pPHK aBnaeTca monekynapHol MuLIeHbio BbIGopa AnA NaeHTr-
duKaLmm NaToreHoOB Ha YPOBHE poaa v BUAA B KNMHNYECKOW 1 HayUYHO-CCeloBaTeslb-
cKol nabopaTopum 13-3a ero NOBCEMECTHON NpUpoabl cpean bakTepuin 1 apxen, a Takke
obunuA faHHbIX 0 NOCNef0BaTENIbHOCTY FeHa.
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B HacToAwee Bpems B 06LegocTynHbIx 6a3ax AaHHbIx GenBank n Ribosomal Database
Project npepcTtaBneHo 6onee 125 000 nocnepgoBatenbHocTen reHa 16S pPHK 6akTtepuii.
B HacToAwee Bpems, 4To6bl naeHTUMLMPOBaTbL HOBYIO 6aKTEPUIO, JOCTAaTOYHO CPaBHUTL
nocneposaTenbHOCTb ee 16S pPHK c umetowmmcs B 3Tnx 6a3ax nocnefoBatesibHOCTAMM,
BOCMOJIb30BaBLWNCh ANA 3TOro nonckoom cncremon BLAST. KoHcepBaTuBHble 1 Bapua-
6enbHble 06nacTn reHa 16S MOXHO MCMONb30BaTb B KayecTBe 0ObEKTOB UCCNefoBaHMUA
c nomouypio MNUP. ina nsyyeHus paHee Hen3BeCTHbIX HaKTepuii yyacTok reHa 16S niobbix
H6aKTepuin MOXXHO amNANGULIMPOBaTb, NCMONb3YA NPaiMepbl, FOMONOMMYHbIE €r0 KOHCep-
BaTMBHbIM NocsiefoBaTeNibHOCTAM. C MOMOLLbIO NPaniMepoB, FOMOMOIMMYHbIX BUZOCNeLu-
bunyHbIM BapuabenbHbIM 0611acTAM 3TOrO reHa, MOXXHO BbIABAATbL COOTBETCTBYOLME HaK-
Tepun B KNMHUYeckom MaTepuane [4].

MepunpotesHaa uHdpekuua (M) cyctaBoB ABNAETCA OQHMM M3 CaMbIX CEPbEe3HbIX
OCNOXKHeHMI B opToneauyeckon xupypruun. Mocnegcrama MM sBknoyaloT peunansmpy-
oLre nHeKUnn, NOBTOPHbIE XNPYPruyYecKue pesnsni, AnnTenbHble Kypcbl NPOTUBOMU-
KpOOHOW Tepanmm 1 BbICOKYIO Harpy3Ky Kak Ha KaueCTBO »KU3HW NaLMeHTa, Tak 1 Ha obwwue
pacxofbl Ha 3apaBooxpaHeHue [5]. M3BecTHO, uTo Hanbonee pacnpocTpaHeHHbIMN BO3-
6ynutenamu MM agnaioTca rpamnonoxnTenbHble 6akTepuu, ocobeHHo Staphylococcus
aureus 1 KoarynasoHeraTtuBHble Staphylococcus spp., 3a KOTOpbIMK CleayoT rpamoTpu-
uatenbHble 6akTepun. YUnTbiBasa WNPOKNIA CNEKTP NOTEHLUMANbHbIX MUKPOOPraHN3MOB
Kak aTnonorunyeckoro pakropa MM, okoHuaTenbHaa ngeHTUdrKaLna MMKPOBHOro areH-
Ta ABNAeTCA 06A3aTeNbHON ANA ONTUMM3ALMMN XUPYPTrYEeCcKon cTpaTernm U Havyana cooT-
BETCTBYIOLLEN AONTOCPOUYHOM aHTNbMoTUKoTepanuu [6].

MUP reHa 16S pPHK npepncTaBnsaer cobow npuBnekaTenbHyto anbTepHaTusy ana ob-
Hapy»eHusA 1 naeHTduKaumm 6aktepuanbHbIX NaTOreHoB B KNMHMYECKNX obpasLax na-
LIMEHTOB, y KOTOPbIX MMEETCA BbICOKOE Mofo3peHne Ha nHbekumo, Ho 6aktepuanbHble
KyNbTypbl OTpMLATENbHbI.

WccnepoBanma no ucnonb3oBaHuio metopa MNUP ¢ nocnepyowym ceKBeHNMpoBaHU-
em no CaHrepy reHa 16S pPHK HemHorouncneHHbl. B npocnekTnBHOM nMccnefoBaHUn
Marin M. n coasT. [7] 6bIn0 nokasaHo, uto lNLP-aHann3 reHa 16S pPHK cywectBeHHO no-
Bblcun cneundryHocTb guarHoctukm MM n nmen nyyiyto NONOXNUTENbHYO NPOrHOCTU-
YecKyto LleHHOCTb (96,3% 1 91,7% COOTBETCTBEHHO), YUeM HaKTepPUONOrMuecKknii METOA NC-
cnepoBaHuA. [laHHbIN meTof TpeboBan Tak»Ke MeHbLUero Konmyectsa o6pa3LoB 1 npeao-
CTaBJIAN BO3MOXHOCTb NOJNTyYeHNA pe3ynbTaToB B TeueHne 24 4acoB.

B LIEJIb NCCNEOOBAHNA

PaspaboTaTtb 1 anpobrpoBaTtb MeTod yHuBepcanbHoro MLP-aHanm3a ana naeHTnou-
Kaumm reHa 16S pPHK ycnoBHO-NaToreHHbIX MUKPOOPraHW3MOB B COYETaHUN C CeKBe-
HUPOBAHMEM B CYHOBUANbHOW XMAKOCTU Y CUHOBMANbHON TKaHW A8 3TUONOrMYeCKom
naeHTdUKaumy Bo3dyauTenei nepunpoTesHon MHdeKummn, obyCIoBNEHHON SHAONpPOoTe-
31POBaHMEM KOJIEHHOTO, Ta306eAPEeHHOro CYCTaBOB.

B MATEPWAJIbI U METObI

B ocHOBHyt0 rpynny nccnepgoBaHmna 6bU1M BKAOUEHbl 32 NaumeHTa C Hannunem npu-
3HakoB MMNW, koTopbim 3a nepuog ¢ 2022 no 2024 r. B Y3 «MuHcKasa obnactHas KAvHU-
yeckaa 6onbHuua» (Y3 «MOKB») 6bin0 NpoBefeHO MepBMYHOE 3HAOMPOTE3MPOBaAHNE
Ta300e4peHHOro WM KONEHHOro cycTaBa. B KOHTponbHyio rpynny Obinn BKAOYEHbI
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10 NauMeHTOB NocCsie SHAOMNPOTE3UPOBaHWA Ta306e4PEHHOrO UK KONEHHOro cycTaBa 6e3

npu3Hakos MNMK.

Bo3pacT naumeHTOB OCHOBHOW FpyMnMnbl HA MOMEHT 06CiefoBaHWA cocTaBun 57 (47/71)
net. B o6cnegyemont rpynne naumeHToB yAeNbHbIM BEC My>KUMH cocTaBun 62,5% (95% AW:
43,7-78,9%) (n=20), xeHWwwmH — 37,5% (95% AN: 21,1-56,3%) (n=12). Bo3pacT naymeHTOB
KOHTpONbHOW rpynnbl coctaBun 51 (47/62) rop, yaenbHbI BeC MyX4nH cocTasmn 60,0%
(95% [OWN: 26,2-87,8%) (n=6), »keHwmH — 40,0% (95% [W: 12,2-73,8%) (n=4).

Kputepuamu BKnouYeHNA NaumeHTOB B OCHOBHYIO rpynny nccnefoBaHUA nocne SHAo-
npoTe3npoBaHNA Ta3obepPeHHOro UM KONEHHOMO CycTaBa ABAANNCD:

— JIOKasbHbI OTeK TKaHel, 6onesHeHHOCTb NpKW Nanbnayumn, MECTHOE NOBbILLEHWE TEM-
nepaTypbl, rmnepeMmsa KOXXHbIX MOKPOBOB, HapylleHne ¢yHKUMM TazobedpeHHOro
WS KOJNIEHHOTO CYCTaBa;

— anobbl Ha MoBbIWeEHNe TemnepaTypbl Tena, ocTpoe nossfeHne 6onu nnn nbas
XpoHuYyeckas 6onb B 061acTn sHJONPoTE3a Ha N0OOM CpoKe noce MMMNIaHTaLmmn B
nepBble HECKOJIbKO NeT Noc/e yCTaHOBKM 3HAOMNPOTe3a, 0COOEHHO MpY NOSIHOM OT-
cyTcTBUM He360neBoro nepuoga nocsie onepauun, Npobaembl C 3aXXNBEHNEM NOCse-
onepaLMoHHON paHbl, NOBEPXHOCTHaA UK rnybokasa uHdekums;

— HanMuune CBULLEBOrO X0Aa, CBA3AHHOMO C KOCTbIO MU MMMNJIaHTaTOM;

— HanMume Knaccmyeckmnx KNMHNYECKUX CUMNTOMOB BOCManeHusa B COBOKYMHOCTY C Npu-
3HaKamMy CMHAPOMa CUCTEMHOW BOCNanUTENbHOW peakLuunu;

— HanMume CenTnyeckoro apTpuTa CMEXHbIX CyCTaBOB;

— COuYeTaHHOe MpeBbllleHVe MOPOroBblX ypoBHEN B CbiBOPOTKe Kposu 10 mr/n ana CPb
1 30 mm/u ana CO3 y naumeHToB C KnMHmnYyeckummn npusHakamm MM (nnxopapka, He-
06bACHNMan 60nb B MeCcTe apTponIacTvKy, pacllaTbiBaH/e SHAONpoTe3a U T. 4.);

— npeBbllUeHNEe cofep>KaHuA B CHOBMANbHOW XMAKOCTU Nnenkountos 6onee 3000 Kne-
TOK/MKN 1 gonen nanoykosagepHoix HenTpodunos 6onee 70,0%;

— PpeHTreHosornyeckn NoaTBepKAeHHOE pacluaTbiBaHe KOMMOHEHTOB SHAONPOTEe3a.
O6pa3ubl CMHOBMaNbHOW XMAKOCTU (N=42) 1 CMHOBMaNbHON TKaHu (n=42) y nauunex-

TOB rpynn nccnefoBaHuA ObiNnM NosyyYeHbl U3 NOIOCTM NCCefyeMbIX CyCTaBOB C UCMOb-

30BaHMeM pa3paboTaHHOro Bpayamu — TpaBMaTosIoraMm-opToneaamm meToa apTpoCcko-

NMYeckoln CMHOBMaNbHOW Guoncuu, TpenaH-buoncmMm KoneHHoro/Ta3obegpeHHoOro cy-

CTaBa U3 MUHUMASIbHO MHBA3MBHbIX JOCTYNOB MO KOHTPOJIEM 3N1EKTPOHHO-ONTUYECKOTO

npeobpaszosatena (30IM) HaBuraumm. CUHOBMaNbHYIO XUAKOCTb NOMELLann B Npobupky

Tna anneHgopd o6bemom 1,5 M, CMHOBUaNbHYIO TKaHb — B NPOOMPKY TMNa anneHaopd

obbemom 1,5 mn, cogepatuyto 200 MK TPaHCMOPTHOM cpefbl C MyKOMTUKOM («ApTburo-

Tex», Pecnybnuka benapycb).

Ha 6a3e ¥3 «MOKbB» 6bin0 npoBefeHo GaKkTepronormyeckoe mccnegoBaHme 6moso-
rmyeckoro matepmana (MoceB Ha XMAKYI M NAOTHYIO NuTaTenbHble Cpefbl) NauMeHToB
OCHOBHOI M KOHTPOJIbHOW FpyMnbl MccnefoBaHna. [anbHenume nccnegoBaHna 6o
nposeaeHbl Ha 6a3e rpynnbl MUP-guarHocTnkn HayuyHo-nccnepoBatenbckon nabopa-
Topun HayuHo-MccnefoBaTenbCKOro UHCTUTYTa 3KCMEPUMEHTANIbHON U KIUHUYECKON
MeAULUMHBI yupexaeHunsa obpa3oBaHua «benopyccknii rocynapCcTBeHHbIN MeguLUHCKAN
YH/BEpCUTET.

Boigenenne HK 13 cnHoBManbHOM XNAKOCTU MPOBOAMAN C UCMONb30BaHNEM FOTO-
BOro Kommepyeckoro Habopa peareHToB «ApT[HK Jlerkun» («<AptbuoTex», Pecnybnuka
benapycb). ina BoigeneHna JHK 13 cuHoBManbHOW TKaHW MPUMEHANN NpeaBapuUTenbHYIo
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romoreHm3aumio B TeueHue 3 MUHYT (4actota 10/c) C ncnosnb3oBaHMEM romMoreHm3aTopa
TissueLyser Il (Qiagen) c nocnegywoulein sKCcTpakumen Habopom peareHToB «ApTCRnHY»
(«ApTbuoTex», Pecnybnumka benapycb), 0CHOBaHHOIrO Ha MPUMEHEHUM KONIOHOK C copbu-
pytoLie membpaHo. ina onpeaeneHna cteneHy YnctoTbl nonyyeHHow JHK nposogunu
cnekTpodoTomeTpryeckuin aHanus (NanoDrop 1000, Thermo Fisher Scientific), npu stom
onpeenanu OTHOLWeEeHWe NOrnoLWeHNA Ha AanHax BonH 260 1 280 Hm (Azso/zso)'

AmnnndurKkaumio NPOBOAUSM C WCMONb30BaHUEM YHMBEPCaSbHbIX MPOKapuoTMye-
ckux npanmepos: fD1 (npamoin, 5'-AGAGTTTGATCCTGGCTCAG-3') u rP2 (obpaTHbii,
5'-ACGGCTACCTTGTTACGACTT-3’), HaueneHHbIX Ha runepBapuabenbHble obnactn V1
n V3 B reHe 16S pPHK. CoctaB amnnmomrKaunmoHHOM cmecy BKAYan: 12,5 mkn «ArtMix
®ope3s HK-nonnmepasa» («<AptbrnoTex», Pecnybnuka benapyco); 0,4 MKn npsAMoro npan-
Mepa, 0,4 MKn o6paTHOro nparmepa, 6,7 Mkn Boabl 1 5 Mkn BblgeneHHon HK. MNMporpam-
Ma amnnudurKauum BKIOYana cnegyolme cTagmun: HayanbHaa geHatypauma npm 95 °C —
2 MuH.; panee 30 umknoBs (aeHatypauma npu 94 °C - 30 c., oTKur npanmepos npu 55 °C -
30 c., anoHraumsa npu 72 °C — 1 MuH.), duHanbHaA 3noHrauus npu 72 °C B Te4eHne 2 MUH.
Ina nposegeHua MLUP npumeHann amnandukatop Rotor-Gene-3000 (Corbett research,
ABcTpanus).

Ona kKoHTpona BbigeneHna [JHK wn  otcytctBua umHrmbmutopa TUP  reH
B-rnobvHa uyenoBeka amnnuéuUMpoOBanM A Kaxpgoro obpasua ¢ npaimepa-
M BGloF  (npsmon, 5-GAAGAGCCAAGGACAGGTAC-3) wn BGloR (obpaTHbli,
5'-GGAAAATAGACCAATAGGCAG-3). CoctaB amnaMdMKaLMOHHON CMecn BKJOYas:
12,5 mkn «2X npemukc gna MNUP-PB» («[panTtex», Pecnybnuka benapycb); 1,1 Mkn cmecn
3KBMBaJIEHTHbIX KOHLIEHTPaLMii NpanMmepoB (NpsAMoro n obpatHoro); 1,0 MK UHTepKanu-
pytowero kpacutena ZUBR Green-1; 7,5 mkn Boabl 1 3 Mmkn BbigenenHor JHK. Mporpam-
Ma amnanduKauum BKNoYana cnegyroume cTaiuun: HayanbHasa aeHaTypauma npu 94 °C —
5 muH.; ganee 35 uunknos (geHaTtypauna npu 94 °C — 30 c., oTxur npanmepos npu 55°C -
30 c., anoHraumsa npu 72 °C - 30 ¢.), puHanbHaaA snoHrauma npu 72 °C B TedeHre 10 MUH.
Ina nposegenuna MLUP npumeHann amnandukatop Rotor-Gene-3000 (Corbett research,
ABcTpanus).

[na aHanu3a npogyKToB amnnnduKkaLmm ncnonb3osanu anekTpodopes B 1% arapos-
HOM rene C nocsiefyoLWmM okpalumBaHmeM 6poMMCTbIM 3TuaNeM (KoHueHTpauma 0,3 mr/n)
1 pgetekumen B ynbTpadronetoBom TpaHcunnoMmHaTope. JnuHy amnanduumpoBaHHbIX
dparmeHTOB onpegenany C NOMOLLbIO Mapkepa MonekynapHoro Beca DNA Ladder 1 kb
(«EBporen», PO). MNpepnonaraemble npoayKTbl amnandukauum ana reHa 16S pPHK nvenu
pa3mep npumepHo 1500 n. H. AMnnduUMpoBaHHble 06pa3ubl XpaHunu npu —20 °C.

B xopge noarotoBKM amMniIMKOHOB K MOCTaHOBKe cekBeHupytowen MNMLUP ncnonb3osa-
nn Habop anAa depmeHTaTuBHOM ouncTkn ExS-Pure (Nimagen, HuagepnaHabl). CekBeHU-
pytowyto MNUP nposoaunu ¢ npumeHeHnem Habopa BrilliantDye Terminator v3.1 Cucle
Sequencing Kit (Nimagen, HupgepnaHgbl) cornacHo npoTokony npowussogutens. OumcT-
Ky NMOMyYeHHbIX aMIMJIMKOHOB BbINMOJHANM C UCMO/b30BaHNeM Habopa peareHToB iX-Pure
DyeTerminator Cleanup Kit (Nimagen, HugepnaHgbi).

Mepeble 500 n. H. reHa 16S pPHK 6b1an ceKBeHMPOBaHbI MO NPSAMON 1 06paTHON no-
CnefoBaTeNbHOCTAM MpPaiMepPOB Ha reHeTnyeckom aHanusatope ABI Prism 310 (Applied
Biosystems, CLUA). MpocmoTp 1 MHTepnpeTaumio NoslyYeHHbIX pe3ynbTaToB NPOBOAU-
NN NpU NoMoLLM NporpaMMHOro obecnedeHns Sequencing Scanner Software 2 v.2.0
(Applied Biosystems, CLLA). MonyuyeHHble faHHble O HYKNeOTUAHOW NocnefoBaTeNbHOCTY
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MLP-aHann3 B coueTaHun C ceKBeHNpoBaHveM Ana naeHtudurkaumm reHa 16S pPHK
YCJIOBHO-MATOreHHbIX MUKPOOPraHN3MOB NpW YCTaHOBAEHWMN STUONOMUM NePUNPOTE3HOM MHEKLUN CYyCTaBOB

B ¢opmate FASTA 6blIM MCMOMb30BaHbI ANA NOMCKA C MOMOLLbIo Nporpammbl BLAST B 6aze
HyKneoTuaHbIX nocnefnoBatenbHocTel GenBank uepes cepeep NCBI (URL: https://www.
ncbi.nlm.nih.gov/).

Cratnctnueckyto o6paboTKy AaHHbIX MPOBOAWAM C UCMOSIb30BaHMEM MakeTa npu-
KnagHbix nporpamm STATISTICA 8.0. [inA TeCTMpoBaHNA AaHHbIX HA NOAYNHEHNE 3aKOHY
HOPManbHOro pacnpefeneHna UCNoJb30BaNNCL NOKa3aTen aCMMMETPUMN 1 IKCLeCCa,
W-kputepun Wanupo -Yunka, kputepuin Konmoroposa — CMUPHOBA, a Take OCyLLecT-
BNANOCb NOCTpOeHUe rpadunkoB pacnpegeneHms. [JaHHble He MOAUNHANINCD 3aKOHY HOp-
ManbHOro pacnpepesneHuns, YTo NO3BOAUIO NPUMEHNUTb A4S CTAaTUCTUYECKO 06PaboTKM
HenapameTpuyeckne metogbl. MapHble CpaBHEHMA HE3aBUCKMMbIX BbIOOPOK MO Konmye-
CTBEHHbIM XapaKTEPUCTMKAM NPOBOAUAN C ncnosb3oBaHnem U-kputepmna MaHHa — YuT-
HW. A npefcTaBieHnA NOTyYeHHbIX AaHHbIX UCMONb30BaNy NokasaTteny meauaHbl (Me)
n npoueHTunen (Q,./Q,.). AHanus KaTeropranbHbIX MPU3HAKOB NPOBOANAN C NOMOLYbIO
ToyHoro Kputepus Ouepa B TabnvLe CONPAXEHHOCTY 2X2. Pa3nnumns cunmTanmcb ctatu-
CTMYECKU 3HAUUMbIMU MPU YPOBHe 3HauumocTy (p) meHee 0,05.

[na KauecTBEeHHbIX NepeMeHHbIX onpeaensanu abconoTHyIo YacToTy (n), OTHOCUTENb-
Hyt0 YacToTy — fosto (%) oT obuiero uncna cnyyaes B uccnegyemon rpynne n 95% fnose-
pvTenbHbIn nHTepBan (95% [WN) metogom Knonnepa - MupcoHa.

Ina conoctaBneHna 3¢pdeKTUBHOCTM Pa3INYHbIX METOAOB AMArHOCTUKM paccuu-
TbiBaNu:

B AnarHocTnyeckyto vyBcTButenbHocTb (OY): AY = [UMN (MCTMHHO nonoxutenbHble pe-

3ynbTatbl Tecta) / (UM + 1O (noxHooTpuuaTenbHble pesynbTaThl TecTa))] X 100%;

" nuarHoctmyeckyio cneundmyHoctb (AC): AC = [MO (MCTUHHO oTpuuaTenbHble pesynb-

TaTbl Tecta) / (MO + JIIN (noxHononoXuTenbHble pe3ynbTaTbl Tecta))] X 100%;
®B  NPOrHOCTUYECKYIO LleHHOCTb nonoxuntenoHoro (MNU+) pesynbrata: MU+ = [UM / (UN +

JIM)] x 100%;

B NPOrHOCTUYECKYIO LleHHOCTb oTpuuatensHoro (MLU-) pesynsrata: MNU- = [UO / (MO +

J10)] x 100%.

B PE3YJNIbTATHI

[nAa oueHKn KonnuyectBa M KauyecTBa BblgeneHHon JHK 13 cnHoBnanbHOM XNUAKOCTN
(n=42) Habopom peareHTOB «ApTAHK Jlerkunin» n ns cMHoBManbHo TKaHu (n=42) Habo-
pom peareHToB «ApTCNVH» NPOBOANIIN CPABHEHME 3HAUEHUN NOKasaTena A, . . a Takxe
3HaueHuI noporoBbix UmKnoB (Ct) npn amnnundurkaumm house-keeping reHa B-rnobriHa
yenoseka (Tabn. 1).

Takum o6pa3om, No NokasaTeNam OCTOBEPHbLIX OTIMUNIA C UCMONIb30BaHNEM METOLOB
CTaTCTNYECKOrO aHaNM3a BbIABNEHO He Obi10 (p>0,05). 3HayeHne nokasatena A, . Ans
[HK, BbigeneHHon Habopom peareHToB «ApTAHK nerknin» n «AptCnunn», 6nmskoe K 1,8,

Ta6bnuuya 1
3HauyeHnA COOTHOLWEeHNA Am/280 1 NOPOroBbIX LUKNOB, Nony4yeHHble npu BbigeneHnn JHK (Me (QZSIQ”))
Table 1
Values of the ratio between A, o280 and threshold cycles obtained during DNA extraction (Me (Q,./Q,,))
MNokasarenb «AptAHK Jlerknin» «ApTCnunH»
A260/280 1,77 (1,69/1,82) 1,79 (1,70/1,84)
3HaueHune Ct 20,68 (18,81/24,20) 22,53 (20,47/25,19)
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UTO YKa3bIBaeT Ha OTCYTCTBME NpumMecen 6enka 1 Apyrux MHrIMonTopos. AMnandukauma
reHa 3-rno6vHa yenoBeka Habnoganacb Bo BCex obpasuax 6ronormyeckoro Matepurana,
UTO TaKXe roBopuT 06 oTCYTCTBUMN UHIMO6UTOPOB MNLUP. MonyyeHHble faHHble NO3BOAAIOT
caenatb BbIBOA O TOM, UTO Kak [1HK, BblgeneHHyo 13 CMHOBMaNbHOW XXMAKOCTU Habopom
peareHToB «ApTAHK Nlerkuiny, Tak n HK, BbigeneHHyo 13 cMHoBManbHoOM TKaHU Habopom
peareHTOB «ApTCNUH», MOXXHO MCMOMb30BaThb ANA AaNbHENLLNX NCCNefoBaHNIA.

MeTtopom TMLP 6bina npoeefeHa amnandukauyma reHa 16S pPHK ¢ ncnonb3osaHnem
YHMBepcasnbHbIX NpaniMepoB. Ha puc. 1 npefcTaBneH anekTpodopeTnyeckunin aHanms no-
NyYeHHbIX aMMINKOHOB M3 CMHOBKAJIbHOWM TKaHW NaLMeHTOB OCHOBHOW rpynnbl.

Mpu anekTpodopeTnueckom aHanmse 6biny 3adrKCMpPOBaHbI YETKME MONIOCKN CBe-
UeHVA Ha YPOBHe, COOTBETCTBYIOLLEM Macce cneumduyeckoro aMnirMKkoHa, B 26 (81,3%;
95% [W: 63,6-92,8%) 06pa3uax CMHOBMANBbHOW XUAKoCcTh 1 B 27 (84,4%; 95% WN: 67,2—
94,7%) obpasLax CMHOBUANbHOW TKaHW y MauUMEeHTOB OCHOBHOW rpynmnbl. Y nayneHToB
KOHTPOJIbHOW rpynmnbl B 06pa3uax CMHOBUaNbHOM XUAKOCTY 6bin feTekTrpoBaH 1(10,0%;
95% [W: 0,3-44,5%) cneumduryecknii amnamKoH Npu 3neKTpodopeTMyeckon aeTekumy,
B 06pa3Lax CMHOBMANIbHON TKaHW He OblIO0 BbIABMEHO cneunduueckmx ammnankoHOB.
C npuMeHeHneM CTaTUCTUYECKOrO aHanm3a (TouHbl kKputepuii Guwepa) Gbinmn ycTaHOB-
NeHbl JOCTOBEPHbIE OTANYMA NO YAaCTOTe BbIABMEHUA NMOSIOC CBEYEHUA MEXAY OCHOBHOM

~1500 m.B. —

Puc. 1. Busyanusauyua amnnuduumposaHHoro reHa 16S pPHK. MM - mapKkep moneKynspHoi maccbl
AHK; 1, 2, 4, 5, 6, 8,9 - nonoxutenbHble 06pasupl; 3, 7, 10 - orpuuaTenbHble 06pasibl;

K- - oTpuuaTenbHblit KOHTpOnb (Boga)

Fig. 1. Visualization of the amplified fragment of the 16S rRNA gene. MM - DNA molecular weight
marker; 1, 2, 4, 5, 6, 8, 9 - positive samples; 3, 7, 10 - negative samples; K- - negative control (water)

AR aRRuRnRunnnennnunEnEnnN} alRdunnnin Baininpinnininnil papnnnnannannn
AACGACT GACTGAAAAAGGAACT CATGTCAACATCGT CTTTAAACAAATGGATTCTATCTTTGGAGAACCACT TGCTCCAAATA
260 270 280 290 300 310 320 330
2000
1500
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8
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Puc. 2. dnekTpodoperpamma nonyyeHHoO HYKNeoTUAHOI NocnegoBaTenbHOCTN reHa 16S pPHK
Fig. 2. Electropherogram of the obtained nucleotide sequence of the 16S rRNA gene fragment
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HA NEPBYIO

MLP-aHanu3 B coyeTaHnn € CEKBEHNPOBaHMEM Ana naeHTndukauum reHa 16S pPHK
YCIOBHO-MaTOreHHbIX MUKPOOPraH13MOB NPY YCTaHOBNEHWMN STUONOMUM NEePUNPOTE3HOM MHEKLUN CYyCTaBOB

N KOHTPOJSIbHOW rpynnamu npu geTtekumm reHa 16S pPHK B CMHOBManbHOWM XWAKOCTA
(p<0,05) n B cnHOBKanbHoOM TKaHu (p<0,05).

Ha cnepytowem stane o6pasLibl, ycrnewHo npoleawne stan amnandrkaumm (nossne-
Hue yeTKon nonocbl cBeveHus MNLP-npoaykTa), ncnonb3oBanncb ANA NPOBEAEHNA CeK-
BeHupyiowen MNLUP. bbino nposeaeHo cekBeHnpoBaHue no CaHrepy HayanbHOWM NOCneao-
BaTeNIbHOCTY AnuHoN 500 n. H. MNonyyeHHble HyKNeoTMAHbIe NOC/ef0BaTeNIbHOCTY reHa

Ta6bnuuya 2
PesynbTaTbl BbiiIBIeHUA YC/IOBHO-NAaTOreHHbIX MMKPOOPraHN3MOB Y OCHOBHOI rpynnbl NayeHToB
Table 2
Results of detection of opportunistic microorganisms in the main groups of patients
KonunuyecTBo BbisiBIEHHbIX MUKPOOPraHN3MoB
CUHOBUaNbHasA XNAKocTb (n=32) CMHOBUaNbHasA TKaHb (n=32)
HazBaHue metopom MLP B co- GaKrepno- metopom MNLP B co- [ T—
MMKpOOpraHusma YeTaHMN C CeKBEHM- | o m YeTaHmM ccekBeHn- | L L
poBaHuem reHa 16S poBaHuem reHa 16S
pPHK, Meoronon:, " pPHK, Meoronon:, "
n (%; 95% AM) n (%;95% AW) | (05; 959% ) DR
1 2 3 4 5
[pamnonoxumrenbHble 19 (59,38; 40,64- 16 (50,00; 20(62,50; 43,69- 18 (56,25;
6akTepumn 76,30) 31,89-68,11) 78,90) 37,66-73,64)
. 5(31,25; . 5(27,78;
Staphylococcus aureus |7 (36,84; 16,29-61,64) 11,02-58,66) 7 (35,00; 15,39-59,22) 9,69-5348)
Staphylococcus . . 2(12,50; . ~ 3(16,67;
epidermidis 4 (21,05; 6,05-45,57) 1,55-38,35) 4 (20,00; 5,73-43,66) 3,58-4142)
Staphylococcus . _ 0(0,00; . _ 0(0,00;
lugdunensis 1(5:26;0.13-2603) |5 5454 59) 1(5,00;0.13-2487) |4 5015 53)
. 1(6,25; . 1(5,56;
Streptococcus spp. 1(5,26;0,13-26,03) 0,16-30,23) 2(10,00; 1,23-31,70) 0,14-27,29)
- ) 1 an. 1(6,25; . 2117
Propionibacterium acnes | 2 (10,53; 1,30-33,14) 0,16-30,23) 2(10,00; 1,23-31,70) 138-34.71)
) i 4(25,00; o 4(22,22;
Enterococcus faecalis 3(15,79; 3,38-39,58) 727-52.38) 3(15,00; 3,21-37,59) 6,41-47 64)

] . . 3(18,75; . 3(16,67;
Finegoldia magna 1(5,26;0,13-26,03) 4,05-45.65) 1(5,00;0,13-24,87) 3,58-4142)
[pamoTpuLaTenbHble . _ 5(15,62; . . 6(18,75;
GaKTepuy 7 (21,88;9,28-39,97) 5,28-32.79) 7 (21,88;9,28-39,97) 7,21-36,44)

o ) 2 (40,00; ] 2(33,33;
Escherichia coli 3(42,86; 9,90-81,59) 5,27-85.34) 3(42,86;9,90-81,59) 433-77.72)
. 1(20,00; . 2(33,33;
Enterobacter cloacae 1(14,29;0,36-57,87) 0,51-71.64) 1(14,29;0,36-57,87) 433-77.72)
Klebsiella pneumoniae 1(14,29;0,36-57,87) |0(0,00;0,00) 1(14,29;0,36-57,87) 0(0,00;
,29; 0, s ,00; 0, ,29; 0, ) 0,00-45,93)
Proteus mirabilis 1(14,29;0,36-57,87) | 0(0,00; 0,00) 1(14,29; 0,36-57,87) 0(0,00;
,29; 0, f ,00; 0, ,29; 0, , 0,00-45,93)

) . . 1(20,00; . . 1(16,67;
Serratia marcescens 0 (0,00; 0,00-40,96) 0,51-71.64) 0 (0,00; 0,00-40,96) 0,42-64.12)
Pseudomonas . 5 1(20,00; . . 1(16,67;
aeruginosa 1(14,29; 0,36-57,87) 0,51-71.64) 1(14,29; 0,36-57,87) 0,42-64.12)

. 11 (34,38; . 8 (25,00;
He BbiaBneHo 6(18,75;7,21-36,44) 18,57-53.19) 5(15,62;5,28-32,79) 11,46-43,40)
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16S pPHK (puc. 2) cpaBHUBanu ¢ nocnegoBaTe/ibHOCTAMY 13 6a3bl AaHHbIX GenBank ¢ nc-
nosib3oBaHmem nporpammol BLAST.

Pe3ynbTatbl ngeHTUOMKALMN MUKPOOPraHM3MOB C MOMOLLbIO METOAA CEeKBEHMPOBa-
HUA reHa 16S pPHK, a Takxke 6akTepronornyeckum MeToaoM B CUHOBMATbHOW XXUAKOCTN
N CUHOBMANIbHON TKaHW NaLMeHTOB OCHOBHOW Fpynnbl NpefcTaBneHbl B Tabn. 2.

B cHOBManNbHOM XMAKOCTY NaLMeHTOB KOHTPONbHOM rpynnbl Metogom lNLIP B coueTa-
HUW C cekBeHMpoBaHmeM reHa 16S pPHK 6bino getektuposaHo Hannuue Staphylococcus
aureus (n=1, 10,00%; IN: 0,25-44,50%), meTogoM HaKTeproNOrnyeckoro nocesay 2 nauu-
eHTOoB (20,00%; OW: 2,52-55,61%) — Staphylococcus epidermidis n Enterococcus faecalis.
B cnHoBManbHOM TKaHM NaLMEHTOB KOHTPONbHOM rpynmnbl Kak meTogom MNLP B couetaHunn
C cekBeHupoBaHueM reHa 16S pPHK, Tak n metogom 6akTepuronormyeckoro nocesa yc-
NOBHO-NATOrEHHbIX MUKPOOPraH3MOB BbIAIBJIEHO He 6blS10.

B pe3synbraTe aHanm3a MONYyYEHHbIX AaHHbIX YCTAHOBNEHbl CTaTUCTUYECKN 3HAUMMble
pa3nuumna Mexay OCHOBHOW U KOHTPOMbHOW Irpynnoi cciefoBaHyA Mo BblIABAEHWUIO rpam-
NoNoXXnTenbHbIX bakTepunit meTogom lNLP B coueTaHnm ¢ cekBeHMpPOBaHMeM reHa 16S pPHK
B CMHOBMaNbHON Xnakoctn (p=0,0098) n B cuHoBManbHom TKaHu (p=0,0006) naLeHTOB.

C ucnonb3oBaHMeM METOA0B CTaTUCTUYECKOrO aHan3a yCTaHOBMIEHbl CTaTUCTUYECKN
3HauMMble PasNUumnA MeXxay OCHOBHOW 1 KOHTPONbHOW FPYNMNon UCCNefoBaHUsA No BbiAB-
NEHMIO FPaMMONOKNTENbHbIX 6aKTepunin GakTepronornyeckum MeTofgomM B CUHOBMANbHOW
TKaHW nauuneHToB (p=0,0022).

Y 3 naymeHToB (9,4%; 95% [W: 2,0-25,0%) ocHoBHow rpynnbl metogom [MLP reHa 165
pPHK ¢ nocnepyioowym ceKBeHMpPOBaHWEM BbiABIEHHbIe BO3OYAMTENU TakXe MpUcyT-
CTBOBa/IM B CcOCTaBe nonumukpobHomn nHdekummn: Staphylococcus aureus + Escherichia
coli, Staphylococcus epidermidis + Enterococcus faecalis, Staphylococcus aureus +
Streptococcus spp., UTO faeT OCHOBaHWe npeanonaratb, YTo oHM dopmupytoT Gruonoru-
yeckume cooblLecTBa B Brae OMONNIEHOK, a 3HaumnT, 06nafatoT YHUKaNbHOWM CNOCOBHOCTbIO
MWUHVMUM3NPOBaTb BANAHME 3aLUUTHbIX GaKTOPOB OpraHn3ma YesioBeka.

Ta6bnuuya 3
OunarHocTnyeckas 3¢ppeKTUBHOCTL MeToAoB AuarHocTuku MNMU B pasnuyHom 6monornyeckom
MaTepuane uccnegyembix naueHToB

HA NEPBYIO

Table 3
Diagnostic efficiency of methods for diagnosing PJI in various biological materials from patients under
study

HasBaHue meToga nccnepo- aM, AcC, nu+, nu-,

BaHWA % (95% AN) % (95% AW) % (95% AN) % (95% QW)

1 2 3 4 5

MeTop lNMLP B coyeTaHum ¢ cek-
BeHUpoBaHvem reHa 16S pPHK

82,8 (71,8-90,1)

95,0 (76,4-99,1)

98,1 (90,2-99,7)

63,3 (45,5-78,1)

BakTepunonornyecknin metop 70,3 (58,2-80,1) |90,0(69,9-97,2) |95,7(85,8-98,8) | 48,6(33,4-64,1)
CnHoOBMaNbHasA XKUJKOCTb

MeTon MNLIP & couerarnm c Cek- | g 3647 911) | 90,0(59,6-98,2) | 96,3 (81,7-99,3) | 60,0 (35,7-80,2)
BeHMpoBaHuem reHa 16S pPHK

bakTepunonornyecknin metop 65,6 (48,3-79,6) |80,0(49,0-94,3) | 91,3(73,2-97,6) |42,1(23,1-63,7)

CuHoOBManbHasA TKaHb

MeTtog MLP B coueTaHum ¢ cek-
BeHMpoBaHveMm reHa 16S pPHK

84,4 (68,2-93,1)

100,0 (72,2-100,0)

100,0 (87,5-100,0)

66,7 (41,7-84,8)

BaKTepI/IOJ'IOFI/ILIECKI/IVI meTon

75,0 (57,9-86,7)

100,0 (72,2-100,0)

100,0 (86,2-100,0)

55,6 (33,7-754)
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MLP-aHann3 B coueTaHun C ceKBeHNpoBaHeM Ana naeHTudurkaumm reHa 16S pPHK
YCIOBHO-MaTOreHHbIX MUKPOOPraH13MOB NPY YCTaHOBNEHWMN STUONOMUM NEePUNPOTE3HOM MHEKLUN CYyCTaBOB

B Tabn. 3 npeacTaBneHbl JaHHble, oTOOpaXaloLme AnarHoCTUYeCKyto 3GPeKTMBHOCTb
Pa3NYHbIX METOA0B MUKpOobronornyeckon guarHoctukm MMn.

Takum ob6pa3om, nonyyeHHble pe3ynbTaTbhl NokasbiBatoT, uto [LP-aHann3 ¢ ncnosnb-
30BaHMeM yHMBepCasbHbIX MpaiMepoB C NOCNEAYIOWM aHaM30M METOLOM CEKBEHU-
pOBaHUA MOBbIWAET YyBCTBUTENIbHOCTb M CNeunuduYHOCTb MUKPOOBUONOrnyeckon aua-
rHocTuky MM, CpaBHUTENbHbIE NCCNER0BAHNA Pa3HOro 61MONOrMYeCcKoro Matepurana ot
nauueHTos ¢ MM koneHHoro/TazobefpeHHOro cycTaBa Nokasanu Hanbonee BbICOKYIO
OMArHOCTMYECKY0 LIeHHOCTb CMHOBUWANbHOW TKaHW ONA MONeKyNApHO-O6ronornyeckom
OVArHOCTMKM NO CPABHEHMIO C CUHOBUASIbHOWM XUAKOCTbIO, UTO NO3BONAET PEKOMEHAO-
BaTb MMEHHO 3TOT BU OMONOrMyeckoro Matepuana ans ycTaHOB/IEHNA 3TUOSIOMMYECKOro
MukpobHoro ¢aktopa npu MM, obycnoBneHHOM 3HAONPOTE3MPOBAHMEM KPYMHbIX CY-
CTaBOB.

B 3AK/THOYEHUE

MM cyctaBoB cBA3aHa C cepbe3HbIMU OCNOXHEHNAMN, NOTepeln TPYAOCNOCOBHOCTH
N BbICOKMMM 3aTpaTaMu Ha fleyeHune, YTo obyc/ioBNNBaET HEOOXOAMMOCTb NOCTaHOBKM
3TMONOrMYecKn NpPaBUAbHOrO AmMarHosa. icnonb3oBaHne METOAOB MONEKYNAPHON Auna-
rHOCTUKM No3BonseT 6bicTpo ngeHtTndrumposats JHK Bo3byantena n cBoeBpeMeHHO Ha-
3HauaTb TapreTHy aHTVMUKPOOHYIO Tepanuio.

Bbin ycTaHOBMEHbI JOCTOBEPHbIE OT/IMYKA MO YacTOTe BbIABMEHUA cneundryecknx
aMMINKOHOB pa3mepoM oKkono 1500 nap HYKeoTMAOB MeXay OCHOBHOW U KOHTPOSIbHOW
rpynnamu npu anekTpodopeTryeckon getekunm reHa 16S pPHK B cMHoBUWanbHOW XnaKo-
CTV U B CUHOBMANIbHOWN TKaHW.

C ncnonb3oBaHMeM TOUHOro Kputepusa Guiiepa yctaHOBMEHbl CTaTUCTUYECKN 3HAUU-
Mble pa3nnuma Mmex gy OCHOBHOW N KOHTPOJbHOW FPynmnon nccnefoBaHUA Mo BbiABIEHWUIO
rPaMMonoXuTenbHbix 6akTepuin metopgom lNLP B coueTaHnm C ceKBeHUpPOBaHMEM reHa 165
pPHK B cmHOoBManbHom xugkoctn (p=0,0098) n B cMHoBManbHom TkaHu (p=0,0006) nauu-
eHTOB. TakKe yCTaHOB/MEHbl CTAaTUCTUYECKN 3HAUMMbIE Pa3NyYmMA MeXJy OCHOBHOWN 1 KOH-
TPONbLHON rPYNMown NCCefoBaHMA MO BbIABEHMNIO FPaMNoNIoKUTENbHbIX GakTepuii 6ak-
TePUONIOrMyecknm MeTOAOM B CUHOBMANbHOM TKaHM NaumeHToB (p=0,0022).

Pa3paboTaHHbI 1 anpobrupoBaHHbI MeToA yHBepcanbHoro lNLUP-aHann3a gna ngex-
TuPunKaumm reHa 16S pPHK B coueTaHnmM C ceKBEHNPOBAHMEM MO CPABHEHNIO C BaKTEpPUO-
NOrnyeckMM MeTooM MNCCefoBaHMA NOKa3an BblCOKYIO YyBCTBUTENbHOCTD (82,8% (95%
IN: 71,8-90,1%)) n cneumdmryHocTb (95,0% (95% ON: 76,4-99,1%)) TecTa. [aHHbIA MeToq
MOXET ObITb MCMOJSIb30BaH Kak pedepeHCHbI ANA 3TUONOrMYeCcKon naeHTndrKauum Bos-
6ygutenen MMNA.

CpaBHUTeNIbHbIE NCCIeAOBaHMA Pa3HOro 61onornyeckoro matepuasna nokasanum Hau-
6onee BbICOKYIO ANArHOCTUYECKYIO LIEHHOCTb UCCNefoBaHNA CUHOBUANIbHOWM TKaHW: Ana-
rHOCTMYeCKas YyBCTBUTENbHOCTb — 84,4% (95% [W: 68,2-93,1%), AnarHocTnyeckan crneuu-
duryHocTb — 100,0% (95% [W: 72,2-100,0%) pna pazpaboTaHHOro MeTofia MoseKynapHou
anarHoctuku MM nocne sHagonpoTe3npoBaHMA KPYMHbIX CyCTaBOB.
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Pesiome

BeepeHume. C Lienblo Noncka AMarHoCTUYECKNX M MPOrHOCTUYECKUX MapKepoB Npw cencu-
Ce aKTUBHO BeAyTCA UCciefoBaHMA B 061acT MMMyHoMaToreHesa v M3yyeHus BAUAHUA
reHeTMYeCKo COCTaBMALEN Ha TeyeHMe MaTonornyeckoro npouecca. K Hactoawemy
BPEMEHMU He CYLLEeCTBYET HY OGHOro 6UoMapKepa, LOCTaTOYHO cneuudryHoro ana camo-
cToATeNnbHOro, 6e3 BKNOYeHNA AOMONHUTENbHbIX TeCTOB ANArHOCTUKN MCMONb30BaHUA.
B paHHoOW cTaTbe paccMaTprBaeTCA Posib reHeTUYeCKNX BapuaLmnin HEKOTOpbIX GpakTopoB
WMMYHHOW CUCTeMbl KakK NMoTeHLUuaNnbHbIX OiOMapKepoB AS1A OLEHKU puUcKa pa3BuUTUA
cencuca u ero NporpeccupoBaHus.

Liennb. /13yunTb BIMAHMe nonumopdrsma reHoB MMMYHHOI CUCTEMbI Ha PUCK Pa3BUTUA U
TeueHue cencuca y gerten.

Matepuanbi n metoppl. ViccnefoBaHo 123 naumeHTa, U3 HUX NaLMeHTbI C Cencrucom — 52,
H6aKkTepuanbHbIMM MHPeKLMAMMN — 36, 340poBble AeTr — 35. bbinn n3yyeHbl nonMMopdHble
BapriaHTbl 8 reHoB, KOAUPYIOLWMX 6eNK/ BPOXAEHHOro UMMYHUWTETa, KOTOPbIE, COrNacHO
[aHHbIM NNTePaTypbl, MOFYT GbITb CBA3aHbI C CEMCUCOM.

PesynbraTbl. Hannure reHotna G/G no nonumopédusmy G2258A reHa TLR2 yBenunumBa-
N0 LWaHCbI pa3BuUTKA cencuca B 4,2 pasa (95% O 1,43-12,068; p=0,01). lenotnn C/G no-
numopduama C-174G reHa UJ1-6 Takxke Obin CBA3aH C NOBbILLEHHBIM PUCKOM BO3HUKHOBE-
HuA cencuca (OR=2,4; 95% W 1,149-5,011; p=0,03). leHoTun A/A nonumopdusma A251T
reHa WJ1-8 6bin accoummpoBaH C MeHbLLEN BEPOATHOCTbIO Pa3BUTUA CENTUYECKOTO LLIOKa
(CLL) (OR=4,074; 95% O 1,23-13,489; p=0,03), a reHoTn G/G nonumopdunsma G-1082A
reHa UJ1-10 accoummpoBaH ¢ 6onbliein BeposTHOCTbio pa3Butua CLU (OR=0,347; 95% U
0,129-0,935; p=0,04).

3aknioueHue. B xofe nccnegoBaHuA yctaHoBneHo, uto reHotvn G/G no nonnmopdusmy
G2258A reHa TLR2 n reHotun G/G no nonumopdusmy C-174G reHa WJ1-6 agnatoTca pakTo-
pamu, KoppenupyoLwrmMmn ¢ pa3BrUTheM cerncuca.

KnioueBble cnoBa: nonMop®dusm, reHbl, CENCUC, AeTU, LUTOKMHbI, UMMYyHHas cuctema
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Abstract

Introduction. With the aim of finding diagnostic and prognostic markers for sepsis, active
investigations are conducted in the field of immunopathogenesis and learning about the
genetic factor'simpact on the pathological process course. Currently, there is no biomarker
that is specific enough to be used independently, without additional diagnostic tests.
The article discusses the role of genetic variations in certain immune system factors as
potential biomarkers for evaluating the risk for sepsis and its progression.

Purpose. To investigate the impact of immune system gene polymorphisms on the risk
for sepsis and its progression in children.

Materials and methods. A total of 123 patients were examined, including 52 children
with sepsis, 36 children with bacterial infections, and 35 healthy children. Polymorphic
variants of 8 genes encoding innate immune proteins, which, according to the literature,
could be associated with sepsis, were investigated.

Results. The presence of the G/G genotype for the G2258A polymorphism of the TLR2 gene
increased the odds for sepsis by 4.2 times (95% Cl 1.43-12.068; p=0.01). The C/G genotype
of the C-174G polymorphism of the IL-6 gene was also associated with an increased
risk of sepsis (OR=2.4; 95% Cl 1.149-5.011; p=0.03). The A/A genotype of the A251T
polymorphism of the IL-8 gene was associated with a lower probability of SS (OR=4.074;
95% Cl 1.23-13.489; p=0.03), and the G/G genotype of the G-1082A polymorphism of the
IL-10 gene was associated with a higher probability of septic shock (OR=0.347; 95% Cl
0.129-0.935; p=0.04).

Conclusion. The study established that the G/G genotype for the G2258A polymorphism
of the TLR2 gene and the G/G genotype for the C-174G polymorphism of the IL-6 gene are
factors that correlate with sepsis onset.

Keywords: polymorphism, genes, sepsis, children, cytokines, immune system

B BBEJEHWE
|_|OJ'II/IMOp¢I/I3M reHos I/IMMyHHOIZ CNCTEMDI UTPaeT BaKHYIO POJIb B NMaTtoreHese cen-
CCa, NOCKONbKY uHAMBUAYyalbHble reHeTndyeckme Bapuaunn MOryT BJIMATb Ha OTBET
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Accoumaums nonnMopdU3MoB reHOB MMMYHHOW CUCTEMbI C PUCKOM U TAXECTbIO cencrca y feTei

opraHusmMa Ha UH}eKUMo 1 NpeapacnoNoXeHHOCTb K pa3BuTuio cencuca [1-3]. MNMonu-
MOPOU3M MOXKET BbITb CBA3aH C Pa3fIMYHbIMU reHaMU UMMYHHOWN CUCTEMbI, OTBETCTBEH-
HbIMW 3a onpeAesieHHble 3BeHbA naToreHesa npu cencuce. MNonumopdrambl B reHax UH-
TepnenKNHOB MOTYT BINATb Ha NPOAYKLMIO STUX Xe LUTOKUHOB, NPUBOAA K U3MEHEHUAM
B YPOBHE NPOBOCMNANNTENbHbIX U MPOTUBOBOCMANUTENbHbBIX LIUTOKMHOB, YTO HapyLlaet
6anaHc MMMYHHOTO OTBeTa U MPUBOAUT K Upe3MepHON BOCManuTeNlbHOW peakuni unm
HefoCTaTOYHOW 3awwunTe oT MHbeKummn [2-4]. Kpome Toro, nonumopdr3am reHoB MOXeT aK-
TUBUPOBATb KNETKN UMMYHHOW cucTemMbl (T-KneTkn, Makpodaru 1 ap.), 4To TakKe MoXKeT
N3MEHUTb KNUHUYEeCKoe TeueHne cencuca. leHeTuyeckre Bapvaun MoryT onpefensaTtb
He TONbKO NpeapacrnonoXeHHOCTb K CENCUCY, HO U ero TAXECTb, a Tak»Ke BbPKMBAeMOCTb
nauneHToB. MOHMMaHNe reHeTUYeCKX NpeapacrnonoXeHHOCTeNn MOXeT MOMOYb B paH-
Hel anarHocTuke u Bblbope Hambonee sdpPpeKTVBHON Tepanumn ANiA KOHKPETHOro nauu-
eHra [5].

OpuH 13 Hambonee N3yyeHHbIX NoNMMopdn3MoB — 310 -308 G/A nonumopdusm B Npo-
moTope reHa TNF, KOTopblii, COrnacHo AaHHbIM NUTepaTypbl, AEMOHCTPUPYET BANAHNE Ha
puck pa3sutua cencuca [6-9]. iccnepoBaHmna nokasanu, YTo HocuTenu annensa A nmetot
6onee BbicOKMI ypoBeHb npoaykuum TNF-a n moryT 6bITb NpeapacnonoxeHbl K 6onee
TAXKENbIM dopMam cencumca 13-3a yCUneHHoro BoCnanutenbHoro oteeta [7, 9].

Monumopdunam -174 G/C B npomoTope reHa IL-6 cBA3aH C U3MeHeHreM YPOBHA NpPo-
aykumm IL-6. HekoTopble nccnenoBaHusA NokasbiBaloT, uto Hocutenu annena C moryT
MMeTb 6osiee BbICOKUIN PUCK Pa3BUTKA cencunca u 6onee Taxkenole ncxogbl [10-12]. IL-10
ABNAETCA NPOTNBOBOCMANNTENIbHBIM LIUTOKUHOM, 1 €ro NofiMmMopdnambl MOryT onpege-
NATb CNOCOH6HOCTb OpraHNU3Ma KOHTPONMPOBaTb BoCMnaneHve Npu nHdekumax. NMokasaHo,
yto nonumopduambl -1082 A/G, -819 C/T n -592 A/C B reHe IL-10 cBA3aHbI C U3MEHEHUEM
YPOBHA NPOAYKLMMN 3TOFO NPOTNBOBOCMANMUTENIbHOIO LIMTOKMHA. Hocutenn annenei A ac-
couMMpoBaHbI C HU3KOM Npoaykuren IL-10 n 6onee noasepKeHbl TAXeNbIM dopmam cen-
CunCa, TakK Kak IL-10 nrpaet BaxHylo ponb B NofaBfieHNM U36bITOYHOrO BOCManUTeIbHOro
oTBeTa. B ogHOM 13 uccnepgosaHui 6bina o6Hapy»KeHa NpsAMasn Koppenauna mexay nonu-
Mopdu3Mom -592 A/C 1 NOBbILLEHHBIM PYICKOM CeMNcrca y NaLeHTOB C TAXenbiMu HdeK-
unamu. MNMonumopdunsm -511 C/T B npomoTope reHa IL-1B cBA3aH C M3MeHeHeM ypOBHA
npogykuuu IL-1f3. CornacHoO HEKOTOPbIM NUTEPATYPHbIM AaHHbIM, HocuTenu annensa T mo-
ryT uMeTb 6oiee BbICOKMI YPOBEHb 3TOrO MPOBOCNANUTENIbHOIO LIMTOKMHA, YTO CONPOBO-
XJaeTca ycuneHmem BOCNanuTesIbHOro oTBeTa Y acCoLMMPOBaHO C YBeMYeHeM prcKa
cencuca. OgHaKo, cornacHo Apyrum uccnefoBaHuam, nonumopdusm IL-13 +3954 C>T
obecneunBaeT CHMXeHVe pucka pa3Butna cencuca [13]. Mo pesynbratam mMeTaaHanu3a,
npeacTaBneHHOro KoiekTMBOM aBTopoB, nonumopéunsm IL-8-251 A/T accouumnpoBaH ¢
PUCKOM Pa3BUTMA CEMNCKCa, a TakKe CMepPTHOCTbIo OT Hero [14, 15]. UccnegoBaHma nonu-
Mopdusma -1188 A/C B reHe IL-12 feMOHCTPUPYIOT BNVAHKE €ro Ha YPOBEHb NpoayKuum
IL-12, koTopbin akTuBUpyeT T-knetkn n NK-knetku, a nsyyeHve nonumopodusma -137 G/C
B reHe IL-18 yka3blBaeT Ha CBA3b C M3MEHEHMEM YPOBHA npoaykuum IL-18, ysennueHune
YPOBHA KOTOPOro MOXeT cnocobCcTBOBaTb YCUIIEHUIO BOCNANUTENbHOIO OTBETa 1 YBeNu-
UeHMIo puUcKa pa3BuTuA cencuca [5].

Kpome un3yueHua nonvmopdmsma reHoB, oOyCnaBnMBaOLWMX SKCIPECCUI0 LUTO-
KWHOB Mpu cencuce, 6onbluoe Konmyectso Ny6anKaumii NOCBALLEHO FreHam U UX Nonu-
Mopdu3mam, CBA3aHHbIM C peuentopamu [16]. Tak, Hanprmep, NoAUMopdU3MbI B reHax,
KoaupyoLwmnx pelentopbl pacnosHaBaHuA natoreHos (PRRs), Takmx Kak TLR (peuentopbl
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Toll-nopo6Horo TMNa), MOryT BAMATbL Ha CNOCOOHOCTb UMMYHHOW CUCTEMbI Pacro3HaBaTb
naToreHbl U pearnpoBaTb Ha HuX. NMonumopduram Asp299Gly B reHe TLR4 cBA3bIBaOT C 13-
MEHEHHOW YyBCTBUTENbHOCTbIO K MHbekumam [17, 18]. Hocutenn storo nonnmopodusma
MOTYT MeTb 0CNabneHHbIN OTBET Ha SHAOTOKCMH, UTO MOXET NPUBOANTL K YBENIMYEHWIO
purcka cencuca npu 6akTepuanbHbix HpeKumax [19, 201.

Monumopdr3mbl B reHax, perynmpyoLwmx anonTos, CocobHbl BIUATb Ha BbIXKNBaHWE
WMMYHHbIX KNeTOK BO BpeMs MHGeKLUN U, cieloBaTeNbHO, — Ha TAXeCTb cencuca. Hanpu-
mep, nonumopdusm -938 C/A B npomoTope reHa BCL2 moxeT BNMATb Ha YPOBEHb 3KC-
npeccum 3Toro reHa, KOTopbl perynupyet anontos [5, 21].

Monumopdunambl B reHe C3 cMCTeMbl KOMMAEMEHTa, Takne Kak rs2230199, cBA3aHbl €
NOBbILIEHHbIM PYCKOM CeMncmca 1 ero TAXKECTbIO, TaK Kak c1ucTeMa KOMMJiemeHTa urpaet
KNoUeByo posib B UMMYHHOM OTBeTe Ha uHdekuun [5].

Hamun nprBegeHbl pe3ynbTaTbl TONbKO Masion YacTu UCCIeA0BaHNIA, KOTOPbIe MOKasbl-
BalOT, KaK pa3nmyHble NonnmMopdu3Mbl CNOCOOHbI BANATb Ha UMMYHHbI OTBET 1 Npegpac-
nonaratb K pa3BuTuio cencunca. NoHrmaHme reHeTnYeCKnx MeXaHM3MOB MOXET NMOMOUb B
pa3paboTKe HOBbIX METOAOB ANArHOCTVKM U COBEPLLEHCTBOBAHMN NOAXOAOB K NeyeHuto
CenTnYecKmnx NPoLIeccoB, a TakXKe B MHANBMAYanM3auum nogxoaoB K Tepanuun ana nayu-
€HTOB C BbICOKMM PUCKOM pa3BUTUA cencuca [22-24].

B LIE/Ib NCCNEJOBAHUA
W3yumnTb BAvsHMe nonmopdriama reHoB MMMYHHO CUCTEMbI Ha PUCK Pa3BUTUA 1 Te-
YeHue cencuca y AeTe.

B MATEPWAJIbl U METObI

WccnepoBaHo 123 nauumeHTa, N3 HUX NaUMeHTbl C cencncom — 52 (ocHoBHas rpynna),
H6aKkTepuanbHbIMK MHGeKLMAMU — 36 (rpynna cpaBHeHWA), 3mopoBble aetn — 35 (rpynna
KOHTposiA). [o BO3pacTy 1 nony rpynmnbl NaLMeHToB CONOCTaBUMbI.

[HK Bblaenanu 13 uenbHON KPOBU C UCNOJIb30BaHMEM Habopa peareHToB A1 Bblaene-
Hua OHK/PHK («HK akcTpa», Pecnybnuka benapycb) B cOOTBETCTBMM C peKOMeHAaLaMm
npownssogutens. NMoctaHosky MLP ocyuwectBnanmu Ha npubope Quant Studio 5 (Applied
Biosystems, CLLIA) c ncnonb3oBaHnem ONUrOHyKNeoTNAOB, CMHTe3npoBaHHbIXx OO0 «ApT-
BruoTex» (Pecnybnuka benapyco).

MNMonumopdur3m reHoB yctaHaBnmaany metogom lMLP c nomoLlbto HabopoB peareHToB
Ona onpefeneHnsa onuroHykneotngHoro nonumopsdmsma «TNF-aG308A», «LTAG+252A»,
«IL-4C-589T», «IL-8A251T», «MJ1-6 C-174G», «IL-10G-1082A», «TLR2Arg753GIn (G2258A)»,
«TLR4Asp299Gly(A896G)» (HMN® «Jlntex», PO) B COOTBETCTBMMN C MHCTPYKLUMAMU NPOU3BO-
autens.

Cratucrnuyeckuin aHanus

MonyuyeHHble pe3ynbTaThl 06paboTaHbl C MPYMEHEHVeM NakeTa nporpamm Statistica
for Windows 10 n nporpammHoro obecneyenus Statistica 13. [1nsi npoBepKmn CTaTUCTy-
YyecKMMM MeTofamMKn MPEAnoNioKEeHNA O BAMAHUN COObITMA Ha pa3BuTUE Mcxopa Gbinia
COCTaB/eHa YeTblpexnosnbHaa Tabnuua ConpAKeHHOCTU M paccuuTaHbl cnegyiolime no-
KasaTenu: yactoTa cobbiTvA B rpynnax, «oTHoweHure waHco» (OR), 95% fosepuTtenbHble
WHTepBasbl U p-3HayYeHNne.
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B PE3YJIbTATblI N OBCYXXAEHNE

Pe3ynbTathl nccnefoBaHMA NOKasanM CTaTUCTMYECKN 3HAUUMYIO CBA3b MEXJY onpe-
[eneHHbIMU FeHeTMYeCKMMM BapraHTaMyi U PUCKOM pa3BUTUA cencuca. B yactHocTy,
Hanuuue reHotuna G/G no nonumopousmy G2258A reHa TLR2 yBenmumBano waHcbl BO3-
HVWKHOBEHUA cencuca B 4,2 pasza (95% AU 1,43-12,068; p=0,01). Kpome Toro, reHotun C/G
nonumopdunsma C-174G reHa WJ1-6 Takke 6bl1 CBA3AH C MOBbLILWEHHBIM PUCKOM cencuca
(OR=2,4; 95% O 1,149-5,011; p=0,03) (Tabn. 1). AHaNN3 YAaCTOTbl FEHOTMMOB BbIABWI, YTO
reHotun G/G nonumopdmrsma G2258A reHa TLR2 6bin 3HaunTesIbHO yallle obHapyXeH y
neten ¢ cencmcom (92,3%) No cpaBHEHNMIO C TAKOBbIM B KOHTPOsbHOW rpynne (74,3%). AHa-
NornyHas TeHaeHumna Habnoganacb ans reHotuna C/G nonumopousma C-174G reHa UJ1-6,
KoTOpbIN NpucyTcTBOBany 61,5% geten c cencucom n 'y 40% getet KOHTPONbHOW rpynmbl.

Mpu nccnegoBaHUM YacTOT FEHOTUMOB NONMMOPGU3IMOB JPYrMX FrEHOB, CBA3AHHbIX C
BPOXAEHHbIM UMMYHUTETOM, CTaTUCTUYECKIN 3HAUMMBIX PA3NNUnA MeXAY rpynnon geTen
C CencrcoMm 1 KOHTPOJIbHOW rpynnoi o6HapyeHo He 6b110. OfHaKko OblNn OTMeYeHbI Cie-
ayowme HabnogeHna: ansa nonumopousma G308A reHa OHO-a reHotun A/A BcTpevan-
CA B rpynne cencrca B iBa pasa valle, Yem B KOHTponbHou rpynne (5,8% npotus 2,9%).
AHanoruyHo ansa nonmmopodusma C-589T reHa WJ1-4 reHotun C/T 6611 B 1,5 pasza 6onee
pacnpocTpaHeH (30,8% npoTtue 20%), a ana nonmmopodunsma G-1082A reHa WJ1-10 reHo-
Tmn G/G BcTpeyanca B 1,7 pasa vauye (34,6% npotus 20%).

Ta6bnuua 1

PacnpepieneHne 4acToT reHOTMNOB MO NONMMOP$HbIM annenam UccnefyemMbix reHoB B rpynne
NaLneHToB C CeNCMCOM N KOHTPONbHOM rpynne, n/%

Table 1

Distribution of genotype frequencies by polymorphic alleles of the studied genes in the group
of patients with sepsis and the control group, n/%

pynna nayneHToB .

len A —— lpynna KoHTponsa OR; 95% On P
LTA

(G+252A)
G/G 4/7,7 5/14,2 0,5(0,156-1,608) 0,16
G/A 20/38,5 15/42,9 0,833 (0,401-1,732) 0,34
A/A 28/53,8 15/42,9 1,555 (0,754-3,21) 0,16
OHO-a

(G308A)
G/G 43/82,7 28/80 1,194 (0,476-2,998) 0,38
G/A 6/11,5 6/17,1 0,63 (0,226-1,76) 0,23
A/A 3/5,8 1/2,9 2,081 (0,301-14,406) 0,27
TLR2
Arg753GIn

(G2258A)

G/G 48/92,3 26/74,3 4,154 (1,43-12,068) 0,01
G/A 4/7,7 7/20 0,333 (0,111-1,004) 0,051
A/A - 2/5,7 - -
TLR4

Asp299Gly

(A896G)

A/A 45/86,5 271771 1,905 (0,743-4,88) 0,13
A/G 7/13,5 8/22,9 0,525 (0,205-1,345) 0,13
G/G - - - -
624 "Laboratory Diagnostics Eastern Europe", 2025, volume 14, No. 4

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




KnrHuueckas nHdektonorua / MonekynapHo-reHeTuyeckme nccnefoBaHus e
Clinical Infectology / Molecular and Genetic Research =3

OKoOHuaHvie Tabnnupbl 1
I'pynna nauyneHToB .

len s S— lpynna KoHTpons OR; 95% AU P
IL-4
(C-589T)
C/C 34/65,4 27/77,1 0,559 (0,247-1,268) 0,12
/T 16/30,8 7/20 1,777 (0,758-4,171) 0,13
/T 2/3,8 1/2,9 1,36 (0,176-10,537) 0,4
IL-6
(C-174G)
c/C 7/13,5 8/22,9 0,525 (0,205-1,345) 0,13
C/G 32/61,5 14/40 2,4(1,149-5,011) 0,03
G/G 13/25 13/37,1 0,564 (0,259-1,231) 0,11
IL-8
(A251T)
A/A 14/26,9 7/20 1,473 (0,621-3,499) 0,23
T 10/19,3 8/22,9 0,804 (0,334-1,936) 0,34
A/T 28/53,8 20/57,1 0,875 (0,369-2,075) 0,38
IL-10
(G-1082A)
G/G 18/34,6 7/20 2,118 (0,91-4,927) 0,07
G/A 33/63,5 23/65,7 0,906 (0,427-1,925) 0,42
A/A 11,9 5/14,3 0,118 (0,019-0,742) 0,03

Ha ocHOBaHWM aHanu3a 4acToT reHOTUMNOB reHoOB BPOXXAEHHOIO MMMYHUTETA 6bin0
nposegeHo JanbHewnwwee ncciegoBaHne accoumaymm MeXxay pas3sinyHbiMu reHamm n cen-
C/COM MyTeM CpaBHEHUA nokasartenen B rpynne naymneHToB C cencncom n KOHTpOJ'IbHOI;I

Ta6bnuua 2

PacnpepeneHmne yacToT accouvauuii reHOTMNOB NO NOAMMOP$HbIM annenAm reHoB B rpynnax, n/%
Table 2

Distribution of frequencies of genotype associations by polymorphic alleles of genes in the groups, n/%

lpynna naunentoB | pynna KoH-

Accouymauyums reHoB
c cencncom Tponsa

OR; 95% AN P

IL-6 (C-174G)
reHotun C/G +
TLR2 (G2258A)
reHotnn G/G
IL-10 (G-1082A)
reHotn G/G +
TLR2 (G2258A)
reHotnn G/G
IL-6 (C-174G)
reHotnn C/G +
IL-10 (G-1082A)
reHotnn G/G
IL-6 (C-174G)
resotun C/G +
TLR2 (G2258A)
reHotnn G/G +
TLR4 (A896G)
reHotnn G/G
TLR2 (G2258A)
reHotnn G/G +
TLR4 (A896G)
reHotnn G/G

30/57,7 11/31,4 2,975 (1,397-6,338) 0,009

18/34,6 6/17,1 2,558 (1,062-6,168) 0,04

10/19,2 1/2,9 8,095 (1,384-47,354) 0,03

24/46,2 9/25,7 2,476 (1,131-5,421) 0,03

41/78,8 21/60 2,485 (1,121-5,51) 0,03
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Ta6bnuua 3

PacnpepieneHune 4acToT reHOTMNOB MO NOAUMOP$HbIM annensam uccneayembix reHoB B rpynnax
NaLeHTOB C CeNCcUCcOM € y4YeTOM Ha/lYMNA CeNTNYECKOoro WoKa

Table 3

Distribution of genotypes frequencies by polymorphic alleles of the studied genes in the groups
of patients with sepsis, taking into account the presence of septic shock

lpynna naymeHToB c cen- | [pynna naumeHtos .
= cﬁ)c,om 6e3 CLU, n=29 c'::!ncmcom cCll, n=23 OR; 95% AU P
LTA
(G+252A)
G/G 3/10,4 1/4,4 2,538 (0,358-17,988) | 0,22
G/A 13/44,8 7/30,4 1,857 (0,707-4,879) | 0,15
A/A 13/44,8 15/65,2 0,433 (0,168-1,117) | 0,07
®HO-a
(G308A)
G/G 22/75,9 21/91,2 0,299 (0,073-1,227) | 0,07
G/A 5/17,2 1/4,4 4,583 (0,709-29,623) | 0,09
A/A 2/6,9 1/4,4 1,629 (0,206-12,904) | 0,34
TLR2
Arg753GIn
(G2258A)
G/G 26/89,6 22/95,6 0,393 (0,056-2,792) | 0,21
G/A 3/10,4 1/4,4 2,538 (0,358-17,988) | 0,22
A/A - - - -
TLR4
Asp299Gly
(A896G)
A/A 24/82,8 21/91,2 0,457 (0,106-1,971) | 0,19
A/G 5/17,2 2/8,8 2,187 (0,507-9,432) 0,19
G/G - - - -
IL-4
(C-589T)
c/C 18/62,1 16/69,6 0,716 (0,27-1,899) 0,29
() 9/31 7/30,4 1,028 (0,38-2,784) 0,48
T/T 2/6,9 - - -
IL-6
(C-174G)
c/C 3/10,4 4/17,4 0,548 (0,142-2,116) | 0,23
C/G 20/68,9 12/52,2 2,037 (0,786-5,281) | 0,1
G/G 6/20,7 7/30,4 0,596 (0,207-1,722) | 0,21
IL-8
(A251T)
A/A 11/38 3/13,1 4,074 (1,23-13,489) | 0,03
/T 5/17,2 5/21,7 0,75 (0,235-2,392) 0,34
AT 13/44,8 15/65,2 0,433 (0,168-1,117) | 0,07
IL-10
(G-1082A)
G/G 7/24,1 11/47,8 0,347 (0,129-0,935) | 0,04
G/A 21/72,4 12/52,2 2,406 (0,913-6,34) 0,07
A/A 1/3,5 - - 0,07

rpynne. Hawe nccnefoBaHne BbIABWMO, YTO pa3BUTME CEMNcMca CBA3AHO C onpefaeneH-
HbIMWM KOMOMHaLUAMU reHOTUNOoB. B yacTHOCTK, 6biNM 0OHapYKeHbl 3HauMMble accoLu-
aumn mexgy crnegyowyMmy napamm reHotunos: C/G reHa IL-6 (C-174G) n G/G reHa TLR2
(G2258A); G/G reHa IL-10 (G-1082A) 1 G/G reHa TLR2 (G2258A); C/G reHa IL-6 (C-174G) n
G/G reHa IL-10 (G-1082A); C/G reHa IL-6 (C-174G) n G/G reHa TLR2 (G2258A) B coueTaHumn
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¢ G/G reHom TLR4 (A896G); a TakXe G/G reHa TLR2 (G2258A) n G/G reHa TLR4 (A896G).
3Tm accouymauum ObINN CTaTUCTUYECKN 3HaUUMBbI (p<0,05). NMoapobHble pe3ynbTaTtbl STUX
3HaYMMbIX accoumnaL i No NOAMMOPGHLIM annensam NpeacTaBeHbl B Tabn. 2.

B nocnepytoliem 6bin NpoBefeH BHYTPUIPYynrnoBOW aHaiv3 C yUeTOM pa3BUTMA cen-
Tuyeckoro woka (CLL), koTopbli NpeacTaBneH B Tabn. 3. YcTaHOBMEHO, YTO reHoTun A/A
nonumopdunsma A251T reHa AJ1-8 6b11 accounnpPoBaH C MeHbLLIEN BEPOATHOCTbIO pa3Bu-
TnA CW (OR=4,074; 95% W 1,23-13,489; p=0,03). YacToTa BCTpeyaemocTn reHoTnna A/A
6bina B 2,9 pa3a Huxe B rpynne nauveHTos ¢ CLU (13,1%) no cpaBHeHNIO C TakOBOW B rpyn-
ne 6e3 CLU (38%). leHoTnn G/G nonnumopdunsma G-1082A reHa MJ1-10 6b1n accoummpoBaH ¢
6onbLueli BepoAaTHOCTbIO pa3BuTua CLU (OR=0,347; 95% 1M 0,129-0,935; p=0,04). YacToTa
BCTpeyaemocTy reHoTMna G/G 6bina B 2 pa3a Bbilwe B rpynne nauveHTos ¢ CLU (47,8% npo-
TnB 24,1% COOTBETCTBEHHO).

YcTaHOBNEHa TakXe accoumauma Mexay HEKOTOPbIMU FreHeTMYeCKUMU NoMMopdu3-
Mamu 1 Hanuurem cencuca c ClU y getein. Tak, reHotnn A/A gnsa nonumopdursma G+252A
reHa LTA Habnioganca B 1,5 pa3a uaule y geteir ¢ CLU no cpaBHeHuto ¢ rpynnon 6e3 CLU
(65,2% npoTtuBs 44,8%). leHotunbl C/C 1 G/G no nonumopduamy C-174G reHa WJ1-6 BcTpe-
yanuco y geten c CLU yawe, yem 6e3 CLU (B 1,7 1 1,5 pa3a cooTBeTCTBEHHO). TakKe reHo-
™n A/T no nonumopdumamy A251T reHa WJ1-8 6bin B 1,5 pa3a 6onee pacnpocTpaHeH B
rpynne c CLU (65,2% npoTuB 44,8%), HO 3TV faHHble He OblIN CTaTUCTUYECKM 3HAUYMMbIMU.

MpoBeaeHHbIN CPaBHUTENbHBIN aHanNM3 C rpynmnow NaumMeHToB ¢ 6akTepranbHbIMU UH-
bekumAMM 1 BHYTPUIPYNNOBON aHanun3 C yueTom Hannuma 6aktepuemun B rpynne nauu-
€HTOB C CEeMNCUCOM He BbIAABM 3HAUMMbIX Pa3numnim B pacnpegeneHnmn 4yactoT reHoTUNoB
no nonumopdrmam nccnegyembix reHoB.

B 3AK/THOYEHUE

Accoumauma c NoBbILIEHHBIM PUCKOM cencuca bbina yctaHoBneHa ana reHotuna G/G
no nonumopodusmy G2258A reHa TLR2 (OR=4,154; 95% 1/ 1,43-12,068; p=0,01) u reHOTU-
na C/G no nonumopduamy C-174G rena WJ1-6 (OR=2,4; 95% AW 1,149-5,011; p=0,03). Kpo-
Me TOro, KOMBMHALMM HEKOTOPbIX rEHOTUMOB B reHax IL-6, IL-10, TLR2 n TLR4 Take npo-
[eMOHCTPMpPOBanu CBA3b C pa3BuTmem cencuca (p<0,05). Kpome Toro, y geten ¢ cencrcom
yalle BCTpeYanuncb onpepenieHHble reHeTuyecke BapuaHTbl: reHotun A/A no nonumop-
¢dun3my G308A B reHe ®HO-a (B 2 pasa yauye), reHotun C/T no nonumopodusmy C-174G B
reHe W1-4 (B8 1,5 pa3a vawe) n reHotun G/G no nonumopodusmy G-1082A B reHe WJ1-10
(B 1,7 pa3a yalle) No CpaBHEHMIO CO 300POBbIMY AETbMU.

B rpynne naymeHToB c cencrcom n CLU 6binn BbIABNEHbI cnefytolme 3HauMble OT-
NMYrA No cpaBHeHuto ¢ naumeHTamm 6e3 CLU: reHotun G/G no nonumopdusmy G-1082A
reHa WJ1-10 BcTpevanca B 2 pasa vawe (OR=0,347; 95% 1N 0,129-0,935; p=0,04), a reHo-
™n A/A no nonumopdusmy A251T reHa WJ1-8 BcTpeuanca B 2,9 pasa pexe (OR=4,074;
95% [ 1,23-13,489; p=0,03). YacTtoTa reHotuna A/A no nonumopodusmy G+252A reHa
LTA B rpynne geteii ¢ cencucom 1 CLL 6bin1a B 1,5 pa3a Bbllle NO CpaBHEHMIO C rpynnoi 6e3
CLU, reHoTtna C/C no nonumopodusmy C-174G reHa W1-6 - B 1,7 pasa, a reHotuna G/G -
B 1,5 pa3a, reHotuna A/T no nonumopduramy A251T reHa U1-8 — B 1,5 pasa (p>0,05).

Cyaa no nonyyeHHbIM AaHHbIM, CefyeT nonaraTtb, YTOo reHeTuyeckme GpakTopbl OKasbl-
BalOT 3HaUMTeNIbHOE BUAHUE Ha NPeAPacronoXeHHOCTb K CEeNCUCY U ero TeyeHue. leHe-
TUYeCKMe Bapuaumm, B YaCTHOCTY NONMMOPOU3Mbl FeHOB LIUTOKMHOB, MOTYT CYLLeCTBEH-
HO M3MEHATb OTBET OpPraHU3Ma Ha MHeKUMo u cencuc. JanbHenwmne nccnegoBaHmA
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B AaHHOM HanpaBneHnn JOXKHbI 6bITb coCpenoToYeHbl Ha paCKpbITUA CNOXHOW reHeTun-
yeckom npunpoabl cencuca, Yto 6y,D,ET cnoco6cTBOBaTH COBEPLUEHCTBOBAHUIO ANArHOCTU-
KU U TAaKTUKN nevyeHnA.
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Pesiome

BBepeHume. NaToreHes cumnTomoB coctosiHuA nocne nHdekunn COVID-19, xapaktepu-
3YIOLLEerocs CHUMXEHNEM KayecTBa XM3HW U POCTOM HETPYAOCNOCOOHOCTH, OCTaeTcA He-
[OCTAaTOYHO MOHATHLIM B CBA3M C OTCYTCTBMEM OOBEKTVBHbBIX MapPaMeTPOB €ro OLEHKM.
YunTbiBasA ponb sHAoTennanbHol ancdyHkuumn (31) B dopmMupoBaHUn coCcyamncTbIX 3a-
6oneBaHUii, NpeanofaraeTCs ee yyacTue B NaToreHese COCTOAHNA Noc/e NepeHeceHHoN
nHdekunn COVID-19.

Lienb. OueHUTb 3HaUMMOCTb onpefeneHnsa YPOoBHA BOCNANMTENbHbIX MapKepPOB, KOHLIEH-
Tpauun HUTPaT- U HUTPUT-MoHOB (NO ) 1 NapamMeTPOB aHTMOKCUAAHTHOTO CTaTyca Naasmbl
BEHO3HOW KPOBU Y NaLMEHTOB C COCTOAHMEM nocsie nHoekumn COVID-19.

Marepwuanbl u metogbl. 3a nepuog 2023-2024 rr. o6cneaoBaHo 137 NayMeHToB (MyX. —
42, eH. — 95, cpefHUN Bo3pacT — 52 r. [46; 58]), nepeHecwmnx nHpekymio COVID-19: 98
COCTaBWAN KOHTUHIEHT UL, C ANIMTENbHBIM COXPAaHEHUEM »anob, 39 — nuua, He NpeabAB-
naABLWMe xanob. Mocne 3anonHeHNA YeK-NMcTa BCeM NaLyeHTaM onpegeneHbl nokKasaTtenu
KOHUeHTpaumnu NOX, CUCTEMHOro BoCManeHus: nHtepnenknHos (IL) IL-1, IL-4, IL-6, IL-8, IL-
10, C-peakTnBHoOro 6enka (CRP), daktopa Hekpo3sa onyxonu a (TNF-a), TpaHchopmupy-
towero ¢aktopa pocta B1 (TGF-B1), npokanbuutoHnHa (PCT), o6Leln aHTMOKCULAHTHOM
emkocTun nnasmbl (T-AOC), akTMBHOCTU cynepoKcmaancmyTasbl (SOD) B pa3Hble nepuofbl
BpeMeHV nocne nepeHeceHHoW nauneHTamm nnpekumn COVID-19.

PesynbraTbl. Y BCcex NauneHToB, nepeHecwnx nHpekuymio COVID-19, ypoBeHb napame-
TpoB cuctemHoro BocnaneHus (IL-1, IL-4, IL-6, IL-8, IL-10, TNF-a, CRP, PCT) He npeBbiwwan
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3HauUMMOCTb OLIEHKM MapaMeTPOB CUCTEMHOMO BOCManeHns
1 SHAOTENNaNbHOM ANCOYHKLUM Y NaLMEHTOB C COCTOAHUEM nocne uhdekunm COVID-19

BEPXHIOK FPaHnLy HOPMasbHbIX 3HAYEHWI B pa3fiMuHble Nepuoabl nsmepeHus. B rpynne
NnL, C OTCYTCTBMEM Xanob cnyctsa 6onee 6 mecALeB nocse 3aboneBaHUA oTMeueH 6onee
HU3KU ypoBeHb IL-4 (pMW=0,001 3),IL.-10 (pMW=0,01 4),PCT (pMW=O,O36). MokasaTenu aHTu-
OKCMAAHTHOW 3alUWTbl HE BbIXOAWAW 3a AMana3oH HOPMasbHbIX 3HAYEHU U HE NMeNn
pasnuunn B NCCNEAOBAHHbIX rPyMnax nauyneHToB v no nepviogam. KoHueHtpauyma NO,
niasmMbl KPOBM Y MNALMEHTOB C KIMHUYECKMU NPOABNEHNAMN COCTOAHMA Nocne NHdek-
uum COVID-19 B no3gHem nepuofe nccnefgoBaHua Obina 3HaUYMMO Bblille, YeM Y NauuneH-
TOB C OTCYTCTBMEM NPU3HAKOB AaHHOro coctoaHusa (p=0,0013), n nmena cBA3b C HaNNUU-
€M KIMHNYECKUX NPOABIEHNIN COCTOAHUS nocne uHdpekummn COVID-19 (p=0,002).
3aknoueHne. KoHueHTpauma NO, niasmbl KPOBU Y NALMEHTOB, NepeHecIUrX UHGeKLUuio
COVID-19, MOXeT Cny»KunTb 06 EKTUBHBIM NPU3HAKOM HapyweHna GyHKUMM SHOOTENNA.
KnioueBble cnoBa: coctosaHme nocie COVID-19, HATpaT- U HUTPUT-NOHbI, aHTUOKCUAAHT-
HaA eMKOCTb, akTMBHOCTb CyNepoKCcMaancMmyTasbl
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Abstract

Introduction. The pathogenesis of post-COVID-19 symptoms, which lead to decreased
quality of life and increased disability, remains poorly understood due to the lack
of objective parameters. Given the role of endothelial dysfunction (ED) in vascular
diseases patterning, its involvement in the pathogenesis of post-COVID-19 symptoms is
hypothesized.

Purpose. To assess the significance of inflammatory markers level, nitrate and nitrite ion
(NOx) concentrations, and venous blood plasma antioxidant status parameters in patients
with post-COVID-19 condition.

Materials and methods. During the period 2023-2024, a total of 137 patients (42 men,
95 women, aged 52 [46; 58] years) who underwent COVID-19 infection were examined:
98 subjects with long-term complaints, and 39 subjects with no complaints. After filling
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out the checklist, all patients were assessed for NOx concentration, systemic inflammation
indicators: interleukins (IL) IL-1, IL-4, IL-6, IL-8, IL-10, C-reactive protein (CRP), tumor
necrosis factor a (TNF-a), transforming growth factor 1 (TGF-B1), procalcitonin (PCT),
total antioxidant capacity of plasma (T-AOC), superoxide dismutase (SOD) activity at
different periods of time after COVID-19 infection.

Results. In all patients who underwent COVID-19 infection, the level of systemic
inflammation parameters (IL-1, IL-4, IL-6, IL-8, IL-10, TNF-a, CRP, PCT) did not exceed the
upper limit of normal values at different periods of measurement. Lower levels of IL-4
(p,,=0.0013), IL-10 (p,,,=0.014), and PCT (p,,=0.036) were observed in the group of
subjects with no complaints after 6 months. Antioxidant protection indicators did not
exceed the normal values range and did not differ between groups and periods. Blood
plasma NOx concentrations in patients with clinical manifestations of post-COVID-19
condition in the late period of the study were significantly higher than in patients
with no signs of this condition (p=0.0013) and correlated with the presence of clinical
manifestations of post-COVID-19 condition (p=0.002).

Conclusion. Plasma NOx concentrations in patients who recovered from COVID-19
infection can serve as an objective indicator of ED.

Keywords: post-COVID-19 status, nitrate-nitrite ions, antioxidant capacity, superoxide
dismutase activity

B BBEJAEHWE

B mapTe 2020 roga BcemmpHon opraHusaumen 3apaBooxpaHeHnsa Obiia ob6baBeHa
naHgemMmsa HOBOW KOPOHaBMPYCHOW WHPeKUMU, accouumpoBaHHOM ¢ BUpycom SARS-
CoV-2 cemerictBa Coronaviridae (KOpoHaBMpYC-2, BbI3bIBAOLWMIA OCTPLIA pecnmnpaTop-
HbI cuHgpom) [1, 2]. Lenbto yyeHbIx paga CTpaH B 3TOT Nepuof BpeMeH CTano akTUBHOe
n3yyeHune Kak camoro Bupyca SARS-CoV-2 n ero cBOWCTB, Tak 1 aCCOLIMNPOBAHHbIX C HAM
3a60N1eBaHN 1 OTAANEHHbIX MNOCNEACTBUN NepeHeceHHON UHGeKUnn. bblio BbisSBIEHO
npsamoe unm onocpefoBaHHoe BnvaHme Bupyca SARS-CoV-2 Ha pasnnyHbie opraHbl U Cu-
cTembl opraHu3ma [3]. B HacTosLee BpeMa NpooIKaeTCA akTMBHOE U3yUYeHKe COCTOAHMA
UMMYHHOW CUCTEMBI 1 ee OTBeTa Ha MHdMUMpoBaHme Bnupycom SARS-CoV-2, a Takxe npe-
ONKTOPOB BO3HNKHOBEHUA OCNIOXHEHN N 1 nocT-COVID-19 cuHgpoma.

Y psaga nauneHToB nocse nepeHeceHHomn nHbekumm COVID-19 coxpaHAnnch nmeloLm-
ecs UM Bo3HUKany de novo AnnTeNibHO NPOABAAIOLLMECA CUMITOMbI, COBOKYMHOCTb KO-
TOpPbIX MOMyYnIia Ha3BaHUe «cocToAHMe nocne nHoekuymm COVID-19» [4, 51. Greenhalgh T.
n Shah W. c coaBTopamu Bbigenunu B coctoaHnn nocne nHdekyum COVID-19 aBe katero-
pum: long-COVID ¢ gnntenbHOCTbIO CUMNTOMOB OT 4 0 12 Hefenb N HEMOCPELCTBEHHO
CaM NOCTKOBUAHbI CUHAPOM C MPOAOCIKMTENBHOCTbIO HapyLweHun 6onee 12 Hepenb [6,
71. Chung Y. n coaBTopbl cpeamn GakTopoB prCKa Pa3BUTUA COCTOAHUA Nocie MHbeKLmu
COVID-19 BblgenstoT Taxkenoe TeveHne nHoekuumn COVID-19, Hannume KoOMoOpPOUAHbIX 3a-
6oneBaHN — TaKUX KaK OXMPEHUe, caxapHblii AnabeT 2-ro Tuna, 6poHxXranbHasa acTMma,
rmnoTnpeos, genpeccus [8].

YeTKUX AnarHoCcTuyecknx Kputepmes coctoaHua nocne nHdekumnyn COVID-19, npuHa-
TbIX GONbLUMHCTBOM K/IMHULMCTOB, B HAaCTOSALLEe BPEMA HET; laHHble MO ero pacnpocTpa-
HEHHOCTW B NONYNALUMK B UCTOYHMKaX NnTepaTypbl BapbupytoT oT 30 go 60% [5, 9-11].
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EanHoOe MHeHre yueHbIX O BO3HUKHOBEHUUN U COXPAaHEHUMN KIUHUYECKUX CUMMNTOMOB
coctoaHua nocne uHdekumn COVID-19 K HacToALeMYy BpeMeHU TakXe OTCyTCTByeT [5,
12]. Bathia G.E-S., Yin K. u Molnar T. c coaBTOpamu cpeamn natoreHeTUYEeCKUX MEXaHU3MOB,
YUacTBYIOLNX B Pa3BUTMM cOCTOAHKA nocne uHdekumn COVID-19, oTmeualoT cnegytolyue:
CTONKMNIN CUCTEMHBI BOCMANUTENbHbIN OTBET, KNETOUHbIN AUCMETab0IM3M C HAapyLLUEHEM
bYHKUMIA MUTOXOHAPUIA, NepcucTeHumio Brupyca SARS-CoV-2, peakTnBaLuio NaTeHTHbIX
BMPYCOB, M3MeHeHne MMKPOOMoMa NauMeHTa, akTUBaL M0 ayTOMMMYHHbIX MEXaHV3MOB,
N3MeHeHVe KoarynaLMOHHbIX XapaKTepucTuK Kposu [5, 13]. OgHOW U3 NpUYNH ASITENBHO
COXPAHAIOLMXCA CUMMTOMOB WU NMOABUBLLMXCA HOBbIX, PaHee He OTMeUYEHHbIX, ABNAeT-
cA cuctemHoe BocnaneHue [11] n 3 [14]. K noTeHunanbHbIM TpUrrepam COCTOAHUA Mo-
cne nHdekuun COVID-19 Vojdani A. ¢ coaBTopaMun OTHECAIN YCUNEHWE OKUCIUTENbHOTO
NOBPEXAEHWA N CHUXKEHME aHTUOKCUMAAHTHOW 3alyuTbl, HapyLUEeHe MUKPOCOCYAMNCTON
perynauuu, akTmBaumio Kackafia MHTepdepoHOB, HapyLleHe UMMYHHOW perynauuu, re-
HeTMYeCKylo NpeapacnonoKeHHOCTb, KoMopOraHble 3aboneBaHMA NaLueHTa (CaxapHbli
anaber, oxxmpeHune, 3abonesaHuaA nerkmx) [155].

Majumder N. n Zendelovska D. Tak)ke akTUBHO M3y4Yanu aHTUOKCUAAHTHbINA CTaTyC U
€ro pofb B NaTOPpM3N0NIOrMm OKMCINTENIbHO-BOCCTaHOBUTENbHOTO AncbanaHca BO Bpems
octporo npouecca nHdekunm COVID-19. B pesynbraTe npoBeAeHHOro MHOropakTopHOro
aHanm3a yuyeHbiMy ObiNU MONyYeHbl 3HaUNTENIbHO Gonee BbICOKME YPOBHU MHOTUX BOC-
NanuTenbHbIX N COCYAUCTbIX MaPKEPOB Y MaLMEHTOB C TAXeNblM TeyeHrneM, rocnmTanu-
3MPOBaHHbIX B OTAENEHME NHTEHCMBHOWM Tepanuu, No CPaBHEHWIO C NaLMeHTaMu, He Ha-
XOAAWNMNCA B OTAENEHNN UHTEHCMBHOW Tepanuun [16, 17]. Majumder N. n Zendelovska D.
C CoaBTOpaMm NpeanoXnamn NCNonb3oBaTb NoKasaTeNny OKUCIUTESIbHOMO CTpecca B Kaye-
CTBE NPEANKTOPOB TAXeNoro TeueHna nHpekunn COVID-19, HO B NpaKTUYeCKoMm 34paBo-
OXpaHeHUW JaHHbI METOANYECKMIA NOAXOA B MPOrHO3MPOBaHUN TAXeCTU 3aboneBaHusA
He Hallen LWNPOKOro NCNoJb30BaHMA.

[naBHbIM NaTOreHeTUYECKUM MeXaHN3MOM BO3HMKHOBEHMWA U AJINTENIbHOrO COXpaHe-
HUA KJIMHUYECKNX CMMMNTOMOB COCTOAHUA nocne nHoekuum COVID-19 aBTopbl HacTos-
Lero nccnefoBaHmA cunTatoT ANCOYHKLMNIO SHAOTENNA U CONPOBOXAAIOLLMIA €70 OKUCIN-
TeNIbHO-BOCCTAaHOBUTENbHbIN AMCOanaHc, KOTOPbLIN NPOABAAETCA B CHVMEHUN aHTUOKCK-
JaHTHOWM aKTUBHOCTU NJia3mbl KpoBW. OfHMM U3 FMaBHbIX MAaTOreHeTUYECKMX MEXaH3MOB
3 aBnaeTcA HapylweHne meTabonM3mMa MOHOOKCMAA a30Ta (HUTPaT-UOHbI) (NOX), KOTO-
pbIl MOXET BbICTYNaTb Kak MeuaTtop BocnaneHus [18]. MoHookcug asota (NO), obpasy-
IOLMIACA B SHAOTENMANbHBIX KNETKaX U KneTkax MMMYHHOI cuctemMbl (HenTpodunbl), me-
Tabonusmpyetcs B opraHnsme fo NO_ [19]. Mpy natonornyeckrx COCTOAHNAX OPraHn3ma,
KOTOpble COMPOBOXAKTCA XPOHNYECKUM BOCManUTeNbHbIM MPOLECCOM, a TaKKe CTpec-
ce, OHKONOrnyecknx 3aboneBaHmax KoHueHTpauma NO B CbIBOPOTKE KpPOBY YBeIMUMBa-
etca [19, 20]. CocyancTtas gucdhyHKUMA 1 HapyLleHre 6UOJOCTYMHOCTM 3aLNTHOrO OKCUAa
aszota (NO) nmeloT pelatollee 3HaYeHME B NPOrpeccnpoBaHnn Taknx 3aboneBaHnil, Kak
XPpOHUYecKne obCTPYKTUBHbIE 3aboneBaHua nerkux (XOBJ1), ceppeuHo-cocyancTble 3abo-
neBaHWA, apTepuanbHaa rMnepTeHsna, a TakKe B peanvsaunm cocTosHuA nocsie nHoek-
uyumn COVID-19[21, 22].

HAnarHoctnueckumu mapkepamm S[ aensAoTcA nomumo ypoeHs NO, aHrnoteHsuH I,
romMoLMCTeNH, NPOCTaunKNnH. OfHako JOCTYMHOCTb 3TUX MapKepoB B PYTUHHOWM KIVHU-
yeckoli NpakTrKe CUNbHO pasnuuaetca. OnpeaeneHne NPocTauMKINHa B NOBCEAHEBHON
KNMHUYECKOW NPaKTUKe COMPAXXEHO CO C/IOKHOCTAMU BBUAY HECTabuNbHOCTN AaHHOro
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MeTabonuTa [23]. CNOXHOCTb onpefenieHna aHrmoTeH3nHa Il cBsizaHa C ero HU3KOW KOH-
LeHTpaumeli B Naa3me, KOPOTKMM NEPUOAOM Nonypacnaga U Hanmunem CTPYKTYPHO CXO-
XMX NenTNAoB, UTo TPpebyeT NCNONb30BaHNA BbICOKOTEXHONIOMMYHbIX METOA0B, HEAOCTYI-
HbIX ANA pyTUHHOW nabopaTtopuu [24]. B npoTrBOBEC 3TOMY CyLIECTBYIOT CTaHAapTU3UPO-
BaHHble MeToAvKy onpeaeneHna NO v romoumcTerHa. [1ns romounctemHa xapaktepHa
HU3KaA cneundunyHocTb [25, 26]. B cBOO ouepeapb, N3MEHEHNE KOHLEHTpauum NO,, ort-
paxan coctoaHue J[], aABnaeTca 6onee YyBCTBUTENbHbIM MapKepoM HapyLleHna GyHKL MK
sHpoTenua [27].

Panee nposoannock nsyyeHvie KoHueHTpaumy NO, y naureHToB B OCTPOM neprioge
nHoekummn COVID-19 n 6bina NokasaHa KX Posib Kak BO3MOXKHOTMO NMpeaukTopa Taxe-
cTn 3abonesBaHuA [8, 22]. ABTOpbl HacToALEro UCCNefoBaHNA 3adanuchb Lenbio onpe-
OennTb BO3MOXHOE Halnuyve B3auMOCBA3N MeXJy pa3BUTMEM COCTOAHMA Mocse VH-
dekuyum COVID-19, HapylieHnem GyHKLMM SHOOTENNA N aHTUOKCUAAHTHBIM CTaTycOM
naLuneHToB.

EBceeHKko [1.A. 1 COaBTOpPbI B CBOEM UCCNELOBAaHUN ONPeRenstoT aHTUOKCUAAHTHBIN
CTaTyC Kak KOMMIEKCHY0 AUHAMUYHYI0 FOMEOCTaTUYECKYI0 CUCTEMY OpraHM3ma, onpeje-
NALLYI0 TakMe NapaMeTpbl, Kak pa3BuUTUe, TedeHne 1 ncxog 3abonesaHus [28]. B xxusom
OopraHyM3mMe Npo- U aHTUOKCUAAHTHAA CUCTEMbI NpeacTaBneHbl GepPMeEHTHbIMU U Hedep-
MEHTHbIMK cocTaBasWMMN. OgHUM 13 GePMEHTHBIX aHTUOKCUAAHTOB, BblpabaTbiBae-
MbIX B OpraHM3me 1 TOPMO3ALLNX NePEKNCHOE OKUCNEHME NUMUAO0B 1 BENKOB, ABNAETCA
cynepokcugasa (SOD), KoTopasa NpuCyTCTBYeT BO BCEX TKaHAX OpraHu3ma yenoseka [29].
He meHee BaXHblM ANna onpeaeneHnsa aHTUMOKCMAAHTHOrO CTaTyca OpraHu3ma Ciy»Kut
T-AOC, KoTopas BK/toUaeT B ceba coueTaHHOe BNuAHWe KaTanasbl, SOD, rnyTaTtnoHa, BuTa-
muHoB C n E (anbda-Tokodepona).

Taknm obpa3om, onpegeneHne oTaeNIbHbIX KOMNOHEHTOB aHTVOKCMAAHTHOrO cTaTyca
1 MapkepoB J[] meToaamu, AOCTYMHbIMU LUNPOKON MEeSULMHCKON NPaKTMKe, MOXET CNo-
co6CcTBOBaTb MPOrHO3MPOBAHMIO COXPAHEHMA CUMMTOMOB COCTOAHUA NMoc/e MHbeKUUN
COVID-19 1 ncnonb3oBaHWo UX AnA onpefeneHna AONONHUTENbHbIX NyTen MeanunH-
CKOM NpOodUNaKkTMKN.

B LIEJTb NCCJIEOOBAHUA

OueHNTb 3HaUMMOCTb onpefeNieHNA YPOBHA BOCMANUTENbHbIX MapKepPOB, KOHLEHTPa-
UMM HUTPaT- N HUTPUT-MOHOB (NO) 1 NapameTpOB aHTUOKCMAAHTHOTO CTaTyca nnasmbl
BEHO3HOW KPOBU Y NaLMeHTOB C cocToAHMeM nocne nHdpekuun COVID-19.

B MATEPWAJIbI U METObI

[v3aiiH nccnegoBaHmA: Ha NepPBOM 3Tane — nornepeyYyHoe CNOLWHOE, Ha BTOPOM — Mpo-
CNeKTMBHOE OAHOLEHTPOBOE KOropTHOE UCCiefoBaHue.

WccnepoBaHne npoBoaunock Ha 6ase rocyapCTBEHHOMO yuypexaeHna 3paBooxpa-
HeHua «fomenbcKas LieHTpaNbHaa ropofckas KNMHnYeckas NoMKNnHMKa», unmnan N2 12
N Hay4Ho-KccnepoBaTenbckom nabopatopum (HAN) yupexgeHma obpasoBaHua «flomenb-
CKWI rocyfapCTBEHHbIN MeaNUNHCKNIA yHnBepcuTeT» (YO «TomIMY»).

Kputepusamun BKNoueHUs B ccnenoBaHue Obinu: nepeHeceHHaa nHdekuma COVID-19
B NNErKOW 1 CpefHen CcTerneHu TAXeCTH, BO3pacT =18 neT, Hannune jobpOBONbHOIO WH-
$opMMpoBaHHOro cornacus, opobpeHHOro aTnyeckum komutetom YO «fomfMY» (npoTo-
kKon N2 5 ot 14.12.2021).
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W SHAOTENNanbHON ANCOYHKLUMM Y MAaLNEHTOB C COCTOAHMEM nocne nHdekymmn COVID-19

Kputepumamm ncknioveHus ABANKCb: Bo3pacTt <18 net, otcyTcTBUE NHGOPMUPOBAH-
HOrO Cornacusa n Apyrux KpUTepues BKIIOUEHWSA, Hannyre apyrux 3abonesaHun HepBHON,
KOCTHO-MbILUEYHOWN CUCTEMbI, NPOABNEHNEM KOTOPbIX MOTIN GbiTb BbIAIBNEHHbIE HapyLe-
HMA NPOAHTUOKCUIAAHTHOrO CTaTyca, UHble NHOEKLMOHHbIE 3a60/1IeBaHUA N NCUXMUYECKUE
paccTpouncTsa.

Mpu NnpoBeaeHUN nccnegoBaHUA y BCex NaumUeHToB 6bl10 NonyyeHo 4OOPOBONbHOE
nHpopMmMpoBaHHOe cornacue.

OcHoBHyt0 rpynny HabniogeHna coCTaBUIM NauKeHTbl, KoTopble nepeHecn NHdek-
unto COVID-19 1 y KOTOopbIX BO3HUKAN de novo unu coxpaHanucb 6onee 4 Hegenb no-
cfle nepeHeceHHoN ocTpoi nHbeKLMM *anobbl pa3HOro xapaktepa. B coctaB ocHOBHoO
rpynnbl Bowwnwm 98 uen. (72% oT BCero KOHTUHreHTa UCCeAO0BaHHbIX ML), U3 HUX XeHLLu-
Hbl cocTaBunn 77% (75 yen.) c meguaHon Bo3pacta 55 net [48; 58], My>unHbl — 23% (23
yesn.) Cc MegmnaHom Bo3pacTta 55 net [48; 58].

OcHoBHas rpynna HabnogeHna 6biia nogpasaenieHa Ha TpU NOArpynmnbl B 3aBUCMMO-
CTW OT CpOKa AaBHOCTU nepeHeceHHon COVID-nHbeKummn: naumeHTbl NepBo noarpyn-
nbl nepeHecnn nHbekumo COVID-19 ot 1 go 3 mMecauleB ToMy Ha3afl, BTOpol — oT 3 o
6 mecaues, TpeTbell — 6onee nonyropa. lNonoBo3pacTHaa xapakTepucTuka naluueHToB
3TVX NOArpynn npefcTasneHa B Tabn. 1.

lpynny cpaBHeHWA cocTaBunu 28% (39 uen.) nauneHToB — U3 UL, NepeHecllnX NHdeK-
uuto COVID-19 1 He NpegbABAABLUNX »anob B nocneayoLiem.

IuarHo3 nHoekummn COVID-19 6bin NogTBEPKAEH METOAOM MONMMEPAa3HON LienHOM
peakunmn ¢ obHapyxeHrem reHeTuyeckoro matepuana SARS-CoV-2 y 96% (132) nauuen-
TOB; METOAOM 3KCnpecc-TecTta — Yy 4% (5) nauymeHTOB.

CocTtosiHue nocne nHbekumm COVID-19 valle BO3HMKANO Y XeHLMH B BO3pacTe CTap-
we 50 neTt, UTo COOTHOCUTCA C AAHHBIMW, ONMCAaHHBIMU B UICTOYHMKAX TUTepaTypbl Nocneq-
Hux net [30].

PacnpepeneHue conyTcTByoLWmnX 3ab60neBaHUN y NaLMEHTOB, MepeHecnx nHGeKUmo
COVID-19, npeacTaBneHo B Tabn. 2.

Hanbonee yacTo cpean ¢pakTopoB npemopobuaHoro ¢oHa cocToAaHMA Noce nHbeKuun
COVID-19 BcTpeuanmcb apTepuanbHasa rmnepTeH3ns, XpoHmyeckaa cepaeyHan HegocTa-
TOUYHOCTb, 3ab0neBaHMA WMTOBUAHOW Xene3bl, AereHepaTnsHo-gucTpoduryeckue 3abo-
neBaHMA OMOPHO-ABMraTeNbHOro annapara, 3abonesaHnA Noyek u oxnpeHue. B rpynne
CpaBHeHUA 3T e 3aboneBaHMA BCTPEYAOTCA HECKOJTbKO pexe Mo CPaBHEHUIO C OCHOB-
HOW rpynnomn.

Ta6bnuuya 1

MonoBo3spacTHasA XxapaKTepucTKa OCHOBHOI rpynmnbl HabnoaeHUA

;agzljn:d gender characteristics of the main observation group

1-a nogrpynna 2-a noarpynna 3-Aa noarpynna

flon KonunuectBo Med [LQ; UQ] KonuuectBo Med [LQ; UQ] KonunuectBo Med [LQ; UQ]
MyXuUnHbI 7 50[41; 60] 13 51[47; 54] 3 55 [52;55,5]
KeHwmnHbI 32 56 [41;64,3] 38 53,5[49,3;56] 5 56 [51; 56]
Bcero 39 56 [41; 64] 51 52 [49; 56] 8 55,5 [50,5; 56]
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Ta6bnuua 2

XapakTepucTuKa conyTcTBylowWwux 3a6oneBaHuii y nayieHTOB OCHOBHOI rPynbl U rPynMbl CpaBHEHUsA

Table 2

Characteristics of concomitant diseases in patients of the main and comparison groups
lpynna OcHoBHan CpaBHeHuA

O6was, MyxumHbl, | MKeHwwmHbl, O6WasA, My>KunHbl,  MKeHLWWHbI,

3a6oneBaHue % % % % % %
Nwemnyeckas 60- 20 9 24 20 2% 17
nesHb cepaua
NHpapKT Mrokapaa 20 - 33 5 17 -
Manble aHomanum 10 4 12 9 7 10
pa3BuUTUA cepaua
Hapywerne putma g 4 23 13 11 14
ceppua
XpoHnueckas cepaeuy- 20 5 24 1 15 10
HaA HeJOCTaTOYHOCTb
ApTepuanbHas runep- 52 3 55 43 a1 45
TEH3UA
3aGonesanus Heps- | g, 48 64 46 33 52
HOW CUCTeMbl
Lepsukanrua 19 - 25 20 1 24
Jliombanrus 29 35 27 23 15 29
XpoHunyeckun ractput | 24 9 28 24 15 29
Creatorenarto3s 16 26 13 6 4 7
ﬂmnomuaTos nomxeny- | 44 2 12 a 4 5
[IOYHOW Xenesbl
CaxapHblIii gruabet 5 9 4 4 4 5
3a6onesanua wuto- | 4, 26 45 26 19 29
BVAHOM Xene3bl
OxunpeHue 28 35 25 11 11 12
3a60neBa|:|V|ﬂ coean- | 54 17 2 10 7 12
HUTENbHON TKaHU
MepBuYHbIA Nonu- 23 13 57 1 7 14
ocTeoapTpuT
3aboneBaHua noyek | 32 22 35 30 30 31
3nokayecTBeHHOe
HoBOOOpa3oBaHve 11 4 13 10 - 17
B aHaMHe3e

B3ATMe BEHO3HOW KPOBU M3 KyOUTANbHOWM BEHbl OCYLECTBAANOCH YTPOM HaTollakK B
06paboTaHHbIe STUEHANAMMHOM OAHOPA30Bble NPOBUPKY, NOCse Yero GUoNormyecknii
MaTepuan HenocpeacTBeHHO AocTasnsAncs B HAM YO «fomIMY», rge obpasubl nna3mbl
KPOBU Nocsie Nx NoayyeHns n 4o NoCTaHOBKM TeCcToB XxpaHunmcb npu —80 °C.

OnpegeneHne aktnBHocTn SOD npounssognnocb no metogy T.B. CupoTbl, 0CHOBaHHO-
MY Ha CNOCOBGHOCTU pepMeHTa BNINATb Ha CKOPOCTb PeakLUn aBTOOKUCIIEHUS afpeHaniHa
ruapoxnopuga [31]. B uameputenbHyto KioBeTy ¢ 2 M 0,2 MoJib/n KapboHaTHOro 6ydepa
(pH 10,55) BHOCKMNOCH 0,1 Mn pacTBOpa agpeHanrHa rmgpoxaopuaa, nepeMeLlnBanoch, 1
perncTprpoBanoch aBTOOKMCIEHWE afpeHaNHA Ha CNeKTPopOTOMETpEe Npu ASIMHE BOJ-
Hbl 347 HM. /I3MeHeHne onTnYeckon NIOTHOCTU B eAUHMLY BPEMEHM OLEHMNBANoCh Kak
CKOPOCTb peakuun aBTOOKNUCNEHNA agpeHannHa. 3ateM N3Mepasca 3TOT e nokasaTtesb
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npwv BHECEHNN B TECT-CUCTEMY MNJ1a3Mbl KPOBW. npOLI,EHT I/IHI'VI6VIpOBaHI/IFI nnn aktneauumn
peakunn B NPUCYTCTBN MJ1a3Mbl KPDOBU BbIYNCNAJICA NO d)opmyne:

% nHrnbmposaHus (e. a.) = [1 - (AE onbiT / AE KOHTponb)] X 100%,

roe AE onbiT 1 AE KOHTPONb — M3MEHEeHNA ONTUYECKON NIOTHOCTU, OTParkatoLLen CKo-
POCTb peakunn aBTOOKMCIIEHMA agpeHanHa B ONbITHOWM M KOHTPOSbHOM Npobax cooT-
BETCTBEHHO, B MPUCYTCTBUM 1 NPU OTCYTCTBUN NS1a3Mbl KPOBW.

Cnoco6HOCTb K MHIMOMPOBaHMIO aBTOOKMNCNEHMA afpeHaNHa OLeHBaNach Kak ak-
TMBHOCTb SOD nna3mbl KPOBY, BblpaXKeHHasA B YC/TIOBHbIX eAUHNLIAX — B e4MHMLAX aKTMB-
HocTu (e. a.).

lMepep BbinonHeHviem aHanm3a Ha npegmeT onpegeneHus ypoeHsa NO, niasmbl Kposu
o6pasLbl pazmopaxkmsanucb npu 4 °C, nocne yero noaBeprannch LeHTprudyrnpoBaHuio
(10 000 g, 10 muH., 4 °C). OnpepeneHvie cymmapHom KoHueHTpauumn NO, B nnasme Kposu
BbINOJSIHANOCH KOTOPUMETPUYECKMM METOLOM C peakTnBoM prcca n npegBaputenbHbIM
nepeBOAOM HUTPAT-MOHOB B HUTPUT-UOHbI HATPATPeayKTa3on (MCNoNb30Banca KOMMep-
yeckuin Habop peareHToB PMpmbl Invitrogen Catalog Number: EMSNO) B cooTBeTCTBUM C
WHCTpYyKUMen nponssoguTens. lNpeasapuTtenbsHo obpasLbl niasmbl pa3baBnanunch B 8 pa3
pacTBopoM-pa3zbaBmTesiemM N3 coctaBa Habopa. 115 BbINONHEHWA onpeaeneHmna NCnosb-
30Basiocb Heobxoamoe obopygosaHune, umeslueeca B HAJ YO «fTomIMY»: ueHTpudyra,
MUKPOMMaHLeTHbIA TepMOLLEKep, MUKPOMNaHLWETHbIN puaep-doTomeTp. CymmapHas
KoHueHTpauma NO, B 06pasLax paccunTbiBanachb B nporpammHom obecneueHnmn Magellan
V7.2 (Tecan, Austria, Gmbh) no kanubposouHoi Kpusoi (0—100 MKM HUTPAT-UOHOB) 1 C
yUYeTOM NPUMEHEHHOTO pa3BeAeHUA NCXOHbIX 06pa3LioB.

O6was aHThoKNcuTeNbHadA akTMBHOCTL (T-AOC) onpeaenanach KOJIOPUMETPUUYECKM
METOZOM C UCMOJIb30BaHNEM KoMMepuecKoi TecT-cuctembl (Elabscience Total Antioxidant
Capacity Colorimetric Assay Kit, Catalog No: E-BC-K136-S). lNocTaHoBKa TecTa ocyLiecT-
BNANACb B COOTBETCTBUM C UHCTPYKLMEN NPON3BOAUTENA B COOCTBEHHOW MoanduKaLmm 1
npegycMaTpriBana NOCTaHOBKY C KaxblM o6pa3LioM ABYX BapraHToB TecTa (Sample plate
n Control plate). B o6oux BapraHTax NOCTAaHOBKM TeCTa KaX<AblA 06paszeL, aHanm3nposan-
CA ABaXKAbl.

MeTtogom MMMyHOdEpPMEHTHOro aHanusa c NpUMeHeHneM MUKpOMIaHLWeTHOro ¢oTo-
meTpa SunriseTecan (ABCTpus) onpeaensnncb KoHueHTpauun IL-1B3, IL-4, IL-6, IL-8, IL-10,
BblcokouyBcTBUTENbHOrO CRP, TNF-0, TGF-B1 1 PCT, ans yero ucnonb3oanca Habop pe-
areHToB «MOA-BECT» (npoussopactsa BEKTOP-BECT, Poccuiickas ®egepauma). 3HaueHumA
nokasaTefieil TeCToB, MPUHUMaeMble 33 HOPManbHbI AnanasoH, Obinn yKasaHbl B WH-
crpykumm: IL-13 = 2,0 Hr/n (0-11 Hr/n); IL-4 — 1,0 Hr/n (0-4 Hr/n); IL-6 — 2,0 Hr/n (0-10 Hr/n);
onAall-8 — 2,0 Hr/n (0-10,0 Hr/n); IL-10 = 5,0 Hr/n (0-31,0 Hr/n); TNF-a - 0,5 Hr/n (0-6,0 Hr/n);
yposeHb CRP — 8 mr/n (0-10 mr/n); PCT - 0,04 Hr/n (0-0,05 Hr/n).

Pe3ynbTaTbl uccnenoBaHusA 6binv BHECEHbI B 06e3/1MueHHyto 6a3y 1 noABeprHyTbl aHa-
nn3y ¢ nomoubio naketa nporpamm STATISTICA 10.0. [ina aHanm3a KonmyeCcTBEHHbIX AaH-
HbIX ONpefensAnocb X pacnpegeneHne c npuMmeHeHnem Tecta lWanupo - Yunka. Otnuya-
oLmeca oT HopManbHOro pacnpepeneHna pesynbraTbl NPeACcTaBAANNCD B BUAE MefnaHbl
(Me), BepxHero n HuxHero 75% npoueHTtunen (LQ-UQ).

[nAa oueHKM pasnMunin KONUYECTBEHHbIX MPW3HAKOB ABYX HEe3aBUCUMbIX rpynn C
HeHopMarnbHbIM pacnpegeneHnem mncnonb3oanu U-kputepuin MaHHa — YuTtHu (MW),
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NPV MHOXECTBEHHbIX CpaBHeHMAX — Kpackena — Yonnuca (KW). K goctoBepHbIM pasnmuu-
AIM OTHeceHo 3HadeHue p<0,05. Hannune cBA3M onpegensemMbix NapamMeTPoB U COCTOAHUA
nocne nHdekumm COVID-19 onpeaensnoch C NOMOLL b MHOXeCTBEHHON perpeccuu. MNpo-
rHocTUYeckan 3Haummocts NO_onpegensiacb nocpeactsom noctpoeHus ROC-kpusoi.
[na onpepeneHna oNTManbHOro NOpora OTCeYeHNA 3HaYeHN I NoKasaTenen NPUMeHANN
meTop Mopera. CpasHeHue nnowaaein nog ROC-kpusbimmn (AUC) ocyliecTsnsnm ¢ nomo-
wbto Tecta e JloHra. MNpun 3HaueHnn AUC, paBHom 0,9-1,0, KayecTBO Mogenn oLeHnBa-
Nocb Kak otnnyHoe, 0,8-0,9 — Kak oueHb xopoluee, 0,7-0,8 — Kak xopouee, 0,6-0,7 — Kak
cpepnHee, 0,5-0,6 — HeygoBneTBOpUTEsIbHOE. [1NA NOAroTOBKM MANOCTPaLmy Obin NCNosb-
30BaH A3blK NporpammnpoBaHus R.

B PE3YJIbTATblI M OBCYXOEHUE

CnekTp npeabaABnAeMblX »Kanob y nauMeHTOB C COCToAHMEeM nocne uHbekuun
COVID-19 npepacTaBneH B Tabs. 3 B COOTBETCTBMM C MEPMOAOM AABHOCTU NEPEHECEHHOM
COVID-nHdekumm: ot 1 fo 3 mecaues, oT 3 Ao 6 mecAues, 6bonee nonyropa.

Haunbonee uacTo BcTpeyatowmecs »anobbl HecneunduUHbl U NpeacTaBaeHbl ObICTPON
YTOMNAEMOCTbIO, C/1TaboCTblo, 6ONAMM B CycTaBax Y MO3BOHOYHUKE, CHUKEHVEM NaMATU.

YunTblBasa AaHHble, NPUBEAEHHbIE B MCTOYHUKAX nuTepaTypsl [5, 8, 11, 12], mbl npea-
nosaranu yyactme CUCTEMHOrO BOCNanMTeNbHOro NpoLecca B peanmsaumm KInHNYeCcKom
KapTuHbl cocTtoaHnA nocne nHdekunn COVID-19. BanoTekywme BoCcnanuTeNbHbIA Npo-
uecc 1 3[1 mornu nexatb B OCHOBE U Hanbonee 4acto GOPMUPYIOLLIMXCA OCIOXKHEHNIA Ne-
peHeceHHoN nHbeKuun COVID-19 - caxapHoro guabeta 2-ro Tmna, HdapKTa Mo3ra, npo-
rpeccupytoLLlen cepgeyHon HegocTaTouHocTu [8, 12, 14]. 3Ty Xe rmnoTtesy nogaepxmsanm
ZaHHble 06 yyacTUU «LMTOKMHOBOTO LWITOPMax» B NaTtoreHese Tsxkenblx Gopm UHdEKLUN

Ta6bnuuya 3

PacnpocTpaHeHHOCTb U cTeneHb BbIPa)XXeHHOCTN CUMNTOMOB COCTOAHUNA nocne nidpekynn COVID-19
y NayMeHTOB C pa3Holi CTENeHblo AaBHOCTUN NepeHeceHHol COVID-19-nHdekunmn

Table 3

Prevalence and severity of symptoms after COVID-19 infection in patients with varying degrees

of duration of COVID-19 infection

»Kano6bi 1-in nepvop 2-1n nepuog 3-11 nepuop
o < a
e = 9 = Q =
£ 3 £ 3 :| 3
: & 3 : & 3 AR
£ o o = (7 =3 = o =]
£ & & & & & & & & & & 2
CnabocTtb 39 36 3 - 34 24 10 |- 15 - 15 -
Yctanoctb 18 10 5 3 20 6 14 - - - - -
BbicTpas ytomnaemocTtb 59 23 36 - 55 18 35 2 57 43 14 -
HapyuweHuve cHa 31 23 8 - 22 8 14 - 14 14 - -
CHWXeHne namaTn 28 23 5 - 28 20 8 - 29 29 - -
lonosHas 605b 18 15 3 - 14 14 - - - - -
OppiwkKa 18 5 13 - 28 18 10 - - - - -
KonebaHua Al 18 15 3 - 8 4 4 - 14 14 - -
Bbonu B cycTaBax 51 43 8 - 53 37 14 2 86 72 14 -
Bbonn B no3BoHOYHUKe 15 13 2 - 8 6 2 - 43 29 14 -
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COVID-19. ns aHanu3a 3Tol rmnoTesbl 661710 NPOBEAEHO UCCIefoBaHME KOHLIEHTPpaLun
IL, TNF-q, PCT, TGF-B1 1 CRP, napameTpoB aHTVOKCUAAHTHON 3aLLMTbl, YPOBHS NOx y naum-
€HTOB, NepeHeclmnx nHpekuymnio COVID-19, ¢ coxpaHaowmmmncs xanobamm n 6e3 TakoBbIX
B pPa3/fINyHble BPEMEHHbIE NePUOAbI.

JNabopaTtopHble AaHHble, NonyyeHHble MPY BbINOAHEHUN MEepPBOro 3Tana mccnepo-
BaHWA, NpeAcTaBfieHbl B Tabn. 4: B COOTBETCTBMM C NEPMOAOM AAaBHOCTU NEPEHECEHHOM
COVID-mHpeKumnn naLmeHTamMm, BNepBble BKJIIOUYEHHbIMM B UCCIeAoBaHMeE,

Ta6bnuua 4
Pe3ynbraTbl nabopaTopHbIX NCC/IEA0BaHNIA N1a3Mbl KPOBU NAaLNEHTOB C Pa3HOW CTENEHbIo lABHOCTH
nepeHeceHHoi COVID-19-unpekuynn

Table 4
Results of blood plasma laboratory tests of patients with different degrees of duration of COVID-19
infection
Mapametp 1-1 nepvop 2-1n nepuopn 3-1 nepuop Pw
OcHoBHas rpynna / Med [LQ; UQ]
rpynmna cpaBHeHus
NO_, MKMoAb/n 200[100;311,1] §§§'§][42'9; 150[133,3;160]  p=0,58
NO,, Mkmonb/n 214,3 [39,3; 288,9] 155,8[112;387,91 1 12,6[11,6;19,5]* ** | p=0,0000
T-AOC, Ep/mn 5,614,9;7,7] 5,4(2,8;7,8] 5,71[2,8;8,4] p=0,41
T-AOC, Ea/mn 6,113,8;9,9] 4,6[4,1;8,6] 5,11[3,6; 838l p=0,66
SOD, Eg/mn 1,3[1,1;1,7] 1,2[1,1;1,6] 1,3[1,1;1,4] p=0,58
SOD, Epa/mn 1,301,2;1,4] 1,401,1;1,7] 1,301,2;1,4] p=0,9
IL-1B, Hr/n 0,2[0;0,9] 0[0;0,8] 0,2 [0; 0,5] p=0,73
IL-1B, Hr/n 0,91[0;2,2] 0,31[0; 1] 01[0;1,3] p=0,18
IL-4, Hr/n 0,2[0; 0,6] 0[0;0,7] 0[0;0,3] p=0,38
IL-4, Hr/n 0,5[0,2;0,9] 0[0; 1] 01[0; 0,2]* p=0,0013
IL-6, Hr/n 2,1[1,5;3,2] 3,1[2;4,6] 2,9[2,1;4,1] p=0,06
IL-6, Hr/n 1,901,2;3,2] 21[1,2;3,9] 2,1[1,6;3,4] p=0,56
IL-8, Hr/n 3,6[2,7;4,9] 4[2,8;5,5] 4,3[3,8;6,1] p=0,33
IL-8, Hr/n 3,812,8;4,5] 3,412,5;57] 3[2,2;4,9] p=0,52
IL-10, Hr/n 3,7[2,9; 5] 3,11[2,4; 5] 3[2,1; 4,6] p=0,37
IL-10, Hr/n 3,412,9;4,4] 3,712,7;5,6] 2,3[0,8;4,11* p=0,014
CRP, mr/n 2,1[0,9;5,4] 2[0,9;3,7] 2,2[0,9;11,8] p=0,8
CRP, mr/n 2,2[0,5;3,7] 2,3[1,6;8] 2,8[1,4;9.3] p=0,26
TNF-a, mxr/n 1,911,1;3,1] 1,3[0,8;1,8] * 1,710,9; 2,3] p=0,012
TNF-a, mKkr/n 2,2[1,7;3,2] 1,8[1,4;2,5] 0,5[0; 1,7]*** p=0,0002
2391 1960,1 2250,8[1916,2; _
TGF-B1, mkr/n [1850,9;2589,2] | [1846,3;2430,8]  2604,6] p=0,12
2463 [1920,2; 1996 [1884,2; 2272[1351,3; _
TGF-B1, mkr/n 3059,4] 22266] * 2861,8] p=0.05
0,02 0,04 _
PCT, mkr/n 0,05[0,03; 0,05] [0,01; 0,03] * [0,02; 0,07] p=0,0004
PCT, mkr/n 0,05 [0,03; 0,06] 0,03 [0,01; 0,05] 0,04 [0,03;0,06] ** | p=0,036
Mpumeuanusa: * p,, <0,05 No cpaBHeHWIO C NePBbIM NepruoaoM HabntogeHns; ** p,  <0,05 No CPaBHEHWIO CO BTOPbIM NEePUOAOM
HabnogeHns.
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Kak cnepyet 13 Tabn. 4, »MetloT MeCTo AOCTOBEPHbIE Pa3fiMyKA Y NaLMeEHTOB C MOCTKO-
BUAHbIM CUHAPOMOM C pa3HbIM CPOKOM AaBHOCTU nepeHeceHHon COVID-19-uHpekumnn
no tectam: TNF-a, TGF-B1 n PCT (pMW=O,0002; P=0.05 u p,,,=0,036 COOTBETCTBEHHO) B
CpaBHEHVM C aHaNOTNYHbIMM NOKa3aTeNAMU Y NINL rPyMbl CPaBHEHWA. DTU e NapameTpbl
ObINUN HUXKE Y ML, OCHOBHOMW Fpynrbl BO BTOPOM nepuofe HabniogeHus: TNF-a, TGF-B1 u
PCT (pMW=O,O12; Pu=90.05 » p,,,=0,0004 COOTBETCTBEHHO), OQHAKO B TpeTbeM nepuopge
n3yyaemble NapameTpbl He UMeNV OTINYMIA OT HayasbHbIX.

Take B rpynmne c oTCyTCTBUEM *anob nmenu mecto bonee HM3KME 3HAUYEHNA KOHLIEH-
Tpaumu IL-4 n IL-10 B TpeTbem nepuoge HabnoaeHwns (p,,,=0,0013 n p,, =0,014 cootseT-
CTBEHHO).

3HayeHnA KOHLUEeHTpaLun nokasatenen aHTMOKCMAAHTHOIO CTaTyca, Takmne Kak SOD un
T-AOC, He BbIABMN [OCTOBEPHbIX Pa3NUNIA Y NaLMEHTOB C COCTOAHMEM Nocie MHGeKLun
COVID-19 n 6e3 Hero.

3HayeHnn koHueHTpaumn NO, B niasme KPOBU MALMEHTOB, NePeHeCIINX NHOEKLMIo
COVID-19 B pa3Hble BpeMeHHble NMHTepBasbl CO BPeMEHU NepeHeceHHOro 3aboneBaHus,
npepacTaBneHbl HaMu Ha puc. 1.

pMW

Ananuz NOx no rpynnam (E: O - HeT xanob, 1 - ecTb anobel) 1 neprogam (F)
Tect: Wilcoxon ans paznuuuin mexay rpynnamu. Wkana Y ypasHena.
1 2 3

1600 0.6 1 0.0016
| |
! |

1000
=)
é’ ! Ipynna
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5 .
= &8
o
=

500

o T —

0 1
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Puc. 1. Pacnpepenenne NO, y nayueHToB, nepeHeclunx nipexuymio COVID-19 B pasHble neproab!
BpeMeHu, B OCHOBHOI rpynne v rpynne cpaBHeHusA: 0 — nauneHTbl, nepeHecwme nidekyuio COVID-19
6e3:kano6; 1 — naumneHTbl c coctoaHnem nocne nipekuumn COVID-19. Neprnoabl ykasaHbl B BepxHei
yacTu pucyHka: 1 - ot 1 go 3 mecAues; 2 - ot 3 fo 6 mecsAues; 3 - 6onee 6 mecauyes, AUC=0,656;
p,.,.=0,002

F.“&,W 1. Distribution of NOx in patients who underwent COVID-19 infection at different periods of time
in the main group and the comparison group: 0 - patients after COVID-19 infection with no complaints;
1 - patients with post-COVID-19 condition. The periods are indicated at the top of the figure: 1 — from 1
to 3 months; 2 - from 3 to 6 months; 3 - more than 6 months, AUC=0.656; p,,,=0.002
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V13 npueepeHHo gnarpammbl cnefyet, 4to yposeHb NO, y nauueHTos, nepeHecumnx
nHdekumo COVID-19 B nepBoe nonyrogue nocne ocTporo neproga 3aboneBaHus, coxpa-
HANCA Ha OQHOM YPOBHeE, B YeTbipe pa3a NpeBblasa BepXHUE rpaHULbl HOPMaNbHOMO WH-
TepBana (5-90 MKMonb/n). 3ToT GaKT MOXKeT CBUAETENIbCTBOBATb O HaNIMUYUN B M3yYaeMbiX
rpynnax npmsHakos 3] [20, 22].

B TpeTbemM neprioge Habnoganocb 3HauNTeNIbHOE YMeHbLUEHWE NoKa3aTenen JaHHoro
napametpa (p=0,001) TONbKO NULLb Y NNLL C OTCYTCTBUEM >Kanob.

Takum 06pa3om, UCxoasa M3 NprBeAeHHbIX 3HaUYEHWI aHann3npyemblX NapameTpos,
Hamu Obin BbIAABNIEH MOKa3aTenb, OObEKTUBHO YKa3blBaloWU Ha Natodr3nonornyeckyto
OCHOBY COXpaHeHMsA »anob y naLneHToB C cocToAHreM noce nHdpekuumn COVID-19.

WHTerpanbHoe ypaBHeHME MHOXXECTBEHHOW perpeccumn ansa Tpex megmatopos — I,
NO, v aHTMOKCcMaaHTHoro cTatyca (SOD, T-AOC) - nmeno cneayiowmii BUA:

Hannume »xano6 =0,117 x AOE - 0,36 x NO - 0,07 x SOD
R=0,4077 R’=0,1662 Adjusted R* = 0,1500
F=10,23 p=0,000003 N=158

Mogenb CTaTUCTUYECKM 3HAUMMA, HO MMEeT OrPaHUYeHHYI0 NPAKTUYecKylo nones-
HOCTb 13-3a HU3KOI1 06bACHALel cnocobHocTy. NO, ABNAeTCA eNHCTBEHHBIM CU/TbHBIM
NPeanKTOpPOM.

YyBCTBUTENBHOCTD

| AUC = 0,656
e P = 0,002
0 i |__ Jl_ - :1 I 1 L L I 1 1 1 I L 1 1 I L 1 L
0 20 40 60 80 100

CneundurytocTb

Puc. 2. Bnuaxue koHueHtpauun NO, Ha popmupoBaHue NnposiBNeHnii CMMNTOMOB nocne nHdekun
COVID-19 (AUC 0,656; 95% [IN HmxHAA rpaHuua 0,556; 95% [N BepxHaa rpaHuua 0,755; onTumanbHbIn
nopor 41,075; uyBcTBUTENbHOCTb 82,8%; cneuyudpuuHocTb 48%; nHaeKkc l0aeHa 0,308)

Fig. 2. NOx concentration’s effect on the onset of post-COVID-19 symptoms manifestations (AUC

0.656; 95% Cl lower limit 0.556; 95% Cl upper limit 0.755; optimal threshold 41.075; sensitivity 82.8%);
specificity 48%; Youden index 0.308)

640 "Laboratory Diagnostics Eastern Europe", 2025, volume 14, No. 4

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




KopoHasupycHasa nHdekLma 1 ee 0CIoXHeHNA / BbICOKOTEXHONOTMYHbIe NabopaTopHble NCcejoBaHNA P,
Coronavirus Infection and Its Complications / High-tech Laboratory Research <3

YuuntbiBas ToT daKT, 4To Hanbonbwuii KoaddbuumneHT perpeccun 6b11 NonyyeH Hamu
A1 NO,, fanbHENWNIA aHANM3 NPOTrHOCTAYECKON 3HAUMMOCTV NPOBOANICA HAMU AflA 3TO-
ro napameTpa.

MoctpoeHne ROC-KpnBoOW BbIABMNO BAMsAHME KOHUeHTpauun NO, Ha dopmMrpoBaHme
nponasneHunin coctoaHnaA nocne nHdekuumn COVID-19 ¢ AnarHOCTUYECKOWN YyBCTBUTENbHO-
CTblo 83% 1 gMarHocTUYecKkon cneyndruyHoCTbio 48% (puc. 2).

Bbicokas guarHoctmyeckas dyscTBUTenbHoCTb NO , yCcTaHOBNEHHAs B XOAe BbINoJ-
HeHVA aHanu3a, 6bina 6onee 3HaYMMa, YeM AMArHOCTUYECKAs CNeundUUYHOCTb, TaK Kak
PAROM ncCnefoBaHnii 6bina aokasaHa ponb NO B BO3HMKHOBEHUW SHAOTENMANbHOWM
OnchyHKLUMM, KOTopas ABMAETCA rMaBHbIM NaToreHeTUYeCKNM MEXaHW3MOM B BO3HUKHO-
BEHUU cOCTOAHUA nocse nHdekumm COVID-19 [22].

Pe3ynbTaTbl NpoBefEeHHOIO UCCNeAOBaHUA NOKasanu, YTo YPOBEeHb NPo- 1 NPOTUBO-
BOCMANUTENbHbIX LIMTOKMHOB He MpeBbiWwan npeaenbl HOPMaNbHbIX MHTEPBANOB, He-
3aBMCUMO OT HaNMumA Xanob y nauneHToB, YTO OTKJIOHAO rMnoTesy O 3HaYUTeSIbHOM
BAVAHUN CUCTEMHOIO BOCMANEHUA Ha KNUHNYECKYI0 KapTUHY COCTOAHKA nocne uHdek-
uum COVID-19. Mexgy Tem B rpynne naumneHTos, nepeHeclunx nHpekuyuio COVID-19 n He
UMeloLWKMX anob, Habnoganca HeCKONbKO MEHbLLMWIA YPOBEHb KOHLUeHTpauuu IL-4, IL-10,
PCT B TpeTbem nepuopge HabnoaeHuA. Mokasatenn NPOOKCMAAHTHO-aHTMOKCMAAHTHOIO
CTaTyca He UMeNn CYLLeCTBEHHbIX Pa3IuyMin 1 Ha BEPOATHOCTb BO3HWKHOBEHNA *anob
y nauneHToB He BAnaAnu. Hanbonbluen 3HaUMMOCTbIO B OLiEHKEe COCTOAHUA nocsie nepe-
HeceHna COVID-19-nHbekumnmn obnagan Tect onpegeneHns KOHUEeHTpauum NO, B nnasme
BEHO3HOW KPOBW. ITOT NapameTp Umen CylecTBeHHO 6osiee H13KMe 3HaueHus B rpynne
nauneHToB 6e3 KNMHNYECKON KapTUHbI MPOABSIEHMA NATONOMMN B TPETbEM Mepuoae Ha-
65104eHMA, B KOTOPOM OH He MpeBblIla 3HauYeHNA 300POBbIX AL,

B 3AK/THOYEHUE

MNpoBeaeHHOe nccnepoBaHMe NO3BOINIO NPEASIOKUTL NCMNOMb30BaHMeE TecTa onpe-
AeneHns KoHueHTpauun NO, B niasme BEHO3HOW KPOBM B KaueCTBe 0ObeKTVBHOIO MoKa-
3aTens, ykasbiBatoLlero Ha GopmmnpoBaHMe SHAOTeNManbHOM ANCOYHKLNN Y NaLMEHTOB C
coctoAHnem nocsie COVID-19, uTo B CBOIO oUepeb MOXET CNOCOBCTBOBATL ONTUMM3ALNN
oTbopa nuu, nepeHeclumx COVID-19-nHbekuuio, 4nA NPoOBeAeHNA BTOPUYHON MeAULIMH-
CKOWM NPOoPUNaKTUKN.
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Pesiome

BBepeHume. /IHTepnpeTauma pe3ynbTaToB OLEHKW JlakTaTa Npu NpoBefeHun TecTnpoBa-
HMA YacTo 3aTPyAHEHa, MOCKOJIbKY pe3Koe NOBbILEHME YPOBHA NakTaTa B KPOBW Xapak-
TepusyeT HOPMaJIbHYI0 PeaKLMIO Ha 3HAUMTENbHYIO MO MOLLHOCTM GU3NYECKYI0 Harpy3Ky,
NPV 3TOM flaKTaT He MOXET ObITb yaneH 13 KpoBU TaK Xe BbICTPO, KaK 1 MOCTYNWA B Hee.
Lenb. OueHnTb posib NakTaTta 3pUTPOLUTOB B aanTaumm K ¢pU3NYeCKom Harpyske npum
TECTMPOBAHMM Ha BeloapromeTpe.

Marepumanbl u metogabl. [poBefeHo TecTMpoBaHKe obLwei dbr3nyeckon paboTocnocob-
HOCTU CNOPTCMEHOB (N=69) HaLMOHaNbHbIX KOMaHA NpY BbIMOJHEHNY BEJIO3promeTpmye-
CKOW Harpyskm fo otkasa. MiccnefoBaHa KMHeTUKa NlakTaTta Ans onpeaeneHuns aspobHoro
1 aHa3po6HOro Noporos. M3amepeHne KOHLEHTpaLUMK nakTaTa B KanuaiAapHON KPoBU 1
3pMTPOLMTaxX OCYLLECTBAANIOCh SNEKTPOXMMNYECKM METOLOM, CoflepKaHne 3puTpoLm-
TOB (1 Apyrnx $OpPMeHHbIX /IEMEHTOB KPOBW), OLleHKa OTAEeNbHbIX NMOKa3aTesiell SpuTpo-
LMTOB A0 1 NOCJIe BbIMOJIHEHMA Harpy3Ky NPOV3BOANANCH C CNONb30BaHNEM aBTOMaTU-
YeCcKoro remMaTonornyeckoro aHanmsaTopa.

Pesynbrarbl. [lpoBeeH aHan"3 AUHaAMUKM U3MEHEHMA KOHLIEHTpaLMK flakTaTa B Kanui-
NAPHON KPOBW Nog BNMAHNEM GU3NYECKOW Harpy3Ku: B MEPBO FPyMMe Ha NMKe Harpy3Ku
copepXaHue naktata coctasnano 9,55+1,50, Bo BTopon — 8,82+3,01 mmonb/n (p>0,05).
YcTaHOBNEHbI pa3nnuma Mexay nokasatenAMmy KOHLEHTpaLuKn nakTtata LeflbHON KPoBu
1 3pUTPOLMTOB B FPynmnax CNOPTCMEHOB Ha YPOBHe a3pOoBHOro 1 aHaspPo6HOro NOPOroB.
MNpoBeaeHne Harpy304YHOro TeCTUPOBaHUA COMPOBOXAANOCh CHIPKEHNEM CPefHEN KOH-
LieHTpaumm remorniobrHa B 3puTpoLuTe, yBeIMUEHNEM COLEPKAHUA remornobriHa 1 no-
Ka3aTens reMaToKpuTa, TeHAeHLMel K pOCTy aH/M30LMTO3a.

3aknioueHune. [lpoBefeH aHanu3 coaepXKaHnA nakTata LenbHOW KPOBM 1 SpUTPOLMTOB
CNOPTCMEHOB MPW BbIMNOMHEHNN UMW Harpy304YHOro TeCTUPOBaHWA. YCTaHOBMIEHO, YTO
POCT MOLLHOCTW BbIMOMHAEMOIN Harpy3ku ob6ecrneurBaeTca 3a CYeT aKTMBALMUU TNIMKO-
NINTUYECKOW CUCTEMbI SHeproobecneyeHuns. CHUXKEHe CKOPOCTY TPaHCNopTa nakTaTa B
3PUTPOLUT UNK/W TIVKOMM3a B KPACHbIX KPOBSHbIX TefibLLAX MOXeT obecrneumnBaTb Jyuy-
wyto paboTocnocobHOCTb B YCIOBUAX, NMPY KOTOPbIX SHEProobecneyeHre peann3oBaHo
NperMyLLeCTBEHHO 3a CYET aHa3POOBHOrOo rMKoNMU3a.

KnioueBble cnoBa: nakrat, 3puTpoLUunTbl, Harpy3oyHoe TectnposaHme, MCHC-O, anocte-
pviOpHasa BEPOATHOCTb, Teopema baneca
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Abstract

Introduction. Interpreting lactate assessment results in load testing is often complicated
since a sharp increase in blood lactate levels is a normal response to intense physical
activity, at which lactate cannot be eliminated from the blood as quickly as it entered it.
Purpose. To evaluate the role of erythrocytes lactate in adaptation to physical activity
during testing on a bicycle ergometer.

Materials and methods. The general physical performance of athletes (n=69) of national
teams was tested during bicycle ergometer exercise to exhaustion. Lactate levels in
capillary blood and red blood cells were measured electrochemically, while red blood cell
(and other blood cell) counts and individual red blood cell parameters before and after
exercise were assessed using an automated hematological analyzer.

Results. An analysis of changes in lactate level in capillary blood under physical exertion
was performed: in the first group, at the peak of the load, it was 9,55+1,50, in the second
it was 8,82+3,01 mmol/l, p>0,05. Differences were revealed between the groups in whole
blood and red blood cell lactate values, at aerobic and anaerobic thresholds. During
load testing, a decrease in the optical parameter of the average hemoglobin level in red
blood cells, as well as an increase in platelet number, hemoglobin and hematocrit, and a
tendency toward anisocytosis were observed; the average red blood cell count remained
practically unchanged.

Conclusion. An analysis of whole blood and red blood cell lactate levels in athletes during
load testing was carried out. It was established that an increase in load capacity was
achieved through activating glycolytic energy supply systems. A decrease in the rate of
lactate transport into and/or glycolysis in red blood cells may provide better performance
in conditions where energy supply is mainly provided by anaerobic glycolysis.
Keywords: lactate, red blood cells, stress testing, MCHC-O, a posteriori probability, Bayes’
theorem

B BBEOEHWNE

KoHueHTpauuma naktaTa (La”) B KpOBM — OfMH M3 YacTo M3MepAeMbiX MoKasaTenen B
KNMHMYecKkol nabopatopHoi npakTuke. TecT Ha ero onpegeneHne JOCTaTOUHO LWMPOKO
MCnosb3yeTca B KauecTBe KoUeBOro A1 OLEHKN COCTOAHUA 3A0POBbA NALMEHTOB B 06-
NnacTvi XMpypruw, B CNOPTUBHON MefnLMHe, a TakKe B MKLLeBOW NpomblwneHHocTn [1-3].
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B cocToAHMYM NOKOA YpOBeHb NakTaTa B LieNbHOM KpoBKM Konebnetca B npepenax ot 0,5 go
1,5 MMORb/N, HO MOXKEeT NOBbIWATLCA A0 25 MMONb/N NPU MHTEHCUBHOM Harpyske [4].

O6pa3oBaHue 1 yTAn3auma fnakraTa B OpraH/i3me 3[40POBOro YeNoBeKa XKECTKO KOH-
TPONMPYIOTCA PAAOM rOMeoCTaTUYeCKUX MeXaHN3MOB; OT 6anaHca La~Bo MHOrom 3aBucuT
COCTOAIHNE KNCNOTHO-OCHOBHOIO rOMeocCTasa, MOCKO/IbKy 0b6pa3oBaH/ie MOIOYHON KKC-
NOTbl CBA3aHO C NOBbILIEHNEM KOHLEHTPaLUMUy NPOTOHOB BHYTPUW KNETOK, a yTuausauus
naKTaTa 1 BoccTaHoBJeHMe brkapboHaTa (rngpokapboHata) HeobxoarMbl ANiA ypaBHOBe-
LUMBAHMA NpoLieccoB 06pa3oBaHMA NPOTOHOB U NOTpebneHns brukapboHaTa [4].

s oueHkn prsnyeckon paboTocnocobHOCTN NaLMEHTOB B MEAULMHE 1 CNOPTE Npu-
MEHAETCA Harpy3ouHoe TecTnpoBaHue (6er no ABMXKYLLECA OPOXKKe, e34a Ha BenoTpe-
HaXkepe) C onpeaeneHnem KOHLEHTPaUUn naktaTa B Kposu. Cuntaetca [5], uto npeobna-
ZaHue a3pobHoro cnocoba sHeproobecneyeHna 1 HU3Kaa KOHLEHTpaUWsA nakTaTa B Liefib-
HOW KPOBM XapaKTepHbl AnA paboTbl HU3KON MHTEHCMBHOCTM, @ NPU CTUMYNALMUN aHa3-
POGHOIO MMMKONN3a OTMEYAETCA IKCMOHEHUMaNbHbIN pocT La™ Kposwu [6]. MiHTepnpeTauma
pe3ynbTaToB OLEHKW flakTaTta Mpy MpoBeAeHWUM Harpy3o4yHOro TeCTUPOBaHUA CMopT-
CMEHOB, NaLMeHTOB C 1lemMuyeckorn 6one3Hbio cepLa, XPOHNYeCKon obCTpyKumei abl-
xaTenbHbIx nyten (XOBJ1), XpoHMYeCcKo NoYeUYHON HeJOCTaTOYHOCTbIO YacTo 3aTpyaHe-
Ha, NMOCKOJIbKY pe3Koe MoBbllleHne YPOoBHA La~ xapakTepu3yeT HOpMasbHYl0 peakuuio
Ha dM3NYeCKylo Harpysky. 3To NPOUCXOAUT B CUTYaLWKW, eCAIN NPEBbILIEHbI CKOPOCTb U
MOLLHOCTb paboTbl, Npu KoTopol La™ MoxeT ObITb yaaneH 13 KPoBU TaK e ObICTPo, Kak
W NOCTYNUI B HEE 13 MblLLEYHOI AN APYTUX TKaHel. [oBbllweHne KOHUeHTpauum La™ He-
o0b6a3aTenbHO CBUAETENbCTBYET 06 UleMUn Uamn runokcemun. Tak, B pabote [7] nokasaHo,
YTO MNPV 3apPakeHN SPUTPOLIMTOB MansipUIAHbIM Napa3uTom Plasmodium falciparum cko-
pOCTb MMKONM3a 3pUTPOLNTOB yBennumBaeTca ao 100 pas, npnBoAA K aungosy 1 BnuaAn
TeM CaMbIM Ha CPOACTBO remornobuHa K kucnopogy. C Apyroi CTOPOHbI, NPaKTUYeCKM HeT
[aHHbIX, KaCaloLWMXCA BAMAHNA NPOLLECCOB aHa3POOHOro MNKOM3a B SpUTPOLUTAX Ha
paboTocnoco6HOCTb NaLueHTa AN CNOPTCMEHa, MO3TOMY YTOUHEHME MEXaHN3MOB M3Me-
HEeHWU KOHUeHTpauun La™ Kak B nnasme, Tak U B LieSIbHON KPOBW ABMAETCA aKTyaslbHbIM.

B LIE/Ib NCCNEJOBAHUA
OLeHNTb POrb NaKTaTa 3pUTPOLIMTOB B aanTauum K Gp13nyeckom HarpysKe npu Tectu-
POBaHWU Ha BENO3PromeTpe.

B MATEPWAJIbI U METObI

TectupoBaHue obuen prsnyeckoin paboTocnocobHOCTU cnopTcMeHoB (N=69) Haumo-
HaNbHbIX KOMaHZ NMPOBOAMIOCH NPW BbIMOMHEHNUY BENO3PrOMETPUYECKON Harpy3Kkn 4o
OTKa3a CO CTyneHYaTblM NOBbILLEHNEM €€ MOLLHOCTU Kaxayt MUHYTY ¢ 75 BT npu ckopo-
CTV NeganupoBaHua 60-65 06/mMrH. OnpepeneHre aapobHOro 1 aHa3POBHOro NOPOros 1
JeneHne KOHTUHIeHTa CMOPTCMEHOB Ha rpynnbl NPOU3BOAUIINCL COTIACHO pekoMeHfa-
umam [5]. Mepsas rpynna (Mp.) cnopTcMeHOB XapakTepmn3oBanacb HU3KON MOLHOCTbIO Bbl-
NonHAEeMon paboTbl Ha ypOBHe a3pP06HOro 1 aHa3pPO6HOro NOPOroB., a BTopas — BbICOKON.
Tak, ana 1-i rpynnbl (26 cnopTcMeHoB) 1 2-1 (43 cnOpTCMeHa) MOLHOCTb BbINOAHAEMOM
paboTbl, COOTBETCTBYIOLLEN aHa3PO6HOMY Nopory, cocTaBnAna meHee 1 6onee 300 BT co-
OTBETCTBEHHO.

B3ATne KanunnapHowm KpoBY U3 AncTanbHOM GanaHru nanbla AnAa onpeeneHns nak-
TaTa KPOBMW NPOWN3BOAUIOCH renapuHN3MPOBaHHBIMU KanuaiapamMmmn Ha Kaxkaonm CTyrneHu
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Harpy3o4yHOro TeCTUPOBaHMA, a TakXKe Ha TpeTbel 1 BOCbMOW MUHYTaxX BOCCTaHOB/IEHMA
rnocne NpoBefeHnsA TeCTMpoBaHUA. Ha npoBefeHvie npoueaypbl 3ab6opa KanuinapHoOM
KpOBM MoJiyyanocb nHpopmmnpoBaHHoe cornacue. MNonyyeHne 3KBMBaIEHTHOrO ob6bema
SpuTpoLMTapHON Macchl (20 MKN) A4nA aHanmsa B Hel La™ npomnsBoaunock nocne LeHTpu-
dyruposaHusa (400 g) B TeueHre 5 MUH. KOHLEHTpaUma nakTata B KanuansapHOWM KpoBu
N 3puUTpoLMTax n3Mepsanacb 3NeKTPOXMMNYECKUM METOAOM C MUCMOJSIb30BaHNEM aHanu-
3aTopa naktaTta Biosen (fepmanua). OueHka cogepaHusa SpUTPOLMTOB, APYrux Mopdo-
NOMMYECKMX 3NIEMEHTOB KPOBU U CPefHelN KOHLeHTpauun remornobrHa B aputpouumTe
(MCHC-0O) po n nocne BbINOSIHEHUA Harpy3KM Npomn3BoAnnacb NPU NOMOLLM reMaTonoru-
yeckoro aBToaHanusatopa Sysmex-XN 350 (AnoHwusa).

CTaTNCTUYECKMIA aHANMU3 JaHHbIX NPOBOAWN C UCMOSb30BaHNEM NPOrPamMMHOro obe-
cneyeHna JASP, Bepcua 0.18.3.0 (GNU Affero GPL, nuueHsna), ana npoBepku HyneBo
rmnoTesbl NPUMEHANN OfHO(AKTOPHBIN ANCNEPCUOHHDBIA aHanm3, HenapaMmeTpuYecKmi
aHanu3 (U-kputepuii Mann - Whitney) n paHrosbiii TeCT YnKoKkcoHa € OLeHKOI anocTe-
PVOpPHOI BEpPOATHOCTM Ha OCHOBe Teopembl baneca [8]. Mpu 3Tom mcnonb3oBanca Ko-
3¢ dnumenT baneca BF,, AnA KonmyecTBeHHOW OLEHKIN JOKA3aTeNIbCTB ajlbTePHATUBHOM
rmnoTesbl OTHOCMTENIbHO HYNeBOW runoTesbl. [penmMyLlecTBOM NpUMeHeHnA TeopeMbl
baleca AaBnaeTca PoOCT BEPOATHOCTM MPABUIbHOCTY BbIABUIAaeMON FMMNOTE3bl MO Mepe
yBenmueHua obbema HakomneHHbIX AaHHbIX [8].

B PE3YJIbTATbHI

3HauyeHUA KOHUEHTpaLuMmM nakTaTa, a Takke Apyrve XapakTepuCTUKA KOMMNOHEHTOB
KPOBM 0 U NMOC/Ie TECTMPOBAHMSA NpefcTaBneHbl B Tabs. 1. CTaTUCTUYECKUA aHaNIn3 NMoKa-
3a/, YTO 10 TECTUPOBAHUA Pa3NUUA B cogepaHum La- mexkay rpynnamm oTCyTCTBOBaNu
(Tabn. 2), y cnopTcmeHOB 06eurx rpynn Habahanca poct KOHLUEHTpauuy nakTaTa Kanwm-
NAPHON KpoBW: 3HayeHme (La") uenbHOM KPOBY B NEPBON Fpynne Ha NuKe Harpysku co-
ctaBnano 9,55+1,50, Bo BTopon — 8,82+3,01 mmonb/n, p>0,05.

CogepkaHue La- B spuTpoumTax O TECTUPOBAHUSA ObINIO HIXKE, YEM B LIENIbHO KPOBMU, A
nocsie Harpy3Ku NOBbILLANIOCh, HO HE AOCTUIaNno BeNIMYNH, XapaKTePHbIX AN LeNbHON KPOBMU.

BbinonHeHMe Harpyskuy 1o 0TKa3a CONpPOBOXaNoCh POCTOM YaCTOTbl CEPAEUHbIX COKpPa-
LeHnin. Hanbonee BbipaXKeHHbI MPUPOCT BbiSBAEH B NepBoi rpynne — 183,40+5,08 ya/MuH.
CnopTCMeHbl BTOPOW Fpymmbl, HECMOTPSA Ha H6OMbLUYI0 MOLHOCTb BbIMOIHAEMOW Harpys-
Kun (6onee 450 BT), XapaKTepr3oBanmMcb MeHbLUEN MaKCUMasbHOW YaCTOTOWN cepheyHbIX
COKpalleHunin, KoTopasa He npesblwana 175 ya/MuH.

Ta6nuua 1

Moka3aTenu KOHLEHTpaLuK NaKTaTa B Lie/IbHOI KPOBM U 3pMTPOLMTAX A0 1 NOC/e NpoBeAeHUA
Harpyso4Horo TeCTMpoBaHus

Table 1

Lactate levels in whole blood and red blood cells before and after load testing

[lo TecTupoBaHus Mocne TecTupoBaHusa

e LlenbHasa KpoBb, SpuTtpouunTbl, LlenbHas KpoBb, SpuTpouuTbl,
mMmonb/n mMMmonb/n mMmonb/n mMmonb/n
p. 1 Ip. 2 p. 1 p.2 p. 1 p.2 p. 1 p.2

CpepnHee 2,07 2,15 1,28 1,21 9,55 8,82 6,88 515

o 0,70 0,71 0,42 0,48 1,50 3,01 1,79 1,56

MuH. 0,89 0,84 0,70 0,60 6,44 5,80 4,17 3,71

Makc. 3,65 4,04 2,16 2,88 11,81 15,79 9,43 8,01
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Ta6bnuua 2

CpaBHUTeNbHbIN aHaNN3 NOKasaTenen KOHUeHTpauun naktata (MMonb/n) y nanmeHTos rpynn
HabnoaeHNA Npy NpoBeieHNN Harpy304YHoro TectupoBaHus (U-kputepuii Mann - Whitney)
Table 2

Comparative analysis of lactate levels (mmol/L) in patients of the observation groups during load
testing (Mann - Whitney U Test)

Mapametp l3;|a-|em/|e p Pasmep
-CTaTUCTUKN 3¢ PekTa

McxopHoe 3HaueHme nakTtaTa LiesibHON KpOoBHU 378,50 0,670 | -0,07
JlakTaT LenbHOW KpoBU Ha YPOBHe a3pobHOro nopora 61,00 <,001 | -0,85
JlakTaT LienibHOW KpOBU Ha ypoBHe aHaspobHOro nopora 58,00 <,001 | -0,85
JlakTaT LiefibHOV KPOBU Ha 3aKJIIOUNTENbHON CTYMNEHW Harpy3Ku 461,50 0,436 |0,13
McxopHoe 3HauyeHve nakraTa 3pMTpoLmuToB 465,50 0,402 |0,14
JlaKTaT 3pUTPOLNTOB 3aKNIOUNTENBHON CTYMNEHW Harpy3Kku 603,50 0,004 |0,47

MpoBeAeHHbIN aHanu3 rpynn HabnogeHNsa BbIABMA CTaTUCTUYECKU 3HauyMMble pas-
NMYMA B aHaNM3MpyeMbix NokasaTtenax y CnopTCMeHOB COMoCTaBNAeMbIX rpynn (tabn. 2).
B yacTHOCTW, BOCTOBEpHbIE pa3nuuma Mexay rpynnamMmm onpegeneHbl B MokasaTenax KoH-
LeHTpaLMmM nakTaTa Ha YPOBHe a3pOoOHOro 1 aHa3pPO6HOrO NMOPOroB, a TakXKe B COAepKa-
HUW NaKTaTa B SpUTPOLMTAX.

M3BecTHO, uyto dakTop baleca (BF) ABnAeTca oueHKOW OOKa3aTeNbHOCTU HyNeBOWN
runotessl (H ), Npy 3Tom 3HaueHus dakTopa baieca yKasbiBaloT Ha COOTHOLIEHME anpu-
OpPHbIX 1 anoCTEPUOPHBIX LWaHCOoB. [poBeeHNe ANCNEPCUOHHOTO aHanm3a 1 pacyeta BF
nokasasno, YTo A4f1A NoKasaTesnsa «JlakTaT LenbHol KpoBu» koaddurumeHT balieca (BFm) 6b1n
paseH 0,407, uTo fOKa3bIBaeT OTCYTCTBUE pa3nunumii. I HaobopoT, koapdumumeHT bareca
Npu oLEeHKe MEXrpynnoBbIX pasnmumin La- sputpouunTtoB Obin paBeH 64,58. 5To cBuge-
TeNIbCTBYET O TOM, YTO ajfibTeEPHATUBHAA MTMMNOTE3a O HaNIMYMM Pa3INUUN MeXaY rpynnamm
B 64 pa3a 6onee BepoATHa, YUeM HyneBas rmnoTesa.

Takum obpazom, npumeHeHne pakTopa balieca no3Bonnno gokasatb 3PPeKT BNMAHNA
Harpy304HOro TeCTPOBAHWA Ha BHYTPMIPUTPOLUTAPHOE cofepkaHune nakTaTta. Koapou-
umeHT baieca, paBHbii BF, =1, yKa3bIBaeT Ha To, UTO AaHHbIE B PABHOW CTEMEHU COOTBET-
CTBYIOT aJibTEPHATUBHOW rMnoTe3e 1 HyNeBOW rmnoTese.

PaHee B uccnepgoBaHum [9] yctaHOBNEHO, UTO pacnpeaesieHne nakTata mexay nnas-
MO 1 3pUTpOLUTaMM NOJUNHAETCA YpaBHEHNIO [JOHHaHa U YTO KOHLUeHTpauma La™ npo-
NOPLUMNOHANbHO pearnpyeT Ha M3MEHEHMe NapuUManbHOro JaBeHUA YrNeKUCIOro rasa u
kucnopoga — pCO, u pO,. B pabote [3] nokasaHo, 4TO y CMOPTCMEHOB NPU KOHLEHTPa-
Lum naktata Kposu 1,6 MMONb/N CKOPOCTb ero NOCTYMIeHNA B KPOBAHOE PYCSIO Bbllle Mo
CpaBHEHVIO C TaKOBOW Yy HETPEHUPOBaHHbIX fobpososnbLeB. CymmapHoe nocTynneHne
La™ 3HaumTenbHo Bbiwe (p<0,05) B 3pUTpoLMTax CNPMHTEPOB MO CPABHEHUIO C TAKOBbLIM B
3pUTPOLUTAX HETPEHMPOBAHHbIX UCMbITYEMbIX.

TakrM 06pa3oM, Ha 3aKNIOUUTENIBHOM 3Tarne UCCiefoBaHus Oblfa NpoBeAeHa NPoBep-
Ka rMnoTesbl, COrMacHO KOTOPO KOHLEHTpauua La- B KpacHbIX KPOBAHbIX Tenbuax (3pu-
TpouuTax), BiuaioLas Ha paboTocnocobHOCTb CMOPTCMEHOB BTOPOW rpynmbl, NPUBOAMT K
N3MEHEHWIO CTPYKTYPHO-GYHKLIMOHaNbHbIX XapaKTepUCTUK SPUTPOLMTOB.

MNpoBeaeHMe Harpy304YHOro TeCTUPOBaHUA (MPOAOIIKUTENBHOCTL He 6onee 30 MUH)
COMPOBOXAANOCb CHUMXEHMEM OMTUYECKOrO MapameTpa CpefHel KOHUeHTpauuu re-
mornobuHa B 3puTpoumte (MCHC-O) Ha 4% (p<0,05), pocToM ypoBHA remornobriHa
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N rematokputa Ha 7% (p<0,05), TeHOeHUMeN K POCTy aHu3ouwmTo3a. [poBepka anocTe-
pPUOPHOI BEPOATHOCTU BbifiBMNa (Tabn. 3), uTo BbiCOKaA paboTocnoco6HOCTL Npu Npo-
BeZleHVM Harpy304HOro TeCTMpPOBaHKA Obina cBA3aHa C OTHOCUTENIbHBIM 3PUTPOLIMTO30M,
6onee BbICOKUM YPOBHeM remornoburHa, nokasatenem reMaTokpuTa, cpegHM o6bemom
spuTtpouuta (MCV) 1 HU3KOI KOHLEHTpaLMen remornoburHa B aputpounte (MCHC-0). 3Tn
pe3ynbTaTbl NMOKa3blBalOT, UTO Peakuma SPUTPOHA Ha Harpysky ABMAETCA M3MeHAeMbIM
baKTopOM, BINAIOLLMM Ha YCTOMYMBOCTb K YTOMIEHMIO U 0becneunBatowym nyuLlyto pa-
60TOCNOCO6HOCTD.

MNockonbKy NoKasaTenu KpacHOM KPOBY ABMAIOTCA 3aBUCUMbIMU APYT OT Apyra, TO na-
pannenbHbI POCT remornobrHa, remaTokputa 1 cpegHero obbema 3puUTPOLUTOB ABNA-
eTcAa nporHo3supyembim, Npu 3tom cHukeHne MCHC-O (MCHC, n3mepeHHbI pacyeTHbIM
CNoco6om, He N3MEHANCA) MOXeET ObITb CBA3aHO C U3MeHeHVeM AnbpaKkTOMETPUYECKIMX
XapaKTepUCTUK U/ WA KaK C rmapaTtaumen KpacHbix KpoBaAHbIx Tenel [10], Tak U € BbIXOJOM
3pUTPOLUTOB U3 Aeno.

Ecnn pocT remaTokpuTa NPOUCXOAMT 3@ CHET MOMOSHEHMA KNETOYHOW Nonynaumm,
TO M3 Cefle3eHKN, NeYeHN N MbIWL, BbIXOAAT NPEeUMyLLeCTBEHHO 3perible SPUTPOLNTDI,
umerLlne Takme CTPYKTYpPHO-QYHKLMOHaNbHbIe XapaKTepucTUKKU, KoTopble obecre-
yMBaloT ajanTaumio K dusmyeckor Harpyske. Mpu BbINoOHEHUN GU3NYECKNX HArpy30K
nakTaTt o6pa3syeTcs B CKeNleTHbIX MblliLax (NpenmyLecTBeHHO B 6enbix rnmkonutmnye-
CKNX BONOKHaX), 1 A1A NOAQAEPKaHWA ero KOHUEHTPpaUnn B KNneTkax lakTaT 1 MPOTOHbI
TPAHCNOPTUPYIOTCA B KPOBb, YTO, BEPOATHO, NO3BOJIAET CNOPTCMEHY AOJbLUe BbINOS-
HATb paboTy.

BepoATHO, spuTpOLMTHI MOTYT HE TONIbKO BbIAENATb, HO 1 nornowatb La, co3gasan
rpafvieHT OnA ynydylleHusa ero TpaHcnopTa u3 paboTakowmux mbiwu. Hegmnccouymmpo-
BaHHasA MOJIOUYHasA KMcnota moxeT auddyHanpoBaTb Yepes KneTouHble MemOpaHbl, a
TpaHcnopT La~ uepe3 membpaHy 3pUTPOLINTOB NMPOMCXOAUT C yyacTMemM MOHOKap6o-
KcunaTtHoro TpaHcnoptepa (MCT), KoTopbii NepeHOCUT NakTaT-aHWOH U MPOTOH, a
TakXe aHMOHOOOMEHHVKa, NpefcTaBneHHoro 6enkom nosnockl 3. MNokasaHo [4], uTo
3PUTPOLMTBI Pa3NNYaloTCA Kak Nno obulell NakTaTTpaHCNOPTHOM akKTUBHOCTY, TaK 1 MO
CNOCOBHOCTM Pas3NNYHbIX TAKTAaTTPAHCMOPTHbIX MeXaHU3MOB, NpruyemM obLyasa nakTat-
TpaHCMopTHaA akTUBHOCTb obecneunBaeTca B ocHoBHoM MCT. Ecnum naktaTTpaHcnopT-
Hasf aKTMBHOCTb Oblla HU3KOW, TO HapAdY C HU3KOWM aKTMBHOCTbIO MOHOKapbokcunar-
HOro TpaHcrnopTepa Pofib OCHOBHOIO MepeHoCYrKa NakTaTta nrpaet 6enokK nonochl 3
N HenoHHasA andodysnsa.

Ta6bnuuya 3

MpoBepKa anocTeproOpHOI BEPOATHOCTN BAINAHNA Harpy3Kun Ha SpuTpouuTapHble NoKasaTtenu
(paHroBbIl TeCT YWNIKOKCOHA)

Table 3

Verification of the posterior probability of the load impact on red blood cell counts (Wilcoxon Rank Test)

lNMokasaTtenu BF,

RBC 124,21

Hb 60,29

MCV 70,28

MCHC-O 27,92

Ht 26,33
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Takum 06pa3om, NOCKONbKY pasnnumne B cofiepKaHnm nakTata B SpUTpoLUTax BbifBIe-
HO TOMbKO MOChe BbIMNOSIHEHNA GU3NUYECKON HArpy3Ku, iNA KOTOPOW XapaKTePHO CHUXEHNe
pH KpoBu [11], TO CHUXXeHMe CKOPOCTW TpaHcnopTa La™ B 3pUTPOLUT UAN/N CHUXEHne
rMVKONKM3a HeNoOCPeACTBEHHO B CaMMX KPaCHbIX KPOBAHbIX TeflbLiax MOXeT obecrneumBaTb
nyywyto pabotocnocobHOCTb B YCIIOBUAX, NPU KOTOPbIX SHeproobecneyeHre peann3osa-
HO MpPenMyLLeCTBEHHO 3a CYeT aHa3poOHOoro rnukonusa. NoaTBepxaeHemM 3Toro npea-
NonoXeHus ABNAOTCA nccnefoBaHuA [12], B KOTOPbIX O6b110 MOKa3aHo, YTo Nocse TpeHu-
poBKku 6onee yem Ha 90% 6bino NOBbIWEHO cogepxaHue 6enka MCT-1 B sputpoumTax.
MonyuyeHHble pe3ynbTaTbl CBUAETENLCTBYIOT O CHMXXEHUWN TPAHCMOpPTa flakTaTta B SpUTPO-
LUTbl BO BPEMA TPEHMPOBKM 1 ero pocTe B Nepnof BOCCTaHOBIEHUA.

Mpu npoBepeHUn obLero aHanm3a KPOBY BbIAABEHbI U3MEHEHNA U B MOKa3aTenax
nenkouuTapHon dopmynbl. B yacTHOCTK, NoCne BbINOAHEHUA HAarpy304YHOro TeCTMpPOBa-
HM1A abCoNTHOE KONNYECTBO HENTPODNNOB, MOHOLUTOB Y NIUMPOLMTOB YBENNUYNIOCH Ha
57,26 n 108% (p<0,05) cooTBETCTBEHHO. [0ABNEHMA aHOMANbHbIX KNETOK, UK «piaro»,
npu aBTOMaTM3MPOBaHHOM FreMaToNorMyeCckoM NCCefoBaHMM He 3adUKCUPOBaHO.

B ObCYXIOEHWE

B xope BbINOMHEHMA TecTUpyloLle Harpysku y nogasnsawoowero 60MbWMHCTBA Ha-
6ntoaemMbIx CNOPTCMEHOB BbIABNAOTCA U3MEHEHNA, KOTOpble 3aBUCAT OT KBanndurkaumum
CNOPTCMEHOB 1 Nepuofa NX NoAroToBKW. K HacToAweMy BpemeHW Bpauu CMOPTUBHOM
MeAULMHBI 1 TPEHEepPbl CBA3bIBAOT CMNOCOBHOCTb CMOPTCMEHOB BbICOKOW KBanndukauum
BbINONHATbL paboTy 6osnbLiero o6beMa N MHTEHCUBHOCTM Ha GOHe BbICOKOW KOHLIEHTpa-
LuM NakTaTa KpoBY Nocie TecTUpyoLen Harpy3Kkin B 30He CybMaKCMManbHON MOLLHOCTY
C Pe3UCTEHTHOCTbIO OPraHM3mMa K POCTY BHYTPUKNETOUYHOTO lakTaTa U CHUXeHuto pH Kpo-
BU. M3BecTHO [4], uTo 06pa3oBaBLUMINCA NaKTaT yaansaeTca NyTemM OKUCIIEHUA B BOJIOKHaX
| TNa NN NOBTOPHO CUHTE3MNPYETCA B IMNKOreH B BONIOKHax Ilb Trna nnwu B rntoko3y neye-
HW. MNepBblli NepeHOCUYMK flakTaTa — MOHOKapOboKcnaTHbIN nepeHocunk 1 (MCT-1) TecHo
CBA3aH C TPAHCMOPTOM NaKTaTa 13 FNKONUTMYECKNX OesibiX MbILeYHbIX BOTOKOH B Kpac-
Hble OKMNCNIUTESIbHbIE MblLLeYHble BOJIOKHA, TOrAa Kak MOHOKap6OOKCMNaTHbIN NepeHocumnK
4 (MCT-4) cBA3aH C NnepeHOCOM flaKTaTa 3a npejesbl KNeTku.

BbicTpocoKkpallatoLmeca rukonmTuyeckne 6enble MbilLbl, Takne Kak 6enasa nkpo-
HOXKHaA Mblwua, akcnpeccnpyoT MCT-4, Ho npu 3Tom 3Kkcnpeccna MCT-1 oka3biBaeTcaA
HU3KON. MeaneHHO COoKpalLaloWwanca OKUCNTeNbHaA Mbllwla (KambanoBraHas), Haobo-
poT, aKcnpeccupyeT Hebonbluoe konnuectso MCT-4 1 3HauntenbHoe MCT-1. Kpome Toro,
MCT-1 BaxkeH gna BbiBeeHMA NakTaTa N3 KpOBOTOKa.

Taknm 06pa3om, KOHLeHTpaLUmaA NaKTaTa KpoBM Npu NpoBefleHnr TeCTUPOBaHWA AB-
nAeTcA pe3ynbTaToM ero obpa3oBaHMA 1 NocneayoLmx npoLueccos broTpaHchopmaumu.
OueHKa BHYTPU3PUTPOLMTapPHOW KOHLIEHTPaLUM NakTaTa Npy NPoBefeHMIN Harpy304Ho-
ro TeCTUPOBaHNA NoKa3ana, YTo CHMXeHe CKOPOCTU TpaHCMNopTa flakTaTa B 3pUTpouunt
UAN/W CHUXEHNe rMNKOoNM3a HeNnoCpeaCcTBEHHO B CAMMX KPACHbIX KPOBAHbIX TeNbLiax MO-
ryt obecneunBatb nyuLlyio paboTocnocobHOCTb B YCIOBUAX, KOFAa SHeproobecneyeHne
peann3oBaHo NPenMyLLEeCTBEHHO 3a CYET aHa3POOHOro rmMKonu3a. lonyyeHHble pesysb-
TaTbl MOTYT CBUJETENIbCTBOBATb O CHVXXEHMM TPaHCNopTa NakTaTa B SpMTPOLUTbI BO Bpe-
Ms TPEHUPOBKM 1 €ro pocTe B Neprof BOCCTaHOBIEHNA.

MpoBeaeHHbIN aHanu3 BANAHUA GU3NUYECKOW Harpy3ku Ha rnokasaTenv 3pUTPOoHa C
NCMosb30BaHNEM PaHroBOro TecTa YWNKOKCOHa MOKasal, YTo BCe MokKasaTenu, Kpome
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MCHC-O (cpeaHsaa KOHLEHTpaLmMa reMornobrHa B 3puTpoLmTe), NoBblwanuc. MNposepka
anoCTepPMOPHOI BEPOATHOCTU BbiABMIIA, YTO BblCOKaA PaboTocnocobHOCTL Npu npose-
[eHVW Harpy304YHOro TeCTUPOBaHKA Oblfa CBA3aHa C OTHOCUTENbHbIM 3PUTPOLIUTO30M,
6onee BbICOKMM YPOBHEM remMorniobuHa, remaTokpuTom, cpefHUM o6beMom 3puTpoLmTa
W HVU3KOW KOHLeHTpaLmeli remornobrHa B sputpouuTte. 3T pesynbTaTbl MOTYT CBUAETESb-
CTBOBaTb O TOM, YTO peakLua SPUTPOHA Ha HarpysKy ABNAETCA N3MeHAeMbIM GaKTopoMm,
BAMAIOLLMM Ha YCTOMUYMBOCTb K yTOMJIEHMIO 1 obecneynBaloLwmm nyyluyio pabotocnocob-
HOCTb. BblsiBIeH pocT abCoNOTHOrO KonmnyecTsa HeMTPodNNOB, MOHOLMTOB N NMbOLM-
TOB NOC/E BbINOHEHUA HArPy304YHOro TECTUPOBaHNA.

BenununHa rematokpurTa Npr NPoBEAEHN KOMMJIEKCHBIX OCMOTPOB BO BPEMA 3TamnHo-
ro Hay4yHOro KOHTPOMA Y CMOPTCMEHOB, NO AaHHbIM NabopaTtopum 6uoxmumun PHIL, cnop-
Ta, UMeET BbICOKYI0 BapuabenbHOCTb: BCTPEUaloTCA CNOPTCMEHbI KaK C BbICOKMMMU, TaK U
C HU3KMMW 3HaUYEeHUAMM (MO CPaBHEHUIO C pedepPeHTHBIMU, XapaKTepHbIMK AN1A NpeacTa-
BMTeneln 3Toro Bo3pacTa 1 nona). O6Len3BeCTHO, YTO BbICOKMIA YpOoBeHb Ht MoxeT npu-
BOAWTb K POCTY BA3KOCTU KPOBM, YBENIMUMBAA Harpy3Ky Ha cepaue, obnagaa cnocobHo-
CTbiO BbI3bIBaTb €ro rneperpysky. YBenuueHvie rematokputa npu Gusnyeckom Harpyske
BO3MOKHO M3-3a CHMKEHNS 06beMa NasMbl, KOrga NPOUCXoanT NoTepsa XNAKOCTU 13-3a
NoToOTAENEHUSA, NepepacnpeaesneHmne XXUAKOM YacTu Nna3mbl U ee BbIXO BO BHEKNETOU-
HOe NPOCTPaHCTBO, MOCKObKY TaM MPOUCXOAUT HAKOMEHMNE OCMOTUYECKM aKTUBHbIX Me-
TabonuToB. B utore yBennumBaetca KonnoMaHO-OCMOTMYECKOe iaBNeHne, YTo CNocobHO
NPUBECTU K 3aMeNEHMIO OTTOKA KUAKOCTN.

B pabote [13] coobuiaetcs, uto obbem nnasmbl U 06bemM KpPOBU ObICTPO yBeNu-
UYMBaANMCb NOC/Ie TPEHUPOBOK, B TO BPEMs KaK reMaTOKPUT HE MEHASNICA B TeUeHNe He-
CKOJNIbKUX CYTOK, Npexfe Yem OH Hauyan ysenuumsaTbca [14]. BennunHa nameHeHus Ht,
No-BMAUMOMY, 3aBUCUT OT MHTEHCMBHOCTU YNpPaXXHEHWI BO BPeMA TPEHUPOBOK 1 TUMa
ynpaxHeHun. MHoroneTH1e nccnefoBaHnsA, NPOBOAUMbIE B nabopaTtopumn Guoxummnm
PHIML, cnopTa, BbisiBUAN KonebaHua Ht B TeueHMe CNOPTUBHOIO Ce30Ha C 6onee HU3KU-
MM 3HAYEHVAMW B Hauyane COPTMBHOMO Ce30Ha. DTN N3MEHEHNA 3aBUCAT OT XapaKTepa
CNOPTUBHOW NOATOTOBKM M NUCMOMNb30BaHUA y4ebHO-TPEeHNPOBOUHbIX COOPOB B YCNOBU-
AX cpefHeropb.

Y cnoptcmeHoB, HaxogAwmxca nog HabnogeHmem B PHIL, cnopra, BcTpeyatotca cny-
Yyaun «CMOPTUBHOWM aHEMUN», KOTOPbIE MOXXHO OOBACHNUTbL, HaNPUMepP, reMOSIN30M, KOTO-
Pbll BbI3bIBAETCA HaMpPAKEHWEM CABWUra, NPOVCXOAAWMUM BO BPeMA BbINOMHEHUA ¢u-
3U4Yeckoli HarpysKku, npesblllalowmm Gru3nonornyeckme 3HaueHUsa B COCTOAHUMN NMOKOS.
OcobeHHO YacTo 3TO MOXET NPOMCXoanTb Y 6eryHoB, y NI0BLIOB, a TakXe BO Bpems bera
no nepeceyeHHON MeCTHOCTMK, OCOOEHHO B YC/TIOBUAX CPEfHE- U BbICOKOTOpPbA.

BbIno nokasaHo, uto dusnyecKasn Harpyska BAUAET Ha COCTOAHUE MeMbpaHbl 3PUTPO-
LUTOB, UTO KOpPEenmpyeT C NOBbILLEHHbIM YPOBHeM rantornobuHa [15]. MNpu a3Tom cTape-
olye 3puUTPoLUTbl MOTYT 6bITb OCOBEHHO CKMOHHbI K BHYTPUCOCYAUCTOMY FeMOnun3y,
Bbl3BaHHOMY GUM3NYECKON Harpy3Kon, O YeM CBUAETENIbCTBYET CHUKEHME CpefiHelN NnoT-
HOCTU MnaByyecTy 3pUTPOLUTOB U KpUBaA pacnpefeneHus naoTHOCTY, KoTopasa Obina
CMelLeHa B CTOPOHY 6oree MOoAbIX, MeHee MIIOTHbIX KNETOK Y TPeHUPOBaHHbIX MHANBU-
ZYYMOB, Ha UTO YKa3blBalOT MOBbILIEHHbIA YPOBEHb aKTUBHOCTW NMpPYBaTKUHa3bI, 2,3-au-
docdornmueparta n nokasatenb P, , Gonee BbICOKOE KONMYECTBO PETUKyouUToB [16].
Opyrummn BO3MOMHbBIMY NPUUMHAMK «CMOPTUBHOW aHEMUW» MOTYT ObiTb M3MEHEHHbI
COCTaB NMMNWAOB 3PUTPOLUTAPHON MEMOpPAHbI 1 Pa3nnuymAa B NoKasaTtene «obwnin obbem
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remorno6uHa» (tHb) [17], koTopbii Nyulle oTpa)<aeT KUCIOPOAHY0 eMKOCTb KPOBU U ee
cnocobHOCTb K TpaHcnopTy O,. Mokasatens tHb nonyumn wmpokoe pacnpocTpaHeHvie B
CNOPTVBHOWN MeauLuHe 1 G13Monorumn, NOCKosbKY pasnnyHble Mo BO3AENCTBUIO TPEHU-
POBKM MOTYT NPUBOAMUTb K M3MeHeHuio tHb, ocobeHHO B yCnoBrAX M3MEHEHHOrO COCTa-
Ba ra3oBou cpepfbl. [poBeeHHble HaMK UCCIefo0BaHMA MO3BONAAIOT KOCBEHHO OLEeHU-
BaTb M3MEHEHMA TOTaJIbHOro remorsiobrHa y CnopTCMEHOB, OCHOBaHHbIE Ha NPUpPoCTe
YPOBHA remMorniobriHa u remaTokpurTa B OTBET Ha GpU3MUECKYI0 Harpy3Ky B COUeTaHnM CO
cHmxeHrem MCHC. Mpwn a3Tom pe3ynbTaThbl yAOBNETBOPUTENIbHO COMNACYOTCA C AaHHBbIMUN
O MOBbILEHNN PAabOTOCNOCOBHOCTM U MaKCMManbHOro nNoTpebneHnsa Kucnopoda, 3Ha-
yeHVe KOTOPOro OKasasnoch Bbllle Y TPEHNPOBaHHbIX CNOpPTcMeHOoB [17]. YcTaHOBREHO
[18], UTO BbICOKMIA YPOBEHb TOTaNbHOIO remMorfiobrHa xapakTepeH 1 Ana abopureHoB
BbICOKOFOPHbIX PaioHOB, 06beM KpOBU KOTOpPbIX Obin noBbiwweH ¢ 80 go 100 mi/Kr.

B 3AK/TKOYEHNE

MpoBeaeH aHanM3 AVHAMUKM U3MEHEHUA YPOBHS NaKTaTa LieSIbHOW KPOBU 1 3pUTPO-
LWTOB CMOPTCMEHOB NPY BbINOIHEHWMN VMW HAarpy30YHOTO TECTMPOBAHUA. YCTaHOB/EHO,
UTO POCT MOLLHOCTM BbIMOJSTHAEMON Harpy3Kn 06ecrneurBaeTCa 3a CYeT aKTUBALMN MINKO-
NIUTUYECKOW CUCTEMbI SHEpProobecneyeHuns, Npu 3TOM B KPacHbIX KPOBAHbBIX TebLaXx f0-
MVHUPYIOT BHYTPUSPUTPOLMTaPHbIE NMPOoLecchl NoaLep»KaHnsa romeocTasuca. NokasaHo,
UTO SPUTPOLUTLI MPUHMMAIOT yyacTUe B afanTauumy CNOPTCMEHOB K MMMOKCUM MpU Ha-
rpyske. CHUXKeHMe CKOPOCTU TPaHCMOoPTa flakTaTa B SPUTPOLUT UW/U CHUMKEHMWE TINKO-
N3a B KPACHBIX KPOBAHbIX TEMIbLIAX MOXET 0b6ecneynBaTth yyllyto paboToCcnocobHOCTb B
YCNOBUAX, MPU KOTOPbIX SHeproobecneyeHne peannsoBaHo NPENMYLLECTBEHHO 3a cyeT
aHaspo6HOro rrKonusa. Bolcokas paboTocnocobHOCTb CMOPTCMEHOB NPW NMPoBeAeHUN
Harpy3ouYHOro TecTypoBaHmMs Gbifla aCCOLMMPOBAHA C SPUTPOLIMTO30M, 6oslee BbICOKUM
YpOBHEM remMmoriobuHa, reMaToKpUTa, CpeaHUM 06bEMOM SPUTPOLINTA 1 HN3KOM KOHLIEH-
Tpauwueii remornobuHa B spuTpoLuTe.
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Pesiome

BBepeHune. HecMoTps Ha aKTUBHOE M3ydyeHMe BO3MOXKHOCTEN >KUAKOCTHOW Guoncuu
ONA OLUEHKN MONeKYNApHO-TeHeTUYeCckoro npoduna onyxonm M MOHUTOpUHra 3bdek-
TUBHOCTW NPOBOAUMOrO fIeYeHUA Y NMaLUNEHTOB C HEMENIKOK/IETOUHbIM PaKOM Nerkoro,
GONbLIMHCTBO HaYUHbIX PaboT 3aTparmBaeT TONbKO OfHY rucTonornyeckyio Gopmy aaH-
Horo 3aboneBaHus — ageHoKapumHomy. OfHON 13 NPUYKH, OBYCABAMBAOLWNX AaHHYO
0COOEHHOCTb, ABMAETCA 3HAUUTENIbHAA FETEPOreHHOCTb FEHETMYECKNX HapyLUeHUN npu
NIOCKOKJIETOYHOM pake nerkoro. Tak, cornacHo gaHHbIM The Cancer Genome Atlas, npwu
[aHHON rmcTonornyeckon popme Hanbosiee YacTo NaToreHHble BapuaHTbl OOHapYyKK1Ba-
1oTcA B reHax TP53 (80%), MUC16 (48%) n CSMD3 (47%). OaHako, B oTAnYmMe oT afeHo-
KapLMHOMbI, Npu faHHON dopMme 3aboneBaHMA OTCYTCTBYIOT Tak Ha3blBaemble XOT-CNOThl
B YKa3aHHbIX reHax — Y4aCTKM C BbICOKOM YaCTOTOW BCTPEYAeMOCTU FreHeTUYECKNX Hapy-
WeHUn. Tak, HaNnprUMep, YacToTa BCTPEYAEMOCTM CaMOro PacnpOCTPAHEHHOMO MaTOreH-
Horo BapmaHTa B reHe TP53 R158L npu nnoCKOKNETOYHOM paKe SIerkoro He npesblwaeT
3%. B cBA3M C 3TUM aKTyasbHbIM HanpaBneHWeM NCCefoBaHNIA y NaLMeHTOB C AaHHOM
¢dopmoii 3aboneBaHUA ABNAETCA NMOUCK U AanbHeNLee NCNONb30BaHWE B KauecTBe Moe-
KYNAPHbIX MUuweHen yupkynupytowen onyxoneson JHK (uoHK) pa3nnyHbix anureHeTu-
YyecKMx HapyLUeHWH.

Lenb. /3yuntb BO3MOXHOCTb MCMONb30BaHUA SMUFEHETUYECKUX HapYyLIEHUN B reHe
RASSF1 B kKauectBe mnweHu yo[JHK y naumeHTOB C NAIOCKOKIETOUYHbIM PAKOM Nerkoro.
Matepuanbi n metoabl. Matepuranom ana nccnefoBaHUA NOCSYKMUN OMyxoNieBas TKaHb
(FFPE; n=9) n cepuiiHble o6pa3upbl niasmbl Kposu (n=20) naumeHToB ¢ 3-4-i CT. NIOCKO-
KNETOYHOro paKa Nerkoro, NpoxoauBsLInx fneyeHune Ha 6ase PHIML OMP nm. H.H. Anekcah-
ApoB.a B nepuop c 2023 no 2025 r. Bcem nauveHTam npoBefeHo nokanbHoe obnyyeHre
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C NNOCKOK/IETOYHbIM PaKOM JIEFKOrO C MCMOJb30BaHeM Mapkepa MeTunnposaHua RASSF1

onyxoneBoro oyara B fo3e 4 [p. OueHKy cTaTyca MeTUANPOBaHNA NPOMOTOPHOM obnacTu
reHa RASSF1 B onyxoneBoi TKaHU NPOBOAMAN C UCMONb30BaHUEM MeTu-crelndrnyHon
MNUP c petekumnen pesynbtatos B 3%-HOM arapo3Hom refe. KaueCTBeHHYI0 U KONNM4YeCTBeH-
Hyto oueHKy uo[JHK npoBoawnu c ncnonb3oBaHrem cuctembl Lndposoi KanenbHow MLP
(uxMLP) QX600+AutoDG (Bio-Rad, CLLA).

PesynbraTbl. B xofe vccnefoBaHvA NOATBEP)KAEHa BbICOKasA YacToTa BCTPEYaeMoCTU
METUNNPOBAHMA MPOMOTOPHOM 0651acTh reHa RASSF1 npu NNOCKOKNETOYHOM FUCTOSO-
rMyeckom BapuaHTe paka nerkoro (72%). HecmoTpa Ha 3HauuTenbHOE CHUMKEHUE KOHLEH-
Tpauun JHK nocne 6ucynbduTHOM KOHBEPCUIY, NOKa3aHa BO3MOXKHOCTb 1CMONIb30BaHWA
3NUreHeTUYECKUX HapYyLUEHWU B KauecTBe onyxosib-crneundunyHbix Mapkepos LoJHK.
3aknioueHune. MetunnpoBaHne NPOMOTOPHOI obnacT reHa RASSF1 moxeT aBnATbCA
OOHVM M3 NepcrneKkTMBHbIX MapkepoB LoHK y nauneHToB C NIOCKOKIETOUHbIM PakoM
nerkoro.

KnioueBble cnoBa: NI0CKOKNETOUHbIV PaK IErKOro, XnAKoCTHasA bruoncus, LMpKynmpyto-
waa onyxonesaa HK, metnnuposaHune, RASSF1
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Abstract

Introduction. Despite active exploring opportunities of "liquid biopsy" for assessing
molecular genetic profile of tumors and treatment efficiency monitoring in patients with
non-small cell lung cancer, most studies focus on a single histological form of this disease:
adenocarcinoma. One of the reasons for this is the significant genetic heterogeneity
observed in squamous cell lung cancer. According to data from The Cancer Genome Atlas,
pathogenic variants are most frequently found in the TP53 (80%), MUC16 (48%), and
CSMD3 (47%) genes in this histological form. However, unlike adenocarcinoma, this form
of the disease lacks so-called "hot spots" in these genes, i.e., regions with a high frequency
of genetic abnormalities. For example, the frequency of the most common pathogenic
variant in the TP53 gene R158L doesn’t exceed 3% in squamous cell lung carcinoma.
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Therefore, a relevant area of research in patients with this form of the disease is searching
for and further use of various epigenetic alterations as molecular targets in circulating
tumor DNA (ctDNA).

Purpose. To investigate the feasibility of using epigenetic alterations in the RASSF1 gene
as a target for ctDNA in patients with squamous cell lung cancer.

Materials and methods. The study used tumor tissue samples (FFPE; n=9) and serial
plasma samples (n=20) from patients with stage 3-4 squamous cell lung cancer who
were treated at the N.N. Alexandrov National Cancer Centre of Belarus between 2023
and 2025. All patients received local radiation therapy to the tumor site at a dose of 4 Gy.
Methylation status of the RASSF1 gene promoter region in tumor tissue was assessed
using methylation-specific PCR with results detected in a 3% agarose gel. The qualitative
and quantitative ctDNA evaluation was performed using the QX600+AutoDG digital
droplet PCR system (Bio-Rad, USA).

Results. The study confirmed a high frequency (72%) of methylation of the RASSF1
promoter region in the squamous cell histological variant of lung cancer. Despite a
significant reduction in DNA concentration after bisulfite conversion, the feasibility of
using epigenetic alterations as tumor-specific markers in ctDNA was demonstrated.
Conclusion. The methylation of the RASSF1 gene promoter region may serve as
a promising marker for ctDNA in patients with squamous cell lung cancer.

Keywords: squamous cell lung cancer, liquid biopsy, circulating tumor DNA, methylation,
RASSF1

B BBEAEHUE

[NOCKOKNETOUHbIN paK Nerkoro ABAAETCA BTOPOW MO YacToTe BCTPEYaeMOCTH MMCTOo-
norunyeckom popmor HeMeKoKNeToOUYHOro paka nerkoro (HMPJ1), Ha gonto KoToporo npu-
xopuTcsa okono 20% Bcex CnyyaeB JaHHOro 3aboneBaHusa (0kono 440 000 HOBbIX CllyYaeB
B Mupe 3a 2020 rop) [1].

OTCyTCTBME TapreTHOW TepanuuM W reTepPOreHHOCTb MOJEKYNAPHO-TeHETUYECKOro
npoduns onyxony 3HAYUTENIbHO CHUXKAIOT MHTEPEC HAYUYHOTO COObLLIEeCTBa K NIOCKOKIIe-
TOYHOMY PaKy Nerkoro, B CPaBHEHNM C aleHOKaPLMHOMOW, B 0611acTy N3yUYeHUs LMpKy-
nupytowen onyxoneson JHK (uoHK).

CTonT OTMETUTb, YTO, COTNIACHO AaHHbIM TUTepaTypbl, AUHaAMUKA KOHLeHTpaummn uoAHK
MO>ET ObITb YCMELHO UCMOMb30BaHa A5l OLEeHKN 3PEKTUBHOCTA HE TOSIbKO TapreTHbIX
npenapaToB, HO 1 KinacCuyeckux cxem xummotepanuu [2, 31. Tak, B paborte Tie J. n coasr,,
n3yyaBwux AuHamuky uo[HK y nauveHTOB C KONOpPEKTalbHbIM pPakoM, MOyYaBLUMX
CTaHZapTHyto Tepanuio no cxemam FOLFOX nnu FOLFIRI, nokasaHa Koppenauusa ypoBHA
yo[JHK c oTBeTOM Ha neuyeHune, xapakTepursyloLWanaca yBenmyeHnem nokasatenen Bblxku-
BaemMoCTn 6e3 NporpeccnpoBaHnsa Y NaLMEHTOB CO 3HAYMTENbHBIM CHUXKEHMNEM YPOBHS
uoJHK B nna3me kposwu [4]. B cBolo ouepenb, konuyectBeHHOe noBbiweHne UoJHK Ha
boHe Tepannn MoXeT CBUAETENbCTBOBaTb O Pa3BUTUN PE3UCTEHTHOCTY OMYXONM K MPo-
BOAVMOMY JleueHuto. [laHHOe COBbITUE MOXET PerncTpUPOBaTLCA 38 HECKONIbKO MecsALIEB
[0 drKcauum nporpeccnpoBaHmna 3ab6oneBaHNA Pagnonornyeckumm metogamu [5, 6].

B cBA3M C Hanuuvem HeCKONbKMX CXeM KNacCUMYeCKOW XMMUOTepanuu MniioCKoKe-
TOYHOIO pakKa Nerkux, BKYALWMX NpenapaTtbl MiaThHbl, reMUNTabuH 1 NakauTakcen,
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CBOEBpeMeHHasa AeTeKLuMA XxapakTepa oTBeTa ONyXofvM Ha NPOBOAUMOE NeyeHne MOXKeT
3HaYUTENbHO MNOBbLICUTb NMOKa3aTeNy BbIXXNMBAEMOCTM NALMEHTOB C AaHHON dopmoli 3a6o-
neBaHuA.

3HaunTeNnbHaaA reHeTUYeCKasa reTeporeHHOCTb MJIOCKOKIETOYHOro paka Jlerkoro, a
WMEHHO OTCYTCTBME TaK Ha3blBaeMbIX rOpPAYMX TOUEK B KNIOYEBLIX FreHax KaHLeporeHe-
3a faHHon dopMmbl 3aboneBaHmMsA, YCNOXKHAET noaxoabl K nccnegosaruto uoJHK. Tak, co-
rnacHo aaHHblM The Cancer Genome Atlas, npu NIOCKOKNETOYHOM pake Hanbonee yacTo
naToreHHble BapuaHTbl 06HapyxuBatoTca B reHax TP53 (80%), MUC16 (48%) n CSMD3
(47%), HO Npn 3TOM YacToTa BCTPEYAEMOCTN CaMOro PacrnpoCTPaHEHHOro NaTOreHHoro
BapuaHTa B reHe TP53 R158L He npesbiwaeT 3% [7]. ina nonyyeHna OCTOBEPHbIX AaH-
HbIX 0 Uo[JHK B TakoM cryyae Heo6X04MMO MNCMONb30BaHUE JOPOroCcToALLeN N TPYAOEM-
KOW TeXHONOMMN CEKBEHNPOBAHNA HOBOIO MOKONEHMWA, MO3BONAIOLLEN N3YyYaTb LMPOKNIA
CNeKTP reHeTUYeCKMX HapyLleHUi 1 B nocnepyiollem paspabaTtbiBaTb Ha OCHOBE MOJy-
UeHHbIX pe3ynbTaToB NepCcoHann3poBaHHbIe TeCT-CUCTEMbI ANA LMbPOBON KanenbHON
MUP (uxlLP) [8].

OpHako gna HMPJ1, B Tom yncne n NnocKOKNETOYHOro rmcTosiorMyeckoro BapmaHTa
3aboneBaHVA, XapakTepHO Hanuume onyxonb-cneynduyecknx SMUreHeTUYecKnx Hapy-
weHuin. OgHUM 13 HUX ABNAETCA METUIMPOBAHME NPOMOTOPHON obnacTy reHa RASSF1,
Koavpytowero 6efokK, yyacTsyowWwnii B perynaumn KNeTouyHoro LukKa, anontosa u npo-
LeccoB aaresun knetok [9]. laHHas anureHeTUYecKana abeppauunsa He BCTPeYaeTca B HOp-
ManbHOW TKaHW Nerkoro, HO BbliBAETCA NpumepHO B 30% cnyyaeB afeHOKapLUMHOMbI
n 40% cnyyaeB NnockoknetoyHoro paka nerkoro (TCGA), a cornacHo pesynbratam He-
KOTOPbIX UCCNeAoBaHUI, BO3MOXHO, 1 B 6bonbluem npoueHTte cnyyaes [7, 10, 11]. Takum
06pa3om, UCNoNb30BaHNe MapKepa MeTunnpoBaHusa RASSF1 B KauecTBe MULLEHN MOXKET
6bITb 3¢PeKTUBHOM cTpaTernen getekumm LoJHK npu naoCKOKNeTouHOM pake nerkoro.
OCHOBHbIMUN TPYAHOCTAMM Ha 3Tane UCCiIefoBaHNA MOTYT ABNATbCA: HU3KaA KOHLEHTpa-
umna yoIHK B nnasme KpoBW 1 Hannume AONOHUTENIbHOMO 3Tamna NPobonoAroToBky (6u-
cynbPuTHaA KOHBEPCKA).

B LEJTb NCCNEOQOBAHKA

M3yunTb BO3MOXKHOCTb MCMONb30BaHUA METUIMPOBAHMA MPOMOTOPHOI 06N1acTu reHa
RASSF1 B KauecTBe MuwieHn ana nccnegosanna Lo[JHK y naumeHToB € NNOCKOKNETOUHbIM
[pakom ferkoro.

B MATEPWAJIbl U METObI

Matepuranom gna nccnefoBaHusA Nocnyun bronornyeckuin matepuan (onyxonesas
TKaHb, B TOM Umncsie NoJslydeHHas npu npoBefeHnmn 6poHxockonuu, n=9 n nnasma Kposw,
n=20) NauMeHTOB C MIOCKOKETOYHbIM PakoM nerkoro 3—4-i CT., NPOXOAMBLUMX Cneun-
anbHoe fleyeHue Ha 6ase PHIML OMP nm. H.H. AnekcangpoBa B 2023-2025 rr. B pamkax
HayuyHo-nccnegoBatenbckon paboTtbl BPOOU-PHO N2 131 Bcem naumeHTam 6bino npose-
[leHO NoKanbHoe obyyeHne onyxofeBoro ovara B fo3e 4 [p ¢ Lenbio MHAYKUUN Bbibpoca
uoJHK B kKpoBoTOK. [InA oueHKM ypoBHaA Lo[JHK BeHO3HOW KpoBu Obina 3abpaHa B cre-
ZyloLne BpeMeHHble NPOMEXYTKU: [0 0b6nyyeHus, Yepes 6, 12, 24 1 48 yacos nocse ero
OKOHYaHWUA.

Boigenenve OHK 13 o6pasuos onyxonesoin TkaHu (FFPE), a Takxe uolHK n3 o6pas-
LIOB MMa3mbl KPOBM MPoBOAMAKN C NoMoLbto Habopos peareHToB QlAamp DNA FFPE kit
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Ta6nuua 1
MocnepoBatenbHOCTb NpaiMepoB 1 30HAO0B AnAa UKIMLP
Table 1
Sequence of primers and probes for ddPCR
N2 Mpanmep MocnepoBatenbHOCTb 5-3
1 F-met TTTTGTATTTAGGTTTTTATTGCGC
2 R-met CCGTACTTCGCTAACTTTAAACG
3 F-unmet ATTTAGGTTTTTATTGTGTGG
4 R-unmet CCATACTTCACTAACTTTAAACACT

(Qiagen, lTepmanuna) n MagListo cfDNA kit (Bioneer, l0xkHaa Kopes) cooTBETCTBEHHO, CO-
rMacHO NHCTPYKLMAM nponssoguTenen. OueHKy KonmyecTsa BbigeneHHon JHK nposoau-
nun cnekTpodyopuMeTpryeckn, a CTeneHb oUnCTKY (3a ucknoveHmem uollHK) nccnepo-
BasIM C MOMOLLbIO CNeKTpodoToOMETPa.

BrucynbdutHyto KOHBEPCUIO NPOBOAMNN C UCMOMb30BaHNeM Habopa peareHToB Epilet
Bisulfite conversion kit (ThermoFisher, CLLIA) cornacHo MHCTPyKLMK Npoun3BoauTens, C
MaKCUMasnbHO BO3MOXHbIM o6bemom nccnegyemon JHK.

MocTtaHoBKy meTun-cneundunyHon MNUP ocywectBnanm c ncnonb3oaHnem Habopa pe-
areHToB ChemTaq nonmmepasa c 6ydepamu («AptbroTex», Benapycb) n KaCTOMHbIX onu-
FOHYKNIeOTUIHbIX NPaniMepoB, An3aliH KOTopbIX 6bii ocylecTneH B pamkax H/P BPOOU-
PHO N2 131 (Tabn. 1).

JeTekuuio uenesbix NPOAYKTOB NPOBOANAN C MOMOLLbIO Frefib-3n1ekTpodopesa (3% ara-
po3a).

MocTtaHoBKy UKILUP ocywectenanu Ha o6opypnoaHumn QX600+AutoDG (Bio-Rad, CLLA)
C NPMMEeHeHneM MacTep-Mukca nponssogmtena EvaGreen (Bio-Rad, CLUA). Peakuun ana
netekuun uoJHK ctaBnnn B gybnax, cpefHee KONMYECTBO Kanesb Npu aHanmse ofHOro
obpasua coctaBuno 40 000. MNMoporosbii ypoBeHb AN AeTeKUUM reHETUYECKMX HapyLue-
HUIA BO BCEX CTyYanX COCTaBWI >3 NONOXKUTENbHbIX CUTHANOB.

Ycnosus noctaHosku MLP moryT 6bITb NpefocTaBneHbl o 3anpocy.

B PE3YJIbTATbl M OBCYXAEHUE

OHK BblgeneHa n3 Bcex 06pasLioB ONyxoneBon TKaHW, CPpeaHAA KOHLEHTpaLua cocTa-
Buna 5 mkr/n. Mocne 6ucynbduTHOM KOHBEPCUUN HAbMIOAANOCH CHUMXEHME KOHLEeHTpaL MK
OHK Ha 90%, B cpeaHem o 0,5 mkr/n. NonyyeHHble faHHble COOTBETCTBYIOT ONMMUCAaHHbIM B
nutepatype [12]. MetunupoBaHue npomoTopHoi obnactu reHa RASSF1 feTekTpoBaHo B
7 n3 9 cnyyvaes (77,8%).

LolHK BbigeneHa 13 Bcex 06pa3LoB nia3mbl KPOBU, CPefHAA KOHLEHTpaLUma cocTa-
Buna 0,35 mkr/n. CnektpodnyopumeTpuryeckne nokasartenv KoHueHTpauuu uoJHK nocne
6ucynbGUTHON KOHBEPCUM HAaXOAUINCH BHE iMana3oHa AOCTYMNHbIX A1 U3MepeHUs 3Ha-
yeHwuii. MeTunnpoBaHue npomoTopHol obnact reHa RASSF1 MUHUMYM B OUH BpemeH-
HOW MPOMEXYTOK 06Hapy»eHO y Bcex 4 nauuneHToB. [pumep pesynstatoB UKILP npea-
CTaBJIeH Ha PUCYHKe.

Pe3ynbTaThl BbINONHEHHOIO UCCNEA0BaHUA NO3BOMIAOT NoJaraTth, YTO KOHLIEHTpaLua
uoJHK y naumeHToB C NNOCKOK/IETOUHbIM PakoM NErkoro BapbupyeT B pasfnyHble Bpe-
MEHHble NpomexyTKku. BepoaTtHocTb getekummn uoJHK y naumeHToB 6€3 fononHUTeNb-
HbIX BMeLlaTenbcTB coctaBuna 50%. Hanbonblana BepoaTHOCTL obHapyxeHua LoHK
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C NNOCKOK/ETOYHbIM PaKOM JIEFKOrO C MCNOJb30BaHeM Mapkepa MeTunnposaHua RASSF1

#1 #2 #3 #4 #5

O6pasupbl [

) o2 02 R2 E w2 a3 [ ™ o3 w3 ) E]

Pesynbratbi UKIMLP cepuiiHbix 06pa3Los nnasmbi (#1-5) oT ofHOro NayneHTa c Hannumem
MeTunupoBaHuA npomoTtopa reHa RASSF1 B onyxoneBoii TKaHu (Ay6nm) n oTpuLaTeNnbHOro KOHTpons
(NTC; BOga; TpunneT)

Results of the ddPCR series of plasma samples (#1-5) from a single patient, showing the presence

of methylation of the RASSF1 gene promoter in tumor tissue (duplicates) and a negative control (NTC;
water; triplet)

Ta6bnuua 2

KoHueHTpauum 4o JHK B cepuiiHbix 06pasuax nnasmbi

Table 2

ctDNA concentration in series of plasma samples

pts.1 pts.2 pts.3 pts.4

#1 0,42 0 0 0,24
#2 0,27 0,06 0,05 0,92
#3 0 0 0 0,54
#4 0,24 0,07 0 0,29
#5 0,22 0,04 0,03 0,16

HA NEPBYIO

COOTBETCTBOBA/Ia BPEMEHHbIM NMPOMEXYTKam cnycTa 6 1 48 yacos nocsie ob6nyyeHus. CHu-
XeHue konmyectBa LUo[JHK cnycta 12 yacoB nocne nHayKumy ee BbI6poCca B KPOBOTOK MO-
XKET OblTb CBA3aHO C MMCTONOMMYECKUMUN PAsTMUNAMUN MSTIOCKOKNETOYHOIO paka JIerkoro
B CpaBHEHUW C afeHoKapLHoMoW. B xope BbinonHeHma tembl HAP BPOOU-PHO N2 131
YCTaHOBJEHO, YTO MeriaHa HOPMMPOBaHHON KoHLeHTpauun LoJHK B 3-t0 Touky 3abopa
npu ageHokapunHome (n=12) coctaBuna 0,18 KonNuin/mMKn, B TO BpeMa Kak Mpu naocKo-
KNeTOYHOM pake nierkoro (n=4) — 0 konuin/mkn. NMokaszatenn koHueHTpaumn LolJHK B Ko-
nuAX/mMKN (HopmmnpoBaHHble Ha 0,1 Hr [1HK) B pa3nnyHble BpeMeHHble UHTepBanbl Npea-
CTaBfeHbI B Tab. 2.
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MepenoBble TexHONOrUY TaboPaTOPHbIX UCCNeR0BaHUIA /
VIHHOBaLK B NabopaTopHOI ArarHOCTUKE OHKONOTNYECKX 3a6oneBaHUm
Advanced Laboratory Research Technologies / Innovations in Laboratory Diagnostics of Oncological Diseases <3

B 3AKJTIOMEHUE

MoaTBep)kaeHa BbICOKaA 4YacToTa BCTPeYaeMOCTV MEeTUIMPOBaHWA MPOMOTOPHON
o6nactu reHa RASSF1 npu nnockokneTouHon ¢popme paka nerkoro. [okasaHa BO3MOX-
HOCTb MCMONb30BaHUA SNUreHETUYECKUX HapYLUEHU B KauecTBe OnyXonb-creunduyHbix
MapkepoB Lo[JHK, oaHako ana nosbliweHna MHGOPMATUBHOCTY AAHHbIX UCC/IefoBaHUN
npeacTaBnsAeTca UenecoobpasHbiM yBennyeHre o6beMoB Ma3mbl KPOBU ANA Bblaene-
Hua yoAHK (4-8 mn) n npumeHeHne bepmMeHTaTVBHbIX HAOOPOB peareHToB A OCYyLLecT-
BneHus 6ucynbdrTHONM KOHBEpCUM, COKpaLiatowmx notepu AHK B npoLecce npobonoa-
rOTOBKW.
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Pesiome

BBepeHme. YpoBeHb CbIBOPOTOUHOIO »Kefe3a ABMAETCA Manon3y4yeHHbIM 0cTpoda3oBbiM
rokKa3saTesiemM y NaLUeHTOB C TAXKENbIM HEOOPATUMbIM NMOBPEXAEHNEM FOSIOBHOMO MO3ra.
Llenb. YcTaHOBWTb NpefAcKasaTesibHYI0 LLeHHOCTb onpefeneHnsa YPOBHA CbIBOPOTOUYHOIO
ernesa Kak MoTeHUManbHOro MapKepa HaCTyrnieHNsA CMepTX FOIOBHOMO Mo3ra y nauueH-
TOB C YePEenHO-MO3roBOV TPABMOW Ha 3Tane NPOBOAUMON MHTEHCUBHOWM Tepanuu.
Matepuanbi n meTogbl. B npocneKkTBHOE HEPAHAOMU3MPOBAHHOE UCC/IefOBaHME Oblno
BKJI0YeHO 107 NMauMeHTOB C TAXENbIM TPaBMaTUYECKMM NOBPEXAEHNEM FOSIOBHOIO MO3-
ra. boinu copmmpoBaHbl 2 rpynnbl NaLMEHTOB: NEPBYIO U3 HMX (n=56) cocTaBUNM Nayu-
€HTbI, BbIMMCAHHbIE U3 CTALMOHapa; BTOPYIo rpynny (n=51) — nayueHTbl, y KOTOPbIX Obl1a
KOHCTaTMpOBaHa CMepTb rOJIOBHOIO MO3ra.

PesynbraTbl. YpOBEHb CbIBOPOTOUYHOIO »Kene3a Ha 1-e 1 2-e CyTKM He ABNANCA NPOrHo-
cTnyecknm GakTopoM B MaaHe HacTynneHma cmeptn mo3sra: AUC 0,585 (SE 0,129; 95% Cl
0,437-0,722; p=0,5) pna 1-x cytok n AUC 0,573 (SE 0,107; 95% Cl 0,407-0,728; p=0,5) anA
2-X CYTOK. Ha 3-1 cyTKM 6b1710 OTMEUYEHO CTAaTUCTMYECKM 3HAUMMOE OTIUMNE MeXay rpyn-
namu NauMeHTOB MO YPOBHIO CbIBOPOTOYHOrO Xenesa: 5,1 (3,3; 9,8) MKmonb/n B rpynne
113 (2; 4,1) mkmonb/n B rpynne 2 (p=0,002) (AUC 0,767 (SE 0,0703; 95% Cl 0,619-0,879;
p=0,0001)). Touka oTCeYEHUA YPOBHSA CbIBOPOTOYHOIO XeJle3a <3,2 MKMOJb/N XapaKkTepu-
30BaJla ANarHOCTNYECKYI0 YyBCTBUTENbHOCTb 58% 1 AMarHocTmyeckyto cneymduyHocTb
77,3%. [ins ypoBHs xene3a Ha 5-e cytku AUC 6bina 0,676 (SE 0,0802; 95% Cl 0,529-0,801;
p=0,028); Ha 7-e cyTKMn — 0,716 (SE 0,0795; 95% Cl 0,556-0,844; p=0,0066); Ha 10-e CyTKN —
0,775 (SE 0,0962; 95% Cl 0,611-0,894; p=0,0043).

3akniouyeHmne. KoHLeHTpauua CbIBOPOTOYHOTO »Kene3a y NaLumMeHTOB CO CMepPTblo MO3-
ra 6oina CTaTUCTUYECKN 3HAUYMMO HUXKe Ha 3-u (3 (2; 4,1) mkmonb/n), 5-e (3,4 (2,4; 4,4)
MKMonb/n), 7-e (3,2 (2,4; 4,7) mkmonb/n) n 10-e (2,4 (1,6; 4,2) MKMONb/N) CYTKN UHTEHCUB-
HOV Tepanuy B CPaBHEHUN C NMaLMEHTaMM C 61aronpuATHBIM NCXOLOM YeperHOo-MO3roBo
TpaBMbl. AHaIN3 YPOBHA CbIBOPOTOUYHOTO XeJie3a NO3BoNAET CYAUTb O HaCTyNNeHUn cmep-
T MO3ra Y NaLMEHTOB C TAXKENbIM TPaBMAaTUYECKM NOBPEXAEHNEM rONIOBHOMO MO3ra.
KnioueBble cnoBa: CbIBOPOTOUHOE >Kene30, MOBPEeXAEeHNe MO3ra, YepernHo-Mo3roBas
TpaBMa, CMepPTb MO3ra, MOTEHUMaNbHbIN OHOP
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Abstract

Introduction. Serum iron level is a poorly studied acute-phase indicator in patients with
severe irreversible brain injury.

Purpose. To establish the predictive value for determining serum iron levels as a potential
marker for brain death in patients with traumatic brain injury at the intensive care stage.
Materials and methods. A total of 107 patients with severe traumatic brain injury were
included in the prospective non-randomized study. Two groups of patients were formed:
group 1 (n=56) consisted of patients discharged from the hospital; group 2 (n=51)
included patients declared brain dead.

Results. Serum iron levels on days 1 and 2 were not a prognostic factor in terms of brain
death occurrence: AUC 0.585 (SE 0.129; 95% Cl 0.437-0.722; p=0.5) for day 1 and AUC
0.573 (SE 0.107; 95% Cl 0.407-0.728; p=0.5) for day 2. On day 3, a statistically significant
difference was noted in the level of serum iron: 5.1 (3.3; 9.8) umol/Lin group 1 and 3 (2; 4.1)
pmol/L in group 2 (p=0.002) (AUC 0.767 (SE 0.0703; 95% Cl 0.619-0.879; p=0.0001)). The
cut-off point of the serum iron level <3.2 umol/L had a sensitivity of 58% and a specificity
of 77.3%. The iron level on day 5 was AUC 0.676 (SE 0.0802; 95% Cl 0.529-0.801; p=0.028);
on day 7 it was 0.716 (SE 0.0795; 95% Cl 0.556-0.844; p=0.0066); and on day 10 it was 0.775
(SE 0.0962; 95% Cl 0.611-0.894; p=0.0043).

Conclusion. Serum iron levels in patients with brain death were statistically significantly
lower on days 3 (3 (2; 4.1) umol/L), 5 (3.4 (2.4; 4.4) umol/L), 7 (3.2 (2.4; 4.7) umol/L), and 10
(2.4 (1.6; 4.2) umol/L) of intensive care compared to patients with a favorable outcome of
traumatic brain injury. The analysis of serum iron levels allows making conclusions about
brain death onset in patients with severe traumatic brain injury.

Keywords: serum iron, brain damage, traumatic brain injury, brain death, potential donor

W BBEJEHWE

Keneso ABnAeTcA oAHUM M3 KNIOYEBbIX MUKPO3JIEMEHTOB OpraHM3mMa 1 UrpaeT Kpu-
TUYECKYI0 POJib KaK B TPAHCMOPTUPOBKE KUCIOPOAa, Tak U B CMHTe3e 60sblIoro ymcna
bepmeHTOB 1 B KneToyHoM meTabonmame [1]. OCHOBHOE BHUMaHWE B UCCNeAOBaHUSAX,
MOCBALLEHHbIX M3YUYEHUIO AVHAMUKUN CbIBOPOTOYHOTO Kenesa Npu otaenbHbiX GopMax
naTonoruu, yaenAaetca naunMeHTaMm C KpoBomnoTepen nocne pasfanyHbiX XUpYpruyeckmx
BMeLwaTenbcTs [2, 3]. I3aMeHeHne KOHLUEeHTpauumn CbIBOPOTOYHOrO »ene3a y nalueHToB,
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CbIBOPOTOYHOE XeJe30 Kak MoTeHLMabHbIl MapKep
HaCTynneHUs CMepTU MO3ra Y NaLVeHTOB C YepenHO-MO3roBOI TPaBMO

HaXOAALKMXCA B KPUTUUECKOM COCTOSHUW, N3YyYanocb B OrPaHNUYEHHOM UYMUCTIe Hay4YHbIX
nccneposaHui [4]. imeetca pag npaboT, B KOTOPbIX aHaM3npoBanacb JUHaMMKa CbiBO-
POTOUHOrO »Kenesa y NaLmneHTOB C YepenHO-MO3roBow TpaBmon [5, 6]. B aaHHbIX nccnepo-
BaHMAX 6blNIO MPOAEMOHCTPUPOBAHO ObICTPOE CHMMEHME CbIBOPOTOYHOIO »eJe3a y na-
LMEeHTOB Noc/e TPaBMaTUYeCKOro NOBPEXAEHUA MO3ra, UTO MOXKET MCMONb30BaTbCA Kak
NpeanKTop BO3MOXHOIO fleTanbHoro ncxoga [6].

Y naumMeHTOB C TAXKENbIM TPaBMaTUYECKMM MOBpeXAeHeM MO3ra B cJlyyae 6bICTpo-
ro 1 3HauMTeIbHOrO HapacTaHWA OTeKa U BHYTPUYEPENHOro AaBfieHNA MOXeT NPouc-
XOAMTb OCTaHOBKa KpoBOOOpaLlleH A B rofIoBHOM Mo3re. B pe3ynbTtate 3TOro y aHHbIxX
naLMeHToB KOHCTaTupyeTca cmepTb Mo3ra (CM), npoBoaMTCA KOHCMANYM MO MpPU3Ha-
HUIO UX YMEPLUMMM, HECMOTPA Ha Hanunumre cepguebreHmna n gpixaHusa. Mpu oTcyTcTBUN
MeANUMHCKUX 1 NPaBOBbIX NPOTMBOMNOKa3aHW y JaHHOTO KOHTUHIeHTa ymepLmx na-
UMeHTOB (JOHOPbI C GblOWMMCA cepALemM) BO3MOXHO NpoBefeHne 3abopa opraHoB
Unn TKaHew ana TpaHcnnaHTauun. OgHako 3abop opraHoB y NauMeHTOB C TpaBMaTu-
YeCKMM MNoBpeXAeHNeM MO3ra MOXEeT He BbIMOMHATLCA 13-3a HECBOEBPEMEHHOTO pac-
Nno3HaBaHWA HeoOPaATMMOro MOpPakeHUsA Mo3ra M paHHero pPasBUTUA MONMOPraHHON
ancoyHKuMK, BO3HUKaloLen BcneacTene Tpasmbl 1 CM [7]. MosTomy nporHo3vpoBa-
HMEe BO3MOMHOMO HacTyrJieHUss CMepTy MO3ra Y nauueHTa no3BoAnT CBOEBPEMEHHO
HauMHaTb MPOTEKTUBHYIO UHTEHCVBHYIO Tepanuio MHOXeCTBa HapyLLEeHUI FroMeoCTasa,
cBA3aHHbIX ¢ CM.

C uenbio nporHosmposaHma CM Hanbonee 4acTo UCMOMb3YIOT HEBPONOrMYECKYHo
OLeHKY nauueHTa (ypoBeHb CO3HaHMWA, Hannuyme 1 BbipaXKeHHOCTb pednieKcoB) 1 Helpo-
BM3yanusaumio nmetowmxca nospexxkgeHnii mosra (MPT, KT v gp.) [8]. Y naumneHTOB C He-
06paTUMbIM NOBPEXAEHNEM 1 CMEPTbIO MO3ra TakXke HabnogaTcA BbipaXeHHble 1 Obl-
CTpble U3MeHeHUA paaa nabopaTopHbIX MOKa3aTesnel, CBA3aHHbIX C Pa3BUTMEM CUHAPOMA
CUCTEMHOTO BOCMANUTENIbHOrO OTBEeTa (UMC/IO NIENKOLWTOB, YPOBEHb VMHTEPNENKMHOB,
C-peakTnBHOro 6enka u ap.) [9].

KoHLeHTpauma CbiIBOPOTOUHOTO »Kenesa ABNAEeTCA Manon3yyeHHbIM ocTpoda3oBbiM
nokasaTesiemM y NauneHTOB C TAXenblM HeoOpPaTUMbIM MOBPEXKAEHNEM FOIOBHOMO MO3ra
[6]. Y noTeHUManbHbIX JOHOPOB OPraHOB 1 TKaHel C HeobpaTMbIM NOBPEXAEHNEM FO-
NOBHOMO MO3ra iIMHaMIKa YPOBHSA »KeJfle3a B CbIBOPOTKE KPOBY paHee He u3yyvanach.

B LIEJIb NCCNEQOBAHUA

YcTaHOBUTD npeackasatesibHyo LEeHHOCTb onpeaeneHnsa ypoBHA CbIBOPOTOYHOIO XKe-
Jié3a Kak NoTeHUaNbHOIo MapKepa HacTyrieHnAa CMepTu rofloBHOIo Mo3ra y naunmeHToB
C l-lepeﬂHO-MO3I'OBOIZ TpaBMOIZ Ha 3Tane HpOBOﬂ,I/IMOI7I WHTEHCMBHOWN Tepanun.

B MATEPWAJIbl U METObI

B npocnekTnBHOE HepaHAOMU3MPOBAHHOE KCCNefoBaHme 6bI1o BKAtoueHo 107 na-
LMEHTOB C TAXKENbIM TPaBMAaTUYECKUM NMOBPEXKAEHNEM FOJIOBHOMO MO3ra (YepernHo-mo3s-
ropas TpaBMa), KoTopble Haxogunucb B OAMP Morunesckoi obnactn B 2018-2024 rr.
Ha npoBepfeHve nccnegoBaHusa 6b110 NOYyYEHO COornacue KOMMTETa Mo 3TUKE.

Bo3pacT naumeHToB 6b111 52 (39; 60) roga; macca Tena — 78 (70; 85) Kr. [ayneHTOB MyX-
cKoro nona 6bi10 83 (77,6%), »eHckoro — 24 (22,4%). Bcem naumeHTam npoBoannach NH-
TEHCMBHAA Tepanus COrnacHo NPOTOKOaM SleUeH A NALMEHTOB C TAXKENbIM NOBPEXAEHN-
€M roJIOBHOIO MO3ra, HaXOAALMXCA B KPUTUYECKOM COCTOAHMM. MpK Hannymm noKasaHui
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N OTCYTCTBUM NPOTMBOMNOKAa3aHWM NaumeHTam NPOBOAUIOCH XMPYPrnyeckoe neyeHme —
KpPaHNOTOMUA C yaaneHnem BHyTprUYepenHblX remaToM.

B 3aBMCUMMOCTM OT MCxOAa NOMYYEHHOrO TAXKeNOro NOBpeXAeHNA MO3ra U UHTEHCKB-
How Tepanun 6binn cdopmmnpoBaHbl 2 rpynnbl NauMeHToB: rpynna 1 (n=56) — nauneHTbl,
BbINMCaHHbIe 13 CTaluMoHapa; rpynna 2 (n=51) — nauneHTbl, y KOTOpbIX Oblla KOHCTaTU-
poBaHa cMepTb Mo3ra. KoHcTaTauusa cMepTy Mo3ra (NpupaBHUBAETCA K BLMONOrnYecKom
CMepTn) npoucxoauna BpadyedbHbIM KOHCUITMYMOM YUPEXAEHUA 30PaBOOXPaHeHns, rae
HaxoAuncA NauWeHT, B COOTBETCTBUM C O6LENPU3HAHHBIMU MEXAYHapOAHbIMU KpuTe-
pUAMU 1 AENCTBYIOWUMA HOPMATUBHBIMU MpPaBoOBbIMU akTamu Pecnybnuku benapycb
(noctaHoBneHre MuHUCTEpCTBa 3apaBooxpaHeHua Pecnybnukn benapycb N2 228 ot
20.12.2008 «O6 yTBEpXAeHMMN VIHCTPYKUMK O NOpAJKe KOHCTaTaLuMm cMepTuy). Bpems ot
NnocTynneHna nauMeHTa B CTauMoHap A0 Havana npouecca KOHCTaTauum cMepTy mMosra
6b1710 paBHO 88 (56; 129) u.

MavumeHTbl 2 rpynn CTaTUCTUYECKM 3HAUYMMO He OTAIMYANUCh NO Moy, BO3PacTy U macce
Tena (cm. Tabnuuy). OgHako nauueHTbl rpynnbl 2 umenu 6onee anutenbHobln nepuog MBI
10 MOMEHTa KOHCTaTauum bronormnyeckon cmepti. OnepaTrBHble BMelLaTeNlbCTBa Oblin
nposefeHbl y 46 naumeHToB rpynnbl 1 1y 39 naumeHToB rpynnbl 2.

MauneHTam obenx rpynn NpoBoauny Heobxoaumble nabopaTopHO-UHCTPYMEHTasb-
Hble 1 KINNHUYeCKne MeTofbl 06CiejoBaHMA COrflacHO MNPOTOKOIaM ieyeHus u obcneno-
BaHWA NaUMEHTOB C YepenHO-MO3roBbiMi TpaBMaMun (Nprka3 MuHncTepcTBa 34paBooOX-
paHeHuA Pecnybnukn benapycb N2 1110 ot 24.09.2012 «O6 yTBEpXKAEHUN UHCTPYKLMUN O
nopagke opraHvM3aunn okasaHuA MeguLMHCKON nomoLm naumeHtam ¢ YMT»). [lononHu-
TesSIbHO COrNacHO Lenun nccsiefoBaHmA Hamm NPOBOANIICA aHaNIN3 YPOBHA CbIBOPOTOYHOIO
XenesaHa 1, 2, 3,5, 7 n 10-e cyTkmn oT noctynneHna naynerHta 8 OAMP unn go momeHTa
6uonornyeckon cMepth (KoHctataymm CM). YpoBeHb CbIBOPOTOYHOIO Xefesa onpeae-
NANM Ha broxmmmyeckom aHanmsatope Beckman Coulter AU 680 (Beckman Coulter Inc.,
CLUA) c nomouypbto xpomoreHa TINT3 KonopumeTpryeckum metogom. Meto ocyLlecTBnan-
CA COrNacHO MHCTPYKUMW Npoussoautens obopyaoBaHUA U OCHOBaH Ha AuMccoumaunmn
Xernesa, CBA3aHHOIO ¢ TpaHCHEPPUHOM, B KUCIION Cpefe Ha anoTpaHcheppuH 1 caobop-
Hble MOHbI Xene3a. ConsHaa KMCoTa U ackopbaT HaTpusA BoccTaHaBnmBatoT Fe3t go Fe?,
KoTopblil pearnpyeT ¢ TMT3 c obpa3oBaHnem ronyboro Komnekca, abcopbums KoToporo
n3mepsAeTca buxpomatmyeckm npu 6a3oBom AAnHe BOJIHbI 590 HM. YBennyeHne 3HaueHuin
abcopbuum NpAMO NPONOPLMOHANbHO KONNYECTBY »Kene3a B Npobe, CBA3aHHOIO C TpaHC-

bepprHOM.

XapakTepucTinka nauneHToB
Characteristics of patients

MokasaTennb lpynna 1, n=56 lpynna 2, n=51 p
Mon, myX./*eH. 46/10 37/14 0,2%*
Bospacr, net 53 (40;61) 47 (38; 55) 0,2*
Macca Tena, kr 75(70; 82,5) 80 (70; 90) 0,1*
Bpemsa nposepeHua UBJT, u 10 (0; 240) 122 (101; 167) 0,003*
OnepaTtuBHble BMeLaTenbCTBa, h (%) 46 (82%) 39 (77%) 0,8**

MpumeyaHue: * kputepuii MaHHa — YUTHu; ** x2-kBagpat MupcoHa.
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CbIBOPOTOYHOE XeJe30 Kak MoTeHLMabHbIl MapKep
HaCTynneHUs CMepTU MO3ra Y NaLVeHTOB C YepenHO-MO3roBOI TPaBMO

CTaTUCTMYECKUA aHann3 NonyYeHHbIX pe3ysbTaToB Obin NpoBeAeH C NpYMeHeHnem
nporpamm Statistica 12.0 (StatSoft Inc., CLLUA) n MedCalc (MedCalc Software Ltd., benb-
rus). MpoBepKa NonyyeHHbIX AaHHbIX Ha HOPManbHOCTb pacnpeneneHna bbina nposese-
Ha c NpumeHeHnem TecTa lanupo - Yunka (Shapiro — Wilk Test). laHHble npeacTaBAANUCh
B Buge meguanbol n kBaptunen (Me (LQ; UQ)) ana KonnyectBeHHbIX NPU3HAKOB U Mpo-
LEHTHbIX COOTHOLUEHWUI ANA KAayeCTBEHHbIX Mpr3HaKoB. C Lefblo OLEHKM 3HAUYMMOCTHU
pa3nnMunin Mexkgy He3aBMCUMbIMW FpynnaMu ncnonb3osanu tect MaHHa — YntHu (Mann -
Whitney U Test). InA oueHKN 3HaUMMOCTW OTINYUIA KauyeCTBEHHbIX MPU3HAKOB Npume-
HAanu kpuTepuin X (Pearson Chi-square test). [inAa onpegeneHus nyywero knaccndurkaro-
pa HebnaronpuUATHOrO NCXOAa OUEHMBaANN KO3GOULIMEHTbI TOMMCTUYECKOW Perpeccun ¢
noctpoeHnem ROC-kpuBbIX 1 BbluncieHnem niowaan nog Humm (AUC), KoHcTaTaumen
OVArHOCTNYECKOM YyBCTBUTENBHOCTY (Se) u guarHoctmyeckon cneyuduuHoctm (Sp). Hy-
neBble rMMnoTe3sbl OTBEPraNvCb M OTINYMA CYUTANINCD JOCTOBEPHbIMYK Npu p<0,05.

B PE3YJNbTAThHI

YpoBeHb CbIBOPOTOUHOrO Xefe3a B 1-e CyTKM MHTeHcnBHoW Tepanum B OAnP B rpynne
BbKMBLUMX MaLMeHTOB cocTasun 7,9 (4,1; 12,7) MKMonb/n, a B rpynne naumeHTOB CO CMep-
Tblo mo3ra - 5,4 (2; 11,9) mkmonb/n (p=0,5). YpoBeHb CbIBOPOTOUHOrO »*ene3a Ha 1-e cyT-
KW He ABNANCA ANarHocTuyeckmm GakTopom B MiliaHe KOHCTaTauMu HacTynaeHusa cmep-
TV Mo3ra: nowaab nog ROC-kpusoi 6bina paBHa 0,585 (SE 0,129; 95% Cl 0,437-0,722;
p=0,5). Ha 2-e cyTKM MHTEHCMBHOI Tepanuu OTANYMIN Mexay obeumm rpynnamm Takxe
BbifBNIeHO He 6bino: 4,9 (3,0; 8,6) Mkmonb/n B rpynne 11 3,7 (2,3; 8,8) MKmonb/n B rpynne 2
(p=0,5). Nnowaab nog ROC-KpuBoOI ANA CbIBOPOTOUHOrO »ene3a Ha 2-e CYTKM cocTaBua
0,573 (SE0,107; 95% ClI 0,407-0,728; p=0,5).

Ha 3-u cyTKuM MHTEHCMBHOWM Tepanuu ObiNo OTMEYEHO CTAaTUCTUUYECKU 3HaUYMMOoe OT-
nmune Mexpgy rpynnamuv nauyMeHToB MO YPOBHIO CbIBOPOTOUHOrO »kenesa: 5,1 (3,3; 9,8)
MKMonb/n B rpynne 113 (2;4,1) mkmonb/n B rpynne 2 (p=0,002). YpoBeHb CbIBOPOTOUYHOTO
Xenesa Ha 3-U CyTKM ABNANCA BECOMbIM MPOrHOCTUYECKM GaKTOPOM B MilaHe CyXAeHunsA
0 HacTynneHuy cmepTn mo3ra: nnowaab nog ROC-kpueow 6bina pasHa 0,767 (SE 0,0703;
95% Cl 0,619-0,879; p=0,0001), cut-off value <3,2 mkmonb/n (Se 58%, Sp 77,3%) (puc. 1).

Ha 5-e cyTKM MHTEHCMBHON Tepanuy Takxe OblNo OTMEUYEHO CTaTUCTUYECKMN 3HAUMMOe
oTNNYMe MeXAay rpynnamm NaLyMeHToB Mo YPOBHIO CbIBOPOTOUHOrO xenesa: 5,9 (2,5; 11,5)
MKMonb/n B rpynne 1u 3,4 (2,4; 4,4) mkmonb/n B rpynne 2 (p=0,03). YpoBeHb »kenesa Ha 5-e
CYTKU ABMANCA YMEPEHHbIM MPOrHOCTUYECKMM $akTOpPOM B NiaHe HaCTyMNNeHnsa CMepTy
mo3ra: nnowaab nog ROC-kpueoii 0,676 (SE 0,0802; 95% Cl 0,529-0,801; p=0,028), cut-off
value <4,7 mkmonb/n (Se 80%, Sp 56%) (puc. 1).

Ha 7-e 1 10-e CyTKN UHTEHCMBHOW Tepanuu 6b110 OTMEYEHO CTaTUCTUYECKM 3HAUMMOe
OTNNYME MeXay rpynnamu naumMeHToB NO YPOBHIO CbIBOPOTOYHOrO »enesa: Ha 7-e CyT-
Kn - 6,8 (3,4; 13,5) mkmonb/n B rpynne 1 un 3,2 (2,4; 4,7) mkmonb/n B rpynne 2 (p=0,03);
Ha 10-e cyTkm — 7,1 (3,6; 11,6) mkmonb/n B rpynne 1 un 2,4 (1,6; 4,2) mkmonb/n B rpynne 2
(p=0,02).

YpoBeHb xene3a Ha 7-e 1 10-e CyTKM ABNANCA 3HAUMMbIM GaKTOPOM OLeHKM NPOrHo3a
HacTynneHna cmepTn mo3sra (puc. 2). Mnowagb nog ROC-Kpnson Ha 7-e cyTkun — 0,716 (SE
0,0795; 95% Cl 0,556-0,844; p=0,0066), cut-off value <3,2 mkmonb/n (Se 54%, Sp 75,9%); Ha
10-e cyTkM — 0,775 (SE 0,0962; 95% C1 0,611-0,894; p=0,0043), cut-off value <4,7 mkmonb/n
(Se 87,5%, Sp 60%).

664 "Laboratory Diagnostics Eastern Europe", 2025, volume 14, No. 4

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO



KnnHnko-nabopatopHas nHdopmatrika / OpurrHanbHble nccnefoBaHus

Clinical Laboratory Informatics / Original Research

4

CbIBOPOTO4HOE XENe3o Ha 3-U CyTKu

CbIBOPOTOYHOE XENe30 Ha 5-e CyTku
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Puc. 1. ROC-KpuBble ypOBHSA CbIBOPOTOYHOIO Xe/e3a Ha 3-U 1 5-e CYyTKM KaK NpeAnKTopa HacTynieHns
CMepTH MO3ra Yy NaLMeHTOB C TpaBMaTU4YeCKNM NOBPEeXAeHNeM rosIoBHOro Mo3ra

Fig. 1. ROC curves of serum iron level on days 3 and 5 as a predictor of brain death in patients
with severe traumatic brain injury

CbIBOPOTOYHOE Xenes3o Ha 7-e CyTKK

ChblBopoTOYHOE enes3o Ha 10-e cyTkn
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Puc. 2. ROC-KpuBbie YpOBHSA CbIBOPOTOUYHOIO Xene3a Ha 7-e 1 10-e CyTKM KaK NpeAnKTopa HacTynieHunsa
CMepTH MO3ra y NaLeHTOoB C TPaBMaTU4YeCcKM NOBPEeXAeHNeM rosIOBHOro Mo3ra

Fig. 2. ROC curves of serum iron level on days 7 and 10 as a predictor of brain death in patients

with severe traumatic brain injury

B ObCYXIOEHUME

YcTaHOBNEHO, YTO NoKasaTtesib CbIBOPOTOYHOrO Xenesa Ha 3, 5, 7 n 10-e cyTKn MoxeT
ABNATbCA MPOrHOCTUYECKMM NOKasaTesieM CKOPOro HacTyrnjieHna CMepTy Mo3ra y nauu-
€HTOB C TAXKENOM YepenHo-Mo3roBol TpaBMo. C y4yeToM TOro, YTO KIMHMYECKasa KapTrHa
CMepTy Mo3ra (apedneKkcns co CTBOIAa MO3ra M OTCYTCTBME CMOHTAHHOIO [bIXaHuWs) OT-
Meuanacb y naumeHToB B cpefHeM ¢ 88 U (3—4-e CyTKM) OT MOMeHTa MOCTYM/IeHs, aHa-
N3 CbIBOPOTOYHOTO eJie3a Ha 3-M CYTKM C TOUKOM OTceyeHna 3,2 MKMOJIb/N 1 MeHee C
OMarHoCTnyeckon cneunduuHocTbio 77,3% siBNAeTCA OOMNONHUTENbHbBIM N1abopaTopPHbIM
NPU3HaKOM HacTynatowen cMepTy Mo3ra. lNauneHTbl C JaHHbIM YPOBHEM CbIBOPOTOYHOIO
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CbIBOPOTOYHOE XeJe30 Kak MoTeHLMabHbIl MapKep
HaCTynneHUs CMepTU MO3ra Y NaLVeHTOB C YepenHO-MO3roBOI TPaBMO

Xenesa TpebyioT 6onee yacToro NPoBefeHNA HEBPONIOTMYECKOW OLIeHKN pedrieKcoB co
CTBOMNa MO3ra C Liefibio CBOeBPEeMEHHOI KOHCTaTaumMm CMepTy Mo3ra.

MauneHTbl C 61aroNPUATHLIM NCXOAOM NEYEHUNA TAXKENIOro NOBPEXAEHUA Mo3ra nme-
nun 6onee BbICOKMI YPOBEHb CbIBOPOTOYHOTO XeJe3a € 3-X CYTOK OT MOMeHTa nocTyrnie-
HuA. Hanbonbluee oTnnume B cpeHEM YPOBHE CbIBOPOTOUYHOIO XeJle3a Mexay rpynnamm
naumMeHToB OTMEYanoch Ha 7-e n 10-e CyTKM MHTEHCUBHOW Tepanuu.

K HacToAwemy BpemeHn nmeeTca HebonbLLOe YACNO NCCeOBaHUIA, B KOTOPbIX K3Y-
yanca ypoBeHb CbIBOPOTOYHOTO »Kefle3a y NauueHToB C TpaBMaTMYeCKUM NOBPEXAeHneM
ronosHoro mo3ra [5, 6]. B nccnepoBaHum [5] 6bin0 yCTaHOBIEHO, UTO YPOBEHb CbIBOPO-
TOYHOrO Xene3a CHUXKaeTCA y NaLMeHTOB C YepernHo-MO3roBoi TPaBMOW, a NPeANKTOPOM
NeTanbHOro NCcxoda MHTEHCMBHOWM Tepanuu ABMAIOTCA ero nokasatenu Ha 5-e cyTKu co
BpemeHu noctynneHus. lNpu 3Tom B Apyron HayuHol paboTe oTnMuniA B YpOBHE CbIBOPO-
TOYHOrO »ene3a y BbIXKMBLUMX M YMepPLUMX NaLMeHTOB C YepernHO-MO3roBoi TPaBMO Ha
2-4-e CYTKU BbIABNIEHO He 6b1s10 [6].

CHUXeHMe YPOBHA CbIBOPOTOYHOrO »ejle3a Bcerga CconpoBOXaeT CMHAPOM CU-
CTEMHOr0 BOCManuTENbHOro OTBETa HE3aBUCUMO OT ero MHGEKUMOHHON unu HenHdek-
LUMOHHOI NpuunHbl [4]. CBA3aHO 3TO C perynsauven metabonn3ma xenesa B opraHmsme
yenioBeka NocpeCcTBOM Takux ocTpodaszoBbix 6eNKoB, Kak deppuUTuH, TpaHcheppuH u
rencuavH.

CrcTemMHOe BOCManeHme, BO3HMKalLee Npu TAXeNoM NoBpexAeHNn TKaHel ronos-
HOro MO3ra, BbI3blBaeT 3HAUMTENbHOE CHUXKEHMWE YPOBHA CbIBOPOTOYHOTO Xene3a yxKe C
1-x cyTOK npowu3owepLien TpaBmbl. [1pn AaHHbIX TpaBMax rofloBHOIO Mo3ra cBobofHoe
ene3o akTMBHO Y4YacTBYeT B MOBPEXAEHMMN TKaHM MO3ra 3a cyeT 06pa3oBaHnA rMapoK-
CUIIbHBIX PAZINKanoB 1 CTaHOBJIEHUA oKUcnuTenbHoro ctpecca [10]. BepoaTHo, uto 6onee
BblpaXKeHHOEe CHUXKEHMNE YPOBHSA CbIBOPOTOYHOTO XeJie3a Y NaLleHTOB CO CMepPTbio MO3-
ra cBA3aHo c bonee TAXENbIM MO CTEMEHW N 0OBbEMY NOBPEXAEHNEM FOJIOBHOrO MO3ra.
K Tomy e TAXKeCTb CMHAPOMa CUCTEMHOrO BOCMANMUTENbHOrO OTBETa BO3pacTaeT C pa3su-
Tem NaToPM3NONOrMyYecKnx NPOLLECCOB, CBA3AHHbIX C MONMOPraHHoON anchyHKUmen npm
pa3BUTMU KIIMHUYECKOW KapTUHbI cMepTy Mo3ra [11]. 9To JaeT BO3MOXHOCTb NCMOSb30-
BaTb aHanu3 cofepaHna CbIBOPOTOUHOIO XeJie3a Kak MeToj YCTaHOBNEHUA LOMNOHU-
TeNbHbIX KpUTePUEB BbIPaXKEHHOCTN CUCTEMHOMO BOCNaNMNTENIbHOrO OTBETa Y NaLVeHTOB
npu TPaBMaTUYECKOM NOBPEXIEHNM FONIOBHOrO MO3ra.

OrpaHnyeHnem nccnefoBaHVA ABNAETCA OTCYTCTBUE faHHbIX O BAUAHUUN YPOBHSA KPO-
BOMOTEPM KaK BCNIeCTBUE YepernHO-MO3roBOW TPaBMbl 1 MPOBOAMMOrO OornepaTUBHOro
BMELLATeNIbCTBa, TaK 1 B NoC/ieonepalioHHOM Neprofe BO BPeEMA MHTEHCUBHOW Tepanuu.
O6e rpynnbl NaLUMeHTOB, BKIIOUYEHHbIX B McCefoBaHKe, Obinn conoctaBMMbl MO YUCTY
onepaTrBHbIX BMeLIaTeIbCTB, KOTOpble 6blIv OAHOTUNHbIMW. Heobxogmmbl fanbHelwmne
nccnegoBaHUA No U3YUYEHUIO YPOBHA CbIBOPOTOYHOIO XeJe3a Y NaluMeHTOB CO CMepPTbio
MO3ra BC/iefICTBUE HETPaBMaTUUYeCKNX NOBPEXAEHUI FONIOBHOMO MO3ra.

B BbIBO/bl

1. KoHUeHTpaumsA CbiIBOPOTOUHOIO Xefle3a y NauneHTOB CO CMepTbio Mo3ra Obina cTa-
TUCTUYECKN 3HAUMMO HUXKe Ha 3-u (3 (2; 4,1) mkmonb/n), 5-e (3,4 (2,4; 4,4) mKmonb/n),
7-e (3,2 (2,4; 4,7) mkmonb/n) n 10-e (2,4 (1,6; 4,2) MKMOSNb/N) CYTKA NHTEHCMBHOW Te-
panuu B CpaBHEHMM C aHaNOTUYHbIMM NOKa3aTenAaMU y NaLmneHToB C 61aronpuUATHLIM
NCXOLOM YepernHo-MO3roBoi TPaBMbl.
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2. YpoBeHb CbIBOPOTOYHOro »kenesa Ha 3-u (AUC=0,767), 5-e (AUC=0,676),
7-e (AUC=0,716) n 10-e (AUC=0,775) CyTK/ UHTEHCMBHOW Tepanum MoXeT pacLeHn-
BaTbCA Kak daKTop, OTpaXkalowWmin HaCTyneHne CMepT MO3ra Y NaLuMeHTOB C TAXe-
NbIM TPaBMaTUUYECKUM NOBPEXKAEHEM FOSIOBHOIO MO3ra.
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Abstract

Introduction. The Albizia lebbeck leaf contains several phytochemicals that exhibit
a range of pharmacological effects, including antibacterial, anti-inflammatory and
immunomodulatory actions. It has been applied to treat a variety of inflammatory
disorders and ailments. The combined effects of an ethanolic Albizia lebbeck leaf extract
and Killed Whole Cell Sonicated Ag-Klebsiella pneumoniae (KWCSAg-KP) was studied in
an in vivo environment.

Purpose. To evaluate Albizia lebbeck’s role as an immunomodulator and estimate the
immunological response of rabbits immunized with Klebsiella pneumoniae sonicated
antigen and various concentrations of Albizia lebbeck extract.

Materials and methods. There were a total of five groups of eight rabbits in the
experiment. Group 1 received subcutaneous immunisation with 1000 ug/ml (mg/l)
KWCSAg-KP. The second group recieved oral Albizia lebbeck extract (300 mg/kg) and
subcutaneous KWCSAg-KP immunisation (1000 pg/ml (mg/l)). The third group was
administered 1000 pg/ml (mg/l) KWCSAg-KP subcutaneously and 150 mg/kg Albizia
lebbeck extract orally. The oral dosage of Albizia lebbeck extract for the fourth group
receive 300 mg/kg only. the fifth group was given PBS as a control. Results were evaluated
by measuring Delayed-Type Hypersensitivity (DTH) and interleukin-4 (IL-4), IgG levels using
enzyme-linked immunosorbent assays (ELISAs). Gas chromatography-mass spectrometry
analysis was used to test the ethanol extract of Albizia lebbeck. The acute toxicity of the
drug was determined. Modern high-tech methods of Klebsiella pneumoniae isolation and
identification were used. To determine interleukin 4 and immunoglobulins G, an enzyme-
linked immunosorbent assay was applied using ELISA Kits (Rabbit Immunoglobulin G and
Rabbit Interleukin 4).

Results. The mean diameter of induration at 48 hours increased in the first three groups,
whereas it decreased in the fourth group during the whole post-injection period,
according to DTH performed 21 days after vaccination. The second group also had the
greatest concentration of IgG and IL-4 at 28 days, according to the ELISA value.
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Conclusion. It was concluded that the Albizia lebbeck extract modulates immunological
and cellular markers of inflammation and immunity.

Keywords: albizia lebbeck, delayed type hyper sensitivity, immunomodulatory,
immunoglobulin-G, Klbsiella pneumoniae, Interlukine-4

ApmaH Aba Anbpasak [lakn'2D<, Mikpam A66ac Abya Anb-Camppaun’
! Konnep»k BeTepuHapHO MeauunHbl, YHuBepcuteT bargaaa, baraan, Mpak
2 HayuHbiin konnegx, YHusepcmteT Anb-MyTaHHa, Anb-MyTaHHa, Mpak

iccnepoBaHuMe ponv 3TaHOTIOBOIO 3KCTPAKTa
nuctbeB pacteHus Albizia lebbeck B kauectse
NMMYHOMOAYNATOPA OPraHn3ma >KMBOTHbIX

B OTBET Ha 3aparkeHue Klebsiella pneumoniae

KOHGNUKT MHTEpecoB: He 3asiBnieH.

Bknap aBTOpoB: AgvaH A6a Anbpasak [akn — KoHuenuus, o6paboTka faHHbIX, NPOBEAEHNE UCCNeR0BaHUI, METOAOMONMMS,
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Pesiome

BBegeHwme. Jluctba pacteHuss Albizia lebbeck cogepkat HekoTopble ¢UTOXUMUUECKN
CUHTe3MpyeMble BellecTBa, obnagaiolive pagomM LieHHbIX GbapMaKonornyeckux CBOMCTB,
B TOM UmcJie aHTnbaKTepUuasbHbIM, MPOTUBOBOCMANUTENBHBIM U UMMYHOMOZYUPYIOLLM
JenctemeM. VX NpUMEHSIOT MpW PasfnyHbIX BOCMANUTENbHBIX PEAKUUAX U PacCcTpoi-
ctBax. CoyeTaHHOe BO3AENCTBME 3TAHOMOBOrO 3KCTpakTa nuctbeB Albizia lebbeck n
LenbHbIX (Hepa3pyLUeHHbIX) «youTbix» Knetok Ag-Klebsiella pneumoniae, o6paboTaHHbIx
ynbrpassykom (KWCSAg-KP), nccnegoBanu B ycnoBusax in vivo.

Lenb. Onpegenuts ponb Albizia lebbeck B kauectBe mmmyHomomynsitopa m oue-
HUTb UMMYHONOTNYECKYIO PeakUMio KPOonuKoB, KOTopbiM BBOaunu aHtureH Klebsiella
pneumoniae, 06paboTaHHbIN yNbTPa3BYKOM, 1 3KCTPakKT Albizia lebbeck B paznuuHbix
KOHLeHTpauumsaXx.

Matepuanbi n metoabl. [11a 3KcneprMeHTa 66110 ChOPMUPOBAHO NATbL FPYMN KPOu-
KOB — M0 BOCeMb 0cob6eli B Kaxol. Kponvkam nepson rpynnbl BBogunu KWCSAg-KP B
KoHUeHTpauum 1000 mkr/mn (Mr/n) nofKoxHo. BTopas rpynna nonydana skcTpakt Albizia
lebbeck (300 mr/kr) nepopanbHo 1 KWCSAg-KP (1000 mr/n) nogkoxHo. Kponuku Tpe-
Tben rpynnbl nonyyanu 1000 mr/n KWCSAQ-KP nogkoxkHo u 150 Mr/kr skctpakTa Albizia
lebbeck nepopanbHo. MepopanbHas fo3a akcTpakTa Albizia lebbeck ana uetseptoi rpyn-
nbl coctaBuna 300 mr/Kr. MATas rpynna 6bi1a KOHTPOSIbHON U NosyYana Gr3nonornyeckmi
pacTBop, 3abydepeHHbIlt dochaTom. Pe3ynbTaThl OLleHUBaANM NyTeEM N3MEPEHMS YPOBHSA
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rMnepyyBCTBUTENIbHOCTU 3amepgsieHHoro Tmuna (M3T) u KoHueHTpauun nHTeprenkuHa-4
(IL-4), a Takke ypoBHs IgG c nomoLybio ummyHodbepmeHTHOro aHanum3a (ELISA). insa nccne-
[loBaHMA 3TaHoMoBOro 3KkcTpakTta Albizia lebbeck ncnonb3oBanca razoBo-xpomaTorpa-
buryecknii - Macc-CneKkTPoOMeTpUYecKnii aHanu3. YctaHasmMBanacb ocTpas TOKCUYHOCTb
npenaparta. bbm NpMMeHeHbl COBpeMeHHbIe, BbICOKOTEXHOOMMYHbIE METOAbI M30AAL MY
n nagentnodunkauyum Klebsiella pneumoniae. Ina onpepenerna IL-4 n IgG ncnonb3osanca
UMMyHObEpPMEHTHBIV aHann3 ¢ npumMeHeHeM HabopoB peareHToB ELISA Kits (Rabbit
Immunoglobulin G and Rabbit Interleukin 4).

PesynbraTtbl. CpefHuii AnameTp MHAypauun YBENMUWCA B TedeHne 48 yacoB B nep-
BbIX TPeX rpynnax, B TO BPeMA Kak B YETBEPTOM Fpyrnne OH CHUXancsa B TeyeHne BCero
NOCTVHBEKLUMOHHOIO Nepuoaa, 0 Yem CBUAETENbCTBOBaNU pesynbTaTbl uameperusa 3T,
npoBeAeHHoro yepes 21 geHb nocne MMMmyHu3auun. UmmyHobepmMeHTHbI aHann3a Bbl-
ABUN HanbonbLire KoHUeHTpauun IgG n IL-4 Ha 28-11 geHb BO BTOPOW rpynne.
3aknioueHue. o pesynbratam uccnenoBaHuA 6ol caenaH BbIBOA, UTO 3KCTpakT Albizia
lebbeck mopgynupyeT ummyHonorvnyeckne n KnetouHble mapkepbl BOCMANeHa U UMMY-
HuTeTa.

KnioueBble cnoBa: Albizia lebbeck, runepuyBcTBUTENBHOCTD 3aMeANEHHOO TUNA, UMMY-
HoMoAynupytoLlee cpeacTso, MMmyHornobynuH G, Klbsiella pneumoniae, nHtepnenknH-4

B INTRODUCTION

Herbal and herbo-mineral preparations are widely utilized in traditional medical
systems. For a very long time, plants have been a rich source of natural materials that have
maintained the health of humans and animals [1, 2]. The undeniable safety and efficacy of
medicinal plants in treating chronic inflammatory diseases have been substantiated [3, 4].
A survey by the "World Health Organization (WHO)" indicates that a significant proportion
of individuals in most countries rely on traditional medicines for primary health concerns
[5]. The principal advantages of herbal medicines lie in their safety and efficacy, often
accompanied by minimal adverse effects, even with prolonged use [6]. Physiological
levels of inflammatory reactions are crucial for cellular functions and survival; and are
self-regulated and self-controlled. However, chronic and lethal concentrations can lead to
severe damage to visceral organs, including the brain, heart,lungs, liver, kidneys,pancreas,
and reproductive systems.Uncontrolled inflammatory responses or chronic immune
cell activation contribute to lifestyle diseases such as rheumatoid arthritis, diabetes,
hypertension, and obesity [7]. Chronic inflammation in any part of the body poses serious
complications for human health systems. Although corticosteroids and non-steroidal
anti-inflammatory agents suppress inflammation, their prolonged use results in potent
unwanted side effects [8].

The genus Albizia, a member of the Fabaceae family, commonly known as Sirisha, is
a deciduous tree grown in tropical and subtropical regions worldwide. It is known for its
rich content of bioactive secondary metabolites such as flavonoids, tannins, saponins,
terpenes, and alkaloids. Traditionally, Albizia plants have been employed to treat various
inflammatory pathologies such as asthma, arthritis, and burns. In addition to several
ailments, including diarrhea, cough, anxiety, depression, insomnia, rheumatism, wounds,
and inflammatory and ROS-related disorders [9].
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The leaves of Albizia lebbeck contain flavonoids, echinocystic acid, B-sitosterol, and
vicenin ll. Modern reports of the bioactive materials of Albizia lebbeck detected that
the plant possesses antimicrobial [10], anti-inflammatory [11], analgesic, immuno-
modulatory [12], antioxidant [13], hepatoprotective, anxiolytic, anticonvulsant,
antidiarrheal properties [14].

Due to the importance of Klebsiella pneumoniae as the worldwide pathogen, and its
ability to develop resistance to multiple antibiotics, including those commonly used to
treat bacterial infections, which can make infections more difficult to treat and result in
prolonged iliness, there has become an urgent need to find an alternative treatment from
pathogen-specific active vaccination and passive antibody therapy in addition to natural
extracts such as Albizia lebbeck leaves extract.

B PURPOSE OF THE STUDY

To evaluate Albizia lebbeck’s role as an immunomodulator and estimate the
immunological response of rabbits immunized with Klebsiella pneumoniae sonicated
antigen and various concentrations of Albizia lebbeck extract.

B MATERIALS AND METHODS

Plant material

Albizia lebbeck leaves were collected from veterinary medicine collage gardens at
the University of Baghdad, Baghdad, Iraq. The plant samples were authenticated by the
Department of Biological Sciences, Sciences College, Baghdad University. The leaves
were pulverized after being shaded and dried at room temperature. The powdered plant
material was extracted using 96% ethanol (1 : 10) as a solvent in a Soxhlet apparatus for
16 hours. After being subjected to an incubator set at 60 °C for 12 hours, the resulting dark
green extracts were then refrigerated to remove any remaining solvents [15].

Gas chromatography - mass spectrometry (GC-MS) analysis

Gas chromatography - mass spectrometry (GC-MS) analysis was performed by
Industrial Research and Development Authority, Ibn Al-Bitar Research Center, Iraqi
Ministry of Industry and Minerals, Baghdad, Irag. The GC-MS analysis was conducted via
the use of a Agelint (7820A) USA GC-MS equipped with an Agelint HP-5 MS fused silica
capillary column. The volume of the sample (Albizia lebbeck extract) injected in to GC is
1uL was applied with a pressure of 11.93 psi. The injection type is specified as splitless.
The injector temperature was set at 250 °C, and scan range of m/z 25-1000. The carrier gas
was helium with a purity of 99.99 %. The oven temperature program included four ramps:
ramp 1 was 60 °C and held for 3 minutes, ramp 2 was 60 °C to 180 °C at a rate of 7 °C per
minute, ramp 3 was 180 °C to 280 °C at a rate of 8 °C per minute, ramp 4 was held at 280 °C
for 3 minutes. Identification of components within the crude extract relied on its retention
time indices, and MS solution software provided by supplier to control the system and to
acquire the data.

Acute toxicity test

The acute toxicity test for the ethanolic Albizia lebbeck extract was conducted using
the up-and-down method, according to [16]. Overnight-fasted albino mice, organized into
groups of six animals each, were employed for the study. The extract was administered at
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an initial single dose of 2000 mg/kg b.w. The animals were closely observed for a 2-hour
period, followed by intermittent observations over the next 4 hours to assess the severity
of any toxic signs and mortality. In the absence of observed mortality, the same dose
was administered to an additional animal. If no mortality occurred at this dose, the same
procedure was iterated for dose levels of 3000, 4000 mg/kg b.w. of the extract in separate
and subsequent groups.

Isolation and identification of Klebsiella pneumoniae

Klebsiellapneumoniae was isolated and subjected to diagnosis employing MacConkey
agar, Hi-Crome ESBL agar base, and Hi-Crome Klebsiella Selective agar base culture media
and subsequently confirmed through polymerase chain reaction (PCR), specifically
targeting the 16S rRNA gene [17, 18].

Antigen preparation: Killed whole cell sonicated antigen of Klebsiella
pneumoniae (KWCSA-KP)

The Killed Whole-Cell Sonicated Antigen of Klebsiella pneumoniae (KWCSAKP) was
prepared in accordance with the procedure outlined by reference [19, 20]. After the
growth of bacteria on the agar plate, 3 mL of a 0.6% solution of Formalised Phosphate
Buffer Saline (FPBS) was added to collect the Klebsiella pneumoniae. Afterwards, the
growth was properly scraped, and each medium was placed in separate sterile tubes. The
substance was subjected to centrifugation at a speed of 3000 revolutions per minute,
which was repeated three times. The tube obtained was placed in a refrigerator for
the entire night. The following day, the collected material was assessed for its ability to
survive, considering the approach successful if no signs of growth were detected. The
bacteria from the universal tube were subjected to sonication for 30 minutes using a 250
kHz probe sonicator in a cooled atmosphere after being killed and thawed. The sonicated
sample was subsequently incubated on MacConkey agar and subjected to centrifugation
at 3000 rpm for 20 minutes to evaluate its viability. The liquid portion was collected,
passed through a 0.45 p Millipore filter, and kept at a temperature of -20 °C.

Animals

The animal house of the University of Baghdad'’s College of Veterinary Medicine was
scouted for forty Albino rabbits, both male and female, with an age range of 6 to 12 months
and a weight range of 1000 to 1500 grams. In a controlled environment, the animals were
kept according to conventional protocols.

Experimental design

The animals were stratified into five groups, with each group comprising 8 rabbits.
In the first group, immunization involved the administration of 1000 pg/ml (mg/l)
KWCSAg-KP. The second group received 300 mg/kg Albizia lebbeck extract alternated
with immunization of 1000 ug/ml (mg/l) KWCSAg-KP, beginning a week prior to day
1 of the experiment and continuing on alternate days. The third group underwent a
similar regimen but with a dosage of 150 mg/kg Albizia lebbeck extract. The 4th group
was immunized with 300 mg/kg Albizia lebbeck. The 5th group, serving as the control,
received PBS. Booster doses were administered on the 14th day for the 1st, 2nd, and
3rd groups of KWCSAg-KP. Additionally, the 2nd and 3rd groups received an extra dose.
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On the 21st day, a skin test was conducted to assess Delayed-Type Hypersensitivity (DTH);
cellular immunity. Blood collection for ELISA tests: IgG and IL-4 by cardiac puncture from
all groups, occurred on the 28th, 42nd, and 56th days for all groups.

The Delayed-Type Hypersensitivity (DTH) skin test

The Delayed-Type Hypersensitivity (DTH) skin test, conducted following the labeling
technique according to [21], involved dividing the flank area of the forty rabbits into four
injection quarters. After clipping and shaving, 0.1 ml of KWCSAg (crude Ag, diluted 1: 2 Ag,
diluted 1 : 4 Ag, and PBS - pH 7.2) was intradermally injected to all immunized groups.
Skin induration at the injection sites was measured by Vernier after 24, 48, and 72 hours.

ELISA test

ELISA Kits (Rabbit Immunoglobulin G and Rabbit Interleukin 4) were employed for
the enzyme-linked immunosorbent assay of IL-4 and 1gG in rabbit serum, following the
instructions outlined in the manual.

Statistical study

The data was statistically analysed using SPSS version 26.Comparing more than two
groups required the use of a one-way analysis of variance (ANOVA).For a P-value less
than 0.05 to be regarded statistically significant, and for a P-value of 0.01 or less to be
considered highly significant [22].

B RESULTS

Gas chromatography - mass spectrometry (GC-MS) analysis of Albizia lebbeck

The crude extract of Albizia lebbeck was analysed using GC-MS, which revealed the
following major components: Heptanedioic acid, dimethyl ester (1.21%), hexadecanoic
acid, methyl ester (11.99%), Pentadecanoic acid (5.39%), 9,12-Octadecadienoic acid
(Z,2)-methyl ester (7.62%), 9-Octadecenoic acid, methyl ester (21.20%),11-Octadecenoic
acid, methyl ester (3.58%), methylstearate (6.05%), 2-Methyl-Z,Z-3,130ctadecadienol
(21.20%), 3,13octadecadienol (21.20%), Heptane, 1-(ethenylthio) (2.58%) and
N-Trifluoroacetylimidazole (1.13%). The compounds mentioned above have retention
times of 17.158, 20.205, 20.785, 22.404, 22.499, 22.585, 22.819, 23.053, 23.321, and 28.402,
respectively.

Acute toxicity of Albizia lebbeck

Administration of ethanolic Albizia lebbeck leaf extract was reported therapeutically
safe up to 2000 mg/kg b.w. at dose 3000 mg/kg b.w. and mice appeared normal thought
the study.

Identification of Klebsiella pneumoniae by PCR

The DNA extraction from three K. pneumoniae isolates was made by the (Favor prep
blood / cultured cells genomic DNA extraction mini kit, FAVORGEN/Korea). The purity and
the concentration of DNA ranged from (45-95-97) ng/ul, respectively. All three isolates in
this study showed a PCR product with 1250 bp by Klebsiella pneumoniae according to
the amplified piece of the 16S rRNA gene that performed Klebsiella pneumoniae [23]
(Fig. 1).
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Delayed Type Hypersensitivity (DTH) - Skin test

The delayed-type hypersensitivity skin test (DTH) assessed cellular immune response,
focusing on induration 21 days after immunisation. The findings indicate substantial
differences across groups in the second phase (P<0.05). Fig. 2A indicates that the
first group consistently had a higher mean induration (P<0.05) than the other groups
(Fig. 2B-D). The fourth group’s mean induration fell (Fig. 2D). Time differences were not
statistically significant for any group.

Fig. 1. PCR product the 16S rRNA
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Fig. 2. A - Mean of induration of DTH-Skin test in rabbits immunized by (KWCSA-KP) 1000 pg/ml;

B - Mean of induration of DTH-Skin test in rabbits immunized by (KWCSA-KP) 1000 pg/ml + Albizia

300 mg/kg; C - Mean of induration of DTH-Skin test in rabbits immunized by (KWCSA-KP) 1000 ug/ml +
Albizia 150 mg/kg; D - Mean of induration of DTH-Skin test in rabbits immunized by Albizia 300 mg/kg
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Fig. 3. A - Mean of IgG concentration in rabbits immunized by KWCSAg-KP and Albizia lebbeck extract.
Mean of negative control 21.6, SE 0.61, 1.6, 2.16, 1.37 and 0.82 of Group 1, 2, 3, 4, 5, respectively,
P=0.001; B - Mean of IgG concentration in rabbits immunized by KWCSAg-KP and Albizia lebbeck
extract. Mean of negative control 22.55, SE 0.68 ,0.99, 1.03, 1.39 and 1.02 of Group 1, 2, 3,4, 5,
respectively, P=0.001; C - Mean of IgG concentration in rabbits immunized by KWCSAg-KP and Albizia

lebbeck extract. Mean of negative control 24.65, SE 0.96, 1.78, 0.67, 1.25 and 1.26 of Group 1, 2, 3, 4, 5,
respectively, P=0.001
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Enzyme-linked immunosorbent assay (ELISA)

The ELISA test measured Immunoglobulin G and Interleukin-4 levels. Antibody
concentration measures the humoral immune response and the immune system’s ability
to create essential antibodies. Immunization days 28, 42, and 56 yielded serum. The study
found significant differences (P<0.05) among groups throughout three timeframes.
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Fig. 4. A - Mean of IL-4 concentration in rabbits immunized by KWCSAg-KP and Albizia lebbck extract.
Mean of negative control 128.6, SE 18.51,18.12, 18.41, 20.61 and 8.57of Group 1, 2, 3, 4, 5, respectively,
P=0.0418; B - Mean of IL-4 concentration in rabbits immunized by KWCSAg-KP and Albizia lebbck
extract. Mean of negative control 128.05, SE 16.8,15.82, 5.38, 13.96 and 6.48 of Group 1, 2, 3,4, 5,
respectively, P=0.064; C - Mean of IL-4 concentration in rabbits immunized by KWCSAg-KP and Albizia
lebbck extract. Mean of negative control 127.8, SE 6.83, 8.53, 12.51, 18.8 and 13.61 of Group 1, 2, 3,4, 5,
respectively, P=0.0425
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The mean IgG concentration was higher in the 1%, 2", 39 and 4% groups in comparison
with the 5™ group, and the difference was significant (P<0.05) and a highly significant
(P=0.001) for the three periods. The differences among periods within the 1%, 2" and 3
groups were not significant for these groups (Fig. 3).

Results showed substantial differences (P<0.05) among groups throughout the three
periods. The 3rd group had substantially lower IL-4 concentrations (P<0.05) than the other
groups during all periods (Fig. 4, A and B), whereas the 4th group had a reduced mean
concentration at the first 28-day period (Fig. 4C).

B DISCUSSION

This study estimated rabbits’immune responses to Klebsiella pneumoniae sonicated
antigen and varied amounts of Albizia lebbeck leaf extract adjuvant. Due to the importance
of finding a suitable adjuvant that can modulate the immune response. Various studies
have been launched "to study the effects of herbal immunisation on the humoral and
cellular immune system". Previous studies have observed the immunological interaction
and synergy between herbal adjuvants of Syzygium aromaticum and Salmonella
typhimurium antigens, showing enhancement of antibody levels showing that the
synergetic effects have boosted the immune system [24].

In another study, Albizia lebbeck extract-treated animals had greater serum
antibody titers than vehicle-treated mice and had effects similar to muramyl dipeptide.
Showing that adjuvants dramatically boost antibodies [25]. These studies agreed with
our results about the high concentration of IgG levels in immunised groups with Albizia
lebbeck.

The findings of this study indicate that the addition of the herbal extract of Albizia
lebbeck as an adjuvantresulted in a reduction in cell-mediated immunity, as determined
by DTH. This reduction was observed for the KWCSAg-KP and 300 mg/kg of the
adjuvant group, indicating that the extract of Albizia lebbeck has an anti-inflammatory
effect. This finding is in agreement with the findings of [25], who have reported the
suppression of delayed type hypersensitivity responses due to administration of Albizia
lebbeck bark extract once daily for one week in mice who immunized were with sheep
red blood cells.

Measuring the levels of IL-4, a potent regulator of immunological and inflammatory
responses, was the second assessment of cellular immunity. The groups that received
KWCSAg-KP vaccinations showed lower levels of IL-4 following prior treatment with
Albizia lebbeck extract. This finding is compatible with the findings of a study by [26],
which confirmed the extract’s "immunomodulatory effects”, which demonstrated a
significant reduction in the levels of eosinophils, neutrophils, OVA sIgE, TNF-q, IL-6, and
IL-4 while increasing the levels of IFN-y in both blood and BAL fluid from rats.

In other studies, documented the anti-inflammatory properties of the leaf extract [27].
Furthermore [28, 29] Pramanik have shown that the methanol extract of Albizia lebbeck
bark had anti-inflammatory activities. Additionally, research has shown that Albizia root
extract enhances the sensitivity of guinea pigs to antigen challenge, hence impeding the
first sensitization phase and the production of reaginic type antibodies [30]. Additionally,
it decreased histamine levels and increased plasma cortisol in guinea pigs who were
exposed to antigens [31].
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B CONCLUSION

The present investigation supported that the ethanolic extract of Albizia lebbeck
leaves had the intended immunomodulatory effects. This study confirmed the alteration
of cellular and molecular markers of inflammation and immunity in the models.
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Abstract

Introduction. The excessive rise in the development of drug-resistant bacterial strains is
considered to be one of the greatest hazards to human society.

Purpose. To use plant extracts as safe antibiotics with few side effects to reduce this type
of strains, especially those that are part of the medical microbiome of humans, such as
Staphylococcus.

Materials and methods. Zygophyllum coccineum extracted, the ethanol and aqueous
extracts were used against drug-resistant Staphylococcus aureus isolated from patient in
hospitals and private clinics. It was used as an antimicrobial and at the same time as an
inhibitor of biofilm formation. Both antibacterial and anti-biofilm activity of aqueous and
alcoholic extracts of the plant were investigated.

Results. Staphylococcus aureus isolates were resistant to antibiotics (Azithromycin,
Erythromycin, Doxycyclin, Tetracycline, Ciprofloxacin, Cefoxitin, and Penicillin) with
percentages of 60%, 55%, 45%, 50%, 45%, 55%, and 100% respectively. The concentration
of the alcoholic extract at 200 and 100 pg/ml (mg/l) was more effective on the bacterial
isolates, as was the aqueous extract at 200 pg/ml (mg/I). It was found that there was a
significant inhibition of biofilm formation at a concentration of 50, by 77.7%.
Conclusion. The alcoholic extract of the Zygophyllum coccineum was more effective in
terms of its effect on bacteria is multi drug-resistant and also, in the formation of biofilms.
Keywords: Zygophyllum coccineum, drug-resistant, biofilm formation, Staphylococcus
aureus, alcoholic extract
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HayuHbin Konnepx, YHusepcuteT Tu-Kap, Tu-Kap, Npak

AHTMOMONNEeHoYHasA N aHTubaKTepmnanbHas
aKTUMBHOCTb 3KCTpaKTa pacteHua Zygophyllum
coccineum (NAapHONINCTHYK anbli1) B OTHOLLEHUN
MynbTUpe3ncTeHTHoro Staphylococcus aureus

KOoHGANKT NHTepecoB: He 3asB/eH.
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NpoeKTa, pecypcbl, NPorpaMmHoe obecrneyeHne, pecypcbl, HanMcaHe YepPHOBOTO BapraHTa CTaTby, peflakTupoBaHue.
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MNpwuHaTa: 16.10.2025
KoHTakTbl: ahmed.ramthan@utg.edu.iq

Pesiome

BBepeHme. CTpeMUTENbHBIN POCT YMCIIA LITAMMOB GaKTEPUI, YCTONUMBBIX K JIeKapCTBEH-
HbIM NpenapaTtam, NpeacTaBnseT cobol ofHY U3 Hanbosnee cepbesHbIX Yrpo3 Afa Yenose-
yeckoro obliecTsa.

Lenb. OueHNTb BO3MOXHOCTb MCMONb30BaHUS 3KCTPAKTOB PaCcTeHUA MapHONMCTHUK
anbin (Zygophyllum coccineum) B kKauecTBe 6e30MacHbIX C NPOABNEHNEM MUHUMATbHbBIX
No60YHbIX 3 deKTOB aHTMOAKTEPUASTbHBIX CPEACTB, BAUAIOLNX Ha YMEHbLUEHNE YACTEH-
HOCTU LITaMMOB 6aKTepuii, YCTONUMBBIX K NEeKapCcTBEHHbIM MpenapaTtam, 0CoOeHHO TeX,
KOTOpble BXOAAT B COCTAaB MUKPOOBMOMa YenioBeKa, B TOM Uncie cTapunoKOKKOB.
Martepuanbl u metogbl. CNnUPTOBON UM BOAHbLIN 3KCTPaKTbl pacteHus Zygophyllum
coccineum MPUYIMEHAIM NMPOTMB YCTOMUMBBIX K JIEKAPCTBEHHBIM MpenapaTaM LITaMMOB
Staphylococcus aureus, BblAeNeHHbIX Y NaLNEHTOB 6ONbHUL, Y YaCTHBIX KIUHUK. 3TN IKC-
TPaKTbl NCMOb30BaIN B KQYECTBE aHTUMUKPOOHbBIX CPefCTB U MHIIMOUTOPOB GopMUpPOBa-
HuA GronneHok. MiccnegoBaHuio nognexana aHTMbakTepuanbHaa 1 aHTMOMONIEHOYHan
aKTUBHOCTb BOJHbIX M CMIUPTOBbIX SKCTPAKTOB PacTeHUS.

Pesynbratbl. M30onaTbl Staphylococcus aureus npoABAAnM ycTONUMBOCTb K aHTUOMOTH-
KaM (a3UTPOMULVHY, SPUTPOMULIMHY, AOKCULIMKITVHY, TETPALUKIVHY, LMNPOdIoKcaLuHy,
uedOKCUTUHY 1 NEHULUNNHY) C NoKa3atenamu 60%, 55%, 45%, 50%, 45%, 55% v 100%
COOTBETCTBEHHO. KOHLIeHTpaLua cnnpToBoro akcTpakTa B 200 1 100 mkr/mn (mr/n) okasa-
naco 6onee 3pdeKTVBHON B OTHOLIEHUN BAUAHMA Ha GaKkTepuasnbHble N30AATbI, YeM BO-
OHbIV SKCTPAKT B KOHUeHTpauumn 200 MKr/mn (Mr/n). YCTaHOBNEHO, UTO MPU KOHLEHTPauum
3KCTpaKTa 50 MKI/mMn Npomncxoamnno JOCTOBEPHOE NofasieHne popmMrnpoBaHusa bruonneH-
Ku (mo 77,7%).

3aknueHue. CnpToBoW 3KCTpaKT Zygophyllum coccineum npossnsan 6onee BbICOKYIO
3bPEeKTNBHOCTb B OTHOLLIEHMW MUKPOOPraHN3MOB, 061afjatoLnx MHOXeCTBEHHO NieKap-
CTBEHHOW YCTONYMBOCTbIO; K TOMY e OH 6bin 6onee 3dpdpeKTBEH B OTHOLLIEHNN UHTOU-
poBaHus GopmMnpPoBaHMNA BUOMSIEHOK.

KnioueBble cnoBa: Zygophyllum coccineum, ycToNuMBOCTb K NEKapCTBEHHbIM Npenapa-
Tam, popmrpoBaHme bronneHky, Staphylococcus aureus, CMMPTOBOI SKCTPAKT
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B INTRODUCTION

Multidrug-resistant (MDR) infections are infections caused by microorganisms,
especially bacteria, that have developed resistance to many antibiotics, making them
difficult to treat. Their appearance has recently increased in population centers. This
resistance often emerges from the overuse or misuse of antibiotics, and it's a major
global public health concern. These bacteria have significantly reduced the effectiveness
of antibiotics, increasing the rate of treatment failure and mortality [1, 2]. Every year,
an estimated 25,000 patients in Europa pass away from infections caused by bacteria
that are resistant to drugs [3]. A 2014 WHO report indicated that the high resistance of
bacteria to third-generation antibiotics, especially methicillin-resistant Staphylococcus
aureus (MRSA), in hospitals is more than 50% [4]. Antibiotic-resistant Staphylococcus
aureus was designated as a priority bacterium with a high resistance rate by the WHO in
2018[5]. The paper also pointed out that certain resistant bacterial strains are receiving
special attention because of their capacity to quickly become resistant to several
antibiotic classes, which restricts the range of treatment choices accessible[6]. Given
these facts, researchers are working to find substitute techniques that might be used
as novel antibacterial agents [7] proved that plant extracts have a significant effect on
most pathogenic microorganisms. Nature has been a source of medicinal agents since
ancient times, and plant extracts and natural products have been used as antimicrobials.
Advanced plants represent a potential source for new antibiotic prototypes [8, 9].
A number of studies have shown that plants as well as products derived from them can
possess antimicrobial activity and resistance-modulating effects [10, 11]. Therefore,
with the increasing incidence of antibiotic resistance, natural products from plants may
represent an interesting alternative. Virtually all pathogenic bacteria have been shown
to rapidly acquire resistance to antimicrobial drugs, and multidrug-resistant bacteria
have been a major cause of Ineffectiveness in treating infectious diseases [12]. Therefore,
to effectively combat resistant bacteria, various approaches must be researched and
designed that are effective against pathogens and have minimal side effects on humans.
One such strategy is to find suitable compounds of bioactive phytochemicals with
antibacterial properties [13, 14]. Plants possess a wide diversity of secondary compounds
that can be a potential source of many antimicrobial agents [15]. Plants possess a wide
diversity of secondary compounds that can be a potential so urce of many antimicrobial
agents [16]. Traditional medicine has long used the Zygophyllum coccineum plant to treat
many ailments prevalent in popular societies, such as rheumatism, coughs, asthma, gout,
flatulent colic, high blood pressure, and diuresis. The juice of the fresh leaves and stems
of the plant itself is also used as an abrasive cleanser and to treat many skin diseases. It
is also used as a worm expeller, antidiabetic, antipyretic, and local anesthetic [17, 18].
Numerous investigations have shown that Zygophyllum coccinium significantly lowers
blood pressure in both normotensive and spontaneously hypertensive rats, including in
vivo experiments. In an experimental model of rats, the effects of an aqueous extract of
Zygophyllum coccinium on the mesenteric vascular bed and rat blood pressure were also
discovered. Zygophyllum coccineum extract’s dose-dependent ability to reduce heart
rate and blood pressure in rats with normotension and spontaneous hypertension [19].
Many studies have proven the effect of biofilm on the development of bacteria resistance
to treatments. It also has a major role in adhesion to living and non-living surfaces,
thus giving bacteria the strength to do so [20]. The current study included the use
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of the extract of the plant Zygophyllum coccinium and its testing on bacteria to determine
its therapeutic effect and its effect on the formation of biofilms.

B PURPOSE OF THE STUDY

To use plant extracts as safe antibiotics with few side effects to reduce this type of
strains, especially those that are part of the medical microbiome of humans, such as
Staphylococcus.

B MATERIALS AND METHODS

Collection of plant

Plant collection from the Samawah desert, located in southern Iraq. The external parts
of the plant were washed with fresh double distilled water (DDW) to remove dust and
other residues.

Preparation of alcohol extract of the plant

The alcohol extract was made using the technique described by Naji et al. [17] Powder
of the aerial parts of plants (50 gm) was macerated in the 250 ml with 80% ethanol with a
stirrer by a magnetic bar for 24 hours at room temperature and using filter paper to filter.

Preparation of watery extract

According to the method of El-Shora et [18], the aqueous extract was prepared. The
external parts of the plant were washed several times with double distilled water and dried
at 60 °C for 48 hours and then ground into a fine powder by a grinder. About 50 grams of
the ground homogeneous material was placed in 250 ml of pure distilled water and then
left on an orbital shaker for 24 hours at room temperature (23-28 °C) for extraction.

Pathogenic bacteria species used in this study

Staphylococcus aureus, the causative organism of various clinical diseases, was
collected from patients suffering from urinary tract infections, wound infections, and
skin infections from hospitals in Nasiriyah city. The isolates were identified according to
international methods, including Gram staining, mannitol agar, novobiocin sensitivity test,
catalase and coagulase test and cultured in each media that are specific to the matching
bacterial [21].

Plant extracts activity assay

Bacterial suspensions were prepared and adjusted according to McFarland 0.5 standard
and inoculated into pre-prepared Mueller-Hinton agar plates. Wells (5 mm) diameter,
were punched into the agar using a sterile cork piercer. Each well was filled with 50 uL of
different concentrations of plant extract (e.g., 25, 50, 100, 200 mg/ml). Inhibition zones
were measured in millimeters after plates were incubated for twenty-four hours at 37 °C.

Determining a plant extract’s minimal inhibitory concentrations (MIC)

The extract’s lowest inhibitory concentration (MIC). The method of broth microdilution
was employed to confirm the extract of Zygophyllum coccinium. A series of dilutions
were prepared starting from a concentration of 200 mg/ml of the plant extract [22].
A 96-well micro titer plate containing 100 pl of sterile broth Mueller-Hinton was added to
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each well in a microtiter plate. 100 microns of the 200-concentration extract were added
to the first well, and 100 microns were transferred from the first well to the second well.
A series of dilutions were performed to reach a concentration of 25 mg/ml. Each sample
was duplicated. Each well was inoculated with a previously prepared bacterial suspension,
which adjusted to 0.5 McFarland standards (~1.5x10% CFU/ml), four wells were used as
positive controls, inoculating the bacteria with MHB, and the other four wells were used
as negative controls, leaving the wells containing only MHB. For 18 to 24 hours, the plates
were incubated at 37 °C. The color change from blue to pink indicates bacterial metabolic
activity, meaning that the bacteria are unaffected by the treatment [23].

Detection of biofilm formation

The microtiter plate detection method is a quantitative approach for evaluating
biofilm formation using a microplate reader according to [24, 25]. In Mueller-Hinton broth
supplemented with 1% glucose, A bacterial suspension was prepared, and the turbidity
was adjusted to 0.5 McFarland standards (approximately 1.5x10° CFU/ml). Subsequently,
180 ul of MHB with 1% glucose was added to each well of a sterile, flat-bottomed 96-
well microtiter plate, followed by 20 pl of the bacterial suspension. A negative control
well containing only broth (without bacteria) was also included. The plates were placed
at 37 °C for 24 hours. The wells were then washed three times with pure D.W. solution
to remove non-adherent cells, and the plate was air-dried. 200 pL of 0.1% crystal violet
solution was then added to each well and incubated for 15 minutes. Excess stain was
removed, and the plate was washed again, dried at 37 °C for 30 minutes to ensure they
wholly dry. Finally, the dye was resolubilized by added 200 pl of acetic acid glacial mixed
with absolute ethanol (1 : 1) for 10 min. The absorbance of optical density (OD) of each
well was measured using a microplate reader. The optical density measured using a BioTek
micro-plate reader (Agilent). Isolates were categorized into four classes. Based on the
percentage of biofilm biomass, the biofilm level was classified as strong, medium, and
weak, according to previous work by Stepanovich [26].

Statistical analysis
This data was statistically analysed by SPSS version 26, based in using one way ANOVA,
LSD, and independent sample t test at p<0.05 [27].

B RESULTS

Antibiotic susceptibility test

The bacterial isolates were tested for susceptibility to nine commonly used antibiotics,
selected for use in susceptibility testing of bacteria staphylococcus aureus.

Antibiotics susceptibility for staphylococcus aureus Isolates

The current study showed that staphylococcus aureus isolates were resistant to
antibiotics (AZM, E, DO, T, CIP, FOX, and P) with percentages of 60%, 55%, 45%, 50%, 45%,
55%, and 100% respectively, whereas, the isolates were sensitive to (GEN and NOR) with
percentages of 50% and 45% respectively.

The current study’s findings demonstrated that the highest inhibitory zone of alcohol
extract against Staphylococcus aureus was observed at a 200 pg/ml (mg/l) concentration.
with a mean of 17.15+4.11. Furthermore, the findings showed significant differences in
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Table 1
The susceptibility of bacterial isolates to antibiotics in accordance with CLSI 2024

Susceptibility
Antibiotic Sensitive Intermediate Resistance

No % No % No %
GEN 10 50 2 10 8 40
AZM 7 35 1 5 12 60
E 5 25 4 20 11 55
DO 8 40 3 15 9 45
T 5 25 5 25 10 50
clp 7 35 4 20 9 45
FOX 9 45 0 0 11 55
P 0 0 0 0 20 100
NOR 9 45 3.00 15 8 40
CalX2=31.82; P<0.01*

Table 2
Activity of alcoholic extract against isolated bacteria (staphylococcus aureus)

Alcoholic extract inhibition zone / mm
S. aureus
Mean+SD
25% 6.73+3.67 p<0.01
50% 9.40+5.2 LSD=1.65
100% 15.93+2.82
200% 17.15+4.11
Table 3
Activity of aqueous extract against isolated bacteria (staphylococcus aureus)
Aqueous extract inhibition zone / mm
S. aureus
Mean+SD
25% 456225 p<0.01
50% 5.06+2.81 LSD=1.36
100% 7.261£4.31
200% 9.18+5.01

the bacterial isolates’ growth repression mechanism according to extract concentrations
at p<0.05, as seen in Table 2.

Activity of plant extracts against bacterial isolates

The activity of aqueous extract on staphylococcus spp.

The results of the current study showed the uppermost inhibition zone of aqueous
extract was record at a concentration of 200 ug/ml (mg/l) against staphylococcus aureus.
with a mean of 9.18+5.00. The results also showed significant differences at p<0.05 for the
growth inhibition process of staphylococcus aureus depending on the concentrations of
the extract as shown in Table 3.
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Table 4
Inhibitory effectiveness of plant extracts and GEN

Alcoholic extract inhibition zone / mm
S. aureus p-value
Mean+SD
Alcoholic 100% 17.15+4.11 <0.01
Alcoholic 200% 15.93+2.82 <0.01
Gentamycin 13.95+£5.45 Compared with Gentamycin

Comparison of the inhibitory effectiveness between plant extracts and the most
effective antibiotic

When comparing the efficacy of the highest inhibitory concentrations of plant extracts
used in the current study with the most effective antibiotic (GEN) against the most
antibiotic-resistant isolates of staphylococcus spp., the results showed that there was
a significant increase for alcoholic extracts at concentrations of 200% and 100% pg/ml
(mg/l) with a mean of 17.15+4.11 and 15.93+2.82 respectively, with statistically significant
differences at p<0.05 between the efficacy of the antibiotic and the plant extracts, as
shown in Table 4.

Evaluation of the anti-quorum sensing activity of the plant extracts

Biofilm formation ability Staphylococcus spp.

The table 5 demonstrates the classification of Staphylococcus spp. isolates based on
their ability to form biofilms, grouped into four categories: strong, moderate, weak, and
non-biofilm formers. The classification was determined according to the mean values of
the three replicate readings for each isolate.
®  Strong biofilm formers (5 isolates) showed the highest mean value of 0.41+£0.02, with a

maximum biofilm formation value of 0.44, recorded by isolates Sa68 and B11.
®  Moderate biofilm formers (4 isolates) had a mean value of 0.28+0.05, with values

ranging from 0.21 to 0.33.
®  Weak biofilm formers (9 isolates) displayed lower biofilm formation with a mean of

0.12+0.02, and values ranging from 0.10 to 0.18.
®  Non-biofilm formers (2 isolates) showed the least formation with a mean of 0.07+0.03

and values between 0.05 and 0.09.

"Statistical analysis using One-Way ANOVA revealed a highly significant difference
(p<0.001) between the groups" The LSD (Least Significant Difference) value was 0.21,

Table 5
Biofilm formation ability staphylococcus spp.

sl e e No. Mean Minimum Maximum
value
0.44
Strong 5 0.41£0.02 0.392 S268 /B11
Moderate 4 0.28+0.05 0.21 0.33
Weak 9 0.12+0.02 0.1 0.18
Non 2 0.07+£0.03 0.05 0.09
Anova sig. <0.001 LSD 0.21
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Fig. 1. Biofilm formation ability staphylococcus aureus

Fig. 2. Biofilm formation ability staphylococcus aureus

indicating that any mean difference equal to or greater than 0.21 between groups is

statistically significant at p=0.05.
These findings confirm that most Staphylococcus spp. isolates in this study were
capable of forming biofilms to varying degrees, with isolate B11 being the strongest

biofilm producer.
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B DISCUSSION

The results of the current study indicate that there is a significant increase in the
resistance of staphylococcal bacteria to commonly used antibiotics, which include: 100%
resistance to penicillin more studies mention this percentage such as [28-30] the reason
for the high resistance is attributed to the bacteria possessing beta-lactamase enzymes
that degrade the penicillin group, whose genes are either chromosomal or plasmid in
origin. These bacteria also produce proteins that bind penicillin [31]. staphylococcus
aureus resistance to AZM and E with percentages of 60 and 55 respectively, this is
consistent with the study by [32], It was also agreed with the study by [33] that this
antibiotic had the highest levels of resistance. The rate of staphylococcus aureus resistance
to FOX ranges from 55%, which is consistent with many local and international studies
[34-36]. The increasing rate of staphylococcus aureus resistance to the antibiotic cefoxitin
may indicate the spread of methicillin-resistant strains. The current study showed that
staphylococcus aureus were 45% resistant to doxycycline and ciprofloxacin These ratios
are close to the resistance ratio with the study by [37], also study by [38-40] and [28]
explain high resistance staphylococcus aureus to tetracycline, which ratios are consistent
with our current stud was its percentage 50%. staphylococcus aureus less resistance to
gentamicin and norfloxacin reached to 40%, this is consistent with a study [28]. Norfloxacin
was similar to the study [41], but the study differed in the percentage of resistance to
gentamine, which was 100%. The similarity and difference in the rates of resistance to
antibiotics may be attributed to several reasons, including the type of infection and its
source, the environment from which the sample was isolated, and excessive use of certain
types of treatments. For the current study explain the activity of alcoholic extract for the
Zygophyllum coccinium plant against isolates staphylococcus aureus. It was found that
there was a significant difference between the use of different concentrations of the
extract in forming the diameter of the inhibition zone, as it ranged from the highest mean
concentration, which reached 17.15 mm, to the lowest concentration, which reached 6.73.
The study also showed a significant difference compared to the effect of the aqueous
extract of the plant, as the concentration in the aqueous extract reached 9.18. This is
consistent with many studies such as [22, 42], that show that the alcoholic extract has
a significant effect due to its dissolving of chemical compounds of a greater type and
concentration.

Since the results of the antibiotic sensitivity test recorded the highest percentage
for gentamycin, this antibiotic was used as an element to monitor the effect of the plant
extract, as shown in the table 4 When comparing the efficacy of the highest inhibitory
concentrations of plant extracts used in the current study with the most effective
antibiotic gentamicin against the most antibiotic-resistant isolates of staphylococcus
aureus., the results showed that there was a significant increase for alcoholic extracts
at concentrations of 200% and 100% mg/ml with a mean of 17.15+4.11 and 15.93+2.82
respectively, with statistically significant differences at P<0.05 between the efficacy of
the antibiotic and the plant extracts this result This result indicates that the effect of the
extract on bacteria is stronger than that of the antibiotic gentamicin. [22] showed that the
effect of the plant extract at a concentration of 100 mg/ml staphylococci was 7.54+2.82 and
gentamicin 21.5+1.41, which used n-hexane as a solvent. Table 5 shows that 18 samples
of Staphylococcus aureus isolates were biofilm-producing, representing 90% of the total.
This result is consistent with the results of the studies by [43, 44]. the classification of
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Staphylococcus spp. isolates based on their ability to form biofilms, strong biofilm formers
25%, moderate 20%, weak 45% and non-former 10% These results are comparable to
what was reached by [29]. These isolates produced biofilm when treated with inhibitory
and sub-inhibitory concentrations, it was noted that there was a significant difference in
terms of productivity, as the percentage reached 22% at 50 pug/ml alcoholic concentration
and 77.7% at 25 pug/ml alcoholic concentration, which indicates the effect of the alcoholic
extract on inhibiting biofilm formation, this is consistent with the study of [45], also who
used the inhibitory concentration of the plant alcoholic extract. There are many studies on
other bacteria, such as [46-48] that dealt with the effect of plant extract on the formation
of biofilm, it was found that it can affect the formation biofilm without affecting the
growth of bacteria, which makes bacteria less virulent in its absence.

B CONCLUSION
The alcoholic extract of the Zygophyllum coccineum is more effective in terms of its
effect on bacteria of multi drug-resistant and also, in the formation of biofilms.
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Abstract

Introduction. The therapeutic implications of Chlorella’s inherent antioxidants are
powerful in several disorders. Nevertheless, the antimicrobial efficacy and the specific
mechanism by which they function at a molecular level have not yet been examined.
Purpose. Evaluation of the activity of both ethanolic and aqueous C. vulgaris extract
against pathogenic bacteria isolated from patients with diarrhea and compare the activity
with commercial antibiotics.

Materials and methods. The present study was involved 100 stool samples from patients
with diarrhea, and identification the most isolated bacteria. The algal extract was prepared
in four different concentrations in both ethanolic and aqueous extract and identified the
bio-active compound.

Results. The results of the current study were recorded that the most isolated bacteria
were multi-drug resistant bacteria, also, showed the P. aeruginosa the most resistant
bacteria for both antibiotics and algal extract. In addition, the ethanolic extract has high
anti-bacterial activity than aqueous extract. Furthermore, the ethanolic extract had five
bio-active compounds, while the aqueous extract has only three active compounds. The
sensitivity of isolated bacteria (S. aureus, K. pneumoniae, E. coli, P. mirabilis, P. aeruginosa)
to eleven antibiotics, as well as the inhibitory activity of extracts at different concentrations
was established.

Conclusion. The study determined that the ethanolic extract is more potent as an
antibacterial agent compared to the aqueous extract. Additionally, the activity of both
extracts was found to rise as the concentration increased.

Keywords: C. vulgaris, algal extract, antibiotics susceptibility, pathogenic bacteria,
diarrheal patients
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AHTNOaKTEpManbHaA akTMBHOCTb CMMPTOBOrO
n sogHoro aKkcTpakToB Chlorella vulgaris

B OTHOLLEHUM NaTOreHHbIX baKkTepun,
BblAENIEHHbIX Y MaLMEHTOB C Anapeen
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CraTba ony6n1KoBaHa B aBTOPCKOW pefakumi.
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KoHTakTbl: medicalresearch64@yahoo.com

Pesiome

BBepeHme. bnarogapA BXoAALWMM B COCTaB Xopensibl aHTMOKCMAaHTaM OHa obnafaer
3HAUWTENbHbIM TEPaNeBTUYECKM NOTEHLMANOM NP fleYeHnn psaa 3aboneBaHuii. Tem He
MeHee aHTMMUKPOOHaA 3PpPEeKTUBHOCTb U KOHKPETHBIV MEXaHV3M AeNCTBUA 3TUX aHTU-
OKCUJAHTOB Ha MOJNEKYNIAPHOM YPOBHE MOKa He M3yYeHbl.

Lenb. OueHnTb OeNcTBUE CMUPTOBONO U BOAHOrO 3KCTpakToB C. vulgaris Ha naToreHHble
6aKkTepun, BblaeNieHHble Y NaLMeHTOB C Anapeen, U CPaBHUTb ero C JeNcTBMeM KOMMep-
YeCKnNX aHTUOMOTKOB.

Martepuannbi n metoabl. B HacToswWwem nccneaoBaHMm 6b110 ncnonb3osaHo 100 obpasuos
KaJsia NauMeHToB C Anapeei AN naeHTMdrKauum Hanbonee YacTo BblgensemMblx 6akTepuil.
[OTOBMAM CNMPTOBOW N BOAHbIN SKCTPaKTbl BOAOPOCNEN B YeTbipeX Pas/iNyHbIX KOHLEH-
TpauuAX 1 onpegensnv coaepX allmnecs B HAX OUONOrMUYECKN akTUBHbIE COEANHEHUS.
Pesynbrarbl. Pe3ynbtaTthl MCCNeAOBaHMA NOKas3anu, YTo Haubosnee YacTo BbigenaemMbIMm
C Kasiom GakTepusimmu ObUIM BAKTEPMM C MHOXKECTBEHHOW JIEKapPCTBEHHOW YCTONUYMBO-
CTblo, a P. aeruginosa geMoHCTpupoBasa HanbosbLyo YCTOMUMBOCTb K aHTMOUOTNKAM 1
K SKCTpaKTy BOAOPOCNEN. YCTaHOBIIEHO, UYTO CMMPTOBON 3KCTPaKT obnagaeT 6onee Bbl-
COKOW aHTMGAKTEPUANIbHOWM akKTMBHOCTbIO, YeM BOAHbIN. bonee Toro, B CNUPTOBOM 3KC-
TpakKTe BbIABIEHO MATb GMONOrMYECKN aKTUBHBIX COEAUHEHNI, B TO BPEMS KaK BOAHbIN
3KCTPAKT CoAepKan TONbKO TPW aKTUBHbIX COeANHEeHUA. YCTaHOBNEHA YyBCTBUTENBHOCTb
n30nMpoBaHHbIX bakTepuii (S. aureus, K. pneumoniae, E. coli, P. mirabilis P. aeruginosa) k
OAVHHAALUATM aHTMOMOTMKaM, a TakKXKe MHIMOUTOPHAA aKTMBHOCTb K SKCTPAKTaM pa3HbIX
KOHLeHTpaLumi.

3aknioueHune. ViccnegoBaHre Nokasasno, UTo CNUpPToBON 3KCTpakT pacteHusa Chlorella
vulgaris obnagaet 6onee BblpaXeHHbIM aHTMOAKTEpPUANbHbIM AENCTBUEM, YEM BOAHbIN
3KCTpaKT. Kpome Toro, 6bif10 yCTaHOBNEHO, UTO aKTUBHOCTb 060MX SKCTPAKTOB YBEInMUYm-
BaeTCA NPV MOBbILEHNN NX KOHLEHTpaLuu.

«JlabopaTopHas anarHocTuka BoctouHas EBpona, 2025, Tom 14, N2 4 691

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




Antibacterial Activity of Ethanolic and Aqueous Extracts of Chlorella
Vulgaris Against Pathogenic Bacteria Isolated from Patients with Diarrhea

KnioueBblie cnosa: C. vulgaris, SKCTPaAKT BOJJ,OpOCJ'IEVI, YyBCTBUTEJIbHOCTb K aHTUOMOTK-
KaMm, naToreHHble 6aKTep|/||/|, nayneHTbl C ,D,VIaDEEVI

B INTRODUCTION

Microalgae are a collection of single-celled or basic multi-celled microorganisms that
can perform photosynthesis. They have been studied for their bioactive compounds,
and their external products also show potential uses in fighting against bacteria, viruses,
fungi, algae, protozoa, and malaria parasites [1]. These individuals are separated into four
distinct categories: red, green, brown, and blue green. The photosynthetic performance
of this taxonomic group is quite high, even though it is not classified under the Plant
kingdom but rather within the Protista kingdom. There is a possibility that algae have
a high reproductive potential, and as a result, they can expand quite quickly. Humans
may utilize microalgae in various sectors of daily life, including energy production,
food production, fertilizer production, nutraceuticals, cosmetics, pharmaceuticals,
aquaculture, and pollution control, to create a promising future for future generations.
Advancements in algae therapeutic research have enabled the discovery of bioactive
chemicals that are highly efficient against a wide range of diseases [2, 3]. Microalgae
have significant potential in the production of bioactive substances that are obtained
from algae and have been demonstrated to be more effective and beneficial compared
to typical treatment methods [4]. Fatty acids derived from Colatrella spp. and Rhodella
violacea were discovered to exhibit activity against human infections such as S. aureus
and S. pyogene [5]. Microalgae biomass generation has extensive applications in
aquaculture, biotechnology, and food science, among other fields. Microalgae exhibit
variations in their chemical composition mostly due to changes in the growth conditions
[6]. The preceding papers examined the effects of nitrogen shortage on the growth,
nutrient uptake, and chemical composition of two species, namely Chlorella spp. and
Nannochloropsis oculate [7].

The antibacterial compound known as ‘chlorellin’was initially extracted from Chlorella.
The fatty acid combination shown inhibitory efficacy against both Gram-positive and
Gram-negative bacteria [8]. Microalgae were not previously considered for medicinal
uses as their exploration just began after the 1950s. Extensive research is currently being
conducted to discover new therapeutic compounds that can effectively cure infectious
diseases due to their ability to produce a broad spectrum of antibiotics [9]. Given the
emergence of infectious diseases, viral infections, and the increase in antibiotic-resistant
bacteria, there is a pressing need to discover new treatment methods for infectious
disorders [10]. Moreover, further research is required to discover the specific chemicals
that are directly accountable for the emerging antimicrobial properties. The initial
antibacterial molecule derived from Chlorella sp. is a combination of fatty acids, which has
been discovered to be the cause of the inhibitory effect on both gram positive and gram-
negative bacteria. Photosynthesis is widely known to capture anthropogenic CO2, and
algae have been identified as fast-growing organisms with better carbon fixation rates
compared to terrestrial plants [11].

Continuous growing of algae has the potential to contribute to the bio fixation of CO2
and generate valuable products from biomass, including proteins, fatty acids, vitamin A,
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minerals, pigments, dietary supplements for humans, animals, aquaculture, and other
bio-compounds [12]. Diatoms are recognized as the primary group responsible for primary
production and carbon export in coastal regions. Dinoflagellates play a significant role
in biomass in areas with stratification or limited silica. Cyanobacteria are the dominant
group in offshore continental shelf and oceanic waters [13]. The chemical composition
of microalgae can exhibit significant variations due to variances in the measurement
methodologies employed [14]. The physiological condition of the microalgae is influenced
by various factors, including temperature, light intensity, and culture media. These factors
are particularly important in batch cultures. The development and accumulation of
bioactive components are crucial when cultivating microalgae for the purpose of feeding
marine creatures or producing specific useful chemicals [11, 15].

B PURPOSE OF THE STUDY

Evaluation of the activity of both ethanolic and aqueous C. vulgaris extract against
pathogenic bacteria isolated from patients with diarrhea and compare the activity with
commercial antibiotics.

B MATERIALS AND METHODS

Isolation and identification of bacteria

In Thi-Qar Province, a collection of 100 stool samples was obtained from individuals
suffering from diarrhea. The age range of these patients was between 5 and 10 years,
with 68 males and 32 females among the diarrhea cases. The bacteria utilized in this
investigation were identified through cultivation on both standard culture media and
EPI-20. The most prevalent bacteria isolated were S. epidermis, S. aureus, P. mirabilis,
P. aeruginosa, E. coli, and K. pneumoniae, as reported by Forbes et al. [16].

Antibiotic sensitivity test
The isolated bacteria were tested against eleven different antibiotics for evaluation the
antibiotics susceptibility of isolated bacteria.

Preparation of algae extract

A certain quantity of Chlorella vulgaris biomass was let to dry naturally at room
temperature and subsequently crushed using a blender. The 5 g powder was placed
in sterile tubes and extracted with various solvents, such as ethanol and water, using a
rotary evaporator at a temperature of 40 °C for a duration of 12 hours. 5 mL of the solvent
extracts were extracted individually, dried at room temperature, and then weighed to
make an estimation. The desiccated extracts were fully dissolved in 5 ml of 0.5% Tween
80 and stored at a temperature of 5 °C in sealed screw cap bottles until they were ready
to be used for the antibacterial experiments, as described by Dineshkumar et al. [17].
Dimethyl sulfoxide (DMSO) was combined with double distilled water and used as the
control for all the plates. The experiments were conducted in duplicate. The antibacterial
activity was assessed using the disc diffusion method described by Kiehlbauch et al. [18].
The effectiveness of the microalgal extract was tested against gram-negative pathogens,
namely K. pneumoniae, P. mirabilis, E. coli, P. aeruginosa, as well as certain positive bacteria
like S. aureus and S. epidermidis.
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Evaluation of some active compounds in algae extract

The active compounds (Glycosides, Flavonoids, Alkaloids, Carbohydrates, Saponins,
Phenols, and Terpenoids) were tested in both ethanolic and aqueous algal, and the
method that followed for detection as mentioned in study of Bhuvana et al. [19].

Preparation of concentrations of algal extracts

The algal powder was immersed in a sufficient amount of 70% ethyl alcohol and
water. The extraction process involved periodic agitation at ambient temperature for a
duration of 3 days. Following filtration through Whatman No. 4 filter paper, the remaining
substance was extracted two more times. The resulting extract was then evaporated
under decreased pressure using a rotary evaporator and dried until a consistent weight
was achieved. The residue was held at a temperature of 4 °C until it was ready to be used
according to the procedure described by Williamson et al. [20]. After preparing the stock
solution, four different concentrations were prepared: 25%, 50%, 75%, and 100%.

Studying the inhibitory activity of different concentrations of extracts

The diffusion method was followed on the bacterial agar, and four holes with 0.4 mm
diameter were made on Miiller-Hinten agar containing the growing bacteria. Using a
sterile plastic diffuser, the algal extract was loaded with (12) microliters of the extract onto
the culture medium. The plates were incubated at temperature (37). degrees Celsius for
(24) hours, then the diameter of the damping zone was measured according to method
of Williamson et al. [20].

B RESULTS

A statistically significant difference (p<0.001) was seen in the response of isolated
bacteria to different antibiotics. Specifically, S. aureus showed resistance to Cefotaxime,
Amoxicillin-clavulanic acid, and Carbenicillin. The K. pneumoniae and E. coli exhibited
resistance to Gentamicin, Cefotaxime, Amoxicillin-clavulanic acid, and Carbenicillin.

Table 1

Sensitivity of bacterial isolates to different types of antibiotics
Antibiotics S. aureus K. pneumoniae | E. coli P. mirabilis P. aeruginosa
Norfloxacin 20.4+2.33 18.9+3.22 23.4+2.48 19.6+2.11 17.8+1.88
Gentamicin 19.3£1.85 6.24+0.87 7.22+1.22 8.88+088 7.23+0.78
Ceftazidime 22.5+2.21 17.8+£1.83 19.2+222 7.29+0.82 7.22+0.67
P-Ofloxacin 20.4+1.89 20.2+2.00 18.3£1.89 20.3+1.22 20.3+2.44
Cefotaxime 8.24+0.89 8.44+1.04 9.22+0.89 8.02+0.77 6.55+0.78
Cefepime 24.3+£1.02 19.2+2.13 22.4+1.57 18.2+2.76 18.9+1.89
Tobramycin 22.3+2.04 15.2+£2.05 8.22+3.02 21.6+2.67 14.3£2.11
Aztreonam 25.3+2.22 26.4+2.10 26.4+1.18 17.4+2.55 15.2+1.38
g::/‘:j;'acr:'i'g;d g 8.89+0.24 7.22+0.88 5.22+0.55 6.01+0.88 5.22+0.98
Imipenem 28.2+1.67 28.4+1.67 18.4+1.23 18.7£2.77 13.2+£2.01
Carbenicillin 9.88+1.02 7.01+1.11 7.33+£0.67 6.33+0.67 4.88+0.89
p. value <0.001 <0.001 <0.001 <0.001 <0.001
LSD 0.87 0.72 0.67 0.69 0.92
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Antibiotics susceptibility of isolated bacteria as following: A - S. aureus, B - K. pneumonia, C - E. coli,
D - P. mirabilis, E - P. aeruginosa

Ultimately, both P. mirabilis and P. aeruginosa exhibited resistance to Gentamicin,
Cefotaxime, Ceftazidime, Amoxicillin-clavulanic acid, and Carbenicillin.

Detection of active compound

The present investigation revealed that the ethanolic extract had five distinct families
of active compounds, whereas the water extract contained only three types of active
compounds. Additionally, it was observed that the ethanolic extract exhibited a high
concentration of alkaloids and carbohydrates, whereas the aqueous extract had a modest
amount of carbohydrates.
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Table 2
Presence or absence of the active compounds in Chlorella vulgaris ethanolic extract by standard
instructions

Result
Class of compounds "

Ethanolic Aqueous
Glycosides ++ +
Flavonoids + -
Alkaloids +++ +
Carbohydrates +++ ++
Saponins - -
Phenols + -
Terpenoids - -

Activity of ethanolic extract against isolated pathogenic bacteria

The present results showed that a significant difference at p. value <0.05, between
concentrations of extracts against all involved bacteria, also, the current study showed
that the anti-bacterial activity had positive correlation with extract concentration. In
addition, the most resistant bacteria were P. aeruginosa and S. aureus. Furthermore, the
most susceptible bacteria to ethanolic extract were K. pneumonia, as in Table 3.

Activity of Aqueous Extract Against Isolated Pathogenic Bacteria

The present results showed that a significant difference at p. value <0.05, between
concentrations of extracts against all involved bacteria, also, the current study showed that
the anti-bacterial activity had positive correlation with extract concentration. In addition,
the most resistant bacteria were P. aeruginosa, while the most susceptible bacteria E. coli.
Furthermore, the aqueous extract not exhibited activity in 25%, 50%, and 75% against
P. aeruginosa, as in Table 4.

Table 3

Effect of different concentrations of ethanolic extract of Chlorella vulgaris
Concentration | S.aureus K. pneumoniae | E. coli P. mirabilis P. aeruginosa
25% 8.22+1.33 12.9+2.07 11.6+2.06 10.2+1.11 0.00+0.00
50% 14.2+£2.67 14.6+0.67 15.4+2.43 13.7£1.66 8.22+179
75% 14.6+1.21 18.8+£1.67 18.2+2.33 15.2+2.86 10.4+1.59
100% 18.8+1.59 22.2+2.60 23.3+2.89 18.4+2.69 14.7+2.66
p. value <0.001 <0.001 <0.001 <0.001 <0.001
LSD 1.02 1.18 1.45 1.25 1.36

Table 4

Effect of different concentrations of aqueous extract of Chlorella vulgaris
Concentration | S.aureus K. pneumoniae | E. coli P. mirabilis P. aeruginosa
25% 0.00+0.00 0.00+0.00 4.22+0.67 0.00+0.00 0.00+0.00
50% 4.24+0.35 0.00+0.00 7.33+0.33 2.66+068 0.00+0.00
75% 5.27+0.87 8.67+1.53 12.742.22 4.29+0.42 0.00+0.00
100% 13.2+£1.80 11.4+2.07 15.3+£1.67 10.3+£1.02 5.33+044
p. value <0.001 <0.001 <0.001 <0.001 <0.001
LSD 0.89 0.76 1.03 0.81 0.32
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B DISCUSSION

Medicinal algae are regarded as a valuable source of components that can be utilized
in the creation and manufacture of drugs. The molecules discovered exhibit a wide range
of diversity, with the majority falling under four prominent biochemical categories:
alkaloids, glycosides, polyphenols, and terpenes. Certain types of algae are regarded
as significant sources of nutrients, while others are recommended for their medicinal
properties [21]. The alga’s high concentration of chemical compounds with biological
activities has facilitated research into its properties in medical, agricultural, and poultry
fields. The chemical compounds from both algae were extracted using ethanol and
aqueous solutions, purified, and utilized to demonstrate their medical significance and
therapeutic potential, particularly in treating bacterial infections isolated from patients
with diarrhea. The large number of secondary metabolites as photosynthetic pigments
and auxiliary dyes, especially xanthophylls and carotenoids, as well as the phycocyanin
pigment, which is due to most of the antioxidant properties that these algae possess [22].
As well as the nutritional value present in these algae that have been used recently as
food and therapeutic additives in animal husbandry fields, especially poultry, also used as
a food supplement in many countries because it contains 55-75% protein, 18% essential
amino acids, 12-25% sugars, salts, minerals and vitamins [23]. Other causes that lead to
use of C. vulgaris being non-toxic and easy to collect and handle algae compared to other
types of green algae and blue-green algae. Numerous international and local studies have
been confirmed the medicinal importance of algae species, especially C. vulgaris [24].

The current results showed that the ethanolic extract had five types of active chemical
compounds, while the aqueous extract had only three types of compounds. In addition,
the present study showed that the ethanolic extract had anti-bacterial activity more than
aqueous extract in all concentrations, and against all isolated bacteria. Furthermore,
the antibiotics that used for inhibited bacterial growth had range of inhibition zone
(5-28 mm) then the ethanolic extract had range of inhibition zone (0-23 mm), while
the aqueous extract had range of inhibition zone (0-15). This study investigated the
ethanolic extract is more effective as anti-bacterial treatment. The study of Dineshkumar
et al. [25], showed that the ethanol extract of Chlorella demonstrated inhibitory effects
against different clinical isolates, including E. coli, P. mirabilis, P. aeruginosa, S. aureus and
B. subtilis, at a concentration of 100 mg ml', with varying zone size from 15 to 24 mm.
these results agreed with current study was the range of ethanolic inhibition zone at 100%
concentration ranging from 14-23. Also, the study of Das and Pradhan [26], recorded the
crud ethanolic, methanolic, and aqueous extract have antibacterial activity against all
bacteria with except V. cholera. This suggests that the bioactive compounds accountable
for the observed activity are likely polar or semi-polar. These findings highlight the
potential of C. vulgaris extracts and their fractions as sources of antibacterial agents for
controlling and treating pathogenic bacteria.

Additional investigations can be carried out to isolate and identify the precise bioactive
compounds responsible for the noted activity within these low-polarity fractions. The
present study confirms that C. vulgaris possesses antibacterial properties, not only in its
crude, but may be in individual organic fractions. Previous studies have indicated that
the Chlorellin pigments found in the algae exhibit activity against certain bacteria, as per
the findings in study of Pradhan et al. [27], and study of Pratt et al. [28]. In addition, the
analysis of Chlorella sp. (UKM8) using Gas Chromatography-Mass Spectrometry (GC-MS)
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highlighted the presence of major compounds such as phenol, phytol, hexadecenoic acid
and heptane, which were found to possess antibacterial activity as recorded by Shaima et
al. [29]. The antimicrobial activity of algal extracts was tested against several pathogenic
bacteria.

The results of the study indicate that the ethanolic extract of C. vulgaris exhibited
significant activity against pathogenic bacteria, with the aqueous extract of C. vulgaris
showing a somewhat lower level of activity. Syed et al. [30] utilized ethanol solutions to
extract C. vulgaris and evaluated the isolated compounds for their antimicrobial activity
against pathogenic bacteria. The researchers found that the acetone extract showed the
highest activity against Bacillus spp. and the lowest activity against E. coli. The ethanol
extract, on the other hand, demonstrated maximum activity against Klebsiella spp..
and the lowest activity against Pseudomonas spp. The remaining extracts exhibited
their highest activity against Bacillus spp. and the lowest activity against Klebsiella
spp. In a study conducted by Uma et al. [31], the antimicrobial activity of C. vulgaris
was investigated using different solvents (acetone, methanol, ethanol, and DMSO) for
extraction. The extracts were then tested against multi-drug resistant bacteria including
K. pneumoniae, Pseudomonas spp, V. cholerae, S. pyogenes, and E. coli. The study found
that the extracts obtained with acetone, methanol, and ethanol were most effective
against Pseudomonas spp., while the DMSO extract showed the highest activity against
K. pneumoniae. Additionally, the study observed that V. cholerae had the lowest response
to the extract activity.

The variation in the effectiveness of algal extracts against pathogenic bacteria can be
attributed to the presence of active compounds in the extract, genetic differences among
the isolated microbes, or the lipid content in the cell wall of gram-negative bacteria, which
hinders the penetration of the active compound into the bacterial cell [32].

B CONCLUSION

The present study was conducted that the isolated bacteria considered multi-
drug resistant bacteria, and the ethanolic extract had nearly same activity of antibiotic
effectiveness, while the aqueous extract had less anti-bacterial activity. In addition, the
ethanolic extract had more than bio-active compounds compared to aqueous extract.
Therefore, using the ethanolic extract in treatment bacterial infection is most safety than
commercial antibiotics.
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Abstract

Introduction. Hibiscus sabdariffa L. is renowned for its therapeutic benefits, largely due
to its high levels of active compounds, particularly polyphenols such as flavonoids and
phenolic acids, which offer significant antioxidant protection.

Purpose. To evaluate the hibiscus’s protective potentials on the testicular functions
against chlorpyrifos (CPF) induced testicular damage.

Materials and methods. A total of 30 rats (weighing 175-200 g) were used in the
experimental study. The rats were divided into five groups. The first group G1 was
the control, group G2 was administered CPF at 10 mg/kg/day, G3, G4 and G5 groups
pretreated with hibiscus extract (HBSC) at doses of 250 mg/kg or 750 mg/kg or vitamin
C at a dosage of 100 mg/kg, respectively and then exposed to CPF at the same dosage
as G2. All the doses are given orally for 28 days. At the end of the experiment, rats were
sacrificed and then blood samples and tissue samples were collected for biochemical
and histopathological analysis. The biological material for the study was blood serum,
semen, and testicular tissue; biochemical, hormonal (using ELISA immunoassay method),
morphological, histological, and other research methods were used in the study.
Results. The study revealed that CPF exposure caused decreased serum testosterone
level, sperm count and motility, while increased proportion of non-motile sperm
compared to control. Treatment with HBSC increases serum testosterone level, sperm
count and motility, while decreases proportion of non-motile sperm compared to CPF
group. Histopathological findings show that HBSC treatments have protection effects and
causes normal histoarchitecture of the testis full with sperms.

Conclusion. The hormonal, sperm and histological findings suggest that HBSC may
protect testicular function from CPF-induced oxidative effects, however, there is no
difference in protection effect between the two HBSC doses.

Keywords:antioxidant, calyces extract, Hibiscus sabdariffa L., oxidative stress, reproductive
system
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Moprtaga dcam Caguk, MyxcuH C. Anb Mo3wunb, 3iwa C. Abaynnal<
WHcTnTyT dapmaunn, bacpa, pak

BnnaHne no6aBoK s3KCTpaKTa rmbnckyca Ha QyHKL N
TECTUKYN U OKUCINTENbHbIN CTPEeCC y KpbIC,
NoABEpPrwnxca BO3gencTemio xnopnupundoca

KOoHGNNKT NHTepecoB: He 3asB/eH.

Bknap aBTopoB: MopTaga 3cam Cagnk — KOHUeNuua 1 gu3aiiH nccnefoBaHus, cbop matepuana, HanucaHve TekcTa; MyxcnH
C. Anb Mo3nnb — KOHUEenuua v An3aiH UccnefoBaHns, peAakTupoBaHue, cbop matepurana; diiwa C. A6aynna — KoHuenuusa n
[13aliH nccnefoBaHNs, pefakTpoBaHue.

3Tnyeckoe 3anaBneHune. O6palleHne C XMBOTHbIMU COOTBETCTBOBA/IO 3TUYECKMM HOpMaM MeXayHapOAHbIX STUYECKNX PYKO-
BOJALMX NPUHLMMNOB NPOBeAEHNs NCCIeA0BaHNA B 06N1acTN 3A0POBbA C yyacTMeM fiofei 1 C UCNONIb30BaHNEM XXUBOTHbIX,
pazpaboTaHHbIx COBETOM MeEXAYHAaPOAHbBIX OpraHu13aLuii MegULMHCKIX HayK B COTPYAHUYECTBe CO BcemmpHoii opraHnsauven
3[1paBOOXPaHEHNA, U NpUHLUUNaM MexayHapoaHOro anu3ooTnyeckoro 6iopo. MonyuyeHo paspeleHne MapmaLleBTUYECKOro
konnemxa YHuepcuteta bacpbl N2 EC50 ot 1 ceHTabpa 2023 ropa.

CraTbs ony6n1KkoBaHa B aBTOPCKOW pefakumi.

MopaHa: 11.03.2025

MNpwuHaTa: 23.09.2025
KoHTakTbl: asiaselman2016@gmail.com

Pesiome

BBepgeHume. PacteHne Hibiscus sabdariffa L. nssectHo cBommu neyebHbIMN CBOCTBaMU B
OCHOBHOM 6G1arofiapsA BbICOKOMY COAEPKaHMWI0 aKTUBHbIX BELLECTB, B YaCTHOCTY nonude-
HOMOB, TakuX Kak ¢pnaBoHouabl 1 peHoNbHble KNCNOTbI, KOTopble 06n1aiatoT BblpaXXeHHON
AHTUNOKCUAAHTHOWN aKTUBHOCTbIO.

Lienb. OueHunTb 3aWmUTHOE AENCTBUE FTMOUCKYCa B OTHOWEHNM GYHKLMIA TECTUKY NPU X
noBpexeHunu, Bbl3BaHHOM Bo3aencTBrem xnopnupudoca (XMNO).

Martepuanbl n metoppl. B aKcneprmeHTasibHOM NCCNefoBaHNN NCMONb3oBaHbl 30 KpbIC
(c macconi Tena 175-200 r), KoTopbIX pa3genunu Ha 5 rpynn. Nepsas rpynna — G1 — 6bina
KOHTposibHOM. Kpbicbl u3 rpynnbl G2 nonyyanu XM® B go3e 10 mr/kr/cyT. B rpynnax G3,
G4 1 G5 KpbiCbl 10 Hayana sKcneprMeHTa NosyYany SKCTpakT rmbnckyca (FTBCK) B gpo3sax
250 mr/kr, 750 mr/kr, ButamuH C B go3e 100 Mr/Kr COOTBETCTBEHHO, @ 3aTeM UX NOABepranv
Bo3gencTtauio XIMNO B TOM Xe fo3e, UTo 1 KpbIC U3 rpynnbl G2. Bce npenapatbl npyMeHAnu
nepopanbHo B TeueHue 28 cyT. [10 OKOHYaHWNM SKCNepPUMEHTa KpPbIC BbIBOAWMN M3 OMNbliTa U
npownssoaunm otéop obpasLoB KPOBU 1 TKaHe ANA GOXMMUYECKOro 1 T’MCTONaTonorun-
yeckoro aHanmsa. bronornyeckum matepuanom gna NCCnefoBaHUA ABUNUCH CbIBOPOTKA
KpOBM, CNepma, TKaHb TeCTUKYN; B paboTe ObIM MCNoNb30BaHbl GrioxMmuyeckme, ropmo-
HasibHble (C NpMeHeHneM nMMyHodepMeHTHOro MeToaa aHanm3a ELISA), mopdonormye-
CKMne, rTMCTonornyeckme n gpyrne Metofbl MCCnefoBaHms.

PesynbraTbl. ViccnegoBaHue nokasano, uto sosgerictaue XMN®O npuBoanT K CHUXeHMo
YPOBHA TeCTOCTEPOHa B CbIBOPOTKE KPOBW, YMEHbLUEHWIO YMCa CIepmMaTo30Ma0B N nX
NOABUXKHOCTY, a TaKXKe K YBEIMUYEHUIO JONN HEMOABWMKHbIX CMepMaTO301A0B MO CpaBHe-
HWIO C COOTBETCTBYIOLMMMN NOKA3aTENAMN Yy KPbIC KOHTPOJSIbHOW rpynnbl. [pumeHeHne
IBCK cnocobcTByeT NOBbILIEHWIO YPOBHA TECTOCTEPOHA B CbIBOPOTKE KPOBM, yBenmye-
HWIO YMCnla CNepmMaTo3onOB M UX MOABUMKHOCTU, @ TaKKe CHVKEHUIO JONN HEeMOABUK-
HbIX CNepMaTo30MAO0B MO CPABHEHMIO C aHANOMMUYHbIMK NOKa3aTeNAaAMU B rpynmne Kpbic,
noaeeprHyTbix Bo3genctamto XMO — G2. luctonatonormyeckme nccneqoBaHmA nokasanu,
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uto BCK obnapaeT 3aWUTHbIM AeNCTBMEM N CNOCOOCTBYET BOCCTAHOBIIEHWNIO HOpPMasb-
HOW MMCTOAPXUTEKTYPbI TECTUKYJI, 3aMOSTHEHHbIX CepMaTo3ongamu.

3aknioueHune. Pe3ynbtaThl rOPMOHasbHbIX, CNEPMATONOrMUYecKUX U FMCTONOMMYECKMX
nccnegoBaHUn MO3BONAKT NosaraTth, YTO TMOUCKYC OKasblBaeT 3aluUTHOe JelicTBUe Ha
bYHKUMIO TECTUKYN NPY OKUCIINTENIbHOM BO3LeNCTBUM XJTIopnupudoca; npm 3Tom He 6bi10
BbISIBNIEHO Pa3nnuunii B 3alyMTHOM 3bdeKTe BNMAHMA Ha KPbIC ABYX pPa3HbIX AO3UPOBOK
rméunckyca.

KnioueBble C/IOBa: aHTMOKCUAAHT, 9KCTPaKT yalueyek, Hibiscus sabdariffa L., okucnutens-
HbI CTpecc, penpoayKTNBHas cmcteMa

B INTRODUCTION

Hibiscus sabdariffa L. (HBSC) belongs to the Malvaceae family, which comprises over
300 species [1] and has been used for over 3,000 years for its beneficial properties in food
and medicine [2]. The HBSC, known as Gujarat in Iraq, is primarily referred to as Karkade
in Arabic-speaking countries such as Sudan and Egypt [3]. Karkadi tea, made from calyces —
cup-shaped leaves surrounding flower petals and seed capsules - can be enjoyed hot or
cold. calyces are commonly found in local markets and are richer in active compounds
than the stem, leaves, and seeds [4] Hibiscus calyces are rich in phytochemicals, especially
polyphenolic compounds like flavonoids and phenolic acids. They also contain organic
acids, vitamins, minerals, and essential nutrients such as carbohydrates, proteins, and fats,
providing about 49 calories per 100 grams [5].

A lot of research has dealt with the therapeutic uses of hibiscus, including
cardioprotective [6], prevention and treatment of high blood lipids [7], as a vasodilator [8],
exhibits diuretic effects [9], hepatoprotective [10], antidiabetic [11], neuroprotective [12],
improve hematological parameters [13], decreased risk of overweight and obesity [14],
stimulate insulin secretion, and inhibit glucagon secretion [15], anti-inflammatory [16] and
antioxidant properties [17].

Chlorpyrifos (CPF), an organophosphorus compound, is one of the most extensively
utilized broad-spectrum chlorinated pesticides globally [18]. According to the World
Health Organization’s classification of pesticides, chlorpyrifos is categorized as moderately
toxic [19]. The United States Environmental Protection Agency (EPA) banned the use
of CPF in agriculture and limited its use to non-food applications [20], The European
Commission’s regulations prohibited the use of CPF and mandated its removal from the
market on January 10, 2020 [21].

Chlorpyrifos irreversibly inhibits acetylcholinesterase enzyme, accumulating
acetylcholine at nerve endings and neuromuscular junctions, which causes neuro damage
[22]. But CPF, beyond blocking acetylcholine esterase, causes cell destruction by inducing
oxidative stress [23], which results from either increased ROS formation [24] or decreased
antioxidant potential [25]. ROS including hydrogen peroxide (H202) and superoxide anion
(02), are unstable compounds that damage nearby substances in their quest for stability.
Cell membranes, particularly owing to abounding in polyunsaturated fatty acids (PUFAs),
are especially susceptible [26]. This damage can cause lipid peroxidation, compromising
membrane integrity and potentially leading to cell death. The resulting lipid peroxides
act as oxidizing agents, and oxidative stress (OS) activates pro-inflammatory cytokines
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and initiates inflammatory responses that disrupt cellular function [27]. The antioxidant
system (AOS) removes excess ROS from various sources and plays a crucial role in
preserving cellular vitality against potential damage induced by oxidative stress [28].
Chronic and continuous exposure to chlorpyrifos has been seen to cause several health
issues, including problems with the neurological, cardiovascular, and respiratory systems
[29], DNA damage, gene mutations, and increased incidences of cancer [30]. CPF Reduce
sperm quality and quantity [31], testosterone toxicity [32], Hematological toxicity [33],
hepatotoxicity [34], thyroid gland toxicity [35], and Neurotoxicity [36].

B PURPOSE OF THE STUDY
To evaluate the hibiscus’s protective potentials on the testicular functions against
chlorpyrifos (CPF) induced testicular damage.

B MATERIALS AND METHODS

Materials

Vitamin C, Chlorpyrifos and Dried calyces of H. sabdariffa were bought from the local
Ashar market in Basrah state, Irag. The origin of the hibiscus calyces is Nigeria. Chlorpyrifos
is made in France under the trade name Ciko Span, and pure vitamin C is made in India.

The kit that was used to measure testosterone level in the rat serum was purchased
from Sunlong Biotech CO., LTD, China. The chemicals and tools that were used to assess
sperm analysis along with histological examination were used in the laboratories of the
College of Pharmacy / Al-Basra University/Iraq.

Animals handling

The experiment commenced with the division of 30 rats (weight 175-200) purchased
from an animal house farm-Tikrit-Iraq. Following a two-week adaptation period, rats were
divided into five groups, each consisting of six rats as shown in Table 1. The experiment
was designed to last 28 days, following previous trials that aimed at inducing oxidative
stress through CPF in the rat’s liver [25]. All doses are diluted with water to perform the
desired concentration in 1 ml/dose, even CPF emulsion [37]. The Tm/dose concentrations
are diverse as Chlorpyrifos at 2 mg/ml, Hibiscus extract at 50, 150 mg/ml, and vitamin
C at 20 mg/ml. The doses were administered orally via Gavage, using a T ml syringe to
withdraw, measure, and deliver the doses. This allowed adjustments to be made in 0.1 ml
based on the rat’s weight.

The animals were handled according to ethical principles of international Ethical
Guidance for Health-related research involving humans or animals prepared by the
Council International Organization of Medical Science (CIOMC) in collaboration with World
Health Organizations (WHO), and following the framework of the Office International des
Epizootic (OIE) principals. Authorized by the University of Basra / College of Pharmacy in
Approval number EC50 on 1/9/2023.

Preparation of hibiscus extract

Aqueous HBSC Calyces extract is prepared by Using the Hot Maceration Method, which
employs drinking water as a solvent at a 1: 10 (calyces to water) ratio. 100 ml boiling water
is added to 10 g of calyces and brewed for 1-2 hours without additional heating [38]. After
filtering, the solvent is atmospheric evaporated in a water bath at 70-80 °C, producing

«JlabopaTopHas anarHocTuka BoctouHas EBpona, 2025, Tom 14, N2 4 703

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO



Impact of Hibiscus Extract Supplementation on Testicular
Functions and Oxidative Stress in Rats Exposed to Chlorpyrifos

Zar'glllep1design dividing the rats (30 rats) into 5 groups (each group has six rats) and the dosing continues
for 28 days

LD Group type Group treatment DR
name reference
G1 Negative control Receive no treatment, only food and water

G2 CPF group Receive CPF 10 mg/kg/day [40]

G3 Experiment group | Receive HBSC extract 250 mg/kg/day + CPF 10 mg/kg/day [41]

G4 Experiment group | Receive HBSC extract 750 mg/kg/day + CPF 10 mg/kg/day [42]

G5 Positive control Receive Vit C 100 mg/kg/day + CPF 10 mg/kg/day [43]

Notes: CPF - chlorpyrifos; HBSC - Hibiscus Sabdariffa extract; Vit C - vitamin C.

a dry, dark red precipitate [39]. The resultant precipitate is weighed, and to achieve the
desired concentration (w/v), water is added per the weight of the residue to prepare a
solution containing the required amount of HBSC extract in one milliliter.

Serum sampling and biochemical analysis

After the 28-day trial, rats were sacrificed and blood samples taken and centrifuged
at 5000 RPM for 20 minutes. The serum was stored at -20 °C until the testing process was
conducted. Serum levels of Testosterone were analyzed by Enzyme-linked Immunosorbent
Assay (ELISA) method.

Tissue sampling

Tissue samples were obtained from the testicles and the collected samples were washed
with normal saline and fixed in a 10% formaldehyde solution. They were dehydrated with
ethanol and cleared with xylene to allow paraffin infiltration at 60 °C. After cooling to
20 °C, the solid block was cut into thin sections (4-6 um) and placed on glass slides for
Hematoxylin and Eosin staining [44].

Sperms sampling

The rat’s testicles and epididymis were removed, and the epididymis was cut from
the tail to collect sperm in a petri dish. This dish, which contained a pre-prepared buffer
solution, was placed in a water bath at 38 °C to mimic body temperature and protect
the sperm from the shock of the cold environment. After adding the sperm from the
epididymis to the buffer solution and mixing, 0.5 ml of the mixture was taken with a
micropipette and placed on a slide, which was also warmed for the same reason. The slide
was then examined under a light microscope to assess the sperm count, sperm motility,
and the proportion of immotile sperm.

Statistical analysis

The analysis of the results was conducted employing IBM’s SPSS software, specifically
utilizing One-Way Analysis of Variance (ANOVA) alongside the Tukey Post-Hoc Test to
assess mean differences among various groups, and T-test to compare between two
groups, P-value <0.05 was established to determine the presence of statistically significant
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differences between groups, and the data were presented as mean + SEM (Standard Error
of the Mean). All graphics were conducted using GraphPad Prism 10 software, utilizing
SPSS results.

B RESULTS

Rats weight throughout experiment periods

The mean weight of rats across all groups exhibited an increase during the research
period except CPF group, the average weight of the rats in each group at the end of each
week throughout the experimental duration illustrated in Fig. 1.

Testosterone levels

Group G2, which received 10 mg/kg/day of CPF, exhibited significantly lower levels of
serum testosterone compared to all other groups, including the control group (G1) and
those receiving protective treatments (G3, G4, G5). There were no significant differences
in serum levels of testosterone between the control group and the groups receiving
protective treatments, nor among the protective treatment groups themselves. As shown

in fig. 2.
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Fig. 2. Effect of chlorpyrifos and hibiscus subdariffa extract on serum Testosterone level in different rat
groups. G1 (control group), G2 (chlorpyrifos 10 mg/kg/d), G3 (hibiscus subdariffa extract 250 mg/kg/day
+ chlorpyrifos 10 mg/kg/d), G4 (hibiscus subdariffa extract 750 mg/kg/day + chlorpyrifos 10 mg/kg/day),
G5 (vitamin C 100 mg/kg/day + chlorpyrifos 10 mg/kg/day). All data presented as mean + SEM
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Sperm analysis

The overall sperm count and the progressive motility of sperm were decreased and
the proportion of non-motile sperm were increased by CPF exposure (G2) compared
to control. There is no significant difference in sperm count, the progressive motility
of sperm and proportion of non-motile sperm found in the groups pretreated with
250 mg/kg or 750 mg/kg of HBSC or 100 mg/kg vit C,, as illustrated in Table 2 and Fig. 3.

Histopathological evaluation of testicular tissue

The rat testis of all groups were excised for investigation under the light microscope
and the results of control appears normally seminiferous tubules full of spermatozoa with
normal architecture of germinal cell proportion and Leydig cells. The testis of rat treated
with 10 mg/kg BW of CPF showing severe germ cell loss and vacuolization, sloughing of
germ cells into the tubular lumen and impaired spermatogenesis; seminiferous tubules
with negative tubular differentiation and repopulation indices as well as severe edema
and infiltration of immune mononuclear cells. The testis of rat treated with 250 mg/kg

Table 2
Analyzing sperm quality represented in motility, count and non-motile sperm using the optical
microscope for each rat in the experiment

G1 G2 G3 G4 G5
Sperm motility 90.83+1.54 34.17+6.88 82.83+1.83 84.17+2.39 84.16+3.01
Sperm count 89.17+2.39 40£9.92 80+2.81 80+2.81 80.83+1.82
Dead sperm 10.832.34 56.67+10.63 22+3.01 20+2.81 19.17+£12.79

Notes: data represented as mean values + SED. G1 (control), G2 (chlorpyrifos 10 mg/kg/d), G3 (hibiscus subdariffa extract
250 mg/kg/day + chlorpyrifos 10 mg/kg/d), G4 (hibiscus subdariffa extract 750 mg/kg/day + chlorpyrifos 10 mg/kg/day),
G5 (vitamin C 100 mg/kg/day + chlorpyrifos 10 mg/kg/day).

Sperm analysis
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Fig. 3. Evaluation of sperm parameters, including motility, count, and the presence of dead sperm.

The results are presented as mean values + SED. G1 (control), G2 (chlorpyrifos 10 mg/kg/d), G3 (hibiscus
subdariffa extract 250 mg/kg/day + chlorpyrifos 10 mg/kg/d), G4 (hibiscus subdariffa extract

750 mg/kg/day + chlorpyrifos 10 mg/kg/day), G5 (vitamin C 100 mg/kg/day + chlorpyrifos 10 mg/kg/day)
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Fig. 4. Male rat testicular tissue (stained by the H and the E), examined by light microscope (20X):

A - Control group, appears normally seminiferous tubules full of spermatozoa observed (black arrows)
with normal architecture of germinal cell proportion (white arrows) and Leydig cells (blue arrows).

B - Rats treated with 10 mg/kg of Chlorpyrifos, showing severe germ cell loss and vacuolization (black
arrow), sloughing of germ cells into the tubular lumen and impaired spermatogenesis (red arrow);
seminiferous tubules with negative tubular differentiation and repopulation indices as well as severe
oedema and infiltration of immune mononuclear cells (blue arrow). C - Vitamin C treated group, showed
seminiferous tubules morphological normally and similar manner in size (red arrow) with full spermatid
(block arrow). D - Rats treated with 250 mg/kg of Hibiscus with 10 mg/kg of chlorpyrifos shows
restoration of seminiferous tubules structure (white arrow) and germinal epithelium layers along

with the presence of spermatid (black arrow). E - Rats treated with 750 mg/kg of Hibiscus and 10 mg/kg
of chlorpyrifos (G4), showed recovery in almost normal testis architecture with an amount of spermatid
in seminiferous tubules (blue arrow)
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BW of Hibiscus with 10 mg/kg of CPF, shows restoration of seminiferous tubules structure
and germinal epithelium layers along with the presence of spermatid. Furthermore, testis
treated with 750 mg/kg BW of Hibiscus with 10 mg/kg of CPF showed recovery in almost
normal testis architecture with an amountof spermatid in seminiferous tubules. In addition,
the positive control group which are treated with Vitamin C, showed seminiferous tubules
morphological normally and similar manner in size with full spermatid.

B DISCUSSION

Organophosphorus are the foremost pesticides used in the agriculture, there extensive
use have profound influence on environment, hazardous effects to human and all other
organisms. Extensive use of these pesticides causes exposure to low doses that can cause
a diversity of metabolic, cardiovascular, fertility and other diseases [44, 45].

Results of the current study exposed a significant increase in body weights of rats in all
groups except for CPF group viewing a significant decrease in body weight gain and this
reduction could be connected to oxidative stress [46]. A lot of research has dealt with the
use of herbs as an antioxidants provides protective effects from oxidative stress [47-501].

The results revealed that CPF causes a significant reduction in serum testosterone
level compared to control. Furthermore, sperm count and motility were decreased and
the proportion of non-motile sperm were increased by CPF exposure compared to other
groups. These effects of CPF may be linked to an increase in reactive oxygen species
(ROS) that disrupt the function of testicular cells, such as Leydig cells that are responsible
for producing testosterone. These results are in cope with previous study exposed that
chlorpyrifos negatively impacts testosterone production in mice [51].

To determine if the effects of CPF related to oxidative stress, pre-treatment with
potent antioxidant such as vit. C were used as a positive control and the results revealed
no significant difference in serum testosterone level, sperm count, sperm motility and
proportion of non-motile sperm found in the group pretreated with vit. C compared to
control. These findings are consistent with previous study used vit. C to enhance sperm
production and protecting testicular tissue from oxidative stress [52].

This study aimed at evaluation of the HBSC precipitate protective effect against CPF
induced testicular damage in male rats. The results exposed no significant difference in
serum testosterone level, sperm count, sperm motility and proportion of non-motile
sperm found in the group pretreated with 250 mg/kg or 750 mg/kg of HBSC. These findings
indicated that pretreatment with HBSC precipitate have a protective effect against CPF
induced testicular damage in male rats.

In addition, the results exposed no significant difference in serum testosterone level,
sperm count, sperm motility and proportion of non-motile sperm found in the group
pretreated with HBSC precipitate compared to group pretreated with vit. C, suggests that
HBSC extract as effective as vit. C in protection against CPF induced testicular damage in
male rats. These results are in cope with the previous study demonstrated the potency of
hibiscus as an antioxidant in maintaining testosterone level and preserving the histological
structure of rat testicles against monosodium glutamate-induced oxidative damage [53].

Histopathological results of testicular tissue are consistent with biochemical results,
these analysis reveals a notable improvement in testicular tissue composition of rats
pretreated with HBSC extract or vit. C compared to CPF alone group. This is consistent with
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the findings of previous study established the potency of hibiscus as an antioxidant in
preserving testicular tissue of rat against Carbamazepine-induced oxidative damage [54].

Moreover, no significant difference was observed between the two administered
doses of HBSC extract, indicated that the increase in HBSC extract dose from 250 to
750 mg/kg has no effect.

To our knowledge, much study has focused on the effect of HBSC extract and CF,
independently in diet and their effects on the animal’s reproductive system. However,
records are missing that defines the effect of a mix of these two compounds in the daily
diet on the animal’s reproductive system.

B CONCLUSION

Hibiscus is a plant that is abundant in bioactive compounds, which confer numerous
advantages not only in culinary applications, but also in health. These compounds possess
antioxidant properties and offer protection against oxidative stress. Consequently, it can
be inferred that hibiscus has the potential to protect reproductive system, by mitigating
the oxidative stress to which the body is subjected on a daily basis due to contemporary
lifestyle factors. A modest serving of hibiscus tea may provide protective benefits for the
body, mitigates damage associated with CPF.
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