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BCTyI'I nTenbHoe C/1I0BO

YBakaemble yntatenu!

20 anpens TekyLwero roga COCTOANOCb BeCbMa 3Ha-
MeHaTeNIbHoe Cob6biTMe Ansi NabopaTopHON MeAULUHDI,
CBA3aHHOe C 54-neTmem co gHA OTKPbITUA BrepBble CO3-
[JaHHOW B cucTemMe nocneannioMmHoro obpasoBaHus Bpa-
uein Pecny6nukn Benapyco (1970) kadbeapbl KNIMHUYECKON
nabopaTopHOW ANArHOCTMKK, aKTVBHO OCYLUECTBISABLIEN
CBOIO MHOTFOrPaHHY0 AeATENbHOCTb B COBETCKMM M NOCT-
COBETCKUIA Nepuofbl BpemeHn B coctaBe benopycckoro
rocygapcTBEHHOrO  WMHCTUTYTa  YCOBEPLUEHCTBOBAHUA
Bpayen, benopyccko MegnUnHCKOM akagemunn nocieam-
nnomMHoro o6pasoBaHusA 1 VIHCTUTYTa NOBbILEHNA KBaNu-
buKaumMm 1 nepenoaroToBKN KagpoB 34paBOOXpPaHeHUsA
Benopycckoro rocynapcTBEHHOrO MeAULIMHCKOTO YHUBEP-
cuTeta.

Bknagy Kadenpbl B CTaHOBMEeHWe LWKOMbI cneuua-
JINCTOB  KNMHUYECKoN nabopaTopHON AMArHOCTUKM W
OpraHM3auuio AeATeNbHOCTM HALMOHANbHOWM KANHUKO-
nabopaTopHON cNy»Obl MOCBALLEHa nepBas CTaTbA, OT-
KpblBaloLwasa AaHHbIA HOMep XypHana. O3HakomIieHue ¢
ee cofiepKaHneM, No MHEHNIO PeAKOSIIErnI, He MOXET He
ybeaunTb untatens B TOM, O YeM rOBOPUTCA B Pe3OMUPY-
foLLieid YacTn CTaTby: «... B UTOre MHOrorpaHHoun 54-net-
Hel feATenbHOCTU Kapeapa NposaBmna ceba Kak BefyLymin
06pa3oBaTeNibHbIf, HayYHO-NMPaKTUYeCKuil, opraHu3a-
LIMOHHO-METOANYECKNIA 1 KOHCYNBTAaTUBHbBIN LEHTP Kin-
HUYeckon nabopaTopHoOW AuarHoctuku B Pecnybnuke
Benapycb, 3anoxuB ¢yHaameHTanbHble OCHOBbI Creuu-
aNnbHOCTN "KNMHMYecKan nabopaTopHas AMarHocTMka" m
BHeCA CyLleCTBEHHbIN BKaj B ee AanbHeliwee pa3BuTme,
NOArOTOBKY HECKOJNIbKUX MOKOMEHUIN Bpayen KAnHuYe-
CKOWM nabopaTopHON [AMArHOCTUKK, co3fdaHve npodec-
CUOHANBbHOWM W Hay4HOWN LUKONblI CMeunanuctoB B obna-
CTV nabopaTopHO MelWLUHbI, a TakKe B OpraHv3aumio
OeATeNbHOCTN HaUMOHANbHOW KANHWKO-nabopaTopHoi
CIYXObl».

MockonbKy mpeonorus 6enopycckoro rocynapcrsa
BO MHOrom 6asvpyeTcsi Ha WCTOPUYECKOW MamMATU U
yBaXXeHUM K Tpaguumam cob6CTBEHHOro MpOLUIoro, Ay-
MaeTCs, UTO OCHOBHbIe pe3ysnbTaTbl PpaboTbl 1 ONbIT Npe-
nofasaTenen kadenpbl COCTaBAT He TONbKO GyHAAMEH-
TaNbHyt0 6a3y AnsA NPOAOKEHUSA ee NPodeCcCcMoHanbHoM
[eATENbHOCTY, HO U AN COXPaHEHNA Y MPUYMHOXEHUA
3aNI0XKEHHbIX TPAAULNIA, MOTOMY KaK M3BECTHO, UTO, «He
3Has MPOLUIOro, HeNb3sA YBEPEHHO CTPOUTb YCMelHoe
6yayliee» 1 «HacToswee 1 Byayliee npouspacTaloT 13
NpoLUIoro».

Mo-npexHeMy pagyeT TO, YTO B XypHan MocTynawT
CTaTbM OT HaLIMX KONEr — CNeunanncToB ApY»KeCTBEHHbIX
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CTpaH «BnvKHel 1 aanbHen gyru». Tak, He MOXET He 06-
paTTb Ha cebA BHUMaHWe OGHapy»KeHWe COTPYAHUKaMM
PocToBckoro rocypapctBeHHoOro yHusepcuteta u Hayu-
HO-MPAKTUYECKOro LieHTpa Crneumnann3mpoBaHHON Meau-
LUMHCKOM nomowwy aetam mmeHmn B.O. BoliHo-fceHelkoro
(Poccms) accoumaummu HocnuTenbctBa SARS-CoV-2 ¢ ypoB-
HeM rMnepmeTUnMPoBaHHON GOPMbl aprMHMHaA — HOBOTO
nabopatopHoro Tecta oueHku AUCHYHKLUM SHOOTEenus,
CNOCO6HOW BbI3BaTb CYLECTBEHHOE HapylueHVe MUKPO-
LUMPKynauum, a cnefoBaTenbHO — elle 6onee ycyryoutb
TAMKECTb COCTOAHNA NaLWeHTa.

Mo TpaanuuM Ha CTpaHMLaXxX XypHana npofosiKaeTcs
06CcyXeHre BONMPOCOB, Kacalowmxca NpodunakTnkm 1 no-
CNepcTBUI NepeHeceHHON KOPOHABMPYCHOW MHpeKLMM.

OnTMMM3aLmMM oCyLLecTBeHMA cneurduyeckon npo-
dunaktrkn COVID-19 BO MHOrom Cnoco6CTBYET MCMOSb-
30BaHMe pPe3ynbTaToB, MOMyYeHHbIX FPYRMnon crneyuanu-
cToB 13 Mpaka.

OnbIT, NONYYEHHbIN NPWU UCCIe[OBaHUN LUNPOKOTO
KOHTVHreHTa MauueHToB, MOCTPaAaBLIMX OT KOPOHAaBW-
pycHOI nHbeKumMK, nokasas, HaCKOIbKO BaXXHO NCMONb30-
BaHWe TeCTOB — NPeANKTOPOB HeGNaronpuATHOrO NCXOAa
3aboneBaHuA. M B 5TOM OTHOLUEHMW NPUBNEKAIOT BHUMa-
HWe pe3ynbTaTbhl UCCNefOBaHUA COTPYAHMKOB Butebckoro
rocypapctseHHoro opfeHa [py»6bl HapoAoB MeAVLMH-
CKOro yHuepcuTeta u LLymnnnHckon ueHTpanbHom pain-
OHHOW 60NbHMLbI.

B cBA3M ¢ npogomKaloWmmMca pacluMpeHnem 1 yry-
6neHnem genoBoro coTpyaHuuyectBa benapycu co ctpa-
Hamn Adpukn n bnmxkHero BocToka octaetca akTyanbHOMN
npobnema yyalleHus ciyyaes 3aBO3HON Mansapuu. MoaTo-
My MpefcTaBiAeTCA BaXHbIM CBOEBPEMEHHOE, Ha paHHel
CTapuw, BblsiBNIEHMe 3TOro 3aboneBaHuns, Yemy 1 NocesLle-
Ha COBMECTHasA CTaTbA Bpauyen-MHPeKLMOHNCTOB 1 Bpayei
KNMHUYecKon nabopaTtopHoii AnarHoctnku benopycckoro
rocyAapcTBEHHOro MeANLIMHCKOrO YHBEpCUTETa.

WHHOBaumAM Kak B 0bnactu cneumduyeckoin npo-
bunakTrkn 6akTepuanbHbiX UHGEKLMIA, Tak U B CO3AaHNN
HOBbIX TEXHOJIOTMIN JIEYEHUA C OCYLLECTBIEHUEM flabopa-
TOPHOIO KOHTPOSA ero 3¢PeKTUBHOCTN MOCBALLEHDbI CTa-
TbW HawMx Konner u3 Mpaka (npeactaBneHbl B pybpurke
«MuKpoburonoruna n BUpPYyconornay»).

Ocoboe BHUMaHVe NprBAeKaeT cTaTbA CreLmanmcToB
u3 YHusepcuteta barpgafa, noceAuieHHas paspabotke u
anpobauun B 3KCNeprUMeHTe HOBOro Cnocoba 3axuBre-
HMA KOCTHBIX PaH 1 MepesioMoB, COCTOALLEro B MeCTHOM
nprYMeHeHUN TpuKanbumndocdata n KonnareHa.

Cyns no cTaTbe COTPYAHMKOB PecnybnvKkaHCKOro Ha-
YUYHO-MPAKTNYECKOro LieHTpa AETCKON OHKOMOru, rema-
TONOMIM U UMMYHOJIOTM, B 3TOM YUPEXAEHUN YBEPEHHO
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BCTyI'I nTenbHoe C/1I0BO

pa3BMBalOTCA MHHOBALIMOHHbIE NabopaTopHO-AMarHoCTn-
yeckme TEXHONOMMY, OPUEHTVPOBAHHbIE Ha COBEPLUEH-
CTBOBaHME AMArHOCTUKA 1 AnddepeHUranbHOW AnarHo-
CTVIKMN Pa3fNyHbIX GOPM JIENKO30B.

Pa3paboTke nporpamm 1 anroputMoB nabopaTopHON
OMarHocTky 3aboneBaHuii CpefHero yxa y aeteln noces-
LLleHa cTaTbA COTPYAHMKOB Pecny6nmkaHCKOro HayyHo-
NPaKTNYeCKoro LUeHTPa OTOPUHOMNAPVHIONOM K. YCTaHOB-
neHbl nabopaTtopHble «npefBeCcTHUKM» GOPMMPOBAHUA
3KccypaTa B 6apabaHHOM NonocTn 1 baKkTopbl, OCIOXKHSA-
lolMe TeyeHne cpeaHero oTuTa.

OTpakeHa 1 MeTOAONOrMA CKPWHUHIA MNEePBUYHOIO
rMneprnapaTMpeosa, OKasaBLIasca NpUemMnemMon ans wu-
POKOro MCMONb30BaHNA B MPaKTUYECKON [eATeNIbHOCTU
Bpayeil KNMH14YecKkow nabopaTopHol AUarHoCTMKM.

B cBsi3u co Bce 6onee WNPOKNM BHeAPEHNEM B pabo-
TY KIUHWKO-ANArHOCTMYECKMX nabopaTtopuii TEXHONOrMIA
MONEKYNAPHO-TeHETUYECKOrO WCCNeAoBaHNA NpeacTaB-
NAETCA BaXKHOW CTaTbs AOKTOPA MEAVLMHCKMX HayK, Mpo-
deccopa Koctiok C.A., nocBsLleHHasA BO3MOXHbIM OG-
Kam B BbIMOJIHEHUW BCEX 3TaroOB CEKBEHWPOBAHMSA, MoA
KOTOPbIM MOHUMAETCA MoJlyYeHre NePBUYHBIX JaHHbIX O
nocnenoBaTeNbHOCTAX HYK/IENHOBbLIX KUCIIOT.

Hapeemcsa, uto MaTepuanbl ovyepefHOro Homepa
MeXYHapOAHOro Hay4YHO-NPaKTMYecKkoro xypHana «Jla-
6opaTopHan AmarHocTka BoctouHasa EBpona» okaxyTca
BOCTPEOOBaHHbIMI CNEeLManncTaMmmn KnHnYeckom nabo-
PaTOPHON CAYXKObl Y BpavyaMU-KIIMHULMCTaMUN B UX NpPaK-
TUYECKOW 1 HayYHOW AeATEeNbHOCTY.

[nasHbI pepakTop B benapycu
Bnagumup CemeHoBUY KaMbILWHVKOB /é ,é =
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OpraHu3auusa feaTenbHOCTY KNMHNKO-NabopaTopHol cny6bl / MoarotoBka kafpos =2

KambiwHmkos B.C.

WNHCTUTYT noBsbiweHnA KBanndrkaumm n nepenoirotoBKy Kagpos
3paBooxpaHeHnsa benopycckoro rocyaapcTBeHHOro MeAULIMHCKOTO YHUBEPCUTET],
MwuHck, benapycb

Bknap kadeapbl KNMHUYeCKon NabopaTopHO
OVArHOCTUKN VIHCTUTYTa NOBbIWEHNA KBannprKaumnm
N NepenoaroToBKM Kagpos 34PpaBOOXPAHEHNSA
benopycckoro rocyfapctBeHHOro MeanLUmMHCKOro
YHUBEpCUTETa B CTaHOBJIEHME LWKOSbl CeLnanncTon
KIMHUYeckomn nabopaTopHO AnarHOCTUKN

N popMUPOBaAHME HALVOHANBbHOW KITMHNKO-
nabopaTtopHo Cry»k6bl (Mo UToram oCyLecTBIEeHNA
ee 54-neTHen AeaTenbHOCTU B CUCTEME
nocneannIoOMHOro o6pa3oBaHNA Bpayen)

B BBEJAEHWE

B noctvxeHnn noben Hag TAKeNbIMK 3a60/1€BaHNAMM, HAHOCALLMMU CYLLECTBEHHbIN
yulepb obecneyeHuto femorpaduueckor 6€30nacHOCTY CTPaHbl, bonbLIas ponb NpuHag-
NeXnT «6onuam HeBUANMOro GpPoHTa», KaKOBbIMU ABAAIOTCA BPaun KinHUYeckol nabo-
paTOPHOW JMarHOCTUKK, OCYLLeCTBAALNE CBOKO 611aropoAHYHo U BECbMa OTBETCTBEHHYO
MUCCHMIO MO NMOCTaHOBKe JMarHo3a 3abosneBaHus, oLeHKe NporHo3a ero passuTtua u 3¢-
bEKTUBHOCTN NPOBOAMMOTO JIeUEHMA B CNELNaN3NPOBaHHbIX CTPYKTYPHbIX Nogpasae-
NEHNAX MeJULMHCKUX yUpexaeHNn — KNMHUKO-AMArHOCTUUeCKUxX nabopaTtopusx.

Ewe c camoro Hauyana ctaHoBNeHMA NnabopaTopHO MeMLUHbI CTana KpbiiaTtol ¢dpasa
«be3 aHanun3a mouwn He paboTatoT Bpauux. B HacToswee BpeMs A8 BbINOTHEHNA KITUHUKO-
nabopaTopHbIX NCCNEAOBAHUN LLIMPOKO UCMONb3YTCA U MHOTME Apyrue buonornyeckre
XMOKOCTKW, aHanu3Mpyemble C NPYMEHEHVEM BbICOKOTEXHOMOMMYHOro 06opyaoBaHus,
UTO MO3BOJIAET HE TOJNbKO BbIABAATL NPOABAAEMYIO MPU XU3HU NPUOBPETEHHYIO TNOO Ha-
CleICTBEHHYIO NaTOJNIOTNI0, HO M Mpeficka3aTb ee pa3BUTHE YXKe B paHHeM eTCTBE, Koraa
OTCYTCTBYIOT KNMHUYECKUE NPU3HaKN 3aboneBaHus.

MocTurwee HaceneHve BCEro muMpa WUCNbiTaHUe, BbI3BaHHOE MaHAeMUEN KOpPOHaBU-
pyCcHOM MHdeKUUN, APKO NPOAEMOHCTPUPOBANO BbICOKYIO NabopaTopHO-AMarHoctmye-
CKYI0 3HAUMMOCTb TECTOB, OCHOBaHHbIX Ha MPUMEHEHUN TEXHONOT A MONEKYNAPHO-TeHe-
TUYECKOro, UMMYHOXUMUYECKOTO U APYT1X BUAOB NlabopaTopHOro aHanums3a.

WX wrpokoe ncnosnb3oBaHme CTaio BO3MOXHbIM 6iarogaps paHee ocyLecTBIEHHON
B Hallel cTpaHe BecbMa 6onbluoi paboTe No LeneHanpaBneHHON, NpegonpeaeneHHON
KoHUenuuren Bcecoo3HOro HayuyHo-MeToan4Yeckoro u KOHTPObHOrO LieHTpa no nabopa-
TopHOMY Aeny (BHMwuKLUJ1[1) nogrotoBke nNonyTopaTbiCAYHOM «apMUM» YHUKANbHbIX NO
pofay cBoel NpodeccroHanbHOW AeATeNbHOCTM CNeLnanncToB B NinaHe Kak oBnageHus
VUMW LLIVPOKMM CMEKTPOM pa3HO06pa3HbIX MaHyasbHbIX 1 aBTOMaTU3MPOBaHHbIX METOA0B

«JlabopaTtopHas anarHoctuka BoctouHas Espona, 2024, Tom 13, N2 2 189

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




Bknag kadeapbl KNMHNYECKON TabOPaTOPHOW ANArHOCTUKN MHCTUTYTa NOBbIWEHUA KBanudrKaumm
1 NepenofroToBKM KafpoB 3fjpaBoOXpaHeHna benopycckoro rocyfapcTBEHHOro MeANLIMHCKOro
YHUBEpPCUTETA B CTAHOBJEHME LWKOSIbl CMELMNANNCTOB KINMHUYECKOWN NabopaTopHON ANarHoCTUKN

1 pOPMUPOBaHME HALIMOHANBbHOW KNMHNKO-NabopaTopHOM ClyObl

nabopaTopHOro aHanu3a, Tak U MHTepnpeTauuy NoayYaemMbiX NPU UCCNefoBaHUN Nauu-
€HTOB pe3ynbTaTos.

B mocTmKeHnn 3TOro okasanacb 0co6o 3HauMMon ponb Kadbeap KNMHMYeCKon nabo-
paTOPHOW AMArHOCTUKM yUupexaeHWUin NocefMnIoOMHOro 06pa3oBaHNA U MeAULMHCKMX
YHNBEPCUTETOB.

20 anpens 2024 r. NCNoNHUNOCb 54 rofga co BpemeHu co3faHus Kadeapbl KnMHnYe-
cKol nabopaTopHON fMarHocTukn B benopycckom rocyiapcTBEHHOM MHCTUTYTE yCOBep-
LIEeHCTBOBaHMA Bpayel (HbiHe — VIHCTUTYT NoBblleHWA KBanudukaLuum 1 nepenoarotos-
K1 KagpoB 3apaBooxpaHeHus YO «bIMY»). OHa sBunacb BnepBble CO3aHHON B CUCTeMe
nocnegunnomHoro obpasosBaHuA Bpauei B Pecnybnuke benapycbh, anutenbHoe Bpemsa
(6onee 25 net) ABnABLIENCA B CTPaHe eAUHCTBEHHOWN, MPUTOM CYLLECTBEHHO OTAUYalo-
Lenca No CcBoemy LiefIeBOMY MpefHa3HaueHWI0 N XapakTepy npodeccrnoHanbHom fes-
TeNIbHOCTY ee COTPYLAHUKOB OT BCEX APYTUX Kadeap, paHee OoTKpbITbix B benlYB n MTMI.
3TO BO MHOrOM CBfI3aHO C TEM, YTO OCBavBaeMblii obyyvaloLmmMuca Ha Kapegpe npegmet
«KNMHUYecKas nabopaTopHas AnarHoCTrKa» NpeacTaBnsaeT cobon oTpacsib MeAULIMHCKIX
3HaHWIA, 6a3MpyIoLLYOCA Ha TECHOW MHTErPaLMOHHON CBA3U MeAULMHbI C dyHAaMeHTasb-
HbIMW HayKamu — xumuen, rsunkown, bronorunen, reHeTUKOM 1 ap.

JaHHaAa 0cobeHHOCTb 1 onpefennia BO3MOXHOCTb BbINOIHEHUA BpavaMu-nabopax-
Tamy KNMHUKO-NabopaTopHbIX UCCNeAoBaHUI C NCNOJIb30BaHMEM TEXHOIOTUIN 6UOXMK-
yeckoro, GU3NKO-XMMUYECKOTo, MUKPOCKOMMNYECKOro, MONEKYNAPHO-6MONOrnyeckoro,
MOJIEKYNAPHO-TEHETUYECKOro 1 APYrX BUAOB aHanm3a.

KnnHuuyeckas nabopatopHas AnarHocTuKa B HacTosLiee BpemMs NO3ULNOHMPYeTCA He
TONbKO Kak BUf NpodeccroHanbHOM AeATeNbHOCTM, HO N KaK Hay4yHas cnewlmanbHOCTb,
BKJIIOUEHHaA B MepeyeHb Hay4HbIX crneumanbHocTel Boiclwen aTTecTauMoHHOM KOMUCCUN
Pecny6nukmn benapycsb.

OHa onnpaeTca Ha HayuHbI TeopeTuyecknii 6a3nc, No3BONALMA OCMbICIUTL 0OHa-
py>1MBaemble B opraHn3me meTabonuyeckne M3MeHeH s B acnekTe Ux yyacTna B pa3Bu-
TM 3aboneBaHnA, — KNMMHUYECKYI0 NaTO6MONOrMio; METOAONOMMYECKUI U METOANYECKUIA
apceHan, obecneunBaloLWM JOCTYN K M3YyYEHMWIO Pa3fIMUYHbIX KOMMOHEHTOB Gronoruye-
CKOro maTepuana, — KIMHUYeCKYo aHanuTKKy; a TakKe CUCTeMY COBPEMEHHbIX 3HaHUI O
[OMarHOCTMYeCKOW 3HaYMMOCT U3MEHEHWI NoKa3aTenieil MHOrouncineHHbIx nabopartop-
HbIX TECTOB NPU pa3HbIX popMax NaToNornm — KNMHUKO-NabopaTopHyto MHGOPMATUKY.

M3BecTHO, uTto 6narogaps aeATenlbHOCTY CNeLnanncToB KIMHNUYeCKorn nabopaTopHon
[OVarHOCTMKM NpaKkTUyYeckomy 3paBoOOXpaHeHnto noctasnaetca 6onee 80% ob6bEKTMB-
HoW nHbopMaumn, CToNb HEOOXOAUMON ANA NOCTAaHOBKM JMarHo3a 3aboneBaHus, OLeHKN
TAXKECTU TeueHus, 3GPeKTUBHOCT NPOBOANMON Tepanun 1 NPOrHo3a ero passuTusA. 3Ta
BeCbMa OTBETCTBEHHAA MUCCMA — MOCTaHOBKa inarHo3a 3aboneBaHna Mo KOHCTaTaL MK Xa-
paKTepHbIX ANiA Hero Metabonmnyecknx N3MeHeHUn — BO MHOTOM peanunsyeTca bnarogapa
nprobpeTeHNto BpavyaMu KINMHUYECKOW NabopaTopHOM ANArHOCTUKN 3HaHWIA, YMEHUI 1
NpaKkTUYeCKUX HaBbIKOB Ha OJHOUMEHHbIX Kadefpax 1 Kypcax yupeXKaeHun cuctembl no-
cnegnniIoMHoro obpasoBaHus.

3a npoweglwmnin c MoMeHTa co3aaHna kabegpbl 6onee uem NonyBEKOBOW Nepuof Bpe-
MeHM Ha ee 6a3ze 6bLI0 0OYUYEeHO HECKOSIbKO MOKONEeHWI Bpayen-cneymnannctos, cpeam
KOTOPbIX He TONbKO Bpaun KNMHUYeCKon nabopaTopHON AMarHOCTMKM, HO 1 Npenogasa-
Tenu Kypcos n Kabegp KnvHuyeckon nabopaTopHon anarHoctuku fomenbckoro, Mpog-
HeHckoro, Butebckoro n benopycckoro rocyaapCTBeHHbIX MeaULMHCKUX YHUBEPCUTETOB,
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npenogaBatenn BCeX WECTU MeLUUMHCKUX KOMemXel, yuyacTBYIOWYX B MOAMOTOBKE
denbawepos-nabopaHToB, HayUYHble COTPYAHUKM.

B CTAHOBJIEHME KAJPOBOIO COCTABA
N HAYYHO-NEOATOTMYECKOIO NOTEHLUMANA KAOEPDI

HakaHyHe oTKpbITUA Kadenp KnmHuyeckom nabopaTtopHon aAnarHoctuku B benlNYB
W MHCTUTYTaX yCOBEPLUEHCTBOBAHMWA Bpayei BCex Apyrmx cCoBeTckmx pecny6nmk 8 CCCP
Ha3pesia HacToATesIbHasA HeoOXOAMMOCTb B NPOBeAeHNN WNPOKOMACLITabHbIX OpraHu-
3aLMOHHbIX MepOoNpPUATWIA, HaNpPaBieHHbIX Ha yNopALOoUYMBaHME U COBEPLUEHCTBOBaHME
OeATeNbHOCTU CNY»KObl KNMHUYECKON NnabopaTOpHON AMArHOCTUKW, YTO HEBO3MOXKHO
6bIn10 ocywecTBUTL 6e3 TwaTeslbHO NPOAYMaHHON CMCTeMbl MOArOTOBKU npodeccuno-
HaNbHbIX KagpoB Bpayen-nabopaHTOB (HblHE — Bpayen KAMHUYecKoln nabopaTopHom
OVarHOCTUKN).

OcyLiecTBNEHUIO NHULUNPYEMbIX BENEHNEM BpeMeHN O6oNnblINX NepeMeH B cucTeme
opraHusaumm OeATeNnbHOCTU KIMHUYECKON nabopaTopHOM ciny»6bl BO MHOrOM CNoco6-
cTBOBan BbiweAwnn B cBeT 21 AHBapA 1968 r. Mpuka3s MnHNCTepCTBa 34paBOOXpaHeHUA
CCCP N2 63 «O mepax no fanbHenlemMy pa3B1THIO N COBEPLIEHCTBOBaHMIO nabopaTopHol
KIIMHUKO-gnarHocTmueckoi cnyx6bl B CCCP», kKoTopbiM NpefycmaTpriBanoch B TOM Uncse
co3paHue Kabenp KNMHNYeCKon nabopaTopHO ANArHOCTUKM BO BCeX 18 MHCTUTYTax yco-
BepLIeHCTBOBaHMA Bpaven MnHnctepcTa 3gpaBooxpaHerHnsa CCCP.

Ha ocHoBaHuu 3T0ro Nprkasa 20 anpenaA 1970 r. 6bina oTKpbITa Kadeapa KNMHUYECKON
nabopatopHoi guarHoctunku B benlNyB.

Yke B rof, oTKpbITUA Kadeapbl AByMA ee nepBbiMM npenogasaTensmm — B.I. Konbom
1 B.C. KambIWHMKOBbIM 6bin1 NpoBeaeH (¢ 16 HOA6pA no 30 gekabpa 1970 r.) nepBbIi LUK
TEeMaTUYeCKOro YCOBEPLUEHCTBOBAHNA MO KIMHWYECKOW 1abopaTopHON AMarHoctuke
(KNnMHNYEecKom Xxmmmn).

1970r. 1971 - 1987

B 1971 r. cocroanca P umMKn MM,

Tpema Ha

6aze AopoxHon Grom.nuqu Ben.x.n.

Lapedpa KAunuweckod
aaa%p#.: duazhocTuRd,

(18.41. - 30.12))

Ha npoTaXxeHnn nepBoro roga cBoero cywecrsoBaHua — no 20 anpena 1971 r. — ge-
ATeNbHOCTb Kadeapbl ocylecTBaAnacb Ha 6ase 6roxmmmyeckoro otgena NHcTTyTa Ty-
6epkynesa MuHuctepcTsa 3apaBooxpaHeHus BCCP. B TeueHue e nocnegyrowmx 16 net
(1971-1987) — B cTpyKType «HOBOW» [lopoxKHOM 60MbHULLI Benopyccko xxenesHow go-
poru B TeCHOM COTPYAHUYECTBE C KIMHMKO-ANArHOCTUYECKON nabopartopuen 1 opyrumm
KNMHUYECKUMW OTAENEHUsIMU 3TOro yupexaeHus. Ha ero 6a3e B 1971 r. 6bin npoBefeH
nepBbIii LUK cnelmann3aumm, NputoM yke ¢ yyacTrem TpeTbero npenogasatens Kade-
apbl - E.[N. MiBaHOBa.
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Bknag kadeapbl KNMHNYECKON TabOPaTOPHOW ANArHOCTUKN MHCTUTYTa NOBbIWEHUA KBanudrKaumm
1 NepenofroToBKM KafpoB 3fjpaBooXpaHeHna benopycckoro rocyfapcTBEHHOro MeAULIMHCKOro
YHUBEpPCUTETA B CTAHOBJIEHME LWKOSIbl CMELNANNCTOB KINMHUYECKON NabopaTopHOI ANAarHoCTMKN

1 pOPMUPOBaHME HALIMOHANBbHOW KNMHNKO-NabopaTopHOM ClyObl

B 3TOT nepriof BpeMeHn COCTOANOCh 3HaUNTEeNbHOE pacLuvpeHre npodeccopcKo-npe-
nogaBaTesibCKoro coctaBa Kadenpbl, 4To 6b110 BbI3BaHO HeoOXoAMMOCTbIO elle 6onee
YBEMUYUTb KONMYECTBO 0byyatowmnxca Bpayein-nabopaHTos, npubbiBatowmx Ha Kadpeapy
co Bcex yronkos CCCP (go pacnaga kotoporo benlMYB aBnanca yupexpgeHnem COl3HOro
NoJuYMHEHMA), @ TaKXKe OpUeHTaLMel Ha paclumpeHne cnekTpa BuaoB npodeccroHanb-
HoW feAaTenbHOCTU Kadeapbl.

K Hauany 1975 r. wrat Kadenpbl BKNoyan B cebs 4 npenogasatens kapeapsl, 5 nabo-
paHToB 1 1 npenapatopa. C npmxofom Ha kadenpy accucteHta A.b. Xoaokoson nogro-
TOBKa Bpauvei-nabopaHToOB CTafla OCyLEeCTBNATLCA MO BCEM 3 OCHOBHbIM pa3genam Kiu-
HUyeckon nabopaTopHON ANArHOCTUKU: KIMHUYECKON 61uoxmnmmmn, nabopaTtopHol rema-
TONOrnn, oOLLEKNMHNYECKM MeToaM UCCiieJoBaHuA.

B TeyeHue nepsbix 10 neT (¢ 1971 no 1981 r.) Ha Kadeape NPOBOAUANCE TONbKO 5-Me-
CAYHbIE LMKl cneumnann3aumnm (HbiHe — MepenofroToBKkm) 1 4-mecauHble UuKbl obLiero
yCOBepLIEHCTBOBaHMA (NOBbIWeHUA KBannduKalmm) N0 OCHOBHbIM NPOPUIbHBIM pas-
Jenam KnuHn4Yeckon nabopaTtopHON ANarHOCTUKN: KNUHUYECKON buoxmumun, nabopatop-
HOW remaTonoruu, obLLEKNMHNYECKM MeToAaMm nccnefoBaHuA. lNockonbky kadenpa ocy-
wecTBnAna paboTy nNo nosbieHUio KBanndrkaumm Bpayein-nabopaHToB Ansa MeauLnH-
CKUX yupexgeHuin He Tonbko BCCP, Ho n apyrux pecnybnuk CCCP, ocTpo BCTan BONpoc o
paclmpeHnn ee npenogasaTeNlbCKkoro cocTaBa.

Mostomy B nepuopn BpemeHu ¢ 1976 no 1980 r. 6biny n3bpaHbl N0 KOHKYPCY eLle 6 Ho-
BbIx NpenogaBaTenei: T.C. anbHoBa (oKTA6pb 1976 r.), B.C. JaHunbumk (anpenb 1977 1.),

Mpenopasartenu kadeppbi npodeccop B.I. Kon6, goueHTsl T.C. lanbHoBa, E.T. 3y60BCcKas,
O.A. BonotoBckas, A.b. XoplokoBa, C.I. Bacunny-Ceetnnuykas
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J.A. CmupHoBa (beBpanb 1978 r.), E.T. 3y6oBckas (mapT 1979 1.) n O.A. BonotoBckas (mapT
1979 r.), C.I. Bacununy-Ceetnuukas (nekabpb 1980 r.).

B 1979 r. poueHT E.M. MBaHOB 1 accucTeHT J1.A. CMUpHOBa, NprobpeTiure Ha Kadeape
6onbLon onbiT paboTbl B 06nacTn nabopaTopHON remaTonoruu, BbilvM 13 ee CoCcTaBa
OnA co3faHua no pelueHunio pykosoactsa benfMYB Hoson kadeppbl — rematonoruu m
TpaHcdy3nonorunu.

B opraHusauumu paboTbl kadbegpbl KNMHMYeCKo 1abopaTopHO ANArHOCTUKN HapAady
C nNpenofaBaTenamMn akTVBHOe ydyacTve NpuHMMany ctaplme nabopaHtbl B.M. Jlykom-
ckan, C.B. bectyxeBa, H.B. KanvHuHa, T.B. XaHeukas, T.A. TumoLweHko, J1.U. KyaunH, a Takxe
na6opaHTbl H.M. dyaapeHko n T.K. YepHeHko, Begywmin nabopaHT E.M. laneesa.

Sy
l

-
T Agedopoer Frr
of vxgﬂcxaﬂ BM Lecrymelda C.8.

Crapwme (Bepywme) na6opaHTtbl Kadeapbl, BHeCILME CYLLeCTBEHHbIN BK/1af B OpraHn3auuio
AeATenbHOCTN Kadeapbl KNMHNYECKO 1abopaTOpHOI ANArHOCTUKI C Havana ee co3faHnA

(cneBa HanpaBo: B.M. Jlykomckas, C.B. BectyxeBa, T.B. XaHeukKas, T.A. UBko (TumoweHko), JI1.U. KyanH,
H.M. Aynapexko, E.MN. FaneeBa)

5 mapTa 1987 r. peweHnem pekTtopata benlNYB kadeapa 6bina pasmelleHa B TONbKO
UTO OTKPbITOM, CNeunanbHO NpefHa3HauYeHHOM [J1A BbINOHEHUA Hay4HbIX McciefoBa-
Hun kopnyce LUHWJI, rae ocywectBnAeT CBO AeATENbHOCTb YXKe Ha NPOoTAXeHUN 37 neT.

Becbma Gonbluo BKNag B NMOAroTOBKY CNeLManncToB KAMHUYeCKon nabopaTopHon
OMarHocTrKm Obin NprBHeCeH BeTepaHaMmn Kadeapsbl: 3aBegytolmmmn Kapegpoii npodec-
copamu B.I. Konbom, B.C. KambilwHukoBbim, goueHTamu A.b. Xogiokoson, C.I. Bacunuy-
Csetnuukon, T.C. lanbHOBOWA.

BetepaHbl Kadenpbl (cneBa HanpaBo): nepBbliii 3aBeaylowmin Kadpeapoi npodeccop B.I. Konb

(nepuop pearenbHocTn 29 net: ¢ 1970 no 1999 r.), npodeccop B.C. KambilwHMKOB (BTOpOI 3aBeAyoWwuin
Kadeppoii (nepnop pgeatenbHocTn 54 roga: ¢ 1970 no 2024 r., B AOMKHOCTM 3aBeAylolero - 26 ner);
poueHTbl Kadeapbl A.B. Xoglokosa, C.I. Bacununy-Ceetnuukas, T.C. lanbHoBa

OnbIT nx paboTbl, OTPAXKEHHBIN K TOMY e B M3[laHHbIX kadenpon yuebHuKax, Obin Boc-
NPUHAT 1 NPUYMHOXEH ClieflylolM NoKoneHmemM npernogasaTeneil, B TOM ymciie JoLeH-
Tamu J1.U. AnexHoBuuy, J1.B. batypesuy, A.T. KyabmeHko, V.. Lnneiko.
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Bknag kadepapbl KNMHNYECKON TabOPaTOPHOW ANArHOCTUKN MHCTUTYTa NOBbIWEHUA KBanudurKaumm
1 NepenofroToBKM KaapoB 3fjpaBoOXpaHeHna benopycckoro rocyfapcTBEHHOro MeANLIMHCKOro
YHUBEpPCUTETa B CTAHOBIEHME LWKOSbl CMELNANNCTOB KINMHUYECKON NabopaTopHO ANarHoCTUKN

1 pOPMUPOBaHME HALIMOHANBbHOW KNMHNKO-NabopaTopHON ClyObl

DoueHTtbl Kadenpbl (cneBa Hanpaso): J1.U. AnexHosuy, J1.B. Batypesny, A.T. Kysbmenko, U.A. Wuneiiko

MNpumeuaTtenbHo, uto Tpoe npenopasatenen — J1.W. AnexHoswuy, J1.B. Batypesunu
n N.A. Wnneliko — 3awmutunm anccepTalmoHHble paboTbl Ha COMCKaHMe yYeHOWN CTeneHu
KaHauzaTa MeMLUHCKMX HayK Mo HayuyHoW cneumanbHocTy 14.03.10 — KnnHMYecKas na-
6opaTopHas AMArHOCTMKA, YTO CaMo Mo cebe npeponpenensaet 6obluie BO3MOXHOCTA
peanusaumm Nx Hay4Horo noteHumasna B obnactu 1abopaTopHO MeanLHbI.

B OCHOBHbIE HAMPABJTIEHWA OEATESIBHOCTU KAGEAPDI
B COBETCKWMIW MEPNO BPEMEHN

1. Co3pgaHue npodeccroHanbHON LWKOJbl Bpayen-nabopaHTOB Ha KOHLeNTyanbHOW Oc-
HOBe, onpeaeneHHON ANUPEKTMBHbIMU JOKYMeHTaMn MUHUCTepCTBa 34 paBoOXpaHe-
HuA CCCP.

2. lMoproTtoBKa creumanncToB («cneLopanHaToOpPOB») AnA PaboTbl 3a rpaHuLein (B CTpa-
Hax APpuKn 1 JTaTUHCKO AMEPUKIM) C Lienbio OCyLLecTBNeHMA 3KcnopTa obpa3oBa-
TeNbHbIX 1 NPOodeCcCcMOoHaNbHbIX 1aboPaTOPHO-ANArHOCTUYECKUX YCIIYT.

3. WHdbopmumpoBaHme Bpayen-kKnUHNLMCTOB (cnywaTtenen Kabenp KANMHUYECKOro npo-
d1ns) 0 KNMHUKO-AMArHOCTUYECKOWN 3HAUMMOCTU M3MEHEeHUs noKasaTesieln nabopa-
TOPHbIX TECTOB U TaKTVKe 1abopaToOpHOro ncciefoBaHnaA naumneHTos ¢ 3abonesaHu-
AMUN BHYTPEHHNX OPraHoB.

MeponpuaTnsa No NoAroToBKe KagpoB Bpaueli-nabopaHToB 1 3KcnopTy o6paso-
BaTeNlbHbIX N Npo¢deccuoHaNbHbIX yCyr

MarunctpanbHbiM HanpasieHNneM [AeATesIbHOCTY B 06nacTv MOAroTOBKU Bpaueit-
nabopaHToB B TOT Nepuof BPeMeHMN ABUIOCh BHEAPEHME B NPAKTUKY PaboTbl BCEX KVNHU-
KO-AmarHocTnyeckmx nabopatopuii yTBep>KaeHHbIX MUHUCTEPCTBOM 34paBOOXPaHeHNA
CCCP yH1dMLMPOBaHHbIX METOLOB UCCIef0BaHMSA, MPUBEEHHbIX B M3[laHHbIX B Nepuos
€ 1972 no 1976 r. NpunoXeHNAX K neproanyeckum nprikasam ob yHudukauum nabopa-
TOPHbIX METOAOB UCCNefoBaHUsA. YHUbUKaLua 6bina opueHTMpoBaHa Ha NPUBHECEHMWE
eflMHo06pa3unsA B CNEKTP NCNONb3yeMblX METOAOB labopaToOpHOro aHanmsa u nabopartop-
Horo o6opyf0BaHMA, a Tak»Ke B Pa3MepPHOCTb BESIMYVH, OTPaKatoLWMX pe3ynbTaTbl KIVHU-
yecKkoro nabopaTopHOro uccsiefoBaHmA. TeM cambliM OHa AOJIXKHa Oblnia obecneynTb npe-
€MCTBEHHOCTb B TabopaTOpPHOM UCCNeA0BaHUN NaLNEHTOB.

PewieHwve 310l rnob6anbHoM 3aiaun 1 6bIsI0 BO3NOXKEHO Ha Kadeapy KNMHMYECKOn na-
6opaTopHoli anarHoctukn benlMYB — eguHCTBEHHYIO B cMCTEME NOCNeANMIIOMHOMO 06-
pa3oBaHua Bpauelt-nabopaHtoB B BCCP. B peanu3saumun Bo3noxeHHoN Ha kabegpy muc-
CUW OHa JlaneKko onepeauna Bce Apyrue ogHoTunHble Kabeapbl 6biBLunX pecnybnuk CCCP,
MOCKOJIbKY HaKOMJEHHbIN B TeueHne 5 neT onbIT 1Cnonb3oBaHUA YHUPULMPOBAHHbIX
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METOZOB MCCnefnoBaHnAa Ha Kadeppe benlMYB m B KIMHMKO-AMArHOCTUYECKMX na-
6opatopuax MeguUUHCKUX yupexaeHuii BCCP 6bin oTpaxeH B 2 kHurax B.I. Kon6a
1 B.C. KamblwHMKoOBA: «<KnnHmyeckan buoxummnsy» (1976) n «CnpaBoYHUK NO KINHUYECKOW
XMy (1982). i3noxeHue B 3TUX PyKOBOACTBaX MaTepranos NO NCCNefoBaHNIO OTAeNb-
HblX aHaNIUTOB CTPOMIOCh MO €AUHON CXeme: CBeieHUA O Pa3NUYHbIX TEXHONOMMAX UCCIe-
[l0BaHVA — OMMCaHWe Xofa onpepenieHna — TPaKTOBKa pe3ynbraToB S1abopaTopHOro
nccneaoBaHuA.

YKa3saHHble pyKOBOACTBA MO KAWHUYECKOW XMMUK, N3jaHHble n3fatenbctBom «bena-
pycb» 6onbLMM TUpaxoM (72 000 3K3.), 0ueHb CKOPO CTanu UCMOJIb30BaTbCA BpayaMu-fa-
H6opaHTaMU KIIMHUKO-AMArHOCTUYECKIMX TabopaTopuin MeNLMHCKUX YUpeXaeHW npak-
TUYECKM BCEX COO3HbIX pecnybinK, oKasbiBas K TOMY Xe peanbHyio nomMollb B o6paso-
BaTeNIbHOM feATeNbHOCTU NpodeccopcKo-npenoaaBaTebCKoOMy COCTaBy ApYyrux Kabeap
KNMHMYEeCKoN NabopaToOpHON AMArHOCTUKM MHCTUTYTOB YCOBEPLUEHCTBOBAHMA Bpayen
MO OCBOEHMIO Ha HUX KOHTUHIEHTOM Bpayeli-nabopaHToB YHUOULMPOBaHHbIX METOAO0B
nccneaoBaHuA.

Yke B HauyanbHOM neprioge AeAtenibHOCTU Kadepbl ee COTPYAHUKaMU Benacb Nog-
roToBKa KJIMHWYECKNX OpAMHATOPOB U CNeLopavHaToOpOB Kak crneunanvctoB B obna-
CTWU KJIMHUYecKon nabopaTopHON AMArHOCTUKM ANA OCylecTBieHUA umu paboTbl 3a
rpaHuuen. bonblWNMHCTBO OKOHUMBLUKX ClelopauHaTypy pabotanu B [BuHee, Hurepuu,
Anxupe, Memere, AdraHnctaHe, Mo3ambuke 1 apyrux ctpaHax AGpUKM B KauecTse
npenopasatenei (boposHuH 10.A,, MNMaHkpaTosa JI1.T. n Ap.) u 3aBeayoLWnX KINHNKO-ANa-
rHocTnyeckummn nabopatopuamn (Xoptokosa A.b., Koponesmu H.A., lMaHkpatosa J1.T.,
Mpokonosuny A.C., Kosen E.N., Tpuukesuy A.O. n gp.).

NabopaHT kadepnpsl H.M. JynapeHko B 1977 1. 6bina KomaHampoBaHa MUHNCTEPCTBOM
3npaBooxpaHeHua BCCP B Pecnybnuky Kyba B KauecTBe KnuHuyeckoro nabopaHTa C Le-
Nbl0 OKa3aHWA MOMOLUM B OpraHM3auun JeATenbHOCTU KIMHUKO-ANArHOCTUYECKON na-
6opatopuu. Cnycta 5 net nocne Bo3BpatleHua ¢ Kybol B benapycb H.IN. lynapeHko 6bina
HanpasneHa MyHuctepcTBom 3apaBooxpaHeHunsa BCCP B Pecny6nuky AdraHncTaH, rge Ha
npotaxeHUn 2 net (¢ 1985 no 1987 r.) ocywecTBnANa BO3N0KEHHYIO HAa HEE€ OTBETCTBEHHYIO
Muccumio nabopaHTa-TOKCMKOSOra Bo ABopLe npe3ugeHTa pecnybnuku babpaka Kapmans.

OpraHnsauvoHHas, MeToAanYeckasa U KOHCYNbTallOHHO-AUarHocTuyeckas pgesn-
TenbHOCTb Kadeapbl

HemanoBakHytlo posfib BO BHEAPEHUWN B NPAKTUYECKYIO AeATeNIbHOCTb KIMHUKO-Ana-
rHOCTUYECKMX NlabopaTtopuin YHUOGULMPOBaAHHbBIX METOAOB NCCNEAOBaHUA, a TakxKe Tex-
HOMOMNIA OCYLLIECTBIEHNA BHYTPEHHErO 1 BHeLWHero (B TOM unciie pecny6arnKkaHCcKoro)
KOHTPO/IA KauecTBa, OpraH13yeMoro COBMeCTHbIMU ycunmamm BcecotosHoro v Pecny6nu-
KaHCKOro Hay4YHO-MeTOAMYECKOrO Y KOHTPOJSIbHOrO LieHTPOB no nabopatopHomy paeny,
Cbirpano ocylecTanaBLLeeca Kadeapow Ha NPOTAXeHNN 25 NeT pyKoBOACTBO AeATENbHO-
CTblo co3aaHHoro B 1968 r. PecnybnnkaHCKoro opraHn3auoHHO-MeTOANYECKOTO U KOH-
TPONbHOrO LeHTpa no nabopatopHomy feny (POMKLJI[), ogHMMK U3 BaXKHbIX Hamnpas-
NeHVN AeATeNbHOCTN KOTOPOro ABMANMCL OKa3aHue COAeNCTBUNA COTpyAHMKaM nabopa-
TOpWIA BO BHeAPEeHUN B UX MPaKTUYECKY AeATeNbHOCTb YHUOULMPOBaAHHbIX MeTOL0B
NccnegoBaHUsA, ocyllecTBleHne BHYTPEHHEro U BHELWWHEro KOHTPONsA KayecTBa BCEMU
KNMHUKO-AMarHoctuyecknmm nabopatopmamm pecny6smKkm, a Takxke ncnblitaHme HoOBOro
nabopatopHoro o6opynoBaHus.
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Kadeppa, ABnBLIancA B cuny cneyndrkn cBoein feAaTenbHOCTH, MO CyTH, pecnybnnkaH-
CKUM KOHCYNbTaTMBHbIM LIEHTPOM, LeCTBYIOLMM Ha GYHKLMOHANbHOWM OCHOBE, MOCTOAH-
HO OKa3blBana KOHCY/bTAaLMOHHYIO U OpPraHM3aLMOHHO-MeTOANYECKYIO NOMOLLb KNUHU-
Ko-AmMarHocTnueckum nabopatopuam pecnybnuku. Tak, npenogasatenamu (E.N. MiBaHo-
BbiM, T.C. [lanlbHOBOW) KOHCYNIBTUPOBANNCh NpenapaTtbl Ma3KoB KPOBM 1 KOCTHOrO MO3ra.

CotpyaHukamu kadegpbl, U Npexae Bcero ee 3apeaytolwmm — npodeccopom B.I. Kon-
60M, ObINO NPUHATO aKTMBHOE yyacTue B OpraHuM3auuun 1 AanbHenwen AeATelbHOCTU
Pecny6nukaHckoro obuiectBa Bpauyen-nabopaHToB, MOAroTOoBKe YcTaBa Hay4yHO-Mpak-
TYeCcKoro obLecTsa Bpayein-nabopaHToB, NPUHATOrO 3ateM Ha 1-m PecnybnukaHckom
cbesfe Bpayein-nabopaHToB.

20-21 masa 1975 r. Ha 6a3e yuebHo-nabopatopHoro kopnyca benlMYB coctosnca op-
raHu3oBaHHbI Kadpenpori 1 POMKUL 1- PecnybnukaHckuin cbesg HayuyHoro obuecTsa
Bpayven-nabopaHToOB.

B nporpammy cbe3ga 6bino BknoueHo 90 JOKNAA0B, NOCBALLEHHbIX Hanbonee Bax-
HbIM nNpobnemam nabopaTopHon cnyx0bbl. B paboTe cbesga NpuMHANO yyacTue CBbllle
300 cneuranuctoB nabopaTopHON ciyx6bl pecnybnvKy, a Takxe roctn n3 Mocksabl, Jle-
HUHrpaga, Anma-ATbl, XapbkoBa 1 Apyrnx ropoaos.

B noknape B.I. Konba otmeueHo, uto B pecnybnnke GyHKUMOHUPYET 988 KNMHUKO-AN-
arHoCTMYecknx nabopaTopuii, HacunTbiBaeTcA 937 WTaTHbIX AOMKHOCTEN Bpayen-nabo-
paHToB 1 3200 nabopaHTOB CO CPefHMM CrielmanbHbIM 06pa3oBaHNEM.

B pecny6numke no MHMUMaTMBeE MMaBHOrO BHELITAaTHOrO Cneunanncta no KInHMYeCcKon
nabopatopHoi cnyxxbe — 3aBeayoLlero Kapefpon KNMH1uYeckon nabopaTtopHoO guarHo-
cTukm B.I. Konba 6bino oTKpbITO 9 parionM30ToNHbIX NabopaTopuii, MCNOob3YOLWKX NPon3-
BoauMble Ha 6a3e XOI MBOX AH BCCP Habopbl peareHTOB s onpefeneHna ropMoHOB.

B r. MrnHcke 6binia OTKpbITa LieHTpann3oBaHHas ceposornyeckasn nabopatopus Ha 6ase
KO»KHO-BEHEPONOrMUYeCcKoro AncnaHcepa, a B nabopatopum 3- ropocKon KINMHNYECKON
60onbHMLbI I. MMHCKa LIeHTpan“30BaHHO NPOBOAMINCH UCCIeA0BaHUA Ha TOKCOMIa3mo3.

B coBeTckunii neproa BpemeHu Kadegpa TpagnLMOHHO ABNANACh OPraHNM3aTopPoOM NpPo-
BefieHVA 2, 3 1 4-ro Cbe3foB CneLmnanncToB KNMHUYECKon 1abopaTopHOW AUarHOCTUKM.

JNinanpytouwyio ponb B pa3paboTke cTpaTernm u TakTUKWU NOArOTOBKM PYKOBOAALNX
KagpoB, CNeLunanvcToB KIIMHNYECKON TabopaToOpPHOM AMarHOCTUKIN COIO3HbIX pecny6nmk
urpanu: Kadpefpa KnnHn4Yeckon nabopatopHon gnarHoctmkm LieHTpanbHoro opaeHa Jle-
HWHa MHCTUTYTa ycoBeplueHCcTBOBaHMA Bpayen — LIOJINYB (3aBepytowwme: npodeccopa
E.A. Koct, E.[. MNoHomapeBa, B.T. Mopo3oga); BHMuKLUJ1l (Hay4HbI KOHCYNbTaHT LeH-
Tpa npodeccop B.B. MeHbLInKOB); Bcecoto3Hoe HayuHoe obLiecTBO Bpayel-nabopaHToB
(pykoBoauTenb — npodeccop A.C. [MeTpoBa), ABAABLUNXCA K TOMY e COOpraHu3aTopamu
MHOIMX Meponpuatum, nposoaumbix kak B CCCP, Tak 1 3a ero npegenamm.

AKTVBHOE yyacTue B NpOBefeHNM COIO3HbIX MePONpPUATUIA B 061acTy KNMHMYECKoM
nabopatopHoO ANarHOCTKM NPUHMMan 1 3asedyownin kadbenpon KnmHuyeckom nabo-
paTopHoi gnarHoctnkun benfMYB npodeccop B.I. Konb, B Tom uncne Bo 2-m BcecotosHom
cbe3fe Bpaven-nabopaHToB B I. Bopolumnosrpage, Bo Bcecoo3Hom ceMuHape no obme-
HY OMbITOM LEHTPANIM30BaHHbIX KNUHUKO-AMArHoCTnuYecknx nabopatopuii Ha 6ase BAHX
CCCP (Mocksa, 1979 r.), BO Bcecoio3HOM cemmnHape No ynyuyleHnio KOHTPOnA KavecTsa
KNUHUYeCKnX nabopaTopHbIX nccneaoBaHnii Ha 6ase BAHX CCCP (Mocksa, 1981 r.), B pa-
60Te yuebHO-MeTOANYECKON KOoHbepeHUnn «Mpobnembl cOBEPLLEHCTBOBaHNUA NoCeamn-
NJIOMHOI NOAroTOBKM Bpayei-nabopaHToB» (Ogecca, 1984 r.).
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Bynyun 3aBepytowwmm Kadenpoii, B.I. Konb npuHan yyactue B npoefeHumn 12 mexay-
HapOZHbIX KOHIPeCcCcoB, B opraHu3aumm 5 cbe3gos 1 40 nneHymoB obLiecTsa.

HayuHasa geAaTenbHOCTb

[MaBHbIM HanpaBneHMem TakOBOW B COBETCKMI nepuopg BpemeHun (go 1991 r.) asu-
NOCb yCTaHOBJIeHNe 0COBEHHOCTEN XonecTepuHONaTUN 1 ateporeHesa Npu neroyHom
naTonorumn.

Ha ocHoBaHUK BbINOMHEHHOrO 3KCNEPYMEHTaNbHOMO (aBTOPCKOE CBMAETENbCTBO Ha
n3obpeteHne N2 1367033 (CCCP). G 09 B 23/28. Cnocob mopenvpoBaHuA aTepocKiepo-
3a. KambiwHmkos B.C., Mpxensackosckuin IA., Kon6 B.I) 1 KNnMHNYeCKOro nccnepoBaHms
6bIIM NpeanoXkeHbl 3alimiieHHble 10 aBTOPCKUMY CBUAETENbCTBaMI Ha M3obpeTeHus
HoBble, B 3-4 pa3a 6onee UyBCTBUTENbHbIE, YEM TPAANLIMOHHbIE, CMOCOObI KNMMHUKO-61O-
XYIMUYecKor nabopaTopHOl AMarHOCTMKM MeTabonnyeckn aTunmyHoO NpoABAioLLerocs
aTepocksepo3a.

Mo pe3ynbTataM KAUHWKO-3KCMEPUMEHTANbHOIO MCCNefoBaHUA 6bina BblABMHYTA
KOHUenuMa o0 3HaYMMOCTN U3MEHEHUI BUOXMMMYECKOrO COCTaBa U CTPYKTYPHO-OYHK-
LMOHaNbHbIX CBONCTB aHTUATEPOreHHbIX JINMONPOTEMHOB B GOPMMPOBAHMMN aTUMNYHO
NPOABNAIOLLEroCA aTepoCKepo3a, a Takke 0 OONbLION ANAarHOCTUYECKON 3HAUMMOCTU
YCTaHOBNEHMWA N3MEHEHN B COOTHOLLIEHNW MeXaY COaepaHmem csoboaHoro u adupo-
CBA3aHHOrO XonecTepuHa B IMNONPOTENHAX BbICOKOW NIOTHOCTU AN1A BbIABIIEHUA aTepo-
CKnepo3a Ha paHHUX CTaguax ero GopmMmMpoBaHms.

HayuHasa HOBM3Ha KoHUenuuu nofTBepKAeHa PAAOM aBTOPCKMX CBUAETENbCTB Ha
n3obpeteHuns, B Tom uncie N2 1668951 (CCCP). G 01 N2 33192. A 61 B 10/00. Cnoco6 ana-
FHOCTUKU aTepocKiepo3a y 60sbHbIX MHeBMOHMeN. KambiwHmKos B.C., Nypeswny 1., Ipo-
30BcKas M.C., Kon6 B.I. OTkpbITus. N306peTeHna. 1991. N2 29,

B XAPAKTEP, HAMNPABJIEHUA N NTOTW AEATEJIbBHOCTU KAOEPDI
B MOCTCOBETCKMW NEPVOL BPEMEHU

[eaTenbHocTb Kadepbl N0 NOAroToBKe NpodeccnoHanbHbIX KafpoB 1 SKCMOop-
Ty o6pasoBaTefibHbIX ycnyr

Mocne pacnaga CCCP n nprobpeteHnsa pecnybnmnkon cyBepeHuTeTa HacTynui Ho-
BbIi 3Tan B o6pa3oBaTeNlbHON AeATeNIbHOCTY Kadeapbl, CBA3aHHbIN C Nepexofom OT 1C-
NoNb30BaHUA TEXHONOMNIA YHUPULIMPOBAHHbIX METOLOB NCCIefOBaHNA (ANA NOCTaHOBKM
KOTOpbIX TpeboBanocb NPUroTOBNEHWE PeareHTOB N3 UCXOAHbIX CyXUX BELLECTB B YC/O-
BMAX CaMOW KNIMHUKO-AUArHOCTUYECKON nabopaTtopum) K MPUMEHEHMIO YXe FOTOBbIX,
cepTndMUMpoBaHHbIX HAOOPOB peareHToB, NPeAOCTaBAAEMbIX CNeLmnan3npoBaHHbIMK
TOProBbIMM OpraHu3auMAMN 1 NpeaHasHaYeHHbIMU B OCHOBHOM K MCMOJNIb30BaHMIO Ha
BbICOKOTEXHONTIOrMYHOM aBTOMaTU3UPOBaHHOM 060pyf0BaHMM (BUOXMMUNYECKIX, FemMaTo-
NOrNYeCcKrX, UMMYHONIOFMUYECKUX M APYrX aBTOaHanmn3aTopax) BMeCcTo o6bluHbIX $OTO-
anekTpokonopumeTpos (Trna ®IK-M, OIK-H-57, OIK-60, mmkpokonopmumeTpa MKMO-1).

Mostomy notpeboBanocb KapanHanbHO NepecTpanBaTb y4ebHbIl npoLecc, BHeapAaA
B HEro HOBble, COOTBETCTBYHOLLME BEAHUAM BPeMeHU MeToAbl 1abopaTopHOro aHanums3a.

O6yuyeHne cneumMannMcToB Ha pa3HbIX dTanax geATenbHoCcTU Kadeppbl B NOCTCOBET-
CKUI Nepuop BpeMeH BKII0Yano NpoBefeHne KypCcoB NepenoaroToBKM U NOBbILLEHUsA
KBanudmKaLmm No MHOrOUYMUCAEHHbIM Cy6aANCLMMIMHAM CMeUanbHOCTU «KIMHUYeCKan
nabopatopHasa AUArHOCTUKa»: KIMHUYECKOW OMoxmmumm, nabopaTopHOM remaTonoruu,
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obLleKNMHNYECKUM MeTOAaM UCCNIejoBaHWA U APYrM, B OCHOBY KOTOPbIX 6bli0 nono-
»eHO ucnonb3oBaHNe B y4ebHOM MpoLecce COBPEMEHHbIX TEXHOMOMMIA KNMHMKO-Nabo-
pPaTOpPHOro nccnefoBaHUA, CBA3AHHbIX C NMPMMEHEHNEM BbICOKOTEXHONOIMYHbIX, B TOM
yncne aBTOMaTM3NPOBaHHbIX, METOAO0B UCCNefoBaHNA.

C uenblo NOAroTOBKM U1 NOBbIWEHWA KBanuduKaLmm cneynanmctoB B 061acT XUMMKO-
TOKCMKOormyeckoro aHanmsa B 2001 r. 6bina pa3pabotaHa v BHepeHa B yuebHbI npoLecc
Mporpamma nocnegmnaomMHoro obyyeHusa Bpayell No XMMUKO-TOKCUKONOrMYECKOMY aHa-
N3y BeLLEeCTB, BbI3blBaOLLMX OflypMaH/BaHWe, KOTOpas ABMUAaCb OCHOBOW fnA pa3paboTku
B AaNibHelweMm 6oree y3KMX NPOorpaMmM XMMUKO-TOKCUKONIOMMYECKOro UCCeoBaHus.

Ha ocHoBe pa3paboTtaHHol ¢ yyacTvem foueHTta A.T. Ky3bMeHKO 1 yTBep»KAEHHOW B
HoAbpe 2016 r. nporpaMmbl «XUMMKO-TOKCMKOOFMYECKUI aHanm3» (Ana 3aBeayoLmx
KNMHUKO-AMarHoCTUYeCKrX, TOKCUKOOrnyeckux nabopatopuii, Bpavern nabopatopHon
[OVarHOCTMKM, Hay4YHbIX COTPYAHMKOB OpraHmn3aLmin 3gpaBooxpaHeHns, 61Monoros) Ha Ka-
denpe KNMHNYeCKom nabopaTopHo anarHocTnku benMATO cTanu 2 pasa B rog NpoBo-
OWTbCA KypCbl MOBbILEHWA KBanudrKaumm cneymannctoB B 061acTy XMMUKO-TOKCUKOSIO-
rMyeckoro aHanums3a.

Mo cnoxuBlenca Tpaguumm 1 B NOCTCOBETCKOM Mepuofe AeaTenbHOCTU Kadenpon
YAENANocb AOMKHOE BHMMaHMe 3KCNopTy obpa3oBaTenbHbIX ycyr. Tak, B COOTBETCTBUM
C MeXJyHapofHOW OroBOPeHHOCTbIO Ha Kadeape npoLwnu obyyeHune (B TeueHne 8 meca-
ueB) cneumanmcTbl n3 Counanuctmyeckon HapogHo Jinsuincko Apabekoin Ixxamaxmpumm.
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MpepcTaBuTeNN KOHTUHIreHTa Bpayell nabopaTtopHoii gnarHoctuku us Jinsum: Ha kadeppe (poto cnesa)
1 B MUHCKOM KOHCYNbTaTMBHOM Jieye6HO-AnarHocTuyeckom LeHTpe (poTo cnpasa)

CneumanbHo ana obyyeHus ctaxkepoB U3 JIMBMKM Gbiniv NOArOTOBMEHbI U U3AaHbI 2 py-
KOBOJCTBA HA aHITIMNCKOM fA3bIKE.
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PepakunoHHoO-n3gaTenbcKas AeATeNnbHOCTb

B noctcoBeTckuin nepuo BpemeHu 6bina NpPogosKeHa U NPUTOM 3HaUUTENIbHO pac-
lwMpeHa pedakuMoHHO-M3faTeNbckana [AeATenbHOCTb Kadeapbl, OPUEHTMPOBAHHaA Ha
OKasaHue NpakTMYecKolr NoMoLLM Bpayam B 0611acT 0CBOEHUA TexHonoruii nabopatop-
HOro nccnefoBaHNA U TPAKTOBKM MOMYYEHHbIX NPU UX UCMONb30BaHUN pe3ynbTaToB.

CoBepLUeHCTBOBaHMIO NOArOTOBKY NpodeccnoHanbHbIX KagpoB BO MHOrOM CNoco6-
CTBOBasio u3gaHue 6 mapatenbcteamu benopyccunm n Poccuu, a nmeHHo: «benapycby,
«benapyckaa HaByKa», «Bbiwaiiwas wkona», «MHTepnpeccepBrc» Y «KHXKHbIA LOMY,
«ApyKaubif i BbixaBaHHe» (benapycb, MuHck), «<ME[lnpecc-nHpopm» (Poccma, Mocksa) —
57 kHur (cpegn HUX 12 yuebHMKOB 1 yuebHbIX nocobun ¢ rpudom MunHncTepcTea obpa-
30BaHMA) 06LWMM THpaXKom cBbile 203 000 3K3eMnNAPOB, KOTOPbIMM OXBATbIBAOTCA Pas-
NnYHble 06NacTn KNMHNYECKON NabopaTopHOM ANarHOCTUKN.

Bce n3paHHble Kadenpon B Hawen ctpaHe n Poccuinckon Oepepaum yuebHuKY, yuebd-
Hble Nocobus, CNPaBOYHMKNA 1 MOHOTpPaduUn CTann HaCTOSbHbIMW PYKOBOACTBaMU AJ1A
CneuunanncToB KNMHMYeCKon nabopaTopHOM ANarHOCTUKN He Tonbko B benapycn, HO 1
B Poccun n page gpyrux ctpaH CHI. Cpegm HUX yuebHUKK, yuebHble nocobus, cnpaBoy-
HUKW 1 gpyrue, npegHa3HauyeHHble Kak Ana CneunanucToB KNnHudyeckom nabopatopHon
OVArHOCTMKM, Tak 1 Ana Bpayen-knMHNLMCTOB (Bpayei obLiein NpakTuKy, Kaparosoros,
TepaneBTOB, XMPYPros, OHKOJIOrOB, renaTosioros 1 ap.).

M3pgaHHble pykoBoacTaa (yuebHmKY, yuebHble nocobus c rpudpom MuHuctepctea 06-
pa3soBaHua Pecnybnuku benapycb, MoHorpadum, cnpaBoYHMKIM) OXBaTbIBAOT Takne OC-
HOBHble pa3fesbl NpeameTa «KnHu4eckas nabopaTtopHan AUarHoOCTUKa», Kak:

1. TexHuKa BbINoONHeHNA NabopaTopHbIX PaboT B MEAULIMHCKON NpaKTUKe:

®  KambiwHuKoB B.C. TexHuka nabopatopHbix paboT: yuebHUK. MuHck: benapyckas Ha-
BYKa, 2001. 286 c.

= KamblwHMKoB B.C. TexHMKa nabopaTopHbIX paboT B MeAULMHCKOWN NPaKTUKe. 4-e 13g,.,
nepepab. n gon. M.: MElnpecc-nHdopm, 2016. 344 c.: nn.

2. TexHONOrMW KINMHUKO-6UOXMMMNYECKON AMNAarHOCTUKM:

= KamblwHKKoB B.C. CNpaBOYHUK MO KINHUKO-OMOXMMUYECKON nabopaTopHOI AnarHo-
cTuKe: B 2 T. MmnHck: benapycb, 2002. 495 c.: un.

®  KambiwHmkoB B.C. KnnHuko-6noxmmuuyeckas nabopatopHas gMarHocTmka: CrnpaBou-
HUK: B 2 T. MnHcK: MHTepnpeccepsuc: KHmxHbI gom, 2003. 495 c.: un.

= KambiwHmKoB B.C. CNpaBoOYHUK MO KIMHUKO-OMOXUMUYECKM UCCIefoBaHWAM U Na-
60opaToOpHON AnarHoCcTuke. 2-e n3g., nepepab. n gon. M.: ME[npecc-undpopm, 2004.
920 c.; M.: MEnpecc-nHpopm, 2009. 889 c.

3. MeTopabl KNMHKO-NabopaTopHbIX NCCIIeAOBaHNIA:

" MeTofbl KNMHUYECKNX NabopaTopHbIX nccnegoBaHuii: yueb. nocobue / B.C. Kambiw-
Hukos, O.A. BonotoBckas, A.b. Xopgtokosa, T.C. lanbHoBa, C.I. Bacunny-Ceetnunukas,
E.T. 3ytooBckas, J1./. AnexHoBny. MuHcK: benopycckas Hayka, 2001. 695 c.; MnHck: be-
nopycckas Hayka, 2002. 775 c.

" MeTogbl KNMHMYECKNX NabopaTopHbIX nccnefoBaHuii: yuebHuk / B.C. KambllWHKKOB,
O.A. Bonotosckas, A.b. Xoglokosa, T.C. lanbHoBa, C.I. Bacunny-Ceetnuukas, E.T. 3y-
tooBckasn, J1.N. AnexHosunu. M.: MEnpecc-nHdopm. Mpetepneno 10 usgaHni (c go-
nosiHeHUamK): 3-e usg. M.: MEnpecc-uHdpopm, 2009. 752 c.; 4-e n3g. M.: MEQdnpecc-
nHoopm, 2011. 752 c.; 5-e nsg., nepepad. n gon. M.: MEAnpecc-nHpopm, 2013. 752 c;
6-e n3g. M.: MEinpecc-nHpopm, 2013. 752 c,; 7-e usg. M.: MEnpecc-nHdopm, 2015.
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752 c.; 8-e n3g. M.: MEinpecc-nHpopm, 2017. 752 c; 9-e usg. M.: MEnpecc-uHdpopm,
2018.752 c.; 10-e usa. M.: MEAnpecc-nHdopm, 2020. 736 c.

4. KnunHunueckas nabopaTopHasa AMarHoOCTMKa:

= KnuHuyeckasa nabopatopHaa AnarHocTnka (MeTofbl U TPAKTOBKa NlabopaTopHbIX UC-
cnepoBaHuin): yueb. nocobue / B.C. KambiwHukos, J1.U. AnexHosuy, C.I. Bacunuy-CseT-
nuukas, T.C. JanbHoBa, A.b. XoatkoBa, E.T. 3y6osckas, A.T. KyabmeHko, H.H. KoxHoBuy,
t0.1. CrenaHoBa, J1.B. batypesuy; nog ped. npod. KambiwHnkosa B.C. M.: MEnpecc-
nHoopm, 2015. 720 c; M.: MEAnpecc-nHdopm, 2017. 720 c.; M.: ME[npecc-uHdpopm,
2020. 720 c.; 4-e n3a. M.: MEnpecc-uHdpopm, 2023. 720 c.

5. NlabopatopHasa remaTonorus:

®  Atnac no rematoniorun. Mpaktnyeckoe nocobre no Mopdponornyeckon n KnmHuye-
ckon guarHocTtuke / nep. ¢ aHrn. T.C. JanbHoBow, C.I. Bacunuy-Ceetnuukon; nog o6y,
pea. npoo. B.C. KambiwHukosa. M.: ME[npecc-nHdopm, 2010. 207 c.

= [emoCTa3Monorva B KNMHMYeCKon 1 nabopaTopHon npakTrke: nocobue / B.C. Kambiw-
HUKOB [1 ap.]. MMHCK : AgyKauplf i BbixaBaHHe, 2011. 320 c.: un.

6. ATeporeHHble NOpakeHWA OPraHoB cepeYHO-COCYANCTON CUCTEMBI:

®  JlabopaTopHasa AMarHOCTMKa wuwwemuyeckon 6GonesHn cepgua: ydyeb. nocobue /
B.C. KamblwHukoB, J1.U. AnexHoBuy, A.T. KyabmeHko. MnHck: Obpa3oBaHue 1 BOCNnTa-
Hue, 2009. 152 c.

®  JlabopaTopHaa AMarHOCTUKa UweMmnyeckorn 6onesHun cepaua (NpeankTopbl OCNOXHe-
HU 1 MOHUTOPUHT MeTabonnuecknx HapyleHuin): yueb. nocobue / B.C. KaMbllLHNKOB,
N.U. AnexHoBuy, A.T. KysbmeHko. MuHck: Obpa3soBaHue 1 BocnutaHme, 2015. 360 c.

7. OmnarHocTuka ynoTtpebneHus ncruxoakTUBHbIX BeLecTB C UCMOSb30BaHeM METOAO0B
XUMUKO-TOKCUKOJSIOMMYECKOro aHanmsa:

" KnuHuko-nabopaTopHas AuarHocTuKa ynotpebneHna ncMxoakTBHbIX BeLLecTB: yueb.
noco6wue / B.C. KambiwHukos, U.[. lWnneiiko, A.M. Yybykos, A.T. KyabmeHko, [1.A. CtaT-
KeBu4. MMHCK: AgyKaublis i BbixaBaHHe, 2016. 376 c.: un.

8. OHkonoruyeckue 3aboneBaHus, AMarHOCTMKa  MOHUTOPUHT:

= KamblwHMKoB B.C. OHKOMapKepbl: MeToabl onpefeneHmns, pepepeHTHble 3HaueHus,
nHTepnpeTauns TectoB. M.: MEJnpecc-uHdopm, 2011. 128 c.: un.

9. 3aboneBaHuA OpPraHoOB renaTobUIMAPHON CUCTEMBI:

= KamblwHuKoB B.C. KnuHuko-nabopaTopHasa guMarHOCTUKa 3aboneBaHuin neveHn. M.:
MEnpecc-uHdpopm, 2013. 96 c.: un.; 2014. 96 c.: nn.

10. MNoHATVEe «HOpMa» B TabOpPaTOPHON MeguLMHE:

= Qu3vonoruyeckre 3HaueHMs NabopaTopHbIX TeCToB y HaceneHusa Pecnybnuku be-
napyco: cnpas. nocobuve ana mep. pabotHnkos / A.A. YnpkuH, 3.A. JoueHko, B.C. Ka-
MbIWwHWKOB, B.C. Ynawwmk, M. KoctnH, C.I. Kosnosckasn, A.A. YmpkuHa, E.H. Hexanumk,
H.H. Bacunbesa, A.A. Cngo; nog pead. B.C. Ynawmka. MnHck: AgyKaublfl | BbiXxaBaHHe,
2010.88c.

= KamblwHuKkoB B.C. Hopma B nabopatopHoi MeguunHe: cnpaBodyHuk. M.: ME[npecc-
nHpopm, 2014. 336 c.

11. CnpaBOYHMK NO ANArHOCTUYECKUM TECTaM:

®  bonee 350 TecToB. HemeaneHHble OTBETbI Ha BaLy BOMPOChI: CMPaBOYHUK MO ANarHo-
cTnyeckum Tectam / [1. Hukonb, C.x. Makdu, M. MuHboH, Y. Mapk Jly; nep. c aHrn.
2-e u3ga., nepepab. n gon.; nog obuw. pea. npod. B.C. KamblwHmkoBa. M.: ME[lnpecc-
nHpopm, 2009. 560 c.
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12. KapmaHHbI cnpaBOYHKK Bpayva no KAnHMYecKon nabopaTtopHol AMarHocTumke:

= KamblwHMKoB B.C. KapmaHHbI CnpaBOYHUK Bpaya Mo NabopaTopHO AnarHoCTuKe.
MwuHck: benapyckas HaByKa, 2002. 463 c.

= KapMaHHbI CNpaBOYHMK NO AnarHoctnyecknm tectam. M.: MEnpecc-nHpopm, 2004,
464 c.: vn.; 2007. 400 c.; 2008. 400 c.; 2012. 400 c.; 2013. 400 c.

13. KnuHnko-nabopatopHas guarHocTuka ana Bpavent:

®  KambiwHuKoB B.C. JlabopaTopHasa AnarHOCTNKa BHYTPEHHUX U XMpypruyeckux bones-
Hel: yue6. nocobue. MrHcK: AgyKaupls i BbixaBaHHe, 2012. 584 c.: un.

®  KambiwHukoB B.C. KnuHnueckaa nabopaTtopHas AMarHOCTKa comaTnyeckux 3abone-
BaHUN. MUHCK: AgyKaubls i BbixaBaHHe, 2014. 632 c.: nn.

= KamblwHuKkoB B.C. JlabopaTopHaa AMarHOCTMKa B KAWHUYECKOW MpaKTMKe Bpaya.
MwnHck: AgyKaublis i BbixaBaHHe, 2018. 464 c.: un.

14. NNabopaTopHasa AnarHOCTMKa BHYTPEHHUX U XUPYpruyeckmx bonesHei:

®  KambiwHuKoB B.C. JlabopaTopHasa AnarHOCTNKa BHYTPEHHUX U XMpypruyeckux bones-
Hel: yue6. nocobue. MrHcK: AgyKaupls i BbixaBaHHe, 2012. 584 c.: un.

15. KnnHnko-nabopatopHaa AnarHoCTunka ot «A» go «f»:

®  KamblwHukos B.C. KnuHnyeckne nabopaTtopHble TecTbl oT A 1o fl U UX AnarHoCcThYeckme
npodunu: cnpae. nocobue. M.: ME[Jnpecc-nHpopm, 2005. 320 c.; 5-e n3g. 2014. 320 c.

16.JlabopaTopHasa AnarHOCTMKa B aKyLlepCTBe U TMHEKONOMN:

®  JlabopaTopHasa fMarHocTuKa B akylepcTse U ruHekonorun / KambiwHukos B.C., Je-
HeXKuHa H.B. M.: ME[lnpecc-nHdopm, 2021.300 c.

17. KnuHnko-nabopatopHas AgnarHoCTKa AnsA npefcTaBUTesnen HaceneHnsa — HeMeuKoB:

®  KambiwHmKoB B.C. O yem roBopAaT MeauUMHCKME aHanm3bl: cnpa.. nocobre. MUHCK:
benapyckas HaByKa, 1997. 180 c.; 1998. 180 c.

= KamblwHKKoB B.C. O yem roBopsaT MeauLNHCKUE aHanu3bl: cnpas. nocobue. M.: ME[I-
npecc-nHdopm, 2005. 176 c.; M.: MegnpeccuHoopm, 2009. 224 c.; M.: MeanpeccuH-
¢dopm, 2013.304 c.

Bnaropaps obecneueHunio 3TON U Jpyroi yuebHOM NUTepaTypo cnylwaTtesnen Kaxao-
ro Kypca nosbllleHnsA KBanudrkaumm 1 nepenogrotoBkuy Obina cylecTBeHHO NoBbllleHa
3bdeKTMBHOCTb yuebHOro npouecca, NOCKONbKY MaTepuman U3aHHbIX PyKOBOACTB COOT-
BETCTBOBAs TeMaTUKe NEKLMOHHBIX 1 NPaKTUUYeCKNX 3aHATUN Kadenpbl.

BecbMa 3HauMMbIM cOObITVEM B [EATENBHOCTU CIYXObl KNMHMYeCKo nabopaTopHon
[OVarHOCTMKM N NOAroTOBKE KaflpoB CrneLunanncToB nabopaTopHON MeauLMHbl ABMAACh
opraHuM3aumsa Bbixoda B cBeT ¢ Havana 2012 r. (c nepnognyHocTbio 1 pa3 B KBapTan) Mex-
ZlyHapOAHOro Hay4YHO-NpaKTMYeCcKoro XypHana «JlabopaTopHas fgnarHocTrka BoctouHas
EBpona», rnaBHbIM peakTopom KOToporo oT benapycy Ha NpoTAXeHUn BCex neT ero ns-
JaHuvA ABNAeTCA 3aBefyoWnin Kadeapow KNMHNYeCKON 1abopaTopHOM AMarHOCTUKIM AOK-
TOp MeANLMHCKUX HayK, npodeccop B.C. KaMblLLIHUKOB.

MexxpyHapogHbiin (benapycb — Poccus) HayuHO-NpaKTUuecknii )XypHan «Jlabopatop-
Has guarHoctuka BoctouHaa EBpona» ogobpeH BAK Pecnybnuku benapych, BKnoueH B
mexayHapopgHble 6a3bl AaHHbIX Scopus, Ulrich’s Periodicals Directory, EBSCO, CNKI, PUHL,.
Yupegutenb xypHana B benapycu - Y «[podeccrmoHanbHble nsgaHusy». MNpepgHasHaueH
OnA cneuranucToB nabopaTopHO MeanLHbI, TepaneBTOB, XMPYPros, KapAnonoros, SH-
[OKPWHOJIOrOB, reMaTonoros, AepMaTOBEHEPOSIOroB, NpefcTaBuUTeNen ApYrmx KnmHmuye-
CKUNX CcneymnanbHocTen, 61Monoros.
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JIABOPATOPHAA
AVATHOCTUKA |

Laboratory Diagnustics Eastern Europe

T

Jme

B nepuog c 2012 r. no HacToAlee Bpemsa BbiMyweHO 46 HOMepOoB XypHana
(c HoABpPA 2021 r. )KypHan BoLlen B MeXAyHapoaHyio 6a3y AaHHbIx Scopus). OCHOBHbIM
npefHasHayeHMEeM XypHana ABNAETCA OCBelleHe MHOTFOrpaHHbIX HanpaBneHnn aen-
TENIbHOCTY KJIMHUKO-NIabopaTopHO CilyK6bl M COCpeoTOUYeHNE BHMaHUSA ee creyunanu-
CTOB Ha aKTyaJibHbIX BOMPOCax 1abopaTopHO MeanLNHBI.

*KypHan aBuncsa ceoeobpasHo TpUOYHON AnA akTyanusauuy XUBoTpeneLLyLmx Bo-
MPOCOB, KacCaloLWXCs AeATENIbHOCTU KIIMHUYeCKoW flabopaTopHon ciyx6bl. Tak, yxe B
nepBblX HOMepax 3TOro »KypHaJsa NOABUINCH CTaTbM Ha TEMbI, KOTOPblE HE MOIIN He Npu-
BNeYb BHUMaHMA ayauTopmm CneumnanncToB, Cpeamn KoTopbix:

KambiwHrkoBs B.C. HauroHanbHas cnyx6a KNnMHNUYeCcKomn 1abopaTopHO ANArHOCTUKK:
NyTW Pa3BUTUA B COBPEMEHHbIX YCnoBmuAx. 2012. N2 1.

KambiwHmkos B.C. CTpaTterus noAroToBKy NpodecCUoHanbHbIX KagpoB Ciy»Kobl Knn-
HUYeckon nabopatopHoli AnarHoCTUKN B Pecnybnnke benapycb: npobnembl n Nyt rx
peweHna. 2012, N2 2.

KambiwHmKoB B.C. CTaXknpoBKa Kak OCHOBOMOJIaralownin 3tTan nocneanniomMmHoro ob-
pa3oBaHUsA Bpayel, CneLmnanmsnpyowmnxca B 061acti KNMH1Yeckon nabopaTopHon gna-
rHocTukn. 2012. N2 4,

PelieHne KafpoBbIX BOMPOCOB U NpodeccroHanbHas NogroToBKa KeanmouumposaH-
HbIX CMeUnanmcToB nabopaTopHO CiyK6bl YKpauHbl Ha coBpemeHHoM 3Tane / Al JlyHe-
Ba, E.lN. 3aBapgeukasn, J1./. Moropenas. 2013. N2 1.

KambiwHrkos B.C. Mpob6nembl opraHusaumm gestenbHOCT Pecny6nMKaHCKOro LeH-
TPa KANHNYECKOW TabopaTOpPHOIN ANAarHOCTUKM Ha COBpeMeHHOM 3Tane. 2013, N2 1.

NTorn mexnabopaTopHOro KOHTPOJA KayecTBa KINHUYECKUX labopaTopHbIX mccre-
[lI0BaHWI, BbINONIHEHHbIX B Pecny6nmke benapycb B 2012 r. / E.T. 3y6oBckasn, B.C. Kambiwu-
HMKOB. 2012. N 3.

JNlabopaTopHas AnMarHOCTMKa ynotpebieHns NCMXOAKTUBHBIX BELLECTB C 1CMNOJb30Ba-
HYeMm pa3paboTaHHbIX 1 BHEAPEHHbIX B NPaKTUKY 34paBOOXPAaHEHNA YHUPULIMPOBAHHbIX
meTonoB nccnegosaHms / B.C. KamblwHukos, A.M. Yy6ykos, V.. LLnnenko. 2013. N2 4.

HauunoHanbHaa cuctema KNUHUYECKON nabopaTopHOW ANArHOCTUKA: MyTU MOBbILIE-
HUA 3PPEeKTUBHOCTU U 0becrneyeHns KauecTBa BbINoJIHEHNA NabopaTOPHO-ANArHOCTMYe-
ckux nccnepgosaHui / B.C. KamblwHukos, M. KocTrH. 2014. N2 1.
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OpraHusauusa AeaTenbHOCTY KIMHUKOo-nabopaTtopHoi cyx6bl / Mogrotoska kagpos =2

MpaKkTrKa akkpeauTaumm MeguUNHCKuX nabopatopuii: TpeboBaHuA, Kputepmm, Npo-
uenypa / A.l. JlyHesa, M.LLI. A6amn. 2015. Ne 1.

3aTpoHyTble N MHOTVE ApYyrie TeMbl OCBELLANNCh B COOTBETCTBYHOLLEN pyOprKke MHO-
rMx gpyrux BbiNyCKOB »KypHarna.

Yuactue Kadeapbl B opraHnsaLuoHHO-MeToANYecKol pabote

Kadepnpoi Ha npoTaXKeHM BCcero nepriofa ee fAeATeNbHOCTU 0coboe BHYMaHMe yaens-
NoCb BOMpOCaM opraHm3aunm KnnHuko-nabopatopHom cny»x6bl B Pecnybnmke benapyco,
UTO HaLLMO OTPaXKeHVe B N3JaHHbIX y4ebHO-MeToAnYeCKUX Nocobuax, cpeam KoTopbix:

KambiwHmkos B.C. OpraHu3auua KnvHuYeckol nabopaTopHon cny»obl: yueb. noco-
6ue / benMANNO. Kadeppa KNA. MuHck, 2001. 40 c. Tupax 100 3K3.

KambiwHmkos B.C. OpraHu3auua KnvHuYeckol nabopaTopHon cny»obl: yueb. noco-
6ue / benMANMO. Kadeppa KNA. MuHck, 2002. 40 c. Tupax 100 3K3.

KambiwHrkos B.C. OpraHu3auus KnvHuYeckoln nabopaTopHon cny»obl: yueb. noco-
6ue / benMANNO. Kabeppa KNA. MuHck, 2003. 40 c. Tupax 100 3K3.

OpraHuzauua KnMHWYeckon nabopatopHoi cny»kobl: MeTof. ykasaHua / B.C. KamblwHu-
ko, HJ1. Cepreitumk, E.T. 3y6oBckasn. Muxck: benMATO: PLIK/1[, 2008. 122 c. Tupax 230 3K3.

OpraHu3auua KnnHuyeckon nabopaTopHon cnyx6bl: NpakT. pykosogcTso / B.C. Ka-
MblWHMKOB, H.J1. Ceprenuuk, E.T. 3y6oBckan. MuHck: BI'YOK, 2009. 139 c.

OpraHun3auus KNMHNYecKon nabopaTopHon cny6bl: npakT. nocobue / B.C. KambilwHK-
koB, HJ1. Cepreiuuk, E.T. 3y6oBckas; benMATNO, PUK/A. MuHck: BI'YOK, 2011. 132 c.

OpraHun3auus KnnHnyeckom nabopatopHor cnyx6bl: npakT. nocobue / B.C. KambiwHy-
kos, E.T. 3y6oBckasn; benMAIO, PUKIA. MuHck: BI'YOK, 2013. 137 c.

OpraHu3auus KnMH1YecKon nabopaTopHo cnyx6bl: npakT. nocobue / B.C. KambiwHK-
kos, E.T. 3yb6oBckas. 2-e n3ga., nepepad. n gon. MuHck: BI'YOK, 2013. 196 c.

OpraHu3auua KnuHMKo-nabopaTtopHoro obecneuveHusa neyebHo-npodunakTmyeckomn
[eATENbHOCTN MeMLMHCKNX yupexxaeHun Pecnyb6nnkn benapycb: yue6.-metop. nocobue /
B.C. KambiwHmkos, J1.B. batypesuy, J1.N. AnexHosny, A.T. KyabmeHko. MuHck: BenMATIO,
2018.77 c.

OpraHun3aLnoHHO-MeToaMYeckoe CoMnpoBoXaeHne nabopaTopHO-AMarHOCTUYECKON
[eATENbHOCTN MeULMHCKNX yupexxaeHun Pecnyb6nnkn benapycb: yue6.-metoq. nocobue /
B.C. KambiwHwukoB [1 ap.]. Munck: benMATIO, 2019. 87 c.

KambiwHrkos B.C. CtaHoBneHne nabopaTopHon meanumHbl B Pecnybnuke benapychb.
MwuHck: benMATO, 2021. 177 c.

KambiwHrkoBa B.C. OpraHu3aunoHHo-MeToauueckoe 1 nabopatopHoe obecneyeHune
[OVarHOCTMKM HEOT/IOXKHbIX COCTOAHMIA, TEXHONOMNW SKCNpecc-aHanm3a: yueb.-MeToA. no-
cobue. MuHck: benMATO, 2022. 54 c.

HopmaTtuBHo-npaBoBble aKkTbl M AOKYMeHTbl MuHMCTepCcTBa 3apaBooxpaHeHus Pe-
cnybnukn benapycb, pernameHTMpyloWmne AEATENIbHOCTb  KIMHUKO-ANArHOCTUYECKMX
nabopatopuin MeaULMHCKNX yupexaeHuin: yueb.-metog. nocobre / B.C. KambIWHKKOB,
J1.B. batypeswny, J1.U. AnexHosuy, T.C. JanbHoBa, A.T. Ky3bmeHko, W.[. lWunenko. MuHck:
benMAIO, 2022.59 c.

OpraHun3aUnoHHO-MeToauYeckoe obecrneyeHre CUCTEMbI YNpaBneHUs KauyecTBOM
KNMHMKO-NabopaTopHbIX MCCNefoBaHWA 1 akkpeauTauum obnacteil feATeNbHOCTN Me-
OVLUMHCKNX nabopaTopuii: yuyeb.-metod. nocobue / B.C. KambiwHukos, WU.[. Luneiiko,
A.T. Ky3bmeHko, A.A. Pycak, A.B. Boigpnuknin. MuHck: benMATNO, 2022. 118 c.
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Ha Bcex sTanax cBoen geAtenbHOCTY Kadefpa urpana rnaBeHCTBYIOLLYIO POfb B aTTe-
CTauMmn CNeumanmcToB KINHNYeCKon nabopaTopHo ANarHOCTUKN Ha BTOPYHO, MepPBYIO 1
BbICLLYIO KBaNMdrKaLMOHHbIe KaTeropumn.

Yeunuamm cotTpynHUKoB Kadepbl yke B nepBble rofbl NOCTCOBETCKOro neproga ooi
NOArOTOBJIEH U M3[aH NepeYeHb aTTeCTaUMOHHbIX BOMPOCOB Ha KBaNNPUKaLMOHHbIE Ka-
Teropum.

B 1991 r. BbIWNO NOAroTOBNEHHOE Kadeapow n3gaHue «TecToBble BONPOCHI AnA aTTe-
CTauun Bpayein-nabopaHToB KNNHUKO-ANArHOCTUYECKUX NabopaTopuii» (pa3paboTumKu:
B.I. Kon6, B.C. KambiwHukos, B.C. laHnnbuuk, E.T. 3y6osckas, T.C. JanbHoBa, C.I. CBeTnumuy-
kas, O.A. BonoTtoBckas, A.b. XoatokoBa). MuHck: benlMYB, 1991. 67 c. Tnpax 300 3K3.

B 1994 r. n3gaH cOOPHKK TECTOBbIX BOMPOCOB «ABTOMATU3MPOBaHHAsA aTTeCTaLMOHHasn
cncTema. KnnHnuyeckas nabopatopHaa guarHOCTUKa» (aBTOPCKUN Konnektus: Kon6 B.T.,
KambiwHumkos B.C., 3y6oBckas E.T., JanbHoBa T.C,, CBetnuukas C.I., Bonotosckas O.A., by-
rnosa C.E., Konomwuey H.[., YepHoseuknin M.A., Kniokuna J1.b., Kykynanckuin B.B., Coko-
nosckaa A.[l.). MuHck: MBI «benTect», 1994. 147 c. Tupax 800 3K3.

B 1998 r. n3gaH c6OpPHMK TECTOBLIX BOMPOCOB «KNUHUYecKas nabopaTopHaa anarHo-
CTVKa. ABTOMAT3MPOBAHHaA aTTeCTaUMOHHasA cucteMa» (aBTOPCKUIA konnektus: Konb B.I.,
KambiwHumkos B.C., 3y6osckas E.T.,, anbHoBa T.C., CBetnuukas C.I., Xogtokosa A.b., byrno-
Ba C.E., Konomney H.[I, YepHoseuknin M.A., KnioknHa J1.b., KykynaHnckmin B.B., Cokonos-
ckasa A.l.). MuHck: benl'YB, 1998. 339 c.

B 2017 r. Bbiwno 3 cbopHMKa TECTOBbIX BOMPOCOB AJ1A aTTecTauun Bpayel Ha BTOpPYIo
(88 c.), nepsyto (90 c.) n Bbicwyto (95 c.) KaTeropun: «ABTOMaTM3NPOBaHHaA aTTecTauu-
OHHaA cucTema «KnnHnuyeckaa nabopatopHaa amarHoctukar. MuHck: benMAMO. Tupax
300 3K3., 100 3K3., 100 3K3. COOTBETCTBEHHO.

B 2021 r. npenogasatenamun Kadeapbl NpeacTaBneHa B aTTeCTaLMOHHYO KOMUCCUIO
MuHucTepcTBa 3apaBooxpaHeHna Pecny6nukn benapycb HOBas, aKTyanu3npoBaHHas
KOMMblOTEpHaa Bepcua TeCTOB ANA chayn KBanUPMKaLMOHHOIO 3K3ameHa Ha BTOpPYIO,
NepBYyo 1 BbICLLYIO KBaNUPUKaLMOHHbIE KaTeropum.

Ha ocHoBaHUM NocTaHOBAEHUN 1 NpKKa3oB MMHMCTepPCTBa 34paBooxXpaHeHna Pecny-
6nmkn benapycb npenogaBatenu Kapeapbl ABNANMCL U ABAAIOTCA YeHaMK aTTecTalm-
OHHOW NOAKOMUCCUM PecnybIMKaHCKOWM aTTecTaMoOHHON KOMUCCUMN MO NPUCY>KAEHUIO
COOTBETCTBYIOWMX KBaNMdUKaLMOHHbIX KaTeropuii: ¢ 2021 r. npefcefatenem arTecTa-
LIMOHHOW NOAKOMUCCUN ABNAETCA 3aBefyownii kadbeaporn KnnHudyeckon nabopatopHon
anarHocTrky npodeccop B.C. KambIWHMKOB, cekpeTapeM Kommuccum — goueHT J1.U. Anex-
HOBWMY.

Yuactue Kadeapbl B NOAroToBKe KagpoB BbicLIell Hay4yHoW KBanndurkaumn

Kadepnpa Ha NpoTsaKeHWM BCero BpemMeHU CBOEro CyLeCcTBOBaHMA yyacTBOBana B noa-
roTOBKe He TONbKO NpodeccroHanbHblX, HO U HayYHO-NEefarornyeckrx Kagpos BbiCLIen
KBanudunkaymu.

B 1999 r. 3aBegyowmm kabeppon (npodeccopom B.C. KambllHMKOBbIM) Obinu pa3pa-
60TaHbl 2 NacnopTa HayyHon cneuunanbHocTh 14.00.46 (B ganbHenwem — 14.03.10) - knu-
H1yeckasa nabopaTopHas ANarHOCTMKa: OAVH NO OTPACUN «MeAULIMHCKIE HayK», APYron —
«bronornyeckne Haykmu»; Tem cambiM 6blia co3aHa BO3MOXHOCTb 3aLWTbl gmuccepraum-
OHHbIX pPaboT Mo HOBOW AnA pecnybnnKN HayuyHOW cneumnanbHOCTH, a Npu Kabeppe 6bina
OTKpbITa OYHaA 1 3a04YHaA acnMpaHTypa no AaHHOWN CneLunanbHOCTH.
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B oTkpbiToM B 2001 1. npu BenMATO (c yyacTuem pykosoautens Kadeapsl, ABNABLIE-
rocsa B TO e BpeMs NPOPeKTOPOM Mo Hay4yHou paboTe) coBeTe MO 3almTe JOKTOPCKUX U
KaHOMAATCKNX guccepTaumnin no cneyunanbHoctn 14.03.10 — KNMHUYecKana nabopatopHas
[OMarHocCTMKa — Obinn 3aLuLLeHbl AuccepTaLMoHHble paboTbl He ToNbKO NpodeccmoHanb-
HbIMW PaboTHMKaMK CyXObl KNMHUYECKON NTabopaToOpPHOW AMAarHOCTMKM, HO U NpeacTa-
BUTENAMM APYrMX KNUHUYECKMX crelunanbHoCcTel, paboTatoLwmx B 061acTu npakTnyecko-
ro 34paBOOXPaHEeHUNA: Tepanuu, XMpyprum, SHAOKPUHONOIW, KapAMonoruun, NynbMOHo-
NOrnK, B TOM YNCJIe MHOCTPaHHbIMU rpaxkaaHamu ¢ bavkHero BocTtoka.

B ceHTAGpe 2001 r. cocToANach Nepeas B COBETE 3allMTa JOKTOPCKON AnccepTaLmm 3a-
BefytoLlero Kapegpow KNMHNUYeCKon nabopaTopHoi AnarHocTukn Butebckoro rocygap-
CTBEHHOr0 MeuLUMHCKOro yHmuBepcuTeTa KupnuyeHok J1.H. no HayuHon cneuunanbHOCTH
«KNrHMYeckas nabopaTopHasa AnarHOCTKa.

B cooTtBeTCTBMM C pelieHriem Konnerun MuH1cTepcTBa 3gpaBooxpaHeHuns Pecnybnu-
Kn benapycb 0 nogrotoBke cneunanmMcToB B 0651aCT XMMUKO-TOKCUKONOMMYECKOro aHa-
N3a HAaPKOTMKOB 1 MCUXOTPOMHbIX BELLECTB MOA PYKOBOACTBOM 3aBefytoLlero Kadeapoi
6blIM YCMELWHO BbINOMHEHbI 1 3aluLleHbl 3 KaHauaaTcKne gucceprauum no cneyuvanb-
HocTu 14.03.10 — KNUHNYecKaa nabopaTopHasa AUArHOCTMKa — Ha TeMy O NpodUNakTUKe
HapKOMaHWK:

O.M. BepryH «3kcnpecc-meTog, onpefeneHnsa OnuiHbIX ankanouaoB U 0COOeHHOCTH
n3MeHeHna nabopaTopHbIX NoKa3aTene MeTabonr3ma Npu oTpaBAEHUN HAPKOTUYECKU-
MU CpeAcTBamm;

W.[. Wunewko «JlabopaTopHaa gnarHoctTuka ynotpebneHma meTagoHa 1 3HaYMMOCTb
€ro MOH/NTOPUHIa NP1 OCYLLECTBIEHNN 3aMeCTUTENbHON MeTagoHOBOM Tepanumn» (fopoa-
CKOW HapKonormnyeckun gncnaHcep r. MmHcka);

JLH. BoposukoBoli «/labopaTOopHO-AMarHOCTUYECKas 3HAYUMMOCTb KOMIMSIEKCHOMN
OLeHKMN MokasaTenen metabonusma 3taHosa U GUOreHHbIX MOHOAMUHOB MPU XPOHMYe-
CKOW aJIKOrONbHOW NHTOKCUKALY.

MonyuyeHHble aBTOpamMn HOBble pe3ynbTaTbl HALLWM OTpakeHue B 6 MIHCTpyKumAxX no
NPUMeHeHN0 YHUPNLIMPOBaHHbIX METOAUK onpefeneHna HAPKOTUKOB 1 MCUXOTPOMHbIX
BeLLeCTB, co3faHHbIX ¢ yyacTrem A.M. YybyKoBa 1 Apyrnx COTpyAHNKOB XUMUKO-TOKCUKO-
nornyeckon nabopatopuvt MMHCKOro ropoACKOro HapKoorMyeckoro gucnaHcepa.

Tem cambim 6b1n1 BHECEH onpefieNieHHbI BKNag B peanun3aLmio NporpaMmmMbl peoaore-
HWA NbAHCTBA M HAPKOMAHUN B CTPaHe.

3a Bpems cyLecTBoBaHUA coBeTa B Pecnybnuke benapych 3awuiyeHbl 3 JOKTOpCKUe
1 36 KaHAMAATCKUX AnccepTaumil No HayYHOW cneLmanbHOCTU «KNMHNYecKan nabopatop-
HaA AMarHoCTMKan.

HayuHo-npaKkTnueckasa feATeNbHOCTb, CBA3aHHasA C CO3faHNEeM U BHeApeHuem
MMNopTO3aMeLaloLnX N MHHOBALMIOHHbIX TEXHOJOrMIA

B noctcoBeTckMin nepuof BpemMeHW BbiIOOp HanpaBAeHUN Hay4HbIX MCCNefoBaHWN
6b11 MTHULMNPOBaH 06 BEKTUBHBIMU YCNTOBMAMM, CIIOXKMBLWMMMCA nocrie pacnaga CCCP: oH
CBOAMNCA K CO3aHMI0 UMMOPTO3aMeLLaloLWmnX N MHHOBALUMOHHbIX TEXHONOIMIA uccneso-
BaHMA B 06nacTy nabopaTtopHo MenLUHbI.

Tak, Bbi3BaHHOe pacnagom CCCP npekpalleHne nocTaBKM B Halwy cTpaHy n3 Poccuin-
ckon Qepepauun peareHToB, HEOOXOAMMBIX ANA BbINOMHEHUA NabopaToOpHbIX Ucche-
[0BaHWI, MpVBeNIo K MpocCTanBaHMo NabopaTopHOro obopynoBaHWA U NPaKTUYECKH
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NONHOMY NpeKpaLLeHMIO BbIMOMHEHNA NabopaTopHbIX NCceloBaHWI B neyebHo-npodu-
NaKTUYeCKMX yupexaeHunax cTpaHbl. EAMHCTBEHHbIM CcOLManbHO-9KOHOMUYECKM Lieneco-
06pa3HbIM NyTeM BbIXOAa U3 CO3faBLUeNCA CUTYyaLun ABMUIACch peann3aLma COBMECTHbIMU
yCuUnuAMn COTpyAHNKOB Kadeapbl KNMHUYecKkon nabopaTtopHon anarHoctnkn benlMNYB,
aHanuTnueckom xummm By n ctpykTypHbix nogpasgeneHun MbOX HAH benapycu 3apa-
HUI, PrHAHCMpPYeMbIX LieneBbiM HadHaueHeMm Tem HUP, HanpaBneHHbIX Npexze Bcero Ha
nmnopTto3amelyeHne. Cpegn HUX:

3apaHue MTHTM «3gopoBbex: «Pa3paboTka TEXHONOrMN NPON3BOACTBA U KINHUKO-Na-
60pPaTOPHOro NPMMEHeHNA pPeakTMBOB, HAOOPOB peareHTOB AN BUOXUMNYECKNX NCCe-
[OBaHUIN B KAMHNYECKOW nabopaTopHon npakTuke». Cpok BbiMoAHeHMA 1993-1995 rr.
HayuHbin pykosogutenb B.C. KambiwHukos, benlYB; oTBeTCTBEHHbIN WMCMOAHWUTENDb
E.M. PaxmaHbko, BI'Y. 3agaHne 6bino 3aBeplueHO pa3paboTKom U opraHmM3aumen npons-
BOACTBa Ha 6a3e co3zgaHHoOro npu Kadedpe aHanuTUYeckom xummm by HayuHo-texHu-
yeckoro koonepatmea «HTK AHanus X» HabopoB peareHToB 14 HaMMeHOBaHWI Afs Bbl-
NOJSIHEHNA OCHOBHOTO CreKTpa TabopaTopHbIX NCCefoBaHWIA, BeECbMa BOCTPebOBaHHbIX
NPaKTUYEeCKM 34paBOOXPaHEHNEM;

3apaHue MHTIM «JleyebHO-AMarHocTMUECKMEe TexHoNorMmy: «PaspaboTatb nabopatop-
HO-AMarHoCTUYeCKmne TeCT-CUCTEMbI A1 SKCNpecc-onpeaeneHna KOMMOHEHTOB KPOBU 1
MOYN C NCNOJIb30BaHEM GEePMEHTHON TEXHONOMMU U OCBOUTb UX NPON3BoACTBO». CPOoK
BbINonHeHWA 1996-1997 rr. HayuHbin pykosogutens B.C. KambiwHuKoB, benlNYB; oTeeT-
CTBEeHHbIN ncnonHutenb E.M. PaxmaHbko, BI'Y;

3apaHue THTI «/leyebHO-AMArHoCcTUYECKNe TexHonornmy: «Paspabotatb pepmeHTa-
TUBHble NaboOPATOPHO-ANArHOCTUYECKME TECT-CUCTEMbI AN ONpefeNneHns akTMBHOCTU
rnyTamatgerngporeHasbl, okcubyTupatgerugporeHassl (JI4-1), KpeaTUHKMHA3bI, MOYEBU-
Hbl, MOYEBOW KMNCIOTbl METOAAaMUN KUHETMYECKOTO aHain3a 1 0CBOUTb NX MPOU3BOACTBOY.
Cpok BbinonHeHna 1998-1999 rr. HayuHbin pykosogutens B.C. KambiwHukos, benlNYB;
OTBETCTBEHHbIN ncnonHutenb E.M. PaxmaHbko, bI'Y;

3apaHue MHTI «JleuebHO-AMarHOCTMYECKME TEXHONOMMU»: «Pa3paboTaTb N BHEAPUTL
TEXHONOMMI0 MPOU3BOACTBA MMMOPTO3aMeLLAloWMX PacTBOPOB AS1A reMaTonormyeckux
nonyaBTOMaTMUYEeCKUX U aBTOMAaTMUYECKUX aHann3aTopoB 3apybeXHOro npor3BOACTBay.
Cpok BbinonHeHna 1998-2000 rr. HayuHbin pykooguTtens B.C. KambiwHukos, benlNYB;
OTBETCTBEHHbIN ncnonHutenb E.M. PaxmaHbko, bI'Y;

3agaHve THTMN «MefnuMHCKasa TexHUKa»: «Pa3paboTka YHMBEPCaNbHOMO BbICOKOUYB-
CTBUTENIbHOTO dniyopumeTpa Ana KnvHuYeckon nabopaTopHon gmarHoctmkm». Cpok Bbl-
nonHeHus 1997-1999 rr. HayuHbi pykosoguTenb npodeccop B.C. KambIwHMKOB;

3apaHue MHTM «JleyebHO-AMarHocTMUECKME TeXHONOrMM»: «Pa3paboTaTb Nnabopatop-
HO-ANArHOCTUYECKNE TeCT-CUCTEMbI U OCBOUTb MPOU3BOACTBO HAOOPOB peareHToB AnA
onpepeneHna akTUBHOCTY raMma-riTaMuaTpaHcnenTugassl, GunupybrHa, xonectepu-
Ha, docdopa, MmarHus, xkenesa, obLieln 1 NaTEHTHON »Kene30CBA3blBatoLLeN CNOCOBHOCTH
CbIBOPOTKM KpoBu». Cpok BbinosiHeHna 2001-2002 rr. HayuHbin pykosogutens B.C. Ka-
MbllHMKOB, BenMATO; oTBeTCTBEHHbIN ucnonHutenb E.M. PaxmaHbko, BIY.

BbinonHeH n pAg HHOBaLMOHHbIX NpoekToB (AIM):

WM no pa3spaboTke M CO3[aHUIO OTEYECTBEHHOrO POTALMOHHONO BMCKO3UMETPA
(Ha 6a3e MHcTuTyTa TennomaccoobmeHa um. Jlbikosa HAH Benapycm). Cpok BbinonHeHUA
1991-1992 rr. HayuHbin pykosogutenb B.C. KambiwHukos, benlNYB;
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WM «Pa3paboTtaTb TexHONOrMM 1 OpraHN3oBaTb NPOM3BOACTBO HABOPOB peakTNBOB
OnA UMMyHonorudeckoro aHanmsa (M®A) ropmMoHOB, perynmpyiowmx penpoayKTUBHYHO
OYHKUMIO MKEeHLWUHBI (3CTPUON, XOPUOHUYECKMIA TOHAZOTPOMNMH)». CPOK BbINOMHEHUA
1998-2000 rr. HayuHbii pykosoautens B.C. KambiwHmKoB, benlNYB; oTBeTCTBEHHbIN NC-
nosiHWTeNb AoKTop XuM. Hayk O.B. Cenpupgos, UBOX HAH benapycu;

WM «Pa3paboTtaTb TexHONOrMmM 1 OpraHN3oBaTb NPOM3BOACTBO HABOPOB peakTNBOB
ana immyHodepmeHTHoro aHanu3sa (MOA) komnnekca cTepongHbIX FOPMOHOB (KOpTU307],
TeCTOCTepPOH, 3CTpaanon, nporectepoH)». Cpok BbinonHeHna 1999-2001 rr. HayuHbin py-
kosogmTenb B.C. KambiwHnKoB, benlMYB; oTBeTCTBEHHbIN MCNONHUTENb JOKTOP XUM. HaYK
O.B. Ceupupos, MBOX HAH benapycu;

WM «Pa3paboTatb TecT-cuctemy ana MMMyHOGEPMEHTHOTO aHar3a CbIBOPOTOUYHOTO
deppuTHa 1 opraHmM3oBaTb Npom3BoAcTBO. ONTMMMU3MPOBATb Ha OCHOBE CO3AaHHOM
TeCT-CUCTEMbI NMPOrPaMMbl CKPUHUHIA Y MOHUTOPUHIA Xene3oAePpUUNTHBIX COCTOAHWUIA
y HaceneHua Pecnybnuku benapycb». Cpok BbinonHeHna 2000-2001 rr. HayuHbin pyko-
Bogutenb B.C. KambiwHukoB, benlUYB; otBeTcTBEHHbIN ncnonHutens J1.A. CMnpHOBa,
benlNYB).

PaspaboTke nepcneKkTUBHbLIX K MCMONb30BaHUIO TECT-CUCTEM OblI MOCBALLEHbI TaKXKe:

3apaHne bBPODU «Pa3paboTaTtb TeCT-CMCTEMY NA SKCMPeCcCcHOro onpeaeneHnsa obuue-
ro aHTMOKCMAAHTHOrO CTaTyca opraHM3ma 1 UCMNonb30BaTh ee AnA oueHKN 3bdeKkTUBHO-
CTU aHTMOKCMAAHTHOW Tepanuu Npu pasnmnyHbix natonoruax». Cpok ncnonHexHna 2002-
2003 rr. HayuHbin pykooguTtenb B.C. KambllWHWKOB;

3apaHue TKIMHW «Bbronornyeckasa mHxeHepua n 6nobesonacHocTby — «Kngkne pe-
areHTbl». Cpok BbinonHeHna 2006-2010 rr. HayuHbii pykoBoguTtenb B.C. KamblLWHUKOB,
benMATO; oTBeTCcTBEHHbIN ncnonHutensb E.M. PaxmaHbko, BI'Y.

Ha ocHoBaHWMM pe3ynbTaToOB BbIMOMHEHWA 3TUX 3a4aHUIN CO3[aHO OTeYeCTBEHHOE NPo-
n3BopacTBo 6onee 60 BMAOB HAOOPOB peareHToB Ha 6a3e Kak HTTK «AHanu3 X» BIY, a Tak-
e Xo3pacueTHOro onbITHOro npeanpuatTua NHctutyta 6uoopraHuyeckon xumum (XOrM
MBOX) HAH benapycu.

Hapagy ¢ TpagMuMOHHO NCMONb3yeMbIMK, CO3faHbl TeCT-CUCTEMbI, NPeAcTaBNeHHblIe
Ha flpmapke MHHOBaUMOHHbIX pa3paboTok benCA (2016), npusHaHHble ocyaapcTBeH-
HbIM KOMWTETOM MO HayKe U TEXHOMOrMAM MHHOBALMOHHbIMM 1 Boweplwmne B Katanorn
WHHOBALIMOHHbIX pa3paboTok 2016 1 2022 rr.:

Habop peareHTOB «TecT-cMcTeMa AnA CKPUHMHIA B1ONOrnyeckux XugKkoctem n dapm-
Ccy6CTaHUMI Ha aHTMOKCUAAHTHYI0 aKTUBHOCTb «OKcnCTaTy;

Habop peareHTOB «TecT-cucTeMa AnA onpefeneHnsa akTBHOCTM MaHKpeaTUyecKon
dochonmnaszbl A2».

KATANOr

PHOBALLADHES PAIPAEDTOH.

s
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Bce oHM 3apernctpupoBaHbl MMHUCTEPCTBOM 3apaBooxpaHeHna Pecnybnukn bena-
pycb. Ha 6a3e XOIN NBOX HAH Benapycu HanaeH ux CepuUmnHbIi BbIMyCK.

B pesynbraTte BbINOMHEHWA HayYHO-TEXHUYECKMX U PAAA APYTUX NPOEKTOB, OPUEHTU-
POBaHHbIX Ha pelleHne 3aAay, Bbi3BaHHbIX 3anpocamMun MpakTMYecKkoro 34paBooxXpaHe-
HVA, He TOMbKO Oblnv COKOHOMIIEHbI BosbLLMe BaloTHblE CpefcTBa 1 obecneyeHo Hec-
nepe6oiHoe BbIMOJIHEHNE HaceseHno NabopaTOPHO-ANArHOCTUYECKNX UCCIIef0BaHW,
HO 1 BO3HUKJIO B pecny6simke HOBOe HanpasJieHne HayYHO-MPaKTNYeCKON AeATeNIbHOCTH,
obbeMHVBLIEE Ha AOMTME FOAbI YYEHbIX-XUMUKOB (aHaNUTUKOB) U MeanKoB (nabopaTop-
HbIX AVArHOCTOB) BO MMA [OCTUKEHNA 6GNaropoaHoN Lenn — yny4ylleHna COCTOAHNA 340-
pOBbA 1 NOBbILeHNA 3GPEKTUBHOCTN MeANLIMHCKOrO 06CyXNBaHWA HaceNeHA.

(EPTHOHKAT

Q@ pemcTpaL HapaHoR weon

8 cerntn 10281

Hotrmadh Comabiest b wveso8 ey

Haysnas snasi o efracmis
radapamapuen

B 3AKJTIOHYEHWE

B ntore mHororpaHHol 54-neTHei feAaTenibHOCTU Kadeapa npossuia ceba Kak Be-
ZOylWwmin obpa3oBaTesibHbll, HAayYHO-MPAKTUYECKNIA, OPraHM3aLMOHHO-METOANYECKUA U
KOHCYNbTaTUBHbIN LEEHTP KNHMYeCcKol nabopatopHoi guarHoctuku B Pecny6nvke bena-
pYyCb, 3aN0X1B pyHAAMEHTaNIbHblE OCHOBbI CMELMaNbHOCTU «KINMHMYeCKasa nabopatopHasn
[MarHoCTMKa» 1 BHECA CyLLeCTBEHHbIV BKNag B ee fanbHelllee pa3BUTUE, NOAIOTOBKY He-
CKOJIbKUX MOKOJEHNI Bpayel KNMHUYECKOW NabopaTopHOM ANArHOCTUKI, CO34aHue Npo-
$beccrmoHanbHOM 1 HayYHOW LUKOMbI CELMANNCTOB B 06nacT nabopaTopHO MeanLMHbI,
a TakXe B OpraHu13auuio 4esTeNIbHOCTY HaUOHaIbHON KIIMHUKO-N1abopaToOpPHOW CilyX6bl.
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Pesiome

BBepeHume. VHdekuma SARS-CoV-2 (COVID-19) n Bbi3BaHHble el0 oTAaneHHble nocnea-
CTBUSA B BUAE HAPYLLIEHWA COCTOAHNA METAaboNnyeckux n GprU3nonornyeckmx npoLeccos B
HacTosILLee BPeMs COCTaBIAIOT BECbMa BaXKHYIO MeAULMHCKYIO npobnemy. OgHol n3 oco-
6eHHocTen SARS-CoV-2 aBnseTca To, YTO B pAfe C/lyyaeB y NaLMeHTOB He HabnogaeTcs
CUMMTOMOB PECNMPATOPHOro 3aboneBaHus, HO Npu 3Tom BUpYc SARS-CoV-2 onpepenset-
CA MeToAaMU MOJIEKYNAPHO-TeHETUYECKOW AMarHOCTUKI. KnioueBbiM 3BEHOM STroMaTore-
He3a COVID-19 aBndaeTca sHgoTennanbHaa ANCPYHKUNA, O COCTOAHUMN 1 BbIPAXKEHHOCTN
KOTOpOW NpefcTaBAAeTCA BO3MOXHbIM CYAUTb Ha OCHOBaHUW pe3yNbTaToB, MONyYyaeMbixX
C CMONb30BaHNEM HOBOrO MHPOPMALIMOHHOIO TecTa — ONnpeaeneHna rmnepmeTUImpo-
BaHHbIX GOPM apruHuHa.

Llenb. YcTaHOBNEHMe npeanofiaraemon accoymaumnm Hocutenbctea SARS-CoV-2 ¢ runep-
MEeTUNNPOBaHHbIMK GoOpMamMn aprHHa (MapKepamm SHAOTeNanbHOW ANcGyHKunm) —
acMMMeTpuyHoro ammetunapruHvHa (AOMA) M CMMMETPMYHOro AMMeTUAapruHMHA
(CAMA).

Matepuanbi n meTogbl. bbin 06cnenosaHbl 220 NaLMeHTOB B Bo3pacTe oT 18 fo 65 ner,
y KOTOPbIX Ha MOMEHT cfiaum bruomaTtepurana 1 B TeYeHve ABYX HefleNb noce ero 3abopa
He BbIABMANOCH KIIMHWNYECKN BbIPAXKEHHbBIX CMMIMTOMOB PECMMPATOPHOro 3aboneBaHus,
xapaKktepHbix gna COVID-19. MonekynapHo-reHeTnyeckasa AmarHoctMka SARS-CoV-2
nposogunacb metogamu RT-PCR ¢ pyyHbIM 1 aBTOMaTUUYECKMM BblefIeHNEM BUPYCHOWN
PHK ¢ ucnonb3oBaHnem Habopa «Peanbect PHK SARS-CoV-2» («BekTop bect», Poccus).
Y nauueHToB € nonoxutenbHbiM pesynbtatom MNUP Ha SARS-CoV-2 n oTpuuatenbHbiM
(rpynna kKoHTponsa) metogom BIXKX-MC onpegenanucb ypoBHM rmnepMeTUINpOBaHHbIX
dopm apruHuHa AAMA n CAMA.

Pesynbratbl. [MonoxutenoHbln pesynbtat metogom [LUP SARS-CoV-2 6bi1 BbisiBNEH
y 52 nHanengyymoB (23,6%). Cpeau Bcex npeactaBuTesniein obuiein BbIGOPKU OKaszanocb
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60 KOHTaKTHbIX NMauVeHTOB (NOMOXKUTENbHbBIN pe3ynbTaT BbliABNeH Yy 29 yenosek (56%),
110 MeaUUUHCKNX pabOTHNKOB (MONOXKNTENbHBIV pe3ynbTaT BblfAB/IEH B 6 Clyyanx, unm
5%) 1 50 KOHTaKTHbIX MEAMLNHCKUX PabOTHNKOB (MONOXUTENbHbBIN pe3ynbTat B 17 cry-
yaax, unun 34%). B rpynne 6ecCMMTOMMHbIX NaLWEHTOB C NosoxmTenbHbiM MNLP-Tectom
Ha SARS-CoV-2 yposHu AIMA n CAMA 6b111 goctoBepHO noBbliwweHbl (173115 MKr/n un
161£13 MKr/n cOOTBETCTBEHHO) MO CPABHEHWIO C FPYMNMOM KOHTPONA UHAUBUAYYMOB C
oTpuuaTenbHbiM pesynbratom MNUP Ha SARS-CoV-2 (78+9 mKr/n n 5718 mkr/n cootseT-
CTBEHHO).

3aknioueHume. [lonyyeHHble pe3ynbTaTbl NO3BOAAIOT CYAUTb O TOM, YTO Aake NpU HOCU-
TenbctBe SARS-CoV-2 nmeeT MecTo sHAOTeNManbHasa AUCPYHKLMA, KOTOPasa MOXeT onpe-
[enATbCA C MOMOLLbIO COOTBETCTBYIOLMX MeTabonnueckmx mapkepoBs. Takum obpa3om,
Jake B cnyyae HocuTenbcTBa Brpyca SARS-CoV-2 npoABnAloTcA SHAOTENNANbHbIE Hapy-
LIeHUA Kak OfHMN M3 KitoueBbiX $aKTOpOB 3TMOMaToreHe3a HOBOW KOPOHABUPYCHOM UH-
dekunn.

KnioueBble cnosa: SARS-CoV-2, COVID-19, HocutenbcTtBo, MNUP, IX-MC, runepmeTtnnmpo-
BaHHble GOPMbl aprnHMHA
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Abstract

Introduction. SARS-CoV-2 (COVID-19) infection and its long-term consequences such as
disruption of metabolic and physiological processes currently constitute a very important
medical issue. One of SARS-CoV-2 features is that in some cases patients do not present
respiratory disease symptoms, but yet SARS-CoV-2 virus is detected by molecular genetic
diagnostic methods. The key element in COVID-19 etiopathogenesis is endothelial
dysfunction, the state and severity of which can be assessed by using results of a new
information test: determination of hypermethylated arginine forms.

Purpose. To establish a putative association of SARS-CoV-2 carriage with hypermethylated
arginine forms (endothelial dysfunction markers) such as asymmetric dimethylarginine
(ADMA) and symmetric dimethylarginine (SDMA).
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Materials and methods. A total of 220 patients aged 18 to 65 years who had no clinically
evident symptoms of respiratory disease characteristic for COVID-19 at the time of
biomaterial sampling and within two weeks after sampling were examined. Molecular
genetic diagnosis of SARS-CoV-2 was carried out by RT-PCR with manual and automatic
isolation of viral RNA using the RealBest RNA SARS-CoV-2 kit (Vector Best, Russia). In
both SARS-CoV-2 PCR positive and SARS-CoV-2 PCR negative (control group) patients,
hypermethylated arginines ADMA and SDMA levels were determined by HPLC-MS.
Results. SARS-CoV-2 PCR positivity was detected in 52 individuals (23.6%). In the total
sample, there were 60 contact patients (positive result was detected in 29 cases (56%),
110 medical workers (positive result was detected in 6 cases (5%)), and 50 contact medical
workers (positive result was detected in 17 cases (34%)). In the group of asymptomatic
SARS-CoV-2 PCR positive patients ADMA and SDMA levels were significantly increased
(173+15 pg/L and 161+13 pg/L, respectively) compared to the control group of SARS-
CoV-2 PCR negative individuals (78+9 pg/L and 57+8 pg/L, respectively).

Conclusion.The results obtained suggest that even in SARS-CoV-2 carriage, endothelial
dysfunction occurs, which can be determined using appropriate metabolic markers. Thus,
even in the case of SARS-CoV-2 virus carriage, endothelial disorders appear as one of the
key factors involved in etiopathogenesis of the new coronavirus infection.

Keywords: SARS-CoV-2, COVID-19, carriage, PCR, GC-MS, hypermethylated forms of
arginine

B BBEJEHWE

KopoHasupycbl (CoV) (Coronoviridae) — ceMelicTBO BUPYCOB, COfepKallux B KauecTse
HacnefiCTBEHHOro MaTepuana ofHouenoueyHyto (+) PHK co cneyudunueckmmm rmmkonpo-
TenAHbIMU Wrnamm (cnarkamm) BOKPYr BUPYCHOIO Karncuaa, KoTopble Npu SN1eKTPOHHOM
MUKPOKOMMPOBAHMM MOXOXMN Ha COJIHEeYHY KOpoHy [1]. CemMenCTBO KOPOHaBMPYCOB
LEeNNTCA Ha HECKOMNbKO MOACEMENCTB, BKIIIOUAOLWMX YeTbipe poda (oT anbda fo gensta),
KOTOpble NOTEHLUUANbHO MAaTOreHHbl ANA Pa3INYHbIX BULOB MJIEKOMUTAOLWNX, BKOYas
yenosekKa [2]. 3a nocnegHue 20 neT, KPOMe paHee N3BECTHbIX YeTblpex BUAOB KOPOHaBU-
PYCOB y UenoBekKa, BXOAALMX B CTPYKTYpY ce30HHbIXx OPBWY, 6binn onncaHbl HOBble, 60-
nee natoreHHble BMAbl JaHHOTO ceMelncTBa, a umeHHo: SARS-CoV (nogpop Sarbecovirus),
onucaHHbIv B 2002 rogy u ctaswmin B 2002-2003 rogax NPUYMHOWN BCMbIWKW aTUMMYHOWN
NHEBMOHUN (TAXKENbIN OCTPbIN pecnnpaTopHbin cnHapom — TOPC, SARS) B Kutae; MERS-
CoV (nogpoa Merbecovirus), kotopbiin 2012 rofly Bbi3Basn BCMbIWKY OANKHEBOCTOYHO-
ro pecnupatopHoro cuHgpoma B Caygosckon Apasum n B 2015 rogy — B IOxHoln Kopee
(MERS), a Takxe HOBbI KopoHaBupyc SARS-CoV-2 (Kak 1 BUpYC aTUMWYHOW MHEBMOH MY,
OTHOCALLMICA K nogpody Sarbecovirus), KOTopbIii BbI3Ban BCMbIWKY 60Me3HM, Ha3BaHHON
COVID-19, B KMTaCKOM NPOBMHLMM YXaHb, NepeluesLei B HacTosLee BpeMs B robanb-
Hyto naHgemuio [3]. [locTaToOuHO BblCOKasA CTeneHb TPaHCMUCCUN HOBOTrO KOPOHaBuMpyca
(cpegHee MeanaHHOe 3HauyeHVe MHAEKCA penpoaykumn 2,2, pasdpoc 3,3-5,47), ero cno-
Ccob6HOCTb, B oTnume ot Bupyca SARS-CoV, nepenaBatbcs OT YENOBEK K YENOBEKY U MO-
TeHUMaNbHaa TAXKecTb nocnencTsnin 3abonesaHmnsa COVID-19, Bbi3bIBa€MOro aHHbIM BU-
pycom, MpeBpaTun ero B ocTpeniLlyio npobnemy meauLmHbl [4].
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M3yueHne mexaHM3MOB NPOABNEHNA NAaTOreHHOCTM KopoHaBupyca SARS-CoV-2 noka-
3aJ10, UTO B KJIETKU YesIoBeKa OH NMPOHMKaeT Yepes peLenTopbl K aHMMOTeH3MHNpeBpaLla-
toemy depmeHTy 2-ro Tuna (AMd2, ACE2), KOTOpbIi AOCTAaTOYHO LINPOKO NpefCcTaB/ieH B
PasfiMYHbIX TKAHAX: OH SKCMPEeCCUPYeTCA B IErKUX Ha YPOBHE anbBeoJl, B KULIEYHUKE, ro-
Hajax, noykax u T. g. [5]. [loaTomy npu HOBOW KOPOHaBUPYCHOW NHbEKLMM NOTEHLMANbHO
MOTYT MOpPaXaTbCA He TONbKO AblXxaTenbHble NyTW, HO U Apyrve TKaHu 1 opraHsl [1, 5, 6].
C AnarHoCTUYecKom TOUKM 3pEHMA 3TO O3HAYaeT, UTO BUPYC MOXKET OOHapyKMBaTbCA He
TONbKO B O6MONOrMYecKkoM Matepuane U3 fbixaTefbHbIX NyTel (HazodapriHreanbHble Co-
ckobbl, BAJ1, MOKpOTa), HO 1 B APYrX BUONIOrMYECKUX XUAKOCTAX (bekanmm, Moya, KpoBb)
[1, 5, 7, 8]. TeopeTnyeckn OH MOXeT OOHapYXMBaTbCA TaKkKe B MOYE 1 B CEMEHHOM »Kuna-
KOCTW Y MY>XUMH, XOTA NCCNIeJoBaHWA NOCNeAHero BpemMeHy 3Toro He nogreepkaatot [1].

B HacToAWee BpemA cneundryeckumm MeToAamm AUNArHOCTUKN HOBOW KOPOHAaBW-
pycHol nHobekumm SARS-CoV-2 ABnATCA MONeKynApHO-reHeTuYeckne, B YacTHOCTU B
KauecTBe pedepeHcHoro ncnonbyetca metog MLP B peanbHOM BpemeHn ¢ obpaTHON
TpaHckpunumeln BupycHon PHK [9]. BasncHon nabopatopHoi nnatdopmoni ans MLP-
[OVArHOCTMKM HOBOW KOPOHaBMpPYCHON nHbeKL MM ABNAETCA pekoMmeHoBaHHasA BO3 TecT-
CMCTeMa, B KOTOPOW NCMonb3ytoTca npanmepbl K reHam SARS-CoV PHK-3aBucumown PHK-
nonumepasbl (RARP) n kancnpgHoro 6enka (E), To ecTb gaHHaA TeCT-cucTeMa OCHOBAHa Ha
detekuun cneumounyHon ana PHK nocnefoBatenbHOCTY ABYX KOMMOHEHTOB BMpyca [10].
JT0 CcBA3aHO C Tem, uTo AnarHoctuyeckue MNUP TecT-cuctembl, 0CHOBaHHbIE Ha BbIABIEHNN
cneundryeckon nocnenoBaTe/lbHOCTU TOSIbKO OaHOro KomnoHeHTa (E reHa) SARS-CoV-2,
ABnAlTCcA 6onee UyBCTBUTENbHBIMW, YeM OCHOBaHHbIe Ha BbiaBneHU RARp. Ho npu atom
MO>eT 6blTb 3aTpyAHEHa UHTepnpeTauunsa pe3ynbTaTa U3-3a BbICOKOW CKa3blBaeMOCTU Ha
kauectse MNP ctopoHHMx dpakTopos [11]. Takxke ana MNLP-guarHocTnkn B peanbHOM Bpe-
MEHMN HOBOW KOPOHaBUPYCHON UHGEKUNM MOTYT NPUMEHATbLCA TECT-CUCTEMbI, KOTOPble
copepxat npanmepbl K AByM NIOKycam BUpYycHoro Hykneokancuga (N1 n N2) n reHy ueno-
Beyeckon PHKasbl P [9].

M3-3a cTpeMuTenbHOro pacnpocTpaHeHMA HOBOIro KOPOHaBUpYyca MO MUPY BarkHOE
3HaueHMe npuobpeTaeT MaKCUMaNbHO LUMPOKUIN OXBaT MONEKYNAPHO-TeHeTUYECKNM
TecTpoBaHrem Ha SARS-CoV-2 HaceneHuA pasnmnyHbIX cTpaH ana a3¢pdekTMBHOro npo-
BefleHVA NPOTMBO3NUAEMNYECKUX MEPONPUATUAIA 1 ONepaTUBHOE U TOYHOE NpoBedeHne
cneundunyeckon nabopatopHoi anarHoctnkn [9]. Meton RT-PCR ABnseTca JoCTaTOUYHO
JONMMM U OrpaHyyeH NpUMEHEHMEM TOJIbKO B CTaLMOHapHOW MONEKYNSAPHO-TeHeTuYe-
ckon nabopatopuu. [lo3TOMy ANA YCKOPEHMA MOJIEKYNAPHO-TEHETUYECKO ANarHOCTUKN
SARS-CoV-2 6bi1 NpeanoeH Apyro MeTofl, OCHOBaHHbI Ha NeTNeBon N30TepMMYECKol
amnnudukaumm c obpaTHom TpaHcKpunumein BupycHom PHK (metog LAMP) [12]. B Hem ans
feTekumm BupycHon PHK ncnonb3ytotcs 6 npaimepos K reHam orflab, S u N. Npeumyiye-
CTBOM [laHHOrO MeTofa ABNAeTCA Hebosblana NPOAOHKUTENIbHOCTb NOJSTyYeHUA pe3ysb-
TaTa (8o 30 MMHYT) 1 JOCTAaTOUHO BbICOKasA aHaNUTU4ecKan YyBCTBUTENbHOCTL (80 KonuiA/
mn). Mpepnonaranock, uto 6onee BbicOKaa YyBCTBUTENIbHOCTb MeToaa LAMP moxeT 6biTb
KPpUTUYECKN BaXKHa AJ1A BbliBIeHUs 6eccMMNTOMHbIX HocuTeneln SARS-CoV-2, a Takxe na-
LMeHTOB B MHKy6aLnoHHOM nepuoge [13]. K coxaneHuio, B HacTosALLee Bpems NoKasaHo,
YTO CUCTEMbI, OCHOBaHHble Ha MeTtoge LAMP, umetot, no cpaBHeHuto ¢ MNLP B peanbHOM
BpemeHu, ropa3fo 6onee HU3KYI YyBCTBUTENIbHOCTb U CNeundUUHOCTb K BbiABIEHNIO
SARS-CoV-2 paxe B ¢a3ze akTUBHOIO MHOEKLMOHHOIO NpoLecca C APKO BblpaXKeHHOM
cumnTomaTukowm [14].
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dNnAemMnonornyeckme UCCiefoBaHUA NOKAa3bIBAKOT, YTO HOCUTENM HOBOW KOPOHa-
BMPYCHON WH)EKUUN ABAATCA BaXXHEMWMMK Y4YaCTHMKaMM SMNUAEMAYECKOro Mpo-
uecca [15]. B page paboT ycTaHOBMEHO, YTO BUPYCHaA Harpyska v BUpycoBblaeneHne y
NONTHOCTbI 6eCCMMNTOMHbIX HOCKTENEe HOBOW KOPOHABUPYCHOW WHQEKLUN CXOAHDI
€ TakoBblMU Yy nauueHToB COVID-19, y KoTopbix ecTb cumnTOoMbl 3abonesaHua [16]. Mo-
3TOMy KpaliHe BaXHO OMepaTUBHO BbIABAATb TakuUX WUHAMBUAYYMOB metopamu [LIP-
anarHocTukm [15, 17].

OpHUM 13 BaxHelLWKX 3BeHbeB 3TnonatoreHesa COVID-19 asnaeTca AnchyHKUMA SH-
potenua [18]. K uncny metabonmuecknx mapKkepoB SHAOTENNANbHOW AUCOYHKLMN MOXKET
OblTb OTHECEHO MOBBLILIEHME B MSIa3Me KPOBUW MNepPMeTUNNPOBaHHbIX GOPM aprMHMHA —
acMMMmeTpuYHOro ammetunapruHuHa (AAMA) n cummeTpuyHOro AumeTMnapruHuHa
(COMA). 3HaueHue 3TUX coeMHEHUN B OpraHn3mMe COCTOUT B UX BAVAHUN Ha NPOAYKLMIO
OKCKAa a30Ta — OCHOBHOrO paKTopa penakcaumm sSHLOTENNA U NoaaepP KaHNA MHTUMbI CO-
CY[OB U COCYAUCTOrO SHAOTENNA B GYHKLIMOHANIbBHOM COCTOAHUN. B HOpManbHbIX, dr3mo-
NOrNYECKKX YCNIOBUAX CUHTE3NPOBaHHbIN B sHZoTennounTtax NO Murpupyet B MAUOLUTBI,
pacrnonararmoLwmeca B HKenexallumx cnoax CTeHKM cocyfa, U akTUBUPYeT pacTBOPUMYIO
ryaHunaTumknasy, Yto MoBbIWAeT CcofepXKaHue UMKNMYeckoro ryaHosvHmoHodocdara
(WI'M®), NOHWKAET KOHLEHTPaLMIO MOHOB KanbUusA U paccnabnaeT rnagkoMmblleyHble
KneTku, obecneynBasn KpoBOCHabXeHWe TKaHel [18].

BaxkHbIM npoueccom, aeTepmuHupyowmm npogykumio NO, ABnAetca TpaHCnopT
L-aprmHnHa n3 KpoBOTOKa B SHAOTENMANbHbIE KNETKW. B UCo NPrMUnNH CHUXeHMA 61uoao-
CTYNHOCTW OKCKAa a30Ta ANAa KNeTOK BXOANUT U NOBbIWeHHbIN ypoeHb AIMA. Mpn 3Tom
HabMOJAeTCA CHUXKEHWEe aKTUBHOCTU ¢depMeHTa AMMETUNAPTUHUHOAUMETUIAMUHOMN-
aponasbl (OOAr), kaTanmsupytowero paspyweHue AJMA. Kpome Toro, stot depmeHT
UyBCTBUTENIEH K OKMCAuTenbHoMy ctpeccy. CocTosiHMe rMnepriMkemMny yBenuumaet
NPoAYKUMIO akKTUBHbIX $OPM KMCIOPOAa U TEM CaMbiM BHOCUT BKIaf, B CH/MXEHNE aKTUB-
HocT JJAT n HakonneHne AIMA [19]. B3aumMocBA3b mexay OKUCAUTENbHbIM CTPECCOM
1 3HJoTenManbHon ancoyHkUmern oTpaxaeTtca Ha yposHe AJMA [20]. SARS-CoV-2, B3a-
MUMOZENCTBYA C NIOKaIM30BaHHbIMU B SHAOTENNN KPOBEHOCHbIX COCYAOB peLentopamu
aHrMoOTEH3MHNpeBpaLLatoLlero ¢epmeHTa 2, Bbi3blBaeT pa3BUTUE MOBPEXAEHUE SHLO-
TennA, NOBbllEHVE MPOHMLAEMOCTH, HapyLleHne MUKpouupKynauumn, dopmmpoBaHue
cocygucToni Tpombodunumn 1 TpomboobpasoBaHMe, JOMOMHUTENbHOE MNOBpeXAeHue
SHAOTeNnA. YCTonumBas Ba3OKOHCTPUKLUA, onocpegoBaHHaa AJMA, npuBoanT K noTeH-
LMPOBaHHOMY 1 GbICTPOMY Pa3BUTUIO SHAOTENMANIbHOM ANCHYHKLIMM, UTO B JasibHeLweM
onocpepyeT pa3BuUTUE CEPAEUYHO-COCYANCTbIX OCIIOMHEHWUI 1 NOABMIEHNE HOBbIX »Kanob
B Nepurop nocse nepeHeceHHol nHdpekymmn COVID-19 [18]. MoTeHUManbHO s3HgOoTeNNaNb-
HasA AnchYHKLMA MOXeT pa3BrBaTbcA U Npu HocutenbcTBe SARS-CoV-2 npu oTcyTCTBUM
cumnTomatumkm COVID-19, Ho B nuTepaType AaHHble NCCnefoBaHMA NOKa He OTPaXeHbl.
MosTomy npeacTaBnAeTCA BaXHbIM U3YUNTb Pa3BUTME JAaHHOMO MaToNIOrMyeckoro npo-
uecca B cutyaumm 6eccuMnToMHOro MHOGMLMpPOBaHKA NaureHTa HOBOWM KOpPOHaBUpYC-
HoW nHdeKumen.

B LIEJIb NCCNEOAOBAHNA

MpoBecTn nccnegosaHue accouynaumm Hocutenbctea SARS-CoV-2 ¢ runepmetununpo-
BaHHbIMU pOpMamMn aprrHMHa (MapKkepamy 3HAOTeNManbHON ANCOYHKUUN) — acumme-
TpryHoro aumeTtunapruHuHa (AAMA) n cummeTpryHoro gumetunaprHuHa (CAMA).
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B MATEPWAJIbI U METObI

MpocnekTnBHO obcnenoBaHbl 220 nauymeHToB B Bo3pacTte oT 30 go 50 net (cpegHui
BO3pacT — 42 ropa), KOTopble Ha MOMEHT cZiaun BUONOrMYecKoro MaTepuana u B Teye-
Hue ABYX Hefesb nocne nposefeHna MNLP-aHanv3a He MMenn KNMHNYECKN BblpaXKeHHbIX
CUMNTOMOB pecnupaTopHoro 3abonesaHna COVID-19. U3 npoueaypbl uccnegoBaHus mc-
KMoYanmcb naumeHTbl ¢ HepponaTUAMM 1 NMOYEUYHON HeJOCTaTOYHOCTbIO, TaK Kak Hapy-
WweHne GYHKLMM NoYeK acCoOLMMPOBAHO CO 3HAUUTENbHbIM MOBbIWeHeM YypoBHA ADMA
B Nna3me KpoBsu [21]. B KpuTepum ncknoyeHnsa BXoann Takxke pag cepaeuHo-cocyamncTbix
3aboneBaHni, ANA dToNaTOreHe3a KOTOPbIX XapakTepHa SHAOTeNManbHaa AncyHKUus:
rmnepToHnYeckana 6onesHb, atepocknepos (no aaHHbiM Y3[I), HapylweHus cBepTbiBa-
HUA KPoBM (MO AaHHbIM PaCLUIMPEHHON KOarynorpammbl), OCTpble HapyLLUEeHNA MO3roBOro
KpoBoobpalleHnsa B aHaMHe3e, a TakKe anabeT 2-ro Tuna [22]. M3 nccnegoBaHma Ncko-
Yanucb NaumeHTbl C FrnepxosiecTeprHeEMMEN N C UHOEKCOM aTePOreHHOCTU Bbille BepX-
Hell pedepeHTHON rpaHuubl 3,5. B rpynny obcnegyembix NauueHTOB Obifv BKAOYEHDI
60 uenoBek, KOTOpble UMeNN B TeUEHME Heaenu nepep ciadyeilt matepuana KOHTaKTbl C
nauneHtamu c COVID-19, AnarHo3 y KoTopbix 6bl1 NOATBEPKAEH MONEKYNAPHO-reHeTnYe-
CKMM aHann3om (B Bo3pacTte oT 32 fo 48 nert, cpegHuii Bo3pact 39 ner), 110 MeanumnHCKnx
paboTHNKOB 6e3 NOATBEPXKAEHHbIX KOHTAKTOB C MauveHTaMu C HOBO KOPOHaBUPYCHOM
nHdekumen (B Bo3pacTte oT 30 fo 49 neT, cpeaHun Bospact 40 neT) n 50 KOHTaKTHbIX Meau-
LUMHCKMX paboTHMKOB (B Bo3pacTe oT 34 fo 50 neT, cpepHuii Bo3pacT 43 roga). Monekynsap-
HO-reHeTMyecKas anarHoctmka SARS-CoV-2 nposogunack metogamum RT-PCR ¢ pyyHbimM 1
aBTOMaTMYeCKUM BbiieneHmem BupycHon PHK ¢ ncnonb3oaHuem Habopa Peanbect PHK
SARS-CoV-2 («Bektop-becT», Poccus) (3afaBneHHaa uyyBcTBMTENbHOCTb — 1000 konwin/
MJ1) C MUCMONb30BaHMEM aBTOMAaTMYecKoro BbliaeneHus supycHon OHK Ha nnatdopme
KingFisherFlex (Thermo Fisher Scientific) Habopom «PeanbectYHuMar». MonoxumTenbHbIn
aHanu3 Ha COVID-19 dukcupoBanca B o6pasLax, B KOTOPbIX ypoBeHb creunduryeckoro
curHana no kaHany FAM nepecekan noporosyto nuHMo fo 40-ro uukna amnnandurkaumm.
Mpu aHanu3e ncnonb3oBanca OAnH NONOXKUTENbHBIN U OAWH OTPULATENIbHBIA KOHTPOSb-
Hblll 0b6pased.

Y naymneHToB C nonoxutenbHbiM pesynstatom MNLP Ha SARS-CoV-2 n oTpuuatenbHbim
(rpynna koHTponsa) metogom BIXKX-MC onpegenanucb ypoBHM rmnepMeTUnInpoOBaHHbIX
¢dopm aprmHmHa AIMA n COMA. B3XKX-MC npoBogunacb € NCNONb30BaHNEM Fa30BOroO
xpomaTorpada ¢ macc-cnektpomeTpom Agilent 6490 (Agilent Technologies, lfepmaHus)
n KonoHku C18 Zorbax (Agilent Technologies, CLLA). BeHo3Hyt0 KpOBb Ha onpepaeneHue
ADMA 1 CIMA y nauneHTOB 3abrpanu yTpom HaToLlak.

MNMonyyeHwne 1 xpaHeHUe NPoO6 CbIBOPOTKU KPOBY BbIMOHANOCH B COOTBETCTBUN C pe-
KOMeHZaunAMY, N3NOXKEHHBIMY B MHCTPYKLUAX K Habopam peakTnBoB. [Mocne ueHTpurdy-
rMpOoBaHUA CbIBOPOTKY KPOBU 3amopaxmnBanu 1 xpaHunu npu Temnepatype —20 °C. O6-
pasubl C IMNeMren U FeMONN30M B CBA3M C BbI3BaHHOWM UMW BEPOATHOCTbIO NOTEHLMaNb-
HbIX HENpPaBW/bHbIX Pe3yNbTaToB AJA aHaNM3a He NCNoJb30BaNNCh.

MNMonyueHHble pe3ynbTaTbl aHaNM3MPOBanuUCh B Nporpamme Statictica 10.0. Ana onnca-
HWA JaHHBIX CNOJIb30BANNCh MeMaHHble 3HaUeHUA NoKa3aTesen uccnepgyemblx MmeTabo-
NINTOB C YKa3aHMeM MeXXKBapTUIbHOMO MHTepBana. [11s oLeHK/ JOCTOBEPHOCTU Pasnynii
MeXZy AaHHbIMK, MOYYEHHBIMU B UCCNERyeMbIX Fpynnax, NpoBoamnca ogHobaKTopHbI
aHanu3. Takxe BbINOJIHANCA KOPPENALNOHHDBIN aHanus, B Xofe KOTOPOro paccymTbiBany
ko03dduLMeHT Koppenaumm CnnpmeHa.

214 "Laboratory Diagnostics Eastern Europe", 2024, volume 13, No. 2

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




KopoHasupycHas uHdekumaA 1 ee ocnoxHeHna / OpuriHanbHble NccneaoBaHUA P,
Coronavirus Infection and Its Complications / Original Researches <3

B PE3YJIbTATbI

B Tabn. 1 npeacrtaBneHbl 0606LleHHble pe3ynbTaTbl TECTUPOBAHMA 6ECCUMMITOMHbIX
nauneHToB Ha SARS-CoV-2 metogom RT-PCR ¢ BbigeneHnem HeCKONbKNX Noarpynn TecTu-
pyembiX.

B 1abn. 2 npepctaBneHbl MegmMaHbl C yKasaHUeM MeXKBApPTUIbHOMO MHTepBana A
YypoBHeN MoHoMeTunapruHuHa (MMA), acummeTpuyHoro gumeTtunaprHuHa (ADMA),
CMMMETPUYHOro gumeTunaprHnHa (SDMA) B rpynne nauneHToB C BbliABAEHHbIMU METO-
nom MNUP B peanbHom BpemeHu SARS-CoV-2 1 B KOHTPObHON rpynne.

BbiABneHa koppenauna yposHa ADMA ¢ Bo3pactom naumeHToB — HocuTenen SARS-
CoV-2 (r=0,970) (cm. pucyHOK). [InA naumeHTOB KOHTPOJIbHOW rpynnbl KOPPeNALUn mexay
BO3PaCcTOM U YPOBHEM flaHHOrO MeTabonuta He 0BHapyKeHo.

Ta6bnuua 1

CBofiHaA Tabnuua pe3ynbTaToB MOJNIEKYNAPHO-TeHETNYECKOrO TECTMPOBaHNA 6€CCMMNTOMHbIX
nauueHToB Ha UHpeKumio SARS-CoV-2

Table 1

Summary table of molecular genetic testing results for SARS-CoV-2 infection in asymptomatic patients

lpynna nayveHToB O6uiee yncno | Konnuyecreo nonoxm- [lons NoNoXuTeNbHbIX
(% ot ob6wero uncna) nauvneHToB TeNbHbIX pe3yNbTaToB pesynbratoB, %

Bcero (100%) 220 52 23,6

KoHTaKTHble (54%) 60 29 56

MeguumnHckme paboTHukm (50%) | 110 6 5
(ommenase 5 X 2

Ta6bnuua 2

YpoBHU moHOMeTunapruHnHa (MMA), acummeTpuyHoro gumetunapruinHa (ADMA), cummeTpunyHoro
AumeTtunapruHuHa (SDMA) B rpynne 6eccumntToMHbix Hocuteneii SARS-CoV-2 1 B KOHTPOsIbHON
rpynne

Table 2

Monomethylarginine (MMA), asymmetric dimethylarginine (ADMA), and symmetric dimethylarginine
(SDMA) levels in the group of SARS-CoV-2 asymptomatic carriers and in the control group

MegunaHHoe 3HaueHne | MepuaHHOe 3HauYeHMne

e y HocuTenen NMaLMeHTOB KOHTPONb- | PedepeHTHble 3HaYeHus,
SARS-CoV-2, mkr/n HOW rpynnbi, MKr/n MKr/n [18, 23, 24]
(52 naymeHTa) (168 naymeHTOB)

MoHomeTunapruHnH

(MMA) 13,5(10,2-25,3) 152,5(95,2-301,2) 94,2-316,5

<100 — HU3KNIA YpPOBEHb;

AcummeTpmiHbiiA 100-123 — NPOMEXYTOUHbI

AVMeTUNapPrMHUH 175,3(131,5-201,3) 81,5(75,4-119,7)

ypOBeHb;
(ADMA) >123 - BbICOKMI1 YPOBEHb

<73 — HU3KNI YpOBEHb;

CimmeTpyHrbiiA 73-135 - NpOMeKyTOUHbIN

OVMeTUNaPrUHUH 163,1 (140,6-175,2) 51,3 (31,2-70,5) .
(SDMA) YPOBEHb;
>135 — BbICOKII ypOBEHb
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KoppenaunoHHas 3aBUCMMOCTb YPOBHA acMMMeTpu4Horo aumetunapruiuia (ADMA) ot BospacTa
B rpynne Hocutenein SARS-CoV-2 (r=0,970)

Correlation of asymmetric dimethylarginine (ADMA) level with age in the SARS-CoV-2 carriers group
(r=0.970)

B OBCYXJOEHWE

CornacHo pesynbTaTam AaHHOroO MccrefoBaHusA, B 06LWen Koropte naumeHToB 6e3
CUMMNTOMOB PecnMpaTopHOro 3aboneBaHNA KONMYECTBO BbIABJIEHHbIX ClyYaeB MHbeKUnUn
SARS-CoV-2 cocTtaBnsieT 23,6% (52 nauyuenTa). Y 168 nauymentoB MLIP-aHann3 Ha SARS-
CoV-2 nmeeT oTpuLaTenbHbI pe3ynbraT. B coctase obLyer nonynAaumMm Ha NOPAAOK Bbille
BESINYMHA MHOULMPOBAHUSA Cpean 1L, KOTopble HAXOAUNCH B KOHTaKTe C 3a6oeBWwnmmn
COVID-19 (56%). Cpean MeAnLMHCKNX pabOTHMKOB ypoBeHb HocuTenbcTBa SARS-CoV-2
COCTaBuWN BCEro 5%, y KOHTAKTHbIX e MeAULUHCKNX PabOoTHWKOB YPOBEHb HOCUTESb-
ctBa SARS-CoV-2 6bin 36%, UTO HUXKE NPOLIEHTa HOCUTENBbCTBA Y KOHTAKTHbIX NaLMeHTOB
HeMeAULUMHCKMX cneylmanbHOCTeN. DTOT pe3ysbTaT MOXET OblTb 0OBbACHEH TeM, UYTO Me-
OVLUHCKNE paboTHUKK, KOTOpble MOTEHUMANbHO KOHTaKTUPYT C MHOMLMPOBAHHbIMA
COVID-19, nyuwwe cobnogatoT NPOTMBOINUAEMNYECKNI PEXMM, KOHTPOSb 3@ KOTOPbIM B
MEAVLMHCKMX YUpexaeHuAX ocyllecTBnsaeTca 6bonee cTporo, yem B o6Lel nonynaymm.

CnepyeT OTMeTUTb, UTO onpepeNieHHble BUAbl cneymduyeckoro nabopaTopHoro Te-
CTUPOBaHNA HOBOW KOPOHaBMPYCHOW WHQEKUUM AOMKHbI MPUMEHATbCA TONbKO ANA
pelleHna KOHKPETHbIX AMarHocTuyeckux 3agad [14]. BaxkHbIMy napameTpaMm ABAAKOTCA
cneyndrUHOCTb 1 0CO6EHHO UYBCTBUTENBHOCTbL TecTa. Ecnm npuHATh 3a 6a3unc ctagun-
HOCTb cTeneHun perninkauyum SARS-CoV-2 B 3aBUCMMOCTN OT CTaauK 3aboneBaHnA 1 TaXe-
CTu ero npotekaHwusa, MNLP-TecTbl C HU3KOWM YyBCTBUTENBHOCTHIO MOAOWAYT ANA TECTUPOBA-
HUA CUMMNTOMATUYECKNX MaLMEHTOB, AN1A BbISIBNEHWA e 6eCCUMNTOMHOIO HOCUTENbCTBA
MOryT notpeboBaTbca 6onee uyBCTBUTENbHbIE TeCT-Habopbl Ana BbiaBneHnsa SARS-CoV-2
metogom MNUP B peanbHOM BpemeHN.

Pe3ynbTaTbl onpepeneHna ypoBHel rmnepMeTUnmpoBaHHbiX Gopm apruHnHa y Ho-
cutenenn SARS-CoV-2 meTogoM XpomMaTo-mMacC-CMeKTPOMETpUM Nokasann JOCTOBepHoe
yBenuyeHne ADMA (175,3 (131,5-201,3) mkr/n) n SDMA (163,1 (140,6-175,2) mkr/n) B
CpaBHeHMW € KoHTponbHown rpynnown (81,5 (75,4-119,7) mkr/n n 51,3 (31,2-70,5) mkr/n
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CcooTBeTCTBeHHO, p=0,03), Npx 3TOM 3HaYyeHMA AaHHbIX NOKa3aTenen CyLWwecTBEHHO npe-
BblWany pepepeHTHble 3HaveHnA (100+1,1 mkr/n n 75+0,8 MKr/n COOTBETCTBEHHO), NpPU-
yem 3TO YBeNMYEHUE KOppennpyeT CO CHUMKEHMEM YPOBHA MOHOMETUNAPrMHUHA Kak
npepLwecTBeHHVKa B MeTabonnueckoi uenouke ADMA n SDMA. 3aBUCUMOCTb e YPOBHA
ADMA y HocuTenen SARS-CoV-2 oT Bo3pacTa naumeHTa MOXeT roBOPUTb O TOM, UTO Npu
HOCKTeNbCTBE HOBOW KOPOHaBUPYCHON MHOEKLUMM C BO3PACTOM MOBbILIAETCA BEPOAT-
HOCTb 3HAOTeNnvanbHon ancoyHKuMK, onocpenoBaHHom SARS-CoV-2, uto n oTpaxkaeTca
B YPOBHSAX JaHHOIo MeTaboniMyeckoro Mapkepa B niasme Kposu. Taknm o6pa3om, MOXXHO
nosaraTtb, YTO laXe B CJlyyae HOCKTeNIbCTBAa HOBOrO KOPOHABUPYCa B OpraHmn3mMe BO3HMKa-
eT 3HAoTenmanbHasa AUCPYHKLMA, KOTOpasa TeopeTnyeckn cnocobHa Bbi3BaTb NOCTKOBUA-
Hble OCNOXHEHVA B BMAeE HapYLUEHMNA MUKPOLIMPKYNALUK, Pa3BUTUA TPOMOopUAnNUecKmx
COCTOAHNI, YTO MOXET NPUBOAUTL K CepAEYHO-COCYANCTbIM HapyLweHuam [18]. MNoatomy
Jaxe nerkve n 6eccMMNTOMHbIe CllyYyan HOBOW KOPOHaBUPYCHOM UHdeKUUn cnepyeT pac-
CMaTpMBaTb (C TOYKM 3pEeHUA NaTOreHeTUYECKMX NPOLECCOB) Kak NOTeHLMaNbHO Jaowue
NOCTKOBUAHbIE OCNTOXHEHWA, KOTOPble MOTYT NPUBOAUTb K OPraHHbIM U CUCTEMHbBIM AMNC-
byHKUMAM. Pa3paboTka HOBbIX METOLO0B AMArHOCTVMKM KOBUAHbIX Y MOCTKOBMAHbIX BOC-
nanuTenbHbIX U3MEHEHWI MO3BONUT CO3A4aTb CXeMy MepCOHanU3NPOBaHHOW Tepanun
NaHHoro 3aboneBaHuA.

B 3AK/THOYEHUE

MonyyeHHble pe3ynbTaTbl MO3BOMAT NPUNTK K 3aK/IIOUYEHNIO O TOM, YTO Aaxke npu
HocuTenbcTBe SARS-CoV-2 BbiABNAeTCA sHAOTeNManbHaa AUCPYHKLMA, KOTopaa MOXeT
ObITb yCTaHOBJIEHA C MCMOMIb30BaHMEM COOTBETCTBYIOLNX METaboNMUecknx MapKepos.
Takum 06pa3om, IMEHHO COCyAUCTble SHAOTeNMaNbHbIe HaPYLLIEHWA ABNAATCA OLHUMMN
13 KNoYeBbIX B 3TUOMATOreHe3e HOBOWM KOPOHABUPYCHOM MHbeKLMKN faxe B cydae bec-
CMMNTOMHOIO MHGULMPOBaHUA.
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Abstract

Introduction. Antibody responses are an important part of the immunity after SARS-
CoV-2 vaccination.

Purpose. To investigate antibody responses and associates of protection after vaccination
with the Oxford/AstraZeneca ChAdOx1, BioNTech BNT162b2, and Sinopharm vaccines.
Materials and methods. Blood samples (2 ml) were collected from 122 participants and
the serum was obtained. All the immunological and enzymatic reactions were done using
the mini VIDAS device.

Results. In 61 participants, the BioNTech BNT162b2 vaccine was found to produce higher
antibody levels compared with the levels produced by the Oxford/AstraZeneca ChAdOXx1
and Sinopharm vaccines. Females had higher antibody levels following vaccination. Prior
infection substantially increased antibody levels in the vaccinated group.
Conclusion. The stated increase in the number of antibodies detected in the blood serum
was accompanied by an increase in the body’s immune defence against infection after
vaccination.

Keywords: vaccination, comparative evolution, antigen processing, retroviral, COVID-19
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! KOXHbBI TexHUYecKnii yHuBepcuteT, bacpa, Mpak

2 YnpaBneHue 3gpaBooxpaHeHus bacpsl, bacpa, Mpak
3 YHnBepcuteT Anbmaakanb, bacpa, Mpak

CpaBHeHMe COCTOAHUIN FTYMOPanbHOrO UMMYHHOIO
OTBeTa Ha ecTecTBeHHY nHpekuymo COVID-19
N NpoBeaeHne «NPOTUBOKOBUAHOW» BaKLMHALNM

KoHGnuKT nHTepecoB: He 3asAB/eH.

Bknap aBTopoB: Ymar A.A. — KOHLeNuusA, METOAOMNOMMA, NPOBeeHNe UCCIe[0BaHNA, pecypcbl, 06paboTka AaHHbIX, aHanm3
MoJyYEHHbIX Pe3y/bTaToB, HaMMCaHKe NCXOAHOTO TeKCTa CTaTby, NporpamMmmHoe obecneyenne; CanmaH b.[l. — npoBeaeHme uc-
cnefloBaHuA, pecypcbl, 06paboTka AaHHbIX, HanMcaHUe NCXOAHOTO TeKCTa cTaTbk; Abaynpuaa J1.A. — KOHLeNuus, aHanm3 nosny-
YeHHbIX pe3y/bTaToB, NpoBefeHVe NCCefoBaHNA, Pecypcbl.

3Tuyeckoe 3asABneHMe. HactoAuee uccnefoBaHue ofobpeHO KadeApol MeAuLMHCKOW NnabopaTopHOW TexHukM Kom-
nep)ka 34paBOOXPaHEHNA U MeAVNLMHCKUX TexHonornin KXKHOro TexHuyeckoro yHusepcuteta (N° 7/27/1225 ot 10.07.2021
nNe7/27/1368 ot 11.01.2021), a Takxe 3aBepeHO Konneakem 3paBoOXpaHeHNA U MeULIMHCKNX TexHonoruii FOXHoro TexHuye-
cKkoro yHuBepcuteta (N2 7/27/607 ot 4.11.2023). UccnepoBaHme NPOXOAWT B KNMHMYECKo 6onbHuLe Anb-Cagpaep.

STUYeCKMiA KOMUTET: KapeApa MeANLIMHCKON NTabopaTopHOIi TexHUKM Konnepyka 3ApaBooxXpaHeHUA U MeANLIMHCKIX TeXHOJO-
run fOxHoro TexHuyeckoro yHusepcuteta (N2 7/27/1225 (3aBepeHue 7/27/607)).

WHdopmmpoBaHHOe cornacme. Bce yyacTHUKM NOAMMUCHIBAIOT MHPOPMMPOBAHHOE COrNlacue Npw BKIKYEHUN B 3TO NCCNeROo-
BaHue.

CraTbsl ony6/MKOBaHa B aBTOPCKOW PeAaKLmu.

MNopaHa: 06.09.2023

MpuHaTa: 05.02.2024
KoHTakTbl: aala.abdulzahra@stu.edu.iq

Pesiome

BBepeHwme. [yMmopanbHbIi UMMYHHbIV OTBET ABMIAETCA BaXKHOW cocTasnatoLLert opmMupo-
BaHMA UMMYHMTETa nocne BakunHauum npotns SARS-CoV-2.

Llenb. VccnepoBaTb COCTOAHME MMMYHHOTO OTBETa U 3alUMUTHble CBOWCTBa aHTUTEN MNo-
cne npumeHeHus BakuuH Okcdopa/Actpa3eHeka ChAdOx1, BuoHtex BNT162b2 n CuHo-
dapm.

Marepuanbi n merogbl. [1na nccnegoBaHus 6oinn otobpaHbl 06pasLbl KpoBu (No 2 mi)
122 ncnbITyeMbIX C NoCnefyowmnmM nonyyeHnem cbiBOpoTKM. Bce ummyHonornyeckue m
depmeHTaTUBHbIE peakumm NPOBOAUSN C UCNOSIb30BaHUeM nNpubopa mini VIDAS.
Pesynbratbl. Y 61 ucnbityeMoro nocsie npumeHeHua BakumHbl buoHTex BNT162b2 ypo-
BEHb aHTUTEN NPEBbILIAN YPOBEHb aHTUTEN Nocsie NpumeHeHus BakuuH Okchopa/AcTpa-
3eHeka ChAdOx1 n CuHodapm. Y XeHLWMH ypoBeHb aHTUTEN MoC/e BakuuMHaummn 6bin
BbllLE, YeM y MYXUUH. PaHee nepeHeceHHana MHPeKLMA Bbi3biBasla 3HauUMTENIbHOE MOBbI-
LIeHWe YPOBHA aHTUTEN B rpyrnne BakUMHUPOBAHHbIX.

3aknioueHune. KOHCTaTPOBaHHOE YBeNMYeHe KOMNYECTBa BbIABMIEHHbIX B CbIBOPOTKE
KPOBMW aHTWUTEN COMPOBOXAANOCh YCUSIEHNEM MMYHHOI 3alUTbhl OpraHmM3ma oT UHdek-
Lum nocne NpoBefieHHON BaKLMHALMK.

KnioueBble cnoBa: BakLMHaLWA, CpaBHUTENbHAA 3BOJOLMA, NPOLECCPOBaHNEe aHTure-
Ha, peTpoBunpycHbii, COVID-19
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B INTRODUCTION

At the end of 2019, a series of pneumonia cases with an unknown causative agent
emerged in Wuhan (Hubei, China). In January 2020, analysis of samples from the lower
respiratory tract revealed the presence of a novel virus. A few weeks later, deep sequencing
analysis identified severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) as
the cause for the observed viral pneumonia cases. In a preliminary report, complete
viral genome analysis detected that the virus was more distant from SARS coronavirus
[1]. Subsequently, in February 2020, the World Health Organization (WHO) termed the
disease triggered by SARS-CoV-2 as COVID-19 [2]. By March 2020, the WHO announced
the pandemic status of COVID-19 when the number of countries involved was increased
with more cases and higher death rates [2].

Coronaviruses are enveloped single-stranded ribonucleic acid viruses known for their
solar corona-like shape due to the presence of surface spikes [3]. Coronaviruses have
four major structural proteins encoded by the coronavirus genome; these consist of
spike protein (S), envelope protein (E), matrix protein (M), and unexposed nucleocapsid
protein (N). Among them, spike protein (S) is a key protein that interacts with angiotensin-
converting enzyme 2 receptors and mediates subsequent fusion between the envelope
and the host cell membrane to facilitate viral entry into host cells [4, 5].

Vaccination against SARS-CoV-2 is an important strategy to change the course of the
COVID-19 pandemic [6]. Given its role in mediating viral entry, the coronavirus S protein
is the main target of neutralizing antibodies and has been the focus of therapeutic and
vaccine design [5].

The global response to reduce the spread of COVID-19 pandemic resulted huge health,
economic and social consequences. Based on the urgent need to respond to the calamity,
clinical trials and epidemiological studies have been started, and due to the presence
of different types of vaccines and their distinctive characteristics to prompt specific
immunity, in this study, we aimed to investigate antibody responses and associates of
protection after vaccination with the Oxford/AstraZeneca ChAdOx1, BioNTech BNT162b2,
and Sinopharm vaccines.

B PURPOSE OF THE STUDY

To investigate antibody responses and associates of protection after vaccination with
the Oxford/AstraZeneca ChAdOx1, BioNTech BNT162b2, and Sinopharm vaccines.

B MATERIALS AND METHODS

Sample collection

Blood samples (2 ml) were collected from 122 participants (74 males and 48 females).
Overall, 46 males received SARS-CoV-2 vaccines, whereas only 15 females received SARS-
CoV-2 vaccines and blood samples of vaccinated peoples were collected 4 weeks after the
second dose. Of the 61 participants who received SARS-CoV-2 vaccines, 46 participants
did not have prior infection, and 15 participants had prior infection. The samples were
collected from 11 October 2021 to 11 December 2021, and the serum was obtained for
antibody level measurement.

Inclusion criteria
®  Patients without chronic diseases.
®m  Patients received with two doses of vaccines.
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Blood samples were collected 3-6 months after the second dose.
Comfortable for the studly.

Exclusion criteria

Patients have chronicillness.

Pregnancy.

Patients with cancer.

Unvaccinated subjects.

Patients received one dose of vaccine only.

Blood samples below three months and/or more than six months.
Loss of follow-up patients.

The mini VIDAS device

The mini VIDAS device is one of the most advanced devices for viral analysis,
characterized by accurate results and speed of performance. Although, there are other
more advanced devices, the mini VIDAS device (bioMérieux S.A., France, Cat. No.: C130-
3567L) and VIDAS® SARS-COV-2 IgG (9COG, bioMérieux S.A., France, Cat. No.: 124472) had
been used extensively.

The basis of this device is primarily established on the interplay between two
components: the coated SPR® receptacle. Including antigens or antibodies, and the Strip,
which made up of a chain of wells containing the correct amount of reagent necessary
for the test. In addition, all reactions happen in two key phases within the SPR: enzymatic
reaction and immunological reaction.

The whole operation is totally automated from incubation to washing and the ultimate
reading. The whole operation is totally automated, from incubation, to washing and final
reading. The time of incubation and washing cycles number are improved to make sure
of their high performance using two-step sandwich enzyme immunoassay method with
a final fluorescence detection. The amount of samples needed 100uL of serum or plasma.
The number of replicates 2 (can be repeat each 27 minutes). The interpretation of results
according to (i=index) are if i <1 negative (no detection of IgM/ IgG anti SARS-CoV-2) or if
i 21 positive (detection of IgM/ IgG anti SARS-CoV-2).

Action steps:

1 —The serum is placed in a tape called a strip. This strip contains 10 holes, which are
as follows:

1 =sample well;

2,3,4,5=empty wells;

6 = conjugate well;

7, 8,9 = wash buffer;

10 = substrate.

The second component, which is a small conical tube and it acts as a straw, that is
called a SPR.

2 - The SPRincludes the anti-antibody, which sucked the serum in the first hole. There
is a reaction of the antigen in the serum with the antibody in hole 6, which is later on
connects with the enzyme.

3 — Of course all the particles are not interacted. The washing solution from one of
the holes (7, 8, 9) is absorbed by the SPR. The washing solution returned to one of the

222 "Laboratory Diagnostics Eastern Europe", 2024, volume 13, No. 2

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




KopoHasupycHasa nHdekLma 1 ee ocioxHeHNA / JlTabopaTopHbIN MOHUTOPWHT P,
Coronavirus Infection and Its Complications / Laboratory Monitoring =32

empty holes (2, 3,4, 5), so that the antigen and antibody attached to the SPR are kept. This
process is repeated many times.

4 — A fluorinated substance is found in the last hole (Fluorescence substrate), which is
developed.

5 - SPR components are interacted with the fluorinated substance. The substrate,
which linked enzyme is only remained in the measuring cell and flash lamp is lit.

According to the phosphorescent light theory, these particles take 370J and emit 450J
from energy, which is recorded by the device in the form of the results for analyzes, and
here the analysis ends (www.biomerieux-diagnostics.com; https://5.imimg.com/data5/
RW/LW/MQ/SELLER-4682066/biomeriux-minividas-blue-immunossay-analyzer.pdf).

Statistical analysis

Statistical analysis of the data done by used Statistical Package for the Social Sciences
V24. (SPSS Inc., Chicago, IL, USA). All experimental data were expressed as meanz+ standard
deviation (SD). Results were analysed by Chi-square test to compared between groups,
Mann - Whitney U test to analysed relation between antibody levels and vaccine types,
and Kruskal - Wallis test to compared between antibody levels and other variables. P<0.05
was considered statistically significant.

B RESULTS

A total of 122 individuals were enrolled in this study. The majority of the participants
were males (60.7%), and 46 of them (75.4%) received SARS-CoV-2 vaccines. On the other
hand, 48 (39.3%) of the participants were females, and 15 of them (24.6%) received SARS-
CoV-2 vaccines. Overall, 61 participants received SARS-CoV-2 vaccines; among them,
there were 46 participants without prior infection (28.06%) and 15 participants with
prior infection (9.15%). The SARS-CoV-2-specific IgG response was significantly higher in
vaccinated individuals than in unvaccinated individuals (27.34+17.97 and 18.05+15.78,
respectively, p=0.006) (Table 1).

Of the 61 participants, 7 of them (11.47%) received the Oxford/AstraZeneca ChAdOx1
vaccine, 17 of them (27.86%) received the Sinopharm vaccine, and 37 of them (60.65%)
received the Pfizer-BioNTech BNT162b2 vaccine. Participants who received the Pfizer-
BioNTech BNT162b2 vaccine had a higher antibody level (38.41 pg/ml (34.60-50.69))
compared with the levels of those who received the Oxford/AstraZeneca ChAdOx1
and Sinopharm vaccines (38.20 pg/ml (6.99-52.57) and 4.02 pg/ml (0.02-46.23),

Table 1
Gender distribution among the vaccinated and unvaccinated groups

Vaccination status
Vaccinated ‘ Unvaccinated ‘ Total
p value
No. (%)
28 74
Male 46 (75.40) (45.90) (60.65)
Sex 33 48 0.001
Female 15 (24.60) (54.10) (39.35)
1gG response (ug/ml) _
(Mean-£SD) 27.34+17.97 18.05+15.78 0.006
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Table 2
Antibody levels (ug/ml) in the vaccinated group according to the type of vaccine

Antibody level
Categor
gory Mean+SD Median (Min-Max) p value

Oxford/AstraZeneca 34.50+14.65 38.20 (6.99-52.57)

Tvoe of ChAdOX1

yp 0.643

vaccine Sinopharm 8.89+11.46 4.02 (0.02-46.23) ’

Pfizer-BioNTech BNT162b2 40.53+7.16 38.41 (34.60-50.69)
Table 3

Antibody levels (ug/ml) in the vaccinated male and female groups according to the type of vaccine

Sex Category Type of vaccine p value
Sinopharm Pfizer AstraZeneca
Mean+SD 9.72+11.93 33.82+15.08 21.56+16.97
Male Median (Min-Max) | 6.54 (0.02-46.23) |37.13(6.99-52.27) | 16.00 (2.48-63.33) 0.024
Mean+SD 2.28+0.40 36.78+13.69 40.53+7.16
Female Median (Min-Max) | 2.28 (2.00-2.57) 42.75 (14.61-52.57) | 38.41 (34.60-50.69)
Table 4
Antibody levels (ng/ml) in the vaccinated group according to prior infection status
Vaccinated group Mean+SD Median (Min-Max) p value
Without prior infection 25.43+18.13 23.74 (0.02-52.27) 016
Prior infection 33.18+16.68 36.60 (2.00-52.57)

respectively) (Table 2). Although not statistically significant, the antibody level was
higher among participants who received the Pfizer-BioNTech BNT162b2 vaccine than
among those who received the Oxford/AstraZeneca ChAdOx1 vaccine (40.53%7.16 vs.
34.50+£14.65, respectively, p=0.643).

In comparison with males, females had statistically significant elevated IgG levels for
the Pfizer-BioNTech BNT162b2 and Oxford/AstraZeneca ChAdOx1 vaccines (36.78+13.69
and 40.53+7.16, respectively, p=0.024) (Table 3). Prior infection significantly increased the
antibody level of the vaccinated group (Table 4).

B DISCUSSION

Understanding the kinetics of the post-vaccine antibody response and vaccine-
associated characteristics that determine the variability of this response is crucial for
evaluating the effect of SARS-CoV-2 vaccines on patients [7].

A typical vaccination course against SARS-CoV-2 involves the delivery of a vaccine
in two dosages. When the vaccines were tested for the first time, it was found that
vaccination with a single dosage elicited a weak immune response. Therefore, it is
necessary to deliver a second dosage for a strong antibody response. In phase one
clinical trial of the Pfizer-BioNTech BNT162b2 vaccine, both dosages of the vaccine were
highly effective in preventing infection following administration [8]. Furthermore, the
Pfizer-BioNTech mRNA vaccine (BNT162b2) was discovered to be highly effective against
COVID-19 patients who develop symptoms with an efficacy rate of 94% in a randomised
clinical trial [9]. Consistent with our findings, Wei et al. [3] reported that those receiving
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the Pfizer-BioNTech BNT162b2 vaccine had significantly higher antibody levels compared
with the levels of those receiving the Oxford/AstraZeneca ChAdOx1 vaccine [10]. Females
had elevated IgG levels for both vaccines, consistent with commonly described improved
immune responses in females [10-12]. The antibody response after vaccination differed
significantly according to prior infection condition. Prior infection was accompanied
with a substantially elevated antibody level for both BioNTech BNT162b2 and Oxford/
AstraZeneca ChAdOx1 vaccination. This is in agreement with studies involving healthcare
workers showing that prior SARS-CoV-2 infection leads to higher antibody levels after
the second BioNTech BNT162b2 vaccines [13, 14]. Vicenti et al. [15] similarly stated that
a single dosage of the BioNTech BNT162b2 vaccine prompted post-vaccination antibody
levels that were equal to or higher than the levels of those obtained two dosages who
were without prior infection [14].

B CONCLUSION

The stated increase in the number of antibodies detected in the blood serum is
accompanied by an elevation in the body’s immune defence against infection after
vaccination. The main limitation of this study was the inadequate sample size, which
could be observed as insufficient to state that prior infection may contribute to a high
antibody level. Nevertheless, there is still a possibility that prior infection with SARS-CoV-2
may boost antibody levels even at the first dose of the BioNTech BNT162b2 vaccine.
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Pesiome

BBepeHwme. B HacToALlee BpemA NPOAOMKAIOTCA UCCIIeA0BaHNA, HanpaBieHHble Ha no-
NCK NabopaTopHbIX 61OMapKepoB, CMOCOOHbIX MOMOYb B OLIEHKE MPOrpeccrpoBaHUA
COVID-19 n TaxecTn coCToAHMA NaumeHToB. Mimetowaaca B3anmocBa3b GYyHKLNOHNPOBA-
HUA UMMYHHOW, SHAOKPVWHHON 1 IMNUATPAHCMOPTHON CUCTEM NO3BONAET NPEANONOXNUTb
POnb OLLEHKM U3MEHEHNA NapaMeTPOB IMNMAHOrO MeTabon3Ma B NPOrHO3MPOBaHN UC-
xofoB 3aboneBaHuA.

Llenb. AHanu3 nokasatenei IMNMAHOrO o6MeHa BO B3aUMOCBSA3N C TAXECTblo 3abonesa-
HVA 1 U3MEHEHUEM JpYrunX NabopaTopHbIX NMoKasaTenel Ana onpeneneHnsa BO3MOXKHbIX
ZononHuTeNbHbIX GakTopoB NPOorHo3a HebnaronpuAaTHoro TeyeHus COVID-19.
Martepuanbl n meroabl. [1poBOANNICA PETPOCMEKTUBHbLIN aHaNN3 MeAULIMHCKON [o-
KymeHTaumm 100 nauymeHToB ¢ COVID-19, nMeBWYX pas3finyHble NCXOAbl 3ab0neBaHus,
C M3yyeHrem Bmoxmmmnuyeckmnx rnokasatenein (C-peakTuBHbIN 6enoK, GeppuTrH, akTUB-
HOCTb NlaKTaTAerMAPOoreHasbl, IMNUAHbIA Npoduib), pesynbraToB KayectBeHHon MNLP gna
BbIABNEHNA BUpPYCHON PHK, nMMyHOXpomMaTorpaduryeckoro onpegeneHmsa aHTuTen Knac-
coB IgM 1 IgG Kk Bnpycy SARS-CoV-2.

Pesynbrartbl. B pe3ynbrate aHanv3a nosyyeHHbIX AaHHbIX YCTaHOBSIEHbI U3MEHEHNA No-
KasaTtenen NUNMAHOro MeTabonmama (CHVXeHMe YpOBHA OOLEero xonectepuiHa, xone-
CTepuHa NUMONPOTEMHOB HN3KOM M BbICOKOW MIOTHOCTU C TeHAEHLUMEN K NOBbILLEHWNIO
YPOBHA X0JleCTepUHa JINMONPOTENHOB OUYEeHb HWU3KOW MAOTHOCTU 1 TPUIMULEPUAOB) BO
B3aVIMOCBA3M C MOBbILWEHNEM YPOBHA NakTaTAerngporeHasbl y naunMeHToB ¢ Hebnaronpu-
ATHbIM UCXOI0M 3aboneBaHuA.

3akntoueHue. CHUXKeHre ypoBHei 06LLero XxonecTepuHa, XonectepuHa IMnonpoTenHOB
BbICOKOW M HU3KOW MNOTHOCTW B COYETaHUM C NOBbILIEHNEM YPOBHA NakTaTaerngpore-
Ha3bl MOXXHO paccmaTpuBaTtb Kak dakTop HebnaronpuATHOro NPOrHo3a y nauueHToB C
COVID-19. C yuyeToM BAVAHUA MIIOKOKOPTUKONAHBIX FOPMOHOB, MPUMEHSAIOLWNXCA B Neve-
HUWM MHEBMOHMK, accoummpoBaHHoli ¢ COVID-19, Ha ypoBHU psifa 6e1koB ocTpoli ¢asbl
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OVHaMUKW NoKasaTenen nunuagHoro npoduna CbiIBOPOTKY KPOBM Y NaLMEHTOB C MHEBMO-
HUAMW ANA NPOrHO3MPOBaHNA YXYALEHNA COCTOAHMA NaLUmeHTa 1 ncxoda 3abonesaHus.
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Abstract

Introduction. Currently, studies aimed at searching for laboratory biomarkers to help in
assessing COVID-19 progression and the severities of the patients’ condition are ongoing.
The existing relationship between the immune, endocrine, and lipid transport systems
functioning suggests the role of assessing lipid metabolism parameter changes in
predicting disease outcomes.

Purpose. To analyze lipid metabolism parameters in correlation with disease severity and
changes in other laboratory parameters to determine probable additional prognostic
factors for COVID-19 unfavorable course.

Materials and methods. We conducted a retrospective analysis of medical records of 100
patients with COVID-19 with different disease outcomes, including biochemical findings
(C-reactive protein, ferritin, lactate dehydrogenase activity, and lipid profile), qualitative
PCR for viral RNA detection results, and immunochromatographic tests for IgM and IgG
antibodies against SARS-CoV-2 virus detection results.

Results. Asaresult of analysis of the data obtained, changesin lipid metabolism parameters
(decrease in the level of total cholesterol and low- and high-density lipoprotein cholesterol
with a tendency to increase in very low-density lipoprotein cholesterol and triglycerides)
in correlation with increased level of lactate dehydrogenase in patients with unfavorable
outcomes of the disease were established.

Conclusion. Decrease in total cholesterol and high- and low-density lipoprotein
cholesterol levels in combination with an increase in lactate dehydrogenase levels can
be considered as an unfavorable prognostic factor in patients with COVID-19. Taking
into account effects of glucocorticoid hormones used in the treatment of COVID-19-
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MMoka3zaTenu NMNUAHOro CNeKTpa CbIBOPOTKU KpoBu naumeHtos ¢ COVID-19
Kak BepoATHble bBoMapKepbl HEONAroNPUATHOIO UCXOAA Pa3BUTUA 3aboneBaHNA

associated pneumonia on the levels of several proteins in acute phase of inflammation, it
seems important to study the possibility of using results of serum lipid profile evaluation
in patients with pneumonia to predict the deterioration of a patient’s condition and the
disease outcome.

Keywords: COVID-19, lipid metabolism parameters, inflammation, disease outcome,
biomarkers

B BBEJAEHWE

MauwnenTsl ¢ COVID-19 (ab6pesuatypa ot aHrn. COrona Virus Disease 2019) nmetot no-
TeHUManbHble PUCKN Pa3BUTKA TAXKENOro TeYeHNA PecnmnpaTopHoi MHGeKLUK, B TOM Ync-
ne nHeBmoHuU. KopoHaeupyc SARS-CoV-2 cnocobeH Bbi3BaTb CUCTEMHOE MOPaXKeHe op-
raHu3ma yesioBeka C BOBJIeYEHVEM LLUMPOKOTO CNEeKTPa OPraHoB 1 TKaHeN, XapaKTepusyto-
Leecs ype3BblualiHO BaprabenbHbIM KIUHUYECKUM TedeHneM 3aboneBaHus. Yalue Bcero
3aboneBaHVe NpoTeKaeT B popme OCTPOU pecnupaTopHO BUPYCHON MHbEKLUMN NIerkoro
TeUeHs, HO BO3MOXHO pPa3BUTUE TAXKeNOoN GOpMbl, B TOM YMCTie BUPYCHON MHEBMOHWM C
OCTPbIM pecnuMpPaTopPHbIM ANUCTPECC-CUHLPOMOM UMW AbIXaTellbHOW HEAOCTAaTOYHOCTbIO C
prckom daTasibHOIro UCX0Aa, a TaKXKe TAXKENIoN CUCTEMHON BOCMANUTENIbHOW peakumn n
6aKTepuanbHbIX OCIIOXKHEHWI. «ANKNIA» LUITaMM 1 BUPYCbI, OTHOCALLMECA K 6eTa- 1 fenbTa-
LUTaMMaM, Bbi3blBann 60sblUee KONMMUYECTBO TAXeNbIX GOPM MO CPaBHEHMIO CO LUTaMMaMu,
LUMPKYMPOBABLIMMY NO3Xe, Hanpumep, OMUKPOHOM. CENTUYECKUI LIOK U BTOPUYHbIE
6aKkTepuasnbHble MHbEKL MM ABAAIOTCA YaCTbIMU OCIIOXHEHVAMN Y NALMEHTOB OTAeNeHNl
peaHMauum N MHTEHCUBHOM Tepanun [1].

B HacToslee BpeMs MPOJOSIXKATCA UCCNeAOBaHUSA, HanpaBfieHHble Ha MOWCK Ma-
pamMeTpoB (B TOM uncrie nabopaTopHbIX), CMOCOOHBIX MOMOYb He TOSIbKO B ANArHOCTUKE
3ab0neBaHNA, HO 1 B OLIEHKE ero NporpeccupoBaHns U TAXKECTN COCTOSHUS NaLUEHTOB.
BakHoe u akTMBHO pa3pabaTbiBaeMoe HamnpaBieHue CBA3AHO C M3YUYeHWeM Ponun pas-
JIMYHBIX BUONTIOTMYECKNX MAaPKEPOB B OLIEHKE TAXKECTU Y MPOrHO3MPOBaHNM BEPOATHOCTA
HebnaronpuUATHOro TeueHns 1 ncxoda 3abonesanus [2]. JlaHHaa nHpopmauus BaxkHa He
TONbKO AN1A onpefeneHus NokasaHuii K rocnutan3auum naumMeHToB UK K X nepesogy B
oTAeNeHnsA peaHMMaLUmM U UHTEHCMBHOW Tepanuu, HO U AN BbipaboTKM fleyebHON TakTu-
K1 1 OLEHKM ee 3PEKTMBHOCTHU.

PaHee HaMu 6b1J10 KOHCTAaTUPOBAHO, UTO 3HAUMMbIMK PpaKTOpPaMKU PUCKa Hebnaronpu-
AaTHoro ncxoga COVID-19 siBnAlTCcA Takue abopaTopHble MPU3HaKKW, Kak MOBbllLeHNe
copepxaHus ¢epputnHa, C-peaktuBHoro 6enka (CPB), HENTPOPUNbHBIX NENKOLUTOB B
KPOBM, a TakXe NafieHne Konnyectsa num¢oLmToB 1 MoHoUKTOB. HebnaronpuaTHbIN nc-
xop COVID-19, BepOATHO, CBA3aH C HapyLleHUeM perynayum MmMmmyHOBOCNANUTENbHOIo
OTBeTa, UYTO MOATBEP)KAAETCA pPa3HOHaMpPaB/ieHHbIMY CABMraMU NIabopaTOPHbIX MOKa-
3aTesiell MaUUEeHTOB N OCOOEHHOCTAMU KOppensauni 3TUX NoKasaTesiel C NCxogamu 3a-
6oneBaHuA [3]. Bbi3blBaeT MHTEPEC TaKXKe M3yUYeHne NPOrHOCTMYECKOW POnu AUHAMUKNA
rokasaTesiel nMnNugorpaMmel BO B3aMMOCBSA3M C pe3yfibTaTaMu Apyrux f1abopaTopHbixX
TECTOB C y4yeToM PYHKLMU NMNONPOTEMHOBBIX KOMIMJIEKCOB, a TakXKe BUsSHUE BocCnane-
HUA Ha JUHAMUKY UX coflepXKaHua B KpoBuW. Kpome TOro, neyeHune naumeHToB C TAXKesbl-
Mn popmammu COVID-19 npepnonaraeT HazHaYeHWe MM UHTEHCMBHOW Tepanuu, B TOM
yrcne — MMMYHOCYNPECCUBHON (MMIOKOKOPTUKOUAHbIE TOPMOHbI, TOUUAM3ymMab n ap.),
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UTO MOET CKa3blBaTbCA Ha pe3ysibTaTax UccnefoBaHns ocTpodasHbix 6enkos (CPB, dpep-
PWTVH) N NPUBOANTL K HEAOOLIEHKE TAXKECTW COCTOAHNA NaumeHTa. Takum o6pasom, npw
BbIAABNIEHUY HOBbLIX AOMOSIHUTENbHBIX MAapKepoB He6NAronpuUATHOro NPOrHo3a TeueHus
KOPOHABMPYCHON NHPEKLUMMN BO3MOXKHO Gosiee paHHee M3MeHEHMEe TaKTUKI ledeHus.

B LIEJTb NCCJIEOOBAHUA

MNpoBecTn aHanmn3 NokasaTenen NMMWAHONO CNeKTPa CbiIBOPOTKM KPOBU BO B3aUMO-
CBA3M C KPUTEPUAMM OLIEHKU TAXKECTU TeueHnsa 3aboneBaHNA U N3MeHeHneM Apyrux na-
6opaTopHbIX MOKa3aTenen ana onpeneneHna BO3MOXKHbIX JOMOIHUTENbHbIX GpakTopoB
nporHo3sa HebnaronpuATHoro TeyeHns COVID-19.

B MATEPWAJIbl U METObI

MpoBoannca peTpoCcneKkTUBHbLIA aHann3 MegULMUHCKON AOKyMeHTauun (ambynatop-
HbIX KapT, UCTopunii 6one3Hn NaumMeHTOB) 3a Nepurop ¢ anpens no agekabpo 2020 roga. Mc-
CflefjoBaHVe NPOBOAMNOCH Ha 6a3e yupexaeHus 3gpaBooxpaHeHns «LLymunmnHckan LeH-
TpanbHasa parioHHasa 6onbHMUay». OueHnBaNNCb 3HaYeHUA CneayoLWKx nokasaTenei 6ro-
XUMMYECKOrO aHanmsa Kposu: CPBb, deppuTuH, akTMBHOCTb NakTataermgporeHasol (JIA4I),
o6wmin xonectepuH (OXC), xonectepuH NMNONPOTEMHOB BbICOKOW nioTHocTn (XC-JIMBIM),
XOnecTepuH NMNonpoTenHoB HM3Kow NnoTHocTy (XC-JITHI) n oyeHb HM3KOWM NAOTHOCTU
(XC-TNOHM), Tpurnuuepugbl (TT). iccnegoBaHue NpoBoanaoCh C UCNOIb30BaHNEM aBTO-
MaTryeckoro bmoxmmmyeckoro aHanusartopa BioSystems BA 400, LedTechnology, Vcna-
HuA. bbino BbinonHeHo BbiaBneHne PHK Bupyca metogom kayectseHHou MNUP (c ncnonb-
3oBaHuem [JHK-amnnn¢mkatopa Real-time BIORAD CFX96, Bio-Rad, CLUA), nposoaunocb
onpepeneHune aHtuTen knaccos IgM n IgG Kk Bupycy SARS-CoV-2 B obpasuax uenbHom
KpOBM MaLMeHTOB MeToAaMy MMMyHOXpoMaTorpadrnueckoro aHanmsa C UCNonb3oBaHU-
em TecT-cuctembl «SARS-CoV-2 TecT Ha aHTUTena», npoussoauTens Beijing Lepu Medical
Technology, KHP (nokasaTtenu aHanuTMyeckom 4yBCTBUTENbHOCTU U cneundUUYHOCTY —
92,43% 1 99,15% cOOTBETCTBEHHO).

Bcero B uccnepoBaHue 6bin1o BktoyeHo 100 naumeHToB B Bo3pacTte oT 20 go 90 net
(59 [50; 70]) c COVID-19. AnarHo3 «COVID-19» noaTBepancs B COOTBETCTBUM C aKTyaslb-
HbIMW HOPMaTUBHbIMY fJoKyMeHTamu M3 Pecnybnukn benapycb.

B BbI6OPKY BOLAW 44 MyKUMHBI (44%) 1 56 XeHLWwKrH (56%). U3 H1X 76 naLmeHToB nve-
nn COVID-accoummpoBaHHY0 MHTEPCTULNANbHYIO MHEBMOHMIO, 14 NaLyMeHTOB ymepnu, B
TOM Yncne 9 — C peHTreHoNorMyYeckn NoATBEPKAEHHON MHTEPCTULMANIbHOM MHEBMOHUEN.

CraTncTnyeckuin aHann3 NPoBOAUSICA C UCMOb30BaHMEM Nporpammbl Statistica 12.
Mcnonb3oBaHbl MeToAbl HernapaMeTpUyeckon CTaTUCTUKK, ONMcaTeNlbHOM CTaTUCTUKMW.
Yncnosble 3HaueHMA MoKas3aTenen BblpaXeHbl B BMAE MeAuvaHbl, NepBOro N TpeTbero
KBapTunen.

B PE3YJNbTATbl U OBCYXOAEHNE

Y naumneHToB, ymepmx ot COVID-19, nokasatenu OXC n XC-JINBI 6bi1n cTaTncTnye-
CKM 3HAUMMO HUXKE MO CPABHEHMIO C TaKOBbIMU BbPKUBLLUMX MaLMeHToOB. Kpome Toro, oT-
MEYaloTCA CTaTUCTUYECKN 3HaUMMBble pa3nmuma B ypoBHax JIAT. B To e Bpems KOHLeHTpa-
unn depputuHa, CPB, XC-JIMHMN, XC-JINOHT, TT B 06emx rpynnax cTaTMCTMYeCcKn 3HaurMo
He pasnnyanuce (tabn. 1).
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Moka3zaTenn NMNUAHOro CNEKTPa CbIBOPOTKU KpoBu naumeHtos ¢ COVID-19
Kak BepoATHble BoMapKepbl HEBNAroNPUATHOIO NCXOAA Pa3BUTUA 3aboneBaHNA

Mpu npoBefeHUN KOPPENALMOHHOro aHann3a Obina BbiABNEHa CTaTUCTUYECKN 3HaUN-
MasA obpaTHaa Koppenaumna cpefHen cunbl Mexay yposHamu JIAT n XC-JMNBIM (koaddu-
umneHT Koppenauun CnupmeHa -0,55, p<0,05), Kpome TOro, onncaHbl cfabble, HO CTaTU-
CTUYECKU 3HauYMMble 0OpaTHble KOPPENALMN MeXAY CMePTbIo NaumneHToB 1 yposHeM OXC
(ko3 durumeHT Koppenaunn CnnpmeHa -0,23, p<0,05), koHueHTpaumen XC-JIMBI (ko3¢-
duunmenT kKoppenaunn CnupmeHa -0,3, p<0,05), a TakxKe NpAMan KOppenauma Mexay aK-
TMBHOCTbI0 JIAT 1 KOHUEeHTpauneln ¢epputHa CbiIBOPOTKM KPOBU (KO3ddULMEHT Koppe-
nauymm Cnmpmena 0,5, p<0,05).

Mpu oueHKe pa3nuyHbIX NabopaToOPHbIX MOKasaTesei y NaunueHToB C MHTePCTULN-
anbHOW MHEBMOHMEN, accoummnpoBaHHoli ¢ COVID-19, 6b11n BbiABIEHbI CTAaTUCTUYECKN
3HaumMble pasnnuma nokasatenen JIAT, OXC, XCJIMBIM, XCJIMHI y BbIXMBLUMX 1 ymep-
WKMX NayneHToB. Kpome Toro, nmenacb TeHAeHUMA K NoBbiweHnto nokasatenen TI n XC-
JINOHMN y ymepwnx nayneHToB (Tabn. 2).

B cooTtBeTCTBUM C NUTEpaTypHbIMW JaHHbIMK, YypoBeHb JIAI (BHYTpMKneTouHoro rnm-
KONIMTNYEeCKoro GpepmeHTa, KOTOPbIN HAaXOAMTCA B KNeTKax BCeX TKaHel opraHm3ma) oT-
paxaeT TAXKeCTb NOBPeXAeHNA TKaHel BCeACTBYE BOCMANUTENbHOrO NpoLecca 1 rmnok-
cun. Tak, MOKasaHo, UTo BbiparkeHHOe noBblweHre JIAI yacto Habnoganoch y naumeHToB
¢ nHeemoHuen npu COVID-19 B accoumauun c nosbliweHnem yposHA CPB n D-gumepa, a
TaKXe CHVXeHreM abconoTHOro copepxaHua TpoMboumToB 1 NumdounToB B Nepude-
puueckon Kposu [4]. Kpome Toro, JIAI npegnaraeTca NCnosib30BaTh B KaUeCTBE OQHOIO 13
nokasarenemn, NCnonb3yemMbiX A1 MOHUTOPUHIA COCTOAHUA NauneHTa 1 3GdeKTUBHOCTY
Tepanun y NauMeHToB C OCTPbIM PecnnpaToOpHbIM ANCTPECC-CUHAPOMOM N NPOrpeccupy-
IOLWM CMHAPOMOM aKTUBaLMKN Makpodaros, a Takke Kak OfMH 13 Hanbonee 3HauMMbIX
NporHocTnyeckux brmomapkepos y naymeHTos ¢ COVID-19 [5].

Ta6nuua 1
MokKa3aTenu nccnefoBaHHbIX 1a6oOPaTOPHbIX TECTOB Yy yMepLUUX U BbDKMBLUMX NaumneHToB ¢ COVID-19
Table 1
Laboratory testing findings in deceased and survived COVID-19 patients
MNokasartennb Ymepiune BbpkuBLumne p (M-W U test)
NAr, ea/n 956 [669; 1177] 580[431;678] 0,004
OXC, mmonb/n 3,58 [3,09; 4,41] 4,28 [3,64; 5,27] 0,005
XC-NNBM, mmonb/n 0,62[0,35;1,15] 1,15[0,88; 1,48] 0,006
Ta6bnuua 2

HekoTopblie nabopaTopHble NoKasaTeny ymepluux v BbRKMBLUNX NaLEHTOB C NHEBMOHMEI,
accoyuunpoBaHHom c COVID-19

Table 2

Laboratory testing findings in deceased and survived patients with COVID-19-associated pneumonia

Mokasarenb Ymepiune BbiKuBLINE p (M-W U test)
AT, ea/n 1103 [728; 1758] 614 [414;733] 0,005
OXC, mmonb/n 3,63 [3,10; 4,18] 4,59[3,73;5,4] 0,009
XC-JINBM, mmonb/n 0,35[0,3;0,37] 1,29[0,89; 1,48] 0,006
XC-JIMHIM, mmonb/n 1,511[1,5;1,85] 2,43[1,78; 3,34] 0,045
XC-NNOHN, mmonb/n 0,68 [0,65; 1,01 0,5[0,41;0,66] >0,05
T, Mmmonb/n 1,501,42;2,37] 0,99[0,83;1,2] >0,05
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KoppenAunoHHbI aHanu3 BbiABWA Y NALMEHTOB C MHEBMOHMEN NPAMYI0 Koppenauumio
cpepHen cunbl Mmexay yposHamu JIAT u T (koaddurumeHT koppenauumn CnvpmeHa 0,5,
p<0,05), AT n pepputnHa (koapduumneHT Koppenaumm CnnpmeHa 0,5, p<0,05), a Takxke
obpaTHyto Koppenauuio mexay akTmHocTbio JIAI n koHueHTpauwnen XC-JIMBIM (koaddu-
umeHT Koppenauun CnupmeHa -0,51, p<0,05).

Y ymepLux naumMeHToB ¢ MHEBMOHUAMW NPUCYTCTBYET CUilbHasA obpaTHaa Koppens-
umna mexay aktusHocTbio JIAT n KoHueHTpaumen XCJIMBM (koabduumeHT Koppensaymm
CnnpmeHa -0,79, p<0,05), UTO MOXeT yKa3biBaTb Ha BO3MOKHYIO B3aUMOCBA3b YPOBHA
XC-J1MBI 1 BblpaXeHHOCTM NOBPEeXAeHNA TKaHeN.

MonyyeHHble HamMKW faHHblE cornacyloTcA ¢ pekoMmeHaaumamm floueHko 3.A. n coasT,,
B KOTOPbIX onpefesneHbl nabopaTopHble NokKasaTenu, BnvsALe Ha HebnaronpuATHbIN
ncxog Taxkenbix popm 6akTepmanbHbix MHGeKUUIA. K HUM OTHECEHbI: CHUXeHWE YPOBHA
obLero xonecteprHa <2 MMonb/n B coueTaHuu ¢ yposHem XC-JIMBI <0,5 mmonb/n u/vnun
yposHeM XC JITTHIM <1 mmonb/n, a Takke CHUXeHne copepxanua T-numdounTtos CD3+
<56%, 3HaunTeNIbHOEe CHWXKeHWe copepaHuAa T-perynatopHbix knetok (CD4+ CD25hi
CD127-) <0,6%, noBbiLLeHKe NPOLEHTHOrO coaepXaHua cybnonynauuin B-numdpountos
(CD19+) 6onee uem B 1,5 pasza oT BepXxHeWN rpaHULbl HOPMbl MPU CHYKeHUN B1-KneTok
(CD19+ CD5+) <0,57%, yBenuueHvne gonu ncroweHHbix T-numdouuntos 6onee 8%. Ha-
nMumne ofgHoro mMeTabonnyeckoro M OAHOrO UMMYHOJSIOTMYECKOro KpuTepueB Mo3BO-
nAeT caenatb BblBOA O HeOGNaronpuATHOM NPOrHo3e Taxkenon dopmbl 6akTepranbHOM
nHobekumn [6].

[lo cMx Nop B3aUMOCBA3b M3MEHEHUI NoKa3saTenen NUNugHoro metabonmsma u Teve-
HuA COVID-19 ocTaetca HeonpepeneHHOM, HeCMOTPA Ha PAL UCCNefoBaHNN, NOCBALLEH-
HbIX 3TOM Npobneme.

WmeloTca nccnepgoBaHua (NpocnekTuBHble HabnopaTtesibHble, ONUCaHNUA Cepun Ciy-
yaeB), YKa3sbiBawolme Ha cHukeHne ypoBHA OXC, XCJIMHI, XC-JIMBM, Tl npy BUPYCHbIX
nHpeKumax, B Tom uncie COVID-19. Mpu 3tom cHmkeHne OXC n XC-JIMHIM Habnoganocs
NpaKkTUYecKkun y BceX NaLueHTOB, B TO Bpemsa KaK cHukeHue yposHA XC-JIMNBI Habnopa-
NOCb Y TAXEeSbIX NaLUUeHTOB U KOPPEeNnpoBano ¢ HebnaronpuaATHbIM NCxoaom [7]. Bbisas-
NeHHble U3MeHeHNA MOTyT 6bITb CBA3aHbI Kak C BOBfIeYEHMEM MeYeHN B NaTONOrMyYecKuin
npowecc, Tak n ¢ mogndrKaumen CTpyKTypbl 1 GYHKLMM NUNONPOTENHOBBIX KOMMIEKCOB
B NPUCYTCTBUWN NPOBOCMANIUTENbHbIX LUUTOKMHOB. [lpyrne aBTOpbl yKa3biBaloT Ha MOBbI-
weHwe yposHa XC-JIMHI, B To Bpems kak cogepxaHne XC-JIMNBIM n OXC obpaTHO Koppe-
NNPOoBano co cteneHbto Taxkectn COVID-19 [8].

MN3BeCcTHO, UTO MHPEKLMOHHbIE MPOLECChl Pa3NNYHOWN STUOMOMY Bbi3blBalOT U3MEHe-
HUA NUNUZHOro meTabonrama, moguduumpytome sHepreTMyeckre NPoLecchl, UMMyH-
HbI CUTHANMHT 1 penapaunio TKaHen [9]. Pag aBTOPOB yKa3biBaeT Ha TeCHYIO B3auUMO-
CBA3b GYHKUMOHNPOBAHUA UMMYHHOW U NUNUA-TPAHCMOPTHOWM CUCTEM, NMPUYEM NMEeTCA
KaK BNMAHME BOCNaneHna Ha CTPYKTYpPY U GYHKLUIO KOMMOHEHTOB NUNUA-TPaHCMOPTHON
CUCTEMBbI, TaK U NPOTUBOMONOXKHOE BAUAHNE NNMMAHOro MeTabonn3ma Ha GyHKLUOHUPO-
BaHWe cMcTemMbl MMMyHuTeTa [10-12].

TeHOeHUMA K noBbiweHWo YpoBHA Tpurnuuepuaos n XC-JIMOHI y nauneHToB ¢ He-
6naronpuATHBIM UCXOLOM MHEBMOHUIA MOXeT ObiTb 0bycnoBfieHa 6onblueil akTUBHO-
CTblO Y HUX BOCMaNuTeNbHOro npotecca. 13sectHo, 4to Nnpu BoCcnaneHnmn akTMBMpyeTca
npogykuma JINOHI n cHrXaeTcAa akTMBHOCTb UX NUMNOAUTUYECKON TpaHchopmauum B
JINHM [13].
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MMoka3zaTenu NMNUAHOro CNeKTpa CbIBOPOTKU KpoBu naumeHtos ¢ COVID-19
Kak BepoATHble bBoMapKepbl HEONAroNPUATHOIO UCXOAA Pa3BUTUA 3aboneBaHNA

Hamu BbifiBNeHbl CTaTUCTMYECKU 3Hauummo 6Gonee Huskme nokasatenu XC-JIMNBI y
yMepLKx NaunueHToB C NHeBMOHUAMMN (Tabn. 2). N3BecTHO, uto JIMBI cnocobHbl cBA3bI-
BaTb BUPYCbI, bakTepuranbHble TOKCUHBI, CTabnnusnposatb sHAoTenmn. CucteMHoe Bocna-
neHwve Bbi3biBaeT cHUKeHwne JTTBI Ha 40-70%, y nauneHTOB C CeNncncoM Takume n3meHeHns
accoLMMpPOBaHbl C yxyaLeHneM NporHo3a 1 ysenmyeHmeM pucka ocTporo noBpexgeHmns
nouek. TeueHne COVID-19 MoXeT 6bITb aCCOLMMPOBAHO C KNMHMUYECKMMM MPOABAEHNAMN
CUCTEMHOTO BOCMNANIUTENIbHOIO OTBETA, a TakKe C KNUHUKO-abopaToOpHbIMK NPOABAEHU-
AMM cencuca (gueperynaumna MMMYHHOrO OTBETa, M3MEHeHMe CneKTpa NMNmnAoB CbiIBOPOT-
KW, sHpoTenanbHaa ancoyHkuma, koarynonatus). JINBIM cnocobHbl moauduumposaTtb
XapaKTep BOCMaNUTENIbHOrO OTBETa M MOBpEeXAeHMe TKaHeln (B YaCTHOCTM JIerOUYHOEe U
noyeyHoe noBpexaeHne) 6narogapa anonpoterHam (M, All n ap.), sH3umam (anbda-1-
aHTUTPUNCKH) 1 pochonmnuaam (cuHrosmH-1-dochat 1 gp.), BXOAALWMM B UX COCTaB.
Kpome Toro, JIMNBI obnagatoT pAaoM nonesHbiXx CBONCTB (aHTUTPOMbBOTUYECKaA aKTuB-
HOCTb, MMMYHOMOAYNMPYIOLME, aHTUOKCUAAHTHbIEe CBOWCTBA). BocnanutenbHbin npo-
LilecC MOXeT U3MEeHATb CTPYKTYpPY, a cnegoBatenbHo, n dyHkuumtio JIMBI. Tak, B ycnoBusx
BocnaneHua B JIMBI HakannuBatloTcA ocTpodasHble 6efkn, Takme Kak CbIBOPOTOYHbIN
amunoug A, coctaBnas fo 80% Mx NPOTENHOBOIO COCTaBa, YTO MOAUPULIMPYET UX NPOTK-
BOBOCMaNuTeNbHble CBONCTBA [7].

Pan nccnepgoBaHunin feMoHCTpUpyeT cHKeHne ypoBHA JITBIM n AnoA1 Ha poHe Taxe-
NbIX MHOEKLMIA, B YaCTHOCTU Cencrca. ITO CHUXKEHNE KOPPENMPYET C TAXKECTbo Bocnanu-
TeNIbHOro OTBeTa Y NPOrHO30M 3abosieBaHus.

MexaHn3m 3TOro ABNeHUA CBA3aH C yBennyeHnem notpebnenus JIMNBI, cHukeHnem
UX CMHTe3a B NeyeHn BC/IeACTBME ee MOBPEXKAEHMWA, a TakKe C NOBbILWEHHbIM 3aXBaTOM
nocpefcTBOM cKkeBeHpkep-peuentopos SR-Bl. bonee Toro, sHpoTennanbHaa AncoyHK-
umna moxeT ycunuaatb notepto JIMNBI 13 kKposu. ipyrne mexaHn3mbl acCoOLMNPOBaHbI C
pemopgenvpoBaHnem npoteoma v nunugoma JIMNBI. MNpwn cencuce coctas JIMNBIM meHAeTcA:
YBeNMUYNBaETCA COAepKaHne TPUMULEepUaoB 1 cHKaeTca — docdonnnuaos BCeacTeme
aKkTuBauuun cekpetopHoi docdonmnasbl A2 1 NOBbILEHWA YPOBHA Nn3odpochaTnannxo-
nuHa [7].

B BbIBO/bl

1. Y nauneHToB, ymepmx ot COVID-19, oTMeUeHbl CTaTUCTUYECKN 3HaUMMO bonee Hu3-
Kune 3HaueHuns OXC n XC-JIMNBIM Ha ¢poHe 6onee BbiCOKUX 3HaueHwn JIAT.

2. Y nmaumeHTOB, YMepWunX OT MHEeBMOHMMU, accouyumpoBaHHon ¢ COVID-19, otmeuve-
Hbl CTaTUCTUYECKU 3HaUMMO 6onee Hu3Kume 3HaueHmna OXC, XC-JIMHM n XC-JIMNBIM Ha
¢doHe 6onee BbICOKNX 3HaUeHUN JIIT, a TakKe TeHAEHLMA K NOBbILLEeHWIO ypoBHein XC-
JINOHM n TT.

3. BblABNEHbl CTaTUCTMYECKN 3HaUYMMBble Koppenaumn KoHueHTpauun XC-JTBIM v akTue-
HocTu J1[T, B TOM Uncne y naumeHToB, ymepLnx OT THeBMOHUK, cBA3aHHon ¢ COVID-19.

4. CHwxeHue nokasatenen cogepxanma OXC, XC-JIMBM n XC-JIMHIT moXxHO paccmaTtpu-
BaTb Kak GpaKkTop HebnaronpmATHOro NporHo3a y nauneHtos ¢ COVID-19.

5. C yyeTOoM BAUAHUA TNIIOKOKOPTUKOULHBIX FOPMOHOB, MPUMEHAKLMXCA B fneye-
HUWM NMHEBMOHWK, accouumnpoBaHHo ¢ COVID-19, Ha ypoBHM psAga 6enkoB oCTpon
da3bl BocnaneHus npepcTaBnAeTcA LenecoobpasHblM M3yunTb BO3MOXKHOCTb UC-
NoJib30BaHUA OLEHKM AMHaMUKM KoHueHTpauun OXC, XCJIMHM, XC-JIMBM y naum-
€HTOB C MHEBMOHUAMW ASIA NMPOrHO3MPOBaHMA YXYALWEHNA COCTOAHMA NauueHTa
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1 HebnaronpuATHOro ncxopda 3aboneBaHMA. ITO NO3BOMUT 3apaHee BbIAENATb NaLu-
€HTOB TPynMbl PYcKa 1N NPEBEHTUBHO UHTEHCUPULIMPOBATL OKa3zaHWe UM MeuLMH-
CKOW nomoLLun.
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Pesiome

Mansapua agnsaeTca opHol U3 Hanbonee pacnpoCcTpPaHeHHbIX NapasuTapHbIX 6onesHel B
MUpe, XapaKTepusyeTcs TAXesbIM TeYeHNeM 1N UMeeT JOCTaTOYHO BbICOKUIA NOKa3aTenb
netanbHocTu. Pecnybnuka benapycb B HacTosllee Bpema He BXOAWUT B YMCIO SHAEMUY-
HbIX MO Mansapuun pernoHoB. OfHAKO, YYNTbIBaA HanMyme Ha TePPUTOPUN HaLel CTPaHbl
NCTOYHNKOB MHEKLIMM (eXKerofHO pPerncTprpyioTca 3aBo3Hble ciyyan 3aboneeaHua ma-
napvien), NepeHoCYNKOB ManApunHoro nnasmoaua (komapos poaa Anopheles), a Takxe
BOCMPVMMUMBOrO HaceNneHnsa, MOXXHO FrOBOPUTb O CYLLECTBOBaHUW MpPeAnocblIoK AnA
BO3HVKHOBEHUA MECTHbIX C/lyyaeB 3aboneBaHna manapveit. B 3Toll cBA3M oueBMAHa aKTy-
aNbHOCTb paHHEro BbIABNEHWA N CBOEBPEMEHHOTO JleueHns 3Toro 3abonesaHnsa. OpHoi
13 BaXHbIX COCTaBNAIOWMX [eATENbHOCTH, HaMpPaBIeHHOM Ha ANArHOCTUKY 3aboneBaHunA
1 NpepynpexaeHne pacnpocTpaHeHna Manapumn Ha Tepputopun Pecnybnnkn benapyco,
ABnAeTcA nabopaTopHas ANarHOCTNKa, COCTOALLAA B BbIABEHUMN MASIAPUIAHbBIX NNa3MOAN-
eB B MpernapaTax KpoBM METOAOM CBETOBOI MUKPOCKONMU. B xoae npoeefeHnsa nabopa-
TOPHOrO NCCNej0BaHWA B 06A3aTeNIbHOM NOPAAKE [OMKHA MPOBOANTLCA OLIeHKa YPOBHSA
napasuTemMmm, YTo ABNAETCA BaXKHbIM KaK AN1A NPOrHo3a TeyeHus 3aboneBaHus, Tak 1 3¢-
$eKTUBHOCTY MPOBOANMOTO SleYeHUA.

KnioueBble cnoBa: Manapusa, nnasmoauii, 3ab6onesaemocCTb, IMXOPajKa, aHeMus, AnarHo-
CTMKa, MUKPOCKOMNNUA
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Abstract

Malaria is one of the most widespread parasitic diseases in the world, and is characterized
by a severe course and a quite high mortality rate. The Republic of Belarus is currently not
considered one of the malaria endemic regions. However, taking into account the presence
of sources of infection on the territory of our country (imported cases of malaria are
recorded annually), carriers of malarial plasmodium (mosquitoes of the genus Anopheles),
as well as a susceptible population, we can talk about the existence of prerequisites for
local malaria cases emergence. In this regard, the relevance of early detection and timely
treatment of this disease is obvious. One of the important components of activities aimed
at preventing the spread of malaria on the territory of the Republic of Belarus is laboratory
diagnostics, which consists of identifying malarial plasmodia in blood products using
light microscopy. During laboratory testing, it is mandatory to assess the parasitemia
level, which is important both for prognosis of the disease course and the effectiveness
of the treatment.

Keywords: malaria, plasmodium, morbidity, fever, anemia, diagnostics, microscopy

B BBEJAEHWE

Snupgemmonornyeckas cutyaums ¢ 3aboneBaemoCcTbio Manspuel B M1pe ocTaetca fJo-
CTaTOYHO CNoXHoM. OcobeHHO 3To KacaeTca cTpaH Adpukny, KOro-BoctouHoi Asmm n HOx-
Ho AmepuKkun. ExxeroHo B Mmpe manspuen 3abonesaeT go 300 MIIH NOAEN, U3 HUX YMU-
paeT o1 1,5 fo 2 MJIH YyenoBek. TpyaHOCTU B 6opbbe ¢ 3TM 3aboneBaHnemM o06ycoBeHbl
pa3BUTUEM Y MaNAPUMHbIX MNa3MOAMEB PE3UCTEHTHOCTY K MPOTUBOMANAPUNHBIM Mpe-
napatam, a Take BbICOKON UHOULIMPOBAHHOCTbIO HaCeNleHNA B SHAEMUYHbIX CTPaHax —
10 90%. imeHHO nosTomy BceMupHas opraHu3aums 3paBooXpaHeHusa yaenseT 60nb-
Loe BHUMaHWe 3To npobneme: no nHuumatnee BO3 25 anpens o6bABneH BcemnpHbIM
OHeM 60pb0Obl C Manspuei.

Bonpocam AnarHoCTuKW, neyeHna u npeaynpeKaeHna pacnpocTpaHeHna Manapum
yaensetca 6onblioe BHMMaHue 1 B Pecny6nuke benapycb. MuHuctepctsom 3apaBooxpa-
HeHWA yTBep)KAeHO noctaHoBeHue oT 21.03.2013 N2 23 «O6 yteepxaeHn CaHUTapHbIX
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KnnHnueckas n na6opaTopHaﬂ ANarHoCTrka Mmanapumn
B yCnoBUAX npoAasneHna 3aBO3HON 3a60N1eBaeMocT napasnTo3om B Pecny6n|/|Ke Eenapbe

HOpPM 1 NpaBun «TpeboBaHMA K OpraHN3aLunn U NPOBEAEHMIO CAHUTAPHO-NPOTUBO3NUAE-
MUYECKUX MepPONPUATMIA, HaNpaB/IEHHbIX HA NpefoTBpaLleHne 3aHOCa, BO3HMKHOBEHUA
N pacnpocTpaHeHna Manapuny», KOTOpoe ABNAETCA OCHOBHbIM AOKYMEHTOM, perfamer-
TUPYIOLWUM KOMMNIEKC MEPONPUATAIA NO NpeaynpeXxaeHnto 3aH0Ca 1 pacnpoCcTpaHeHun
manapuu B Pecnybnuke benapycb [1].

Tepputopua Pecnybnuku benapycb ¢ faBHUX BpemeH Obina SHAEMUYHOW NOo Mans-
pun, Ho B 50-e rofbl NPOLLNOro BeKa MMKBMANPOBATb 3TO 3abonieBaHNe yaanoch Ha BCen
Tepputopun cTpaHbl. B HacTosALlee Bpema 3aboneBaemocTb Mmansapuein B Pecnybnuke be-
napycb HOCUT CNOPaANYECKUN XapaKTep 1 NpeAcTaBieHa 3aBO3HbIMK Cllyvyaamu. Tem He
MeHee, B Halllell CTpaHe NPOAO0SXKalOT OCTaBaTbCA YCI0BUA ANA BO3HUKHOBEHUA MECTHbIX
Cny4aeB Manapuu, NOCKOJIbKY Ha TeppuTopun benapycu pacnpocTpaHeHbl KOMapbl poga
Anopheles, apnatowmecs nepeHOCYNKOM ManApUnHoOro nnasmoaus. Hanpumep, B neTHem
nepuoge 2023 roga 6bina oTMeYeHa BbiCOKas NoNynAuMa STUX KOMapoB, BKovatoLan 6
nx noABnAoB. Kpome Toro, Hanmume 3aBO3HbIX CllyyaeB Mansapum (a nx B Pecnybnuke be-
napycb eXerofgHo perncTpupyeTca ot 5 1o 16) npu Hanuuumn nepeHocyrKka 3abonesaHus
MOXET NMPUBECTMN K MOABNEHMIO MECTHbIX CilydaeB. CrielyeT TakKe YUMTbIBaTb U BbICOKYIO
BOCMPUMMUYMBOCTb MECTHOMO HaceneHua K ManapuinHomy nnasmoguio. OgHum n3 dakrto-
OB BO3MOXHOI0 pacnpocTpaHeHUsa Manapumn Ha Tepputopum Pecnybnukn benapycb mo-
XKeT CNYXNTb U3MEHeHNe KiMaTa B CTOPOHY MOTEMNJIeHNA, UTo co3faeT bnaronpuATHble
YCNoBUA A1A Pa3MHOXEHNA NepeHoCcUMKa Manapun. YUnTbiBas 3T 06CToATeNbCTBa, Che-
OyeT 3aK/oUunTb, YTO CBOEBPEMEHHasA AMarHOCTMKa Manapun ABAAETCA BaXKHON Mepon,
No3BoNAlOLWEN NPeaoTBPaATUTL PACNpPOCTPaAHEHWE 3TOro 3aboneBaHNA Ha TeppuTopun
Hallen CTpaHbl 1 NPenATCTBOBaTb BO3BPaTy SHAEMMYECKol 3aboieBaeMoCTm.

B 3TVNONOIMMA N 3NMAEMUONOTNYECKAA
XAPAKTEPUCTUKA MATTAPUI

Mansapua («6onoTHasa nuxopagka») — rpyrnna aHTPOMOHO3HbIX NPOTO30MHbIX TPAHC-
MUCCMBHbIX 6onesHel, Bo3byauTenn KoTopbix NepefarTca Komapamu poga Anopheles.
3aboneBaHue xapakTepu3yeTca NPerMyLLeCTBEHHbIM NOopaMXeHNeMm KeTok peTuKynoru-
CTUOUNTAaPHON CUCTEMbI N SPUTPOLIMTOB YeNloBeKa M MNPOABNAETCA peLnanBUpYoLWNMA
NMXOPafKoM C NAPOKCM3MaMK, aHEMMEN U renaTocrneHoOMeranunen.

Mocne pacnaga CCCP manapua Bo3pogunack B TagxukmctaHe (1994-2014 rr.), Apme-
Hu1m (1997-2003 rr.), A3epbarigkaHe (1998-2012 rr.), py3nn (2000-2012 rr.).

Kak y>ke oTmeuanocb, Manapua B NPOLLIIOM ABAANacb 3HAeMuyHon anAa benapycn,
B HaCToALLEe BPeMsA Ha TEPPUTOPUM CTPaHbl OHa PerncTpupyeTca B Brae 3aBO3HbIX Cy-
yaeB. Tak, MO AaHHbIM cTaTUCTUKK, B Pecnybnuke benapycb HacuMTbIBaNoChb 5 3aBO3HbIX
cnyvaes 3aboneBaHua 8 2006,2012 1 2014 rr., 16 - 82019 1 2020 rr. v B 06LLein CIOXKHOCTY
€ 2000 r. 240 cnyyaeB 3aboneBaHuA.

Ha teppuTtopumn benapycu, 6narogapsa nposefeHuio MENNOPALNK, HEe OCTanoch H-
[eMUYHbIX 04aroB ManApun, OfHaKo No-NpeXxHeMy UMeeTcA nepeHocunk 3abonesaHus,
KOTOPbIN B OGO MOMEHT MOXET BKIIOUUTLCA B SMMAEMUYECKYIO Liernoyky. Moatomy
BaXHa paboTa, HanpaBneHHasA Ha CBOEBPEMEHHYIO KIIMHUYECKYIO 1 nabopaTopHyto Ana-
FHOCTUKY Manapun. OnNncbiBaa KNMHMYECKMEe acneKkTbl ANarHOCTUKN, cneayeT OTMETUTb,
yTo ABa NoCNeAHUX MOKONEHWA Bpayel He BMAENU NauUeHTOB C Manapuen 1 nNullb
TeopeTnYecKn 3HaKOMbl C KIIMHUYECKOW KapTuHoW 3Toro 3abonesaHua. Hepeako cpeau
Bpayen-KNMHULNCTOB OTCYTCTBYET HAaCTOPOXKEHHOCTb B OTHOLLEHUW ManApun, NO3TOMY
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He NpeanprHUMalOTCA HeoOXoAUMble Mepbl B OTHOLLEHMMW NabopaTopHoOro obcneaoBa-
HUA NAaUNEHTOB /1A NCKIIOUYEHNA UV NOATBEPXKAEHNA STOro AMarHosa.

Mansapus ABnseTca aHTPONOHO3HbIM 3aboneBaHeM. ICTOUHMKOM UHOEKLUN CITYKUT
yenosek (60NbHON NN Napa3UTOHOCUTESb), B KPOBW KOTOPOTO LIMPKYNIMPYIOT 3pesible No-
nosble popMmbl MasmMoamnes (rametoLmTbl). Mansapuio y YenoBeka Bbi3bIBAOT Ma3Mogun
5 Bngos: Plasmodium vivax n Plasmodium ovale - Bo36ygutenu TpexgHeBHON Mansapum,
Plasmodium falciparum - Bo36yauTtens Tponuyeckoi manspuu, Plasmodium malariae -
B030OyauTenb yeTblipexgHeBHOM Manapuun. MNatbii Bug — Plasmodium knowlesi — aBnaet-
€A BO36yguTenem mansapum obesbsH — 300HO3HOIO 3ab0eBaHNA, KOTOPOe BCTPEYaeTcs
npevmMyLlecTBeHHO B FOro-BoctouHoin A3un: pesepByapom AJiA 3Toro Bo3byauTens B npu-
poge ABNATCA MaKaKu, XOTA yXKe loKasaHbl cnydan nepegaun Pl. knowlesi nocpegctsom
KOMapoB OT 06e3bsiH K UENOBEKY.

B KJIMHWYECKNE NMPOABJIEHA 3ABOJIEBAHNA

Mansapuio No KNMHUYEeCKOMY TeUEHWIO BKIIOYatOT B rpynny nmxopafok 6e3 Buanmoro
ouara MHpeKLun — ocTpbIx 3aboneBaHni, NPOABAAIOWNXCA TONbKO NOBbILEHHON Temne-
paTypoui Tefla Npu OTCYTCTBUM CMMIMTOMOB, YKa3blBaloLWMX Ha KOHKpPeTHoe 3aboneBaHune
unu oyar MHbeKumun. IMeHHoO No3ToMy MpY COXPaHeHWW Y NauueHTa NNXopaaKu Henpa-
BUJIbHOrO TUNa 6osee 5 cyT. ero Heobxoaumo B obA3aTeNlbHOM NopsAake obcnegoBaTb Ha
mManapwvio [1-4].

KnnHnueckasa KapTrHa manapumv NpoABAAETCA BbICOKOW TemnepaTypou, MMeloLLen xa-
paKTep NapoKCcM3MOB C Tpems neprogamu: 03Ho0a, Xapa 1 06USIbHOTro NOTOOTAENEeHNU .
3aboneBaHune HauMHaeTCA C MPY3HAKOB NPOAPOMa B BUe NOBbILLEHWA TeMnepaTypbl 40
bebpunbHbIX LMdp, KOTOpoe conpoBOXKAaeTcA Hecneunduyeckumm cYMNTOMamn WH-
TOKCMKaumm: clabocTblo, ronoBHOM 60Mblo, CHUXKEHNeM anneTuTta, 6onAamn B NoAacHuLEe
n cyctaBax. AnAa neproga o3Hoba xapakTepHO HapacTaHue TemnepaTypsbl, Aanee B ne-
puog *apa TemnepaTypa CTabunusnpyetcsa Ha BbICOKUX Ludpax, npu 3Tom 03Hob npe-
Kpalyaetca. CnycTa HeKOTopoe BpeMs BO3HUKaeT 06usibHaa NOTANBOCTb 1 TeMnepaTypa
Tena CHWXaeTcsA 10 HOPMalbHbIX 3HaYeHUn nnn cyodebpunbHbix Undp. AnutenbHoCcTb
nepuoga 03Ho6a, Kak NpaBKno, cocTaBnsAeTt He 6onee 1 Yaca, Nnepuoga *apa - 2—4 vaca;
TPeTWin Nepuos, XapakTepu3yLWwminca obnnbHON NOTANBOCTLIO, ANUTCA OT 3 A0 4 Yacos.
Takum 06pa3zom, obLian NPOJONKUTENIbHOCTb ManAPUIAHOIO NAPOKCM3Ma COCTaBNAET OT 5
00 9 yacos.

MNocne nMxopafoyYHOro NapoKCM3Ma HauMHAETCA MEXNPUCTYMHbIA Nepuoj anupek-
CUK, XapaKTepu3yLWNNCa HOpManbHOW TemnepaTypon 1 yaoBNeTBOPUTENbHbIM CaMo-
yyBCTBMEM NauMeHTa. [nanTenbHOCTb 3TOro nepuopa npu TPexAHEBHOW ManAapun Co-
ctaBnsaet 40-45 yacos, Npu yeTbipexgHeBHOM — 59-60 yacoB, Npu Tponuyeckon — 8-10
yacoB. [InA BbIABNEHNA Nepuoa anvpeKkcmmn cnegyet NnpoBOAUTb M3MEpPeHne Temnepa-
Typbl Tefa Kaxpgble 2-3 yaca B ileHb ¢ 06s3aTenbHon dukcaumen pesynsratos. [epBoHa-
YaSibHO B MEXNPUCTYNHOM Mepuoge COCToAHME NaLeHTOB OCTaeTCcA YAOBNETBOPUTESNb-
HblM, HO B fJanbHenweM No Mepe HapacTaHUA reMONUTUYECKON aHeMUX U renaTocnie-
HOMeranmm passuBalTca obLiana cabocCTb, FONOBOKPYKEHNE U KENTYLIHOCTb CKNep U
KOXMK. JTnxopagouHble MapoKCU3Mbl NPOAOXKAOTCA 3—4 Hefenu, Nocse Yero Hactynaet
KNUHUYeCKoe BbI3JOPOBEHME, OQHAKO COXPAHAIOTCA N3MEHEHUA CO CTOPOHbI Cefe3en-
KIN: OHa YNIOTHAETCA, pa3Mepbl ee NpeBbilWatoT pa3mepbl nedyeHn. Yepes 6-8 Hegenb oT
Hauyana 3aboneBaHMA MOryT BO3HUKATb paHHME peLmanBbl — 0cobeHHO Npu ownboYHOM
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[narHose 1 HealeKBaTHOM fieueHnn. CHOBa BO3HUKaET NUXOopagKa C NapokCcuamamu, Ho
MeHee TAXenbiMu 1 6onee KOPOTKMMU, YUeM NPU NepPBON aTake, KOTOPble MOTYT MPOTEKaTb
B TOM umrcne u cybknmHuyeckun. Yepes 6-8 mecALeB MOryT pa3BrBaTbCA NO34HUE peunau-
Bbl CO CTEPTOW CUMMTOMATMKOW, HO BbIPa)KeHHbIMW NMapOKC3MaMU.

Hanbonee 3nokauyecTBeHHOW ABNAETCA TpoMnuMuyeckas ManAapusA, Npu KOTOPOW OT-
MeyvaeTcA BblCOKasA NeTanbHOCTb Kak cpeau AeTel, Tak U cpean B3pOoCSioro HaceneHus.
[na octporo nepropa TPONMYECKOW ManAapun xapakTepHa BbiCOKasa napasutemus, a nu-
XOpajKa nmeeT HenpaBuWIbHbIN XapakTep, HanoMrHasA cencuc nunu Tudo-napaTmdosHoe
3aboneBaHue. C 3-14-x cyToK OT Hauana 6onesHy moryt GopMUpoBaTbCA NAPOKCU3MBbI.
3aboneBaHune HaUMHAETCA C IMXOPAAKN U PBOTbI 1 B TeYeHUE 1-2 CYTOK MOXET nepenTu
B KOMy (UuepebpanbHasa dopma Manapum) UM COCTOAHKE LOKa C 3aTPYAHEHHbIM [blXa-
HMEeM N pa3BUTUEM PECNUPATOPHOro AUCTPECC-CUHAPOMA, FreHepan30BaHHbIMU CYA0-
poramu Ha GoHe TAXenon aHeMun (ypoBeHb remornobuHa meHee 60 r/n, a cogep»<aHue
3puTpoumnToB MeHee 1,8x10'%/n) n runornmukemmm (cogeprkaHue rnioKo3bl B KPOBY MeHee
2,5 mmonb/n). Taxenoe TeuyeHne TPONMUUYECKON ManAapun obyCcIOBNEHO BbipaXKeHHON Na-
pasutemuenn: 6onee 10% 3pUTPOLMTOB KPOBM NopaxaeTca nnasmoanamu. Kpome storo,
TAXKEeCTb 3ab0N1eBaHNA CBA3aHa C 0CO6EeHHOCTAMM ero naToreHe3a ¢ GopmMupoBaHMeM Ha
NOBEPXHOCTN SPUTPOLMTOB TaK Ha3blBaeMblX MansapunHbIX 6yropkos («<knobs structure»)
3a cyeT BCTpauBaHMA B 06010UKY 3pUTpoLMTa Napa3utapHbix 6enkos. B pesynbtate npo-
WCXOAUT arperauuns nopaxxeHHbIX SpUTPOLUTOB U UX afre3us Ha SHAOTENNN MENIKNX KPo-
BEHOCHbIX COCYZlIOB BHYTPEHHUX OPraHoB (FONIOBHOrO MO3ra, Nerkux, cepaua, KOCTHOro
Mo3ra 1 Ap.) C 06pa3oBaHMeM TaK Ha3blBaeMbIX MapasmTapHbIX TPOMOOB, KOTopble Mo
CyTV NpeAcTaBnAlT cob0 aaresnpoBaHHble 3PUTPOLMTDI, MopaxkeHHble Pl. falciparum.
OcobeHHO onacHo 3aboneBaHue TpoNMUYeCKon Manapuen ana geten fo 14 nert, Tak Kak y
HUX BbICTPO pa3BMBAETCA TAXKENaA aHEMMSA, TPOMOOLMTONEHNA, pecnupaTopHas oabILKa,
neyeHoYHas 1 NoyeyHasa HeJOCTaTOYHOCTb.

Knowlesi-manapwua, B oTnnume ot Apyrux BUAOB Mansapuu, XapaKTepusyeTca exe-
OHEBHbIMU ManAPUAHBIMKA NPUCTYNamu, YTO 0OYCNOBIEHO OYeHb KOPOTKUM LIMKIOM
pa3BuTMA Napa3mnTa. [lna sToro 3aboneBaHnA TakKe XapaKTepHa BbiCOKasa NapasmTtemus.
Y nauveHTOB C/lyyaun TAXKeNIoN aHeMUN He PerncTpupyroTcs, HO HepeaKo oTMeuvaeTcA
TpomboumToneHua. CnelyeT OTMETUTb, UTO SNUAEMUONIOTMYEcKasa Posib YenoBeka Kak
NCTOYHMKa MHbekunn npu Knowlesi-manapum Becbma He3HaumTeslbHa, NOCKONbKY 06-
pa3oBaHue rameToumnToB Pl. knowlesi B opraHnsme yenoseka npomcxoanT B HebonbLLIOM
KonunyecTse.

Knaccuuecknm cnocobom neueHva Manapum ABNAETCA UCMONb30BaHME XMHWHA, BBO-
OVIMOTO BHYTPVBEHHO, BHYTPUMBbILLEYHO WS OPanibHO — B 3aBUCUMOCTU OT CTagun pa3Bu-
TA 3aboneBaHWA 1 CTeneHn TaxecTu. JlekapCTBOM BTOPOro pafia ABNAETCA BHYTPMBEHHO
BBOAUMbI apTeCyHaT Un BHYTPUMbILLIEYHbIN apTeMeTep WY apTeMU3uH. M3rotaBnmsa-
I0TCA 3TW NpenapaTbl U3 KUTANCKOW NOMbIHW. 3a CUHTE3 apTeMU3MHA KUTaCKOMY XMMUKY-
dapmauesty Ty 010 B 2015 rogy 6bina npucyxgeHa Hobenesckaa npemusa. B benapycuy,
KCTaTW, TakXKe C APeBHUX BPEMEH CyLLeCTBOBaJl HAPOAHbIA cnocob neyeHna «6oNOTHON
nuxopagKn» 0TBapOM MosbiHNY. K WWMPOKo NprMeHABLIEMYCA B cepeuHe NPOLUIOro BeKa
XNOPOXVHY (genaruny) B 60MbWINHCTBE CTPaH C SHAEMUYHON ManAapuen yxe passunacb
PEe3UCTEHTHOCTb, U MO3TOMY €ro NpYMeHeHWe orpaHnyeHo. Mpy Manapun BaXHbIM ABNA-
€TCA U CUHAPOMaNbHOE fleueHmne — N KOpPeKUUN TaxKenon aHeMuu, aurao3a, rmnornu-
Kemuu, NnpefoTBpaLleHa Cyfopor, rmnepTepMmm 1 acnmpaLuoHHOW MHEBMOHUM.
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B JJABOPATOPHAA OVUATHOCTUKA

JmarHoctuka Manapum oCHOBbIBAeTCA B NepBYI0 ouepeb Ha pe3yrbTaTax labopaTop-
HOro MUCCNefoBaHMA KPOBY NauueHTa. [ina nabopaTtopHol AnMarHOCTUKA Mansapumn mMoryT
NPUMEHATbLCA MeToAbl CBETOBOM MUKPOCKONUM, NOMMepasHon LenHomn peakumn (MLP-
aHanm3), a Takke ceponormyeckme Metofbl, OCHOBaHHbIe Ha NPUHLUMNE MMMYHOXPOMA-
Torpadun [5-8]. B Pecnybnuke benapycb oCHOBHbIM nabopaTopHbIM METOAOM ABAAETCA
MUKPOCKOMKMA NpenapaToB KPOBU, OKpaLLEHHbIX N0 PomaHoBckomy — [Mm3e.

[lnAa BbIABNEHNA ManApUNHbIX NapasmMToB NCMOJb3YIOT ABa TUMNa NpenapaToB KPOBY —
TOHKMI Ma30K 1 TOMNCTbIN Ma3okK (TONCTYIo Kanno). M3 npo6bl KpoBU NaumeHTa rotoBAT He
MeHee 3 npenapaToB TONCTbIX Kanesb 1 3 Ma3KkoB KpoBH [1, 6, 8]. Ha puc. 1 nokasaHo, Kak
BbIMMAAAT 3TW Npenaparbl.

MpuHUUNuanbHoe oTAMYMe TEXHONOTMI U3rOTOBMEHMA 3TUX MpenapaToB COCTOUT B
TOM, UTO NPU NPUFOTOBNIEHMM TOJICTOM Kamniu KPoBY Ma3oK oKpallmBaeTca 6e3 npepsa-
putenbHom duKcaumy, YTo NPUBOANT K Pa3pyLLIEHUIO SpUTPOLMTOB. B pesynbTaTte nmeet-
CA BO3MOXHOCTb MPOCMOTPETb Mo MUKPOCKONOM 6onee TONCTbIN croit KpoBu. OgHaKo
BC/IeCTBME pa3pyLUeHUs 3pUTPOLUTOB MPU OKpaLUMBaHUM HeGUKCUMPOBAHHbBIX Ma3KoB
NnasmMoAumn YMeHbLLATCA B pa3Mepax U nogeepraioTtca gepopmaunu, a Takxe nexaT B
none 3peHuns cBo6oAHO. IMEHHO NO3TOMY TOSICTasA Kannia NCNonb3yeTcs A BbiABIEHUA
nnasMogueB 1 NoacyeTa nx uncna (onpegeneHna cteneHy napasntemMmnm).

CnegyeT nmeTb B BUAy, YTO NPU NPOCMOTpPE TOJICTON Kanau He NpeacTaBisaeTca BO3-
MOXXHbIM MCMONb30BaTb TaKOW BaXkHbI ANArHOCTUYECKNA NPU3HAK, Kak N3MeHeHne no-
pakKeHHbIX 3pUTPOLMTOB.

Ha puc. 2 npeacraBneHo, Kak BbIrnAagaAT nnasmoanm mansapumy B TONICTON Kanne.

Mo meTtogy PomaHoBcKoro — [MM3e nnasmoann OKpalLMBaloTCA B TONCTOM Kanne B Te
e LBeTa, UTO 1 B TOHKOM MasKe: AAPO0 NMeeT pa3finyHbie OTTEHKM KPacHOro, a LMTonnas-
Ma — roflyboro nnum cepoBaTo-CUHEro LiBeTa.

Mpu NpUroToBNeHNM TOHKOro Ma3ka npenapat GUKCMpyeTca STUOBbIM CIMPTOM, UYTO
NpenATCTByeT reMonun3y 3pUTPOLUTOB, MO3TOMY HaxoAALMECA B HUX NIa3MOAUN MpaK-
TUYECKM He 1epOopPMMPYIOTCA, YTO NOKa3aHo Ha puc. 3. B pesynbraTte CTaHOBUTCA BO3MOX-
HbIM MPOBECTN TOUHYI UAeHTUOMKALMIO BUAA ManapUiiHbIX NIasmMogMeB 1 CTaguii nUx
pa3BuTUA.

Mwnkpockonua npenapaTos KPOBU A4 BbIABNEHWA N1a3MOANEB NPOBOAUTCA NpY yBe-
NMYEHNN C UMMEPCUOHHBIM 06beKkTUBOM X90-100 1 oKynsipom X7-10 npu ApKOM ocBe-
weHuw. Mo ctangapty BO3, nccnefoBaHvie TONCTON Kanv KPOBU JOMKHO 6bITb OCHOBAaHO
Ha n3yyeHum He MeHee 100 nonewn 3peHus B npenapare. Taknum obpa3om, 3aKnoyeHue
06 oTCyTCTBUM BO36YAUTENEN Mansipyum MOXHO CLenaTb TOJIbKO Nnocsie oTpuLaTenbHbIX
pe3ynbraToB nccnegosaHna 100 nonen 3peHus. B cnyyae ecnv B TONCTONM Kanse napasu-
Tbl OOHapYXeHbI, TO criefyeT NPOBECTM UX BUAOBYIO MAEHTUOUKALMIO, NcCieaya TOHKUIA
Ma3sokK [6, 8].

CornacHo noctaHoBneHuo MyHUCTepCTBa 3apaBooxpaHeHns Pecnybnukn benapycb
oT 21.03.2013 N2 23 no pe3ynbraTam NpoBefeHHbIX 1TabopaTOPHbIX UCCIe[OBaHUN B Me-
OVULUWHCKON [OKYMEHTaLMM JOMKHa ObITb yKasaHa cnepyiollan nHbopmauma: BblsBNEH-
HbI BUA U HECKOJbKO BUAOB BO3OYAUTENA; CTaAnM Pa3BUTHA NapasnToB: TPOGO30UTbI,
LUN3OHTbI, FAMETOLNTbI; yPOBEHb MHTEHCUBHOCTY NapasuTtemuu [1].

CTeneHb BbIPAXXEHHOCTVM MNapasUTEMUN MOXEeT onpefenATbcas ABYMsA Crnocoba-
MK: NyTem nopgcyeTa cpegHero yvcna napasutoB Ha OAHO Mofe 3peHusA TONCTON Kanam
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Puc. 1. Tonctas kanna (A) 1 TOHKUi Ma30oK (B) Puc. 2. Manspuiibie nnasmoaum B ToNCToi
Fig. 1. Thick drop (A), and thin stroke (B) Kanne (yKasaHbl cTpenkamu); ysenunyenmne x1000

Fig. 2. Malarial plasmodia in a thick drop
(indicated by arrows); magnification x1000

Puc. 3. ToHkuii ma3ok: Konbua Pl. falciparum Puc. 4. FameTouwmr Pl. falciparum B ToHKOM

B 3puTpoumTax (nopaxKeHHble SpUTPOLUTbI YKasaHbl MasKe (yKasaH CTpenkoi); ysenmyeHme
cTpenkamm); ysennueHmne x1000 x1000

Fig. 3. Thin stroke: Pl rings. falciparum in erythrocytes Fig. 4. Gametocyte Pl. falciparum in a thin
(affected erythrocytes are indicated by arrows); smear (indicated by an arrow); magnification
magnification x1000 x1000

WU NyTem NofAcYeTa YNCIIEHHOCTY Mapa3nToB MO OTHOLLEHWMIO K YNCAY NENKOUMTOB (Ha
100 neikoumnToB). be3sycnoBHoO, 60nee TOUHbIM 1 MHGOPMATUBHBIM METOLOM ABNAETCA
nofcyeT napasnTos Ha 100 nenkoLnToB.

Kak yxe 6blno oTMeueHo, Ana BMAOBON naeHTUdUKaLUM MansapunHbIX ninasmoanes
HeobXxoaMMo obs3aTeNlbHOE MCCNefoBaHNE TOHKOro Maska. [pyu ManAapuu, Bbi3BaHHON
Pl. vivax, Pl. ovale u PIl. malaria, B Ma3kax KpoB/ MOXXHO OOGHapYyXuUTb BO30yauTensa 6ones-
HU Ha pa3HbIX CTaAUAX ero pa3BuUTUs (KonbLeBMAHbIE, aMeboBUaHbIE UK 3pesible TPOhO-
30UTbl, HE3PESIbIE MW 3PESIble LN30HTbI, rAaMeToLnTbl). [Tpr 06bIYHOM TeueHUM Tponunye-
CKOW Mansipmm B Ma3Kax 06HapyXmBaeTca BO36yauTenb TONbKO B CTaanu Konew, (MoCKosb-
Ky danbHelwee pa3sutue Pl. falciparum npoxogut B Kanunnspax BHYTPEHHVX OPraHoB),
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a Takxe rameTouunToB. OfHaKO NMpPK 3/10KaUYeCTBEHHOM TeUEHMU TPOMUUYECKON Manapun B
nepudepmryeckol KpoBM MOXHO BCTPETUTb ameboBUaHbIE UK 3pesnible TPohO30MTbl, UK
LIN30HTBI. TakasA KapTvHa KPOBW Cpa3y AOMKHA HAaCTOPaXKMBaTb Kak Bpaya KIMHUYECKON
nabopaTopHOW ANArHOCTUKK, TakK M Bpaya-KIUHULKCTA, MOCKONbKY CBUAETEIbCTBYET O
pas3BUTMW Y NaLMeHTa ManapuiiHON KOMbI.

AnddepeHumnaumna ctagmin n Buaa MansapuinHoro niasmoamsa B Maske KpoBU ocyLLecT-
BNAETCA Ha OCHOBaHUM XapaKTepHbIX MOpdonornyeckmx nprsHakos. lOHble (konbuesua-
Hble 1 ameboBMAHbIE) TPOPO30UTHI YaLlle BCErO UMEIOT XOPOLLIO BbIPa)KeHHYI0 BaKyoslb
N OT/IMYAIOTCA KONIMYECTBOM M XapaKTepoMm pacnpenesieHns LMTonnasmbl: y KonbLesua-
Horo Tpodo3onTa UuTonnasma pacnpefeneHa BOKpYr Bakyonu B BUAE TOHKOro 06ofkKa,
yTo Npugaet emy popmy KonbLa unm nepctHA. Camble ManeHbKre No pasmepy Kosbla
y Pl falciparum (1/6-1/5 gnameTpa 3putpouunTa), Npy 3STOM B OLHOM 3PUTPOLIUTE MOXKET
HacumTbiBaTbCA 2-3 KonbLa. [1Ba KonbLa B 04HOM 3pUTpoLMTe MOryT 06HapyXmnBaTbCA 1
npwu napasutupoBaHum Pl. vivax, Ho KosnbLia B 3TOM ciyyae 6onee KpynHble Mo pasmepy —
okono 1/3-1/2 pnametpa sputpoumTta. KonbuesuaHble TpodosounTsl Pl. ovale n Pl. malaria
BCerga pacrnonoKeHbl B 3pUTPOLMUTaX TONbKO MO OLHOMY.

Ameb0oBuaHbIN TPOHO30UT UMEET MeHee BblpaKeHHYI0 BaKyosib U 6onbluee Konmye-
CTBO LTOMNNa3Mbl, KOTOpasa MOXeT ObITb KomnakTHow (y Pl. malaria v Pl. ovale) nnun Henpa-
BUJIbHOW GOPMbI C XOPOLLIO BblpaxeHHbIMK ncesgonoanamm — y Pl. vivax. AMe6oBumaHble
Tpodo3outbl Pl. malaria u Pl. ovale cxoxun mexay coboi, oOTnMUnUTb NX MOXKHO TONBbKO MO
pa3mepy agpa, kotopoe y Pl. ovale 6onee KpynHoe. 3penble Tpodh030UTbI, Kak NPaBuno,
OT/INYAIOTCA OT IOHbIX GOPM OTCYTCTBMEM B LIMTOMIa3Me BaKyosu.

LLIn30oHT — 3TO MHOrosaaepHas cTaguaA napasuta. Hespenbiii LWWM3OHT NMeeT OKpYryto
U oBanbHyto Gopmy, BHYTPM ero LMTonaasmbl pacrosaratoTca rblbK/M XpomaTuHa, Ko-
Topble NpeAcTaBnAT cOOOI 3a4aTKN HOBbIX Adep. 3Ta CTaauA pasnnyaeTca y pasHbiX BU-
[0B Mia3Moansa pa3mMepomM, KOIMUECTBOM Aflep U XapaKTepoMm X pacrnonoxeHus. Tak, y
Pl. vivax He3penblIi LUIM3OHT 3aHMMaET MOYTH BECb SPUTPOLMT, COAEPXUT MUTMEHT B BUAE
KPYMNHbIX rpaHyn v ot 2 go 22 agep. Konuuectso agep y Pl. malaria — ot 6 go 12, oHwn co-
6paHbl BOKPYT Ky4Ky NrMeHTa B BUE NIeNeCcTKOB MaprapuTKu, He3penbil LWWM3OoHT 6onee
menkun, yem y Pl. vivax. Hespenbin wmn3oHT y Pl. ovale 3aHMMaeT npumepHO NONOBUHY
obbema s3puTpounTa, cogepXnT oT 8 4o 12 KpynHbIX AAep. 3penble WK30HTbI (ycTapeBLlee
Ha3BaHWe — Mopy”na) NpeacTaBnAlT cobon 6osnbLIoe KONMYeCcTBO 0GOPMNEHHbIX Adep,
BOKPYI KOTOPbIX 060c0o6nA10TCA YyYacTKU umuTonnasmMbl. KonnyecTso aep cOOTBETCTBYeET
TaKOBOMY Y He3pesbiX LUN30HTOB.

Fametouutsl Pl. vivax, Pl. ovale n Pl. malaria Kpyrnble, oyt NONHOCTbIO 3aMOAHAIT
YBEJIMUEHHbBIA 3pUTPOLMT. KeHCKre rameTounTbl (MakporameToLuTbl) MMET OTHOCUTENb-
HO NJIOTHOE, OKPYINoe UMK BbITAHYTOE AAPO, PACMONIOKEHHOE acCMMMETPUYHO, pexe —
B LIeHTpe KINEeTKY, Y MyXCKMX (MUKPOraMeToLMTOB) AAPO KPYMHOE, PbiX/oe, C NpocCBeT/e-
HUAMK. B oTnnume ot gpyrmx BMaoB niasmopus, rametouutsl Pl. falciparum nmetot xapak-
TepHyIo NoNynyHHyo Gopmy, Kak NokasaHo Ha puc. 4.

lameToUNTbI B KPOBY 06Pa3yoTcA TOMbKO NULLb NOCEe HECKONbKUX LIMKNOB AeeHns
napaswTa. [py TponryecKon Manapumn rameToLuUTbl NOABNAIOTCA B Nepundeprnyeckon Kpo-
BM He paHee yeM yepe3 8-10 CyTOK OT Hayasa NepsbiX KIAVHUYECKUX MPOABNEHWI; OHU
CNOCO6HbBI AINTENIbHO COXPAHATb XM3HECNoCcoObHOCTb — 10 MecALa. lameTouunTbl OCTanb-
HbIX BMAOB Nya3mogmes obpa3yloTca C NepBbiX CYTOK 3abonieBaHUsA, HO CPOK MX KM3He-
CNoCco6HOCTY CyLLeCTBEHHO KOpoUe — Kak NpaBuno, 2-3 cyT.
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KnnHnueckas n na6opaTopHaﬂ ANarHoCTrka Mmanapumn
B yCnoBUAX npoAasneHna 3aBO3HON 3a60N1eBaeMocT napasnTo3om B Pecny6n|/|Ke Eenapbe

Ob6pa3oBaHyie B SpUTPOLIMTE C AAPAMU BULLHEBOTO LIBETa,
CUHEen uuTonnasmon

Bornee KpynHble KonbLeBUAHbIE,
<—— Plasmodium —> ame60BuaHbIE TPOHO30UTHI
1 (Mnn) WN3OHTHI

! Y '

SPUTPOLUTBI HE YBENNYEHDI,
P. falciparum 3€PHICTOCTb OTCYTCTBYET,
TPop0301TbI KOMMAKTHBIE

Y Y '

Tonbko KonbLieBnaHbIe TPOHO30UTbI
1 (1) MonynyHHbIE raMeTOLNTbI

SpUTpouunTbI YBeINY€eHbI,
nmeeTcAa 3epPHNCTOCTb

3epHMCTOCTb MenKas, 0bunbHas, 3epHUCTOCTb KPYMHas, peaKas,
P. malariae TPodo30UTbI C NCEBLONOANAMY, TPob030MTbl KOMMAKTHbIE,
anpa menkume Anpa KpynHble
P. vivax P.ovale

Puc. 5. Anroputm gudpepeHuymanbHON ANArHOCTKNA MansPUHBIX NNasMoANEeB B TOHKOM MasKe KpoBU
Fig. 5. Algorithm for differential diagnosis of malarial plasmodia in a thin blood smear

HemanoBaxkHoe 3HaueHne ana anddepeHUNpPoBKM BMAa NNasmoana B Maske KpoBU
nmeeT 1 MopdOonormsa 3pUTPOLINTOB. DPUTPOLUTLI, MOpaKeHHble Pl. vivax, kak npaBuno,
YBEIMUYMNBAIOTCA B Pa3Mepe, Aj1s HUX XapaKTEPHbI FTMMOXPOMMSA U Hannune obrnbHoOM mMen-
KOW 3€PHUCTOCTU KpacHoro LBeTa (3epHuctocTn LWioddHepa). TakxKe n3meHaeTca mopdo-
NOrVsi SPUTPOLINTOB 1 NPY Hanuuum B HUX Pl. ovale: spuTpounTbl yBeNnMyeHbl B pa3mepe,
TMNOXPOMHBI, MOTYT ObITb OBaNIbHOM NN GpecToHYaTon GpopMbl, B HUX HabnogaeTcA 6onee
KpyrnHasa u pefikasa 3€pHUCTOCTb KPACHOrO LiBeTa (3epHUCTOCTb [kenmca). [Mpn napasuntu-
posaHuu Pl. malaria v PI. falciparum aputpouutsbl He N3MeHAIOTCS.

Ha puc. 5 oTpakeH anroputm BbiABNEHWA MaNAPUAHBIX MNa3MOANEB U YCTaHOBNEHNA
MX BMAOBOW NPUHAANEXHOCTN B TOHKOM Ma3Ke KpoBwu [8].

Ba>HO NOMHWUTb, YTO OTpMLATENbHbIN pPe3yfbTaT OAHOKPATHOrO MUKPOCKOMMYECKOro
NCCnefoBaHUs KPOBY He BCerga CBULETENbCTBYET 06 OTCYTCTBUM Manspun. Mpy Hanuumm
KIMMHUYECKUX NMPU3HAKOB AMArHO3 Mansapun MOXET ObiTb OTBEPIrHYT TOJIbKO Ha OCHOBa-
HUWM OTPULIATENIbHBIX Pe3yNbTaToB abopPaTOPHOro NCCNIe0BaHNA KPOBM, MPOBOANMOro
B TeYeHue He MeHee 3 CYTOK.

B BbIBO/bI

1. ManApua ABAAETCA OOQHMM M3 CaMbIX PacNpPOCTPaHEHHbIX B MMpe Napa3nTapHbIX 3a-
6oneBaHNi1, CONPOBOXAALMXCA OONbWNM KONIMUYECTBOM TXKeENbIX GOpM U UMeto-
LLMX BbICOKYIO NleTanbHOCTb. B Pecnybnuke benapycb eXXerogHo perucTpupyroTcs eau-
HUYHbIe 3aBO3Hble C/lyyan ManAapun. YU4mTbiBaa Hanmnune $akTopos, KOTOpble MOTYT
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cnoco6cTBOBaTb BO3HUKHOBEHUIO MECTHbIX CllyyaeB Ha Tepputopun benapycu, Bpa-
YaM-KNMHULMUCTaM cnegyeT MMeTb HaCTOPOXXEHHOCTb B OTHOLLEHUN 3aboneBaeMocTu
Manapuen.

2. KnunHnyeckasa nabopaTopHasa AnarHoCTUKa, NO3BONAOLAnA NOATBEPANTb AMarHo3 ma-
NAPVX N YCTAHOBUTb ee BUA, fOMXKHA NPOBOAMTLCA B COOTBETCTBUN C AENCTBYIOLLUMM
peKoMeHAALMUAMN 1 BKINOUYATb MUKPOCKOMMYECKOe UccnefoBaHue npenapaToB Kpo-
B — TONICTON Kanu 1 TOHKOro Ma3skKa.

3. [nAa oueHkn nporHo3a 3abonesaHua 1 3GpHeKTUBHOCTM NPOBOANMOTO IeYEHUA BaXHO
onpefenATb CTeNeHb BblpaXXeHHOCTW Napas3uTeMmm.
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Pesiome

Lenb. OnpegennTb KONMYECTBO NOTEHLMASNIbHBIX NIEMKO3HbIX CTBONOBbIX KNETOK U OLle-
HWTb X COAep»KaHKe B 3aBUCUMOCTY OT KIMHUYECKUX GaKTOpOB 1 B1ONOrMyeckmx oco-
GeHHOCTEN OCTPOro MuesiongHoro nerikosa (OMJ1) y naumeHToB AETCKOro BO3pacTa.
Marepumanbl n metogbl. B uccnegoBaHume 6b111 BKIIOYEHDI 63 NaLMeHTa C NepBUYHO YCTa-
HoBneHHbIM AnarHo3om OMJ1, nonyyasLumx fleyeHue B pamkax npotokona OMJ1-MM-2014
n OMJ1-MM-2021. AHanu3 KonM4yeCcTBEHHOIO COAEP>KAHNA IENKO3HbIX CTBOJIOBbIX KNETOK
no ¢eHoTmny CD34+*CD38 npoBoauam B 06pasLjax KOCTHOrO Mo3ra ¢ nomMoLbto 7—10-1BeT-
HOW MPOTOYHON LNTODYOPMMETPUM HA MOMEHT ANArHOCTVKY 3a6051eBaHUs.
Pesynbrarbl. BoisneHo, uto konnyectso CD34*CD38" 3Hauumo Bbiwe npm OMJ1, otHocA-
wmxca kK MO, M1, M2 FAB-BapunaHTam, no cpaBHeHuio ¢ M7, M5. CopeprkaHne nerKko3HbIX
CTBOJIOBbIX KJIETOK 3HaYMMO BblLLEe Y MALMEHTOB C HAIMYMEM SKCNPECCUM Ha OMyXOseBbIX
KneTkax Takux mapkepos, kak CD34, CD123, CD13, HLA-DR, CD25, CD200. YctaHoBneHo,
YTO CTAaTUCTUYECKM 3HaUMMO Bbiwe Konnyectso CD34*CD38™ KneToK y MauueHToB C Ha-
NMYnemM MonekynapHo-reHeTnyecknx nepectpoek AML1/ETO, CBFb-MYH11 B nelikemu-
YyecKnx KneTkax no cpaBHeHuto ¢ nepectporikon FLT3-ITD n otcytctBNEeM nccnegyembix
nepecTpoexk.

3akniouyeHune. Meto MHOrOLIBETHOW MPOTOYHOM LIMTOMETPUM MO3BOAAET UAEHTUPULN-
poBaTb NleKo3Hble CTBOMOBbIE KneTKM y nauneHTos ¢ OMJL. YctaHoBREeHa B3anMOCBA3b
coaepKaHusA NenKOo3HbIX CTBONIOBbIX KNETOK ¢ Mopdonornyecknumn FAB-BapuaHtamu neii-
K03a, C 3KCNpeccmen Ha OnyxoneBbIX KNeTKkax onpeaeneHHbIX MMHeNHO-cneldUYHbIX 1
abeppaHTHbIX MapKepPOB, a TaKKe C MONEKYNIAPHO-TEHETUYECKUMY NEePECTPONKamu.
KnioueBble cnoBa: oCTpbIli MUENOVAHbIN NeNKo3, NIeNKO3Hble CTBONOBbIE KNETKN, Npo-
TOYHaA UUTOMETPUA, UMMYHODEHOTUNNPOBAHME, MONEKYNAPHO-TEHETUYECKME mMepe-
cTpovikun, FAB-knaccudpukaums
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Abstract

Purpose. To determine potential leukemic stem cell number and evaluate their content
in relation to clinical factors and biological features of acute myeloid leukemia (AML) in
pediatric patients.

Materials and methods. The study included 63 patients with newly diagnosed AML who
were treated under the AML-MM-2014 and AML-MM-2021 protocols. Leukemic stem cell
quantification by CD34+CD38 phenotype was performed in bone marrow samples using
7-10-color flow cytometry at the time of disease diagnosing.

Results. It was revealed that the number of CD34+CD38- was significantly higher in AML
related to MO, M1, M2 FAB variants compared to M7, M5. Leukemic stem cell content
was significantly higher in patients exhibiting expression of such markers as CD34,
CD123, CD13, HLA-DR, CD25, and CD200 on tumor cells. It was found that the number of
CD34+CD38- cells was statistically significantly higher in patients presenting molecular
genetic rearrangements AML1/ETO, CBFb-MYH11 in leukemic cells compared to the FLT3-
ITD rearrangement and the absence of the studied rearrangements.

Conclusion. Multicolor flow cytometry allows identifying leukemic stem cells in
AML patients. A correlation was established between leukemic stem cell content and
morphological FAB variants of leukemia, the expression of certain lineage-specific and
aberrant markers on tumor cells, as well as molecular and genetic rearrangements.
Keywords: acute myeloid leukemia, leukemic stem cells, flow cytometry,
immunophenotyping, molecular-genetic rearrangements, FAB classification

B BBEJAEHWE

OcTpble muenongHble nenkosbl (OMJT) — 3TO reTeporeHHas rpynmna 3/10KayeCcTBEHHbIX
3a00neBaHN reMOMO3TUYECKON TKAHM, XapaKTepu3syowasaca nponudepaumen n Hako-
nieHneM MUENOVAHbIX KNeTOK-NpeaLecTBEHHMKOB B KOCTHOM MO3re, nepudepmnyeckomn
KPOBWU, NEYEHN, CeNle3eHKe, pexke B HEKPOBETBOPHbIX opraHax. OMJ1 cocTaBnAlT OKoso
20% cpepyn BCex OCTPbIX NENKO30B AETCKOro BO3pacTa M OT/INYAIOTCA TAXKENbIM 1 arpec-
CUBHbIM TeyeHuem [1, 2].

OCHOBHbIMU NPOGsIEMaMK BbIXXMBaeMoCTU nauveHToB ¢ OMJ1 SBRAIOTCA pe3nCTeHT-
HOCTb K MPOBOAUMOU TEpanuu, a TakKe peLunarBbl 3a0051eBaHUs, NCXOH KOTOPbIX KpaliHe
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CO,D,ep)KaHI/Ie NIeNKO3HbIX CTBONOBbIX KNETOK
B KOCTHOM MO3re NaumneHTOB C pasfiMyHbIMU BapuaHTamy OCTPOro MUeSIOMAHONO Nlelko3a

He6naronpuATHbIN [2]. CunTaeTcs, YTO NPUYMHON PELMANBOB 1 PE3UCTEHTHOCTM K NpU-
MEHAEMbIM XMMOTepaneBTUYECKM NpenapaTam ABAAETCA Hanmure cpean obuero nyna
OnNyXoneBbIX KNEeTOK NoNyALUN IeNKO3HbIX CTBOMOBbLIX KneTokK (JICK), koTopasa cnocobHa
WMHMLMMPOBATb 1 NoaJepunsatb poct onyxonu [3-5].

B cnyuae ¢ OMJ1 noteHumanbHble JICK ¢ deHoTnom CD34*CD38 MoryT aKcnpeccupo-
BaTb pa3/iMyHble Bapraumm abeppaHTHbIX MaPKePOB, NO3BONAIOLINE OTINYNUTL UX OT HOP-
MasibHbIX CTBONOBbIX KNeTok. K Takum mapkepam otHocatca CLL-1, CD25, CD123, CD25,
CD96, Tim-3, CD200 [7-16]. OnpepeneHune konuyectsa JICK npoBogAT € Liefblo 4OCTOBEpP-
HOro NporHo3a ncxoga 3aboneeaHunsA, BblIbopa TaKTUKK TePANUN 1 HENOCPELCTBEHHOIO
noncKa MuLLeHeln Ana TapreTHoOW Tepanum, KoTopas B NepByto ouepenb Oyaet Hanpasne-
Ha Ha yHuuTtoxeHme nyna JICK [7, 8, 14, 18, 21, 26, 27].

HecmoTps Ha 60/1bLIOE KONNYECTBO SKCMEPUMEHTASNIbHbBIX UCC/Iel0BaHUI OTHOCUTENb-
Ho JICK npu ocTpbIX Neliko3ax, Ha CeroAHSALHWIA AeHb Mano PaboT, NOCBALLEHHbIX OLIEHKe
NPOrHOCTNYECKOTO 3HaUYEHMA NHULNANBbHOIO cofepaHna 3TOW NoNynAuMmM KneToK npu
ocTpom nmbobnacTHOM nernKko3e 1 OCTPOM MUENOUHOM NelKko3e y aeTeld. B To xe Bpe-
M#A CYLLEeCTBYET PAL MHULMANbHBIX KNMUHUYECKUX 1 6rnonormyecknx Gaktopos, pa3nnyHbixX
KprTepmreB OLeHKIN OTBETA Ha Tepanuio, CBA3b KOTOPbIX ¢ konuyectBom JICK ocTaeTtcs He-
N3y4YeHHOW B AETCKON OHKOremMaTonornum.

B LIEJIb NCCNEQOBAHUA

Onpep,envlTb KONMYeCTBO NOTEHLNANbHbIX IEMKO3HbIX CTBOJIOBbIX KNETOK U OLEHUTb
nx cogepxaHme B 3aBUCUMOCTU OT KITMHNYECKNX d)aKTOpOB N 6MoNornYecKnx ocobeHHo-
cTen OCTpOro mmenongHoro nemnkosa Y NayneHTOB AeTCKOro Bo3pacTa.

B MATEPWAJIbl U METObI

B nccnepgoBaHume 6binun BKNoYeHbl 63 NaumMeHTa ¢ NePBUYHO YCTaHOBJIEHHbIM ua-
rHozom OMJ], nonyyaBlwmx nevyeHme B pamkax npotokona OMJI-MM-2014 n OMJI-
MM-2021. lnarHo3 6bin ycTaHOBJIeH B cooTBeTcTBMM ¢ BO3-knaccndukaumen Ha oc-
HOBaHUN OLEHKN VMMMYHOMEHOTUMMYECKON XapaKTepUCTUKM OMyXONeBbIX KEeTOK,
Mopodonornyeckorn FAB-knaccupurkaumm, a Takke No Hananumio cneunduryeckux uu-
TOreHeTUYeCKNX 1 MONeKyApHO-reHeTu4yecknx nepectpoek. Cpeam nccnenoBaHHOMN
rpynnbl y nauveHToB ObIM AnarHOCTMpoBaHbl cnegytowme sapuaHtbl OMJ1 cornacHo
FAB-knaccudmkauymm: MO - 1% (1/63), M1 - 14% (9/63), M2 — 35% (22/63), M4 - 13%
(8/63), M5 — 24% (15/63), M7 — 13% (8/63). MegmaHa Bo3pacTa naLeHTOB COCTaBua
9 net (o1 0 go 23 neT). B rpynne nccnegoBaHHbIX NaLMEHTOB MaslbUMKKM COCTaBNANM 62%
(39/63), neBoukn — 38% (24/63).

OnpepgeneHune konuuectsa JICK B ob6pasuax KM no ¢eHotnny CD34*CD38™ 1 oueHKy
3KCMNpeccn Ha HUX Taknx Mapkepos, kKak CLL-1, CD25, CD123, CD25, CD96, Tim-3, CD200,
CD117, npoBogunu ¢ nomoubto 7-10-U4BeTHOM NPOTOUHON LnTOodIyopruMeTpun Ha Mo-
MEHT AMArHOCTUKM 3aboneBaHuA. Jns 5Toro Ncnosfib3oBasvi MOHOKNOHA/bHbIE aHTUTEN],
KOHBIOrMpoBaHHble C GyoOPOXPOMHbBIMU MEeTKaMn B COOTBETCTBUW C MCNOJIb3yeMol na-

Henblo:
1. Tim-3 FITC/CD200 PE/CD34 ECD/CD25 PE-Cy5/CD96 PE-Cy7/CD38 APC-AF750/CD45
KrO.

2. CD38 FITC/CD99 PE/ CD34 ECD/CD33 PE-Cy5/CD117 PE-Cy7/CLL-1 APC/CD123 APC-
AF700/CD45 APC-AF750/HLA-DR PB/CDA45 KrO.
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MpobonofrotoBka 1 aHann3 KonM4YecTBa NENKO3HbIX CTBOMOBbIX KNETOK MO Xapak-
TepHOMY UMMyHOobeHoTuny CD34+CD38" ocywwecTBAAAUCH COMNacHO paHee onuMcaHHoM
meToauke [6].

YueT 1 aHanu3 pe3ynbraToB NPOBOAMAM Ha NpoTouHom uutodnyopmmetpe Navios
(Beckman Coulter) B nporpamme CXP. YuutbiBanu He meHee 500 TbiCAY KNETOK.

AHanus comepxaHus Knetok c peHoTrnom CD34+CD38 cpeamn CD45'°" KneToK Takxe
nposenu B 15 obpasLjax KOCTHOro Mo3ra 340POBbIX AOHOPOB (AOHOPBI AA TPaHCMIaHTa-
LM reMono3TUYECKUX CTBOMOBbIX KNETOK).

[na matematuueckon o6paboTKM 1 CTaTUCTUYECKOTO aHanm3a faHHbIX MCMOoNb30Banu
nporpammy Statistica 6.0. PeaynbTratbl NpeacTaBnAnm B NPOLEHTHbIX NMOKa3aTensx, B Buae
3HaueHMI MeanaHbl U AranasoHa JaHHbiX (25-75 nepueHTunu). OueHKy [OCTOBEPHOCTH
pasnmunii Mexay He3aBUCUMbIMW FpynnamMmu NPOBOAMAN C UCMOMb30BaHeM TecTa MaH-
Ha — YUTHW. Pe3ynbTaTbl cUMTany CTaTUCTUYECKN JOCTOBepHbIMY Npu p<0,05.

B PE3YJIbTATbI M OBCYXAEHUE

AHanu3 KONMMYeCTBEHHOro cofep)KaHus Knetok ¢ ¢eHotunom CD34'CD38-
y naumnenTos c OMJ

B obpa3uax KOCTHOro Mo3ra 340poBbIX AOHOPOB MefiiaHa KONMM4yecTBa KNeToK C UM-
mMyHodeHoTrnom CD34*CD38- cpean CD45'" kneTok coctasuna 0,49% (0,41-0,5). Ana na-
uneHToB ¢ OMJT ycTaHOBNEHO, UTo MeamaHa KonuyectBa CD34*CD38- kneTok cocTaBuna
5,3% (0,8-9,1), p<0,05. OfgHaKO Ha CerogHAWHNIA AeHb N3BECTHO, YTO NMMyHOdEHOTUN
CD34*CD38" xapakTepeH Kak gna JICK, Tak n gna HopMasnbHbIX CTBO/TOBbIX KPOBETBOP-
HbIX KneTokK [3-5]. loaTomMy ana noaTeepXAeHNA NPUHAANEXHOCTY KNeToK ¢ peHoTUnom
CD34+*CD38™ npu OMJ1 K onyxonesBomy KNnoHy He0o6Xx0AMMO 1NCMoNb30BaThb JOMNONHUTESb-
Hble MapKepbl, OTANYaloLLKe UX OT HOPMasbHbIX aHanoros [25]. K Taknm mapkepam oTHO-
carca CLL-1, CD25, CD123, CD25, CD96, Tim-3 [9-16].

MokasaHo, uto cpean nonynaumm CD34*CD38" no3mTtmBHaA akcnpeccna CD123 Ha-
6ntoganacb B 37% (23/58) cnyyaes. Hannume akcnpeccun Kakoro-nnbo us takmx abep-
paHTHbIX aHTUreHoB., Kak CLL-1, CD25, CD96, Tim-3, CD200, Ha CD34*CD38" nonynAaunn
ycTaHoBneHo B 79% (50/56) cnyyaes. [oflyyeHHble pesynbTaTbl NO3BOAAIOT cAenaTb Bbl-
BOA O TOM, UTo B cnyyae ¢ OMJ1 nonynauuio kKnetok ¢ deHoTnom CD34*CD38~ MOXHO
paccmatpuBaTtb MMeHHO Kak JICK.

AHanus KonnuecTBeHHOro cofepXaHuns KneTok ¢ peHorunom CD34*CD38" y na-
umeHToB ¢ OMJ1 B 3aBUCMMOCTU OT KNNHNYECKNX paKTOpOB

B paboTte 6bin1 NnpoBeaeH aHanu3 konnuectsa JICK B 3aBUCMMOCTU OT NONa, MHULMANb-
HOro cofiepaHuA NeNKoUuMTOB B nepudepunyeckor KpoBu, MOpaxeHna LEeHTpanbHON
HepBHOW cuctembl, FAB-knaccudumkauum y naymeHtos ¢ OMJI.

He 6b1510 BbIAABNIEHO AOCTOBEPHbIX pa3nunuunii B cogepxaHun CD34+*CD38™ nonynauuu B
3aBUCMMOCTM OT NOJa, MHULMANbHOIO cogepaHua nenkountos B K (>/<50 000 kn/mkn),
nopa<eHus LeHTPasnbHON HEPBHOW CUCTEMbI.

B 3aBMCUMOCTM OT yCTaHOBNIEHHOW Npu AnarHocTuke FAB-knaccndukaumm mbl pasge-
NUNY NauMeHToB Ha 4 rpynnbl. [pynny 1 cocTaBunm NaumeHTbl ¢ MUHUManbHon andde-
peHUUPOBKON 6acTHbIX Knetok MO, M1 1 M2, rpynny 2 — nauymeHTbl ¢ M7, rpynny 3 - na-
uneHTbl ¢ M4 m rpynny 4 - nauneHTbl ¢ M5 mopdonormyecknmu BapnaHtamu OMJI.
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Ta6bnuua 1
CopepxaHue JICK B rpynnax naynentos ¢ OMJ1 B 3aBucumoctu ot FAB-BapunaHTta
Table 1
LSC content in groups of AML patients depending on FAB-variant
CD34*CD38"
MpusHak N=63 MegwaHna (25-75), % P
n=63
1-a rpynna (MO, M1 n M2) 32 7.2 (4,5-12,3) -
2-arpynna (M7) 8 0,58 (0,08-5,35) 0,006
3-A rpynna (M4) 8 4,4(1,2-7,4) >0,05
4-s rpynna (M5) 15 1,25 (0,3-5,1) 0,003

AHanus copepaHua Knetok ¢ ¢eHotunom JICK cpeau BbifeneHHbIX rpynn rokasan,
YTO CTAaTUCTUYECKM 3HauMmmo bHonbliee Konnyectso CD34*CD38~ KneTtok Habnwoganochb B
rpynne 1 no cpaBHEHWIO C FPynnoi 2 v rpynnoi 4 (tabn. 1). PasHuubl B cogepxaHun JICK
mexgy 1-1 1 3- rpynnamu He BbliBIEHO.

Ncxopsa M3 nonyyeHHbIX pe3ynbTaToB, OYEBUMAHO, UYTO Gonee BbiICOKOe cofepKaHue
CD34%CD38" knetok xapaktepHo ana OMJT ¢ MUHUManbHoN AnddepeHUNpPOBKOMN Mo
cpaBHeHuto ¢ OMJ1 ¢ BbipaXeHHOW IMHENHOWN HanpaBeHHOCTbIO.

AHanus KonnuyecTBeHHOro cogepaHus Knetok ¢ peHorunom CD34*CD38" y na-
ymueHToB ¢ OMJ1 B 3aBUCMMOCTU OT 0COGeHHOCTell MMMYHOdeHoTUNa onyxoneBbiX
KNeToK

Ha nepBom 3Tane faHHOW 4YacTy paboTbl Mbl OLEHUM B3aUMOCBA3b Mexay cofep-
aHuem Knetok ¢ peHoTnnom CD347CD38~ 1 0cO6EHHOCTAMM SKCNPECCMM MUENTOUAHDIX
anddepeHUnpoBOYHbIX MapKepoB, Takux kak CD34, CD117, CD123, CD13, CD33, CD65,
HLA-DR, CLL-1, Ha onyxoneBbIx KneTkax y geten ¢ OMJ1.

JocToBepHble pa3nuuna B cogepxaHnm nccnegyemoit nonynauyum JICK Habnoganucb
B rpynnax nauyveHToB B 3aBUCUMOCTM OT HaNUYmA UIn OTCYTCTBUA SKCNPECCMM Ha NOBepPX-
HOCTU ONyXONeBbIX KNETOK paHHUX AnddepeHUnpoBOUYHbIX MapKepoB. Tak, B rpynne na-
LMEHTOB, Ha NENKO3HbIX KNeTKax KOTOpbIX NpucyTcTBoBana akcnpeccua CD34 (puc. 1A),
copepxaHne CD34*CD38" KNneToK 6b110 JOCTOBEPHO Bbille U MeamaHa coctaBuna 6,9%
(5,3-10,9) no cpaBHeHWIO C rPYNMNOI NaLMeHTOB, Y KOTOpbix akcnpeccna CD34 otcyTcTBO-
Bafa, MeagmnaHa paBHa 0,4% (0,1-1,5), p<0,001. CTaTUCTMUYECKN 3HAYMMO BbIlE KonYe-
¢80 JICK 6b1710 Y NaLmMeHTOB, Y KOTOPbIX Ha 6nactax akcnpeccmpoBancsa mapkep CD123
(puc. 1B), megunaHa coctaBuna 6,3% (2,2-10,1), No cpaBHEHWIO C NaLMeHTaMu, y KOTOPbIX
3KCMNpeccuna JaHHOro aHTUreHa oTCyTCTBOBana, megunana 3,9% (0,3-7,1), p=0,029.

Takxe focToBepHble pa3nuuus B cogepkaHum JICK Habnoganucs B rpynnax naumeH-
TOB B 3aBNCMMOCTY OT HAJIMUUA NN OTCYTCTBUA IKCNPECCUN Ha MOBEPXHOCTU JIENKO3HbIX
Knetok mapkepos CD13 n HLA-DR (puc. 2).

BbiABNeHO, UTo B rpynne nauyneHToB, Ha OMNyXOJeBbIX KIIeTKaxX KOTOPbIX NPUCYTCTBO-
Barna akcnpeccus aHTureHa CD13 (puc. 2A), copepkaHme CD34*CD38- knetok 6bino go-
CTOBEPHO BblLle MO CPaBHEHMIO C TAaKOBbIM B rpynne nauyeHToB, Y KOTOPbIX IKCnpeccus
JaHHOro mapkepa oTcyTcTBoBana: 6,3% (2,7-9,7) n 2,0% (0,3-5,3) (p=0,01). AHanornyHo
B cnyyasax no3uTueHol akcnpeccun HLA-DR (puc. 2B) copgepkaHme JICK 6bii10 3Haumo
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Puc. 1. CopepxaHune CD34*CD38- KneTok B 3aBUCMMOCTI OT 3Kcnpeccun mapkepos CD34 (A) n CD123 (B)
Ha onyXxoJieBbIX KNneTKax

Fig. 1. Content of CD34+CD38- cells depending on CD34 (A) and CD123 (B) markers expression

on tumor cells
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Puc. 2. CopepxaHne CD34*CD38" KneTok B 3aBUCMMOCTH OT 3Kcnpeccun mapkepos CD13 (A)

1 HLA-DR (B) Ha onyxoneBbIX KneTKax

Fig. 2. Content of CD34+CD38- cells depending on CD13 (A) and HLA-DR (B) markers expression
on tumor cells

Bblle B MPOTUBOMOMOKHOCTb OTCYTCTBMIO €r0 Ha OMnyxoneBblX KneTkax: 54% (1,7-9,7) n
0,5% (0,06-6,3) (p=0,026).

Pasnuuma B copepxaHnn Konuyectsa Knetok ¢ ¢peHotunom JICK B 3aBUCMMOCTU OT
9KCMNPEeCCUN Ha NENKO3HbIX KNeTKax Taknx aHTureHos, kak CD117, CD65, CLL1 (CD371), He
BbIABJIEHDI.

B xone aHanu3a B3anmMocBsa3un abeppaHTHON sKcnpeccun Ha 6nactax npu OMJ1 mapke-
POB APYrvX IMHUN anddepeHLNpPOBKIM YCTaHOBNIEHO CTaTUCTUYECKU 3HAUMIMOE BbICOKOE
copepxaHue nonynaumn JICK y naumeHToB C MONOXKMTENbHOWN 3KCNpeccnern MapKepos
CD25 n CD200 (puc. 3).

Tak, megnaHa konnyectsa CD34*CD38™ KNeToK y NaLMeHTOB C MOMOXWUTENbHON KC-
npeccueit aHTureHa CD25 6bina JOCTOBEPHO BbiLe 1 cocTaBnana 6,3% (5,1-9,7), Toraa Kak
B C/lyyae ero oTcyTcTBuA — 2,9% (0,3-7,3) (p=0,02). Takxke n ana mapkepa CD200 megmaHa
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Puc. 3. CogepxaHne CD34*CD38" KneTok B 3aBUCMMOCTH OT 3Kcnpeccun mapkepos CD25 (A) n CD200 (B)
Ha onyxoJseBbIX K/eTKax

Fig. 3. Content of CD34+CD38- cells depending on CD25 (A) and CD200 (B) markers expression

on tumor cells

konnuectsa CD34*CD38" kneTok coctaBnana 6,6% (5,3-10,1) B ciiyyae ero no3uTMBHOM
3Kcnpeccun Ha Gnactax u 0,6% (0,1-4,4) npu oTcyTCTBMM 3KCnpeccun (p<0,001). OpgHako
pa3HULbl B COAepXKaHUKM KonmyecTBa KieTok ¢ ¢peHotunom JICK B 3aBUCMMOCTU OT 3KC-
npeccmm abeppaHTHbIX aHTUreHoB CD56, CD7, Tim-3 (CD366) 1 CD96 He BbisiBNIEHO.

AHanus KonnuyecTBeHHOro cogepaHus Knetok ¢ peHorunom CD34*CD38" y na-
yueHToB ¢ OMJ1 B 3aBUCMMOCTUN OT MONEKY/NIIPHO-TEHETNYECKUX NepecTpoekK

Takke B paboTe Mbl NpoaHanM3NPOBanM COAep)KaHUEe KIeTOoK C GeHOTUNOM
CD34+*CD38" Bo Bceit Bblbopke nauneHToB ¢ OMJ1 B 3aBUCMOCTM OT HanMumMa MOJeKy-
NAPHO-TeHeTUYECKNX NepecTpoek. [1na nccnegyemon rpynnol nauveHToB Obinn npoaHa-
nu3npoBaHbl Hanbosnee yacto BcTpeyaemble Npu OMJT y naureHToB AeTCKoro Bo3pacTa
nepecTporiky, Takme kKak AML1/ETO, CBFb-MYH11, FLT3-ITD, peapaHXMpoBKu € yyactmem
reHa MLL (tabn. 2).

Ta6bnuuya 2

CopepxaHune CD34*CD38- KneTok y naymeHTos ¢ OMJ1 B 3aBUCMMOCTU OT MONEKYNIAPHO-TeHEeTUYECKNX

nepecrpoek

Table 2

Content of CD34+CD38- cells in AML patients depending on molecular genetic rearrangements

_ CD34'CD38" o o

fpuatak =63 Mepuana (25-75), % P P
AML1/ETO 11 9,1(53-13) - >0,05
CBFb-MYH11 5 9,7 (5/4-12) >0,05 -
MLL 0,8 (0,4-10) >0,05 >0,05
FLT3-ITD 8 3,3(1,9-6,1) 0,03 0,03
HeTt nepectp./ ap. 33 4,4(0,3-7,3) 0,01 0,01

MpuyMeyaHme: 3HaueHe p MO CPaBHEHMIO C rPyNoii NaLMeHToB ¢ nepectpoiikamm AML1/ETO (*), CBFb-MYH11 (¥).
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B xone aHanun3a BbiAABIeHO, UTo coepaHue JICK goCcToOBEpHO He pa3nnyaeTca Mexxay
rpynnamu naumneHTos c nepectponkamu AML1/ETO n CBFb-MYH11. Takum obpa3om, co-
rnacHo Tabn. 2 CTaTMCTMYECKN 3HauUMmoe Gornee BbICOKOe cofleprkaHune KNeTok ¢ peHoTu-
nom CD34+*CD38" 6b1n0 xapakTepHO AJ1A NaLMEHTOB C HaNMYMEM MONEKYNAPHO-TeHETU-
yecknx nepectpoek AML1/ETO n CBFb-MYH11 no cpaBHeHUto C nauueHTaMu, y KOTOpbIX
6bina BbifiBNeHa nepecTtpoiika FLT3-ITD, a Tak»ke No CpaBHEHMIO C NaLUeHTaMK, Y KOTOPbIX
He 6bIN10 BbIABNIEHO MCCNIelyeMblX NepecTpoek (v NPUCyTCTBYIOT HeMcCiefoBaHHbIe ne-
pecTpolikn). MegnaHa cogepxaHna knetok ¢ deHotmnom JICK Takxe 6bina Bbille B rpyn-
nax nauyueHtos ¢ AML1/ETO n CBFb-MYH11 no cpaBHeHuWIo C rpynnoi nauneHToB, rae
OblIM BbIABIEHbI peapaHXMpPOBKKY C yyacTem reHa MLL, ogHako pa3nmuma He JocTurm
nokasaTenen 4OCTOBEPHOCTN.

Cxokue pe3ynbTathl 6bUIM NOyUYEHb! U APYTMMU NCCNIef0BaTENbCKAMM Fpynnamm npu
n3yyeHun nmmyHodeHotuna JICK y B3pocnbix naumeHtos ¢ OMJ1 [22, 25]. ViccnepoBaHua
nokasanu, YTo Mo CPaBHEHMIO C HOPMasbHbIMW FEMOMO3TUYECKUMUN CTBOJSTIOBLIMW KeT-
kamun JICK geMOHCTpMpYIOT Ha CBOel MOBEPXHOCTU SKCMPEeCcCuio Kakoro-nnbo ogHoro
WM HECKONbKMX OQHOBPEMEHHO abeppaHTHbIX MapKkepos: CD25 [9, 15], CD32 [9], CD44
[10, 15],CD96 [11, 15], CD123 [12-15], CLL-1 [15, 21, 24, 25], Tim-3 [15], CD200 [16]. B pa-
60T1e Chavez-Gonzalez A. n coaBTOPOB ONMCaHa BbICOKas 3Kcnpeccus Mapkepos CD123 n
CD96 Ha nonynaumn CD34*CD38 1 CD34*CD38* y naumeHTOB AeTckoro Bo3pacta ¢ OMJ1
No CPaBHEHWUIO C HOPMaJibHbIMU KneTKaMmu-npealectseHHnKamm [17]. CornacHo nony-
UeHHbIM AaHHbIM, a TakKXKe pe3ynbTaTaM 3apyOeXkHbIX MCCiefoBaHNIA, BbICOKasA retepo-
reHHocTb sKkcnpeccun JICK-cneunduryHbix MapkepoB y naumneHtos ¢ OMJT He no3Bonset
NCMNONb30BaTb KaKOW-TO eAMHCTBEHHbIN NOBEPXHOCTHbIM Mapkep AnA BbiasneHmaA JICK
[3-11, 16, 19]. Vicnonb3oBaHWe B NMMyHOEHOTUMMYECKOW NaHeNn! MMEHHO BapuaLlmu
abeppaHTHbIX MapKepOB MNO3BOMIAET C BbICOKOM CeurndUYHOCTbIO OLleHNBaTb CoepKaHme
JICK Kak Ha MOMEHT ANarHoCTMKK, Tak U Ha 3Tanax NpoBoAnMon xuMmmoTtepanun. Cnewu-
dunyHaa npgeHtudrkauma JICK n nx guckpummnHauma ot HOpMasbHbIX FreMOMO3TUYECKMX
KNeToK Mornim 6bl 6bITb MCNONb30BaHbl ANA CTPaTUdUKaLMKN NALMEHTOB Ha rpynbl PUCKa,
a Takxe [nA NporHosa pasBuTuA peunamea 3abonesanunsa [23]. NMomnmo cneunduryHoCTH
nccneposaHusa JICK, oLeHKa sKcnpeccnn AaHHbIX MapKepoB UMeeT 6onbluoe 3HayeHne
[N BO3MOXKHOCTU pa3paboTKu U NpYMEHEHWA aHTUTEeN03aBUCMON TapreTHON Tepanuu,
KoTopasa OyneT HanpaBneHa Ha YHWUTOXKEeHWe MOMyNAUUU STUX BblICOKOPE3UCTEHTHbIX
knetok [18, 21]. OTaenbHble 3apybexHble NccnefoBaHNA TakxKe NoKasasnau, YTo NONoXKu-
TenbHaA sKkcnpeccusa HekoTopbix JICK-cneundryHbIX MapKkepoB Ha MOMEHT AMarHoCTu-
KW accouumnpyeTcsa € NIOXUM NPOrHo3oMm rncxofa 3aboneBaHnsa y B3poCsbIX NaLMeHTOB C
OMJ1. Hanpumep, akcnpeccua CD123 koppenvpyeT C NoXUM OTBETOM Ha NPOBOAUMYIO
xumunotepanuio [19]. A abeppaHTHana skcnpeccna CD25 Takxe accouumpyeTcs C NIoXnm
nporHo3som npu OMJ1[20]. UccneposaTenu u3 AnoHum nog pykosogcteom T. Yabushita no-
Ka3anu B cBoeli paboTe, UTO OHOMOMEHTHasA 3Kcnpeccua Ha 6nactax npu OMJ1 Tpex nnu
aByx Mapkepos 13 CD25, CD96, CD123 goctoBepHO accoummpyeTca € NIOXMM OTBETOM
Ha Tepanuio, a Take C KOPOTKOW 3-neTHel obLLe BbIXKMBAEMOCTbIO MO CPaBHEHUIO C OT-
CYTCTBMEM SKCMPECCUN AaHHbIX MapKepPOB NN SKCMPeccuen TONbKO OOHOro 13 HMX [26].

B 3AKJTIOMYEHUE
MeToa MHOroLBETHON MPOTOYHON LIUTOMETPUN Nno3sonaeT uaeHTndnumposats JICK
y nauymeHtoB ¢ OMJ1. YctaHoBneHo, uto konunuectso JICK goctoeepHo Bbiwe npu OMJI,

«JlabopaTopHas AnarHocTuka BoctouHas EBpona», 2024, Tom 13, N2 2 251

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




CO,D,ep)KaHI/Ie NIeNKO3HbIX CTBONOBbIX KNETOK
B KOCTHOM MO3re NaumneHTOB C pasfiMyHbIMU BapuaHTamy OCTPOro MUeSIOMAHONO Nlelko3a

oTHocAwwmxca K MO, M1, M2 FAB-BapnaHTam, no cpaBHeHuto ¢ M7, M5. BoiaBneHo ctatu-
CTUYECKU 3HauYMO BbicoKoe copiepkaHue JICK y naumeHToB C HanMuem sKCnpeccun Ha
ONyXxosneBbIX KNeTKax Taknx Mapkepos, kak CD34, CD123, CD13, HLA-DR n CD25, CD200.
B 3aBMCUMOCTI OT MONEKYNAPHO-TEHETUYECKMX NePecTpoeK NokKasaHo, UTo coflepaHune
JICK nocToBepHoO Bblille y NaumeHToB ¢ nepectporkamu AML1/ETO, CBFb-MYH11 no cpas-
HeHwuto ¢ nepecTtpornkon FLT3-ITD n oTcyTcTBMEM Nccnegyembix NnepecTpoek.
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Pesiome

BBepeHume. CyulecTBYIOT JaHHblE O TOM, YTO UMMYHHbI AucbanaHc sIBNSETC OfHON n3
OCHOBHbBIX NPUYMH 0Opa3oBaHUA 3KCCyAaTa CpefHero yxa. /I3BecTHO, B 4aCTHOCTK, YTO
ornpeeneHHyo posb B Pa3BUTUMN 1 PeLMAMBUPOBaHNN CpeHero oTuTa urpaeT anieprus.
CyliecTBeHHOE BNMAHME Ha MMMYHHYIO CUCTEMY OKa3biBaeT BUTaMuH D. lNokasaHo, uTto
fedrumnT Kanbundepona cnocobeH yCUnuTb NPOSABNEHNA anfepruyeckon peakumu, Yyto
B CBOIO oyepeb MOXET NPMBOANTb K peLuaNBUPOBaHMIO CPedHEro oTuTa ¢ popMnpoBa-
HueMm 3KccygarTa.

Lenb. MpoBecTn conocTaBmTeNIbHOE UCCNeOBaHNE NoKasaTeNiell KNMHKKo-abopaTtop-
HbIX TECTOB, OTPAXKALLUX COCTOAHME MECTHOIO 1 06LLEero MMMYHUTETA, anfiepriu, cogep-
»KaHuA BUTaMMHA D CbIBOPOTKM KPOBM, C 0COBEHHOCTAMU MOPGONOrMUYEecKon KapTUHbI
CAIN3UCTON 060M0UYKMN HOCA AeTel C SKCCYAATUBHbBIM CpeHVM OTUTOM Ha 3Tarne NoAroTos-
KM UX K XMPYPryeckomy fieveHuio.

Matepuanbi u metoapl. [1511 yCTaHOBNIEHNA MOKa3aTesieil 1abopaTopHbIX TECTOB, OTpPa-
MXaLWmX COCTOAHNE FYMOPASbHOro MIMMYHUTETa N COAep»KaHue BuTamuHa D cbiIBOPOTKK
KPOBU B MEPUOL MaKCMMasibHO BbIPaX€HHOrO MPOABAEHUA KIUHUYECKUX CMMMNTOMOB
3ab0neBaHNsA — Ha 3Tarne NOArOTOBKY K XUPYPr1MYeckomy fieyeHunto, NpoBeaeHO OAHOMO-
MEHTHOE KOrOpTHOEe nccnefoBaHue 50 naumMeHToOB AETCKOro BO3pacTta, Cpefn KOTopbIX
66110 30 MALMEHTOB C 3KCCYAATVMBHBIM CPeHMM OTUTOM 1 20 MPAKTUYECKM 300POBbIX Ae-
Ten, COCTaBUBLUMX FPynny CPaBHEHWA, MO BO3PaCTHO-MOIOBOMY COCTaBY COOTBETCTBYIO-
LLYIO Fpynne nauneHToB, CTpadalowmnx 3KCCYAaTUBHbBIM CPeAHMM OTUTOM.

PesynbraTbl. Y BCex MauueHTOB BbIMNO/IHEHO onpefAeneHne KOHUeHTpaunmn B CbiIBOPOT-
Ke KpoBW MMMyHOrnobynmHos A, G, M, E n ButamrHa D. Moka3aHO CTaTUCTUYECKM 3Ha-
yrMOe CHUKEHWE CpefHero ypoBHsa BuTaMuHa D (27,15+3,54 MKr/n), MMyHornobynu-
HoB A (1,08+0,17 r/n), G (9,2240,70 r/n) 1 yBennyeHNe KOHLEHTPaLUn UMMYHOTI00ynu-
Ha E (85,01+20,57 ME/mn) y peten € 3KCCYAATUBHBIM CPedHMM OTUTOM MO CPaBHEHUIO
C aHaNoOrMyHbIMM JaHHbBIMU, MOMYyYEeHHbIMU Y 300pOBbIX AeTen (p<0,05). MNpoeeaeHo
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CocTosiHME ryMOpasibHOro UMMYHWTETa U CTaTyc BUTamuHa D y aetein
C 3KCCYAATMBHBIM CPEHVUM OTUTOM Ha 3Tare VX MOATOTOBKM K XMPYPrimyeckomy feYeHuto

nccnefoBaHne pUHOLMTOrpamMMm. YCTaHOBMIEHO, YTO CcpefHee MPOLEHTHOE KONMYecTBO
303UHOPUNOB B OKpPALLEHHbIX NpenapaTax CIM3UCTON NONOCTM HOCA CTAaTUCTUYECKM 3Ha-
ynmo yBennyeHo (9,35+3,18%) y naumeHTOB C 3KCCyAaTUBHbBIM CPefHMM OTUTOM NO CPaB-
HEeHMI0 C aHaNOrMUYHbIMWN 3HAYEHMAMN Y NpefcTaBUTeNen rpynnbl cpaBHeHUA (2,87+1,15%;
p<0,05), uTO MOXeT YKa3biBaTb Ha yyacTue annepruyeckoro Gaktopa B 3STUOIOMUUN SKCCY-
JaTUBHOrO CpefHero otuTa y geTen.

3aknoueHue. Y nauneHToB C 3KCCyAaTUBHbBIM CpefHM OTUTOM Habnoganoch HapyLle-
HUe COCTOAHUA FYMOPanbHOro MMMYHUTETA, BbipaXkatoLeecs B CTaTUCTUYECKN 3HAUVIMOM
CHUXKEHUW NoKasaTesiell cpefHero ypoBHA MMMyHornobynuHos A (1,08+0,17 r/n) n G
(9,22£0,70 r/n) No cpaBHEHNIO C aHANTIOTMYHBIMM 3HAYEHUAMK Y 380PO0BbIX AeTen (p<0,05),
B CHUXKEHUW KOHLUeHTpauun ButamuHa D (27,15+3,54 mkr/n; p<0,05), yBennueHnn nmmy-
HornobynuHa E (85,01£20,57 ME/Mn) 1 NpoUEeHTHOro cofepaHna 303uHobunoB B pu-
HouuTorpamme (9,35+3,18%) No cpaBHEHMIO C CONOCTaBAAEMbIMW NOKa3aTeNAMU rpynmbl
cpaBHeHuA (p<0,05), UTO MOXET CBUAETENbCTBOBATb O 3HAUYMMOCTU BAVAHUA annepruye-
ckoro ¢pakTopa Ha popmMrpPOBaHe 1 peLanBUpPOBaHNeE SKCCYAATMBHOIO CPefiHero oTuTa.
MonyuyeHHble faHHble OPVEHTUPYIOT Ha OCYLLeCTBAEHME JanbHelLero nomcka ¢aktopos
pucka popmMmpoBaHmMA 3KccyaTa B 6apabaHHO NONOCTU B MaTOreHeTUYeCKM 3HaYNMOM
HanpaBieHUN N 060CHOBaHME LienecoobpasHOCTM MeaANLMHCKOM NPOPUNAKTMKK NPU Ha-
nrMunmn nabopaTopHbIX NPU3HAKOB rMnoBuTammnHo3sa D.

KnioueBble cnoBa: 3KCCyaTUBHbIN CPeAHNIA OTUT Y fieTel, UMMYyHOornobynuHbl A, G, M, E,
BUTaMWH D, puHounTorpamma
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Abstract

Introduction. There is evidence that immune imbalance is one of the main causes of
middle ear exudate. Particularly, it is know that allergies play a certain role in otitis media
development and recurrence. Vitamin D significantly affects the immune system. It has
been shown that calciferol deficiency can enhance allergic reaction manifestations that,
in its turn, may lead to otitis media recurrence with exudate formation.

Purpose. To conduct a comparative study of clinical and laboratory test findings reflecting
local and general immunity state, allergies, vitamin D content in blood serum, with specific
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morphological picture of the nasal mucosa in children with exudative otitis media at the
stage of preparing them for surgical treatment.

Materials and methods. To establish laboratory test values reflecting humoral immunity
state and serum vitamin D content during the period of most pronounced manifestation
of clinical symptoms of the disease — at the stage of preparation for surgical treatment,
a one-stage cohort study of 50 pediatric patients was conducted, including 30 patients
with exudative otitis media and 20 practically healthy children representing a comparison
group corresponding to the group of exudative otitis media patients in terms of age and
gender composition.

Results. In all patients, serum immunoglobulins A, G, M, E and vitamin D levels were
determined. A statistically significant decrease in the average vitamin D level (27.15%
3.54 ug/l), immunoglobulins A (1.08+0.17 g/I) and G (9.22+0.70 g/1) levels, and an increase
in immunoglobulin E level (85.01+20.57 IU/ml) in exudative otitis media children in
comparison with similar data obtained in healthy children (p<0.05) were revealed.
Rhinocytograms analysis was carried out. It was established that the average percentage
of eosinophils in stained preparations of the nasal mucosa was statistically significantly
increased (9.35+£3.18%) in exudative otitis media patients compared to similar values
in the comparison group participants (2.87+1.15%; p<0.05), which may be indicative of
allergic factor involvement in the etiology of exudative otitis media in children.
Conclusion. Patients with exudative otitis media exhibited impaired humoral immunity
state, manifested by a statistically significant decrease in average immunoglobulin A
(1.08+0.17 g/l) and G (9.22+0.70 g/1) levels compared to similar values in healthy children
(p<0.05), decreased vitamin D level (27.15+3.54 ug/l; p<0.05), increased immunoglobulin
E levels (85.01+20.57 IU/mL) and eosinophils percentage in rhinocytograms (9.35+3.18%)
over against comparable values in the comparison group (p<0.05), which may be
indicative of the significance of allergic factor impact on exudative otitis media formation
and recurrence. The data obtained suggest further search for risk factors of exudate
formation in the tympanic cavity and justification of medical prevention in case of D
hypovitaminosis laboratory signs.

Keywords: exudative otitis media in children, immunoglobulins A, G, M, E, vitamin D,
rhinocytogram

B BBEJAEHUE

JKkccymaTBHbIN cpegHuin otut (9CO) — pacnpocTpaHeHHoe 3aboneBaHve y feTen,
npoTekawLee 6eCCUMMTOMHO Y ABMAOLIEECS OAHON U3 OCHOBHbIX MPUYUH NOTEPU Ciy-
Xa B IETCKOM BO3pacTe. DKCCYAaT B CPeHEM yXe MOXET COXPaHATbCA MecAlaMu 1 He-
raTMBHO BJIMATb Ha KaueCTBO XM3HU pebeHKa, CnocobCTBYA peLaMBMPOBaAHIII0 OCTPOro
CpeHero otuTa u/unn GopMUPOBaAHNIO XPOHNYECKOTo cpefHero otuTa [1, 7]. Mpu 3CO
LieNIoCTHOCTb HapabaHHO NePenoHKM He HapyLUeHa.

3a nocnegHne OecATUNETUS MHOTE aBTOPbI OTMEeYatoT Hanbonbwnin (15-17%) poct
3aboneeaemoctn 3CO cpean Bcex 3aboneBaHui yxa. BcemyrpHaa opraHusaums 3apaBo-
OoXpaHeHuA nporHo3supyeT K 2030 r. yBenmyeHne uymicna anmy ¢ CoUmanbHO 3HAUNMbIMUY Ha-
pyweHuamun cnyxa Ha 30% [6].
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CocTosiHME ryMOpasibHOro UMMYHWTETa U CTaTyc BUTamuHa D y aetein
C 3KCCYAATMBHBIM CPEHVUM OTUTOM Ha 3Tare VX MOATOTOBKM K XMPYPrimyeckomy feYeHuto

M3BecTHO, uTo B pa3BUTUK 3aboneBaHnA peLlatoLLyto posib UrpaeT eBCcTaxreBa Tpyba.
BupycHble MHpeKLUn cnocob6CTBYIOT NOBbILLEHWNIO OTPULLATENBHOTO AaBNEHUA B €BCTaxue-
BOW Tpybe, a upeamepHoe NPON3BOACTBO LUTOKUHOB BC/1eACTBUE HEKOPPEKTHOM paboThl
UMMYHHOW CUCTEMbI MPUBOANT K YCUNEHNIO BbIPa)KeHHOCTW BOCMANUTENbHOrO npoLecca.
HakonneHme mMyLmMHa CHUXaeT MyKoLunrapHbIi KnmpeHc. baktepuu B coctaBe 6ronne-
HOK, B CBOIO ouepefib, CNOCOOHbI yNPaBAATb SKCNpeccreil COOTBETCTBYIOLLNX FeHOB U B3a-
MMOZENCTBOBATb C APYrMIY NaToreHamu, NOBbILWAA UX BUPYAEHTHOCTb. Anneprua Takxke
ABNAETCA OQHNM 13 paKTOPOB PUCKA, Bbi3bIBas YBENIMUYEHME YacTOTbl BCTPEYAEMOCTH SKC-
CyAaTVBHOrO CpefHero oTuTa B 2—4,5 pa3a No CpaBHEHUIO C TAKOBOW Y ileTel, He cTpajato-
Wmx annepruen [71. Bce 310 ABNAeTCA pelwatowymy cobbiTuaMmM B natoreHese 3CO.

C pa3BuTrieM MoneKynapHol buonorum n MMmyHonorun sce 6osblue uccnegoBaTenen
ronaratot, YTO HealeKBaTHbI MMYHHbI OTBET ABNAETCA OCHOBHOW NpuYnMHON obpaso-
BaHWA dKCCyAaTa cpefHero yxa [2, 3, 7].

MN3BecTHO, YTo MMMYHOrNobynuHbl NpeacTaBnAlT cobon Genku, obecneumnsatowme
HenTpanu3aumio TOKCMHOB, MMOGMAM3aLuio 6akTepuii, KOHAEHCALMIO MUKPOOPraHn3-
MOB M @HTUFeHHbIX YacCTuL, MPeLnnUTaL Mo PacCTBOPMMbIX aHTUrEHOB, a TakxKe daroynTos
H6aKkTepuin Makpodaramu, paspyLieHne nx LUToTokcnyeckumm T-numdoumtamm.

Cpeay NpyCyTCTBYIOWNX B KPOBU MMMYyHOrnobynuHos (Ig) natn knaccos - IgG, IgA,
IgM, IgD u IgE, nmmyHornobynuHbl G coctaBnaioT 75% Bcex CbIBOPOTOUHbIX IMMYHOF0-
6ynuHoB KpoBWu. ViIMMyHornobynuHbl IgA coctaBnsAT okono 15% Ig 1 06bIYHO NoKanusy-
I0TCA B C/IM3NCTbIX 060N0UKax HOCOMNOTKN, obecneurBan NEPBUYHYIO 3aLLKTY OT MECTHO-
ro socnaneHua. UmmyHornobynumHbl IgM coctaBnsAoT okono 10% CbiIBOPOTOUHBIX MMY-
HOrnoOyNMHOB U y4acTBYIOT B OOMbLIMHCTBE FyMOpPanbHbIX UMMYHHbIX peakLumi [8].

BupycHaa wHbeKuna BepxHUX [ApblxaTeNbHbiX NyTel crnocobHa Bbi3biBaTb IgE-
onocpefoBaHHYI0 peakL Mo, KOTopasa YacTo BO3HMKAET B HOCOMIOTKE, UTO MOXET NPUBO-
anTb K anchyHKumMmn eBctaxmeBol Tpybbl. Kpome Toro, npocnexmBaerca cBA3b 3abone-
BaHWA C reprnecsrpycom, B YaCTHOCTU BUPYCOM DnwTeriHa — bapp, KoTopbi, AencTByA
Ha nMMdaTyecKyto cMcTeMy oOpraHu3mMa, pa3sBmBaeT UK ycyryonaeT MMMYHHYI0 HeloCTa-
TOYHOCTb [5].

PesynbTatbl uccnegoaHusa Wenyan Fan et al. nokasanu, uto ypoBeHsb IgE B cbiBopoTKe
KpOBM M B 3KCCyfaTe cpefHero yxa B rpynne nauyuneHtos ¢ 3CO 6bin JOCTOBEPHO BblLUe,
yem B KOHTPOJIbHOMN. ITO yKa3sbiBaeT Ha yyacTue IgE B pa3sutum 3CO y geten [3]. BnonHe
BEPOATHO, UTO anneprusa nrpaet CyLeCcTBEHHYIO POJib B Pa3BUTUN 3ab0neBaHNin cpegHero
yXa, U [eTn C aTonuen mMmoryT 6biTb 60osiee BOCNPUUMUMBBI K OCTPOMY CpefiHeMY OTUTY C
3KccypaTom u 6e3 Hero [4, 5].

ButamuH D (kanbumdepon) yyacTtByeT B perynauum obmeHa kanbuua u ¢ocdopa B
opraHusme. BmecTe ¢ Tem oKa3blBaeT BnvAHME Ha AuddepeHLMPOBKY KNeTOK 1 pa3Bu-
Te UMMYHHOW cucTeMbl. B page nccnegosaHmin coobuanocs, uto geduuymt sutammHa D
MOXET MOBbIATb PUCK MHOFOUYUCSIEHHbBIX OCTPbIX/XPOHMNUYECKMX OTOPUHOMAPUHIONO-
rmyeckrx 3abonesaHui, BKYaa annepruyeckmini puHUT, XPOHNYECKUA PUHOCUHYCUT C
nonunamy Hoca, peLnanBUpPYLLMA CPESHUA OTUT, OCTPble pecnupaTopHble MHbeKL MK
n actmy [9; 10, c. 600]. Habnoganacb cBaA3b feduumTa BUTammnHa D c yBennyeHmem pas-
MEPOB MUHIANVH W/UNW afeHOUZOB 1, TakuM obpa3om, C pa3BUTUEM CpPefHEero otuta.
ButamuH D yuacTByeT B perynauum TOH3WIAPHbIX T-KNeTok yenoseka, u ero gebuuut
MO>eT YBeNnumnBaTb puck GopmMmnpoBaHNA afeHOTOH3UNAPHOW rnnepTpodrmn n3-3a Hea-
[eKBaTHOWN perynaumMm MMMyHHOI cucTeMbl. Pelientopbl BUTaMmHa D o6Hapy»eHbl Takxe
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Ha T-kneTkax, B-kneTkax, aHTUreHNpe3eHTUPYIOLKX KNeTKax, Makpodarax 1 AeHOPUTHbIX
Knetkax. ButamuH D ummyHomMoZynmpyeT Kak BPOXAEHHbIN, Tak U afanTUBHbIA UMMYH-
HbIn OTBET. B afanTuBHOM UMMYHHOM cucteme BUTaMuH D nHrmbmnpyet nponndepaumio
aKTUBMPOBAHHbLIX NMMGOOLUTOB, CHUXKAET NPOAYKUMIO BOCMANIUTENbHbIX LIMTOKMHOB U
CNoco6CTBYET Pa3BUTMIO HAYLIMPOBaHHbIX PerynatopHbix T-kneTok. HepgaBHue nccnego-
BaHMWA NoKasanu, YTo HM3KMIN ypoBeHb BUTaMuHa D ABnAeTcA pe3ynbTaToMm, a He Npuiu-
HOW BOCManuTenbHOro npouecca y nayMeHToB C peuuanBupyoLein aneHoTOH3UNAPHON
runeptpoduei Ha ¢poHe HakTepranbHom nHdekLmm. [9].

B nccneposaHmm Haitham Alnori et al. (2020) 6bin1a NpogeMOHCTPUPOBaHA CBA3b MEX-
Iy cofepxaHuem BuTammrHa D 1 nposBneHMeM MMMYHONOrMYECKOW peakumn: NokasaHo,
yto geduunut BUTaMmHa D MmoxeT npuBecTy K yBennyeHuio KoHueHTpaumm IgE n, cnepo-
BaTesIbHO, K YCUNEHMIO BbIPaXXeHHOCTY aniepruyeckon peakuum y naunueHToB C annepru-
yecknm puHuTom [11].

Mo paHHbIM pAfga aBTOpOB, AeduuuT BUTamMrMHa D cOOTBETCTBYeT YpPOBHIO ero
KOHUeHTpaumn Hmke 20 Mmkr/n (50 Hmonb/n), HegocTtaToyHocTb — 21 u 29 MmKr/n
(52,5-72,5 Hmonb/n), HOpMasibHble 3HaUEHNA KOHLEHTPaLMm COCTaBnAoT Bbiwe 30 MKr/n
(>75 Hmonb/n); pna runepsutammnHosa D xapakTepHa KOHUeHTpauma cabiwe 150 mKr/n
(375 Hmonb/n) [11, 12].

CornacHo pAaHHbIM nUTepaTypbl, HOPMasibHble MoKasaTenn rymMOpPasbHOro WUM-
MyHuTeTa y fgetenn 6-8 net (2-5 net) coctasnatot: Ilg A — 0,9-1,9 mr/n (0,3-1,5), Ig G -
9,7-11,7 mr/mn (8,8-15,4), Ig M - 0,8-1,9 mr/mn (0,8-1,6), Ig E - 0-100 mr/mn [13, c. 60].
B nccneposaHum Rumeysa Olcay Bayram et al. (2019) cpefHue 3HaueHWA NoKa3aTenem ry-
MOpasnibHOro MMMyHUTeTa y feten 6-8 net (3-5 net) coctasunu: Ig A - 1,06 r/n (0,69), IgM -
1,14 r/n(1,12),19G - 8,11 r/n (8,39) [14].

B LIEJIb NCCNEOOBAHNA

MpoBecTn conocTaBuTeNIbHOE UCCNefoBaHMe MoKasaTeNeln KNMHUKO-NabopaTopHbIX
TECTOB, OTPAXKAKOLMUX COCTOAHME MECTHOTO 1 OBLEero MMYHUTETa, afieprum, CopepKa-
HYA BUTaMrHa D CbIBOPOTKM KPOBM, C MPOABEHNEM 0COBEHHOCTEN MOPGONOrNYecKom
KapTViHbI CIM3MCTON OOOMOYKM HOCA AeTel C SKCCYAATUBHBIM CPeAHVIM OTMTOM Ha 3Tane
MOArOTOBKM UX K XMIPYPrMUecKoMy feueHuio.

B MATEPWAJIbl U METObI

[lna onpepenenna KoHueHTpauun IgA, IgG, IgM, IgE, BuTammnHa D B KpoBu 1 mopdono-
rMyecKoro coctaBa maTepuana CiM3MCcTon NoNoCTM Hoca (PMHOLMTOrpamMMbl) MpoBeaeHO
nccnepoBaHme 50 yenosek, cpen KoTopbix 30 NaUMeHTOB C 3KCCYAATUBHbIM CPedHUM
OTUTOM, CpefHUIA BO3PacT KOTOPbIX cocTaBun 5,74+2,91 roga: M3 HUX 18 mManbumkos
(50%); 12 peBouek (40%), a Takxe 20 NpaKkTMYeCKM 340POBbIX AeTel (COCTaBUBLLMX rpyn-
ny CpaBHeHMA), CpefHUI BO3pacT KOTOPbIX cocTaBun 6,04+2,72 roga: 9 Mmanbumkos (45%),
11 peBoyek (55%).

[lnarHo3 «aKcCyaaTMBHbIM CPefHUI OTUT» NOCTaBNeH Ha OCHOBaHWMW AaHHbIX aHaMHe-
33, Xanob nauneHTa, ocmoTpa (oToCcKoNuA, TMMNaHorPamma, ayauomMmeTpus).

Kputepuamu BKIOUYEHUA NaLMEHTOB B UCC/IeAOBaHMA ABUANCD HaMumne SKCCyaaTmB-
HOro CpegHero oTMTa U BO3pacT NauneHToB 3-12 neT, a KpUTepun NCKNIOYEHWA NaLeH-
TOB — MATONOMMNA CO CTOPOHbI UMMYHHOI CUCTEMbI (B TOM Ymnciie annepruyeckme 3abone-
BaHWA B aHaMHe3e) 1 Hannume oHKONOrMyeckoro 3aboneBaHus.
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CocTosHMe rymopasibHOro UMMyHUTETa U CTaTyC BUTaMWHa D y neten
C 3KCCYyAaTUBHbIM CpeAHVUM OTUTOM Ha 3Tane NX NOAroTOBKU K XNpypruyeckomy nevyeHuio

Ta6nuua 1
PedepeHcHble 3HaueHUA nccnegyemMbix nokasareneii Kposu
Table 1
Reference values for studied blood count parameters
WUccnepyembie nokazaten Cpgnume pedepeHcHble 3Ha4YeHUNA COracHO AaHHbIM NPpou3BoANTe-
nei HabopoB peareHToB
IgA, r/n 0,63-4,84
19G, r/n 5,4-18,22
IgM, r/n 0,22-2,93
1-5 net 6-9 net 10-15 net
IgE, ME/mn
0-60 0-90 0-200
ButamuH D, mkr/n 30-100

B3aTtne maTepuana n 0630pHaA MUKPOCKOMMUA PUHOLMUTOrPaMM OCYLLECTBAANNCL B
rocyfapCcTBeHHOM yupexaeHun «Pecnyb6nMKaHCKMA HayyHO-MPaKTUYECKUIA LEHTP OTO-
puHonapuHronorumy». OnpegeneHne KoHueHTpauui IgA, 19G, IgM, IgE n Butammna D npo-
BOAWIOCb B rOCYAAapPCTBEHHOM yUupexXaeHun «PecnybnmnkaHCKUin HayuHO-MpaKTUYeCcKni
ueHTp «Kapanonorua» MnHucTepcTBa 3gpaBooxpaHeHmns Pecnyonukn benapyco.

OnpegeneHne KoHueHTpaumu IgA, IgG, IgM, IgE B cbiBOpOTKe KpoBM NpOBOANIOCH Ha
aBTOMAaTUYeCKOM broxmnmmnyeckom aHanusatope Architect c4000 (Abbott, CLLIA) c ucnonb-
30BaHMEM COOTBETCTBYIOLMX HAbopoB peareHToB ¢upmbl Abbott, BuTammHa D — Ha aBTo-
MaTMyeckoM nMmMyHodnoopeclieHTHOM aHanu3atope miniVidas Blue (Biomeriox, ®paH-
uus). B KauecTBe pedepeHCHbIX 3HAUEHNI ANA OLEHKN CABMUIOB MOKa3aTenen KpoBm 1C-
noJib30BaHbl faHHble Npon3BoguTena peareHToB (Abbott; CLLA), npuBeaeHHble B Tabn. 1.

OKpaluvBaHMe Ma3KoB CIM3KCTON 06010UKIM NONOCTU HOCa C NOCNeayoLWUM NCCneao-
BaHMEM PUHOLUTOrPaMM OCYLLECTBNANOCH MaHyalbHbIM METOAOM C UCMOb30BaHNEM 96°
3TaHoONa B KauecTse purKcaTopa 1 Kpacutena asyp — 3031MHa No PomaHOBCKOMY.

CTaTCTUYECKMIN aHann3 NOJTyYeHHbIX JaHHbIX NPOBOAWCA C MUCMONb30OBaHNEM Na-
pamMeTpuyecknx MeTOLOB NCCNefoBaHNA, B TOM YMC/Ie OLEHKM JOCTOBEPHOCTM (KpuTe-
pui CTblogeHTa). BbibopoUHble NapameTpbl, prBeAeHHbIe B Tabn. 3, UMEIOT criegyowne
0603HaueHnsA: M — cpegHAa BennurHa, § — CTaHAAPTHOE OTKIIOHEHUE, P — AOCTUTHYTHIN
YPOBEHb CTaTUCTUYECKON 3HaUNMOCTM. KpuTryeckoe 3HaueHve ypoBHSA 3HAUMMOCTY NPU-
HVYManocb paBHbIM 5%. CTaTucTYeckas 0b6paboTKa JaHHbIX OCYLeCTBAANACh C UCMOSb-
30BaHMEM MakeTa MpuKNagHbix nporpamm Statistica 10 (StatSoft, Inc., CLUA, nuueH3us
NeAXXRO12E839529FA).

B PE3YJIbTATDI

Mpw 06cnefoBaHNY NALMEHTOB C SKCCYAATUBHBIM CPEAHUM OTUTOM Obpallanyv BHU-
MaHMe Ha CHUXKEHUWE CyXa, 3a/I0XKEHHOCTb M LWYM B YLIAX, <MOKasblBaHUA U LENUYKU».
Mpw oTockonum Habnoganocb NOMyTHeHNe H6apabaHHOW NepPernoHKK, MHbeLUpPOBaHMe
COCyAaMu, YKOpoueHne CBETOBOro pedrekca, Hannumne akccypata B 6apabaHHol nono-
CTW, BTAXeHne H6apabaHHoW nepenoHKkn. Ha TumnaHorpamme sobissnanca tun C nnm B.
Mpy ayanoMeTprmM — CHUXKEHUE CJlyXa MO CMELIaHHOMY 1 KOHAYKTMBHOMY Tuny. [Mpuse-
[EHHble KIIMHUYECKNE NPU3HAKN CBUAETENBCTBOBAIN O HEO6XOANMOCTU XUPYPrUYECKO-
ro nevyeHus.
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OnpepeneHbl NokasaTtenu KoHueHTpaumu IgA, 1gG, IgM, IgE n ButamuHa D B cbiBOpOT-
Ke kKposu geten ¢ (3CO), npoxoamsLunx xmpypruyeckoe neveHne B PHIL otoprnHonapuk-
ronorun. MonyyeHHble faHHble NpefcTaBeHbl B Tabn. 2.

Kak cnegiyeT u3 paccmoTpeHus Tabn. 2, cpeHme 3HaueHUa KoHUeHTpauum IgM B cbiBo-
pOTKe KPOBY CTaTUCTUYECKMN 3HAUMMO He PasnnyaloTca U HaXoaATCA B Npefenax n3Bect-
HbIX pedepeHCHbIX BENIMUYUH BO BCEX Mccnegyembix rpynnax (p>0,05).

KoHueHTpauua IgA y naumeHToB ¢ 3CO CTaTUCTUYECKN 3HAUMMO CHUXKEHa MO CpaB-
HEHWIO CO 3HaueHMAMM NokasaTenein nabopaTopHbIX TECTOB Y MaLMEHTOB rpynmnbl CpaB-
HeHuA (1,08 r/n n 2,30 r/n cooTBeTCTBEHHO, p<0,05); KOHUeHTpauua IgG cTaTucTnyeckmn
3HAUMMO CHUXEHa MO CPaBHEHWIO CO 3HAYEHMAMM MoKa3aTesneln 1abopaTopPHbIX TECTOB

Ta6bnuua 2

CpepHue 3HaYeHUA NOKa3aTesNeil ryMopanbHOro UMMyHMTeTa U BuUTamuHa D B cbIBOpOTKe KpoBM
nayveHToB nccieayemMbiX rpynn

Table 2

Average values of humoral immunity and serum vitamin D levels in studied groups’ patients

NaumenToi ¢ 3CO, lpynna cpaBHeHnA
. —30% (3moposbie aetn), CraTucrnyeckas
Uccnepyembiit noKkasarenb n n=20% .
= 3HaAYMMOCTb pasnanyuii

m+§2* m+8%*

IgA, r/n 1,08+0,17** 2,30+0,12 p<0,05

19G, r/n 9,22+0,70%* 13,25+1,82 p<0,05

IgM, r/n 1,07+0,09 1,18+0,25 p>0,05

IgE, r/n 85,01+20,57** 37,44+17,88 p<0,05

ButamuH D, mkr/n 27,15+3,54** 62,15+4,28 p<0,05

MprMeyaHus: * n — KONMUYECTBO NaLMEHTOB; M — CPeAHee 3HaueHwe; §2 — ownbKa cpeaHen apuPpMeTNIeckon; ** cTaTcTMdeckn
3HauMMble Pas3nnums C rpynmnomn 30POoBbIX MNaLNEHTOB.

Ta6bnuua 3
PesynbTaTbl MCcCcnegoBaHuA pUHOLUTOrpamMmm
Table 3
Rhinocytograms results
Onpepensaembiin MaunenTbl ¢ 3CO, | lpynnacpaBHeHmA (3gopo- | CraTmcTMyeckas 3Ha-
nokasaTenb n=30, m+6%* Bble getn), n=20, m+8** YMMOCTb pasnnunii
SnuTennii MepuaTenbHbIN,
B Mnosie 3peHuns 3,23+0,90 3,08+0,81 p>0,05
M+&*
JlerikounTbl,
B none 3peHus 11,3+2,06%* 4,4+2,86 p<0,05
M+&*
Hentpodunsl, %
Mas* 85,0+1,92 88,0+1,65 p>0,05
Numdouutsl, %
M5+ 2,8+1,37 3,8+1,87 p>0,05
MoHouuTbl, %
Ma6* 2,4+0,98 2,3+1,24 p>0,05
V)
SosuHopuLl, % 9,35+3,18% 2,87+1,15 P<0,05

MpriMeyaHus: * n — KONMYECTBO MALMEHTOB; M — CpefHee 3HaueHune; 87— owmnbKa cpeaHen apudmMeTNIecKom; ** cTaTucTudeckn
3HauMMble Pasnnums C rpynmnon 3G0POoBbIX NaLNEHTOB.
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CocTosiHME ryMOpasibHOro UMMYHWTETa U CTaTyc BUTamuHa D y aetein
C 3KCCYAATMBHBIM CPEHVUM OTUTOM Ha 3Tare VX MOATOTOBKM K XMPYPrimyeckomy feYeHuto

y NaumeHTOB rpynnbl cpaBHeHUA (9,22 r/n n 12,25 r/n cootBeTcTBEHHO, P<0,05), UTO MO-
XeT CBMAETEeNbCTBOBATb O HapYyLLEHUW Perynaunum MMMYHHON CUCTEMBI.

KoHueHTpauus IgE y naymenTos ¢ 3CO cTaTMCTUUECKM 3HaUMMO yBenmyeHa (85,01 ME/mn)
MO CPaBHEHMIO C aHANOMMYHbIMW 3HaYeHUAMU Y NpefcTaBuTesien rpynnbl CpaBHeHUA
(37,44 ME/mn, p<0,05), uTo MOXeT yKa3blBaTb Ha ponb anneprum B atTmonatoreHese 3CO.

KoHueHTpauua sutammHa D y naymeHToB ¢ 3CO CTaTUCTUYECKN 3HAUYMMO CHUXKEHa
(27,15 mKr/n) no cpaBHEeHWNIO C COOTBETCTBYIOLLMMM NOKa3aTeNAMM rpynmnbl 340POBbIX Ae-
Ten (62,15 mkr/n, p<0,05), UTo He NPOTMBOPEUNT MNONYUYEHHBIM AaHHBIM CPEAHNX YPOBHEN
KOHLeHTpaLuin UMMyHOrnoOynMHOB, MOCKOJIbKY BUTaMUH D npuHUMaeT yyactue B pery-
NAUNN F'YMOpPasibHOrO UMMYyHUTETa.

Pe3ynbTtaTbl 0630pHOI MMKPOCKOMNWY NPenapaToB CO CN3MNCTON HOCa 340POBbIX Je-
Tel 1 NaLVeHTOB C 3KCCYAaTUBHbIM CPEHUM OTUTOM NpefcTaBsieHbl B Tabn. 3.

M3 npuBefeHHbIX B Tabn. 3 faHHbIX CiefyeT, YTo NPOLIEHTHOE COOTHOLIEHNE 03MHO-
¢dunos goctoBepHoO Bbie y naumeHToB ¢ 9CO (p<0,05). 9To MoxeT 6bITb CBA3aHO C BOBJIe-
yeHMeM annepruyeckoro paktopa B sTnonatoreHes 3CO.

B BbIBO/bl

1. Ha aTane nofroToBKM MaLMEHTOB K XMPYPruyeckoMy feyeHunio KoHueHTpauua IgA
(1,08£0,17 r/n) n 19G (9,22+0,70 r/n) CbIBOPOTKM KPOBU AeTeN C SKCCYAATUBHbIM Cpea-
HVM OTUTOM CTaTUCTUYECKM JOCTOBEpPHO (p<0,05) CHMXeHa Mo CpaBHEHMIO C NOKasa-
TenAMN rpynnbl cpaBHeHUA Ha 53% 1 30,4% cOOTBETCTBEHHO, TOrAa Kak KOHLUEeHTpa-
uua IgE (85,01+£20,57 ME/mn), HanpoTuB, yBenuyeHa Ha 127% (p<0,05).

2. KoHueHTpauua ButammHa D y maumeHTOB € 3KCCYAaTUBHbIM CpeaHM OTUTOM CTaTu-
CTUYECKN 3HAUYMMO CHUXKeHa (27,1513,54 MKr/n) No cpaBHEHMIO C FPYNMNon CpaBHEHNA
(p<0,05) 1 HaxoaMTCA Ha HMXKHEN rpaHuLe pedepeHCHOro NHTepBana.

3. MNpoueHTHOe cooTHoLweHne 303uHoduNoB (9,35/100 NeNKOUMTOB) U APYrUX KNeTou-
HbIX 3/IEMEHTOB CJIM3UCTOM 060NTI0UKM HOCa B PUHOLMTOrpaMme NaLnMeHTOB C SKCCyaa-
TUBHbIM CPeAHNM OTUTOM CTaTUCTUYECKN 3HAUMMO YBEIMYEHO MO CPAaBHEHMIO C aHa-
NOTMYHBIMU 3HAYEHUAMM Y NpefCcTaBuUTeNen rpynnbl cpaBHeHUsA (p<0,05).

Takum 06pa3om, Y NaLmMeHTOB C SKCCYAATUBHbLIM CPeIHMM OTUTOM UMeeT MeCcTo Hapy-
LIeHWe COCTOAHNA NYMOPasIbHOrO UMMYHUTETA, BblparkatoLeecs B CHUKEHNN KOHLeHTpa-
uunn BuTaMmHa D, yBennueHumn ypoBHsA nMMyHornobynuHa E n npoueHTHOro cogepaHun
3031HOGUIOB B PUHOLMTOrPaMMe MO CPaBHEHMIO C aHANOMMUYHbIMY 3HaYEeHUAMN Y 3[,0-
POBbIX AeTel, UTO MOXKET CBUAETENbCTBOBATb O BVAHMM anjlepruyeckoro KOMnoHeHTa
Ha ¢opMMpoBaHME MOPPONOrMUECKMX U3MEHEHWNI B CIM3NCTON 060NI0UKe HOCa 1 O pe-
LUMOMBMPOBaHNY 3KCCYAATMBHOIO cpefHero otuTa. MonyyeHHble AaHHble MOTyT 6biTb MNC-
Nnonb30BaHbl AN1A fanbHelero noucka ¢pakTopos pucka GpopmrnpoBaHna sKccyaaTta B H6a-
pabaHHOI NONOCTY 1 BO3MOMHOCTY OCYLLECTBEHNA MeQULMHCKON NPodUNaKkTMKM Npu
KOHCTaTaLum nabopaTopHbIX NPU3HAKOB rmMnoBruTammHosa D.
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Pesiome

B nocnepHue rogbl yactota BcTpeyaemoctu (UB) nepsrnuHoro runepnapatupeo3sa (MIMIT)
BO MHOIMX CTPaHax 3HaunTeNbHO YBeNMuMnachb 3a CYET BHEAPEHUA CKPUHMHIa runep-
Kanbuuemun. B Pecnybnuke benapycb UB runepkanbumemun coctaBuna 2,6 Ha 100 ye-
NOBEK, YTO CBWAETENbCTBYET O HELOCTAaTOYHON SKOHOMUYECKON LenecoobpasHoCTU
BHeApEeHVA NONyNALMOHHOIO CKPWHWHIA runepkanbuvemun. Mo pesynstatam npoBse-
[E€HHOro CNJIOWHOro NCcnefoBaHnA KanbLMeMumn BbiABIEHO JOCTOBEPHOE yBeNuyeHne
YB runepkanbLmemMnn B rpymnne »eHLWuH B MeHonay3e B Bo3pacTe 51-70 net (5,3 cnyyvasd
Ha 100 uenosek, p=0,002) 1 B rpynne nauneHToB ¢ Hanuuvem MITIT-accoumnmnpoBaHHbIX
3aboneBaHuii (MKKB, MKB, ai3BeHHasi 605e3Hb Xenyaka u/unm 12-nepcTHom KULWKK, nepe-
NIOMbI B aHaMHe3e, KOMMOHEeHTbl cHapoMoB M3H - 6,5 cnyyas Ha 100 yenosek, p<0,001).
MonyyeHHble faHHbIe NO3BONUAN ONpPeAenuTb rpynnbl pucka runepkansuvemun v MNIIT,
060CHOBaTb HEOOXOANMOCTb BHEAPEHNA CKPMHUHIA B STUX FPynnax naumneHToB. B ctatbe
onuncaH 0OHOB/IEHHBIY MOLIArOBbIN aNrOPUTM JTAGOPaTOPHOW ANATHOCTUKK U anddepeH-
umanbHoum guarHoctukm MIMIT.

KnioueBble cnoBa: runepkanbLmemns, NapaTropMoH, MNEPBUYHbIN rMnepnapaTnpeos,
OMarHoCTMKa NePBUYHOIO rMnepnapaTmpeosa, CKPUHUHTE
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Abstract

Recently, the prevalence of hyperparathyroidism (PHPT) in many countries has increased
due to hypercalcemia screening. The prevalence of hypercalcemia in Belarus is 2.6% and
indicates insufficient economic feasibility of introducing the population hypercalcemia
screening. According to our results, the hypercalcemia prevalence is significantly increased
in menopausal women aged 51-70 years (5.3%, p=0.002) and in patients with PHPT-
associated diseases (cholelithiasis, nephrolithiasis, stomach peptic ulcer, duodenal ulcer,
fractures history, and MEN syndromes components (6.5%), p<0.001). The data obtained
allowed to determine the risk groups for hypercalcemia and PHPT and to substantiate
the necessity of implementing hypercalcemia screening in these groups of patients. An
updated step-by-step algorithm for PHPT laboratory diagnosis and differential diagnosis
is presented.

Keywords: hypercalcemia, parathyroid hormone, primary hyperparathyroidism, diagnosis
of primary hyperparathyroidism, screening

B BBEJEHWE

MepBuyHbIA runepnapatupeos (MNIMT) npeacTaBnaeT coboi KNMHUKO-NAabopaTOPHbIN
CMMNTOMOKOMIMJIEKC, Pa3BUBAIOLLMIACA B pe3ynbTaTe rmnepnpoayKkumnm napaTtmpeongHoro
ropmoHa (MTI) naTonornyeckn M3mMeHeHHbIMU NapawmToBugHbIMK xenesamun (MLXK) n
NPOoABNAAIOLWNACA CMUHAPOMOM rMnepKanbLeMNN U MOSIMOPraHHbIMK HapyLLEHAMN pas3-
JINYHOW CTENEHN BblPa’KEHHOCTN.

Cnopaguueckme dopmebl MNITT BcTpeyatoTca B 90% cnydaes 3aboneBaHus, obycnosne-
Hbl rMnepnnasunen, ageHomon unm pakom MUK, o 10% cnyuaes MIMTIT pa3BmBaeTca Ha
OCHOBE MMEILLMXCA reHETUYECKMX MyTaLmi (MaToNorna KanbUnin-4yyBCTBUTENIbBHOTO pe-
LenTopa, CMHAPOMbI MHOMECTBEHHbIX SHAOKPUHHbIX Heonnasu (MOH) nepeoro tuna, 2A
n 26 Tunos). YactoTta BcTpeyaemoctu (UB) HacneacTBeHHbIX GOPM BbILLE Y UL, MONTOAOTO
Bo3pacTa [1-4].

MegnunHckas n coumanbHas 3HaummocTb [ITIT onpepenaeTca pa3Butnem mynbTucmK-
CTEMHbIX OCJIOXKHEHMI, KOTOPble 00YCNaBANBAIOT NOTEPIO TPYAOCNOCOOHOCTY, POCT UHBA-
NNAHOCTM N cMepTHOCTK [1, 4-6].
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3a nocnegHve JecATUNETUA HayuHbIA U NPaKTUYECKUIn UHTepec K npobneme MIMT
3HauuTenbHo yBenuuunca. OnybnrkoBaHbl pe3ynbTaTbl PaboTbl YeTbipex MexAyHapoa-
HbIX pabounx rpynn no nsyueruto MNIMT, 8 2018 rogy ctapToBana HoBasa nporpamMmMa Eepo-
nenckoro obuiectsa sHZoKprHonoros PARAT, HanpaeneHHan Ha n3yuyeHue 3abonesaHun
MM, B Tom uncne MIMAT [7-9].

Mo pe3ynbTaTam Nony4yeHHbIX AaHHbIX cBefleHna o YUB 3aboneBaHunsA, ero natoreHese,
KNMHUYECKUX NposaBfeHnax u anddepeHunanbHOM gMarHocTmke npetepneny n3MeHe-
HUA, uTo TPpebyeT ONTUMM3ALMM NOAXOAOB K ANArHOCTUKE 1 nedeHuio [7-9].

B Pecnybnuke benapycb B 2018 rogy 6bin pa3paboTaH U BHeApeH B NpakTuyeckoe
3paBooxpaHeHue anroput™ gnarHocTuky MITT, oCHOBaHHbIN Ha CKPUHWHIE T1nepKasb-
umemuu B rpynnax pucka [4].

B S[MMOEMNONOIMA NrnT

Snupgemunonorua MIMTIT B pa3HbIXx CTpaHax XapakTepusyeTcA 3HauUTeNbHOW Bapua-
6enbHOCTbIO B 3aBUCMMOCTM OT 0COOEHHOCTEN HaLVOHaNbHOM CTpPaTerny B AMarHocTmke
MNIMT n BHeppeHMA CKPUHWHIA runepkanbumemmmn. 3a nocnegHee crtonetne YUB MIMT B
CLUA n ctpaHax 3anagHon EBponbl 3HaunTenbHo ysenuumnack ¢ 0,007% po 0,2-1% B 06-
Wwen NonynAuuy, y XeHLWrH B MeHonayse — fo 2% [2, 7, 9]. B Pecnybnuke benapycb, no
OaHHbIM 3MMAEMUNONOIMYECKOro NccnefoBaHuns, NpoBeaeHHoro B . MuHcke B 2015 rogy,
YB MNIMT B obLwelr nonynauumn coctasuna 1,2%, y »eHWmH B Bo3pacte 51-70 net - 3,4%
[6, 9-11]. B TO *e Bpems, No JaHHbIM odurLManNbHOWM CTaTUCTMKK, 06LasA 3aperncTpupo-
BaHHaA 3aboneaemoctb MIMT B 2014 rogy coctaBuna 0,00155 Ha 100 yenosek [6], uto
CBUAETENbCTBYET O HEAOCTAaTOYHOM BHMMaHMK K npo6neme MNIMT 1 6onbluom Konnuectse
HeBblAB/IEHHbIX NaLMEeHTOB.

Crpyktypa MIMT B nocnegHve gecatuneTna Takxe 3HauuTesbHO TpaHchopmmnpoBa-
nacb: OT NepBOHaYaNbHO KJlaCCMYECKOro CMMNTOMOKOMIJIEKCa NapaTMpeonaHom ocTeo-
anctpodum oo npeobnagaHma markux ¢opm 3abonesaHua (75-85%) B cTpaHax C BHe-
OPEHHBbIM CKPUHUHIOM runepkanbuvemun [2, 4, 7. B ctpaHax, rge oTCyTCTBYIOT HaLMo-
HaNlbHble NPOrpaMmbl MO CKPUHUHTY, B TOM uncne B Pecnybnuke benapycb, o HacTos-
wero BpemeHu B obulen ctpyktype MIMT npesanunpytoT maHndecTHble dopmsl [2, 4, 7, 9],
conpoBoXxatoLwmeca MHOXeCTBEHHbBIMU OCIOXHEHUAMMU.

B KNACCMOUKAUMA NINT

Mo cTeneHn BblipaXXeHHOCTN KNUHUYECKUX MPOABNEHUIA BbILENAT MATKME U MaHU-
¢decTHble popmbl MITIT (puc. 1).

Hanbonee pacnpocTpaHeHHbIM ABAAETCA rmnepkanbumemmuecknin sapmant MIMIT ¢
TeHZeHUMen K pocTy MArkux ¢opm 3abonesaHus.

OcHoBHo Npobnemon neyeHns 1 HabnogeHUA 3a NaLmeHTaMmmn ¢ MATKUMK Gopmamu
MIMT ABnAeTcAa OTCYTCTBME 3HAUMMBbIX NPEAUKTOPOB NPOrpeccnpoBaHna 3abonesaHus,
yTto TpebyeT ANUTENBHOIO UX MOHUTOPUPOBAHUA AN CBOEBPEMEHHOIO NPOBEAEHMNA XU-
pypruyeckoro feyeHus.

MpnumHbl Hopmokanbymemmnyeckoro MIMT:

1) pedwvuunt BuTammHa D (cogepxaHue ButammHa D obLyero B CbIBOPOTKE KPOBU MeHee

20 Hr/mn (mkr/n)) [9, 12];

2) XpoHuyeckana 6one3Hb NOYEK CO CHUPKEHMEM CKOPOCTU KiyboukoBomn dbunbTpaumm

(CKOD);
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nrnT

Manndecran Msrkne ¢popmbi
¢opma Hopmokanbuunemn-
yeckasa ¢popma
—  KOCTHaA i i
—  BUCLUepanbHaa Ca - BepxHAasa
— CMelaHHas ManocmmnTomHas rpaHuLa HOpMbl,
—  ryunepkanbumnemmn- AcuMmnTOoMHasa Tt
YeCcKum Kpus 1Ca, tATC
yMepeHHO 1Ca, TNTT
BblpaXKeHHble 6€e3 KIIMHNYECKUX
Hecneundnyeckne npoABAEHNI
CUMMNTOMbI

Puc. 1. Knunnueckne ¢popmbi AT
Fig. 1. Clinical forms of PHPT

3) HapylueHMe BCacbiBaHUSA KanbLWA B KALLIEYHUKE, CMHAPOM Manbabcopbuuu;
4) pak MNUPXK;
5) HavanbHaA ctagua MNIMT.

B HacTosLee BpemA HamMeTMNacb TEHAEHUMA K FTMNepANarHoCTUKe HopMoKanbLemn-
yeckoro BapuaHTa MITIT, yTo CBA3aHO C HaNNUMeEM CNIOXHOCTEN B MOHUMaHUN U NPoBe-
neHun guddepeHumnanbHon ANarHoOCTUKIN 3TOM KIMHNYeCKo popMmbl 3aboneBaHus [7, 8].

B KJIMHWYECKUE MPOABNEHUA NIMIT

B ocHOBe KNMHUYeCKMX NposABeHnlA 3a60N1eBaHUA NexaT CMHAPOMbI rMnepKanbLm-
emMum 1 rmnodocdateMn, UHAYLMPOBAHHbIE XPOHMNYECKN MOBbILEHHbIM COAePKaHNEM
MTr B KpoOBMW.

CnHApOM rMnepKanbuneMmm NPoABAAETCA NOPaXKeHNEM KOCTHOW TKaHW, NoYek, xe-
NYQOYHO-KULIEYHOTO TPaKTa, HEPBHOW U CePAEYHO-COCYAUCTON CUCTEM, CHUPKEHEM MacC-
Cbl Tena 1 o6pasoBaHMEM KanbLUMHATOB B TKaHAX 1 opraHax [10, 13-15].

CvHgpom runodocdatemmn xapaktepusyeTca pasBUTAEM MUOMNATUN, MapecTesunn,
cymopor, Nonnypuu, MMNnoBONIEMUN, XaxK[bl, YCKOPeHUeM pa3pyLieHns GopMeHHbIX de-
MEHTOB KpoBu [6].

KnuHuyeckue npoasneHna u ocnoxHeHua MITIT 3aBUCAT OT CKOPOCTX Pa3BUTUA 3a-
6oneBaHuA, BO3pacTa NaLVEeHTOB, a TakXXe OT YPOBHA rurnepKanbLueMun.

MNoBbILWEHHbIN YPOBEHb KanbLyMA CbIBOPOTKU ABNAETCA HE3aBUCUMbIM NPEANKTOPOM,
accouUMMpPOBaHHbIM C yBENIMYEHMEM CMEPTHOCTU B 0bLen nonynauum [6, 10, 11, 15], B cBs-
31 C UeMm B psAfe CTpaH UccnefoBaHre KanbUuneMmmy BKIIOYEHO B MPOTOKON CTaHAAPTHOro
6UOXMMUNYECKOTO NCCNIeJOBaHA KPOBMU.

B JVATHOCTUKA NIAT
Onarnoctumka MIMT ocHOBaHa Ha BbIABAEHUN rMNepKanbumeMmnn, KOTopaa ABAAETCA
[OMArHOCTMYeCcKnM NlabopaTopHbIM Mapkepom 3abonesaHus [7, 10], Kak npu Hanuuum
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KNMHUYECKUX CUMMTOMOB, Tak 1 B ciyyae markmux dopm MNITIT, n conpoBoxaaeTca noBbl-
LUEHHbIM UM BbICOKOHOPManbHbIM cofepkaHuem [T B cbiIBOPOTKe KpOBMU.

PaHHee BblABNEHME FrNepKanbLMeMUN LENECOOOPA3HO KaK ANA paHHeEN ANarHOCTUKN
MNIMT, Tak 1 gna cBoeBpPEMEHHOTO BblABIIEHUA 3/1I0KaYeCTBEHHbIX OMyX0nemn N KOCTHbIX Me-
TacTa3oB, NeiKO30B, M1eIoMHON 6onesHu, numdom, numdorpaHynemaTosa, BTOPUYHOro
rinepnapaTnpeosa, CUHAPOMOB MHOXECTBEHHbIX SHOOKPUHHbIX Heomnnasunm, capkongo-
3a[10, 16].

YB runepkanbuvemun B pasHbIX nonynaumax sapbupyet ot 0,17 go 3,9 cnyyana Ha
100 yenoBeK B 3aBMCUMOCTM OT PACOBbLIX, MONOBbIX, NOMNYAALNOHHbBIX OCOBEHHOCTEN,
a TakXe OT MCMONb3yemMoro aaroputMa AMarHOCTUKN 1 BHeAPEHMA CKPUHMHIA runep-
Kanbunemunn [2, 10, 11, 14, 15]. Jo 90% Bcex cnyyaes runepKanbumemMmnn NnpuxoamTca Ha
MIMT, o6ycnoBneHHbI 3n10KaYeCTBEHHbIMU HOBOOOPa3oBaHUAMM [15].

AnAa oueHKkn uenecoobpasHOCTVM BHeAPEHWUA MOMYNALVNOHHOIO CKPUHWHIA runep-
Kanbumemunu B Pecnybnuke benapycb 6bi510 NpoBefeHo CNNoLWHOe NcciiejoBaHNe Kallb-
umemMnn y B3pocsioro HaceneHua r. MMHcKa ¢ yyactnem 1207 yenoBek B Bo3pacTe oT 18
00 96 neT (892 »eHLWmHbI 1 315 My>KUnH, cpegHui Bo3pacT 53,9+17,25 roga). buoxumu-
yeckoe uccnefoBaHue CbiIBOPOTKN KPOBW NMpu NpoBeAeHNN CMIOWHOro NccnefoBaHnsa
KanbLMeMnu OCyLLecTBAANOCh Ha 6a3e KNMHWMKO-AMarHocTuyeckor nabopatopuun Y3
«MWHCKUIN KOHCYNbTaLMOHHO-ANArHOCTUYECKUI LEeHTP» C WCMONb30BaHMEM MHOrO-
KaHaNIbHOro 6MOXMMMYECKOro aBTOMaTUYeckoro aHanmsatopa AU-400 npousBogcTtsa
Olimpus (AnoHus, 2008). MiccnegoBaHne cofep)kaHnsa 0OLWEro KanbLma BbIMOHANOCH
apceHa3HbIM MeTOAOM C MpPUMEHEeHMeM peareHToB npousBogctBa Beckman-Coulter
(CLUA).

Mo pe3ynbTaTam nccnefoBaHUA YacToTa BCTPEYaeMOCTM rmnepKanbuneMmm coctaBu-
na 2,6 cnyyasa Ha 100 yenosek [6, 10, 13], B CBA3M C YemM BHefpeHne NonynAuMOHHOro
CKPVHWHIa rmnepKaabLmeMmm y B3pOCiioro HaceneHmsa cTpaHbl MPU3HaHO SKOHOMUYECKN
HeLenecoobpasHbIM.

B TO Ke Bpems Obino ycTaHOBMEHO, YTO YB rnunepKanbumeMnn y XeHLWmH B MeHO-
nayse B BO3pacTHol rpynne 51-70 neT OOCTOBEPHO YBeNMYMBAETCA U COCTaBnAeT
5,3 cnyuas Ha 100 uenoBek (x°=9,61; p=0,002), uactota BcTpeyaemocTu MNIMIT y XeHwWwmH
B BO3pacTHou rpynne 51-70 net coctaBuna 3,4+0,94 Ha 100 uenoBek, UTO JOCTOBEPHO
Bbllle, YyeM B 06LWen nonynaumm — 1,2+0,32 cnyyasa Ha 100 o6cnefoBaHHbIX (x°=8,05;
p=0,005). BHegpeHMe CKpUHMHIa runepKanbUneMnn y »KeHLWmH JaHHON BO3PacTHOMN
rpynnbl yenecoobpasHo AnA paHHero BbiABneHuA MNIMIT n gpyrmx accoummpoBaHHbIX
3aboneBaHuin.

Mpu aHanu3e runepkanbuMemMny y NaumMeHToB C Hannumem xoTsa Obl ogHoro 3abo-
nesaHwua, accoummposaHHoro ¢ MIMT (Kb, MKB, a3seHHasa 6one3Hb »xenygka v (1nn)
12-nepCTHON KULLKK, HU3KOTPaBMaTUYeCKMe nepeioMmbl, KOMMOHEHTbl CMHAPOomMoB M3OH),
YB runepkanbuvemun coctasuna 6,5 cnyydas Ha 100 yenosek, UTO JOCTOBEPHO BblILLE, YEM
B ob6wer nonynaumm (x>=17,51; p<0,001) [6].

MonyyeHHble pe3ynbTaTbl NO3BOAUAN CPOPMMPOBATL FPYNMbl PUCKa C AOCTOBEPHO
nosbiweHHon YB runepkanbumemmn n MITT (p<0,001) no cpaBHEHWUIO C aHANOTUYHbBIMM
pe3ynbraTamy B oOLelt NONyALUM HaceNeHUs, YTo OKa3blBaeTCA BeCbMa BaXKHbIM AJ1A
npoBeAeHNA 3KOHOMMNYECK 0OOCHOBAHHOIO CKPUHWHIA, U pa3paboTaTb anroputm ana-
rHoctukm MNITIT, KoTopbin BKtoYaeT 4 3Tana (pwuc. 2) [4, 51.
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XKeHwumHbI 51-70 neT,
nauneHTbl C COCTOAHMAMUN, accoyumpoBaHHbiMu ¢ MIAT
(MKB, MKB, A3BeHHasA 6one3Hb xenyaka n AMNK, nepenombl)

'

onpepgeneHne cogepxaHna
o6Liero Kanbuusa KpoBun

HOpMOKanbuuemus <« ——> runepKanbyuemms
1 pakTop, 2 1 6onee paKkTopa, NoBTOPHOE
aCCOLMMPOBaHHbIN aCCoOLMMPOBaHHBbIX onpepenexHve
cnrnTt cnroT obLero Kanbuua
nccnefoBaHve BuTamvHa D HOpMa runepKasnbunemus
HOpMa rmnosuTaMmnHo3s D onpefenexue obuero nccneposaHue MTI
Kanbuma yepes 2 mecaua
T | ! }
neyeHve andanarHos, Tt Hopma [T
AanbHelilwee BUTaMyHOM D, nccnefosaHune
o6cnepoBaHMe  KOHTPOJb KanbLya docdopa, CKO l
He npoBoAuUTCA KpOBY Yepes
2 mecaua l i [NarHoCTNYECKni
i MOWCK APYrrX NPUYMH
CKO Hopma CKO | rMnepKanbLyemmnm,
nm |, pocdop , OHKOMONCK
HOPMOKanbLYeMus docdop
HOpMa nnu |
BIAT
s Ha ¢oHe XBI1

Puc. 2. Anroputm guardoctuku MNMT
Fig. 2. Algorithm for PHPT diagnostics

I 3Tan - oueHka Hannuua ¢pakropos pucka NIMT
B rpynny nosbiweHHoro pucka MNIMIT BOWAN XeHLWWUHbI B MeHoMNay3e B BO3PacTHON
rpynne 51-70 neT, a TakxKe nNayueHTbl N06Oro nona 1 Bo3pacTa, UMELLNE B aHaMHe3e
MrMT-accounnpoBaHHble COCTOAHMUA:
MKKB;
MKB;
A3BeHHasn 60M1e3Hb Xenyaka u (nnu) 12-nepcTHOM KNLLKK;
HMU3KOTpaBMaTU4eCKne nepenombi;
3aboneBaHA, ABNAIOLWMECS KOMMTOHEHTaMU cMHApoMoB MDH.
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Mpu Hannuum ogHoro 1 6onee U3 ykasaHHbIX GaKTOPOB NaLMEHT OTHOCUTCA K rpynne
purcka passutua MNIMT 1 nognexxmT o6ciefoBaHMI0 Bpayammn BCex cneumnanbHOCTen B Co-
OTBETCTBUY C pa3paboTaHHbIM anroprUTMOM.

Il 3Tan - CKPUHVHI KanbyMeMun B rpynnax pyucka

Bcem mauuweHTam rpynnbl pucka passutua MNIMIT nposognTca nccnegosaHme Kanbum-
emMmnn.

Ona ocywectBneHWA PYTUHHOIO MONYNALUUOHHOIO CKPWHWMHIOBOrO UCC/iedoBaHuWA
npuUMeHsaeTca onpeaeneHne obuero Kanbuns B CbIBOPOTKe Kposu [2, 7, 15, 16] doTo-
MEeTpUYECKUM MeToaoM. [pocToTa ero NpPoBefeHUs, HEBbICOKAA ce6eCcToMMOCTb U BO3-
MOHOCTb UCMOJIb30BaHNs NMPY KOMIMJIEKCHBIX OUOXVMUYECKUX NCCNIef0BAHMAX KPOBU C
NMOMOLLIbIO COBPEMEHHOW MOJTyaBTOMATUYECKON U NOAHOCTbIO aBTOMATU3MPOBAHHON an-
napaTtypbl NOCyXmnu o60CcHOBaHeM ero Bbibopa AnA NCNoIb30BaHMA B aMOynaTopHbIX
ycnosusx. Mpr 3ToM 6bI10 YUTEHO, UTO KanbLMi CTabuneH B CbIBOPOTKE KPOBY B TeUEHUe
24 yacoB Npv KOMHaTHOW TemnepaTtype (18-25 °C), uTo CHMXKaeT TpeboBaHUsA K TPaHCNop-
TUPOBKE U TEXHNYECKOMY OCHALLeHI0 nabopatopun [13-17], uTo obneryaert ncnonb3oa-
Hue B amOynaTOpHON MPaKTUKe.

B To >e Bpemsi ciieflyeT yunTblBaTb, UTO HanboNbLIen GU3M0NIOrMyeckor akTMBHOCTbIO
B CbIBOPOTKE KPOBU 06afiaeT MOHN3MPOBaHHbIN Kanbumii. Opakuma NOHM3NPOBaHHOIO
Kanbuma B KPOBW Hanbonee cTabunbHa, €ro Aona B COCTaBe 06LWero KanbLma MOXeT 13-
MEHATbCA NPU NaTONOMMYECKUX COCTOAHMAX, COMPOBOXKAAMLMXCA N3MEHEHUAMMN B CO-
LepKaHny 6enkoBbix Gpakumii unu pH kposu. OfHaKo Takne NaLMeHTbl, Kak NpaBuIio, Ha-
XO[OATCSA B TSXKENTOM COMATMUYECKOM COCTOSIHUM U B aMOYaTOPHOW MPaKTMKe BCTPevaloTcA
penKko. B Taknx 0cobbix cilyyasnx peKOMeHIyeTCs OLEHUBaTb MOHM3UPOBAHHDBIV KanbLWi
[10, 14-16].

MOHN3MPOBaHHbIN KanbLUui onpepenaeTca Ha OCHOBE NOHCENEKTUBHbBIX TEXHONOII
NnocpefCcTBOM CreLranbHbIX KanbLUeBbIX 3N1eKTPoaoB [16], uTo TpebyeT oTAeNbHOro 3a-
60pa KpOBU 1 Hannumsa creumanbHOro aHanm3aTtopa. JTa TEXHOMOMNA WMCCNefoBaHNN
06nafaeT OTHOCUTENIbHO BbICOKOW CTOMMOCTBIO M UCMOJIb3YeTCA NPerMyLeCcTBEHHO B
nabopatopusx, obecrneunBaloWnxX AeATeNIbHOCTb OTAENIEHUIA UHTEHCUBHOW Tepanun u
peaHumauuu.

MNoHM3MpOBaHHbIN KanbLuWi, onpefeneHHbI pacieTHbIM METOOM MO YPOBHIO anbby-
MMHa, He BCerga COOTBETCTBYET MCTUHHOMY €ro CoflepXaHuio B KPOBM N COOTBETCTBYET
TEPMUHY «KaJbLiI, CKOPPEKTUPOBAHHBIN MO anbOyMUHY».

Takm o6pa3om, B amOynaTOpPHbIX YCNOBUAX A1t CKPYHUWHIA TMnepKanbLMeMnm Lene-
Co00pa3Ho onpepeneHvie o6LLero KanbLusi B CbIBOPOTKE KPOBU. [1/1A NOBbILIEHUS [OCTO-
BEPHOCTW MOJyYeHHbIX pe3ynbTaToB Heobxoanmo cobniogaTtbh TpeboBaHMA K NpeaHanu-
TUYECKOMY 3Tany UccsieJoBaHMA: OTMEHUTb MO BO3MOXHOCTM NleKapCTBEHHble CPeACTBa,
BAUAIOLLME HA YPOBEHb KaNlbLIeMUW, UCKTIOUUTb ASINTENIbHOE HaNOXKeHUe XryTa Ha 06-
nacTb npeanaeyba Npu B3ATUN KPOBY Ha NCCNefOBaHNE, MOXNO0MNbIBaHME MO pyKe C Liefbio
ynyuJlleHnsa B1u3yannsaymm BeH.

Mpu aHanu3e NonyyYeHHbIX Pe3ynbTaToB crefyeT UCKNoYaTb TPaH3UTOPHY ¢Gr3no-
NOrNYecKyto rmnepKanbLMeMmio y B3pOCbIX nocsie npuema nuwy, Grusnonornyeckyto
rmnepkanbLmMemMmnio y HOBOPOXAEHHbIX NOcsie 4 CYTOK XM3HK, Tepanmio NekKapCTBEHHbIMN
cpencTBamyl, BMAKLWMMM Ha YPOBEHb KanbLeMUun.

Ba)kHO MMeTb B BUAY, YTO NIEKAPCTBEHHBIMU CPECTBaMK, CMOCOOCTBYIOWMM MOBbI-
LIEHVIO YPOBHA KanbLMemMuu, ABAITCA TasngHble ANYPETUKY, aHTauuabl, aHAPOreHbl,
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conuv Kanbums, BuTaMmHbl D n A, nporectepoH, 3TakprHOBas KUCSI0Ta, CONU NUTKSA, Teo-
bUnnNuH, a nekapCcTBEHHBIMU CPeACcTBaMu, CMOCOOCTBYIOLMMU CHUMKEHWIO YPOBHSA Kalb-
unemum (MacKMpyoLMMU FTMnepKanbLMemMunto), — neTnesble anypetuku, brcpocdoHartsl,
aMVHOMNKo3uabl, 6apbutypatbl, KapbaMasenuH, conm mMarHusi, 1eHoCymab, LnHaKasb-
uet [16].

Mpu OTCYTCTBMM MOBBILWEHHbIX U BEPXHEHOPMAsbHbIX 3HAUEHU CofepKaHnA Kasib-
LMA B CbIBOPOTKE KPOBW B XOAe MPOBeAEeHNA MNePBUYHOIO UCCNefoBaHUA NaLeHTOB C
Hanuunem Tonbko opHoro MM T-accounnpoBaHHoOro GpakTopa UK XeHLMH B MeHomnay3e
B Bo3pacTHou rpynne 51-70 net 6e3 MNIMT-accoLmmpoBaHHbIX GakTOPOB AasibHelLee 06-
C/flefjoBaHMe He MPOBOAUTCS.

MoBTOpHOE OonpeaeneHue Kanabuuemuu. [Npu BnepsBble BbISIBIEHHOW rMnepKanbLu-
€MUM U NMPU PErNCTpaLn BEpPXHEHOPMAbHbIX 3HAYEHWIN COAEPKAHMA KanbLUs B CbIBO-
POTKe KPOBW NPOBOAMTCA MOBTOPHOE onpeaeneHune obLiero Kanbuna o4HOBPEMEHHO C
onpepesneHnem anbOyMnUHa CbIBOPOTKM KPOBU A pacyeTa COAepKaHMA KanbLusa, Kop-
PEKTUPOBAHHOIO MO anbOYMUHY (471 UCKITIOYEHWA NOXHOMONOXKMUTENbHbBIX U JIOXKHOOTPU-
LaTeNbHbIX pe3ynbraToB), no popmyne [4, 6]:

KoppekTnpoBaHHbIii Ca = 06wy Ca (Mmonb/n) + 0,02 (40 — anbbymuH [r/n]).

Mpu HaNMUMK N3MEHEHUI cofiepPKaHnA NNa3MeHHbIX 6enKkoB (anbbyMuH KPOBY MeHee
40 r/n nnun 6onee 45 r/n) KOPPEKTNPOBKa YPOBHSA O6LLEro KanbLus KPoBY Mo anbbymu-
Hy JOJKHA MPOBOAUTLCA 00si3aTesibHO. TakiM nauueHTam LenecoobpasHo NpoBOAUTb
onpepneneHne NOHN3MPOBAHHOMO KanbLMA NPAMbIM METOLOM.

Mpwn NOBTOPHOM BbISIBNEHWM TUNEPKaNbLMEMNM HEOOXOAUMO OLIEHUTb CofiepKaHune
MNTr B nna3me nnu coiBopoTke Kposw (Il sTan).

Mpwu BbIABNEHUN rMNepKanbLMeMun B Xofe NepBUUYHOro NCCeloBaHNA U OTCYTCTBUM
B MOBTOPHOM UCCNeA0BaHUN CrieflyeT UCKNIOUMTb GpaKTopbl, BAMAIOLWMNE Ha cofiepXKaHue
Kanbuma B KPOBU. KOHTPONb KanbLyemun NnpoBoanTCA Yepes 2 mecaua.

Mpu Hannumnm 2 n 6onee MIMT-accouMNPOBaHHbBIX GaKTOPOB B COYETAHUN C HOPMAaJib-
HbIM YPOBHEM KasibLiys obLwero v (Mnun) MOHM3MpPOBaHHOIO HEOBXOANMO oNpesennTb Co-
hep)kaHue BruTamuHa D gna ucknioueHna Hopmokanbumemmnyeckon popmol MNIMT Ha poHe
ero geduumta [4, 8,12, 18].

Mpwu otcyTcTBUM Aeduyuta BUuTammHa D (ButammH D o6wuin 6onee 20 Hr/mn (MKr/n))
y nauueHTa ¢ Hanmuvem 2 n 6onee MIMT-accounnpoBaHHbIX GaKTOPOB B COYETAHUU C
[BYKPaTHbIM HOPMaJibHbIM YPOBHEM KasbLisA O6LEro U/ Vv MOHN3UPOBAHHOTO KasibLins
JanbHellwee nccnefoBaHme He NPOBOAMNTCA.

Mpw BbiABNeHMM aeduumTa BUTaMmHa D NpoBOoAUTCA NleyeHne HasHaueHnemM BUTamMu-
Ha D B go3e 2000 ME B cyTKu C nocnegyollen TuTpauuen 4o3bl 4O OCTUXKEHNA cofep-
KaHuA BUTamMuHa D obLero B cbiBOpoTKe KpoBu 6onee 30 Hr/mn (MKr/f) ¢ MOBTOPHbIM
onpepenieHnem KanbLus obLero yepes 1-2 mecsaua.

KoHTponb cofepaHusa obuiero Kanbumsa yepe3 1 mecsAy Ha GoHe fieuyeHns nekap-
CTBEHHbBIMW CPeACcTBaMM BUTaMUHa D HeobxoArmMo NpoBOANTb NaLMEHTaM C M3HaYaslbHO
TAXKEeNbIM geduuntom ButamuHa D (MeHee 10 Hr/mn (MKr/n)) € HapyweHnem dyHKLMM no-
yek 1 NauyeHTam, NonyyarLLm ConyTCTBYOLLEe leyeHne TUa3naHbIMU SNy peTrKamu, BO
n3beXkaHve Pa3BUTKA TAXKENON rmnepKanbLemMnn.

Mpwn n3HavanbHo TAXKeNom gednunte ButammHa D (MmeHee 10 Hr/mn (MKr/n)) Ha ¢poHe
cHyxeHna CKO <30 mn/muH/1,73 m? n otcyTcTBUM 3ddeKTa Npu NeyeHnr HaTUBHLIMM
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dopmamun ButamuHa D 6onee aByx MecsALeB ANA YCKOPEHNA [OCTUMXEHUA LeneBoro co-
nepaHna ButamrHa D moxkeT ncnonb3oBaTtbCA Kanbumtpron B o3e 0,25 MKr/cyT ¢ KOH-
TposieM Kanbuus obLiero yepes 2-4 Hegenu.

Mpw BbIABNEHMM TMNepPKanbLeMnn Ha GOHe afeKBaTHOM Tepanuy NpenapaTamm Bu-
TamunHa D BbinonHsaeTtca nccnegosaHue MTT (Il aTan).

Mpwn BbiABNEHUN HOpPMOKanbuMeMun Ha ¢poHe NuMKBMAaumMn geduunta ButammHa D
JanbHellwee o6cnefoBaHMe He NPOBOAUTCA.

Mpwn Hannumn 2 n 6onee MIMT-accounmnpoBaHHbIX GakTOPOB B COYETaHMM C BEPXHE-
HOPManbHbIMU UV COMHUTENTIbHBIMM YPOBHAMM 06LL,Ero 1 (Unm) MOHN3MPOBAHHOIO Kaslb-
umnsa uenecoobpasHo nposoanTb uccnegosaHue MNTI (Il 3Tan) ANAa NCKNOYEHUA HOPMO-
kanbumemunyeckoro MNITIT, He cBA3aHHOrO ¢ gedpuumntom BrTammHa D.

Kputepun cteneHmn TAXecTy rmnepkanbuneMmu, oueHmnBaemMble No YPOBHIO Kanbuua
o6LLero unm CKOPPEKTUPOBAHHOTO MO anbbyMUHY:

— nerkasa - go 3,0 mmonb/n;
— yMmepeHHas - 3,0-3,5 mmonb/n;
— Taenana - bonee 3,5 MMONb/N.

Kputepun cteneHmn TAXecTy rmnepkanbuneMmu, oueHmnBaemMble No YPOBHIO Kanbuua

VNOHN3MPOBAHHOrO:

— nerkasa - go 2,0 mmonb/n;

— yMmepeHHasa - 2,0-2,5 mmonb/n;
— Taxenana - bonee 2,5 MMoOnb/N.

Ill sTan - onpepeneHne cogepxanuna NTI

Mpwn nogTBep)KAEHHON runepKanbuemun nposoantca onpepenenuve MTI B nnasme
WSIN CbIBOPOTKE KPOBU.

Oco6eHHOCTN NpeaHanuTUyecKoro 3Tana. Monekyna IMNTI ABNAeTCA HECTONKUM CO-
efiMHeHneM, Npu XpaHeHnn obpa3La Npy KOMHaTHOW TemMnepaType cogepaHre ropmo-
Ha B nccnegyemom obpasLie 3HauNTeNIbHO CHUXKAETCA, UTO ABMAETCA NPUUYUHON AnarHo-
CTUYECKNX OLLIMOOK, B CBA3UN C YEM HE3aMOPOXKEHHAs CbIBOPOTKa fOJKHa ObITb JOCTaB-
neHa B labopatopuio U NUCCiefoBaHa TOMbKO B A€Hb B3ATUA O1MONOrMyeckoro matepuana.
Mpu OTCYTCTBUM TaKOW BO3MOXXHOCTN HEOOXOAMMO BbICTPOE 3aMopaxxrBaHVe maTeprana
npu -20 °C gns ncknoyeHus pacnaga Ml B npobe.

TpaHcnopTupoBKa 6Moornyeckoro matepuana B nabopatopuio nccnefoBaHus obe-
CneyrBaeTCA B TEPMOKOHTeNHepax ¢ cobnofieHrem TeMnepaTypHbIX YCIIOBUI XPaHEHUA:
+2 - +8 °C B cnyyae JoCTaBKM B ieHb NonyyeHnsa buomatepuana unm npu -20 °C B cnyvae
[OCTaBKM 3aMOPOXKEHHOW CbIBOPOTKM UK Nna3mbl. HarpesaHue nnmn ottaneaHue 6mono-
rmyeckoro matepuana He JonycKaeTcs.

Ona obecneueHna OQOCTOBEpPHOCTU pe3ynbTaTtoB uccnepoBaHua MTI (McknioveHus
BNUAHNA BPEMEHHOTO 1 TeMnepaTypHbiX GaKTOPOB Ha pe3ynbTaTbl UCC/IefoBaHWA) Lere-
Ccoobpa3HO NPOBOAWTb B3ATVE KPOBY B MEAULMHCKOM YUPEXAEHMNU, OCYLLECTBAAIOLLEM
nccnepoBanue MTT.

Unutepnpetauna pesynbratoB uccnegosaHua MNTI. BbiaeneHne nosbiweHHOro
ypoBHa [Tl ofHOBPEeMEeHHO C yBeNYeHNeM KOHLEeHTpauum obLero u/vinm NoHn3mpo-
BAHHOIO KaNbLUA CbIBOPOTKM ABMAETCA AOCTOBEPHLIM TabopaTOpPHbIM KpuTepmrem ans
noaTeepkaeHUA guarHo3a MIMT.
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BbisBneHue BepxHeHopMmanbHoro ypoBHa [T (Ha BepxHewn rpaHuue pedepeHTHOro
WHTEpBana, Ho He BbIXOAALLEro 3a ero npeaensl) NPy HaNUUMKM rmnepKanbLUeMnn Takxe
MOXeT noaTBepkaatb Hanuuue MNITIT,

IV stan - gupPepeHunanbHas gnarHocTuka

MNpoBepeHne AMarHoCTUYECKOro Noncka TofIbKo Ha OCHOBaHUW JaHHbIX 6UuoxumMmye-
CKOr0 M FOPMOHaNbHOro nccnefoBaHna He noseonset B 100% cnyyaeB oLueHUTb NPUUYNHY
BO3HUKHOBEHUA rMnepKanbuneMmu 1 runepnapaTnpeosa.

MNpoBepeHne NapaTMpeonasKTOMUN B YyCNoBMAX HenonHoro anddepeHuranbHo-gna-
FHOCTMYECKOro NoucKa NpMBOANT K peunarBam NaTonormyeckoro npowecca, pasoyapo-
BaHMIO NaLMEHTOB 1 0TKa3y OT JanbHelilero obcneoBaHnA U NeyeHus.

[na noaTBepxaeHUA nepsuyHoro nopaxeHuns MM c uenbio ncknyeHna apyrnx
Ho3onornyecknx ¢dopm, conposoxgatolmxca ysenudeHnem MNTT 1 runepkanbunemmen,
nposogutca onpegenerHne CKO, HeopraHmyeckoro dpocdata Kposu, BuTamnHa D cbiBo-
POTKM KPOBW 1 OLIeHKa 3KCKpeLn KanbLmsa ¢ MOYON.

Mpu nogo3peHnmn Ha manocumnToMHbIn MIMT npu ygosneTsopuTeNnbHOM GYHKLUMM NO-
yek (CK® >60 mn/Mun/1,73 m?) gna guddepeHumanbHON AMAarHOCTMKM PeEKOMeHYeTCA
OLeHKa dKCKpeL MM Kanbuusa ¢ moyon (onpefesneHmne CyTOYHON SKCKPeLUn KaabLma C MO-
YO NN cofeprkaHnA KanbLma N KpeaTUHNHA B CYyTOYHOM MOYE C pacYeTOM COOTHOLLEHMA
«KanbUunin/KpeaTuHWHY). BbiABNEHNE pe3Ko CHWXKEHHOWM MOYEYHOW SKCKpeunn Kanbuus
(cyTouHas aKcKpeuma Kanbuma ¢ MOYOM <5 Mmonb/24 4, <100 Mr/24 4 nnm n3meHeHwme co-
OTHOLLIEHUSA «Kanbunin/KpeaTUHUH» <0,01) Ha poHe rnnepKanbLMeMnn B CO4eTaHUM C No-
BbILLEHHbIM U <BbICOKOHOPMasIbHbIM» ypoBHeM [TI ABNAeTCA AMarHOCTUYECKUM KprTe-
puem cemeliHoN o6 poKayeCcTBeHHON rMnoKanbLuypuyeckon runepkanbumemmm (CIT).

CIT — 3To reHeTMYeCKN AeTePMUHMPOBAHHOE 3aboneBaHne C ayTOCOMHO-AOMUHAHT-
HbIM TUMOM HacnefloBaHKA, 0bycnoBneHHoe edeKToM KanbLMin-4yBCTBUTENbHBIX peLien-
Topos B [NLLUX 1 B noukax, KoTopble BOCMIPUHNMAIOT HOPMasibHbI YPOBEHb KanbLemun
KaK MOHMXeHHbIN. B pesynbraTe cekpeTtunpyetca n3bbitok MNTI, noukn ycnneHHo peabcop-
OUPYIOT KanbLUi, YTO NPUBOAMUT K BbIPaXKEHHOMY CHUKEHMWIO COOTHOLLUEHUA «KanbLuii/
KpeaTVHWHY.

Mpw MIMT KNpeHC KanbumaA No KpeaTUHWHY OKa3bliBaeTcsA 06bIuHO Bbiwwe 0,02, HO CHU-
XKEHMe COOTHOLLEHNA «KanbLUiA/KpeaTUHNH» MOXeT Habntogatbea v npuv MIMT y nauneH-
TOB, OrpaHnyYKMBalLLMX NoTpebeHne KanbLms.

Mpu cHkeHn CKO meHee 60 mn/MrH/ 1,73 M? guarHocTnyeckas LLeHHOCTb onpegene-
HWA COOTHOLUEHUA KNNPEHC KanbLUuA / KNMPEHC KpeaTUHNHA CHMKaeTCA.

Mpwn CIT runepkanbumemusa passuBaeTca B monogom Bo3spacte, ana CIT He xapak-
TepHbl: MKB, »KKb, A3Ba Xenygka v 12-nepCTHON KULLKK, OCTEONOPO3; TUMUYHO Hanuumne
ceMeliHOro aHamHe3a 3aboneBaHunA. B COMHUTENbHbIX Cllyyasx peKoMeHyeTcA reHeTnYe-
CKOe TeCTMpOoBaHMe caMon pacnpoctpaHeHHon popmbl CIT — myTauum reHa CASR (BcTpe-
yaeTca y 65% nauyuweHTos ¢ CIT). Mpwu atom y 35% naymeHTtoB ¢ CIT He BbiaBnAoTca CASR-
MyTauuu.

Bo Bcex comHuTenbHbIX cnyvasax auddepeHuymnanbHomn guarHoctuku CIT/NIMT ontu-
MasibHOW TaKTUKOW ABNAETCA AUHaMMyeckoe HabnogeHne C OLEeHKON SKCKpeLunn Kasb-
umna ¢ moyon. Npu BbiIABAEHUN Y NaumeHTa ¢ nogo3peHnem Ha CIT ann3onos Hopmasnb-
HOW 3KCKpeumn Kanbuma ¢ Modoi amarHo3 CIT gonxeH 6bITb uckniodeH. Mpeaaputesnb-
Hble AUarHoOCTUYEeCKMe CBeleHNA MOXHO MONYUYUTb Npu 06CNefoBaHMN POACTBEHHUKOB
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nauuneHTa: BbIAABNEHNE CEMENHbIX CNlyYaeB CHMKEHNA SKCKPeLnn KanbLma C MOYOK B CO-
yeTaHWK C runepkanburemmnen cengetenoctayet B nonb3y CIT. Ana CIT xapaktepHo fo-
6poKauecTBEHHOE TeueHre runepKaabLemMmny, Npu HeobxoaArMOCTM NPOBOAUTCA KOH-
cepBaTMBHOE NleYeHNe.

HepocTtatouHoe BHMMaHMe K audpdepeHunansHon guarHoctuke MNIMT/CIT npusogut
K NIoxkHon anarHoctumke MIMIT, OwnbouyHoe npoBefeHe NapaTUPEONAIKTOMUM NMaLNEH-
Tam ¢ CIT BegeT K nocneonepauioOHHOMY peLManBY rmnepKanbLuneMmn.

CyLiecTBeHHbIe CNOXKHOCTW BO3HUKAIOT NPU AMArHOCTUKE CJlyvyaeB NepBUYHO-MHOXe-
cTBeHHOro nopaxkeHus MMM, koTopoe He MMeeT cneunduUecknx KNMHUYECKNX U MOp-
bonormyecknx NPU3HAKOB 1 ABMSETCA OQHOW 13 NPUYMH peLanBa 3aboneBaHus nocne
napatnpeongsktomuu. NepBryHO-mHOXecTBeHHOe nopaxeHue MWK npwu MIMT vawe
BCcTpeyvaetca npu runepnnasum MUK (go 80% cnyyaes), UTO MOXET ABAATHCA MOBOAOM
OnA yBenuueHnsa neproga HabnaeHus 3a naymeHTaMmm ¢ MArkumn dopmamu 3abonesa-
HUA Nepepg NpoBefeHneM NapaTMpeonasKTOMmK.

Bo Bcex cnyuasx BbisiBneHus MNITIT y niy monoporo Bo3pacTa (MeHee 45 neT) Leneco-
06pa3HO UCKIIOYaTb HacneacTBEHHbIE GOpMbl 3ab0sieBaHUA. B pamKax HacneaCcTBEHHbIX
cungpomos MIMT peructpupyetca npu MOH-1 (o 90% cnydaes), M3H-2a (50%), M3H-26
(MmeHee 5%) [3, 4].

MNIMT vacTo AaBnAeTcAa nepBbiM NpoasneHnem MOH-1 n pa3smnBaeTca go NnpucoeanHe-
HUA OPYrux KOMMOHEHTOB CUHAPOMA, YTO onpenenseT BblCOKYI0 3HAYMMOCTb CBOEBpe-
MEHHOW gnarHocTnku M3H-1-accoymmnposanHoro IMIMT. Ana M3H-1-accounmnpoBaHHOro
MNIMT xapakTepHbl:
= Gonee MONIOAON BO3PAcT MaHndecTauuy;

B MHOXECTBEHHbIN xapakTep nopakeHua MK ¢ BO3MOXXHbIM METaXPOHHbIM Pa3BUTU-
em obpasoBaHuli;

mArkoe TeyeHme MNIMT (H13Kme ypoBHM uHTakTHOrO [MTT 1 Kanbuma KpoBw);
runepnnasua MNLK;

peuunausbl [T nocne napatnpeongskTomuy;

OTArOLLEHHbIA CEMENHbIN aHAMHE3,

HecmoTpsa Ha umeroLmeca KNMHNYeCKNe KpUTeprn NOCTaHOBKM AnarHo3a CMHApoma
M3H-1, cambiM HaeXHbIM BapMaHTOM ANArHOCTUKMN B HaCTOALLee BPemMa OCTAaeTCA reHe-
Tnyeckoe nccneposaHue [3].

OnddepeHumanbHas AnarHOCTMKa HopMmoKanbumnemuyeckoro MIMT npoBoautca ¢
BTOPUYHbIM FMNepnapaTupeo3oM, AN KOTOPOro XxapakTepHbl cHkeHne CKO, ysenunye-
HUe copepXaHuAa HeopraHuyeckoro ¢docdaTta Kposu, gedbuunT BUTammuHa D, npmsHakm
HapyLeHua BcacbiBaHuA. CnefyeT MOMHUTD, YTO BO BCEX CJTyYasnX, KPOMe HauanbHOro ne-
puopa IMIMT n paka MWLM, HopmoKanbumnemuyeckuin MIMT xapakTepusyetca Hannunem
KnnHnyecknx cumntomos MITIT n ABnAeTca AnarHo30M NUCKoYEHnA.

OunddepeHumanbHas guarHoctuka MNITIT, ob6ycnosneHHoro pakom ML, nonxHa npo-
BOAWTBLCSA BCEM MaLMEHTaM C YMEPEHHOW U TAXeNon rmnepkanbuvemmen (Kanbumin 06-
WM >3 MMOSb/A, KanbLUUA MOHM3UPOBAHHBIN >1,6 MMOSb/N), YBENNYEHNEM JINHEMHbIX
pa3mepos MUK >3 cm, cumnToMamn 06BbEMHOIo 00pa3oBaHMA LWEN, @ TaKXKe B CllyYasix
HopmoKanbLmemmyeckoro [MITIT, He umetoLLero Apyrux 060CHOBaHHbIX MPUYKH [7].

Mpu NocTaHOBKe KIMHUYECKOrO AMarHo3a YUnTbIBaOT: HO30/10r10, GOpPMY C yUeToM
CTeneHn BbIPAXKEHHOCTU KIMHUYECKNX nposABneHun. lNpu nopgTrBepxaeHUM AnarHo3a
MNIMT ona onpepeneHna TaKTUKK NTeYeHnA naumeHT HanpaBasaeTca K Bpavy-3HAOKPUHO-
nory [6].
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JononHuTtenbHble AMarHOCTMYECKUE WCCNeAoBaHUA Hamnpas/ieHbl Ha BblBNEHMe
ocnoxHeHun MITIT n BKNOYalOT cneaylolme: ynbTpa3BykoBoe nccnegosaHue (Y341) op-
raHoB OpIOLIHON NONOCTK, ABOMHAA peHTreHoBCKas abcopbLmomeTpura AUCTanbHOro OT-
Jena npegnnieyba HeJOMUHAHTHOW PYKK, MOACHUYHOrO OTAeNa MO3BOHOUYHMKA U NPOKCH-
MmanbHoro otaena 6eppa; LVA (VFA) - no nokasaHuam, rnbporactpogyofeHoCcKonma no
noka3saHusam, pacueT CK®, nccnegoaHme rnkemmnm, IMNULHONO CTaTyca, BUTamnHa D, co-
CTOAHMA CEPAEUYHO-COCYANCTON CUCTEMBI, FTeHETUYECKME NCCIef0BaHMA NO NOKa3aHUAM,
aHann3 cemenHoro aHamHe3sa [1, 8].

MpoBepeHune Tonmyeckon amarHoctuky MIMT uenecoobpasHo NpW NAaHMPOBAHUK
napatupeongaktomun. Anroputm tonudeckon amarHoctukn MITIT npegycmatpriBaeT B
KauecTBe meTofa nepsoro Bbibopa Y3 opraHos wewu. MNpu HEBO3MOXHOCTW Bepudrka-
LUuun natonornyeckn nameHeHHbIx ML ¢ nomoubto Y3 nokazaHo nprMeHeHne apyrmx
MEeTOAOB BU3yanu3saumm: cunHturpadum c 99Tc-MIBI, ogHOPOTOHHOM SMUCCOHHOW KOM-
nbloTepHoW Tomorpadum, MynbTUCINPaNbHOW KOMMbIOTEPHOWN TOMOTpadun C KOHTPaCTU-
poBaHuem, 4D-komnbloTepHol Tomorpadum, MarHMTHO-pe3oHaHCHOM Tomorpaduu, no-
3UTPOHHO-3MNCCUOHHON Tomorpadum [1, 8].

PyTHHOE ucnonb3oBaHWe TOHKOUIONbHOWM acNMpPaLMOHHOW MYHKLUOHHOW 6uoncuu
MW He BKNtoueHO B anroputm obcnegoBaHua nauneHTos ¢ MNITIT, nockonbKy He nmeeT
BbICOKOW ANarHOCTUYECKOWN 3HaYNUMOCTN.

AvnddepeHynanbHana gnarHocTUKa runepKanbLyuemMmmnn, He CONpPoBOXKAAOLENCA
ysennuennem MTT. MNpu BbIABAEHUN HOPMANbHOM NN CHUXXEHHOW KOoHUeHTpauun MNTT
NPOBOAAT AMArHOCTUYECKUIA MOUCK MO BbIABEHWIO APYrMX MNPUUMH rMnepKanbLmeMmm
(napaHeonnacTnyeckasa runepkanbunemus, MMenomHaa 6onesHb, rpaHynemaTosbl, MO-
NOYHO-LLENOYHON cMHApoM, 6onesHb MedxeTa, XpoOHUYECKana HafnoYeyYHNKoBasa Hepdo-
CTaTOYHOCTb, MeTadu3apHas xoHapoaucnnasma AHceHa) [4].

Mpu BbIABNEHUN APYrUX MPUYMH FUNepKanbLuemMnn NauueHT HanpasnaeTca K npo-
bunbHOMy Bpauy-cneLmnanumcTy.

B 3AK/THOYEHUE

Haunbonee adpdekTnBHON cTpaTerven npegynpexxaeHna GopMmMpoBaHusa 1 nNporpec-
cmpoBaHua ocnoxHeHun MITIT ABNAIOTCA ero cBOeBpeMEHHbIe AMarHOCTUKA U NleyeHue.
OcHoBol paHHen grarHoctukm MIMT ABnAeTCA CKPUHMHE KanbumMemMmnn y NaumeHToB 13
rpynn pucka (Hanuuve ogHoro n 6onee MM T-accounnpoBaHHbIX GaKTOPOB, XKEHLLMHbI B
Bo3pacTte 51-70 neT). Pa3paboTaHHbIN NOLWAroBbI YeTblpex3TanHbI anropuTm auarHo-
ctukm MIMIT BkntoyaeT cbop aHaMHe3a 1 ob6cnefoBaHMe NaUUeHTa C LeNbio BbiABEHMWA
MrMT-accoummpoBaHHbIX COCTOAHUI U BKIIIOYEHMA ero B rpynny pucka, AByKpaTHOe 1c-
CnlefloBaHVe KanbLuemMun y naumneHToB 13 rpynn pucka, uccnegosanue MNTT n guddeper-
LM1anbHO-AMarHoCTUYeCKUi NOnCK, YTO NO3BONAET YNyULINTb ANArHOCTUKY 3aboneBaHuA
1 ONTUMK3MPOBaTb CE6ECTOUMOCTb 06CIeOBaHUS.

Ocoboe 3HaueHre nmetoT cobntogeHre TpeboBaHMIA K MpeaHanmMTUYecKoMy 3Tany na-
60paTOPHbIX UCCNEAoBaHUI U TWATENbHbIA aHaNM3 NOJlyYeHHbIX pe3ynbTaToB C yYeToM
aHaMHEeCTUYECKMX AaHHbIX, YTO NO3BONAET N3bexxaTb CUCTEMHbIX AUArHOCTUYECKUX OLLIN-
60K Mpu oLeHKe coaepkaHna Kanbuus un MTT.
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Abstract

Introduction. The healing of bone tissue, whether a fracture or fusion, is influenced by
a number of biochemical, biomechanical, cellular, hormonal and other pathogenetic
mechanisms associated with the regulation of phosphorus-calcium metabolism.
B-Tricalcium phosphate (B-TCP) is a bioceramic material that represents a good balance
among absorption, degradation and new bone formation and can preserve structural
stability by releasing a large quantity of calcium (Ca?) and sulfate (5042‘) ions, which
are indispensable inorganic salts for new bone formation. Collagen (COL) is the major
component in numerous tissues and can be extracted as a natural biomaterial for various
medical and biological purposes.

Purpose. To evaluate the individual and combined effects of f-TCP and COL sponges on
bone healing.

Materials and methods. A total of 20 adult male albino rats with average weights of 250-
350 g (3—-4 months) were used in this study. Four intrabony holes were induced in both
femurs of each rat and filled with B-TCP, COL, and their combination in the experimental
groups. The fourth group of holes, which were left to heal spontaneously, was used as the
control. Sacrification of animals was performed after 2- and 4-week healing periods to
prepare specimens for histological and histomorphometric analyses.

Results. Histological findings showed that the combined application of 3-TCP and COL
resulted in more bone formation and mineralization compared with the other groups.
Highly significant differences regarding bone cells and bone marrow area were recorded
among all groups for during both healing periods.

Conclusion. The combined application of B-TCP and COL was more effective in enhancing
bone formation and maturation compared with the controls.

Keywords: beta-tricalcium phosphate, collagen, bone healing, mineralization, osteogenic
cells, intrabony holes

«JlabopaTopHas AnarHocTuka BoctouHas EBpona», 2024, Tom 13, N2 2 275

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




Effect of Local Application of Collagen and Beta-Tricalcium Phosphate on Bone Healing

XycenH b.x.><, NxaHu B.A.
Ynusepcutet bargaga, bargag, Vipak

BnnaHne mecTHOro npmeHeHuA KoniareHa
n 6eta-Tpukanbuymndocdata Ha 3aXKMUBNeHNE
NoBpeXAeHNN KOCTHOW TKaHW

KOoHGNNKT NHTepecoB: He 3asB/eH.

Bknap aBTOpoOB: XyceliH b.[X. — KoHUenuus, MeTOA0Norvs, NpoBefeHre CCefoBaHUiA, pecypcbl, 06paboTKa AaHHbIX, aHaNn3
NONyYEHHbIX Pe3y/bTaToB, HaNMCaHNe NCXOLHOTO TeKCTa CTaTby; MxaHu b.A. — HayYHOe pyKOBOLCTBO, NPOBeAeHMe NccnefoBa-
HUI, pecypcbl, 06paboTKa faHHbIX, aHaNM3 NOyYeHHbIX Pe3ynbTaToB, HaMMcaHNe NCXOLHOTO TEKCTA CTaTbU.

3Tuyeckoe 3asaBneHue. [laHHasa pabota ogobpeHa CTomaTtonormyeckum Konnepxem YHusepcuteta barpaga. SkcneprimeHT
NPOBOAWNCA B COOTBETCTBUM C STUUECKUMU NPUHLMNAMU 06paLLeHns ¢ 1abopaTopHbIMU XKUBOTHbIMM CTOMATONIOrMYeCcKoro
konnepxka YHusepcuteta bargaga (N2 429721).

CraTbs onybn1KkoBaHa B aBTOPCKOW pefakumi.

MopaHa: 25.08.2023

MNpwuHaTa: 29.03.2024
KoHTakTbl: medicalresearch68@yahoo.com

Pesiome

BBepeHme. Ha 3a>kmBnaeMocTb KOCTHOW TKaHK, Byib TO Nepeniom unu cpalleHue, BAMsaeT
Lenblii pag 6UoXNMMMYecKnx, BomexaHNYeCKmX, KNETOUHbIX, FOPMOHasIbHbIX 1 ApYruX na-
TOreHETUYECKUX MEXaHU3MOB, CBA3aHHbIX C perynauunein ¢ocopHo-KanbLmeBoro obme-
Ha. B-Tpukanbuundocoat (B-TCP) — 3To Guokepammnyecknii matepuas, obecrneyrBaioLmi
OoNTUManbHbIA 6anaHc mexay abcopbuunen, paspylieHrem n 06pa3oBaHNeM HOBOW KOCT-
HOW TKaHW, KOTOPbIN CNOCOBGEH COXPaHATb CTPYKTYPHYIO CTabWIbHOCTb 3a CYET BbICBO-
60X aeHNA 60NbLIOro KoNMyecTsa MOHOB Kanbuwa (Ca**) n cynbdarta (SO,>), npeacTasns-
IOLLMX COOON HeopraHMyeckre conun, Heobxognmble ana GOPMMPOBaAHUA HOBOW KOCTHOW
TKaHW. KonnareH (COL) ABnAeTcA OCHOBHbIM KOMMOHEHTOM MHOTMX TKaHel 1 MOXeT ObiTb
MCMNONb30BaH B KauyecTBe NPMPOAHOro brioMatepurana ana pasfimyHbiX MeaULNHCKUX Y
61onornYecKux Luenem.

Llenb. OueHka BnvsaHua B-TCP 1 konnareHoBbIX ry6OK Ha 3a)KrBReHe KOCTV NPU OTAENb-
HOM 1 KOMOVIHMPOBaHHOM MPUMEHEH NN,

Matepuanbl n meTogbl. B nccnegosaHumn ncnonbsoanu 20 B3POC/bIX KPblC-CAMLIOB —
anbbmHOCOB €O cpefHMM Becom 250-350 r (3-4 mecaua). B obeunx 6eppeHHbIX KOCTAX
KaX[ oM KpbICbl 6b110 NpofenaHo no YeTbipe BHYTPUKOCTHbIX OTBEPCTUA, KOTOPbIe 3amnon-
Hunm B-TCP, COL 1 nx kombuHaLmen (3KcneprMmeHTanbHble rpynmbl). B uetseptol rpynne
oTBepCTMA ObINN OCTaBNeHbl AN1A CMOHTAaHHOIO 3aXXMBNeHWA (KOHTpornbHaa rpynna). Mo
ncrteyeHUn 2- n 4-HefenbHbiX NEPUOLOB BOCCTAHOBNEHUA XXUBOTHbIX YMEPLLBAAIN U OT-
6upanu 0bpasLbl 4NA TMCTONOMMYECKOTO U FTMCTOMOPPOMETPUYECKOTO aHanm3a.
PesynbraTbl. BbinonHeHHOE rmMcToNorMyeckoe UccnefoBaHne no3BoUAO YCTaHOBUTD,
UTO KOMOUHMPOBaHHOE NprMeHeHue B-TCP 1 konnareHa cnocobCcTBYEeT 6osiee aKTUBHOMY
bopMMPOBaHNIO N MUHEPan3aLUn KOCTHOW TKaHW MO CPaBHEHWIO C pe3ynbTaTamMu, Nosy-
YeHHbIMKW B ApPYrux rpynnax. BolpaXeHHble JOCTOBEPHO 3HAUMMble Pa3numA B Konuye-
CTBE KOCTHbIX KNeTOK M NNIOLaAn KOCTHOro Mo3ra Obinn 3adrKCcMpoBaHbl BO BCEX rpynnax
B TeYeHVe 060UX NEPNOLOB BOCCTAHOBIIEHMA.
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3akntoueHue. KombrHupoBaHHoe npumeHeHune B-TCP 1 KonnareHa cnoco6cTyeT 6onee
3bdekTBHOMY GOPMMPOBAHMIO U PA3BUTUIO KOCTHOM TKaHU MO CPaBHEHWIO C KOHTPOIb-
HOW rpynmnomn.

KnioueBble cnoBa: GeTa-TpuKkanbuniidocdat, KonnareH, 3a>kUBJeHNE KOCTHOW TKaHW,
MUWHepanu3aLms, OCTeOreHHble KNeTKU, BHYTPUKOCTHble OTBEPCTUA

B INTRODUCTION

Bone is a dynamic biological tissue mainly composed of three components: cells,
fibers, and matrix. Collagen (COL), which provides tensile strength, is the main component
of the bone matrix. Calcium phosphate, which provides compressive strength, is the
main mineral component of bone [1]. In the treatment of bone defects, scaffolds play an
important role and can provide a bridge for new bone tissue growth into the gap and a
platform for cells and growth factors to exert their physiological roles [2].

B-Tricalcium phosphate (B-TCP) is a calcium salt of phosphoric acid with the chemical
formula Ca3(PO4)2. This compound is also known as tribasic calcium phosphate; calcium
phosphate is one of the main combustion products of bones. Calcium phosphate is also
commonly derived from inorganic sources such as mineral rock [3]. -TCP is a promising
biomaterial for bone repair due to its osteoconductivity, osteoinductivity, biodegradation,
and delivery of large amounts of calcium and phosphate ions into the defect environment.
[B-TCP is favored by maxillofacial and orthopedic surgeons in the restoration of bone tissue
loss [4].

B-TCP is reabsorbed in a progressive manner, which leaves an area for bone
neoformation. Multiple studies have been conducted on B-TCP and bone interaction,
and histological examination showed initial bone neoformation in intergranular areas
and porous surfaces, which guided new bone formation. Unlike hydroxyapatite, B-TCP
is continuously and totally reabsorbed, which results in the discharge of calcium and
phosphate ions that actively participate in new osseous tissue formation [5].

The critical geometry of 3-TCP, in addition to its macro- and microporous structures, can
result in the successful trapping of ions, osteogenic cells, and osteogenic proteins, which
provides a suitable microenvironment for osteoinduction. In particular, the provision
of calcium and phosphate ions by the dissolution of soluble B-TCP can contribute to a
favorable environment for bone formation [6].

B-TCP is employed in the medical and dental fields and numerous dental operations,
including pulp capping, apexificationin endodontics, restoration of cleft palates and orbital
rim deformities in maxillofacial surgery, and repair of osseous lesions in periodontics [7].

COL is a biological macromolecule and a key structural protein, the principal
component of connective tissues in animals, and the most widely distributed functional
extracellular matrix protein [8]. COL has been used for decades as scaffolding material
in bone tissue engineering approaches where autografts are not feasible. Polymeric COL
can be easily processed in a number of ways to manufacture biomaterials in the form of
sponges, particles, or hydrogels for different applications [9]. When used as a scaffolding
material, COL not only acts as a physical support for cells to attach to and grow on but also
influences cell behavior; type | COL-based biomaterials are suitable and biocompatible in
promoting successful bone healing when implanted into bone defects [10].

«JlabopaTopHas AnarHocTuka BoctouHas EBpona», 2024, Tom 13, N2 2 277

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




Effect of Local Application of Collagen and Beta-Tricalcium Phosphate on Bone Healing

COL-based biomaterials (i) are biocompatible, (ii) have a tunable degradation rate,
(iii) elicit a mild inflammatory response, (iv) are invaded by the host cells, and (v) can
become vascularized. These features have made COL progressively popular for the
enhanced healing processes [11]. In addition, COL stimulates angiogenesis in vitro and
in vivo. Different strategies have been tested to increase the vascularization of COL-based
biomaterials and cell proliferation and enhance osteogenic differentiation [12].

COL has been widely used in clinical settings for a number of years and exhibits
good biodegradability, biocompatibility, and absorbability [13]; it is close to the natural
organic structure of bone and exerts positive effects on cell fate. COL can also facilitate
cell attachment and can be easily absorbed by organisms. Moreover, COL can inhibit the
growth of bacterial pathogens [14].

A COL sponge is a biocompatible material that fills the extraction socket and acts as a
scaffold to prevent the collapse of soft tissue after extraction. In conclusion, it can reduce
the patient’s postoperative complications at an early stage, enhance the initial healing of
soft tissue, and minimize periodontal defects [15].

B PURPOSE OF THE STUDY
To evaluate the individual and combined effects of B-TCP and COL sponges on bone
healing.

B MATERIALS AND METHODS

Study design and setting

Twenty adult male albino rats weighing approximately 250-350 g and aged
3-4 months were used in this study. The rats received intramuscular injection of 50 mg
ketamine hydrochloride (1 mL/kg body weight) plus 2% xylazin (0.2 ml/kg body weight).
Surgery was performed under sterile conditions by making an incision on the skin and
underlying fascia. Then, reflection was performed to expose the rat femurs. Induction of
four intrabony holes approximately 3 mm in depth and 2 mm in width was conducted
with intermittent drilling and continuous cooling with normal saline using a micro engine
that was set at a rotary speed of 2500 rpm. The operation sites were washed with normal
saline to remove debris. Group A (20 holes), as the control group, was left untreated for
spontaneous healing. The intrabony holes in Groups B (20 holes), C (20 holes), and D
(20 holes) were filled with COL, B-TCP material, and combined COL and B-TCP materials,
respectively.

Animals

All animals were scarified after 2 and 4 weeks of healing, and bone specimens were
immediately fixed in 10% freshly prepared formalin and left for 2 days for fixation.
Bone decalcification was performed using a formic acid sodium citrate solution, which
was freshly prepared from two solutions (125 cc formic acid (90%) and 125 cc distilled
water; 50 mg sodium citrate and 250 cc distilled water) [16] and the specimens were
processed into paraffin blocks. Tissue sections of 5 um thickness were prepared followed
by hematoxylin and eosin staining and histological examination using a light microscope
(OpticaB-350, Italy).
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Histomorphometric analysis of the following bone microarchitectures was performed.
Bone cell counting involved the following:
1. Osteoblast (OB) cell number (OB/mm?).
2. Osteocyte cell number (OC/mm?).
3. Osteoclast cell number (OCL/mm?).
Trabecular and bone marrow areas were also measured:
1. Trabecular area (mm?).
2. Bone marrow area (mm?).
3. Trabecular number (mm?).

Statistics

Measurement of trabecular and bone marrow area was performed using a program
software (Imagel.exe). The recorded data were analyzed statistically by analysis of variance
and least significant difference test.

B RESULTS

Histological findings

After 2 weeks of healing, the microphotography of bone sections from Group A (control
group) showed new trabeculae rimmed by OBs, osteocytes embedded in bone, and
osteoclasts (Figure 1). Group B (COL group) exhibited deposition of new bone trabeculae
enclosing the marrow tissue rimmed by OBs (Figure 2). Group C (B-TCP group) revealed
osteocytes embedded in newly formed bone and osteoclasts (Figure 3). Group D (COL +
B-TCP group) presented new bone trabeculae rimmed by OBs and osteocytes embedded
in the bone (Figure 4).

Four-week duration of bone healing

Histological examination of bone sections from Group A (control group) showed dense
bone and Haversian canals surrounded by osteocytes (Figure 5). Group B (COL group)
exhibited newly formed bone that was more densely rimmed by OBs and osteocytes in
(Figure 6). The microphotograph view of Group C (B-TCP group) after 4 weeks of healing

Fig. 1. After 2 weeks of healing, the control Fig. 2. After 2 weeks of healing the collagen
group showed new bone trabeculae (BT), group showed thin bone trabeculae (BT),
osteocytes (OCs) osteoblasts (OB), marrow tissue (MT), and osteocytes (OC).

and osteoclasts (OCL). H&EX 40 H&EX40
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Fig. 3. After 2 weeks of healing, the -TCP Fig. 4. After 2 weeks of healing, the -TCP +
group showed bone trabeculae (BT), collagen group showed new bone
osteocytes (OC), and osteoclasts (OCL). x40 trabeculae (BT), osteoblasts (OB),

and osteocytes (OC). x40

Fig. 5. The control group showed new bone Fig. 6. After 4 weeks of healing, the collagen
(NB) and Haversian canal (HC) after 4 weeks group revealed dense bone trabeculae (BT),
of healing. H&E x20 osteoblast (OB), osteocytes (OC),

and reversal line (RL). H&E x20

Fig. 7. After 4 weeks of healing, the TCP Fig. 8. After 4 weeks of healing,
group exhibited thick bone trabeculae (BT) the combined treatment group showed
with regularly arranged osteocytes (OC) Haversian canal (HC), osteocytes (OC),
and osteoblasts (OB). H&E x20 and osteoblast (OB) cells. H&E x40
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Fig. 9. Bar chart representation of the mean and standard deviation of bone cells after 2- and 4-week
healing intervals for OBs in the control, COL, B-TCP, and COL + B-TCP groups
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Fig. 10. Bar chart representation of the mean and standard deviation of bone cells after 2- and 4-week
healing intervals for osteocytes in the control, COL, B-TCP, and COL + 3-TCP groups
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Fig. 11. Bar chart representation of the mean and standard deviation of bone cells after 2- and 4-week
healing intervals for osteoclasts in the control, COL, B-TCP, and COL + B-TCP groups
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revealed dense bone trabeculae with Haversian canals and osteocytes (Figure 7). After
4 weeks of healing, bone sections in Group D (COL + B-TCP group) presented dense bones
with Haversian canals lined by OBs and surrounded by osteocytes (Figure 8).

Table 1
Comparison of bone cells in different healing durations in all studied groups

Control coL B-TCP COL + B-TCP

Variable Duration
Ttest Pvalue Ttest Pvalue Ttest Pvalue Ttest @ Pvalue

Between 2 and

OB 1734 |0.110 4987 0010% 5855 |0.000%* 5414 | 0.000%*
4 weeks

Osteocyte Eetweenza”d -3.129 | 0.042* | -6.326 | 0.000** | -7.897 | 0.000**  -15.788 | 0.000**
weeks

Osteoclast | Between 2and 35477 | 0.000% | 30.911 |0.000** |25.023 0.000** |-19.383  0.000%*

4 weeks

Notes: * significant result; ** highly significant result.
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Fig. 12. Barchart representation of the mean and standard deviation of TN in bone cells after
2- and 4-week healing intervals
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Fig. 13. Bar chart representation of the mean and standard deviation of bone cells in the T area after
2- and 4-week healing intervals
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Fig. 14. Bar chart representation of the mean and standard deviation of BMA in bone cells after
2- and 4-week healing intervals

Table 2

Healing duration comparison for TN, TA, and BMA in all studied groups

Variable | Durati Control B-TCP coL COL + B-TCP

ariable uration
T test P value | T test P value T test P value | T test P value

™ Between 2 4112 0019* |6275 |0.000** |5798 | 0.000% 7.109 | 0.000**
and 4 weeks

TA Between 2 -18.363 | 0.000** | -31.119 | 0.000** | -38.313 | 0.000%* | —27.707  0.000**
and 4 weeks

BMA Between 2 30.118 |0.000% | 28.997 | 0.000%* | 40.947 |0.000% |33.309 | 0.000%
and 4 weeks

Notes: * significant result; ** highly significant result.

Histomorphometric analysis of bone architecture parameters

Comparison of bone cells in all studied groups using paired T test showed a highly
significant difference (P<0.01) between 2 and 4 weeks of healing periods (Figures 9, 10,
and 11 and Table 1).

With the use of paired T test, comparison of TN, TA, and BMA in all studied groups
showed highly significant results (P<0.01) between 2 and 4 weeks of healing, except for
TN in the control group (Figures 12, 13, and 14 and Table 2).

B DISCUSSION

The bone healing process is indicated by the deposition of bone matrix and the
creation of trabecular bone, which decreases in number but grows in thicknessthroughout
the healing process. The amount of newly formed bone in osseous defects is one of the
most critical elements in determining the degree of bone regeneratio [17]. These reported
findings are in line with the results of this study, as illustrated by histological examination
of bone sections, which showed newly formed trabeculae rimmed by OBs that decreased
in number as they thickened over time. This finding was more evident in the experimental
groups, specifically the combined treatment group.
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Rico et al. (2021) [18] used COL powder in a rabbit alveolar cleft model and observed
considerably improved bone repair. COL acted as a scaffold on which cells were retained
and induced to differentiate, which increased osteogenesis. In line with this study, the
COL group mostly showed increased OB differentiation and reduced osteoclastogenesis
through the inhibition of osteoclast activity from 2 weeks to 4 weeks. This finding is
supported by that of Dawood and AL-Ghaban (2021) [19], who demonstrated that bone
defects treated with marina COL exhibited new bone formation in the form of numerous
bone trabeculae, which suggests the role of COL in providing an osteoconductive
environment for the migration, proliferation, and differentiation of bone-forming cells.
The effect of B-TCP application on bone healing revealed an increased number of OBs,
which agrees with the finding of Gilev et al. (2020) [20], who augmented the tibia of New
Zealand rabbits with B-TCP alone and revealed B-TCP as an optimal material for inducing
OB differentiation, mineralization of the extracellular matrix, and subsequent bone
formation.

Moreover, the recorded mean values of TN and TA were higher in the 3-TCP groups
than in the control group, which is in agreement with the result of Lu et al. (2021) [21],
who implanted B-TCP in femur defects in rabbits and observed that B-TCP affected bone
repair by interacting with the surrounding tissues through the regulation of growth
factors, cytokines, and ions. A possible mechanism of B-TCP-regulated osteogenesis is
that B-TCP can directly or indirectly (via the release of ionic components, such as Ca?* and
PO43‘) facilitate OB differentiation, promote vascularization, regulate the release of growth
factors, and alter blood clot formation, which promote bone healing at defect sites.

The combination group showed a high count of OB cells after 2 weeks of healing
compared with the control group and more bone trabecular areas than in any of the
other groups. This result agrees with that of Tebyanian et al. (2019) [22], who showed that
the introduction of B-TCP powder into the COL matrix improved vascularization and the
biological and mechanical properties of the COL scaffold and evaluated the effects of a
complex COL/B-TCP scaffold on bone formation in rabbit calvarial bone defects to assess
the potential use of COL/B-TCP as a bone substitute to repair bone defects.

In this study, the trabecular area thicknesses increased compared with that of the
control group after 4 weeks, which is in agreement with the finding of Kim et al. (2017)
[23], who concluded that the combined use of COL and B-TCP in the long bone fracture
led to improved bone regeneration. Xiao (2015) [24] stated that the composition of
the bone scaffold must be kept similar to that of natural bone to provide a desirable
environment for cell attachment and proliferation. COL and B-TCP can mimic the basic
composition of bone and have been used as bone graft substitutes. The results of this
study are also consistent with those of Mohseni et al. (2018) [25], who showed the positive
effect of nanocomposite B-TCP/COL scaffold in comparison with hydroxyapatite scaffold
in the healing of femoral defects in rabbits; they also observed the improved quantity and
velocity of bone formation and quantity of newly formed lamellae in the healing site of
the nanocomposite TCP/COL group.

The results of the current study are also supported by those of Ho et al. (2016) [26],
who combined B-TCP-COL into the tooth socket of beagle dogs and observed that the
horizontal dimensions of alveolar bone were more evident in the 3-TCP COL groups and
accompanied by new bone formation at 4 weeks compared with those in the COL and
control groups. This finding was obtained possibly because COL/B-TCP simultaneously
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acted as osteoinductive carrier and osteoconductive bone grafting material to accelerate
bone regeneration.

B CONCLUSION

Bone defects treated with COL/B-TCP as a combination scaffold increased the rate of
bone regeneration by enhancing OB proliferation and decreasing osteoclast activity and
mineralization of the bone matrix was superior to that of the control group.
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Abstract

Introduction. Every industry, including health, nutrition, and energy, has been
revolutionized by the advent of nanoparticles (NPs). There are several advantages to
using nanotechnology in medicine, particularly for medication delivery. In order to create
diverse metal nanocomposites with antibacterial and anticancer capabilities, green metal
nanoparticle synthesis has been shown to be an efficient and environmentally friendly
method.

Purpose. Synthesis luteolin silver nanoparticles (LUAgNPs) then characterization, test
antibacterial and cytotoxicity.

Materials and methods. Luteolin used as reducing agent for synthesis LUAgNPs after
addition to agno3 solution then undergo characterization. The antibacterial properties of
LuAgNPs against gram bacteria (+) and gram (-) bacteria are studied. The cytotoxic effect
of LUAgNPs and luteolin was also studied using the Microculture tetrazolium assays (MTT)
assay method against cell lines MCF-7.

Results. Best parameter for LUAgNPs synthesis was PH=7, T=70 °. It has been shown that
LuAgNPs have more antibacterial effect for gram-negative bacteria than gram positive
bacteria. Luteolin silver nanoparticles showed high cytotoxic activity for luteolin silver
nanoparticles than for luteolin.

Conclusion. Luteolin silver nanoparticles shows promising antibacterial activity against
both Gram-positive and Gram-negative bacteria. Luteolin silver nanoparticles have
significant anticancer activity.

Keywords: anticancer activity, nanostructure, X-ray diffraction (XRD), microculture
tetrazolium assays, green metal nanoparticle
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Pesiome

Beepgenme. HaHouactuubl (HY) npoussenn pesontouunio BO BCEX OTPACIAX SIKOHOMUKM,
BK/IOYaA 3paBOOXPaHeHre, MPOoV3BOACTBO NPOAYKTOB NUTaHUA U 3HepreTuKy. Micnonb-
30BaHWe HaHOTEXHOJOrMIA B MeLIMHE, B YaCTHOCTY AJ1A AOCTaBKM NIEKApPCTBEHHbIX Npe-
napaToBs, UMeeT paj npevmyLlecTs. [na co3gaHna pa3HooOpa3HbIX HAHOKOMMO3MUTHbIX
coeAvHeHNI MeTannoB C aHTUbaKTepranbHbIMU U NPOTUBOPAKOBbIMK CBOMCTBaMU Obl
pa3paboTaH 3GPEKTUBHBIN 1 SKONOTMYECKU YNCTbIA METO[ «3eJ1IeHOro» CMHTe3a HaHouva-
CTWL, MeTannos.

Lenb. CnHTe3 HaHoYacTuL cepebpa ¢ ntoTeonHoM (LUAGNPS), nx xapakTepucTnku, nc-
cnlefloBaHMe aHTMOaKTepUasbHbIX Y LUTOTOKCMYECKNX CBOWCTB.

Matepuanbl n metogbl. JlloTeoNnH 1CNONb30Banu B KayecTBe BOCCTaHaB/MBalOLLErO
areHTa npu cuHtese LUAGNPs nocne pobasneHus k pacteopy AgNO,, 3aTem aHanmsu-
poBann xapakTePUCTUKM NOJSlyYeHHOro BellecTBa. ViccnenoBaHbl aHTMbGaKTepuanbHble
ceoncTBa LUAgNPs B OTHOLWEHUN FPaMMoNOXUTENbHbIX (+) 1 rpamoTpuLaTenbHbiX (—)
6akTepuin. Kpome Toro, onpegeneHo uutotokcmyeckoe aercteme LUAgNPs n ntoteonu-
Ha Ha KnetouyHow NMHUN MCF-7 ¢ NoMOLLbI0 MUKPOKYNBTYPHOMO TETPA30MeBOro TecTta
(MTT).

PesynbraTtbl. OnTyManbHbiMU ycnoBuamy ana cuHtesa LUAGNPs 6binn pH=7 1 t=70 °C.
YctaHoBneHo, uto LUAgNPs obnapaioT 6onee BblpaXKeHHbIM aHTUOaAKTepUanbHbIM gei-
CTBMEM B OTHOLUEHWMW FpamoTpuLiaTeNibHbIX OaKTepPUIA, YeM B OTHOLUIEHUWN FPaMMONOXKU-
TenbHbIX. HaHouacTuLpbl cepebpa ¢ NoTeoNMHOM NpoABNAnM 6onee BbIpaKeHHYO LUTO-
TOKCMYECKYI0 aKTMBHOCTb K HaHOUYacT/LamM cepebpa C I0TEONIHOM, YeM K NIIOTEONNHY.
3aknioueHne. OnpegeneHne aHTMOaKTepManbHOM aKTMBHOCTY HaHOYacTUL, cepebpa ¢
NIOTEOSIHOM B OTHOLIEHUM KaK rpaMnosioXMTENbHbIX, TaK U FpamoTpuLaTeNbHbIX 6akTe-
pui NpeacTaBnAeTcA BeCbMa NepcrnekTUBHbIM, TeM 6ofiee UTo HaHo4YacTULbl cepebpa ¢
NIOTEOSIHOM IEMOHCTPUPYIOT BblPa)KeHHYI0 MPOTUBOOMYXOJEBYIO aKTUBHOCTb.
KnioueBble cnoBa: NpoTUBOOMNYyxXosieBas akTUBHOCTb, HAHOCTPYKTYpa, PeHTreHOBCKasn
andpakuyma (XRD), MUKPOKYNBTYPHbIA TEeTPa3osIMEBbIA TECT, «3efieHasa» MeTannnyeckas
HaHouvacTMLa
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B INTRODUCTION

Nanotechnology is a growing field and can be utilized to build tiny structures [1].
The Greek term for dwarf is the source of the word "nano", which refers to one billionth
of substance [2]. It is one of the sectors of biotechnology that is developing and has a
wide range of applications [3]. The ability to discern between different types of nanoscale
compounds creates a variety of applications as well as prospects for new scientific
study [4]. Pharmaceuticals tailored medication delivery methods, inhibitory agents for
biofilm development, are just a few of the businesses that nanoparticle employ it [5].

AgNPs are useful as antibacterial agents, medication delivery vehicles, and physical
therapy tools in the medical profession They may cause DNA damage, cytokine production,
cell death through apoptosis, oxidative stress, and mitochondrial membrane changes [6].
Antibacterial nanoparticles are primarily used in the medical industry to create dressings,
coatings, and systems for drug because they provide a solution to the increasing
antibiotic resistance of bacteria [7]. Silver nanoparticles (AgNPs) are recently shown to
have stronger antibacterial properties than basic silver [8] green synthesis which focuses
on the development of cleaner, lower-temperature procedures and the use of natural
extracts, especially those packed with polyphenolic substance — emerged with the help
of environmentally friendly techniques. The aromatic benzene rings in the polyphenolic
product have their hydroxyl (-OH) groups swapped out. These hydroxyl groups aid in the
reduction of reactive metallic ions, including Ag (silver) ions, to nanoparticles made of
silver (AgNPs) [9].

There are several research projects that use plant extracts high in flavonoids to create
silver nanoparticles. In this work, flavonoids are used to try to create silver nanoparticles
directly as opposed to plant extracts high in flavonoids. Vitex pseudo negundo’s luteolin
was isolated, extracted, and utilized to create LUAgNPs nanoparticles.

B PURPOSE OF THE STUDY

Synthesis luteolin silver nanoparticles (LuAgNPs) then characterization, test
antibacterial and cytotoxicity.

B MATERIALS AND METHODS
Materials
Material used in this study were listed in table 1.

Table 1

Chemicals and materials used
Material Supplier Company
Molar Hinton agar Capricorn Germany
DMSO Loba chemie India
Luteolin Medochiem China
MTT Bio-World USA
RPMI-1640 Medochiem China
Molar Hinton agar Capricorn Germany
Fetal bovine serum Capricorn Germany
Sliver nitrate (AgNO3) Himedia India
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Methods

luteolin Silver Nanoparticle Synthesis

After making minor adjustments, [10] used the flavonoid luteolin to chemically reduce
a salt solution of silver nitrate to create silver nanoparticles.

Aqueous Silver nitrate Preparation

1 mM aqueous solution of silver nitrate (AgNO3) was made by combining 0.00425 g of
AgNO3 with 25 mL of deionized water; this mixture was stirred constantly until the clear
off-white solution showed.

Luteolin Solution Preparation

Preparing 2 mM Solution of luteolin was done by mixing 0.0025 g of luteolin,
with 10 mL of a mixture of methanol (99.8%) and distilled water (1:1 water-alcohol
mixture), and the to guarantee that there are no remaining particles in the solution, the
mixture was sonicated for five min.

Formation of Luteolin-Loaded Silver Nanoparticles

In order to ensure proper synthesis of the LUAgNPs, the luteolin liquid system was
combined with the Mixture of silver nitrate at a ratio of (1:9 and 2:8) and maintained on a
magnetic stirrer at 400 rpm for 10-30 min. The mixture was then allowed to rest for 24 h
while being shielded from light. The color of the solution was changed slowly form pale
yellowish to dark brown depicted the synthesis of silver nanoparticles. It was necessary
to measure the spectra of absorption at periods of 10, 20, and 30 minis to establish the
ideal amount of time for completely reducing AgNO3. The reaction was carried out at
temperatures of 40 and 70 °C to ascertain the impact of temperature on the synthesis of
LuAgNPs. To assess the effect of pH on the synthesis of LUAgNPs, the reaction was carried
out at various pH (6, 8 and 7) that were changed using 0.1 N NaOH and 0.1 N HNO3.
After the synthesis of LUAGNPs, the suspensions were centrifuged at 12 000 rpm for
10 min. Residue was collected, washed with deionized water, and dried in a drying oven
for 24 h at 40 °C, and stored at 20 °C for characterizations and further biological activity
application.

Luteolin Silver Nanoparticles Characterization

Change of Color

With the naked eye, the solution’s hue changed from yellow to dark brown, signifying
the bio-reduction of silver nitrate to LUAgNPs [11].

Ultra-Violate Visible Spectroscopy (UV-Vis)

With a wavelength range between 200 and 800 nm, the CECIL7200 UV-visible
spectrophotometer was used to monitor the early characterizations of silver nanoparticles.
As the blank, luteolin solution was used.

Fourier Transform Infrared Spectroscopy (FTIR)

After centrifuging, collecting, washing, and drying the powdered sample from the
prepared solution of LUAgNPs, it was analyzed using Fourier Transform Infrared (FTIR)
spectra in order to the groups of molecules in charge of the reducing of silver ions should
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be identified. With aid of KBr disc (Shimadzu/84005 at IRAN -Tehran in Tehran university)
FTIR analysis was done. The range of the absorbance was 4000 to 500 cm1 [12].

Dynamic Light Scattering (DLS)

HORIBA SZ-100 for Windows [Z Type] Ver2. 20 was used in conjunction with the
Dynamic Light Scattering (DLS) technique to validate the LUAgNPSs'size. The experiments
were carried out at room temperature using the the Lu AgNPs dry powder was diluted at
a 1: 10 ratios with deionized water. The investigation was carried out in Tehran University,
IRAN.

X-Ray Diffraction (XRD) Analysis

Using a Bruker 2010/D2Phaser, the crystallization of silver nanoparticles was
characterized and examined using X-ray diffraction (XRD). The investigation was carried
out in Tehran University, IRAN, using Cu K1 radiation (=1.540562 Ao) at 30 mA current and
40 kV voltages.

Scanning Electron Microscopy (SEM)
At the Tehran University in Iran, the shape of the produced nanoparticles was assessed
using a scanning electron microscope (SEM, Germany).

Antibacterial Assay of Ag Nanoparticle

The well diffusion method was used to assess the antibacterial properties of
LuAgNPs [13]. Gram-positive (Staphylococcus aureus, Streptococcus pneumonia) and
Gram-negative (Escherichia coli, Pseudomonas aeruginosa) bacteria were used to
evaluate the LUAgNPs. Bacterial isolates utilized in the experiment were provided by
the microbiology lab at Basra University’s Pharmacy College. The microbial strains were
infused in nutritional broth and cultured for 24 h at a temperature of 35+2 °C. When
compared to 0.5 McFarland mixture, which represent 1-2 108 colony forming units (CFU/
mL), the turbidity of the culture broths was measured. As a solid growth medium, the
medium was evenly placed on Mueller-Hinton agar plates using a sterile swab. To make a
well on the surface of the inoculated plate, a sterilized cork borer was used. After diluting
silver nanoparticles with DMSO and adding 20 ul of each particle concentration (100,
250, and 500 pg/ml) to each pore, the infected plate was pounded with a sterilized cork
borer to create a well on the surface. Following that, the plates were left to incubate for
18 to 24 hat 37 °C. measuring the inhibition zones in (mm) used to determine the silver
nanoparticles’ ability to prevent the growth of the tested microorganisms.

Anti-cancer Assay of Luteolin Silver Nanoparticles
The work done at Gama tech company, Al-Hillah, Iraq.

Cell lines
To test the anti-tumor effects of luteolin and LUAgNPs, breast cancer cell lines were
employed (MCF-7).

Growth Media and Culture Conditions
In addition to ten percent foetal bovine serum (BS) and antibiotic doses of 100 unit/ml
of penicillin and 0.1 mg/ml of streptomycin, all cell lines were suspended in RPMI

290 "Laboratory Diagnostics Eastern Europe", 2024, volume 13, No. 2

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPXAHUIO




Mwukpobuonorus n Bupyconorus / BblcokoTexHonornuHble nabopaTtopHble NccnefoBaHua e
O,

Microbiology and Virology / High-Tech Laboratory Research <3

1640 media. Cells line were cultured at 37 °C with 5% CO2 supply in a humidified incubator
(Cypress Diagnostics).

Anti-tumor Assay Method

MTT assay method [14] was used to determine the antitumor activity of luteolin
isolated from Vitex pseudonegundo grown in Iraq and LUAgNPs. Using 96-well plates
for seeding, MCF-7 cell lines were dispersed into 1 x104 cells/well. Cells were exposed
to increasing concentrations of luteolin, LUAgNPs (6.25 pg/mL, 12.5 pg/mL, 25 pg/mL,
50 pg/mL, 100 pg/mL, 200 ug/mL) after forming a monolayer or incubating for 24 h.
75 h of incubation were followed by the addition of 28 L of a 0.002% w/v MTT solution,
and cells were then incubated at 37 °C for 2.5 h before the MTT solution was withdrawn,
the remaining crystals in the well were dissolved in 130 pL of dimethyl Sulphoxide, then
15 min of shaking incubation at 37 °C. Using a microplate reader with a 492 nm wave
length, the ability to absorb was assessed. There were three runs of the assay. The results
of three replicate measurements were provided as mean +SEM. IC50 values of luteolin
and LUAgNPs were computed after 24 h of treatment using Graph Pad Prism 6 and an
inverted microscope to detect the morphological changes to the cell. The cell was seeded
onto a 24-well plate and incubated for one day at 37 °C. Crystal violates was used to stain
the cells, and after 15 min of incubation stain was washed with water and the cells were
examined at 100 times their original size. The percentage of viable cells in each treatment
concentration was computed as a ratio of sample to control.

Statistical Analysis
SPSS (statistical package for social science) was used to do the data analysis. The chi-
square test, version 240, was used for evaluating means at the p<0.05 of significance.

B RESULTS AND DISCUSSION

Ag-nanoparticle Synthesis

The optimal conditions were selected according to the composition of the silver
nanoparticle and found that it is as follows the volume of luteolin is 1 ml and the
temperature is 70 °C and an acid function is equal to 7 and within a period of time not
exceeding 10 min.

Fig. 1. Color change to Agno3 solution after addition of luteolin
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Fig. 2. UV-Visible spectra of luteolin silver nanoparticle show that maximum absorption at 404

Luteolin Silver Nanoparticles Characterization

UV-Visible Spectroscopy

UV-Vis spectroscopy is an essential tool for monitoring the electrical structure and
spectral characteristics of the produced nanoparticles (NPs) for observing the production
of LUAgNPs [15]. As seen in (Fig. 2), the highest silver nanoparticle concentration at roughly
404 nm caused a reaction to turn brown due to a Plasmon resonance peak. LUAgNPs’ UV
spectrum was recorded from 10 min. to 24 h. of incubation. As a consequence, 24 h was
chosen as the ideal incubation period for the production of AgNPs. localized surface
plasmon excitation, emergence of a significant band in the spectral pattern is due to
intense light scattering by a field of electricity at a wavelength where the resonance
happens.

Fourier-Transform Infrared Spectra (FTIR)

In order to identify the probable functional groups of the biomolecules in the active
extracts that may be responsible for the stability of the generated LUAgNPs and the
reduction of silver ions, we employed FTIR spectroscopy [16]. At wavenumbers between
4000 and 500 cm1, luteolin and artificial LUAgNPs were compared. FTIR spectroscopy
showed that photochemical analysis of aqueous luteolin, it shows prominent bands of
absorbance of CH aliphatic at 3089 cm-1, OHstr at 3398 cm-1, C=0Ostr at 1665 cm-1, C=C
aromaticat 1613, 1571, 1506 cm-1, C=Ostr at 1665 cm-1, C-Ostr at 1262, 1304, 1205, 1159,
and 1118 cm-1 t. The analysis of the FTIR spectra of the produced silver nanoparticles
and aqueous luteolin (Fig. 3). The band changed from 3216 to 3348 cm-1 as a result of
the vibrations caused by stretching of phenols and the OH of alcohols. The oxidation of
alcohol to aldehyde during the reduction of Ag+ to Ag0 may be caused by the luteolin’s
-OH group. [17], The stretching vibration of C-H aliphatic hydrocarbons is responsible for
the 3089 to 2924.18 cm-1 band, 1665 to 1610. These peaks result from LUAgNPs attaching
to amide substituent groups, which boosts LUAgNPs' stability. The stretching vibration of
carbonyl (C=0) is responsible for this band [18], 1613 to 1516.10 cm-1 band is related to
the stretching type of vibration of C=C. The primary phenolic hydroxyls responsible for
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Fig. 3. FTIR spectra of (a) isolated luteolin, (b) luteolin silver nanoparticle

luteolin’s key pharmacological activity and the molecular structure of luteolin have not
changed, according to the FTIR and characterization investigations.

Dynamic Light Scattering (DLS)

DLS is based on the relationship between light and nanoparticles. It is possible to
measure narrow size distribution with this approach, notably between 2 and 500 nm.
To estimate the dispersed the light from a source of light travelling through the
particles, it uses Rayleigh scattering method [19]. (Fig. 4) displays the hydrodynamic size
distribution of LUAgNPs as calculated by DLS. 72 nm was found to be the average size of
LuAgNPs. In this measurement, the Brown’s motion theory for the dimension of particles
is used. Brownian motion refers to the movement of the particles at arbitrarily in a gas
or solutions. The average size of the nanoparticles was determined by examining the
dynamic fluctuation of the light’s scattering intensity and velocity of the motion of the
particles in dispersion [20]. The LuAgNPs had polydispersity index (PDI) values of 0.541,
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Table 2
Results of Calculations
Peak number S.P Area Ratio S.D Mean Mode
One 1.00 78.6 NM 37.0NM 60.7 NM
Two ...NM ..NM ..NM
Three ...NM ...NM .. NM
Sum 1.0 78.6 NM 37.0NM 60.7 NM
Table 3
Operations Cumulative
Zeta-Average 72.0 NM
Polydispersity index 0.541
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Fig. 4. DLS biosynthesized luteolin silver nanoparticle

which fall between 0 and 1, where 0 denotes monodisperse and 1 denotes polydisperse
[20]. This outcome demonstrates unequivocally that the produced LUAgNPs were in a
monodisperse phase and that there was little particle aggregation (table 2 and 3).

X-Ray Diffraction (XRD) Analysis

Crystallinity, isomorphous substitution, and particle size may all be determined using
XRD (Fig. 5). Additionally, it has the ability to resolve different molecules and qualitatively
identify active compounds[21].When X-ray radiation reflects off of any particle, the number
of diffraction peaks that are produced serves as a representation of the physicochemical
characteristics of the crystalline lattice [22]. The crystal phase of the produced LUAgNPs
was identified using XRD. The obtained LUAgNPs XRD spectra included the 20° to 80°
range. 38.942° (110), 44.594° (199), 63.94° (220), and 76.89° (311) were the maxima at
2 values for AgNP-L. The maxima for AgNP-S can be seen in at 38.32° (111), 46.35° (200),
64.56° (220), and 77.40° (311). The identified peaks were compared to the silver library
from that of the International Centre for Diffraction Data (ICDD) or the Joint Standing
Committee on Powder Diffraction Standardization (JCPDS). On the synthesized LUAgNPs,
four peaks were identified as 110, 199, 220, and 311; these peaks corresponded to the
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Fig. 5. XRD of the biosynthesized of LuAgNPs

Fig. 6. SEM image of luteolin silver nanoparticle with magnifications: a - 5 kx; b - 70 kx; c - 135 kx;
d -350 kx

face-centered cubic (FCC) structure of silver (JCPDS file no. 04-0783) [23], and nearly same
results were reported by [24].

Scanning Electron Microscopy (SEM)

SEM is a technique for capturing images of surfaces that has the ability to the ability
to distinguish between distinct dimensions of particles, particle variability, nanoparticle
structures, and the surface appearance of generated NPs at both microscopic and
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. Spectrum 11

Fig. 7. EDX of luteolin silver nanoparticle

nanoscales [25]. The elements could be examined and the form of the silver nanoparticles
could be evaluated using a combination of SEM and EDX. Depending on the SEM
pictures (Fig. 6). The LUAgNPs were spherical and had rough surfaces. The larger LUAgNPs
aggregates visible in the SEM picture were created as a result of the aggregation of
smaller NPs. The synthesis of LUAgNPs was shown by the presence of white color dots
in the photograph. Ag may be the primary element in LUAgNPs, according to the EDX
spectra, which displayed a strong signal at 3 keV (Fig. 7).

Antibacterial Assay of Luteolin Silver Nanoparticles

Using the well diffusion method, the antibacterial activity of silver nanoparticles was
investigated against pathogenic strains of gram-negative Escherichia coli, Pseudomonas
aeruginosa, and gram-positive Streptococcus pneumoniae, as well as Staphylococcus
aureus. supplied by the microbiology lab of Basra University’s pharmacy college. Results
of the inhibitory zones created by LuUAgNPs’ antibacterial activity are displayed in (table 4
and fig. 8). In contrast to Gram-negative bacteria, gram-positive bacteria have a thicker

Table 4
Anti bacrtial activity of LuAgNPs
Bactria LuAgNPs conc (g/l) Inhibition zone (mm)
Escherichia coli 100 25
250 26
500 28
Pseudomonas aeruginosa 100 23
250 27
500 29
Streptococcus pneumonia 100 20
250 22
500 24
Staphylococcus aureus 100 18
250 23
500 24
296 "Laboratory Diagnostics Eastern Europe", 2024, volume 13, No. 2
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Fig. 8. Antibacterial assay of luteolin silver nanoparticle at different concentration (100, 250, 500 pg/ml)

peptidoglycan coating in their cell walls. Due to the characteristics of the peptidoglycan
layer in Gram negative bacteria’s cell walls, the biosynthesized LuAgNPs frequently
demonstrate stronger antibacterial activities against these bacteria [26].

In-Vitro Cytotoxicity Assay of Luteolin Silver Nanoparticles

The IC50 values of the synthesised silver nanoparticles’ anticancer activity in vitro
against MCF-7 breast cancer cell lines were calculated using a chart of cell survival
evaluated across a variety of concentrations among 1 and 100 g/mL after 24 h of exposure.
MTT test, a colorimetric assay that measures the absorbance of a certain wave length in
order to assess the anti-cancer activity of the medications or substances, is used to detect
the correlation between cell activity and the number of viable cells [27]. The IC50 was
calculated for luteolin, LuAgNPs, specifically at concentrations of 6.25, 12.5, 25, 50, 100, and
200 g/mL against the cell lines. This data’s line chart generated an intersection between
concentrations (X-axis) and percent inhibition (Y-axis) at 50% inhibition, which was then
connected to the concentration value on the X-axis. The findings show that compared to
normal luteolin, which had an average IC50 value of 59.59 g/ml, LUAgNPs had considerable
cytotoxic action with an average IC50 value of 7.45 g/ml and significantly inhibited the
proliferation of cancer cells (Fig. 9 and 10). The significant discrepancy between luteolin
and LUAgNPs’IC50 And the the outcome demonstrated a significant difference below the
threshold of significance of p<0.05. (x>=0.00, df=8, p value =41.925). It is not difficult to
imagine that the accessibility of a particle’s surface area determines how it interacts with
a cancer cell. Because of their higher surface area, smaller particles have more anticancer
activity than bigger ones [28].
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100 ug/ml

Fig. 9. Microscopic observations of the cytotoxic of AgNPs (in brown) and standard luteolin (in orange)
on MFC-7 cell lines with different concentrations, control (untreated MFC-7 cell lines)

cell viability

concentration ug/iml 4P

cell viability

concentration ugml 4PL

Fig. 10. Computing IC50 values using fractional cells in GraphPad Prism 6. The concentration at which
the curve crosses the 50% inhibition threshold is known as the IC50 (a) MFC-7 cells treated
with LUAgNPs for 24 h; (b) MFC-7 cells treated with standard luteolin

B CONCLUSION

Under optimal circumstances of 70 °C and pH 7, LU-AgNPs were generated employing
isolation luteolin as a reducing and capping agent. Using UV-VIS, FTIR, XRD, and SEM
methods, these synthesized LU-AgNPs were examined. The spherical form of LU-AgNPs
revealed a typical particle size of 65.79 nm. According to the antibacterial tests, LU-AgNPs
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shows promising antibacterial activity against both Gram-positive and Gram-negative
bacteria. The anti-cancer activity for LU-AgNPs was significantly higher than that of free
Luteolin with IC50 value 7.45 g/I.
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Abstract

Introduction. Staphylococcus aureus is classified as a dangerous pathogenic organism
that causes several disorders in both humans and animals. The antibiotic resistance is a
serious public health problem. Immunization still the best way to prevent and cure the
S. aureus infection.

Purpose. Study of the impact of the created inactivated vaccine against S. aureus on the
formation of an immuno-inflammatory response in the body of experimental animals
by changes in the blood levels of pro- and anti-inflammatory cytokines IL6 and IL4, total
immunoglobulin G and assessment of biological reliability.

Materials and methods. Bacterial inactivated vaccine technology prepared in this study
by treated the bacterial cells with NaOH to obtained whole surface antigens. The prepared
vaccine was injected in rats with 1x106 cells/ml to investigate the immunity response.
The treated bacterial cells were examined by using scanning electron microscope (SEM).
The experimental animal divided in to four groups which include the non-treated group
(CT) control, group were injected with 300ul PBS. Intramuscular immunized (IM) group,
intravenous immunized (IV) group and subcutaneous immunized (SC) group were
injected with 300 pl of inactivated S. aureus vaccine at zero day and with 250ul booster
dose at 14 and 28 days.

Results. In all vaccinated groups, a significant increase in the levels of IL6 and IL4 was
noted in comparison with similar test indicators in the group of unvaccinated animals
(p<0.05).The identified changes were accompanied by an increase in the total IgG content
as aresult of the use of an inactivated vaccine in all "therapeutic” (with animal vaccination)
groups (p<0.05). The results showed that the developed vaccine induced immunity and
provided reliable protection in a bacterial challenge test.
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Conclusion. The inactivated S. aureus whole surface antigens vaccine give the protection
to the experimental animals 100% against methicillin resistant S. aureus (MRSA)
homologous challenge which considered big issue for humans and animals and threat
the public health.

Keywords: staphylococcus aureus, surface antigens, rats, ELISA, IL4, IL6
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Pesiome

BBepeHume. 3onotuctbiii ctadunokokk (Staphylococcus aureus) Bxogut B rpynny Hanbo-
nee onacHbIX NaToreHHbIX MUKPOOPraH3MOB, Bbi3blBaloLMX pAg 3aboneBaHn Kak Y nio-
[lel, TaK 1 Y XMBOTHBbIX. EFro ycTONuMBOCTb K aHTMbGaKTepuanbHbIM NpenapaTam npeacTas-
naet coboli cepbesHyto npobnemy ana obliecTBeHHOro 3fpaBooxpaHeHusa. Hambonee
3¢pdeKTUBHLIM CNocobomM NPodUNakTUKM 1 nedeHna UHPeKLMIA, BbI3BaHHbIX S. aureus,
no-npexHemy ABNAAETCA BaKUUHaLWA.

Lenb. ViccnegoBaHue BO3QENCTBUA CO30AHHON WUHAKTUBMPOBAHHOWM BaKLMHbI NPOTUB
S. aureus Ha dopMMPOBaHNE UMMYHOBOCMNANUTENBHOTO OTBETa B OPraHM3Me 3Kcnepu-
MEHTaJIbHbIX MUBOTHbIX, BblpaXkaloWerocs B U3MEHEHUN COAEpP)KaHNA B KPOBU NPo- ”
NPOTUBOBOCMANMNTENbHbBIX LIUTOKMHOB IL6 1 IL4 1 06Lero ummyHornobynmHa G, v oueHka
ee 61oNornyYeckom HageXXHoCTH.

Matepuanbl n metoapbl. TeXHONOMNsA NPUrOTOBIEHUA GaKTepUanbHON MHAKTUBUPOBAH-
HOW BaKLUWHbI B JaHHOM MCCNefloBaHMM BKIoyana ob6paboTKy GakTepuanbHbIX KNeTok
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pactBopoM egkoro Hatpa (NaOH) gna nonyyeHna NoBEPXHOCTHbIX LENbHOKIETOUHbIX
aHTUreHoB. [pUroToBNeHHY BaKLMHY BBOAUNIM Kpbicam B obbeme 1x10° kneTok/mn
OnA N3yyeHna MMMyHoBocCnanuTenbHoro oteeta. O6paboTaHHble 6aKkTepuanbHble KneT-
K1 MCCneqoBany C NOMOLLbIO CKaHMPYIOLWEro aeKTPOHHOro Mrukpockona (C3M). dkcne-
PUMEHTasIbHbIX XMBOTHbIX Pa3fdenuin Ha YeTbipe rpynnbl, BKNOUYaA KOHTPOJbHY (6e3
BBeAieHWA B OpraHn3m BakuUmHbl, CT). MMBOTHbIM KOHTPOSIbHOW rpynnbl BBOAUAN 300 MK
dusnonornyeckoro pacrtsopa ¢ docdatHbiM bydepom (PBS). XKMBOTHBIM Fpynn BHYTpU-
MbiLleYyHoM BaKLHaumm (IM), BHyTpuBeHHON BakumHaumm (IV) n nogkoxHowm BakLmMHaLmUm
(SC) BBOANAM 300 MKN MHAKTUBMPOBAHHOWN BaKLMHbI S. aureus B HyfneBO AeHb 1 250 MKnN
6ycTepHo 103bl B 14-11 1 28-11 HW NCCefoBaHMA.

PesynbraTtbl. Bo BCex BaKLUMHUPOBaHHbIX rpynnax OTMEYEHO [OCTOBEPHOE MOoBbiLle-
Hue ypoBHel IL6 n IL4 B cpaBHEHUM C aHaNOrMYHbBIMK NOKa3aTeNAMN TeCTOB B rpynne
HeBaKLMHMPOBaHHbIX »KNBOTHbIX (p<0,05). BbiABNEHHbIE M3MEHEHUS COMPOBOXAANNCH
yBenunyeHuem obuiero cogepkaHusa IgG B pesynbrate NPUMEHEHUA NHAKTUBUPOBAHHOW
BaKLMHbI BO BCeX «JleuebHbIx» (C BaKLMHaLMen XMBOTHbIX) rpynnax (p<0,05). NMonyuex-
Hble pe3ynbTaTbl MOKa3anu, YTo pa3paboTaHHaA BaKUMHa MHAYLMPOBaNa MMMYHUTET U
obecneumnna HaleXkHyo 3alLMTy NpY NPOoBeAeHNN TeCTa C 6aKTepranbHbIM 3apakeHNEM.
3aknioueHune. IHaKTUBMpPOBaHHaA LiefIbHOKEeTOYHaA (LeNlbHOBMPUOHHAA) BaKLUWHa C
NMOBEPXHOCTHbIMW aHTUreHamy S. aureus obecneumBana 100%-Hyl0 3aWKTy 3KCNepu-
MEHTaJIbHbIX XMBOTHbIX OT FOMOMOMMYECKOro 3apaXeHUs METULWININH-PE3NCTEHTHbBIM
S. aureus (MRSA), npeactaBnstoLlero cobo cepbesHyio yrpo3y 30POBbI0 NIOAEN U XKK-
BOTHbIX M Mpob6nemy ana obLecTBeHHOro 3paBOOXPaHEHN .

KnioueBble cnoBa: staphylococcus aureus, MoBepXHOCTHble aHTWUreHbl, Kpbicbl, DA
(ELISA), IL4, IL6

B INTRODUCTION

Staphylococcus aureus is an opportunistic human and animal pathogen that
contaminates food and causes a wide range of infections, from skin and soft tissue
infections to life-threatening illnesses [1], include toxic shock syndrome, osteomyelitis,
septicemia, endocarditis, and pneumonia [2]. Drug resistance in S. aureus has been
increasing steadily in recent years as a result of the abuse of antibiotics such as using
them without a prescription, in large dosages, or for no reason [3], which caused bacterial
evolution [4]. Methicillin-resistant often known as methicillin-resistant Staphylococcus
aureus (MRSA) is resistant to most Beta lactam antibiotics as a result of the penicillin-
binding proteins (PBPs) alteration that are repressed by antibiotics being replaced by
PBP (PBP2a) function with limited affinity for most Beta lactam antibiotic resistant to
methicillin in animals [5].The threat of Staphylococcus aureus (LA-MRSA) to human and
animal health is significant [6]. This bacterial strain causes a number of ilinesses that range
from mild skin infections to serious, sometimes lethal disorders [7]. Up to 40% of instances
of mastitis in dairy cows are caused by a variety of bacteria, with Staphylococcus aureus
being the predominant pathogen among them [8]. Immunization is still the best way
to prevent and cure S. aureus infections, even if there aren’t many viable therapies for
multidrug-resistant S. aureus strains [9].
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The creation of innovative vaccine production technology that is efficient, simple, and
effective is crucial to managing bacterial infection [9]. Extracellular vesicles, bacterial cell
wall components and toxins are examples of typical biological nano-materials that will
be used in vaccines and treatments in the future [10]. Non-living vaccine development
provide a promising method for vaccine development. The empty, non-living cell envelope
transmembrane structures develop on the cell surface as a result of action of sodium
hydroxide (NaOH) leaving the cell envelopes vacant. The resultant of surface antigens
of S. aureus benefits immune responses and protection against certain infections in
experimental animal models [11]. The minimum inhibitory concentration and minimum
growth concentrations of sodium hydroxide (NaOH), sodium dodecyl sulfate (SDS), and
calcium carbonate were utilized in a novel method for generating multivalent surface
antigens [12]. The NaOH mechanism was faster method of vaccine induction nonliving
(cell wall surface antigens).

S. aureus peptidoglycan vaccination in experimental animals led to the acquisition
of protective immunity against a fatal challenge [13]. Recent research revealed that
vaccination of experimental animals with a cocktail of four surface antigens (IsdA, IsdB,
serine-aspartate repeat A [SdrA], and SdrE) generated in opsonophagocytic antibodies
and substantially protected against clinical S. aureus isolates. Components of the
S. aureus cell wall have been reported to both humoral and cell-mediated immunity to
be boosted [14].

Immune responses, hematopoiesis, inflammation, wound healing, and trauma all
depend on cytokines, which are significant immunoregulators. Cytokines are a group
of minor, secreted proteins that regulate a number of aspects of cell development and
differentiation in certain cell types [15]. A strong pleiotropic cytokine, IL-4 controls
cellular activation, differentiation, and apoptosis rescue and IL-4 causes the activation
receptors to be down-regulated in mast cells and encourages cell death [16]. IL-4 plays
a variety of biological tasks, including promoting the growth of T and B cells that have
been activated as well as plasma cell differentiation in B cells [17]. Interleukin-6 (IL-6) is
important for regulating temperature and metabolic activity as well as other components
of the inflammatory response [16]. It is still hard to tell exactly how IL-6 plays a function in
the pathophysiology of inflammation. In fact, IL-6 has been linked to both pro- and anti-
inflammatory actions [18]. In the present study, using the MIC of NaOH, we developed
new S. aureus surface antigens vaccine.

B PURPOSE OF THE STUDY

Study of the impact of the created inactivated vaccine against S. aureus on the
formation of an immuno-inflammatory response in the body of experimental animals
by changes in the blood levels of pro- and anti-inflammatory cytokines IL6 and IL4, total
immunoglobulin G and assessment of biological reliability.

B MATERIALS AND METHODS

Sample collection

Five suspected Staphylococcus aureus isolated from cows with mastitis condition
were obtained using sterile test tubes from Basrah dairy farms. The samples were
collected between February 2022 to April 2022, and analysis was done after collection.
The laboratory work was completed in Basrah Veterinary College.
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Isolation and identification of S. aureus

According to a previous research [6], the milk samples were analysis for the isolation
and identification of bacteria. The identification of S. aureus performed by Using the VITEK
2 system for each suspected isolate and the identification was verified using a molecular
technique.

Molecular method

The genomic DNA was extracted by using (Bioneer/Korea) kitgenomic DNA from
bacterial cells using the Gram-positive bacterial methodology. Conventional PCR
amplification of essential nuc gene was used to amplify by using specific primers
(Table 1). The PCR program was carried out as in Table 2.

Preparation the inactivated bacterial vaccine

Determination of NaOH MIC

Determination the MIC of NaOH for S. aureus was performed by using broth dilution
method [19], bacterial culture of S. aureus was grown in nutrient agar and adjusted to
1x108 CFU/ml. The initial concentrations of NaOH were used as 10 mg/dl, 8 mg/dl,
7.5 mg/dl, 6 mg/dl and 5 mg/dl. The solution of NaOH were added to samples of the
bacterial culture, and they were incubated at 37°C for 18 h. After incubation, the turbidity
of each individual tube was assessed visually and the MIC was determined as the lowest
concentration of NaOH that inhibit bacterial growth.

Production of inactivated vaccine

Inactivated S. aureus vaccine was produced by using the MIC of NaOH method as
described previously [19]. In briefly, the biomass of 72-h-old S. aureus cells was collected
by centrifugation (10,000 g for 10 min at 4°C) and washed three times with phosphate-
buffered saline. One milliliter of the MIC of NaOH was added to 2 ml of the bacterial
suspension (1x108 CFU/mI) and incubated at 37°C for 75 min. To determine the lysis rate,
samples of cells treated with the MIC of NaOH and non-treated control cells were collected

Table 1
Nuc gene primers sequences with product size
Primer Sequences of the primer (5 to 3) I:irzoeduct Reference
Forward GCCATTGATGGTGATACGGT (Fasihi et al.
nuc gene 279 bp !
Reverse AGCCAAGGTTGACGAACTAAAGC 2017)
Table 2
The specific program of amplification the nuc gene
No Stage Temp/C Time Cycle
1 Initial denaturation 94 5 min 1
2 Denaturation 94 1 min 34
3 Annealing 55 1 min 34
4 Extension 72 1 min 34
Final extension 72 10 min 1
304 "Laboratory Diagnostics Eastern Europe", 2024, volume 13, No. 2
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at 15-minintervals (15, 30, 45, 60, and 75 min) then spread onto mannitol salt agar plates.
After incubation at 37°C for 24 h, viable colonies were enumerated and the numbers of
CFU/ml compared with control plate.

Determination of the DNA concentration of prepared vaccine

Samples of bacterial cells treated with the MIC of NaOH and non-treated control cells
were collected. Their genomic DNA was extracted by using isolation kit (persto mini DNA
extraction kit), according to the manufacturer’s instructions. The extracted genomic DNA
was analyzed by electrophoresis in 1% agarose gel stained with ethidium bromide.

Sample preparation and examination by Scanning electron microscope
examination

Morphological features of inactivated S. aureus vaccine were analyzed by scanning
electron microscopy (SEM) [19].

Experimental animals

A total of 125 male Wistar albino rats (8 weeks age and 200-220 grams body weight /
animal) were used. 75 of them were used in the vaccination program (Sc, IM and V)
whereas 25 of them were used as a control (CT) to determine the protection level of
the prepared vaccine in challenge test at the end of the study, finally 25 of them have
been used in the safety test to determine safety of each prepared vaccine in this study.
Experiment using vaccination and challenge. A set of 100 rats were separated into four
groups and given the names Ct, SC, IM, and IV in order to evaluate the immunogenicity
and protective effectiveness of S. aureus inactivated vaccine. Sterilized PBS (300 pl) was
administered subcutaneously to Group Ct rats (the non-immunized control group). The
vaccine (1x10° cells/ml) in sterile PBS was administered intravenously, subcutaneously,
and intramuscular to the rats in Group IM, Sc, and IV, respectively. Rats from Sc, IM and
IV received three vaccinations at intervals of day 1, 14 and finally day 28. All rats were
administered an intravenous with 300 pl of the challenge dose with virulent S. aureus
at 2x10% CFU/ml of PBS two weeks following the previous inoculation (week 7). Blood
samples were obtained from each rat’s tail vein to assess the immunological response at
several days (day 5, day 19 and day 33) for ELISA assay.

ELISA assay
According to the manufacturers’instructions, ELABSCIENCE®/USA ELISA kits were used
to measure the quantities of IL6 and IL4 as well as IgG.

Statistical analysis

SPSS version 24 were used and ANOVA with LSD test used for data analysis, the
significant differences between groups measured at P value <0.05 with mean Standard
deviation.

B RESULTS

Identification of MRSA

Five suspicious isolates from cows suffering from mastitis were analyzed using cultural
methods. The five suspicious isolates were submitted to the Vitek 2 compact system that
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GP identity card after performing the culture approach for primary identification. The
results of Vitek2 revealed that underwent biochemical identification using a turbidity and
colorimetric basis, with 99% portable analytical results.

Molecular Detection

After performing agarose gel electrophoresis, the nuc gene was amplified using
specific primers, and the results showed a distinct band with a 279 bp size, indicating that
the suspected isolates with positive vitek 2 compact system results also had positive PCR
findings for the nuc gene (Fig. 1).

Antibiotics susceptibility testing

The Vitek 2 compact device was used to determine the antibiotics susceptibility of
PCR-positive S. aureus isolates. The isolates were tested positive for resistance to more
than 80% (20) of drugs from several antibiotics families. According to antibiotics sensitivity
testing, all isolates was resist to Oxacillin which refer as all isolates were Methicillin Resistant
S. aureus (MRSA) cause the use of cefoxitin as a surrogate marker for detection of mecA
gene mediated methicillin resistance.

Minimum inhibitory concentration of NaOH

The results showed the minimum inhibition concentration of NaOH appears minor
growth was observed with the concentration of 8.0 mg/ml for 60 min that decrease
number of CFU on the nutrient agar as in Fig. 2.

Determination of the DNA concentration of prepared vaccine by Electrophoresis

After DNA extraction of treated isolates and control isolates DNA was run by
electrophoresis in 1% agarose gel stained with ethidium bromide, the results showed
clear bands of total extracted DNA of control while there were no clear bands for prepared
vaccine of treated isolates with NaOH (Fig. 3).

Scanning electron microscope (SEM) examination
After scanning electron microscopy (SEM) examination of the treated cells. The control
untreated S. aureus cells (Fig. 4 (A)). The image revealed the formation of transmembrane

M1234

300

100

Fig. 1. Amplification results of using nuc gene (lane 1-4) primer with 279 bp, L.M.: marker.
Agarose 1% concentration
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Fig. 2. The Curve of MRSA in CFU/ml different time after treated with NaOH
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Fig. 3. Electrophoresis showed clear bands for C1 & C2 (control1 and Control2) while there were no band
for both T1 and T2 (treated1 and Treated 2)

Fig. 4. A - SEM images for control untreated S. aureus cells; B - showed the transmembrane channel
formation for treated S. aureus cells and production of Ghost cells
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lysis tunnel structures in the treated cells, which are indicated by yellow arrows in the
figure below. Additionally, the procedure of treatment with MIC of NaOH did not change
the cell's morphology or cause damage to the cells, which is assumed to be a crucial
component of surface antigens (Fig. 4 (B)).

ELISA Results

IL6 concentration

Utilizing an ELISA kit to measure IL6, results revealed that all vaccine groups had
increasing amounts of the immune ligand 6 (IL6) at days 5, 19, and 33 compared to the
non-vaccinated group, with statistically significant differences (P<0.05) were found.
IV group had the highest levels of concentration between all vaccinated groups (Table 3).

IL4 concentration

Using an ELISA kit for measuring IL4, it was revealed that all vaccine groups had
elevated concentration of IL4 at days 5, 19, and 33 compared to the non-vaccinated group,
with statistically significant differences (P<0.05) were found. The IM group displayed the
highly concentration of all groups (Table 4).

IgG concentration

ELISA IgG test results indicated that all vaccinated groups had increasing levels of IgG
than the non-vaccinated group at days 5, 19, and 33, with significant differences. The IM
group had the highest concentration (Table 5).

Table 3
The concentration of IL-6 (pg/l) at 5, 19 and 33 day in vaccinated and non-vaccinated groups
Period of observation | IL-6 (ng/l)
Groups of animal Day 5 Day 19 Day 33
Ct 3.1+1.5 3.3+1.6 2.8+1.8
I\ 28.5+2.7 54.8+5.9 77.2£11.5
IM 8.4+3.0 25.55+7.75 38.25£10.45
SC 27.15+4.25 54.4+15.9 67.95+£12.25

Note: data were presented as mean=SD; Significance value under P<0.05.

I?llzlte:o“ncentration of IL-4 (ug/l) at 5, 19 and 33 day in vaccinated and non-vaccinated groups
Period of observation | IL-4 (ng/l)
Groups of animal Day 5 Day 19 Day 33
Ct 57+9.0 48+12 51+8.5
I\ 83.5+14.5 154+66 158+62
IM 78+12 114+30 250+148
SC 1785 +71.5 11517 196.5+44.5

Note: data were presented as mean=SD; significance value under P<0.05.
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Table 5
The concentration of IgG (ug/l) at 5, 19 and 33 day in vaccinated group and non-vaccinated group
Period of observation 19G (pg/l)
Groups of animal Day 5 Day 19 Day 33
Ct 3.1£1.5 3.3%£1.6 2.8+1.8
I\ 28.5+2.7 54.8+5.9 77.2+£11.5
M 8.4+3.0 25.55+7.75 38.25+£10.45
SC 27.15+4.25 54.4+15.9 67.95+£12.25

Note: data were presented as mean=SD; significance value under P<0.05.

Table 6
Percentage and number of death and a live animals after challenge test
Group No. Live Death Survival Percentage
Ct 10 3 7 30
SC 10 10 0 100
IM 10 10 0 100
I\ 10 10 0 100

Challenge test

The challenge test was conducted on day 42 of the study to evaluate the level of
protection provided by the prepared vaccine that elicited an immune response in rats. The
test revealed the proportion of animals that survived when compared to control animals
that had not received the prepared vaccine. Animal survival rates were 100%, and every
animal that had received vaccinations via various injection techniques survived. More than
70% percentage death occurred in the unvaccinated group while displaying the virulent
bacterium with a dosage of 5,526x10' CFU/ml, which represented LD50 (Table 6).

B DISCUSSION

Staphylococcus aureus bacteria had a number of essential virulence characteristics
that contributed to the grave illness they caused in both humans and animals [20],
therefor the vaccination could be a better solution for S. aureus management.

In this study, we observed that the Vitek method produced positive outcomes as
a S.aureus with a higher confidence rate (99%) for all suspected isolates that demonstrated a
clear growth on mannitol salt agar. Also, when conducted a traditional PCR investigation,
all of these positive isolates showed distinct nuc gene bands. The compatibility of the PCR
with the Vitek system results was agree with many studies such as [21-25] a which these
studies evaluated the performance of Vitek system with other methods. The Vitek system
is regarded as one of the more effective and affordable choices for the regular detection
of microorganisms.

Due to certain isolates’ resistance to cefoxitin, which indicates that all isolates are
Methicillin Resistant Staphylococcus aureus (MRSA), cefoxitin is used as a surrogate
marker for the identification of mecA- gene-mediated methicillin resistance. The results
agreement with [26, 27], which they recorded as a higher percentage of MRSA percentage
with S. aureus isolates. The high incidence of multidrug-resistant MRSA in milk samples in
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this investigation may be attributed to producers’ overuse of antibiotics and unhygienic
farming practices. The public health of the owners may suffer as a result.

The development of a reliable inactivated S. aureus vaccine is urgently needed for
infection control and prevention. The use of NaOH was easier and less expensive than
other approaches like the E-mediated lysis procedure [24]. In this study, established that
the development of a new inactivated vaccine may be achieved by rapidly and effectively
lysing S. aureus cells using NaOH. The S. aureus cells were treated with 8.0 mg/ml of MIC
NaOH, which showed a high lysis ratio after 60 minutes. This inline to the study conducted
by [25] in which S. aureus cells were treated with 7.5 mg/ml of NaOH, and the effectiveness
of the lysis appeared after 60 minutes, indicating that the chemical approach of NaOH MIC
was the most efficient and swift.

Using SEM, we compared the production of chemically inactivated vaccine in treated
cells that had been exposed to MIC of NaOH to untreated cells. The photos following the
NaOH treatment’s lysis period showed the presence of a transmembrane lysis tunnel.
The images showed same results of another study [25] which observed the similar
morphological alterations in the treated cells due to transmembrane tunnel development,
which caused the cells to be evacuated and become empty cells.

In contrast to control cells, which showed a clear band of genomic material after
being exposed to MIC of NaOH for 60 min, the exposed cells showed no DNA bands after
agarose gel electrophoresis. It was taken into consideration as a major signal that the
created inactivated vaccine was missing both DNA and cells’ genetic components. The
results matching with study of [24] These studies support the hypothesis that DNA free of
prepared inactivated vaccines may be effectively induced using the NaOH method.

Our findings show a significant increase in IL-6 levels in rats given the prepared
inactivated vaccine, supporting the potential of the vaccine to stimulate the production
of proinflammatory and inflammatory cytokines, which play different roles in the immune
response [26]. These findings were consistent with [27] that revealed an increase in IL6
in animals following S. aureus vaccination. This finding is in line with descriptions of IL-6
many effects on T cells that have previously been reported, including its ability to promote
the growth and differentiation of CD4+ [28]. Further encouraging the growth of peripheral
naive and memory T lymphocytes. It has been demonstrated that IL-6 has the power to
significantly increase the proliferation of Th1 cells, making them immune to suppression
[29].

Ourresults reveal a considerablerise in IL-4 levels in rats given the produced inactivated
vaccine, which may point to an improved humoral immune response. Our findings concur
with those of [30] who showed that immunization increased IL-4 levels. T-helper cells may
develop primarily into Th1 and Th2 cells, and IL-4 influence on naive CD4+ T-cells or THO
(naive T-helper) causes their differentiation into Th2 cells when it occurs for the first time
during the vaccination process. One of IL-4 key roles is to induce Th2 cells to produce
additional IL-4, which directly impacts B cells and causes them to differentiate into plasma
cells, which are responsible for producing specialized antibodies [31].

Over the study period, the IgG rate had increased in each group relative to the non-
vaccinated group, achieving their peak in the SC group on day 19. These outcomes were
in line with a [19] that showed an increase in IgG levels following vaccination with a
inactivated S. aureus vaccine. throughout the vaccination period. The IgG antibody levels
in the vaccinated groups also increased significantly after each booster injection with
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inactivated vaccine, with SC group rats displaying the strongest IgG antibody response.
The results confirm that immunization of rats with prepared vaccines can strongly
stimulate the production of antibodies and provide protection against virulent strains.

The challenge test findings of the vaccinated group and the non-vaccinated group
following injection with a virulent isolate the final results showed that the vaccinated
group had 100% more protection than the non-vaccinated group. The vaccinated groups
had no a mortality risk, in contrast to the non-vaccinated group, which had a death rate
of 70%. We suggested that animals be protected against homologous challenges by
receiving full immunity and defense against pathogenic virulence S. aureus strains from
the inactivated whole surface antigens vaccine.

B CONCLUSION

The inactivated S. aureus whole surface antigens vaccine give the protection to the
experimental animals 100% against methicillin resistant S. aureus (MRSA) homologous
challenge which considered big issue for humans and animals and threat the public
health.
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Pesiome

N306peTeHne 1 BHefpeHMe B MPAKTUKY TEXHOSOMMIA BbICOKONPOU3BOAUTENBHOMO CeK-
BEHVIPOBAHVA BbIBENN HA HOBbIN YPOBEHDb TaKMe HamnpaBieHUs HayKu, Kak reHeTnKa, Mo-
nekynspHaa 6uonorusa, N gann CTUMynbl ANA CTaHOBEHUS NepCOHANU3MPOBaHHON Me-
OVuuHbL. B HacToswee Bpems 06nacTb CMKBEHC-aHanu3a 06beauHAET LMPOKYI0 raMmy
pasfiMyHbIX TEXHONOIMIN, 6A3MPYIOLIMXCA Ha Pa3HbIX NPUHLMNAX 1 pa3paboTaHHbIX He3a-
BMcUMO. MNpaBunibHOE NNaHUPOBaHWE HAYYHOIO SKCNEPMMEHTA B MeAULIMHE KpaliHe Bax-
Ho. MNepen Hauyanom paboTbl nccnegoBaTesnb 0653aH NepeuncnnTb AN cebsa Bce anemeH-
Tbl CCIIeOBaHMA, CNOCOOHbIE NCKA3UTb Pe3ybTaThbl, MPUIOXKUB MaKCUMarbHble YCUnus
K YMEHbLUEHWIO UMM YCTPAHEHMIO TaKNX NCKaXeHU. OWNOKN 1 NCKaXKEHUs NOMXULAIT
nccnenoBaTesNia Ha KaXKaoM 13 3TarnoB CEKBEHMPOBaHUA — OT cbopa bronormyeckmx oob-
pa3uoB Ao 06paboTKy ¢aisioB. B faHHON cTaTbe ONMCaHbl TEXHUYECKE 0COOEHHOCTM Mo-
NyYeHuA NePBUYHBIX AaHHbIX O MOC/IeAOBATENbHOCTAX HYKNEMHOBBIX KACHOT.
KnioueBble cnoBa: cekseHupoaHue, HK, PHK, monekynapHas 6uonorus, MNLP, nepeny-
Hble JaHHble
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Abstract

Inventing and implementing high-throughput sequencing technologies brought to
a new level such areas of science as genetics and molecular biology, and provided
incentives for the development of personalized medicine. Today, the field of sequencing
analysis includes a wide range of different technologies based on different principles
and developed independently. Proper planning of a scientific experiment in medicine
is extremely important. Before beginning a work, the researcher must list for himself or
herself all elements of the study that could distort the results, making every effort to
reduce or eliminate such distortions. Errors and distortions await the researcher at every
stage of sequencing, from biological sampling to file processing. This article describes
technical features of obtaining primary data on nucleic acid sequences.

Keywords: sequencing, DNA, RNA, molecular biology, PCR, primary data

BonbWMHCTBO COBpeMEHHbIX METOLOB MOJIeKynApHoW bronorun npeanonaraeT nc-
Monb30BaHNE MHOXEeCTBA MAEHTUYHbIX MAKPOMONEKYN ANA NONyYeHNA AeTeKTNpyemoro
curHana [1]. K HUM oTHOCATCA pa3nnyHble BUAbI XpomaTtorpadpuu, peHTreHOCTPYKTYPHbI
aHanus, Macc-cnekTpomeTpus. CekBeHupoBaHue JHK Takxxe TpebyeT ycuneHusi curHana
3a CYeT UCMOoJb30BaHNA B aHaNM3e MHOXeCTBa ofnHaKoBbIx Monekyn [1HK. OnpegeneHune
nocneaoBaTenbHOCTM HYKNENHOBbIX KMcnoT (HK) meTogamu BbICOKONPOU3BOANUTENIbHOTO
CeKBEHWPOBaHWA NpeacTaBnseT coboi ogHOBPeMeHHOe napasieNibHoe NpoYTeHne Mno-
cnefoBaTelbHOCTM HECKOSIbKMX MASLIMOHOB Pa3HbIX (OTHOCUTENTIbHO KOPOTKMX) dparmeH-
ToB ncxopHoun AHK. Hanbonee nonynsipHble Ha pbiHKE TEXHOMOTUWN CEKBEHUPOBAHUSA He
MO3BONAIOT OLEHVBaTb HYKIEOTUAHYIO NOC/Ief0BaTeNIbHOCTb HEMOCPEACTBEHHO reHOM-
How nnn KomnnemeHTtapHoi [HK 1 npegnonaratoT amnanduKaumio NCXOAHBIX MONEKYN
[2, 3].

Mepep 3arpy3kon B cekBeHaTop mccnegyemyto HK Heobxoarnmo moaudurmposatb
nyTeM CO3aHnA KONNEKLMN ClydaliHbix GparMeHTOB HY>XHOM CTpYKTypbl. O6pase JHK,
onpegeneHHbIM 06pa3om GparMeHTUPOBAHHBIN N amnINGULMPOBaHHDBIN, Ha3biBalOT 61-
6nuotekol cnyyvariHbix dparmentoB OHK ana cekseHuposaHusA. Ecnn dparmeHTsl npu
3TOM NPUKPEeNJieHbl K NpeMeTHOMY CTeKNy WM MUKpovacTuLe, 6ubnnoTteky HasbiBatoT
NMMOOMNM30BaHHOI.
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O6was nocnenoBaTenbHOCTb 3TANOB BbICOKOMPOU3BOANTENIbHOIMO CEKBEHMPOBaHUSA
ana Hanbonee nonynAapHbix Nnatdopm cnepgyowas [2, 3]:

1) pa3spywenmne JHK c nonyyeHuem dparmeHTOB onpeesieHHON ANVHbI;

2) nNpucoeguHEHNE CUHTETMYECKUX OJIMFOHYKNEeOTUAHbIX ajanTepoB no Kpaam dpar-
MEHTOB;

3) HapaboTka (amnnndurkauma) kaxgoro ¢pparmenta JHK B otaenbHOM MUKpopeakTope
€ MuKpouactuuen (amynbcmoHHasa MUP) n/unn HenocpencTBEHHO Ha NOBEPXHOCTM
npegmeTHoro crtekna (moctnkosas MNLP);

4) onpepeneHne HyKNeoTUaHOW nocnefgoBatenbHocTn dparmeHToB AHK;

5) 6uonHbopMaTUYECKUI aHANM3 AaHHbIX — KOPOTKMX MPOUTEHUIA.

MpurotoBneHne 6MONNOTEKN PparMeHTOB MPOMCXOAUT Ha MEPBbIX TPEX dTamnax u
onpepensaeT 90% ycrnexa CMKBEHCHOIO NpoeKTa. B HacTosALlee BpeMA B BbICOKONPOW3BO-
OVTEeNbHOM CEKBEHUPOBaHUM UCMOMb3YIOT [1Ba OCHOBHbIX TMNa 6ubnunotek dparmeHTOB
OHK: 06bIuHYt0 1 MHBEPTUPOBaHHY10. Bo n3bexkaHue nyTaHMLbl OTMETMM, UTO MPON3BOAM-
Tenv HabopoB peareHTOB AN KOHCTPYNPOBaHNA 6UbnnoTeK BblaenaAT ropasgo 6onblue
TNoB 6MbNMoTeK, HanprUMep, pa3aensas Nx No BUAy CTapTOBOro Mateprana uamn Yncay u
HanpaBe/ieHNo MPOUTEHUI, OQHAKO TaKkoe JefieHre He HeceT nog coboi HayyHoro o6o-
CHOBAHWA 1 ABNAETCA MaPKETMHIOBbLIM NPUEMOM.

WNcxogHbiM MaTepuranom ana nccefoBaHna MoryT cnyxutb niobble HK: HK Bcex Tn-
nos, PHK Bcex TnnoB, BkNtoyaa MMKPOPHK, npoayKTbl nonumepasHon LenHom peakumm
(NUP), otoenbHble o6nacTi reHoma (TapreTHoe CeKBEHVPOBaHUE), KOMMNEKCbl HYKNen-
HOBbIX KNCOT € 6enKamm 1 T. A. HecmoTpA Ha pa3nnume B Lensax 1 3agadax sKCrnepumMeH-
TOB, CO3fjaHNe GUONNOTEKM ANA BbICOKONPOW3BOANTEIbHOIO CEKBEHMPOBAHMA B UTOre
cBoauTca K paspywenuio HK go dparmeHTOB onpegeneHHoro pasmepa unv otéopy
onpefeneHHon GpaKkLmm U3 CyLecTByIoLLero cnekTpa ¢parmeHTOB, TMrMpoBaHMio agan-
TepoB 1 yBenuueHuto konnyectsa AHK ogHum n3 metogos HapaboTku in vitro (amnnndu-
Kaumm), otbopy ppakuumn dparmeHTOB onpeaeneHHON ANnHbl, HAHECEHWIO Ha TBepayo
dasy mT.n. [1-3].

B cnyuae nccnepgosaHma PHK nepBbim 3Tanom nocne o4yncTKu OT Npumeceit ABnaeTcA
ob6paTHas TPaHCKPUNLKMA, TO eCTb co3aaHme KomnnemeHTapHon OHK, n nanee npogonxa-
0T NoAroToBKy 6ubnuoteku, Kak ana [IHK. CnegosatenbHo, metog ounctkn PHK pomxeH
3bdeKTMBHO yaanaTb n3 buonornyeckoro obpasua nprmecu, CNocobHble NomeLlaTb pa-
6oTe peBepTasbl [4, 5]. Ecnm ke NnpegnonaraeTca ceKBeHUPOBaHKe reHoma, YyBCTBUTENb-
HbIM K NPUMEeCAM 3TarnoM MOXeT cTaTb depmeHTaTnBHOE pa3pyleHne JHK unn stan nu-
rmpoBaHusA afanTepoB., ecnu paspyweHune JHK BbinonHANOCb Gunyeckumm metogamm.

Bce coBpemeHHble MeTofbl OUNCTKN HYKJIEMHOBBIX KACIOT MOXHO robanbHo pasge-
NUTb Ha ABe rPynnbl: METOAbI C NMO3TanHbIM yAaneHnem Npumecen 13 BOGHOTO pacTBO-
pa HK n metoabl, ocHoBaHHble Ha copbumn HK Ha TBeppon ¢ase. Hanbonee nssectHom
METOAMKOW MepBOro Tuna Asnsetca gpeHon-xnopodpopmHan sKcTpakuus [1, 6]. Bropas
rpynna MeTognK OCHOBaHa Ha MCNoJib30BaHWNM CUNMKATHbIX COPOEeHTOB, 3PeKTNBHO CBA-
3biBaloWmx HK B pacTtBope ¢ BbICOKOW MOHHOW cunoir. OgHOM 13 NepBbiX NOABUBLUNXCA
MEeTOAMK Takoro Tuna AsnaeTca metod BbigeneHuna JHK, npegnoxkeHHbin Boom R. ¢ coas-
Topamu [7]. DTa TEXHONOrNsA OCHOBAHA Ha UCMONb30BAHUN ANA NN3KCA KIIETOK CUIIbHOTO
XaoTPOMHOro areHTa ryaHuauHa tnoumoHata (GUSCN) n nocnepyowen copbumm OHK Ha
TBEPAOM HocuTene. MNocne npombiBKM copbeHTa Ha Hem duKcMpyeTca UNCTbIn obpasely
HK, nerko cHumatowmmnca gucTnnampoBaHHon Bogon. B nocnegHee Bpema ypesBblyaliHO
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pacnpocTpaHeHbl OfHOPa30Bble NNaCTUKOBbIE MUKPOKOIOHKM C YNaKOBaHHbIM B H/X COp-
6eHTOM, Hanpumep, Habopsbl peareHToB dupm QIAGEN, Ambion n gp. NpombiBKa KONOHOK
pacTBOpamu C BbICOKOW MOHHOW C1nol yaansaet 6enky 1 HU3KOMOJeKynApHble coefunHe-
HWA, NOCne Yero NPOBOAAT NIOLMI0 ounLeHHbIX HK pacTBOpOM C HU3KOW MOHHOW CUNON.

KoHueHTpauuio nony4yeHHbix npenapatoB OHK mnnu PHK nepep obpaTHow TpaHc-
KpUnumemn MoXHO N3MePUTb HENMOCPeACTBEHHO MO CMNEKTPY MOMMOLWEHUA HYKNENHOBbIX
KNCNIOT Ha crnekTpodoTomeTpe, No dnyopecueHLUn MHTEPKANMPYIOLWero Kpacutensa no-
cne anekTpodopesa unv npu nomowy GayoprmMeTpa, a TakxKke MeToJoM KONIMYeCTBEHHO
MNLUP B pexume peanbHoro spemenu [1, 4, 5].

Mpownzsogutenn obopynoBaHUA ANA CEKBEHMPOBAHMA PEKOMEHAYIOT OCYLLEeCTBNATh
N3MepeHUe C MOMOLLbI0 KOMMAKTHbIX pryoprmeTpos Tuna Qubit ot Life Technologies unu
Quantus ot Promega. MNpuHLUMN 1x OeNcTBMA OCHOBaH Ha n3mepeHumn dnyopecueHumnm
nHTepkanupyollero B IHK kpacutensa tuna SYBR. TouHocTb namepeHunsa obecneumsaerca
KannbpoBKol Npubopa c NOMOLLbIO ABYX CTaHAAPTOB Nepes Kaxaon cepmeit 3mepeHui.
MpeumyulectBo pnyopecuUeHTHOro onpefeneHmsa KOHUeHTpauuy nepep cnektpodoro-
METPUYECKMM C NMOMOLLbIO JOBOJIbHO pacnpocTpaHeHHbix Nnpubopos Tuna Nanodrop 3a-
KntouaeTcs B ropasfo 6osnee WMPOKOM AMana3oHe KOHLEeHTpauui n 6onee TouHbIX pe-
3ynbraTax.

MeTop konnuecteeHHow MLIP B pexxrMe peanbHOro BpeMeHu Kak crnocob onpegene-
HUA KoHUeHTpauuun HK HeckonbKo cnioXHee 1 Aonblue B UCMOMHEHUN, HO JaeT ropas-
[0 6onee TouHble 1 BOCMPOU3BOAMMbIE Pe3ynbTaTbl B OFPOMHOM JIMHENHOM [Mana3oHe
3HaueHun. Ecnu ctapToBbiM MaTepuanom AsnaeTcsa reHoMHasA [IHK, MoXHo ncnonb3oBaTtb
npanmepbl Ha YHNKaNbHbIA PErvioH, MpefCcTaB/IeHHbI B FeHOME OfIMH Pas3, ec/iv 3TO KOM-
nnemeHTtapHaa [HK, To MOXHO OLleH/BaTb KOMUYECTBO OLHOMO MW ABYX CpeaHe- 1nu
HU3KONpeACTaBNEHHbIX TPaHCKpUNTOB. lNpalimepbl xenaTenbHO pacnonaratb 651K3Ko,
OCTaBNAA MeCTo ANA ONIMroHyKNeoTuaHon npobbl Tuna TagMan [1, 4, 51.

OtgenbHO cneflyeT YNoMsAHYTb CUTYyaLuMIo, KOrga no Kakum-nnbo npuyrvHam HeBo3-
MOXKHO MOJy4nUTb AOCTAaTOUHOE cTapToBOe KonmyecTBo AAHK unn komnnementapHon HK,
HanpumMep, B Clyyae ecniM HeoCTaTOMHO 6ronornmyeckoro maTepuana U MPOBOAUTCA
nccnepgoBaHue eAVHUYHBIX KNeToK. B 3Tol cnTyauum MoXHO nepep Hauyanom co3gaHuA
6ubnroTekn pparmeHToB amnnmomymposaTb HK ogHMM 13 cTaHAAPTHbIX cnoco6os. Mpun
HanuumMy mMmanoro Konmyectsa reHomHorn [1HK Bo3MoxHO npruberHyTb K MeTofKe NosHo-
reHoOMHOI aMnanduKaLmm, OCHOBaHHOM Ha n3oTepmuyeckom cuHtese [HK [8]. Ecnn pa-
60Ta HaumHaeTcA ¢ Manoro konuuectsa PHK, MoXkHO ncnonb3oBatb amnnndrikaumo Kom-
nnemeHTapHon AHK [9]. BaxkHO npu Mcnonb3oBaHUN NpeaBapuUTENbHOM amnanduKkaumm
OHK nnun komnnemenTapHoin [HK B npoekTax ceKBEHNPOBAHNA MOMHUTb 00 NCKaXKEHWAX,
KOTOpble HeN36eXXHO BHOCUT 3TOT NpUeM.

®parmeHTrpoBatb OHK MOXHO GU3MYeCKUMU MM SH3UMATUYECKUMU crnocobamu.
B page cnyuyaes, HanpuMep, eciv CTapTOBbIM MaTepuanom ciy»aT MUKpoPHK unu ko-
poTtkume npoaykTbl MUP, aTan pa3pyleHuns He TpebyeTcs, 0OfHaKo MOXeT noTpeboBaTbcA
3Tan otbopa Ppakunm dparmeHToB HyxHOW AnuHbL. Pusanyeckn JHK moxHO dparmer-
TUPOBATb YNIbTPa3BYKOM, MPOLIECC Ha3blBaOT COHMKaLMEN, MPONyCKaHNeM Yepes MUKPO-
oTBepcTMEe — Hebynusaunen, rmapoanHaMMYeCKNM BO3LENCTBMEM — TMAPOLUNPUHIOM.
K npenmyiyectsam prsmyecknx METOAO0B Nepes SH3MMATUUYECKMMU MOXHO OTHECTU XOPO-
LUY0 BOCMPOM3BOANMOCTb Pe3yNbTaToB, MOCKONIbKY OHW CO3Aat0T CTabubHbIN Anana3oH
ONUH nonyyaemMbix ¢pparMeHTOB Aaxke ANiA Pa3HOro Mo KayecTBy CTapTOBOrO MaTepuana,
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a TakXe HU3KYI0 3aBUCUMOCTb OT NOC/IeoBaTeNIbHOCTN. DH3MMaTUYECK1e MeTOAbI paclue-
nneHua JHK npegnonaratoT UCNonb30oBaHve Pa3fiNYHbIX SHAOHYKNeas, Npu 3ToM Habopsl
peareHTOB AN SH3MMAaTUUYECKOro pacLlenyieHnsa NpeacTaBaeHbl Ha PbiHKE Kak NPOU3BO-
anTenamm nnatGopm AnA CeKBEHNPOBAHNWSA, TaK Y BMOTEXHONIOTMYECKMM KOMMAHNAMY,
npeasiaraloWumMn anbTepHaTMBHbIE, boJlee felleBble pPeLleHns A1 NPUroToBieHns 6u-
6nmotek. Yawe Bcero ana pacwenneHva AHK ncnonb3yot cmecn moanduLmMpoBaHHbIX
HyKneas — Tvna aHJoHyKneasbl T7 1 Hykneasbl u3 Vibrio vulnificus, a Takxe TpaHcnosas
[2,3].

MNMocTaHOBKa depMeHTaTMBHOWN peakumn He TpebyeT 60MbLIMX TPYLO3aTpaT, MPOTOKON
NErKO MOXHO ONTUMM3UPOBaTb NOJ OCOGEHHOCTU KaXKAoro Tuna paspylaemon OHK n
oXKuaaembix AnnH GparMeHTOB B JIl060M Anana3oHe 3HaYeHun. laHHbI NoAxXo[ 3aKiova-
eTcA B nogbope nepriofa ob6paboTKM HyKneasaMm 1 TemnepaTypbl peakuum: Yyem Kopoye
dparMeHTbl HY>KHO NONYYUTb, TEM AONblUE NPOBOAAT peakuuto. Cnefyet OTMETUTDb, YTO
npaBunibHo paclennerHHas [HK npepctasnaeT coboii Habop ¢parmMeHToB, A/IMHA KOTO-
pbIX pacnpeaeneHa no 3akoHy faycca ¢ MakCMMyMoMm B TpebyeMoMm fiana3oHe 3HaueHUn.
B cnyuae, ecnu IHK «nepedparmeHTpoBaHa» nnm «<HegodpparMeHTUpPOBaHa», MOXHO, He-
CMOTPS Ha OT/IMYHBbIE annapaTHble NMOKa3aTeNlv CEKBEHUPOBaHUS, Npu buonHdopmaTye-
CKOM aHanu3e NonyuYnTb HemHPopMaTUBHbIE JaHHble, TaK Kak 3HaunTenbHaa yactb [HK
OKarKeTcA BHe OonTvMyMa pa3mMepoB.

HekoTopble TexHoNorMn co3gaHuna 6nbnmnoTek MCnonb3yoT oTbop Gpakumii HYXHON
ONUHbI cpa3y nocne pacwennerus JHK: yalle — ons nHBepTMpPOBaHHbIX 61MbNnoTek; apy-
rme 6epyT B NIUrMPOBaHMEe BECb CNeKTp ¢pparmeHToB. K npeumyuiectBam pepmeHTaTnB-
Horo paspywenus OHK nepepn ¢pusmyecknmn metogamm MOXKHO OTHECTU Obpa3oBaHUe
OAHOTUMHbIX KOHLIOB HEOOXOAMMOW CTPYKTYpPbI, MO KOTOPbIM 1 NPOBOAUTCA NPUCOeANHE-
HMe CMKBEHCHbIX afanTepos, Toraa Kak dusnueckmn paspyweHHaa HK tpebyet dpepme-
TaTMBHOWN 00PabOTKM KOHLOB. [ocne Kaxxaon ¢pepMeHTaTVBHON peakuum Heobxoammo
NPOBOAWTb OUMCTKY OT PepPMEHTA 1 MHbIX KOMMOHEHTOB PeaKLM CUPTOBbIM OCaXKAEHU-
em [JHK unv copbeHTHbIMM MeToamMu, YTO BCErAa COMPSMEHO C MOTEPAMU UCCIIEQYEMOTO
6uonoruyeckoro matepuana [2, 31.

Hanbonee pacnpocTpaHeHHbIM CMOCO60M OLEHKU AfIMHbI dparmeHTUpoBaHHon AHK
ABnAeTcA metof anekTpodopesa B rene. [1na 3T0ro MoXeT NCNOJIb30BaTbCA Kak OObIYHbIN
anekTpodopes B arapo3HOM refe ¢ okpallumBaHmeM 6pOMUCTBIM STUANEM, TaK Y FOTOBblE
annapaTHble peLleHrs, Hanpumep, C UCNoNb30BaHUEM 3neKTpodopesa B MUKPOKaNuI-
nApax Ha HebGONbLIOK NNAaCcTUKOBON nognoxke. MNocne nonyyeHus pparmeHtos OHK xe-
NaeMoro pasmepa nytem nogbopa ycsioBuid paspylwenHma OHK nnm HenocpeacTBEHHO
oTbopomM onTuManbHol ¢pakuum GparMeHTOB BbIMOHAIOT IMFMPOBaHME afanTepos, C
KOTOpbIX byfeT ocyLlecTBAATbCA ammnduKkauma 6ubnmotekn 1 ee cekseHmposaHme [1].

Bo Bcex KomMmepuecKn AOCTYMHbIX TEXHONOIMAX BblICOKONPOU3BOACTBEHHOIO CeKBe-
HUPOBaHUA K GparMeHTam NPUCOeANHAIOT ABa PasHbIX afantepa, NpMYem B CEKBEHUPO-
BaHMM OyAyT UCMOJIb30BaHbl TONIbKO pparmeHTbl [HK, Hecylme no KoHLam pa3Hble agan-
Tepbl, NOCKOMbKY ¢parMeHTbl C OAHUM afanTepom He OygyT amnnnduumMpoBaHbl 13-3a
a¢p¢ekTa cynpeccmm MUP [10, 11].

Ha sTane nurnpoBaHnA BaXHO BblAep<aTb COOTHOLIEHME MeXAYy KOHLeHTpauuen
aganTtepoB n ¢pparmeHTUposBaHHon [JHK ans Toro, 4tobbl NUrMpoBaHmne NpoLuso a¢pdek-
TUBHO. KOCBEHHbIM Mpr3HakoMm 3PPeKTVBHOCT NPUCOEQUHEHNA afanTepoB ABAAETCA
konunuectso Uuuknos MNUP c npalimepamu, OTXKUraloWUMNCA Ha aganTepax, Heobxogumoe
ONA NonyyeHna feTekTpyeMoro npoayKrta peakumm [2, 31.
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JTan npeaBapuTenbHoOM amnandukaumum 6ubnmotekn Tpebyetcsa B TOM ciiyyae, ecnuv
konmyectBo ncxogHon IHK ropasgo Huke pekomeHgyemoro. CNoXHOCTb ntobor amnnu-
¢durkauum JHK in vitro 3aknioyaeTcs B HEN36EXHOM NCKaXKEHMN UCXOLHOW NpefcTaBneH-
HocTu dpparmeHToB. B cnyuae MNLUP nckaxeHre nponcxoanT BCieacTaue pasHon adpdek-
TUBHOCTW amnanduKaumm ans pasHbIX Mo A/MHE U NocsiefoBaTeslbHOCTU GparMeHToB
OHK, noaTomy Konuuyectso LMKNOB Npu amnambukaumm 6nbnnoTtekn gomkHo ObiTb Mu-
HVMasnbHbIM, He npeBbiwaowmum 13-15 yuknos [4, 5]. bonblwee Konnuectso unknos MLP
anAa obpasLoB reHOMHON unn KomnnemeHTapHol [JHK BeaeT K CHUXKEHUIO CNOXHOCTM
cmecun pparmenToB [IHK 1 noTepe HeKOTOPbIX NoCnefoBaTeNbHOCTEN N3 BUBANOTEKN, UTO
3HaUUTENbHO UCKaXKaeT pe3ysbTaTbl CEKBEHNPOBaHUA.

Ha cnepytoliem TexHonormyeckom starne npon3BoaaT oToop Gppakuuin Hy>KHOW Anu-
Hbl parmMeHTOB OMOIMOTEKN, UTO CYLLECTBEHHO MOBbIWAeT 3GHEKTUBHOCTb ee CEKBEHU-
poBaHUsA, MOCKOJIbKY 6onee KOpoTKMe GpparmMeHTbl B CPaBHEHUM C ONTMMasbHbIMK JatoT
C/IWKOM KOPOTKME MpouTeHus, a 6bonee gnunHHble GparmMeHTbl NCKaXatoT pe3ynbTaTbl
N3MepPeHNin 1 NoA6OoP COOTHOLIEHWI ANA ONTUMANbHOIO CUKBEHC-aHanu3a [2, 3]. ina ot-
6opa HykHOM dpaKLmn 6ubAnoTeKkn nccnefoBaTteslb MOXKET UCMOMb30BaTb Kak OObIUHbIN
aneKkTpo¢dopes B arapo3HOM resie, Tak 1 annapaTHble PeLIeHNs pa3HbIX NPOU3BOAUTENEN,
B TOM UMCJIe U HA OCHOBE refb-aneKkTpodopesa.

Bo Bcex cnyyasnx ocyulecTsnaioT pasgeneHue 6nbnunotekn HK B rene BMecTe c Mapke-
POM AJIVH, HanpUMmep, € Warom B 50 Nn. H. HA OQHOM 13 JOPOXKEK, a 3aTEM BblpPe3atoT U3 rens
bpaKkumio Hy>KHOWM ANnvHbL. CaMblM fieleBbIM CNOCOOOM ABNAETCA O6bIUYHbIA arapo3HbIl
renb-anekTpodopes ¢ Bbipe3aHMeM yyacTKa rens npy NoMoLLM CKanbnens u snouuen n3
Hero [IHK Habopom peareHTOB AN1A SKCTPaKUMn 13 rend. K Hegoctatkam JaHHOro MeToga
MOKHO OTHECTU HU3KYH YCTONUMBOCTb K ownbKkam nabopaHTa 1 BbICOKY BEPOATHOCTb
KPOCC-KOHTaMMHaL MK, CBA3aHHYI0 C MHOTOKPATHbIM UCMONb30BaHNEM KaMepbl AN 3neK-
Tpodopesa, 3aIMBOYHOIO CTOJIMKA, FPebeHoK U T. 4. [1-3].

bonee npegnoutTuTenbHbIMK ANA 0T60pPa onpeaeneHHon ¢pakuum pparmeHtos JHK
ABNATCA CNeLManm3npoBaHHble CUCTEMDI, paboTaloLwme Ha KapTpUaXKHbIX renax. Cucre-
Ma NO3BONAET BU3Yann3npoBaTh refib-anekTpodopes HenocpeacTBEHHO BO BpeMA ero
NPOXOXAEHUA. INOUUA HYXKHON GpaKLMK OCYLLeCTBAAETCA U3 CneLunanbHbIX IYHOK, pac-
NOJIOXKEHHBIX B KOHLie refif, KoTopble UccnefoBaTeslb 3anofiHAET AUCTUANATOM UK TPUC-
SATA-6ydepom [2, 31.

MockonbKy TeXHONOrMN CEKBEHMPOBaHKA BECbMa NPOV3BOANTENbHbI, YaCTO UCCNeAY-
eMblli obpaseL He TpebyeT CTOJb BbICOKOro 06bema JaHHbIX Ha BbIXOe, MO3TOMY ANA 3KO-
HOMUWM CPefCTB MOXHO CMeLLATb HECKONbKO Uccneayembix 06pasLoB 1 CeKBEHMPOBaTb
nX BMecTe, B Xofle ofHoM npoueaypsl. Ecnu JHK npepsapuTtenbHo nomeTnTh 06pasel-
cneuyndUUHbIMK ajanTepamu, CEKBEHNPYEMbIMY BMECTE C YHUKallbHOWN YacTbio dparmeH-
ToB [1HK, 6rioMHpopmaTnUecKmin aHanms NonyyYeHHbIX MPOUTEHN NO3BONAET pa3fenuTb
[aHHble OT pa3HbIx 6ruonormyecknx obpasuo.. Takol MOAXOA NOAYYM Ha3BaHME KLITPUX-
KoaupoBaHuA» (Mnn «6ap-KOAUPOBaHUA»), MO aHaNorMM C LMPOKO MCMNONb3yeMbIMU B
MapKMpOBKe TOBAPOB YHMKaNIbHbIMK MeTKaMu LWTprxkogamu (barcodes).

Mpumep pauMoOHaNbHOMO KCNOJb30BAHUA «WTPUXKOAOB» — CEKBEHMPOBAHME dK30Ma
yesioBeKa, KOTOPbIA COCTaBAseT okosio 1% OT rannongHoro reHoma pasmepom 3 mapa
n. H., Ha nnatdopme SOLID 5500, ncnonb3yioLien oaHy NPOTOUHYIO Kamepy C LeCTbio 0-
pOXKKaMU, C KaXKAoW U3 HUX MoyyaeTca okoso 24 mnpa n. H. HAaHOCUTb Ha ofiHY JOPOXKKY
C TaKoW MPOU3BOANTENBbHOCTbIO OANH 0bpasel; 3K30Ma SKOHOMUYECKN HeomnpaBAaHHO.
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PauroHanbHee NOMeTUTb YHMKaNbHbIM 06pa3oM HECKOJIbKO pa3HbIX 06pa3LoB, CMeLlaTh
UX SKBMMOMIAAPHO M NMPOBECTM OJHOBPEMEHHOe CEKBEHUPOBaHMWeE, a pe3ynbTaTbl pa3fe-
NUTb yXKe 6MONHPOPMATUUECKN Ha OCHOBAHUM HaNMUUA B KaXXJOM MPOUYTEHMU crieuu-
duruHom meTKn. MeTKM NpeacTaBnAT cobor KopoTkue okono 10 n. H. nocnefoBaTteb-
HOCTK, KOTOpble Tak»Ke MPOUNTLIBAOTCA B NpoLecce ceKkBeHUpoBaHuA. Vx npucoegu-
HAT K dparmeHTam [IHK Ha cTagmm KOHCTPYMpPOBaHUA GUOANOTEKM NPU NINTMPOBaHUN
CMKBEHCHbIX aganTepoB K ¢parmeHTam [HK. Takum 06pasom, «WITPUXKoL» NpeacTaBnaeT
coboli yuacToK afjlantepa Afia CEKBEHUPOBAHWSA, PaCNoIOXKEHHbIV MOC/Ie yYacTKa OTKura
npanmepa, C KOTOPOro HauMHAETCA CUKBEHC-aHanu3. Kak npaBuno, Ana pa3Hbix obpas-
LIOB MCMONb3YIOT OAVH Y TOT e aganTtep 1, oTKuraowminca Ha Mukpocdepax ana npose-
neHna smynbcroHHom MLP, n Habop aganTepos 2, OTANYAOLLNXCA LITPUXKOAMPYOLLUMN
yyacTKamu.

BakHbIM ycnoBmem nposefeHna 3GdEeKTMBHONO CeKBEHMPOBaHWA AnA Bcex obpas-
LIOB, BHECEHHbIX B OfJHY peaKkLuio, ABNAETCA NX SKBUMOIAPHOE CMeLLnBaHue, 4to obecne-
YMT pPaBHOMEPHYIO NPeACTaBNEeHHOCTb NPOYTEHUI ANA Kaxpaoro obpasua [2, 3]. Ha sto
CTOUT 06paTUTb 0COB0E BHUMAHKE: HY>KHO OYEHb aKKypaTHO M3MepPUTb KOHLIEHTpaLuio
Kaxzon bmbnmotekn nepep cMellMBaHUEM, ANA 3TOFO MOXHO Mcnonb3oBaTb MeTtoa MLP
B peanibHOM BpeMeHMU, KOTopblli obnagaet 60s1ee BbICOKON TOYHOCTbIO.

KnioueBblM 3nemMeHTOM GOMbLINHCTBA TEXHONIOTMIA BbICOKOMPOMW3BOAUTENIbHOIO CeK-
BEHVPOBaHWA ABNAETCA OAHOBPEMeHHasA HapaboTKa MHOXeCTBa pasHbIX No NociefoBa-
TenbHocTU dpparmeHToB [HK Tak, uToObl MonyyaeMble amnANKOHbI OblNK IOKann3oBaHbI
BMeCTe Ha ofHO MUKpocdhepe nnm B ofHOM ToUKe Ha noBepxHocTu. CyllecTByeT ABa Me-
Toda Takoro NUP-knoHnposaHua: moctukosas MLP 1 amynbcnorHas MLP.

BonbLIMHCTBO TEXHONOINIA CEKBEHUPOBaHNA CleayioLlero NoKoNeHnsa HegoCTaTouHo
UyBCTBUTENbHbI, YTOObI PErMCTPMPOBATb CUrHan oT egnHUYHON monekynbl [HK, n Tpeby-
0T MPYMEHEeHNA KIIOHMPOoBaHKA in vitro: cnocoba depmeHTaTUBHOWM HapaboTKK oTAeNb-
HbiXx monekyn IHK c nonyyeHnem M30nMPOBaHHbIX APYr OT Apyra NynoB WMAEHTUYHbIX
¢dparmeHToB. MpocTenwmm cnocobom KnoHmpoBaHusa ¢parmeHToB [HK in vitro moxet
6bITb 06bI4HaA MLP [11]. Takum ob6pa3om, Bce HapaboTaHHble B faHHON Npobupke ¢par-
MeHTbI 6yayT KNOHaMun eAUHCTBEHHON MOJIEKYTTb.

Ha npuHuune amnnnduvkaumm GnaHKMpoBaHHbIX aganTepamy oTaenbHbIX parmeH-
ToB [IHK 0CHOBaHO MHOXeCTBO MOJIEKYNAPHbIX TexHonorun [9, 121, Hanpumep, MOCTUKO-
Bas MNLUP (bridge PCR) [13]. MpurHLMN 3TON TeXxHONOMMK 3akntodaeTca B nposegeHun MLP
C npanimepamu, NPUKPENIeHHbIMA K TBepAon dase unu nognoxke. C NpULLUTOro K no-
BEPXHOCTM NpariMepa cuHTesnpyetca dparmeHT [HK, nocne stana geHatypauun dpar-
MEHT CHOBA B3aMMOJEeNCTBYeT C MpaiMepPOM Ha NMOBEPXHOCTU B Npefenax JOCTyNHOCTH
no anvHe dparmeHTa, obpasya ayry (MOCTUK) Mexay ABYMA TOUKaMU Ha NOANOXKKe, Npu
nostopeHun uuknos MNLUP 13 Toukn cnHTe3a nepBoro GpparmeHTa KonoHUA GpparmeHToB
OHK 6ynet 6bicTpo yBenuumBatbcA. Co3daHve KnoHanbHon 6rnbnuotekn dbparmeHToB
OHK meTogom mocTrkosoli MLP ncnonb3yetca B TexHonorum komnaHum lllumina.

OmynbcroHHas MNUP (emulsion PCR, ePCR) npenctaBnseTt cobow gpyrom pacnpocTpa-
HEHHbI BapWaHT KoHMpoBaHuA ¢parmeHToB [HK in vitro. 3Ta meToanka nossondet
amnnuéuympoatb [JHK Ha NOKpbITbIX Nparimepamu Mnukpocdepax Takum obpasom, uto
Kaxzaa MnKpocdepa OKasblBaeTCA OKPYXKeHa TONIbKO OAHMM TUMom dparmeHToB. [nA
3TOro cosgatot 6mbnmoteky pparmeHtos [IHK c aganTepamm nNo KoHUam, a 3aTem CMeLLu-
BalOT NonyyeHHble GparMeHTbl C MOKPbITbIMU NpariMepamy MUKpocdepamu, CBO6OAHbIM
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npanmepom n gpyrumm Heobxogumbimu ans MNLUP KoMnoHeHTaMu B YCNIOBUAX MENKOAU-
CnepcHo BOAHO-MAC/IAHON 3MYNbCUN TaK, YTOObI B KaXAyl0 MMKPOKansIo BoAbl nonanu
B CpeaHeM ofHa MUKpocdhepa 1 OAMH NCXOAHbIN MaTpuuHbIn ¢parmeHT AHK. B xoge MLUP
npanmepsbl Ha MUKpochepe MHULNNPYIOT CUHTE3 GParMeHTOB, HaUMHasA C eUHCTBEHHON
MULLEHN, a C NpariMepa B pacTBOpe AOCTpanBaeTca BTopas Lenb. B ntore peakunn nony-
YalT MUNNIMOHBbI MUKpOochep, Kaxdasa U3 KOTOPbIX HeceT MUIMIMOHbI UAEHTUYHbIX dpar-
meHToB JHK [12, 13].

[na oueHkn KayecTBa 6UGNMOTEKN Nocne smynbcoHHol MLUP ncxopaT us npasuna,
YTO COOTHOLLIEHUNE CPabOoTaBLLMX MUKPOChEp 1 HeCcpaboTaBLINX JOMKHO ObiTb 30%:70%.
Bonblmni npoueHT cpaboTaBLINX MUKPOCHEp yKa3biBaeT Ha UX BbICOKYIO MOSIMKIOHaNb-
HocTb. OLeHUTb NPoLEeHT cpaboTaBLKX MUKPOChEpP BOSMOXKHO MyTem n3mepeHus Gpnyo-
pecueHuun Hecywmnx JHK mukpocdep oTHocuTenbHO HecpaboTaBLmx. [locne amynbcu-
oHHol MNUP npoBogAT oboraileHne dpakumm cpabotasmx Mnukpocdep, Hanpumep, 3a
cyet rubpuamsaumm C MarHUTHbIMU YacTUL@AMU, HeCYLLMK CTpenTaBuanH. Mpu 3Tom cpa-
60TaBLLME MUKPOCHEPbI B 3TOM Cllydae AO/MKHbI HeCTY OMOTWH Ha AUCTanbHOM afjanTepe.

MHorvne nonb3oBaTenu cuMTaloT 3MynbCUoHHYI0 MLIP Tpygoemkon n Becbma HecTa-
6unbHON. [lencTBUTENBHO, B MEPBbIX BapuaHTax CEKBEHMPOBAHMWA IMYNbCUIO NPUXOAU-
NOCb rOTOBUTb BPYUHYIO, Y ManenLine OTKNOHEHMWA B TEXHONOMMIN NPUBOAMIN K pa3pyLue-
HUIO BCel amynbcun. B HacToAee Bpema pa3paboTaHbl aBTOMaTM3NPOBaHHbIE MOAXOAbI
K npoBefeHunto smynbcmoHHol MLP, Hanpumep, ¢ nomolbio Npnbopos cepun OneTouch.
B 2013 rogy ana nnatdopm lon Torrent NoABUICA NONHOCTbIO aBTOMATUYECKMI annapat
ana npobonogrotoBkn lon Chef, BbinonHaowmin smynbcroHHyto MNUP, oboraweHne u
3arpysKky umna B aBTOMaTMyeckom pexume. Ha metoge amynbcroHHon MMLP 6a3upytot-
CA TeXHosorMmn cekBeHupoBaHusa 454 Life Sciences (Roche), lon PGM u lon Proton (Life
Technologies), Polonator (Dover/Harvard), SOLiD (Life Technologies).

Ecnun ncnonb3syemasn TeXHONOrnA BbICOKONPOU3BOANTENBHOIO CEKBEHMPOBaHUA Nped-
nonaraeT nNpouTeHme Kaxgoro ¢pparmeHTa 6UOGNNOTEKM C ABYX CTOPOH, CYLUHOCTHbIM OT-
nuurem 3Tmx 6UbNMOTEK ABNAETCA paccToaHUe no ucxogHow AHK mexay nonyyaembimm
B pe3ynbTaTe CEKBEHMPOBAHMA ofHOro GpparmeHTa nocnegoBaTeNibHOCTAMU. [AnA obbly-
HoW 6MbNMOTEKN 3TO pPacCcToAHME COOTBETCTBYET Gpu3mueckon annHe dparmMeHTa U1, Kak
npasuno, He NpeBblWaeT 2-3 T. M. H., 411 MHBEPTUPOBaHHOW OMGINOTEKM 3TO MOTyT ObITh
N JecATKU TbiCAY Nap HYKNneoTuaoB. B npouecce cekBeHMpoBaHMA 06bluHasa 6rnbnnoTeka
MO>KeT BbITb MPOUYUTaHa Kak B OJHOM HamnpaBsfieHWw, Tak 1 B 06oux. lNnatdopmbl Ha TeXHO-
norusix lon Torrent n 454 Life Sciences B HacTosiLee BpeMs MO3BOJIAIOT MPOBOANTL TObKO
OfHOHanpaBneHHOe CeKBeHMPOBaHMe GparMeHTOB C AUCTANIbHOTO MO OTHOLIEHUIO K MU-
Kpocdepe agantepa. [ina lon Torrent nokaszaHa BO3MOXXHOCTb MO OKOHYaHUN CUKBEHCa B
OHOM HanpasneHUn NPoBecTy AeHaTypauuo bubnunotekn HK npaAmo B umne n «CMbITb»
CUHTe3MpoBaHHyto dpakumio HK, a 3aTem npoBecT ceKBEHUPOBaHUE TeX e PpparmeH-
TOB, PACNOJIOMEHHbIX B TEX e MUKPOPEaKTopax, B MPOTUBOMONOKHOM HarnpasieHUn.

TexHonoruu lllumina n SOLID no3BonAoT ocyLecTBNATb CEKBEHUPOBaHUe dparmeHTa
C ABYX CTOPOH. [Tocne npouTeHna C OQHOro U3 afanTepoB NPOBOAAT UTeHre B 06paTHOM
HanpaBfiieHUN C NpariMepa, KOMNJeMeHTapHOro agantepy Ha NPOTMBOMONOXXHOM KOHLIe.
YTteHre ¢ ABYX CTOPOH XOPOLUIO TEM, YTO 3TO MO3BOMAET 3HAUUTENBHO MOBLICUTL 0ObeM
[aHHbIX C OfHOWM 6MONNOTEKM U1, B Cllyyae NepeKkpbiBaHWA MPOUTEHUI, UX OOLLYIO ANHY,
npwv OTCYTCTBUM NepeKpblBaHNA faeT NPUMePHOe PacrosioxKeHne NPoUTEHUIN JPYr OTHO-
cuTenbHo gpyra. [Mpy 3Tom KayecTBO CUrHana 6bICTPOo NafaeT OT Hayasla CEKBEHUPOBaHUA
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K KOHUY dparmeHTa, Tak UTO NpoUTeHNe KOPOTKOro ¢dparmeHTa ¢ AByX CTOPOH HaCKBO3b
No3BoNIAET KOMNEHCMPOBaTb HU3KOoe KayecTBo npouteHua [14].

bonee Tpygoemkoi B U3roToBsIeHUM, HO KpaHe Nofie3HOM B Cilyyae NosIHOreHOMHO-
ro cekBeHMpoBaHuA, ocobeHHO de novo, 1 ANA HEKOTOPbIX APYrvX 3afay ABAAETCA WH-
BepTUpoBaHHasa 6rnbnnoteka. CyTb noaxoda COCTOUT B TOM, UTO B ofuH dparMeHT ana
CeKBEHVPOBaHMA NonagaloT ABa yyacTka ncxogHom JHK, pacctoaHue mexxay KOTopbiMin
NPUMEPHO M3BECTHO, NPMYEM B 3aBMCMMOCTY OT 3afaun MOXHO perynupoBaTb yAaneH-
HOCTb MonajalLMx B COBMECTHbIA CUKBEHC $pparMeHTOB reHOMa OT HECKOJSIbKUX COTEH
[0 HECKOJIbKUX AeCATKOB TbiCAY Nap Hykneotnaos [15]. MNpermyLuecTtBo MHBEPTMPOBaH-
HbIX 6MGNMOTEK B NEepPBYIO oUepeab onpefensaeTca Tem, YTO BBUAY KOPOTKOW ANNHbI NPo-
YTeHMI 3a OAHO NPOUTEHNE He yAaeTCcA HAaCKBO3b NMPONTM YUYaCTKN MHOTOUYMNCAEHHbIX MO-
BTOPOB, AyMIMKaUMiA 1 APYrMX NOBTOPAOLMNXCA SNEMEHTOB reHOMa, TeM CaMbIM COOpKa
npouteHnin B 6bonee ANVHHblE 3aTPyAHEHA WU fiaxke HEeBO3MOXHa. [lapHoe npouTteHne
WHBEPTUPOBaHHON O6MGNMOTEKN AaeT MHPOPMALIMIO O PACNONOXKEHUN ABYX NMPOUYTEHUN
OTHOCUTENIbHO APYr APYra, YTO MOXHO UCMONb30BaThb ANA COOPKM reHOMOB Ha MOBTOPAIO-
LMXCA NocnefoBaTeNbHOCTAX.

MNMoMrMO MHBEPTUPOBaHHbIX 61BANOTEK, NPOUYNTaHHBIX C ABYX CTOPOH, MHbOPMaLnio
0 PacnonoKeH KOHTUIFOB B reHOME MOXHO MONYUYNTb Y Ha OCHOBAHMM CPaBHEHWA C yXKe
cobpaHHbIMN reHOMaMV reHeTUYeCKr 6JIM3KUX BUAOB, OfHAKO HY>KHO MOMHWUTb, UTO TaKune
JonyLeHnsa Heo6XoaMMO NOATBEPXKAATb SKCNEePUMEHTaIbHO U3-3a YaCTO BCTPEeYaloLmXx-
cA faxe AnA 6nM3KMX TaKCOHOB KPYMHbIX MepecTpoeKk B reHoMax.

be3ycnoBHO, nonyyeHmem nepBUYHbIX AaHHbIX CEKBEHMPOBaHME He 3aKaH4YMBaeTCs,
a cKopee TOJIbKO HaunHaeTcA. ABTOMaTUYECKN CeKBEHATOP AaeT MUINIMOHbI KOPOTKMNX
NpouTEHWI, KOTopble Heobxoanmo cobpaTb B Gonee AnuHHbIE MOCNEAOBaTENbHOCTU
N nNpoBecTn nx GromHpopmaTnUeckmin aHanms. K coxaneHuio, B HacTosLlee BpeMs HU
OfHa 13 TEXHONOMMIN CEKBEHMPOBaAHUA He NO3BoJIAET ONpeAenATb NOCNeA0BaTENIbHOCTb
reHoma HenpepbIBHO Ha NPOTAXEHUN MHOTUX MUAMOHOB Nap reHomHoun [HK. Bce Tex-
Honoruu npegnonaratoT ¢parmeHTrpoBaHe JHK n fgaioT B pesynbrate CpaBHUTENbHO
KOPOTKMe, HO MepeKpblBaloLMeca y4acTKu nocnefqosaTenbHOCTH gnnHon 50-1000 n. H.,
No3ToMy B Cllyyae onpefeneHusa reHoma Kakoro-nmbo opraHusma BnepsBble BO3HMKaeT
Heo6xo0ANMOCTb ero c6opKK, onpeaeneHNa NOAHOW NOCIeoBaTENIbHOCTY MO OFPOMHOMY
Habopy ¢parmeHTOB.

K coxaneHuio, Ha NpakTMKe nccnefoBaTenb BCerga UMeeT Aeno € AaHHbIMU, B KOTOPbIX
NPUCYTCTBYIOT OWINOKM CEKBEHUPOBaHUA, CYLLECTBEHHO YCNOXHAKLWME 1 6e3 Toro He-
npocTyio 3agayy no cbopke de novo. [InA 4aCTUYHOrO yCTpaHeHUA OWNOOK CEKBEHNPOBa-
HMA NonyyYeHHble JaHHble NpefBapuTenbHO obpabaTbiBatoT. Kpome nocnegoBaTenbHOCTU
HyKneoTuzoB, Npubopbl ANA CEKBEHNUPOBaHUA BblAAIOT AaHHble O KauecTBe MpouTeHun
Kaxzon 6ykBbl, oTOpacbiBan AaHHble, UMeOLE HN3KOEe KaueCTBO, MOXHO 3HaUUTENbHO
COKPaTMTb KONNYeCTBO oWn60oK. bonblMHCTBO Nporpamm Ansa cOopKy reHOMOB NO3BONA-
0T NPOBOANTDL TaKyto GUNbTPaLMIO, ANA TEX e, Fae OHa He NPeayCMOTPEHa, XKenaTenbHO
NpoBecCTV ee CaMOCTOATENbHO nepes CO0PKOIA.

CylecTByeT elle ofjHa pacnpocTpaHeHHasa npobnema — NOBTOPsAOLWMECA NOCNEAO-
BaTeNIbHOCTY, NPUCYTCTBYIOLWME B /I0OOM reHoMe: 3TO MOBTOPbI, MpeBbILlaloWme ANUHY
OHOro MPOYTEHUA ANA UCMOSIb30BAaHHON TEXHONIOTUU CEKBEHMPOBAHUSA, UTO Tpebyet
CYLLECTBEHHOTO yBENUUYeH1A Heobxoanmoro ob6bema annapaTHOM NaMATU 4N1A XpaHeHUsA
nHopMaL K o CBA3AX.
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HecmoTps Ha OrpOMHbBI NOTOK 3KCNEPVMEHTOB MO CEKBEHUPOBAHWUIO FTEHOMOB U LUN-
POKUI CNEKTP METOANYECKMX NPUEMOB, Ha CEroAHALIHWI AeHb HET OHO3HAUYHOIO OTBETA
Ha BONPOC, Kakne KOMOMHaLUN TEXHONOTMMIA CEKBEHNPOBaAHUA 1 NporpamMm ansa c6opku
JaloT Haunyudlme pesynbTaTbhl NPU ceKBeHPoBaHK de novo. HeT 1 eguHbIx Kputepures
OLIeHKM KayecTBa COOpKN.

Jlio6o HayuHbI SKcneprMeHT TpebyeT TlaTenbHON NpeABapUTENbHOM NOAFOTOBKN.
B MeauUMHCKON Hayke NiaHWpOBaHWe SKCNepUMeHTanbHOM YacTy UCCNefoBaHuAa ume-
eT 6onblUoe 3HaueHre Mo NPUUYNHE LWMPOKON BaprabenbHOCTU CBOWCTB, XapakTepHou
ana 61Monornyeckrx o6bEKTOB. ITa 0COOEHHOCTb TaKXe ABNAETCA NPUUMHON TPYAHOCTEN
npu UHTEpPNpeTaunn pe3ynbTaToB, KOTOPble MOTYT 3HAaUUTEIbHO Pa3NNYaTbCA OT OMbITa K
onbiTy [16].

M3BecTHO, UTO reHoMbl ABYX OpPraHM3MOB OJHOIO U TOrO e BWAQA, Kak NpaBuiio, He
ABNAIOTCA NOJSIHOCTbIO MAEHTUYHbIMW. Hanbonee yactbiMn pasnuunamn B 6a1M3Kopoa-
CTBEHHbIX reHOMaXx ABNATCA OfHOHYKeoTuaHble Bapuaunn otmuma JHK no Hykneo-
Tay B onpefeneHHon No3nLmm, Jatolmne Tak Ha3biBaeMblll BHYTPUBMAOBOWM OQHOHYKe-
oTuaHbIn nonumopdusm (single nucleotide polymorphism, SNP), aBnatoLwwminca ocHOBHOM
NpUYNHON cylectBoBaHWA annenein [17]. Hapagy ¢ SNP yacto BCTpeualoTca BCTaBKU Un
Jeneummn ogHoro HykneoTtuga. bonee npoTaxeHHble BCTaBKU Mnn geneunn obblYHO Ha-
3bIBAlOT Bapuaumen uncna KOMuin pervoHa, OHW MOryT ObiTb Pa3HON NMPOTAXKEHHOCTU:
OT HECKOJIbKMX HYKNeoTUAOB A0 LEenon XpoMocombl. OTKNIOHEHME YniCna XPOMOCOM OT
HOpPManbHOro HasblBaloT aHeynnougmen. Kpome Toro, BO3MOXHbl MHBEPCUM U3MeHe-
HUA CTPYKTYPbl XPOMOCOMbI, BbI3BaHHblE PAa3BOPOTOM OAHOIO M3 ee yyacTKoB Ha 180°,
N TpaHCOKaumM — NepeHoC yyacTka XpOMOCOMbl B HOBOE MecTo. Bce 3T M3meHeHuA
MOKHO O6HaPY>K1Tb C MOMOLLbIO BbICOKONPOU3BOANTENBHOIO CEKBEHMPOBAHMA, Kak Npa-
BWJI10, B BapUaHTe MOBTOPHOIO CEKBEHNPOBaHNA reHOMa.

Pan 6buonornyecknx 3afau npegnonaraet NOBTOPHOe onpefeneHre nocsiefoBaTesb-
Hoctun HK BMAaa opraHM3moB, reHOM KOTOPOro yxe ecTb B 6a3e AaHHbIX. [nA npokapuot
3TO MOXeET ObITb CEKBEHMPOBAHME OTINYAIOLLMXCA onpeeneHHbIMU CBOMCTBaMU — NaTo-
reHHOCTbIO, MPOAYKTUBHOCTHIO — WITAMMOB MUKPOOpraHu3mMa. [lna sykapmot — Hakonne-
HMe JaHHbIX O BapuabenbHOCTU reHoMa BHYTPU BUAA, acCOLMaTMBHbIE NCCefOBaHuA,
B TOM UMCJIe NMOWCK FeHeTUYECKNX JeTEPMUHAHT onpefesieHHbIx peHoTunos [17].

Ecnun nepep uccnepoBatenem CTouT 3afaya onpeaeneHna NocnefoBaTenbHOCTH re-
HOMa OpraHmn3mMa, faHHble A5 KOTOPOro y»Ke eCTb B 6a3e faHHbIX, TO eCTb CTOUT 3afaya
NOBTOPHOIO CEKBEHMPOBaHWA, PECEKBEHMPOBAHUA, €e pelleHne CyLeCcTBEHHO YMnpo-
waetcsA. B aTom cnyyae npoBoAAT cpaBHEHME MOMyYeHHbIX faHHbIX C pedepeHCHbIM re-
HOMOM, 1 OT KayecTBa TaKOro CpaBHEHUA 3aBUCAT pe3ynbTaTbl AasibHelLero aHanmsa
OaHHbIX.

[na cpaBHeHUA MONYYEHHbIX JaHHbIX FEHOMHOIO CEKBEHNPOBAHMA C yXKe UMeloLLm-
MUCA MNONHbIMX FEHOMaMW COBCeM He 0bA3aTenbHO cobnpaTtb FreHOM 3aHOBO, JOCTaTOYHO
BbIPOBHATb (KapTMPOBaTb) MPOUTEHNA Ha yXKe umeloLlytoca pedepeHcHylo nocieaosa-
TeNIbHOCTb. HecmoTps Ha To, UTo 3aflaya BbipaBHMBaHWA Ha pedepeHCHbIN FeHOM HaMHOTO
npouie, Yem c6opka de novo, 1 3aechb CyLecTBYeT pAg TpyaHocTeln. Bo-nepBbix, Aaxke ana
CpaBHUTENbHO HeBONbLLOro reHomMa 6akTepuu — 5 MAH M. H. — AN1A Kaxkaoro ¢dparmeHTa B
Xofe BblpaBHMBaHMA HEOOXOANMO MPOBEPUTb 5 MSTH BO3MOXKHbIX BapMaHTOB pacnosio-
XeHnA 3TOro yyactka Ha reHome. Ho B pedepeHCHOM reHome MoryT 6biTb 1 Hebonblumne
OT/INUNA — OQHOHYKNEOTUAHbIE 3aMeHbl, Aeneunn unu BCcTaBku. Ecnu paspewnts anro-
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pUTMY MO3ULMOHUPOBaTb NOC/IEL0BaTENIbHOCTb C YYETOM HaNnunA eMHCTBEHHOrO He-
cosnagatouiero Hykneotmga Ha 100 n. H.,, To Mbl nonyunm 3x100x5 000 000 BapuaHTOB
pacnonoxeHna ¢parmeHTa Ha pedpepeHCHOM reHoOMe, TO eCTb ANA KaXAoro NpoyTeHus
HY>KHO BbINOMHUTDL YKe 1,5 MNpA cpaBHeHUN. Ecnv npegnonoXxutb Hanuume geneuun nnu
BCTaBKW, KONIMYECTBO CpaBHEHMIA BO3pacTeT elle 6onbule. 1158 COBpeMEHHbIX MepCoHab-
HbiX DBM pelueHre No BblipaBHUBAHMIO 6aKTEPUANIbHOTO reHOMa Ha pedepeHCHbIN reHOM
3aHMMaeT OKOJO ABYX YacoB. B Lenom 3agauy KapTMpoBaHMA NPOYTEHU Ha pedepeHc-
HOM reHoMe MOXHO chopmMynupoBaTb crefyoWwmnm obpa3om: AaHbl HAboOP NonyyYeHHbIX
B 3KCMepuUMeHTe nocnepoBaTesibHocTen Q, Habop pedepeHCHbIX NocnefoBaTeIbHOCTEN
R, Habop orpaHnyeHWii 1 NOPOroBoe 3HayeHne anctaHumm k. Heobxogmmo Haliti Bce
NnoacTpokun T B R, yaoBnetsopswoLwme Bcem orpaHUyYeHUAM, B TOM YKCIe U TakoMy, U4To
paccTtoaHue mexgy T 1 niobol nocnegoBaTenbHOCTbio g U3 Q He npeBbiwaeT A, TO eCcTb
d(g, m) <k, rge d(q, 1) - dyHKUMA paccToaHMA. Ee 0ObIYHO paccumTbIBalOT HA OCHOBaHUN
KONIMYecTBa 3aMeH, fiIeNIeHUI UK BCTaBOK. TakXKe OHa MOXET YUUTbIBaTb MPOTAXKEHHOCTb
LeNeHUn NN BCTaBOK M XapaKTepPHble OWNOKN UCNOIb30BaHHOM NnaTGOopMbl CEKBEHU-
poBaHus. OCHOBHas Lenb KapTUPOBAHNA — HANTK NPaBUIbHOE PACMONIOXKEHNE B FeHOMe
Kaxzon nocnegosaTesibHOCTY g 13 Q € yueToM oWNOOK CEKBEHNPOBAHNA U CTPYKTYPHbIX
BapuaHTOB. [pr 3TOM Ba’KHO OTNNYATL OLIMOKM CEKBEHNPOBAHWA OT peasibHbIX Pas3nnyunii
B CpaBHMBaEMbIX NOC/IeAOBATENIbHOCTAX.

OfHaKo TEXHOJNIOMMM BbICOKOMPOU3BOAUTENIbHONO CEKBEHUPOBAHMA JAlOT Ha NOpsA-
K1 60nbwni 06beM JaHHbIX, 1 MeTofbl, YCNeLWHO NPUMEHABLLNECA ANA CEHrepPOBCKOro
CEKBEHVPOBAHMA, OKa3blBalOTCA HEJOCTaTOUYHO 3dpdeKTUBHbI Ansa paboTbl ¢ Gonbwmmmn
MaccMBamuy faHHbix [2, 3]. MosTomy 6binn pa3paboTaHbl HOBbIE anropuUTMbl, TpebytoLlme
MeHbLLE anmnapaTHON MOLHOCTU 1 BPEMEHW Ha BbIMOSHEHME. Y10 Nporpamm ana Kap-
TUPOBAHWNA MPOYUTEHNIA Y>Ke NMPEBbICUIIO MOJICOTHM 1 MOCTOAHHO pacTeT. Boibnpas noaxo-
ALY Nporpammy AnA KapTUPOBaHNA NPOUYTEHMUI, HY>KHO YUUTbIBaTb, ANA KaKNX AaHHbIX
N KaKuMx 3aflay co3gaBanacb Ta unm nHaa nporpamma (OHK, PHK, mukpoPHK, n3yuyeHune
natTepHa metmnunposaHna IHK nocpeactBom 06paboTky ee Grcynbdutom nnu narrep-
Ha pacnonoxeHua [HK-ceaAsbiBaowyx 6en1KoB nocne MMMyHonpeuunmuTaunm Xpomartu-
Ha 1 T. 4.). Kpome Toro, HekoTopble NporpamMmmbl pa3paboTaHbl cneumanbHo Ana paboTsl ¢
JaHHbIMU KOHKPETHOW TeXHONormyeckom niatdopmbl AnsA CEKBEHUPOBaHUA U yUUTbIBAIOT
XapaKTepHble 0COOEHHOCTU MW OWNOKM MMEHHO 3TO NNaThopPMbl, HaNpUMep, NpouTe-
HVe roMoMoNIMMepPHbIX y4acTKoB Ans lon Torrent 1 454 Life Sciences, ogHOHyKNeoTaHble
3aMeHbl 1 YXyALeHne KauecTBa AaHHbIX K KOHLY npouteHuin ana lllumina n ocobeHHocTn
¢dopmaTa gaHHbIX, LBETOBOE KOoaupoBaHue ans gaHHbix SOLID.

Ecnwn B xope aHann3a reHoMa ob6Hapy»eHa HoBas BapraLms, BO3HMKAET BONPOC, Kakoe
6uonornyeckoe 3HaueHne oHa MoXKeT UMeTb. KoHeuHo, 6e3 aKcneprMeHTaNbHbIX JaHHbIX
6uonHbopmaTMUecKkre NoaxoAdbl «CKa3aTb» UTO-TO HaBEPHAKA He MOryT, HO MOTYT AaTb
HanpaefieHne gns AanbHeNLWero noncka.

Ana 3Tux uenen paspaboTaHbl MIHCTPYMEHTbI, MO3BONAOLLME Ha OCHOBaHUN NHbOpPMa-
LUKN O MecTe pacronioXXeHNs BapuaLmnm caenatb NpeanonoXeHne o ee BO3MOXHOM 61o-
nornyeckon ponu. Takme nporpaMmmHble NPOAyKTbl MO3BONAIT onpeaennTb, HaxoauTcA
nn BapuabenbHaa No3nuMA B KOAMPYHOLLEN NocieoBaTeNIbHOCTN PerynaTopHon obna-
CTn, B obnactu Hekogupytowen PHK n 1. g. Ecnu Baprauma obHapy»keHa B KogupytoLen
nocniefoBaTeNIbHOCTU, TO ABNAETCA I OHA 3HAYMMOW, NMPUBOAUT NN K 3aMeHE aMUHOKMC-
NOTbI, BAUAET NIN Ha PaMKY CUUTbIBAHUA U T. A.
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CeKBeHI/IpOBaHI/Ie — TeXHOoNnornyeckana 4acCtb Nosly4yeHnA nepBrYHbIX JaHHbIX
O nocnenoBaTesIbHOCTAX HYKNIEMHOBbBIX KNCIOT: 0CO6eHHOCTH, KOTOpble cneayeT yunTbiBaTb
npwv ero ocywecTtesnieHnn o n3bexaHue norpeLHoCcTen B NpoLeaype nccnefoBaHna

Takum o6pa3om, No6oi NabopaTopHbI SKCNEPUMEHT B HayKe TpebyeT TaTesbHOw
npeaBapuTeNbHOM NOLMOTOBKU. B MeauUMHCKO 61oNoriv niaHnpoBaHme sKcnepumMeH-
TasIbHOWM YacCTU UCCIEA0BaHNA UMeeT BONbLIOE 3HaYeHMe MO NPUUNHE WNPOKOA Bapu-
abenbHOCTU CBOWCTB, XapaKTepHON ANA 6MONorMyecknx o6bEKTOB. OTa 0COBEHHOCTb
ABNAETCA OCHOBHOWN MPUUYMNHOW TPYAHOCTEN NPU MHTEPNpeTaummn pesynsTaToB, KoTopble
MOTYT 3HAUMTENIbHO PA3/IMYaTbCA OT OMbITa K OMbITY. [paBuIbHOE NNaHMPOBaHWe SKcne-
pryMeHTa B 61onorum KpaHe BaxkHo. MosTomy nepea Hauanom paboTbl UccnefoBaTelb
0653aH NepeuncnnTb Ans cebs Bce snemeHTbl MCCNefoBaHUA, CMOCOBHbIe NCKa3UTb pe-
3yNbTaThbl, MPUAOXKNB MAaKCUMAsbHbIE YCUNA K YMEHbLLEHWIO U YCTPAHEHNIO TaKUX UC-
KaXKeHMM, Nexkallyx B OCHOBE BO3HNKHOBEHMSA OWMGOK B NpoLefype NCCeaoBaHus.
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