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ABSTRACT

Human neutrophil antigens (HNAs) are localized on glycoproteins which are positioned on the surface membrane
of human neutrophils. Alloantibodies against HNA are implicated in a number of clinical conditions, including
immune-mediated neutropenia and transfusion reactions. Genotyping for HNA systems is important in the diagnosis
of disorders involving alloimmunization to HNA.

Aim. To assess the risk of HNA alloimmunization in donors and patients with hematological diseases in St.
Petersburg based on the study of HNA allele and genotype frequencies.

Materials and methods. DNA samples of 303 blood donors and 302 hematological patients were obtained and
typed for HNA-1, -3, -4, -5. Polymerase chain reactions with homemade sequence-specific primers were used for
typing. Genomic DNA was isolated from whole blood by a multistage purification method using the CTAB reagent.
The results were detected in real time using the EVAGreen intercalating dye. Pearson’s chi-squared test was used to
compare the HNA genotype frequencies in donors, patients with hematological diseases and in other populations.

Results. In the study, the frequency of HNA-1bd allele was 0.584-0.588, of HNA-1a — 0.376-0.384, of HNA-
Ibc — 0.032-0.036. HNA-1bc allele was represented in the genotypes HNA-1a/be/bd (0.023-0.036), HNA-1a/be
(0.020-0.043) and HNA-1bc/bd (0.007-0.010). The genotypes HNA-1bc/bc and HNA-1null were not identified.
Allele “a” of HNA-3, -4, -5 systems was found in the majority of studied individuals (0.795-0.804; 0.887-0.898;
0.699-0.708). The highest calculated risk of HNA alloimmunization was noted in the absence of HNA-5b, HNA-
la, HNA-3b, and HNA-4b alleles in the genotype and was 0.250, 0.233, 0.231, and 0.163, respectively.

Conclusions. Our data are consistent with the results of studies on the HNA allele and genotype frequencies in
populations of Europeans and are significantly different from those of East and Southeast Asia, Africa and South
America. The frequencies of HNA-1, -3, -4, -5 alleles and genotypes among donors in St. Petersburg and patients
with hematological diseases did not have statistically significant differences. It was shown that the highest calculated
risk of alloimmunization was observed in the absence of HNA-5b, HNA-1a, HNA-3b, and HNA-4b alleles in the
genotype. These data are consistent with the results of similar studies on populations of white Europeans conducted
by other authors.
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YacToTa BCTpeYaeMOCTU aHTUreHOB HEMTPOdU/IOB Ye/0BEKa U PUCK A/I/IOUM-
MYHU3ALMKU Y 4OHOPOB U 60/IbHBIX FreMaTo/I0rM4eckumMm 3a60/1eBaHUAMU

Kpo6uHey U.U., MuHeeBa H.B., borgaHoBa l1.0., YeueTtkuH A.B.

Poccutickuii hayuno-uccnedosamenvckuil uncmumym cemamonocuu u mpaucgyzuonozuu (PocHUUI'T)
Poccus, 191024, 2. Canxm-Ilemepbype, 2-1 Cogemckas ya., 16

PE3IOME

AKTYaJIbHOCTB. AHTHTEHBI HelTpohmtoB denoBeka (Human neutrophil antigens, HNA) nokanu3oBaHbl Ha TiH-
KOIPOTEHHAX, PACHOJIOKEHHBIX Ha MOBEPXHOCTHOW MemOpaHe HeifrpoduioB. MmmyHusauus k HNA Bo Bpems
OGepeMEeHHOCTH WM BCJIEACTBHE TpaHC]y3Hil KOMIIOHEHTOB KPOBH MOKET HMPHBECTH K BBIPAOOTKE aJJIOAHTUTEIL.
OnauM n3 GakTOpOB pa3BUTHS ATIOMMMYHH3AINH SBIIsIeTCST 9acToTa BerpedaeMoctt HNA. B cBsi3u ¢ aTum mpen-
CTaBISIETCS] BAYKHBIM M3y4YHTh OCOOCHHOCTH pacrpeseneHus amieneid u reHotunoB HNA y 1oHOpoB U GONBHBIX
reMaroJyornaeckumu 3aboneBannsimMu r. Cankr-IlerepOypra i MporHO3UPOBAHUS PUCKA AJUIOUMMYHHU3AIHH.

Heab. Ouennuts puck HNA amromMmyHHU3anuu y AOHOPOB M OOJNBHBIX I'€MATOJOTHYECKUMH 3a00JIEBAaHUSIMHU
r. Cankr-IlerepOypra Ha OCHOBaHWHM M3YyYEHHS YaCTOT BCTPEUAEMOCTH ajuienel u reHoTunoB HNA.

Martepuajbl 1 MeTOABbI. MaTepranioM HCCIIEOBAHUS CITYKUITH 00pasiibl nepudepudeckoit kposu 303 10HOPOB
r. Cankr-IletepOypra u 302 00JBHBIX FEeMATOJOTHUCCKUMHU 3a00JICBAaHUSAMH, MOJYYaBIINX Tepanuio B Poccuii-
CKOM Hay4YHO-HCCIIE/I0BATEIbCKOM HHCTUTYTE TeMaTosIoriy u Tpancdysuonoruu. ['enomuas JIHK Obina Beizenena
13 [EeTBHON KPOBH METOZI0OM MHOTOCTYIIEHUATON OYUCTKH C UCIIOBE30BAaHUEM PEaKTHBA YemunmpumMemuiammoHus
6pomuoa. Turnmposanne HNA npoBoanimm MeTo10M auienb-crielinpUIHON MoIUMepa3HOi HEeTTHOH peakIiy ¢ Uc-
MOJTE30BaHHEM Pa3pabOTaHHBIX OJMIOHYKJICOTHAHBIX MpaiiMepoB. CpaBHEHUs YaCTOT BCTPEYaEMOCTH I'E€HOTHIIOB
HNA y noHOpOB, OOJBEHBIX T€MaTONIOTHYECKUMH 3200 I€BaHUSIMU, U TIPEICTaBUTENCH APYTUX TOIYJISIIUIA TPOBO-
JIAJTH C TIOMOIIBIO KpUTepHs cornacus [Tupcona x>

Pe3yabTathl. Yacrora BecTpeuaemoctu amutens HNA-1bd cocrasuna 0,584—0,588, a HNA-1a — 0,376-0,384. Ya-
crota Bcrpeyaemocti ayuienss HNA-1bc cocraBmina 0,032—0,036, u qaHHbII aJutesb ObLT PEICTABICH B TCHOTHITAX
HNA-1a/be/bd (0,023-0,036)00, HNA-1a/be (0,020-0,043) u HNA-1bc/bd (0,007-0,010). I'erotunsr HNA-1bce/
bc 1 HNA-1null BeisiBiieHsr He ObiH. Asiens «ay» cucteM HNA-3, -4, -5 BcTpevancst y OONBIIMHCTBA UCCIIETye-
MBIX B Kaxaoit rpymme (0,795-0,804; 0,887-0,898; 0,699-0,708 coorBeTcTBeHHO). Ha OCHOBaHMHU MOTYyYEHHBIX
YacTOT BCTPEYAEMOCTH JIJIeTICH ¥ TEHOTUIIOB PACCYHMTAIIN BEPOSITHOCTh ajutonmmyHm3anuu kK HNA. Haubombimas
BEJIMYMHA PACYCTHOTO PHCKA AJUIOMMMYHHU3AIMU TIPH TPAHCPY3UIX KOMIIOHEHTOB KPOBH OTMEYEHA IPH OTCYT-
crBu B rerorurie ateneit HNA-5b, HNA-1a, HNA-3b, HNA-4b u cocrasuser 0,250; 0,233; 0,231 u 0,163 coort-
BETCTBEHHO, UTO MOJITBEPKAAET PE3yJIbTAaThl AaHAIIOTUYHBIX UCCIIEOBAHUI.

3axiouenne. CTaTUCTHYECCKU 3HAUYMMBIX PA3IMYMid B 4aCTOTE BCTPEYacMOCTH ajuieneil u reHotunos HNA-1, -3,
-4, -5 y nonopos 1. Cankr-IletepOypra u GOJIBHBIX TeMaTOJIOTHYECKIMU 3a00JI€BaHISIMU HE yCcTaHOBIIEHO. Han-
GoubITas BEIMYNHA PACIETHOTO PHCKA aJUIOMMMYHHU3ALUH TIPH TPAHCHY3USIX KOMIOHEHTOB KPOBH, MOTydYEeHHAsS
Ha OCHOBAHMH YacTOT BCTPEUAEMOCTH aileNeil W FeHOTHIIOB, OTMEYeHa MPH OTCYTCTBUH B TEHOTHIIC aulenel
HNA-5b, HNA-1a, HNA-3b, HNA-4b. IlomydeHHBIE TaHHBIE COTIIACYIOTCS C PE3yJIbTaTaMH HCCICIOBAaHUN pac-
npeiesnienus ajuienei u renoturnoB cucteM HNA B nonmyssiyy eBponeies v 3HaYuuMO OTJIIMYAIOTCSI OT MOMYJISIHMA
Bocrounoii u IOro-Boctounoii Azun, Adpuku u Oxuoit Amepuku. [lpennoxxeHnsiit Meton TunupoBanus HNA
MOKEeT OBITh NCTIONIB30BAH AN CO3AAHUS KICTOYHON MaHEIH, THIMPOBAHHON MO aHTHTeHAM HEHTPO(DHUIIOB, C Iie-
JIBIO OTIPE/ICNICHUS] CHENU(PUIHOCTH aJNIOAHTHTEN Y IOHOPOB, U IS THATHOCTHKHU AJTIOMMMYHHBIX KOH(JIUKTOB B
HeIHaTPHH, TPAaHC(HY3HOIOTHI U TPAHCIUIAHTOIOTHH.

KawueBble c10Ba: aHTHTCHBI HEUTPO(UIIOB, TCHOTHIIMPOBAHUE, aJUICIb-CIICHU(DUIHAS TOTMMEPa3Has [eIHas
peaxiusi.

KOHq)JIl/lKT HUHTEPECOB. ABTOpLI JCKIApUPYIOT OTCYTCTBUE SABHBIX U INOTCHUHUAJIBHBIX KOHd)HHKTOB HUHTEPECOB,
CBA3aHHBIX C HyGJTHKaHHeﬁ HaCTOﬂIJ.IefI CTaTbu.

HUcTounuk (bnﬂancnposam/m. ABTOpLI 3asIBJISIOT 00 OTCYTCTBHUHU q)HHaHCI/IpOBaHI/If{ 1Ipu MPOBEACHUSA UCCICI0-
BaHUA.

CooTBeTCTBHE MPUHIUIAM ITHKH. Bce nmanueHTs! noanucany 1HGOPMUPOBAHHOE COTJIaCHE HA y4acTHE B HC-
CIICIOBAHMH U coriacue Ha 3a00p KpoBH. IIpOTOKOI HCCIIeJOBaHMS 000PEH JIOKAJIbHBIM 3THYECKUM KOMHTETOM
OI'BY PocHUUI'T ®MBA Poccuu (mpotoxon Ne 56 ot 26.12.2018).
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INTRODUCTION

Human neutrophil antigens (HNAs) are localized
on glycoproteins, which are positioned on the surface
membrane of neutrophils. Immunization against HNA
during pregnancy or as a result of blood component
transfusion can lead to the production of alloantibo-
dies to neutrophil antigens. HNA antibodies can cause
development of such clinical conditions as neonatal
alloimmune neutropenia (NAN), autoimmune neu-
tropenia (AIN), transfusion-related acute lung injury
(TRALYI), febrile non-hemolytic transfusion reactions,
immune neutropenia after bone marrow transplanta-
tion, and drug-induced immune neutropenia [12]. In
addition, according to the literature, HNA polymor-
phism is a risk factor not only for the above mentioned
conditions, but also for other diseases, including bac-
terial infections (periodontitis), chronic inflammatory
diseases (vasculitis, systemic lupus erythematosus,
rheumatoid arthritis), and susceptibility to malaria [3].
There is no information on the distribution of HNA
among donors in the Russian Federation.

To date, 5 HNA systems (HNA-1, -2, -3, -4, -5)
have been described [1].

The HNA-1 system includes HNA-1a, HNA-1b,
HNA-Ic, and HNA-1d antigens located on the Fc-y
receptor IIIb (FcyRIIIb, CD16b). The expression of
HNA-1b is always accompanied by the expression of
HNA-1d or HNA-1c. FcyRIIIb is a glycosylphospha-
tidylinositol (GPI)-anchored glycoprotein expressed
on the neutrophil surface and encoded by the FCG-
RIIIB gene [4].

The HNA-2a antigen is located on the GPI-an-
chored protein CD177 encoded by the CDI77 gene
[5]. HNA-2a is found in most individuals; the absence
of HNA-2a is determined by a defect in the transcrip-
tion of the CD177 gene [6].

HNA-3a and HNA-3b are located on the choline
transporter-like protein 2 (CTL 2) encoded by the
SLC44A2 gene [7].

The antigens of the HNA-4 and HNA-5 systems
are localized on the aM (CD11b) and oL (CD11a) in-
tegrin subunits and encoded by the /TGAM and IT-
GAL genes, respectively [8].

The presence of each allele of the HNA-1 system
is determined by a combination of 6 single nucleotide

polymorphisms (SNPs) in the FCGRIIIB gene, locat-
ed close to one other. The HNA-3, -4, -5 systems in-
clude two alleles each, the differences between which
are determined by replacement of one nucleotide in
the DNA sequence of the corresponding genes [1].

The frequency of HNA is one of the factors of
immune response development [9]. In this regard,
it seems important to study the distribution of HNA
alleles and genotypes in the population. Serological
and molecular genetic methods are used to study the
frequency of HNA. However, serological typing of
neutrophil antigens can be complicated due to the
absence of some typing reagents, high cost and short
lifetime of neutrophils. Polymerase chain reaction
(PCR)-based methods are the most optimal for HNA-
1, -3, -4, -5 typing [10], but are often not used due to
a lack of regulatory documents and test systems for
HNA typing from domestic manufacturers.

The aim of the study was to assess the risk of
HNA alloimmunization in donors and patients with
hematological diseases in St.-Petersburg based on the
study of HNA genotype and allele frequencies.

MATERIALS AND METHODS

Peripheral blood samples were obtained from
303 donors from St.-Petersburg and 302 patients
with hematological diseases, who received therapy
at Russian Research Institute of Hematology and
Transfusiology.

HNA typing was performed by allele-specific
PCR (AS-PCR) using homemade oligonucleotide
primers. Genomic DNA was isolated from whole
blood by the multistage purification method using
etyltrimethylammonium—bromide (CTAB) reagent.
The results were detected in real time using the
EVAGreen intercalating dye.

The results were statistically processed using the
Statistica 7 software. Comparison of allele frequen-
cies and HNA genotypes in donors, patients with he-
matological diseases, and in other populations, as well
as check of the correspondence of the observed dis-
tributions to the Hardy — Weinberg equilibrium were
performed using the Pearson’s chi-squared test (y%).
The differences with p < 0.05 were considered statis-
tically significant. The critical ¥2 value for alleles of
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the HNA-3, -4, -5 systems with p-value of 0.05 was
3.84. The critical %2 value for the alleles of the HNA-1
system with p-value of 0.05 was 5.991.

The following formulas were used to estimate the
probability of HNA alloimmunization:

— the probability of alloimmunization to the allele
“a” = (aa + ab) x bb,

— the probability of alloimmunization to the allele
“b” = (bb + ab) X aa,

— where aa, ab, bb are the frequencies of the
corresponding genotypes.

RESULTS

Oligonucleotide primers for HNA typing by AS-
PCR method were designed using Primer 3.0 and
Primer-BLAST. The sequences of oligonucleotide
primers for typing antigens of the HNA-1, -3, -4, -5
systems are shown in Table 1.

Table 1
DNA sequences of oligonucleotide primers for HNA-1,-3,-4,-5 genotyping
Antigen Gene Forward primer (5°— 3”) Reverse primer (5°-37)

HNA-1la FCGR3B CCTCAATGGTACAGGGTGCTC GCCTGGCTTGAGATGAGGTT
HNA-1b/c FCGR3B CCTCAATGGTACAGCGTGCTT CACTGTCGTTGACTGTGGCAT
HNA-1b/d FCGR3B CCTCAATGGTACAGCGTGCTT ACTGTCGTTGACTGTGGCAG
HNA-3a SLC44A42 CTACCTCACGTACCTGAATGCT GCAGGGCAGTCACCATCTC
HNA-3b SLC44A42 CTACCTCACGTACCTGAATGCT GCAGGGCAGTCACCATCTT
HNA-4a ITGAM CTCATGCGAGCCCATCCG ACAAGGAGGTCTGACGGTGA
HNA-4b ITGAM CTCATGCGAGCCCATCCA ACAAGGAGGTCTGACGGTGA
HNA-5a ITGAL ATCATCCCCCACAGATCCAG AGCTGGACCCAGTAAGCATC
HNA-5b ITGAL ATCATCCCCCACAGATCCAC AGCTGGACCCAGTAAGCATC

Note. nucleotides complementary to SNPs that determine the antigen presence are shown in bold.

To analyze the specificity of the primers, DNA
samples from 20 donors were used the sequences of
the HNA-1, -3, -4, -5 alleles in which were determined
by sequencing. The correspondence of the results of
sequencing and AS-PCR with the real-time results and
agarose gel electrophoresis was 100%. No nonspecific
PCR products were identified by gel electrophoresis.

The real-time PCR conditions for the HNA-1, -3,
-4, -5 allele typing were the same. For the analysis we
used a 2.5x PCR reaction mix in the presence of EVA-
Green (SINTOL, Moscow), which includes a 2.5x
PCR buffer B (6.25 mmol MgCL,, KCI, TrisHCI (pH
8.8)), SynTaq DNA polymerase, deoxynucleoside tri-

phosphates, glycerol, and Tween 20. For PCR, a mix-
ture containing 50—100 ng of genomic DNA, 1x PCR
reaction mix, and 0.2 umol of forward and reverse
primers was added to each tube. The final volume of
the mixture was adjusted to 25 ul with double-distilled
water. The following protocol was used for PCR: 95°
for 5 min, then 33 cycles: 95° — 20 sec, 68° — 30 sec.

HNA-1, -3, -4, -5 allele and genotype frequencies
in donors of St.-Petersburg and patients with hemato-
logical diseases are shown in Table 2. The deviation
of the observed genotype distribution from the one
expected in patients with hematological diseases and
donors was not statistically significant.

Table 2
Comparison of frequencies of genotypes and alleles of HNA systems in donors and patients with hematological diseases

System Genotype Patients, n =302 Donors, n =303 e Allele Patients Donors

a/a 0.142 0.142 a 0.376 0.384

a/be/bd 0.023 0.036 bd 0.588 0.584

HNA-1 a/be 0.043 0.020 1 i 0.172, be 0.036 0.032
a/bd 0.411 0.442 p=0918 - - -
be/bd 0.007 0.010 - - -
bd/bd 0.374 0.350 - - -

a/a 0.623 0.650 0.795 0.804

HNA-3 a/b 0.343 0.307 © z ?) 2598’ 0.205 0.196
b/b 0.033 0.043 P - - -
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Table 2 (continued)

ala 0.788 0.802 i a 0.887 0.898
HNA-4 a/b 0.199 0.191 ’1‘);%352711’ 0.113 0.102
b/b 0.013 0.007 ’ - - -
ala 0.500 0.488 a 0.699 0.708
©=0.124,
HNA-5 a/b 0.397 0.439 = 0725 0.301 0.292
b/b 0.103 0.073 ’ - - -

As can be seen from Table 2, HNA-1, -3, -4, -5
genotype frequencies in patients with hematological
diseases who received therapy at Russian Research
Institute of Hematology and Transfusiology had
no statistically significant differences from those in
donors of St. Petersburg. In the examined groups,
the frequency of HNA-1bd allele was higher (0.584—
0.588) than HNA-1a (0.376-0.384). The frequency
of HNA-1bc was 0.032-0.036, and this allele was
represented in the genotypes HNA-1a/be/bd (0.023—
0.036), HNA-la/bc (0.020-0.043), and HNA-1bc/
bd (0.007-0.010). The genotypes HNA-1bc/be and
HNA-1null were not identified.

The allele “a” of the HNA-3, -4, -5 systems
was found in the majority of individuals in each
group (0.795-0.804; 0.887-0.898; 0.699-0.708,
respectively). The prevalence of HNA-5a was 0.699—
0.708.

Since HNA-1, -3, -4, -5 genotype frequencies in
patients with hematological diseases and donors of
St. Petersburg did not have statistically significant
differences, an assessment of the possible risk of
HNA alloimmunization was calculated based on the
data on the HNA allele and genotype frequencies in
the group that included both donors and patients with
hematological diseases (Table 3).

Table 3
Assessment of the possible risk of alloimmunization against
HNA-1, 3-5 during transfusions of blood components
Risk of HNA alloimmunization
HNA | HNA | HNA | HNA | HNA | HNA | HNA | HNA | HNA
la Ibd | Ibc 3a 3b 4a 4b 5a 5b
0.233 | 0.143 | 0.064 | 0.037 | 0.231 | 0.01 | 0.163 |0.080| 0.250

As can be seen from the presented data, the highest
calculated risk of alloimmunization during blood
component transfusion was observed in the absence of
HNA-5b, HNA-1a, HNA-3b, and HNA-4b alleles in
the genotype and was 0.250, 0.233, 0.231, and 0.163,
respectively.

DISCUSSION

The data obtained are consistent with the results
of studies on the distribution of HNA alleles and

genotypes in European populations [9] and significantly
differ from other populations. Thus, in the populations
of South — East Asia, China, and Japan, the HNA-
la allele frequency was significantly higher and was
0.696, 0.667, and 0.623, respectively (p <0.001) [11].
The frequency of HNA-3a was 0.795 — 0.804, which
was significantly higher than that in the Japanese
population (0.654) [12], and significantly lower than
in the populations of Zambia (0.974) and Brazil (1.0)
(p <0.001) [13, 14]. The frequency of HNA-4a was
0.887—-0.898, and this was significantly lower than
in the populations of China and Brazil — 0.995 and
1.0, respectively (p < 0.001) [15, 14]. The obtained
frequency of HNA-5a was significantly higher than in
the Zambian population (0.500) [13], but significantly
lower than in the populations of China (0.852), Japan
(0.840), and Brazil (0.855) (p<0.001)[15, 12, 14]. The
probability of HNA alloimmunization was calculated
based on the obtained allele and genotype frequencies.
The highest calculated risk of alloimmunization
during blood component transfusion was observed
in the absence of HNA-5b, HNA-1a, HNA-3b, and
HNA-4b alleles in the genotype and was 0.250, 0.233,
0.231, and 0.163, respectively, which confirms the
results of similar studies conducted by other authors in
the population of white Europeans [10]. The obtained
data may be useful for predicting clinical conditions
associated with alloimmunization. However, the
probability of immune response development is highly
dependent on the immunogenicity of the antigen and
other factors, which may explain the discrepancy
between the calculated risk of alloimmunization and
the existing data on the specificity of detected HNA
alloantibodies. Thus, for example, at low calculated
risk of alloimmunization to HNA-3a (0.37), such
antibodies lead to the development of TRALI It is
known that anti-HNA-3a alloantibodies contained in
donor plasmaare one of the reasons for the development
of' severe TRALI with fatal outcome [12]. Despite high
calculated risk of HNA-3b alloimmunization, rare
cases of NAN caused by anti-HNA-3b alloantibodies
have been described, and there are no data on the cases
of TRALI caused by such antibodies in the literature.
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The most common causes of NAN development in
the population of white Europeans are alloantibodies
to HNA-1a, -1b, -1c and -2a [16]. However, there
are cases of NAN caused by alloantibodies to HNA-
1d, -3a, -3b, -4a , -4b, -5a that are described in the
literature [17, 18].

In clinical practice, transfusions of granulocyte
concentrate are carried out for patients with a
significant decrease in the absolute number of
granulocytes in the blood in the presence of infection,
uncontrolled antibiotic therapy, and in sepsis of
newborns. In case of transfusion of HNA incompatible
blood component, the patient has an increased risk of
alloimmunization and, as a result, there is a lack of
clinical effect of transfusion [19]. Individual selection
of HNA and HLA-compatible blood components is
required for such patients. Building of a HNA-typed
donor base will help prevent alloimmunization. The
development of a HNA-typed cell panel will help
solve the problem of diagnosing alloimmune conflicts
in pediatrics, transfusiology and transplantology.

CONCLUSION

The conducted research allowed to study the
distribution patterns of HNA alleles and genotypes
in donors of St.-Petersburg and patients with
hematological diseases and to assess the possible risk
of HNA alloimmunization. No statistically significant
differences in the frequencies of HNA-1, -3, -4,
-5 alleles and genotypes were found in donors of
St.-Petersburgandpatientswithhematologicaldiseases.
The highest estimated risk of alloimmunization during
transfusion of blood components was observed in the
absence of HNA-5b, HNA-1a, HNA-3b, an HNA-4b
alleles in the genotype, which confirms the results
of similar studies conducted by other authors in th
population of white Europeans. The data obtained may
be useful for predicting clinical conditions associated
with alloimmunization. However, the immunization
process after transfusion and / or during pregnancy is
associated not only with antigenic incompatibility, but
also depends on the immunogenicity of the antigen,
genetic, epigenetic and environmental factors, which
may explain the discrepancy between the calculated
risk of alloimmunization and the existing data on the
specificity of detected HNA alloantibodies.

The presented data may be useful for prevention
of alloimmunization, as well as for population
studies. The proposed HNA typing method can be
used to develop a HNA-typed cell panel in order to
determine the specificity of alloantibodies in donors

and to diagnose alloimmune conflicts in pediatrics,
transfusiology and transplantology.
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