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Ilenv: uccneroBanne METOOM ATOMHO-CHJIOBOI MHKPOCKOIIMH HAHOCTPYKTYPbI 9PHTPOLUTOB Y HOBOPOSKAEHHBIX C H30UMMY-
Husauueil no ABO-cucreme u pesyc-dakropy. Mamepuan u memoost. B uccienoBanye BKIIOYEHO 27 HOBOPOIKAEHHDIX, U3
Hux 13 gereil ¢ pesyc-cencubummsanueil u 14 — usoummyHnusanueii no ABO-cucreme. TeueHue GepeMEHHOCTH, OCIOKHUB-
mieiics pesyc-ceHCHOMIM3anuen, XapakTepu3oBaIoch NOsBIeHAEM B KpoBu TuTpa RhD-anturen n nmmynorno6ymunos (Ig)
nozaknaacca G: IgG1, IgG2, 1gG3. Yeemuenue npoaykuun IgG npoucxonuio k 34 Hemensim 6epeMEHHOCTH, KOTa Onpe/e-
JIMJTUCPH BCE MOKIACCHI B PA3JIMYHBIX THTPAX. Y HOBOPOSKAEHHbBIX HMEJIO MECTO HECOBIIaJIeHHE C MAaTePhIO HIIM [0 pe3yc-dak-
topy wim 1o ABO-cucreme. B nape O(I)Rh-orpunarensnas mats — A(I1) Rh-nosnoskurensusiii pe6eHok nposoaunach aud-
(depennuanbuas auarHocTuka uzoummynusanuu. Vccaenosamich oOumii aHanus, GHOXHMHYECKHE TOKA3aTeNId KPOBH,
NPOBOAWIOCH onpezieienne TuTpa RhD-anturesn 1 ”MMYHOII00Y IMHOB Kiaacca G, a y 11 HOBOPOK/I€HHBIX POBOIUIOCH UC-
CJleloBaHue PUTPOIMTOR B MOJI€ ATOMHO-CHIOBOTO MUKpPOcKona (ACM). O6GbeKTOM HCCaeI0BaHNs SBUINCh: OCTATOYHAS
nynosuHHasi kposb (OIIK), nenrpaipHas BeHO3Hasi KPOBb BO BpeMs JieYeHUsI HOBOPOsKAEeHHBIX. Pe3yaromamot. Kommiekc-
Hasl Tepanusi H30MMMYHH3AIMH HOBOPO:K/EHHOTO0 1o pe3yc-dakropy uwiu ABO-cucreme npekpaiaer Kackax UMMYHOJIOTH-
YECKHX PEAKIMH, NPUBOANT K NPEKPAIEHHIO FeMOIM3a IPUTPOLMTOB, CHHKEHUIO OUIMPYyOUHa, BausieT Ha MOp(doIo-rHyec-
KHi COCTaB M MaKpPOCTPYKTYpPY MeMOpaH 3putpouuroB. IlocieCcTBHs NEPUHATANBHOTO BO3/EHCTBHS HA MeMOpaHy
IPUTPOLMTOB COXPAHSIOTCS B TEYEHHE OINpeeJIEHHOr0 BPEMEHH M BBIXOJSAT 32 PAMKU PAaHHEr0 HEOHATAJBHOTO MepUoa.
Knioueevie cro6a: HaHOCTPYKTypa MeMOpaH, 9PUTPONHUTHI, pe3yc-KoHIMKT, ABO-KOHDIUKT, HOBOPOKIAEHHBIE

Objective: to conduct an atomic force microscopy (AFM) study of the red blood cell nanostructure in neonatal infants
with ABO and rhesus (Rh) isoimmunization. Subjects and methods. The investigation included 27 neonates, including
13 infants with Rh sensitization and 14 with ABO isoimmunization. The course of pregnancy complicated by Rh sensi-
tization was characterized by the emergence of the blood titers of Rh D antibodies and immunoglobulin G (IgG) sub-
classes: IgG1, IgG2, and IgG3. IgG production increased at 34 weeks' gestation when all the subclasses were
detectable in different titers. There was either Rh or ABO incompatibility between the newborns and their mothers.
Differential diagnosis of isoimmunization was made in the pair of an O (I) Rh-negative mother and an A (II) Rh-posi-
tive baby. Complete blood count and blood biochemical indicators were estimated; Rh D and IgG antibody titers were
determined; red blood cells from 11 neonatal infants were examined using an AFM. The investigation was performed
with residual umbilical cord blood and central venous blood during neonatal treatment. Results. Combination therapy
for neonatal Rh or ABO isoimmunization terminates a cascade of immunological responses and erythrocyte hemolysis,
lowers bilirubin levels, but fails to influence the morphological composition and macrostructure of red blood cell mem-
branes. The consequences of the perinatal effects on the red blood cell membrane persist for a certain time and are out-
side the early neonatal period. Key words: red blood cell membrane nanostructure, erythrocytes, rhesus incompatibil-
ity, ABO incompatibility, neonatal infants.
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Hecmotpst Ha ycriexu, IOCTUTHYThIE B M3yYEHUN Ta-
TOTeHe3a U KJIMHUKH TIeMOJUTUYECKON OGOJIe3HU IIojga
(I'bII) n soBOpOXkmenHoro (I'BH), B Hacrosmee Bpems
npo6JieMa IMMYHOJOTHYECKIX OTHOMICHUH 1J10/1a U MaTe-
PHHCKOTO OPTraHU3Ma MPOJIOJIKAET OCTABATHCS AKTYATbHOM
u TpebyeT MOUCKAa HOBBIX METOAOB HPO(MUIAKTUKY, [1a-
rHoCTUKH 1 jedenus [1, 2]. OxanmM 13 a¢hpekTUBHBIX Me-
TOZOB TTPOMUIAKTUKH SIBJISIETCS BBE/IEHUST AHTUPE3YCHOTO
UMMYHOTJTIOOYJIMHA HECeHCUONTN3MPOBAHHBIM PE3yC-0T-
punareabHbIM jKeHIuHaM. B ciyuae pesyc (Rh)-cencn6u-
quzanyn Beegenue anturest antn — RhD Rh-orpunarens-
HBIM ~ MarepsM  TIPEmsATCTBYeT WX  TEPBUYHON
ceHcnbumsanuu Rh — 110/10KUTEIbHBIMU 9PUTPOIUTAME
TIJT0/Ia BCJIEICTBUE SJUMITHAIIMN aHTUTEHA U3 KPOBU Mare-
pu. B pasButhix crpanax mupa Gjarogapst BHEAPEHUIO B
KJIMHUYECKYTO MPAKTUKY BBEICHUS aHTHPE3yCHOTO UMMY-
HOIJIOOYJIMHA HECeHCUOUIN3UPOBAHHBIM PE3yC-OTPHIIA-
TEJIbHBIM JKEHIIIUHAM, YaJI0Ch CHU3UTh KOJMUYECTBO JKEH-
muH ¢ pedyc — cencubummzaimeil (Rh-cencubunusanueii)
1o 0,2—0,1%. B Poccun kommuectBo Rh-cencnbunmsnpo-
BaHHBIX JKEHIMH ocraercsi Ha yposHe 1,2%, sabosieBae-
MOCTb TEeMOJIUTHYECKOI GOJIe3HBIO 110 pe3yc-hakTopy pe-
ructpupyetcs y 0,6% nHoBoposkaeHHbIX [1—3].

Haubosiee MMMYHOTEHHBIM CPEAU BCEX 9PUTPOIU-
TaPHbBIX AHTUTEHOB CUCTEMBI Pe3YC sBJsieTcst aHTuren D,
KOTOPLIA B 80% CiywdaeB SIBJASETCS MPUUNHON TSIKETOTO
teuernst [BIT u TBH. AHTHTeHBI acCOIMUPOBAHBI ¢ MEMO-
paHHBIMU GeJIKaMU, 9KCIPECCUPOBAHHBIMU HA TIOBEPXHOC-
TH IPUTPOIUTOB, OHU KOJAUPYIOTCS JABYMS CIIETIJICHHBIMI
gokycamu — RhD u RhCcEe, kotopsie Ha 92% siiisitorest
rOMOJIOTMYHBIMU. BeitezicTB1e BICOKOI MMMYHOT€HHOCTH
B passuThM 3abojeBanus urpaet poab antured RhD. YV
st RhD-orpunarenstbix jokyc RhD nosHocTbIO oTCyT-
cryert, a jokyc RhCcEe koaupyer MoJiekyy, aKCrpeccu-
pytomyto snutonbi RhC/c u RhE/e. Pesyc-koHpaukt
Pa3BUBAETCS B TEX CJAydYasiX, KOT/a MaTh CEHCUOUIU3UPO-
BaHa aHTUTEHAMK 9PUTPOLUTOB IJIO/Ia, Y Hee BhIpadaThi-
Baiorcst [gG -aHTUTENIA K 9TUM aHTUTeHaM. AHTUTENA CIIo-
COOHBI IPOHMKATh Yepe3 IJIAIlEHTY U PearupoBarh C
APUTPOIUTAMHY TIJI0JIA, BBI3bIBASI UX TOBpeskAeHue. Bepo-
STHOCTH TIOSBJIEHUS] aHTUTEJ Yy MaTepu 3aBUCUT OT pas-
JNYHBIX (hakTOpoB: (heHOTUIIA IJI0/Ia, UMMYHOT€HHOCTH
SPUTPOIUTAPHOTO AHTUIEHA, 0ObEMA TPAHCIIAIIEHTAPHO-
rO KPOBOTEUEHHs, a TaKkKe OT MMMYHOJIOTMUYECKOI CII0-
COOHOCTM MaTEPH K BBIPAOOTKE aHTHUTE.

OcnosHoe 3nauenue B pazsutun [ BIT u TBH nmetor
AHTHUTEJIa, OTHOCIIIMECST K MMMYHOIJI00yinHaM kiacca G
(IgG), KoTOpbIE CBSI3BIBAIOTCS ¢ AHTUTEHOM SPUTPOIUTOB,
obpasysi KOMILIEKC, paciosHawluiicss Fe-perenropamu
2(h(HEKTOPHBIX KJIETOK PETUKYJIO-3H/I0TENNAIBHON CUCTe-
Mbl (POC). Knerku POC mnocpezicTBOM haronntosa Jusu-
PYIOT 3PUTPOIMTSI IJI0/Ia. TOT TEMOJIMTHUECKHIT TTPOIECC
3aBucuT or Tuna cybkiaccos IgG . Bee uersipe cyOkaacca
IgG aKTUBHO TIEPEHOCATCS K IIOLY U YBEJIUYUBAIOT YPO-
BEeHb MAaTEPUHCKUX aHTUTEJ B KPOBOTOKe T1oja. OHaKO
IgG1 n IgG3 nHamHOTO Jerde B3amMozeicTByIOT ¢ Fe-pe-
neritopamu Kaetok, yeM 1gG2 u IgG4. Tloatomy auarnoc-
THYecKoe 3HayeHne umetot Toabko 1gG1 n IgG3 [2—7].

Introduction

Despite the successes in the study of pathogenesis
and clinic of hemolytic disease of a fetus and newborn the
studies of immunological interaction of the fetus and the
mother remains actual that challenge prevention, diagnos-
tics and treatment strategies [1, 2].

One effective method to prevent the isoimmunisa-
tion is to inject Rh immuneglobulin to unsensitized Rh-
negative women. In case of rhesus (Rh)-sensitization the
administration of anti — RhD by Rh-negative mothers
prevents their primary sensitization by the Rh — positive
RBCs of the fetus due to the elimination of the antigen
from mother's blood. In developed countries they succeed-
ed to reduce the number of women with Rh sensitization to
0,2-0,1% due to the introduction of Rh immunoglobulin
into clinical practice

In Russia the number of women with Rh-sensitisa-
tion remains as high as 1.2%, the hemolytic disease occurs
in 0.6% of newborns [1—3].

The Rh-antigen D is the most immunogenic of all the
RBC antigens. It is responsible for 80% cases of hemolytic
disease of fetus and newborn. The antigens are associated
with membrane proteins that are expressed on RBC sur-
face. They are encoded by two linked loci — RhD and
RhCcEe, 92% of which are homologous. Due to the high
immunogenicity the RhD antigen is of most important for
the development of the disease.

In RhD negative individuals the product of RhD
locus is completely absent, and the RhCcEe locus encodes
a molecule expressing RhC/s and RhE/E epitopes.
Rhesus- incompatibility occurs, when the mother is sensi-
tized to the RBC antigens of fetus RBC and the produc-
tion of anti-RBC IgG antibodies is becoming possible . The
antibodies are capable of crossing through the placenta and
interact with RBCs of the fetus that causes the damage of
the latter. The probability of appearance of antibodies in
mother's body depends on various factors: the phenotype
of the fetus, immunogenicity of RBC antigen, volume of
transplacental blood flow, mmunological ability of the
mother to produce antibodies.

The IgG, which binds to RBC antigen forming a
complex recognized by the Fe-receptors on effector cells of
the reticulo-endothelial system (RES), is of primary
importance. The RES cells destroy RBCs of fetus by
phagocytosis. This process depends on the type of IgG sub-
classes. All four IgG subclass are actively transferred to the
fetus and increase the level of maternal antibodies in the
fetus blood. However, IgG1 and IgG3 are much easier
interact with Fc-cell receptors than IgG2 and IgG4.
Therefore, only the level of IgG1 and IgG3 have the diag-
nostic value [2—7].

The isoimmunization of newborn occurs due to other
blood group antigens, for example Kell, but it results in low
frequency (9%) and decreased antigenicity [5, 6, 8].

The ABO system antigens are strong immunogens
and the production of anti-ABO antibodies is probable.
The epitopes of ABO antigens are not only localized on
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V3ouMMyHU3aIMsT HOBOPOKAECHHOIO MOKET ObITh
00ycJIoBJIeHa ¥ IPYTUMU aHTUTEHAMU TPY b KpoBu. Bro-
PBIM 110 YacToTe aHTUreHoM siBjistercst antured Kell, Ho on
MMeeT HU3KYIO YaCTOTY BCTPEYaeMOCTH B omyJsiimn (9%)
7 MeHee BhIPaKeHHYI0 aHTUTEHHOCTS |5, 6, 8].

Anturensr ABO — cucTeMbl mpeacTaBasior coboit
CUJTbHBIE MMMYHOTEHBI, U TPOAYKIINS AaHTUTE K HUM Hau-
6osiee BepositHa. JdnuTonbl antureHoB ABO — cucrempl
HAXOMSATCSA HE TOJBKO Ha HPUTPOIMTAX, HO M HA APYTUX
KJIETKaX W JIOKAJTM30BAHbI B YTJAEBOAHBIX KOMITOHEHTAX
[JIMKOTIPOTEMHOB. Y GOJIBIIMHCTBA JIIO/EH aHTUTea K asl-
JIOTEHHBIM aHTHUIe€HaM BbipabarbiBatoTcsi Ge3 mpeaBapu-
TEJBHON CeHCHOUIM3AIY YYKEPOAHBIMI OPUTPOLIUTAMH.
Ira ceHenbUIU3aIKst BO3MOKHA [IPH KOHTAKTE C UECHTUY-
HBIME mUTOnamMu. AuTnTe a K anturedam ABO-cuctempr
mpuHaIIeKaT K IgM, KOTOpble He TIPOHUKAIOT Yepes3 Ta-
IEHTapHBIH 6apbep, TOITOMY He TPOMCXOIUT BHYTPHUYT-
pobHol cencubumsanuu |6, 9].

B macTosiee BpeMsi CYIIECTBYIOT HEMHBA3UBHBIC
METO/IbI JiedeH st GePEMEHHbBIX ¢ U30MMMYHU3aluel — je-
CeHCUOUIMBUPYIONIast Tepalusl APYrUMU aHTUTEHAMU,
JUMGOITUTONMMYHO-TEPATHST W APYTHE METObI, HATIPaB-
JIEHHBIE HA JIeYeHNe THTTOKCHUH, YMEHDITTEHE TPOHUTAEMO-
CTV TUIATIEHTDHI, HO OHU HE SIBJISIOTCS TAaTOT€HETHYECKN
060CHOBAHHBIMU 1 JI0CTaTOYHO dddekTuBHbME [10, 11].

Temosmutrueckast 60JI€3Hb HOBOPOKAECHHOTO Xapak-
Tepusyercst runepouanpyouHemMueii, Kotopast 06ycaoBIIe-
Ha M3MEHEHUEM CTPYKTYPBI SPUTPOIIUTOB 1 X TEMOJTI30M.
Boicokast runepouanpyOouHeMust CriocoOCTBYET Pa3BUTUIO
SIEPHOT XKEJITYXHM U TOKCHUECKON aHIle(haTIonaTiu, BbI3bI-
BaeT HeoOpaTMMOe MOBPEKACHUE IIEHTPAIbHON HEPBHOIL
CUCTEMBI, TPUBOJISAIINE K MHBasMaHOCTH |2, 3, 12, 13]. Uc-
cieloBaHe MeMOpaH SPUTPOIMTOB IO3BOJISIET OIEHUTb
nx MmopdodyHKIIMOHaNIbHOE cocTosiHue [ 14].

[lesb paboThl — MCCJAEAOBAHKE METOAOM ATOMHOIL
CHJIOBOI MUKPOCKOIIUY HAHOCTPYKTYPbl MEMOPaH 3pUTPO-
IIUTOB Y HOBOPOJKAEHHBIX ¢ M3omMMyHm3areit mo ABO-
cucreme u peayc-haxkTopy.

Marepuan u MeTO/bI

B uccienoBanue BriioueHo 26 mMaTepeil n 27 HOBOPOXK/IEH-
HBIX (OHA OuxopuabHas GUAMHUOTHYCCKAs ABONHA), 13 HuxX 13
neteii ¢ pesyc-ceHcnbuimsanueit u 14 — uzouMMmyHusarmen 1mo
ABO-cucreme.

Cpeannii Bozpact matepeii cocrasun 30,3£5,7 r. Teuenwue Ge-
PEMEHHOCTH, OCJIOKHUBIIENCS Pe3yCc-CeHCUOIIN3aIIEil, XapaKTe-
pusoBasioch nospienneM B kposu tutpa RhD-anturen u IgG:
IgG1, 1gG2, 1gG3 (rabu. 1). Kak mpaBmio, cHadasa MOSBIISICS
tutp RhD — anruren, a sarem IgG. Turp RhD-anruren onpene-
sisiicst B kposu 10 (38,4%) marepeit, 3 uux B 5-1 (19,2%) carygasx
BBISIBJICHO TIOsIBJICHKE anTuTeN ¢ 16 negens 6epementoctu. Hau-
GoJee panHee nosiBieHne [gG oTMeueHo B 25 Heelb GepeMeHHOC-
tu, onpenensiich 1gG1 B tutpe 1:100 n [gG3 B tutTpe 1:10. B 3-x
(11,5%) cirydasx HMesIo MeCTo coYeTaHne THTPA AHTUTEN 1 Beex 1g
kiaccoB G1, G2 u G3 B pa3/IMyHbIX TUTPAX. YBEJIUUYEHUE MTPOILYK-
in [gG nporcxoanio k 34 Henessim 6epeMeHHOCTH, KOT/Ia OTipe-
JIeJTITNCD TToKTacchl 1gG B pasimyHbIX TUTPAX.

Obmiast XapaKTepUCTHKA HOBOPOJKIEHHBIX MPEICTaBIeHA B
Tab1. 2. BOMBIIMHCTBO HOBOPOKIEHHBIX POIIIOCH TOHOIEHHBIMH,
18% nereii poauinck B cpoke recraipn 35—36 rezesb. Otenka 1mo
mikase Anrap Ha 1-it u 5-if MunyTax cocrasssiia 7,8+0,5 u 8,2+0,7

RBCs. The can be found on other cells and in carbohydrate
components of glycoproteins. Most people have antibodies
to allogeneic antigens without prior sensitization by for-
eign RBCs. This kind of sensitization is possible in case of
contact with identical epitopes. Antibodies to the antigens
of ABO system belong to IgM, which do not cross the pla-
cental barrier, therefore no intrauterine sensitization
occurs [6, 9].

Currently, there are non-invasive methods to treat
pregnant women with isoimmunization. They include
desensitizing therapy by other antigens, therapy by lym-
phocytes and other methods to treat hypoxia and reduce
permeability of placenta. However, they are not patho-
genetically justified and clinically effective [10, 11].

Hemolytic disease of the newborns is characterized
by hyperbilirubinemia, which occurs due to alterations of
RBC structure and hemolysis. High bilirubin level causes
bilirubin-induced brain dysfunction — kernicterus and
toxic encephalopathy, which causeirreversible damage of
CNS and disability [2, 3, 12, 13] The investigation of ery-
throcyte membranes allows to evaluate morpho-functional
patterns of the cells [14].

The objective of the study: to reveal the RBC mem-
brane nanostructure of neonates following ABO/Rh
isoimmunization.

Materials and Methods

The study included 26 mothers and 27 infants (one case of
bichorionic biamniotic twins), including 13 children with Rh-
sensitization and 14 with ABO isoimmunization The mean age of
the mothers was 30.3+5.7 G. The pregnancy complicated by rhe-
sus sensitization was characterized by the appearance RhD anti-
bodies and IgG: 1gG1, 1gG2, 1gG3 in blood (table.1). As a rule,
RhD antibodies appeared first and then appeared IgG. The titer of
RhD antibodies was determined in blood of 10 (38.4%) mothers.
In 5 (19,2%) cases the antibodies appeared first on week 16 of the
pregnancy. The earliest appearance of IgG was observed on the 25
week of gestation. IgG1 was determined in a titre of 1:100 and
IgG3 in a titer of 1:10. In 3 (11,5%) cases there was a combination
of antibody titers and all Ig classes G1, G2 and G3 in various
titers. The increase of IgG production occurred by the 34th week
of gestation, when IgG was determined in different titers.

The general parameters of the newborns are presented in table
2. Most of the newborns were in-term, 18% of newborns were born
at gestational age of 35—36 weeks. The first and the fifth minute
Apgar scale score were 7.8+0,5 and 8.2+0.7, respectively; there
were no signs of acute intrapartum hypoxia. All the newborns had
either Rh or ABO incompatibility with their mothers. In a pair of
O(T)Rh-negative mother and A(IT) Rh-positive newborn isoim-
munization was diagnosed. The study of RBCs of 11 newborns was
performed by the atomic force microscopy (AFM).

Paying attention to the clinical history of mothers, Rh and
ABO incompatibility of the mothers and the infants, the results of
clinical and laboratory analysis, all the newborns were transferred
to the intensive care unit for treatment.

The residual umbilical cord blood (RUCB) of 14 full-term
newborns with favorable course of pregnancy and urgent delivery
was used to obtain normal RBCs for the AFM-aided observation.
The mean gestational age of the newborns was 39.4%0.5 weeks,
their mean body weight at birth was 3131.7£588.8 g, the first
minute Apgar score was 8+0.4 points.

All study parameters were compared in two groups at birth.
Later, the comparison was performed in the study group with the
same parameters before the treatment.
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Ta6uuua 1. Turp pesyc-anrurena u uMMyHOrI00ymHOB KiaaccoB G1, G2 u G3 Bo Bpems 6epemennocru, Me [range].
Table 1. Titer of rhesus-specific IgG1, IgG2 u IgG3 during pregnancy.

Gestational age The titers of Rh

Median titer

antibodies Ig G1 Ig G1 Ig G2 Ig G3 Ig G3
16 weeks 1:8 [1:4—1:32]
20—22 weeks 1:16 [1:2—1:128]
25 weeks 1:100 1:10
26 weeks 1:16 [1:8—1:64]
27 weeks 1:10
28 weeks 1:16 [1:2—1:64]
30 weeks 1:48 [1:2—1:256] 1:10
32 weeks 1:100
34 weeks 1:16 [1:2—1:64] 1:100 1:10 1:10 1:100
35 weeks 1:100 1:100 1:100
36 weeks 1:16 [1:2—1:128] 1:100

Note (npumeuanue): Gestational age — cpox recramn; Median titer — meanana tutpa; the titers of Rh antibodies (Me and range) —

tutp Rh-anturen (Menuana u pasépoc); weeks — Hezesu.

Ta6muua 2. O0mas XxapakTepUCTUKA HOBOPOsKAEHHbIX (n=27; M+0).
Table 2. The main parameters of the newborns (n=27; M+0).

Parameters

Values of parameters

Gestational age, weeks

Body weight, gramms

The 15t minute Apgar scale score, points
The 5th minute Apgar scale score, points
The pairs of groups mother-newborn
O(I)Rh-positive-A(IT)
O(I)Rh-positive-B(I11)
O(T)Rh-negative-A(IT) Rh-positiva
Rh-negative-Rh-positive

38,2+1,6
3190+440

7,8+0,5

8,2+0,7

8 (29,6%)
5 (18,5%)
2 (7,4%)

12 (44,4%)

Note (npumeuanue): Parameters — nokasaresu; Values of parameters — 3nauenue nokasareseii; Gestational age, weeks — cpok recra-
un, wenenn; Body weight, grams — macca Tea, rp; the 15t minute Apgar scale score, points — orenka 1o mkasne Anrap Ha 1-it MmunyTe
skusny, 6asur; the 5t minute Apgar scale score, points — orenka 11o mkaze Anrap Ha 5-if MunyTe skusuu, 6ajr; the pairs of groups moth-
er-newborn — mapsl rpynmnoBoii npuHaesxknoctn Math-pedernok: O(I)Rh-positive-A(IT) — O(T)Rh-nonosxkurensrpiii-A(IT); O(T)Rh-
positive-B(IIT) — O(I)Rh-nonosxunrensusiii-B(IIT); O(T)Rh-negative-A(IT) Rh-positive — O(I)Rh-orpunarensuniii-A(IT) Rh-monosxu-
teabHblil; Rh-negative-Rh-positive — Rh-orpunarenpupiii — Rh-mosoxkurebublii.

Gaswa, T. €. IPU3HAKOB OCTPOIT MHTPAHATAIBHON THIIOKCHN He ObI-
J10. Y HOBOPOJK/IEHHBIX MMEJIO MECTO HECOBIIJIEHHE C MaTepbio
wim 1o pesyc-daxropy, wian no ABO-cucreme. B nape O(I)Rh-or-
punaresbiast Mmath — A(IT) Rh-niososkurenpubiii pe6eHoK mpoBo-
jutack nddepeHnnanbHast IMarHocTHKa H3onMMyHu3annu. Vc-
ciepoBanne MOPGOJOTUN  APUTPOLUUTOB B I0Jie ATOMHOTO
cuzoBoro Mukpockorna (ACM) npoBezniero y 11 HOBOPOsKIE€HHBIX.

YuurbiBas aHaMHe3 MaTepeil, HecoBHajaoIe pe3yc-(hak-
TOPBI U TPYIIILY KPOBU Marepu U pebGeHKa, KIMHIKO-TabopaTop-
HYIO KapTUHY, HOBOPOXK/IEHHBIE TIEPEBO/IIIINCH B OT/leJIEHUe pea-
HUMAIIH 1 MHTEHCHBHOI TEPAINHY /IS TIPOBE/ICHUST JICUeHHS.

[l mosTydeHust HOPMAJTbHBIX 9PUTPONUTOB B mose ACM
MCCIIeIOBaHA OCTATOUHAS ITYHOBUHHASI KPOBb 14 IOHONIEHHBIX HO-
BOPOKIECHHBIX € OJArONPUATHBIM TEYEHHEM OEPEMEHHOCTH WU
cpouHbiMU pogiamMu. CpenHuii TecTallMOHHBIN BO3pACT JeTell co-
craBua  39,4£0,5 wemenp, Macca Tesa IMPU  POKIECHUH —
3131,7£588,8 rpamm, orenka 1o mkajge Anrap na 1-ii MunyTe
sknsHn — 8+0,4 Gasa.

[Ipu poskeHnn CpaBHUBAJIM HCCJELyeMble IOKA3aTeNn
MEsK/ly TPyIIIIaMu, B JajbHEIIeM B IPYyIIIe NCCIe/IOBAaHNS CpaB-
HemHue TPOBO/IIIOCH ¢ AHAJIOTHYHBIMK MOKA3aTeJSIMU JI0 Hadaaa
JIeYEHNSI.

B paboTe MCIOIb30BAINCH CIIEAYIONINE METO/IBL:

1. MccrnenoBanne spuTpOIMTOB HOBOPOKIEHHBIX B M0OJIE
ATOMHO-c1JI0BOTO MUKpOcKoma (ACM). O6beKTOM HCCIe0BaHMST
SBWJINCH: ocTarodHas mynosnHHas kpob (OIIK) noBoposen-
HBIX, IEHTPATbHAS BEHO3HAsI KPOBb. V1300pakeHIte spUTPOIITOBR
TTOJTYYAJTH € ITIOMOTIBIO aTOMHOTO cnoBoro Mukpockomna «NTEGR
Aprima» (NT-MDT), Poccust)) B nosykoHTakTHOM pesknme. B

The following methods were used:

1. The study of newborns RBCs was performed in the
field of AFM. The objects of the study were residual umbilical
blood and central venous blood of newborns. The picture of ery-
throcytes was received using the atomic force microscope «<NTE-
GRA prima» (NT-MDT, Russia) in semi-contact mode.
Cantilevers NSG01-A were used as probes. The numbers of scan
dots were 512 and 1024, the area of the scan was 100 sq. microns
(10x10 microns). Detailed methodology for the analysis of nanos-
tructures described in previously published studies [14,15].

2. The determination of RBCs, hemoglobin, and parameters:

A. The mean RBC volume was calculated according to the
formula:

MCYV (fl) = Hematocrit (117)*1000/Erythrocyte count(*10*1")

B. The mean hemoglobin amount in RBCs:

MCH (pg) = Hemoglobin (g dI')/ Erythrocyte count(*10"*1™)

C. The mean hemoglobin concentration in RBCs:

MCHC (g dI-1) = Hemoglobin (g dI*)/ Hematocrit (11*)

D. The width of the RBC by volume — RDW distribution,
which includes two parameters: the percentage deviation of RBC
volume from the mean one in the population — RSW-CV (%) =
(SD*100%)/MCYV, SD is the standard deviation of RBC volume
from the mean one; the relative width of RSC distribution by vol-
ume — RDW-SD.

The study was conducted using the analyzer «Hemolux 19m™»
(China) on 1, 3, and 7 days after the birth.

3. Photometric blood test for bilirubin was performed
with 2,4-dichloraniline (DHA) using the analyzer <«Sapphire
400», Japan.
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Ta6iuua 3. JlabopaTopHbie NOKa3aTeH Y HOBOPOKAEHHbIX (n=27; M+0)
Table 3. Laboratory parameters of the newborns (n=27; M+0)

Parameters Values of parameters on the stages of the study p
At birth 2—3 days after birth  5—7 days after birth

RBCs, 10/1 3,46+0,8 4,6%0,8 4,4%0,8

Hemoglobin, g/1 175%£30,6 165,4+34,7 157,6+£31,9* 0,04

Reticulocytes, % 7,3+2.3 6,5+4,3 2,8+2 8* 0,000001

MCV 98,621 97,1+13 95,4+11,5

MCH 38,2+2,6 39,3+14,5 36,1£3,2* 0,01

MCHC 377,5+46,2 370,6+50,1 366=88,1

RDW-CV 15,8+1 15,5+0,8 15,4+1

RDW-SD 55+4,9 51,6+3,4 50,3+4,4* 0,006

Note (npumeuanme): Parameters — mokasatesnn; Values of parameters on the stages of the study — sHauenusi nokasareneii Ha sranax
uccrenoatust; RBCs (red blood cells), 10" /1 — spurportsi, 10"/1; Hemoglobin, g/1 — remorsio6u, 1/ reticulocytes, % — peTHKyIOMUTBL, %;
MCV (mean cell volume) — cpemrmii 066ém sputpormros; MCH (mean corpuscular hemoglobin) — cpezree copepkanuie remoriodnia B
spurporre; MCHC (hemoglobin concentration in a given volume of packed erythrocytes — cpennsist KoHueHTpais reMOrIOONHA B JAHHOM
oGbeme ocazika apurpoitos; RDW-CV (coefficient of variability of red blood cell distribution) — mporenT orkioneHns 06bEMa SpUTPOLUTOB

or cpentero 3nadenusi B nomyssaiu; RDW-SD (red blood cell distribution with standard devration) —

OTHOCUTEJIbHAA IMPUHA

pactpeseneHust spuTpormuTos 1o 0obémy; *P<0,01 — if compared with the parameters at birth — npu cpasHeHMN ¢ MapamMeTpamMu PK POKIACHUH.

KauyecTBe 30HAOB MCroyb3oBaan kantuiaeBepsl NSGO1-A. Yucro
Touek ckanuposanus 512 u 1024, nons ckanuposanus 100100
MKM, 10X10 Mrm. [Togpobrast MeToinKa aHaIn3a HAaHOCTPYKTYPbI
U3JI0JKeHa B patee omyOaMKoBaHHbIX paboTax [16—18].

2. Omnpegenenyie 5puUTPOIUTOB, TEMOTIOONHA, 2 TAKKE 110~
KasareJieil:

A. Cpennnii o6bem apurportos (MCV) paccunThiBascst o
dbopmyue:

MCYV (fl) = Hematocrit (11*)*1000/Erythrocyte count(*10*1*)

B. Cpentiee cozepskanne TeMOr001Ha B 9PUTPOIHTE:

MCH (pg) = Hemoglobin (g dl"')/ Erythrocyte count(*10'1")

C. CpenHsisi KOHIIEHTPAIHsI TEMOTJIOOUHA B SPUTPOITHTE:

MCHC (g dI"') = Hemoglobin (g dI")/ Hematocrit (11)

D. [lupuHa pactpeaeneHust SpuTporuToB 110 00bemy-RDW,
BKJTIOYATOIIAST [IBA [TAPAMETPA: TPOIIEHT OTKJIOHEHIIST 00heMa SPUTPO-
IMTOB OT cpeiHero 3nHavenust B nonyssiimn — RSW-CV (%) =
(SD*100%)/MCYV, tre SD-crangapraoe cpejiHe-KBa[paTHYHOE OT-
KJIOHEHIE 00heMa SPUTPOIITA OT CPEHETO 3HAYEHTIST; OTHOCUTENb-
Hast IUPHUHA PACTIPE/IENICHUs HPUTPOITTOB 110 00beMmy — RDW-SD.

Hcenenosanue mpoBouIoch Ha aHaiusatope « Hemolux 191>
(Kwurait) B 1-€, 3-1, 7-e CyTKU OCTHATAIBHOTO BO3PACTa.

3. UccnenoBanue KpoBu Ha OMIMPYOUH ¢ MOMOIIBIO (Ho-
TOMETPUIECKOTO TecTa ¢ 2,4-auxaopanuaniom (/[XA) na ananu-
3atope «Sapphire 400», Snomust.

4. Jlng onpenenenns rpymibsl KposH 1o cucteme ABO nc-
MOJIb30BAJICH IPUTPOTECT™-MOHOKIOHAJIBHBIC AHTUTEIA AHTH- A,
anTu-B, antu-AB.

5. [lnsa onpesenenns pesyc-IPHHAIEKHOCTH HCHIOJIbB30-
BaJICs OMMKJIOH aunTu-D IgM MOHOK/IOHAJIBHBII peareHT.

6.  Ompesesenne KOJINYECTBEHHOTO COAEPIKAHUS AaHTHTE,
miu tutpa RhD-amTtires, B KpoBI MaTepr BO BpeMsi GepeMenHoC-
TH OCYUIECTBJSLIOCH € TIOMOIIBIO TecT-3putpoiutos 1D-Diacell,
nMMyHOrI06y mHOB Kiacca G ¢ nomoribio Habopa DAT IgG1/G3.

7. Crarnctmaeckyio 06paboTKy AAHHBIX TIPOBOANIIN C TI0-
MOIIIBIO cTaHAapTHOI 1porpammbl Origin 6.1., kKoTopast BXOAUT B
cocraB Microsoft Office (USA). [loctoBepHocTb pasauuuii ore-
HUBAJIN C TIOMOIIBIO OJIHO(MAKTOPHOTO JANCIIEPCHOHHOTO aHAIN3a
(Oneway ANOVA). OTsinunst c4uTaIn 10CTOBEPHBIMU IIPH YPOB-
He cTaTucTHYeckoit suaunmoctu p<0,05.

PesyibraThl 1 00CyKIE€HHE

W3onmMmyHHU3aIMsT HOBOPOKIECHHBIX 10 pe3yc-(hak-
topy nin ABO-cucreme nmeer obiiye KIMHIYECKHE U Jia-
6OpaTOPHbIE CUMITTOMbL: HKTEPHYHOCTH KOKHBIX TOKPOBOB,
00yciioBJIeHHAs TUTIEPOMIMPYOUHEMHUEN ¢ HEKOHBIOTUPO-
BaHHBIM OMJIMPYOMHOM, FeMOJIUTHYECKAs: aHEMUST U PETHU-

300

250

200

Bilirubin, memol/1

| RUB _.-\fter Ig| Day1 Day2 Day3 zi_I)ayS 7
75,2 | 94,2 127 154 | 245 | 169

Puc. 1. /lunamuka GuiupyGuHA U €0 MOYaCOBOTO NPUPOCTA B
npoiecce Je4eHunsi HOBOPOK/IEHHbBIX.

Fig. 1. The dynamics of bilirubin level and its increase per hour
within the period of treatment of the newborns.

Note (mpumeuanune): RUB (residual umbilical cord blood) —
ocTaTouHas MyNOBMHHAsI KPoBb; after Ig — mocue Beenenus Ig;
day — nenp.

4. In order to determine the blood group by ABO system
erythrotest — monoclonal antibodies anti-a and anti-b, anti-AB
was used.

5. To determine the Rh — factor zoliclon anti-D IgM
monoclonal reagent was used.

6.  The determination of RhD antibodies titer in the moth-
er's blood during pregnancy was performed using the test RBCs
ID-Diacell of immunoglobulin G and a set of DAT IgG1/G3.

7.  The statistical processing of the data was carried out
using the standard program of Origin 6.1 (Microsoft Office,
USA). The significance of differences was estimated by the factor
analysis of variance (One-way ANOVA). The difference was con-
sidered to be significant at P<0.05.

Results and Discussion

The ABO and rhesus isoimmunization of neonates has
overall clinical and laboratory symptoms: icteric skin
caused by hyperbilirubinemia with unconjugated bilirubin,
hemolytic anemia and reticulocytosis of varying severity.

The skin of all the newborns was subicteric, the level
of total bilirubin was elevated in residual umbilical cord
blood (75.1£15 umol/1), the peripheral blood was charac-
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Tabsmna 4. MeTo/p! JieueHuss HOBOPOSKIEHHBIX ¢ M30MMMYHU3anueil (n=27).
Table 4. The methods of isoimmunisation treatment of the newborns (n=27).

Parameters

Values of parameters

Phototherapy, n (%) patients
Intravenous immunoglobulines, n (%) patients

Repeated administration of intravenous immunoglobulines, n (%) patients

The operation of ex-change blood transfusion, n (%) patients
Hemotransfusion

Intravenous administration of immunoglobulines Ne1, hours
Intravenous administration of immunoglobulines Ne2, hours
The dosage of intravenous immunoglobulines, mg/kg

27 (100%)
17 (63%)
6 (22,2%)
2 (7,4%)
1(3,7%)
3,9+2,3
16,5+3
1000£72,9

Note (nmpumeuanme): Parameters — mokasarenn; values of parameters — sHaueHusi mokasareseii; phototherapy — dororepanms;
Intravenous immunoglobulines — BuyTpusentoe BBeenne nmmynorso6yannos; repeated introduction of intravenous immunoglobulines
— MOBTOPHOE BHYTPUBEHHOE BBe/IcHUE MMMYHOTIIO0Y IHOB; the operation of ex-change blood transfusion — onepanus 3ameHHoro nepe-
sBanust Kposu; hemotransfusion — remorparcdysus; intravenous administration of immunoglobulines Ne1, hours — BBeernue BHyTpHU-
BeHHbBIX UMMyHOTI00ymHoB N, uacsr; if intravenous administration of immunoglobulines Ne2, hours — BuyTpuBeHHOe BBeieHe HMMY-
HoruobymHoB Ne2, yachr; the dosage of immunoglobulines, mg/kg — n03a uMMyHOTIOOYIMHOB, MI'/KT.

KYJIOIINTO3 Pa3INIHON CTeNeHN BhIpaskeHHOCTH. [[pu pox-
JICHUU Y JIeTeil 0T™Medaiach CyOUKTEPUYHOCTh KOKHBIX T10-
KPOBOB, B 0CTaTOuHOIi mynoBuHHoU Kposu (OIIK) 6bL1 110-
BbillleH OOmui Ounupy6un ao 75,115 MKMOJb/1, B
neprdepryeckoil KPOBH XapaKTEPHBI aHEMUs], PETHKYJIO-
1IATO3, OTpaKaloNne PYHKIIMOHATBHOE COCTOSTHIE KOCTHO-
0 MO3ra B llepuHaTaibHblil iepuos (tabu. 3). Takxke y HO-
sgpepHpie  (HOPMBbI
SPUTPOIMTOB-HOPMOOIACTBI, MeAUAHa HOPMOOJIACTO3a CO-

BOPOXK/IEHHBIX  OIpPEesIsINCh
crasuia 15:100 xrerok [1:100—156:100], uto cBUIETETBCT-
BYeT O [IePEHECEHHOI BHYTPUYTPOOHON MMIIOKCUY TIOJA.

B niepBble CyTKM JIeUeHUST ONPEETUINCD /[BA TTOKa-
3aresist: 00 OUIMPYOUH B KPOBU U €0 I0YACOBOIA T1PU-
poct (II11B). B nampreiimem, mpu onenke addexTnBHOCTH
JIeYEeHUsT OI[EHUBAJIACHh TOJIBKO BeJMUYKMHA 0011ero Guiupy-
6uHa, T.K. nokasaresib III1B cranoButcs HemHbOPMATUB-
HbIM. /[nHamuka GuupyOuna npejcrasiaeHa Ha puc. 1. Ha
rpacduKe BHU/JHO, YTO B Pe3yJibTaTe IPOBOJANMON Teparuu
TII15 66T MUHUMATBHEIM. /anbHelinee nsMenenue Gum-
pyOrHA COOTBETCTBOBAJIO (DUBUOJIOTMIECCKUM 3HAUCHUSIM.

OcHOBHas 11eJTb Tepary — IpeKpalieHe reMoJ3a
SPUTPOLIUTOB U CHUZKeHUEe OunpyOuna B KpoBu. B 3aBucumo-
CTH OT YPOBHsI OUIMPyOUHA TP POK/IECHUN HOBOPOIK/ICHHBIM
Ha3HAYaJI0Ch Jieuenue: (oTtorepanis, WHQY31s BHYTPUBEH-
HBIX UMMYHOIJIOOYJIMHOB MJIM OTIEPAIIMsT 3AMEHHOIO TIePeJIn-
Banust Kposu (O3IIK) (tabot. 4). B Hatem vcenenosanuy uc-
XO/IHO BCE JICTH TOJydasi HellpepbIBHYyT0 ¢oTtoTepanmio. B
17-tn coy4astx (63%) oroTepanus codeTanach ¢ BBEICHHEM
BHYTPUBEHHBIX UMMYHOIO0Y/IMHOB Aist GJioKazbl Fe-pertern-
TOPOB KJIETOK PETHKYJI0-3H/I0TEIMATBHOI CUCTEMBI U TIPEKpa-
IMeHNsT TeMosm3a 3puTpornToB [2, 3]. Jlo3a BHYTPUBEHHBIX
UMMYHOITIOOYIMHOB cocTabiistia 1000 mr/kr, nepsast undy-
3Us1 TPOBOIUIIACH Yepes 3,9+2,3 yaca mocJie poskaenust. Yepes
16,5+3 gacoB mocste poskaeHust y 22,2% HOBOPOKICHHBIX, Jie-
YUBHINXCS BHYTPUBEHHBIMU UMMYHOIJIOOYJIMHAMY, B CBSI3U C
BBICOKKMM PUCKOM TSKEJIOTO TeueHwMst 3a00J1eBaHust (BBICOKKE
UCXO/IHbBIE MOKA3aTeNn TUepOrmmpyornHeMun, HebIaronpu-
SATHOE TeueHne GepeMEeHHOCTH, 00YCIOBIEHHOE PE3yC-CEHCH-
Ouimszanyeit) MpoBOAM/IOCH TOBTOPHOE NX BBEICHNE.

Jlnst 2-x (7,4%) HOBOPOKAEHHBIX ITPU POKICHIN ObLIa
XapaKTepHa MKTEPUYHOCTh KOKHBIX TIOKPOBOB, J1abopaTop-

terized by anemia, reticulocytosis, which reflects the func-
tional state of the bone marrow in the perinatal period
(PL.3). Normoblasts were also observed in the blood of
neonates. The median of normoblasts was 15:100 cells
[1:100—156:100], which evidenced of a previous fetal
hypoxia.

On the first day of treatment the levels of total
bilirubin in blood and their rate increases per hour were
determined. Later, when assessing the effectiveness of
treatment, only the assessment of a total bilirubin was per-
formed because the assessment of its increase per hour was
not informative. The dynamics of bilirubin is presented in
Fig. 1. The graph shows that the increase of bilirubin level
per hour was minimal as a result of the therapy. Later, the
changes of bilirubin corresponded to physiological values.

The main goal of the therapy was the cessation of
RBC hemolysis and decrease of bilirubin level in blood.
The methods of treatment were performed in accordance
with the level of bilirubin at birth: phototherapy, intra-
venous infusion of immunoglobulins or operation of blood
transfusion (Fig. 4). All the neonates included in our study
received a continuous phototherapy. In 17 cases (63%)
phototherapy was combined with the intravenous admin-
istration of immunoglobulin in order to block Fc-receptors
of the reticulo-endothelial system cells and to stop the
RBC hemolysis [2, 3]. The dose of intravenous
immunoglobulins was 1000 mg/kg, the first infusion was
performed 3.9+2.3 hours after birth. The immunoglobulins
were injected repeatedly 16.5£3 hours after birth in 22.2%
of cases due to the high risk of severe illness (high baseline
rates of bilirubin level , complicated pregnancy due to Rh-
sensitization).

2 (7,4%) infants were characterized by icteric skin
and laboratory signs of jaundice — anemic form of rhesus
incompatibility; bilirubin level in their blood was 110
umol/l, RBCs — 2,48+ 10"/1. It was an absolute indication
for blood transfusion. The operation was carried out in
standard mode.

Excessive RBC hemolysis is the main cause of the
disease, that is why it is important to assess the morpho-
logical composition and the nanostructure of RBC mem-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2015, 11; 2



DOI:10.15360,/1813-9779-2015-2-25-34

Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX
Lz b
nm am
600 1200
300 600
0 0

3 ‘40
800000
600000
400000

200000

Puc. 2. ITommdopMuam 3puUTPOIUTOB B OCTATOYHOM ITYTIOBUHHON KPOBH Y HOBOPOSKIEHHOTO € pe3yc-KOH(IMKTOM (a). YUacToK AecTpyK-
LMY SPUTPOLUTOR TPy pedyc-Kouduuxre (b). M306paskenue B mojie aTOMHO-CHIOBOTO MUKpockomna, ¢popmar 3D, nose 100X100 mrm.

Fig. 2. Polymorphism of red blood cells (RBCs) in residual umbilical cord blood of a newborn with a rhesus-incompatibility (a).
The plot of RBCs destruction in case of Rh-incompatibility (b). A 3-D picture in the atomic force microscopy field of 100X100 pum.

HBle IPU3HAKU SKEJATYIIHO — aHeMI4YecKoil (hopMer pesyc-
koHpumkra: Gunupybun OIIK 110 MKMOJIb/J1, 9pUTPOLUTHL
— 2,4810" /11, uT0 ABMIOCH AGCOMIOTHBIM TIOKAa3aHUEM ISt
IIPOBEICHIS OIEPAINH 3aMEHHOTO IIePEeJUBAHUS KPOBU
(O3IIK). Omepariust IpOBOAMIACH B CTAHAAPTHOM PEKUME.

V36bITOUHBII IeMOJIM3 SPUTPOLUTOB SIBJISIETCS OC-
HOBHOIi IPUYNHOIT 3200/1€BaHIsL, TO9TOMY BasKHO OILIEHUTb
MOP(MOJIOrMYecKuil COCTaB ¥ HAHOCTPYKTYPY MeMOpaH
PUTPOIMTOB. B HOpMe TTepuHATATBHBIN 9PUTPOTI03 NMe-
eT UHANBUYATbHBIE 0COOCHHOCTH, MTPOSIBIISTIONINECS TIJ1a-
HOITUTO30M, HAJTMIHEM KJIETOK HeTIPaBUIbHO (hOPMBI, He-
OHATaJbHbIE IPUTPOIUTHI MMEIOT OOJBIINN CpepHMil
00bEM IPUTPOIIUTOB, COIEPKAHKUE TeMOIJIOOUHA B HUX 110~
BoimeHo [18]. B Hammx paborax paHee MOKasaHO, 4TO B
OIIK 310pOBBIX JOHOIIEHHBIX HOBOPOKACHHBIX IIUPKYJIN-
pyfor 85% mraHormToB U 15% TpaHCchOPMUPOBAHHBIX
apuTpoOIUTOB. [Ipn amaimmse HAHOCTPYKTYpPHI MeMOpaHbI
IPUTPOIUTOB TIOJYIEHB HHANBUIYAIbHBIC KOJINYCCTBEH-
Hble JJAaHHBIE BBICOT W NEPUOOB TOPSAKOB. Bricota 1-To
nopsiaka (hy) cocrasisina 1,24%0,3 uM., 2-ro nopsiaka (hy)
— 0,8+0,31Mm., 3-ro opsizika (hs) — 0,17+0,04 M, uTo npu-
HSTO B MCCJIEIOBAHNN 32 NCXOAHYIO Bemanny [15].

[Ipn pesyc-mMMyHHM3aAU¥, COITPOBOKAAIONIETICS
paHHUM TosiBIeHHeM TuTpa antuter u [gG Bo Bpemst Ge-
pemernHocTH, B OIIK HOBOPOXKIEHHBIX BBISBICHBI HOJH-
MOP(®U3M 3PUTPOIUTOB (PUC. 2, @) ¥ YIACTKHU UX IECTPYK-
mun (puc. 2, b). Ilpm wuccaemoBannu MopdogoTHN
PUTPONNUTOB BBIABJICHO, YTO, HE3ABHUCUMO OT 3THOJIOTH-
4ecKoTro (hakTopa M30MMMYHH3AIINN OIIPEAEIAeTCS MOJIH-
MopbusM KJIeTok. B pannue cpoxu passutus 3aboseBa-
HUSI OCHOBHBIMH (OPMaMy SBJISIIOTCS  IIJIAHOIUTEI,
CTOMATOITUTHI 1 9XUHOIUTHI, & TAKKe IepexoiHble (hOPMBI
kJeToK. [lmaHonnTsl BU3yaIusnposainch y 72,7% nereii,
CpenHss BeJMYNHA TIAHOTNWTO3a cocTaBmaa 54,6+28%
kJ1eTOK. CTOMATONNTHI BBISABIIAINCH Y BCEX HOBOPOXK/ICH-
HBIX, HO KOJHMYECTBO WX Bapbuposaio ot 18% mo 100%.
AGCOMIOTHBIN CTOMATOIUTO3 BBISIBJIEH Y HEOHOMIEHHOTO

branes. Normal perinatal erythropoiesis has individual fea-
tures which include pleocytosis, the presence of cells of
irregular shape. RBCs of neonates have a higher mean vol-
ume and hemoglobin contents [16]. Our previous works
show that there are 85% of planocites and 15% of trans-
formed cells in the blood of healthy in-term newborns.

Analysing the RBC nanostructure, the individual
quantitative data (heights and the periods of the orders)
were obtained. The height of the first order (h,) was
1.24%+0.3 nm, the height of the second order (h,) was
0.8+0.3 nm, the height of the third order (h;) was
0.17+0.04 nm, which were considered to be the initial
parameters in the study f [14].

RBC polymorphism (Fig. 2, @) and plots RBC mem-
brane destruction (Fig. 2, b) were observed in case of rhesus
immunization accompanied by early appearance of antibody
titers and IgG. The RBCs were found to be polymorphous
regardless of the etiological factor of isoimmunization.

Planocytes, stomatocytes, echinocytes and cell of
transitional shape were the major forms of RBCs in the
early period of the disease. Planocytes were visualized in
72.7% of the newborns. The mean planocytosis reached
54.6+28% of cells. Stomatocytes were observed in all the
newborns, but their number varied from 18% to 100%.
Absolute stomatocytes was revealed in a premature infant,
born from a mother with early titre of RhD antibodies and
IgG3 in the titer of 1:100, IgG1 in titer of 1:10 in the 34th
week of gestation. Echinocytes were typical for 45.5% of all
the newborns with isoimmunization. The RBC morpholo-
gy in neonates with isoimmunization at birth was variable
and depended on many factors. Isoimmunization was asso-
ciated with the appearance of defects on the surface of
RBC membrane (Fig. 3).

Analyzing the nanostructure of RBC membranes, we
found that the height of the first order (h;) underwent the
greatest changes. Its value was significantly higher than in
healthy newborns (P<0.05).
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Puc. 3. Ha noBepxHOCTH MeMGPaHbI SPUTPONUTOB HAOMIOIAIOTCS JIOKAIbHbIE TONOIOrnYeckue nedextbl. OcTaTouHast MyNOBUHHAS
KPOBb HOBOPO3K/IEHHOTO ¢ pe3yc-KoHpukToM. F300paskeHue B mojie aTOMHO-CHJIOBOrO MUKpockomna, ¢popmar 3D, nosxe 100X100

MKM 1 10X10 MKM.

Fig. 3. There local defects topological defects on the surface of red blood cells membranes. Residua residual umbilical cord blood.
3-D picture in the atomic force microscopy fieldof 100X100 pm and 10X10 pm.

peGeHKa, POsKAEHHOTO OT MaTepy ¢ paHHuM TuTpomM RhD-
AHTUTEJ U TIosiBIeHneM B 34 Heznenu 6epemennoctu 1gG3
B tutpe 1:100 u IgG1 B TuTpe 1:10. DXUHONUTHI XapaKkTep-
HBI 111 45,5% neteit ¢ m3ommmyHu3anueir. Mopdomorms
APUTPOITUTOB TIPU POXKICHUN ¥ HOBOPOKICHHDBIX C M30UM-
MyHU3alKel BapuabesibHast U 3aBUCUT OT MHOTUX (DaKTOPOB:
Ha BEJIMYUHY CTOMATOINTO32 BJIUSET YPOBEHb OUIUpyOHHA
B OTIK. [l;11 M30MMMYHU3AIINN XapaKTEPHO TOSBJICHHUE Jie-
(heKTOB Ha MOBEPXHOCTU MeMOPaHbl 3PUTPOLUTOB (puc. 3).

[Ipu aHamM3e HAHOCTPYKTYPbI MEMOpPaH 3PUTPOLIU-
TOB BBISABJIEHO, YTO TIPH POXKICHUU Y HOBOPOKICHHBIX C
pe3yc-KOHMIMKTOM HArOOJBIIMM M3MEHEHUSIM T0/Bep-
skeHa BbicoTa mepsoro nopsiaka (hy), ee BesmumHa gocTo-
BEPHO TMPEBBIIATa AHATOTUIHDIA MMOKA3aTeNb 3M0POBBIX
HOBOPOKIEHHBIX (p<0,05).

BobIsIBJICHBI KOPPEISITIMOHHBIE CBSI3M:

* oOparHasi CHJIbHASI CBSA3b COMEPKaHUst Ouupyou-
Ha B KPOBHU U BBICOTOIT hy; MemOpatbl spurpoiuros (=-0,8;
p=0,007);

*  TIpSMast CUJIbHAS CBSI3b KOJMYECTBA PETHUKYJIOTN-
TOB 1 BbICOTOM hy MemOpanbl apurporutos (7=0,8; p=0,01).

To ecTb Ha HAHOCTPYKTYPY MeMOPaH apUTPOIMTOB
BJIMSIOT YPOBEHb OUIMPYOUHA U PETUKYJIOUTO3, OTPaKa-
IOIIMe TSKECTh TedeHus 3abosieBaHuss. MaKcuMasbHOeE
YBEJIMYEHUE BBICOTHI hy TIPOMCXOANIIO HA 2-€ CYTKU JKUSHL.
Bsicors BToporo (hy) u tperbero (hs) nopsiakos gocrosep-
HO He OTJMYAINCH OT JIeTell Tpymisl cpaBHenus (p>0,05),
T.€. CIIEKTPUHHBII MATPUKC 1 CTPYKTYPHOE COCTOsIHME Gel-
KOB 9pUTPOIUTOB Oblin cTabuibHbiMu (puc. 4). Takum 06-
pPa3oM, M30MMMYHM3AINST HOBOPOKAECHHOTO XapaKTepU3y-
€TCsl BHYTPUYTPOOHBIM MONKUIOIKUTO30M 3PUTPOLUTOB 1
HapylleHeM MaKpOCTPYKTYPbl MeMOpaH Ha yposHe h;.

[Tocie BBeseHUS BHYTPUBEHHBIX UMMYHOIJIOOYIU-
HOB TIPOMCXOANT HOPMATM3ANNS COCTABA HPUTPOIUTOB,
MCYE3aI0T TOMOJOTHYECKNEe Ae(hEKTH Ha MOBEPXHOCTH
MeMOpansr (puc. 5).

Teuenre 3a60J1€BaHUs XaPaKTEPU30BAIOCh HOPMAJIH-
3anueil ypoBHs GUIMPYOUHA, JOCTOBEPHBIM YMEHbBIICHUEM

8
, Wmh " h Wb
6
g5
% 4
&8
2
,
0 —
Controls Bcfurr .'\fu-r r\ftcr Aftrr
treatment 12 hrs 2 days 7 days

Puc. 4. Tucrorpammsl Bbicot hy, hy, hs MemOpanb apurponuron
B Pa3/MYHblE NEPUOJBI MCCIEJOBAHUsSL IIPU U30UMMYHU3ALUH
HOBOPO3K/[CHHDIX.

Fig. 4. Histograms of heights hy, h,, h; of red blood cells in different
periods of the study in case of isoimmunisation of the newborns.
Note (npumeuanue). Controls — konrpos; after — uepes; before
treatment — yto sievenust; hrs (hours) — wacer; days — aun.

The following correlation links were found:

* a strong negative correlation between bilirubin
level in blood and the and the height h, (=-0,8; P=0.007);

* a strong positive correction between the number
of reticulocytes and the height parameter h; (r=0,8; P=0.01).

Thefore, the RBC nanostructure is affected by bilirubin
level and reticulocytosis, which reflects the severity of the dis-
ease. The maximum increase in height h; occured on the 2nd
day of life. The height parameters h, and h, did not differ sig-
nificantly from the ones of the comparison group (P>0.05),
i.e. spectrin matrix and the structural state of RBC proteins
were stable (Fig. 4). Thus, isoimmunization of newborns is
characterized by intrauterine poikilocytosis of RBCs and the
violation of RBC membrane macrostructure at the level of h;.

After intravenous administration of immunoglobu-
lins, the normalization of RBC structure occurs, topologi-
cal defects on the membranes disappear (Fig. 5). Clinical
course of the disease was characterized by normalization of
bilirubin level, reliable decrease of retikulocytosis and
hemoglobin level, the mean hemoglobin concentration in
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

Puc. 5. HopManusauusi coctaBa 3pUTPOLMTOB M HCYe3HOBeHHE 1e(EKTOB HAa IOBEPXHOCTH MEeMGPAHBI [IOCJIE BBE/IeHHsI MMMYHOLJIO-
6unyHoB. F300paskeHue B moJie aTOMHO-CHJIOBOTO MUKpOCKomna, popmar 3D, nose 100X100 Mrm.

Fig. 5. Red blood cells composition and disappearance of the defects on the surface of red blood cells membranes after the admin-
istration of immunoglobulins. 3D picture in the atomic force microscopy field of 100X100 um.

PETHKYJIOIITO3a, CHIKEHIEM K 5—7 CyTKaM JKU3HHU YPOBHSI
reMOrIOONHA U CPe/iHel KOHIIEHTPAIIH TeMOTJIOONHA B 9PH-
TPOIUTE, A TAKXKe OTHOCUTETHLHON NMINPUHBI PACTIPE/IeTICHIUS
3pUTPOIITOB 110 06beMy (p<0,05). CocTosiHIE HAHOCTPYKTY-
PBI MEMOPaH 9PUTPOIUTOB M3MEHHJIOCh, IPOU3OIILIO CHUKe-
HUe BBICOTBI hy, HO ee BesmmurHa Obijia IOCTOBEPHO BBIIIE MO
CPaBHEHMIO C TPYIIO KOHTPOJIS M aHAJIOTHYHBIM ITOKa3aTe-
JieM 110 Havama jgedernst (p<0,05). BHyTpeHHss1, UTOMIA3-
MaTHJecKast, TOBEPXHOCTD YCTOHUNBA K TOKCHYECKOMY BJIHISI-
Huto GumpyOuHa 1 Apyrux (akTopoB, T.K. BHICOTHI hy 1 hy
MeMOPAHBI PUTPOIUTOB MPH POKIAEHUH COOTBETCTBOBAIIH
QHAJIOTUYHBIM BBICOTAM 3[I0POBBIX HOBOPOJK/ICHHBIX. B Teue-
HIIE BCETO BPEMEHH NCCIICIOBAHUS OTMEUAIIICh He3HAUNTEIIb-
Hble U3MEHEHVsT BBICOT hy 1 hy MeMOpaHbl SpUTpOIUTOB, HO
JIOCTOBEPHBIX OTJIYHIT He BbisiiieHO (p>0,03) (puc. 4).

KommiekcHast Tepalus N30MMMYHHU3AIINI HOBOPOXK-
JIEHHOTO TI0 pe3yc-daxropy mwin ABO-cucTeme npexpamniaer
KacKaJl IMMYHOJIOTHYECKUX PEaKINii, IPUBOAUT K MpeKpa-
[IEHUIO TeMOJIN3a IPUTPOIIUTOB, CHUKEHHIO OUIMpyOKHa,
BJIMSIET Ha MOP(OJOTHYECKHUIT COCTaB M MaKPOCTPYKTYPY
MeMOpaH apuTpOIUTOB. IloCIeACTBHS MepHHATATBHOTO
BO3/ICHCTBUST HAa MeMOpPaHy 3PUTPOIMTOB COXPAHSIOTCS B
TedeHNe OIPeIeTIEHHOTO BPEMEHH M BBIXO/IAT 32 PAMKH PaH-
HETo0 HeOHATAJILHOTO IIePUOJia.

BoiBoasl

1. MeTtozom aTOMHOII CHIIOBOI MUKPOCKOIINH YCTa-
HOBJICHO, 4TO Y HOBODPOK/ICHHBIX € HM30MMMYHHU3AIHEH,
HEe3aBHUCHMO OT 3THOTOTUYCCKOTO (haKTOpa, OMpeaesIeTcs
OJMMOPGU3M U IECTPYKITHS 9PUTPOILIUTOB.

2. B panHHe CPOKN Pa3BUTHS N30MMMYHH3AIINN OC-
HOBHBIMH (hOPMaMH SIBJISTIOTCS TVIAHOIIUTBI, CTOMATOIIUTHI
11 9XUHOIUTBI, a TaKKe TIepeXoaHbIe (POPMBI KIIETOK.

3. Ilpu amanmse HAHOCTPYKTYPBI MEMOPAH PHUTPO-
IIUTOB BBISIBJIEHO, YTO IIPU POXKIEHNN Y HOBOPOKICHHBIX C
pe3yc-KOHMIMKTOM HAMOOJIBITUM HM3MEHEHUSIM O/BEP-
JKeHa BBICOTA TIEPBOTO TIOPSIKA.

RBCs and relative width of RBC distribution by volume
by 5—7th day of life (P<0.05). The state of RBC nanos-
tructures changed, a decrease of the height h, was
observed, but its value was still significantly higher if com-
pared to the control group and similar data before the
treatment (P<0.05). The inner cytoplasmic surface was
resistant to the toxic effects of bilirubin and other factors,
since the height parameters h, and hy were equail versus
those from healthy newborns. There were minor changes of
height parameters h, and hs, but no significant differences
were detected (P>0.05) (Fig. 4).

Combination therapy for newborn Rh factor or
ABO-system isoimmunization stopped the cascade of
immunological reactions and RBC hemolysis, increased
the bilirubin level but does not affect the morphological
composition and macrostructure of RBC membranes. The
consequences of perinatal exposure of RBC membranes
was remaining for a certain time and went beyond the early
neonatal period.

Conclusion

1. AFM revealed that infants with isoimmunization
are characterized by cell shape polymorphism of the cell
membrane and destruction of RBCs regardless of the etio-
logical factor.

2. 1In the early stages of isoimmunization develop-
ment of the main forms of RBCs include planocytes, stom-
atocytes, echinocytes and transitional cell shape.

3. When analysing the RBC membrane nanostruc-
ture the parameter «height of the first order» was found to
undergo the greatest changes.

4. Combination isoimmunization therapy of new-
borns causes the cessation of RBC hemolysis and decrease
of bilirubin level. After the administration of intravenous
immunoglobulins some alterations of RBC membrane sur-
face disappeared. The main cell shape of RBCs was pre-
sented by planocytes in 45.5% of newborns.
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4. Kowmmiekcnas tepanus M30MMMYHU3AIlUU HO-

BOPOKIAEHHOTO 10 pesyc-daktopy uian ABO-cucreme
MPUBOAUT K TIPEKPANeHUI0 TeMOJN3a 3PUTPOIUTOB,

cHKeHno Guaupybuna. [locse BBeIEHUST BHYTPUBEH-
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