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Summary

Fetal hemolytic disease is caused by the transplacental passage of maternal antibodies that target and destroy fetal red blood
cells. These antibodies are produced following maternal exposure to fetal erythrocytes, typically occurring around 16-18 weeks of
gestation, upon recognition of fetal red blood cell antigens. At the turn of the millennium, hemolytic disease of the fetus and newborn
(HDFN) was still largely equated with Rh incompatibility. However, the introduction of active postpartum immunoprophylaxis
in the 1970s led to a decrease in maternal Rh sensitization rates from 14% to 1-2%. The subsequent implementation of antenatal
immunoprophylaxis in Rh-negative pregnant women has further reduced this incidence to approximately 0.1%.

The aim of the study: to investigate parameters of innate humoral immunity — specifically immunoglobulins G, M, and A — in the
umbilical cord blood of newborns with hemolytic disease who underwent advanced fetal surgical intervention during gestation.

Study materials. A total of 60 newborns were enrolled and categorized into three groups. The first (main) group included
20 newborns diagnosed with hemolytic disease who underwent intrauterine intravascular fetal blood transfusion during the
antenatal period. The second (comparison) group consisted of 20 newborns with hemolytic disease who did not receive any fetal
surgical intervention prenatally. The third (control) group comprised 20 healthy newborns.

Immunologic methods of research: evaluation of the immune status of newborns was performed on umbilical cord blood collected
on the first day of life, in the Laboratory of Fundamental Immunology at the Institute of Human Immunology and Genomics of the
Academy of Sciences of the Republic of Uzbekistan. Statistical analysis of the data was performed using both parametric and non-
parametric methods. Data collection, correction, systematization, and visualization were conducted using Microsoft Office Excel
2018 spreadsheets. The statistical computations were carried out using IBM SPSS Statistics v.26 (IBM Corporation,).

All investigations were conducted at the Institute of Immunology of the Academy of Sciences of the Republic of Uzbekistan.

Conclusions. /ntrauterine transfusion has demonstrated a beneficial effect on fetal hematological parameters and on the
humoral immune status of the neonate after birth. Notably, it has been associated with a reduction in immunoglobulin G, A, and
M levels. These findings suggest a diminished inflammatory potential and indicate a preventative effect against the development
of immunodeficiency at birth.

Keywords: Immunoglobulins G, M, A Rhesus Immunization;, Hemolytic Disease of the Newborn (HDN); Intrauterine

Intravascular Blood Transfusion (IVPC).

Introduction

In our country, the issue of Rh alloimmunization
remains relevant and necessitates proactive measures
for its resolution. The implementation of prenatal
immunoprophylaxis has led to a slight increase in the
incidence of hemolytic disease of the fetus and newborn
(HDFN) due to non-Rh erythrocyte antigens [1]. The
pathogenesis of HDFN involves extravascular hemolysis of
fetal and neonatal erythrocytes caused by damage to their
membranes by maternal antibodies. During the breakdown
of these erythrocytes, hemoglobin is converted into bilirubin
(1 g of hemoglobin yields approximately 35 mg of bilirubin)
[2]. Rh alloimmunization most commonly becomes active
during the third trimester or at delivery. However, HDFN
develops in the first trimester in approximately 3% of cases,
in the second trimester in 12%, and in the third trimester
in 45%, with 90% of cases occurring after 28 weeks of
gestation [3]. In subsequent pregnancies, HDFN tends to
be more severe than in the first due to a more rapid and
pronounced alloimmune response [4, 5]. The inheritance
of maternal immune system features by the fetus during
gestation is referred to as epigenetic maternal immune
imprinting [6, 7]. Persistent maternal immune dysregulation
is frequently transmitted to the fetus via this imprinting
mechanism [8]. In the fetus, as in adults, natural killer

(NK) cells are a principal component of immunobiological
defense, assessed by the expression of CD16 and CD56
surface markers [9, 10, 11]. It is important to recognize
that any disruption of the bidirectional immunological
adaptation between mother and fetus poses a threat to
placental development, fetal growth, and viability at any
stage of pregnancy. This is particularly relevant in cases of
HDEFN arising in the second or third trimesters [11, 12, 13].
In light of the above, we sought to examine in greater detail
the key parameters of innate cellular immunity in newborns
diagnosed with hemolytic disease.

The aim of the study. To investigate parameters of
innate humoral immunity — specifically immunoglobulins
G, M, and A — in the umbilical cord blood of newborns with
hemolytic disease who underwent advanced fetal surgical
intervention during gestation.

Research materials and methods

Immunologic methods of research: evaluation of
the immune status of newborns was performed on
umbilical cord blood collected on the first day of life,
in the Laboratory of Fundamental Immunology at the
Institute of Human Immunology and Genomics of the
Academy of Sciences of the Republic of Uzbekistan. The
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concentrations of principal immunoglobulins and cytokines
in biological fluids were determined by enzyme-linked
immunosorbent assay (ELISA), utilizing commercial
Human ELISA kits (Germany). These test systems employ
the solid-phase sandwich ELISA method, using horseradish
peroxidase as the indicator enzyme. The reagent kits
comprise monoclonal antibodies (MCATs) specific to the
target cytokines, immobilized on the surfaces of wells
in detachable polystyrene microplates. These kits are
designed for the quantitative determination of human
cytokines in peripheral blood serum and other biological
fluids. Optical density in each well was measured at
a wavelength of 450 nm using an automated microplate
photometer (Stat-Fax analyzer, USA).

Statistical analysis of the data was performed using
both parametric and non-parametric methods. Data
collection, correction, systematization, and visualization
were conducted using Microsoft Office Excel 2018

spreadsheets. The statistical computations were carried out
using IBM SPSS Statistics v.26 (IBM Corporation). For
normally distributed quantitative data sets, comparisons
of means were made using Student’s t-test. The resulting
t-values were interpreted by comparison with critical
values. Differences were considered statistically significant
at a p-value of less than 0.05.

Results and Discussion

The primary objective was to conduct an immunological
evaluation and assess the effectiveness of intrauterine
intravascular fetal hemotransfusion by analyzing humoral
immunity in newborns who underwent fetal surgery. For
this purpose, immunological studies were conducted on
umbilical cord blood samples from newborns with hemolytic
disease of the newborn (HDN), both those who received
intrauterine hemotransfusion and those who did not. The
results of these analyses are summarized in Table 1.

Table 1
THE MAIN HUMORAL PARAMETERS OF NEWBORN IMMUNITY (UMBILICAL CORD BLOOD), (M*m, g/l)
The main group Comparison Group The control group
Parameters (n-20) (n-20) (n-20)
Immunoglobulin G 7,33+0,75" 8,51+121"* 6,36 + 0,35
Immunoglobulin A 1,53+0,32 295+0,24 * 1,28 + 0,44
Immunoglobulin M 1,64 £ 0,50 * » 2,26 +0,45* 1,05 + 0,45

Note: * — the significance of differences with the control group is p<0.05; — the reliability of differences between

the studied groups

IgG class antibodies are known to possess the
capacity for transplacental transport, enabling continuous
immunological interaction between the maternal and fetal
systems. In the postnatal period, IgG is rightly considered
the predominant immunoglobulin, prevailing in the serum
of both fetuses and newborns. In contrast, the concentrations
of IgM, IgE, and IgA remain relatively low, although
maternal IgE can enter the fetal circulation as part of an
IgG/IgE complex. During gestation, IgG levels gradually
increase throughout the first and second trimesters, reaching
a peak in the third trimester. Typically, full-term newborns
exhibit IgG concentrations of approximately 1000 g/dl —
equivalent to 125% of the maternal serum level — reflecting
active antibody transfer mediated indirectly by Fc receptors
(FcRn) of the placenta [12].

Thus, the analysis showed that the levels of
immunoglobulin G in the umbilical cord blood of newborns
in the comparison group were significantly elevated — by
a factor of 1.4-compared to the control group, whereas IgG
levels in the umbilical cord blood of newborns in the main
group were not significantly elevated relative to the control
group. A comparison between the two study groups revealed
that, following hemotransfusion, the IgG level in the main
group decreased slightly but significantly compared to the
comparison group, with a difference of 1.2 times.

The level of immunoglobulin A in the umbilical cord
blood of newborns who did not undergo intrauterine
hemotransfusion was significantly increased — by 2.3 times —
compared to the control group. In contrast, immunoglobulin
A levels in the umbilical cord blood of newborns following
intrauterine hemotransfusion were not significantly elevated
relative to the control group. A comparison between the two

132

study groups showed that the IgA level in the main group
was 1.9 times lower than that in the comparison group.

IgM is the first class of immunoglobulins synthesized
by the fetus, beginning at 18-20 weeks of gestation. During
initial antigen exposure, IgM is produced first, and although
it also appears upon repeated exposure, the levels are lower
IgM does not cross the placental barrier. According to
some authors, changes in IgM concentration in HDN have
limited diagnostic significance; however, the complex
«proliferation of mononuclear cells stimulated by ConA,
anti-CD3 monoclonal antibodies and IgM» demonstrates
high specificity, sensitivity and informativeness, i.e.,
indicates fetal immune pathology with a high probability
(26:1) [13].

The levels of immunoglobulin M in the umbilical
cord blood of newborns in the comparison group, i.e¢.,
where pregnancies were carried out conventionally, were
significantly increased by 2.2 times compared to the control
group. Meanwhile, IdM levels in the umbilical cord blood
of newborns taken after fetal surgery, that is, in the main
group was significantly increased by 1.6 times compared
to the control group control. As can be seen, following
intrauterine hemotransfusion, immunoglobulin M levels
slightly decrease in the main group, with a significant
difference of 1.4 times relative to the comparison group.

Based on the obtained results, it can be concluded
that intrauterine and intravascular hemotransfusion to the
fetus during the antenatal period leads to an improvement
in humoral immunity parameters in the newborn, as
evidenced by our research findings. It should be
emphasized that following intrauterine hemotransfusion,
there is a normalization of the concentrations of the studied
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immunoglobulins in the newborn after birth. Specifically,
a decrease in the levels of immunoglobulins G, A, and M
was observed. These findings indicate a reduction in the
inflammatory potential following hemotransfusion.

Conclusions

1. In newborns in the main group who underwent fetal
interventions during the antenatal period, the IgG index
in umbilical cord blood was not significantly elevated
compared to the group of healthy newborns.

2. In umbilical cord blood samples obtained from
newborns who did not undergo intrauterine hemotransfusion
during the antenatal period, IgA levels were significantly

increased by 2.3 times compared to the control group,
whereas IgA levels in the main group were not elevated.

3. IgM levels in the umbilical cord blood of newborns
in the comparison group — i.e., those whose pregnancies
proceeded without fetal intervention — were significantly
increased by 2.2 times relative to the control group.

4. Intrauterine transfusion has been shown to have
a beneficial effect on the hematological parameters of fetal
blood and on the humoral immunity of the newborn after
birth. In particular, it contributes to a reduction in IgG,
IgA, and IgM levels. These changes indicate a decrease in
inflammatory potential and help prevent the development
of immunodeficiency at birth.
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BILIMB BHY TPIIIHBOYTPOBHOI TPAHC®Y3Ii ILJIOAY HA IOKA3SHUKH BHY TPIILIHBOI'O
I'YMOPAJIBHOI'O IMYHITETY HOBOHAPO/?’KEHOT'O

Y. V. Iucadbopos’, K. A. Canimosa', @. Y. /[rcab60oposa’

Pecny6aikanchbKuil nepuHaTaIbHMil HeHTP MiHicTepcTBa 0XOPOHH 310pOB’sl pecnyOuiku Y30ekucran'
(M. TamkeHT, Y30eKkucran),
ByxapcbKuii Jep:kaBHUi MeIuYHMIT iHCTHTYT iM. AOY AJi i6H Cino?
(m. Byxapa, ¥Y36ekucraH)

Pesiome.

T'emoniTiuHa xBopoOa 1yI0/1a OB’ sA3aHa 3 MPOHUKHEHHSIM Yepe3 IUIalleHTapHuil 0ap’ep aHTHUTLI BariTHOT JKiHKH, SIKi PyHHYIOTbH
SPUTPOLUTH ILIO/A, LII0 YTBOPWIIKCS MICJIs ii KOHTAKTY 3 epUTPOLUTAaMHU TIoza Ha 16-18 TvokHi recrarii i BusiBieHHs ix anturenis. Ha
PyOexi THCSHOIITh 3aTPUMKa BHYTPIIIHBOYTpoOHOTo po3BuTKY (3BYP) Bee 1ie BBaxkanacst Maiike CHHOHIMOM pe3yc-KOH]IIIKTY, ane
aKTUBHA ITICIIMONIOrOBa iMyHONPO(DIAKTHKA, 110 TPOBOAUTECS 3 1970 poKy, 3HH3MIIA MaTePUHCHKY pe3yc-iMyHizauito 3 14% no 1-2%,
a IpeHaTajbHa IMyHONIPOQiaKTHKa BariTHUX 3 pe3yc-KoHIIIKTOM KpOBI 1iie Oiibliie HiBemntoBaia npobuemy ao 0,1%.

Merta g0c/1iT;KeHHsI: BUBYUTH [TOKa3HUKH BPOJPKEHOTO I'YMOPAJIBHOTO iMyHITeTY — iMyHOII1I00yniHH G, M Ta A B IIyNIOBHHHIH KpOBi
HOBOHAPODKCHHX 3 TEMOJITUYHOIO XBOPOOOIO, SIKi TIEPEHECITH BUCOKOTEXHOJIOTIHI Omepariii Ha IUTO/i IMi/] Yac BariTHOCTI.
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Marepianu gocaigxenHsn. Bcboro B I0CHIKEHHAX B3sUTH y4acTh 60 HOBOHAPO/DKEHHX, sIKi OyJIH po3ziieHi Ha 3 Tpynu. 1-y oc-
HOBHY TpyIry ckiany 20 HOBOHAPOKEHUX 3 TEMONIITHIHOIO XBOPOOOI0, SKUM B aHTEHAaTAJIbHOMY Iepiozi Oyia IIpoBeieHa onepartis
«BHYTPINIHOYTPOOHA BHYTPIMIHBOCYJHHHA TeMOTPAHC(Y3is INTOAY», 2-y TPYIy HOPIBHSHHS cKIany 20 HOBOHAPOKEHNX 3 TeMOJIITHY-
HOIO XBOPOOOIO, SIKMM B aHTEHATAIFHOMY ITepiofii He MPOBOMIIMCS OIeparlii Ha oz, 3-10 KOHTPOJIbHY Ipymy ckiamy 20 310poBUX
HOBOHAPOJUKEHNX. IMyHOJIOTIYHI METOM JOCTI/PKEHHS: OIliHKA IMyHHOTO CTaTyCy HOBOHAPOMXKEHHUX MPOBOAMIACS Ha OCHOBI aHAJII3y
ITyIOBUHHOI KPOBI, 310paHoi B epmmii aeHs kuTTs, y Jlaboparopii GpynnameHTansHo1 iMyHooril [HCTHTYTY iMyHOIOTIT Ta TEHOMIKH
monrHN AkanieMil Hayk PecrryOmikn Y30exuctan. CTaTUCTHYHNMIT aHAITI3 JaHUX IIPOBOHBCS 3 BUKOPHCTAHHSM SIK TapaMEeTPHIHUX, TaK
1 HermapaMeTpHIHIX MeTOAIB. 30ip, KOPEKIis, CHCTeMAaTH3allist Ta Bi3yali3awist JaHIX ITPOBOAVIIICS 3a JOIIOMOTOI0 €JIEKTPOHHHX TaOJIHIh
Microsoft Office Excel 2018. Craructuuni oburcieHHs mpoBoamrcs 3a qornomororo IBM SPSS Statistics v.26 (IBM Corporation). Bei
JocIiKkeHHs Oyan BUKOHaHi B [HCTHTYTI iMyHOTOTIT AKaneMil Hayk PecrryOmikn Y36ekucras.

BucnoBku. BHyTpimHbs0yTpoOHa TpaHC(Y3is HE TUIBKH MOKpAIIy€e TeMaTONIOTiYHI IIOKa3HUKH KPOBI IUTOJA, alie i MOKpaIye
TyMOpaJIbHUH IMYHITET HOBOHApOKEHOTO IiCIIs HApOIDKEHHS, 30KpeMa, CIpHse 3HImKeHHIo piBHA 1gG, A 1 M. Bee e cBiguuth npo
3HIDKEHHSI 3aITalbHOTO TTOTEHIlially Ta 3anobirae (opMyBaHHIO IMyHOZIEIIUTHOTO CTAaHy IPH HapOJKEHHI.

KurouoBi ciioBa: imynorno6yninu G, M, A; pesyc-iMmyHizallis; reMOJiTHYIHA XBOPO6a HOBOHAPOKEHHX; BHYTPIIIHEOYTPOOHE

BHYTPIITHBOCYANHHE NTEePEITMBAHHS KPOBI.
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