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THE ROLE OF ABBERRANT HOXA GENE
EXPRESSION IN THE GENESIS

OF GYNECOLOGICAL DISEASES

The review presents current data on the effect of endometrial expression of the homeobox genes HOXA10 and HOXA11 on implantation pro-
cesses in healthy fertile women and in common gynecological diseases. The features of gene expression, potentially unfavorable for implantation
and leading to infertility, are described. The variability of receptivity markers expression before and after myomectomy, salpingectomy and the

removal of ovarian endometriomas was shown.
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Purpose: to determine the role and
expression pattern of HOXA genes in
the genesis of various gynecological dis-
eases.

Homeobox genes «Hox / HOX» (Gr.
homios — similar) of mammals are homo-
logues of the gene complexes of the fruit
fly Drosophila melanogaster Antennape-
dia and Bithorax.

These selector genes are expressed
in the process of organogenesis and
regulate the anatomical and functional
identity of the body segment structures
of the embryo by encoding transcription
factors that control a number of «down-
stream» genes, completely unknown)
[48].

The name «Hox» is used for the ho-
meosis genes of vertebrates, «HOX» for
humans. The complete set of 39 Hox /
HOX genes in humans and mice is car-
ried out in four clusters (HOXA, HOXB,
HOXC and HOXD), each of which con-
tains 9-13 genes of 7, 17, 12 and 2 chro-
mosomes, respectively. The Hox / HOX
gene homeobox is represented by a se-
quence of 183 base pairs encoding a 61
amino acid homeodomain, similar to the
bacterial helix / anti-helix model. Home-
odomains are a helix-loop-helix-coil-helix
structure that is responsible for recogniz-
ing and binding specific DNA sequences
that regulate the expression of target
genes.
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The homeodomain mediates protein
binding to the promoter areas of tar-
get genes containing the 5 '- TAAT-3'
sequence. The Hox / HOX genes are
characterized by collinearity, indicating
expression along the anteroposterior
body axis in a sequence identical on the
chromosome. The HOX axis of the hu-
man genital system coincides with that of
mice [49].

The specificity of temporal and spatial
expression of Hox / HOX genes is mani-
fested in the control of the female repro-
ductive tract organogenesis. The Hox9,
Hoxa10, Hoxa11 and Hoxa13 genes in
mammals regulate the differentiation of
Mullerian ducts into adult reproductive
structures. It was found that they are pre-
maturely and simultaneously expressed
in the paramesonephral duct in early
embryogenesis (exclusion from the col-
linearity principle) in the phase when the
Mullerian ducts are devoid of stromal or
epithelial differences [12,49].

The ability of Hox / HOX genes to
regulate the morphogenesis of body
segments explains the development of
abnormalities in homeobox mutations.
Loss of the function of the Hom-C3'labial
gene in the fruit fly leads to impaired in-
volution of the embryo’s head segment,
salivary glands, and cephalopharyngeal
apparatus [40]. It is possible to develop
an additional pair of wings instead of a
pair of stoppers or to transform the an-
tenna into Drosophila legs [34]. With the
dominant position of the gene, which
is located behind the 5 'mutated gene,
posterior transformation is probable. In
case of 3 'Hox gene mutation or dele-
tion, changes in the body segment by
the type of anterior transformation are
likely to happen.

The homology of the HOX genes of
different mammalian clusters allows to
compensate for the loss of function [14].
The Hoxa10 deletion in mice results in
the transformation of the proximal uterine
body into a tubular and narrow structure

similar to the fallopian tube, controlled by
the Hoxa 9 gene [7].

Several of the Hox / HOX genes are
involved in the unique transformation of
the female reproductive system in the
postnatal period — during the menstrual
cycle and pregnancy.

HOXA9 is expressed in the fallopian
tubes, Hoxa11 — in the lower segment of
the uterus, cervical glands and epitheli-
um, Hoxa13 — in the ectocervix and the
upper part of the vagina (in the epitheli-
um) [18,49].

The HOXA10 protein is found in the
nucleus and cytoplasm of epithelial and
stromal cells in the endometrium of mice
and baboons [1]. In adults, Hoxa10 /
HOXA10 is expressed in the endome-
trium during the menstrual cycle [18].
Hybridization of Hoxa710 mRNA in situ
reveals more pronounced expression in
the functional layer of the endometrium
compared to the basal one, moderate
expression in the myometrium and dis-
tal intestine [49]. The Hox / HOX genes
regulate cell differentiation and endome-
trial proliferation by influencing the rela-
tionship of receptors and female steroid
hormones, the secretion peak of which
occurs during the «implantation window»
[1,12,49].

The HOXA10 expression is also mod-
ulated by testosterone and vitamin D [23].

About 40 genes regulated by HOXA10
have been described, including modera-
tors of endometrial receptivity [41]. The
Hoxa10/HOXA10and Hoxa11/HOXA11
genes act as important transcriptional
moderators that either activate or sup-
press downstream target genes [25].

Important targets for embryo implan-
tation include cell adhesion molecules,
signal transduction factors and metabolic
mediators [42].

Emx2 is a divergent homeobox gene
that is the mammalian homologue of the
Drosophila empty helix gene. The Emx2
gene of vertebrates is located outside
the Hox cluster and is expressed in the



developing vertebrate brain and genito-
urinary system, in the embryo — in the
epithelial components of the pronephros,
mesonephros, ureteral kidneys, wolffian
and Mullerian ducts. In mouse embryos,
Emx2 expression is significantly reduced
in the male gonad, but remains in the fe-
male gonad. Emx2 null mutants do not
develop kidneys, gonads or a reproduc-
tive tract [17].

In adults, EMX2 is found in the hu-
man uterus. EMX2 expression showed
dynamics depending on the phase of the
human reproductive cycle [16]. EMX2 is
cyclically expressed in the adult endome-
trium, having an antiproliferative effect;
it doubles in the peri-implantation endo-
metrium [15]. Hoxa10-regulated Emx2
expression is fundamental to embryo im-
plantation. Hoxa10 /| HOXA10 suppress-
es the expression of the homeobox gene
Emx2/ EMX2 [37].

The HOXA10 expression changes in
mice and primates are associated with
defects in uterine functions leading to
infertility [42], due to a decrease in en-
dometrial receptivity, hemorrhage and
disorganization in the implantation zone
[36]. Violation of protein synthesis occurs
due to mutations and epigenetic deva-
tions, DNA modification with the same
nucleotide sequence. The attachment of
a methyl group to cytosine in the CpG di-
nucleotide at the C5 position of the cyto-
sine ring reduces gene expression, up to
«epigenetic shutdown» with the develop-
ment of endometriopathies, endometrio-
sis and endometrial cancer.

The HOXA-10 gene regulates the ac-
tivity of the B3-integrin subunit [25] and
the development of endometrial pinopo-
dia [11]. During decidualization, the ex-
pression of HOXA10 and HOXA11 and
the vascular endothelial growth factor
VEGF increase [8].

An increase in the expression of the
HOXA genes mRNA in decidual cells
transformed from the stroma makes mu-
cosa more susceptible to embryo implan-
tation [42].

Changes in HOX genes expression
are connected to a decrease in implan-
tation and diseases associated with infer-
tility (of unknown origin, PCOS, endome-
triosis), and recurrent spontaneous abor-
tions [13,26,28,33]. Endometrial polyps,
disorders of blood flow in the vessels of
the uterine mucosa and chronic endome-
tritis are also noted among the patholog-
ical conditions of the endometrium [20].

The role of Hoxa / HOXA10 in implan-
tation is confirmed by the aberrantly high
expression of HOXA10 mRNA in the fal-
lopian tube mucosa during ectopic preg-
nancy [47].

A decrease in the level of HOXA10
mRNA in endometrial biopsies of wom-
en with hyperandrogenism is associated
with a decrease in fertility in PCOS [30].
Endometrial tissue obtained by pipel bi-
opsy in the secretory phase was immedi-
ately placed in liquid nitrogen and stored
at -72 ° C; after RNA extraction Northern
blot analysis was performed.

In a prospective study, Kara M. et al.
(2019) studied the endometrium of 53
women of reproductive age with abnor-
mal uterine bleeding not associated with
uterine fibroids and polyps in the prolifer-
ative phase of the menstrual cycle. The
expression of HOXA-10 mRNA in glandu-
lar epithelial cells of the endometrium in
the group with polycystic ovary syndrome
(PCOS) (n = 33) was significantly lower
than in healthy fertile women (0.60 + 0.14
versus 1.23 + 0.21) (p <0.05). A similar
tendency was observed for the HOXA-
11 and leukemia inhibitory factor (LIF)
genes (p <0.05) [38].

The HOXA genes leading role in the
genesis of endometriosis is confirmed by
data on abnormal endometrial receptivity
during the “implantation window” on the
background of changes in the DNA meth-
ylation profile [43].

In a sample of infertle women with
peritoneal endometriosis  diagnosed
during laparoscopy (n = 31) without drug
therapy, a decrease in the expression of
HOXA-10 and HOXA-11 mRNA in the
secretory endometrium was revealed by
quantitative real-time PCR (PCR-RT) in
the last three months. Western blot anal-
ysis also showed a decrease in the ex-
pression of endometrial proteins in endo-
metriosis compared to the control group
(n =26) [29].

The analysis of HOXA-10 expression
in the endometrium of women with infer-
tility of idiopathic genesis, various forms
of endometriosis, uterine myoma and
healthy fertile in the middle of the secreto-
ry phase was carried out by PCR-RT, the
same protein — by an immunohistochem-
ical method. The HOXA-10 mRNA ex-
pression level in the endometrial glands
was significantly lower than in the stro-
ma, but without intergroup differences.
No protein expression was found in the
glands. Overexpression of the HOXA-10
protein in the endometrial stroma in wom-
en with peritoneal endometriosis was de-
termined more often (100%) than in other
groups with infertility (on the background
of infiltrative endometriosis (72.7%),
ovarian endometriomas (70.0%), uterine
fibroids (68.8%), of unexplained genesis
(55.6%)) [5].

Violation of epigenetic regulation at
the heart of the pathogenesis of endo-
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metriosis confirms the hypermethylation
of the HOXA10 gene promoter and a
decrease in its expression in the eutopic
endometrium of animal models (mice and
baboons) [45].

Changes in genomic DNA methylation
at the HOXA10 locus in the stroma of en-
dometrioid heterotopies, including foci on
the peritoneum, ovaries and lung paren-
chyma, are associated with progesterone
resistance and increased local estradiol
production [48].

The Hoxa10 / HOXA10 gene in em-
bryogenesis implements the introduction
of immature mesenchymal cells into the
endometrial tissue; it also determines the
endometrioid profile of immature cells
among adults. Homeobox genes “switch-
ing off”’, medical or surgical, is considered
to be the way to prevent endometriosis.
Characteristic of healthy fertile women, a
halving of the Emx2 level from the index
in the peri-implantation endometrium is
absent in endometriosis [37].

The predominant expression of the
HOXA10 protein was observed in stromal
cells in comparison to the glandular eu-
topic and ectopic endometrium of fertile
and infertile women. Szczepanska M. et
al. (2010) revealed a significant decrease
in the transcript (p = 0.019) and protein (p
= 0.048) of the HOXA10 gene in women
with endometriosis-associated infertility
[15].

A later study by the authors (2012)
confirmed low expression of mMRNA and
HOXA11 protein levels in endometriosis
compared to healthy women (p = 0.003
and p = 0.004, respectively) and tub-
al-peritoneal infertility (p = 0.041 and p =
0.001, respectively) in the middle of the
luteal phase using Western blotting and
PCR-RT [32]. In both studies, excessive
methylation of the CpG islet in the 1st
exon of the HOXA11 gene was deter-
mined in endometriosis in comparison to
other groups (p <0.001) [4,15].

A decrease in the HOXA10 gene
mRNA expression in the eutopic endo-
metrium in the middle of the luteal phase
in endometriosis-related infertility was
associated with excessive methylation of
the promoter in the study by Fambrini M.
(2013) [9].

Similar observations took place in
women with ovarian endometriomas in
the middle luteal phase in comparison to
healthy women. There was an increase in
methylation of the HOXA70 promoter in
the eutopic endometrium with endometri-
osis rather than with intact mucosa (8.7%
versus 6.2%, p = 0.037 and 11.9 versus
9.2%, p = 0.032 for sequences 1 and 2,
respectively). The methylation level was
significantly higher in the eutopic tissue
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in endometriosis than in the ectopic tis-
sue: the average difference for sequence
1 and 2 was —-3.6 (p = 0.001) and -6.0 (p
=0.0001), respectively [35].

An increase in the expression of mi-
croRNA 135b in the secretory phase of
the uterus correlates with a decrease in
HOXA-10, confirming the aberrant recep-
tivity of the endometrium among women
with endometriosis [21].

Reduction in the level of HOXA10
methylation was noted in the blood of fe-
tuses of women with endometriosis who
took folic acid (n = 22), in contrast to the
control group (n = 15) [6].

A possible mechanism of endometri-
al receptivity disorder in uterine myoma
in the study by Doherty L.F. et al. (2015)
[44] was associated with a decrease in
the expression of HOXA10 mRNA due to
the activation of transforming growth fac-
tor (TGF-B3) after applying the medium
of cultured myomatous node cells.

Makker A. et al. (2017) evaluated the
expression of the HOXA10 and HOXA11
genes in the “implantation window” of
women with infertility and uterine myo-
ma without cavity deformation (n = 18)
in comparison to healthy fertile women
(n = 12). Indicators of mRNA and pro-
teins studied by quantitative PCR-RT
and immunohistochemistry, respectively,
were lower in infertile women, however,
a statistically significant decrease was
observed only for HOXA10 mRNA (p =
0.03) and the same protein (p = 0.001)
[27].

In the endometrium of women with in-
tramural, submucosal leiomyomas with-
out uterine cavity deformation, there was
a tendency towards a decrease in the
expression of HOXA-10 and HOXA-11
mRNA in the middle of the luteal phase in
comparison to the fertile ones and uter-
ine septum, but without statistically sig-
nificant differences. After myomectomy
of intramural nodes, three months later,
a statistically significant increase in the
expression of HOXA10 (12.8 times) and
HOXA11 (9 times) was revealed. Remov-
al of submucosal myomas had no signifi-
cant effect on gene expression [24].

In a case-control study by Alizadeh
Z. et al. (2013) no differences in the en-
dometrial expression of HOXA71 and
HOXA10 mRNA on days 19-23 of the
menstrual cycle were found among in-
fertile women with uterine fibroids larger
than 5 cm (n = 12). After myomectomy,
there was an increase in HOXA11 by
1.24 times (p = 0.7) and HOXA10 by 2.39
times, but without statistically significant
differences (p = 0.15) [19].

The decrease in the expression of
HOXA-10 and HOXA-11 mRNA in the se-

cretory endometrium of infertile women
with endometrioma (n = 20) and benign
ovarian cysts (n = 5) in comparison to
healthy women (n = 5) was statistically
insignificant. Removal of the endometrio-
ma was accompanied by a considerable
rise in the expression of HOXA-10 mRNA
(12.1 times) and HOXA-11 (17.2 times),
in contrast to preoperative parameters (p
=008 and p = 035, respectively) [31].

A number of studies have shown a de-
crease in HOXA-10 mRNA in the middle
phase of secretion in the endometrium of
infertile women with hydrosalpinx as op-
posed to fertile women. Salpingectomy
resulted in a statistically significant 15-
fold increase in the HOXA10 expression
in both the glandular epithelium and the
endometrial stroma compared to the pre-
operative indicator [32].

The evaluation of HOXA70 and
HOXA11 proteins in epithelial and stro-
mal cells of the endometrium on the 7-8th
day after ovulation by calculating the
histochemical index (h-score) in a pro-
spective study of infertile women (n = 65)
did not reveal statistically significant dif-
ferences in the groups (with low ovarian
reserve (n = 22), tubal-peritoneal factor
(n = 13), endometriosis (n = 5)), except
for the sample with infertility of unknown
origin (n = 15) in comparison to healthy
patients (p = 0.005) [10].

A statistically significant decrease
in the expression of the HOXA10 gene
mRNA was found in the endometrium of
women with endometrial polyps (n=21) —
by 2.9 times (p = 0.016), HOXA11 — 5.5
times (p = 0.03) compared to the control
(n = 9), regardless of size and quantity
[2].

In the samples of the secretory en-
dometrium of women of reproductive
age with infertility, a lower expression of
HOXA10 mRNA (p = 0.047) was detect-
ed by 0.69 times compared to the control.
The expression of miRNA-135b was 1.81
times higher (p <0.01). The HOXA10
gene expression increases significantly
in the middle of the luteal phase and re-
mains high from the moment of implanta-
tion to the end of the reproductive cycle
[3].

In a cohort study by Yang Y. et al.
(2017) 18 healthy women, 12 with habit-
ual implantation failure under the age of
40 (transfer of at least four good quality
embryos for at least three fresh or frozen
cycles) and 20 — with recurrent miscar-
riage, evaluated the expression inten-
sity of HOXA-10 and E-cadherin. The
calculation was carried out according to
the H-score equation: H score = YPi (i
+ 1), where i is the intensity of staining
(0 = negative; 1 = weak; 2 = moderate;

3 = strong), Pi is the percentage of cells
stained at each intensity (0% -100%).
H-scores were measured separately in
stromal cells and glandular epithelium.

The HOXA-10 expression was local-
ized in the nuclei of stromal cells and the
cytoplasm of glandular epithelium cells.
The HOXA-10 H-scores in the groups
with recurrent miscarriage and implanta-
tion failures were lower than in the control
group, both in the glandular epithelium
and in the stroma [16].

Endometrial samples obtained during
hysteroscopy of 84 women with gyneco-
logical diseases (submucosal (n = 13)
and intramural uterine myoma (n = 13),
endometriosis (n = 27), uterine septum
(n = 6), Asherman syndrome (n = 8), hy-
drosalpinx (n = 4) or uterine polyps (n =
11)) were distinguished by methylation of
at least one CpG cluster in the HOXA10
promoter area in comparison to healthy
controls (n = 7). High methylation in a
number of CpG islets of the HOXA10
gene promoter was detected in endome-
trial polyps, submucosal and intramural
myomas. Women with endometriosis, in
contrast to healthy controls, were distin-
guished by a decrease in methylation. A
correlation was found between gene ex-
pression in submucous uterine myoma
and DNA methylation of 1 CpG cluster
in the second intron area (CpG 4.5.6;r =
0.72, p = 0.02), as well as in endometrio-
sis (r =-0.9, p = 0.04) [39].

In 25 biopsies of the eutopic endome-
trium of women of reproductive age with
infertility on the background of chronic en-
dometritis, bisulfite sequencing revealed
methylation in the promoter area of the
HOXA10 gene in 84% and the HOXA11
gene in 64%. The correlation with the du-
ration of infertility was determined: up to
one year the methylation level was 5.7%,
more than 10 years — it was close to 50%
[46].

The methylation status of the HOXA10
and HOXA11 genes suggests a probable
molecular marker of infertility in various
gynecological diseases. The leveling of
abnormal DNA methylation of genes is
associated with the drugs indole-3-carbi-
nol and epigallocatechin-3-gallate, which
indirectly affect endometrial receptivity
[22]. The endometrium of women with the
most common gynecological diseases is
characterized by a specific pattern of the
HOXA10 gene methylation.

It is assumed that data on the nature
of the HOXA gene expression in vari-
ous gynecological diseases will help in
the development of specific therapeutic
agents for fertility management.
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Abstract: About a third of the world's population has serological signs of previous or current HBV infection, and 350 million people suffer
from chronic hepatitis B. It is generally known that the combined damage of the liver with hepatitis B (HBV) and delta (HDV) viruses significantly
increases the risk of adverse outcomes such as liver cirrhosis and hepatocellular carcinoma. However, the lack of official registration of HDV in
Russia contributes to the belittling of the threat posed by it. In addition, many aspects of the pathogenesis and improvement of HDV diagnostic
methods still require detailed study. The problem is of particular importance for the Republic of Sakha (Yakutia), since the share of chronic hepatitis
D in the etiological structure of chronic viral hepatitis accounts for 24.5%, in some areas the number of people with antibodies to HDV infection
among HBsAg-positive population reached 31% [8]. In the European part of Russia, antibodies to the HD virus were detected in 1.3-5.5% of
individuals with HBsAg [3].

The aim of this study is to study the epidemiological and pathogenetic aspects of HDV infection using the example of the Republic of Sakha
(Yakutia).

The rate of progression of chronic hepatitis D infection in patients is not the same, while the factors that determine the unfavorable outcome of
this infection need to be clarified [14,16,28]. In addition to the genetic characteristics of the virus, the role of interferon genes in the formation of
liver fibrosis was noted, due to their binding to the receptors of host cells and their influence on the process of viral reproduction within the cell. The
results of clinical studies indicate their predictive effects in Asian populations (Japan, China, Taiwan). There are works indicating the influence of
polymorphism (rs368234815) of the IFNL4 gene on the incidence of hepatocellular carcinoma [17]. Taking into account the above, the clinical and
epidemiological situation for hepatitis D can serve as the subject of studying the influence of the virus genotype and polymorphisms of candidate
genes on the formation of HDV-associated hepatocellular carcinoma, as well as on the likelihood of achieving a stable virological response and /

or spontaneous clearance in patients with different rates of liver disease progression.
Keywords: Hepatitis D virus, hepatitis B virus, chronic hepatitis, epidemiology, predictors, gene polymorphism, INFL 3, INFL 4, liver cirrhosis,

hepatocellular carcinoma.

Introduction. Despite some progress
in studying the characteristics of the ep-
idemiology of hepatitis D, the risk of its
progressive course remains high. Chron-
ic hepatitis D is a severe form of liver
disease characterized by an aggressive
course and leading to the rapid develop-
ment of liver cirrhosis and hepatocarcino-

ZAMORSCHIKOVA Olga Mikhailovnha -
Postgraduate student of Infectious Diseases,
phthisiology and dermatovenerology De-
partment, North-Eastern Federal University
named after M.K. Ammosov, Institute of Med-
icine. Yakutsk, Russia. E-mail: olya-botty@
mail.ru; SLEPTSOVA Snezhana Spiridonov-
na — Doctor of Med. Sci., assistant professor,
Head of Infectious Diseases, phthisiology and
dermatovenerology Department, North-East-
ern Federal University named after M.K. Am-
mosov, Institute of Medicine. Yakutsk, Russia.
E-mail: sssleptsova@yandex.ru; SLEPTSOV
Spiridon Spiridonovich — Cand. of Biol. Sci.,
assistant professor, senior researcher of clin-
ic-populational and medico-social research-
es laboratory, Yakutian Science Center of
complex medical problem. Yakutsk, Russia.
E-mail: sachaja@yandex.ru; MALOV Sergey
Igorevich - Cand. of Med. Sci., assistant of
Infectious Diseases Department, Irkutsk State
Medical University. Irkutsk, Russia. E-mail:
Lynx2000@mail.ru, +7(908)66264

ma [3, 6, 7].

Due to the lack of an official registration
of this disease in the Russian Federation,
the epidemiological situation is assessed
fragmentarily by based on the available
results of selected scientific studies. In
hepatitis B, super-infection with the delta
virus causes progression of the disease
and leads to a more rapid development
of liver cirrhosis than mono-infection of
hepatitis B. [1, 2, 12].

Purpose of the study: is to study the
epidemiological and pathogenetic as-
pects of HDV infection using the example
of the Republic of Sakha (Yakutia).

Research results: The Republic of
Sakha (Yakutia) is one of the disadvan-
taged territories of the Russian Feder-
ation in terms of the prevalence of par-
enteral viral hepatitis [9]. According to
the Rospotrebnadzor Administration for
the Republic of Sakha (Yakutia), the in-
cidence of chronic viral hepatitis in 2018
amounted to 67.8 people / 100 thousand
people, which is higher than the incidence
rates in the Far Eastern Federal District
(48.1 people / 100 thousand people) and
the Russian Federation (42.2 people /
100 thousand people. The frequency
of detection of antibodies to hepatitis D
virus according to scientific research in

Yakutia is heterogeneous, ranging from
17.2% to 31.7% [8]. In the federal regis-
ter "Chronic viral hepatitis in the Republic
of Sakha (Y)", only 15,068 people were
registered, of which the share of chronic
hepatitis D accounted for 15.5%. Chronic
viral hepatitis D is detected more often in
men of working age and is characterized
by a progressive course, with the devel-
opment of cirrhosis of the liver (LC) and
hepatocellular carcinoma (HCC). In the
etiology of all cirrhosis, the proportion
of delta infection is 38.4%, and in HCC -
28.5%, among all deaths from viral hepa-
titis in Yakutia in 2019, 43% suffered from
chronic viral hepatitis D. According to the
analysis cases of detection of hepatocel-
lular carcinoma in the Republic of Sakha
(Yakutia), this pathology exceeds the av-
erage incidence in the country, and the
incidence of malignant neoplasms of the
liver is ten times higher than the average
in the Russian Federation both among
men and women [5, 9, 11].

A feature of the hepatitis D virus is its
ability to replicate in the human body in
the presence of hepatitis B virus [4, 25].
The causative agent of HDV infection
was first identified by Italian scientists
in 1977 when analyzing 83 liver bioma-
terials in HBsAg carriers [20, 21]. The



