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IndbdhepeHumanbHas aMarHocTuka HacneACTBeHHOro chepoLmMTo3a ABMIAETCS CIOKHOWM 3afayen us-
3a CXOXECTU KIMHMYECKNX M abopaTopHbIX NPOABMEHWIA Y NaLMEHTOB C faHHbIM 3aboneBaHneM u
OpyruMu hopMaMmn HacneACcTBEHHbIX TEMOMUTUYECKUX aHEMUIA, @ TaKKe M3-3a Masnio AOCTYMHOCTM
MOMEKYNSAPHO-TEHETUYECKNX MCCefoBaHunii. PaspaboTka nerko BbINOMHUMbIX NabopaTopHbIX
ncecnepoBaHnin ana andodepeHunanbHOn AMarHOCTUKN HAaCNeACTBEHHbIX FeMOMTIMTUYECKUX aHEMUN
OCTaeTCA aKkTyanbHoW. B HacTosLel paboTe BnepBbie NPELNONKEHO UCMOMb30BaTb AS1A ANArHOCTUKM
HaCneAaCcTBEHHOMO CHepoLIMTO3a METOf, N3MepeHns hnbTPYEMOCTY apuTpoLmToB. Llenb nccneposanms:
CPaBHUTb METOA, (PUNBbTPYEMOCTU 3PUTPOLIMTOB C APYrMMM METOAAMM AMArHOCTUKM HAaCNEACTBEHHOIO
cdepounTosa U OLEHWUTb ero CneundunyYHOCTb U YyBCTBUTENBHOCTL. B nccnepoBaHve BKIIOYEHDI
30 naumenToB (18 aeBouek v 12 MasbUMKOB, CPenHUii Bo3pacT 8,6 rofa) ¢ HaceACTBEHHbLIM CCHEPOLMTO30M
u 15 naumeHToB (9 geBoYeK M 6 ManbuMKoB, cpeaHuit BospacT 10 neT) ¢ apyruMy HacieaCcTBeHHbIMM
reMoSIMTUYECKUMN aHeMusMu (nedbnumnt nupysaTkuHasbl (n = 14) n ctomatoumntos (n = 1)). Ans
[MarHOCTVKM HaCNeACTBEHHOM reMONUTUYECKON aHEMUM NaLMEHTaM BbIMOSTHANUCH UcCneaoBaHue obLuero
aHanmsa KpoBM Ha aBTOMaTUYECKOM reMaToNorMYeCKOM aHann3aTope, 0CMOTUYECKOW PE3NCTEHTHOCTY
1o v nocne 24 4 nikybaumm npu 37°C, 3puTpoLIMTOMETPUS C pacUeTOM MHIeKca cdrepuyHocTu, SMA-TecT
(cBsibiBaHMe 303uH-5-ManeuMmnaa) v u3MepeHue OUNbLTPYEMOCTH IPUTPOLUTOB YePes3 UCKYCCTBEHHbIE
MNbTPbI C UMMUHAPUYECKMMM NopamMmn anameTpoM 3—5 MKM. HacTosllee nccnenosaHve onobpeHo
HEe3aBUCKMbIM 3TUUYECKUM KOMUTETOM U YTBEPKAEHO peLlueHueM yyeHoro coseta HMULL AAFOU um.
IOmutpus Poravesa. PogvTenu Bcex NaLveHTOB, BKIIOYEHHbIX B UCCIeA0BaHne, noanucanv aobposonbHoe
MHChOPMMPOBaHHOE cornacue Ha 3abop KPoBM M3 NepUcHepUYECKON BEHbI 1 MPOBEAEHWE ANArHOCTUYECKMX
nccnenoBaHuin. PunbTPYEMOCTb IPUTPOLIMTOB AJ151 BCEX CIyYaeBs ANarHoCTMPOBAHHOIO B COOTBETCTBUN
C LEeNCTBYIOLLMMU KIMHUYECKUMU PEKOMEHOALMAMM HACNeLCTBEHHOr0 cPepoLmMTo3a OUYeHb HU3Kas
(0-0,31 en.). OHa 6bina Bbile TOMbKO B 3 cryyasx u coctasuna 0,47, 0,64 u 0,82 ef., HO B 2 U3 HUX
OTCYTCTBOBanu AaHHble reHeTUKH, a ewle B 1 cnyuyae bbina obHapyxeHa MyTauma SPTAI c.4339-
99C>T, KoTopasi paHee bbina oxapakTepusoBaHa He TOSIbKO Kak HaCMEeACTBEHHbIA CIepoLMTO3, HO 1
KaK annvMnTounTos. PunbTpyemMoCTb 3pUTPOLIMTOB B FPyNne APYrMX FEMOSIMTUYECKUX aHEMUIA COCTaBuna
ot 0,55 1o 0,86 en. (Megnana 0,77 eq.). UyBcTBUTENBHOCTL METOAA PUIITPYEMOCTM MO OTHOLLEHMIO K
HacrneacTeeHHoMy cdepoumtosy coctasuna 93% (npu cneundonuHocTn 100%), Toraa Kak ans OMA-
Tecta — 89% (npu cneumdpmuHocTv 95%). MpoBeneHHble CpaBHUTENbHbIE UCCIIELOBAHUS MOKa3anu,
YTO MPW [MarHOCTUKe HaCcneACTBEHHOMO cchepoumnTo3a nsMepeHne unbTPYEMOCTU IPUTPOLIMTOB He
yctynaet OMA-TecTy no YyBCTBUTENMBHOCTM M CNeUndUYHOCTH, OOHAKO 3TO UCCMEef0BaHWe ropasgno
MeHee TPYOOEMKO W 3aTPaTHO, NMOCKOSbKY He TpebyeT fopororo obopynoBaHWst U MOXeT bbITb Nerko
nposepeHo B nioboi nabopatopum.

KnioueBble cnoBa: 3pUTpoLNT, FEMOSTUTUHECKAS @HEMUS, HACTIEACTBEHHBI CchepoLMTO3, hunbTPyeMoCTsb
3pUTPOLMTOB, BEHULNT MUPYBATKMHA3bI, OCMOTHYECKaA Pe3NCTEHTHOCTb apuTpoumnTos, IMA-TecT,
UHAEKC cchepuyHoCTH
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Red blood cell filterability measurement in the diagnosis of hereditary
spherocytosis
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The differential diagnosis of hereditary spherocytosis is a great challenge because of the similar clinical and laboratory signs
it shares with other hereditary hemolytic anemias as well as due to the limited availability of molecular genetic testing. The
development of easy-to-perform laboratory tests for the differential diagnosis of hereditary hemolytic anemias remains as
relevant as ever. Here, a method of measuring red blood cell filterability for the diagnosis of hereditary spherocytosis is proposed
for the first time. The aim of our study was to compare red blood cell filterability measurement with other diagnostic tests
for hereditary spherocytosis as well as to assess its specificity and sensitivity. We included 30 patients (18 girls and 12 boys,
with the median age of 8.6 years) with hereditary spherocytosis and 15 patients (9 girls and 6 boys, with the median age of
10 years) with other hereditary hemolytic anemias (pyruvate kinase deficiency (n = 14) and stomatocytosis (n = 1)). The
diagnostic work-up for hereditary hemolytic anemia included a complete blood count test using an automated hematology
analyzer, an osmotic resistance analysis before and after 24 hours of incubation at 37°C, erythrocytometry with sphericity
index calculation, EMA test (eosin-5-maleimide binding assay) and red blood cell filterability measurement using artificial filters
with cylindrical pores 3-5 pm in diameter. The study was approved by the Independent Ethics Committee and the Scientific
Council of the Dmitry Rogachev National Medical Research Center of Pediatric Hematology, Oncology and Immunology. The
parents of all of the enrolled children signed a voluntary informed consent form for peripheral blood collection and diagnostic
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OPUTUHAJNbHBIE CTATbU

testing. In all the cases of hereditary spherocytosis diagnosed in accordance with the relevant clinical recommendations, red
blood cell filterability was very low (0-0.31 units). It was higher only in 3 instances, reaching 0.47, 0.64 v 0.82 units, but in
two of these cases there were no genetic data available, and the remaining patient was found to harbor the SPTA1 c.4339-
99C>T mutation which was characterized both as spherocytosis and elliptocytosis. Red blood cell filterability in the group of the
patients with other hemolytic anemias equalled 0.55 to 0.86 units (with the median of 0.77 units). The sensitivity of the RBC
filterability measurement method in diagnosing hereditary spherocytosis was 93% (with 100% specificity), while the EMA test
had a sensitivity of 89% and specificity of 95%. Our comparative study showed that red blood cell filterability measurement and
the EMA test have similar sensitivity and specificity in diagnosing hereditary spherocytosis but the former is much cheaper and
easier to perform since it does not require expensive equipment and can be carried out at any laboratory.

Key words: red blood cell, hemolytic anemia, hereditary spherocytosis, red blood cell filterability, pyruvate kinase deficiency,

osmotic resistance of red blood cells, EMA test, sphericity index
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acnefncTBeHHblit cdhepountos (HC) sasnsa-
eTcsl Hanbonee pacnpoCTpaHEHHOW MPUYMHON
BPOMAEHHOW reMonutudyeckon aHemum (IA).
OH puarHocTupyeTcs ¢ yacToTon 1 Ha 2000 venosek,
XOTA 3HAUMTENIbHOE KOMMYecTBO HECCUMMMNTOMHbIX
CryyaeB MOryT OCTaBaTbCA HeAMarHOCTUPOBaHHbLIMM
[1]. NpuumnHoit aHemumn npu HC ABnsieTca cokpalleHune
BPEMEHMN XMN3HW 3PUTPOLIMTOB B KPOBOTOKE B Pe3yrib-
TaTe CHWKeHus nx gedpopmmpyemMocTy. 0bycroBneHHbIN
FeHETUYECKMMU MYTaLMUAMU KAUECTBEHHBIN UM KONK-
YeCTBEHHbIN fenuUMT MeMBpaHHbIX BenKoB NPMBOAUT K
HapyLLEHWIO CBA3M LMTOCKeNeTa BHYTPEHHe MemMbpaHbl
3PUTPOLIMTOB C €€ BHELUHWUM NUNMIHbIM BucnoeM. 370
COMPOBOXOAETCH NPOrpeccupyioLLen noTepen NnoLLaam
MeMBpaHbl B MUKPOLMPKYNSTOPHOM pycrne (yMeHb-
LUEHWEM OTHOLLEHMS MJIOLLaAM MOBEPXHOCTU KIETKM
K ee 06beMy), UTO NMPUBOANT K U3MEHEHMIO hOPMbI 1
COKpALLEHMNIO NPOAOIIKUTENBHOCTU XU3HU 3PUTPO-
umTOoB. AHOManuM MeMbpaHbl COMPOBOXKAAIOTCA CHUNKE-
HMeM crnocobHOCTM 3puTpounTa K gedopMauuu npu
MPOXOXKAEHUN MUKPOKanNuNisapoB. Takue 3puTpo-
LMTbl CEKBECTPUPYIOTCS CE/Ie3EHKON, YTO NPUBOAUT K
aHeMun. MonekynspHble aedekTsbl, npusoasLume K HC,
OYEeHb reTeporeHeHHbl. Hanbonee yacto BcTpevaloTcs
pedouumT 6enka nonockl 3 (54%) n gedouunTbl Crek-
TpuHa (31%) [2].
B HacTosLwee Bpems anarHocTuka HC ocHoBbiBaeTcCS
Ha MOMNOXUTESIbHOM CEMENHOM aHaMHE3€e, KITMHUYECKON
KapTuHe W pe3ynbTaTax SlabopaTopHbIX UCCeLoBaHUNA.
[narHos cunTaeTcs yCTaHOBMEHHbIM, €CNN Y NauneHTa
HabniopawTca Kymbe-HeratmeHas A, moBblleHHas
CpemHss KOHUEHTpauus remornobuHa B aputpounTe v
CHVKEHHBIV MHAEKC CCPEPUYHOCTH MO JaHHBIM 3PUTPO-
LMTOMETPUN, CHUMKEHHAA OCMOTUYECKAsA Pe3UCTEHT-
HocTb aputpountos (OP3) mo u nocne nHkybauuu, a
Takxe cHuskeHne IMA-TecTa (cBA3bIBaHME 903UH-5-Ma-
neummpa). AndpdpepeHumanbHas anarHocTuka HC aens-
€TCH CITOXKHON 3afayvei N3-3a CXOKECTU KITMHUYECKNX
1 nabopaTopHbIX NPOSIBMIEHNA Y NALUMEHTOB C JaHHbIM
3aboneBaHneM u opyrumMu hopMaMmu HacneacTBEHHbIX
A (nedovumt nNupyBaTKuHasbl apuTpounTos, A Berea-
cTBMe HecTabunbHoro remMornobuHa, AM33puUTPONO3-
TUYEeCKMe aHeMuUW, HaCNEeACTBEHHbIA CTOMaToOLNTO3), a
TaKXe M3-3a Manomn QOCTYMHOCTY MOJMEKYNAPHO-TeHe-
TUYECKMX UccnenoBaHuii [3, 4].

HecMoTps Ha To, uto OP3 1 3MA-TecT aBnsaiTCA
OCHOBHbIMW MeTofaMmu B puarHocTuke HC, oHM umeioT
orpaHuyenns. OP3 He ABnsAeTcA BbICOKOCMEUNINYHBIM
ons HC, Tak kak B 10-20% cnyyaes HC MoryT bbiTb
MoJTyYeHbl NOXHOOTPULATENbHbIE 3HaueHus [5]. B paboTe
Y.J. Shim v coaBT. [6] 4yBCTBUTENBHOCTB ¥ CNELMEOUYHOCTD
OP3 B pnarHoctuke HC coctasumm 66% v 81,8% cootseT-
cTtBeHHO. OpHaKo Bbiio MoKasaHo, YTO He[ABHO BHELPEHHAs
OP3 ¢ vcnosnb3oBaHMeM NpoTouHoi umtometpun (FCMOF)
MOYKET MOBbLICUTb YYBCTBUTENBHOCTL U CNELMUYHOCTb A0
91,3% v 95,8% cooTBetcTBEHHO [6]. Miccnenosarve OP3
Takxe He nossonseT auddepeHumposatb HC oT apyrux
COCTOSIHUIA, COMPOBOKAAIOLLMXCS NOSIBNEHMEM CGEpOLMTOB
B nepuchepryecKoi KPoBW, B YaCTHOCTU OT ayTOMMMYHHOTO
remonuaa [7].

B otnuume ot OP3 3MA-TecT peMoHcCTpupyeT
nyJline 4yBCTBUTENBHOCTb U cneuudpmyHocTb. CyTb
MeTOAa COCTOUT B CBA3bIBaHWM (P/lyOpPECLEHTHOrOo
KpacuTensa 203uMH-5-manenmuaa (IMA) c benkom
nonockl 3. N-KoHLeBon yyacTok benka nonockl 3 B3au-
MOLENCTBYET C aHKUpWMHOM U BenkoM nonockbl 4.2,
KOTOpGbIN, B CBOIO 0Yepefb, COeJMHSETCA CO CMeKTpu-
HOBbIM LMTOCKeneToM, obecneunBas LOMNOMHUTENbHYIO
cTabunbHoCcTb MembpaHre apuTpouuTta. OTCyTCTBME UMK
CHWXeHue akcnpeccun moboro n3 Benkos MembpaHsbl
3puTpOUMTa MPUBOLMT K HapyLUEHUIO CTabuIbHOCTM
LMTOCKeNeTa KNEeTKU U CHUMKEHWIO KonmyecTBa beska
nonocbl 3 Ha NMOBEPXHOCTU MeMbpaHbl apuTpoumnTa. B
pesynbTaTe CHWKaeTcsa cBasbiBaHne IMA ¢ benkom
nosiocbl 3 W, COOTBETCTBEHHO, NMPOUCXOAUT CHUMKEHME
nsaMepsieMon cnyopecueHumn. lpencraBneHHble
M. King u coaBT. paHHble [3, 8] cBuoeTenbCTBYIOT O
BbICOKOI UyBCTBUTENBHOCTHU (92,7%) ¥ cneumdryHOCTH
(99,1%) MeToma, 4TO NO3BONAET aBTOPAM PEKOMEHMO-
BaTb €ro B KAaYeCTBE OCHOBHOIO ANsA AnarHocTuku HC.
CyLLEeCTBEHHBIMW OrPaHUYEHNSIMU 3TOr0 MeToAa ABNA-
loTCSt He0BXOAMMOCTb MCMOMNb30BaHNS MPOTOYHOMO LUTO-
METpa, KOTOPbIA UMEeTCsi He BO BCEX AMArHOCTUYECKMX
nabopaTopusx, OTCYTCTBME CTaHAAPTHLIX pedpepeHCHbIX
3HaYeHWUN 13-3a LULMPOKOro AManasoHa Lwkan donyopec-
LeHUMM Ha pasHbIX MOAENsiX NPOTOYHbIX LMTOMETPOB,
LOpPOroBu3sHa ucnonbsyemoro kpacutens 3MA.

Takum 0bpa3om, paspaboTka NerkoBbIMONHUMbIX
nabopaTopHbIX uccnenoBaHui ans auddepeHumanbHoi
LMarHOCTUKM HaCneacTBEHHbIX A 0CTaeTCs akTyanbHOM.

Pediatric Hematology/Oncology and Immunopathology
2024 | Vol. 23 | Ne 2 | 145-151



FfematTonorwus

B HacTosLel paboTe Briepsble NPEeAIOKEHO UCMOMb30-
BaTb 45 anarHocTukn HC MeTop nsmepeHus donnbtpye-
MOCTU 3pPUTPOLIMTOB.

Llenb HacTosillero uccrnepoBaHua — cpaBHeHue
MeTona OUnNbLTPYEMOCTU SPUTPOLIMTOB C APYrUMU METO-
namu guarHoctuku HC 1 oueHKa ero cneundunyHoCcTY u
YyBCTBUTENMbHOCTM.

MATEPUAINbI U METO[1bl UCCNIEQOBAHUA

MauueHTsbI

B paboTte 6bina ncnonb3oBaHa nepudepuyeckas
KpOBb MauueHToB, obpatueBwuxcs B ®rbY «HMUL
070N wM. Omutpus PoraueBa» MuHsgpaBa Poccuwn
B nepuop ¢ 2017 r. no mait 2024 r. ¢ yCTaHOBMIEHHbIM
COrfacHO AENCTBYIOLLMM KIIMHUYECKUM PeKOMeHAaLMNAM
amarHosoM HC (n = 30, 18 pgesouek, 12 Manbuukos,
cpeaHuit Bospact 8,6 (0,5-17) ropa, y 10 yenosek
AMarHo3 MoLTBEPXKOEH MOMEKYNAPHO-TeHeTUUYECKM), 1
nauneHTos ¢ apyrumu I'A (n = 15, pecovumnt nupysat-
KuHasbl (n = 14) n ctomaToumTos (n = 1), 9 geBoueKk u
6 MarbumKoB, cpeaHuin BospacT 10 (1-30) net, anarHos
reHeTuyeckn BepuduLMpoBaH y BCEX KPOME OAHOr0
nauueHTa ¢ feduMuUNTOM NuUpyBaTKMHa3bl). HacToswlee
nccnepnoBaHme ofobpeHO HE3aBUCHMMbBIM ITUYECKUM
KOMWUTETOM U YTBEPKAEHO PELLUEHWEM YYEHOrO COBeTa
HMWL OO wm. Omutpua Poravesa. PoauTenu Bcex
MauMeHToB, BKIIIOYEHHbIX B UCCMEA0BaHUe, nognmcanm
nobpoBonbHoe MHAOPMMPOBaHHOE cornacue Ha 3abop
KpOBM 13 NepuchepuyecKor BeHbl M MPOBELEHNE AMarHo-
CTUYECKMX UCCIIEN0BaHNN.

M3mMepsieMble napaMeTpbl

Bcem nmaumeHTaMm 6binvM npoBefeHbl M3MepeHune
UNbTPYEMOCTN IPUTPOLIMTOB U CTaHAAPTHbIE UCCre-
[OBaHWA A5 AMArHOCTUKM HacneacTBeHHbIX [A: obmi
KIMHUYECKMI aHann3 KpoBM C MOACYETOM 3pUTPOLU-
TapHbIX MHOEKCOB, YMCNa PeTUKYIOUMTOB 1 HopMobna-
ctoB, OP3, 3MA-TeCT, 3pUTPOLMTOMETPUS C NMOACYETOM
nHoekca cdepuyHocTu. MccnenoBaHnsa BbIMONHANUCH
B KMMHWKO-AMarHoctuyeckon nabopatopun LleHTtpa
uM. [IMutpusi Porauesa no obLLENPUHATON METOLMKE.
Hanuune pedwmumTa nupyBaTKMHa3bl MOATBEPXKAEHO
CHUMKEHMEM aKTUBHOCTU NMUPYBATKMHA3bl 3pPUTPOLIUTOB U
BbIAABIIEHEM MyTaumit/neneunit reHa PKLR.

N3mepeHue chunbTpyeMocTu 3pMTPOLIMTOB

3abop kposu u npobonoaroToBka

KpoBb y nauuenToB ¢ HC 3abupanu B BakyyMHyio
npobupky obvemoM 3 Mn (S-monovette, Sarstedt,
lepManus) ¢ 3,2% (0,106 M) umtpaToM HaTpua. Y naum-
EHTOB C fedMUUTOM nMMpyBaTKMHa3bl U apyrumu A
KpOoBb 3abvpanu B BakyyMHylo Mpobupky ob6bemMoM 2,6 Mn
(S-monovette, Sarstedt, Fepmanus) ¢ K,EDTA B kaue-
CTBE aHTMKoarynsHta. [ns BblaeneHus 3puTPOLMTOB
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KpoBb Bbina ueHTpudpyrmposaHa npu 1000g B TeueHne
8 MuWH. BepxHuin crnoi nnasmbl BMECTE C JIENKOTPOM-
6ocnoeM bBbin ynaneH, u 3puTpPoOUUTbl Janee OTMbl-
Banuch ueHTpudpyruposarnmem npu 1000g B TeueHue
8 MuH gBaxabl 4-kpaTHbIM 06beMoM pacTBopa Tupoge
(135 MM NaCl, 4 MM KCL, 0,33 MM NaH,PO,, 1 MM MgCL,,
11 MM rnioko3el, 2,5 MM CaCl,, 10 MM HEPES 1 1 Mr/mn
BblUbero CbIBOPOTOUHOMO anbbyMuHa, pH 7,4). OTMbITbIE
3puUTpOLNTLI BbINM MOCNenoBaTeENbLHO pecycrneHanpo-
BaHbl B TOM ke pacTBope Ao reMatokpuTa 1% u ucnonb-
30BaHbl A5 U3MepeHus nnbTPYeMoCTy.

OnpegeneHne ¢hunbTPyeMocTH 3PUTPOLMTOB

Onpepenexue hunbTPYEMOCTM 3pUTPOLIMTOB NPOBO-
LMW B COOTBETCTBUM C paHee onucaHHoi MeToaukoi [9]
C MOMOLLbIO 3aMaTeHTOBAHHOIO HaMWU paHee OUNbTPO-
meTpa MOA-1 [10, 11] (pucyHok 1). C nomowibio MOA-1
N3Mepsnn BpeMsl NMPOXOXAEHUS Yepes OAMH U TOT Xe
ounbTp cHauana 250 Mk Bydpepa (th), a satem 250 MK
1% cycneHsun uccresyeMbix 3puTpoumnToB (ts). dunb-
TpyemocTb (F) Bbina ornpeneneHa Kak OTHOLLEHUE 3TUX
BpemeH (F = tb/ts). B kauecTBe dounbTPoB bbina UCrosb-
30BaHa nonuaTuneHTepdTanaTHas nneHka (MHctutyT
siAepHbIX uccrenosaHui, lybHa, MockoBckas obnacTs,
Poccus) TonwmuHoi 10 MKM ¢ LMAMHAPUYECKUMU NopaMm
AMaMeTpoM 3,5 MKM.

CTaTMCTUYECKMNIA aHanU3 AaHHbIX

CpaBHeHue Mexpy rpynnamu naumeHtoB ¢ HC u
opyrumm A onst Bcex TecToB bbI10o CAENaHo ¢ NOMOLLbIO
U-kputepus MaHHa—YUTHU. PaccunTaHHble BENNUYUHBI
p NpuBeneHbl Ha pucyHKke 2. Pasnuuns Mexay rpynnaMu

PucyHok 1
06wmit Bua comnbTpomeTpa UOA-1

Figure 1
An IDA-1 filterometer




OPUTUHAIJIbBHBIE CTATbMU

cuuTanu goctoBepHbiMu npu p < 0,05. Beio ctatuctu-
yeckyto 0bpaboTky nposogunu B nporpamme OriginPro
8.1 [OriginLab Corporation, Northampton, MA,
CLLA).

PE3YNbTATbI MCCINEAOBAHUA N UX OBCYXXAEHUE

B HacTosAwee Bpema B Poccun guarHoctuka HC
OCHOBbIBAETCA Ha MUCMOMb30BaHUN HECKONbKKUX nabo-
paTopHbIx MeTonos: 3MA-TecT, OP3 (c n 6e3 mononHu-
TeNbHOW UHKybaLmm CyCneH3un 3puTpoLMTOB B TeUEHNe

24 4 npu 37°C), 3pUTPOLIMTOMETPHS C PaCUETOM MHAEKCA
chepuuHocTy [2, 5.

PesynbTaTbl n3aMepeHuss onnbTPyeEMOCTH SpUTPO-
uutos, IMA-TecTa, OP3 [HS[J nocne 24 4 uHkybauum
npu 37°C), a TakKe 3HaUYeHWsi MHOEeKCa CAIepUUYHOCTH,
nonyyeHHble y naumentoB ¢ HC n npu gpyrux A npen-
CTaBfieHbl Ha pucyHke 2. PaccunTaHHble MeanaHbl U
obnactv (NONYTOPHbIA MEKKBAPTUIIbHbIA UHTepBan)
3HaAUEHWI Kaxkaoro Tecta B obenx rpynnax npencras-
neHbl B Tabrmue 1. OueBngHo, 4TO BCe nabopaTopHble
MeTOoAbl AOCTOBEPHO PasfMyaloT 2 UcCrefoBaHHbIe

PucyHok 2

Pacnpenenetve BennumH gounstpyeMocty (A), 3MA-TecTa (B), OP3 (BenmumHa ocMomnsanbHOCTH, NPy KOTOPOIt NM3MpoBa-
Ho 50% kneTok (H, ) nocne 24 4 uikybaumm sputpoumTos npu 37°C) (B) 1 uHpekca cpepuuHocTy () B rpynnax navmeH-
ToB ¢ HC v gpyrumu T'A

Pasmep 6okcoB cooTBeTcTBYET 0611aCTM OT 25-10 10 75-T0 NPOLIEHTUIA BCEX M3MEPEHHbIX BENUUMH. MeanaHbl NOKka3aHb! FrOPU30oHTas b
HbIMU JIMHUAMU, AJTMHA «yCOB> COOTBETCTBYET MOJTyTOPHOMY pa3Mepy Me)KKBapTVIJ'IbHOVI obnactu. ‘-Ieprle pOM(JVIKVI OTMEeualoT TOYKK,
BbIxofdLLMe 3a 1,5 MEXKBapPTUJIbHbIX MHTEpBalia, OAHaKo, NMeA fesio C I'IOI'IyJ'IFILl,VIGﬁ NauneHToB, Mbl HE MOXXEM 0T6paCbIBaTb 3TN TOUKM,
TaK Kak OHM ABMSIOTCS He oLLmnbramm M3MEepeHNd, a XapaKTepmnayioT MHOMBUAYalbHbIE Pa3finynA NaunueHToB. ﬂOCTOBepHOCTb pa3nw4vu7|
MEXy rpynnamv Ans Bcex TecTos onpepeneHa U-kputepremM MaHHa—YuTHW. 3aKpaLleHHble 061acT CoOTBETCTBYIOT 06/1aCcTH HOp-
MaribHbIX 3HAYEHUI A1 KaskOoro Tecta. Pasnmums cuntanu OOCTOBEPHbIMU NMpn p < 0,05

Figure 2

The distribution of the results of filterability measurement (A), EMA test (B), red blood cell osmotic resistance analysis (RBCOR) (os-
molality at which 50% of cells lyse (H,,) after 24 hours of incubation at 37°C) (B) and sphericity index calculation (') in the groups of
the patients with hereditary spherocytosis (HS) and other hemolytic anemias (HA)

The boxes extend from the 257 to the 75% percentile of all the measured values, with the horizontal lines indicating the medians, and the length of
each whisker equal to 1.5 times the interquartile range (IQR). The black diamonds indicate data points outside the 1.5 IQR. However, since we study
a population of patients we cannot disregard these data points because they are not miscalculations but rather a representation of individual differ-
ences among the patients. In all the tests, the significance of differences between the patient groups was determined using the Mann-Whitney

U test. The filled-in areas indicate normal ranges for all the tests. The differences were considered significant at p < 0.05
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rpynnbl, OflHAKO OOCTOBEPHOCTb Pasfvuuin Mexny
rpynnamMu camasi BbICOKas Npu UCCiefoBaHUM hunb-
TPyemMocTv apuTpounTos (BenuumHa p = 3,702 x 107).
3ta BenuuumHa BbiWe, uyeM pna IMA-TecTa
(p=4,221 x 109).

ObpawaeT Ha ceba BHUMaHMe TOT hakKT, 4To
66nbLuan yacTb nauneHToB ¢ HC MMenu oyeHb HU3KYIO
dunbTpyemocTs (B o6nactn 0-0,31 en.), Ho cyLecTsyioT
TaKKe HECKOSIbKO MaLMEeHTOB, Y KOTOPbLIX nnibTpye-
MoCTb Bbina eeiwe (0,47; 0,64 n 0,82 en.). 3tum naum-
eHTaM gnarHo3 HC Bbin noctaBneH B COOTBETCTBUM C
KITMHUYECKUMU PEKOMEHLALMSAMU.

Tabnuua 1
Cpeu.Hme 3HayeHus Bcex TecToB B 0beunx rpynnax naum-
EeHTOoB*

Tables 1
The median values of the test results in the two groups of
the patients*

HopManbHbie
3HaueHus

Mapametp HC
R Normal range

Parameter

Lpyrve A
Other HAs

9MA-TecT, eq.

EMA test, units 1(1;1)

0,695 -
(0,556; 0,866) 0,8-1,0

DunbTPyEMOCTb, 0.004 0.770
en. 0 914- A 0,810-0,880
Filterability, units (-0,214; 0.364) (0,510; 0,954)

0P3 (H,, nocne
MHKybaLmm
9pUTPOLIMTOB),
MOCM/Kr
RBCOR (H,, after
RBC incubation),
mOsm/kg

0,82 0,54 ~
(0.62:094)  (039-063 047058

MHpekc
cdrepuyHocTH, ef.
Sphericity index,
units

3,4-3,9

2,4 3.4
(1,75; 2,99) (2,75; 3,99)

lMpumeydanue. * — npeacTasieHsl MeanaHbl U obracTti, coOTBETCTBYIOLME
10JTy TOPHOMY MEKKBaPTUITbHOMY MHTEpBany.
Notes. * — the medians and values within the 1.5 IQR.

Tabnuua 2

Mbl monbITaaMCb NPOaHanU3nMpoBaTh AaHHbIE 3TWX
naumeHToB noppobHo (Tabmmua 2). Mpu 3TOM 0Kasanocs,
uto y 2 13 Hux (c domnnbTpyemocTsio 0,64 1 0,82 en.) Het
noaTteepskaatoLLx HC reHeTMYeCKM-MonekynspHbIX uccrne-
[OBaHWIA U AaHHBIX O BO3MOKHBIX TPAHCHY3WAX AOHOPCKUX
3pWUTPOLMTOB, YTO MO3BONISIET COMHeBaTbCs B anarHose HC.

B cnyuyae naumeHTa ¢ ovnbTPYEMOCTBIO 3PUTPOLIMTOB
0,47 en. npucyTcTBYET MyTauus reHa SPTAI c.4339-99C>T
B reTEpPO3UrOTHOM COCTOSIHWM, KOTOpasi, Mo faHHbIM Basbl
NCBI [12], 6bina oxapakTepu3oBaHa He TorbKo Kak HC, Ho u
Kak annunroumTos. [ina cpaBHeHst Mbl obaBunm B Tabrmuy 2
[aHHble naLveHTa 13 rpynnbl apyrix A co CTOMAaTOLMTO30M.
Y 3TOro naumeHTa BenMuMHa ounbTPYEMOCTM COCTaBNANa
0,86 en. MonyyeHHble JaHHble MOKa3anu, YTo UnbTPye-
MOCTb 3pUTPOLIMTOB B Cryyae AokasaHHoro HC otnmyaetcs
OT OMNLTPYEMOCTM NpU Opyrux MembpaHonaTusx. MoskHo
MPeanornoKUTL, YTO METOL, UCCIEnoBaHNs OMNBTPYEMOCTH
MOYET YyBCTBOBATb OTIIMUMS MEMKIY PasfnyHbIMK MeMBpaHO-
MaTWsMK, @ BbICOKVE 3HaUeHWst (hUrbTPYEMOCTM Y MaLMEHTOB
¢ npegnosnaraemMsiM HC cryxat ocHoBaHWeM K boree feTanb-
HOMY MCCIEN0BAHMIO 3TUX MaLMEHTOB.

[N OueHKM YyBCTBUTENIBHOCTM U CNeundInYHOCTH
pasHbix MeTonoB (M3MepeHue dounbTpyemMocTn, OPJ,
IMA-TEeCT 1 MHOEeKC CAepPUUHOCTH BPUTPOLIMTOB) Npu
ovarHocTuke HC Bbimm nocTpoeHbl COOTBETCTBYIOLMNE
ROC-kpuebie (receiver operating characteristic). Mpu
3TOM B pacueTax bbinu ncnonb3oBaHbl MMBO faHHbIE AN
BCEX nauneHToB, Y KoTopbix HC 6bin gnarHocTnpoBaH
(Ho HeobA3aTeNbHO WMeNCs reHeTUYeCKU aHanus),
nmbo TonbKo reHeTuuyecku nopreepskaeHHble HC. Ha
pucyHke 3 B kauecTBe npumepa npuseneHsl ROC-kpuBble
A7 NauneHToB, y KoTopbix HC Bbin NoaTBepsKAEH reHe-

®UNbTPYEMOCTb 3PUTPOLIMTOB Y NMALMEHTOB C PasfMUYHbIMKU MeMbpaHonaTUsMmu*

Tables 2

Red blood cell filterability in the patients with various membranopathies*

Iuaruos (cornacxo

BenuuuHa KIIUHUYECKUM
Maunent chunbTpyeMocTy, pekoMeHAauusAM)
Patient Diagnosis

en.
Filterability, units with the clinical
recommendations)

(established in accordance

JlononHuTenbHble faHHble
Additional data

Bce naumeHTsl ¢ HC

Y 10 naumeHTOB AMarHo3 NoATBepPMAEH FreHETUUECKM,
Yy OCTanbHbIX — KIMHWKO-NabopaTopHO B COOTBETCTBUM

Kkpome 1-3 (n = 27) 0-0.31 HC C KITMHNYECKUMM PEKOMEHAaLMAMM
All the patients with HS ’ HS In 10 patients, the diagnosis was confirmed genetically, the others were
except pts. 1-3 (n = 27) diagnosed based on clinical and laboratory signs in accordance with the
clinical recommendations
MyTauns resa SPTAI ¢.4339-99C>T B reTepo3vroTHom
COCTOSIHWM, KOTOpast, Mo faHHbIM 6a3bl NCBI [12], Gbina npeskae
1 0.47 HC OXapaKTepu3oBaHa 1 Kak ChepoLmMTO3, U KaK 3MNMNToLMTO3
’ HS Heterozygous ¢.4339-99C>T mutation in the SPTA1 gene which was
previously characterized both as spherocytosis and elliptocytosis (according
to the NCBI database [12])
2 0.64 HC HeT naHHbIX O reHeTVKe 1 0 BO3MOMKHbIX TpaHCpy3nsx
’ HS No data on genetics or possible transfusions
3 0.82 HC HeT naHHbIX O FeHETVKe 1 0 BO3MOMKHbIX TPaHCy3nsx
’ HS No data on genetics or possible transfusions
MyTauus rena PIEZO1, xapakTepHas ans ctoMaToumTosa
4 0,86 Cromaroumtos UNN KCepoLmMTo3a

Stomatocytosis

A mutation in the PIEZO1 gene common in stomatocytosis or xerocytosis

pumMeyaHue. * = BKIIOYEHb! NaLUneHTs! (¢ 4aHHbIMYU reHeTuku u 6es) ¢ BermunHoi counbtpyemoctu 0-0,31 ea., naLmeHTsl ¢ AMarHOCTUPOBAHHBIM COrIACHO KITMHU-
YeCknM pekomeHpaumsam HC, Y KOTOpbIX BesIn4nHa dJMﬂpryeMDCTM npesbiliaet 0,31 en., a TakKe faHHble NauneHTa co CTOMaToLUTO30M.

Notes. * — here we included the patients (with/without genetic data) with RBC filterability of 0~0.31 units, the patients diagnosed with HS according to the clinical recommendations
whose RBC filterability was over 0.31 units as well as the patients with confirmed stomatocytosis.
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PucyHok 3

ROC-KkpuBble, MOCTPOEHHbIE MO AaHHbIM Kaooro us
TECTOB A NALMEHTOB C reHeTUYECKN NOoATBEPHKAEHHbIM
pvarHosom HC v ¢ gppyrvumu ITA, B nepByto ouepenb C
neuumToM NUPYBaTKMHA3bI, AS1A ONpeaesieHns YyB-
CTBUTENBHOCTM 1 CMeLMdIMYHOCTY Kaaoro MeTofa npu
MocTaHoBKke anarHosa HC

HesHauuTenbHOe CHUKeHMe YyBCTBUTENbHOCTU MeTofa U3Mepe-
HWSt OMMBTPYEMOCTUN PUTPOLIMTOB, MOTyYEHHOE MPY UCCIenoBa-
HWM FPYMMbI, KyAa BOLLMM Bee naumneHTbl ¢ HC (nae 6e3 Hann-
UMS €0 FEHETUYECKOr0 MOATBEPKAEHNS), MOSKET ObiTb CBA3AHO
C TEM, UTO B YaCTU CIy4aeB NPy MOMNEKYNAPHO-TEHETUYECKOM
1CCreaoBaHNN AMarHo3 MOXET M3MEHWUTLCS, Kak, Harnpumep,

y NaumeHTa C reTeposunroTHoN MyTaLmeit reHa SPTAI c.4339-
99C>T, koTopas B YacTu cryyaeB Bbila XapaKTepr3oBaHa Kak
3NAMATOLMTO3. YyBCTBUTENBHOCTb CTAHOBUITACh MAaKCUMASIbHOM,
€CInn B rpynny Bbinm BKIIOYEHbI TOSbKO MEHETUYECKN MOATBEPK-
AenHble HC. Mpu aToM crneunduryHoCcTb MeToa ocTaBanach
MaKCMMarbHoW B ioboM BapuaHTe

Figure 3

ROC curves generated using the test results of the patients
with genetically confirmed HS or other HAs (mostly, with pyru-
vate kinase deficiency) in order to determine sensitivity and
specificity of each method for HS diagnosis

The slightly decreased sensitivity of the RBC filterability measurement
method tested in the group of all the HS patients (even if the diagnosis
had not been genetically confirmed) may be explained by the fact that
in some patients, molecular genetic testing may lead to a change of di-
agnosis, as it happened in the patient with heterozygous ¢.4339-99C>T
mutation in the SPTA1 gene that was in some cases characterized as
elliptocytosis. The sensitivity reached its maximum when the analysis
included the patients with genetically confirmed HS only. The specifici-
ty remained high in both cases
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_— NoCne WHKYBaLMK SPUTPOLMTOR
[ﬁiu: 0.97.n=12)
H, after RBC incubation [AUC n
-------- Cryyafnbi maccudauuamp [AUG I] 5]

A random classifier [A 0.5]
TUYECKHU. ﬂOJ‘Iy‘-IEHHbIe B pe3ynbTaTe pacyeToB BeJin-
YNHbI YYBCTBUTEJIbHOCTU U CI'IeLI,VICbVNHOCTVI KaXaooro ms

“ccnenoBaHHbIX METOLOB MO OTHOLLEHMIO K AMAarHOCTUKe
HC npviBeneHsl B Tabnuue 3.

3AKJIOYEHUE

WcenepoBaHne dunbTpyeMoOCTUM 3pPUTPOLMTOB
MOKa3aro BbICOKYIO YyBCTBUTESIbHOCTb, & TaKXE MaKCu-
MarnbHylo cneunduyHocTb Npu andodrepeHLnanbHom

Tabnuua 3

YyBCTBUTENBHOCTb U CNELUMGUYHOCTb PasfNYHbIX METO-
L0B, UCNOMb3yeMbIx Ans amarHoctukm HC

Tables 3

The sensitivity and specificity of various methods for HS
diagnosis

MeTon Yyscteu- Cneum- AUC n

Method TenbHOCTb pUUYHOCTb
Sensitivity ~ Specificity

[laHHble ons BCex NaumneHToB
The entire cohort

PunbTPYEMOCTD 0,93 1,00 0,97 45
3pUTPOLIMTOB
RBC filterability

OMA-TecT 0,89 0,95 0,97 31
EMA test

OP3 (H,, nocne 24 y 1,00 0,80 098 28
VIHKyﬁaLwlM 3PUTPOLIMTOB

npu 37°C)

RBCOR (H,, after RBC

incubation at 37°C over

24 hours)

MHpekc cdhepuyHocTm 0,80 1,00 095 | B
3pUTPOLIMTOB
RBC sphericity index

[laHHbIEe TOMBKO ANs NALUMEHTOB C FEHETUYECKM MOATBEPKAEHHbIM HC
Only the patients with genetically confirmed HS

dunbTpyEMOCTb 1,00 1,00 1,00 25
3pUTPOLIUTOB
RBC filterability

OMA-TecT 0,89 0,78 0,93 18
EMA test

OP3 (H,, nocne 24 u
VlHKyﬁaLwlM 3PUTPOLIMTOB
npu 37°C)

RBCOR [H after RBC
incubation at 37°C over

24 hours)

MHpekc cchepnyHocTm 1,00 1,00 1,00 18
3pUTPOLINTOB
RBC sphericity index

1,00 0,80 097 12

omarHocTuke HC n ppyrux A, B nepByto ouepenb nedpm-
uMTa nupyBaTkuHa3sbl. OTMeyalnTCA 0CODEHHO BbICOKME
3HAYEHMS BENWYMH YYBCTBUTENMBHOCTM M CNELMCDMYHOCTY
(100%), ecrnm B rpynny ¢ HC BXOAAT TOMbKO MaLMEHTbI C
reHeTUYECKN NOLATBEPKAEHHBIM AnarHo3oM. [lpocTon u
LOCTYMHbIA METOA U3MEPEHNs PUNbTPYEMOCTH 3PUTPO-
LMTOB MOXKET BbITb NTErko NpuMeHeH B niobol nabopa-
TOpPWUM W CTaTb HAEKHOW anbTepHaTUBOW JOPOroMy U
OrpaHuyeHHo JocTynHoMy IMA-TecTy.
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PaboTa yacTMuHo nopaepskaHa rpaHTOM POCCUIICKOro HayuHOro doH-
na Ne23-24-00178 (gns B.M. Butauukoro u C.C. LLlaxumkaHosa).

KOH®JIUKT UHTEPECOB
ABTOpbI CTaTbW MOATBEPAUNM OTCYTCTBME KOH(DNIMKTA WHTEPECOB, O
KOTOPOM HeobxoanMo CoobLLNTb.

ORCID

Prudinnik D.S. ORCID: https://orcid.org/0000-0001-5995-7702
Koleva L.D. ORCID: https://orcid.org/0000-0001-8803-5694

Bovt E.A. ORCID: https://orcid.org/0000-0003-4724-8647

Kushnir N.S. ORCID: https://orcid.org/0009-0003-8800-6465
Suvorova A.S. ORCID: https://orcid.org/0009-0004-9565-5591
Dolgikh I.A. ORCID: https://orcid.org/0009-0007-6738-9558
Shakhidjanov S.S. ORCID: https://orcid.org/0000-0002-5677-8052
Vitvitsky V.M. ORCID: https://orcid.org/0000-0001-6251-6115
Ataullakhanov F.l. ORCID: https://orcid.org/0000-0003-3403-181X
Sinauridze E.l. ORCID: https://orcid.org/0000-0002-5948-3444
Plyasunova S.A. ORCID: https://orcid.org/0000-0002-4503-0735
Smetanina N.S. ORCID: https://orcid.org/0000-0003-2756-7325

Pediatric Hematology/Oncology and Immunopathology
2024 | Vol. 23 | Ne 2 | 145-151



FfematTonorwus

INuTepatypa / References

1.

Ciepiela 0. Old and new insights
into the diagnosis of hereditary
spherocytosis. Ann Transl Med
2018; 6 (17): 339. DOI: 10.21037/
atm.2018.07.35

Bianchi P. Current Diagnostic
Approach and Screening Meth-
ods for Hereditary Spherocyto-
sis. Thalass Rep 2013; 3 (sl):
e32. DOI: 10.4081/thal.2013.
sl.e32

King M.J., Zanella A. Hereditary
red cell membrane disorders and
laboratory diagnostic testing. Int
J Lab Hem 2013; 35: 237-43.
DOI: 10.1111/ijth.12070
Bolton-Maggs P.H., Langer J.C.,
lolascon A., Tittensor P.,
King M.J. Guidelines for the
diagnosis and management of
hereditary spherocytosis — 2011
update. Br J Haematol 2012; 156
(1): 37-49. DOI: 10.1111/}.1365-
2141.2011.08921.x

KysbMuHoBa K.A., T[lnsacyHo-
Ba C.A., oros B.B., CmeTaHu-
Ha H.C. LnTomeTpuueckuii MeTon
CBSI3blBaHWSA 3031H-5-Manenmuaa
B IMArHOCTUKe HaclienCTBEHHOrO

chepoumTtosa. KnuHuueckas
nabopaTopHas  LMarHocTuKa
2016; 61 (3): 168-72. DOL:

10.18821/0869-2084-2016-61-
3-168-172 [Kuzminova Zh.A.,
Plyasunova S.A., Zhogov V.V.,
Smetanina N.S. The cytomet-
ric technique of binding of

. CnpaBoyYHMKK

eosin-5-maleimide in diagnos-
tic of hereditary spherocytosis.
Clinical Laboratory Diagnostics
2016; 61 (3): 168-72. (In Russ.)].

. Shim Y.J., Won D.I. Flow cyto-

metric osmotic fragility testing
does reflect the clinical sever-
ity of hereditary spherocytosis.
Cytometry B Clin Cytom 2014,
86 (6): 436-43. DOI: 10.1002/
cyto.h.21143

MSD,
npodeccroHanbHas  Bepcus.
CepoumnTbl.  [ONeKTpOHHbIN
pecypc] URL: https://www.msd-
manuals.com/ru-ru/profes-
sional/multimedia/image/
ccpepoumnThl (nata obpaiyeHus
03.06.2024). [MSD manual pro-
fessional edition. Spherocytes.
[Electronic source] URL: https://
www.msdmanuals.com/ru-ru/
professional/multimedia/image/
ccpepounTbl (Date of access:
03.06.2024). (In Russ.)].

. King M.J., Behrens J., Rog-

ers C., Flynn C., Greenwood D.,
Chambers K. Rapid flow cyto-
metric test for the diagnosis of
membrane cytoskeleton-as-
sociated haemolytic anaemia.
Br J Haematol 2000; 111 (3):
924-33. DOI: 10.1111/j.1365-
2141.2000.02416.x

. Prudinnik D.S., Sinauridze E.l.,

Shakhidzhanov S.S., Bovt E.A.,
Protsenko D.N., Rumyant-

Bonpock! reMaTonorin/OHKONOM M 1 MMMYHONATOMOM MM B NeauaTpum
2024 | Tom 23 | Ne 2 | 145-151

sev A.G., Ataullakhanov F.I. Fil-
terability of Erythrocytes in
Patients with COVID-19. Biomol-
ecules 2022; 12 (6): 782. Spe-
cial Issue: Biochemical and Bio-
physical Properties of Red Blood
Cells in Disease. DOI; 10.3390/
biom12060782.

10.AtaynnaxaHos @.U., Buteuu-
kun B.M., KocTbiHa M.A,
Jlucoeckas n.J. Cnocob

onpegnenexusa nedopMmnpyemMocTu
3pUTPOLUMTOB M YCTPOWCTBO LIS
ero ocyliectsnexus. lNateHt PO
No2052194C1 ot 27.11.1991,
pata nybnukaumm 10.01.1996.
[Ataullakhanov F.I., Vitvitsky V.M.,
Kostyna M.A., Lisovskaya I.L.
A method and a device for meas-
uring red blood cell deformabil-
ity. RF patent Ne2052194C1 of
27.11.1991, date of publication:
10.01.1996. (In Russ.]].

11.Lisovskaya I.L., Shurkhina E.S.,

Nesterenko V.M., Rozen-
berg J.M., Ataullakhanov F.I.
Determination of the content of
nonfilterable cells in erythrocyte
suspensions as a function of the
medium osmolality. Biorheology
1998; 35: 141-53.

12.NIH, National Library of Medi-

cine (National Center for Bio-
technology Information) [Elec-
tronic resource] URL: https://
www.nchi.nlm.nih.gov/clinvar/
(accessed 03.06.2024).



