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The pandemic of the new coronavirus 
infection COVID-19, announced by the 
World Health Organization (WHO) on 
March 11, 2020, continues. It was first 
identified in late 2019 in Wuhan, China, 
Hubei Province. More than 6.1 million 
confirmed cases of COVID-19 have been 
reported worldwide. The United States 
of America, Brazil, Russia, Great Britain, 
Spain, Italy, Germany, Turkey, France, 
India, Iran and Peru became the most 
affected countries by the pandemic. On 
May 25, 2020, WHO noted that the pan-
demic of a new coronavirus infection is 
on the first wave and one needs to be 
prepared for the second. In Russia, as in 
many countries of the world, measures 
were taken to protect health and prevent 
the spread of COVID-19, which led to 

certain successes. In the Sakha (Yakutia) 
Republic, despite taken restrictive mea-
sures, the epidemiological situation re-
garding COVID-19 remains to be tense. 
It is currently difficult to talk about the tim-
ing of the end of the pandemic and make 
predictions for the future.

The 2020 pandemic set the world sci-
entific and medical community a number 
of new tasks for the diagnosis, treatment 
and prevention of new coronavirus in-
fection. The pandemic has made adjust-
ments to all sectors and activities of our 
lives. In the new online format, the 75th 
anniversary of the Victory in the Great 
Patriotic War was celebrated.

In the context of the pandemic, the 
work of scientists did not stop for a min-
ute, including those who worked in a re-
mote mode. The editors of the journal, 
as well as in the "pre-coronavirus" time, 
received a large amount of interesting 
material from the authors.

In the 70th issue of the magazine, as 
always, different regions of our country 
are presented - Central Russia, Siberia, 
the Far East and, of course, the  Sakha 
(Yakutia) Republic. Researchers are in-
terested in such issues as the function-
al activity of immunocompetent cells in 
various pathologies of the gastrointes-
tinal tract (Staborov V.A. et al.) and in 
the complex treatment of patients after 
simultaneous operations on the abdom-
inal organs (Tobokhov A.V., Nikolaev 
V.N.). The constant heading “Hygiene, 
Sanitation, Epidemiology and Medical 
Ecology” offers our users interesting 
materials that have become relevant in 
connection with the COVID-19 pandem-
ic. So, the article of V.V. Gribova et al. 
“Cloud service for the differential clini-
cal diagnostics of acute respiratory viral 
diseases (including those associated 

with highly contagious coronaviruses) 
with an application of methods of artifi-
cial intelligence” will cause undoubted 
theoretical and practical interest. The 
authors presented a cloud service that 
allows accumulating data on the clinical 
manifestations of acute respiratory viral 
infections (including those associated 
with especially dangerous coronaviruses 
MERS-CoV, SARS-CoV, SARS-CoV- 2) 
and, using artificial intelligence meth-
ods, significantly simplify and speed up 
the preliminary diagnosis. Actual issues 
of microbiology, epizootology in the re-
gion of Yakutia are covered in papers of 
Akhremenko Ya.A. et al., A.A. Nikitina et 
al., Klimova T.M. et al.

The problems of Arctic medicine are 
one of the important scientific directions, 
so the journal highlights them as well. 
This issue presents the results of molecu-
lar genetic studies in indigenous peoples 
of Yakutia with arterial hypertension (Sof-
ronova S.I. et al.), mortality problems in 
the child population of the Arctic regions 
of the Sakha (Yakutia) Republic (Evsee-
va S.A. et al.) etc.

A group of authors from Tuva (L.E. 
Tabikhanova et al.) presented an article 
entitled “Features of the gene pool of 
the Tuvinian ethnos based on the study 
of blood group antigens in comparative 
perspective”, which submits materials on 
modern Siberian populations, which will 
undoubtedly arouse the interest of spe-
cialists in various fields.

I would like to believe that life will grad-
ually return to normal and that the papers 
published on the pages of this issue will 
be interesting to our dear readers and 
useful in your professional activity.

Dear colleagues, enjoy your reading 
and see you in the next issue of our 
journal.

EDITOR-IN-CHIEF COLUMN

Dear Colleagues!

Editor-in-chief Anna Romanova
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The gut-associated lymphoid tissue 
(GALT) is the largest organ of the lym-
phatic system and contains all the cells 
involved in immune response. The lym-
phoid tissue of the gastrointestinal tract 
is represented by individual cellular ele-
ments (intraepithelial lymphocytes, plas-
ma cells, macrophages, mast cells and 
granulocytes) and organized structures 
(Peyer's plaques, appendix, tonsils and 
lymph nodes). However, the presence 
and functional activity of immunocom-
petent cells in the intestinal contents re-
mains unclear. The participation of lym-
phatic formations in the functional activity 
of the gastrointestinal tract is predeter-
mined phylogenetically since, throughout 
the evolution of vertebrates, lymphatic 
tissue is associated with the digestive ca-
nal. Lymphocytes enter the intestinal lu-
men during digestion [4]. However, there 
is no cytogram data on the structure of 
intestinal contents and the presence 
of functionally active white blood cells. 
There is also no information about com-
parative levels of migration and chang-
es in haemogram indicators in normal 
and pathological conditions. The body 
normally produces IgA for intestinal mi-
crobes and most bacteria in the stool are 
covered in IgA, but there is little evidence 
that IgA prevents normal bacteria from 
entering tissues. To date, IgA secretion 
remains controversial; it is not fully un-
derstood whether IgA is redistributed only 

by migration from the peripheral blood to 
the mucosa or can be secreted locally. 
The output of cells into the intestinal lu-
men is influenced by factors including the 
state of the epithelium, the presence of 
adhesive molecules and the cohesion of 
epithelial cells. Violations of intercellular 
contacts and intestinal permeability are 
found in pathological conditions; instabil-
ity of intercellular contacts can determine 
a predisposition for tumour transforma-
tion. Tumour cells form weaker bonds 
with each other than normal tissues, al-
though some transformed tissues retain 
the ability for contact inhibition [4].

In this regard, this study addressed 
the activity of local immune responses, 
the activity of leukocyte migration and 
lymphocyte recycling in people with var-
ious gastrointestinal tract pathologies 
including inflammatory (colitis, gastrodu-
odenitis), autoimmune (Crohn's colitis) 
and tumour (rectal cancer, colon cancer, 
stomach cancer) processes.

Materials and methods. In total, 581 
people with chronic gastrointestinal tract 
pathologies who applied to the medical 
company «Biocor» were examined, in-
cluding 106 people with Crohn's colitis, 
135 people with non-specific colitis, 123 
people with gastroduodenitis, 105 people 
with colon cancer and 112 people with 
rectal cancer. As a comparison group, 154 
otherwise healthy people living in the city 
of Arkhangelsk, Russia were examined. 
The study consisted of peripheral venous 
blood, mucosal discharge (intestines) 
and faeces. Citogramma and phagocyto-
sis were studied in smears gram-stained 
by Romanovsky-Giemsa; the calculation 
was made at the rate of 100 cells. The 
expression of markers for T-helper cells 
and NK cells was determined using indi-
rect immunoperoxidase reaction on lym-

phocytes. The serum content of cancer 
markers REA, CA19-9, CA72-4 (CanAg 
Diagnostica, Sweden), cytokines IL-6, 
IL-4, TNF-α, IL-10 (Bender MedSystems, 
Austria), IgA and IgE (Seramun Diagnos-
tica GmbH (Germany), Monobind Inc. 
(USA)) was determined by enzyme im-
munoassay on the analyser «Multiscan 
MC» and automatic «Evolis» analyser of 
the company «Bio-Rad» (USA). Levels 
of less than 1.2 g/l were considered IgA 
deficits. For high levels of IgE > 100 IU/ml 
was taken. Elevated levels of cytokines 
were considered for IL-1β > 5 pg/ml, IL-4 
> 20 pg/ml, IL-6 > 20 pg/ml, TNF-α > 20 
pg/ml, IL-10 > 20 pg/ml. The lymphocyto-
gram was studied by the method of I.A. 
Kassirsky, 1970 [3]. The research results 
were processed using the Statistica 6 
application software package (StatSoft, 
USA). The Shapiro-Wilka test was used 
to determine the statistical difference in 
values. Differences were accepted at a 
statistical significance of p < 0.017.

Results and discussion. Table 1 
shows data on the content of the cyto-
gram of intestinal contents of healthy 
adults. The limits of neutrophils were 
7.11–9.93%, lymphocytes were 17.76–
22.5%, monocytes were 1.35–2.49% and 
plasma cells were 4.41–10.86%. That 
the results suggest that inflammatory, 
autoimmune processes and oncologi-
cal diseases cause an increase in the 
content of neutrophils, monocytes and 
lymphocytes in the intestinal lumen (Fig. 
1-3). The structure of intestinal content 
cytograms differs depending on the na-
ture of the disease (Table 1). Inflamma-
tory processes (gastroduodenitis, colitis), 
including autoimmune (Crohn's colitis) 
and intestinal malignancies, migration 
and flushing of neutrophils into the intes-
tinal lumen is activated. Neutrophils are 

V.A. Schtaborov, L.K. Dobrodeeva, V.P. Patrakeeva

MIGRATION ACTIVITY OF IMMUNO-
COMPETENT CELLS WITH DIFFERENT 
GASTROINTESTINAL TRACT 
PATHOLOGIES

This study focuses on the migration and functional activity of immunocompetent cells in the intestinal contents in people with various pathologies 
of the gastrointestinal tract and in practically healthy people. Actively phagocytic neutrophilic granulocytes and monocytes, as well as lymphocytes 
without signs of degeneration and plasma cells, were recorded in the intestinal contents. Differences in the migration activity of cells depended on 
the pathology of the gastrointestinal tract. The levels of immunocompetent cells in the contents of the intestine in practically healthy people were 
determined. In gastrointestinal diseases, abnormal concentrations of pro-inflammatory cytokines are detected at a high frequency, the highest 
content of these cytokines have been recorded in malignant intestinal neoplasms.

Objective is to identify the features of the migration and functional activity of immunocompetent cells of the intestinal contents in norm and 
gastrointestinal pathology.
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immunocompetent cells that migrate to 
the centres of trouble first; they phago-
cytize, form traps, and secrete all known 
cytokines [5, 8]. Neutrophil migration is 
most significant in non-specific colitis 
(22.84 ± 0.77%). Crohn's autoimmune 
colitis is characterised by a higher con-
tent of monocytes in the cytogram (10.86 
± 1.22%). In intestinal tumours, specific 
features of the cytogram have not been 
established. The main part of monocytes 
is found in tissues, so even minor chang-
es to the content of monocytes in the 
blood indicate a significant reaction on 
the part of the monocyte system. Mono-
cytes phagocyte, form traps, and secrete 
cytokines and colony-stimulating factors 
[2]. Monocytes migrate to the inflamma-
tion area after neutrophil granulocytes to 
ensure the elimination of decay products. 
Migration of monocytes to the mucosa 
and intestinal lumen is associated with 
a lack of natural killer cells in the blood. 
The origin of natural killers is not clear; 
there are cells that do not have T-lympho-
cyte antigen (CD3-CD16+CD56+). There 
are also NK cells with the T-lymphocyte 
antigen, the thymus-dependent NK cells 
(CD3+CD16+CD56+), involved in spe-
cific immune reactions with antibody for-
mation. The most pronounced reaction of 
monocytes was found in Crohn's colitis, 
which is associated with a deficiency in 
the blood of natural killers in 54.72%. The 
largest group of cells in the intestinal con-
tents were lymphocytes; their levels did 
not differ depending on the pathology. In 
patients with Crohn's colitis, the number 
of plasma cells increases. The presence 
of a plasma cell reaction in the intestine 
of patients with Crohn's colitis confirms 
local antibody synthesis [7].

 In the structure of the lymphocytogram, 
the level of cells with signs of degenera-
tion is minimal and does not exceed 10% 
of the total content of small lymphocytes 

in the intestinal lumen; however, the fre-
quency of detecting medium-sized lym-
phocytes with signs of degeneration is 
3-3.5 times higher (24–42%). Migration 
of lymphocytes is not unilateral; lympho-
cytes, unlike other immunocompetent 
cells, are capable of recycling [12, 13, 
19]. Among lymphocytes in the compo-
sition of the lymphocytogram, 17.46–
20.17% are small lymphocytes, which 
reflect the processes of recycling these 
cells from tissues to lymphoid organs [12, 
13, 19]. Most intraepithelial lymphocytes 
were identified as CD3+ mature T cells, 

but 5% and 15% of patients had CD4 or 
CD8 on the membrane, respectively; the 
predominance of CD8+ is characteristic 
of the lamina propria lymphoid pool. In-
traepithelial lymphocytes exhibit cytotox-
ic effects, secrete lymphokines, regulate 
the regeneration of the mucosal epithe-
lium, and ensure tolerance to food anti-
gens [1]. Almost 50% of the population 
of intraepithelial lymphocytes consists of 
regulatory γδT-lymphocytes [14]. A large 
population of intraepithelial lymphocytes 
is CD4+CD25+; however, it has been 
previously demonstrated that they are 
not capable of proliferation in response 
to stimulation by a thymus-dependent 
antigen in vitro [16]. Intraepithelial lym-
phocytes have receptors for IL-2 but do 
not secrete it; they instead produce proin-
flammatory cytokine IL-10 and transform-
ing growth factor-β in large amounts [11]. 
Lymphocytes CD4+CD25+ participate in 
tolerance when low doses of protein are 
administered but do not have a signifi-
cant effect at high doses [9, 10]. It can 
be assumed that small lymphocytes, 
performing an informational role, migrate 
from the nearest lymphatic formation. In 
response to the migration of lymphocytes 
from the intestine to Peyer's plaques, 

Cytograms of intestinal contents (%)

index apparently 
healthy (n=154)

Gastroduodenitis 
(n=123) Colitis (n=135) Colitis Crohn 

(n=106)
Colon cancer 

(n=105)
Rectal cancer 

(n=112)

Neutrophilic granulocytes 8.52±0.47 12.72±0.31 22.84±0.77 13.52±0.19 11.06±0.28 12.2±0.30
Monocytes /
macrophages 1.92±0.19 7.58±1.02 6.75±0.85 10.86±1.22 8.81±1.33 8.79±1.32

Lymphocytes 20.13±0.79 28.35±0.58 24.94±0.43 34.36±0.96 32.99±0.96 33.71±0.82
Small lymphocytes 7.09±0.11 17.46±0.34 17.49±0.52 16.41±0.23 17.46±0.36 20.17±0.48
Medium Lymphocytes 13.04±0.23 11.39±0.37 6.62±0.18 17.87±0.36 15.45±0.48 12.4±0.43
Plasma cells 7.50±1.12 5.06±2.41 3.89±2.50 12.95±3.07 7.36±2.83 5.25±2.79
Sorption activity of epithelial cells 58.39±7.39 87.5±2.31 95.32±2.59 126.53±4.73 90.09±3.05 114±4.86
% active phagocytes 49.96±1.21 52.93±0.47 52.42±0.41 58.02±0.09 54.99±0.43 52.12±0.40
Phagocytosis deficiency 47.83 42.28 50.37 50.94 51.43 61.61

Table 1

Fig. 1. A smear of feces at nonspecific colitis. 
Gram stain × 1000. Migration of cells, mainly 
neutrophils, phagocytosis

Fig. 2. A smear of feces at nonspecific coli-
tis. Gram stain × 1000. Lymphocytes, plasma 
cells

Fig. 3. A smear of feces at Crohn's colitis. 
Gram stain × 1000. Plasma cells, sorption ac-
tivity of the epithelium
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mass death of large lymphocytes in the 
centres of reproduction of lymphoid for-
mation has been observed (6, 17, 20). 
This, in our opinion, indicates the involve-
ment of these reactions in the formation 
of tolerance to food antigens and prod-
ucts of the intestinal microflora.

Cytokines are powerful regulators of 
cell migration and recycling. In healthy 
people, the frequency of elevated con-
centrations of pro-inflammatory cyto-
kines in the blood was low, ranging from 
1.19–8.43%. IgA deficiency in the blood 
was found to be within 14.55% and ele-
vated IgE concentrations were 21.59%. 
In diseases of the gastrointestinal tract, 
the level of detection of abnormally high 
reactions from the studied immunological 
parameters increases; the highest con-
centrations of proinflammatory cytokines 
appeared in intestinal malignancies (Ta-
ble 2).

The highest levels of elevated IL-1β 
(59.05%) and IL-10 (23.81%) were found 
in patients with colon cancer. In patients 
with Crohn's colitis, the highest con-
centrations of IL-4 in venous blood was 
26.32 ± 0.14 pg/ml; elevated levels were 
observed in 23.58% of the patients. Pa-
tients with Chron’s colitis also presented 
the lowest levels of IL-1β (4.58 ± 0.08 pg/
ml) with a frequency of elevated concen-
trations at 36.9%. In non-specific colitis, 
the cytokine reaction is characterised by 
a moderate increase in pro-inflammatory 
cytokines against the background of low 
levels of anti-inflammatory IL-10, whose 
content in peripheral blood was 11.32 ± 
0.07 PG/ml. The anti-inflammatory cyto-
kine IL-10 causes a decrease in the ex-
pression of activating genes and a reduc-
tion in the number of receptor structures 
[15]. In Crohn's colitis and malignancies, 
elevated IgE concentrations were most 
often detected (62.19% and 55.24%, re-
spectively). The highest concentrations 
of reagins (169.71 ± 0.56 IU/ml) were ob-
served in malignant neoplasms. Serum 
IgA deficiency was reported in 65.71% of 

patients with rectal cancer. In non-specif-
ic colitis, IgA deficiency was detected in 
31.71% of the examined patients, twice 
as often as in healthy patients. Cancer 
patients presented a high frequency of 
natural killer (NK) and T-helper (CD4+) 
deficits, respectively; T-helper deficits 
were registered in 74.29% of cancer cas-
es and natural killer deficits were regis-
tered in 60.71% of the examined cancer 
patients.

Conclusion. In the composition of 
the intestinal contents, actively phago-
cytic neutrophilic granulocytes and 
monocytes, lymphocytes without signs 
of degeneration and plasma cells were 
registered. Neutrophil granulocytes in 
the intestinal lumen actively phagocytize 
(49.96 ± 1.21 – 58.02 ± 0.09%), phago-
cytic activity of neutrophil granulocytes in 
gastrointestinal pathology is noticeably 
higher than in healthy individuals. The ex-
ception is cases of malignant neoplasms 
when the deficit of phagocytic activity of 
neutrophils reached 61.61%. The cyto-
kine reaction in inflammatory processes 
of the gastrointestinal tract is moderate 
and relatively uniform compared to that in 
autoimmune inflammation and tumours.

The most pronounced reaction of 
monocytes was found in patients with 
Crohn's colitis; this was associated with 
a deficiency in the blood of natural kill-
er cells in 54.72% of examined patients. 
Perhaps the most pronounced migration 
of monocytes into the intestinal lumen 
in Crohn's colitis is related to the local 
variant of antibody formation and the 
appearance of plasma cells. Eviction of 
lymphocytes in the lumen of the intestine 
increases in the pathology of the gastro-
intestinal tract and reflects the activity of 
local immune responses. Almost 50% of 
lymphocytes are represented by medial 
cells and large lymphocytes; large lym-
phocytes make up 2–5%. The low level of 
death of large lymphocytes (1–2%) con-
firms the development of a local immune 
response with potential for lymphoprolif-

eration. The features of migration activity 
in the intestine in malignant neoplasms, 
compared with other inflammatory pro-
cesses, could not be identified. The most 
characteristic features of colon cancer 
are extremely low phagocytic activity of 
neutrophil granulocytes in the blood, a 
high rate of registration of T-helper de-
ficiency (74.29%) and elevated concen-
trations of IL-10 (23.81%). The highest 
frequency of elevated blood concentra-
tions of IL-10 was recorded in malignant 
neoplasms, indicating a significant role of 
immunosuppression in this pathology.

This work was carried out as part of 
a fundamental research program on the 
topic of the laboratory of environmental 
immunology by the FCIARctic project № 
АААА-А17-117033010124-7.
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I.V. Dovzhikova, I.A. Andriyevskaya, K.K. Petrova
CHANGES IN THE PROGESTERONE
SYNTHETIC FUNCTION OF THE VILLOUS 
CHORION IN CYTOMEGALOVIRUS
INFECTION AS ONE OF THE FACTORS
OF THE THREATENED MISSCARRIAGE
IN EARLY PREGNANCY

The aim of the study was to identify the relationship between the indicators of progesterone synthetic activity of the fetoplacental complex 
being formed and the nature of clinical and echographic manifestations of the threatened miscarriage in groups of women with different course of 
cytomegalovirus (CMV) infection. A study of villous chorions at 9-12 weeks of pregnancy was carried out, of which 65 were obtained from women 
without infection (control group, n=30) and its latent form (comparison group, n=35) during medical abortion, from women with exacerbation of 
infection and spontaneous miscarriage (main group, n=35). The activity of 3β-hydroxy-5-pregnen-20-one-dehydrogenase was determined by 
histochemical method, progesterone in blood serum and villous chorion was determined by enzyme immunoassay. The course of pregnancy 
and echographic indicators of the threatened miscarriage were evaluated. The results of the analysis revealed a significant dependence of the 
incidence of threatened miscarriage (χ2=31,386, p<0,001), decline of progesterone and 3β-hydroxy-5-pregnen-20-he-dehydrogenase from the ex-
acerbation of the infection (χ2=31,869, p<0,001). The results of the correlation analysis revealed a direct strong correlation between progesterone 
and 3β-hydroxy-5-pregnen-20-one-dehydrogenase (r=0,82 and r=0,75, p<0,001), which indicated the pathogenetic role of infection in the meta-
bolic deactivation of the enzyme that determines the insufficiency of progesterone synthesis. At the same time, there was no correlation between 
progesterone levels in blood serum and villous chorion. The results obtained allow us to conclude that presence of CMV infection in past medical 
history of woman and violation of progesterone synthetic function of trophoblast activity are significant risk factors for the threatened miscarriage in 
the first trimester of pregnancy, the outcome of which depends on the activity of the virus and the level of progesterone.

Keywords: progesterone, 3β-hydroxy-5-pregnen-20-one, villous chorion, cytomegalovirus infection, pregnancy.

The miscarriage of early pregnancy 
is one of the most important problems 
of obstetrics. The frequency of sponta-
neous miscarriages in the first trimester 
of pregnancy has remained consistently 
high over the past years, accounting for 
15-20% of all pregnancies [1].

Factors such as infectious and endo-
crine pathologies in women are directly 
involved in the pathogenesis of sponta-
neous miscarriages [4,7,11]. Among in-
fections that have a direct abortifacient 
effect due to the toxicity of the virus and 
its cytopathic effect on embryonic and 

provisional organs, cytomegalovirus 
(CMV) infection is pointed out. The main 
hormones necessary to the sustentation 
of pregnancy are progesterone and its 
precursor pregnenolone (3β-hydroxy-5-
pregnen-20-one) [8,10]. Tocolytic, gesta-
genic, and immunomodulatory effects are 
significant for the normal course of ges-
tation [3]. It is shown that progesterone 
system indicators decrease in the risk of 
miscarriage and premature birth, placen-
tal insufficiency [2].

However, there is no comparative 
analysis of the clinical course of the first 
trimester of pregnancy in women with 
different forms of CMV infection, echo-
graphic markers of the threatened mis-
carriage and their relationship with the 
state of progesterone synthesis function 
of the formed fetoplacental complex.

The aim of the study was to identify 
the relationship between the indicators 
of progesterone synthetic activity of the 
fetoplacental complex being formed and 
the nature of clinical and echographic 
manifestations of the threatened miscar-
riage in groups of women with different 
state of CMV infection.

Materials and methods. A study of 
villous chorions at 9-12 weeks of preg-
nancy was conducted, of which 65 were 
obtained during medical abortion from 
women with no CMV infection in past 
medical history (control group, n=30) and 
from women with latent course of CMV 

infection (comparison group, n=35), and 
during instrumental revision of the uterine 
cavity from women with exacerbation of 
CMV infection and spontaneous miscar-
riage (main group, n=35).

Histochemical analysis of cryostatic 
sections of villous chorion was performed 
using the Lojda method to study an en-
zyme that catalyzes the synthesis of 
progesterone. A 2 mM solution of 3β-hy-
droxy-5-pregnen-20-one (Sigma-Aldrich) 
was used as the substrate. To quantify 
the expression of the enzyme, a system 
of computer analysis of microscopic im-
ages was used, consisting of a MEIJI mi-
croscope (Japan), a Canon digital cam-
era (Japan), and Scion Image software 
(USA).

The level of progesterone was deter-
mined in the homogenate of villous chori-
ons and peripheral blood serum taken on 
an empty stomach in the morning by the 
method of enzyme immunoassay using 
standard test kits of «Hema-Medica» Ltd. 
(Russia).

In order to detect of immunoglobulins 
(Ig) of classes M and G to CMV, as well 
as avidity of IgG antibodies, we used 
enzyme immunoassay and correspond-
ing test systems manufactured by Vec-
tor-best SC (Russia). Determination of 
CMV in peripheral blood, buccal epitheli-
um scraping, and cervical canal contents 
was performed by polymerase chain re-
action. The diagnosis of exacerbation of 
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chronic CMV infection was established 
on the basis of laboratory and clinical and 
anamnestic data. 

The echographic study was performed 
on the SonoScape S6 ultrasound di-
agnostic device (China) in the mode of 
pulse and color Doppler mapping.

Statistical analysis and data process-
ing were performed using the Statistica 
10.0 (StatSoftInc., USA) in compliance 
with the General recommendations for 
medical and biological research. The 
Lilliefors and Kolmogorov–Smirnov tests 
were used to assess the distribution in 
the aggregate using sample data. In or-
der to check the equality of the average 
values in samples with normal distribu-
tion, the Student’s t-test was used. The 
Fisher criterion was used to evaluate 
the equality of variances between inde-
pendent samples. The differences were 
considered significant at a significance 
level of p<0,05. Analysis of differences 
between frequencies in two independent 
groups was performed using Pearson's 
χ2 criterion, when the value of the abso-
lute frequencies in the contingency tables 
was less than 10, the criterion was ad-
justed χ2 Yates. The relative risk analy-
sis (RR) was performed using four-field 
conjugacy tables with a 95% confidence 
interval (CI).

Results and discussion. The nature of 
the course of the first trimester of preg-
nancy in women with an exacerbation of 
chronic CMV infection (the main group) 
was determined by the presence of a 
significant pain syndrome in all subjects 
characterized by nagging pains in the 
lower abdomen and bloody vaginal dis-
charge of different severity. Among the 
echographic criteria for incipient abortion 
(table) the most common were: myome-
trial hypertonicity in 25 (83%), chorion 
previa in 18 (60%), gain of chorion thick-
ness in 8 (27%), retrochoral hematoma 
in 16 (53%), gestational sac deformity in 
10 (33%), and low location of the gesta-
tional sac in 3 (10%). The gain of chorion 
thickness appears to be the result of an 
involutive and exudative reaction that oc-
curs in the course of the infection, which 
was confirmed by PCR analysis. CMV 
DNA was detected in chorion tissues in 
28% of cases.

In the comparison group, clini-
cal signs of a threatened miscarriage 
were diagnosed in 10 (29%) women. 
It was accompanied by nagging pains 
in the lower abdomen in 6 (17%) and 
spotting bloody vaginal discharge in 2 
(6%). Echographically, the most com-
mon signs of miscarriage listed in the 
table were: myometrium hypertonicity 
in 8 (23%), chorion previa in 6 (17%), 

and retrochoral hematoma in 4 (11%).
When evaluating systemic and lo-

cal progesterone indicators in the main 
group of women with an exacerbation 
of CMV infection, they were found to 
decrease in serum to 63,70±2,33 nmo-
l/L (p<0,001), in the villous chorion to 
82,49±1,01 nmol/L (p<0,001) compared 
to the control group (102,11±3,34 and 
143,83±2,15 nmol/L, respectively). Atten-
tion was drawn to the detected decrease 
in cytophotometric parameters of 3β-hy-
droxy-5-pregnen-20-one-dehydrogenase 
to 17,2±1,01 pixels/µm2 (control group 
– 28,3±1,97 pixels/µm2, p<0,001) (Fig. 
1,2). In the comparison group, the con-
centration of progesterone in the blood 
serum was 87,50±3,11 nmol/L (p<0,001), 
in the villous chorion – 127,23±1,09 nmo-
l/L (p<0,001), cytophotometric indicators 
of 3β-hydroxy-5-pregnen-20-one-de-
hydrogenase – 22,7±1,80 pixels/µm2 
(p<0,01) (Fig. 3). 

In addition, it was carried out a compar-
ative analysis of clinical and echographic 
parameters and progesterone synthetic 
activity indicators of the formed fetopla-
cental complex with risk assessment by 
the value of χ2 in the study groups.

The results of the analysis revealed a 
significant dependence of the frequen-
cy of the threatened miscarriage in the 
first trimester of pregnancy on the exac-
erbation of CMV infection (χ2=31,386, 
p<0,001). The probability of its occur-
rence in the main group of women is 3.5 
times higher (RR=3,500; 95% CI: 2,073 – 
5,910) than in the comparison group. The 
dependence of the frequency of nagging 
pains in the lower abdomen on the exac-
erbation of CMV infection in early preg-
nancy is also statistically significant (χ2 
=41,59, p<0,001), and the risk of its de-
velopment was 5,83 (RR=5,833; 95% CI: 
2,816-12,085). In addition, it was found 
the statistically significant dependence 
of spotting bloody vaginal discharge on 
the exacerbation of CMV infection (χ2 
=53,745, p<0,001), its risk in the main 
group was 17,5 (RR=17,500; 95% CI: 

Echographic markers of miscarriage in the first trimester of pregnancy
in the study groups. n (%)

Detected change main group 
(n=35)

comparison group 
(n=35) Р 

Gain of chorion thickness 8 (27) -
Chorion previa 18 (60) 6 (17) <0.001
Gestational sac deformity 10 (33) -
Low location of the gestational sac 3 (10) -
Retrochoral hematoma 16 (53) 4 (11) <0.001
Myometrial hypertonicity 25 (83) 8 (23) <0.001

Note: P is the significance of differences when comparing women with exacerbation of CMV 
infection and its latent course.

Fig. 1. Villous chorion at 10 weeks of preg-
nancy. Control group. Histochemical reaction 
to 3β-hydroxy-5-pregnen-20-one-dehydro-
genase. The intensity of the histochemical re-
action is 28,3±1,97 pixels/µm2. Magnification 
40×15.

Fig. 2. Villous chorion at 10 weeks of pregnan-
cy. Exacerbation of cytomegalovirus infection. 
Histochemical reaction to 3β-hydroxy-5-preg-
nen-20-one-dehydrogenase. There is a de-
crease in the reaction activity to 17,2±1,01 
pixels/µm2. Magnification 40×15.

Fig. 3. Villous chorion at 10 weeks of preg-
nancy. Latent cytomegalovirus infection. His-
tochemical reaction to 3β-hydroxy-5-preg-
nen-20-one-dehydrogenase. There is a de-
crease in the reaction activity to 22,7±1,80 
pixels/µm2. Magnification 40×15.
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4,556-67.219) compared with the control 
group.

When evaluating suprasonic markers 
of the threatened miscarriage, a signifi-
cant dependence of the detection of myo-
metrial hypertonicity on the exacerbation 
of CMV infection in the early pregnancy 
was established (χ2=21,28, p<0,001). 
The risk of this disorder pathway in 
the main group of women was 3,646 
(RR=3,646; 95% CI: 1,943– 6,841. The 
dependence of the frequency of chorion 
previa on the exacerbation of CMV infec-
tion (χ2=10,966, p<0,001) is also statisti-
cally significant. The odds of chorion pre-
via in pregnant women of the main group 
was 3,5 times higher (RR=3,500; 95% 
CI: 1,597 – 7,672) than in the comparison 
group. In addition, the dependence of the 
onset of retrochoral hematoma on the ex-
acerbation of CMV infection is also statis-
tically significant (χ2=11,422, p<0,001). 
The risk of this marker of threatened miss-
carriage in pregnant women of the main 
group is 4,667 times higher (RR=4,667; 
95% CI: 1,749-12,449) than in pregnant 
women of the control group.

All women in the main group showed 
a significant decrease in the level of 
progesterone and 3β-hydroxy-5-preg-
nen-20-one-dehydrogenase, and these 
indicators changed less pronounced in 
the comparison subgroup. According to 
the results of the comparative analysis, a 
strong dependence of the decrease in the 
level of progesterone and 3β-hydroxy-
5-pregnen-20-one- dehydrogenase on 
the exacerbation of CMV infection was 
established (χ2=31,869, p<0,001). The 
risk of developing these disorders in the 
group of women with exacerbation of 
CMV infection was 3,5 (RR=3,500; 95% 
CI: 2,073 – 5,910).

The results of the correlation anal-
ysis revealed a direct strong correla-
tion between progesterone and 3β-hy-
droxy-5-pregnen-20-one-dehydrogenase 
(r=0,82 and r=0,75, p<0,001), which 
indicated the pathogenetic role of infec-
tion in the metabolic deactivation of the 

enzyme that determines the insufficiency 
of progesterone synthesis. At the same 
time, there was no correlation between 
systemic and local progesterone indica-
tors, which indicated the specificity of the 
sites of production and the effect of the 
hormone on the target cells of the uterine 
mucosa and the villous chorion.

Apparently, the reason for the re-
vealed regularities is the development of 
inflammatory processes in the utero-pla-
cental zone caused by an exacerbation 
of CMV infection in the first trimester of 
pregnancy, which is accompanied by a 
violation of implantation and the forma-
tion of the fetoplacental complex [4,6,9]. 
The resulting functional and metabolic 
disadaptation, as shown by the stud-
ies, leads to the formation of enzymatic 
3β-hydroxy-5-pregnen-20-one-dehydro-
genase deficiency, which causes a de-
crease in the production of progesterone 
by trophoblast. Formed progesterone de-
ficiency increases the manifestations of 
inflammation by modulating the cytokine 
response according to Th-1 type, which 
initiates trophoblast apoptosis, leads to 
reduction of utero-placental blood circu-
lation and the threatened miscarriage [5].

Conclusion. The occurrence of CMV 
infection in past medical history of wom-
en and violation of progesterone synthet-
ic activity of trophoblast are significant 
risk factors for the threatening course of 
the first trimester of pregnancy, the out-
come of which, according to the results of 
the study, depends on the activity of the 
virus and the level of progesterone.
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VITAMIN D STATUS IN PATIENTS
WITH TUBERCULOSIS IN YAKUTIA

Material and methods: Enzyme immunoassay (EIA) concentrations of 25-hydroxycholecalciferol (25(OH)D) were studied in 88 patients with 
tuberculosis. Serum levels 25(OH)D were assessed using the following criteria: optimal level 30-100 ng/mL; subnormal level 20-30 ng/mL; vitamin 
D deficiency -10-20 ng/mL; severe deficiency – less than 10 ng/mL. For statistical processing, Student’s unpaired t-test, Mann-Whitney, and 
Kruskall-Wallis tests were used. Cutoff for statistical significance of differences (p) was 5%.

Results: Mean age of patients was 40,7 (16,1) years. Proportion of male patients was significantly larger (p=0.035). Levels of 25(ОН)D in 
men were somewhat lower than in women, but the differences were statistically negligible. No statistically significant correlation was established 
between age and level of 25(ОН)D (r=-0.037; p=0.729). Assessment of distributions of vitamin D levels against laboratory reference showed, that 
serum vitamin D level was optimal in 4.5% of patients, and 12.5% had subnormal levels of vitamin D (20 to 30 ng/mL). In 34% of patients, vitamin 
D level was graded as ‘vitamin d deficiency’ (10 to 19.9 ng/mL); 49% had ‘severe vitamin D deficiency’ (below 10 ng/mL).

Conclusions: Results of this pilot study demonstrated the presence of marked vitamin D deficiency in patients with TB. Due to absence of 
control group, no comparisons of vitamin D levels between TB patients and general population could be made. Considering the role of vitamin D 
in the induction of innate antimicrobial immune response, further investigation is needed into the causes of deficiencies, opportunities to correct 
deficiencies in patients with TB, role of vitamin D in therapy of TB, and a role of vitamin D receptor gene polymorphism in Yakut ethnic group.

Keywords: vitamin D, tuberculosis, 25(ОН) D, calcidiol, Yakutia.
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Tuberculosis (TB) is one of the most 
urgent and underappreciated problems 
in world healthcare, and, at the same 
time, a sociomedical problem in virtually 
all countries [6]. Based on WHO reports, 
in 2017, as much as 1 million were diag-
nosed with TB, and 1.3 million died of it. 
Russia is currently among the 22 coun-
tries with the highest TB burden [1]. 

TB often goes along with nutritional 
deficiency, including deficiency in vitamin 
D. Vitamin D has an important role in in-
nate host defense mechanisms against 
infection, by facilitating macrophage and 
monocyte activation, which is of signif-
icance in disease development. In the 
event of host infection with M.tuberculo-

sis, calcidiol, key circulating metabolite 
of vitamin D, preserves induction of the 
innate antimicrobial immune response, 
curbing the growth of tubercle bacilli [16]. 
Vitamin D deficiency in patients with TB is 
interrelated with M.tuberculosis drug sen-
sitivity. In pre-antibiotic era, high doses of 
vitamin D were widely used for treating 
patients with TB [8]. 

Hence, there may be a place for vi-
tamin D in therapy of TB, which calls for 
further studies.

Objective: to study the availability of 
vitamin D in patients with tuberculosis in 
Yakutia.

Material and methods: This study 
was conducted among 88 patients, who 
had been hospitalized in the Phthisiat-
ry Research-Practice Center in 2017 to 
2018, with the confirmed diagnosis of 

TB (51 male; 37 females). No one was 
under medication with vitamin D during 
the study period. Serum concentrations 
of 25-hydroxycholecalciferol (25(OH)D) 
were determined, using enzyme immu-
noassay (EIA) kit from Euroimmun, Ger-
many. The following criteria were used to 
estimate serum level of 25(ОН)D: optimal 
level 30-100 ng/mL; subnormal level 20-
30 ng/mL; vitamin D deficiency -10-20 
ng/mL; severe deficiency – less than 10 
ng/mL.

Statistical processing was performed 
using IBM SPSS Statistics 22 software 
suite. To compare patient groups, we 
used unpaired t-test, Mann-Whitney, and 
Kruskall-Wallis tests. Cutoff for statistical 
significance pf differences (p) was 5%.

Results and discussion: Main char-
acteristics of the patients studied are EGOROVA Marina Vasilievna – clinical Im-

munological laboratory specialist, Phthisiatry 
Research-Practice Center, 677005, Yakutsk, 
P. Alekseeva 87/5, email: romari86@mail.ru, 
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Health and Health Care, General Hygiene and 
Bioethics, Medical Institute of the North-East-
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mosova Head of the Immunological labora-
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 Main characteristics of patients

Indicator Both genders
n=88

Males
n=51

Females
n=37 р

Mean age, years 40.7 (16.1) 43.9 (13.6) 36.3 (18.2) 0.035
Tuberculosis (TB) clinical forms, n (%)

Disseminated TB 17 (19.3) 14 (27.5) 3 (8.1)

0.023

Infiltrative TB 48 (54.5) 29 (56.9) 19 (51.4)
Focal TB 8 (9.1) 1 (2.0) 7 (18.7)
Tuberculoma 4 (4.5) 3 (5.9) 1 (2.7)
Caseous pneumonia 3 (3.4) 2 (3.9) 1 (2.7)
Thoracic lymph node TB 3 (3.4) 0 (0) 3 (8.1)
Primary TB complex 2 (2.3) 1 (2.0) 1 (2.7)
Other forms 3 (3.4) 1 (2.0) 2(5.4)

Note. Data are presented as mean and standard deviation, M (SD); p - statistical significance 
of differences between males and females.

Table 1
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summarized in Table 1. Mean age of the 
patients was 40,7 (16,1) years. Male pro-
portion was significantly larger than fe-
male (p=0.035). Infiltrative or disseminat-
ed TB were the two most frequent clinical 
forms of TB.

In both groups, distributions of 25(ОН)
D levels were deviating from normal dis-
tribution, therefore quartiles were calcu-
lated, to describe measures of central 
tendency and scatter. Levels of 25(ОН)
D in men were somewhat lower than in 
women, but the differences were statis-
tically negligible. Considering a generally 
older age of men, compared to women, 
rank correlation analysis was performed. 
No statistically significant correlation was 
established between age and level of 
25(ОН) D (r=-0.037; p=0.729).

Assessment of distributions of vitamin 
D levels against laboratory reference 
showed, that serum vitamin D level was 
optimal in 4.5% of patients, while 12.5% 
had subnormal levels of vitamin D (20 to 
30 ng/mL). In 34% of patients, vitamin D 
level was graded as ‘vitamin d deficiency’ 
(10 to 19.9 ng/mL), and in 49% – as ‘se-
vere vitamin D deficiency’ (below 10 ng/
mL) (Table 2).

Currently, an estimated 1 billion peo-
ple have vitamin D deficiency. The recent 
large-scale studies have elicited a sta-
tistically significant correlation between 
vitamin D deficiency and the prevalence 
of a number of chronic diseases, includ-
ing lung diseases, and TB as one of them 
[5,10,12,13,15]. Some long-lasting con-
jectures can be found in works of classi-
cal scholars in pediatrics, linking the dis-
turbances in vitamin D metabolism with 
decreased immunity: namely, Tur A.F. 
emphasized that rickets and infections, 
and TB in particular, accompany one an-
other [3]. Sufficiency of vitamin D in pa-
tients with TB infection is an under-inves-
tigated topic, except for several studies.

A study in the Province of Castellon, 
Spain, included 42 patients with TB and 
202 contacts. Only 20.3% of them had 

sufficient serum levels of 25(ОН)D (≥ 30 
ng/mL) [7]. Study of vitamin D levels in 
patients with TB in Mwanza, Tanzania, 
showed hypovitaminosis in 39.6% of pa-
tients, of them, vitamin D deficiency in 
4.3% [9]. Study in Vietnam comprised 
166 patients, and found that vitamin D 
deficiency in men was 35.4%, and 45.3% 
in women [11].

Study on the effect of mean thera-
peutic doses of vitamin D, administered 
as part of multimodality therapy for mul-
tidrug and extensively drug resistant TB 
in Belarus, showed that serum level of 
25(OH) D was 12.3±0.3 before therapy, 
and 19.8±0.2 after 6 months of therapy. 
Mean course of vitamin D administration 
was 184.5±3.5 days. Patients receiving 
vitamin D on top of polychemothera-
py displayed positive response on their 
x-rays and microbiological tests. Also, 
administration of mean therapeutic doses 
of vitamin D on top of chemotherapy re-
sulted in less proportion of patients who 
did not convert from positive to negative 
(57.9%), compared to patients who re-
ceived chemotherapy without vitamin D 
(72.7%) [4].

Similar study was conducted in Lon-
don, assessing the effect of high doses 
of vitamin D in patients with sputum-pos-
itive TB. Vitamin D supplement reduced 
time to sputum conversion by 1 week 
(from 43.5 to 36 days). Mean time to spu-
tum culture conversion was 36 days for 
intervention group, and 43.5 for placebo 
group [14].

Sharply decreased levels of 25(ОН)D 
in patients with TB (compared to healthy 
donors) were observed in the study in 
Saint-Petersburg, Russia (8.2±1.4 ng/
mL of calcidiol in fibrocavitary TB vs. 
19.3±1.4 ng/mL in healthy donors) [2].

In Yakutia, to date, no studies have 
been undertaken yet exploring the ef-
fect of vitamin D on treatment of patients 
with TB. As it appears from the studies 
conducted in other cities, reduced level 
of vitamin D is widely observed, even in 

healthy people. In view of potential effect 
of vitamin D prescription on sputum cul-
ture conversion, and on progression of 
TB disease, there is a need in studies in 
a region of Yakutia.

Conclusions. Results of this pilot study 
demonstrated the presence of marked vi-
tamin D deficiency in patients with TB. 
Due to absence of control group, no com-
parisons of vitamin D levels between TB 
patients and general population could be 
made. Considering the role of vitamin D 
in the induction of innate antimicrobial 
immune response, further investigation 
is needed into the causes of deficien-
cies, opportunities to correct deficiencies 
in patients with TB, role of vitamin D in 
therapy of TB, and a role of vitamin D re-
ceptor gene polymorphism in Yakut eth-
nic group.
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А. Tobokhov, V. Nikolaev
IMMUNOCORRECTIVE THERAPY IN 
COMBINED TREATMENT OF PATIENTS 
AFTER SIMULTANEOUS SURGERY ON THE 
ABDOMINAL ORGANS DURING THE EARLY 
POSTOPERATIVE PERIOD

 The article analyzes results of the combined treatment at 452 patients, aged 16 to 64, after the simultaneous surgery on the abdominal organs 
for visceroptosis, during the early postoperative period. In 280 (61.9%) of them, studies of the immune status were conducted against the back-
ground of immunocorrective therapy. Thymogen and polyoxidonium were used as immunocorrectors. The drugs were injected to patients during 
surgery intravenously: the thymogen by 2 ml. of 0.01% solution, the polyoxidonium-12 mg in solution. In the postoperative period, the drugs were 
injected intramuscularly for 8 days: the thymogen by 1 ml of 0.01% solution, the polyoxidonium 6 mg in solution. Use of the immunocorrective ther-
apy allowed to achieve a significant improvement in the dynamics of immune indicators in patients compared to a control group. The polyoxidonium 
effect on immunological parameters was strongly pronounced and significantly exceeded the effect of thymogen.

Keywords: visceroptosis, simultaneous operations, immunocorrective therapy.

Combined surgical correction for vis-
ceroptosis is characterized by the post-
operative period severity and treatment 
complication, which is due to simultane-
ous surgery on the abdominal organs. 
Research met in the scientific literature 
on the surgery problem of the digestive 
system diseases mainly raises questions 
on new types of surgical approaches, 
methods of operation, methods of hemo-
stasis, etc., and treatment of this catego-
ry of patients in the postoperative period 
is not fully covered, which determines the 
need for a deeper study of this stage of 
treatment.

Materials and research methods. 
We performed surgical treatment of 452 
patients aged 16 to 64 years. 421 (93.1%) 
patients were operated at the age of 21 to 
60 years, i.e. at the most active working 
age. Patients older than 60 years were 
admitted for surgical treatment from oth-
er medical institutions, where due to the 
chronic intestinal obstruction and pro-
gressive weight loss, they were exam-
ined with suspicion of colon cancer. Pa-

tients operated at the age of 20 years, as 
a rule, belonged to the group of patients 
with a form of visceroptosis, occurring 
with a pronounced pain syndrome, and 
19 of them had daily defecation.

To treat patients with visceroptosis, 
we applied methods of combined sur-
gical correction depending on variants 
of the pathological process, operational 
findings and verification with the data of 
a comprehensive clinical study. In this 
case, simultaneous surgical treatment of 
all changes detected in the preoperative 
period and requiring surgical correction is 
performed. Many authors indicate caus-
al relationship and interdependence be-
tween changes in one organ and  devel-
opment of painful processes in another, 
and in this regard, they support expan-
sion of indications for combined surgical 
interventions. Our experience of simul-
taneous operations at patients with vis-
ceroptosis confirms correctness of these 
assumptions. 

 The combined surgical treatment 
includes both well-known methods of 
operations on the gastrointestinal tract, 
and techniques developed in our clinic 
(Table 1). 

 1718 operations were performed at 
452 patients. On average, each patient 
had 3-4 simultaneous operations.

Rehabilitation of patients after oper-

ations on organs of the gastrointestinal 
tract (GIT) has the main goal to restore 
the motor-evacuation function of the 
gastrointestinal tract that was disrupted 
during surgery, as well as normalization 
of the digestive conveyor. Especially se-
vere postoperative disorders occur in the 
organs of nervous and endocrine regu-
lation, in the process of metabolism. In 
the early postoperative period, combined 
therapy is performed aimed at stabilizing 
the condition of patients and preventing 
the development of early complications: 
failure of anastomosis, development of 
infectious complications and pneumonia.

Traumatic and operational stress have 
a depressing effect on the functional 
state of vital organs and systems in the 
postoperative period, and especially the 
immune system, which leads to an in-
crease in the frequency of postoperative 
complications and fatalities. The use of 
immunocorrective therapy in the com-
bined treatment of patients with various 
surgical pathologies allows us to improve 
the results of treatment, reduce frequen-
cy of postoperative complications.

In patients with visceroptosis compli-
cated by CTS, before surgery, we ob-
served a moderate decrease in concen-
tration of IgA and a marked increase in 
IgG compared to the control group, which 
indicates a greater tension of the immune 
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system, activation of humoral immune 
factors, in particular, an increase in IgG 
production. The data obtained are con-
sistent with the work of a number of au-
thors who noted a tendency to increase 
the number of immunoglobulins in the 
blood of patients with chronic inflamma-
tory bowel diseases. The authors believe 
that bacteria and their toxins, food pro-
teins and medications that are constant-
ly present in the gastrointestinal tract in 
patients with colitis are of crucial impor-
tance in formation of hyperimmunoglob-
ulinemia.

After the combined surgical correction 
of visceroptosis, the state of the immune 
system was studied in 280 (61.9%) pa-
tients, who were divided into 3 groups. 
The control group included 90 people 
who received traditional treatment with-
out immunocorrective therapy. In the 
second one 90 patients were immunocor-
rected with the thymogen, the third group 
formed 90 patients who had polyoxido-
nium used as an immunocorrector. All 
groups were comparable by gender, age 
and volume of surgery. The drugs were 
injected to patients during the surgery in-
travenously: the thymogen in a dose of 2 
ml. 0.01% of the solution, the polyoxido-
nium - 12 mg in solution. In the postoper-

ative period, the drugs were administered 
intramuscularly for 8 days: the thymogen 
by 1 ml of 0.01% solution, the polyoxido-
nium - 6 mg in solution. To objectively 
assess changes in the complex immune 
system, the immune status indicator (ISI) 
[2] was used taking into account the ex-
tent and nature of the changes in leading 
parameters of the immune system – the 
level of T-lymphocytes with helper and 
suppressor activity, as the main regula-
tory factors of the immune system activity 
of T-lymphocytes, the level of IgG, the 
main opsonin of the immune system and 
also the phagocytosis activity.

 The immune status indicator was cal-
culated using the formula: ISI= (H+ S + T 
+ G + P): 5 x 100%, where X is the indi-
cator of T – lymphocytes with helper ac-

tivity, C is the indicator of T-lymphocytes 
with suppressor activity, T is the indicator 
of lymphocyte activity, G is the indicator 
of IgG immunoglobulin level, and f is the 
indicator of phagocytosis. Values of the 
immune status indicator can range from 
(-100%) to (+100%). An interval from 
(-10%) to (+10%) was considered to be 
the norm for ISI. Under the USI values 
from (-10%) to (-20%) and from (+10%) 
to (+20%), immune disorders were con-
sidered light, from (-20%) to (-30%) and 
from (+20%) to (+30%) moderate, and at 
values less than (-30%) and more (+30%) 
severe. Study of the immunity indicators 
was carried out on the 1, 3-4, 7-8 days 
after surgery and before discharge from 
the hospital on the 10-12 days.

Results and discussion. Changes in 
the immune system indicators during the 
early postoperative period are shown in 
the Table 2.

In patients of the control group, im-
mune disorders appeared on the 1st day 
after the operation. ISI in these terms 
was (- 37.8±2.4%). On day 3-4, the im-
munodeficiency progressed and the ISI 
was equal to (- 46.7±3.2%). On day 7-8, 
there was a tendency to stabilize the im-
mune status and the ISI was equal to (- 
35.4±3.1%). During the 10-12 days term, 
the indicators improve, but the numbers 
remain extremely low. ISI in these terms 
is equal to (- 22.4±2.8%). The analysis 
shows that the control group patients de-
velop secondary immunodeficiency from 
the first day, reaching a maximum on the 
3-4 days, and only by the end of treat-
ment, before discharge from the hospital, 
they stabilized and corresponded to a 
moderate degree.

In the second group, where immu-
nocorrection was performed with thy-
mogen on the 1st day, ISI indicators 
(-35.9±3.9%), which indicated an in-
crease in immunodeficiency, but the indi-
cators are lower than in the control group. 
On the 3-4 days, the growth of indica-
tors was not observed and the ISI was 
(-35.1±2.3%). On the 7-8 day, there was 
a tendency to normalize in the indicators 
of the immune status. ISI was equal to 
(-23.2±2.1%), and on the 10-12 days the 

The nature of the held surgery

Type of surgery n=452 %
Nissen fundoplication 91 20.1
Toupet fundoplication 12 2.7
Round ligament of liver gastropexy 148 32.7
Bay gastropexy 11 2.4
Billroth operation I 4 0.9
Dorsal stem selective vagotomy 4 0.9
SPV with Onopriev duodenoplasty 2 0.4
Pyloroplasty 4 0.9
Surgery by Strong 29 6.4
Duodenojejunostomy by Vitebski 3 0.7
Ileocecostomy 49 10.8
Appendectomy 168 37.2
Resection of the colon left flank 440 97.3
Bilateral colonopexia 443 98.0
Right colonopexia 5 1.1
Left colonopexia 4 0.9
Sigmoid colectomy 9 2.0
Sigmoid reduction 3 0.7
Cholecystectomy 101 22.3
Cholecystolithotomy 4 0.9
Nephropexy 73 16.1
Splenectomy 3 0.7
Pelvic floor plastics 41 9.1
Omentum resection 28 6.2
Ovary resection 36 7.9
Removal of uterine fibroids 3 0.7

Table 1

Table 2

Indicators of the patients’ immune status during the postsurgery period
The control group

Groups of patients Terms of postsurgery period
1 day 3-4 days 7-8 days 10-12 

The control group - 37.8 +  2.4 - 46.7 + 3.2 - 35.4 + 3.1 - 22.4 + 2.8
Thymogen treatment -35.9 + 3.9 -35.1 + 2.3 -23.2 + 2.1 -12.4 + 2.5
Polyoxidonium 
treatment -32.4 + 4.1 -27.6 + 3.6 -14.7 + 2.4 -1.7 + 1.1
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indicators were approaching normal and 
ISI was (-12.4±2.5%). Against the back-
ground of the thymogen use on the 1st 
day after surgery, immune disorders were 
severe, but by the 3-4 days they stabi-
lized. On the 7-8 days, the indicators im-
proved and became medium-heavy, and 
by the 10-12 days after the operation, 
they were light and close to normal.

In the third group, where the patients 
received polyoxidonium on the day 1, PI 
was equal to (-32.4±4.1%), which was 
significantly lower than in the control 
group. By the 3-4 days of the postop-
erative period, the indicators stabilized, 
and the ISI was (-27.6 +3.6%), on the 
7-8 days (-14.7±2.4%), and on the 10-12 
days (-1.7±1.1%). The analysis shows 
that the use of polyoxidonium allowed 
to achieve stabilization of the immune 
system at the level of mild disorders by 
the 7-8 days after surgery, and complete 
normalization of the immune system by 
the 10-12 days. The effect of polyoxido-
nium was expressed in the activation of 
the phagocytic link of immunity and an 
increase in the number of B-lympho-
cytes.

Thus, the use of immunocorrective 
therapy allowed achieving a significant 
improvement in the dynamics of immune 
indicators in patients after simultaneous 
operations on the gastrointestinal tract 
for visceroptosis in comparison with the 
control group. The effect of the polyox-

idonium on immunological parameters 
was strong and significantly exceeded 
the effect of thymogen. It should be noted 
that against the background of immuno-
corrective therapy, the indicators of gen-
eral and biochemical blood tests stabi-
lized much faster. Already on the 7-8 day, 
these indicators were within the norm.

The operations performed using the 
methods developed by us for combined 
correction of visceroptosis in the imme-
diate postoperative period gave good re-
sults. There were no such complications 
as anastomositis, insolvency of the colon 
anastomosis and fatal outcomes.  Of the 
452 patients operated, 372 (82.3%) had 
no abdominal pain, and regular daily or in 
1 day defecation was established. When 
discharged from the hospital, they were 
concerned about minor pain in the places 
of fixation. Sleep and appetite were re-
stored. 69 (15.2%) patients’ results were 
assessed as satisfactory. In this group of 
patients, at discharge, constipation re-
mained, but their duration was reduced 
to 2-3 days, abdominal and lumbar pain 
decreased. 11 (2.4%) patients had no 
effect from the operation. The cause of 
poor results we see in insufficiently of the 
colon radical resection in 8 (1,7%) pa-
tients and at 3 (0.7%), there a tactical er-
ror was committed - a restriction by only 
the plastics of gastrointestinal ligament 
and mesosigmapplication under elonga-
tion of transverse colon or sigmoid colon. 

It should be noted that the best results 
of the postoperative treatment were ob-
tained in patients using immunocorrec-
tive therapy.

Thus, carrying out the combined ther-
apy in the early postoperative period, in-
cluding in addition to traditional treatment 
and immunocorrective therapy, allowed 
avoiding fatal outcomes and achieving 
good results of surgical treatment in the 
majority of cases.
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The problem of cervix uteri (CU) 
diseases is one of the most urgent 
in modern gynecology and has great 
importance for preventing the occurrence 
and development of malignant neoplasms. 
CU pathology is the background for the 
development of precancerous changes 
and cervical cancer (CC) among 
gynecological disorders that occur in 
women of reproductive age [7]. The time 
of active, rapid development and use of 
new technologies in medicine dictates 
the need and shows the importance of 
changes in traditionally used methods. 
The question of improving and optimizing 
the quality of cytological diagnostics is 
the most prevalent issue. Liquid-based 
cytology (LBC) plays an important role 
in solving this issue. LBC is introduced 
in order to overcome the disadvantages 

of traditional methods and thereby to 
increase the effectiveness of cytological 
diagnostics [1]. The main feature of 
the LBC is the production of thin-layer 
(monolayer) preparations (in which cells 
are located almost in one layer) from 
a liquid cell suspension using special 
cytospins. The difference between this 
method and the traditional one is that the 
substance is not applied directly to the 
glass, but it is placed in a bottle with a 
stabilizing solution. Rapid conservation 
of the substance allows preventing the 
bacterial contamination of the sample, 
and the damage of the cells due to their 
drying that preserves the sample in optimal 
conditions for further transportation to the 
laboratory and research. The stabilizing 
solution ensures the preservation of 
morphological, immunocytochemical 
and genetic properties of cells [4]. The 
sensitivity of the cytological method 
in using LBC increases to 85% [5]. A 
feature of the LBC is also that up to 6 
"serial" smears can be obtained from a 
single sample of the substance, that is, 
identical in cell composition, which makes 
it possible to use additional research 
methods, for example, HPV testing, 
immunocytochemical determination 
of cancer markers [6].The LBC with a 
high specificity should be supplemented 
with molecular diagnostic methods. 
Currently, it is considered proven that the 
main etiological factor of CU cancer is 
papillomavirus infection [2, 3, 8]. Two major 
meta-analyses of data from European 
and American studies have found that 
the human papillomavirus (HPV) test is 
more sensitive than cytological screening 
[11,15]. The combination of the HPV test 
and the cytological method has a higher 
predictive value for detecting CIN (cervical 
intraepithelial neoplasia) compared to a 
single HPV test [9, 10, 13] which makes it 
possible to detect precancerous changes 
in CU early and, consequently, reduces 

the risk of developing CC [12,14].
Purpose of research: to study 

the frequency of background and 
precancerous pathology of CU by 
conventional cytology and LBC, and 
compare their results. Evaluate the 
effectiveness of TC and LBC, as well 
as establish the HPV genotype in the 
examined women.

Materials and methods. The study 
was conducted in the clinical laboratory of 
pathomorphology, histology, and сytology 
on the basis of North-Eastern Federal 
University named after M.K.Ammosov, 
Federal State Autonomous Educational 
Institution of Higher Education. The 
material was taken from CU and cervical 
canal scraping from the patients (100 
people aged 22-60) after examination 
and extended colposcopy in the OOO 
"Malex" clinic (Yakutsk, Russia). The 
sample was obtained from every 
patient was conducted by traditional 
cytology and liquid-based cytology on 
the automated system CellPrep Plus 
(Korea), as an independent highly 
informative method that contributes 
improvement and standardization of 
cytological examination of all stages. The 
Romanovskiy - Gimza stain method was 
used. The presence of endocervical, flat, 
and metaplastic epithelium cells makes 
the material adequate for the study. It 
is very important to take into account 
that such material should be obtained 
from the transformation zone – the area- 
where the tumor most often occurs. If the 
material is represented by a very small 
number of cells, a large number of blood 
elements, mucus, and the presence of 
artifacts, which makes impossible to 
properly assess the cytological picture, it 
is considered inadequate.

Cytological decision was made in 
accordance with the clinicopathologic 
classification of J. V. Bokhman (1976), 
and with the commonly accepted 
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criteria for assessing the state of the 
epithelium by Bethesda System (2015) 
[16]. It is based on the introduction of 
the term SIL (Squamous Interaepithelial 
Lesion) - squamous intraepithelial lesion. 
The main categories of the Bethesda 
classification: NILM- intraepithelial 
lesions and malignant processes are 
absent. LSIL- Low Grade Squamous 
Intraepithelial Lesions. (Mild changes in 
squamous epithelial cells corresponding 
to a low risk of cancer), the group covers 
changes typical of HPV infection and 
mild dysplasia CINI. HSIL-High Grade 
Squamous Intraepithelial Lesions 
(marked changes in squamous epithelial 
cells corresponding to a high risk of 
cancer), the group involves moderate 
and severe dysplasia - CIN-II, CINIII 
and CIS. The Bethesda classification 
separately identifies the following 
categories: • "atypical squamous cells of 
undetermined significant"- ASC-US-cell 
changes that are more significant than 
reactive, but quantitatively or qualitatively 
insufficient to establish a diagnosis of 
CIN. • Non-exclusive HSIL (ASC-H) — 
a category that takes middle position 
between ASC-US and HSIL.

Detection, typing (co-testing) of human 
papilloma virus (HPV) (6, 11, 44, 16, 18, 
26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 
59, 66, 68, 73, 82 serotypes) by PCR was 
performed on the basis of microbiological 
laboratory of the Medical Institute clinic 
based on NEFU. 

Results and discussion. The 
comparative analysis of cytological 
samples of 100 women was conducted to 
evaluate the effectiveness of the liquid-
based cytology and traditional cytological 
screening in the early diagnosis of CU 
cancer. The patients were aged from 
23 to 60 years. The average age of all 
women surveyed was 38.9+9.2 years.. 
The percentage of detected background 
and precancerous pathology was 
estimated (Fig. 1).

 By TC method the absence of 
intracellular damage (no findings 
cytogram) was detected in 16 samples 
(16%). By LBC method (NILM - 
intraepithelial changes and malignant 
processes are absent) it was detected in 
66 (66% of the entire group) samples, and 
among all of the samples 26 (26%) have 
no pathology and 40 (40%) have reactive 
(background) changes (squamous 
metaplasia, inflammation, moderate 
hyperplasia). Generally, according to 
these data cervical pathologies during 
routine cytology were detected in 84% of 
cases, and during liquid-based cytology 
– in 74 %. Reactive (background) 
changes in the TC are 53% of cases, 

while the LBC are 40% of cases. Cervical 
dysplasia of varying severity in TC was 
detected in 31 cases, which was 31% of 
the total number of samples. Among it, 
23 women (74.1% of the total number of 
samples with detected cervical dysplasia 
of various severity) had I grade dysplasia 
(mild), 7 women (22.5%) had II grade 
dysplasia (moderate) and III grade 
(severe) dysplasia was diagnosed in 1 
woman, which was 3.2% of all cervical 
dysplasia in the study group. Among it, 
23 women (74.1% of the total number of 
samples with detected cervical dysplasia 
of various severity) had I grade dysplasia 
(mild), 7 women (22.5%) had II grade 
dysplasia (moderate) and III grade 
(severe) dysplasia was found in 1 woman, 
which was 3.2% of all cervical dysplasia 
in the study group. LSIL 
was detected in 27 
cases (79.4%), of which 
CINI – 20 (58.8%) cases, 
CINI with coilocytes – 7 
(20.6%) cases. HSIL 
was found in 6 cases and 
accounted for 17.6% 
of the total number of 
dysplasias in the study 
group In 1 (2.9%) case 
was diagnosed atypia 
of unknown origin 
(ASCUS) (Fig.2).

As seen, even a 
small difference in the 
cytological diagnosis 
in traditional smears 
compared to smears 
obtained by LBC 
indicates that each of 
these methods showed 
effectiveness depending 
on the type of CU 
pathology.

47 (47%) women 
were tested for HPV, 
among them, 19(40%) 
women were confirmed 
to have HPV. The 
presence of oncogenic 
types of high-risk HPV 
was detected in 17 
women (89.4%), of 
which 26.3% (5 women) 
were diagnosed with 
LSIL, 15.8% (3 women) 
with HSIL, 5.2% (1 
woman) with ASCUS, 
and 42.1% (8 women) 
with NILM. HPV type 16 
was found in 7 patients 
(36.8%), the next most 
common type was HPV 
type 51 – 4 women 
(21%). The frequency of 

other genotypes distribution (39, 68, 31, 
52, 73, 58, 18) varies from 4.2-2.1%.  3 
negative cases of LSIL and 2 negative 
cases in HSIL which were detected in 
the diagnosis can indicate the beginning 
of viral damage or other causes of 
dysplasia.

In conclusion, based on our results, 
we would like to note that each stage 
of morphological research has not only 
certain opportunities but also limitations. 
This requires the use of complex 
diagnostic methods. We recommend 
using the method of liquid-based cytology 
with traditional cytology obtained with 
the analysis of HPV to compare the 
results. This will significantly increase the 
value of diagnostic measures, including 
cytological studies, and will determine 

Fig.1. Comparative characteristics of the diagnosis of cervix 
uteri diseases by traditional and liquid-based cytology

Fig.2. Structure of detected precancerous lesions of the cervix 
uteri by liquid-based cytology.

Fig.3. HSIL (CIN III): severe dysplasia. The group of small cells 
with large hyperchromic nuclei on the background of flat epithe-
lium surface cells (Romanovsky-Gimza staining method), X400
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the most effective therapy for detected 
cervical pathology.

The paper was written as part of R&D 
“The epidemiological aspects of cancer 
on the Far North living environment, 
development of modern early detection 
methods, and prevention methods with 
high-informative fundamental research 
(М06; 01; 01)" (№ 0556-2014-0006).
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Kidney failure and various degrees of 
AKI in patients with coronary artery dis-
ease undergoing coronary artery bypass 
grafting remains one of the challenges in 
cardiac surgery and cardiovascular anes-
thesiology [4]. The AKI developed in the 
postoperative period leads to a changed 
patient treatment tactic, prolonged treat-
ment duration and significantly worse 

prognosis, increasing the hospital mor-
tality rate of such patients to 26.3% [1]. 
In addition, several research results indi-
cate the highest risk of perioperative re-
nal complications in patients with comor-
bid pathologies, including concomitant 
MS [3].

With the goal of improving treatment 
outcomes, the differentiated and pa-
tient-oriented approach is a current trend 
in medicine. From this perspective, the 
identification of objective prognostic risk 
criteria for developing AKI is of great ap-
plied value.

The aim of the present study was 
to identify the risk predictors of develop-
ing AKI and to create an AKI prognosis 
chart for patients with CAD undergoing 
off-pump coronary artery bypass grafting.

Materials and Methods. A retro- and 
prospective, longitudinal observational 
study was conducted. The retrospective 
stage of the study included analysis of 
medical records of 90 inpatients, pro-
spective - examination and treatment of 
210 patients with coronary artery disease 
(173 (82.4%) men, 37 (17.6 %) women) 
who underwent myocardial revascular-
ization by coronary artery bypass grafting 
and mammary coronary artery bypass 
surgery off-pump. Mean age of patients 
was 58.4 ± 6.3 years. All surgeries were 
performed at the Sakha (Yakutia) Repub-
lic’s Hospital No. 1 - National Center of 
Medicine in the period 2016-2020.

The diagnostics of the cardiovascular 
system functional status was carried out 
in accordance with the 2014 ESC/EACTS 
Guidelines on Myocardial Revasculariza-
tion [11]. MS was diagnosed using the 
criteria from the Clinical Guidelines of the 
Ministry of Health of the Russian Feder-
ation [6].

Under the ASA (American Society of 
Anesthetists) classification, all the pa-
tients were assigned ASAPS Class 3 
and Class 4. The anesthetic and postop-
erative managements were carried out 
following the management protocols of 
patients undergoing off-pump coronary 
artery bypass grafting [5].

The diagnostics of the functional sta-
tus of kidneys, assessment of the degree 
of renal dysfunction, AKI and assessment 
of its severity were carried out following 
the KDIGO (Kidney Disease Improving 
Global Outcomes) Clinical Guidelines 
[12].

The processing of statistical data was 
performed using SPSS Statistics, ver-
sion 23, and included: at different stages 
of the study, calculating the mean value 
and standard deviation assuming a nor-
mal distribution (M ± SD), the median 
and interquartile range (Me, IQ RQ3-Q1); 
conducting a logistic regression analysis 
to develop an AKI prediction model; and 
determining the two-tailed criterion of 
Student’s t-test for comparing mean val-
ues of two independent groups, and the 
Mann-Whitney criteria for a nonparamet-
ric test. The statistical significance was 
set at p <0.05.

Results and Discussion. In the 
postoperative period, the signs of AKI 
were observed in 89 (42.4%) patients. 
To predict postoperative AKI in patients 
with coronary artery disease, we stud-
ied 104 factors that were considered 
from the perspective of increasing or 
decreasing the risk of kidney injury. Us-
ing a statistical analysis, we identified 
72 factors that have a statistically sig-
nificant relationship with the risk of de-
veloping AKI. At the next stage, out of 
these factors, 17 signs were selected by 
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the Wald stepwise backward elimination 
method (Table 1).

The Table demonstrates that along 
with the values of blood creatinine, GFR 
and proteinuria, which are mandatory in 
assessing renal function [3, 4, 17], we 
selected the factors whose role in the de-
velopment and course of AKI has been 
confirmed by numerous studies. These 
are anthropometric data [11, 8], smoking 
[10], a number of hemodynamic param-
eters [9, 2], blood sugar [11, 14, 15] and 
lipids [7,10,16,18], as well as the intake 
of statins, which have nephroprotective 
effect [18].

The inclusion of the presented risk fac-
tors for developing AKI made it possible 
to create a prediction model (1) for deter-
mining the probability of developing AKI 
in each case:

РAKI = 1/(1 + e-z),
where: РAKI – the probability of devel-
oping AKI, expressed in %; е-z – the nat-
ural logarithm base (Euler’s number) = 
2.71828.

The following risk factors are to be 
used to calculate z:

z = -28.561 + 0.09*Хage + 0.2*ХBMI + 
1.5*Хsmoking – 1.2*Хstatins + 0.07*ХEF 

–1.9*ХLVEDd + 0.1*ХGFR + 0.09*Хcreatinine + 

2.0*Хproteinuria + 0.3*ХHbA1c + 0.3*Хglucose + 
0.09*ХHb – 0.2*ХHt – 0.3*ХTC + 1.1*ХTG – 

3*ХHDL + 1*ХLDL (1),
where: Хage – age (years); XBMI – body 
mass index (kg/m2); Xsmoking – smoking 
factor (0 – non-smokers, 1 – smokers); 
Хstatins – the intake of statins in therapeutic 
doses (0 – does not take, 1 - takes); ХEF – 
ejection fraction (%); ХLVEDd – left ventric-
ular end diastolic dimension (cm); ХGFR – 
glomerular filtration rate (ml/min/1.73m2); 
Хcreatinine – serum creatinine (μmol/l); Хpro-

teinuria – proteinuria (mg/d); ХHbA1c – gly-
cated hemoglobin (%); Хglucose – blood 
glucose level (μmol/l); ХHb  – hemoglobin 
level (g/l); ХHt – hematocrit (%); ХTC – to-
tal cholesterol (μmol/l); ХTG – triglycerides 
(μmol/l); ХHDL – high-density lipoproteins 
(μmol/l); ХLDL – low-density lipoproteins 
(μmol/l); - 28.561 – a constant.

The assessment of the probability 
of developing AKI in CAD patients was 
carried out as follows: with a value of 
PAKI > 50 %, the patient was assumed 
the high-risk group of kidney injury, while 
with PAKI < 50%  – the low-risk group. 
The sensitivity of the obtained model 
was 81%, specificity – 91%, with the to-
tal percentage of diagnostic efficiency at 
86.7%.

Based on the values of the regres-
sion coefficients, all of the listed factors 
are directly related to the probability of 
developing AKI in the postoperative pe-
riod. The obtained regression model (1) 
is statistically significant (p = 0.001) and, 
based on the value of the Nigelkerk coef-
ficient of determination, it takes into ac-
count 73.5% of the factors signaling the 
probability of developing AKI in the post-
operative period.

In order to adapt this model (1) for 
application in the routine clinical prac-
tice, and also taking into account the 
complex mathematical calculation of 
logistic regression, we transformed it 
using the multiple linear regression. 
The value of the probability of AKI de-
velopment, expressed as a percentage, 
served as a dependent variable, and we 
introduced the same 17 indicators used 
in model (1) as factor variables. As a re-
sult, the following equation was created 
(Model 2):
YAKI (%) = 0.7*Хage + 2.3*ХBMI + 14*Хsmok-

ing – 16*Хstatins + 0.1*ХEF – 18.5*ХLVEDd + 
0.4*ХGFR + 0.6*Хcreatinine + 13*Хproteinuria + 
3*ХHbA1c + 2.7*Хglucose + 0.9*ХHb – 2.4*ХHt 
– 2.5*ХTC – 2*ХTG – 24*ХHDL + 12.2*ХLDL 

– 105 (2),
Where: YAKI (%) – the probability of de-
veloping AKI in %; - 105 – a constant 
(baseline probability of AKI without the 
factors included in the Model); values of 
0.7; 2.3; 14; 16, etc. – regression coeffi-
cients determining how much the AKI risk 
will increase with a certain risk factor. 

The created prediction regression 
model (2) was characterized by a direct, 
statistically significant correlation of the 
probability of AKI (p = 0.001) and had a 
strong relationship of the factors on the 
Chaddock scale (rxy = 0.940). Based on 
the value of the Nigelkerk determination 
coefficient R2, Model (2) takes into ac-
count 88.3% of the most significant fac-
tors determining the probability of AKI in 
the postoperative period. The sensitivity 
of the model remained high and made 
81%, specificity – 91%.

The conducted ROC (Receiver Oper-
ating Characteristic) analysis confirmed 
high diagnostic value of the created mod-
el (2). The area under the ROC – AUC 
(area under curve) was 0.94 ± 0.14 (95% 
CI 0.91-0.97), dividing value of prognos-
tic function (cut-off) – 50% (Fig.).

Assuming that the AKI predictors in-
clude all the signs characteristic of MS, 
we carried out a separate analysis of the 
AKI incidence in patients with concomi-
tant MS. The statistical analysis showed 
that the probability of developing AKI with 
concomitant MS increases by 7.83 times 
(95% CI: 4.2-14.7) (Table 2).

Factor having established relationship with the AKI risk in CAD patients

Characteristics With AKI 
(n=89)

Without AKI 
(n=121) p

Age, years, (M±SD) 59.1±5.9 57.8±6.6 0.154
BMI, kg/m2, (M±SD) 31.1±4.1 26.8±5.0 < 0.001*
Smoking, n (%) 63 (70.8%) 26 (29.2%) < 0.001*
LVED, cm, (M±SD) 4.9 ± 0.4 4.9±0.4 0.159
EF, % 58.5±6.0 59.6±6.24 0.871
GFR/min/1.73m2, (M±SD) 71.5 ±14.2 77.9 ± 14.1 0.001*
Serum creatinine, μmol/l
(Me [Q1-Q3]) 101.0 [88.0-122.0] 89.0 [88.0-99.0] < 0.001*

Proteinuria, mg, 
(Me [Q1-Q3]) 0.3 [0.1-1.0] 0.1 [0-0.2] < 0.001*

Fasting plasma glucose, μmol/l
(Me [Q1-Q3]) 8.0 [7.0-9.0] 5.5 [4.5-7.75] < 0.001*

НbА1с,% 6.5 [5.25-7.0] 4.0 [4.0-4.5] < 0.001*
Hb, g/l (M±SD) 140.0±8.1 137.1±8.8 0.016*
Ht, %, 
(Me [Q1-Q3]) 35.0 [33.0-38.0] 37.0 [34.0-43.0] < 0.001*

Total cholesterol, μmol/l, (M±SD) 6.5 [5.25-7.25] 5.5 [4.25-7.0] 0.001*
Triglycerides, μmol/l, (M±SD) 1.63±0.3 1.43±0.3 < 0.001*
HDL cholesterol, μmol/l, (Me [Q1-Q3]) 1.36±0.27 1.32±0.29 0.357
LDL cholesterol, μmol/l, (Me [Q1-Q3]) 2.35±0.64 1.84±0.7 < 0.001*
Atorvastatin,
20 мг, n (%)
80 мг, n (%)

61 (68.5%)
28 (31.5%)

41 (33.9%)
80 (66.1%) < 0.001*

Note: BMI - body mass index; LVED - the final diastolic size of the left ventricle; LVEF - left 
ventricular ejection fraction; GFR - glomerular filtration rate; TC - total cholesterol; TG - 
triglycerides; HDL - high density lipoproteins; LDL - low density lipoproteins. In the tables 1-2 
* - differences in the indicators are statistically significant (p <0.05).

Table 1
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Upon completion of the study, we cre-
ated a chart for practitioners “Assessing 
the risk of developing AKI in patients 
with coronary artery disease undergoing 
CABG”, including the discussed predic-
tors. Here is a clinical example of calcu-
lating the probable risk of AKI in a patient 
with coronary artery disease and MS:

Patient M., 66, was admitted for a 
surgery to treat coronary artery disease 
with concomitant MS. The indicators at 
admission: BMI – 32 kg/m2; smokes a 
pack of cigarettes a day; LVEDd –  4.4 
cm, EF – 55%; GFR – 71 ml/min/1.73 m2, 
blood creatinine – 126 μmol/l, proteinuria 
– 0.9 mg; HbA1c – 6.4%; blood glucose 
– 7.2 μmol/l; Hb – 124 g/l, Ht – 32%; TC 
– 6.6 μmol/l, HDL – 2.4 μmol/l, LDL – 3.1 
μmol/l, TG – 1.9 μmol/l; has been taking 
Atorvastatin 20 mg for 2 months.

The calculation estimated the risk 
of AKI in the patient exceeding 50%, 
which indicated a high risk of develop-
ing AKI. The prediction was later con-
firmed. 48 hours after the surgery, the 
patient showed signs of AKI: decreased 
GFR of 59 ml/min/1.73 m2, increased 

serum creatinine of 159 μmol/l, and de-
creased urine output of less than 0.5 
ml/kg/h.

Conclusion. Therefore, in our study, 
signs of AKI were observed in 42.4% of 
the patients with coronary artery disease, 
and the probability of its development 
with concomitant MS increased by 7.83 
times. Predicting AKI and assessing the 
risk of its development should become 
mandatory for patients with coronary 
artery disease prior coronary artery by-
pass grafting. Assessing the probability 
of developing AKI will allow adjusting the 
program of preoperative preparation of 
patients, thereby reducing the number of 
complications in the postoperative period 
and improving the results of treating pa-
tients of this complex category.
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Evaluation of the AKI incidence in patients with concomitant MS

Presence/absence
of AKI

Patients with MS
(n=106)

Patients without MS
 (n=104) р* OR; 95% CI

Abs. % Abs. %
Signs of AKI 69 65.1 20 19.2 <0.001 7.83; 4.2-14.7
No signs of AKI 37 34.9 84 80.8

Table 2
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Introduction. Apathy is considered 
as a disorder of the emotional-volitional 
sphere, characterized by a lack of emo-
tional manifestations, lethargy, indiffer-
ence to oneself and relatives, to what is 
happening around, lack of desires, life 
motives and inactivity. 3 main compo-
nents are distinguished in apathy: emo-
tional-affective, cognitive and auto-activ-
ity deficit: the first is the apathy associ-
ated with impaired emotional-affective 
processes; the second is the apathy 

associated with the violation of cognitive 
processes; and the third is the apathy as-
sociated with the disorder of self-activity 
process [1].

Each component of apathy is caused 
by different neuronal connections affect-
ing the basal ganglia, thalamus, and cor-
tical connections. According to research 
data, the apathy prevalence in cortex and 
subcortical nuclei lesions ranges from 40 
to 60% [4, 7, 12, 14]. Such high rates of 
apathy in brain diseases are the result of 
quite frequent involvement of frontal-sub-
cortical neuronal connections between 
the prefrontal cortex and basal ganglia in 
the neurodegenerative process, affecting 
the anterior cingulate gyrus, ventral stria-
tum, pallidum and thalamus [1, 19].

Both PD and HD are motor neurode-
generative disorders caused mainly by 
lesions of the basal ganglia and mani-
festing by motor and various non-motor 
symptoms, including cognitive, behav-
ioral, and emotional-affective manifesta-
tions, with apathy among them [19, 20]. 
In PD, apathy is a frequent neuropsy-
chiatric disorder with prevalence varying 
from 7 to 70%, and, according to a num-
ber of studies, it might even precede mo-
tor symptoms with a frequency reaching 
36% of cases [7, 8]. The prevalence of 
apathy usually decreases after the start-
ing of dopaminergic replacement thera-
py, but it increases again up to 40% in 
patients without severe cognitive impair-

ment and up to 60% in patients with de-
mentia after 5-10 years of the disease [8]. 
Apathy in PD is associated with the male 
sex, old age, the presence of depression 
and severe motor disorders, deterioration 
of executive function, and an increased 
risk of dementia [8, 22].

The prevalence of apathy in HD, ac-
cording to various literature data, also 
varies widely: from 11 to 76% [9, 10, 15- 
17, 21]. One point of view is that apathy 
is mildly present in almost all patients 
with HD during the course of the dis-
ease, and that its prevalence increases 
due to the progression of the disease. As 
a result of the "TRACK-HD" study (UK, 
2012-2014), establishing sensitive and 
reliable biomarkers in identified carriers 
of the HD gene and in patients with HD 
at early clinical stages, it was proved that 
a significant increase in apathy can be 
detected among patients with HD at the 
preclinical stage. Apathy in this case was 
the most reliable psychotic non-motor 
symptom, which is important for pre-
dicting functional disorders at the early 
stages of HD [9, 16, 18]. According to 
these studies, apathy in HD was more 
common in older male patients with a 
lower overall functional ability score, a 
higher score of motor function evaluation 
on the Unified Huntington's Disease Rat-
ing Scale – UHDRS, more psychotropic 
drugs usage, depression, and cognitive 
impairment.

M.A. Nikitina, N.G. Brazovskaya, N.G. Zhukova, E.Yu. Bragina, 
V.M. Alifirova

APATHY AS THE NON-MOTOR SYMPTOM 
OF PARKINSON DISEASE
AND HUNTINGTON DISEASE

Apathy is one of the most frequent, disabling and difficult to treat non-motor symptoms manifesting in many neurodegenerative diseases, 
particularly in Parkinson disease and Huntington disease. Aim is to evaluate and compare the clinical profile of apathy in patients with Parkinson 
disease (PD) and Huntington disease (HD). 

Materials and methods. The individual registration card was filled in for each patient containing demographic data, clinical features of the 
disease, the results of validated scales and questionnaires evaluating motor activity (The Movement Disorder Society-Unified Parkinson's Disease 
Rating Scale – MDS-UPDRS, the Unified Huntington's Disease Rating Scale – UHDRS), cognitive functions (MoCA-test), anxiety-depressive 
symptoms (hospital scale for evaluating anxiety and depression, Beck's depression scale-II), apathy (apathy rating scale). Patients with dementia 
or severe depression were excluded from the study. 

Results. The study included 265 patients: 250 with PD and 15 with HD. Apathy was diagnosed in 57.8% of cases in patients with neurode-
generative diseases (139 out of 250 patients with PD and 9 out of 15 patients with HD). In both groups of patients apathy was associated with 
the severity of motor manifestations. Patients with PD showed a positive correlation of apathy with more severe depression (r=0.488; p<0.0001), 
anxiety (r=0.300; p<0.0001) and drowsiness (r=0.254; p<0.0001); a negative correlation with a short duration of the disease (r=-0.160; p=0.021), a 
lower dose of dopaminergic drugs, LEDD (r=-0.203; p=0.03). In patients with HD, apathy was associated with disease duration (8 (4; 11) years in 
patients without apathy and 5 (3;9) years in patients with apathy, U =3791.5; p=0.020) and cognitive impairment (26 (19;37) points, without apathy 
– 18 (12;26), U =3548.5; p=0.003). 

Conclusions. Similar frequency of apathy was found in patients with PD and HD, but with different clinical correlations due to the involvement 
of different brain regions in the pathological process, which requires further research to develop targeted therapy.

Keywords: apathy, Huntington disease, Parkinson disease, cognitive disorders, depression, psychopathological symptoms, non-motor symp-
toms.
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Despite the fact that both PD and HD 
characterized by severe motor disorders, 
often manifest by apathy, its profile and 
correlations with other symptoms differ 
significantly. The purpose of this study 
was to evaluate and identify the role of 
apathy in the clinical picture of PD and 
HD.

The aim of our study was to evaluate 
non-motor symptoms in patients with PD 
and HD, on the basis of the apathy pres-
ence and its severity. 

Materials and methods. The ad-
vantage of this work is that a quite large 
category of patients with neurodegen-
erative diseases was examined using 
the same, validated, recommended by 
the world's leading neurological organi-
zations – «The International Parkinson 
and Movement Disorder Society (MDS)» 
and «European Academy of Neurology 
(EAN)» clinical scales for apathy, cogni-
tive dysfunction and depressive symp-
toms assessing.

The plan and performing of the study 
are fully complying with the principles of 
Good Clinical Practice (GCP) and the 
Helsinki Declaration (including amend-
ments). The research protocol was ap-
proved by the ethics Committee of the 
Siberian State Medical University (reg-
istration number 7813 of may 27, 2019).

265 patients with neurodegenerative 
disorders were studied: 15 with HD and 
250 with PD at different disease stages 
on base of the department of neurology 
and neurosurgery Siberian State Medical 
University, Tomsk, Russian (head of de-
partment, professor, MD V.M. Alifirova).

Inclusion criteria: verified diagnosis of 
idiopathic PD according to the diagnostic 
Criteria of the United Kingdom Parkin-
son's Disease Society Brain Bank  [13], 
verified diagnosis of HD with a positive 
genetic test (the number of trinucleotide 
CAG repeats in one of the alleles of the 
HTT gene≥36) and characteristic clini-
cal manifestations in the form of motor 
symptoms, with UHDRS motor assess-
ment.

Exclusion criteria: the presence of se-
vere depression and dementia, accord-
ing to the diagnostic criteria of ICD-10; 
patients with PD who had deep brain 
stimulation surgery.

The individual registration card was 
filled in each patient of the study, contain-
ing information about demographic data 
(age, gender, education level), medical 
history (duration, stage of symptoms de-
velopment, used drug therapy, the dose 
of dopaminergic drugs for patients with 
PD translated into the equivalent daily 
dose of levodopa (levodopa equivalent 
daily dose-LEDD) and for both groups, 

the analysis of symptomatic therapy); for 
patients with HD - the number of CAG re-
peats.

Evaluation of motor disorders in pa-
tients with HD was performed using the 
Unified rating scale for HD manifesta-
tions evaluation, the part "motor assess-
ment" (UHDRS-Motor), in patients with 
PD – using the Movement Disorder So-
ciety-Unified Parkinson's Disease Rating 
Scale – MDS-UPDRS, part III (MDS-UP-
DRS-III). The analysis of motor and psy-
choemotional disorders in patients with 
PD was carried out in the on-phase. De-
pressive symptoms were studied using 
the Beck-II depression scale. Cognitive 
impairment was recorded using the Mon-
treal cognitive assessment scale (MoCA 
test).

There is an extensive list of psycho-
metric scales published to assess ap-
athy, but for the purposes of this study, 
we focused on those that could be used 
in both patients with HD and PD [3]. 
Apathy was evaluated using the Apa-
thy Scale, which is a self-questionnaire 
consisting of 14 statements distributed 
on a 4-point Likert scale (1-not at all, 
2-slightly, 3-partially, and 4-to a large ex-
tent) and being a modified, abbreviated 
version of the Marin (Apathy Evaluation 
Scale - AES) [11]. Answers to questions 
should contain information about the 
previous four weeks. The questionnaire 
has items reflecting various symptoms, 
according to which you can track their 
dynamics. Energy, sleep, fatigue, ap-
petite, psychomotor disorders, speed 
and clarity of thinking, memory, ability to 
concentrate, the presence of plans and 
goals for the future, loss of interest and 
initiative are the main factors for deter-
mining the presence and severity of ap-
athy. The main advantages of the scale 
are the following: ease of use, well-de-
fined score values for apathy screening, 
high specificity and sensitivity to changes 
(on the background of treatment). The 
disadvantages are that this self-ques-
tionnaire is not acceptable for patients 
with moderate to severe dementia.

Statistic results processing was per-
formed using the pack of application 
programs SPSS 11. 5 for Windows. The 
critical significance level in our study was 
0.05. The description of qualitative fea-
tures is carried out by specifying absolute 
and relative (%) frequency of occurrence 
(Pearson's criterion χ2 with Yates correc-
tion and Fisher's exact criterion). Quan-
titative characteristics were checked for 
compliance with the normal distribution 
law using the Shapiro-Wilk test. The de-
scription of quantitative characteristics 
is presented as the average value and 

standard deviation M; . Description of 
quantitative features whose distribution 
does not correspond to the normal law 
– in the form of the median and the in-
terquartile range Me (Q1;Q3). We used 
for comparison of quantitative data crite-
ria Mann–Whitney and Kruskal-Wallace. 
The relationship between quantitative 
and ordinal features was evaluated using 
correlation analysis.

Results. In our sample patients with 
PD were of average age of 67.2±7.8 
years, 130 (52%) were men and 120 
(48%) were women, the average dura-
tion of education was 9.2±6.3 years, and 
the average duration of the disease was 
7.4±5.1 years. All PwPD received specific 
antiparkinsonian therapy, 110 (44%) pa-
tients were treated with antidepressants, 
and 2 (0.8%) received neuroleptics.

For patients with HD, the average 
age was 51.3±7.8 years; there were 6 
men and 9 women, the average level of 
education was 7.2±4.9 years, the aver-
age duration of the disease was 7.1±4.2 
years, 9 patients received neuroleptic 
treatment and 10 received antidepres-
sants (4 patients were treated with the 
combination of these drugs). According 
to the obtained data, patients with HD 
were significantly younger than those 
with PD (p<0.001).

The analysis of the examined groups 
revealed that patients with PD had a high-
er average level of education (p=0.032), 
patients with HD – received neuroleptic 
treatment more often (p<0.001). In our 
sample, the average duration of the dis-
ease in patients with PD and HD was 
equivalent, with no significant differences 
(p>0.05).

High incidence of apathy in patients 
with various neurodegenerative diseases 
was found in this study, manifested both 
by hypokinetic-hypertensive syndrome 
in PD and hyperkinetic-hypotonic syn-
drome in HD: 55.6% (n = 139/250) and 
60.0% (n = 9/15), respectively, at p>0.05. 
Cognitive disorders were observed in 
all patients with diagnosed apathy in 
HD (n=9), while in patients with PD – in 
44.6% (n=62) of cases, p<0.001. In turn, 
patients with PD and apathy were more 
likely to have depressive symptoms – in 
93.5% (n=130) of individuals, compared 
with patients with HD – in 55.5% (n=5), 
with p<0.001. This data is consistent 
with the results of international studies 
[7-10, 15-17]. However, there is a wide 
variability of the apathy frequency in both 
diseases in the literature, which is due to 
various factors, such as the location of 
the patients’ sample (e.g. patients from 
special clinics for movement disorders 
in comparison with individuals from the 
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general population), the inclusion of pa-
tients with severe depression and / or 
dementia, the severity of the disease, 
different methodological approaches 
(e.g., assessment of the patient or his 
relatives) and usage of various diagnos-
tic tools for apathy assessment.

The clinical profile of the studied neu-
rodegenerative disorders is represent-
ed by various motor symptoms (in PD 
– bradykinesia, tremor, hypokinesia and 
postural instability, in HD – chorea in the 
form of abnormal short and irregular un-
controlled movements) and non-motor 
(cognitive, emotional-affective, mental 
and behavioral) symptoms. Although 
both diseases are mainly associated with 
lesions affecting the basal ganglia, the 
neurodegenerative process in PD and 
HD develops in different ways. So, the 
PD manifestation is observed at 70-80% 
loss of the substantia nigra pars compac-
ta, first in its ventral and then in the dorsal 
parts, which subsequently leads to a loss 
of the striatum dopamine content. In HD, 
the neurodegenerative process is initiat-
ed by the loss of striatum neurons [2, 5]. 
However, despite all these differences, 
both diseases seem to have an equally 
high apathy inclination but with features 
in its profile.

Patients with PD and apathy studied 
by the MDS-UPDRS-III scale showed a 
significantly higher level of motor disor-
ders – 38 (30;48), while without apathy 
– 29 (23;38), (U=3658.5; p=0.003), a 
shorter duration of the disease – 6 (4;10) 
compared with 9 (5;12) points - without 
emotional-affective disorder, (U=3793.5; 
p=0.020), a lower dose of LEDD – 150 
(0;350) and 300 (156;375), (u=3321.5; 
p<0.0001) and had pronounced depres-
sive symptoms according to BDI-II – 20 
(16;27) compared to PD – without apathy 
– 15 (11;20), (U=2781.5; p<0.0001). 

According to the results of our study, 
patients with PD and apathy have more 
severe motor disorders (according to 
MDS-UPDRS-III), a shorter duration 
of the disease, and more pronounced 
symptoms of depression. On this basis it 
can be assumed that the short duration of 
clinically expressed neurodegenerative 
disease and the presence of pronounced 
motor symptoms might be the apathy 
predictors in PD.

An interesting result is that the majori-
ty of apathy patients with PD and apathy 
patients with HD had combined depres-
sion and / or cognitive disorders, and only 
5.6% of those with PD (n = 14) and 1 pa-
tient with HD (6.7%) had isolated apathy. 
According to previous studies, apathy is 
a hypodofaminergic symptom in PD, with 
the severity decreasing when taking do-

paminergic drugs [5]. In our sample, pa-
tients with PD and apathy have a lower 
total daily dose of levodopa, compared 
to patients with PD without apathy (p = 
0.05). Despite the fact that there were no 
statistically significant differences in do-
paminergic drugs dose taken in the group 
of patients with PD and apathy and with-
out it, there was a trend in which patients 
who did not suffer from apathy received 
drugs of dopamine receptor agonists 
more often.

Moreover, it was found that patients 
with PD and apathy are significantly more 
likely to take antidepressants than pa-
tients without apathy; however, this can 
be explained by the fact that apathy is 
combined with depression in most cases, 
and patients receive depression patho-
genetic treatment that does not affect the 
severity of such an emotional-affective 
disorder as apathy.

The connection between apathy and 
cognitive impairment is contradictory and 
widely discussed [4, 8, 20]. As a result of 
neuropsychological testing, it was found 
that the cognitive profile of patients with 
apathy in the studied neurodegenerative 
diseases differs: in patients with HD at-
tention, working memory (p <0.001) and 
speech (p = 0.007) domains are signifi-
cantly reduced according to the MoCA 
test compared to patients with PD.

In HD apathy was also significantly as-
sociated with the duration of the disease 
and the presence of cognitive impair-
ments. Thus, in patients without apathy 
the duration of the disease was 5 (3;9) 
years, with apathy – 8 (4;11) years, U 
=3791.5; p=0.020.

During the study it was found that all 
patients with HD had cognitive disorder 
(n = 15). However, patients with clinically 
expressed apathy had the worst result 
of cognitive tests of 16 (10;24) points, 
without apathy – 20 (12;29) points, U 
=3548.5; p=0.003. Our data partially 
confirm the results received earlier in-
dicating that apathy in HD might be a 
predictor of cognitive impairment up to 
dementia [3]. We did not find a predom-
inance of patients taking neuroleptics in 
the group of patients with apathy. How-
ever, this might be connected to the fact 
that neuroleptics are used at the ad-
vanced stage of HD.

As the result of the study it was found 
that patients with PD have two peaks 
of apathy in the course of the disease: 
in the early, before-treatment stages 
by Hoehn and Yahr (as a rule, they are 
first-time applying patients of the 1st and 
2nd stages by Hoehn and Yahr), when 
the specific antiparkinsonian therapy, 
supporting optimal or close to the physi-

ological level of dopamine, has not been 
prescribed and the second peak is on 
extensive stages of PD (4th and stage 
5th stages) when extensive neurode-
generative process can’t be compen-
sated by the drugs and is accompanied 
by a number of non-motor symptoms. In 
addition, the association of apathy with 
hospitalization of the patient was found 
due to the development of an akinetic 
crisis, regardless of the PD stage. This 
might be connected to the constant use 
of a low dose of dopaminergic drugs, 
which increases the likelihood of apa-
thy and other associated emotional and 
affective disorders that contribute to the 
violation of compliance in this category 
of patients.

Despite the fact that there are two dif-
ferent disorders of the basal ganglia in 
the studied diseases, the greater sever-
ity of motor symptoms seems to lead to 
a higher predisposition of apathy in both 
HD and PD.

Conclusion. As a result of the study, 
it can be noted that apathy is a frequent 
and important non-motor manifestation of 
PD and HD. In the studied neurodegen-
erative diseases with lesions of the basal 
ganglia, various neuronal pathways go-
ing from the prefrontal cortex to the basal 
ganglia suffer [2, 6]. Thus, in PD apathy 
is mostly associated with the emotional 
component, while in HD it is associated 
with cognitive areas, that might deter-
mine the need for different therapeutic 
approaches.

According to our data, apathy as a 
non-motor symptom of the two neurode-
generative pathologies studied in this re-
search, has a similar prevalence, but the 
clinical profile is different. Apathy in PD is 
primarily associated with emotional and 
affective disorders ("emotional apathy"), 
while in HD it is associated with cognitive 
functions ("cognitive apathy").

In clinical practice, these results lead 
us to consider apathy as an independent 
nosological unit, caused by dysfunction, 
on the one hand, of different, but at the 
same time interconnected neuronal pro-
jections, which might differ depending on 
the nosology and even within the same 
pathology, depending on the stage of the 
disease. Our study confirms the fact that 
apathy has a multifactorial nature and 
depending on the type of neurodegener-
ative disease might have different points 
of pharmacotherapy application.
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Introduction. Rheumatoid arthritis 
(RA) is an autoimmune rheumatic 
disease of unknown etiology which 
is characterized by chronic erosive 
arthritis and systemic organ involvement 
resulting in early disability and shorter 
life expectancy [6]. Despite significant 
advances in the diagnostics and treatment 
of RA over the past 50 years, there still 
remain unsolved problems. This is due 
to the fact that RA continues to be one of 
the most prevalent rheumatic diseases 
which has significant socioeconomic 
costs [10]. Moreover, the use of 
genetically-engineered biological agents 
frequently leads to RA progression. 
Therefore, in recent years there has 
been a growing interest in the molecular 
and cellular mechanisms of immune-
mediated inflammatory pathogenesis of 
RA. New insights into the mechanisms 
underpinning RA pathogenesis will lead 
to improved diagnostics of RA at an early 
preclinical stage, better assessment of 
disease activity, prognosis and treatment 
outcomes, and the development of novel 
more specific treatment modalities.  

At present there is no credible or 
convincing evidence linking RA with 
one etiological factor. A combination of 
genetic and environmental factors has 
been suggested to cause a cascade of 

abnormal cellular and humoral immune 
responses [12]. These responses cause 
not only the synovial inflammation 
leading to the destruction of joints 
but also internal organ involvement. 
However, the mechanism underpinning 
the transition of autoimmune response to 
joint inflammation still remains uncertain. 
At the same time, numerous studies 
have shown that anti-citrullinated protein 
antibodies appear many years before 
the clinical onset of joint inflammation 
[11]. The production of anti-citrullinated 
protein antibodies is considered to play a 
key role in the pathogenesis of RA. 

Neutrophil granulocytes also play 
a specific role in the induction and 
promotion of autoimmune inflammation 
in RA. It is accounted for by the ability 
of neutrophils to release neutrophil 
extracellular traps (NETs) through cell 
death called NETosis [2, 8, 9, 12, 15]. 

Anti-citrullinated protein antibodies 
and inflammatory cytokines (IL-17A, 
TNF-α and IL-8) can stimulate NETosis, 
whereas NETs externalize citrullinated 
autoantigens which are potential anti-
citrullinated protein antibody targets, 
thus perpetuating a cycle of citrullinated 
autoantigen generation and induction of 
autoimmune responses in RA [12, 13]. 

NETs are networks of condensed 

S.A. Bedina, A.S. Trofimenko, E.E. Mozgovaya, S.S. Spitsina, 
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ACTIVITY OF PROOXIDANT AND 
ANTIOXIDANT SYSTEMS ENZYMES
IN PLASMA OF RHEUMATOID ARTHRITIS 
PATIENTS

The aim of our study was to characterize the activity profile of prooxidant and antioxidant systems key enzymes in plasma of rheumatoid arthritis 
(RA) patients.

Methods. 71 RA patients (46 women and 25 men) were enrolled in the study. The diagnosis was verified with ACR/EULAR criteria (2010). All 
patients were treated in Municipal Clinical Hospital № 25.  The control group consisted of 30 healthy individuals. Disease activity was calculated 
using DAS 28. 24 (33.8%) patients had low disease activity, moderate and high disease activities were determined in 41 (57.7%) and 6 (8.5%) 
cases, respectively. Extra-articular  manifestations were revealed in 30 (42,2%) patients. Plasma xanthine oxidase (XO), xanthine dehydrogenase 
(XDH) and superoxide dismutase (SOD) activities were measured using previonsly descriped spectrophotometric techniques. XO and XDG 
activities were expressed as nmol/mlmin, SOD activity – as units of activity.

Results. Reference intervals (М±2σ) of enzymatic activities were 2.28-5.12 nmol/mlmin (for XO), 3.96-7.24 nmol/mlmin (for XDH), and 3.13-
6.58 units (for SOD). We heve revealed substantial changes in all the plasma enzymatic activities of RA patients. These changes wore independed 
with the disease activity autoimmune inflammation and presence of extra-articular manifestations. XO and SOD activities were increased in all 
RA patients. XO activity have been reached its highest values at maximum disease activity with extra-articular involvemehts, SOD activity – in 
moderate and high disease activities as well as in patients with articular form of RA. XDG activity was increased at low disease activity and 
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articular form of RA, while moderate, high disease activities and extra-articular manifestations 
were characterized by decreased activity of this enzyme.

Conclusion. Plasma enzymatic profile in RA patients is characterized by an increase of XO 
and SOD activities, which indicates the intensification of prooxidant and antioxidant mechanisms. 
It can be assumed that the excessive generation of reactive oxygen species can stimulate the 
formation of neutrophil extracellular traps by neutrophil granulocytes as a result of the activation 
of free radical reactions.
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chromatin (histones and DNA), 
components of neutrophil granules 
(neutrophil elastase, myeloperoxidase, 
cathepsin G, leucocyte proteinase 3, 
lactoferrin, gelatinase, lysozyme C, 
calprotectin, defensins and cathelicidins) 
and cytoskeletal proteins (actin, tubulin) 
[1]. NET production is commonly 
accompanied by neutrophil cell death. 
According to current data, NETs not only 
induce RA but also initiate autoaggressive 
response which underlies chronic 
autoimmune inflammation in RA [12, 15].

One of the factors triggering the 
production of NETs is overexpression 
of reactive oxygen species (ROS) 
[14]. NADPH-oxidase is considered 
the main source of ROS. The role of 
NADPH-oxidase in the initiation of 
NET production is clearly understood. 
However, ROS can be formed by other 
reactions. The enzyme xanthine oxidase/
xanthine dehydrogenase complex is the 
most important source of ROS. These 
two forms of xanthine oxidoreductase 
(XOR) may be interconverted. NADPH-
oxidase plays a leading role in xanthine 
dehydrogenase (XDH) and xanthine 
oxidase (XO) regulation. ROS generated 
by NADPH may promote the conversion 
of XOR to oxidase [5]. XO is known to 
act as a prooxidant. XO activation is 
accompanied by increased formation 
of superoxide radicals via oxidation of 
hypoxanthine and xanthine. 

Protection from overproduction 
of ROS in the body is provided by 
a complex antioxidant system, with 
superoxide dismutase being the most 
important. Healthy individuals tend to 
have prooxidant-antioxidant balance. A 
shift in the balance between oxidants 
and antioxidants is accompanied by 
increased formation of ROS which can 

result in oxidative stress involved in a 
number of pathological conditions. 

As ROS promotes NET generation, 
the study of oxidant and antioxidant 
enzyme activity in patients with RA is of 
great interest.

The aim of our study was to 
characterize the activity profile of 
prooxidant and antioxidant systems 
key enzymes in plasma of rheumatoid 
arthritis (RA) patients.

Matherials and methods. 71 RA 
patients (46 women and 25 men) were 
enrolled in the study. Mean age of patients 
was 43.2±3.6 years, mean RA duration 
was 11.9±2.6 years. The diagnosis 
was verified with ACR/EULAR criteria 
(2010) [7]. All patients were treated in 
Municipal Clinical Hospital № 25.  The 
control group consisted of 30 healthy 
individuals. RA patients and healthy 
individuals were comparable in gender 
and age. Disease activity was calculated 
using DAS 28. 24 (33.8%) patients had 
low disease activity, moderate and high 
disease activities were determined in 41 
(57.7%) and 6 (8.5%) cases, respectively. 
Extra-articular manifestations were 
revealed in 30 (42.2%) patients. Mostly, 
involvement in the pathological process 
of the heart (30%), lungs (23.3%) and 
kidneys (23.3%) was diagnosed. 41 
patients (57.8%) had an articular form 
of the disease. Тhe radiological stage 
of joint involvement was evaluated using  
Steinbroker  criteria. Most RA patients 
had II and III stages of joint involvement: 
36 (50.7%) and 27 (38.0%), respectively. 
I stage was determined in 5 (7.0%) cases, 
IV stage – in 3 cases. Joint functional 
limitations had 68 (95.8%) patients. 28 
(39.4%) of them were related to the first 
functional class, 35 (49.3%) – to the 
second functional class, 5 (7.1%) – to 

the third functional class. Rheumatoid 
factor antibodies were revealed in 67.6% 
cases. 

Plasma xanthine oxidase (XO; Е.С. 
1.17.3.2), xanthine dehydrogenase (XDH; 
Е.С. 1.17.1.4) and superoxide dismutase 
(SOD; Е.С. 1.15.1.1) activities were 
measured using previously described 
spectrophotometric techniques. XO 
and XDG activities were expressed as 
nmol/mlmin, SOD activity – as units of 
activity [3, 4]. 

Statistical analysis was performed 
using Statistica 6.0 software package. 
Results were presented as (Ме, Q25, 
Q75). The Mann-Whitney U test was used 
for statistical analysis. Differences were 
considered significant when p<0.05.

Results and discussion. All the 
plasma enzymatic activities of healthy 
individuals were not dependent on 
gender and age. These factors were not 
considered in the enzymatic activities 
analysis of RA patients. Reference 
intervals (М±2σ) of enzymatic activities 
were 2.28-5.12 nmol/mlmin (for XO), 
3.96-7.24 nmol/mlmin (for XDH), and 
3.13-6.58 units (for SOD). 

We conducted research of the plasma 
enzymatic activities in RA patients with 
different clinical manifestations. The 
dependence of XO, XDG, SOD activities 
on RA activity and presence of extra-
articular manifestations was analyzed. 
The results are presented in the Table 1. 

We have revealed substantial changes 
in all the plasma enzymatic activities 
of RA patients. These changes were 
multidirectional. XO and SOD activities 
were increased in all RA patients. XO 
activity have been reached its highest 
values at maximum disease activity and 
presence extra-articular involvements, 
SOD activity – in moderate and high 

Activity of enzymes in plasma of rheumatoid arthritis patients (Me (Q25; Q75))

Group Enzymes Significance of differences 
with healthy individuals

Significance of differences 
between patient's groupXO XDG SOD

Healthy individuals, n=30 3.71.2.3.4.6.8

(3.2; 4.1)
5.62.5.7.9

(4.9; 6.1)
4.91.2.3.4.6.8

(4.3; 5.1)

RA patients, n=71 6.31

(4.8; 9.6)
5.5 

(4.8; 6.7)
9.21

(7.3; 11.6)
1р˂0.001

RA activity (degree)

1, n=24 5.32.10.11 
(4.1; 6.1)

6.92.13.14

(6.3; 7.6)
6.72.15.16 

(5.3; 7.4)
2р˂0.001

10р˂0.001
11р˂0.001
12р=0.015
13р˂0.001
14р˂0.001
15р˂0.001
16р˂0.001

2, n=41 7.23.10.12 
(5.0; 10.0)

5.213 
(4.8; 5.8)

9.93.15 
(9.0; 13.2)

3р˂0.001

3, n=6 10.64.11.12 
(8.3; 11.7)

4.65.14 
(3.9; 5.2)

11.54.16 
(9.7; 12.9)

4р˂0.001
5р=0.008

Форма заболевания

Articular form, n=41 5.06.18 
(3.8; 6.2)

6.57.19 
(5.2; 6.9)

10.56.20 
(6.7; 13.2)

6р˂0.001
7р=0.011 18р˂0.001

19р˂0.001
20р=0.038Presence of Extra-articular 

manifestations, n=30
9.78.18 

(7.5; 10.8)
5.19.19 

(4.6; 5.5)
8.48.20 

(7.5; 9.3)
8р˂0.001
9р=0.025
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disease activities as well as in patients 
with articular form of RA. XDG activity 
was increased at low disease activity 
and articular form of RA, while moderate, 
high disease activities and extra-articular 
involvements were characterized by 
decreased activity of this enzyme. 

Plasma enzymatic profile of RA 
patients is characterized by an increase 
of XO and SOD activities, which indicates 
the intensification of prooxidant and 
antioxidant mechanisms. SOD activity 
was substantialy lower in RA patients 
with extra-articular manifestations, that 
confirms the debilitation of the antioxidant 
protection with disease progression 
and visceral organs involvement in the 
autoimmune rheumatoid process. The 
progressive increase of XO activity 
against the background of the decreased 
XDG activity indicates the intensification 
of free radical oxidation in more severe 
forms of RA. It can be assumed that 
the excessive generation of ROS can 
stimulate the formation of neutrophil 
extracellular traps by neutrophil 
granulocytes as a result of the activation 
of free radical reactions.

Conclusion.
1. RA is characterized by 

the activation of the prooxidant and 
antioxidant systems enzymes.

2. The severe forms of RA 
accompanied by the intensification of 
free radical oxidation.

3. The visceral organs 
involvements are accompanied by the 
debilitation of the antioxidant protection.
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Introduction. Improving the quality of 
life and increased longevity have led to 
increased requirements for at-tending el-
derly patients. The treatment of patients 
over 65 years of age requires an indi-

vidual approach due to the physiological 
characteristics of aging, the burden of 
diseases accumulated with old age and 
a modified response to prescribed phar-
macotherapy.

According to the UN the dynamics of 
the rapid growth of number of the elder-
ly in population is expected, who already 
make up a significant part of the popu-
lation in most developed countries, and 
globally could double by 2050 (from 962 
million to 2.1 billion) [11]. One of the man-
ifesta-tions of dangerous adverse drug 
reactions in groups of older age patients 
is a drug-induced fall [3]. According to the 
forecasts in the near future the depen-
dency ratio in this country will in-crease 
by 8% (from 21% in 2009 to 30% in 2035) 
[8], therefore, the issue of forecasting the 
risk of falls and preventing their traumatic 
effects seems to be topical [5 ].

World Health Organization (WHO) 
points out that in many cases the health 
care system is not ready to meet the 
needs of the elderly suffering from mul-
tiple chronic diseases [1, 2, 4]. The treat-
ment of each elderly or senile patient is 
always difficult to determine a mandatory 
risk / benefit assessment due to the large 
number of mutually affecting and often 
unpredictable factors [2, 7, 12-13]. Partic-
ularly the administration of several drugs 
leading to a state of polypharmacy greatly 
increases the risk of developing adverse 
drug reactions due to inter-drug interac-
tions, re-duces adherence to medica-
tion in patients, triggers the pathological 
mechanisms of serious ad-verse events, 
contributes to reduced strength and poor 
health conditions [10]. When prescrib-
ing drugs in geriatric practice one must 
remember that senior citizens tend to 
have serious adverse drug reactions [5].

As L.B. Lazebnik et al. noticed, simul-
taneous administration of five drugs in-
creases frequency of drug interactions to 
50%, and the risk reaches 100% with tak-

ing 10 drugs or more [4]. STOP/START 
criteria are used to audit drug prescrip-
tions in order to optimize pharmacother-
apy, reduce the development of USE 
and improve the quality of life in elderly 
patients in several countries of Europe, 
Asia, America and Australia. The suc-
cessful use of these criteria both for re-
search and for practical clinical purposes 
in a number of countries in Europe, Asia, 
America and Australia demonstrates that 
the STOP/START criteria have truly glob-
al significance [5].

The Objective of the Study: Im-
proving the quality of life and increasing 
longevity in the elderly and senile popu-
lation of the Republic of Sakha (Yakutia) 
by measures to reduce the risk of falls 
in this category of patients (compliance 
with STOP/START criteria, the treatment 
standards and protocols).

The Materials and Methods. We 
have undertaken a retrospective analysis 
of 100 medical records (hereinafter re-
ferred to as medical histories) of patients 
59 years old and older who were on hos-
pital treatment at the Geri-atric Centre 
of Clinical Hospital #3 of the Republic of 
Sakha during the 3rd quarter of 2019 to 
find the relationship between the poly-
pharmacy (prescribing 5 or more drugs 
[11]) and compli-ance with the STOP/
START criteria (recommendations of the 
National Health Service of the United 
Kingdom (NHS), 2014, revised in 2015), 
as well as to identify the dependence of 
compli-ance/inconsistencies of the treat-
ment standards and protocols (account 
form #313/y «the Map of the Peer Review 
of Pharmacotherapy Quality» (the Con-
sultation Protocol, dated November,01, 
2003) and the risk of falls. The risk of 
falls in each patient has been determined 
upon his/her ad-mission to hospital treat-
ment with the use of the special Morse 
scale [9].

Statistical analysis of the results of 
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pharmacological expertise has been car-
ried out with the help of the IBM SPSS 
Statistics 23 application package. De-
scriptive statistics of the quantity data are 
given as average values with standard 
deviation. The quality data are present-
ed in the form of absolute and relative 
frequencies. The relationships between 
the studied indicators have been con-
sidered with the use of the contingency 
tables. In order to assess the statistical 
significance of frequency differences 
in the studied groups the Pearson Chi-
square criterion with significance level-
has been used. The threshold level of the 
statistical significance we adopt is 0.05.

Results: The analysis of 100 medi-
cal histories has been undertaken: of 61 
women (61%) and 39 men (39%). The 
average age is 75.05 ± 8.143 years. The 
average age of the women is 74.21 ± 
8.335 years, the average age of the men 
is 76.36 ± 7.758 years. The prescription 
of 5 or more drugs (polypharmacy) has 
been noted in 42 cases (42%).

According to the results of the study, 
violation of the STOP criteria is observed 

in 12 cases (12%). When comparing 
the frequency of detection of non-com-
pliance with the START criteria in the 
groups of patients with different levels of 
risk of falls, in cases of non-compliance 
with the criteria of START-therapy, the 
proportion of the patients with a high risk 
of falls increases by 25.1% (Table 3), 
while the proportion of the patients with 
no risk of falls is reduced by 35.3%. The 
significance level is p = 0.008, which is 
statistically significant. Thus, compli-
ance with the criteria of START-therapy 
leads to a significant reduction in the risk 
of falls.

According to the results of comparing 
the frequency of detection of non-compli-
ance with the STOP criteria in the groups 
of patients with different levels of risk of 
falls, in cases of non-compliance with the 
criteria of STOP-therapy, the percentage 
of the patients with a high risk of falls 
increases by 5.3% (Table 2), while the 
significance level is p = 0.868, which is 
statistically insignificant.

According to the results of the analy-
sis of compliance with the treatment stan-

dards and protocols and the risk of falls 
in elderly patients, in the case of partial 
non-compliance with the treatment stan-
dards and protocols the proportion of the 
patients with a high risk of falls increases 
by 9.7% (Table 4) with the significance 
level p = 0.328, which is statistically sig-
nificant.

According to the results of the study of 
the occurrence frequency of different lev-
els of risk of falls in the groups of patients 
with 5 or more drugs, in the patients with 
polypharmacy, the per-centage of the pa-
tients with a high risk of falls decreases 
by 4.3% (Table 1), with the significance 
level p = 0.516, which is statistically in-
significant.

Considering the obtained data sev-
eral conclusions can be drawn about 
possible causal relation-ships between 
age, polypharmacy, compliance with the 
STOP/START criteria and falls in senile 
patients: the risk of falls increases with 
age; there is a connection between the 
compliance with the START criteria and 
the risk of falls, this indicator is statistical-
ly significant;  there is a con-nection be-

START Criteria and the Levels of Risk of Falls in the Elderly Patients

START- therapy
Risk of Falls

no risk low risk high risk 
Χ2 p

frequencies % in line frequencies % in line frequencies % in line
no violation 64a 75.3 14a.b 16.5 7b 8.2 9.698 0.008

violation of therapy 6a 40.0 4a.b 26.7 5b 33.3

Χ2 – the Pearson Chi-square criterion. p - significance level Subscripts indicate the presence or absence of statistically significant frequency 
differences.

Table 1

Table 2

Table 3

STOP Criteria and the Levels of Risk of Falls in the Elderly Patients

STOP Criteria
Risk of Falls

no risk low risk high risk 
Χ2 p

frequencies % in line frequencies % in line frequencies % in line
no violation 62a 70.5 16a 18.2 10a 11.4

0.283 0.868
violation of therapy 8a 66.7 2a 16.7 2a 16.7

Compliance with the Treatment Standards and Protocols and the Levels of Risk of Falls in the Elderly Patients

Compliance with the Treatment 
Standards and Protocols

Risk of Falls

no risk low risk high risk 
Χ2 p

frequencies % in line frequencies % in line frequencies % in line

yes 44a 72.1 12a 19.7 5a 8.2
2.230 0.328

not fully 26a 66.7 6a 15.4 7a 17.9
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tween compliance with the STOP criteria 
and the risk of falls, this indicator is not 
sta-tistically insignificant due to the small 
sample of patients;  there is a connection 
between the state of polypharmacy and 
the risk of falls, this indicator is statistical-
ly insignificant due to the small sample of 
patients;  there is a connection between 
compliance with the treatment standards 
and protocols and the risk of falls; this in-
dicator is statistically insignificant due to 
the small sample of patients.

Conclusions: 1. Compliance with the 
state of polypharmacy, STOP criteria, 
compliance with the treatment standards 
and protocols leads to reduction in the 
risk of falls in elderly and senile patients.
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Polypharmacy and the Levels of Risk of Falls in the Elderly Patients

Polypharmacy (more than 5 drugs)

Risk of Falls

no risk low risk high risk 
Χ2 p

abs. % abs. % abs. %

No 38а 65.5 12а 20.7 8а 13.8
1.321 0.516

Yes 32а 76.2 6а 14.3 4а 9.5

Table 4
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Introduction: Congenital heart dis-
eases are multi-factor diseases that can 
result from genetic factors, maternal dis-
ease during pregnancy and her concom-
itant somatic disorders, the life level of 
the family (dietary peculiarities) and etc. 
[5]. The detection of CHD risk factors 
and primary prevention of CHD devel-
opment are most considered as they are 
associated with possible incapacitating 
condition, decrease of life quality for a 
child and with the cost of high-technology 
medicine.

Cardio-vascular system exposures 
have high prevalence (18.1%) accord-
ing to the all-national register for CHDs 
[1]. There were 400.5 cases of CHD per 
100 000 of children in 2014, and 439.0 
cases in 2015 [3]. The morbidity indices 
and structure of CHD significantly differ 
in various regions of the Russian Federa-
tion. The regional register has been func-
tioning in the Republic of Sakha (Yakutia) 
since 2000, all the cases of congenital 
malformations in newborns, including 
CHDs, are registered there. The data of 
the register make the base for scientific 
and statistic research work for CHD. In 
2011 the morbidity rate for CHD was 29.1 
per 100 000 children in the Republic of 
Sakha (Yakutia). The revealed cases of 
CHD are increasing and CHDs are the 
second cause of infant mortality for the 
long time [4].

Genetic factors are often considered 
as the main cause for CHD development. 
Perhaps, it is caused by accumulation 
of the mutated genes in the population, 
thus genetic disorders can be found in 
isolated groups of people, where there 
are many cases of so called homolocal 
and national families. i.e. families and 
marriages between those living in the 
same small geographic area and/or be-
tween one ethnic group. According to the 
data of the ‘Yakut Republican medical 
center of informatics and analysis under 
the healthcare ministry of the Republic of 
Sakha (Yakutia)’ for the period of 2002-
2006, CHD turned to be a second level 
in mortal prevalence of children under 
14 among the Evenks, Evens, Dolgans 
and Yukagirs. The maximum of CHD oc-
currence is registered in Olyokminskiy, 
Ust-Maiskiy and Nizhnekolymskiy re-
gions of the Republic of Sakha (Yakutia) 
for the period of 1995-2012. The analysis 
of CHD occurrence reveals considerable 
number of cases in industrial, Arctic and 
Viluy regions [4]. The investigation of the 

CHD structure shows that 82.2% out of 
899 total cases compose the ventricular 
septal and atrial septal defects; 8.9% are 
defects of great vessels and 4.67% are 
combined CHDs. CHD is rather common 
in indigenous peoples of the North. CHD 
and other congenital defects are known 
to be common in the Nenets children in 
Yamalo-Nenets Autonomous district [4, 
2]. The prevalence and risks of CHD in 
newborns of the indigenous population of 
the Republic of Sakha (Yakutia) are not 
investigated in details.

Thus the research is aimed at analysis 
of CHD dynamics and structure among 
the newborns of different ethnic groups 
of the Republic Sakha (Yakutia).

Materials and methods: A retrospec-
tive clinical investigation was carried out 
on the base of the Perinatal center of the 
Republican hospital №1 (National health 
center). All the cases of CHD (n=1824) 
in newborns, born alive in the period of 
2001-2003 and 2013-2015, were ana-
lyzed. The initial documentation was a 
statistical medical record of the hospital-
ized patient (form №066/y-02) and ob-
stetric medical record (form №010y).

The nationality of the patients was 
registered according to self-identifica-
tion. The indigenous peoples of Yaku-
tia include the Yakuts and indigenous 
small-numbered peoples of the North 
such as the Evens, the Evenks, the Dol-
gans, the Yukagirs and the Сhukchis are 
analyzed. Besides that, the Russians, the 
peoples of the Central Asia (the Kirgizes, 
the Tadzhikis and the Usbeks), the peo-
ples of the Caucasus (the Tchechens, the 
Ingushes and the Armanians), and the 
representatives of the other nations (the 
Kumiks, the Khakasses, the Ukranians, 
the Polish, the German, the Tartar and the 
Buryats) were included in the analysis.

All the cases of CHD were divided into 
three groups. The first group consisted 
of the CHD newborns without signs of 
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cardiac insufficiency (CI); the second 
group consisted of CHD newborns with 
the first degree of cardiac insufficiency, 
according to the 1st class of the NYHA 
functional classification; in the third class 
the newborns with CHD with the 1st and 
2nd degree of cardiac insufficiency, ac-
cording to the 2nd and more class the 
NYHA functional classification. The third 
group of severe CHD was confirmed with 
echocardiographic methods, computed 
tomography angiography (CTA) with con-
trast material, aortography and selective 
coronary angiography. 

Statistical data are calculated by IBM 
SPSS Statistics 17 (IBM®, USA). When 
comparing the groups, the Pearson’s cri-
terion (Pearson's chi-squared test (χ2)) 
was used. The critical value of the signifi-
cance in checking the statistical hypothe-
sis was equal to 5%. 

The results and discussion: For the 
both periods there were registered 1824 
cases of CHD in newborns. 697 cases 
were in 2000-2003, and 1127 cases in 
2013-2015. When dividing children into 

groups according to the class of CHD 
expression it was determined that 44.5% 
cases had signs of cardiac insufficien-
cy. The second period (2013-2015) the 
number of newborns with CHD consid-
erably increased, moreover we noticed 
the increase of newborns with the signs 
of decompensated heart failure (p<0.001 
when comparing the groups 2 and 3 with 
1) (Tab.1).

The Table 2 represents the distribution 
of the newborns according to the nation-

al identification of the parents. More than 
60% of mothers and fathers identified 
themselves as the Yakuts, approximately 
20% the Russians, 5.0% of mothers and 
3.4% of fathers were self-identified as in-
digenous small-numbered peoples of the 
North.

Two groups of families were identi-
fied as mononational and mixed families, 
when dividing the parents according to 
their ethnicity (Table 3). Mononational 
families are the families where a mother’s 

Table 1

Table 2

The distribution of children into groups according to CHD and periods of examination

Period CHD groups р1, n (%) 2, n (%) 3, n (%)
2001-2003 (n=697) 519 (74.5) 31 (4.4) 147 (21.1)

<0.0012013-2015 (n=1127) 494 (43.8) 153 (13.6) 480 (42.6)
Total (n=1824) 1013 (55.5) 184 (10.1) 627 (34.4)

 
Note. p – the achieved level of significance in comparison of the both periods.

The distribution of CHD newborns (n=1824) according to the parental ethnicityю

Ethnicity Mother’s ethnicity Father’s ethnicity
n % n %

The Yakuts 1205 66.1 1205 66.1
The Russians 447 24.5 447 24.5
The Evenks and the Evens 62 3.4 31 1.7
Other indigenous small-numbered peoples of the North: the Dolgans,
the Yukagirs and the Сhukchies 30 1.6 31 1.7

The peoples of the Caucasus 26 1.4 37 2
The peoples of the Central Asia 16 0.9 19 1
Other nations: the Kumyks, the Khakasses, the Ukranians, the Polish, 
the German, the Tartar, and the Buryat 36 2 52 2.9

Unidentified 2 0.1 2 0.1

Mono- and mixed ethnicities and CHD groups

Parental ethnicity Всего, N
Группа ВПС

1-я, n=1013 2-я, n=184 3-я, n=625
n % n % n %

Mononational families including: 1682 930 55,3 173 10,3 579 34,4
The Yakut / the Yakut 1153 601 52,1 131 11,4 421 36,5
The Russian / the Russian 414 261 63,0 35 8,5 118 28,5
Indigenous small-numbered peoples of the North / 
Indigenous small numbered peoples of the North 47 22 46,8 5 10,6 20 42,6

Other / other (coinciding nations) 68 46 67,6 2 2,9 20 29,4
Mixed nations, including: 140 83 59,3 11 7,9 46 32,9
The Yakut / the Russian 36 21 58,3 3 8,3 12 33,3
The Yakut / Indigenous small-numbered peoples of the 
North 45 23 51,1 2 4,4 20 44,4

The Yakut / other 23 18 78,3 2 8,7 3 13,0
The Russian / Indigenous small-numbered peoples of the 
North 10 3 30,0 1 10,0 6 60,0

Other / Indigenous small-numbered peoples of the North 5 3 60,0 1 20,0 1 20,0
Other mixed families (not coinciding nations) 21 15 71,4 2 9,5 4 19,0

Table 3
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and a father’s ethnicity are the same and 
in mixed national families both parents 
belong to different ethnicities. 7.7% of the 
newborns were born in ethnically mixed 
families. There were no statistically sig-

nificant differences in distribution into the 
CHD groups (p=0.544) when comparing 
mononational families with mixed ones.

For further analyses the children with 
one or both parents represented by the 
indigenous small-numbered peoples of 
the North or the Yakuts were included 
in one group (Table 4). When compar-
ing this group with the other one, where 
the children were from parents of differ-
ent nationalities, the difference between 
both groups showed statistically signifi-
cant discrepancies in prevalence of CHD 
with the signs of cardiac decompensation 

(p<0.001 when comparing 3rd and 1st 
groups; p=0.004 when comparing 2nd 
and 1st groups) (Table 4). When dividing 
the children into the groups, where one 
or both parents are represented by the in-

digenous small-numbered nations of the 
North, the same effects are noticed but 
the level of differences does not refer to 
statistically significant data.

The level of the 1st group of CHD has 
decreased for a 10-year period; increas-
ing the level of the 2nd and 3rd groups 
CHD in all ethnic groups (table 5). Thus, 
in a group of non-indigenous peoples the 
2nd group increased from 2.4% to 11.6% 
(p<0.001), the 3rd group increased from 
16.6% to 36.6% (p<0.001). In indigenous 
peoples of the North the numbers of the 
2nd group increased from 5.3% to 14.3% 

(p<0.001), the 3rd group from 23% to 
44.5% (p<0.001) respectively. If we 
look at the indigenous small-numbered 
peoples of the North separately, there 
we also notice the increase of number 
of children in the 2nd group from 0.0% 
to 11.2%, the 3rd group increased from 
14.8% to 53.8% (p<0.001). The analo-
gous numbers for the representatives of 
the other nations increased from 4.6% to 
13.8% in the 2nd group; and from 21.3% 
to 41.6% in the 3rd group.

Conclusion. The results of the re-
search show the significant increase of 
CHD newborns, with prevalence of com-
plicated cardiac defects with the signs 
of decompensation in 10-year dynam-
ics, born in the Perinatal center of the 
Republican hospital №1 (the National 
health center). The comparison of pa-
rental nationality (those born in mixed or 
mono- families, i.e. the families, where 
the parents are of the same nations) did 
not reveal any significant discrepancies 
in distribution into CHD groups.  The 
prevalence of complicated CHD cases 
is more common in newborns of indige-
nous peoples of Yakutia (the indigenous 
small-numbered peoples of the North 
and the Yakuts) than in newborns of the 
other ethnic groups.
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Table 4

Table 5

The distribution of CHD children within the groups of indigenous
and non-indigenous nations of the Republic Sakha (Yakutia)

Groups Total. N
CHD groups

р1 n=1013 2  n=184 3 n=625 
n % n % n %

Indigenous and non-indigenous nations of the Republic of Sakha (Yakutia)*
Indigenous 1319 691 52.4 145 11.0 483 36.6

<0.001Non-
indigenous 503 322 64.0 39 7.8 142 28.2

Indigenous small-numbered peoples of the North and other nations **

0.097

Indigenous 
small-
numbered 
peoples of the 
North

107 51 47.7 9 8.4 47 43.9

Others 1715 962 56.1 175 10.2 578 33.7

Note. In the Tables 4-5 * - The Yakuts and the indigenous small-numbered peoples of the 
North are referred to indigenous; non-indigenous – they are represented by the other nations; 
**- the Yakuts and the representatives of the other nations  are referred to the group “Others”; 
p – the achieved level of significance. comparison of the both periods.

The comparison of CHD group distribution in dynamics

Groups Time periods, 
years N CHD groups, n (%) р1 n=1013 2  n=184 3 n=625 

Indigenous and non-indigenous peoples of Yakutia*
Non-
indigenous

2001-2003 211 171 (81.0) 5 (2.4) 35 (16.6) <0.0012013-2015 292 151 (51.7) 34 (11.6) 107 (36.6)

Indigenous 2001-2003 486 348 (71.6) 26 (5.3) 112 (23.0) <0.001833 343 (41.2) 119 (14.3) 371 (44.5)
Indigenous small-numbered peoples of the North and other nations**

Indigenous 
small-
numbered 
peoples of the 
North

2001-2003 27 23 (85.2) 0 (0) 4 (14.8)

<0.001
2013-2015 80 28 (35.0) 9 (11.2) 43 (53.8)

Others 2001-2003 670 496 (74.0) 31 (4.6) 143 (21.3) <0.0011045 466 (44.6) 144 (13.8) 435 (41.6)
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Introduction. The result of the perfor-
mance of athletes in competitions is de-
termined by the mechanism of behavior 
and specially directed actions, which are 
caused by the development of physical 
qualities, the level of technical prepared-
ness, functional and mental capabilities 
[5, 7, 9, 16].

In conditions of direct pre-competitive 
training for a short period of time, it is im-
possible to significantly develop physical 
qualities, improve equipment, etc., there-
fore, at this stage, the athlete’s psycho-
logical preparedness for competitions is 
of particular importance [1, 11]. Athlete 
participation in competitions, especially 
qualifying or high damage, is stressful. 
It is known that moderate stress has a 
positive effect on the effectiveness of 
training and competitive activity, and ex-
cessive stress leads to negative conse-
quences [11].

The effects of stress are due to neu-
rochemical changes in the body. In a 
state of acute physical and emotional 
stress in athletes, the hypothalamic-pitu-
itary-adrenal system is activated, which 
leads to changes in the hormonal pro-
file [5]. Changes in the concentration of 

hormones make a significant contribu-
tion to the course of physiological pro-
cesses in the North and help to stabilize 
the processes of adaptation of the body 
of athletes to changing environmental 
conditions and high physical activity [4]. 
Steroid hormones act on the central ner-
vous system, regulate not only neuro-
endocrine function, but also behavioral, 
emotional processes, such as thinking, 
sleep, perception, as well as emotional 
states: depression, anxiety, aggression 
[6; 10]. It is believed that aggressiveness 
contributes to the implementation of 
strength and explosive exercises. At the 
same time, it is associated with testos-
terone. The question arises of how much 
emotions of this kind affect the changes 
in the level of testosterone and cortisol 
when performing strength exercises.
Testosterone provides confidence and 
motivation, but when there is too much 
of it, positive qualities are replaced by 
negative ones. Testosterone activates 
the subcortical regions of the brain re-
sponsible for aggressive behavior, while 
cortisol and serotonin act as antagonists 
and reduce the effect of testosterone. 
Researchers associate aggression in 
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EVALUATION OF PSYCHOLOGICAL 
STATUS AND LEVEL OF CORTISOL AND 
TESTOSTERONE IN THE PRE-COMPETITIVE 
PERIOD OF YAKUTIA ATHLETES

We examined 37 highly qualified freestyle wrestlers (candidates for master of sports (cms)) 
of Yakut nationality, aged 17 to 21 years. The control group consisted of 22 young men of stu-
dents of the same age who are engaged in physical education at least twice a week. The article 
presents the results of studies of the level of psycho-emotional state in highly qualified martial 
artists in the pre-competition period. The level of situational and personal anxiety was high in 8 
and 11% of athletes and in 23 and 36% of students, respectively. In the group of athletes, low 
depression was detected in 11, moderate in 6 and high in 7%. The level of depression in the 
group of students was 32, 9 and 5%, respectively.

The aggressiveness index showed that most young men have a low level of aggression, 
among athletes 61% - students 73%. In both groups, young men with a high level of aggression 
were not identified. In the first group of youths with a low and high index of hostility, there were 50 
and 34% less than in the second, respectively. The willingness of athletes to compete depends 
on the psycho-emotional state, which can both contribute to the achievement of high results and 
prevent it.
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sports with sports specifics, the athlete’s 
level of training, his individual psycho-
logical characteristics, and the research 
results are very contradictory.

The purpose of this study was to as-
sess the level of psycho-emotional state 
and steroid hormones in freestyle wres-
tlers in the pre-competition period.

Materials and methods. A total of 
59 young men aged 17 to 23 years were 
examined. The first group consisted of 
37 athletes of freestyle wrestlers, highly 
qualified (candidates for master of sports 
(cms)), the Republican College of Olym-
pic Reserve. The second - 22 youth stu-
dents from the North-Eastern Federal 
University named after M.K. Ammosov 
engaged in physical education at least 
twice a week.

All subjects examined had blood taken 
from the ulnar vein in the morning (8-10 
h) in a state of relative rest, on an empty 
stomach, from athletes 10-14 days be-
fore the competition. An enzyme-linked 
immuno sorbent assay of hormones (cor-
tisol, testosterone) was performed in se-
rum using AlkorBio kits (Russia), accord-
ing to the manufacturer's instructions. 
The results of enzyme immunoassay of 
hormones were taken into account on a 
photometer (Picon, Russian Federation).

Psychological examination methods 
were carried out using the Bass-Dark 
questionnaire to study aggression, the 
Beck depression questionnaire, the Spiel-
berg-Khanin anxiety test and the neuro-
psychological adaptation questionnaire 
(NA). The study was approved by the 
decision of the Local Ethics Committee at 
the FSBSI YSC CMP and performed with 
the informed consent of the subjects in 
accordance with the ethical standards of 
the Helsinki Declaration (2000).

Statistical processing of the obtained 
data was carried out using the SPSS 
Statistics 26 software package. The sig-
nificance of differences was determined 
by the Student t-test for independent 
groups, the Mann-Whitney criterion. The 
critical value of the level of statistical sig-
nificance of differences (p) was taken to 
be 5%.

Results and discussion. The aver-
age age of athletes was 18 (18; 19), stu-
dents-19 (18; 22) years. According to the 
results of the study, it was found that the 
indicators of the psycho-emotional state 
did not have significant differences in the 
examined groups and varied within the 
normal range (Table 1).

Moreover, in the first group, lower indi-
ces were found for the three studied pa-
rameters, compared with the second (the 
average level (NPA) was lower by 29%, 
(SA) - 13% and (D) - 47%,) respectively, 

which may indicate a better psychologi-
cal adaptation in this group (Table 1).

Analysis of the level (SA) among the 
examined individuals showed a predomi-
nance of a moderate level in both groups 
of subjects (Fig. 1). There were 13% 
more athletes with a “low” level (SA), 
and 10% fewer with a “high” one (Fig. 1) 
than in the second. Studies (PA) showed 
that athletes with a graduation of “mod-
erate” level (PA) were 39% more, “low” 
and “high” - 54% and 70% less (Fig. 1), 
compared with students. Increasing feel-
ings of excitement, anxiety, fear of com-

petition is a normal reaction of the body. 
A successful performance requires some 
optimal level - this is the so-called “useful 
anxiety”. On the other hand, a very high 
anxiety or indifference "but I do not care" 
adversely affect the activities of the ath-
lete and can lead to poor results in com-
petitions.

Anxiety performs 
the function of ad-
aptation, warns of 
external or internal 
danger, tells the 
body that mea-
sures must be tak-
en to prevent the 
danger or mitigate 
its consequences. 
These measures 
may or may not be 
conscious. Studies 
show that moderate 
anxiety, as a per-
sonal quality, can in-
crease the ability to 

achieve success in the activity performed. 
However, the price of such success may 
be the predominance of negative experi-
ences, increased anxiety and sleep dis-
turbance. young men who do not have 
certain skills of mental self-regulation, 
having little experience in competitive 
activity, with a lack of information about 
rivals in the upcoming competitions, be-
come easily excitable, are not confident 
in their own abilities, it’s enough to simply 
knock them off of a positive attitude [3].

It is also known that athletes whose 
anxiety is expressed in aggressive ac-

tions usually do not achieve high ath-
letic performance. This also applies to 
individuals who are not able to control 
themselves and control their emotional 
and physical state during stress [2, 17]. 
The indicator (IA) in the first group was 
increased (by 17%), compared with the 
second group, which does not contradict 

Indicators of the psycho-emotional state and level of hormones in athletes in the pre-
competition period and students engaged in physical education 2 times a week.

M (25% Q1-75% Q3)

Research indicators
Surveyed groups and size

1 group athletes.
 n=37

2 group students. 
n=22

Neuro-psychic Adaptation (NPA) points 13.5(6.0; 21.5) 19.0 (11.0; 25.0)
Situational Anxiety (SA) points 34.5(28.5; 37.0) 39.5 (31.0; 43.0)
Personal Anxiety (PA) points 40.5 (35.0; 43.0) 39.5 (32.0; 48.0)
Aggression Index (AI) points 15.0 (13.0;19.5) 12.5 (8.0; 19.0)
Hostility Index (HI) points 5.5 (4.0; 8.0) 6.0 (4.0; 8.0)
Depression (D) points 4.5 (1.5; 9.0) 8.5 (5.0; 12.0)

Cortisol (C)(150-660 nmol/L
538.48 

(485.76;559.72)
*р=0.01

591.06
(527.04; 624.73)

Testosterone (T) (12.1-38.3 nmol/L) 26.75 (21.19; 33.60) 30.64
(27.12; 36.83)

Testosterone / Cortisol Index (T / K). 
conventional 0.057 (0.046; 0.066) 0.052 (0.37; 0.058)

Note: * <0.05 compared with the second group.

Fig. 1. The level of situational and personal anxiety of athletes in 
the pre-competition period and among students engaged in physical 
education 2 times a week, (%).
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the literature (Table 1). According to E.P. 
Ilyin (2009), the aggressiveness and con-
flict in athletes is slightly higher than in in-
dividuals who are not involved in sports. 
Moreover, the athletes involved in contact 
martial arts, the aggressiveness is much 
higher than that of athletes and skiers 
[7]. In both groups, studies of young men 
with high (IA) were not detected. There 
were 31% more athletes with normal (IA). 
The majority of those examined had a 
low level (IA) (Fig. 2).

If we talk about aggression and anx-
iety, then athletes with a predominance 
of aggression over anxiety are better pre-
pared for competition [14]. In the process 
of personality socialization, aggression 
frees people from fear, helps to defend 
their interests, protects against external 
threats, and helps to adapt. Often the 
concept of "aggressiveness" is replaced 
by the concept of "sports anger." Sport 
allows you to express aggressive feel-
ings without causing much harm to oth-
er people, forming constructive forms of 
athletes' aggressive behavior. According 
to the results of the study Petrygin S.B. 
[15], aggression plays a leading role only 
at the initial stage of a sports career, and 
in all subsequent it is a factor in inhibiting 
the growth and effectiveness of sports 
indicators. Aggression that occurs in the 
initial stages of the practice of martial 
arts is associated with such values as 
a sports result, victory in competitions, 
intransigence to shortcomings, the de-
sire to assert oneself at the expense of 
others. The experience of martial arts 
influences a decrease in the level of ag-
gression, since there are changes in the 
individual's value system, causing a shift 
in the value orientation from the practical 
result to the process itself.

The hostility index was normal for the 
majority of young men (Fig. 2), but in 
the first group of young men with a low 
and high index of hostility was less by 
50 and 34%, compared with the second, 
respectively. Spearman correlation anal-
ysis showed that (IV) had positive cor-

relation in the group of athletes with (SA) 
(r = 0.346; p = 0.023), (PA) (r = 0.420; 
p = 0.021) and with (AI) (r = 0.523; p = 
0.002), and in the group of students with 
(NPA) (r = 0.495 p = 0.019) and with the 
level (D) (r = 0.560; p = 0.007).

The level of depression in the first 
group was 13% (moderate –6, high –7), 
in the second –14% (moderate –9, high 
–5) (Fig. 3). However, in the first group 
of young men with no depression, it was 
28% more, and with low depression 66% 
less (Fig. 3). This is probably due to the 
fact that normalized physical activity con-
tributes to the production of chemical ele-
ments - endorphins, which act on certain 
neurotransmitter systems in the brain as 
antidepressants and help improve at-
titude to life. However, sports can be a 
source of suffering and many profession-
al athletes suffer from depression, which 
can be caused by stressful physical and 
psycho-emotional stress. Going in for 
sports educate character, self-discipline, 
hard work, responsibility and other moral 
and volitional qualities, but few achieve 
high sports results at the international 
level [13].

Based on our results, it is clear that 
the levels of testosterone and cortisol in 
the blood serum in both examined groups 
were within the physiological norm (Ta-
ble 1). The testosterone content did not 
have statistically significant differences in 
both groups. The cortisol level in the first 
group was statistically significantly lower 
than in the second (p = 0.01) (Table 1). 
Cortisol determines the development of 
special performance, and therefore an 
increase in its concentration during dif-
ferent training cycles is accompanied by 
an improvement in the sportsman’s ath-
letic performance. In normal amounts, 
cortisol is necessary for metabolism, but 
its chronically elevated level caused by 
training stress leads to a worsening of 
the response to stress, which almost al-
ways leads to a decrease in testosterone 
production in endurance athletes. A de-
crease in testosterone leads to increased 

fatigue and depression, which do not 
allow you to deal with stress. To assess 
the training status and sports potential, 
to clarify the course of reactions, anabol-
ic / catabolic processes, we determined 
the index (T/K). Despite the absence of 
significant differences in the groups, the 
group of athletes has a tendency to in-
crease this indicator compared to a group 
of students, this is ideal, since it shows 
the predominance of anabolic processes, 
that the load on the body is adequate and 
the athletes are in good shape. Correla-
tion analysis showed a weak positive cor-
relation between the level of testosterone 
c (PA) in the first group (r = 0.330; p = 
0.044), and in the second group the level 
of cortisol c (HI) (r = 0.553; p = 0.008). In 
both groups, testosterone levels correlat-
ed with the T/K index, in the first group 
the correlation coefficient was (r = 0.700; 
p = 0.000), in the second (r = 0.646; p = 
0.001). Athletes often ignore the factor of 
psychological stress, however, this may 
be the reason for such a wide variability 
of the training effect on the level of hor-
mones.

Conclusion. Thus, indicators of the 
psycho-emotional state of fighters in the 
pre-competition period should be consid-
ered as a characteristic of the psycho-
physiological adaptation of the body and 
psychological readiness for competition. 
In order to fully realize the potential ca-
pabilities of athletes in competitions and 
achieve their highest sports result, great 
attention must be paid to the psycholog-
ical support system. Conduct individual 
psycho-diagnostics of personality char-
acteristics, its mental states, to identify 
athletes experiencing psycho-emotional 
disorders and teach them the skills of 
mental self-regulation.

1. Апариева Т.Г. Психология предсо-
ревновательной подготовки квалифици-
рованных спортсменов.  Известия ВГПУ. 
2013; 7:159-161. [Aparieva T.G. Psychology of 
pre-competition training of qualified sportsmen. 

Fig. 2. Indices of aggression and hostility of athletes in the pre-com-
petition period and among students engaged in physical education 
2 times a week, %.

Fig. 3. The level of depression in athletes in the pre-competition 
period and in students engaged in physical education 2 times 
a week, %.
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RESOURCE PROVISION OF HEALTH CARE 
IN THE CENTRAL ECONOMIC ZONE
OF THE SAKHA REPUBLIC (YAKUTIA)
AND ITS RELATIONSHIP
WITH POPULATION HEALTH INDICATORS

To achieve the proper level of accessibility and quality of medical care to the population, the provision of the municipalities of the republic with 
the necessary resources (material, technical, financial, human, information, etc.) is of no small importance. In this work, we analyzed the resource 
provision in the Central Economic Zone (CEZ) according to the indicators included in the official statistical reporting: the availability of medical 
personnel (doctors, paramedics), round-the-clock hospital beds (all per 10,000 population) and the capacity of outpatient clinics institutions (OCI, 
in shift visits). An analysis is made of the relationship of a number of indicators characterizing public health with the resource provision of districts 
/ uluses, by correlation coefficients calculated for the period 2007-2016.

Keywords: health care resources, resource support, medical staffing, medical staff and nursing staff, hospital beds, outpatient facilities, correla-
tion coefficients, the relationship of resource support with the incidence of the population, Republic of Sakha (Yakutia).

Introduction. Earlier (Yakutsk Medi-
cal Journal No. 1 for 2018 and No. 1 for 
2019), we covered issues related to the 
medical and demographic situation and 
the incidence of the population in the 
Central Economic Zone of the Republic 
of Sakha (Yakutia). In our opinion, the 
picture in the CEZ does not seem com-
plete without data on resource provision 
of health care and their connection with 
indicators characterizing the health of the 
population.

Material and methods. The statistical 
data of Yakutsk and 9 districts / uluses 

included in the Central Economic Zone 
were analyzed. Geographically, all mu-
nicipalities are included in the central and 
district group of uluses, and according to 
the medical and economic zoning, the 
cities of Yakutsk and Kobyaysky district 
were assigned to the industrial group, 
and all the rest to the rural group.

The materials used are official statis-
tics of the republic - the Territorial Author-
ity of the Federal State Statistics Service 
for the Republic of Sakha (Yakutia) and 
the Ministry of Health (YRMIAC). To ana-
lyze these indicators, the percentile (cen-
tile) method was used, which is widely 
used and used by us in developing the 
criteria for regionalization of the North of 
the Russian Federation and in preparing 
a number of articles. According to this 
method, areas with indicators up to the 
10th percentile belonged to areas with 
a low level of resource provision, from 
10 to the 25th percentile - below the av-
erage, from 75 to the 90th - above the 
average and above the 90th percentile 
- with a high level. Obviously, with indi-
cators ranging from the 25th to the 75th 
percentile, the districts belonged to the 
group with average values of resource 
provision.

Results and discussion. I. Resource 
security. According to the results of 2016, 
the average republican indicator of the 
availability of medical personnel is 48.4 
per 10,000 population (Table 1). Of the 
9 districts and the city of Yakutsk con-
sidered that are part of the Central Eco-
nomic Zone, the worst situation is for 
Namsky (31.1 - below the national av-
erage), Amginsky (31.7) and Kobyaysky 
(31.9) uluses. Throughout the entire pe-
riod since 1990, there was a shortage of 

medical personnel in the Namsky, Ust-Al-
dan and Churapchinsky uluses. A favor-
able situation is noted only in the Gorniy 
Ulus. But good indicators until 2005 in 
the city of Yakutsk should be considered 
critically in view of the ambiguous statis-
tical approach to staffing in the context of 
republican and city medical institutions. 
However, this also applies to subsequent 
calculations starting in 2007.

In 2016, the provision of nurses was 
higher than the national average (111.7 
per 10,000 population), in the Tatta ulus 
(127.9 per 10,000 population, and this is 
above average). In the Gorny (97.0) and 
Namsky (96.1) uluses, the indicators were 
below the national average, and were in 
the range below the average. During the 
period under review, quite good security 
is observed at Amginsky, Kobyaysky and 
Tattinsky uluses. The worst situation is 
noted in the Khangalassky ulus and, tak-
ing into account the above, in the city of 
Yakutsk - since 2007.

Consider the data on the security of 
municipalities of the CEZ around the 
clock hospital beds (table. 2). The nation-
al average for 2016 was 92.0 per 10,000 
people, and only the Kobiai ulus is ap-
proaching this level. At the same time, in 
the Namsky (53.2), Churapchinsky (57.9) 
uluses and the city of Yakutsk (28.7), in-
dicators on a national scale are low, and 
in the Tattinsky (68.1) and Khangalassky 
(67.5) uluses - below average. During the 
period under review, insufficient security 
was noted in the same mentioned ulus-
es, with the exception of Tattinsky, where 
a relatively low level was first registered 
just in 2016.

As for the provision of outpatient fa-
cilities in visits per shift (settlement / 
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cm.), This indicator on average in RS 
(Y) reached 267.0 in 2016 (Table 3). In 
Namsky and Churapchinsky Uluses, 
OCI security indicators turned out to be 
the worst (166.6 and 166.8 towns / cm, 

respectively). It should be noted that 
years with insufficient OCI power were 
observed in these uluses for almost the 
entire period under consideration. In oth-
er uluses, average values prevailed.

II. The characteristic of the relation-
ship of resource provision with some 
indicators of public health. This section 
provides an analysis of the possible re-
lationship of a number of indicators char-
acterizing public health with the resource 
supply of districts / uluses, according to 
correlation coefficients calculated for the 
period 2007-2016. The following popula-
tion health indicators were analyzed:

1) medical and demographic - birth 
rate, mortality, natural population growth 
(NPG), infant mortality (InM);

2) incidence - general and primary (of 
the entire population, as well as adult and 
child);

3) primary disability (adult and child).
In this case, only those indicators were 

evaluated whose dynamics was distinct 
either upward or downward. Correlation 
coefficients with an average (0.30-0.69) 
and strong (0.70 and higher) degree of 
connection were taken into account.

Amginsky ulus. The period 2007-2016 
characterized by a decrease in the pro-
vision of medical personnel and round-
the-clock hospital beds, and this was 
combined with an increase in the overall 
incidence rate of the entire population (r 
= -0.46-0.57), and the general and prima-
ry incidence of the child population (r = 
-0.56-0, 75).

Gorniy ulus. The provision of nurses 
decreased from 117.6 per 10,000 pop-
ulation in 2007 to 97.0 in 2016, and the 
provision of round-the-clock hospital 
beds from 114.1 to 73.6, respectively. 
During the same years, the primary inci-
dence of the child population increases 
from 1686.4 ‰ to 2247.6 ‰ (r = -0.42 
and r = -0.63, respectively). In addition, 
an inverse average correlation is traced 
between the deterioration in the availabil-
ity of nurses and OCI with the dynamics 
of the general mortality rate.

Table 1

Provision of medical personnel in the city of Yakutsk and areas
of the Central Economic Zone in 1990-2016 (per 10,000 us.)

Uluses 1990 1995 2000* 2005 2010 2011 2012 2013 2014 2015 2016
Provision of doctors

Amginsky 33 26 29 31 35.8 32.6 32.7 32.3 33.6 31.2 31.7
Gorniy 34 29 28 37 40.2 41.8 39.7 40.6 39.0 41.2 40.1
Kobiai 30 29 25 28 38.2 33.0 32.2 31.8 33.4 31.4 31.9
M-Kangalassky 34 25 27 25 31.0 30.7 35.9 37.8 37.0 37.5 37.6
Namsky 33 31 31 30 28.4 27.1 29.1 30.7 31.8 32.3 31.1
Tattinsky 32 26 31 39 38.8 34.3 37.2 38.7 36.6 37.3 36.1
U-Aldan 30 24 25 26 31.5 28.0 30.7 30.9 32.8 34.8 34.8
Hangalass 29 32 32 27 31.8 30.6 32.4 32.1 31.5 33.1 34.4
Churapchinsky 34 29 24 31 30.1 29.9 29.1 28.2 31.0 34.3 34.3
City of Yakutsk 83 101 91 97 35.1 33.6 30.7 31.6 32.3 32.0 32.2
In the RS (Y) 42 44 46 50 52.6 48.3 47.7 47.9 48.5 48.1 48.4

Provision of nursing staff
Amginsky 125 146 124 149 138.8 128.8 131.3 124.0 127.1 131.3 121.4
Gorniy 135 121 107 120 117.8 109.1 105.3 103.5 100.9 96.0 97.0
Kobiai 113 109 125 142 138.9 135.7 131.8 139.7 114.1 115.2 121.9
M-Kangalassky 121 114 99 99 98.2 96.3 97.8 100.8 101.9 105.5 104.0
Namsky 138 121 108 105 104.9 101.9 101.6 100.1 95.9 95.9 96.1
Tattinsky 151 145 146 135 141.0 128.3 135.9 132.0 127.5 128.5 127.9
U-Aldan 127 134 116 109 118.5 118.0 119.6 123.1 120.9 121.5 107.7
Hangalass 91 100 100 102 99.3 99.7 103.2 99.4 102.9 100.0 101.3
Churapchinsky 136 136 128 126 121.5 121.2 116.5 115.7 113.9 109.6 107.2
City of Yakutsk 152 201 189 180 51.7 50.4 45.8 49.4 49.6 49.9 49.3
In the RS (Y) 118 130 133 136 121.5 117.3 116.0 115.1 113.3 112.7 111.7

Provision of round-the-clock hospital beds in the city of Yakutsk and areas
of the Central Economic Zone in 1990, 1995, 2000, 2005, 2010-2016. (per 10,000 population)

Uluses 1990 1995 2000 2005* 2010 2011 2012 2013 2014 2015 2016
Amginsky 173.0 161.8 134.7 146 101.7 91.5 93.3 94.0 94.1 85.8 83.7
Gorniy 164.0 137.6 130.4 130 102.6 98.0 99.3 97.5 91.6 82.5 73.6
Kobiai 142.0 126.4 142.0 179 121.3 107.1 111.9 112.6 112.6 98.0 86.8
M-Kangalassky 160.0 123.1 109.1 117 92.0 91.2 97.8 98.5 98.3 83.3 76.8
Namsky 151.0 159.0 140.6 117 72.6 71.4 71.2 70.7 69.5 59.5 53.2
Tattinsky 207.0 169.5 163.6 167 110.0 98.7 101.8 102.5 101.9 84.5 69.8
U-Aldan 184.0 156.4 142.9 123 109.4 103.5 95.0 95.6 95.6 80.5 68.1
Hangalass 146.0 153.1 132.9 126 95.2 94.1 94.6 94.8 94.9 80.8 67.5
Churapchinsky 175.0 158.2 136.6 134 86.4 84.4 83.5 83.6 83.3 70.5 57.9
City of Yakutsk 205.0 179.4 184.4 186 31.9 31.0 28.8 30.2 29.5 29.0 28.7
In the RS (Y) 156.0 150.4 142.0 153 109.8 107.5 106.8 106.9 106.4 98.1 92.0

Table 2
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Kobiai ulus. Reduced availability of 
medical personnel and round-the-clock 
hospital beds for the period 2007-2016 
was accompanied by an increase in all 
considered types of general and primary 
morbidity, with the exception of the pri-
mary morbidity of the adult population. 
Strong feedback was observed between 
the availability of doctors and the over-
all incidence of the child population (r = 
-0.75). And here we can see the inverse 
average correlation between the deterio-
ration in the availability of round-the-clock 
hospital beds and OCI with the dynamics 
of the general mortality rate (r = -0.69).

Megino-Kangalassky ulus. The dete-
rioration in the availability of round-the-
clock hospital beds is correlated with 
the growth of all types of general and 
primary morbidity under consideration 
(inverse mean relationship). But for other 
types of resource provision in this ulus, 
the dynamics are more than favorable. 
And here you can clearly see the positive 
dynamics of medical and demographic 
indicators - fertility, mortality and NPG. 
Moreover, we see a direct strong con-
nection between the provision of doctors 
and OCI with fertility and NPG population 
(r ≥ 0.7).

Namsky ulus. It was not possible to 
identify any patterns in the correlation 
coefficients, although there was a nega-

tive dynamics in the provision of nurses, 
round-the-clock hospital beds and OCI.

Tattinsky ulus. A decrease in the supply 
of nurses is correlated with an increase in 
the general and primary morbidity of both 
the whole and the children’s population, 
and children have a strong relationship (r 
= -0.79 and -0.82). It is noteworthy that a 
significant decrease in the availability of 
round-the-clock hospital beds for the pe-
riod under review (from 127.3 per 10,000 
population to 69.8) is also combined with 
an increase in the general and primary 
morbidity of both the entire and the child 
population.

Ust-Aldan ulus. An increase in the 
availability of doctors from 29.4 per 
10000 population in 20 07 to 34.8 in 2016 
is combined with a slight improvement in 
the disability indicators of both the adult 
and children's population. In turn, a de-
crease in the availability of round-the-
clock hospital beds correlates with an 
increase in the overall incidence of both 
the whole and the adult population.

Hangalass ulus. The decrease in the 
availability of round-the-clock hospital 
beds is striking (101.4 per 10,000 popu-
lation in 2007, 67.5 in 2016). At the same 
time, there is an increase in all types of 
general and primary morbidity consid-
ered by us, and in children, the relation-
ship is strong (r = -0.73-0.76). And the 

improvement in OCI security indicators is 
correlated with an increase in birth rates 
and NPG.

Churapchinsky ulus. The decrease 
in the resource provision of nurses, 
round-the-clock hospital beds and OCI 
correlates with the primary incidence of 
the child population (r = -0.38-0.53). In 
addition, a decrease in OCI coverage is 
combined with an increase in the primary 
incidence of the entire population.

The city of Yakutsk. For the period 
2007-2016 There is a dynamic decline in 
the provision of nurses and around-the-
clock hospital beds, and this is combined 
with an increase in childhood disability.

Conclusion. Thus, it becomes obvi-
ous that in a number of CEZ uluses, the 
situation with the provision of medical 
personnel, round-the-clock hospital beds 
and general medical facilities is general-
ly unfavorable, with the exception of the 
provision of secondary medical person-
nel in 3 uluses (Amginsky, Kobyaysky 
and Tattinsky).

In almost all uluses, there is a clear 
connection between a decrease in the lev-
el of resource provision with an increase 
in the general morbidity of the population. 
In some uluses there are correlation links 
with medical and demographic indica-
tors. Another example: an increase in the 
supply of doctors from 29.4 per 10,000 
population in 2007 to 34.8 in 2016 in the 
Ust-Aldan ulus is combined with a slight 
improvement in disability indicators, both 
for adults and children.

We conclude that the planned "opti-
mization of health care" in the form of a 
reduction in the number of medical per-
sonnel, hospital beds and OCI without 
taking into account the dynamics of in-
dicators characterizing the health of the 
population, can lead to a deterioration in 
public health.

The work was prepared based on the 
results of the project “Assessment, main 
trends in the natural and socio-econom-
ic status, human potential of the Central 
Economic Zone of the Republic of Sakha 
(Yakutia)” A comprehensive research 
program in the Republic of Sakha (Ya-
kutia) aimed at developing its productive 
forces and social sphere in 2016-2020 
years.

Provision of outpatient facilities in the city of Yakutsk and areas of the Central 
Economic Zone in 1990, 2000, 2005, 2010-2016.

(power in visits per shift)

Uluses 1990* 2000* 2005* 2010 2011 2012 2013 2014 2015 2016
Amginsky 188 278 277 289.5 268.9 272.8 275.0 276.3 276.4 276.1
Gorniy 267 286 285 291.8 280.2 281.3 282.2 279.7 276.3 274.4
Kobiai 179 237 253 264.1 253.1 262.4 266.9 268.6 270.0 273.4
M-Kangalassky 193 193 203 297.1 294.2 303.8 305.8 306.6 305.8 304.0
Namsky 183 193 182 177.0 175.3 174.0 173.0 171.0 168.5 166.6
Tattinsky 278 326 303 320.2 287.3 298.6 302.8 302.9 302.5 302.5
U-Aldan 276 289 297 310.6 293.5 304.4 308.2 309.2 309.5 309.5
Hangalass 208 248 250 253.4 252.6 260.5 264.0 265.7 266.1 266.1
Churapchinsky 137 178 171 170.4 170.0 167.9 167.6 167.4 166.8 166.8
City of Yakutsk 322 287 281 124.6 121.7 111.1 115.1 112.9 112.4 131.6
In the RS (Y) 214 272 274 258.6 255.8 258.2 259.7 260.2 260.6 267.0

Table 3
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Introduction. Both increasing pop-
ulation density and intensification of the 
passenger mobility that brings together 
distant territories of Earth contribute to a 
high prevalence of acute respiratory viral 
infections and the emergence of danger-
ous epidemic situations associated with 
these infections [8, 9, 10].

The XXI century began with an ep-
idemic (November 1, 2002 – July 31, 
2003) caused by a coronavirus of Severe 
Acute Respiratory Syndrome (SARS-
CoV) (Coronaviridae, Betacoronavirus), 
which had lethality of 9,6 % (774 / 8096). 
The epidemic process began in the 
South-Eastern provinces of China after 
the penetration of SARS-CoV from the 
bats, which function as its natural res-
ervoir (Chiroptera: Microchiroptera) first 
in the population of intermediate hosts - 

Himalayan civets (Paguma larvata) and 
later in the human population [10,13,18]. 
In 2009, a pandemic (June 11, 2009–Au-
gust 10, 2010) of the so-called Swine 
Influenza A (H1N1) pdm09 began, which 
due to an application of modern vaccine 
technologies and the presence of etiotro-
pic chemotherapeutic drugs became the 
least devastating of all the influenza pan-
demics known since the beginning of the 
ХХ century [6, 9, 12]. In 2012, the Middle 
East Respiratory Syndrome Coronavirus 
(MERS-CoV) (Coronaviridae, Betacoro-
navirus) has showed its epidemic poten-
tial. Its natural foci associated with bats 
(Chiroptera) are located on the Arabian 
Peninsula, and its intermediate hosts are 
one-humped camels (Camelus drome-
darius). “Smoldering infection” of MERS-
CoV according to the World Health Orga-
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CLINICAL DIAGNOSTICS OF ACUTE
RESPIRATORY VIRAL DISEASES (INCLUD-
ING THOSE ASSOCIATED WITH HIGHLY 
CONTAGIOUS CORONAVIRUSES)
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nization (WHO) at the beginning of 2020 
had the lethality of 34,4 % (866 / 2519), 
including imported cases of infection in 
27 countries around the globe. The larg-
est epidemic outbreak resulting from the 
import of MERS-CoV occurred in the Re-
public of Korea (May 11 - July 10, 2015) 
where lethality has reached the level of 
18,5 % (35 / 189) [11, 14].

The first patient with a new disease, 
named COVID-19 (Coronavirus Dis-
ease 2019), was officially registered 
in Wuhan, the administrative center of 
the Eastern Chinese province of Hubei 
on December 8, 2019. In early January 
2020, it was established that the etiolog-
ical agent of COVID-19 is a new Type 
2 Severe Acute Respiratory Syndrome 
Coronavirus (SARS-CoV-2)1 (Coronavi-
ridae, Betacoronavirus), which together 
with the previously described SARS-CoV 
and the Chinese rufous horseshoe bat 
coronavirus (RsBtCoV – Rhinolophus 
sinicus coronavirus) form subgenus 
Sarbecovirus. The natural reservoir of 
SARS-CoV-2 is bats [16]. Intermediate 
hosts have not yet been reliably estab-
lished but they appear to be pangolins 
(Pholidota) [17]. Currently, SARS-CoV-2, 
which has entered the human popula-
tion, is spreading from person to person 
by airborne ways.

March 11, 2020 World health organi-
zation has announced the beginning of 
the COVID-19 pandemic: for this date 
in all parts of the world, including im-
ported cases and related epidemic out-
breaks in 113 countries, the lethality 
for COVID-19 has reached a figure of 
3,6 % (4292 / 118319) [18].

The modern paradigm of mass differ-
ential diagnosis of acute respiratory dis-
eases is based on the indication of the 
pathogen using a polymerase chain reac-
tion [4, 7, 8, 9]. However, first, this does 
not preclude making a preliminary differ-
ential diagnosis based on clinical data. 
Second, differential clinical diagnosis 
comes to prominence during major epi-
demic outbreaks (especially in develop-
ing countries), which exceed the practi-
cal capabilities of laboratory diagnostics. 
This is the reason why diagnostic deci-
sion-making support systems are one of 
the most promising areas of digitalization 
in the medical practice.

The purpose of this work is to devel-
op a cloud service with an application of 
artificial intelligence methods to search 
for hypotheses about a possible differ-
ential diagnosis of patients with acute re-
spiratory disease with justification of the 
decisions made by the system, which is 
1The original temporary name of this virus was 
2019-nCoV (novel coronavirus).

followed by prescribing of recommenda-
tions of the possible options for clarifica-
tion of the diagnosis.

Materials and Methods. The medical 
diagnostics service is based on a soft-
ware shell that includes models of medi-
cal knowledge and data and an intelligent 
solver (decision-maker). This models of 
medical information include a terminolo-
gy model, a model of medical diagnosis, 
a model of medical history, and a mod-
el of explanation of hypoteses on deci-
sion [1, 2, 3, 5] (Fig. 1).

The terminology model is designed to 
describe all concepts used by doctors, 
called findings or observations or signs, 
which are necessary for making diag-
nosis. Such definitions include descrip-
tions of possible symptoms (complaints), 
methods of the physical examination of 
the patients, definitive and structural de-
scriptions of laboratory and instrumental 
studies. The model of medical diagnos-
tics describes the structure and cause-
and-effect relationships necessary to 
describe the clinical evidence of the dis-
eases in dynamics of the pathological 
process, as well as taking into account 
the impact of treatment measures, and 
other possible events. The medical his-
tory model describes the structure used 
in medical institutions to describe infor-
mation about a patient and includes a 
description of general data (sex and age 
of the patients, their complaints at admis-
sion, history of current disease, results of 
physical examination, etc.). The decision 
explanation model describes the struc-
ture where the intelligent solver gener-
ates a structured report using vocabulary 
of medical concepts. It not only contains 
information about the diseases either 
confirmed or rejected by the system, but 
also a detailed explanation of hypoteses 
on decision made specifying: what find-
ings of the disease are / are not included 
in the clinical evidence of  hypotheses 
about diseases, 
and if additional 
observations are 
needed for con-
firmation/rejec-
tion, the system 
tells the doctor 
what observa-
tions should be 
obtained addi-
tionally [1,2].

Results and 
D i s c u s s i o n . 
The cloud ser-
vice, consisting 
of such a soft-
ware shell and 
knowledge base, 

is implemented on the IACPaaS platform 
in the certified Data Center of the Far 
Eastern Branch of the Russian Academy 
of Sciences. IACPaaS simultaneous-
ly supports three cloud service models: 
Platform as a Service (PaaS), Software 
as a Service (SaaS), and Desktop as a 
Service (DaaS).

The medical diagnostic model has the 
following features: description of the sets 
of symptoms of the diseases, including 
categories of users and reference ranges 
for laboratory and instrumental studies; 
formation of alternative sets of symptoms 
with different approaches to identify man-
ifestations or diagnostic criteria of the 
disease that may differ across various 
medical institutions; description of the 
diagnosis taking into account etiology, 
pathogenesis, types of the course for the 
differential diagnosis of the diseases and 
selection of appropriate treatment meth-
ods; the ability to specify the measures of 
fuzziness of attributes such as modality, 
with the values “needed”, “typical”, “pos-
sible”, and a scale the probabilities of 
matching characteristics to a hypothesis 
about the diagnosis, which can be used if 
the experts have an agreement on what 
manifestations are appropriate to use 
when making decisions; consideration of 
values and characteristics of the signs, 
the effects of the events to account for 
external influences on the patient’s body 
at different stages of the disease; consid-
eration of different variations of dynamics 
of symptom values.

Formation of a knowledge base for 
the diagnosis of diseases is carried out 
by clinicians. For this purpose, the plat-
form has a medical knowledge base 
editor with an intuitive interface (Fig. 2) 
developed on its basis. More specifical-
ly, the symptoms of viral infections were 
selected according to [8, 9, 10]. Data for 
the new COVID-19 disease are taken 
from [4, 15]. About 26 disease markers 

Fig. 1. Cloud service architecture for differential clinical diagnostics of 
acute respiratory viral diseases with an application of artificial intelli-
gence methods.
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were used to describe the manifestations 
of acute respiratory viral infections. The 
periods of manifestations of these stages 
and clarification of the features of each 
symptom are identified, which allows in 
particular to differentiate SARS, MERS, 
and COVID-19 from other infections of 
the respiratory tract of viral etiology. At 
the same time, for these particularly dan-
gerous coronaviruses, it was possible 
to identify a set of markers of an early 
stage, the peak of the disease, a light 
(erased) course, a medium-severe form, 
and a severe complication in the form of 
primary viral pneumonia. To confirm the 
development of pneumonia, the following 
markers should be detected by Х-rays: 
shadows in the lungs, unilateral and bi-
lateral dense infiltrates, areas of necrotic 
changes, growth of connective tissue, fi-
brous scars, etc.

Using data that characterize several 
stages of disease development, the diag-
nostic service checks the facts from the 
patient’s medical history, comparing them 
with all variations of the clinical manifes-
tations. The results of the verification 
process may indicate confirmation of the 
hypothesis about the disease or indicate 
all the diseases that this patient might 
theoretically have.

Conclusion. The cloud service that 
was developed allows users to accumu-
late data on the clinical manifestations 
of acute respiratory viral infections (in-
cluding those associated with particularly 
dangerous coronaviruses MERS-CoV, 
SARS-CoV, and SARS-CoV-2) and to 
use artificial intelligence methods to gen-
erate solutions that can significantly fa-
cilitate and speed up the establishment 
of preliminary diagnosis. In this case, the 
service can be used globally since both 
the information collection unit and the de-
cision-making rules can be adjusted with 
consideration of specific national stan-
dards.
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MICROBIOLOGICAL CHARACTERISTICS
OF STREPTOCOCCUS PNEUMONIAE 
STRAINS ISOLATED IN YAKUTSK

Pneumococcus and pneumococcal infections are still among actively discussed problems, 
while there is a lack of information about the population structure in the North-East of Russia.

Objective: the identification of microbiological and molecular genetic characteristics of S. 
pneumoniae strains found during nasopharyngeal carriage in Yakutsk.

Materials and methods: we studied S. pneumoniae isolates, obtained from the discharges of 
nasopharynx in 69 patients from the age of 6 months to 85 years living in Yakutsk and undergoing 
a survey for acute and chronic diseases of the ENT organs (rhinitis, sinusitis, otitis), repeated 
acute respiratory viral infections and nasopharyngitis. Identification of the isolated cultures was 
performed using the time-of-flight mass spectrometry method on a Vitek MS analyzer. For un-
certain results, we used test systems to detect S. pneumoniae DNA on PCR-RV. Identification of 
sensitivity to antimicrobial agents was determined by the disk diffusion method with an interpre-
tation according to the EUCAST recommendations and the Clinical recommendations for deter-
mining the sensitivity of microorganisms to antimicrobial agents (version 2018-03). The microbi-
ological analyzer Vitek II Compact was used to specify the phenotype of sensitivity / resistance.

Confirmation of species identification was carried out by amplification of the autolysin gene 
(lytA). Identification of serological types of the isolated S. pneumoniae strains was carried out 
using multiplex PCR. We were determining presence of genetic determinants of resistance to 
macrolide antibiotics erm, mef and msr as well as genes associated with the pathogenicity island 
PPI1 (per, npIT, FtsW).

Results: more than 80% of S. pneumoniae strains circulating among the population of Ya-
kutsk are represented by serotypes 6A and 19F. In 50% of pneumococci 6A and 100% of sero-
type 19F pneumococci were detected all 3 genes associated with the pathogenicity island PPI1. 
Macrolide resistance was observed in all isolates of serotype 6A, while 80% of serotype 6A and 
100% of serotype 19F showed the ermB resistance gene (MLSB phenotype) and 20% of sero-
type 6A pneumococci had the mef gene (M phenotype).

Conclusions: obtained data indicate the prevalence of virulent antibiotic resistant strains of 
S. pneumoniae among the population of Yakutsk and dictate the need for further epidemiological 
and microbiological studies of this problem.

Keywords: pneumococcus, nasopharyngeal carriage, virulence, resistance.

Introduction. Despite the insertion of 
mass vaccination, pneumococcus (Strep-
tococcus pneumoniae) is one of the main 
causative agents of acute bacterial infec-
tions in children, especially under the age 
of 5 years [2-4].

The high incidence of pneumococcal 
infections is combined with a steady in-
crease of the pneumococcus resistance 
to the antibacterial drugs that are most 
widely used in clinical practice. β-lactams 
and macrolides are the drugs of choice 
in the treatment of pneumococcal infec-
tions, therefore, the increase in S. pneu-
moniae resistance to these antibiotics be-
comes a significant clinical problem [4].

The resistance of S. pneumoniae to 
penicillin and other β-lactam antibiotics is 
due to a change in penicillin binding pro-
teins (PBPs), enzymes that participate in 

the final stages of cell wall synthesis [13].
The resistance to macrolides is me-

diated by two main mechanisms, which 
include changes in the binding target and 
antibiotic efflux from a bacterial cell. The 
first mechanism is due to the modification 
of the macrolide binding site with 23S-rR-
NA as a result of its methylation, which 
disrupts the interaction of the antibiotic 
with the target. The methylation is carried 
out by the methylase enzyme, which is 
encoded by the erm gene (erythromycin 
ribosome methylation) and causes a high 
level of resistance to macrolides. About 
20 varieties of erm are described, how-
ever, the ermB variant plays the great-
est role in the formation of resistance in 
pneumococcus. Most pneumococci with 
ermB demonstrate cross-resistance to 
all macrolides, as well as to lincosamides 
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and B streptogramin, as their targets are 
partially overlapped. This phenotype is 
called MLSB [1, 7].

The second mechanism of resistance 
to macrolides is concerned with their ac-
tive excretion (efflux) from the bacterial 
cell with the help of a special pump built 
into the cell wall. The efflux pump is en-
coded by several variants of the mef gene 
(macrolide efflux). Mef-positive pneumo-
cocci have an M-phenotype, which is 
characterized by resistance to fourteen- 
and fifteen-membered macrolides, but 
maintaining sensitivity to sixteen-mem-
bered macrolides, lincosamides and B 
streptogramine [1, 3, 10].

Another urgent problem because of 
the vaccination that is carried out in the 
Russian Federation with conjugated 
pneumococcal vaccines is the possibility 
of genetic changes in the pathogen pop-
ulation under the influence of the applied 
vaccines. In this regard the importance 
belongs to the data that characterize the 
presence in the genomes of S. pneumo-
niae of mobile genetic elements associat-

ed with invasive potential, which include 
the pathogenicity island PPI1 [5].

It should be noted that despite the 
availability of summarizing data from 
large multicenter studies [2], regional 
data is extremely important for under-
standing the trends in molecular epide-
miology and resistance of pneumococ-
ci both in a specific territory and in the 
country as a whole, and there is a lack 
of information about the situation in the 
North-East of the Russia.

Research objective: the identification 
of microbiological and molecular genetic 
characteristics of S. pneumoniae strains 
found during nasopharyngeal carriage in 
Yakutsk.

Materials and methods. We studied 
S. pneumoniae isolates, obtained from 
the discharges of nasopharynx in 69 
patients from the age of 6 months to 85 
years living in Yakutsk and undergoing a 
survey for acute and chronic diseases of 
the ENT organs (rhinitis, sinusitis, otitis), 
repeated acute respiratory viral infec-

tions and nasopharyngitis. Of these, 58 
children (84%), 11 adults (16%), 25 inpa-
tients (36.2%), 44 outpatients (63.8%).

The material was obtained from the 
nasopharynx using tampons that were 
placed in the transport Ames medium 
with coal. Chocolate agar cultures were 
incubated in airtight containers with gas 
generators to create microaerophilic 
conditions (bioMerieux) for 24 hours. 
Identification of the isolated cultures was 
performed using the time-of-flight mass 
spectrometry method on a Vitek MS ana-
lyzer. For uncertain results, we used test 
systems to detect S. pneumoniae DNA 
on PCR-RV. Identification of sensitivity 
to antimicrobial agents was determined 
by the disk diffusion method with an in-
terpretation according to the EUCAST 
recommendations and the Clinical rec-
ommendations for determining the sensi-
tivity of microorganisms to antimicrobial 
agents (version 2018-03). The microbi-
ological analyzer Vitek II Compact was 
used to specify the phenotype of sensitiv-
ity / resistance.

Confirmation of species identification 
was carried out by amplification of the 
autolysin gene (lytA) [12]. Identification 
of serological types of the isolated S. 
pneumoniae strains was carried out us-
ing multiplex PCR [9]. The following prim-
ers were used to identify virulence genes 
and genetic determinants of resistance to 
macrolide antibiotics in the polymerase 
chain reaction (Table 1, 2).

Results and discussion: According 
to the data of the Educational and Sci-
entific Microbiological Laboratory of the 
NEFU Clinic, the frequency of pneumo-

coccal nasopharyngeal carriage in Ya-
kutsk was 14.1% in 2010 and in 2017 
was only 2.7% in the total structure of 
nasopharyngeal bacterial carriage. From 
the 69 obtained samples more than half 
of the confirmed S. pneumoniae iso-
lates were represented by serotype 6A 
(53.8%), a third of the strains (30.8%) 
were assigned to serotype 19F, the rest 
15.4% are presented by serotypes 7F 
and 23F.

In determining of the sensitivity to an-
timicrobial agents by the disk diffusion 
method, we paid attention to the pres-
ence of sensitivity / resistance to β-lac-
tam antibiotics on a disk with 1 μg of 
oxacillin (OX) and sensitivity / resistance 
to macrolides on a disk with 15 μg of 
erythromycin (E). Thus, 42% of isolated 
pneumococci were resistant to β-lactams 
and 34.8% were resistant to macrolides, 
while 26.1% of the strains were resistant 
to both groups of drugs (Table 3).

Genetic study showed that the resis-
tance to macrolides was noted in all iso-
lates of serotype 6A, 80% of representa-

tives of this type had an ermB resistance 
gene and 50% of these pneumococci 
revealed all 3 genes associated to the 
pathogenicity island PPI1. The same 
genes, as well as all determinants of 
macrolide resistance were detected in 
S. pneumoniae of serotype 19F. 6 gen-
otypes of pneumococci isolated during 
nasopharyngeal bacterial carriage in Ya-
kutsk were characterized (Table 4).

Thus, more than 80% of the S. pneu-
moniae strains studied by us are repre-
sented by serotypes 6A and 19F. In 50% 
of pneumococci 6A and 100% of sero-

Primers used in the study to identify the virulence genes

Gene Primer sequence (5'->3') Reference genome 
(GenBank Acc. №) Localization in the reference genome Source

ftsW ATGGCTTCCCCGTGCTTTTA

AE005672.3

1001727 1001746

actual study

AGATACGAGCGCCAGAATGG 1001901 1001882

pezT CGCGCAACTCCAAAAGAACA 989035 989054
CCCACCTGCAACATCTCCTT 989255 989236

nplT GGAGACCTTTCGGGAACTGG 985812 985831
TGGTCCTCCAGTCAAGGCTA 986562 986543

Primers used to detect the genetic determinants of antibiotic resistance of the macrolide

Праймеры Sequence 5’ → 3’ Gene Product size 
(nucleotide couples) Source link

ermB-f ATTGGAACAGGTAAAGGGC Erm B 442 [8]ermB-r GAACATCTGTGGTATGGCG
MEF 57-f AGTATCATTAATCACTAGTGC MEF(A) 346 [7]

Table 1

Table 2
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type 19F pneumococci were detected all 
3 genes associated with the pathogenici-
ty island PPI1. Macrolide resistance was 
observed in all isolates of serotype 6A, 
while 80% of serotype 6A and 100% of 
serotype 19F showed the ermB resis-
tance gene (MLSB phenotype) and 20% 
of serotype 6A pneumococci had the mef 
gene (M phenotype).

Conclusion. The obtained data indi-
cate the prevalence of virulent antibiotic 
resistant strains of S. pneumoniae among 
the children of Yakutsk and dictate the 
need for further epidemiological and mi-
crobiological studies in this domain. Sub-
sequent monitoring studies should be 
obviously aimed at assessing the impact 
of mass vaccination of the population 
on the genetic structure of the pneumo-
coccal population, including assessing 
the appearance of new strains with high 
pathogenic and epidemic potential.
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Variety of S. pneumoniae genotypes isolated in Yakutsk

Macrolide resistance genes Genes associated to the
pathogenicity island PPI1 Serotype Erythromycin

MSR MEF ermB pezT nplT FtsW
 -  -  +  +  +  + 6A R
 +  +  -   +  +  + 6A R
 -  -  +  -  +  + 6A R
 -  -  +  -  -  + 6A R
 -  -  +  -  +  + 6А R
 +  +  +  +  +  + 19F I

Identified phenotypes of S. pneumoniae 
sensitivity / resistance to β-lactam

and macrolides

Phenotype Abs (%) Abs (%)
OХ-R
E-S 11 (15.9)

Ox – R
29 (42)OХ – R

E - R 18 (26.1)

OХ-S
E-R 6 (8.7) E – R

24 (34.8)
OХ – S
E - S 34 (49.3)

Table 3 Table 4
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Introduction. Leptospirosis in the Far 
North was first described by I.E. Trop and 
S.E. Getzold, who conducted a survey 
of population and animals in the Tyumen 
region in 1954-1960 [5, 19]. They also 
observed an outbreak in Khanty-Mansi-
ysk (1959-1960), when the number of the 
diseased reached 132 people [5, 19].

A further basis for the study of lepto-
spiroses was the disease of calves in one 
of the farms of the Nenets Autonomous 
District, when laboratory examination of 
1093 domestic reindeers in 1.8% of them 
revealed antibodies to the leptospira of 
the serogroup L. grippotyphosa. In some 
herds, animal infection was 6% [7]. Sub-
sequently, a wide spread of leptospiroses 
in the Far North was detected from the 
Kola Peninsula to Chukotka [12, 13].

The possibility of rodent leptospiro-
sis in the northern taiga of the Republic 
Sakha (Yakutia) was reported by E.V. 
Karaseva and E.I. Korenberg [5], who 
found in blood serum specific agglutinins 
to the leptospiroses of the serogroup 
L. grippotyphosa in titer 1:800-1:1000. 

However, studies indicating the presence 
of natural foci of leptospirosis in the high 
latitude zone were few and fragmentary.

In 1984 the first case [15] of human 
leptospirosis in Yakutia was registered in 
the Tatta region. During the next decade, 
zoonosis was registered in 11 regions of 
the republic, having a flare-up, group 
and sporadic character [9, 18], amount-
ing to 0.2 to 2.0 cases per 100,000 pop-
ulation.

In the epizootic and epidemiological 
plan, the most dangerous [8, 11, 12, 13, 
22] were animals infected with leptospi-
rosis. Leptospirosis carriage both in the 
latent course of the infection process and 
in an infected animal against the back-
ground of its natural foci [14, 20] retained 
its limpopotential [6]. A special line was 
devoted to occupational risks [17].

The results of monitoring of epizooto-
logical and epidemiological observations 
in different zones of Yakutia were pre-
sented in a series of published works [2, 
4, 9, 10, 15, 16, 18, 20, 21]. Zoning of 
the territory [22] and the practice of de-
partmental (veterinary and sanitary) su-
pervision [11, 12, 23] were supplemented 
by elements of the geoinformational ap-
proach (mapping). Scientific and method-
ological developments were introduced 
into veterinary and medical practice [1, 2, 
3, 8, 22].

The objective of this paper is to pro-
vide modern epizootic, epidemiological 
and prognostic assessment of leptospi-
roses in Yakutia, including information 
and prevention proposals on the basis of 
monitoring data.

Materials and research methods. 
The study included retro- and prospec-

tive indicators of epizootic and epidemic 
processes in leptospirosis in Yakutia on 
the basis of annual departmental reports, 
information on antiepizootic measures in 
form 1-Vet A and infectious animal dis-
eases in form 1-vet of the Department 
of Veterinary Medicine of the Republic 
Sakha (Yakutia) for 2003-2018, informa-
tion on statistical observations and lab-
oratory activity of the FBUZ “Center for 
Hygiene and Epidemiology” in form No. 
2 for 1995-2018 and State reports for the 
period 1995-2019, stock data, literary 
publications and their assessment. 

Statistical data processing was per-
formed using descriptive statistics and 
comparative analysis methods in the “Of-
fice Microsoft Excel” program.

Results and discussion. Diagnosis 
of the etiological structure of leptospirosis 
was carried out on the basis of the Yakut 
Republican Veterinary Testing Labora-
tory, according to GOST 25386-91. The 
annual volume of laboratory tests was: 
cattle - up to 2100 animals, horses - up to 
1600, up to 300 samples from pigs, small 
cattle and other domestic animals.

A comparative analysis of laboratory 
studies showed that cattle was the host 
of leptospira serogroups L. grippotypho-
sa in 34.6% in 2004 and 43.6% of cases 
in 2018, L. icterohaemorrhagiae - 35.1 
and 30.7%, L. tarassovi - 2.6 and 10.2%, 
L. canicola - 2.1 and 10.2% and L. pomo-
na - 4.8 and 5.1%, respectively.

Horses were the hosts for the lepto-
spira serogroup L. icterohaemorrhagiae 
in 22.5% of cases in 2004 and 35.2% in 
2018, L. grippotyphosa - 38 and 29.5%, 
L.tarassovi - 4.2 and 18.2 %, L. canico-
la - 1.4 and 15.9%, respectively, L. heb-
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domadis in 2.8% in 2004, L. pomona in 
1.1% of cases in 2018.

Leptospirosis among small cattle was 
represented by an unstable nosounit, 
manifested singly and periodically. In 
2018, small cattle in 36.3% of cases 
turned out to be the host of the leptospira 
serogroup L. sejroe, in 27.2% of cases - 
L. grippotyphosa, in 18.2% - L. tarassovi, 
in 9.1% - L. canicola and L. Icterohae-
morrhagiae, and in dogs leptospirosis is 
represented in all cases by one type - L.
canicola.

When analyzing studies in anthropur-
gic foci, it was found that the predominant 
hosts for the leptospira serogroup L. grip-
potyphosa were: cattle, horses and small 
cattle (43.6, 29.5 and 27.2%, respective-
ly); for L. icterohaemorrhagiae - cattle in 
30.7% of cases, horses - 35.2% and cat-
tle - 9.1%, for L. tarassovi - horses and 
cattle in 18.2% of cases, cattle - 10.2%, 
for L. canicola - cattle in 10.2% of cas-
es, horses - 15.9%, dogs - 100%, for L. 
pomona - cattle - 5.1%, horses - 1.1%. 
It was found that the attachment of cer-
tain leptospira to animal species was not 
absolute.

Using cattle as an example, we stud-
ied the facts of possible mixing — mixt in-
fections of circulating leptospira species 
(Fig. 1).

In a comparative, selective, applied 
characteristic of the etiological struc-
ture of leptospira, it was revealed that 
if in 2006 the proportion of mixed sero-
groups was 68.2% of the studied ones 
(L. pomona - 1.1%, L. tarassovi - 2.9%, 
L. grippotyphosa - 0, L. hebdomadis - 0, 
L. sejroe - 1.1%, L. canicola - 2.9% and 
L. icterohaemorrhagiae - 20.0%), then in 
2018 this figure was 4.6% of the studied 
(L. pomona - 6.8%, L. tarassovi - 6.3%, 
L. grippotyphosa - 22.8, L. hebdomadis 
- 0.8%, L. sejroe - 10.5%, L. canicola - 
3.8%, L. icterohaemorrhagiae - 40.9%).

The number of foci of leptospirosis of 
animals during the analyzed period was 
constantly changing (Fig. 2).

The presented data indicate a fluctu-
ating parameter of the monitored epizo-
otological factor, with a decrease in its 
quantitative characteristics. The explana-
tory premise has a multifactorial (natural, 
economic, anthropogenic, climatic, ad-
ministrative-economic, business-industri-
al, etc.) character.

The highest indicator for identifying 
dysfunctional points on leptospirosis was 
established in 2009 - 38, which is 15.4% 
of their total number for 2003-2018 (247 
points), and the lowest indicator was es-
tablished in 2004 - 1.6% (4 points). Their 
largest number falls on the period 2008-
2011 - 128 points, subsequently the num-

ber ranged from 4 to 16. The largest pro-
portion of dysfunctional points for this pe-
riod were horses - 66.4%, cattle - 31.4%, 
pigs - 1.6%, bison – 0.8%. The share of 
research over 15 years on agricultural 
species of animals was: cattle - 47.6%, 
horses - 35.9, deer - 0.8, pigs - 6.9, small 
cattle - 8.0, fur animals - 0.8%.

From year to year there was an in-
crease in targeted, applied, laboratory re-
search, which had a planned state char-
acter. If in 2003 a total of 1509 animals 
were examined by the microagglutination 
reaction (of which 81.6% were studies of 
cattle, 4.6% of horses, 12.4% of pigs), 
then in 2018 6185 were conducted (of 
which 42% were studies of cattle, 38.1 - 
horses, 8.7 - pigs, 0.4 - deer, 7.9 – small 
cattle, 0.03 - fur animals and 3.46 - other 
animal species).

The percentage of studies on lepto-
spirosis from the total population in 2018 
was: cattle - 1.5%, horses - 1.4%, pigs - 
2.87%, deer - 0.4%, fur animals - 0.03%, 
which in comparison with 2003 shows 
an increase by 3 times in cattle (0.4% in 
2003), in horses by 28 times (0.05%), in 
pigs by 7 times (0.4%).

The analysis found that with a month-
ly cumulative distribution of animals se-
ropositive for leptospirosis, the largest 
number of animals was detected from 
April to June and from November to De-
cember. It should be noted that the blood 
sampling was carried out as planned: in 
cattle and small cattle before pasture and 
at stabling, and in horses during mass 
preventive measures (from March to May 
and from October to November).

On the basis of data on dysfunction-
al sites and the incidence of animals, we 
determined the territories of the spread of 
leptospirosis with 4 groups:

- to the 1st group, where the num-
ber of dysfunctional points ranges from 
0 to 5, 20 districts are assigned, mainly 
in the Arctic zone (Anabarsky, Abyysky, 
Allaikhovsky, Bulunsky, Verkhoyansky, 
Verkhnekolymsky, Gorny, Zhigansky, 
Lensky, Mirnynsky, Momsky, Neryun-
grinsky, Nizhnekolymsky, Oleneksky, Oy-
myakonsky, Srednekolymsky, Tattinsky, 
Ust-Maysky, Ust-Yansky, Eveno-Bytan-
taysky). The proportion of dysfunctional 
points in this zone is 15.6% of their total 
number;

- 6 districts (Suntarsky, Nyurbinsky, 
Kobyaysky, Ust-Aldansky, Aldansky) are 
assigned to the 2nd group, where from 
6 to 10 dysfunctional points were regis-
tered during the analyzed period. The 
proportion of dysfunctional points in this 
zone is 20.5% of the total;

- 7 districts were included in the 3rd 
group (Olekminsky, Verkhnevilyuysky, 
Namsky, Tomponsky. Amginsky, Churap-
chinsky, Yakutsky), where the registered 
points range from 11 to 20 dysfunctional 
points. The proportion of dysfunctional 
points in this zone is 42% of their total 
number;

- The fourth group consisted of two 
districts (Vilyuisky and Megino-Kanga-
lassky), where more than 21 dysfunction-
al points were established.

It should be noted that horse lepto-
spirosis prevails in all groups. So, in the 
1st group the number of dysfunctional 

points for horses is 65.7%, in the 2nd 
- 71.7, in the 3rd - 55.3, in the 4th - 
53.1%. The proportion of dysfunction-
al points in the cattle in the 3rd group 
is 38.3%, in the 4th - 34.7%, in the 1st 
- 20%, in the 2nd - 19.6%. The larg-
est number of dysfunctional points in 
the small cattle was noted in the 1st 
group - 14.3%, in the 3rd - 2.1, in the 
4th - 2%. The largest number of dys-
functional points for pigs was noted 

in the 3rd and 4th 
groups - 14.3%, in 
the 3rd - 2.1, in the 
4th - 2%.

Thus, preliminary 
evaluations of epi-
zootological zoning 
indicate that foci 
of concentration of 
a large number of 
horses and cattle 
are territories of risk 
for the occurrence 
and spread of lepto-
spirosis.

Fig. 1. The structure and dynamics of circu-
lating leptospira species

Fig. 2. The proportion of established dysfunctional points by 
years,%
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The epizootic manifestations of lep-
tospirosis in the Central zone of Yakutia 
are of particular note. They currently ac-
counted for 80% of the total number in 
the republic; in the Arctic and North-East-
ern zones - by 7.5%, in the Western and 
Southern zones - by 2.5%.

From a zoological and epidemiolog-
ical position (for the period 2009-2018), 
5911 specimens of mouse rodents were 
studied for natural foci, the contamina-
tion of which in some years was deter-
mined by ELISA: 2.03 - 2.7% of cases, 
and by PCR: among red voles - 0.38%, 
root voles - 1.9% and in narrow-cranked 
voles - 5%.

Contamination of people occurred in 
natural and anthropurgic foci with lep-
tospira serogroups L. icterohaemorrha-
giae, L. grippotyphosa and L. pomona. 
Serological examination of the population 
showed a wider spread of infection than 
previously thought. Leptospira serogroup 
L. pomona (25.0%) prevailed in the rural 
population, and L. canicola (27.9%) in the 
urban population.

A retrospective analysis of the morbid-
ity (Fig. 3) on the territory of the Repub-
lic Sakha (Yakutia) demonstrates certain 
temporal-episodic and epidemiological 
features of leptospirosis and their deter-
mining factors.

The methods of graphic retroanalysis 
adopted in epidemiology have estab-
lished that the incidence of leptospirosis 
was mainly sporadic in nature, with an 
intensive rate per 100 thousand people 
ranging from 0.2-2.0. Outbreaks and 
group cases were relatively rare, and 
there was a pronounced territorial un-
evenness. The most intensive epidemic 
process took place in rural areas, where 
the incidence of residents of villages and 
towns (3.7 per 100 thousand people) 
was several times higher than the inci-
dence of the urban population (0.4 per 
100 thousand people). Infection of peo-
ple occurred in natural and anthropurgic 
foci in which the main sources of lepto-
spira serological groups of L. icterohae-
morrhagiae, L. pomona, L. grippotypho-
sa were cage breeding foxes, gray rats, 
root voles (Microtus oeconomus) and red 
voles.

The current features of assessing the 
degree of tension of the epidemic situa-
tion include the facts of its “mitigation”, 
when at the ascertaining of leptospira 
circulation among small mammals, there 
is no morbidity in the population, and no 
positive results were found in pool stud-
ies of materials from people (89 people). 
A similar situation was noted (2019) in 
other subjects of the Far Eastern Federal 
District: Kamchatka, Primorsky Territory, 

Jewish Autonomous and Amur Regions 
[13, 14].

Assessing the past monthly dynam-
ics of the incidence rate in the republic, 
it should be noted that, despite the rel-
atively uniform intra-annual distribution 
of cases, the largest number of patients 
with leptospirosis was recorded in April-
May. The reason for this was the out-
break of leptospirosis among the workers 
and maintenance staff of the fur farm and 
the Mastakh branch of the Mukuchinsky 
state farm of the Kobyai ulus, where the 
main etiological factor was the leptospira 
of the serogroup L. pomona, and arctic 
foxes of cage breeding were the source 
of infection.

Subsequently, during the examination 
of 287 persons admitted to the infectious 
and therapeutic departments of hospitals 
in Yakutsk, Neryungri, Verkhnevilyuys-
ky, Kobyaysky, Aldansky, Ust-Aldansky, 
Namsky, Khangalassky, Verkhoyansky, 
Ust-Maysky, Lensky, Megino-Kangalass-
ky, Mirny and Oymyakonsky uluses with 
the diseases which are suspicious of lep-
tospira, 96 individuals were revealed  with 
serologically positive results  in which ti-
ters of specific antibodies to leptospira of 
nine serological groups reached 1: 100-
1: 3200. Taking into account the complex 
of clinical manifestations of the disease, 
the results of an epidemiological exam-
ination of foci and laboratory tests, the di-
agnosis of leptospirosis was established 
in 31 patients. In subsequent years, the 
designated group was not fixed.

In various age and occupational 
groups, the morbidity was not the same. 
To a large extent, it depended on the 
influence of the leading pathways and 
transmission factors, reflecting the forms 
and degree of contact of the population 
with sources of pathogens. Men at the 
age of 20-49 years were most at risk: fur 
farmers, livestock technicians and hunt-
ers. The etiological structure of patients 
represented by leptospira of 5 serologi-
cal groups was dominated by L. pomona 
(41.9%), L. grippothyphosa (25.8%) and 
L. icterohaemorrhagiae (19.3%).

Analysis of the epizootic situation 
shows that the average incidence rate, 
increasing from 2003 to 2008 (from 0.73 
to 7.71), since 2009 has tendency to a 

relative decrease (from 0.34 to 3.54). 
This may be due to an increase of 3 times 
in the annual vaccination coverage of 
farm animals against leptospirosis over 
10 years and reached 384.407 goals in 
2018.

Thus, due to the systematic, planned, 
correct organizational and health-im-
proving work of veterinary specialists, 
the number of dysfunctional points de-
creased by 19 times, determining the rel-
atively positive epizootiological and epi-
demiological situation in livestock farms 
and among the population.

Conclusion. Thus, thanks to the 
systematic, planned, properly set orga-
nizational and health-improving work of 
veterinary specialists, the number of dys-
functional points decreased by 19 times, 
determining the relatively positive epizo-
otiological and epidemiological situation 
in livestock farms and among the popu-
lation.

The materials presented indicate the 
need for further monitoring of the estab-
lished facts and the identified clinical and 
laboratory, epizootological and epidemio-
logical imbalances in the identified prob-
lem.

The choice of adequate and informa-
tive methods of laboratory-clinical re-
search and expert assessments should 
be based on modern ideas about the 
epizootiological, epidemiological, clini-
cal-laboratory and monitoring algorithm, 
which will make it possible to maximal-
ly objectify agricultural losses (damage) 
and the degree of percentage disability 
among the population with various forms 
of the disease.
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Diphyllobothriasis is a group of in-
testinal biohelminthoses, the causative 
agents of which are tape helminths of the 
class Cestoidea, Diphyllobothrium (D.) 
family. In the life cycle of helminth, co-
pepods act as the first intermediate host, 
and fish as the second [8–10]. The final 
host is man, as well as some animals and 
birds that eat fish. About 14 out of more 
than 50 types of diphyllobotriids can 
be dangerous for humans [10]. Human 
infection occurs when eating fish with 
helminth larvae. Helminthiasis is found 
in many regions of the world, including 
North and South America, Europe, and 
Asia [10]. Parasites have epidemiologi-
cal significance in Russia, Japan, and 
South America [1-3, 5-7]. According to 
experts, the number of people infected 
with tapeworms can reach 20 million in 
the world [10].

In Siberia and the Far East of Russia, 
according to Yastrebova V.K., the most 
common types of diphyllobotriids are 
D. latum, D. dendriticum, D. klebanovs-

kii (D. luxi), D. ditremum [5]. D. latum is 
currently considered the main causative 
agent of human diphyllobothriasis. For 
the Sakha Republic, Diphyllobothriasis 
is an endemic disease (1318 cases of 
the disease or 136.8 per 100,000 of the 
population in 2018), as evidenced by a 
comparison of incidence rates in the 
subjects of the North-East of the Rus-
sian Federation. Thus, according to the 
territorial bodies of the Federal Service 
for the Oversight of Consumer Protection 
and Welfare (Rospotrebnadzor), in 2018, 
160 cases of diphyllobothriasis were re-
corded in the Irkutsk Region, 102 in the 
Republic of Buryatia, 22 in the Sakhalin 
Region, 15 in the Jewish Autonomous 
Region and 12 in the Amur Region, 5 
in the Primorsky Territory, 2 in the Chu-
kotka Autonomous Region, and 1 in the 
Kamchatka Region. In 2018, diphyllobo-
thriasis (25%) takes 2nd place in helmin-
thiases general incidence in Yakutia, af-
ter enterobiosis (70%) [2].

The main factors determining the 
spread of helminthiases, including 
diphyllobothriasis, are the levels of so-
cio-economic development of territories 
and sanitary and hygienic training of the 
population. Thus, the spread of invasion 
is facilitated by the tradition of using raw 
or semi-raw fish, as well as an increase 
in the market of poor-quality fish prod-
ucts due to the absence or low quality 
of wastewater treatment (at the sewage 
treatment facilities of the republic). 

Research Objective – studying the 
behavioural factors contributing to the 
spread of diphyllobothriasis in the Sakha 
Republic.

Materials and Research Methods.
For the analysis, we used the data of 
the reports “On the State of the Environ-
ment and Environmental Protection of 

the Sakha Republic in 2018 (https://min-
priroda.sakha.gov.ru) and “On the State 
of Sanitary and Epidemiological Welfare 
of the Population in 2018” in the north-
eastern regions of the Russian Federa-
tion (http://rospotrebnadzor.ru).

To assess the habits of the population 
contributing to the infection of diphyllobo-
thriasis, a survey of available respond-
ents was conducted using social net-
works. The study involved 1021 people 
(815 women and 206 men) from Yakutsk 
and 32 municipal districts of the Sakha 
Republic. The questionnaire included 16 
questions devoted to various aspects of 
eating, cooking, and harvesting fish, as 
well as public awareness of measures to 
prevent infection with fish parasites. 

Results. Analysis of the dynamics of 
morbidity of the population of the Sakha 
Republic by diphyllobothriasis over 15 
years (2004-2018) showed a 2-fold de-
crease in rates from 264.9 to 136.8 per 
100,000 population [2]. The true number 
of carriers of the parasite is probably 
significantly higher than official statis-
tics. This is due to the lack of mandatory 
helminthological examinations, a pro-
nounced clinical picture of infection, the 
over-the-counter selling of praziquantel 
(which is the drug of choice for diphyllo-
bothriasis) and frequent self-medication 
among the population. Thus, the sta-
tistics reflect only cases of detection of 
diphyllobothriasis when visiting medical 
institutions and when examining mater-
nity groups.

A survey to study consumer behav-
iour was conducted from May 25th, 2019 
to June 9th, 2019. The main participants 
in the study were people of working age 
(Table). Of the respondents, 89% were 
born in Yakutia, 11% came from other 
regions of the Russian Federation. Of 

T.M. Klimova, A.G. Egorova, A.G. Fedulova, A.A. Kuzmina,
I.Sh. Malogulova, M.S. Novikova, N.I. Gorshenin

BEHAVIOURAL DETERMINANTS
OF DIPHYLLOBOTHRIASIS
IN SAKHA REPUBLIC’S POPULATION

Diphyllobothriasis is an endemic disease for the Republic of Sakha (Yakutia), the prevalence of which remains at a high level (136.8 per 100,000 
of the population in 2018). The study aims to analyse the behavioural factors contributing to the spread of diphyllobothriasis in Yakutia. The survey 
was carried out using social networks. The study involved 1021 people (815 women and 206 men) from Yakutsk and 32 municipal districts of the 
Republic of Sakha (Yakutia). The study showed among the population of the republic are preserved the traditions of eating raw fish and homemade 
salting fish. The part of the fish gets bypassing sanitary control. Technologies of homemade salting and cooking of fish are violated. The population 
is not well informed about the danger of infection with fish parasites and preventive measures.

We need the widespread introduction of wastewater disinfection technologies, improving the quality of treatment, monitoring fish products, 
conduct a qualitative helminthological examination of the population, verification of the effectiveness of deworming and inform the population about 
the methods for preventing parasitic infection. 
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these, 758 people (74.2%) lived in the 
city of Yakutsk, the rest were repre-
sentatives of 32 municipal districts of 
Yakutia.

Eating Habits. The survey showed that 
83% (852) of respondents consume raw 
frozen fish (in the form of a sliced planer 
and other dishes), while 67% (691) con-
sume home-salted fish.

When asked, “Where do you get fro-
zen or salted fish?”, respondents in-
dicated various sources (including a 
combination of different sources). Thus, 
337 respondents purchase fish at local 
markets, 283 – at stores, 95 – at super-
markets, while 15 get it themselves (fish-
ing). Also, in 618 cases, respondents 
mentioned that they were sent (treated) 
by friends or relatives. Thus, it should be 
assumed that a significant part of the fish 
consumed by the population does not 
pass sanitary control. Another question 
was, “When purchasing fish, do you ask 
for documents certifying the quality of the 
fish (veterinary certificate, the conclusion 
of a veterinary and sanitary examina-
tion)?”. 88.1% (900) of respondents an-
swered negatively. Only 12% (121) said 
they were interested in this.

Typical Fish Storing and Cooking. 
62% (639 people) of respondents said 
they salted fish in their families at home. 
Of these, in 75% (478) cases, the fish 
is lightly salted, in 25% (161) the fish is 
highly salted. At the same time, 115 re-
spondents indicated that they salted the 
fish for several minutes or hours, 331 – 
during the period from 1 to 2 days, 190 – 
from 2 to 4 days, and 3 – 5 or more days. 
These results indicate that local fish salt-
ing violates processing technologies that 
ensure product safety.

When cutting fish, 35% (356) of re-
spondents have seen parasite larvae at 
least once. Of these, 28 noted that they 
discarded the infected part of the fish 
and continued to cook the remaining 
parts. Only 15.6% of buyers return the 
fish with contaminants to the seller (the 
presence of inclusions, larvae, etc.). The 
remaining percentage throw away the in-
fected fish.

Public Awareness of Hygienic Preven-
tive Measures. When asked, “Can frozen 
fish be a source of helminth infection?”, 
60% (607) of respondents answered in 
affirmatively, while 24% (174) denied 
this possibility; 17% (240) did not have 
a definite opinion (figure). Also, about 
40% of respondents do not know that 
objects used in cutting contaminated 
fish can be dangerous. It is likely that 
80% of respondents taste the fish in 
the cooking process (frying, boiling, or 
baking). Last year, 69.8% of respond-

ents underwent microscopic examina-
tion for helminth eggs (faeces analysis) 
was carried out during the last year. 

Thus, the survey results showed that 
among the population of the republic pre-
serves its traditions of eating raw, home-
salted fish. As a result, too often the fish 
ends up on the table bypassing sanitary 
control. When using at-home salting and 
cooking, our population violates fish pro-
cessing technologies. The population is 
not well informed about the danger of in-
fection with fish parasites and about the 
related preventive measures. 

Discussion. Lack of treatment and 
disinfection of wastewater and frequent 
flooding of local settlements lead to the 
ingress of helminth eggs into water bod-
ies. According to the Ministry of Ecology, 
Nature Management and Forestry of the 
Sakha Republic, in 2018, the republic 
had 28 treatment facilities (of which 20 
were biological, 7 were mechanical, and 
1 was physico-chemical). Some districts 
do not have wastewater treatment fa-
cilities, and in many areas, the technical 
condition of the facilities and outdated 
technologies do not provide regulatory 

wastewater treatment. According to To-
noeva N.C. et al. [4], treatment methods 
at the sewage facilities in Yakutsk (bio-
logical treatment) also do not ensure ep-
idemiological safety of the water. When 
analysing samples of water and sedi-
ment from the n-filter after mechanical 
cleaning, we found ascaris and diphyllo-
botriid eggs in 100% and 80% of cases, 
respectively. After repeated mechanical 
and biological treatment of water with 
activated sludge, the number of positive 
samples was 33% and 17%, after expo-
sure to ultraviolet radiation – 18% and 
9%, respectively.

The prevalence of diphyllobothria-
sis among the population of Yakutia is 
caused by the characteristics of the tra-
ditional nutrition of the population, insuf-
ficient awareness of the risks of infection, 
and socio-economic factors. A low stand-
ard of living contributes to the search for 
other food sources, including independ-
ent fishing, the acquisition of fish from 
sellers without permits, and the use of 
home-made fish products. The tradition 
of eating raw fish, the ambiguous, non-
specific symptoms during infection, low 
diagnostic efficiency, lack of control after 
deworming all lead to helminth preva-
lence. In addition, the widespread popu-
larity of Southeast Asian cuisine using 
raw fish may become an additional risk 
factor for diphyllobothriasis, which can 
change the spectrum of diphyllobotriids 
circulating in Yakutia. 

Conclusion. In the Sakha Republic, 
diphyllobothriasis is an endemic hel-
minthiosis, the spread and preservation 
of which is facilitated by socioeconomic 
and behavioural factors. These include a 
low standard of living, low sanitary and 
hygienic culture, violation of sanitary and 
hygienic standards, food traditions of the 
peoples of the North, and insufficient 
public awareness.

At the moment, to change the situ-

Awareness of the Sakha Republic’s Population on Diphyllobothriasis Preventive Measures

Characteristics of Respondents

Group n %
Age, years 41 4.0
18-24 347 34.0
25-35 213 20.9
36-45 115 11.3
46-55 180 17.6
Over 55 125 12.2
Years spent in the Sakha 
Republic
Under 5 37 3.6
5-9 22 2.2
10-14 6 0.6
15-20 26 2.5
Born in the Sakha Republic 904 88.5
Other 26 2.5
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ation with the prevalence of diphyllo-
bothriasis in the Sakha Republic, we 
require the organisation of local water 
treatment devices in rural areas, the 
widespread introduction of modern tech-
nologies for wastewater disinfection 
(use of purification, ultraviolet radiation, 
and track-etched membranes), and the 
strengthening of fish product quality con-
trol measures. We also require qualita-
tive helminthological examination of the 
population, monitoring the effectiveness 
of deworming and informing the popu-
lation about methods of preventing in-
fection with fish parasites. Conducting 
molecular genetic studies to confirm the 
fact that there are no errors in identifying 
D. latum as the sole or main causative 
agent of human diphyllobothriosis in Ya-
kutia holds scientific and practical impor-
tance. If other species of tapeworms of 
the Diphyllobothrium family are found in 
the Yakutian population, we may require 
additional changes to the preventative 
programs.
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Introduction. Breast cancer becomes 
the second death-leading cancer in the 
world with 2.088.849 new cases and 
626.679 deaths in 2018 when cervical 
cancer and ovary cancer also in the top 
list of death-leading cancer. Breast, cervi-
cal, and ovary cancer are the most com-
mon female malignancy cancer types 
causing death even though they are pre-
ventable [6, 10].

Different from breast cancer which in-
cidence and mortality rate are higher in 
high-income countries, cervical cancer 
has higher prevalence in poor countries 
when prevalence of ovary cancer has al-
most the same regardless of the income 
of the countries [5]. 

In 2012, 528 000 new cases with 
266.000 death of cervical cancer in wom-
en were diagnosed worldwide. 85% of 
the cases were in low-income countries. 

Breast cancer and ovary cancer are in 
the list of leading-to death cancer with 
20 and 6.8 death per 100000 women re-
spectively in America 2016 [8]. 

In Iran, years of life lost from breast 
and ovary cancer are 94.216 and 26.430 
life-years respectively. Premature mor-
tality costs from those cancers are 
149.933.799 and 38.398.286 US dollars 
[13]. 

In Norway, Average years life lost of 
cervical cancer is the highest among oth-
er cancer most frequent cancer in women 
(25 life years) when AYLL of ovary cancer 
is slightly higher than AYLL of breast can-
cer (around 16 life years) [6].

Breast, cervical, and ovary cancer are 
also problems in Russia and Republic 
of Sakha (Yakutia) [1, 2, 3]. Breast can-
cer average annual age-standardized 
incidence (ASIRs) was 41,8 per 100000 
women in 2004-2008 and the value in-
creased to 45,6 per 100000 women in 
2009-2013. Lower than breast cancer in 

both of those periods, ASIRs of cervical 
cancer was 12,3 and increased to 13,8 
per 100000 women [4]. 

This study aims to depict breast, cer-
vical, and ovary cancer mortality and 
years of life lost (YLL) trends in the Re-
public of Sakha (Yakutia) in the period 
2006-2016.

Materials  and Methods. This study is 
about Years of Life Lost (YLL) of breast, 
ovary, and cervical cancer in women 
aged equal or more than 18 years old 

in Republic of Sakha (Yakutia)  in period 
2006-2016.

Data was taken from Russian feder-
al state statistics service (Rosstat). The 
data was provided with ICD-10 diagnosis 
to categorize group of calculated disease. 
We then filtered the mortality caused by 
breast cancer (C50), ), and cervical can-
cer (C53), and ovary cancer (C56). 

The following formula was used to cal-
culate individual YLL [10]: 

YLL individual = End point − Age at 
death

Where: YLL = Years of Life Lost
End point = Life expectancy of the 

population  
Age of death = Age of death of indi-

vidual
Life expectancy of the population data 

was taken from federal state statistic ser-
vice record of Republic of Sakha (Yaku-
tia). 

The average YLL (AYLL) was calculat-
ed by using formula:

 Results and Discussion. In the pe-
riod 2006-2016, there were 763 (11,1%) 
deaths caused by breast cancer, 387 
(6,9%) deaths from cervical cancer, 
and 280 (4,6%) deaths from ovary can-
cer from all death caused by cancer in 
women population. From those numbers 
of deaths, Years of Life Lost (YLL) from 
breast cancer were 9032 (13,5%)  life 
years, 7796 (11,6%) life years from cer-
vical cancer, and 4545 (6,8%) life years 
from ovary cancer. Average Years of Life 
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Lost (AYLL) of breast cancer was 13,4 life 
years, cervical cancer was 20,1 life years, 
and ovary cancer was 16,2 life years. 

The death rate of breast cancer de-
creased from 14,1 to 9,3 per 100000 
women in the period 2006-2016. The 
occurrence also happens in death rate 
due to ovary cancer from 5,3 to 4,6 per 
100000 women. In contrast, death rate 
of cervical cancer increases almost twice 
from 4,9 to 8,5 per 100000 women. 

The percentage number of death 
caused by cervical cancer reaches its 
peak in the age group 30-34 years old. 
Death caused by breast cancer is most 
common in the age group 35-35 and 45-
49. 13,3% of death caused by ovary can-
cer in age 25-29 and 18,8% in age 40-44 
years old (Fig. 1). 

Compared to percentage number of 
death in 2006, breast and ovary cancer 
mortality percentage decreases from 
12,5% to 8,3% and 4,3% to 4,1% in 2016. 
In contrast, number of death of cervical 
cancer increases from 7,9% in 2006 to 
12,3% in 2016. The trends are also the 
same with their YLL in those periods (Ta-
ble).

AYLL of breast cancer is hovering in 
number 12,0-14,5 through 2006 until 
2016. In the same periods, AYLL  of cer-
vical and ovary cancer increases from 
18,2 to 20,1 life years and 16,8 to 18,6 
life years (Fig. 2).

From the results, we can see that the 
YLL of cervical cancer has exceeded the 
YLL of breast cancer despite it has lower 
number of death. It has no different pat-
tern in all of Russian area [4]. The anal-
ysis of YLL underlined the fact that cer-
vical cancer is now leading to a greater 
number of deaths among younger gener-
ations of Russian women. Breast cancer 
remains as the major death leading can-
cer in Republic of Sakha, despite its de-
creasing percentage mortality numbers.

Compared to death rate of breast and 
ovary cancer of United of states in 2016, 
Republic of Sakha has lower death rate 
when cervical cancer is not included as 
leading death cancer in United States [8]. 
Death rate of breast cancer in Ukraine is 
higher than in Republic of Sakha, when 
the death rate of cervical cancer is the 
same in both places [12]. 

Breast, cervical, and ovary cancer 
were contributors to female cancer mor-
tality in republic of sakha (Yakutia). Even 
though YLL and AYLL due to breast and 
cervical cancer decreased, those two 
variables still increase due to ovary can-
cer. 

AYLL value indicates the number of 
average shorting life in a person with the 
disease. AYLL of breast and cervical can-

cer in Republic of Sakha is lower com-
pared to their AYLL in Russia [4]. 

Some of the breast and cervical can-
cers factor risks are modifiable. alcohol 
use, excess body weight, and physical 
inactivity are included factor in causing 
breast cancer when smoking and unsafe 
sex contribute in occurrence of cervical 
cancer [9]. Healthy life-style behavior of-
fers potential for reduction of their oc-
currence. In addition, primary p reven-
tion activity such as screening reduces 
chance of mortality case.

Conclusion. Trend of mortality, YLL, 
and AYLL due to breast and ovary can-
cer decreased in period 2006-2016 when 
those variables increased in cervical can-

cer. Based on YLL, 
cervical cancer is now 
leading to a great-
er number of deaths 
among younger gen-
erations of women 
in Republic of Sakha 
(Yakutia). Breast can-
cer remains as the 
major death leading 
cancer in Republic 
of Sakha, despite its 
decreasing percent-
age mortality num-
bers. Even though 
the number of death 
due to cervical cancer 
is much lower than 
breast cancer, its YLL 
is higher in the end 
of research period. 
Compared to death 
rate in Russia, USA, 
and Ukraine, death 
rate of breast cancer 
in republic of Sakha is 
lower. 
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Fig. 1. The proportion of mortality from cancer of the breast, cervix 
and ovary from all cases of death from cancer in women in 2006-
2016, in% 

Comparative characteristics of mortality caused by specific cancer (breast cancer, 
cervical cancer and ovarian cancer), with YLL (YLL of each cancer / total YLL from 

death of all types of cancer)

Years
Death YLL, %

Breast cancer Cervical 
cancer Ovary cancer Breast cancer Cervical 

cancer Ovary cancer

2006 12.5 4.3 4.7 16.5 7.9 7.9
2007 11.1 5.5 4.5 16.6 10.0 6.6
2008 11.1 7.2 5.5 13.1 14.7 8.7
2009 12.0 5.6 4.5 15.1 11.4 6.8
2010 7.3 4.6 4.6 8.8 7.2 7.5
2011 12.0 5.8 4.3 14.4 9.6 5.7
2012 13.2 6.3 4.5 14.9 11.7 6.6
2013 10.9 8.3 3.6 12.0 16.1 6.3
2014 11.5 7.1 5.5 13.8 12.1 6.7
2015 12.1 7.7 5.0 14.1 13.5 6.1
2016 8.3 7.6 4.1 9.3 12.3 6.2

Fig. 2. Comparison of the average life years lost from cancer of the 
breast, cervix and ovary among oncological diseases in 2006-2016. 
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Incidence rate of tuberculosis (TB) in 
general population is an important indi-
cator used in analysis of epidemiologic 
situation of TB. Data on TB incidence 
serve an unbiased method for evaluating 
population health and changes in it, and 
also, one of measures used to assess 
the work of TB services and healthcare 

facilities [4]. In view of this, monitoring of 
main trends in incidence rates over time 
is one of priority tasks, in terms of pre-
dicting the epidemiologic situation for TB 
and estimating quality of anti-TB care for 
population.

Aim: detect main trends in the TB in-
cidence in the Sakha Republic (Yakutia), 
over the period from 2013 to 2018.

Methods: Based on reports from fa-
cilities subordinate to Ministry of Health 
of the Sakha Republic (Yakutia), and 
reports from all agencies irrespective of 
subordination, the following rates were 
analyzed: TB incidence rates among 
general population; TB incidence among 
adults; TB incidence among children and 
adolescents; TB incidence among urban 
and rural population; incidence of pulmo-
nary TB; incidence of TB cases positive 
for M.tuberculosis (MTB); incidence of 
multidrug-resistant tuberculosis (MDR) in 
Sakha Republic (Yakutia) over the period 
from 2013 to 2018.

Data were extracted from nation-
al statistical reports and registries of 
persons with TB, collected and main-
tained within the scope of TB epide-
miologic surveillance system of the 

Phthisiatry Research-Practice Center.
Statistical data processing was per-

formed using Excel 2010, and software 
packages Statistica-8 and Biostat. Time 
series analysis was performed, to cal-
culate mean annual rates of increase/
decrease. For trend construction, and 
detection of tendencies in TB incidence, 
we calculated 5-year rates of increase 
and mean increase rates, performed time 
series fitting using quadratic approxima-
tion function, and calculated R-squared 
(R2) coefficient.

Results: Incidence of TВ in the Sakha 
Republic (Yakutia) (statistical form no. 
8, including reports from all agencies ir-
respective of subordination) was 29% 
lower in 2018, compared to 2013 (54.2 
per 100000 pop.). It was also 18.1% 
higher than the average rate in Russia 
(44.4), and 26.8% lower than the rate in 
Far-East Federal District (74.1). Over the 
5-year study period, the largest decrease 
rate was observed in 2016 (-15.2%), the 
lowest – in 2015 (-1.1%); mean decrease 
rate was -7.1%. As is seen in Fig.1, there 
is a negative linear trend with R2 value 
of 0.94, which suggests the existence of 
marked stable tendency to decrease in 
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L.P. Yakovleva, O.D. Kondratieva, M.N. Kondratieva
MAIN TRENDS IN THE INCIDENCE
OF TUBERCULOSIS IN THE SAKHA 
REPUBLIC (YAKUTIA)
OVER THE PERIOD FROM 2013 TO 2018

The main trends in the tuberculosis (TB) incidence in the Sakha Republic (Yakutia), over the period from 2013 to 2018 were revealed.
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TB incidence in general population.
Based on reports from facilities sub-

ordinate to the Ministry of Health of the 
Sakha Republic (Yakutia) (form no. 33), 
TB incidence has declined by 29.4% 
over the study period (from 69.6 to 49.1 
per 100000 pop.); it was 21.6% higher 
than the rate in Russia (38.5), but 24% 
lower than in the Far-East Federal Dis-
trict (64.6). Incidence decrease rate had 
been varying from -2.2% (2017) to -9.6% 
(2016); mean decrease rate was -6.4%. 
Overall, during the study period, there 
was a negative linear trend with high R2 
value (0.98), i.e. a noticeable stable trend 
to decrease was observed.

TB incidence among adult population 
of Yakutia had decreased from 84.9 to 
60.9 (per 100000), i.e. by 28.3%. Mean 
incidence decrease rate was -6.4%; the 
lowest and highest decrease rates were 
observed in 2017 (-2.4%) and 2016 
(-9.5%), respectively. Over the study pe-
riod, there was an observable negative 
linear trend with R2=0.96, signifying an 
apparent stable tendency to decreasing 
incidence of TB in adults.

Incidence of TB in children is one of 
key indicators of epidemiologic situation 
for TB [1]. In 2018, child incidence of TB 
in Yakutia was 33.6% lower, compared to 
2013 (15.0 per 100000 pediatric popula-
tion); it was 14.8% lower than in Far-East 
Federal District (17.6), but 44.7% higher 
than the same in Russia (8.3). Upsurg-
es were observed in 2014 and 2016 (in-
crease rates of 4.4 and 1.0%, respective-
ly). Nevertheless, an observed negative 
polynomial trend with R2=0.96 along with 
the mean decrease rate of -7.5% speak 
for the presence of pronounced stable 
tendency to decrease in child TB inci-
dence (Fig. 2).

Incidence of TB in adolescents de-
clined by 20.7% (from 51.1 to 40.5, per 
100000 adolescent population); mean de-
crease rate was -0.6%. This rate showed 
no tendency to decrease (R2=0.03), and 
the increase/decrease rate varied sub-
stantially, from 51.1% (2017) to 29.1% 
(2018).

Over the period from 2013 to 2018, in-
cidence of TB in urban residents exceed-
ed the incidence among rural population 
of Yakutia, although decrease rate was 
higher in urban population (Fig. 3). Urban 
incidence of TB was 41.2% lower in 2018 
compared 2013 (52.2 per 100000 urban 
pop.). Rates of decrease were varying 
from -2.4% (2017) to -19.3% (2014); 
increase rate of 8.1% was observed 
in 2015 (from 71.6 to 77.4, per 100000 
urban pop.); mean decrease rate was 
-9.5%. Over the 5-year period, negative 
polynomial trend with R2=0.86 was ob-

served, suggesting 
markedly stable ten-
dency to decrease in 
urban TB incidence.

Incidence of TB 
in rural residents 
had decreased from 
2013 to 2018 by 
16.5% (from 60.6 
to 50.6, per 100000 
rural pop.), with the 
upsurges in 2014 (in-
crease rate 13.0%) 
and in 2017 (minor 
increase rate 0.2%). 
Mean decrease rate 
was -2.7%, which, 
along with overall 
trends observed for 
the study period, 
such as polynomial 
trend with R2=0.63, 
speaks for moderate 
unstable tendency to 
decrease in rural TB 
incidence.

Pulmonary TB, 
invariably prevail-
ing in the incidence 
structure, has a de-
fining impact on the 
epidemiology of TB 
infection [3]. In Ya-
kutia, over the last 5 
years, 94.3 to 98.3% 
of all TB incidence 
was due to pulmo-
nary TB.

Incidence of pul-
monary TB in Ya-
kutia, for the years 
2013-2018, showed 
a negative linear 
trend with R2 of 0.98, 
suggesting strong 
stable tendency to 
decrease. Over the 
last 5 years, it de-
creased by 27.3%; 
mean decrease rate 
was -6.1%. The low-
est decrease rate 
was observed in 
2017 (-2.8%), the 
highest – in 2018 
(-8.9%).

Incidence of 
MTB-positive pulmo-
nary TB in Yakutia, 
over the study period, 
decreased by 12.3% 
(from 34.1 to 29.9), 
with an increase by 
0.9% in 2014. Rates 
of decrease ranged 

Fig. 1. Trends in incidence of tuberculosis among general population, 
Sakha Republic (Yakutia), 2013-2018 (statistical form no. 8 including 
all agencies, and form no. 33, per 100000 population).

Fig. 2. Trends in tuberculosis incidence in adult, child and adolescent 
population, Sakha Republic (Yakutia), 2012-2017 (form no. 33, per 
100000 pop.).

Fig. 3. Trends in incidence of tuberculosis among urban and rural 
population, Sakha Republic (Yakutia), 2013-2018 (form no. 33, per 
100000 pop.).

Fig. 4. Trends in incidence of pulmonary tuberculosis, MTB-positive 
tuberculosis, and multidrug-resistant tuberculosis, Sakha Republic 
(Yakutia), 2013-2018 (Form no. 33, per 100000 pop.).
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from -0.3% (2017) to -8.7% (2015); mean 
decrease rate was -2.5%. A 5-year neg-
ative polynomial trend with R2=0.88 
suggests moderate stable tendency to 
decrease.

Incidence of primary MDR in new pa-
tients is an important measure of quali-
ty of TB diagnosis and treatment [2, 5]. 
Unlike the two above indicators, inci-
dence of MDR TB in Yakutia, over the 
5-year period, had no trend to decrease 
(Fig. 4). Compared to 2013, there was 
an increase by 1.1% (from 8.8 to 8.9, 
per 100000 pop.), while decreases were 
observed only in 2015 and in 2018 (by 
29.5% and 11.0%, respectively). Mean 
increase rate in the incidence of MDR 
TB over the study period was 2.6%. This 
could be explained by better diagnosis, 
larger coverage of new patients with 
pulmonary TB with rapid tests for drug 
sensitivity, and timely notification of cas-
es of MDR TB. As an example, in 2013, 
drug-sensitivity tests before therapy were 
performed in 89.6% of patients, while in 
2017, the coverage was already 98.6%, 
and 97.2% in 2018.

Conclusions:
1. In Sakha Republic (Yakutia), 

over the period from 2013 to 2018, we 
estimated the epidemiologic situation for 
TB as favorable; this is supported by the 
apparent stable decrease trends in inci-
dence rates in general population, inci-
dence rates in child population (mean de-
crease rates -7.1 to 7.5%), and stable de-
crease trends in incidence of pulmonary 
TB, incidence of MTB-positive pulmonary 
TB (mean decrease rates -6.1 and -2.5%, 
respectively).

2. Over the period from 2013 to 
2018, mean decrease rates of urban TB 
incidence (-9.5%) had been outpacing 
those in rural population (-2.7%). Urban 
incidence of TB had a pronounced sta-
ble tendency to decrease, whereas the 
trend to decrease in rural TB incidence 
was moderate and unstable. This calls for 
more improvements in conducting anti-TB 
activities among rural population, paying 
due respect to social and local context, 
socio-medical differences, disparities in 
materials and resources, differences in 
staffing with healthcare workers between 
administrative districts in Yakutia.

3. Incidence of MDR TB had no 
tendency to decrease. In 2018 vs. 2013, 
it increased by 1.1%; mean increase rate 
was 2.6%. This could be linked to more 
extensive coverage of new patients with 
rapid drug sensitivity tests, and to growing 
number of timely notified cases of MDR 
TB, over the study period. Nonetheless, 
this finding requires in-depth analysis, 
and comprehensive managerial actions 
to decrease the incidence of MDR TB.
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Introduction. Cognitive disorders 
observed in patients with alcohol de-
pendence who do not show any other 
neurological complications are increas-
ingly becoming the subject of attention of 
drug specialists because of their impact 
on treatment [8]. According to various 
studies, patients, suffering from alco-
hol dependence, from 50 to 80% have 

cognitive disorders [8, 10]. A number 
of researchers associate the inability to 
abstain from alcohol consumption with a 
decrease in the ability to cognitive con-
trol (in particular, inhibition of automatic 
reaction), a systematic error of attention 
(attention bias), a violation of the pro-
cesses of processing and storing new 
information, which in combination with 
some psychological characteristics of the 
individual corresponds to the ideas about 
the mechanisms of addictive behavior [4, 
5, 13]. Early studies have shown that all 
patients with alcohol dependence have 
deviations in the results of neuropsycho-
logical tests from the accepted standards 
[2]. Qualitative analysis of cognitive dis-
orders indicates the predominance of 
control function disorders and visual-spa-
tial disorders in the neuropsychological 
status [2, 7].

However, despite the active develop-
ment of research on cognitive function-
ing in mental and behavioral disorders 
abroad, domestic research remains 
scarce. Also, the question of the influ-
ence of clinical and dynamic features of 
alcohol dependence on higher mental 
functions is still open. 

The objective of the study is to iden-
tify the relationship between indicators of 
cognitive functioning and clinical features 
of the formation and course of alcohol de-
pendence.

Materials and methods. The study 
was conducted in a group of patients 
with alcohol dependence (age 44 [38; 50] 
years; n=94) after detoxification and a 
control group of mentally and somatically 
healthy individuals (age 39 [35; 46] years; 
n=30). Group formation and clinical verifi-

cation of the diagnosis is made on the ba-
sis of the Department of addictive States 
Institute of mental health Tomsk Nation-
al Research Medical Center (NRMC) of 
the Russian Academy of Sciences. The 
study was conducted in accordance with 
the principles of the Helsinki Declara-
tion of the world medical Association. All 
patients gave written informed consent 
to participate in the study and data pro-
cessing, which was approved by the local 
ethics Committee at the research Insti-
tute of Mental health (Protocol No. 114). 
Inclusion criteria: verified diagnosis of 
alcohol dependence according to ICD-10 
(F10. 2), informed consent to participate 
in the study, age 25-50 years. Exclusion 
criteria: the presence of severe organic 
brain disorders, traumatic brain injuries of 
any severity, mental retardation, refusal 
to participate in the study.

Data on the age of the first sample of 
alcohol, the age of the beginning of al-
cohol abuse, the duration of the disease 
and the number of hospitalizations were 
taken from patient histories. Additionally, 
the Hamilton Anxiety Racing Scale was 
used as psychometric tools. HARS), the 
scale of General clinical impression (the 
Clinical Global Impression - severity, 
CGI-s) and the alcohol withdrawal as-
sessment scale (Clinical Institute With-
drawal Assessment - Alcohol revised, 
CIWA-Ar).

Cognitive functioning was assessed 
using Go/No-go, Corsi, and Stroop 
computer tests. The study of the level 
of attention and cognitive control was 
conducted using the Go/No-go test [6]. 
You need to press the button when pre-
senting the Go stimulus and hold (sup-

S.A.Galkin, A.G. Peshkovskaya, O.V. Roshchina, N.I. Kisel, 
S.A. Ivanova, N.A. Bokhan
RELATIONSHIP OF COGNITIVE DISORDERS 
WITH CLINICAL FEATURES
OF ALCOHOL DEPENDENCE

The aim of the study is to identify the relationship between indicators of cognitive functioning and clinical features of the formation and course 
of alcohol dependence.

Materials and methods: the study was conducted in a group of patients with alcohol dependence (n=94) after detoxification and a control group 
of mentally and somatically healthy individuals (n=30). As clinical data were age of first alcohol samples, age of onset of alcohol abuse, disease 
duration, numbers of hospitalizations, the scale of the Hamilton anxiety scale General clinical impressions scale assessment of alcohol withdrawal. 
Cognitive functioning was assessed using Go/No-go, Corsi, and Stroop computer tests.

Results: it was found that alcohol dependence causes a heterogeneous change in the level of cognitive functioning: violation of inhibitory con-
trol, decrease in the volume of spatial working memory, attention and cognitive flexibility. Statistically significant correlations were found between 
clinical data and the degree of cognitive impairment. 

Conclusion: the earlier age of the first sample of alcohol significantly affects the reduction of brake control, which increases the risk of forming 
alcohol dependence at a young age. The age of alcohol dependence and the associated number of hospitalizations leads to impaired cognitive 
functioning in the form of reduced spatial working memory and cognitive flexibility. The severity of alcohol dependence primarily determines the 
degree of cognitive flexibility decline.

Keywords: alcohol dependence, cognitive functioning, clinic, memory, inhibitory control.

УДК: 616.89-008

DOI 10.25789/YMJ.2020.70.19

Mental Health Research Institute, Tomsk Na-
tional Research Medical Center (NRMC) of the 
Russian Academy of Sciences, 4, Aleutskaya 
Str., Tomsk, 634014, Russian Federation; Si-
berian State Medical University (SSMU), 2, 
Moscow Trakt, Tomsk, 634050, Russian Fed-
eration: GALKIN Stanislav A. – PhD Student, 
Mental Health Research Institute, Tomsk Na-
tional Research Medical Center (NRMC) of 
the Russian Academy of Sciences, ORCID 
iD 0000-0002-7709-3917; PESHKOVSKAYA 
Anastasia G. – Researcher, Mental Health 
Research Institute, Tomsk NRMC. ORCID iD 
0000-0002-3951-395X; ROSHCHINA Olga 
V. – Researcher, Mental Health Research In-
stitute, Tomsk NRMC. ORCID iD 0000-0002-
2246-7045; KISEL Nataliya I. – PhD, Mental 
Health Research Institute, Tomsk NRMC. 
ORCID iD 0000-0002-5607-7491; IVANOVA 
Svetlana A. – DM, Professor, Head of the 
Laboratory of Molecular Genetics and Bio-
chemistry, Deputy Director for Science, Men-
tal Health Research Institute, Tomsk NRMC, 
Tomsk, Russian Federation. ORCID iD 0000- 
0001-7078-323X; BOKHAN Nikolay A. – DM, 
Professor, Аcademician of the Russian Acade-
my of Sciences academician, RAS, Director of 
the Mental Health Research Institute, head of 
the Department of psychiatry, psychotherapy, 
narcology with the course med. the psycholo-
gy of the Siberian State Medical University of 
Russia, Tomsk, Russian Federation. ORCID 
iD 0000-0002-1052-855X.



2’ 2020 63

press) this reaction when presenting the 
no-go stimulus. The time of presentation 
of the Go stimulus is 500 MS, the inter-
val between stimuli is 800 MS. The level 
of spatially working memory was evalu-
ated using the Corsi Block-Tapping test 
[9]. On the computer screen, 9 cubes 
appear, which in turn light up in yellow. 
The task of the study participant is to re-
member and reproduce this sequence. 
The test begins with a sequence of two 
cubes, and if the answer is correct, the 
length of the sequence increases. The 
test is terminated in the case of two con-
secutive erroneous reproductions of the 
sequence. A modified Stroop effect color 
test was used to assess cognitive flexibil-
ity [11]. The study participant chose the 
color that the words were written with, re-
gardless of the meaning of these words. 
The number of words is 20. The time 
spent by each participant to complete the 
test was estimated.

Statistical data processing was per-
formed using the Statistica 10 program. 
The data is presented in the form of 
Median [Q1; Q3]. Verification of compli-
ance with the normal distribution law was 
performed using the Shapiro - Wilk test. 
The data obtained did not follow the nor-
mal distribution law. The nonparametric 
Mann-Whitney U-test was used to eval-
uate differences in cognitive functioning 
between two independent samples (con-
trol versus patients). The analysis of cor-
relations of clinical and cognitive param-
eters in patients with alcohol dependence 
was carried out using the Spearman rank 
correlation coefficient. The differences 
were considered statistically significant 
at a significance level of p<0.05.

Results. The clinical characteristics 
of patients with alcohol dependence are 
presented in Table 1.

According to the anxiety scale (HARS), 
patients had symptoms of anxiety, a 
moderate disorder was diagnosed on the 
CGI-s scale, and the average severity of 
alcohol abstinence on the CIWA-Ar scale.

When comparing the results of cog-
nitive testing between the control group 
and patients with alcohol dependence, 
statistically significant differences were 
obtained (Table 2).

Patients with alcohol dependence 
made a statistically significantly higher 
number of errors in the Go/No-go task 
(for both signals), had less of the most 
correct reproduced sequence in the Cor-
si test, and patients needed more time to 
complete the Scab test compared to the 
healthy control group.

The analysis of the obtained data 
revealed statistically significant correla-
tions between cognitive functioning and a 

number of clinical parameters of alcohol 
dependence (Table 3).

Discussion. In our work, we conduct-
ed a study of cognitive functioning in pa-
tients with alcohol dependence, and also 
identified statistically significant correla-
tions between cognitive deficits and clin-
ical features of the formation and course 
of alcohol dependence.

The results showed that alcohol de-
pendence results in a heterogeneous 
change in the level of cognitive function-
ing: a violation of inhibitory control, a de-
crease in the volume of spatial working 
memory, attention, and cognitive flexibil-
ity. According to neuroimaging studies, 
cognitive dysfunction in patients with 
alcohol dependence occurs due to atro-
phy of the hippocampus and prefrontal 
cortex [12]. In addition, cognitive impair-
ment is accompanied by electrophysio-
logical changes in patients with alcohol 
dependence [1, 3, 14]. All this points to 
the multifactorial effect of chronic alcohol 
consumption, which significantly worsens 
the quality of life of a person.

As for the clinical features of the for-
mation and course of alcohol depen-
dence, statistically significant correlations 
were found with the level of cognitive 
functioning. An inverse correlation was 
found between the age of the first alcohol 
sample and errors in the "No-go" signal (r 
= -0.4206, p = 0.006). Thus, early initia-
tion of alcohol use has a significant effect 

Clinical features of patients with alcohol 
dependence

Parameter Me [Q1; Q3]
age of the first sample of 
alcohol 16 [15; 18]

age of onset of alcohol abuse 24 [20; 28]
disease duration 12 [5; 21]
number of hospitalizations 1 [1; 3]
HARS 18 [11; 24]
CGI-s 4 [4; 5]
CIWA-Ar 12 [7; 18]

Table 1

Results of cognitive testing of the study groups

Tests Control Patients р

Go/No-go
Errors Go 1 [0; 5] 7 [3; 13] 0.00014

Errors No-go 0 [0; 1] 1 [1; 2] 0.00057
Corsi max. sequence 5 [5; 7] 4 [4; 6] 0.00135

t. Stroop time (s) 62 [56; 76] 97 [84; 121] 0.00023

Note. Me [Q1; Q3]. p is the level of statistical significance when comparing groups using the 
Mann-Whitney U-test.

Table 2

Spearman correlation coefficients of clinical parameters and cognitive 
functioning in patients with alcohol dependence

Parameter

Tests
Go/No-go

Corsi (max. 
sequence) Stroop (time)errors

Go
errors
No-go

Age of the first sample of alcohol 0.2948
p = 0.058

-0.4206*
p = 0.006

-0.2022
p = 0.205

0.1205
p = 0.061

Age of onset of alcohol abuse 0.1413
p = 0.079

-0.1827
p = 0.253

0.1630
p = 0.241

0.0226
p = 0.89

Disease duration 0.2285*
p = 0.04

-0.1825
p = 0.103

-0.2216*
p = 0.049

0.0955
p = 0.409

Number of hospitalizations 0.1672
p = 0.154

-0.0311
p = 0.793

-0.2508*
p = 0.034

0.2602*
p = 0.029

HARS -0.0697
p = 0.529

-0.0255
p = 0.818

-0.0022
p = 0.984

0.0358
p = 0.751

CGI-s 0.1321
p = 0.229

-0.0036
p = 0.974

0.0491
p = 0.657

0.2209*
p = 0.046

CIWA-Ar 0.3572
p = 0.057

-0.1177
p = 0.543

-0.1311
p = 0.498

0.6131*
p = 0.0004

Note. p - level of statistical significance of Spearman's rank correlation coefficient.

Table 3
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on inhibitory control (reducing it), which 
leads to the inability to abstain from alco-
hol consumption at a young age. A direct 
correlation with the number of errors on 
the activation signal "Go" (r = 0.2285, p 
= 0.04) and an inverse correlation with 
the level of spatial working memory (r = 
-0.2216, p = 0.049) was found between 
the duration of the disease (the experi-
ence of alcohol dependence). This de-
tection is quite logical and is consistent 
with previously obtained data [4, 14]. In 
addition, patients with a high number of 
hospitalizations for alcohol dependence 
treatment were characterized by a lower 
amount of working memory (r = -0.2508, 
p = 0.034) and difficulty overcoming the 
Stroop effect (level of cognitive flexi-
bility), as a result of which they spent 
much more time performing the test (r = 
0.2602, p = 0.029). Similarly, according 
to the cgi-s and CIWA-Ar clinical scales, 
patients with a more severe course of al-
cohol dependence have significant viola-
tions of cognitive flexibility in the Stroop 
test (r = 0.2209, p = 0.046 on the cgi-s 
scale and r = 0.6131, p = 0.0004 on the 
CIWA-Ar scale, respectively).

Conclusion. Thus, we can draw a num-
ber of conclusions. First, the earlier age 
of the first sample of alcohol significant-
ly affects the reduction of brake control, 
which increases the risk of forming alco-
hol dependence at a young age. Second, 
the age of alcohol dependence and the 
associated number of hospitalizations 

leads to impaired cognitive functioning 
in the form of reduced spatial working 
memory and cognitive flexibility. Third, 
the severity of alcohol dependence pri-
marily determines the degree of reduced 
cognitive flexibility.

The study was carried out with the fi-
nancial support of the Tomsk region Ad-
ministration and RFBR 19-413-703007.
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The mortality rate from diseases of 
the circulatory system in Russia in 2018 
was 46.3%, of which 52.6% were from 
IHD [1]. One of the main risk factors for 
the development of cardiovascular com-
plications is arterial hypertension (AH). 
AH in 2015 caused more than 10 million 
deaths and 200 million cases of disability 
[6]. The leading role in the development 
of AH is played by not only modifiable, 
but also non-modifiable and genetic fea-
tures of the body [2]. The immune sys-
tem also plays an important role. Thus, 
the IL-6 gene encodes an anti-inflamma-
tory cytokine, and therefore an increase 
in its concentration in the blood leads to 
an increased susceptibility to the devel-
opment of atherosclerosis. The role of 
the immune mediator IL-6 in the devel-
opment of hypertension has been proven 
[8,11,13]. The literature describes that 
CG genotypes of G-174C polymorphism 
in the IL-6 gene promoter increase gene 
transcription and are significantly asso-
ciated with an increased content of TC, 
LDL and SBP [10,12], which determines 
the relationship of IL-6 gene polymor-
phism with metabolic factors of athero-
genesis. The results of studies with re-
gard to the association of IL-6 C-572G 
gene polymorphism and the risk of de-
veloping IHD, namely the effect of the C 
allele in the Chinese, are also described 
[3]. Other studies confirm the association 

of -572GG and the G allele with the risk 
of developing ischemic stroke [15]. 

The study to determine the relation-
ship of variants of the IL-6 C-174G and 
IL-6 C-572G genes with hypertension 
and its risk factors remains relevant, 
since it has not been previously conduct-
ed in indigenous peoples of the North.

Objective: to analyze the association 
of IL-6 gene polymorphism with arterial 
hypertension and its risk factors in indig-
enous peoples of the Nizhnekolymsky 
district of Yakutia.

Materials and research methods.
The collection of material for the study 
was carried out under expeditionary 
conditions in the Arctic territory of Yaku-
tia in places of compact residence of in-
digenous peoples in the Kolymskoe and 
Andryushkino villages, Nizhnekolymsky 
district. A total of 212 people aged 20 to 
70 years were examined. Random sam-
pling was formed according to the lists of 
workers in the village administration. The 
response was 76%. It should be noted 
that Kolymskoye village was dominated 
mainly by the Chukchi, and the Andry-
ushkino village by the Yukagirs. Evens 
were found equally often in both settle-
ments. The design of the study is pre-
sented in the form of “case-control”, for 
which 150 representatives of indigenous 
peoples of the North were included in the 
study, which were divided into 2 groups: 
with AH (case) (n = 73) and without AH 
(control) (n = 77). The average age of 
respondents with AH was 53,52 ± 1,12, 
without AH 39,62 ± 1,26 years.

Inclusion criteria: representatives of 
indigenous people (Evens, Chukchi, Yu-
kaghirs).

Exclusion criteria: representatives of 
non-indigenous nationalities, Yakuts.

The research program included the 
following sections: a survey on the ques-

tionnaire to assess the objective state; 
informed consent of the respondent to 
conduct research; anthropometric exam-
ination with hip and waist measurement; 
blood sampling for biochemical stud-
ies from the cubital vein in the morning 
on an empty stomach with a 12-hour 
abstinence from food. Blood sampling 
from the cubital vein for molecular ge-
netic studies was carried out in a tube 
with EDTA. Genomic DNA was isolated 
from peripheral blood leukocytes by the 
method of phenol-chloroform extraction. 
Polymorphism of the promoter region of 
the IL-6 gene was studied at positions 
C-174G and C-572G. Allelic variants of 
the IL-6 gene were tested using a poly-
merase chain reaction with real-time re-
sults (real-time PCR). Genotyping of the 
polymorphic AGT gene was performed 
with the usage of kits (Lytech R&D LLC, 
Moscow), on the «Real-time CFX96» 
amplifier (BioRad, USA) in accordance 
with the manufacturer’s instructions. For 
quality control, 10% of randomly select-
ed samples were subjected to repeated 
genotyping.

Laboratory methods of the research 
included blood lipids test total cholesterol 
(TC), triglycerides (TG), HDL Cholester-
ol, LDL Cholesterol, glucose test.

When judging the incidence of disor-
ders of the blood lipid profile in a popula-
tion, we used the Russian recommenda-
tions of the V revision of  Society of car-
diology of Russian Federation (VNOK), 
2012, into account the European recom-
mendations, 2011. Hypercholesterolemia 
(HCS) is the level of total cholesterol (TC) 
≥ 5,0 mmol/l, the high LDL Cholesterol 
level >3,0 mmol/l, the low HDL Cholester-
ol level <1,0 mmol/l on men; <1,2 mmol/l 
on women, the hypertriglyceridemia 
(HTG) is the TG level is ≥1,7 mmol/l; a 
hyperglycemia (HG) on an empty stom-
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ach (a glucose in a blood plasma on an 
empty stomach ≥ 6,1 mmol/l) or glucose 
intolerance (a glucose in a blood plasma 
in 2 hours after glucose loading within 
≥7,8 and ≤11,1 mmol/l).

Blood pressure (BP) was measured 
twice with an OMRON M2 Basic auto-
matic tonometer (Japan) in a sitting po-
sition with calculation of average blood 
pressure with a margin of permissible 
measurement error of ± 3 mm Hg. (ESH 
2002) according to the instructions for the 
correct measurement of blood pressure, 
outlined in the European clinical guide-
lines for the diagnosis and treatment of 
hypertension 2017. Hypertension is pres-
ent at the 140/90 mmHg (2017 ACC/AHA 
Guideline).

The abdominal obesity (AO) is ex-
posed to the value of the waist measure-
ment (WM) ≥ 80 cm on women, ≥94 cm 
on (VNOK, 2009) .

The study was conducted according 
to Ethics Committee protocol YSC KMP 
on the respondent's informed consent to 
the processing of personal data and the 
study.

Statistical data processing was per-
formed using standard methods of math-
ematical statistics using the SPSS soft-
ware package (version 19.0). To define 
the characteristics, the arithmetic mean 
(M) and the characteristic’s standard 
error of the mean (m) were calculated. 
Intergroup differences were evaluated 
using analysis of variance or non-para-
metric criteria. When comparing the fre-
quencies of genotypes, the standard χ2 
criterion with the Yates correction was 
used. The relative risk (OR – odds ratio) 
of disease development at a certain gen-
otype was calculated using the standard 
formula OR=a/bxd/c, where a and b is the 
number of patients with and without the 
mutant genotype, respectively, and d, c is 
the number of people in the control group 
with and without the mutant genotype. 
OR is indicated with a 95% confidence 
interval. Differences were considered 
statistically significant at p <0.05. 

Results and discussion. This study 
is exploratory in nature due to the anal-
ysis of a small sample of the surveyed 
population. An attempt was made to an-
alyze the association of IL-6 gene poly-
morphism with AH and its risk factors. 
The effect of heterogeneity in compari-
sons is possible, which could affect the 
results.

The frequency of occurrence of geno-
types and alleles of IL-6 C-174G and IL-6 
C-572G  among the examined groups 
was compared. All genotype frequencies 
do not correspond to the Hardy-Weinberg 
equilibrium, possibly due to a small sam-

ple of the studied groups, for IL-6 C-174G 
(χ2=15.12, p=0.000 for the case and 
χ2=3.36, p=0.066 for control), for IL-6 C 
-572G (χ2=9.18, p=0.002 and χ2=7.76, 
p=0.005, respectively). In all groups, a 
high frequency of homozygous GG gen-
otype and G allele was noted; there were 
statistically significant differences in both 
the group of patients with AH and the fre-
quency of GG genotype of IL-6 C-572G 
in the control.

We used 2 genetic models (dominant 
and recessive) to test the relationship 
between IL-6 C-174G and IL-6 C-572G 
with AH. We did not obtain significant dif-
ferences in the frequencies of genotypes 
between hypertonics and normotonics, in 
all cases the dominant model for the mi-
nor G allele and the high frequency of the 
G allele prevailed (Table 1).

Depending on the genotype of the 
polymorphic locus C-174G of the IL-6 
gene, we analyzed the average level of 
systolic blood pressure (SBP) in hyper-
tensive patients. Some effect of the G 
allele of IL-6 C-174G on the increase in 
the level of SBP was found. In individuals 
with hypertension, the average level of 
SBP in carriers of CC, CG, and GG gen-
otypes was 146.67±8.81, 166.67±10.22, 
and 160.47±2.28 mmHg, respectively, 
no significant differences were found (p> 
0.05). Our data do not coincide with the 
studies of certain foreign scientists; in 
particular, the tendency for a more pro-
nounced increase in SBP in carriers of 
the C allele has been described [10,12]. 
In normotonics, there were no special dif-
ferences in the mean values of SBP. As 
for the polymorphic locus C-572G of the 
IL-6 gene, in hypertensive patients with 
CC, CG and GG genotypes, the mean 
SBP was 155.71±3.68, 160.67±4.41 
and 160.98±2.84 mmHg, respectively, 
no significant differences were noted. In 
a number of studies, the relationship of 
the polymorphic locus C-572G of the IL-6 
gene with the level of SBP was also not 
obtained [14].

AO plays an important role in the de-
velopment of hypertension as a compo-
nent of the metabolic syndrome. In in-
dividuals with AH, AO was significantly 
more often observed than in individuals 
without AH (78.1% and 29.9%, respec-
tively, p = 0.001). We analyzed the dis-
tribution frequencies of the genotypes 
of the polymorphic loci C-174G and 
C-572G of the IL-6 gene, depending on 
the presence of AO in the general pop-
ulation and separately in the “case” and 
“control”. The frequency of AO in the gen-
eral population of carriers of the CC gen-
otype of the polymorphic locus C-174G 
was 50%, CG - 58.3%, GG - 53%, no 

significant differences were noted. In the 
“case”, depending on the relationship to 
these genotypes, it was 66.7%, 83.3% 
and 78.1%, respectively (p> 0.05), in the 
“control” - 22.3%, 33.3% and 30.0% (p> 
0.05). We obtained a contradictory result 
in comparison with published data, which 
describes the relationship of the C allele 
at the -174 locus of the IL-6 gene with 
visceral obesity in patients with hyperten-
sion [4], possibly associated with a small 
sample of subjects.

In the general population of carri-
ers of the genotype CC of the C-572G 
locus, the AO frequency was 50%, CG 
- 52.8%, GG - 54.1%, the differences 
were insignificant. Hypertensive patients 
had a high rate of AO, 95.6%, 86.7% and 
72.5%, respectively (p> 0.05). Thus, the 
highest frequency of AO was identified 
in individuals with AH - carriers of the 
C allele. In normotonic patients, the oc-
currence of AO was 22.4%, 28.6% and 
34.0%, respectively, the differences are 
unreliable.

The assessment of the effect of ge-
netic polymorphism on the biochemical 
blood parameters characteristic of hyper-
tension   is of particular interest. We ana-
lyzed the association of polymorphism of 
polymorphic C-174G and C-572G loci of 
IL-6 gene with biochemical blood param-
eters in individuals with and without AH. 
Compared the average concentration of 
lipids and blood glucose in individuals 
with hypertension and without hyper-
tension, depending on their belonging 
to a particular genotype (Table 2). In all 
respondents in the "case", the values of 
lipid metabolism, except for high density 
lipoprotein cholesterol (HDL cholesterol), 
were higher compared to the “control”. 
Statistically significant differences were 
obtained in the average concentrations of 
low-density lipoprotein cholesterol (LDL 
cholesterol), TG and blood glucose in ho-
mozygous carriers of minor GG genotype 
IL-6 C-174G. In other cases, the indica-
tors had no significant differences. When 
studying the relationship of IL-6 C-572G 
gene polymorphism with the same blood 
parameters, we obtained significant dif-
ferences in hypertensive patients in the 
average LDL cholesterol values in car-
riers of a heterozygous genotype and 
blood glucose in individuals with a mutant 
homozygous genotype. For other indica-
tors, there were no significant differenc-
es. Thus, we obtained the influence of the 
G allele on a significant increase in the 
concentration of atherogenic fractions of 
cholesterol and blood glucose in hyper-
tensive patients.

We determined the frequency of lip-
id and carbohydrate disorders for indi-
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viduals with and without hypertension, 
depending on the carriage of a particu-
lar IL-6 C-174G genotype. In hyperton-
ic patients, all values exceeded those 
of normotonic, except for carbohydrate 
metabolism. We compared the frequen-
cies in relation to a particular genotype 
separately in individuals in the “case” 
and “control”. In hypertensive patients, 
there were no differences in the ratio of 
a specific genotype to lipid and carbohy-
drate disorders (p> 0.05). In carriers of 
the CC genotype, the frequency of HCS 
was 33.3%, CG - 46.9% and GG - 55.6% 
(p> 0.05); HCS-LDL 33.3%, 50.0% and 
59.4%, respectively, p> 0.05. Thus, car-
riers of the mutant GG genotype showed 
the highest frequency of lipid metabo-
lism disorders, including the atherogenic 
fraction. In the literature, there are also 
confirmations from certain authors about 
the influence of the mutant homozygous 
genotype IL-6 C-174G on atherogenesis 
[10]. We have not obtained any special 
influence of one or another allele on the 
frequency of lipid and carbohydrate dis-
orders in normotonics.

As for the comparison of the frequen-
cies of occurrence of HCS, HCS-LDL, 
HTG, Hypo-α-cholesterolemia (Hypo-
α-CS), HG by IL-6 C-572G genotypes, 
significant differences were not obtained 
in either the "case" or "control". In hyper-
tensive patients, all indicators were also 
higher compared to the “control”, but we 
found the highest occurrence of HCL in 
carriers of the C allele (CC - 57.1%, CG 
- 49.0% and GG - 40.0%, (p>0.05 ); HCS-
LDL - 71.4%, 66.7% and 52.9% (p>0.05); 
Hypo-α-CS - 42.9%, 40.0% and 21.6% 
(p>0.05); HG - 14.3%, 8.0% and 6.7%, 
respectively, p> 0.05. For other parame-
ters in the “case” no difference was not-
ed. In normotonics, the occurrence of all 
indicators is almost the same.

Conclusion. In the course of our ex-

ploratory study, certain results were ob-
tained, the distribution of allelic variants 
of cytokine genes in patients with hyper-
tension and relatively healthy individuals 
was revealed. The dominance of a ho-
mozygous mutant genotype was found in 
the polymorphic loci C-174G and C-572G 
of the IL-6 gene in two groups. 

Hypertonics - carriers of the G allele of 
the C-174G polymorphic locus of the IL-6 
gene, both in the homozygous and het-
erozygous versions, showed the highest 
average systolic blood pressure, a high 
incidence of abdominal obesity, lipid and 
carbohydrate metabolism disorders. The 
study of the polymorphic C-572G locus 
of the IL-6 gene in individuals with hyper-

tension showed the highest incidence of 
AO, lipid and carbohydrate metabolism 
disorders in carriers of the C allele.

Thus, a relationship was obtained with 
AH and its risk factors for IL-6 gene poly-
morphisms, namely, the influence of the 
G allele of the polymorphic locus C-174G 
and the C allele of the polymorphic locus 
C-572G on metabolic factors of athero-
genesis.

All this serves as the basis for further 
more in-depth research of the indigenous 
population living compactly in the remote 
hard-to-reach communities in Russia's 
Arctic region, with a larger scope of re-
search for targeted selection of therapeu-
tic and preventive measures.

Frequency distribution of the IL-6 C-174G and IL-6 C-572G genotypes with and without hypertension according to the 
dominant and recessive models

Genotype Genotype frequencies χ2 p OR 95% CI Allele Allele frequencies
case control case control

IL-6 C-174G
Dominant 
model

CG+GG 0.959 0.987 1.14 >0.05 0.31 0.03-3.02 C 0.082 0.052CC 0.041 0.013
Recessive 
model

CC+CG 0.123 0.091 0.41 >0.05 1.41 0.49-3.99 G 0.918 0.9480.877 0.909
IL-6 C-572G

Dominant 
model

CG+GG 0.904 0.883 0.17 >0.05 1.25 0.44-3.55 C 0.199 0.253CC 0.096 0.117
Recessive 
model

CC+CG 0.301 0.390 1.29 >0.05 0.68 0.34-1.33 G 0.801 0.7470.699 0.610

The average levels of the lipid and carbohydrate spectrum in people with hypertension 
and those without hypertension. depending on the genotypes C-174G and C-572G

of the IL-6 gene (M ± m)

Genotype frequency TC LDL 
Cholesterol

HDL 
Cholesterol TG Glucose

IL-6 C-174G

CC
Case 5.49±1.12 2.82±0.52 1.48±0.22 1.33±0.30 5.36±0.18

p 0.817 0.628 0.393 0.441 0.432
Control 4.88±0.31 2.23±0.09 1.98±0.21 0.75±0.19 5.60±0.35

CG
Case 5.59±0.35 3.64±0.21 1.70±0.15 0.93±0.11 4.50±0.15

p 0.395 0.234 0.507 0.583 0.393
Control 5.09±0.42 3.11±0.35 1.50±0.24 0.84±0.10 4.36±0.30

GG
Case 4.93±0.13 3.16±0.11 1.29±0.04 1.10±0.05 4.96±0.26

p 0.106 0.039 0.182 0.025 0.007
Control 4.66±0.10 2.87±0.08 1.37±0.04 0.91±0.05 4.21±0.09

IL-6 C-572G

CC
Case 5.02±0.15 3.16±0.33 1.16±0.11 1.07±0.10 5.02±0.60

p 0.729 0.513 0.074 0.080 0.143
Control 4.66±0.25 2.91±0.20 1.41±0.07 0.78±0.10 4.11±0.22

CG
Case 4.87±0.29 3.14±0.21 1.26±0.12 1.08±0.11 5.39±0.82

p 0.326 0.049 0.215 0.236 0.153
Control 4.56±0.16 2.70±0.12 1.45±0.08 0.88±0.10 4.33±0.16

GG
Case 4.82±0.38 3.14±0.12 1.38±0.04 1.09±0.06 4.73±0.21

p 0.376 0.512 0.761 0.153 0.047
Control 4.83±0.13 3.03±0.11 1.35±0.05 0.95±0.06 4.23±0.11

Table 1

Table 2
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Introduction. The examination of 
the health status and factors of its for-
mation in the Arctic regions has greatly 
increased in the recent years. It is asso-
ciated with the realization of huge gov-
ernmental projects concerning the de-
velopment of industrial, transport and 
energy sectors in Russia. The main and 
high priority of scientific investigations 
in Yakutia is associated with the Arctic 
coast inhabiting people health. All cir-
cumpolar community studies phenom-
enal viability of the Arctic population 
[4]. It undoubtedly concerns the health 
of the coming generation, i.e. children 

of the Arctic [2, 3, 5]. The Ministry of 
the healthcare in the Republic Sakha 
(Yakutia) has realized several federal 
and Republican programs to improve 
logistic and material support, medical 
personnel staffing in different medical 
institutions of the Arctic and Northern 
regions, undoubtedly it had an effect on 
the indicators of the health state of the 
population in the Artic regions and the 
Far North [1, 2, 4]. The child mortality 
issues are being discussed a lot at the 
meetings of the circumpolar territories 
community [6, 7].

Objectives: The objectives are to 
analyze the child mortality in the Arctic 
regions of the Republic Sakha (Yaku-
tia).

Materials and methods: We have 
analyzed the official medical data of 
child population in 5 Arctic coast re-
gions of the Republic Sakha (Yakutia) 
for the period of 2006-2018. For further 
detailed analysis of the child mortality a 
special database of the state institution 
“Yakut Republican medical information 
and analytical center of the Ministry 
of healthcare of the Republic Sakha 
(Yakutia)” was used. The database in-
cluded all the cases of mortality from 
0 to 18 years of age for the period of 
2006-2015, indicating the age, gender, 
nationality and causes of the death.

Results: According to the data from 
“Yakut Republican medical information 
and analytical center of the Ministry of 
healthcare of the Republic Sakha (Ya-
kutia)”, the mean indicator of the infant 
mortality has shown clear decrease 
from 17.0% in 2011 to 4.2% in 2018 
(Table 1). In 2018 the infant mortali-

ty rate has decreased to its historical 
minimum. For the following periods, 
there are several regions were no cas-
es of infant mortality were registered 
(Allaikhovskiy (2012,2016, 2018), 
Anabarskiy (2016,2018), Bulunskiy 
(2014,2015,2017), Nizhne-Kolyms-
kiy (2014, 2017,2018), Ust-Yanskiy 
(2015)). Infant mortality rate is one of 
the demographic factors that denote 
the level of healthcare development in 
the region. Such federal and Republi-
can programs like “Public health and 
healthcare modernization” resulted in 
decrease of infant mortality in the Re-
public and the Arctic regions of the Re-
public Sakha (Yakutia) (see table 1).

As we can see in the table 2 the 
mortality rate from 0-18 in the Arctic 
regions tends to decrease, although 
the index is quite unstable for the pe-
riod of 2006-2018. The index of mor-
tality for the mentioned period tends 
to decrease up to 2.9% in 2016, and 
increase up to 8.1% in 2010.

A detailed analysis of the child mor-
tality rate in the Arctic regions of the 
Republic Sakha (Yakutia) is based on 
the data of the Yakut Republican med-
ical information and analytical center. 
This database is composed of all the 
cases of mortality from 2006 to 2015.

The child mortality rate dynamics is 
represented in the table 3. It is obvi-
ously seen that in standardization of in-
dices the mortality rate, concerning the 
number of child population, in the Artic 
regions is higher than the same in the 
Republic, except 2015.

As we can see in the table 4, the 
part of mortality rate in boys, aged from 
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0 to 18 is 65% in 2006, and 33% in 
2015. The mortality rate in girls com-
posed 35% in 2006, and 67% in 2015. 
It is obvious that the rate is significantly 
higher in boys from 2006 to 2014, the 
death was caused by external factors 
like traumas, to which the boys seem 
more predisposed than the girls. In 
2015 there were 3 cases in the whole 
structure of the mortality rate, 2 were 
caused by external factors and 1 was a 
case of a sudden death.

As we can see in the table 5, the 
main cause of mortality in child popula-
tion aged from 0 to 18 is associated with 
external factors. The part of mortality 
caused by external factors composed 

46% in 2006, 59% in 2007, 30% in 
2008, 31% in 2009, 21% in 2010, 28% 
in 2011, 33% in 2012, 71% in 2013, 
35% in 2014, 66% in 2015. The next 
factors of mortality are injuries, poi-
soning, and other perinatal conditions. 
On a whole, we can constitute that the 
external factor causing mortality in chil-
dren prevails. An achieved decrease 
of the infant mortality is smoothed by 
increase of mortality in adolescents, 
caused by injuries.

Conclusion: The analysis of the 
child mortality in the Republic Sakha 
(Yakutia) revealed the following ten-
dencies. A marked decrease of the in-
fant mortality rate from 29.8% to 4.2% 

is noticed in the period from 2006 to 
2018. The level of the infant mortality 
rate in the Arctic regions is consider-
ably higher than the rate in the other 
regions of the Republic Sakha (Yaku-
tia) and the average numbers in Russia 
(5.0% in the Republic Sakha (Yakutia) 
and 5.1% in the Russian Federation in 
2018). The results reveal the necessi-
ty of developing a new 3-level system 
of medical assistance for pregnant and 
parturient women and the system of 
their routing from the Arctic regions of 
the Republic Sakha (Yakutia).

On a whole the level of child mortal-
ity in the Arctic regions of the Republic 
Sakha (Yakutia) was 6.3% in 2006, and 

Table 1

Dynamics of infant mortality in the Arctic regions of the Republic Sakha (Yakutia), (per 1000 of child population, %)

Regions 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Allaikhovskiy 40.8 … … … … 18.5 … 20.0 15.4 18.9 … 25.0 …
Anabarskiy 36.6 13.0 54.7 … 18.2 14.7 15.6 12.7 12.7 13.3 … 13.0 …
Bulunskiy 16.8 15.0 … 16.4 16.0 20.0 14.0 7.0 … … 16.0 … 10.5
Nizhnekolymskiy 54.9 11.0 26.0 36.2 41.5 12.8 13.3 12.2 … 12.7 14.7 … …
Ust-Yanskiy … … … 28.9 20.8 19.2 31.5 16.1 6.8 … 17.9 18.0 10.8
Total for the Arctic 
regions 29.8 7.8 16.1 16.3 19.3 17.0 14.9 16.3 7.3 8.9 9.7 11.2 4.2

Republic Sakha 
(Yakutia) 10.6 10.4 9.1 8.9 7.2 6.3 9.6 9.6 8.0 7.6 7.2 5.1 5.0

Russian Federation 10.2 9.4 8.5 8.1 7.5 7.4 8.6 8.2 7.4 6.5 6.0 5.6 5.1

Mortality cases in children and adolescents in the Arctic regions of the Republic Sakha (Yakutia)

Regions Абс. число
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Allaikhovskiy 5 2 0 1 1 2 1 1 4 0 0 1 0
Anabarskiy 7 3 4 2 4 2 4 1 1 1 0 1 1
Bulunskiy 3 8 4 3 5 6 4 3 2 0 2 1 2
Nizhnekolymskiy 8 2 3 6 4 0 0 1 3 0 2 0 0
Ust-Yanskiy 3 3 2 4 5 4 6 8 4 2 2 3 1
Total for the Arctic 
regions 26 18 13 16 19 14 15 14 14 3 6 6 4

Arctic regions, % 6.3 4.7 3.6 5.7 8.1 6.8 6.8 6.3 6.4 1.5 2.9 3.7 2.3
Republic Sakha 
(Yakutia) 412 387 361 280 232 206 220 220 217 194 207 160 173

Table 2

Table 3

Child mortality rate coefficient dynamics in the Arctic regions of the Republic Sakha (Yakutia)

Район Mortality rate per 1000 of child population, ‰
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Allaikhovskiy 5.444 2.232 0.000 1.123 1.111 2.250 1.140 1.159 4.709 0.000
Anabarskiy 4.754 2.123 3.034 1.567 3.120 1.591 3.252 0.816 0.824 0.833
Bulunskiy 1.124 3.097 1.600 1.225 2.051 2.414 1.621 1.267 0.866 0.000
Nizhnekolymskiy 5.722 1.455 2.199 4.478 3.059 0.000 0.000 0.766 2.275 0.000
Ust-Yanskiy 1.316 1.408 0.931 1.879 2.339 1.885 2.850 3.839 1.928 0.958
Total for the Arctic regions 2.976 2.143 1.584 1.979 2.356 1.737 1.879 1.785 1.803 0.388
Republic Sakha (Yakutia) 1.535 1.472 1.399 1.101 0.918 0.814 0.867 0.863 0.845 0.747
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2.3% in 2018. A considerable decrease 
up to the minimum of numbers of child 
mortality rate aged from 0 to 18 is no-
ticed in the Arctic regions of the Repub-
lic Sakha (Yakutia).

From 2006 to 2015 the child mortal-
ity rate aged from 0 to 18 decreased 
from 2.976% to 0.388% in the Arctic 
regions of the Republic Sakha (Ya-
kutia). Before 2014 the mortality rate 
in the Arctic regions was higher than 
the average numbers in the other re-
gions of the Republic Sakha (Yakutia) 
(0.845% in 2014 in the Republic Sakha 
(Yakutia)). The mortality rate caused by 
the external factors tends to decrease 
in the Arctic regions of the Republic 
Sakha (Yakutia). Singular cases of 
child mortality were registered in 2015. 

Extreme conditions of inhabiting in 
the Arctic regions demand differenti-
ated approach in the development of 
regional mechanisms of the state pol-
icy in the field of healthcare and health 
service in the Far North of the Russian 
Federation. A possible development of 
medical subprogram should also be 
taken into account, as it can result in 
targeted modeling of the healthcare for 
the Arctic regions and decrease of child 
mortality rate. It should be noted that 
such Arctic model of healthcare should 
include not only practical support from 
practicing physicians but also scientific 
background.
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The dynamics of child mortality causes in the Arctic regions of the Republic Sakha (Yakutia), (absolute numbers)

Pathology structure 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Total deaths 26 18 13 16 19 14 15 14 14 3
External causes of morbidity and mortality 12 9 4 5 4 4 5 10 5 2
Different perinatal conditions 10 8 8 2 2
Injuries, poisoning and some other outcomes of external 
factors 4 3 4 2 3 2

Diseases of the nervous system 4 2 2 1
Some infectious diseases and parasite disorders 1
Malformations 1
Diseases of blood, hemopoietic organs, and other disorders 
involving immune mechanism 1

Circulatory system disorders 1 1 1 2 2
Disorders of the respiratory system 1 1 2 2 2
Diseases of the digestive organs 2
Diseases of the muskuloskeletal system and connective tissue 1
Inherited defects (birth defects), deformities and chromosome 
disorders 3 1

Signs and symptoms of the defects, revealed during the 
clinical and laboratory tests, not included in the classification 2 2 2 1 1

Sudden death syndrome 2 2 1 1

Table 4

Gender based mortality cases dynamics in child population of the Arctic regions of the Republic Sakha (Yakutia)

Regions Абс. число 
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Allaikhovskiy M 5 1 0 1 1 1 1 0 2 0
F 0 1 0 0 0 1 0 1 2 0

Anabarskiy M 6 1 2 1 3 2 3 1 1 0
F 1 2 2 1 1 0 1 0 0 1

Bulunskiy M 1 7 4 1 3 3 1 3 1 0
F 2 1 0 2 2 3 3 0 1 0

Nizhnekolymskiy M 5 0 3 1 1 0 0 0 2 0
F 3 2 0 5 3 0 0 1 1 0

Ust-Yanskiy M 0 3 2 2 1 2 4 5 3 1
F 3 0 0 2 4 2 2 3 1 1

Total for the Arctic regions
of the Republic Sakha (Yakutia) 

M 17 12 11 6 9 8 9 9 9 1
% 65 66 84 37 47 57 60 64 64 33
F 9 6 2 10 10 6 6 5 5 2
% 35 34 16 63 53 43 40 36 36 67

Table 5
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The urgency of the local cold injury 
(LCI) on the territory of the Russian Fed-

eration is conditioned by its geographical 
position, significant specific weight in 
the structure of the general traumatism, 
difficulties of etiopathogenetic therapy, 
disappointing treatment results [4,7,8]. 
The frequent loss of ability to work and 
high percentage of disability indicate the 
need for further studies of pathogenetic 
mechanisms of cryodamage. The study 
and identification of new markers of local 
cold injury contributes to an earlier diag-
nosis of the volume of tissue lesions, the 
creation of qualitatively new approaches 
to the complex treatment of frostbite of 
the extremities, as well as successful and 
fastest rehabilitation of patients [1, 8].

In recent years, scientific works clear-
ly show the deepening of research by 
domestic and foreign authors on the 
features of the pathogenesis of cryo-
damage, early diagnosis of the volume 
of affected tissues, methods of surgical 
treatment of deep frostbite of the extrem-

ities and rehabilitation of patients [4, 8].
There is no doubt that endothelial dys-

function plays a fundamental role in the 
pathogenesis of frostbite [7-10]. Endothe-
liocytes damaged by cold and secondary 
alterations, as well as cells attracted to 
the focus of inflammation, increase a 
large number of biologically active sub-
stances, including matrix metalloprotein-
ases (MMR) and their inhibitors (TIMP).

Recent studies have shown that colla-
genases, as well as their inhibitors, play 
a significant role in the pathogenesis of 
connective tissue damage and its fibrosis 
in various pathologies [2]. Collagenases 
are Zn2+ and Ca2+ dependent induced 
endogenous peptidases involved in tis-
sue rearrangement, by the destruction 
of its organic components, as well as the 
exchange of proteins of the interstitial ma-
trix [2, 3]. MMR secretion is influenced by 
cytokines released by endotheliocytes, fi-
broblasts, macrophages, platelets [3, 10].

M.I. Mikhaylichenko, K.G. Shapovalov, V.A. Mudrov,
O.S. Gruzdeva
THE ROLE OF MATRIX 
METALLOPROTEINASES
AND THEIR INHIBITORS IN PATIENTS
WITH LOCAL COLD INJURY

The urgency of the local cold injury (LCI) on the territory of the Russian Federation is conditioned by its geographical position, significant specific 
weight in the structure of the general traumatism, difficulties of etiopathogenetic therapy, disappointing treatment results, which leads to frequent 
loss of ability to work and permanent disability.

The aim of the study was to identify the dynamics of the level of collagenases of the second subfamily (MMR-2, MMR-9) and their inhibitors 
(TIMP-1 and TIMP-2) in the blood of those, who sustained local cold injury.

 The study included 60 patients with frostbite of the distal segments of the lower extremities. The level of MMR–2, MMR–9, TIMP -1 and TIMP - 2 
was studied on the 5th and 30th days after the frostbite using a multiplex blood test with a set of biomedical reagents.

In patients with frostbite, the level of MMR–2 and MMR–9 in the blood serum increases relative to the control group in the early stages of cryo-
damage, as well as an increase in the index of the markers studied directly proportional to the volume of the affected tissues. A similar dynamics 
was observed in the study of parameters of matrix metalloproteinase inhibitors. Based on the obtained data and analysis of the linear regression 
equation, a predictive model was formed that allows us to suspect the level of tissue damage in the early stages of local cold injury with high ac-
curacy.
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Relatively recently, it has been estab-
lished that MMR can be activated by low 
pH, hyperthermia and hypothermia, as 
well as by processes of lipid peroxidation 
[14]. MMR of the second subfamily play 
an important role. These include type 
IV endopeptidases-MMR-2 and MMR-9. 
This group of matrix metalloproteinases 
remodels native collagen, changing its 
conformation, which makes it difficult for 
cells to migrate to tissues for the imple-
mentation of inflammatory processes.

Tissue inhibitors of MMR are proteins 
that regulate the balance of connective 
tissue collagen, forming high-affinity 
complexes with collagenases, thereby 
leveling the pathological processes pro-
voked by matrix metalloproteinases. The 
main sites of TIMP expression are the 
bone tissue and ovaries [8, 9, 16].

Collagenase inhibitors (TIMR-1 and 
TIMR-2) are little-known and unexplored 
biomarkers of alterations. Although in 
medical practice, these biomarkers are 
used quite successfully in stratifying 
the risks of undesirable cardiovascular 
events, arterial hypertension, diabetes 
mellitus, chronic renal failure and compli-
cated obstetrics [4, 9, 10]. Evaluating the 
effectiveness of pathogenetically based 
therapy is extremely relevant and prom-
ising for patients with local cold trauma.

It should be noted that the optimal tar-
get values in the blood of MMR and TMR, 
which should be equalized in the course 
of research, are not yet regulated. At the 
same time, the scientific justification for 
determining the target values of mark-
ers of collagen balance, which plays an 
important role in proliferative processes 
closely related to the course of the wound 
process, can help control the quality of 
therapy and allow predicting the course 
of the wound process in cryodamage.

Purpose of research: to determine 
the dynamics of the level of collagenases 
of the second subfamily (MMR-2, MMR-

9) and their inhibitors (TIMP-1 and TIMP-
2) in the blood of those, who sustained 
local cold injury.

Research materials and methods.
The study included 60 patients (40 men 
and 20 women), 20 of them with frost-
bite of the toes (group 1), in the second 
group of victims, the lesion spread to 
the pretarsal-molar joint (n=22), group 
3 – patients with frostbite of the more 
proximal parts of the lower limb (n=18). 
Depending on the volume of the affected 
tissues, the study was performed on the 
5th day after the injury. The average age 
of patients was 35±7 years. The level of 
MMR–2, MMR–9, TIMP -1 and TIMP - 2 
was measured on the 5th and 30th days 
after frostbite in the same patients using 
a multiplex analysis of serum with a set 
of biomedical reagents. All patients were 
treated at the regional burn center on the 
basis of GUZ "City clinical hospital No. 
1" in Chita with local cold injury of III-IV 
degree in the period from 2018 to 2019.

The control group consisted of rela-
tively healthy people aged 30±10 years 
(n=28).

All patients and volunteers gave their 
written voluntary informed consent, in 
accordance with the requirements of the 
Helsinki Declaration of the world medical 
Association (ed. 2013) 

The exception group included patients 
with severe somatic pathology: inflam-
matory processes of various localiza-
tion, obliterating diseases of the arteries, 
nerve damage of the extremities, diabe-
tes, hypertension, alimentary exhaustion 
and obesity, and individual dependence 
of various Genesis.

Statistical processing of the research 
results was carried out using the IBM 
SPSS Statistics Version 25.0 software 
package. The data obtained were sys-
tematized in the form of a median and a 
confidence interval. Considering the size 
of the control group of no more than 50 

people, the normality of the distribution 
of features was assessed using the Sha-
piro-Wilk criterion. The statistical signifi-
cance of the differences in indicators was 
assessed by comparing the critical and 
calculated values of the Kraskel-Wallis 
criterion with the subsequent determi-
nation of the significance level p. For a 
more precise description of the identi-
fied trends used the Mann-Whitney test, 
which allows to evaluate the performance 
differences between comparing groups in 
pairs with application of a Bonferroni cor-
rection when assessing the value of R. 
To assess the relationship between indi-
cators we used the Spearman correlation 
coefficient (ρ). Based on the obtained 
values of ρ we revealed the closeness 
of the connection on a scale of Chedoke 
and its direction (direct or reverse). Sub-
sequently, we calculated a segregated 
coefficient of determination, which shows 
the proportion of the explained depen-
dence. The predictive model is built by 
linear regression.

The results and discussion. We note 
an increase in the level of MMR–2 and 
MMR–9 in serum in patients with frostbite 
relative to the control group in the early 
stages of frostbite. The level of MMR-2 
decreased to the values of the control 
group, and the indicators of MMR-9 re-
mained significantly higher than normal 
later in the period after the injury. This fact 
pathogenetically justifies a large number 
of complications in patients with frostbite.

In the late reactive period, the serum 
level of MMR–2 in patients with cryodam-
age is 3.4 times higher relative to con-
trol (p=0.011), on day 30-the values of 
MMR-2 do not differ in control indicators 
(p=0.103) (Table 1). The level of MMR-9 
in patients with local cold injury on day 5 
is 14.5 times higher than the control indi-
cators (p=0.002), on day 30 – 12.5 times 
higher relative to the group of healthy vol-
unteers (p<0.001) (Table 1).

The content of matrix metalloproteinases and their inhibitors in the blood serum of victims with local cold trauma
in different periods of cryodamage

Study group ММР–2 ММР–9 TIMP–1 TIMP–2
Control group
(n = 28) 2.3 (75% ДИ 2.16 – 2.45) 32.00 (75% ДИ 28.55 – 35.37) 734.4 (75% ДИ 733.51 – 

770.20)
247.2 (75% ДИ 232.19 – 

257.81)

First group (5 day)
(n = 30)

7.97 (75% ДИ 7.59 – 8.20)
p < 0.001

448.86 (75% ДИ 418.33 – 466.28)
p < 0.001

1259.2 (75% ДИ 1230.83 – 
1342.35)
p < 0.001

555.2 (75% ДИ 528.46 – 
578.94)

p < 0.001

Second group (30 
day)
(n = 30)

4.53 (75% ДИ 4.27 – 4.92)
p < 0.001
p1<0.001

354.14 (75% ДИ 343.65 – 375.35)
p < 0.001
p1< 0.001

1481.6 (75% ДИ 1462.76 – 
1646.89)
p < 0.001
p1 < 0.001

478.4 (75% ДИ 472.65 – 
555.55)

p < 0.001
p1=0.024

p – reliability of the difference in indicators relative to control; p1-reliability of the difference in indicators relative to patients with frostbite 
in the late reactive period.

Table 1
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In patients with cryodamage of distal 
stop, the level of MMP–2 was 2.1 times 
higher relative to the control (p<0.001), in 
patients with frostbite more proximal seg-
ments of the foot – the value of MMP–2 
to 2.6 times higher than the benchmarks 
(p<0.001). The level of MMR-2 in victims 
with the most severe frostbite is 3.5 times 
higher than the control values (p<0.001) 
(Table 2). The level of MMR–9 in victims 
with frostbite of the toes is 4.9 times high-
er than the control indicators (p<0.001), 
and in patients with more severe frostbite 
– 10 times higher relative to the control 
group (p<0.001) (Table 2). In patients 
with group 3 frostbite, the level of MMR-
9 increased by 14.5 times relative to the 
control values (p<0.001) (Table 2).

In the late reactive period in patients 
with cryodamage, the TIMP–1 level is 
1.7 times higher relative to the control 
(p<0.001), on day 30 – the TIMP–1 value 
increased 2 times relative to the control 
(p<0.001) (Table 1). The TIMP-2 Level 
in patients on day 5 from the moment of 
cryodamage is 2.3 times higher than the 
control indicators (p<0.001), on day 30 
– 2.2 times higher relative to the control 
group (p<0.001) (Table 1).

In patients with cryodamage of distal 
stop, the level of TIMP–1 in the blood 
2 times higher relative to the control 
(p<0.001), in patients with frostbite 
more proximal segments of the foot – 
value TIMP–1 is 1.8 times higher than 
the benchmarks (p<0.001). The level 
of TIMP-1 in the patients with the most 
severe frostbite is 1.6 times higher than 
the control values (p<0.001) (Table 2). 
The level of TIMP-2 in patients with local 
cold injury of the toes is 2.1 times higher 

than the control indicators (p<0.001), in 
patients with more severe frostbite – 2.2 
times higher relative to the control group 
(p<0.001) (Table 2). In patients with 
group 3 frostbite, the level of TIMP-2 is 
2.3 times higher than the control value 
(p<0.001) (Table 2).

The data obtained during the study in-
dicate an increase in the content of matrix 
metalloproteinases and their inhibitors in 
the blood serum of those, who sustained 
cold trauma. At the same time, signifi-
cant dynamics of the studied markers 
does not occur in the long-term period of 
cryodamage. Probably, during frostbite, a 
significant failure in the remodeling of the 
cytoskeleton, tissue repair, angiogenesis 
occurs, and there are prerequisites for an 
atypical, prolonged course of reparative 
processes.

Previously conducted research in pa-
tients with deforming arthrosis, in com-
plicated obstetrics, in patients with CHD, 
aimed at detecting matrix metalloprotein-
ases and their inhibitors, also revealed 
a persistent increase in the level of the 
studied predictors in the serum of pa-
tients [2, 5, 10, 11]. Scientists have con-
cluded that metalloproteinases are one of 
the pathogenetic causes of chronization 
of any pathology [5, 6]. It is possible that 
collagenases are the predictor of the ad-
verse course of local cold injury. This is 
also proved by the large number of ad-
verse consequences of injury. According 
to a number of authors, complications are 
present in the majority of patients with lo-
cal cold trauma [3, 4, 9].

The increased content of matrix metal-
loproteinase inhibitors probably indicates 
an attempt on the part of the body to sta-

bilize the emerging catastrophe in the 
center of alterations. We found a sharp 
increase in TIMP-1 and TIMP-2 in all pe-
riods of cryodamage. Attention is drawn 
to the fact that there is no correlation of 
TIMP in patients with the most extensive 
lesions and the mildest injury limited to 
the toes. It is also necessary to indicate 
that the level of TIMP does not decrease 
for 30 days from the moment of cryo-
damage. This phenomenon is probably 
associated with the death of bone tissue, 
since inhibitors of matrix metalloprotein-
ases are deposited mainly in osteocytes 
[2, 6, 11, 18].

Thus, there is a high degree of paral-
lelism between the value of matrix metal-
loproteinases and their inhibitors in blood 
serum and the level of damage to the 
distal segments of the lower extremities 
(Table 3).

According to modern scientific data, 
with fibrotic tissue disorganization, the 
MMR index decreases, and the level of 
their inhibitors on the contrary increas-
es. When collagen is degraded, on the 
contrary, the content of collagenases 
increases, and inhibitors decrease [2, 
12]. In patients with frostbite, we see an 
increase in all the studied biomarkers of 
the matrix metalloproteinase system and 
their inhibitors, even in the case of a rela-
tively mild cold injury.

Relatively recently, V. A. Tumansky 
and T. A. Khristenko [6] have shown that 
MMP and TIMP levels are significant-
ly increased in patients with pancreatic 
cancer. Given that the complex of MMP 
and TIMP is formed by the "key-lock" 
type [5, 6], the authors suggested that 
the increase in the level of such biologi-

The content of matrix metalloproteinases and their inhibitors in the blood serum of victims with local cold trauma 
depending on the volume of affected tissues

Study group ММР–2
(ng/ml)

ММР–9
(ng/ml)

TIMP–1
(ng/ml)

TIMP–2
(ng/ml)

Control group
(n = 28) 2.3 (75% ДИ 2.16 – 2.45) 32.00 (75% ДИ 28.55 – 

35.37)
734.4 (75% ДИ 733.51 – 

770.20)
247.2 (75% ДИ 232.19 – 

257.81)

First group 
(n = 20)

4.65 (75% ДИ 4.43 – 4.77)
p < 0.001

126.50 (75% ДИ 126.99 – 
147.95)

p < 0.001

1488.0 (75% ДИ 1420.76 – 
1540.74)
p < 0.001

513.6 (75% ДИ 486.84 – 
529.16)

p < 0.001

Second group 
(n = 22)

6.78 (75% ДИ 6.75 – 7.14)
p < 0.001
p1 < 0.001

314.50 (75% ДИ 315.29 – 
326.41)

p < 0.001
p1 < 0.001

1292.8 (75% ДИ 1252.00 – 
1352.05)
p < 0.001
p1=0.159

536.8 (75% ДИ 495.50 – 
576.50)

p < 0.001
p1=0.778

Third group
(n = 18)

7.97 (75% ДИ 7.59 – 8.20)
p < 0.001
p1 < 0.001
p2 < 0.001

448.86 (75% ДИ 418.33 – 
466.28)

p < 0.001
p1 < 0.001
p2 < 0.001

1259.2 (75% ДИ 1230.83 – 
1342.35)
p < 0.001
p1 < 0.001
p2=0.007

555.2 (75% ДИ 528.46 – 
578.94)

p < 0.001
p1=0.013
p2=0.021

p – reliability of the difference in indicators relative to control; p1-reliability of the difference in indicators relative to 1 group of patients; 
p2-reliability of the difference in indicators relative to 2 groups of patients.

Table 2
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cal "locks" is a reflection of the antitumor 
reaction and cells with an attempt to limit 
the focus of alterations. It is possible that 
a similar biological phenomenon of cell 
microenvironment formation is realized 
in patients with frostbite, aimed at delin-
eating the focus of damaged tissues by 
rough remodeling of the extracellular ma-
trix and changing the conformation of the 
cell membrane.

MMR 2 in combination with other col-
lagenases is known to inhibit angiogen-
esis. This phenomenon is associated 
with their ability to form antiangiogenic 
peptides by converting plasminogen into 
angiostatin, which inhibits proliferation 
and exacerbates endothelial cell apop-
tosis [6, 13]. This is another confirmation 
of the probable biological feasibility of 
increased MMR expression in patients 
with frostbite. Inhibition of microcircula-
tion was confirmed by our earlier stud-
ies in patients with local cold trauma [3, 
8, 9]. Collagenases have been found to 
have an inhibitory effect on inflammation 
by processing a significant amount of 
chemokines, including pro-inflammatory 
interleukins. Probably, the inhibitory ef-
fect of MMR-2 is associated with wors-
ening endothelial dysfunction and the 
formation of a large number of adverse 
sequential reactions, forming a kind of 
protective reaction of the body to increas-
ing perifocal inflammation [3].

It was found that the level of IL-1, IL-
8, IL–12 and TNFa in the blood was in-
creased during all periods of cryodamage 
[9, 10]. However, in the later periods of 
frostbite, the level of Pro-inflammatory 
interleukins decreases, but still remains 
above normal values. However, the level 
of MMR-9 remains high in patients and 
in remote periods of local cold injury. 
Synthesis of these metalloproteinases 
occurs mainly in macrophages, as well 
as platelets, which realize their functions 
in the interstitial [6, 14]. One of the fea-
tures of MMR–9 is the chemotaxis of fi-
broblasts into the interstitial space for the 
implementation of repair processes [12, 
16, 17]. On the other hand, MMR-9 con-
tributes to collagen desmoplasia [11, 15]. 
Remodeling of collagen in the lesion site 
provokes discoordination of proliferation 
and, as a result, a prolonged and unfa-
vorable course of the wound process.

Based on the analysis of the linear 
regression equation, which included the 
initial indicators (values of matrix metal-
loproteinases and their inhibitors), the 
significance of indicators in the structure 
of the predictive model was determined 
(Table 4).

Considering the insufficient signif-
icance, the TIMP-1 indicator was re-

moved from the structure of the original 
model. As a result, a pattern was deter-
mined by repeated linear regression, 
which is expressed by the formula: K = 
0.165 × MMP-2 + 0.003 × MMP-9 + 0.01 
× TIMP-2 – 2.5, the name of the units of 
measurement of indicators is ng/ml. At 
values Of K from 1.0 to 4.4, frostbite of 
the toes is diagnosed, at K from 4.4 to 
5.4, the lesion boundary extended to the 
pre-tarsal-metatarsal joint, more than 5.4 
- to the level of the lower third of the lower 
leg (Table 5).

Taking into account the value of the 
adjusted coefficient of determination 
(0.760), we can consider the relationship 
between the coefficient of K and the level 
of damage to the distal segments of the 
lower extremities in local cold trauma to 
be quite strong.

Consequently, the analysis of the ob-
tained data allows to establish that in-
creased expression of collagenase and 
their inhibitors reflects the severity and 
course of the cold injury due to endotheli-
al dysfunction and formation of fibrosis in 
the lesions and the perifocal. It is possi-
ble that an imbalance of the collagenase 

system can cause structural and func-
tional changes in the extracellular matrix 
and cellular structures, contributing to 
their pathological remodeling and fibrosis 
[3, 7, 9, 10].

Conclusions:
1. It was found that the level of ma-

trix metalloproteinases increases in the 
blood of patients with local cold injury. 
The increase in the collagenase index 
in the blood serum of patients is directly 
proportional to the severity of the injury.

2. It is revealed that the performance 
of inhibitors collagenase increased sig-
nificantly in all periods of cryodamage. In-
creasing levels of inhibitors collagenase 
is not directly dependent on the severity 
of cold injury.

3. The pattern formed on the basis of 
the studied markers can serve as a pre-
dictive criterion for early determination of 
the severity of cryodamage.

1. Васина Л.В., Власов Т.Д., Петрищев Н.Н. 
Функциональная гетерогенность эндотелия 
(обзор). Артериальная гипертензия. 2017; 

The actual degree of parallelism between the value of matrix metalloproteinases
and their inhibitors and the level of damage to the lower extremities

Parameter Spearman correlation 
coefficient Statistical significance Relationship strength 

on a scale of Chedoke
ММР–2 0.797 < 0.001 High straight
ММР–9 0.907 < 0.001 High straight
TIMP–1 - 0.186  0.002 Weak reverse
TIMP–2 0.381 < 0.001 Moderate straight

Table 3

Significance of indicators in the structure of the predictive model

Model
Non-standardized coefficients Standardized 

coefficients

B Standard error Беtа т
Significance 
in the model 

structure
Constant - 0.466 0.181 - 2.575 0.011
ММР–2 0.165 0.017 0.378 9.578 0.0001
ММР–9 0.003 0.0001 0.511 12.970 0.0001
TIMP–1 - 6.809 0.0001 - 0.019 - 0.643 0.520
TIMP–2 0.001 0.0001 0.136 4.170 0.0001

Table 4

Summary for the resulting predictive model

Мodel R R2 adjusted R2 The standard 
error of estimate

K = 0.165 × MMP-2 + 0.003 × 
MMP-9 + 0.01 × TIMP-2 – 2.5 0.873 0.763 0.760 0.451

Table 5

References



ЯКУТСКИЙ МЕДИЦИНСКИЙ ЖУРНАЛ
76

(2): 88-102. [Vasina LV, Vlasov TD, Petrishchev 
NN. Functional heterogeneity of the endothelium 
(review). Hypertension. 2017; (2): 88-102. (In 
Russ).]

2. Егорова Е.Н., Мазур В.В., Калинкин 
М.Н., Мазур Е.С. Взаимосвязь эндотоксемии, 
факторов системного воспаления и компо-
нентов системы матриксных металлопротеи-
наз – тканевых ингибиторов металлопротеи-
наз при ХСН. Сердечная недостаточность. 
2012; 72(4): 233-236. [Egorova E. N., Mazur VV, 
Kalinkin MN, Mazur ES. Relationship of endo-
toxemia, factors of systemic inflammation and 
components of the matrix metalloproteinase 
system-tissue inhibitors of metalloproteinases in 
CHF. Heart failure. 2012; 72(4): 233 — 236. (In 
Russ).]

3. Коннов Д.Ю., Малярчиков А.В., Шапова-
лов К.Г., Коннов В.А. Закономерности измене-
ний параметров микроциркуляции и электро-
физиологических показателей сердечного 
ритма при критической гипотермии.  Забай-
кальский медицинский вестник. 2017;4: 17-24. 
[Konnov DYu, Malyarchikov AV, Shapovalov KG, 
Konnov VA. Regularities of changes in micro-
circulation parameters and electrophysiological 
parameters of heart rate in critical hypothermia. 
Zabaikalsky medical journal. 2017; 4: 17-24. (In 
Russ).]

4. Николаев В.М., Алексеев Р.З., Федоро-
ва С.А. Интенсивность свободнорадикально-
го окисления липидов в организме больных 
холодовой травмой. Якутский медицинский 
журнал. 2018; 2: 34-38. [Nikolaev VM, Alekseev 
RZ, Fedorova SA. Intensity of free radical oxi-
dation of lipids in the body of patients with cold 
trauma. Yakut medical journal. 2018; 2: 34-38. 
(In Russ.)]

5. Соломахина Н.И., Беленков Ю.Н. Про-
гностическое значение тканевого ингибитора 
матриксных металлопротеиназ - 1 (TIMP-1) у 
больных ХСН. Сердечная недостаточность. 
2010; 61(5): 281-284. [Solomakhina NI., Belen-
kov YuN. Prognostic value of a tissue inhibitor of 
matrix metalloproteinases-1 (TIMP-1) in patients 

with CHF. Heart failure. 2010; 61(5): 281-284. (In 
Russ).]

6. Туманский В. А., Христенко Т. А. Имму-
ногистохимическое исследование ММП-2, 
ТИМП-1 при гиперпластических полипах и 
аденокарциноме желудка кишечного типа.  
Морфология. 2017; 11(3): 21-28. [Tumanskiy 
VA, Khrystenko TA. Immunohistochemical study 
of MMP-2, TIMP-1 in hyperplastic polyps and in-
testinal-type gastric adenocarcinoma. Morpholo-
gia. 2017;11(3): 21-28. (In Russ).]

7. Целуйко С.С., Заболотских Т.В., Дуда-
риков С.А., Красавина Н.П., Корнеева Л.С. 
Действие холода на организм. Криопротекто-
ры и средства противоишемической защиты 
тканей. Якутский медицинский журнал. 2018; 
2(62): 48-55. [Tseluyko SS, Zabolotskikh TV, Dud-
nikov SA, Krasavina NP, Korneeva LS. The Effect 
of cold on the body. Cryoprotectants and means 
of anti-ischemic protection of fabrics. Yakut medi-
cal journal. 2018; 2(62): 48-55. (In Russ).]

8. Шаповалов К.Г. Отморожения в практике 
врача анестезиолога-реаниматолога. Вестник 
анестезиологии и реаниматологии. 2019; 
16(1): 63-68. https://doi.org/10.21292/2078-
5658-2019-16-1-63-68. [Shapovalov K.G. Frost-
bites in the practice of an anesthesiologist and 
emergency physician. Messenger of anesthesiol-
ogy and resuscitation. 2019;16(1): 63-68. https://
doi.org/10.21292/2078-5658-2019-16-1-63-68. 
(In Russ).]

9. Шаповалов К.Г., Томина Е.А., Михай-
личенко М.И., Иванов В.А., Витковский Ю.А. 
Содержание цитокинов в крови больных при 
местной холодовой травме. Медицинская им-
мунология. 2008; 10(1): 89-92. [Shapovalov KG, 
Tomina EA, Mikhailichenko MI, Ivanov VA, Vit-
kovsky YA. The content of cytokines in the blood 
of patients with local cold injury. Medical immunol-
ogy. 2008;10(1): 89-92. (In Russ).]

10. Юлдашева Д.Ю. Роль матриксных ме-
таллопротеиназ и их ингибиторов при раз-
витии гиперплазии эндометрия. Фундамен-
тальные исследования. 2015; 1(4): 845-847. 
[Yuldasheva DY. The Role of matrix metallopro-

teinases and their inhibitors in the development 
of endometrial hyperplasia. Fundamental study. 
2015; 1(4): 845-847. (In Russ.) URL: http://fun-
damental-research.ru/ru/article/view?id=37434 
(дата обращения: 17.01.2020)].

11. Blankenberg S., Rupprecht HJ, Poirier 
O. Plasma concentrations and genetic variation 
of matrix metalloproteinase-9 and prognosis of 
patients with cardiovascular disease. Circulation. 
2003; 107(12): 1579-1585.

12. Gilabert Estelle´s J. Expression of angio-
genic factors in endometriosis: relationship to fi-
brinolytic and metalloproteinase systems. Human 
Reproduction. 2007; 22(8): 2120-2127.

13. Kingma CF, Hofman II, Daanen HM. Rela-
tion between finger cold-induced vasodilation and 
rewarming speed after cold exposure. Europian 
Physiology. 2019; 119(1): 171-180. DOI: 10.1007.

14. Lopez-Rivera E. Matrix metalloproteinase 
13 mediates nitric oxide activation of endothelial 
cell migration. PNAS. 2005; 102(10): 3685-3690. 
DOI: 10.1093/humrep/dem149.

15. Miao MS, Xiang LL, Bai M, Cao LH. 
Frostbite animal model preparation specification 
(draft).  Zhongguo Zhong Yao Za Zhi. 2018; 43(2): 
410-414. DOI: 10.19540.

16. Pino M. Association between MMP1 and 
MMP9 activities and ICAM1 cleavage induced by 
tumor necrosis factor in stromal cell cultures from 
eutopic endometria of women with endometriosis.  
Reproduction. 2009; 138 (5): 837-847. 

17. Pan Y, Thapa D, Baldissera LJ, Argunhan 
F, Aubdool AA, Brain SD. Elevance of TRPA1 and 
TRPM8 channels as vascular sensors of cold in 
the cutaneous microvasculature. Pflugers Arch. 
2018; 470(5): 779-786. DOI: 10.1007.

18. Zhang H. Role of Matrix Metalloproteinas-
es and Therapeutic Benefits of Their Inhibition in 
Spinal Cord Injury. Neurotherapeutics. 2011; 8: 
206 – 220. DOI: 10.1007/s13311-011-0038-0.

19. Cauchy E, Davis CB, Pasquier M, Meyer 
EF, Hackett PH. A New Proposal for Management 
of Severe Frostbite in the Austere Environment. 
Wilderness Environ Med. 2016; 27(1): 92-99. 
DOI: 10.1016.



2’ 2020 77

Introduction. Seasonal changes in 
TSH and iodothyronine levels are known 
both in euthyroid individuals living in ex-
treme Arctic and subarctic environmen-
tal and in individuals with a long stay 
in the Antarctic [8, 9, 16]. Most studies 
showed an increase in TSH in the winter 
or through prolonged exposure to cold 
temperatures [8, 16], in several studies 

an increase in T3 was observed [8], how-
ever, a decrease in iodothyronine levels 
was also observed [6, 16]. Previous re-
search of seasonal and photoperiodic 
changes in thyroid hormones in adult 
residents of the European North showed 
an increase in the T4 content during the 
minimum daylight hours, while the T3 
content was significantly higher during 
the maximum daylight hours [5]. Yakut 
men and women both displayed signifi-
cant declines of free fractions of iodothy-
ronines, and significant increase in TSH 
from summer to winter, which indicates a 
strict relationship between the hormones 
involved in the axis of the hypothala-
mus-pituitary-thyroid gland [13]. The 
results of a study of the circumannual 
variations of thyroid hormones levels in 
the adult population of Western Siberia 
revealed the maximum TSH in Febru-
ary-March in men and in January-Feb-
ruary in women, with minimal TSH in 
September-October and August-Sep-
tember in men and women, respective-
ly. Moreover, the maximum T3 levels 
accrue to April-May in both men and 
women, and T4 − September-October 
[1]. On the other hand, only a few stud-
ies revealed seasonal variations in the 
levels of free fractions of iodothyronines 
[13]. Since thyroglobulin values were af-
fected by small changes in the thyroid 
gland volume, some authors consider 
thyroglobulin as a sensitive indicator of 
thyroid activity [10]. At the same time, 
the seasonal variability of thyroglobulin 
has been poorly studied [8]. 

Thyroid antibodies can be detected 
not only in patients with autoimmune 
diseases, but also in people without se-
vere thyroid dysfunction [2]. Intra-annual 
dynamics of autoantibody levels can be 
mediated by seasonal changes in thyroid 
function associated with daylight hours 
and temperature. At the same time, sea-
sonal variation of thyroid autoantibodies 
in the available literature is represented 
by singular works. So, in the study by 
Lutfalieva G.T. it was shown an increased 
level of thyroglobulin antibodies (Anti-Tg) 
in the winter [3].

Most of the studies lacked reliability 
as they were conducted before the de-
velopment of new and efficient assays 
methods of statistical analysis [5], or it 
was a retrospective study [7], based on 
extensive databases which were got from 
different people in different year seasons. 
So it remains poorly known the question 
of seasonal and photoperiodic dynamics 
of hormones in the same representatives 
of the population.

The aim of the study was to study the 
circannual dynamics of the concentra-
tions of TSH, thyroglobulin, total and free 
fractions of iodothyronines, and thyroid 
autoantibodies in healthy men and exam-
ine the relationship between these mea-
surements and the climatic factors, such 
as daylight hours, ambient temperature, 
pressure, and humidity.

Material and methods. 20 euthyroid 
men (mean age 33.8 ± 1.1 years) resid-
ing in Arkhangelsk (64°32'N) took part 
in a prospective, analytical, uncontrolled 
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study on the basis of Voluntary Informed 
Consent. The study was conducted in 
accordance with the ethical principles 
stated in Declaration of Helsinki of 1964 
(revised in Seoul in 2008). Criteria for in-
clusion in the study were: age from 25 to 
44 years, passing regular (at least once a 
year) preventive or medical examination, 
absence of cardiovascular complaints, 
systemic diseases and endocrine pathol-
ogy. Blood for the study was obtained on 
an empty stomach in the morning. The 
survey of the same men was carried out 
quarterly in the period from March to De-
cember. With the help of fully automated 
ELISA analyzer Elisys Uno (Germany) the 
serum levels of thyroid-stimulating hor-
mone - TSH, total triiodothyronine - T3, 
total thyroxine - T4, free triiodothyronine 
- fT3, free thyroxine - fT4, thyroglobulin, 
thyroid peroxidase antibody – Anti-TPO, 
thyroglobulin antibodies – Anti-Tg (using 
test kits from Alkor-Bio, Russia) were de-
termined by enzyme immunoassay. Sta-
tistical analysis was performed using the 
statistical software STATISTICA 10. The 
normality of distribution of continuous 
variables was tested by Shapiro-Wilk’s 
W test. In accordance with the obtained 
results, a nonparametric repeated mea-
sures analysis of variance for dependent 
factorial measures (Friedman test) was 
used, followed by pairwise comparison 
using the Wilcoxon test to assess the 
significance of differences between the 
two related samples. Spearman’s rank 
correlation coefficient was calculated to 
measure the strength and direction of 
the relationship between two variables. 
A probability value of p<0.05 was consid-
ered statistically significant.

Results. In the present study, the an-
nual dynamics of the total iodothyronines 
(T3 and T4) was noted, at the same 
time, there were no significant seasonal 
rhythms of the free iodothyronines, which 
was also shown in the studies by D. San-
ti et al. [15] (Table). Minimum T3 levels 
were observed in autumn and winter, and 
maximum - in the spring and summer, 
while the examined group of men was 
characterized by moving of T3 values 
to the lower limit of normal in spring and 
summer, and in autumn and winter the 
median of T3 was below the lower limit 
of normal. The proportion of individuals 
with decreased serum T3 was statistical-
ly significantly lower in the fall and winter 
than in the summer, which was 65% ver-
sus 35% (p = 0.03). The level of T4 was 
statistically significantly reduced in winter 
compared to other periods of the year.

Serum TSH levels were highest in win-
ter and lowest in autumn, however, there 
were no statistically significant differenc-

es between the four periods of the year. 
At the moment many authors identify the 
value of 2.5 μMU / L as the upper control 
limit of TSH level due to the fact that its 
higher values may be associated with im-
paired thyroid function in the future. So in 
the present study the prevalence of its in-
creased values were defined [12]. Thus, 
the proportion of individuals with TSH lev-
els of more than 2.5 μMU/L was statisti-
cally significantly higher in the winter than 
in the autumn and corresponds to 60% 
versus 25% (p = 0.01). In addition, it was 
found that the annual maximum of serum 
TSH level (winter) corresponds to the an-
nual minimum of T4, which indicates that 
the annual spread of T4 partially deter-
mines the level of TSH.

The study of the annual variation of 
thyroid autoantibody levels revealed 
statistically significantly lower Anti-TPO 
levels in spring compared to the au-
tumn-winter period with a maximum in 
December, while there was no seasonal 
dynamics of Anti-Tg levels. In the study 
group of men, there were no individuals 
with positive antibodies whose concen-
trations exceed the physiological limits, 
and the median values of autoantibody 
levels were so low that they did not ex-
ceed one unit of measurement, and their 
spread within one season of the year was 
also insignificant, which may indicate a 
low autosensitization in the examined 
group of healthy men and their ability to 
maintain body balance and health in the 
North.

An analysis of the correlation rela-
tionships, carried out on the entire data-
base without separation by photoperiods, 
showed that only the serum T4 level sig-

nificantly correlated with climatic factors, 
that is, with daylight hours expressed in 
minutes (r = 0.31; p = 0.005), and with at-
mospheric pressure (r = -0.32; p = 0.004).

Discussion. The study of Variability 
in Hormone Concentrations in men of the 
European North suggests that periods of 
increasing daylight hours and maximum 
daylight hours (spring and summer) are 
characterized by increased levels of hor-
mones that activate metabolic processes 
(T3 and T4). The absence of seasonal 
dynamics of the free iodothyronines may 
indicate the preservation of a sufficient 
serum level of biologically active thyroid 
hormone fractions throughout the year, 
which are necessary for adaptation to 
changing environmental conditions, while 
the functional activity of the thyroid gland 
decreases during the minimum duration 
of daylight hours, as indicated by signifi-
cantly lower levels of T4 in the winter. A 
higher TSH level in winter compared to 
other periods corresponds to a similar 
prospective study of healthy men in Fin-
land [16]. Elevated TSH levels in winter 
may be associated with a decrease in io-
dothyronine levels in the pituitary gland or 
with a decrease in the release of soma-
tostatin or dopamine from the hypothala-
mus. The data presented in this study on 
a decrease in total iodothyronines levels 
in the winter period as well as data from 
studies of subjects wintering on Antarctic 
bases, which showed a decrease in se-
rum T3 and T4 and an increase in TSH 
levels, confirm this conclusion [14].

The seasonal dynamics of thyroid hor-
mones can be caused not by a change 
in the clearance of hormones by thyroid 
cells, but by a change in the intrinsic 

Quantitative data of blood parameters in men of the city of Arkhangelsk depending on 
the photoperiod of the year (the results are presented as a median and 10/90 percentiles)

Variable March June September December р-value
TSH

0,23-3,4 
μIU/l

2.43
(1.12; 3.81)

2.17
(1.22; 4.24)

1.81
(0.95; 4.69)

2.64
(1.14; 4.16) p>0.05

Т3
1,0-2,8 
nmol/l

1.04
(0.86; 1.37)

1.09
(0.82; 1.38)

0.92
(0.73; 1.21)

0.94
(0.75; 2.26)

р1-3=0.004
р2-3=0.004
р2-4=0.003

Т4
53-158
nmol/l

111.91
(95.96; 134.31)

113.45
(101.41; 
126.49)

111.07
(87.22; 128.79)

99.03
(90.59; 117.13)

р1-4=0.002
р2-4=0.0002
р3-4=0.014

св. Т3
2,5-7,5 
pmol/l

5.09
(4.16; 5.59)

5.21
(4.69; 6.68)

5.35
(4.39; 5.85)

5.23
(4.30; 6.07) p>0.05

св. Т4
10,0-23,2 pmol/l

12.55
(11.20; 14.90)

13.05
(11.70; 14.90)

12.90
(10.30; 15.20)

12.90
(11.70; 15.10) p>0.05

Thyroglobulin
2-50 ng/ml

28.5
(10.58; 54.2)

22.75
(8.55; 52.2)

20.64
(7.91; 49.45)

21.16
(9.69; 62.2) р1-3=0.036

Anti-Tg
<65 U/ml

0.0
(0.0; 0.58)

0.0
(0.0; 0.29)

0.0
(0.0; 0.87)

0.0
(0.0; 0.58) p>0.05

Anti-TPO
<30 Ед/мл

0.08
(0.0; 2.59)

0.24
(0.0; 5.99)

0.49
(0.08; 8.25)

0.65
(0.0; 6.39)

р1-3=0.0005
р1-4=0.008



2’ 2020 79

thyroidal synthetic activity, independent 
marker of which can be thyroglobulin se-
cretion [8]. So, in our study, the minimum 
values of thyroglobulin in the autumn-win-
ter period correspond to minimum values 
of T3 and T4, and the maximum levels of 
thyroglobulin in the spring period corre-
spond to those for TSH. Thus, we could 
assume that our study demonstrated a 
decrease in the thyroidal synthetic activity 
in the autumn-winter period, followed by 
a TSH-mediated compensatory increase 
in the levels of total iodothyronines in the 
spring.

According to Lutfalieva G.T. and 
Churkina T.S. the annual dynamics of au-
toantibodies was associated with chang-
es in natural and climatic factors [3], and 
therefore, the point of interest was study-
ing the intra-annual fluctuation of autoan-
tibody levels in the same people living in 
the same climatic conditions. Although 
there were no representatives with pos-
itive antibodies in the studied sampling 
of healthy men, the dynamics of the ab-
solute values of Anti-TPO showed signif-
icant intra-annual changes. The seasonal 
fluctuations of Anti-TPO with the maxi-
mum values in December correspond to 
the ideas of Nelson R.J. and Demas G.E. 
that many types of immune reactions are 
usually enhanced during the minimum 
duration of daylight hours [11].

The duration of daylight hours and air 
pressure turned out to be the determin-
ing factors affecting the annual dynam-
ics of thyroxine, according to the data 
of the correlation analysis. At the same 
time, the correlation relationships of the 
studied hormones and antibodies with 
air temperature and humidity were not 
shown. Since the seasonal variation in 
levels of total iodothyronines, thyroglob-
ulin and thyroid peroxidase antibodies 
was characterized by a small amplitude 
of the year-round rhythm, it can be as-
sumed that healthy young men aged 25 
to 44 years old, living permanently in the 
European North environmental, are suc-
cessfully adapted and experience slight 
impact of environmental factors. In this 
connection, the question of seasonal dy-
namics of indicators of the hypothalam-
ic-pituitary-thyroid system in men older 
than 45 years and in the representatives 

of the female population of the European 
North remains open.

Conclusion. The main results of this 
study are that the serum concentrations 
of T3 and T4 in healthy young men af-
fected by seasonal fluctuations, with 
higher levels in the spring and summer 
compared to the fall and winter, while the 
levels of free iodothyronines and TSH are 
independent of year season. The study 
showed a significant decrease in thyro-
globulin levels from spring to autumn. 
Seasonal dynamics are also noted in re-
lation to Anti-TPO levels.

The results of the correlation analysis 
showed that only differences in T4 levels 
can be explained by climatic indicators, 
such as air pressure, and daylight hours.

The reported study was funded by 
the FCIARctic according to the research 
project: “Elucidation of the modulating 
effect of the catecholamine levels on the 
hormonal profile in humans and aquat-
ic organisms of the European North” 
(АААА-А19-119120990060-0).
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Yakutia is referred to the regions with 
extreme conditions for living, resulting in 
high-energy consume taken in with food 
and nutrients and their high expenditure 
for normal activity of the organism.  The 
traditional diet rich in protein and lipid is 
being substituted by the diet rich in car-
bohydrate and protein for the last de-
cades [2, 7], moreover the motor activi-
ty of teenagers  tends to decrease. The 
combined action of both factors leads to 
increase of obesity rate consequently re-
sulting in cardio-vascular disorders.

Of greatest concern is the danger-
ous tendency to increase CVD mortal-
ity among children and young people, 
noted in recent decades [4]. According 
to the endocrinology research center of 
the Ministry of Health (2017), 13-15% of 
children in Russia are obese, 5-8% are 
students. This number exceeds 2 times 
the number of children with obesity in 
France, 1.5 times more than in England 
and approaches the number of children 
with obesity in the United States (17%) 
[9]. The rate at which the incidence is 

increasing, the number of sick children 
doubles every 30 years, and this sug-
gests a threat to national security [5].

The prevalence of metabolic syn-
drome (MetS) in overweight children and 
adolescents is 30-50% worldwide [1]. 
The first description of metabolic syn-
drome is known to be introduced by a 
Swiss physician E. Kylin in 1923, named 
as ‘a syndrome involving hypertension, 
hyperglycaemia and hyperuricaemia’ 
[5]. The concept of metabolic syndrome 
was first suggested by Gerald Reaven in 
1988 [11], the syndrome was defined as 
a complex of such metabolic and clinical 
disorders as abdominal obesity, arterial 
hypertension, dyslipidemia, insulin-re-
sistance, glucose intolerance or diabe-
tes mellitus type 2 [12]. Clear diagnostic 
criteria of metabolic syndrome in adoles-
cents above 16 were constituted by the 
International diabetes federation in 2007, 
they were based on analogous adults’ cri-
teria [1]:

- Tryglycerides level ≥1.7 mmol/L;
- High-density lipoprotein level <1.03 

mmol/L;
- An increase in arterial pressure 

≥130/85 mm Hg;
- An increase value of venous plas-

ma glucose on an empty stomach ≥5.6 
mmol/L or diagnosed diabetes mellitus 
type 2 and/or other disorders of carbohy-
drate metabolism.

However, the representatives of dif-
ferent medical organisations disagreed 
the clinical and diagnostic significance of 
each component included in the diagnos-
tic criteria. In 2009 the following interna-
tional research associations: Internation-
al diabetes federation (IDF), International 
heart, lung and blood institute (NHLBI), 
American heart association (AHA), World 
heart federation (WHF), International ath-
erosclerosis society (IAS), and Interna-
tional association for the study of obesity 
(IASO) together represented unified cri-
teria for diagnosis of metabolic syndrome 

in children and adolescents (Table), now-
adays these criteria are used all over the 
world [4].

Obesity is not just esthetic problem, 
it is severe disease which affects phys-
ical, social and psychological well-being 
of children [8], and moreover, it results 
in such diseases as ischemic disease, 
diabetes mellitus, arterial hypertension, 
malignant neoplasms.

Despite high prevalence of metabolic 
syndrome there is still no unified classi-
fication of it. The following classification, 
based on the classifications of M.I. Bal-
abolkin et al, G.A. Melnichenko et al, V.A. 
Peterkova et al, seems most relevant in 
pediatric practice [1]:

- Initial obesity:
- Exogenous constitutional or alimen-

tary constitutional;
- monogenous forms (mutation of 

leptin gene mutation, the leptin gene re-
ceptor mutation, POMC deficiency, con-
vertase 1 gene mutation, PPAR-y2 gene;

- Secondary obesity:
- genetic (resulting from Prader-Willi 

syndrome, Laurence–Moon–Biedl–Bar-
det syndrome, Cogan syndrome, Albright 
syndrom etc.)

- cerebral (tumours and traumas of 
CNS, infectious diseases, mental disor-
ders etc.)

- endocrene (hypothyroidism, polycys-
tic ovary syndrome, adrenal gland disor-
ders etc.)

- iatrogenic (associated with medica-
tion intake)

By the character of fat accumulation:
- Abdominal (android) type when the 

fat is accumulated in the waistline or up-
per part of the waistline / the upper part 
of the trunk)

- Gynoid obesity when the fat is accu-
mulated in thighs, hips, butt etc.

- Middle pattern when fat is distributed 
more or less evenly.

The abdominal (visceral) type of obe-
sity leads to the development of metabol-
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ic syndrome. It is established that viscer-
al fat tissue is characterized by endocrine 
and paracrine activity [1]. 

Metabolic syndrome associated with 
insulin resistance results in overstimu-
lation thus leading to further exhaustion 
of pancreatic islets. This can result in 
impaired glucose tolerance and diabe-
tes mellitus type 2 [1]. Persistent hyper-
glycemia or glucose toxicity may lead 
to beta-cell dysfunction and decreased 
sensitivity of beta-cells. It triggers the 
early stage of stimulated insulin secre-
tion and impairs its impulse secretion. 
In developed insulin resistance the first 
stage, when vesicles empty the collect-
ed insulin, the insulin secretion is absent. 
In the second stage the basal secretion 
is monotonous. Thus, despite excessive 
insulin secretion the glucose level is not 
normalized, causing a viscous circle: hy-
perglycemia – hyperinsulinemia – insulin 
resistance – hyperglycemia – hyperin-
sulinemia. It results in glucose tolerance 
disorder thus causing diabetes mellitus 
type 2.

Arterial hypertension in metabolic 
syndrome is directly associated with the 
main pathogenic trigger, i.e. compensa-
tory hyperinsulinemia, which develops on 
the preexisting insulin resistance back-
ground [10]. The investigations have 
shown that children with metabolic syn-
drome have high mean night-time systol-
ic BP and diastolic BP, time index of hy-
pertension at night, more decreased level 
of night-time systolic BP and diastolic BP 
[6]. Moreover, the mechanisms of arterial 
hypertension in metabolic syndrome as-
sociated with hyperleptinemia are being 
discussed last time; persistent dyslipid-

emias result in atherosclerotic changes 
of renal vessels causing renovascular 
hypertension [16]. 

It is necessary to underline that patho-
logic process in metabolic syndrome af-
fects not only the heart but also the ves-
sels of all kinds and levels, i.e. the cardio-
vascular pathology. Thus, cardiovascular 
syndrome including arterial hypertension 
is represented by the vegetative dysfunc-
tion (including heart beat rate variability), 
endothelial dysfunction and systolic and 
diastolic myocardial dysfunction. The 
level of expression of cardiovascular dis-
orders in children and adolescents with 
metabolic syndrome mentioned above 
varies individually and depends on the 
degree of insulin resistance expression. 

Dyslipidemia is considered as the de-
crease in the level of high density of li-
poproteins (HDL) below minimum normal 
numbers and hyperglyceridemia more 
than >1.7 mmol/L. Dyslipidemia is one of 
the most important criterion in metabolic 
syndrome diagnosing. The development 
of dyslipidemia is directly associated with 
non-alcoholic fatty liver disease (NAFLD) 
and insulin resistance. Moreover, there 
is positive correlation between dyslipid-
emia, non-alcoholic fatty liver disease 
and development of atherosclerosis [16].

It is proved that insulin resistance 
promotes further development of hyper-
triglyceridemia. Hyperglycemia and hy-
perinsulinemia break the lipoprotein syn-
thesis: liver starts producing excessive 
amount of tryglicerides from glucose.  
Moreover, the Bogalusa heart study re-
vealed that insulin resistance is closely 
associated with increased sensitivity of 
LDL receptors to cholesterol. Protein gly-

cation in hyperglycemia greatly contrib-
utes to the development of atherosclero-
sis. Glycated VLDL and LDL circulate in 
blood for a longer period of time, as re-
ceptors do not recognize them and have 
longer period of half-life. Glycated HDL 
are better metabolized, glycated collagen 
better bonds together with VLDL-choles-
terol and LDL-cholesterol [1, 3].

The main hypothesis for non-alcoholic 
fatty liver disease (NAFLD) pathology is 
‘two-hit hypothesis’, represented in 2002 
[3]. According to the ‘two-hit hypothesis’ 
the liver damage is associated with two 
components. Firstly, the so-called ‘first 
hit’, is associated with obesity caused 
by fatty diet and insulin-resistance, that 
might be responsible for depositing of 
tryglicerides in hepatocydes. The ‘sec-
ond-hit’ results in oxidative stress. The 
inflammatory cytokines, adipokines, mi-
tochondrial dysfunction and endoplasmic 
reticulum stress trigger the condition to 
the non-alcoholic steatohepatitis.

For the last years it was modified into 
‘multiple parallel-hit hypothesis’. Accord-
ing to which NAFLD was determined as 
epiphenomenon of several metabolic 
mechanisms, including genetic and en-
vironmental factors, interactions between 
liver, fatty tissue, pancreatic gland and 
intestine [13].

Accumulation of lipids in the form of 
tryglicerides and free fatty acids is re-
sponsible for NAFLD development. Dys-
lipidemia is considered as the main com-
ponent for metabolic syndrome according 
to IDF (International diabetes federation) 
criteria, constituted in 2007. It was con-
sidered as the main triggering factor for 
NAFLD development.

Diagnostic criteria for metabolic syndrome (2009)

Age Obesity Triglycerides (TG) HDL BP Glucose (mmol / L)

6 to <10 
years-old ≥90 percentile MetS cannot be diagnosed, but the following investigations should be carried out if there is MetS in a 

family history; diabetes mellitus type 2, dyslipidemia, cardiovascular disorders, arterial hypertension

Metabolic syndrome

10-16
 years-old ≥90 percentile ≥1.7 mmol/L

(≥150 mg/dl)
<1.03 mmol/L
(≤40 mg/dl)

Systolic BP≥130 mm Hg 
or diastolic BP≥85 

mm Hg

≥5.6 mmol/L (≥100 mg/
dl) or diagnosed diabetes 

mellitus type 2; 
If the concentration  is 
≥5.6 mmol/L peroral 

glucose tolerance test is 
recommended

Metabolic syndrome (Adults IDF criteria are used)

>16 
years-old

Central obesity: waist 
circumference ≥94 
cm in Caucasian 
males and ≥80 

cm in Caucasian 
females (racial/ethnic  
prevalence for other 

groups)

≥1.7 mmol/L
(≥150 mg/dl

For males <1.03 mmol/L 
(≤40 mg/dl)

For females <1.29 mmol/L 
(≤50mg/dl) or specific 

therapy of such disorders 
in anamnesis

Systolic 
BP≥130 mm Hg

or diastolic BP≥85 
mm Hg or previously 

diagnosed arterial 
hypertension treatment

≥5.6 mmol/L (≥100 mgdl)
or diagnosed diabetes 

mellitus type 2;
If the concentration  is 
≥5.6 mmol/L peroral 

glucose tolerance test is 
recommended
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The diagnosis of metabolic syndrome 
is composed of several stages:

1 stage – the initial attendance of the 
doctor, including the collection of anam-
nesis of the current illness, family histo-
ry (for genetic predisposition to obesity), 
diabetes mellitus type 2, the diseases 
of cardiovascular and hepatobiliary sys-
tems, social anamnesis checking the 
dietary habits, social and economic wel-
fare of the family, physical activity; phys-
ical examination, including antropometry 
(height, weight, BMI, waist circumfer-
ence, thigh circumference), arterial BP 
[1].

2 stage – laboratory and instrumental 
diagnosis – biochemical analysis of blood, 
detection of glucose, alanine transam-
inase and aspartate transaminase lev-
els in blood, lipidogram; hormone tests 
- thyroid hormones, hypothalamo-pitu-
itary-adrenal and gonadal axis (Adreno-
corticotropic (ACTH) and somatotropic 
hormones, luteinizing hormone (LH), fol-
licle-stimulating hormone (FSH), cortisol, 
aldosterone, renin, testosterone etc.; in-
strumental investigations like ECG, holter 
monitoring ECG, 24-hour monitor test, 
ultrasound investigation of the organs of 
abdominal cavity, echocardiography; if 
necessary – endoscopic investigations of 
the organs of gastrointestinal tract, CT-
scan/MRI for the brain and abdominal 
cavity imaging; consultation of the related 
specialists [1].

The treatment of metabolic syndrome 
should have an integrated approach and 
consist of several procedures correcting 
complex of medical treatment and psy-
chotherapy. 

First of all, the lifestyle should be 
changed starting with the diet and in-
creased physical activity. American acad-
emy of pediatrics recommends at least 60 
minutes of daily moderate physical activ-
ity for children older than 5 [14]. Physical 
activity increases metabolism of hepatic 
mitochondrial substrate, and decreases 
substrate availability for lipogenesis and 
insulin resistance causing mitochondri-
al biogenesis in the liver and muscles. 
It is evidently shown that physical exer-
cises stimulate decrease of insulin level 
on an empty stomach and insulin-resis-
tance in children and adolescents. It is 
necessary for lipid profile improvement 
increasing the concentration of HDL and 
decreasing the concentration of LDL, and 
tryglicerides [14]. Moreover, physical ac-
tivity improves the endothelium function 
with the following decrease of systolic 
and diastolic BP without any association 
with the kind of physical activity (aerobic 
or muscle-strengthening exercises). 

Secondly, one of the most important 

components for metabolic syndrome 
treatment is the change of diet or dietary 
intervention. The main goal of dietary in-
tervention is a decrease of calorie, the 
second goal is to achieve  macronutri-
ent balance decreasing the amount of 
carbohydrate intake, and achieving the 
balance of protein and fat intake to phys-
iological norm according to the ratio 1:1:4 
(in correlation of protein : fat : carbohy-
drate). Moreover, it is important to follow 
fractional nutrition to normalize metabolic 
process. The whole family of the patient 
should undoubtedly undergo dietary in-
tervention, it is recommended to achieve 
psychological comfort of the patient that 
he/she is not discriminated because of 
his/her illness but improve dietary habits 
of all the family. If the child is subjected 
by overeating mental illness then it is 
necessary to have psychological therapy 
together with the specialist.

The medical treatment of obese chil-
dren is restricted as there is high nega-
tive impact of anorectic drugs which is not 
recommended in most of the countries. 
The only recommended drug for pediatric 
use in the territory of the Russian Feder-
ation is orlistat, which is limited to the age 
of the patient and is recommended only 
for children above 12. It can be used only 
in such a case when one year of previous 
treatment including the change of a life-
style was with no effect. 

The effectiveness of surgical treat-
ment is disputable. On the one hand, sur-
gical operation can considerably reduce 
the weight at once, but on the other hand, 
there are strict requirements for surgical 
intervention [15], high price [11], absence 
of cogent data on the safety of bariatric 
appliances in a long-term perspective 
and high risk of complications [16] which 
limit such choice of treatment.

Treatment of arterial hypertension 
in children with metabolic syndrome is 
aimed at achievement maintenance of 
the arterial pressure equaling to ≤130/80 
mm Hg in adolescents older 13 [14]. The 
approach is aimed at a lifestyle modify-
ing, which are mentioned above. If the 
modification did not result in decrease 
of the arterial blood pressure, then the 
medical treatment is recommended. The 
medication starts with enalapril, inhib-
itor of angiotensin-converting-enzyme 
(ACE), which is administered in its min-
imum dosage. In 4-6 weeks after admin-
istration of hypotensive medication the 
patient should visit a doctor for therapy 
controlling and changing the dosage if 
necessary. If mono-therapy is inefficient, 
the combined hypotensive therapy is rec-
ommended, the lifestyle should undoubt-
edly be changed.

The treatment of diabetes mellitus 
type 2 caused by metabolic syndrome 
or glucose tolerance disorder should be 
treated according to the treatment proto-
col for such conditions.

Conclusion. Metabolic syndrome is 
complex and complicated issue for the 
healthcare. It is associated with many 
components and factors resulting in com-
plex and high cost of diagnosis for the 
disease requiring multidisciplinary ap-
proach to the treatment and prevention of 
the condition. This thesis is confirmed by 
the information discussed in the article as 
the prevalence of metabolic syndrome is 
directly associated with obesity especial-
ly occurred in the last decades. Further 
research works are necessary, especially 
cooperated researches with medical spe-
cialists of the various fields to reveal the 
early symptoms or predictors of the con-
dition prevent such severe conditions like 
primary hypertension or diabetes mellitus 
in adults, which can result in disability in 
its long-term perspective.

Ethno-geographic data for metabol-
ic syndrome in each region are not less 
important, they can reveal genetic fea-
tures for inhabiting population, tradition-
al dietary habits and its quality, climate, 
physical activity and character of labour. 
All these factors should be taken into ac-
count in the further research of complex 
symptoms.
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Introduction. Tuvinians are the indig-
enous population of the Republic of Tuva, 
belonging to the Central Asian anthro-
pological type of Mongoloid race. They 
speak the language of the Uigur group 
of Turkic languages [2]. Anthropological 
and serological research indicates het-
erogeneity of Tuvinians and their unique 

position among other groups of Siberia, 
Central Asia and Kazakhstan. The re-
searches of historians, archeologists, 
anthropologists have shown that the 
ancient Europoids, northern Samoyedic 
and Keto-speaking tribes, and also Tur-
kic and Mongolian-speaking natives from 
Central Asia took part in the formation 
of the Tuvinian gene pool [1, 2]. Genetic 
studies of mitochondrial DNA and Y-chro-
mosomes confirmed these assumptions 
[22, 24, 27]. A number of anthropometric 
signs and frequency of genetic markers 
shows that Tuvinians have more similar-
ity with the South Siberian groups which 
have been formed with participation of 
the Europoid component - Altaians and 
Khakassians, and also with Samoyeds, 
than with Central Asian peoples - Mon-
gols, Buryats, Kalmyks and Yakuts [2, 22, 
27].

Molecular and biological methods of 
research have been developing rapidly 
in recent decades. However, serological 
studies connected to determination of 
blood group frequencies have not lost 
their relevance for studying human popu-
lations [7, 8, 12, 16]. This is due to the low 
cost, good reproducibility, independent of 
subjective evaluation criteria, availability 
of studies in the field and the possibility 
of comparison with populations previous-
ly studied on a given panel of blood group 
systems [6, 11, 13, 18, 21, 23, 27].

The aim of the research is to study the 
allele and haplotype frequencies of blood 
groups AB0, MN, Rhesus and Kell in a 

sample of Tuvinians in the town of Kyzyl 
and compare them with some Siberian 
populations belonging to other linguistic 
groups.

Material and research methods. The 
material was collected during expedition 
works in September 2019 on the ba-
sis of the Republican Center of Medical 
Prevention of the Kyzyl (Team Leader 
- M.S. Tabikhanova L.E.) The research 
was conducted within the framework of 
agreements between Tuva Research 
Center, Novosibirsk State University and 
the Federal Research Center Institute 
of Cytology and Genetics of The Sibe-
rian Branch of the Russian Academy of 
Sciences (ICG SB RAS). This study was 
approved by the Bioethical Committee 
of the ICG SB RAS. It was carried out in 
accordance with the requirements of the 
documents "Ethical principles of scientific 
medical research with human participa-
tion" and "Rules of clinical practice in the 
Russian Federation". 

Blood was taken with disposable nee-
dles from the elbow vein from individ-
uals who expressed their willingness to 
participate in the research and voluntary 
signed an informed consent. Preliminari-
ly, each of the subjects filled in a specially 
designed questionnaire that indicated the 
nationality of their ancestors up to 2-3 
generations. In the course of the study, 
a sample of ethnic Tuvinians (N=502) 
was formed from natives, mainly from 
the western and central regions of Tuva, 
who did not indicate ancestors of other 
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The indigenous population of the Tuva Republic is characterized by a complex multi-component ethnogenesis, which involved ancient Euro-
poid, northern Samoyedic and Keto-speaking tribes, as well as Turkic and Mongolian-speaking natives of Central Asia. The aim of the study was 
description of the Tuvinians gene pool in comparison with the modern Siberian populations. 

Materials and methods. The alleles and haplotypes frequencies of blood groups AB0, MN, Rhesus and Kell in the Kyzyl indigenous population 
sample (N=502) were determined using the traditional direct hemagglutination method. 

Results. The high frequency (0.033) of the A2 allele of the AB0 system characterizing the population of Europoid origin was shown. The ratio of 
the alleles M (0.621) and N (0.379) of the MN system corresponded to the populations of Yakuts, Kazakhs and Mongols. Rhesus Tuvinians showed 
both Mongoloid features - high frequency cDE (0.318) and rhesus-negative haplotype cde and Cde, wich characteristic Europoid populations (total 
frequency 0.074) on frequencies haplotype systems. The marker of "Europoid" allele K of system Kell was revealed with frequency 0,019. The 
Tuvinians was clustered with Turkic populations of South Altaians and Yakuts on the map of genetic distances, while the Samoyedic group of Nga-
nasans, Forest and Tundra Nenets formed a separate cluster. The clusters of northern Khanty, Komi-Zyryans and Russians Siberia, including the 
Old Believers, are also located in a separate cluster. It is shown that alleles and haplotypes of systems MN, Rhesus and Kell, A2 and B on system 
AB0 maked the greatest contribution to differentiation of populations. 

Conclusion. The present study shown that the Tuvinians of Kyzyl are genetically close to the Yakuts and South Altaians, and the combination of 
Europoid and Mongoloid genetic markers reflects their complex ethnic history.

Keywords: Tuvinians, population frequency of genetic markers of blood groups, AB0, MN, Rhesus, Kell.
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nationalities in their lineage. 18% of the 
sample consists of adolescents aged 
16-18 years, persons aged 19-39 years 
- 37%, 40-59 years -33%, 12% are 60-70 
years old. The female part of the sample 
is 73 per cent, while the male part is 27 
per cent. 

"Hematologist" Ltd. (EritroTestM-Coly-
cloons anti -A, -A1, -B, -M, -N, -C, -Cw, -c, 
-D, -E, -e and anti-Kell) determined blood 
group affiliation in the field laboratory by 
direct hemagglutination method using 
sets of diagnostic reagents for typing hu-
man blood groups. Frequencies of alleles 
and haplotypes of systems AB0, Rhesus 
and Kell were calculated by a method of 
the maximum plausibility with use of the 
computer program developed by the em-
ployee of ICG SB RAS Kirichenko A.V. Al-
lele frequencies M and N were defined on 
the basis of observed frequencies of phe-
notypes of system MN. For construction 
of maps of genetic distances between 
populations, and also for revealing the 
contribution of alleles and haplotypes in 
differentiation processes was used A.V. 
Kirichenko's program, that developed on 
the basis of Harpending and Jenkins's 
method [25].

Results and discussion. The quan-
tities and frequencies (%) of blood group 
phenotypes in the Tuvinian sample are 
shown in Table 1, and the allele and hap-
lotype frequencies of blood groups are 
shown in Table 2.

The frequency distribution of alleles of 
the AB0 system in the Tuvinian samples 
is characterized by a high occurrence of 
allele 0 (0.670), which is typical for indig-
enous Siberian populations [4, 6, 10, 13, 
15, 18, 20, 27]. The frequency of allele 
B in the studied samples corresponds 
to the frequency interval described in 
the literature for Tuvinian populations 
(0.103-0.210) [2, 3, 10]. According to the 
literature, zones with the opposite ratio 
of AB0 system genes frequencies are 
distinguished in the Tuva territory [2]. 
The group of Tuvinians of Kyzyl, which, 
according to the survey data, consists of 
90% of natives of the western and cen-
tral regions, demonstrates increase in the 
frequency A, characteristic for this geo-
graphical localization, compared with B. 
In the southern and eastern regions the 
opposite trend is observed, indicating in-
crease in the Mongoloid component [2, 
3]. The frequency of the marker "Euro-
poid" allele A2 (0.033) is significant, and 
falls into the range corresponding to the 
Russian samples 0.024-0.070 [21].

The maximum frequency of the allele 
N of the MN system from Siberian popula-
tions was found in the Nganasan (0.713) 
[20], followed by a decrease in the allele 

N of the MN system, up to 0.206-0.233 
in the northern Altaians [4]. Yakuts also 
demonstrate a low frequency of this allele 
(0.234-0.255) [13], which is associated 
with their southern origin. Russian pop-
ulations are characterized by an average 
frequency N in the range of 0.449-0.469 
[21]. A low allele frequency N (0.379) was 
observed in Tuvanians of Kyzyl city; it is 
statistically significantly lower than that in 
the Shinaan population of eastern Tuva 

(0.491) [3]. The low frequency allele N 
is typical for Kazakhs (0.357) [9], Mon-
gols (0.413) [5] and Tuvinians of the Tojin 
group in the north-east of Tuva (0.363-
0.417) [3, 10].

Tuvinians in Kyzyl demonstrate the 
highest possible frequency of haplotype 
CDe of Rhesus system (0,569). At the 
majority of the South Siberian (South 
and North Altaians) [4, 18], Central Asian 
populations (Mongols and Yakuts) [5, 13], 
and also Tundra Nenets [27], this indica-
tor is raised (0,522-0,549) in comparison 
with Russians [21] and inhabitants of the 
North of Siberia - Komi, Khanty, Ngana-
sans (0,253-0,432) [6, 20]. The Rhesus 
cDE haplotype is considered a marker 
for northern Mongoloids. Its maximal val-
ue is found at Nganasans of the Taimyr 
Peninsula (0,622) [20], and minimal - at 
Russians of Siberia (0,162) [21]. The in-
termediate value of frequency haplotype 
cDE at Tuvinians (0,318) makes them 
similar to Mongols, a population of Yakuts 
of Nurbinsky ulus and South Altaians [5, 
13, 18]. Two individuals with rhesus-neg-
ative phenotype were found, which was 
not registered in the previous works on 
Tuvinians [3, 10]. Total frequency hap-
lotype cde and Cde, causing "Europoid" 
rhesus-negative phenotype at Tuvinians 
is equal 0,074. Such value of frequency 
rhesus-negative haplotype characterizes 
also Forest (0,069) and Tundra (0,096) 
Nenets and North Altaians Kumans 
(0,094) [4, 15, 27]. No marker allele Cw 
for Europoid populations was found in the 
studied sample of Tuvinians. It is fixed 
with considerable frequency 0,038 pres-
ence "ancient" haplotype cDe.

Among Tuvinians we found carriers of 
allele K (0.019) of the Kell system, which 
is absent in many Siberian populations 
(Nganasans, Yakuts, Forest Nenets and 
South Altaians) [13, 15, 18, 20], and is 
registered with statistically significantly 
lower frequency in North Khanty (0.001) 
and Tundra Nenets (0.003) [6, 27]. 
Among the North Altaians this marker 
Europoid allele was found with a frequen-
cy of 0.012-0.040, while in the Russians 
(0.031-0.074) and Komi (0.076) this in-
dex is statistically significantly higher [4, 
6, 21].

Figure 1 presents a map of genetic 
distances between 16 populations of in-
digenous peoples of Northern Eurasia, 
built on 15 alleles and haplotypes (0, 
A1, A2, B, K, K, M, N, CDe, cDE, cDe, 
cde, CDE, CwDe) 4 genetic blood sys-
tems (AB0, MN, Rhesus and Kell) by 
the Harpending and Jenkins method. It 
shows the mutual location of the popu-
lations of Russians, Komi, Khanty, Sam-
oyedic (Nganasans, Forest and Tundra 

Quantities of blood group phenotypes
in the studied sample of Tuvinians

of Kyzyl (N=502).

Blood 
group 
system

Phenotype quantity 
(n)

Frequency 
(%)

AB0

0(I) 229 45.6
A1(II) 102 20.3
A2(II) 20 4.0
B(III) 119 23.7

A1B(IV) 24 4.8
A2B(IV) 8 1.6

MN
MM 201 40.0
NN 80 15.9
MN 221 44.1

Rhesus

CCDee 179 35.6
CcDEe 174 34.7
CcDee 53 10.6
ccDEE 54 10.7
ccDEe 38 7.6
ccDee 2 0.4
ccdee 1 0.2

CCDEe 1 0.2
Ccdee 1 0.2

Kell K 19 3.8
kk 483 96.2

Frequencies of alleles and haplotypes 
blood groups in the studied sample

of Tuvinians.

Blood group 
system

Allele, 
haplotype Frequency

AB0

O 0.670
A1 0.134
A2 0.033
B 0.163

MN M 0.621
N 0.379

Rhesus

CDe 0.569
cDE 0.318
cDe 0.038
cde 0.060
Cde 0.014
CDE 0.001

Kell K 0.019
k 0.981

Table 1

Table 2
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Nenets) and Turkic-speaking groups 
(South Altaians, Yakuts, and Tuvinians), 
which differ in linguistic identity, in the 
space of two main components deriving 
74% of the total variability. We can see 
that Tuvinians are clustered with other 
Turkic-speaking populations of South Al-
taians and Yakuts. Genetic closeness of 
Yakuts to Tuvinians and Altai was shown 
earlier at the analysis of mtDNA lines [17, 
19, 26], and also by the results of full ge-
nomic analysis [19]. Separately located 
is the Samoyedic group of Nganasans, 
Forest and Tundra Nenets, as well as 
clusters of North Khanty, Komi-Zyryans 
and Russians of Siberia, including the 
Old Believers. The maximum distance 
separates the sample of the indigenous 
population of Kyzyl from the Komi, Nga-
nasans, and also from the North Khanty, 
whose gene pool obviously contains oth-
er ethnic components.

Figure 2 shows the graphical location 
of genetic markers used to build a map of 
genetic distances (Fig. 1). It can be noted 
that the greatest contribution to differen-
tiation of populations is made by the al-
leles and haplotypes most removed from 
a point of intersection of axes of co-or-
dinates: "Europoid" markers (cde, K and 
Cw), alleles M and N of system MN, hap-
lotypes cDE and CDe of system Rhesus. 
The AB0 system is informative for the A2 
and B alleles.

C o n c l u s i o n . 
Thus, the present 
study shows that 
among the studied 
16 Siberian popula-
tions Tuvinian Kyzyl 
are genetically clos-
est to the Yakuts 
and South Altaians 
in terms of allele 
and haplotype fre-
quencies of blood 
groups ABO, MN, 
Resus and Kell. It 
was found out that 
Tuvinians are char-
acterized by a com-
bination of Europoid 
and Mongoloid fea-
tures, which reflects 
their complex ethno-
genesis.

The results of the 
research presented 
in the article were obtained within the 
framework of the state task of the IGC 
SB RAS (№0324-2019-0041-C-01). The 
expedition work in Kyzyl was carried out 
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The authors express their deep gratitude 
to the residents of Kyzyl, who took part 
in this study, to all the staff of the Tuva 
"Republican Center of Medical Preven-

tion", including 
nurses Khertek 
A.A., Sevek S.A., 
Deputy Chief Doc-
tor Agapova N.V., 
Kuular A.V. and 
Head Nurse Grishi-
na N.K. Technical 
assistance in the 
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ed by Moletotova 
N.A., Galieva E.R. 
and Orlov Y.L.
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Chronic diseases of the upper gastro-
intestinal tract are mostly classified as 
multifactorial [4, 5, 9]. Among risk factors, 
family predisposition plays a major role in 
their formation [11, 13]. Its realization is 
carried out under the influence of unfavor-
able factors of external environment that 
reflects the level of organism's resistance 
to their influence. Nutrition, stresses, bad 
habits, etc. are considered among envi-
ronmental factors with negative impact 
on the organism. At the same time by the 
level of negative influence they can have 
different significance for the organism, up 
to failure of its adaptation reserves and 
disease development [2, 8]. This may be 
one factor with a pronounced negative 

impact on the functional systems of the 
organism, leading to the formation of pa-
thology, or, more often, a complex of ad-
verse factors [12, 17]. At the same time, 
different regions of the world have their 
own set of environmental factors with 
various negative impacts on the human 
body, which, to a large extent, determine 
the level of regional risk of disease de-
velopment [6]. Thus, ecologically unfa-
vorable environment for human habita-
tion and increased risk of gastrointestinal 
diseases development is considered to 
be the Far North. Moreover, in Siberia, 
the structure of diseases of the stomach 
and esophagus has regional, ethnic, and 
age-related features [1, 14, 16].  Speak-
ing about these features, it is necessary 
to note especially presence in the region 
of territories with extremely high inci-
dence of adult population of stomach and 
esophagus cancer. In particular, these 
are the territories of the Tyva Republic 
and Buryatia [1, 3]. In this connection, 
the data on the role of specific factors in 
the development of children's stomach 
and esophagus diseases, i.e., in the age 
period of pathology occurrence in the 
majority of adults, are of interest [1, 3]. 
In particular, the data on the role of fami-
ly predisposition in their occurrence, this 
can be used in preventive measures of 
formation and progression of pathology. 

The objective of the research is to 
study the prevalence of gastroesophage-
al reflux disease, erosive and ulcerative 
diseases of the gastroduodenal zone and 
their association with hereditary predis-
position to stomach pathology in school-
children from different regions of Siberia.

Materials and methods. The 
cross-sectional method was used to 
collect data on gastroenterological com-
plaints in children and anamnestic data 
on the presence of digestive pathology 
in children's relatives using standardized 
questionnaires in various regions of Sibe-
ria: in the Republic of Tyva (1535 school-
children), Buryatia (790) and Evenkia 
(1369). A total of 3,694 school children 
aged from 7 to 17 years were examined. 
The research in the regions was carried 
out by the expedition method in localities 
that are identical in their socio-economic 
level.

All children over 15 years of age and 
parents of young children involved in the 
study gave a written form of informed 
consent to participate in the experiment, 
according to the Helsinki Declaration of 
the World Medical Association, which 
regulates the conduct of scientific re-
search. The form of informed consent 
and the research Protocol were reviewed 
and approved by the ethics Committee of 
Federal Research Centre «Krasnoyarsk 
Scientific Centre» Siberian Division of 
Russian Academy of Sciences, Kras-
noyarsk.

Groups of school children were ran-
domly selected from the number of chil-
dren with gastroenterological complaints 
in each region and underwent esophago-
gastroduodenoscopy (FGS). An instru-
mental study of the upper gastrointesti-
nal tract in Tyva was conducted for 283 
children, in Buryatia - 110 and in Evenkia 
- 205. The gender-age composition of the 
surveyed schoolchildren in the regions 
was identical.
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To study the prevalence of gastroesophageal reflux disease (GERD), erosive and ulcerative diseases of gastroduodenal zone and their asso-
ciation in schoolchildren from different regions of Siberia with hereditary predisposition to stomach pathology, schoolchildren from the Republic of 
Tyva, Buryatia and Evenkia were examined.  The prevalence of GERD among schoolchildren in Tyva was higher than in Buryatia and Evenkia. The 
destructive process of stomach mucosa and duodemum was also higher in Tyva. In children with erosive ulcerative lesions of the gastroduodenal 
zone, comorbidity of the esophagus was also more frequently determined.

The significant influence of family predisposition to stomach pathology on the prevalence of GERD, erosive- ulcer diseases of gastroduodenal 
zone, as well as their association in Siberian schoolchildren was established. At the same time, territorial features influence the severity of these 
processes.
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Criteria for including children in a study 
using FGS: 1. Age from 7 to 17 years; 2. 
Absence of acute inflammatory diseases 
in children; 3. Absence of chronic diseas-
es of other body systems in the acute 
stage; 4. Absence of functional insuffi-
ciency of organs and body systems; 5. 
Presence of internal complaints.

The GERD in children was diagnosed 
in accordance with the children's consen-
sus on pathology [10]. During screen-
ing, the presence of weekly heartburn 
was taken as a criterion for diagnosing 
GERD. Heartburn was understood as a 
burning sensation in the retrosternal re-
gion. Based on the results of an instru-
mental study of the upper gastrointestinal 
tract, two clinical variants of GERD were 
identified: 1. non-erosive (NERD), based 
on the presence of weekly heartburn in 
the child in the absence of erosive and 
ulcerative changes in the esophageal 
mucosa and 2.  erosive form, diagnosed 
in the presence of erosive esophagitis.

Statistical analysis of the results was 
performed using the Statistica 6.1 soft-
ware package (StatSoft, USA). The 
analysis of the statistical significance of 
differences in qualitative characteristics 
was carried out using the Yates-corrected 
x2criterion and the Fischer two-way exact 
criterion. The statistical significance of 
differences in features was estimated at 
p<0.05 [7].

Results and discussions. Based on 
the clinical manifestations of heartburn, 
GERD was diagnosed among the ex-
amined contingent of schoolchildren in 
6.4%. Significant territorial differences in 
the prevalence of pathology in children 
were noted. In Tuva, 9.5% of schoolchil-
dren had GERD manifestations. These 
are significantly higher in comparison 
with the prevalence of the disease among 
schoolchildren in Buryatia (4.1%; p = 
0.0001) and Evenkia (4.2%; p = 0.0001). 
The prevalence of GERD in Evenkia and 
Buryatia was identical (p = 0.8988).

The prevalence of GERD in children 
with a burdened family history of gastric 
pathology was assessed. It was found 
that in schoolchildren with a burdened 
family history, the frequency of GERD 
increased (in 9.8% compared with 4.6% 
of the prevalence of the disease among 
children without a burdened family histo-
ry; p = 0.0001). We consider this result 
as a consequence of the increased ef-
fect of the acid factor, which is inherent 
in patients with diseases of the stomach 
and GERD. A connection with a family 
predisposition for gastric pathology indi-
cates genetic mechanisms for the imple-
mentation of the negative impact of this 
factor in the occurrence of the disease. At 

the same time, Siberia is a huge territory, 
which includes various climatogeograph-
ic zones, significantly differing in the geo-
chemical composition of soil and water. 
Extreme environmental factors can en-
hance the negative role of a family pre-
disposition to the disease in the formation 
of the pathological process; in particular, 
which is the basis for the onset of clinical 
manifestations of GERD. Territorial fea-
tures of the prevalence of diseases are 
formed. This is clearly demonstrated by 
the results of our study. Thus, the asso-
ciation of GERD with a family predispo-
sition to the pathology of the digestive 
organs in schoolchildren was determined 
independently of the region and the par-
ticular climatic conditions of residence 
(Table 1). This highlights the special, 
dominant role of family predisposition in 
the formation of the disease. 

At the same time, differences in the 
severity of this association in children 
of different regions draw attention to 
themselves, which reflects the negative 
impact of environmental factors. GERD 
prevalence rates among schoolchildren 
with a family history of gastric pathology 
in Tuva were significantly higher (11.8%) 
than among schoolchildren in Buryatia 
(6.7%; p = 0.0001) and Evenkia (8.4%; 
p = 0.0001). The result, in our opinion, 
indicates the presence on the territory of 
Tyva of environmental factors with a more 
pronounced negative effect on the body. 
Such factors in Tuva can be pronounced 
iodine deficiency [15], which is accompa-
nied by hypothyroidism and characteris-
tic motor disorders of the gastrointestinal 

tract. The alpine climate, which distin-
guishes Tuva from other territories, can 
have a negative effect on the function of 
the gastrointestinal tract. Maybe this is 
a factor in the specifics of nutrition. It is 
important that the indigenous people are 
the titular nations in Buryatia and Tuva. 
Moreover, the uniqueness of the indig-
enous population of Siberia lies in their 
genetic diversity. In this connection, it is 
impossible to exclude a certain influence, 
again, of genetic factors characterizing 
the belonging of a population to a specific 
ethnic group. All this needs further study.

The relationship of family predisposi-
tion and GERD in children, the severity of 
which has certain differences under the 
influence of environmental factors, forms 
regional features of not only the preva-
lence, but also the severity of damage to 
the esophagus. To a certain extent, this 
fact is confirmed by the results of instru-
mental studies of the upper sections of 
the gastrointestinal tract (Table 2). GERD 
with erosive esophagitis was mainly di-
agnosed in schoolchildren with a family 
history of gastric pathology (in 3 (1.2%) 
cases versus 1 (0.3%) in schoolchildren 
without a family history). Significant dif-
ferences were not obtained, due to the 
fact that pathology is not widespread in 
childhood and adolescence compared 
with adults.

In the course of the study, it was not-
ed that there was no obvious increase in 
erosive and ulcerative diseases in school-
children with a family predisposition to 
stomach pathology, there was only a ten-
dency in children of Buryatia and Even-

Screening for GERD in children with gastrointestinal complaints in Tyva, Buryatia,
and Evenkia

Region Burdened family history of gastric pathology n GERD
n %

Tyva 1. Yes 626 74 11,8
2. No 909 72 7,9

Buryatia 3. Yes 254 17 6,7
4. No 536 15 2,8

Evenkia 5. Yes 379 32 8,4
6. No 990 25 2,5

All 
regions

7. Yes 1259 123 9,8
8. No 2435 112 4,6

p-level (significance of feature differences)

p1-2=0,0105
p1-3=0,0235
p1-5=0,0911
p3-4=0,0095
p5-6=0,0001
p2-4=0,0001
p2-6=0,0001
p7-8=0,0001

Note: GERD - gastroesophageal reflux disease.

Table 1
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kia (Table 3). A similar trend was not ob-
served in Tuva, which is regarded as the 
result of a pronounced negative influence 
of external factors, and the significance 
of the influence of such a factor as fam-
ily predisposition goes by the wayside. 
An argument in favor of this may be an 
extremely pronounced problem with can-
cer incidence in adult residents of Tyva 
[1], which is evidence of the existence 
of factors in the region with an extreme-
ly negative effect on health parameters. 
Another argument may be the highest 
rates of erosive-ulcerative pathology of 
the gastroduodenal zone in Tyva and in 
children without a family predisposition to 
stomach pathology (17.4%). Moreover, 
its growth was formed by an increase in 
almost all nosological units in the struc-
ture of erosive-ulcerative pathology.

Analyzing the relationship of GERD 

and diseases with erosive and ulcerative 
changes in the mucosa of the gastrodu-
odenal zone, it was noted that the asso-
ciation of these pathological processes 
increases sharply in schoolchildren with 
a burdened family history of gastric pa-
thology (Table 4). 

Thus, the highest rates of GERD were 
determined in schoolchildren with a fam-
ily predisposition in the presence of ero-
sive and ulcerative changes in the gastric 
mucosa and duodenum. The prevalence 
of GERD in schoolchildren with ero-
sive-ulcerative lesions of the gastroduo-
denal zone increased in individuals with a 
family history of gastric pathology (30.3% 
versus 18.9% in individuals without a de-
structive process in the stomach and duo-
denum; p = 0.1299) and in schoolchildren 
without a family predisposition to gastric 
pathology (25.8% versus 7.4% in individ-

uals without a destructive process in the 
stomach and duodenum; p = 0.0006). 
This insignificant trend was observed in 
the populations of schoolchildren exam-
ined in all three territories. A closer asso-
ciative relationship between the diseases 
was observed in Buryatia and Evenkia. 
In schoolchildren of these regions, even 
in the absence of erosive and ulcerative 
lesions, in the presence of a family pre-
disposition to gastric pathology, clinical 
manifestations of GERD were more often 
present. This, in our opinion, indicates 
the importance of genetic mechanisms 
in the implementation of pathological 
processes. Excellent territorial data were 
established in Tyva, where the influence 
of family predisposition to gastric pathol-
ogy on the association between diseas-
es (GERD and erosive ulcers) was not 
determined. In fact, this strengthens the 
arguments in favor of the position of the 
dominant influence of the regional envi-
ronmental conditions of this territory in 
the formation of the considered diseases.

Conclusion
Thus, a family predisposition to gas-

tric pathology is a significant factor influ-
encing the risk of developing GERD and 
erosive and ulcerative diseases of the 
gastroduodenal zone and their associ-
ation in schoolchildren. This affects the 
prevalence of pathological processes. In 
addition to the family predisposition, the 
external environment has a pronounced 
effect on the prevalence of these patho-
logical processes in schoolchildren, 
which forms some regional features of 
the prevalence of these diseases, as well 
as their relationship. Moreover, under 
certain conditions, a family predisposition 
acts as a factor with a dominant influence 
on the formation of pathological process-
es, while in others, the role of unfavor-

Frequency and forms of GERD in endoscopically examined schoolchildren in Tyva, 
Buryatia, and Evenkia with intestinal complaints

Region Burdened family history of gastric 
pathology n Erosive GERD Non-erosive 

GERD
n % n %

Tyva
1. Yes 162 3 1,9 36 22,2
2. No 121 0 0 23 19,0

Buryatia
3. Yes 53 0 0 8 15,1
4. No 57 0 0 1 1,8

Evenkia
5. Yes 40 0 0 5 12,5
6. No 165 1 0,6 6 3,6

All 
regions

7. Yes 255 3 1,2 49 19,2
8. No 343 1 0,3 30 8,7

p-level (significance of feature differences)

p3-4=0,0108
p5-6=0,0256
p7-8=0,0002
p2-4=0,0017
p2-6=0,0001

Table 2

Table 3

Frequency and structure of erosive-ulcerative pathology in children of Tyva, Buryatia, Evenkia with intestinal complaints

Region Burdened family history 
of gastric pathology n

Erosive-ulcerative 
pathology

Erosive 
gastritis

Erosive
duodenitis Gastric ulcer Duodenal ulcer

абс. % абс. % абс. % абс. % абс. %

Tyva 1. Yes 162 23 14.2 12 7.4 9 5.6 2 1.2 5 3.1
2. No 121 21 17.4 13 10.7 8 6.6 2 1.7 3 2.5

Buryatia 3. Yes 53 6 11.3 4 7.5 1 1.9 0 2 3.8
4. No 57 2 3.5 2 3.5 0 0 0 0 0 0

Evenkia 5. Yes 40 4 10.0 3 7.5 2 5.0 0 0 0 0
6. No 165 8 4.8 5 3.0 4 2.4 0 0 2 1.2

All 
regions

7. Yes 255 33 12.9 19 7.5 12 4.7 2 0.8 7 2.7
8. No 343 31 9.0 20 5.8 12 3.5 2 0.6 5 1.5

p-level (significance of feature differences) p2-4=0.0102
p2-6=0.0005 p2-6=0.0079 p2-4=0.0469

p2-6=0.0809

Note: GERD - gastroesophageal reflux disease.
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able environmental factors in their occur-
rence sharply increases. Obviously, an 
increase in the association of erosive and 
ulcerative diseases of the gastroduodenal 
zone and GERD against the background 
of an increase in their prevalence can be 
expected in the face of an increase in the 
complex effect of these factors.
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Table 4

Association of erosive and ulcerative lesions of the gastroduodenal mucosa and GERD 
in schoolchildren in Siberia

Region Burdened family history
of gastric pathology

Presence of erosive 
and ulcerative defects 

of the stomach and 
duodenum

 n
GERD

n %

Tyva
Yes

1. Yes 23 8 34.8
2. No 139 31 22.3

No
3. Yes 21 8 38.1
4. No 100 15 15.0

Buryatia
Yes

5. Yes 6 1 16.7
6. No 47 7 14.9

No
7. Yes 2 0 0
8. No 55 1 1.8

Evenkia
Yes

9. Yes 4 1 25.0
10. No 36 4 11.1

No
11. Yes 8 0 0
12. No 157 7 4.5

All 
regions

Yes
13. Yes 33 10 30.3
14. No 222 42 18.9

No
15. Yes 31 8 25.8
16. No 312 23 7.4

p-level (significance of feature differences)

p3-4=0.0142
p6-8=0.0144

p14-16=0.0001
p15-16=0.0006
p3-11=0.0402
p4-8=0.0098
p4-12=0.0032
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Introduction. Syncope (fainting) is 
an episode of sudden short-term loss of 
consciousness associated with a sharp 
weakening of postural muscle tone and 
characterized by a spontaneous resto-
ration of cerebral functions. The main 
signs of a syncope are sudden develop-
ment, short duration and reversibility. The 
problem of neurogenic syncope states 
related to psychosomatic disorders is 
currently an urgent medical problem [2]. 
An equally important task is the timely di-
agnosis and effective correction of these 
disorders, taking into account the pecu-
liarities of metabolic processes in the 
brain tissue and affecting the functioning 
of the central nervous system [6,7,10,13]. 

According to the results of large popula-
tion studies, the frequency of syncope 
in children is 126 per 100,000 children 
and adolescents [16,18,19]. According to 
epidemiological data, 15-20% of adoles-
cents experience at least a single episode 
of syncope before reaching the age of 18 
years [3]. The frequency of occurrence 
of episodes of syncopal conditions in 
schoolchildren of the city of Krasnoyarsk 
according to a questionnaire survey is 
7.6%, with a predominance in girls, com-
pared with boys, and in older students, 
compared with children of primary school 
age [5]. The most frequent and significant 
types of syncope in children and adoles-
cents include: vasovagal syncope (up to 
90% of all cases of syncope); orthostatic 
syncope (8-10%); respiratory affective 
seizures (only in children from 6 months 
to 2 years old); toxic / medicinal synco-
pe (poisoning, side effects of drugs, are 
rare); cardiogenic syncope (about 5% of 
all cases of syncope). 

There are many reasons that can pro-
voke attacks of loss of consciousness. 
In most cases, syncopal conditions are 
primarily neurogenic in nature and are 
mediated by conditioned or uncondition-
ally reflex mechanisms of regulation of 
the cardiovascular system, causing the 
body to respond to external influences. 
However, they can occur during decom-
pensation of severe somatic diseases 
and cerebral pathological processes that 
threaten the life of the child (brain tumor, 
cerebral aneurysm, etc.).

The immediate cause of syncope is 
a sharp and sudden decrease in blood 
supply to the brain below the level nec-
essary to maintain adequate brain tissue 
metabolism. The consequence of repeat-

ed episodes of cerebral hypovolemia in 
children with syncopal conditions and 
neuron hypoxia arising from it may lead 
to the development of degenerative pro-
cesses in the substance of the brain.

A special role in the modulation of neu-
roplastic processes is played by neuro-
trophic germ factors (NTF). To date, the 
most studied is the brain neurotrophic 
factor - brain-derived-neurotrophic-factor 
(BDNF). It refers to physiologically active 
polypeptides that regulate the growth 
and differentiation of neurons during phy-
logenesis, contribute to the formation of 
new synaptic connections in the postna-
tal period. BDNF plays a crucial role in 
the pathogenesis of neurodegenerative 
diseases, in the restoration of functions 
in traumatic and vascular lesions of the 
nervous system. BDNF is a protein with 
a molecular weight of 27 kDa and is ex-
pressed in fibroblasts, astrocytes, neu-
rons, platelets, as well as in lemmocytes 
[17]. During the development of the ner-
vous system, BDNF is involved in the dif-
ferentiation of neurons, in synaptogene-
sis, and plays a role in long-term potenti-
ation and synaptic plasticity. It is believed 
that it can play a role in the formation of 
memory.

Since embryonic development of 
platelets and neurons comes from the 
same precursor in the scallop, the con-
centration of BDNF in the blood may re-
flect the level of synthesis of BDNF in the 
central nervous system. To date, 2 types 
of BDNF receptors are known: the first 
are low-affinity NGF receptors with a mo-
lecular weight of 75 kDaltons (LNGFR), 
the second are high-affinity receptors for 
tropomyosine kinase-B with a molecular 
weight of 145 kDaltons (TrkB) [15]. These 
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The aim of the study was to assess the level of cerebral neurotrophic factor BDNF in the blood plasma of adolescents with syncopal conditions. 
Materials and methods: 225 people (boys and girls) aged 12-17 years were examined, of which 63 adolescents with a history of neurogenic 

syncope (main group) and 162 without syncope (control group). The plasma BDNF content (in pg / ml) was determined on a Multiscan FC appara-
tus (Finland) using the Quantikine® ELISA ELISA using the R&D systems® reagent kit (USA). The obtained data were processed in the program 
"Statistica 12". 

Results: lower levels of BDNF in the blood plasma of adolescents with neurogenic syncopal conditions were detected. A large number of indi-
viduals with slightly and significantly reduced BDNF levels among adolescents with syncope episodes were found. 

Discussion: taking into account the significant role of BDNF in modulating neuroplastic processes, the decrease in its level detected by us can 
probably be regarded as a metabolic marker of the risk of the occurrence and presence of neurodegenerative processes in the brain tissue of 
adolescents with recurrent syncope. This assumption can be confirmed by further studies. 

Conclusions: syncope in adolescents is associated with lower levels of cerebral neurotrophic factor BDNF. Among adolescents with syncope, 
there are more individuals with slightly- and significantly reduced BDNF levels compared to the group without syncope.
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receptors determine the specificity of the 
action of BDNF. The functional activity of 
neurotrophic factors (including BDNF) is 
quite high. During the development of 
the nervous system, they participate in 
the differentiation, maturation of neurons 
and the formation of synapses. In the 
adult body, they play a neuroprotective 
role, protect brain neurons from hypoxia 
and ischemia [14]. BDNF and the sero-
tonergic system, interacting with each 
other in the central nervous system and 
modulating brain processes together, are 
involved in the pathogenesis of anxiety, 
depression and impaired cognitive pro-
cesses in humans.

Antidepressant therapy increases the 
production of BDNF, which leads to the 
restoration of processes of neurogenesis 
and neuronal plasticity. In recent years, 
the possibility of using a serum BDNF 
concentration indicator and / or BDNF 
gene polymorphisms to predict or eval-
uate the effectiveness of a response to 
therapy has been widely studied. The 
identification of the significant role of 
NTF and, in particular, BDNF in stimu-
lating neuroplasticity is promising in the 
treatment of vascular, traumatic and neu-
rodegenerative diseases of the nervous 
system.

The aim of our study was to assess 
the level of cerebral neurotrophic factor 
BDNF in adolescents with neurogenic 
syncopal conditions.

Materials and research methods. 
The object of the study was adolescents 
12-17 years old (boys and girls) in the 
amount of 225 people, the subject of the 
study was the neurotrophic factor BDNF. 
The main group consisted of 63 adoles-
cents with neurogenic syncope, and 162 
adolescents without a history of syncope 
were included in the control group. Infor-
mation about the presence of syncope 
was obtained by questioning.

The level of neurotrophic factor BDNF 
in the blood plasma was determined on a 
Multiscan FC apparatus (Finland, 2009) 
using the Quantikine® ELISA ELISA us-
ing the R&D systems® reagent kit (USA). 
The BDNF content in the analyzed plas-
ma samples was expressed in PG / ml.

The survey was carried out after ob-
taining written informed consent to par-
ticipate in the study of parents of ado-
lescents under 15 years old or the ado-
lescents themselves over the age of 15 
years. The study was approved by the 
Ethics Committee of the Federal State 
Budgetary Institution of Science and 
Technology of the Federal Research 
Center of the Kola Scientific Center of the 
SB RAS (Minutes No. 1 dated March 16, 
2020).

Statistical processing of the obtained 
data was carried out by non-parametric 
statistics methods in the program "Statis-
tika 12" [8]. The results of the analysis 
of quantitative traits are presented as 
the median (Me) and interquartile range 
(Q25 – Q75). Binary features are pre-
sented as% share and boundaries of the 
confidence interval estimated by the Wil-
son method. The achieved level of signif-
icance of differences (p) for quantitative 
indicators was determined by the Mann 
– Whitney U-test, for binary characters, 
by the Pearson χ2 criterion. Differences 
between groups were considered statis-
tically significant at a achieved level of p 
≤ 0.05.

Results and discussion. To assess 
the level of BDNF in the blood plasma 
of the examined adolescents at the first 
stage, we developed internal standards 
for this indicator: the percentile values of 
the cerebral neurotrophic factor in ado-
lescents in the control group were deter-
mined. The 5 ‰ values in adolescents in 
the control group were 256 pg / ml, 10 
‰ - 321 pg / ml, 15 39 - 394 pg / ml, 25 
52 - 527 pg / ml, 50 ‰ - 823 pg / ml, 75 
‰ - 1122 pg / ml, 85 ‰ - 1420 pg / ml, 
90 ‰ - 1660 pg / ml and 95 ‰ - 1990 pg 
/ ml. Criteria for assessing BDNF levels 
are presented in tables 1 and 2.

As a result of the study, it was found 
that among the examined with syncopal 
conditions there was a greater number 
of adolescents with a slightly reduced 
level of BDNF (14.3%, CI = 7.9-24.3%) 
compared with the control group (6.6%, 
CI = 3.9-10.9%, χ2 = 3.93, p = 0.0475). 
The proportion of adolescents with a sig-
nificantly reduced level of the analyzed 
factor was also significantly larger in the 
group with a history of syncope (10.0%, 
CI = 4.9-19.2%) than in the group with-
out syncope (1.5%, CI = 0.5-4.4%, χ2 
= 10.36, p = 0.0013). Relative to other 
gradations of blood plasma BDNF lev-
el, there were no statistically significant 
differences in the compared groups, but 
there was a clear tendency for a greater 
number of individuals with BDNF levels 
below the normative values among ado-
lescents with syncopal conditions. At the 
same time, the results of our comparative 
analysis revealed a tendency toward a 
higher incidence of adolescents with nor-
mal and elevated levels of BDNF in the 
group without a history of syncope.

A comparative analysis of the quanti-
tative values of the level of BDNF in the 
blood plasma of adolescents with synco-
pe and without syncope in the history is 
illustrated in table 3.

As can be seen from the table above, 
adolescents with syncopal conditions had 

a statistically significantly lower content 
of cerebral neurotrophic factor BDNF in 
plasma compared to the level of a similar 
indicator in adolescents without syncope 
in history.

Numerous studies in recent years 
have shown that BDNF plays a signif-
icant role in the pathophysiology of a 
large number of diseases and patholog-
ical conditions. A decrease in the content 
of this neurotrophic factor has been es-
tablished in a number of diseases and 
syndromes, with impaired memory and 
cognitive functions. Thus, a decrease in 
the level of BDNF was detected in adult 
patients with chronic tension headache 
[11] and those with memory impairment 
and cognitive dysfunction [1]. 

It has been established that there are 
fewer individuals with normal plasma 
concentrations of BDNF and a greater 
proportion of individuals with a low con-
tent of this indicator in adolescents with 
connective tissue dysplasia syndrome, 
dorsopathy, autonomic dysfunction syn-
drome, arterial hypertension, recurrent 
cephalgia and asthenic syndrome. Ado-
lescents with a violation of psychoemo-
tional status are characterized by a lower 
content of BDNF in plasma, a tendency to 
a decrease in the concentration of BDNF 
was revealed as the severity of distress, 
depression, anxiety, somatization and as-
thenia increased [12].

A relationship was found between the 
level of serum concentration of cerebral 
neurotrophic factor in children with hy-
poxic-ischemic brain lesions in which 
the serum concentration of BDNF was 
1.3-1.6 times lower [4]. T.V. Samsonova 
(2013) found a decrease in the adaptive 
capabilities of the apparatus of autoreg-
ulation of cerebral circulation and auto-
nomic regulation in adolescent children 
who underwent perinatal hypoxic brain 
lesions of moderate severity, associated 
with a decrease in the production of neu-
ropeptide P substance 10-14 years old 
and brain neurotrophic factor BDNF - at 
the age of 15-17 [9].

Our data confirm the identified T.V. 
Samsonova (2013) direction of changes 
in the level of BDNF in adolescents with 
a history of PPCNS and the subsequent 
development of autonomic dysfunction. 
In our study, syncopal conditions in the 
examined adolescents had a neurogenic 
etiology due to the presence of autonom-
ic dysfunction syndrome predominantly 
of the vagotonic type, and in patients with 
hypertension, the sympathicotonic type. 
In the history of most of the examined 
there were indications of a perinatal le-
sion of the central nervous system.

To date, the important role of BDNF 
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in modulating neuroplastic processes, 
in the regeneration of brain neurons and 
the restoration of their functions, is well 
known. In our opinion, a decrease in 
plasma levels of BDNF can be regarded 
as a metabolic marker for the presence 
and risk of neurodegenerative processes 
in the brain of adolescents with repeated 
episodes of neurogenic syncope.

Conclusions:
1. The presence of syncope in ado-

lescents is associated with a lower level 
of cerebral neurotrophic factor BDNF in 
blood plasma.

2. Among adolescents with syncope, 
there are more individuals with a slightly 
and significantly reduced level of BDNF 
compared to the group without a history 
of syncope.

3. The assessment of the significance 
of a reduced level of BDNF in blood plas-
ma as a metabolic marker for the pres-
ence and risk of neurodegenerative pro-
cesses in the brain tissue of adolescents 
with syncopal conditions is relevant and 
requires further study.
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Criteria for assessing normal and elevated plasma BDNF levels

Percentile range BDNF percentile range Plasma BDNF
≥ 25 ≤ 75 ≥ 527 ≤ 1122 normal
˃ 75 ≤ 85 ˃ 1122 ≤ 1420 slightly increased
˃ 85 ≤ 90 ˃ 1420 ≤ 1660 moderately elevated
˃ 90 ≤ 95 ˃ 1660 ≤ 1990 significantly upgraded
˃ 95 ˃ 1990  high

Criteria for evaluating a reduced level of BDNF in plasma

Percentile range BDNF percentile range Plasma BDNF
˂ 25 ≥ 15 ˂ 527 ≥ 394 slightly reduced
˂ 15 ≥ 10 ˂ 394 ≥ 321 moderately reduced 
˂ 10 ≥ 5 ˂ 321 ≥ 256 significantly reduced
˂ 5  ˂ 256  lower 

The content of BDNF in the blood plasma of adolescents with syncope and 
without syncope (in pg / ml)

Groups М N Me 25‰ 75‰ Std. Dev. Р1-2

1 gr. - without syncope 999.53 162 892.00 590.00 1190.00 643.31 0.0135
2 gr. - with syncopal 

conditions 814.12 63 705.00 471.00 1009.00 453.10

Table 1

Table 2

Table 3
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Introduction. Digestive diseases oc-
cupy a leading place in the general struc-
ture of human diseases, and they have 
a recurrent course, a functional nature of 
the disorders, and the organic nature of 
the pathology [14, 9].

The use of plant-derived choleretics 
is indicated for chronic diseases of the 
liver, gall bladder, and biliary tract [11]. 
The range of herbal medicines with chol-
eretic activity is small and is represented 
by plant composition (species), as well 
as purified extracts in the form of tablets 
(flamin, caleflon and hofitol), a solution 
for oral administration (hofitol), tablets of 
allochol, etc. [4].

In this regard, the expansion of the 
range of drugs with choleretic activity 
is promising. Given this circumstance, 
the creation of new and effective drugs 
based on a rational herbal composition is 
appropriate [5, 12, 13].

Based on information-analytical anal-
ysis of the literature and preliminary phy-
tochemical study of raw plant materials, 
the authors developed the dry extract un-
der the code name "Hexaphyte" that has 

choleretic activity due to the presence of 
biologically active substances, mainly of 
phenolic nature [8].

In this regard, the aim of our study was 
clarifying the role of the phenolic com-
pound complex isolated from hexaphyte 
for interpretation its action mechanism, in 
particular, its choleretic activity.

Materials and methods. The object 
of the research is the phenolic compound 
complex isolated from extract "Hexa-
phyte".

The dry extract under the code name 
"Hexaphyte" was obtained from the fol-
lowing species of medicine plant raw 
materials: flowers of dwarf everlast (He-
lichrysum arenarium L.) – 300g, flowers 
of tansy (Tanacetum vulgare L.) – 100g, 
rose hips (Rosa sp.) – 100g, leaves of 
common nettle (Urtica dioica L.) – 100g, 
leaves of peppermint (Mentha piperita L.) 
– 50g, roots of liquorice (Glycyrrhiza gla-
bra L.) – 50g.

The hexaphyte was obtained during si-
multaneously component extraction with 
hot water (75-85о С). It contains polysac-
charides, flavonoids, carotenoids, organ-
ic acids, vitamins, macro- and micronu-
trients, essential oils and other natural 
compounds. Extract "Hexaphyte" was 
standardized according to a complex of 
flavonoids in terms of luteolin standard 
and isosalipurposide standard, while the 
content of flavonoids is regulated at least 
4% in the first case and at least 15% in 
the second case [8].

The phenolic compound complex of 
hexaphyte was obtained by eluting with 
an alcohol-water mixture in increasing 
concentration on a polyamide sorbent 
produced by the WOEL company.

This work was carried out in accor-
dance with the Federal Law “On Medic-
inal Products” and the “Guidelines for 
Conducting Preclinical Studies of Medi-
cines”. The experiments were performed 
on 120 outbred male rats with an initial 
weight of 180-200 g. The animals were 
obtained from the Federal State Budget-
ary Scientific Institution Biomedical Tech-
nology Research Center of the Federal 
Medical and Biological Agency of Russia; 
they lived in the vivarium having free ac-
cess to food and water. Pharmacolog-
ical studies were carried out according 
to the Order of the Ministry of Health of 
the Russian Federation No. 199n dated 
04/01/2016 “On the approval of the rules 
of good laboratory practice”, according 
to the norms of good laboratory prac-
tice (GLP). The research was approved 
by the Institute’s Bioethical Commission 
(protocol No. 7 of October 1, 2018).

We studied the effect of phenolic com-
pound complex isolated from hexaphyte 
on the liver choleretic function in intact 
rats with a single dose of 100 mg/kg or 
500 mg/kg.

Bile of rats anesthetized with sodi-
um thiopental, 45 mg/kg, was obtained 
according to the standard procedure [7] 
using a polyethylene cannula inserted 
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into the common bile duct. The degree 
of choleretic activity of the phenolic com-
pound complex isolated from hexaphyte 
was estimated by the secretion rate and 
by the total amount of bile secreted, which 
was collected every hour for 4 hours, as 
well as by the content of bile acids in bile.

The antioxidant activity of the com-
plex of phenolic compounds isolated 
from hexaphyte was determined by its 
intragastric course application in the in-
dicated doses one time per day for 10 
days. The medicine was applied to rats 
suffering from tetrachloromethane (CCl4) 
hepatitis, starting from 2 days after the 
first injection of the damaging agent. Liv-
er damage was induced by intragastric 
administration to rats of a 50% oil solu-
tion of carbon tetrachloride in a volume 
of 0.4 ml/100g of an animal weight, one 
time per day for 4 days [2]. The control 
group rats received water purified in an 
appropriate volume according to a similar 
scheme. The analysis were carried out 
after 7, 14 and 21 days from the start of 
the experiment. To assess the free rad-
ical lipid oxidation, the method of lipid 
chemiluminescent analysis was used. 
Spontaneous chemiluminescence of liver 
lipids, as well as induced luminescence 
of homogenate from this organ was re-
corded on a special quantum-meter in-
stallation designed to measure weak light 
fluxes [3]. Lipids were extracted from liver 
tissue according to the method of Folch 
J. et al. [10] with a chloroform-methanol 
mixture freshly prepared in a 2:1 ratio by 
volume.

The results of the studies were pro-
cessed statistically using Microsoft Of-
fice Excel 2007, Statistica 6.0. Arithmetic 
mean (M), arithmetic mean error (m) were 
calculated. The normality of the distribu-
tion of variables was determined based 
on distribution histograms, asymmetry 
values and excesses. The Student’s 
parametric t-criterion was used to evalu-
ate the validity of the differences in sam-
ples close to the normal distribution. Dif-
ferences between the compared values 
considered significant at the level of the 
probability of 95% and more (р ˂ 0.05) [1]. 

Results and discussion. In order to 
clarify the mechanism of hexaphyte ac-
tion, special experiments were carried 
out with the introduction of a complex of 
phenolic compounds isolated from it to 
rats.

Primary, the rats were arranged into 
following groups: the control (8 rats), ex-
perimental 1 (8 rats), and experimental 2 
(8 rats) ones. The complex of hexaphyte 
phenolic compounds was administered 
to intact rats of the experimental groups 
once per os in doses of 100 mg/kg or 500 

mg/kg. The rats of the control group were 
injected in equivolume amounts of puri-
fied water according to a similar regimen.

The effect of the phenolic compound 
complex isolated from hexaphyte on the 
bile secretion in intact rats has been stud-
ied (Table 1).

The results presented in the Table 1 
show that the administration of above 
indicated phenolic compound complex 
to intact rats was accompanied by an ac-
celeration in bile secretion. This specific 
pharmacological effect of the phenolic 
compound complex applied at a dose of 
500 mg/kg was more pronounced than at 
a dose of 100 mg/kg. The choleretic reac-
tion under these conditions was longtime; 
it took 4-5 hours. Thus, the choleretic ac-
tion of the phenolic compound complex 
isolated from hexaphyte is established.

The effect of the phenolic compound 
complex isolated from hexaphyte on bile 
acid content in bile in intact rats was stud-
ied (Table 2).

The administration of above indicated 
phenolic compound complex to intact rats 
was accompanied by increase in bile ac-
ids biosynthesis, due to this, their content 
in the secreted bile increased by almost 
2 times compared with the data in the 
control. The established pharmacological 
effect of the phenolic compound complex 
at 500 mg/kg was also more pronounced 
than when used at 100 mg/kg. As a re-
sult of the experiments carried out, the 

сholate-forming and сholate-releasing 
effects of the amount of phenolic com-
pound complex studied were determined.

Subsequently, in accordance with the 
objectives of the study, special experi-
ments were conducted to evaluate the 
antioxidant effect of the hexaphyte phe-

nolic compound complex. In a model of 
toxic hepatitis caused by the introduc-
tion of carbon tetrachloride to rats, the 
changes in free radical oxidation rate of 
liver lipids under the influence of the plant 
phenolic complex has been studied.

Primary, the rats were arranged into 
following groups: intact (24 rats); control 
(24 rats), experimental 1 (24 rats); ex-
perimental 2 (24 rats) ones. Animals of 
the first experimental group were admin-
istrated with hexaphyte phenolic com-
pound complex into the stomach through 
a tube in a dose of 100 mg/kg, one time 
per day for 10 days, starting from 2 days 
after the first injection of the damaging 
agent. Animals of the second experimen-

tal group were administrated with hexa-
phyte phenolic compound complex in a 
dose of 500 mg/kg according to a similar 
regimen. 

The animals of the control group were 
injected with purified water in equivolume 
amounts according to a similar regimen. 
Intact animals were used as an additional 
control group. 

The parameters of liver lipid chemi-
luminescence under the influence of 

The effect of the hexaphyte phenolic compound complex on bile secretion in intact rats

Group of animals Dose, mg/kg
Bile secretion rate, mg/min per 100.0g

1 hour 2 hour 3 hour 4 hour 5 hour

Control - 4.1±0.3 4.3±0.4 3.9±0.4 3.2±0.1 2.8±0.2

Experimental 1 100 3.6±0.2 4.9±0.4 5.6±0.5* 4.7±0.4* 3.4±0.2

Experimental 2 500 4.2±0.2 5.9±0.5* 6.4±0.5* 6.4±0.5* 5.2±0.3*

Note. In the Tables 1-3 * - p-values ˂0.05 represented significant differences.

Table 1

Table 2

The effect of the hexaphyte phenolic compound complex on the bile acid content
in the bile of intact rats 

Group of animals Dose,
mg/kg

Bile acid content per 1 hour, mg/100.0g Total cholate 
per 4 hours, 
mg/100.0g2 hour 3 hour 4 hour 5 hour

Control - 1.50±0.4 1.35±0.3 0.80±0.4 0.61±0.1 4.26±0.3

Experimental 1 100 1.80±0.4 2.80±0.6* 2.19±0.5* 1.25±0.4* 8.04±0.5*

Experimental 2 500 2.46±0.4 2.56±0.5* 2.77±0.5* 2.08±0.2* 9.87±0.5*
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a complex of extracted phenolic com-
pounds in experimental (CCl4) hepatitis 
in rats were changed in time; it was eval-
uated on days 7, 14 and 21 (Table 3).

The results of the study showed that 
the introduction of the hexaphyte pheno-
lic compound complex can be recognizes 
by pronounced glow inhibition of liver lip-
ids. Against the background of the intro-
duction of the total complex of phenols at 
a dose of 100 mg/kg, the rate of radical 
reactions decreases by 15.2% - 33.3% 
depending on the timing of the study and 
the development of the pathological pro-
cess in the liver.

A more pronounced inhibitory effect 
on the processes of free radical lipid ox-
idation in the damaged organ was found 
when the phenolic complex was applied 
at a dose of 500 mg/kg. At the hepatitis 
development time on days 7, 14 and 21, 
a decrease in the level of weak lumines-
cence of liver lipids was 25.5%, 42.6% 
and 15.8%, respectively.

Thus, the intensity of free radical lip-
id oxidation under the influence phenolic 
compound complex isolated from extract 
"Hexaphyte" is significantly reduced. This 
ability of plant phenols is due to their 
membrane-stabilizing effect [6].

Having a membrane-stabilizing effect, 
phenolic compound complex isolated 
from hexaphyte can increase the func-
tional activity of hepatocytes, and mo-
bilize the reserve capabilities of the liv-

er. As a result, functional and structural 
changes occur, which are manifested by 
an increase in biligenic process and bile 
excretion, by decrease in severe meta-

bolic disorders and prevention of gross 
disorders in the structure of the hepato-
biliary system organs.

Conclusion. The results of succes-
sive series of experiments to determine 
the role of phenolic compounds in the 
mechanism of action of "Hexaphyte" 
extract, including in the manifestation 
of choleretic activity, concluded that the 
phenolic compound complex isolated 
from hexaphyte had a positive effect on 
the manifestation of choleretic, antioxi-
dant and membrane-stabilizing activity of 
extract "Hexaphyte".
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Changes in liver lipid chemiluminescence (imp./s) under the influence of the extracted 
phenolic compound complex in experimental (CCl4) hepatitis in rats 

Liver lipid chemiluminescence indices 

Research
term

Liver lipid 
chemiluminescence 
indices in intact rats 

in rats suffering 
from experimental 
hepatitis (control)

Liver lipid chemiluminescence indices 
in rats suffering from  experimental 

hepatitis treated with hexaphyte phenolic 
compound complex at a dose of:
100 mg/kg 500 mg/kg

7-е 51.5±3.8 153.6±15.4 113.3±10.3* 101.0±9.5*
14-е 49.2±5.9 168.2±6.2 112.2±7.2* 96.7±12.1*
21-е 47.5±3.2 75.0±9.0 62.4±7.4 63.2±3.1

Table 3
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Introduction. Atopic dermatitis (AD) 
is a key factor in the start of the “atopic 
march”, which is characterized by the 
staged development of sensitization and 
the transformation of pathology from skin 
manifestations to damage to the respi-
ratory tract. The combined clinical mani-
festations of allergic skin and respiratory 
tract damage are referred to in the liter-
ature as dermatorespiratory syndrome 
(DRS) [1, 7]. DRS is characterized by the 
expansion of the spectrum of sensitization 
to causally significant allergens with the 
development of polyvalent allergies, of-
ten to food and inhalant allergens [2, 4]. 
Moreover, the spectrum of sensitization to 

certain allergens has regional characteris-
tics, which is associated with environmen-
tal and ethno-household characteristics 
of the region where patients live [3]. The 
steady increase in morbidity, the severe 
clinical course of pathology with the de-
feat of several "shock" organs and sys-
tems necessitates the study of clinical and 
immunological features of the systemic 
manifestations of allergies, with the aim of 
developing effective measures to prevent 
the progression of atopy.

Purpose of the research was to study 
the characteristics of the spectrum of sen-
sitization to food and inhalant allergens in 
children of Khakassia with atopic derma-
titis in combination with respiratory mani-
festations of allergies.

Materials and methods. A retrospec-
tive examination of children of Khakassia, 
patients with atopic dermatitis, who were 
under the supervision of an allergist-im-
munologist, was performed. We analyzed 
63 case histories of 34 children aged 1.5 
to 18 years. The following nosological 
groups were distinguished: group 1 — 
atopic dermatitis (n=20, average age - 5,0 
± 1,6 years), group 2 — atopic dermatitis 
in combination with allergic rhinitis (n=22, 
average age - 6,5 ± 1,1 years), group 3 - 
atopic dermatitis in combination with bron-
chial asthma (n=21, average age - 5,0 
± 0,9 years), in its pure form - in 28,6% 
(n=6), or in combination with allergic rhini-
tis - a single respiratory tract disease (one 
way, one disease) - in 71,4% (n=15).

All examined underwent determination 
of the concentration of total IgE in blood 
serum by enzyme-linked immunosorbent 
assay.

The study of the spectrum of sensiti-
zation to food and inhalant allergens was 
carried out on the basis of an allergolog-
ical history, objective examination data, 
and skin test results (prick test) taking into 

account the size of the blistering reaction 
and the magnitude of hyperemia. For sta-
tistical analysis, the Statistica 6.0 applica-
tion package was used with the non-para-
metric Mann-Whitney test; calculation of 
generalizing coefficients: median (Me) 
and mean error (m). Data on the concen-
tration of total IgE in blood serum are pre-
sented as medians, 25 and 75 quartiles 
[Me, Q 25 - Q 75]. Comparison of qualita-
tive characteristics in groups was carried 
out by the method of variational analysis 
using the exact Fisher test. Differences 
were considered statistically significant at 
p <0.05.

Results and discussion. In all groups 
of patients, children's (manifestations of 
the disease from 2 to 12 years old) and 
teenage (over 12 years old) forms of atop-
ic dermatitis dominated. The highest inci-
dence of childhood atopic dermatitis was 
noted in group 3 - in 85,7% (n=18), and 
adolescent in the second group - in 36,4% 
(n=8). Infant form of atopic dermatitis 
(from birth to 2 years) was observed only 
in children of the 1st group - in 10% (n=2) 
cases. Consequently, the presence of 
childhood and adolescent forms of AD is a 
risk factor for the development of systemic 
manifestations of allergies with damage to 
both the upper and lower respiratory tract, 
which is consistent with the literature [8].

The manifestation of AD in most pa-
tients occurred in the first year of life: in the 
1st group of patients in 68,4% (n=13/19), 
in the 2nd group - in 90% (n=18/20), in 
the 3rd group - in 100% (n=20/20) cases, 
p1,3=0.006. Moreover, the debut of AD up 
to 6 months of age in group 1 was noted in 
42% (n=9/19), group 2 - in 90% (n=18/20), 
group 3 - in 85% (n=17/20) cases, p1,2 
=0.004, p1,3 =0.01.

Analysis of anamnestic data on the 
duration of breastfeeding showed that in 
the 2 group of patients breastfed up to 
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1 month of age there were 28,5% (n=4) 
children, which is more compared with the 
indicators of other groups: 5,6% (n=1) in 
group 1 and 5,8% (n=1) in group 3. In ad-
dition, breastfeeding up to 1 year was less 
frequently observed in group 2 patients 
compared with groups 1 and 3: 14,2% 
(n=2) versus 27,8% (n=5) and 41,2% 
(n=7). Children who were breast-fed from 
birth in groups 1, 2, and 3 comprised 5,6% 
(n=1), 7.1% (n=1), and 5,8% (n=1), re-
spectively.

The duration of the course of AD was 
statistically significantly longer in the 
groups of patients with dermatorespiratory 
manifestations (group 2 and 3) compared 
with the group of patients with AD with iso-
lated skin lesions (group 1): 6,5±1,0 years 
and 5,0±1,0 years relative to 3,5±0,8 
years, p1,2=0.003, p1,3=0.1, p2,3=0.06. Bur-
dened heredity was most often observed 
in patients of groups 2 and 3, mainly 
along the maternal side, in comparison 
with group 1: 82,3% (n=14/17) and 80% 
(n=12/15) relative to 52,6% (n=10/19). 
Complaints of skin itching: in group 1 in 
63,1% (n=12/19), in the second group in 
89,5% (n=17/19), in group 3 in 75% (n=15 
/ 20) cases, p1,2 =0.05. Therefore, the pro-
longed course of the AD contributes to the 
progression of the disease with the de-
velopment of respiratory forms of atopy. 
There is evidence in the literature about 
the association of AD and the risk of de-
veloping respiratory allergies. Moreover, 
in 60% of children with severe course of 
AD, bronchial asthma develops [8].

The concentration of total IgE in se-
rum was: in the 1st group - 48,5 IU / ml 
[27,5; 121,5], in the 2nd group - 53,0 IU/
ml [41,0; 59,0], in the 3rd group - 189,0 
IU/ml [37,0; 371,0], p1,3=0.01, p2,3=0,2. It 
should be emphasized that with the ex-
pansion of the shock territories of AD to 
DRS, the concentration of IgE in the blood 
serum increases, which is consistent with 
the literature [8].

Data on the characteristics of food al-
lergies in children with dermatorespiratory 
syndrome are extremely few in the litera-
ture [1, 2]. When analyzing the spectrum 
of sensitization to food allergens, it was 
noted that in group 3, the sensitization to 
fish (cod, hake) was statistically signifi-
cantly more often compared with groups 
1 and 2: 75,0% (n=12/16) versus 22,2% 
(n=4/18) and 33.3% (n=7/21), respec-
tively, p1,3=0.002, p2,3=0.01 (Table 1). It is 
noted that the presence of food allergies 
to fish in patients with AD over 14 years 
of age increases the risk of developing 
bronchial asthma [5], which is consis-
tent with our data. Sensitization to cow's 
milk is more often defined in groups 1 
and 2 in comparison with group 3: 70.0% 

(n=14/20) and 77,3% (n=17/22) relative to 
47,6% (n=10/21), respectively, p2,3=0.04.

There were no statistically significant 
differences in sensitization to other food 
allergens of animal origin between the 
examined groups. However, it was not-
ed that in the group of patients with AD 
with multiple organ damage to the re-
spiratory tract (group 3), sensitization to 
chicken meat was more often defined in 
comparison with 1 and 2groups: 57.1% 
(n=12/21) versus 30.3% (n=6/20) and 
40.9% (n=9/22).

An analysis of the spectrum of sensiti-
zation to allergens of plant origin showed 
that in group 3, a sensitization to rice was 
statistically significantly more often com-
pared with group 1: 52,4% (n=11) ver-
sus 15% (n=3), respectively, p1,3=0.01. 
In group 3, the sensitization to beets 
and pears was statistically significant-
ly more often compared with group 1: 
55,6% (n=10/18) versus 15,4% (n=2/13), 
p1,3=0.02 and 35,7% (n=5/14) relative to 
0% (n=0/11), p1,3=0.03, respectively.

There were no statistically significant 
differences in sensitization to other food-
borne allergens of plant origin between 
the examined groups. However, it was 

noted that sensitization to cereals was 
more often determined in groups of pa-
tients with DRS in comparison with AD 
with isolated skin lesions, however, the 
data were not statistically significant. 
Buckwheat sensitization was determined 
in all groups, but most often in patients 
with DRS: in group 3 - in 38,1% (n=8) and 
in group 2 - 31,8% (n=7) cases, while in 1 
group in 25% (n=5).

Bivalent sensitization to the main food 
allergens was statistically significantly 
more often observed in group 1 - 55.,0% 
(n=11/20), compared with groups 2 and 
3 - 40,9% (n=9/22) and 20.0% (n=4/20), 
respectively, p1,3 =0.02. Polyvalent sensiti-
zation to the main food allergens in group 
1 was noted in 30.0% (n=6/20) cases, 
in group 2 - 45,5% (n=10/22), group 3 - 
45,0% (n=9/20).

According to the literature, the inci-
dence of sensitization to inhaled allergens 
in patients with AD is up to 89% [7]. Ac-
cording to the allergological history, sea-
sonal exacerbations of the underlying 
disease (DRS or AD) were statistically sig-
nificantly more often detected in groups 
2 and 3 compared with group 1: 45,5% 
(n=10) and 42,9% (n=9) versus 5% (n=1), 

Features of the spectrum of sensitization to food allergens in patients 
f the selected groups, n (%)

Allergen Group
1 2 3 p

Animal origin
Cow's milk 14 (70)/20 17 (77.3)/22 10 (47.6)/21 2.3=0.04
Beef meat 8 (40)/20 9 (40.9)/22 8 (38.1)/21 –
Egg yolk 9 (47.4)/19 10 (47.6)/21 9 (45)/20 –
Chicken Egg Protein 9 (47.4)/19 6 (27.3)/22 6 (31.6)/19 –
Whole Chicken Egg 13 (65)/20 12 (54.5)/22 12 (57.1)/21 –
Chicken's meat 6 (30)/20 9 (40.9)/22 12 (57.1)/21 –
Fish 4(22.2)/18 7(33.3)/21 12(75.0)/16 1.3=0.002

2.3=0.01
Plant origin

Cereals 11 (55)/20 17 (77.3)/22 13 (61.9)/21 –
Wheat Flour Protein 9 (45)/20 9 (40.9)/22 9 (45)/20 –
Rye flour protein 3 (17.6)/17 5 (23.8)/21 4 (20)/20 –
Barley grits 5 (27.8)/18 11 (50)/22 8 (40)/20 –
Oat groats 3 (17.6)/17 10 (54.5)/22 8 (40)/20 –
Rice 3 (15)/19 6 (27.3)/22 11 (52.4)/20 1.3=0.01
Buckwheat 5 (25)/19 7 (31.8)/22 8 (38.1)/20 –
Citrus 5 (31.2)/16 8 (50.0)/16 8 (57.1)/14
Beet 2 (15.4)/13 9 (45)/20 10 (55.6)/18 1.3=0.02
Carrot 6 (42.9)/14 8 (38)/21 11 (61.1)/18 –
Cucumber 4 (30.8)/13 10 (52.6)/19 9 (50.0)/18 –
Tomato 5 (45.5)/11 10 (62.5)/16 6 (46.2)/13 –
Cabbage 4 (36.4)/11 6 (54.5)/11 8 (61.5)/13 –
Apple 2 (18.2)/11 5 (26.3)/19 4 (22.2)/18 –
Pear 0 (0)/11 3 (18.8)/16 5 (35.7)/14 1.3=0.03
Grape 2 (20)/10 9 (56.2)/16 6 (46.2)/13 –
Banana 4 (33.3)/12 4 (22.2)/18 7 (46.7)/15 –

Note: p-values are indicated only for p˂0.05.

Table 1
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respectively, p1,2 =0.002, p1,3 =0.004.
The analysis of the spectrum of sen-

sitization to inhalant allergens in the se-
lected groups showed that sensitization 
to pollen allergens was detected in 51,6% 
in group 1 (n=31/60), in 66,7% in group 2 
(n=44/66), in group 3 - in 76,2% (n=48/63), 
p1,3=0.005 (table 2).

Sensitization to weed pollen was sta-
tistically significantly more often defined 
in group 3 compared with group 1: 80.1% 
(n=17/21) versus 50% (n=10/20), respec-
tively, p1,3=0.04, which may indicate the 
role of these allergens in the development 
of allergic rhinitis and bronchial asthma in 
patients with DRS. There were no statis-
tically significant differences in sensitiza-
tion to other pollen allergens between the 
examined groups. However, sensitization 
to pollen of meadow grasses was more of-
ten observed in the group of patients with 
atopic dermatitis in combination with aller-
gic rhinitis (group 2), which also suggests 
that these allergens play a role in upper 
respiratory tract damage in DRS.

Polyvalent sensitization to pollen of a 
mixture of meadow, weed grass and trees 
is defined in group 3. The high frequency 
of sensitization to plant pollen in DRS is 
probably a risk factor for multiple organ 
damage to the respiratory tract, as a bar-
rier to the penetration of pollen allergens. 
The lowest frequency of sensitization to 
pollen allergens was observed in patients 
with AD (group 1). However, taking into 
account the fact that the clinical manifes-
tations of seasonal AD in this category of 
patients are noted in only 5% (n=1/20) of 
cases, the frequency of sensitization to 
pollen allergens in group 1 is quite high 
- 51,6% (n=31/60) Sensitization to pollen 
allergens of patients with AD can be asso-
ciated with cross-sensitivity to food prod-

ucts of plant origin based on the binding 
of specific IgE to homologous structures 
of the allergen [8]. 

In the study of sensitization to house-
hold allergens, the highest frequency 
of sensitization to house dust was ob-
served in group 2 in comparison with 
group 1: 62,0% (n=31/50) versus 37,8% 
(n=14/37), p1,2=0.02. Dermatophagoides 
farinae house dust mite sensitization 
was statistically significantly more of-
ten determined in the group of patients 
with DRS (group 2) compared with the 
group of patients with AD (group 1): 
60% (n=9/15) and 18,2% (n=2/11), re-
spectively, p1,2=0.03. Dermatophagoides 
pteronyssinus house dust mite sensiti-
zation was also more common in group 
2 compared with other groups, but did 
not reach statistical significance. In the 
group of patients with AD compared with 
the groups of patients with DRS, sensi-
tization to house dust mites Dermato-
phagoides farinae and Dermatophagoi-
des pteronyssinus was relatively low, 
while sensitization to house dust was 
detected in 64,3% (n=9/14) of cases, 
which, according to the literature, can be 
associated with damage to the epidermal 
barrier and percutaneous sensitization to 
aeroallergens in patients with AD [1,7,8].

Conclusion. As a result of the studies, 
it was found that dermatorespiratory syn-
drome is more often noted in childhood 
and adolescent AD. The childhood form 
of AD is a risk factor for the development 
of DRS with multiple organ damage to the 
respiratory tract (allergic rhinitis and bron-
chial asthma), and adolescent form of 
atopic dermatitis with allergic rhinitis.

Risk factors for the development of 
DRS in children with upper respiratory 
tract infections or multiple organ respi-

ratory tract infections may include: pro-
longed course of AD, manifestation of AD 
in the 1st year of life, aggravated heredity, 
pruritus, seasonality of the disease, high 
concentration of total IgE in blood serum, 
presence sensitization to food and pollen 
allergens, multivalent sensitization to milk, 
egg, cereals.

Thus, our study allows us to determine 
the characteristics of sensitization with the 
indication of causally significant allergens, 
to find out their influence on the formation 
of the sensitization spectrum depending 
on the expansion of the “shock” organs of 
atopy from atopic dermatitis to dermato-
respiratory syndrome in children of Kha-
kassia.
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Features of the spectrum of sensitization to inhalant allergens in patients
of the selected groups, n (%)

Allergen Group
1 2 3 p

Pollen 
Meadow grass 10 (50)/20 17 (77.2)/22 16 (76.2)/21 –
Trees 11 (55)/20 12 (54.5)/22 15 (71.4)/21 –
Weed grass 10 (50)/20 15(68.2)/22 17 (80.1)/21 1.3=0.04

Household 
Dermatophagoides 
pteronyssinus 3(25)/12 10(58.8)/17 7(43.8)/16 –

Dermatophagoides farinae 2(18.2)/11 9(60)/15 6 (50.0)/12 1.2=0.03
House dust 9(64.3)/14 12(66.7)/18 13(65.0)/20 –

Table 2
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Advances in reproductive technolo-
gies have made it possible, with the help 
of donor programs, to overcome absolute 
infertility caused by the absence or func-
tional unsuitability of gametes.

Of particular scientific and practical in-
terest is the group of patients with gonad-
al dysgenesis, for whom the mandatory 
signs are a sharp anatomical and func-
tional underdevelopment of the gonads, 
the female type of differentiation of the 
genital ducts and externalia. The gonads 
in this form of the disease are most often 
represented by biologically inert connec-
tive tissue rudiments. The presence of 
morphologically inert rudiments of go-
nads, regardless of the genotype of the 
embryo, determines the differentiation of 
the reproductive ducts according to the 
female (main) type [4].

Attempts at the genotypic classification 

of this syndrome have not been success-
ful due to the fact that a completely simi-
lar clinical presentation can be observed 
with different karyotypes, while the same 
karyotype can be observed in different 
clinical presentations [1]. Nevertheless, 
for practical convenience, it is customary 
to subdivide gonadal dysgenesis into two 
clinical forms: typical and “pure”, which 
are characterized by the following gen-
eral symptoms: primary amenorrhea, 
lack of female secondary sexual char-
acteristics, infertility. However, the typ-
ical form of gonadal dysgenesis is also 
characterized by the presence of somat-
ic abnormalities (body height below 145 
cm, excess fat deposition on the anterior 
abdominal wall, short neck with pterygoid 
folds, skeleton abnormalities – sternum 
impression, narrow pelvis, syndactyly, 
etc., malformations of internal organs – 
narrow aortic isthmus, non-closed inter-
ventricular septum, Botallo’s duct, etc.).

With the “pure form” of gonadal dys-
genesis (Swyer syndrome also belongs 
to this group), somatic abnormalities are 
absent, the disease is manifested by 
primary amenorrhea, infertility, genitalia 
infantility and the absence of female sec-
ondary sexual characteristics in patients. 
Patients have a correct physique, nor-
mal height, underdeveloped mammary 
glands, no signs of pubic hair. The ex-
ternal genitalia are developed according 
to the female type with hypoplasia. The 
vagina is capacious, the uterus is under-
sized. The tubes are thin, long, crimped. 
In the place of the ovaries, the rudiments 
of gonads are localized. Histologically, 
the gonads are a stroma consisting of 

fibroblast cells whose nuclei do not con-
tain sex chromatin. In the stroma, sterile 
seminiferous tubules are found, lined 
with an immature type of Sertoli epithe-
lium, and clusters of typical Leydig cells. 
Hormonal examinations show a signifi-
cantly increased level of gonadotropins 
in the blood and a low level of estradiol. 
In order to produce phenotypic-correcting 
effect in patients with gonad dysgenesis, 
prolonged hormone replacement thera-
py is used. It is strongly recommended 
to remove the rudiments in patients with 
the presence of the Y chromosome in the 
karyotype, since the prolonged intake of 
estrogens significantly increases the fre-
quency of tumor development from the 
remnants of testicular tissue. Before the 
advent of in vitro fertilization, such pa-
tients were doomed to be childless.

The first report of a twin pregnancy 
in a patient with XY gonad dysgenesis 
as a result of embryo donation and its 
successful delivery appeared in 1989 
[6]. The first experience in implementing 
the program “oocyte donation” in Russia 
was gained at the Moscow center for the 
treatment of infertility “EKO” [1]. Howev-
er, this program used so-called “extra” 
oocytes obtained in the IVF program for 
the treatment of infertility in other women 
or the ova of the patient’s relatives.

In 1983, Alan Trounson et al. from Aus-
tralia reported a successful pregnancy in 
a woman with bilateral ovarian removal, 
as well as in a patient with primary ovar-
ian failure using donor embryos [5, 8]. 
In 1984, P. Luitjen et al. for the first time 
published information about pregnancy 
resulting from IVF-OD in a woman with 

The article describes a clinical case of pregnancy and childbirth resulting from assisted reproductive technologies using donor oocytes in a 
patient with Swyer syndrome. Рatient V., 35 years old, was admitted to the Perinatal Center of GAU RB No. 1-NCM in Yakutsk in February 2019 
with a diagnosis: Pregnancy, 31-32 weeks. Cephalic presentation. IVF-induced pregnancy (donor egg). Feto-placental insufficiency, impaired 
uteroplacental blood flow of 1 A degree. Concomitant diseases: Swyer syndrome (impaired sexual differentiation), the patient’s karyotype as of 
June 30, 2015 was XY (male). Rhesus negative blood affiliation without isosensitization; gestational diabetes mellitus, diffuse goiter 0-1 degree. 

She was examined at the Novosibirsk Regional Clinical Diagnostic Center in  Novosibirsk State Medical University (2015), and found to have 
karyotype 46 XY, passport gender does not match the karyological one, diagnosis: Swyer syndrome. Since 2016, the patient has been taking Fe-
moston® 2/10, which has caused the menstrual cycle to begin. Menses 3 days, moderate, painless, cycle 28 days.

This 2nd pregnancy in 2019 occurred after the 4th IVF attempt (egg donation, cryotransfer of 2 embryos). In a planned manner, according to 
a combination of relative indications: gonadal dysgenesis (removal of rudimentary gonads in 2001), pregnancy after IVF using donor oocytes, 
primipara 35 years of age, 38 weeks pregnant, was delivered by cesarean section under conditions of spinal anesthesia. A girl was born weighing 
2850 g and 49 cm long, with an Apgar score of 8 out of 8 points. Postpartum lactation was sufficient. Sutures from the anterior abdominal wall were 
removed on the 8th day, and the mother and her newborn were discharged home on the 12th day in satisfactory condition.

Thus, absolute infertility due to gonad dysgenesis can be successfully overcome with the help of donor oocytes as part of the assisted repro-
ductive technology program. 

Keywords: Swyer syndrome, pregnancy, assisted reproductive technologies, in vitro fertilization.
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primary ovarian failure [7]. There are ab-
solute indications for the use of donor oo-
cytes: premature ovarian failure, natural 
menopause, amenorrhea due to bilateral 
ovariectomy, radiation or chemotherapy, 
gonad dysgenesis [6].

Clinical case: patient V., 35 years old, 
was admitted to the Perinatal Center of 
GAU RB No. 1-NCM in Yakutsk in Feb-
ruary 2019 with a diagnosis: Pregnan-
cy, 31-32 weeks. Cephalic presentation. 
IVF-induced pregnancy (donor egg). 
Feto-placental insufficiency, impaired 
uteroplacental blood flow of 1 A degree. 
Concomitant diseases: Swyer syndrome 
(impaired sexual differentiation), the pa-
tient’s karyotype as of June 30, 2015 
was XY (male). Rhesus negative blood 
affiliation without isosensitization; gesta-
tional diabetes mellitus, diffuse goiter 0-1 
degree.

Upon admission to the hospital, the 
patient agreed to the processing of per-
sonal data, as well as gave her informed 
consent to the publication of the medical 
data presented in the article (in anony-
mous form).

Anamnesis: due to primary amenor-
rhea and tumor formation in the small 
pelvis in 2001, at the age of 17 years, an 
elective surgery was performed, the go-
nads removed, the omentum resected. 
Histological conclusion: dysgerminoma. 
In 2015, she was examined at the Novo-
sibirsk Regional Clinical Diagnostic Cen-
ter, Novosibirsk State Medical University, 
and found to have karyotype 46 XY, pass-
port gender does not match the karyolog-
ical one, diagnosis: Swyer syndrome. 
Since 2016, the patient has been taking 
Femoston® 2/10, which has caused the 
menstrual cycle to begin. Menses 3 days, 
moderate, painless, cycle 28 days.

To address the possibility of pregnan-
cy planning using assisted reproductive 
technologies (ART), she turned to the 
Mother and Child Center, Novosibirsk.

1st pregnancy in 2017 – IVF by a do-
nor egg, non-developing pregnancy at 
5-6 weeks, vacuum aspiration was car-
ried out, without complications.

2nd pregnancy in 2019 – this preg-
nancy occurred after the 4th IVF attempt 
(egg donation, cryotransfer of 2 embry-
os). Last menstruation July 10, 2018, the 
first half of pregnancy proceeded with 
moderate toxicosis (vomiting 3-4 times a 
day, weight loss 8 kg.). Symptomatic and 
hormonal treatment: Proginova® up to 
16 weeks, Utrogestan® 200 mg 3 times 
a day (to date). Combined screening of 
the 1st trimester passed, an increase in 
hCG. The second half of pregnancy went 
smoothly. Examined in the antenatal clin-
ic of the Perinatal Center with a period 

of 27-28 weeks of pregnancy. The con-
clusion of the medical consultation as of 
January 16, 2019 – there is a high risk 
of premature birth, it is recommended 
to continue monitoring, planned cardio-
tocography, hospitalization according to 
indications. Examined in the medical-ge-
netic center: 26 weeks pregnant. Aggra-
vated gynecological history (IVF-induced 
pregnancy, donor egg). Increased hCG in 
the blood. The patient’s karyotype is 46 
XY (male gender), on hormone therapy. 
The chromosomal pathology risk for the 
fetus is increased to 5%. Cardiotocog-
raphy of the fetus is within normal limits. 
Prevention of Rhesus immunization with 
immunoglobulin Rhes (D) anti-Rhesus 
carried out.  Objectively: condition 
satisfactory, height – 157 cm, weight – 
64.5 kg. Proper physique, satisfactory 
nutrition, mammary glands Tanner stage 
2, hair growth on the border type. The 
skin is clean, normal color. Peripheral 
lymph nodes not enlarged. Heart sounds 
clear, rhythmic. Vesicular breathing, no 
wheezing. Blood pressure – 110/70 mm 
Hg, pulse – 76 beats/min. Respiratory 
rate – 16 breaths per minute. The abdo-
men is soft, painless. The uterus is nor-
motonic, painless. Longitudinal lie. Head 
above the entrance to the small pelvis. 
Regular fetal movement. The fetal heart-
beats clear, rhythmic up to 140 beats/
min. Urination painless, sufficient. No 
swelling. Discharge white, sparse. Taking 
Duphalac®, stool regular.

When performing ultrasound and bio-
chemical screening in the first trimester, 
ultrasound screening in the second tri-
mester, no irregularities in the devel-
opment of the fetus were found. Dop-
plerometric indicators of uterine and fe-
tal-placental blood flow were within the 
reference values up to 37/38 weeks of 
pregnancy. The examination was per-
formed 1-2 times a week after 32–34 
weeks of pregnancy. At the gestational 
age of 37/38 weeks, a II degree hemody-
namic disorder was detected (increased 
vascular resistance in the uteroplacental 
blood flow).

In a planned manner, according to a 
combination of relative indications: go-
nadal dysgenesis (removal of rudimenta-
ry gonads in 2001), pregnancy after IVF 
using donor oocytes, primipara 35 years 
of age, 38 weeks pregnant, was deliv-
ered by cesarean section under condi-
tions of spinal anesthesia. A girl was born 
weighing 2850 g and 49 cm long, with an 
Apgar score of 8 out of 8 points. Post-
partum lactation was sufficient. Sutures 
from the anterior abdominal wall were 
removed on the 8th day, and the mother 
and her newborn were discharged home 

on the 12th day in satisfactory condition.
Thus, absolute infertility due to gonad 

dysgenesis can be successfully over-
come with the help of donor oocytes as 
part of the assisted reproductive technol-
ogy program [1.2]. The absence or ana-
tomical and functional underdevelopment 
of gonads causes a high risk of miscar-
riage and, accordingly, the need for long-
term hormonal therapy during pregnancy 
in this group of patients.
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Wiskott-Aldrich syndrome is a dis-
ease, characterized by combined insuf-
ficiency of both humoral and cellular im-
munity, it is inherited by X-chromosome 
recessive linkage and is expressed by 
the following triad of signs: recurring 
chronic microbial inflammations, hem-
orrhagic syndrome, and eczema [3]. 
The syndrome was first described by A. 
Wiskott in 1937, he described a case of 
three boys from the same family suffer-
ing from thrombocytopenia combined 
with severe eczema and secondary in-
fections, while their four sisters did not 
show any of these symptoms. The prev-
alence of Wiskott-Aldrich syndrome is 4: 
1 000 000. It mostly affects boys. Molec-
ular defect results in absence of WASP 
protein (Wiskott-Aldrich syndrome pro-
tein), coded by WASP gene, it is local-
ized in the short arm of X-chromosome 
[1, 4]. 

The objective is to describe the clin-
ical and laboratory characteristics of 
Wiskott-Aldrich syndrome in a 2-month 
infant.

We describe a clinical case of Wis-
kott-Aldrich syndrome in a 2-month Rus-
sian infant experiencing a triad of signs 
characteristic to such inherited disease 
as Wiskott-Aldrich syndrome. The boy 
had been hospitalized to the department 
of oncohaemotology from September to 
November of 2019.  

On the 30th of November 2019 a two-
month male infant was hospitalized to the 
department of oncohaemotology of the 
Pediatric center, Republican hospital #1, 
National health center for medical exam-
ination. He was referred from the regional 
hospital with the complaints of periodical 
scarlet streak of blood in stool, conjunc-
tival hemorrhage, decreased level of 
platelets in common blood count. The 
entrance diagnosis was vertically trans-
mitted infection of the viral or bacterial 
origin, vertically transmitted secondary 
thrombocytopenia, unconfirmed immuno-
deficiency, and anal abscess.  

The anamnesis showed that the child 
was born from the first pregnancy, the 
pregnancy ran smoothly. The mother 
gave a natural childbirth at the 39th week 
of pregnancy. At the moment of hospital-
ization the infant was breastfed. After the 
childbirth hemorrhagic discharge from 
the anus and subconjuctival hemorrhage 
of the left eye were noticed. The com-
plete blood count showed decreased lev-
el of platelets. 

On admission the infant was examined 
by a haemotologist and a pediatrician. 
The condition of the infant was assessed 
as grave and poor. The skin surface was 
swarthy and moderately moist. The mu-
cous membranes of the oral cavity were 
pink and moist. The pharynx was not hy-
peremic. The tonsils were not enlarged, 
no coating was noticed. Peripheral lymph 
nodes were not enlarged. The nasal 
breathing was not complicated. No cough 
and breathlessness were present. The 

auscultation showed vesicular breathing 
with no rales. The heart sounds were 
rhythmic and loud. On palpation the ab-
domen was soft and painless. The stool 
was regular and solid. The liver was en-
larged (1 cm below the costal margin). 
The spleen was not enlarged. No dysuria, 
the urine did not change. No meningeal 
and focal signs were noticed. The stool 
was with scarlet streak of blood.

The blood test for clotting time detec-
tion and complete blood count were ad-
ministered. The blood test showed that 
the clotting time was within the normal 
rate: the Duke method of clotting time: 1 
minute; blood coagulation time according 
to Sukharev: 3,20 min.

The complete blood count of the blood 
corpuscles revealed reticulocytosis and 
thrombocytopenia. The reticulocytes 
were 35.0. Thrombocytes were 36.0% 
(normally it is 100-420). Thrombocrit 
value was 0.04% (normally it is 0.15% 
- 0.4%). The results showed expressed 
anemia and activation of hemopoiesis.

The biochemical analysis of the blood 
test revealed high level of the total biliru-
bin and direct bilirubin.

The PCR test for infection did not re-
veal mycoplasma, ureaplasma and cyto-
megalovirus infections.

The immunoglobulin results were IgM 
– 0.01 gr/l; IgG – 6.9 gr/l, IgA – 0.00 gr/l; 
IgE total – 0.00 gr/l. Total absence of M 
immunoglobulin, A and E immunoglobu-
lins, and low level of G immunoglobulin 
were reported. These results indicated a 
possible initial immunodeficiency case. 

Immunogram shows CD+46%; 
CD4+43%; CD8+3%; CD19+31%; CD-
HLA-DR+2%; CD 25+8%; CIC (circulat-
ing immune complexes) 14%. The immu-
nogram revealed low level of T-supres-
sors, and B-cells.

Fecal occult blood test was positive.
No HIV for 11.01.2019.
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The child underwent several instru-
mental procedures.

The colour Doppler ultrasound imag-
ing revealed oval window (0.26cm), en-
larged right atrium cavity (1.83cm), right 
ventricle (1.0cm), tricuspid valve regurgi-
tation, ectopic attachment of mitral valve 
chords, and additional left ventricular tra-
beculae.

The colonoscopy revealed total hem-
orrhagic colitis. Distally the dorsal part 
was not accessible because of the mu-
cous membranes hemorrhage when they 
came into contact with the apparatus. 
The walls of large intestines were elas-
tic and air could stretch the walls. The 
lumen of sigmoid, ascending, transverse 
and descending colons seemed normal, 
the folds were of the normal height, there 
was greenish substance in the curves 
of the colon. The mucous membrane of 
the transverse and descending colons 
was unevenly hyperemic with the signs 
of hemorrhagic erosions. A great number 
of erosions with size from 0.25 to 0.5 cm 
was scattered, the vesicular pattern was 
clear. Mucous membrane of the sigmoid 
colon was hyperemic with hemorrhag-
ic erosions, the vesicular pattern was 
unclear. The rectal lumen was normal, 
the mucosa was unclear with scattered 
hemorrhagic erosions (0.2cm). Perianal 
examination revealed a scar of paraproc-
titis. 

Esophagogastroscopy revealed no 
abnormalities.

According to the results of the investi-
gation further consultation with gastroen-
terologist and allergist-immunologist was 
recommended. 

The consultations of the specialists 
revealed a case of early childhood death 
in the maternal anamnesis. The mother 
told that her own brother had died at early 
age. For the following 20 years only girls 
were born in this family. The immunogram 
determined absence of M immunoglobu-
lin, A and E immunoglobulins, low level 
of G immunoglobulin, low level of T-sup-
pressors, and B-cells. There was marked 
decrease of platelet count in a peripheral 
blood and platelets count by Fonio meth-
od, thus revealing protein molecule de-
struction. These molecules participate in 
the process of platelet formation.  The re-
sults showed the decrease of the quantity 
of platelets and quality of the cells, which 
is characteristic to the initial immunodefi-
ciency, i.e. Wiskott-Aldrich syndrome. 

The clinical diagnosis, based on the 
results of the investigations, examina-
tion and family history taking, was: initial 
immunodeficiency, Wiskott-Aldrich syn-
drome, infantile atopic dermatitis in the 
restricted form.

Gastroenteric visual and instrumental 
examinations revealed hemorrhagic in-
testinal erosion. The consultation of the 
specialists could help specify the diagno-
sis and it was decided to refer the bio-
logical material of the whole blood with 
further molecular genetic test (WaSP) 
to the National medical research center 
of childhood hematology, oncology and 
immunology. The PCR-diagnosis of the 
genetic locus was positive [1].

The final diagnosis was Wiskott-Al-
drich syndrome, initial immunodeficien-
cy, immune thrombocytopenia, infantile 
atopic dermatitis, in the restricted form 
with mild severity. 

Concomitant diseases were non-infec-
tious gastroenteritis, unconfirmed colitis, 
erosive hemorrhagic colitis, postsurgi-
cal condition after operated abscess in 
perianal area, normochromal anemia of 
mixed genesis.

During the period of hospitalization at 
the department of oncohematology of the 
Pediatric center of the National health 
center the patient was administered: the 
ward nursing by the mother, special diet 
#15, breastfeeding, pankreatin ¼ tablets 
3 times a day, fenistil 2 drops 2 times a 
day lasting for 5 days, and elidel cream 
externally.

The patient was referred to the im-
munological department of the National 
medical research center of childhood 
hematology, oncology and immunology 
for further examination, a substitutive 
therapy was administered [2, 4, 5]. At the 
moment the patient is treated with immu-
novenin 0.1-0.4 gr/kg each month.

The following scheme of inpatient ex-
amination was recommended:

1. Regular check-up at the following 
specialists: a pediatrician, an immunolo-
gist, and a hematologist.

2. Laboratory investigations: complete 
blood count (with obligatory leucocyte 
count) once every 2-3 months. Biochemi-
cal blood test with hepatic enzymes activ-
ity detection, protein C-reactivity – every 
6 months, urine analysis every 6 months, 
and in cases of intercurrent diseases. 

3. Instrumental investigations: elec-
trocardiogram – once a year, ultrasonic 

imaging of the abdominal cavity – once 
a year, X-Ray examination of the chest – 
once a year.

4. Consultations: immunologist every 
3 months during the first year of exam-
ination, then every 6 months; surgeon 
– once a year, oculist – every 6 months; 
dentist – once a year, and otolaryngolo-
gist – once a year.

5. Vaccinations are contraindicated.
Conclusion. We have described a 

clinical case of Wiskott-Aldrich syndrome 
in a 2-month infant. Microbial inflamma-
tion in the form of paraproctitis, hemor-
rhagic syndrome in the form of erosive 
hemorrhagic colitis and eczema, which 
was later diagnosed as atopic dermatitis, 
was revealed clinically [3]. Thus we have 
described a classic triad of Wiskott-Al-
drich syndrome. A detailed family history 
taking became a key moment in the di-
agnosis of the congenital disease. The 
anamnesis revealed high mortality rate of 
the male infants at early childhood, which 
possibly could be connected with micro-
bial inflammation associated with initial 
immune deficiency. The diagnosis of the 
congenital disease is undoubtedly due 
to molecular-genetic investigations [1]. A 
due time diagnosis, substitutive therapy 
and competent clinical examination can 
predict and prolong the life for Wiskott-Al-
drich syndrome patients [2, 4, 5].

1. Кузьменко Н.Б., Варламова Т.В., Мерси-
янова И.В. Молекулярно-генетическая диагно-
стика первичных иммунодефицитных состоя-
ний. Вопросы гематологии онкологии и имму-
нопатологии в педиатрии. 2016; 15(1):10-16. 
[Kuzmenko N. B., Varlamova T.V., Mersiyanova 
I.V. Molecular genetic diagnostics of primary 
immunodeficiency states. Voprosy gematologii 
i immunologii d pediatrii. 2016; 15(1):10-16. (In 
Russ.)]

2. Buchbinder D., Nugent D.J., Fillipovich A.N. 
Wiskott-Aldrich syndrome: diagnosis, current 
management, and emerging treatments. Applied 
clinical genetics. 2014; 7:55-66.

3. Chen N., Zhang Z.Y., Liu D.W. The clini-
cal features of autoimmunity in 53 patients with 
Wiskott-Aldrich syndrome in China: a single-cen-
ter study. European journal of pediatrics. 2015; 
174(10):1311-1318.

4. Hacein-Bey A.S., Gaspar H.B., Blondeau J. 
et al. Outcomes following gene therapy in patients 
with severe Wiskott-Aldrich syndrome. JAMA. 
2015; 313(15): 1550-1563.

5. Worth A.J., Thrasher A.J. Current and 
emerging treatment options for Wiskott-Aldrich 
syndrome. Expert review of clinical immunology. 
2015; 11(9): 1015-1032.

References



2’ 2020 105

Introduction. Psoriatic disease is a 
systemic inflammatory disease that af-
fects the skin, joints and joints [9].  Pso-
riatic diseases of the skin, enthesion and 
joints have a common pathophysiology 
based on activation of the innate immune 
system, as well as on the generation of 
pathogenic T cells that cause inflamma-
tion.  Immunopathology in psoriasis and 
psoriatic arthritis (PA, PsA) is controlled 
by a combination of genetic factors and 
external factors, such as mechanical 
stress, which accelerate inflammation [2].  
Inflammation in the context of psoriatic 
disease is considered systemic, and not 
least because both conditions are asso-
ciated with increased cardiovascular risk, 
osteoporosis, and metabolic disorders 
[9]. The prevalence of PA in patients with 
psoriasis, according to different authors, 
ranges from 13.5 to 47% (an average of 
36%), and the prevalence of psoriasis in 
the population is 0.06 - 1.4%.  The caus-
es of joint damage have not yet been 
elucidated.  Important risk factors for PA 
include a genetic predisposition, immune 
disorders associated with collagen disor-
der, type II, as well as the presence of 
foci of bacterial, chlamydial and other 
types of infections [1-4].  In 2006, diag-
nostic criteria for CASPAR PA were pro-
posed, which are presented in Table [6].

Psoriatic arthritis (PsA) is an immu-
no-mediated, clinically heterogeneous 
disease characterized by arthritis, en-
thesitis, dactylitis, spondylitis and psoria-
sis of the skin and nails.  Persistent joint 
inflammation in patients with PA can lead 
to structural damage, which can lead to a 

decrease in physical function and qual-
ity of life.  Structural damage can occur 
quickly, and permanent damage to the 
joint can occur if patients do not receive 
timely and appropriate treatment [5].

Difficulties in the diagnosis of PA are 
associated with similarities to rheumatoid 
arthritis, gout due to the absence of spe-
cific clinical markers [7].  The diagnosis of 
rheumatoid arthritis (RA) is mainly based 
on the clinical symptoms and serological 
positivity of rheumatoid factor (RF) and 
/ or antibodies to anti-citrulline peptides 
(anti-CCPs), while only clinical and imag-
ing features help diagnose the disease 
[7].

We present a clinical observation of a 
family case of psoriasis complicated by 
psoriatic arthritis.

Purpose of the study is a demonstra-
tion of a family case of psoriatic arthritis 
and differential diagnosis with rheuma-
toid arthritis, gout.

Materials and research methods.  
The data of the clinical observation of a 
patient with a diagnosis of Psoriatic arthri-
tis, polyarthritic variant, severe course, 
activity of the II stage, functional insuffi-
ciency of the II – III stage are presented.  
Background: Common vulgar psoriasis, 
exudative, off-season, stationary stage.

From the anamnesis, it is known 
that the patient has been ill for about 11 
years, when for the first time pinkish-red-
dish papules appeared on the scalp and 
extensor surface of the elbow and knee 
joints, covered with loose silver-white 
scales clearly distinguished from healthy 
skin.  Later, pain in all joints of the 3rd 
and 4th toes of both feet joined.  Within 
two years, the pain spread to the knee 
joints.  The patient was diagnosed with 
Rheumatoid arthritis.  Psoriasis.  The pa-
tient refused the proposed therapy.

In the last two years, severe exacerba-
tions with increased arthralgic syndrome 
involving new joints and subfebrile tem-
perature about two times a year.  A “rad-
ish-like” deformation of the toes and a 
“sausage-like” deformation of the fingers 

appeared.  Patient is constantly taking 
Nise 2 tablets 2 times a day.

Development was according to age.  
Contacts with infectious patients denied.  
Blood transfusion denied.  Hereditary 
history: a mother aged 52 was diagnosed 
with Psoriasis, psoriatic arthritis.

The patient suffers from arterial hyper-
tension for 6 years: an increase in blood 
pressure up to 150/90 mm Hg, she con-
stantly takes antihypertensive therapy 
with the drug Prestanz once a day in the 
morning.

An allergic history is not burdened.
Objectively: Height 175 cm, body 

weight 95 kg.  BMI of 31.02 kg / m2, 
which corresponds to obesity of 1 de-
gree.  The presence of psoriatic plaques 
on the scalp, on the extensor surfaces of 
the right shoulder, elbow joints, as well 
as both knee joints.  There is a psoriatic 
triad: stearin stain, terminal film and the 
phenomenon of “blood dew” Polotebnov.  
“Radish-like” deformation of the toes and 
“sausage-like” deformity, edema and hy-
peremia of the 2nd, 3rd and 4th fingers 
of the right hand and 2nd and 3rd fingers 
of the left hand.  All joints of the feet and 
hands are enlarged.  Pathological mobil-
ity in the distal interphalangeal joints of 
the fingers.

General blood test: Red blood cells - 
4.5 * 1012 / l;  hemoglobin - 145 g / l;  
white blood cells - 6.5 * 109 / l (segment-
ed - 68%, lymphocytes - 31%, monocytes 
- 1%);  platelets - 353 * 109 / l;  ESR - 42 
mm / h.

Urinalysis - without features.
Rheumatic tests: CRP - 2 mg/L, RF - 

OTR, Antistreptolysin-0 - 152 U ml, uric 
acid - 0.3 mmol/L, A-CCP - 20 U/L.

Bacterial inoculation of synovial fluid - 
without features.

ECG: Sinus rhythm.  Left ventricular 
hypertrophy.  EOS is rejected to the left.  
Heart rate 68 in 1 minute.

X-ray of the hands: The articular fis-
sures of the proximal interphalangeal 
joints of the 2nd, 3rd, 4th fingers are nar-
rowed.  The heads of the 2nd, 3rd and 4th 
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metacarpal bones are corroded, reduced 
in size, with the presence of marginal pat-
terns and cystic enlightenments.  There 
are no heads of the 1st metacarpal bone 
on the right and heads of the proximal 
phalanx of five fingers (osteolysis).

X-ray of the feet: Erosion in combina-
tion with proliferation of bone tissue in 
the interphalangeal joint of the big toe, 
the first tarsal-metatarsal joint and dis-
location in the II-V metatarsophalangeal 
joints.  In several fingers erosion of the 
tuberosity of the distal phalanges.

X-ray of the knee joints in 2 projec-
tions: uneven narrowing of the joint gap, 
marginal bone growths, subchondral os-
teosclerosis are determined.

Dermatologist consultation: Common 
vulgar psoriasis, exudative.  Off-season 
option.  Stationary stage.

Differential diagnosis with rheuma-
toid arthritis, gout and other systemic 
lesions was carried out.  According to 
the CASPAR scale, the patient has 6 
points: psoriasis in a personal family 
history (for mother) - 1 point, psoriatic 
changes are present at the moment - 2 
points, a negative result for determining 
rheumatoid factor - 1 point, dactylitis - 1 
point, radiological signs of periarticular 
bone proliferation  in the form of a fuzzi-
ly limited ossification at the edges of the 
joint - 1 point [9].  Thus, on the basis of 

complaints, medical history, clinical and 
paraclinical data, the diagnosis was es-
tablished: Psoriatic arthritis, polyarthritic 
variant, severe course, activity of the II 
stage, functional insufficiency of the II – 
III stage.  Background: Common vulgar 
psoriasis, exudative.  Off-season option.  
Stationary stage.  Concomitant: Hyper-
tension 2, AH-2, risk -3.  Obesity I Art.

The therapy was carried out with 
non-steroidal anti-inflammatory drugs 
(NSAIDs), cytostatic therapy with meth-
otrexate with an initial dose of 10 mg 
followed by an increase to 20 mg, hepa-
toprotectors, sodium thiosulfate to relieve 
exacerbation of psoriatic elements, sal-
icylic acid externally.  During treatment, 
psoriatic elements on the skin decreased, 
infiltration around the rashes became 
less noticeable, Voronov's pseudo-
atrophic rims formed, itching completely 
disappeared, inflammation of the affect-
ed joints became less, and arthralgic syn-
drome regressed.

Conclusions. This case makes doc-
tors wary of psoriatic arthritis, the diffi-
culty of differential diagnosis with such 
specific diseases as rheumatoid arthritis, 
gout.  The active identification of patients 
with psoriatic arthritis requires, first of all, 
the correct interpretation of anamnestic, 
clinical, laboratory, radiological data.  The 
presented clinical observation indicates 

a significant contribution of the genetic 
predisposition to the development of the 
disease.  The presented clinical observa-
tion indicates a significant contribution of 
the genetic predisposition to the develop-
ment of the disease.  An important point 
is that patients with psoriatic arthritis 
have an increased risk of cardiovascu-
lar disorders [8].  A correctly diagnosed 
diagnosis is the appointment of the only 
correct treatment and the prevention of 
complications that can lead to disability 
of the patient.
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Diagnostic criteria for psoriatic arthritis, CASPAR 

Psoriatic joint inflammation can be diagnosed in a patient with peripheral arthritis, spondylitis 
and sacroiliitis or enthesitis and ≥3 points from the following:

1. Symptoms of psoriasis (psoriatic skin changes detected by a rheumatologist 
or dermatologist):
- psoriasis in a personal or family history (in a relative of I or II degree)
- psoriatic changes are present at the moment

1 point
2 point

2. Typical psoriatic changes in the nails (separation of the nail, depressions in 
the nail plate and hyperkeratosis), established during an objective examination 1 point

3. A negative result of determining the rheumatoid factor by any method 
(with the exception of the latex test), it is best ELISA or nephelometric method 1 point

4. Dactylitis, defined as swelling of the entire finger (the so-called sausage finger) 
at the moment or in the history recorded by a rheumatologist 1 point

5. Radiological signs of periarticular bone proliferation in the form of fuzzy 
limited ossification at the edges of the joint (with the exception of osteophytes) on 
radiographs of the wrist or foot

1 point
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