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Congenital heart defects are anomalies that are becoming more and more frequent every year. Their specific weight is
the highest among all the defects and malformations in fetus. Besides, children with sporadic congenital heart defects and
malformations are still born rather frequently. We made an assumption that congenital heart defects (CHD) and congenital
malformations (CM) were formed due to inflammatory process decompensation within «mother — fetus» system occurring in
case of a conflict as per HLA between a semi-allogenic fetus and its mother’s microenvironment. A risk of such a conflict
might be associated with certain HLA combinationsin parents genotypes.

Our research goal wasto reveal peculiarities of HLA-DRBL1 alleles combinations in married couples who had children
with sporadic CHD and CM without any chromosome diseases and to determine whether such peculiarities could cause risks
of congenital anomalies.

We determined frequency of 14 allelesin HLA-DRB1 genein all people who took part in the research.

Our research allowed establishing that parents whose children suffered from CHD more frequently had common
HLA-DRB1*04, female HLA-DRB1*07 with male HLA-DRB1*13, HLA-DRB1*17 and female HLA-DRB1*13 with male
HLA-DRB1*14. Children who suffered from CM more frequently had parents who were homologous as per HLA-DRB1*12,
as well as with female HLA-DRB1*12 and male HLA-DRB1*01, HLA-DRB1*04, HLA-DRB1* 13, and HLA-DRB1* 15; this
greater frequency was statistically significant. We also detected an authentic increase in frequency of HLA-DRB1*12 allele
in children against their parents. Children with CM also had HLA-DRB1* 12 all€ele statistically significantly more frequently
than healthy children.

Peculiarities related to HLA-DRB1 alleles combination are genetic predictors of CHD and CM occurrence; their de-
termination will allow minimizing risks of such disorders due to early diagnostics and timely prevention.

Key words: major histocompatibility complex, HLA-DRBL, alleles, congenital heart diseases, congenital malforma-
tions, risk factor, married couples, spouse compatibility.

The major histocompatibility complex and III). The class II contains HLA-DR and
(HLA in a human body) is a vital component HLA-DQ loci with their genes coding mole-
in the immune systems of mammals (and peo- cules that present endo- and exo-antigens to
ple as well). A set of genes that are included T-helper lymphocytes (of the 1, 2, 3, 17 and
into HLA 1is localized as per three classes (I, II, 22 types). Through this phenomenon, they de-
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termine power and quality of immune respon-
ses to macro- and micro-ecology antigens [1].
Genes belonging to HLA I and II classes are
highly polymorphic. Thus, according to HLA
Alleles Numbers' there are more than 2,500 al-
leles described at the moment for HLA-DRB1
only. HLA-DRB1*01, HLA-DRB1*03 (17), HLA-
DRB1*04, HLA-DRB1*07, HLA-DRB1*11,
HLA-DRB1*12, HLA-DRB1*13 and HLA-
DRB1*15 alleles are evenly distributed within
populations in the world [2—4]. It was revealed
that alleles included into HLA-DRB1*03 (17),
HLA-DRB1*04, HLA-DRB1*05(11), and HLA-
DRB1*15 groups had certain associations with
immune system pathologies and reproductive
losses [5, 6]. It is assumed that there are sev-
eral selective mechanisms in populations that
are responsible for imposing limits on random
inheritance and for controlling «pathologic»
alleles within this or that population. Such se-
lective mechanisms include, for example,
negative-assortative mating, selection at game-
togenesis level, selection in interactions as per
HLA between a mother and a semi-allogenic
embryo/fetus, as well as intensity of resistance
or sensitivity to infectious and parasitic agents
[7]. Let us note that ontogenesis gives this ex-
act order of selection mechanisms.

Congenital heart diseases (CHDs) are a
topical issue for public healthcare since their fre-
quency is growing and they account for the big-
gest share among all malformations and devel-
opment anomalies [8, 9]. Besides, children with
sporadic congenital malformations and devel-
opment anomalies (CMDAs) without any chro-
mosome diseases are still born rather frequently.
There is a well-grounded assumption that CHDs
and CMDAs occur, among other things, due to
decompensation with an inflammatory process
within «mother — fetus» system that develops in
case there is a conflict as per HLA between a
semi-allogenic fetus and micro-environment in-
side a mother’s body [10, 11]. A risk of such a
conflict can be associated with certain HLA
combinations in parents’ genotypes.

Bearing in mind that an association be-
tween certain alleles and HLA genotypes and

immune-inflammatory diseases and reproduc-
tive losses, including congenital fetus/embryo
malformations, has been proven [12, 13], we
believe that a study on peculiarities of alleles
belonging to a gene in the major histocompati-
bility complex (HLA) will allow determining
how compatible parents are, hence, it will pro-
vide an opportunity to estimate a risk that a
child will be born with congenital malforma-
tions and development anomalies thus result-
ing in reproductive losses.

Given that, our research goal was to de-
termine peculiarities of HLA-DRB1 allele com-
binations in families who had children with
sporadic congenital heart diseases and congeni-
tal malformations without chromosome dis-
eases as well as a nature of their inheritance by
these children.

Data and methods. Our research was ac-
complished at the Scientific Research Institute
for Complex Issues of Cardiovascular Dis-
eases, Kemerovo State Medical University and
Kemerovo State University. The research was
approved by the local ethical committee at the
Scientific Research Institute for Complex Is-
sues of Cardiovascular Diseases. All the par-
ticipants gave their informed written consent
to take part in the research.

The first test group was made up of
48 families with children in them (23 boys and
25 girls) being born with congenital heart dis-
eases regardless of any chromosome disease.
We examined case histories in this group and
revealed that there were no congenital heart
diseases either in mother’s or father’s ances-
tors. HLA-DRBL1 allele combinations were cal-
culated in families both regarding female al-
leles meeting with male ones and vice versa.
Overall, we analyzed 384 combinations
(48-8 =384). This test group was created at
the Scientific Research Institute for Complex
Issues of Cardiovascular Diseases and the
Kemerovo State Medical University.

The second test group consisted of 68 fami-
lies with children having congenital malforma-
tions and development anomalies (CMDAs)
without chromosome diseases. There were no

"HLA Alleles Numbers. Nomenclature. Available at: http://hla.alleles.org/nomenclature/stats.hitml (12.06.2020) (in Russian).
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children with CHDs in this group. All congenital
malformations were sporadic without any traces
in family case history. These malformations in-
cluded the following: 25 children had III-IV de-
gree hydrocephaly; 16 children, vascular plexus
cysts; 114 children, hydronephrosis II; 5 chil-
dren, Arnold-Chiari malformation; 5 children,
vermis agenesis; and 3 children, one kidney
agenesis. HLA-DRBL1 allele combinations were
analyzed in the same manner and totally we de-
tected 544 combinations (688 =544). This
group was created at clinics within the Ke-
merovo State Medical University system.

Our reference group included 132 families
who had two or more healthy children. 1,056
combinations were detected in this group
(132-8 =1,056); the group was created at am-
bulatories and polyclinics within the Kemerovo
State Medical University system.

Additionally, 51 girls and 89 boys were
examined at the Biological Faculty of the Ke-
merovo State University; they were all in their
reproductive age and there were no blood rela-
tives or married couples among them. These
young people took part in an experiment enti-
tled «HLA-associated olfactory selectiony.
The research was approved by the local ethical
committee at the Kemerovo State University
and all people who took part in it gave their
informed written consent. This group was used
in the present research for calculating a prob-
ability that female and male HLA-DRB1 alleles
would meet in a reproductive population (ran-
dom selection). This probability was calcu-
lated via multiplying a selected female allele
by all male alleles in turn and vice versa. The
calculation was performed for all female and
male alleles. When transforming share values
into absolute ones, we used an overall number
of all possible combinations that was equal to
18,156 (51-89-4 = 18,156).

Our research object was genome DNA ex-
tracted from peripheral blood leucocytes via
phenol-chloroform extraction as per a conven-
tional procedure. HLA-DRBL1 typing was per-
formed via PCR taking into account results
obtained in real time mode with DT-96 detect-
ing amplifier (DNA-technology, Russia). We
determined frequency of 14 HLA-DRB1 gene
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alleles with commercial reagent sets HLA-
DNA-TEX (Catalogue number R1-H001-S3/5,
DNA-technology, Russia).

Research procedure. At the first stage in
our research we compared frequencies of actual
HLA-DRB1 allele combinations in the reference
group and calculated combinations obtained for
young males and females who were not blood
relatives. Calculated combinations were also
compared with actual HLA-DRBL1 allele combi-
nations in both test groups. Then we compared
frequencies of HLA-DRBL allele combinations
in the reference group and two test ones. In ad-
dition, we compared frequencies of HLA-DRB1
allele combinations in families who had chil-
dren with CHDs and those with children who
had CMDA:s.

At the next stage we analyzed how chil-
dren inherited alleles from their parents in
two test groups and the reference one. In the
reference group we examined inheritance by
healthy children, and in test groups, by chil-
dren with CHDs and CMDAs respectively.
For each HLA-DRB1 we took into account
alleles that were inherited by children from
mothers, fathers or both parents. If inheri-
tance is equiprobable, there shouldn’t be any
significant differences between inherited and
non-inherited alleles and delta between them
should tend to zero. The first stage in the re-
search focused on determining peculiarities of
HLA assortativity in case a fetus was healthy
and in case there was congenital fetus pathol-
ogy. The second stage concentrated on reveal-
ing pre-natal selection, including gameto-
genesis and interaction as per HLA within
«mother — fetus» system in case a fetus was
healthy and in case congenital fetus malfor-
mation occurred.

All the data were mathematically proc-
essed with STATISTICA 8.0 (Stat Soft Inc.,
USA). Hardy-Weinburg equilibrium was de-
termined with Pearson’s chi-square. Expected
frequencies (in shares) of allele combinations
in case of random selection between people
with different sexes were calculated via multi-
plying frequencies (in shares) of respective
female alleles with male ones. Expected ho-
mozygocity was calculated via squaring a
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share of a respective allele. To reveal differ-
ences in frequencies of allele combinations in
the examined groups and in inheritance from
mothers to children, we used Pearson’s chi-
square with Yates’s correction for continuity.
To assess risks of a congenital heart disease,
we calculated odds ratio (OR) and its 95%
confidence interval (Cl). Differences were
considered statistically significant in all cases
when p <0.05 [14].

Results and discussion. Our research re-
vealed that there were no statistically signifi-
cant differences between HLA-DRB1 genotype
frequency and frequency of genotypes calcu-
lated with Hardy-Weinburg equilibrium.

Data given in Table 1 show that there
were no differences in HLA-DRBL1 alleles fre-
quency between the group made up of young
males and females where random allele com-
binations were estimated, and all the other
groups made up of families; it indicates that
the examined groups were comparable in
terms of allele combinations.

We determined that frequency of HLA-
DRB1*12 allele was higher among parents
who had children with CMDAs against the
reference group. Besides, this allele was more
frequent in families who had children with
CMDAs. We didn’t detect any other statisti-
cally significant differences.

Then, according to the research proce-
dure, we compared actual HLA-DRB1 allele

combinations in the reference group and both
test groups with calculated combinations ob-
tained for young males and females who
were not married or blood relatives (random
selection). We revealed certain statistically
significant differences that are given in
Table 2.

Data given in Table 2 indicate that actual
frequencies of allele combinations in families
with healthy children were different from cal-
culated ones (random selection) predominantly
as per HLA-DRB1*01 and HLA-DRB1*15.
Besides, positive selection involves a growing
number of families with female and male
HLA-DRB1*01, HLA-DRB1* 15, HLA-DRB1*07
and HLA-DRB1*03(17), HLA-DRB1*4, HLA-
DRB1*15 accordingly.

We analyzed deviations from random
selection in families where children suffered
from either CMDAs or CHDs; our analysis
revealed the following. Only positive selec-
tion was detected in families where children
had CMDAs and this selection involved mar-
ried couples with female and male HLA-
DRB1*12, as well as with female HLA-
DRB1*12 and male HLA-DRB1*01, HLA-
DRB1*04, HLA-DRB1*13, HLA-DRB1*15.
Besides, just as it was the case with the ref-
erence group, there was positive selection in
this group regarding a combination of female
HLA-DRB1*07 and male HLA-DRB1*15 in a
married couple.

Table 1
Distribution of HLA-DRB1 alleles in the examined groups (%)
Alleles 1. Random selection (n=280) | 2. Reference (n=528) | 3. CMDAs (n=134) |4. CHDs (n=192) p

01 21.78 14.39 13.80 12.13 0.05
03 (17) 7.85 9.47 2.23 10.46 0.05
04 9.64 11.93 7.46 13.38 0.05
07 7.50 9.28 10.07 11.29 0.05
08 5.35 6.43 2.98 2.92 0.05
09 0.71 4.16 1.86 0.83 0.05
10 0.71 0.18 0.74 2.09 0.05
11 11.42 10.98 15.67 15.48 0.05

P»3=0.003.

12 5.71 5.49 13.06 2.09 03.4=0.0007
13 13.92 9.84 14.55 13.38 0.05
14 1.42 2.84 2.23 2.09 0.05
15 11.07 11.74 14.17 13.80 0.05
16 2.85 3.22 1.11 0.00 0.05
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Table 2

Allele combinations in the randomly selected group (calculated values) and in married couples
in the reference and test groups (only statistically significant differences, %)

A combination of a female /male allele |Rand0m selection, n=1 8,156| Reference, CMDAs, CHDs | p
Reference, n=1,056
01/01 4.73 1.52 (5) 0.01
01/15 2.15 521 (1) 0.008
03 (17)/15 0.94 3.03 () 0.007
07/15 0.61 2.75 () 0.004
15/01 2.54 541 (1) 0.009
15/03 (17) 0.58 2.75 () 0.003
15/04 1.04 3.69 (1) 0.005
15/15 1.16 8.62 (1) 0.0001
CMDAs, =544
07115 0.61 2.57 () 0.006
12/01 0.48 239 (1) 0.004
12/04 0.21 147 () 0.003
12/12 0.26 441 (4) 0.001
12/13 0.29 1.84 (1) 0.002
12/15 0.22 221 (4) 0.001
CHDs, n=384
04/04 0.89 2.64 (H) 0.03
07/03 (17) 0.31 144 (1) 0.01
07/13 0.79 241 (#) 0.03
13/14 0.14 1.44 (+) 0.008

Note:/is an allele combination given as follows: the first allele is a female one, the second, male. Signs (-)

and (+) indicate either negative or positive selection.

Results in families with children suffering
from sporadic CHDs without chromosome dis-
eases also deviated from random selection as
there was positive selection for female and male
allele HLA-DRB1*04. Other significant differ-
ences from the reference group were detected in
this group regarding frequency of allele combi-
nations for female HLA-DRB1*07 and male
HLA-DRB1*03, HLA-DRB1*13 as well as fe-
male HLA-DRB1* 13 and male HLA-DRB1*14.

The most significant differences between
the reference group and the groups with
CMDAs and CHDs were detected when fre-
quencies of allele combinations were compared.
As it is shown in Table 3, family homology as
per HLA-DRB1*12 was more frequent in fami-
lies having children with CMDAs against the
reference group, and homology as per HLA-
DRB1*15 was less frequent.

These data indicate that HLA-DRB1*12
allele might be a marker for a cohort with
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CMDA:s. It is quite possible that these peculi-
arities are related to a deviation from physio-
logical assortativity as per HLA-DRB1*12
when a new married couple is created and it
happens among other things, due to impacts
exerted by social, economic, macro- and mi-
cro-ecological factors.

Just as it was the case with families where
children had CMDAs, negative selection was
detected in the group where children had
CNDs for female and male HLA-DRB1*15
and additionally for female HLA-DRB1*13
and male HLA-DRB1*15. Female HLA-
DRB1*03(17), HLA-DRB1* 13 and male HLA-
DRB1*04 and HLA-DRB1*07 respectively
were more frequent in married couples in this
group than in the reference one. One can see
from the table that male alleles HLA-DRB1*04
and HLA-DRB1*07 were more frequent in
married couples both in the group with
CMDAs and with CHDs than in the reference
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Table 3

Allele combinations in families with healthy children and in families with children suffering
from congenital malformations and development anomalies and congenital heart diseases
(only significant differences are given, %)

A combination of a female /male allele | Reference, n=1,056 | CMDAs,CHDs | p

CMDAs, =544

12/07 0.27 221 () 0.02

12/12 0.82 441 (1) 0.009

13/07 0.27 3.68 (+) 0.01

15/04 3.69 0.37 () 0.008

15/15 8.62 1.1() 0.001

CHDs, n=384
3(17)/04 0.19 1.92 (+) 0.03

13/07 0.27 2.88 (1) 0.01

13/15 4.67 0.96 (-) 0.02

15/15 8.62 1.68 (-) 0.009
CMDAs, =544 BIIC, n=384

12/12 441 (1) 0.24 0.01

15/07 0.37 2.88 (1) 0.03

Note:/is an allele combination given as follows: the first allele is a female one, the second, male. Signs (-)

and (+) indicate either negative or positive selection.

one. Special attention should be paid to posi-
tive selection of a family HLA-DRB1*17 and
HLA-DRB1*04 allele combination in the
group with children suffering from CHDs.
This heterozygote type, just as HLA-DRB1* 04,
HLA-DRB1*03(17) alleles separately, is as-
sociated with multiple autoimmune diseases
including insulin-dependent pancreatic dia-
betes [15, 16]. Therefore, deviations occur-
ring in the test groups when selection is tak-
ing place may create preconditions for im-
mune-inflammatory  pathology including
reproductive disorders.

Having compared two test groups, with
CMDAs and CHDs, we revealed that HLA-
DRB1*12, HLA-DRB1*15 u HLA-DRB1*07
alleles were differentiating markers between
them. Family homology as per HLA-DRB1*12
created statistically significant difference be-
tween CVDAs and CHDs groups.

Deviations from random HLA-DRB1
combinations in married couples and further
euqgiprobable inheritance can influence HLA-
DRB1 allele distribution among healthy and
sick children. We compared HLA-DRBL1 allele
frequency in the reference and both test groups
and revealed alleles that were associated with
pathology (Table 4). Thus, there were statisti-
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cally significant differences in frequency for
three HLA-DRB1*03(17), HLA-DRB1*12,
HLA-DRB1* 15 alleles.

HLA-DRB1*12 allele turned out to be
positively associated with CMDAs (OR=5.72;
Cl 95% 2.25-14.42; p<0.0001). HLA-DRB1*15
allele turned out to be the same for children
with CHDs (OR=1.83; Cl 95% 0.73-4.71;
p=0.03). Differences as per this allele were
detected only against the reference group but
not against the group with CMDAs. Negative
association with CMDAs was detected for
HLA-DRB1*03(17) (OR=0.13; CI 95%
0.05-0.32; p=0.0008). Authentic differences
as per its frequency were detected for the
groups with CMDAs and CHDs.

Our research revealed that there was a de-
viation from basic population selection in the
groups with CHDs and CMDAs. We revealed
not only a deviation from calculated homozy-
gosity for the CHDs group but also an authen-
tic increase in frequency of common HLA-
DRB1*04, female HLA-DRB1*07 with male
HLA-DRB1*13, HLA-DRB1*17 and female
HLA-DRB1*13 with male HLA-DRB1*14 in
married couples. Besides, certain alleles were
more frequent in married couples from the
CHDs group against the reference one. Given
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Table 4
Allele frequency in children from the examined groups
Allele 1. Reference, children 2. CMDA:s, children 3. CHDs, children 0
total ("=264) | % | total ("=136) | % | total (n=96) %
01 35 13.26 10 7.46 14 9.93 0.05
03 (17) 37 14.02 2 1.49 15 10.64 | pio=0.0008. p,5=0.004
04 32 12.12 13 9.70 20 14.18 0.05
07 25 9.47 10 7.46 20 14.18 0.05
08 15 5.68 2 1.49 5 3.55 0.05
09 10 3.79 1 0.75 1 0.71 0.05
10 2 0.76 1 0.75 2 1.42 0.05
11 34 12.88 24 17.91 24 17.02 0.05
12 14 5.30 33 24.63 2 1.42 P1<0.0001. p,3=0.0001
13 24 9.09 15 11.19 10 7.09 0.05
14 7 2.65 3 2.24 3 2.13 0.05
15 24 9.09 19 14.18 22 15.60 p1.5=0.03
16 5 1.89 1 0.75 3 2.13 0.05

N ote: nis the total number of alleles in children, * means p<0.05.

that, we can state that married couples that in
future would have children with sporadic
CHDs without chromosome diseases were cre-
ated under influence exerted by additional so-
cial or biological factors that resulted in their
deviation from physiological biological assor-
tativity as per HLA (deviation from random
selection) and physiological social one (devia-
tion from the reference group). This assump-
tion is well in line with significant associations
between sporadic CHDs in children and their
parents’ medical and social factors including
their mutual feelings and caring about each
other [17]. L.I. Korochkin notes that early on-
togenesis in a wider sense begins long before
actual fertilization and embryo-fetogenesis and
such events as a married couple being created
and gametogenesis can rightfully be called
«pre-adaptive» processes that reflect stages in
early ontogenesis [18]. At this stage in onto-
genesis people do not make their choice on a
future spouse randomly and this stage can be-
come a key one in health or diseases of the
next generation. It was proven that HLA locus
played a certain role in determining assortative
selection related to olfactory response to
pheromone smells [19].

It is quite possible that occurrence of mar-
ried couples with their children suffering from
CHDs was assortative as per poor or good
education, intellect, welfare, and other social
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factors [17]. Bearing in mind that HLA-DRB1
alleles are associated with immune-inflam-
matory diseases, we should pay attention to
married couples in this group tending to have
common HLA-DRB1*04. Multiple research
works have revealed that this allele is associ-
ated with such immune pathologies as rheuma-
toid arthritis, insulin-dependent pancreatic
diabetes, psoriasis, and other diseases [13, 20,
21]. There is an opinion that presentation of
antigens by HLA-DR molecule coded by this
allele involves apparent T-helpers activation
including partial auto-orientation. If we apply
this statement on immune response to auto-
and allo-antigens within «mother-embryo /
fetus» system, we can assume that inflamma-
tory process is decompensated within this sys-
tem and a heart disease develops in an embryo
as inflammatory embryopathy. We also re-
vealed more frequent (against the reference
group) female HLA-DRB1*03(17) and male
HLA-DRB1*04 combination in this group of
families. HLA-DRB1*03(17) allele is associ-
ated with such immune pathologies as systemic
lupus erythematosus, insulin-dependent pancre-
atic diabetes, bronchial asthma, etc. [20, 21].
Given that, such families have high risks of
inflammatory embryopathy including those re-
sulting in congenital heart diseases.

Meiotic drive is the second stage in popu-
lation selection; it is a non-random selection of
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gametes participating in fertilization that oc-
curs due to asymmetric division during ovo-
genesis and spermatogenesis. Selection during
fertilization is also admissible; it happens due
to sperms being tropic to ovicells with certain
HLA haplotype sets [7]. Immune interaction
occurring between a semi-allogenic embryo
and a mother’s immune medium is a vital
stage in selecting HLA inheritance from par-
ents to their children [22]. It was proven that
embryos bearing father’s HLA antigens that
were different from mother’s antigens (histo-
incompatible pregnancy) had selective advan-
tage in their survival against embryos with
their father’s HLA being identical to mother’s
ones (histo-compatible pregnancy) [12].

We should note that sensitivity or resis-
tance to infectious and parasitic agents pro-
duces selective effects regarding HLA poly-
morphism. Thus, polymorphism occurrence
in antigen-identifying sites of HLA mole-
cules, classes I and II, is related to natural se-
lection associated with infectious, parasitic,
micro- and macro-environment [7]. Het-
erozygote preferences that are put into effect
via over-dominant selection of HLA alleles
resistant to infectious agents are of great im-
portance. Frequency-dependent selection im-
poses certain limitations on growing popula-
tion heterozygocity. Bearing in mind that
immune identification of a pathogen is con-
trolled with HLA, experts manages to obtain
empiric evidence of frequency-dependent se-
lection that was put into effect in such a way
that specific HLA haplotypes were resistant
to certain infectious agents and sensitive to
other ones at the same time [7]. We should
note that associated sensitivity and resistance
to infectious agents begins at fetal age when a
fetus comes into contacts with residential vi-
ruses and mother’s microbiome.

All the above-mentioned allows us to in-
terpret our results stating that there was homol-
ogy as per HLADRB1*12 in families where
children had CMDAs; as per female
HLADRB1*15 and male HLADRB1*07, in
families where children had CHDs. Thus, as per
data take form literature [23] HLADRB1*12 is
associated with sensitivity to herpetic viruses,
and HLADRB1*15, opportunistic pathogens
activation and occurrence of humoral adaptive
immune responses to them as per IgG and IgE
types (infectious-allergic process) [24]. Accord-
ingly, a certain contribution is made into
CMDAs occurrence by activation of residen-
tial virus genomes including those existing
within «mother-embryo/fetus» system; CHDs
occur due to, among other things, effects pro-
duced by opportunistic pathogens in female
reproductive tracts.

Conclusion. HLADRB1*12 and
HLADRB1*15 alleles are candidate not only
regarding creation of a new scenario for popu-
lation selection in case of CMDAs and CHDs
accordingly, but also risk markers indicating
congenital anomalies might occur taking into
account deviations from proper biological as-
sortativity as per HLA.
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