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ASSESSMENT OF THE INFLUENCE OF FACTORS ON THE TICK-
BORNE ENCEPHALITIS AND SIBERIAN TICK-BORNE TYPHUS 
INCIDENCE IN AREAS WITH MIXED FOCI OF THESE INFECTIONS
Altai State Medical University, Barnaul

A.V. Timonin, S.V. Shirokostup, N.V. Lukyanenko

The article presents the results of epidemiological research of combined foci of tick-borne viral encephalitis and 
Siberian tick-borne typhus, namely the results of the multidimensional factor analysis, through which the leading 
factors influencing epidemic processes of these infections were identified. The degree of influence of each of the 
factors on the level of current infections incidence was determined. A comparative assessment of the degree of in-
fluence of the leading factors on the incidence of the population of Altai Krai districts with combined foci of these 
infections was given.
Key words: combined foci, natural focal infections, tick-borne viral encephalitis, Siberian tick-borne typhus, en-
demic territories, determination of leading factors, multidimensional factor analysis.

Tick-borne infections are one of the urgent prob-
lems of modern epidemiology of natural focal dis-
eases and their epidemic processes may be influ-
enced by certain factors, determining aspects such 
as the activity of natural and anthropurgic foci and 
the frequency of contact of the population with 
these foci, which in turn influences the incidence 
rate trend. The impact of these factors measured 
separately can be regarded as statistically insig-
nificant, while a combination of a large number of 
similar factors may have a significant impact on the 
epidemic process of current natural focal infections.

Assessment of the hidden relationship between 
a set of individual predictors, allowing to form 
groups of leading factors with determination of 
the degree of their influence on the resulting sign 
(Siberian tick-borne typhus and tick-borne viral 
encephalitis incidence) can provide an opportuni-
ty to re-evaluate the contribution of each predictor 
to the epidemic processes of the studied infec-
tions. The use of multidimensional factor analysis 
is one of the methods of modeling the structure of 
leading factors influencing epidemic processes of 
tick-borne viral encephalitis (TVE) and Siberian 
tick-borne typhus (STT) in the Altai Krai areas with 
combined foci of these infections. Having such 
data will allow to correctly optimize a set of pre-
ventive measures aimed at reducing the incidence 
rate of current natural focal infections among the 
population.

The aim of the study was to determine the 
groups of leading factors influencing the epidemic 
processes of tick-borne viral encephalitis and Si-
berian tick-borne typhus in the Altai Krai territory 
of combined foci, as well as to assess the extent of 
their impact on the incidence of these infections.

Materials and methods
The study was conducted using the data of the 

official reporting of the Federal Service for Con-

sumer Rights and Human Welfare Protection, the 
Center of Hygiene and Epidemiology in Altai Krai, 
the Ministry of Health of Altai Krai, the Federal 
Statistics Service for Altai Krai, the data of statis-
tical reporting forms No. 2 “Information on infec-
tious diseases” in Altai Krai for 2000–2018. The 
study used the calculation of absolute and relative 
values, mean values (X), coverage errors (±m), the 
calculation of significance of differences was car-
ried out using the Fisher test (f). Processing of the 
obtained statistical data was conducted in Statis-
tica 12.0. Reduction of data dimension in calcula-
tions was carried out by the method of main com-
ponents. Rotation of factor loads was carried out 
by the Varimax method. The determination of the 
leading predictors influencing the TVE and STT in-
cidence was carried out on the basis of the proper 
calculated values of these predictors taking into ac-
count the Kaiser criterion. 

Results and discussion
A set of predictors selected empirically and 

subject to annual statistical accounting has been 
determined for multidimensional factor analysis 
(statistical collections of the Federal Service on Sur-
veillance in the Sphere of Consumer Rights Protec-
tion and Human Welfare, materials of the Ministry 
of Health of the Russian Federation, Federal State 
Statistics Service). The indicators related to the Al-
tai Krai areas with combined foci of TVE and STT 
which were also characterized by a high level of 
incidence compared to Altai Krai as a whole were 
taken into account.

Three groups of predictors were formed for the 
factor analysis:

Group 1 was formed of predictors providing 
the frequency of contacts of population of areas 
with causative agents of STT and TVE in the areas 
with combined foci of these infections (the num-
ber of the working-age population, the number of 
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children and adolescents up to the age of 17, the 
number of occupational risk cohort among the 
population, the number of population older than 
the working age, the prevalence of ticks with rick-
ettsia, infected ticks, the number of ticks per 1 km 
of the way). This group of predictors ensures the 
formation of a tendency to increase in the STT and 
TVE incidence rate;

Group 2 was formed of predictors ensuring the 
implementation of primary and secondary preven-
tion of current nosologies, as well as the availabil-
ity of medical care to persons affected by tick bite 
(the number of medical organizations, including 
FAS and outpatient clinics, the number of beds in 
in-patient hospitals, the area of acaricide treatment, 
rates of vaccination against TVE and immunopro-
phylaxis using immunoglobulin against TVE). 
This group of predictors ensures the formation of 
a downward trend in the STT and TVE incidence 
rate in the Altai Krai areas with combined foci;

Group 3 was formed of predictors providing 
the formation of natural and anthropurgic foci of 
STT and TVE, as well as maintaining their high 
activity (livestock in farm and personal subsidi-
ary holdings, the area of perennial plantings near 
roads, the length of auto-roads put into service, 
the area of seed cultures). This group of predictors 
provides the formation of a tendency to increase in 
current infections incidence rates.

Within the framework of the multidimension-
al factor analysis, we conducted an assessment of 
the influence of three groups of formed predictors 
on the TVE and STT incidence among the popula-
tion of areas with combined foci of STT and TVE in 
order to determine the leading predictors and ex-
clude “noise” ones, which do not have significant 
influence.

After determining the leading predictors with-
in each of the three formed groups, their ranking 
was carried out according to the criterion of the 
share of total variance (%), expressing the degree 
of influence of the analyzed predictors on the TVE 
and STT incidence among the population of areas 
with combined foci of current infections. When 
ranking, all predictors (previously defined as the 
leading ones) were subjected to multidimensional 
factor analysis, which where then combined into 
factors using the method of main components, on 
the basis of calculated values of factor loads. At the 
same time, it was possible to establish that most 
predictors have no connection with other analyzed 
predictors and form factors independently. For ex-
ample, Factor 1 was formed of predictors character-
ized by the population in the group of high risk of 
disease of these nosologies (the number of children 
and adolescents up to the age of 17, the number 
of occupational risk cohort among the population, 
the number of population older than the working 
age), as well as reflecting the availability of curative 
and preventive care for the population (the num-

ber of medical organizations, including FAS and 
outpatient clinics). The other factors were formed 
by one of the predictors independent of the others: 
Factor 2 – the number of ticks per 1 kilometer of 
the way; Factor 3 – the area of acaricide treatment; 
Factor 4 – the index of infected ticks (%); Factor 5 
– the prevalence of ticks with rickettsia (%); Factor 
6 – the indicator of preventive vaccination against 
TVE; Factor 7 – the indicator of immunoglobulin 
seroprevention for TVE.

A multidimensional factor analysis allowed 
to determine the extent to which each of the fac-
tors affect the incidence of current infections. The 
presence of non-specific factors influencing trends 
in the incidence of TVE and STT infections differ-
ent in nosology was also found. Thus, the group 
of non-specific factors (factors 1–3) is characterized 
by the degree of influence on the dynamics of inci-
dence in population: TVE – 80.46%, STT – 85.31%. 
At the same time, each of the nosologies has a set 
of specific factors that selectively influence the ten-
dency of the STT or TVE incidence. Thus, a group of 
specific factors has a combined impact of 18.09% on 
the dynamics of the TVE incidence; STT – 11.61%. 
The share of “noise” factors influencing the trend 
of the STT incidence was 30.8%, and TVE – 1.45%.  
The data are presented in Table 1.

Conclusion
Thus, in the course of the conducted study, it 

was possible to establish that the TVE and STT in-
cidence is more than 80% formed due to the influ-
ence of non-specific factors formed by such predic-
tors as: in Factor 1, the population in the group of 
high risk of incidence of these infections (the num-
ber of children and adolescents up to the age of 
17, the number of occupational risk cohort among 
the population, the number of population older 
than the working age), as well as the availability 
of curative and preventive care for the population 
(the number of medical organizations, including 
FAS and outpatient clinics); Factor 2 – the number 
of ticks per 1 kilometre of the way; Factor 3 – the 
area of acaricide treatment. At the same time, the 
predictors from Factor 1 have a significant share of 
total variance equal to 64.49% for TVE and 64.91% 
for STT.

Predictors considered as preventive measures 
aimed at reducing the TVE and STT incidence have 
a degree of influence of 13.13% on the TVE inci-
dence (the area of acaricide treatment – 4.52%, the 
indicator of preventive vaccination against TVE – 
2.63%, the indicator of immunoglobulin seropre-
vention for TVE – 5.98%) and 4.71% (the area of 
acaricide treatment) – on the STT incidence. The 
low impact of preventive measures both in gener-
al and in isolation may be due to the insufficient 
volume of activities carried out. Awareness of the 
degree of influence of each predictor considered as 
measures of prevention of current natural focal in-
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fections will allow to optimize the use of economic 
resources to reduce the incidence rate among the 
Altai Krai population living in areas with mixed 
foci of these infections.

Conflict of interest. The authors declare no con-
flict of interest.

Table 1
The results of the multidimensional factor analysis, expressed in the comparative assessment of the degree of influence  

of the leading factors on the TVE and STT incidence in Altai Krai areas with combined foci of these infections

List of factors formed of analyzed predictors
The degree of influence of the factor, %
Tick-borne viral 

encephalitis
Siberian tick-borne 

typhus
Non-specific factors
Factor 1 64.49 64.91
Factor 2 11.45 15.69
Factor 3 4.52 4.71
Specific factors
Factor 4 9.48 -
Factor 5 - 11.61
Factor 6 2.63 -
Factor 7 5.98 -
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EPIDEMIOLOGICAL FORECASTING OF THE INCIDENCE OF TICK-
BORNE NATURAL FOCAL INFECTIONS IN WESTERN SIBERIA
Altai State Medical University, Barnaul

S.V. Shirokostup, I.P. Saldan, N.V. Lukyanenko

The developed technology of epidemiological forecasting of the incidence of tick-borne natural focal infections on 
the basis of neural network and GIS-technologies allows to obtain reliable prognostic incidence rates in endemic 
territories. Implementation of the technology provides taking into account more than 25 factors of biotic and abiot-
ic nature, having a significant influence on the process of formation and maintenance of high activity of infection 
foci. This article presents epidemiological forecasting of the incidence of tick-borne encephalitis on the model of 
Altai Krai and the Republic of Altai.
Key words: epidemiological forecasting, natural focal infections, tick-borne viral encephalitis, epidemic process.

The territory of Western Siberia makes the main 
contribution to the formation of morbidity of tick-
borne natural focal infections in Russia [1, 2]. Re-
gions of the Siberian Federal District, located with-
in the borders of Western Siberia, are endemic for 
such infections as tick-borne viral encephalitis, ix-
odic tick-borne borreliosis, rickettsiosis, West Nile 
fever, Kemerovo fever, anaplasmosis, ehrlichiosis, 
etc. [3–5]. The high intensity of contact of the popu-
lation with infection sites is determined by the sig-
nificant share of the rural population in more than 
50% of the demographic structure of the regions, 
the employment of a significant part of the pop-
ulation in agriculture and forestry, as well as the 
presence of anthropurgic foci of infection within 
the boundaries of populated areas [6, 7].

At present, taking into account the natural mi-
gration of animal feeding mites through the territo-
ry of Western Siberia, which facilitates the transport 
of mites over long distances, the risk of spreading 
“new” pathogens of natural focal infections for re-
gions of Siberia increases [8–10]. Thus, in the steppe 
regions of Altai Krai during the last decade, the oc-
currence of Ixodes and Haemaphysalis genus ticks 
previously not characteristic of these territories has 
been observed [11–13]. Detection of pathogens of 
several infections in ticks of these genera contributes 
to the formation of new foci of infections, increasing 
the risk of potential epidemic danger of infection of 
the population [14, 15].

The research objective is to develop a technolo-
gy of epidemiological forecasting of the incidence 
of tick-borne natural focal infections in Western 
Siberia on the example of tick-borne viral enceph-
alitis in model territories – Altai Krai and the Altai 
Republic.

Materials and methods
As the research materials, data of the Adminis-

tration of the Federal Service for Consumer Rights 
and Human Welfare Protection in Altai Krai, the 
Administration of the Federal Service for Consumer 
Rights and Human Welfare Protection in the Altai 

Republic were used. The data of laboratory studies 
were obtained in collaboration with the Federal Bud-
get Institution of Science “Central Research Institute 
for Epidemiology” of Rospotrebnadzor. Processing 
of data obtained in the course of the study was car-
ried out using the Statistica 13.0 package programs, 
including neural networks, hierarchical cluster anal-
ysis. In the assessment of the spatial distribution of 
the studied phenomena across the territory of the 
Siberian Federal District regions, GIS technologies 
of the ArcGIS program were used.

Results and discussion
During the retrospective epidemiological anal-

ysis of the incidence of tick-borne encephalitis (TE) 
in the period from 2000 to 2017 in the Siberian Fed-
eral District (SFD), a pronounced downward trend 
was established: the population morbidity rate de-
creased from 15.4±0.17 0/0000 to 5.8±0.27 0/0000 respec-
tively (p<0.001) with an average long-term rate of 
10.1±0.23 0/0000. Also during this period, there was 
a decrease in the TE mortality rate from 0.14±0.03 
0/0000 to 0.05±0.01 0/0000 (p<0.001). The method of au-
tocorrelation determined the long-term cycle of TE 
incidence in the SFD, which amounted to 9 years 
and corresponded to the indicator of the long-term 
cycle of TE in the Russian Federation in general. 
This nosology was characterized by spring-au-
tumn seasonal prevalence with the beginning of 
the registration of the first cases in April and the 
peak of morbidity in June (Figure 1).

In the structure of the average long-term TE 
incidence rate in the SFD in 2000–2017, the largest 
share of cases occurred in Krasnoyarsk Krai (33.6%), 
Tomsk Oblast (14.2%), Kemerovo Oblast (9.9%), Ir-
kutsk Oblast (8.5%). Within the boundaries of the 
territory of these regions, there are multiple hab-
itats of vector ticks, which determine the forma-
tion of natural and anthropurgic infection foci. A 
complex of natural climatic factors determining fa-
vorable habitat conditions for the existence of ticks 
and their feeders can also contribute to maintain-
ing of the high activity of infection foci.
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Figure 1. Dynamics of TE morbidity and mortality from TE in the SFD in 2000–2017 (0/0000).

One of the characteristics of the epidemic pro-
cess of TE in the SFD in the period from 2000 to 
2017 was the prevalence of morbidity of rural 
population over urban population by 27.5%. The 
average long-term morbidity rate of residents of 
rural areas of the SFD was 13.4±1.57 0/0000, urban 
– 9.7±0.84 0/0000. This situation was caused by the 
presence of regions with more than 50% of resi-
dents of rural areas in the demographic structure 
in the Siberian Federal District, including the Re-
public of Buryatia (80%), Zabaykalsky Krai (68%), 
the Altai Republic (68%), the Tyva Republic (67%), 
Omsk Oblast (66%), Altai Krai (50%), the Republic 
of Khakassia (40%). 

The morbidity rate of TE among adults in the 
SFD was 8.7±0.82 0/0000, which is 39.7% higher than 
that of 6.2±1.39 0/0000 among children under 17. In 
the group of adult population, there were occupa-
tional risk groups, whose activity is mainly related 
to agriculture, forestry, tourism and tourism sec-
tors of the economy in endemic regions. In 2000–
2017, an average of 1321 cases of TE among the 
adult population were registered in the regions of 
the SFD annually, which is 6 times higher than the 
number of cases among children and adolescents 
aged up to 17. At the same time, 77.8% of all cases 
in the SFD among adults were provided by Irkutsk 
Oblast (96 cases annually), Novosibirsk Oblast (140 
cases annually), Kemerovo Oblast (165 cases an-
nually), Tomsk Oblast (185 cases annually), Kras-
noyarsk Krai (442 cases annually).

In order to develop the technology of epide-
miological forecasting of TE incidence in endemic 

regions of Western Siberia, model territories were 
determined within the boundaries of which there 
were active infection foci annually registered TE 
incidence among the population. Altai Krai and 
the Altai Republic were chosen as model regions, 
which was determined by consolidation of the 
leading factors within their borders contributing 
to the formation of the tendency to increase in the 
TE incidence. For the selection of model territories 
from the SFD regions, the analysis was carried out 
on the basis of hierarchical clustering, which was 
based on samples of factors of biotic and abiotic na-
ture for the period from 1956 to 2017.

The Ward’s method was chosen as the cluster-
ing method involving normalization of indicators 
of all samples with calculation of average values 
for each selected factor for analysis and unifi cation 
of regions of the SFD into clusters. The obtained 
data allowed to allocate a model cluster, including 
Altai Krai and the Altai Republic, as well as a mod-
el-dependent cluster, including other SFD regions. 
On the basis of the obtained results, a dendrogram 
was designed refl ecting the results of clustering 
(Figure 2).

Neural network models were developed for 
each of the model territories, which allowed to pre-
dict the incidence and number of victims of ticks 
sucking. Also, with the use of neural networks, 
promising volumes of preventive measures neces-
sary for optimization of measures of TE incidence 
epidemiological control were determined.
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Figure 2. Dendrogram of hierarchical cluster analysis of SFD regions with the selection 
of model (1) and dependent (2) clusters.

The results of the study showed that for Altai 
Krai as a model territory, to reduce the TE inci-
dence by 32.6% to 0.91 0/0000 in comparison with the 
indicator of the previous period, it is necessary to 
increase the volume of acaricide treatment by 10% 
to 2223.3 ha, increase the volume of seropreven-
tion by 3.4% to 10000 doses per year, increase the 
volume of TE vaccination by 10% to 77500 doses 
per year. For the Altai Republic, in order to reduce 

incidence by 32.1% to 4.21 in comparison with the 
previous period, it is necessary to increase the area 
of acaricide treatment by 20% to 817.2 ha, increase 
the volume of seroprevention by 4.9% to 2300 dos-
es per year, increase the volume of TE vaccination 
by 10% to 28500 doses per year.

In the framework of the conducted study, the 
natural migration processes of TE vector ticks on 
the territory of model regions were studied. It was 

Figure 3. Map of the perspective spatial distribution of “new” pathogens of tick-borne infections 
on the territory of the model regions of Altai Krai and the Altai Republic.
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found that the migration of ticks is directed from 
the south-eastern to the western borders of Altai, 
which causes the formation of new TE foci in the 
territories that were not previously endemic. The 
obtained data reflect the probability of an increase 
in the risk of infection of the SFD population in 
addition to TE by pathogens such as Kemerovo fe-
ver, R. tarasevich, Borellia myiamotoi, Anaplasma 
phagocytophillum, West Nile fever, etc. The results 
of the study of the perspective spatial distribution 
of “new” pathogens of tick-borne infections on the 
territory of the model regions of Altai Krai and the 
Altai Republic were mapped (Figure 3).

Conclusion
Epidemiological forecasting of the TE incidence 

in the SFD regions should be based on the analysis 
of a set of biotic and abiotic factors. In endemic ter-
ritories of the SFD, manifestations of TE epidemic 
processes are characterized by identity and mutu-
al dependencies, which is caused by the presence 
of common natural climatic complexes within the 
borders of Western Siberia. Changing conditions 
of the external environment under the influence of 
a complex of factors of biotic, abiotic and anthro-
pogenic nature entail inevitable change of the epi-
demic situation and ensuring its operational mon-
itoring. 

Developed algorithms of neural network fore-
casting allow to provide calculation of the perspec-
tive indicators of TE incidence, number of victims 
of ticks sucking, and necessary amount of mea-
sures of epidemiological surveillance of morbidi-
ty. The results obtained with the consideration of 
neural network epidemiological forecasting allow 
to determine the perspective spatial distribution 
of “new” for model regions tick-borne infection 
pathogens and extrapolate the data to other TE en-
demic SFD regions.

Conflict of interest. The authors declare no con-
flict of interest.

References:
1. Zlobin V.I., Demina T.V., Belikov S.I. et 

al. Genetic typing of tick-borne encephalitis virus 
strains based on the analysis of the levels of homol-
ogy of the shell protein gene fragment. Problems of 
Virology. 2001;1:17-21. 

2. Zlobin V.I., Alimov A.V. Some issues of 
tick-borne encephalitis. Current aspects of viral infec-
tions. Yekaterinburg, 2016:41-49.

3. Ierusalimsky A.P. Tick-borne infections at 
the beginning of the 21 century. Neurological Jour-
nal. 2009;14(3):16-20.

4. Pokrovsky V.I., Pak S.G., Birko N.I., 
Danilkin B.K. Infectious diseases and epidemiology. 
Moscow: GEOTAR-Media; 2007:816.

5. Konkova-Reidman A.B., Zlobin V.I. The 
combined infection of ixodic tick-borne borreliosis and 

tick-borne encephalitis in the Southern Urals. Chely-
abinsk, 2016.

6. Laboratory diagnostics of dangerous infectious 
diseases. Practical guide. Ed. G.G. Onishchenko, 
V.V. Kutyreva. Moscow; 2009:472. 

7. Penyevskaya N.A., Rudakov N.V. Assess-
ment of the effectiveness of etiotropic prophylax-
is of tick-borne infections:  the systematization of 
concepts and methodological features. Epidemiolo-
gy and Vaccinal Prevention. 2018;17(6 (103)):48-56.

8. Pokrovsky V.I., Filatov N.N., Paltyshev I.P. 
Descriptive epidemiological study. Moscow: Sanepid-
media; 2005:240. 

9. Rudakov N.V., Rudakova S.A., Yastrebov 
V.K., Penyevskaya N.A., Savelyev D.A. Epidemiol-
ogy of tick-borne vector-borne infections in Russia. 
Russian Journal of Infection and Immunity. 2017;S:61.

10. Rudakova S.A. Tank role of small mam-
mals in combined natural foci of bacterial infections 
in Western Siberia. Zoological Journal. 2010;89(1):88-
92.

11. Tyulko Zh.S., Yakimenko V.V., Rudakov 
N.V., Savelyev D.A., Andaev E.I., Balakhonov S.V. 
Differentiation of the territories of the Russian Fed-
eration by the rates of tick-borne encephalitis mor-
bidity on the basis of discriminant analysis. Russian 
Journal of Infection and Immunity. 2017;S:223.

12. Khazova T.G., Yastrebov V.K. Epizooto-
logical and epidemiological supervision of vec-
tor-borne natural focal infections in Krasnoyarsk 
Krai. Epidemiology and Infectious Diseases. 2003;4:15-
18.

13. Shpynov S.N., Rudakov N.V., Savelyev 
D.A., Samoilenko I.E., Reshetnikova T.A., Kumpan 
L.V., Penyevskaya N.A. Results and prospects of 
work of the Reference Center for monitoring rick-
ettsiosis of FBIS “Omsk Research Institute of Natu-
ral Focal Infections” of Rospotrebnadzor. Bulletin of 
Medical Science. 2019;2(14): 4-8.

14. Shchuchinova L.D., Karan L.S., Zhuren-
kova O.B., Dedkov V.G., Shchuchinov L.V., Zlobin 
V.I. Detection of Kemerovo virus in ixodic ticks of 
the Altai Republic. Infectious Diseases. 2016;14(S1): 
320.

15. Yastrebov V.K., Rudakov N.V., Shpynov 
S.N. Transmissive tick-borne natural focal infec-
tions in the Russian Federation: trends of the ep-
idemiological process, actual prophylaxis prob-
lems. Siberian Medical Journal (Irkutsk). 2012;111(4): 
91-93. 

Contacts
Corresponding author: Shirokostup Sergey Vasi-
lyevich, Candidate of Medical Sciences, Associate 
Professor, Associate Professor of the Department 
of Epidemiology, Microbiology and Virology, Altai 
State Medical University, Barnaul.
656038, Barnaul, Lenina Prospekt, 40.
Tel.: (3852) 566869.
E-mail: shirokostup@yandex.ru



11

BULLETIN OF MEDICAL SCIENCE 3 (15) 2019

Author information
Saldan Igor Petrovich, Doctor of Medical Sciences, 
Professor, Rector, Head of the Department of Hy-
giene, Fundamentals of Ecology and Health and 
Safety, Altai State Medical University, Barnaul.
656038, Barnaul, Lenina Prospekt, 40.
Tel.: (3852) 656800.
E-mail: rector@agmu.ru

Lukyanenko Natalia Valentinovna, Doctor of Med-
ical Sciences, Professor, Professor of the Depart-
ment of Epidemiology, Microbiology and Virolo-
gy, Altai State Medical University, Barnaul.
656031, Barnaul, ul. Papanintsev, 126.
Tel.: (3852) 566924.
E-mail: natvalluk@mail.ru



12

BULLETIN OF MEDICAL SCIENCE 3 (15) 2019

UDC 616.914-036(571.15)

COMPARATIVE ANALYSIS OF SOME MANIFESTATIONS OF THE 
EPIDEMIC PROCESS OF CHICKENPOX IN BARNAUL AND ALTAI 
KRAI
Altai State Medical University, Barnaul

E.A. Peredelskaya, T.V. Safyanova, S.V. Shirokostup

Chickenpox is a widespread highly contagious disease with an airborne transmission mechanism. The possibility 
of mass morbidity with this nosology determining the need for the introduction of quarantine measures precondi-
tions the significance of the issue of primary specific prevention. A feature of chickenpox in children’s groups is the 
outbreak of the infection among people who have no previous history of disease or have not been vaccinated. The 
study resulted in the establishment of several features of the epidemiological manifestations of chickenpox among 
children and adults in Altai Krai.
Key words: chickenpox, epidemiology, vaccination, quarantine.

Chickenpox is an acute viral infectious disease 
characterized by lesion of the skin and mucous 
membranes in the form of polymorphic macu-
lo-papulo-vesicular rash, moderately pronounced 
fever and symptoms of general intoxication, main-
ly benign course [1]. Infection occurs in cases of 
absence of post-infective immunity or vaccination 
against chickenpox in the patient’s history [2]. So-
cial and economic importance of infection is deter-
mined by the outbreak nature of the disease, the 
need for quarantine measures, and the substantial 
material costs of treatment and rehabilitation of pa-
tients in case of development of moderate and se-
vere degrees [3, 4]. An important epidemiological 
aspect of infection is also the possibility of devel-
opment of its chronic form – shingles, it develops 
in 10–20% of patients who have already suffered 
chickenpox [5, 6].

The possible development of moderate and 
severe degree of disease in children requires the 
provision of emergency specialized medical care 
in hospital conditions with the duration of treat-
ment of 21 days [7–10]. The long stay in hospital, 
the need for differential diagnosis and prevention 
of complications require the participation of an 
infection disease doctor, pediatrician, neurologist, 
ophthalmologist, otorhinolaryngologist in the 
treatment [11, 12]. In this situation, the solution of 
the issue of specific prevention of chickenpox tends 
to be possible and most rational [13–15].

The purpose of this study was to establish some 
aspects of the epidemic situation on chickenpox in 
Altai Krai and the city of Barnaul with justification 
of the need for vaccination of risk groups.

Materials and methods 
The retrospective epidemiological analysis of 

the chickenpox incidence in the population of Al-
tai Krai and Barnaul was carried out on the basis 
of statistical reporting forms No. 2 of the Federal 
State Statistical Monitoring “Information on infec-

tious and parasitic diseases” for 2001–2018. Data 
processing was conducted using calculation of 
intensive and extensive indicators, calculation of 
arithmetic mean (X) and standard error of mean 
(m). The statistical analysis was carried out using 
Microsoft Excel.

Results and discussion
During the study period from 2001 to 2018, there 

was a tendency of increase in the chickenpox inci-
dence among the Altai Krai population by 1.8 times 
from 346.15±0.11 0/0000 to 574.47±0.1 0/0000 (p<0.01). 
The population of Barnaul was also characterized 
by a tendency to increase in incidence rates by 1.13 
times from 422.47±0.47 0/0000 to 515.28±0.13 0/0000. 
This situation was largely due to the increase in 
the number of officially registered cases of illness 
by medical organizations and was determined by 
the increase in the number of citizens’ requests for 
medical assistance.

The maximum incidence rate both in Altai Krai 
and Barnaul was recorded in 2008 and amounted 
to 714.34±0.5 0/0000 and 1085.73±0.2 0/0000 respectively. 
The average long-term indicator in Altai Krai was 
474.71±0.03 0/0000 and was lower than the same in-
dicator in Barnaul (584.17±0.06 0/0000) by 1.2 times 
(p>0.05). The maximum incidence rates were re-
corded between December and February and aver-
aged 75.14±0.01 0/0000, the minimum in August and 
averaged 13.2±0.03 0/0000 (p<0.01).

The average long-term incidence indica-
tor among the adult population of Barnaul was 
47.5±0.02 0/0000, which is 1.5 times higher than that in 
Altai Krai (31.5±0.14 0/0000) (p<0.01). Peak incidence 
was recorded in 2009 in Altai Krai (146.68±0.01 
0/0000) and in 2008 – in Barnaul (55.87±0.11 0/0000). The 
average long-term incidence rate among children 
in Barnaul was 287.4±0.10 0/0000 and was higher 
than that in Altai Krai by 1.3 times (225.9±0.97 0/0000) 
(p<0.01).
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Figure 1. Dynamics of the chickenpox incidence in Altai Krai and Barnaul for 2001–2018 (per 100,000 population).

Children aged 3–6 years (53% and 62% respec-
tively) and 7–14 years (29% and 19% respectively) 
represent the largest share in the structure of those 
infected with chickenpox in Altai Krai and Bar-
naul. The average long-term chickenpox incidence 
rate in Altai Krai among children aged 3–6 was 
412.9±0.8 0/0000 and was higher than the incidence 
rate in children: 1-2 years – by 2.5 times (161.6±0.3 
0/0000), 7–14 years – 2.8 times (148.1±0.4 0/0000), up to 
1 year – 4.8 times (85.5±0.9 0/0000), and 15–17 years – 
7.5 times (55.1±0.6 0/0000) (p≤0.05).

In Barnaul, the average long-term chicken-
pox incidence rate among children aged 3–6 was 
755.1±0.03 0/0000 and was higher than the incidence 
rate in children: 1-2 years — 2.5 times (300.9±0.1 
0/0000), up to 1 year – 5.4 times (140.0±0.8 0/0000), 7–14 
years – 6.2 times (122.4±0.2 0/0000), and 15–17 years – 
16.8 times (45.0±0.5 0/0000) (p≤0.05). 

In the structure of the infected with chickenpox, 
the share of organized children in Altai Krai and 
Barnaul accounted for 48% and 59% respectively. 
Schoolchildren accounted for 33% and 22% re-
spectively, unorganized children – 19% each. The 
results show that higher incidence rates were due 
to outbreaks in children’s organized groups. This 
situation is due to the high contagiousness of the 
infection and the spread of the disease among per-
sons who have not had a history of infection or vac-
cination (Figure 2a, b).

Currently, in Altai Krai in a number of cases, 
molecular biological studies of isolated vesicles 
for the varicella-zoster virus are used as special 
methods for determining the pathogen and con-
fi rming the diagnosis, as well as the determination 
of IgM, IgG antibodies to the virus of chickenpox 
in the blood. The necessity of using these methods 

in cases of moderate and severe forms of infection 
in children to prevent the development of possible 
complications is shown. Also in connection with 
the possibility of the chickenpox manifestation in 
the inapparent form, the diagnosis is based on the 
results of laboratory studies.

Currently, leucosis, cancer, HIV infection, im-
munosuppressive therapy and corticosteroids 
treatment are among the main risk factors for the 
development of severe course of the disease. Preg-
nant women are also at risk because transplacental 
transmission of the virus from an ill mother to a 
child is possible. At the same time, cases of chick-
enpox in a newborn to 11 day of life will be recog-
nized as a congenital infection. 

Congenital forms of infection include congeni-
tal chickenpox syndrome and neonatal chickenpox. 
During the fi rst 20 weeks of pregnancy, intrauter-
ine infection of the fetus can provoke spontaneous 
miscarriage, birth of a child with congenital chick-
enpox syndrome, or intrauterine death of the fetus. 
Neonatal chickenpox can develop in the case of an 
illness of a pregnant woman less than 10 days be-
fore childbirth. The timing of infection will deter-
mine the severity of the course of neonatal chick-
enpox. In this regard, vaccination in pregnancy 
planning is one of the key preventive measures to 
reduce the number of moderate and severe forms 
of disease in newborns.

Conclusion
The results obtained in the retrospective epide-

miological analysis of the chickenpox incidence al-
lowed to determine that in the structure of patients 
both in Barnaul and Altai Krai children aged 3–6 
years made the main share. This category of chil-
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dren is characterized by a predominant absence of 
a history of the disease and, as a rule, by a lack of 
vaccination. The possible development of moder-
ate and severe forms of infection in newborns in-
fected by transplacental transmission is also one 

of the factors determining the need for vaccination 
against chickenpox.

Confl ict of interest. The authors declare no con-
fl ict of interest.

2a                                                                        2b
Figure 2 (a, b). Structure of children under 17 with chickenpox by groups in Altai Krai and Barnaul for 

2001–2018 (%).
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MODERN VIEW ON THE PATHOGENESIS OF NSAID-INDUCED 
GASTROPATHY
Altai State Medical University, Barnaul

S.E. Lorents, A.Yu. Zharikov

The review analyzes modern research data on the factors, causes and mechanisms of development of NSAID-in-
duced injury of the gastric mucosa. The role of prostaglandins, nitrogen oxide, free radical oxidation, and apoptosis 
processes in protection and damage of the gastric mucosa was studied. On the basis of collected data, a new vector 
of development of effective schemes of pharmacological correction of NSAID-induced gastropathy was proposed.
Key words: NSAID gastropathy, prostaglandins, oxidative stress, apoptosis, gastric mucosa.

According to the Federal State Statistics Service 
of the Russian Federation, the incidence of various 
pathologies of the digestive organs is about 34/1000 
people of the population, and over the past 10 
years, it remains approximately at the same level, 
without a downward trend [1]. Gastropathy caused 
by taking nonsteroidal anti-inflammatory drugs 
(NSAIDs-induced gastropathy) plays an important 
role in that respect. This term describes the dam-
age to the upper gastrointestinal mucosa with the 
formation of erosions and ulcers, detected during 
endoscopic examination. The use of NSAIDs is the 
second major cause of gastric mucosal erosion af-
ter Helicobacter Pylori infection [2, 3]. At the same 
time, the incidence of H. pylori-associated peptic 
ulcer disease in the EU, USA, Japan, and other 
countries is gradually decreasing, while NSAID-in-
duced gastropathy is becoming more common and 
is now increasingly firmly established as the main 
non-infectious etiological factor in the develop-
ment of gastric ulcer [4-6].

To date, there has been proved a close correla-
tion between the epidemiology of gastric ulcer and 
gastritis and the incidence of rheumatoid arthritis, 
arthrosis, and other inflammatory diseases, the 
pharmacotherapy of which requires long-term ad-
ministration of NSAIDs. [6-9]. At the same time, it 
was found that 40-50% of all acute gastrointestinal 
(GI) bleeding requiring endoscopic or surgical in-
tervention was caused by the intake of NSAIDs [10-
13]. With total mortality from these complications 
about 10%, among these people, patients receiving 
NSAIDS are 2-3 times more likely to appear than 
those not receiving drugs of this group [14-19].

At the same time, the application of NSAIDs is 
so important that it is not possible to exclude or at 
least limit the use of these drugs in the foreseeable 
future. In addition, the mechanism of the ulcero-
genic action of NSAIDs is known to be almost iden-
tical to the main mechanism of anti-inflammatory, 
antipyretic and analgesic action of NSAIDs, result-
ing in the inhibition of cyclooxygenase (COX) and 
prostaglandin synthesis disruption [20-22]. This 
means that any medical use of NSAIDs, especial-
ly of non-selective action on COX-1,2, may and 

will cause the development of gastropathy. This 
problem was solved to a certain extent by creat-
ing NSAIDs – selective COX-2 inhibitors [23-25]. 
However, it turned out that these drugs produce 
weaker pharmacological effects than non-selective 
COX-1,2 inhibitors, which therefore remain the 
most commonly used drugs.

Thus, despite significant progress in the ap-
proach to the rational use of NSAIDs, the risk of 
adverse events from the gastrointestinal tract when 
taking these drugs is still high. In this regard, the 
question of finding new effective and safe pharma-
cological agents for the prevention of NSAID-in-
duced gastropathy is still of present interest.

The spectrum of drugs used for the treatment 
and prevention of NSAID-gastropathy is wide and 
includes antacids, bismuth preparations, prosta-
glandin analogues, antisecretory drugs (H2-block-
ers, proton pump inhibitors) [26]. However, thera-
py with these groups of drugs is not yet adequate, 
frequently because of side effects.

Given the fact that the inhibition of COX and 
reduction of endogenous prostaglandin synthesis 
occupy a leading position among the mechanisms 
of the damaging effect of NSAIDs, the use of exog-
enous prostaglandins is suitable for the prophylax-
is of damage.

The synthetic analogue of prostaglandin E1, 
misoprostol, based on the results of a large me-
ta-analysis, demonstrated efficacy in the preven-
tion of gastric ulcers (74%) and duodenal ulcers 
(53%) compared to placebo [27]. The frequency of 
serious gastrointestinal complications in patients 
receiving NSAIDs in combination with 800 µg of 
misoprostol was 0.76% compared with 1.5% in the 
placebo group, where gastrointestinal perforation, 
the most dangerous pathology, occurred 10 times 
less frequently in patients receiving misopros-
tol than in control [28]. Misoprostol is effective in 
stimulating bicarbonate and mucus production, 
maintaining adequate local blood flow and muco-
sal integrity as protective barriers. In response to 
damage, misoprostol stimulates mucosal epithelial 
proliferation [29].
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Unfortunately, the clinical benefit of misopros-
tol is limited mainly to its gastrointestinal side 
effects such as cramps, abdominal pain, and diar-
rhoea, as well as non-gastrointestinal side effects 
(an increase of contractile activity of the myome-
trium; systemic vasoplegia: hypotension, facial hy-
peremia, headaches) [30].

Currently, antisecretory drugs such as H2 
blockers and proton-pump inhibitors (PPIs) obtain 
a central place in the treatment and prevention of 
NSAID gastropathy [26, 31].

At the same time, many studies comparing these 
two main groups of drugs confirm that H2 blockers 
(ranitidine, famotidine) are not effective enough in 
the treatment of NSAID-induced gastropathy. PPI 
drugs (omeprazole) show the highest therapeutic 
activity both in the treatment and in the prevention 
of pathology [32-35; 31].

They provide a more powerful and prolonged 
inhibition of gastric acid secretion, a higher healing 
rate, and symptomatic relief and are recommend-
ed as initial therapy for most patients. According 
to a meta-analysis of randomized controlled tri-
als (RCTs), proton-pump inhibitors compared to 
H2 receptor blockers systematically show better 
results [19, 36, 37]. According to the OMNIUM 
(OMEPRAZOLE VERSUS MISOPROSTOL 
FOR NSAID-INDUCED ULCER MANAGE-
MENT) study, it was possible to maintain remis-
sion with taking NSAIDs for 6 months with the 
appointment of omeprazole in 61% of patients, and 
with the appointment of misoprostol in 48% of pa-
tients. Omeprazole was more effective than ranit-
idine in preventing NSAID gastropathy, accord-
ing to the ASTRONAUT (Acid Suppression Trial: 
Ranitidine versus Omeprazole for NSAID-associ-
ated Ulcer Treatment) study [38, 39].

Despite its high efficacy, the PPI group cannot 
be considered ideal for the prevention and treat-
ment of NSAID-induced gastropathy. In recent de-
cades, adverse events caused by prolonged use of 
this group have been increasingly reported.

First, these drugs do not sufficiently protect 
the intestinal mucosa. One study demonstrated 
that 68% of patients experience intestinal mem-
brane damage 2 weeks after oral administration 
of NSAIDs in combination with PPIs [40]. Because 
the pH in the stomach is very low, PPIs are effec-
tive treatments for NSAID-induced gastric ulcers 
[38]. However, these drugs lose their efficacy as 
the pH is about 8.  In the intestine, NSAIDs reduce 
ATP production in the mitochondria of intestinal 
epithelial cells; therefore, membrane permeabili-
ty is increased by the resulting disturbance to the 
maintenance system in the junction between the 
cells [41]. Intestinal bacteria, bile acids, and pro-
teolytic enzymes thus reach the cell membrane, 
leading to migration and activation of neutrophils. 
Activated neutrophils produce cytokines or nitric 

oxide (NO), which causes damage to intestinal 
membranes [42].

Second, and more importantly, one of the lim-
itations, often encountered in the literature, is the 
information that PPIs can alter the composition of 
the intestinal microbiome, which even exacerbates 
NSAID-induced damage to the small intestine [43-
45]. A meta-analysis published in 2013 evaluating 
the association between intake of PPIs and small 
intestinal bacterial overgrowth (SIBO) among pa-
tients concluded that the use of PPIs was statistical-
ly associated with the risk of developing SIBO. Pre-
sumably, this effect may be associated with chronic 
acid suppression and resulting hypochlorhydria, 
which is a direct consequence of the mechanism of 
PPI action [46].

Thus, modern methods of therapy and preven-
tion of NSAID-induced gastropathy can hardly 
be called perfect. There are still a number of un-
resolved problems associated with insufficient ef-
fectiveness or adverse reactions to therapy, respec-
tively, the question of finding the optimal means of 
protection is not yet closed. 

The essence of the problem of effective and safe 
prevention of NSAID-induced gastropathy is that 
there are no drugs that effectively suppress the 
development of erosive lesions without affecting 
the intestinal secretory and contractile functions in 
therapeutic practice at the moment. In order to es-
tablish the most effective mechanism for prevent-
ing the ulcerogenic action of NSAIDs, it is neces-
sary to thoroughly understand the pathogenesis of 
this type of gastropathy. Only with a deep under-
standing of the mechanisms involved in the pathol-
ogy, it is possible to develop schemes that effective-
ly prevent the damaging effect, but do not inhibit 
the necessary functions for normal digestion of the 
gastrointestinal tract.

Protective factors of the gastric mucosa
General protection mechanisms
It is known that the erosions in the gastric mu-

cosa occur when the balance between aggressive 
and protective factors is shifted towards aggres-
sive. The main sources of gastric mucosal damage 
are acid-peptic activities, fibrous and harsh chem-
ical components of food, poisons and toxic drugs, 
as well as pathogenic bacteria and their products 
(H. pylori, streptococci, staphylococci, fungi of the 
genus Candida, etc.) [47].

The gastric protective mechanisms can be sep-
arated into three main categories: pre-epithelial, 
epithelial, and post-epithelial [48, 49].

Pre-epithelial protective mechanism consists 
mainly of the mucus layer, which contains mu-
cus, bicarbonate and surfactant phospholipids 
and prevents contact of epithelial cells with lumi-
nal noxious agents such as gastric acid. Mucus is 
a water-insoluble gel composed of glycoprotein 
polymers closely adherent to the surface of epithe-
lial cells. It includes IgA, lysozyme, lactoferrin and 
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other components. The mucus layer protects the 
gastric mucosa from physical and chemical factors, 
from the action of hydrochloric acid and pepsin, 
bacteria, viruses and their toxins [50]. The bicar-
bonate secretion reduces the aggressive properties 
of hydrochloric acid and increases the pH of the 
protective mucus layer. Mucus and bicarbonates 
are secreted by gastric epithelial cells (namely sur-
face mucoid cells). As a result, the pH on the sur-
face of the epithelial cells of the gastric mucosa is 
usually maintained in the neutral range when the 
pH of the gastric lumen reaches 1-2.

The surface epithelial cells themselves serve as 
a second line of protection. Their dense junction-
al complexes limit the diffusion of hydrogen ions, 
they are responsible for the secretion of mucus and 
bicarbonate, and have the ability to migrate to the 
site of damage to repair the damaged region (res-
titution).

Microcirculation in the mucus membrane of 
the gastric submucosal layer is one of the most im-
portant post-epithelial defense mechanisms. Blood 
flow provides a sufficient supply of micronutrients 
and oxygen to ensure the adequate functioning of 
epithelial cells and sufficient mucus and bicarbon-
ate secretion. In addition, the protective function 
is to remove acid and other toxic by-products of 
metabolism. By facilitating acid removal, increased 
microcirculatory blood flow prevents the accumu-
lation of harmful H+ ion concentration in the tissue 
and limits acid damage to the mucosal surface [51].

The role of nitric oxide
One of the important post-epithelial protective 

factors is nitric oxide (NO). NO is synthesized by 
the enzyme NO synthase (NOS), which converts 
L-arginine (L-Arg) into L-citrulline (L-Cit) with the 
release of nitric oxide. The enzyme in the body is 
found in three isoforms: endothelial (eNOS), neu-
ronal (nNOS) and inducible (iNOS) [52, 53]. eNOS 
and nNOS are expressed under normal conditions 
by endothelial cells and neurons, respectively, and 
perform a number of important homeostasis-sup-
porting functions, such as vasoprotection, main-
taining adequate microcirculation, optimizing 
neurotransmission, and maintaining neuroplasti-
city [54]. 

Nitric oxide through activation of  guanylate 
cyclase and the accumulation of a secondary medi-
ator cyclic guanosine monophosphate is involved 
in many protective processes in the gastric mucosa: 
stimulation of protective mucus production, angio-
genesis, regeneration of damaged gastric mucosal 
areas [55]. Anti-aggregating, vasodilating, antico-
agulant factors are its final effects.

iNOS, not secreted under normal conditions, is 
expressed to a greater extent by macrophages and 
neutrophils under appropriate conditions associat-
ed with inflammation [56]. With a high iNOS ex-
pression or eNOS dissociation during biochemical 

reactions, instead of the form of NO, active nitro-
gen forms may begin to accumulate, for example, 
peroxynitrite (ONOO−) [57]. It is a very active ox-
idative radical that participates in lipid modifica-
tion, damages DNA, suppresses enzyme function, 
etc. The formation of active forms of nitrogen is 
an adverse event that can consolidate pathological 
mechanisms of ulcers. 

The damaging effect of aggressive factors to 
varying degrees weakens the effectiveness of the 
above protective mechanisms, and it is important 
to understand their role in determining the patho-
genetic mechanisms of gastropathy. In particular, 
it is under the influence of drugs and life products 
of microorganisms that the activity of protective 
factors can decrease, and in this case, the regenera-
tion of the mucosa becomes insufficient, so the ero-
sive damage develops.

The role of prostaglandins 
For the first time, the protective role of pros-

taglandins (PG) in the gastric mucosa was shown 
by A. Robert in 1979 [115]. Scientists have discov-
ered the protective effect of prostaglandin E2 in the 
gastric mucosa of rats with gastropathy induced 
by various toxicants [10]. Thus, they proposed the 
concept of “cytoprotection”, which implied the 
protection of mucous cells from damage without 
significant reduction of acid secretion.

The exchange of prostaglandins in the cells of 
the gastric mucosa is sequentially catalyzed by sev-
eral enzymes. The first stage of synthesis of arachi-
donic acid occurs under the action of the so-called 
PG H2 synthase, which has two catalytic centers: 
cyclooxygenase and peroxidase. 

It is known that cyclooxygenase exists in two 
isoforms: COX-1 and COX-2. Although both iso-
forms catalyze the same reactions, COX-1 is a con-
stitutive enzyme in most cells: it is synthesized and 
active in the basal state; the activity level of COX-1 
does not change significantly during cell growth 
and development. At the same time, COX-2 is 
usually present in tissues in small quantities and 
is significantly induced by cytokines, growth fac-
tors and other stimulants during an inflammatory 
reaction [58, 59]. To some extent, the eicosanoids 
produced by COX-1 participate in the implemen-
tation of basic functions, such as mucus secretion 
to protect the gastric mucosa, hemostasis and 
maintenance of kidney function, while synthesized 
COX-2 lead to inflammatory and other pathologi-
cal changes [60]. However, the separation of COX 
isoforms into “physiological” and “pathological” is 
not quite correct, both of these enzymes can partic-
ipate in the protective functions of the body. For 
example, COX-1 is primarily responsible for the 
production of constitutive endogenous PGs in-
volved in the protection of the mucous membrane, 
whereas COX-2 is primarily responsible for those 
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involved in the healing of already emerging gastric 
or small intestine ulcers [61, 62].

Cyclooxygenases catalyze the transformation of 
arachidonic acid into an unstable PGG2 compound, 
which is subsequently converted by peroxidase 
to PG H2. Then, under the action of a number of 
PG-metabolizing enzymes (synthetases), the initial 
compound is transformed into PGE2, 6-keto PGF 
1α, thromboxane B 2, PGF 2α, and PGD 2.

PGE2 plays a key role in maintaining the integ-
rity of the mucous membrane. Its functional activ-
ity is mediated through receptors associated with 
G-protein, which is divided into 4 specific sub-
types: EP1-EP4, and their distribution explains the 
multiple effects of this prostanoid.

The stimulation of EP1 receptors associated with 
Gq-protein causes the activation of phospholipase 
C (PLCβ) followed by the accumulation of inosi-
tol triphosphate (IP3) and diacylglycerol (DAG). 
These secondary mediators release calcium ions 
into cytosol, resulting in activating effects. EP2, 
EP4 receptors, being associated with Gs-protein, 
activate adenylate cyclase, which is responsible for 
the accumulation of another secondary messenger 
– сAMP, which performs relaxing effects through 
сAMP-dependent protein kinase A. EP3 receptors 
associated with Gi-protein inhibit adenylate cy-
clase, performing the opposite effects.

Endogenous prostaglandins play a role in reg-
ulating various functions of the stomach, such as 
acid and gastric secretion, mucus and bicarbonate 
secretion, blood supply and maintaining the in-
tegrity of the mucous membrane, which promotes 
cytoprotection of the stomach [63]. According to 
studies, PGE2 inhibits acid secretion through EP3 
receptors and increases mucus and bicarbonate 
secretion in the stomach through EP4 and EP1 re-
ceptors [64-69]. In cold stress, as well as ischemia 
accompanied by reperfusion, cytoprotection is 
mainly caused by PGI2 via IP and partly EP4 recep-
tors. PGI2 supports microcirculation in the mucous 
membrane and reduces gastric secretion of acid 
and gastrin less effectively than PGE2.

PGE2 also shows a protective effect against acid 
damage to the duodenum and indomethacin-in-
duced small intestine lesions through the stim-
ulation of EP3/EP4 receptors. These effects in the 
stomach and duodenum are functionally related 
to gastric contraction inhibition (EP1), stimulation 
of duodenal secretion of HCO3- (EP3/EP4), and 
suppression of bacterial invasion due to inhibition 
of gastrointestinal motility (EP4), as well as stim-
ulation of mucus secretion (EP3/EP4). In addition, 
PGE2 has a healing effect on the erosion of the 
stomach and the small intestine through increased 
expression of the vascular endothelial growth 
factor (VEGF) and stimulation of angiogenesis 
through EP4 receptor activation. It is important 
that EP1 receptors and their regulation of gastric 
musculature tone, according to modern ideas, play 

a leading role in the protective function of prosta-
glandins [39].

A very important part of the protective effect of 
prostaglandins is their effectiveness in relation to 
the tone and permeability of the vessels. In partic-
ular, prostacycline (PGI2) is a powerful vasodilator 
and antiaggregant. Prostacycline reduces the con-
tent of calcium ions in cells by accumulating a sec-
ondary messenger – cyclic adenosine monophos-
phate. PGE2 has a vasodilatory effect as well, and 
PGF2a is mostly responsible for the vasoconstric-
tion of large vessels and dilatation of small vessels 
[60, 70, 71]. In general, the balance of the processes 
of vasoconstriction and vasodilatation supports 
normal microcirculation of the mucosa, ensuring 
sufficient rate of epithelium regeneration, thereby 
fulfilling the protective function. 

Prostaglandins play a key role in protecting 
the epithelium of the stomach, strengthening the 
preepithelial, epithelial, post-epithelial protective 
mechanisms: regulate the secretion of bicarbonate 
and mucus, inhibit the secretion of gastric acid and 
play an important role in maintaining the regen-
eration of epithelial cells and mucous membrane 
blood flow [72]. That is why medications capable of 
inhibiting their synthesis show such high toxicity 
towards GM. 

Pathogenetic mechanisms of NSAID-induced 
gastropathy

It has been repeatedly shown that chronic 
NSAIDs intake leads to a significant increase in the 
risk of ulcerative lesions of the gastrointestinal mu-
cosa [72–74]. Summarizing the general pathogenet-
ic mechanisms of the damaging effect of NSAIDs 
on the mucosa of the digestive organs, it is nec-
essary to allocate: 1) the main way – blocking the 
production of prostaglandins E2 and I2 (through 
COX); 2) the way due to the main and other mecha-
nisms: reduction of gastric mucus and bicarbonate 
production, reduction of blood flow in the gastric 
mucosa, reduction of platelet aggregation, increase 
of hydrochloric acid and pepsinogen production, 
increase of formation of free radicals and reduction 
of glutathione formation, stimulation of neutro-
phils chemotaxis, increase of tumor necrosis factor, 
increase of synthesis of leukotrienes B4 toxic for 
the gastric mucosa, change of intracellular calcium 
content, dissolution of oxidative phosphorylation, 
inhibition of NO synthesis, which causes circulato-
ry disorders and adhesion of leukocytes to vascular 
endothelium in the gastric mucosa, stimulation of 
apoptosis of epithelial cells [75].

Cell targets for non-COX-mediated NSAIDs are 
cGMP phosphodiesterase, peroxisome prolifera-
tor-activated receptors, Retinoid X receptor (regu-
lation of lipid metabolism), IKKβ, AMP kinase, etc. 
[75–78]. It is also proved that harmful physiological 
damage occurs as a result of decreased blood flow 
in the stomach and mild ischemia caused by the 
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gastric mucosa. Adequate blood flow can have a 
pronounced protective effect on the mucous mem-
brane of the gastrointestinal tract, preventing the 
development of experimental erosive damage of 
the gastroduodenal zone. Hypoxia of the mucous 
tissue, which occurs at blood flow violation, leads 
to deep hemorrhagic necrosis with the formation of 
erosions [79–81].

Cyclooxygenase pathway
The most important role in the mechanism of 

ulcerogenic action of NSAIDs is played by the in-
hibition of cyclooxygenase and, accordingly, the 
disruption of the metabolism of prostaglandins. It 
has been experimentally confirmed that NSAIDs 
cause lesions of the gastric mucosa at doses that 
can significantly reduce the level of PGE2 [21, 22]. 
Previously, it was believed that the inhibition of 
COX-1, the constitutive isoform of the enzyme, 
was responsible itself for the development of dam-
age in the gastric mucosa. However, then studies 
confirmed that the suppression of the effects of the 
COX-1 type significantly increases the expression 
of the COX-2 genes [22]. This reaction is consid-
ered as an adaptive mechanism of protection of 
the mucosa from aggressive factors in conditions 
of suppression of normal protective functions. Ac-
cordingly, inhibition of two isoforms at the same 
time can bring much more pronounced harm to the 
mucous membrane of the stomach than inhibition 
of COX-1 separately [21].

According to meta-analysis of the results of 
studies of gastrotoxicity of various NSAIDs, indo-
methacin, a derivative of indoleacetic acid, is one of 
the drugs with a high probability of gastroduodenal 
complications development [116]. Indomethacin is 
a reversible non-selective COX inhibitor, reversibly 
blocks both isoforms of the enzyme. This leads to a 
decrease in the concentration of prostaglandins, es-
pecially PGE2, in the gastric mucosa and a decrease 
in all protective functions, there is a decrease in the 
synthesis of mucus and bicarbonate, deterioration 
of blood flow of the mucous membrane, increased 
acid secretion, physicochemical damage of cell 
membranes [82, 83].

For all that, the fact of inhibition of prostaglan-
dins synthesis is an important, but not the only suf-
ficient factor for the development of erosion in the 
gastric mucosa [84–86]. In general, a whole range 
of mechanisms takes part in the development of 
this pathological effect.

The role of oxidative damage in the develop-
ment of gastropathy. Disruption of mitochondri-
al metabolism

NSAID-induced mitochondrial oxidative stress 
(MOS) is considered to be an important prostaglan-
din-independent way of induction of gastric muco-
sa damage [77, 87, 88].

Mitochondria are membrane organelles of 
cells that perform a number of important func-
tions. The structural and functional integrity of 
mitochondria is the basis for maintaining bioener-
gy homeostasis and cellular health. Constant dy-
namic equilibrium is important for mitochondria 
functions, including adenosine triphosphate (ATP) 
production, intracellular Ca2+ level regulation, en-
doplasmic reticulum buffering, and cell death due 
to apoptosis activation [88–91].

The mitochondrial respiratory chain is the main 
source of reactive oxygen species (ROS), which are 
mainly formed in complexes I and III of the respi-
ratory chain. More importantly, the mitochondrial 
respiratory chain is one of the main targets for the 
destructive effects of ROS at the same time. NSAIDs 
dissolve mitochondrial oxidative phosphorylation, 
which reduces the concentration of intracellular 
ATP. This leads to the release of cytochrome from 
the mitochondrial intermembrane space into the 
cytosol and the release of ROS such as superoxide 
(O2

-) and hydrogen peroxide (H2O2), thereby caus-
ing caspases activation and cell lipid peroxidation, 
all this leads to cellular apoptosis [60, 88, 92–96]. In 
addition, this change leads to the loss of intercellu-
lar integrity, as intercellular compounds are con-
trolled by ATP-dependent actin myosin complexes 
and, as a consequence, the permeability and subse-
quent damage to the mucous membrane increase 
[72]. The damaging effect also reduces the prolifer-
ation of GM cells [9].

In a study published in April 2019, it was shown 
that indomethacin shifts mitochondria dynamics 
towards increased fission, which induces the bio-
energy crisis and then causes apoptosis of rat gas-
tric mucosa cells in vivo [9].

To be more precise about the mechanisms 
of proapoptotic action, it is shown that one of 
the pathways activated by indomethacin is the 
pathway of protein kinase C-zeta (PKCζ)-p38 
MAPK-dynamin-dependent protein 1, which is an 
activator of mitochondrial fission. As a result of the 
detected mechanism, indomethacin caused a viola-
tion of metabolic parameters of mitochondria: re-
duced basal respiration, significantly reduced ATP 
production, and lost cell reserves. These disorders 
gradually led to mitochondria depolarization and 
induction of cell apoptosis, which increased within 
24 hours after administration.

An important issue in this process is the pos-
sibility of forming a closed cycle: excess ROS pro-
duction reduces the potential of the mitochondri-
al membrane, which is why the normal course of 
biochemical reactions is disturbed, new excess 
amounts of ROS are released from mitochondria, 
which destroy mitochondria membranes [97-98]. 

Autophagy as a mechanism of cell death under 
the influence of indomethacin

One of the important mechanisms of cell protec-
tion against apoptosis is macroautophagy (autoph-
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agy). This process is activated in case of damage to 
epithelium cells by aggressive factors, in particu-
lar, autophagy plays an important role in maintain-
ing cell homeostasis during nutrient deprivation, 
oxidative stress or endoplasmic reticulum stress 
[99]. The purpose of autophagy is to destroy excess 
and damaged organelles, cytosolic proteins and in-
vasive microorganisms inside the cell. Autophagy 
usually processes macromolecular aggregates re-
sulting from pathways of oxidative stress and the 
mitochondrial production of ROS may also reduce 
by recycling old and damaged mitochondria [100]. 
Thus, autophagy is believed to be an important cel-
lular antioxidant mechanism [101].

This process is coded by genes associated with 
autophagy (Atg) and includes: formation and pro-
longation of the insulating membrane, formation 
of a two-membrane sequestrating compartment 
called phagophore, which turns into the autopha-
gosome (merging with lysosome) [102]. Once the 
particle is delivered to the lysosome and decom-
posed, the resulting macromolecules (or small mol-
ecules) are released back into the cytosol and used 
as components for building new macromolecules 
and energy sources to maintain the vitality of cells, 
which is the dominant role of autophagy [103]. 
However, it is believed that excessive autophagy 
may also be involved in cell death [104].

The data obtained in the course of studies on 
the influence of indomethacin on the autophagy 
process are ambiguous. On the one hand, a num-
ber of studies report that the autophagy inhibition 
by pharmacological or genetic means protects cells 
from cytotoxicity of indomethacin, resulting in a 
the assumption that indomethacin causes damage 
by stimulating excessive autophagy [40, 97, 105].

On the other hand, there is evidence in the lit-
erature showing that indomethacin inhibits the 
process of autophagic degradation [106]. A study 
in 2018 showed that the drug violated the lyso-
somal function, increasing the permeability of the 
lysosomal membranes. It was also found that by in-
creasing the lysosomal pH, indomethacin inhibited 
the activity of acid lysosomal enzymes. However, 
the assumption of autophagy inhibition is more 
likely to apply to altered cells (neoplasias) of the 
stomach, and the data indicating the activation of 
the process are more extensive.

It is interesting that, as mentioned earlier, au-
tophagy can occur in response to mitochondrial 
oxidative stress, as well as to the stress of endo-
plasmic reticulum. Thus, these mechanisms can be 
both consistent and parallel links of pathogenesis 
of NSAID-induced gastropathy. Indeed, there are 
studies that have found the relationship between 
these types of stress and autophagy activation [97, 
106]. It has been proved that these stressful effects 
and the accumulation of active oxygen forms in-
side the cells under the influence of indomethacin 
provoke Atg phosphorylation and autophagy in 

the cells of the intestine mucous membrane, which 
suggests the presence of the same cause-effect re-
lationship of processes in the stomach tissue [97, 
106].

Other mechanisms of damaging action
Discussing the mechanisms of PG-independent 

indomethacin damage, another discovered path of 
its harmful effect on the mucous membrane should 
be noted. Change of redox homeostasis activates 
the alarm of nuclear factor-kB (NF-kB), which is 
associated with proinflammatory tissue damage 
[107]. NF-kB is a nuclear protein, one of the most 
important apoptosis suppressors. NF-kB regulates 
the expression of more than 400 genes, many of 
which are critical to cell survival [108]. When ac-
tivation preventing or inhibiting this factor, sever-
al apoptosis mechanisms are triggered, including 
the mitochondrial pathway through the release of 
cytochrome C and the activation of caspase-3. The 
expression of a number of apoptosis protein-inhib-
itors and caspase inhibitors decreases [78].

Indomethacin, having an acidic nature 
(pKa=4.5), in the acidic environment of the stomach 
remains non-ionized and can penetrate into cells 
[109]. In cell cytoplasm (pH 7.1), the molecule ion-
izes and loses its ability to diffuse. Accumulation 
of drug ions inside cells aggravates gastrotoxicity 
[60]. Thus, there is an induction of local reverse dif-
fusion of H+ ions into the gastric mucosa, the nor-
mal acid alkaline balance in the cells is disturbed, 
tissue acidosis and cell damage occur [82].

The role of increased muscle contraction in the 
pathogenic mechanism of indomethacin-induced 
gastric ulceration was also demonstrated [110–112]. 
W.A. Mersereau and E.J. Hinchey [111] were the 
first to demonstrate the importance of hypermobil-
ity of the stomach and folds of mucosa in the genesis 
of gastric lesions in response to NSAIDs. A group 
of Japanese scientists reported that indomethacin 
in an ulcerogenic dose increases the gastric motor 
activity and causes microcirculatory disorders due 
to pathological compression of the mucous mem-
brane of the gastric wall [112-113]. Experimentally, 
the importance of this element was demonstrated 
as follows: when indomethacin was administered 
at a low dose capable of inhibiting PG synthesis, 
the drug showed more than 90% of inhibition of 
PG mucous membrane generation, but the meth-
od itself did not cause any stomach damage. At the 
same time, when indomethacin was administered 
in combination with 2-deoxy-D-glucose (agent 
causing hypermobility of the gastric wall), the ad-
ministration provoked severe lesions in the stom-
ach. Thus, scientists have come to the conclusion 
that PG deficiency can be crucial in increasing the 
susceptibility of the mucous membrane to damage 
against the background of hypermobility [86].

The effect of indomethacin on the contractive 
activity of the stomach seems particularly import-
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ant against the background of the detected pattern: 
in one experiment, stomach acidity inhibitors did 
not protect the gastric mucosa from damage in the 
presence of exogenous acid, unlike atropine, which 
reduced stomach peristalsis and prevented the for-
mation of erosion even in the presence of exoge-
nous acid [110].

Conclusion
The fact that the lack of prostaglandins plays 

the main role in the development of NSAID-in-
duced gastropathy remains indisputable and is 
confirmed by many experimental data. However, 
the lack of prostaglandins alone is not the only fac-
tor that causes erosive damage to GM. In addition 
to inhibiting cyclooxygenase, indomethacin has a 
multifaceted damaging effect on the course of ox-
idative processes in mitochondria, resulting in the 
accumulation of toxic products, fragmentation of 
mitochondria, and eventually cell apoptosis. More-
over, oxidative stress is also inextricably linked to 
the activation of autophagy as a separate mecha-
nism for cell protection, but in case of pathology 
leading to their death. In this regard, the role of mi-
tochondrial oxidative stress in the pathogenesis of 
NSAID-induced gastropathy is significant and, as 
knowledge deepens, becomes increasingly import-
ant in understanding the mechanisms of damaging 
action on the mucous.

It has been proved that the acute phase of gas-
tric mucosa damage includes inflammatory reac-
tions and oxidation imbalance, in which there is 
up-regulation of proinflammatory cytokines, such 
as tumour necrosis factor α (TNF-a) and interleuk-
ins (IL-1β and IL-6), migration of neutrophils and 
mononuclear cells, and generation of free radicals 
[117-118]. Therefore, today the relevant opinion is 
that therapeutic targets in erosive processes in the 
stomach should not be limited to control acid se-
cretion, but also include control of inflammatory 
reactions and regulation of unbalanced oxidation 
[114].

Given the need of modern society for effec-
tive and, most importantly, safe prevention of 
NSAID-gastropathy, only such a remedy can be-
come a potentially ideal drug for this purpose, 
which does not inhibit the basic digestive functions 
of the stomach, but at the same time promotes more 
effective protection of the mucosa, reduces the se-
verity of oxidative stress, normalizes the processes 
of apoptosis and autophagy in GM cells.
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EFFECT OF ACUTE GENERAL PRENATAL HYPOXIC HYPOXIA ON THE 
SYSTEM OF MATRIX METALLOPROTEINASES OF THE RABBIT FETUS 
ON THE 27-28TH DAY OF PREGNANCY
1Altai State Medical University, Barnaul
2Goldberg Research Institute of Pharmacology and Regenerative Medicine, Tomsk National Research 
Medical Center of the Russian Academy of Sciences, Tomsk

Yu.V. Korenovskiy1, V.V. Udut2

The influence of hypoxic hypoxia on the concentration of matrix metalloproteinase-1 (MMP-1), the concentration 
of tissue inhibitor of matrix metalloproteinases-1 (TIMP-1) in amniotic fluid (AF) of rabbits on the 27-28th day of 
pregnancy was studied. The rabbits were divided into two groups: experimental (n=9) and control (n=6). Rabbits 
of the experimental group were placed in a hypoxic chamber containing 10±2% of oxygen and 90±2% of nitrogen 
for 1 hour, after which they were killed, and the amniotic fluid (experiment – n=35, control – n=35) was taken from 
fetuses. The results are presented in the form of a median (25–75%). Acute general hypoxic hypoxia increased the 
concentration of MMP-1 in AF [experience – 2.14 (2.03–2.29) ng/ml, control – 1.18 (0.98–1.38) ng/ml, p=0.019], 
increased the concentration of TIMP-1 in AF [experience – 1.96 (1.80–2.09) ng/ml, control – 1.74 (1.61–1.88) 
ng/ml, p<0.001] and MMP-1/TIMP-1 ratio in AF [experience – 1.10 (1.02–1.18), control – 0.70 (0.58–0.83), 
p<0.001]. Conclusion: acute general hypoxic hypoxia in late pregnancy causes changes in the biochemical com-
position of AF, characterized by an imbalance between the levels of MMP-1 and TIMP-1, which indicates the 
activation of the system of matrix metalloproteinases of the fetus.
Key words: hypoxia, prenatal period, amniotic fluid, MMP-1, TIMP-1.

The perinatal period includes prenatal (pre-de-
livery), intranatal and early neonatal periods. Peri-
natal hypoxia (PH) is one of the leading causes of 
child mortality and morbidity. Among the factors 
causing damage in perinatal hypoxia, the activa-
tion of the system of matrix metalloproteinases – 
Zn-containing extracellular proteases can be em-
phasized [1]. On the other hand, prenatal hypoxia 
is associated with an increased incidence of prema-
ture birth, which is often caused by rupture of am-
niotic membranes with discharge of amniotic fluid 
and premature activation of labor activity [2]. The 
most significant regulators of MMP activity are tis-
sue inhibitors of matrix metalloproteinases (TIMP), 
the most universal of which is TIMP-1 [3]. The re-
search objective was to study the effect of gener-
al hypoxic hypoxia on the key components of the 
system of matrix metalloproteinases (MMP-1 and 
TIMP-1) in amniotic fluid.

Materials and methods
Subject of research. The study was carried out on 

the first pregnant rabbits (n=15) weighing 4-5 kg at 
the period of pregnancy of 27-28 days (with normal 
duration of pregnancy of 31 days). Fertilization was 
carried out by different randomly chosen males, af-
ter which female rabbits were in single cells on free 
food. The rabbits were randomly divided into two 
groups: experimental (n=9) and control (n=6).

General acute hypoxic hypoxia. Rabbits from the 
experimental group were placed in an individu-
al hermetic flow chamber for 60 minutes, where 
the compressor injected a gas mixture containing 

10±2% of oxygen and 90±2% of nitrogen. The con-
trol of gas composition in the chamber was carried 
out by means of gas analyzer Microlux O₂+CO₂ 
(OOO “Microlux”, Yekaterinburg, Russia). The 
rabbits from the control group were placed in the 
same chamber containing ambient air for 60 min-
utes.

Obtaining samples of amniotic fluid. Animals were 
killed by cervical dislocation, after 15 minutes, the 
midline laparotomy was carried out and the uter-
us was removed. Amniotic sacs with fetus were 
isolated and extracted from the uterine cavity, the 
maternal and fetal parts of the placenta were sep-
arated without disturbing the integrity of the am-
niotic sac. Amniotic fluid was extracted from the 
amniotic sac with a disposable syringe. The general 
characteristics of the fetuses are presented in Table 
1. Samples of amniotic fluid were centrifuged for 
15 minutes at 1200 g, frozen and stored at −20°C for 
no more than one month prior to the biochemical 
study.

Biochemical studies. The concentration of MMP-
1 in the amniotic fluid of rabbits was determined 
using the enzyme immunoassay kit Elabscience® 
Rabbit MMP-1 (Matrix Metalloproteinase 1) ELISA 
Kit (cat. No. E-EL-RB0349, Elabscience, USA). The 
concentration of TIMP-1 in the amniotic fluid of 
rabbits was determined using the enzyme immu-
noassay kit LSBio Rabbit TIMP1 ELISA Kit (Sand-
wich ELISA) (cat. No. LS-F5382, LSBio, USA). The 
optical density of the reaction mixture was mea-
sured using a vertical photometer Multiscan (Lab-
system, Finland).



28

BULLETIN OF MEDICAL SCIENCE 3 (15) 2019

Table 1
Weight of the fetus and placenta on 27-28 days of life

Hypoxic hypoxia 
(n=35)

Control 
(n=35) P

Weight of the fetus, g 36.7 (28.8–42.3) 39.6 (31.0–44.3) 0.388
Weight of the fetal part 
of the placenta, g 3.14 (2.70–3.72) 3.47 (3.12–3.90) 0.144

Note: data are presented in the form of median (25–75%), P is the significance of cross-group differences according to the Mann–
Whitney U-test.

The statistical analysis of data was carried out 
in the program JMP 7.0 (SAS Institute, USA). We 
calculated the median, 25 and 75 percentiles, the 
reliability of inter-group differences according to 
the Mann–Whitney U-test, multiple correlation 
analysis by the Spearman criterion. The statistical 
significance level was taken as 5% (p<0.05).

This work is approved by the local ethical com-
mittee of FSBEI HE ASMU of the Ministry of Health 
of the Russian Federation.

Results and discussion
Matrix metalloproteinases are involved in var-

ious physiological (growth, development, differ-
entiation of cells) and pathological processes (in-
flammation, metastasis of tumors) [4]. Through 
proteolysis of matrix metalloproteinases substrates 
(components of extracellular matrix – collagen, 
fibronectin, proteoglycans) and extracellular do-
mains of membrane receptors of cells, these en-
zymes actively affect intercellular communications 
regulating the stability of the extracellular matrix, 
the release of cytokines deposited in the extracel-
lular matrix, and the sensitivity of membrane re-
ceptors to extracellular mediators. The mechanism 
of regulation of matrix metalloproteinases is real-
ized through the action of their specialized TIMP 
inhibitors blocking the active center of the enzyme 
[3], partial proteolysis, including autoactivation [5] 
and deposition in the extracellular matrix [6].

An important factor of premature labor is the 
activation of matrix metalloproteinases system, 
as it causes the destruction of fetal membranes, 
violation of the integrity of the fetal bladder with 
discharge of amniotic fluid and enhancement of 
labor activity. It is noteworthy that premature la-
bor activity is often associated with fetal suffering 
from hypoxia [2]. At the same time, the relationship 
between hypoxia and activation of the fetal matrix 
metalloproteinases system has little evidence.

Acute general prenatal hypoxic hypoxia in rab-
bits on the 27-28th day of pregnancy caused an 
increase in the concentration of MMP-1 by 81.4% 
and an increase in the concentration of TIMP-1 by 
12.6%, which together with the increase in ratio of 
concentrations MMP-1/TIMP-1 from 0.7 to 1.10 in-
dicates the activation of matrix metalloproteinases 
system in amniotic fluid in acute general hypoxic 
hypoxia and transition of the matrix metallopro-

teinases system state from antiproteolytic (due to 
the prevalence of TIMP-1 over MMP-1) to proteo-
lytic.

The concentration of MMP-1 in amniotic fluid 
of rabbit fetuses after acute general prenatal hy-
poxic hypoxia correlated with the weight of the fe-
tus (r=0.58, p<0.001, n=35), which was not observed 
in the control group (r=-0.172, p=0.324, n=35). At 
the same time, the correlation of the concentration 
of MMP-1 in amniotic fluid with the mass of the 
placenta was revealed neither in the group of preg-
nant rabbits subjected to acute general hypoxic 
hypoxia (r=0.14, p=0.425, n=35), nor in the control 
group (r=-0.16, p=0.358, n=35). Thus, the level of ac-
cumulation of MMP-1 in amniotic fluid seems to 
be determined by the mass of the fetus, not by the 
mass of the placenta.

It is remarkable to detect the concentration of 
MMP-1 and TIMP-1 in amniotic fluid of rabbits in 
acute general prenatal hypoxic hypoxia (r=0.37, 
p=0.028, n=35), which was not observed in amni-
otic fluid of rabbits in the control group (r=0.01, 
p=0.957, n=35). This indicates that the matrix 
metalloproteinases system was not only activat-
ed in acute general prenatal hypoxic hypoxia, but 
also regulated by limiting the activity of MMP-1 
through TIMP-1.

Given the relative brevity of hypoxic effect on 
the body of the fetus, these results can be interpret-
ed as activation of the matrix metalloproteinases 
system caused by decompartmentalization of com-
ponents of the matrix metalloproteinases system 
with their output into amniotic fluid, rather than 
activation of gene expression. In view of the fact 
that the concentration of MMP-1 in amniotic flu-
id after acute general hypoxic hypoxia was higher 
than the concentration of TIMP-1, it may be as-
sumed that MMP-1 is a more mobile element of the 
system than its inhibitor and is released faster into 
amniotic fluid.

Possible sources of MMP-1 and TIMP-1 can in-
clude the fetal lungs, the contents of the intestines 
and the membranes of the fetus [7]. It appears that 
longer hypoxic effects through the growing imbal-
ance between the levels of enzymes and their in-
hibitors of the matrix metalloproteinases system 
can accelerate the degradation of components of 
extracellular matrix of the fetus, rupture of the fetal 
membranes, and delivery.
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HAEMATOLOGICAL PROFILE IN RATS WITH HYPERCAPNIC 
HYPOXIA AFTER COURSE ADMINISTRATION OF MEXIDOL 
1Altai State Medical University, Barnaul
2Scientific-Research Institute of Physiology & Basic Medicine, Novosibirsk

S.V. Moskalenko1,2, I.I. Shakhmatov1,2, Yu.A. Bondarchuk1,2, O.M. Ulitina1,2, O.V. Alekseeva1,2

Research objective. To study the reaction of the hemostasis system to the single effect of hypercapnic hypoxia of 
maximum intensity in rats and the possibility of correction of hemostasiological disorders with the help of prelim-
inary course use of the antihypoxic drug – mexidol.
Materials and methods. In this study, adult male Wistar rats (48 animals) with the average weight of 274.0±32.0 
g were used. Rats were kept on a standard diet, food and water were served once a day between 10 and 11 o’clock. 
In the evening, animals were subjected to a single hypercapnic hypoxia in a special flow chamber. The state of 
hypercapnic hypoxia of maximum intensity was modeled at the content of О2 – 5.0%, СО2 – 5.0% during a single 
20-minute exposure. As a training regime, a 30-fold course of mexidol was used, the drug was administered intra-
peritoneally in rats at a dose of 50 mg/kg 1.5 h before the hypercapnic hypoxia exposure.
Results.  After a single hypercapnic hypoxia exposure of maximum intensity, a shortening of the start clotting time 
(CT), an increase in the angle α̊ and the maximum clot firmness (MCF) was recorded. The clot formation time 
(CFT) decreased as well and the maximum clot lysis (ML) increased. With the single hypercapnic hypoxia expo-
sure of maximum intensity, after the course administration of mexidol, a decrease in the maximum clot firmness 
(MCF) was recorded.
Conclusions. The single effect of hypercapnic hypoxia of maximum intensity was characterized by a shift of he-
mostatic potential towards hypercoagulation on the background of fibrinolytic blood system activation. Preceding 
hypercapnic hypoxia of maximum intensity, the course use of the antihypoxic drug, namely mexidol, significantly 
reduces the thrombotic risk.
Key words: hypercapnic hypoxia, hemostasis, thromboelastography, mexidol.

Acute hypercapnic hypoxia (HH) occurs when 
the operation of the oxygen supply system is in-
adequate with the decreased oxygen concentration 
under hermetic condition, and elevated carbon di-
oxide concentration. HH is also observed in some 
cardiovascular, respiratory and blood system dis-
orders [3].

It is established that HH provokes a complex 
integral reaction in the human body and animals, 
where a certain role is assigned to the hemostasis 
system [7]. It was previously found that different 
HH modes mark a shift in the hemostatic balance 
towards thrombinemia [4]. At the same time, oth-
er studies show that HH causes platelet activation, 
coagulation elongation [2] and activation of the fi-
brinolytic blood system [11]. 

Currently, human survival in acute НH is en-
sured with individual life support means [12]. 
However, their use is limited due to the bulkiness, 
high cost, operation complexity and the ability to 
restrict movement and vision, as well as to impede 
the intake of food, water, etc. [3, 5]. At the same 
time, it is possible to maintain viability in acute hy-
poxia with the antihypoxic properties of drugs at a 
sufficiently high level [1].

The energy deficit underlying any hypoxia 
forms, including HH, leads to qualitatively similar 
metabolic and structural changes in various organs 
and tissues: the occurrence of acidosis, activation 
of free radical oxidation, damage to biological 

membranes, affecting both the lipid bilayer and 
membrane proteins. Among the pharmacological 
drugs of metabolic type of action, a special place 
is occupied by antihypoxant mexidol [1], which is 
a succinate-containing derivative of 3-oxypyridine 
(2-ethyl-6-methyl-3-hydroxypyridine succinate).

Mexidol (ethylmethylhydroxypyridine succi-
nate) inhibits platelet aggregation caused by colla-
gen, thrombin, ADP and arachidonic acid, inhibits 
phosphodiesterase of cyclic platelet nucleotides, 
and protects blood cells from mechanical injury [1]. 
It is found that mexidol inhibits platelet and leu-
kocyte aggregation and adhesion, increases eryth-
rocyte plasticity, and improves blood rheological 
properties, thereby eliminating normocapnic hy-
poxia [6].

It is shown that mexidol normalizes both vas-
cular-platelet (which is manifested in the preser-
vation of the platelets and their properties) and 
coagulation mechanisms, as well as fibrinolytic 
properties of blood in normocapnic hypoxia from 
the hemostatic system. This could be the basis for 
drug therapy in hemostatic disorders caused by ex-
posure to normocapnic hypoxia [11].

It is worth noting that in literature there are 
no data on the antihypoxants effectiveness in HH 
modeling.

In connection with the above, the purpose of 
this work was to study the reaction of the hemo-
static system to a single exposure to hypercapnic 
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hypoxia of maximum intensity in rats and the pos-
sibility of correcting hemostatic disorders with the 
preliminary course of mexidol.

Materials and methods
The studies were performed on 48 mature male 

Wistar rats of body weight 259.0±36.0 g. All exper-
imental animals were divided into 4 groups: two 
control groups (n=12x2) and two experimental 
groups (n=12x2). 

The 1st and 2nd experimental groups were sub-
jected to a single HH exposure reaching maximum 
intensity by placing rats in a chamber with a gas 
mixture containing 5.0±0.5 % O2 and 5.0±0.5 % CO2 
for 20 minutes. In addition, the 2nd experimental 
group of animals daily received intraperitoneal 
administration of mexidol (50 mg/kg) for 30 days 
prior to the experimental exposure.

The mode of maximum intensity of hypercap-
nic hypoxia was selected experimentally, which 
observed 100% animal survival.

The control groups were placed in the same 
chamber for a similar time period as the experi-
mental groups; however, in this case, atmospheric 
air was pumped by the compressor instead of the 
gas mixture, and a 0.9% NaCl solution was intro-
duced instead of mexidol following the same pat-
tern.

A special flow chamber was used to simulate 
the HH, where a given mixture of gases was sup-
plied with a compressor at a speed of 15 L/min into 
it. The chamber had an outlet connected by means 
of a hose to a container filled with water, which 
ensured the bleed from the chamber of high-pres-
sure gases. The gas chamber composition was con-
trolled by the O2+CO2 gas analyzer Microlux (Mi-
crolux OOO, Yekaterinburg, Russia).

Blood sampling in all animals was performed 
by anesthesia with intraperitoneal administration 
of 5 mg/100 g zoletil solution.

Blood for the study in a 5 ml volume was ob-
tained by sampling from the hepatic sinus into a 
polystyrene syringe containing 0.11 M (3.8%) sodi-
um citrate solution (blood-citrate ratio 9:1). Prior to 
the experiment, during the week of adaptation to 
vivarium conditions, all rats were kept in standard 
conditions according to the requirements of Good 
Laboratory Practice (GLP). Animals were treated 
according to the principles of the European Con-
vention for the Protection of Vertebrate Animals 
Used for Experimental and Other Scientific Pur-
poses and Directives 86/609/EEC [8]. Anesthesia 
and sacrifice procedures were performed accord-
ing to the rules for conducting animal experiments.

The hemostasis system here was assessed by 
thromboelastography, an integral method for in-
vestigation. Thromboelastometry was performed 
on the ROTEM Gamma instrument (Pentapharm 
GmbH, Germany) using the Start-tem reagent.

The thromboelastography decoding considered 
the following parameters:

Clotting time (CT). It is the time from the be-
ginning of the analysis until the recognizable clot 
formation start by adding reagents and calcium. 
The clotting time is an important parameter of co-
agulation factor activation, as well as its balance 
with the corresponding inhibitors.

Clot formation time (CFT) CFT displays the 
kinetics of a persistent clot formation by platelets 
and fibrin. The clot formation time depends mainly 
on the number of platelets and especially on their 
participation in clot formation. In addition, the clot 
formation time is affected by the fibrinogen level 
and its polymerization tendency.

Alpha angle (α) – the angle built tangentially to 
the thromboelastogram from the point of the clot-
ting time. Displays the growth rate of the fibrin net-
work and its structure formation (increase in clot 
strength). 

The maximum clot firmness (MCF) gives infor-
mation on the maximum amplitude of clot forma-
tion reached by the time fibrinolysis is activated. 
MCF is one of the most important parameters in 
thromboelastometry.

Maximum lysis (ML) corresponds to the max-
imum fibrinolysis intensity detected during the 
analysis and is defined as the lowest amplitude af-
ter reaching MCF.

All digital data obtained during the study were 
subjected to statistical processing. The results of the 
studies are presented in the form of m [25% ÷ 75%], 
where m is the median in the sample population, 
[25% ÷ 75%] – the 25th and 75th percentile. The re-
liability of the differences was estimated using the 
nonparametric Mann–Whitney U-test. Differences 
were considered reliable at a level of statistical sig-
nificance p<0.05. To process and store the obtained 
experimental material, databases were created us-
ing the Microsoft Excel 2010 spreadsheet program. 
Statistical processing of the results was carried out 
using mathematical statistics programs Jmp Statis-
tical Discovery v 6.1.2 and Biostat 5.03 on a person-
al computer.

Results and discussion
A comparative analysis of the results of throm-

boelastography data recorded after a single expo-
sure to HH of maximum intensity, without/after 
preliminary administration of mexidol for 30 days 
is given in the table (Table 1).

According to thromboelastography, after a 
single exposure to HH of maximum intensity, 
a shortening of the clotting time (CT) by 47.0% 
(p<0.001) was registered against the background of 
an increase in the α angle by 32.0% (p<0.01) and the 
maximum clot firmness (MCF) by 18.0% (p<0.001). 
Clot formation time (CFT) was also significantly 
shortened by 42.0%  (p<0.001). The increase in the 
fibrinolytic system functional activity was demon-
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strated by a twofold increase in the maximum lysis 
(ML) index (p<0.05). Figure 1 and Figure 2 aid vi-
sual clarity of the thromboelastograms of animals 
from the control and experimental groups. In the 
experiments described above, it was shown that a 

single exposure to HH of maximum intensity with-
out previous course administration of mexidol is 
accompanied by activation of both platelet and co-
agulation units of hemostasis, and the activation of 
the fibrinolytic system of blood.

Table 1
Indicators of hemostasis system, registered at the end of a single exposure to maximum intensity  

hypercapnic hypoxia (O2 – 5 %, CO2 – 5 %) without/after preliminary 30-day administration of mexidol

Methods of research
HH of maximum intensity without 

the mexidol introduction 
(n=10)

HH of maximum intensity at the end  
of 30-fold mexidol administration

(n=10)

CT, s 124.0 [116.2÷140.3]***
(∆-47 %)

188.7 [179.3÷190.5]
(∆+8 %)

α 78.0 [72.3÷84.0]**
(∆+32 %)

67.2 [64.0÷72.8]
(∆+4 %)

CFT, s 72.0 [67.4÷76.0]***
(∆-42 %)

94.4 [85.5÷96.6]
(∆+1 %)

MCF, mm 79.0 [70.6÷82.4]***
(∆+18 %)

68.0 [65.3÷71.0]**
(∆-11 %)

ML, % 2.0 [1.8÷2.3]*
(∆+200 %)

0.0 [0.0÷0.0]
(∆0 %)

Notes: the data are presented in the form of Me – sample median; [25÷75] – sample percentiles; n – number of observations; ∆ – sta-
tistically significant finite difference of hemostasis system factors in experimental animals relative to their values in control (per cent); 
the statistical significance differences with data in the control group indicated as: * – for  p<0.05; ** – for p<0.01; *** – for p<0.001; CT 
– coagulation time; α – the angular constant; MCF – the maximum amplitude of the TEG; CFT – clot formation time; ML – maximum 
lysis.

The recorded changes are partially confirmed 
by the results obtained by W.D. Toff (2006) who 
showed that inhalation of a hypercapnic mixture 
(5.0% CO2 in the air) stimulated hemocoagulation 

due to increased contact and phospholipid activa-
tion of coagulation triggers, increased thrombo-
plastin and thrombin activity, decreased anticoag-
ulant potential and non-enzymatic fibrinolysis [11]. 

Figure 1. Thromboelastogram (control group, animal No. 5) recorded after a single stay in the chamber  
for 20 minutes under normal atmospheric pressure.
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Figure 2. Thromboelastogram (experimental group, animal No.1) recorded immediately after a single exposure 
to hypercapnic hypoxia of maximum intensity (O2 – 5%; CO2 – 5%) for 20 minutes.

 
Figure 3. Thromboelastogram (control group, animal No. 3) registered with a single exposure to hypercapnic hypoxia 

of maximum intensity (O2 – 5%, CO2 – 5% – 20 minutes) after 30-fold administration of 0.9% NaCl solution.

Figure 4. Thromboelastogram (experimental group, animal No. 4) registered with a single exposure to hypercapnic 
hypoxia of maximum intensity (O2 – 5%, CO2 – 5% – 20 minutes) after 30-fold mexidol administration.
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According to thromboelastography, a shorten-
ing of the maximum clot firmness (MCF) by 11% 
(p<0.01) was registered with a single exposure to 
HH of maximum intensity after the course admin-
istration of mexidol, there were no significant dif-
ferences in other indicators. Thromboelastograms 
obtained in animals from the control and experi-
mental groups are given as an example (Figure 3 
and Figure 4). The preliminary course administra-
tion of mexidol largely normalized the hemostatic 
picture recorded after a single exposure to HH of 
maximum intensity. At the same time, there was 
found only a decrease in the MCF, which may be 
associated with a decrease in the number of plate-
lets, as well as inhibition of their ability to aggre-
gate. It may be explained by the fact that CO2 can 
stimulate endothelial NO synthase [9], which leads 
to a NO concentration increase in the bloodstream, 
which has powerful antiaggregation and disaggre-
gation effects [10]. In addition, mexidol is known 
to independently improve blood circulation in the 
vascular bed, inhibiting platelet aggregation and 
increasing the antithrombogenic potential of the 
blood.
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CONTROLLABLE AND SOCIALLY SIGNIFICANT INFECTIOUS 
DISEASES: PROBLEMS AND SOLUTIONS
Children’s Scientific and Clinical Center of Infectious Diseases of the Federal Medical Biological Agency 
(FMBA) of Russia, Saint Petersburg

Yu.V. Lobzin

The article reflects topical issues of infectious pathology, among which preventive vaccination is of special impor-
tance. The role of preventive vaccination was noted not only in reducing morbidity and mortality from infections, 
but also in preventing oncologic and somatic diseases, limiting the antibiotic resistance growth. Reasons for in-
sufficient vaccination coverage of the population were revealed, measures for their elimination were proposed. 
Experience of children scientific and clinical center of infectious diseases and domestic experience of preventive 
vaccination effectiveness were presented. The program of preventive vaccination in St. Petersburg aimed at imple-
menting the strategy “St. Petersburg – a city free of infections” was described.
Key words: preventive vaccination, infections, program, problems, solution.

The problem of infectious diseases is high-
ly relevant today. Against the background of the 
close attention paid in recent years to this issue in 
the Russian Federation, some progress has been 
achieved: it was possible to stabilize the incidence 
of HIV infection and tuberculosis, Russia received 
a certificate from the World Health Organization 
(WHO) as a country where the spread of rubella 
was stopped [1-5].

At the same time, a number of unresolved issues 
define the continuing significant role and relevance 
of infectious diseases at the present time. First of 
all, this is the problem that is directly related to the 
biosafety of the population. Infectious diseases, 
along with infectious complications in surgery and 
other medical specialties, determine up to 35% of 
fatal cases [1]. Therefore, one of the most important 
tasks facing health care in the coming years should 
be not only to increase life expectancy but also to 
reduce the frequency of fatal cases of infections. 

The increasing number of reports on the impor-
tant role of infectious agents in the development 
of somatic diseases deserves special attention: pa-
thology of the heart, lungs, central nervous system. 
Thus, the Children’s Scientific and Clinical Center 
of Infectious Diseases demonstrated that children 
during the influenza epidemic die not only from 
pneumonia but also from damage to the heart and 
central nervous system by influenza viruses [6]. 

The number of officially registered cases of in-
fectious diseases in the country is about one mil-
lion a year, which is up to 30-40% of all diseases. In 
children, this figure is much higher than in adults 
and is up to 90%.

Infections are also of key importance in the 
solution of demographic problems. In the structure 
of mortality from infectious and parasitic diseases 
of the adult population, HIV infection takes more 
than 50%, tuberculosis – 32%, viral hepatitis, sep-
sis, meningococcal infection – more than 5%. At the 
same time, in children, the first in the structure of 

deaths are community-acquired pneumonia (up to 
35%) and meningococcal infection (up to 25%) [1-
5].

The economic burden of infectious diseases is 
enormous. According to the State report of 2018, 
the cost of treatment of respiratory tract infections 
amounted to 513 bln rubles, tuberculosis – to 35 bln 
rubles. Overall, the total costs amount to at least a 
trillion rubles. Unfortunately, the costs of treating 
infections that can be prevented by vaccination are 
significant. Even without taking into account losses 
from rotavirus, pneumococcal, hemophilic infec-
tions and infectious diseases caused by papilloma-
viruses, they amount to at least 16 bln rubles [3].

In the history of humankind, people have devel-
oped three main directions in controlling infectious 
diseases which include epidemiological measures, 
hygiene, treatment with the use of antibacterial 
and antiviral medication, and vaccinal prevention. 
And each of these measures has its limitations.

Epidemiology and sanitary are crucial. Preven-
tive measures limit the spread of infection through 
quarantine measures, but they cannot eradicate the 
infection. Smallpox (variola) was the only infection 
to be eradicated. In this case, the infectious agent 
is kept in laboratories that with the cancellation of 
smallpox vaccination and with virus entering the 
environment can lead to the development of an ep-
idemic. 

Treatment of infectious diseases also does not 
significantly affect the spread of infections. For a 
number of infections, such as polio and measles, 
the effectiveness of treatment is limited. The treat-
ment of bacterial infections is also fraught with 
enormous difficulties. The decrease in the effec-
tiveness of antibacterial drugs and the growth of 
antibiotic resistance constitute a threat in the 21st 
century. This complicates the solution of problems 
associated with limiting the spread of infectious 
diseases through treatment.
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Vaccination is of key importance in the con-
trol of infectious diseases. With the start of vacci-
nation, the Soviet Union experienced a dramatic 
decline in the incidence of: measles by 500 times, 
diphtheria by 200 times, mumps by 150 times,  per-
tussis (whooping cough) by 40 times, tetanus by 
50 times. There was a decrease in the incidence of 
hepatitis B in the first years of vaccination by more 
than 4 times. Attempts to revise these approaches 
in the 90s led to tragic consequences. For example, 
only in St. Petersburg, the abolition of vaccination 
against diphtheria led to 300 deaths among chil-
dren. Since 2000, vaccination against viral hepatitis 
B and tuberculosis have become mandatory in ma-
ternity hospitals, which has led to a decrease in the 
incidence of acute hepatitis by 50 times and tuber-
culosis by 5 times. Moreover, according to WHO 
experts, due to the introduction of vaccination, life 
expectancy has increased by 30 years. An example 
of the effectiveness of vaccination is a decrease in 
the incidence of influenza against the background 
of an annual increase in vaccination coverage. Thus, 
in 2019, almost 50% of the population was vaccinat-
ed, leading to the absence of serious epidemically 
significant cases and a reduction in deaths [6-8].

Vaccination today is the eradication of infec-
tious agents; it is the disease monitoring, reduction 
of complications, deaths, infant mortality; it is the 
economic benefit, the conditions for health and mo-
bility; it is the condition for full working capacity, 
population effect, social equality, since vaccination 
is subject to all the people, regardless their financial 
situation; it is the prevention of somatic and onco-
logical diseases; it is also a new aspect because the 
international community considers vaccination as 
a leading means of combating antibiotic resistance.

In our country, implementation of vaccination 
is based on the Federal Law FZ-157 «On immuno-
prophylaxis of infectious diseases». According to 
the law, the Federal budget currently provides vac-
cination against 12 infections such as hepatitis B, 
tuberculosis, pneumococcal infection, Hemophilus 
infection, polio, pertussis (whooping cough), diph-
theria, tetanus, measles, mumps, rubella, and influ-
enza. Many countries have already expanded their 
immunization programs to 15-17 (some countries 
– to 19) nosological entities. Moreover, the expedi-
ency of broadening the spectrum of the vaccinated 
population is obvious. Thus, the idea of mandatory 
pneumococcal vaccination of older people, closely 
associated epidemiologically with children, is ac-
tively being worked out. It is essential to expand 
the vaccination against hemophilic infection type 
B for all categories of children, not just risk groups. 

In his decree dated 29 May 2017, the President 
of the Russian Federation declared «the Decade of 
childhood». Prevention of infections, which remain 
the leading cause of child deaths and disability, is a 
priority in the implementation of this program. Up 
to 50% of all child deaths are currently associated 

with some form of infection. Moreover, up to 35% 
out of 670 thousand children with disabilities ac-
quired disability due to infectious diseases. In this 
regard, supplementary immunization programs 
should be considered as a possible solution to this 
problem. This additional immunization is a real 
possibility to improve infection control.  With the 
active involvement of staff members of the Chil-
dren’s Research and Clinical Center for Infectious 
Diseases in St. Petersburg, a vaccine prevention 
program, aimed at reducing incidence, disability, 
and mortality, was developed. The key in this pro-
gram is the strategic direction: «St. Petersburg is a 
city free of infections».

This program can be taken as a basis and ap-
plied in any region and city. This can be the basis 
for expanding the vaccination program of the pop-
ulation of certain territories by improving regional 
immunization programs.  The program describes 
the mechanisms for integrating additional vaccina-
tions into the National Immunization Schedule, for 
example, pertussis (whooping cough) with an inci-
dence higher than the average in Russia, Haemo-
philus influenzae type b, not at only risk groups. 
For many years, St. Petersburg has been imple-
menting supplementary immunization programs, 
with annual funding for supplementary vaccina-
tion of children in closed institutions against var-
icella, hepatitis A, and Haemophilus influenzae 
type b. 

The features of the vaccination in various infectious 
diseases are identified as pressing issues. Pertussis is an 
example of such diseases. A number of specialists 
describe it as an «unmanageable infection». The in-
cidence of this infection doubled in Russia in 2018, 
and whooping cough ranked second in the growth 
rate of the incidence, after measles. At the same 
time, the combined vaccines with a pertussis com-
ponent registered in Russia allow for vaccination 
in all age groups. Maximum and timely coverage 
of preventive vaccinations is necessary. The best 
tactic is the vaccination of children in the first two 
years of life, who are most often sick, with manda-
tory revaccination of children. Immunity lasts no 
more than seven years. This leads to the fact that 
the child, vaccinated in the first year of life, at the 
time of starting school does not have a protective 
antibody titer causing a second peak incidence of 
whooping cough. At the same time, parents are 
also ill, and their diagnosis is complicated by the 
common changing nature of the disease pattern.

The incidence of whooping cough in St. Peters-
burg is higher than in the Russian Federation, the 
highest is in children under one year, and school-
age children prevail in the pattern of cases. One 
possible solution is the widespread use of com-
bined vaccines for vaccinations of children of the 
first five years and the introduction of revaccina-
tion of children 6-7 years of age. The introduction 
of these measures is not very expensive, but it will 



38

BULLETIN OF MEDICAL SCIENCE 3 (15) 2019

save children from severe complications of whoop-
ing cough. The results of mathematical modeling 
show that the economic efficiency of vaccination of 
one cohort can be more than 2.6 million rubles.

The other infection is Haemophilus influenzae. The 
experience of St. Petersburg shows that due to the 
widespread introduction of combined vaccines in 
children of the first year of life, the incidence of H. 
influenzae decreased by 4 times.   H. influenzae is 
one of the leading causes of severe pneumonia, sep-
sis and meningitis, with mortality up to 10% and a 
high risk of complications (deafness from 2 to 10%, 
70% of patients need rehabilitation). Treatment of 
five patients with Haemophilus meningitis in 2016 
in the intensive care unit of the Children’s Scientific 
and Clinical Center of Infectious Diseases, exclud-
ing the cost of further therapy and rehabilitation, 
exceeds 2 million rubles. The use of combined vac-
cines for revaccination of a cohort of children at 
18 months could solve the problem of protection 
against Haemophilus influenzae in children 1.5 
years and older. In calculating the pharmacoeco-
nomic model, conducted by the specialists of the 
Children’s Scientific and Clinical Center of Infec-
tious Diseases, and using a 5-component combined 
vaccine, the savings for one child will amount to 
almost a thousand rubles.

Another formidable infection is a meningococcal in-
fection. Nowadays one out of five who gets menin-
gococcal disease will die from the infection. And 
the death of more than half occurs within the first 
day of the disease. This is the only infection with 
peracute fulminant course of the disease. This is 
largely determined by the frequent development 
of a severe complication – Waterhouse–Frider-
ichsen syndrome (WFS), characterized by bleeding 
into the adrenal glands, as well as the development 
of septic shock. At the same time, the incidence of 
meningococcal infection has increased by 15% over 
the past year. Those patients who can be saved 
with severe forms of meningococcal infection need 
rehabilitation.

In recent years, 43 million rubles have been 
spent on the treatment of only 23 patients from se-
vere forms of meningococcal infection in the inten-
sive care unit of the Children’s Scientific and Clin-
ical Center of Infectious Diseases. If a tetravalent 
combined vaccine was used with wide coverage 
for children of the first year in St. Petersburg, this 
would lead to a six-fold decrease in the incidence 
rate and a direct economic benefit of up to 14 mil-
lion rubles [11]. It is also worth noting that recent-
ly there has been the emergence of new strains of 
meningococci, in particular,  meningococcal sero-
group W135, which has not been detected before. 
This strain was transformed as a result of gene 
transfer of the meningococcal C serogroup in 2010-
2011 during mass gatherings during the Hajj. This 
strain causes extremely severe forms of the disease, 

with a 29% mortality rate, and acquires features of 
antibiotic resistance to a number of medications.

The fact of the varicella epidemic in the Russian Fed-
eration should not be hidden but recognized, and all ef-
forts should be directed to reducing the incidence of both 
children and adults. The severity of varicella is based 
not on skin lesions, but on frequent complications 
from the nervous system, and primarily in the form 
of encephalitis. Herpesviruses are characterized by 
necrosis, in other words, viruses kill cells, leading 
to severe complications and consequences in the 
distant future. In addition, mention should also be 
made of another property of these viruses – their 
lifelong persistence in the human body, which is 
associated with their role in the violation of the 
functioning of the immune system, which leads to 
the development of somatic pathology, for exam-
ple, atherosclerosis of blood vessels. According to 
recent data, the nervous system damages caused 
by varicella among hospitalized children are ob-
served in 43% of cases. At the same time, the ex-
ample of the Kachkanar municipality (Kachkanar 
is a town in Sverdlovsk Oblast, Russia), where total 
vaccination against varicella was carried out, indi-
cates the possibility of reducing the incidence of 
this infection to almost zero.

Rotavirus infection as a pediatric problem. Up to 
70% of all intestinal infections in the modern struc-
ture of incidence are viral gastroenteritis. The first 
place among them is followed by rotavirus, and 
then norovirus infections, viral gastroenteritis of 
other etiology are less common. In the Russian 
Federation, the incidence of rotavirus infection is 
83.26 per 100,000 population. Rotaviruses are asso-
ciated with up to 27% of all outbreaks of acute in-
testinal infections. In St. Petersburg, the incidence 
of rotavirus infection is more than 100 per 100,000 
population, and the cost of treatment of one case of 
rotavirus gastroenteritis is almost 24,000 rubles. In 
2018, there were 8 fatal cases of rotavirus infection 
among children.

In many countries of the world, all children 
aged under 12 months are vaccinated against rota-
virus infection. The incidence of rotavirus infection 
in vaccinated patients in those countries that intro-
duced mass vaccination decreased by 70-90%  in the 
next year and by 15-70% in those age groups that 
were not subject to vaccination. Also, the incidence 
of hospitalizations of children decreased by 30-50% 
and mortality from intestinal infections by 20-40%. 
Russia experienced the same in Krasnoyarsk Krai, 
where after the introduction of rotavirus vaccina-
tion, the decrease in the frequency of hospitaliza-
tion was 30% within a year after vaccination. This 
indicates that vaccination against rotavirus infec-
tion is effective and should be introduced into the 
Federal Immunization Schedule.

Pneumococcal infection is one of the most common 
among both children and adults. The widespread in-
troduction of vaccination against pneumococcal in-
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fection in the Russian Federation has significantly 
reduced the incidence of this infection. Despite the 
high costs of providing wide coverage for pneumo-
coccal vaccination (about 4 billion rubles), the ra-
tio of vaccination costs to the amount of prevented 
economic damage is 1:3. Pneumococcal vaccination 
in adults with chronic diseases showed high effi-
ciency, as indicated by the example of Krasnoyarsk 
Krai. Thus, pneumococcal vaccination is an effec-
tive tool in the prevention of the disease.

Human Papillomavirus infection as a social 
problem is undeniable. Cervical cancer, laryngeal 
papillomatosis, anogenital warts make the surface 
of an iceberg of those severe oncological diseases 
that are caused by papillomaviruses. In 62 coun-
tries, HPV vaccination is introduced into the Na-
tional Immunization Schedule. In Australia, where 
total HPV vaccination has been introduced for all 
girls and boys aged 11-13 years, the progress in 
combating the virus is so great that the incidence 
of HPV infection is practically reduced to zero. 
This problem has not yet been solved in St. Peters-
burg. Every year there are no less than 500 new cas-
es of cervical cancer, 40 cases of vulva and vagina 
cancer, and 2.5 thousand new cases of anogenital 
warts. In terms of incidence, St. Petersburg is ahead 
of other cities of the Russian Federation by two or 
three times. This phenomenon is explained by the 
geographical location of the city and its tourist 
attraction, which creates prerequisites for sexu-
ally transmitted infections. Since 2010, the World 
Health Organization recommends that all coun-
tries add HPV vaccination to their program. Such 
recommendations have been already implemented 
in almost 100 countries. In our country, the issue 
with the introduction of HPV vaccination also re-
quires a solution to protect the young generation 
from this severe infection unpleasant in its com-
plications, it is especially relevant since the fight 
against cancer is a priority not only in the world 
but also in Russia. The cost of the vaccine is an ob-
stacle to implementation in our country. However, 
even taking into account the high economic costs, 
a wide (at least 30%) coverage of the cohort is as-
sociated with an economic benefit of hundreds of 
millions of rubles [12].

In general, the economic analysis of the further 
expansion of vaccination, with regard to the situ-
ation in 2019, is possible savings of 1722.1 million 
rubles.

Still, a large number of outstanding problems 
remain. The Russian Federation remains below 
the standards of the WHO-recommended Immu-
nization Schedule: there is no mandatory Haemo-
philus influenzae vaccination in all children, from 
rotavirus and papillomavirus infections, and vari-
cella. There are no differentiated schedules for chil-
dren and adolescents, adults, persons of different 
groups of social, professional, medical risk for in-
fectious diseases, travellers and migrants. 

Separately, it is worth considering the rapid 
alarming growth of the anti-vaccination move-
ment, which, unfortunately, involves medical pro-
fessionals. To date, there is no unified training of 
doctors on vaccine prevention in universities. It is 
necessary to develop social, state propaganda of 
vaccination. In a number of countries, including 
Finland and France, where vaccination is manda-
tory for the entire population, tough measures are 
legislated to combat the anti-vaccine lobby. 

Thus, infections retain their social and econom-
ic importance. The widespread development of im-
munization of the population will help to reduce 
healthcare costs, protect people with concomitant 
diseases, especially older age groups, reduce in-
cidence and mortality. The implementation of the 
decrees of the President of the Russian Federation 
on reducing mortality and increasing life expec-
tancy cannot be achieved without expanding the 
vaccination program. Vaccination is effective if 
the following principles are met: its life-long im-
plementation; wide coverage of the population; 
selective approach to priorities of an epidemic 
situation and depending on regional characteris-
tics. It is very important that the regions and their 
governors are legally entitled to have additional 
programs and Immunization Schedules, only their 
social position and awareness of the importance of 
vaccination are needed. Only one meningococcal 
infection can be an example, where the treatment 
of its severe forms requires a stay in the intensive 
care unit of a specialized hospital, long-term hos-
pitalization, high-tech procedures such as microfil-
tration, removal of toxins and cytokines from the 
blood, close, constant care and economic costs up 
to 25 million rubles per patient, which is not yet 
possible to implement nationwide. Vaccination is 
the most effective and economically viable method 
to prevent infections, which requires further im-
plementation since it is also aimed at solving the 
problem of antibiotic resistance and at a reasonable 
distribution of medical resources.

References:
1. A guide to infectious diseases: in 2 bks. Ed. 

Yu.V. Lobzin, K.V. Zhdanov. Saint Petersburg, 
2011.

2. Baranov A.A., Albitsky V.Yu., Namazo-
va-Baranova L.S., Terletskaya R.N. State of health of 
children in modern Russia. M., 2018. 

3. On the state of sanitary-epidemiological 
well-being of the population in the Russian Federation 
in 2017. State report. M., 2018.

4. Healthcare in Russia 2017. Statistical com-
pendium. Moscow: Rosstat; 2018.

5. Information on infectious and parasit-
ic diseases (Form 1) for January-December 2018. 
URL: https://rospotrebnadzor.ru/activities/statis-
tical-materials/ statictic_details.php?ELEMENT_
ID=11277 (date of access: 09.04.2019)



40

BULLETIN OF MEDICAL SCIENCE 3 (15) 2019

6. Modern approaches to diagnosis, therapy and 
prevention of infectious diseases in children. Ed. Yu.V. 
Lobzin, N.V. Skripchenko. Saint Petersburg, 2018. 
Vol. 8: 416.

7. Rudakova A.V., Kharit S.M., Podkolzin 
A.T., Uskov A.N., Lobzin Yu.V. Evaluation of the 
cost-effectiveness of vaccination of children with 
5-valent vaccine against rotavirus infection in the 
Russian Federation. Pediatric Pharmacology. 2017; 6: 
501-506.

8. Dargyn O.K. Results of mass vaccination 
of children against viral hepatitis A in the Tyva Re-
public.Journal Infectology. 2019; 11 (1, S.1): 46-47.

9. World Health Organization. Official web-
site. URL: https:// www.who.int/ru/news-room/
detail/29-11-2018-measles-cases-spike-globally-
due-to-gaps-in-vaccination-coverage (date of ac-
cess 08.04.2019)

10. Rospotrebnadzor of the Russian Feder-
ation. On the situation with measles incidence 
in Russia and foreign countries 21.01.2019. URL: 

http://67.rospotrebnadzor.ru/content/150/83229/
(date of access 08.04.2019).

11. Skripchenko N.V., Markova K.V., Vilnits 
A.A. et al. Clinical and epidemiological features of 
meningococcal infection in children for the period 
of 2014-2018 (according to CSCCID data).Journal 
Infectology. 2019; 11 (1, S.1): 120-121.

12. Morozova L.F., Sergiev V.P., Filatov N.N. 
Geoinformation technologies in the prevention of 
infectious and parasitic diseases. M., 2017.

Contacts
Corresponding author: Lobzin Yuri Vladimirovich, 
Doctor of Medical Sciences, Professor, Academi-
cian of the RAS, Director of the Children’s Scientif-
ic and Clinical Center of Infectious Diseases of the 
FMBA, Saint Petersburg.
197022, Saint Petersburg, ul. Professora Popova, 9.
Tel.: (812) 2346004.
E-mail: niidi@niidi.ru



41

BULLETIN OF MEDICAL SCIENCE 3 (15) 2019

UDC 616-08-039.57-039.71

EFFECTIVENESS OF THE PREVENTIVE CONSULTING IN 
OUTPATIENT AND INPATIENT PHASES: RESULTS OF THE 
REALIZATION IN THE ORGANISED COMMUNITY
1Altai State Medical University, Barnaul
2Multiprofile Hospital of the Barnaul railway station of JSC Russian Railways, Barnaul

N.V. Pyrikova1, O.N. Antropova1, I.V. Osipova1, I.L. Markina1, A.V. Manukyan2

Implementation of corporate programs of primary prevention of cardiovascular diseases (CVD) is a promising 
direction for preservation of the health of the working population.
Research objective. To assess the effectiveness of the CVD prevention program, including the provision of preven-
tive care at the hospital stage in an organized workforce.
Materials and methods. The study included drivers and assistant drivers of the locomotive depot of the Barnaul 
station. Individual preventive consulting was conducted in a polyclinic, rehabilitation (fitness and health) center, 
in-patient hospital. The monitoring study was carried out in representative samples, in 2010, the sample was 224 
men, in 2016 – 123 people. The evaluation of behavioral, cardiometabolic, psychosocial risk factors, temporary 
disability (TD) was carried out.
Results. Preventive consulting involving outpatient and inpatient staff led to a reduction in smoking prevalence 
by 40.3%, hypodynamia by 18.2%, excessive alcohol consumption by 52.3%, insufficient consumption of vegeta-
bles and fruits by 29.6%, hypercholesterinemia by 15.7%, abdominal obesity by 11.2%, and resting tachycardia 
by 12.7%. The multidisciplinary approach with the involvement of a psychologist allowed to achieve the correction 
of psychosocial factors: there were no cases of subclinical and clinical anxiety and depression, a high level of psy-
chosocial stress was detected in one person. There was a decrease in the CVD incidence with TD by 1.8 times, in 
arterial hypertension by 1.3 times.
Conclusion. The results confirm the effectiveness and necessity of implementing preventive programs in the labor 
community by incorporating measures to establish them into the national health strategies, health sector reforms, 
and plans to improve the effectiveness of health systems.
Key words: workforce, employees of locomotive crews, cardiovascular diseases, prevention, risk factors

Cardiovascular diseases (CVD) are remain-
ing to be the major cause of death globally, they 
are annually responsible for 17.3 million deaths 
[1] – 31.5% of all world’s population deaths and 
45% of all deaths from noncommunicable diseas-
es (NCD), which include four types of diseases: 
cardiovascular, oncological, respiratory diseas-
es and diabetes mellitus (DM). This justifies the 
necessity of implementation of comprehensive 
measures, among which primary prophylaxis of 
the CVDs – first of all, early identification and 
management of risk factors – is a high-priority 
and feasible measure to improve the population 
situation in Russia and to enhance the personnel 
and labor capacity [2].

Data of the domestic and foreign studies using 
various programs of the preventive consulting in-
dicate their high effectiveness regarding a number 
of important indicators for cardiovascular prophy-
laxis [3]. Prophylaxis is effective: compliance with 
the principles of healthy lifestyle and reduction of 
the level of the main risk factors within the popu-
lation can prevent up to 80% of premature deaths 
from CVDs [4]. Thus, comprehensive programs 
of prophylaxis, multidisciplinary approach in the 
management of the behavioral risk factors, in-
volvement of nurses, dietitians, psychologists, etc. 

are the most effective measures. To help to change 
one’s lifestyle, approved cognitive-behavioral 
methodologies (i.e. a motivational interviewing) 
are recommended. With a high risk of CVDs, inte-
grated interventions, combining medical resources 
with a training of healthy lifestyle, physical exer-
cises, stress management, consultation on psycho-
social risk factors are implemented [5, 6].

A lifestyle determining the establishment of 
person’s health generally depends on the pattern of 
behavior and life mindsets, which are formed and 
encouraged by the social environment. The impact 
of professional factors is of great importance, these 
factors, on the one hand, may obstruct the maintain-
ing healthy lifestyle and, on the other hand, may be 
among significant risk factors of the development 
of CVDs. A profession of a railroad engineer makes 
greater demands on the psychophysical state of an 
organism [7], it has been proved that CVDs are the 
leading diseases among this category of workers, 
and this reduces the effectiveness of transporta-
tions and increases the risk of technological disas-
ters [8]. In this regard, it seems urgent to improve 
the coverage and quality of work of occupational 
health services with an increase in their preventive 
orientation, as previous experience shows that the 
implementation of preventive programs in work 
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communities is effective and economically feasible 
[9, 10, 11].

The purpose of the study was to assess the ef-
fectiveness of the program of prevention of CVDs, 
including the providing of preventive care in hos-
pital phase in the organized work community.

Materials and methods
The presented study is a part of the comprehen-

sive activities on development and introduction of 
the organizational model of common prophylactic 
environment in the organized work community 
of the locomotive depot of Barnaul railway sta-
tion. This model ensures continuity of prophylactic 
measures in the workplace, in the pre–trip medical 
examination station, in the hospital, in the rehabili-
tation (health and fitness) center, in the inpatient de-
partment and encourages a long-term management 
of risk factors and preventing CVD development 
among locomotive crew workers. Population strat-
egy is focused on informing employees about risk 
factors and on motivating them towards healthy 
lifestyle with the help of mass media – a section Let’s 
protect our professional longevity in the newspaper 
Altai Locomotive Engineer, where articles on healthy 
lifestyle are published regularly. Information dis-
plays with commercials promoting healthy lifestyle 
and emergency mutual and self–aid skills under 
life-threatening conditions are located in the halls of 
the hospitals, inpatient department, rehabilitation 
(health and fitness) center, pre-trip medical exam-
ination station. In the Russian Railways, corporate 
sports events aimed at the promotion of an increase 
in physical activity take place. In addition, in order 
to eliminate hypodynamia of employees, there is a 
gym in the health and fitness (rehabilitation) cen-
ter located on the territory of the locomotive depot. 
Another important activity of the population strate-
gy might be the School of Health in the workplace, 
which is held in the locomotive depot of Barnaul 
station and showed its effectiveness in the manage-
ment of risk factors [12].

The high-risk strategy, focused on the earliest 
possible identification of individuals with high to-
tal cardiovascular risk (CVR) and implementation 
of active preventive measures with the purpose of 
full management of risk factors, is being put into 
practice in several directions. Since 2010, in addi-
tion to the School of Health in the workplace, the in-
depth individual preventive consultation has been 
carried out in the rehabilitation (health and fitness) 
center for locomotive crews and in the Policlinic of 
JSC Russian Railways. During the individual pre-
ventive consultation, an assessment of behavioral, 
cardiometabolic and psychosocial risk factors, an 
assessment of the risk category of the development 
of cardiovascular complications, a joint phased life-
style improvement plan are being made.

In 2013, a prophylaxis office in the inpatient 
department of the Divisional Clinical Hospital 

at Barnaul station was opened in order to ensure 
continuity and full coverage of employees with 
preventive measures. A group preventive consul-
tation is conducted daily in the prophylaxis office 
(Health Schools on managing main risk factors and 
teaching skills of emergency mutual and self-aid in 
the development of cardiovascular complications). 
In addition, all hospitalized workers of locomo-
tive crews undergo in-depth individual preventive 
consultation. A specialist in medical prevention 
works in cooperation with a psychologist and a 
dietitian. This measure was introduced in connec-
tion with the importance of initiating an adequate 
preventive intervention before discharge from the 
hospital, since preventive treatment after discharge 
tends to decrease rather that increase, the number 
of patients receiving adequate therapy decreases 
over time without reaching the target levels of risk 
factors [6].

This study assessed the effectiveness of preven-
tive consultation conducted in the policlinic, reha-
bilitation center and inpatient department for the 
period from 2010 to 2016. A monitoring study was 
carried out within representative selections of lo-
comotive crew workers. In 2010, the selection was 
224 people (average age of 42±5.6 years), in 2016 
– 123 people (average age of 43.9±7.2 years). Inclu-
sion criteria: male gender; age of 20–55 years; an 
occupation of train engineer or assistant engineer; 
consent to participate in the study. Exclusion crite-
ria: symptomatic arterial hypertension (AH); dete-
rioration of AH; AH of the III stage and 3rd degree; 
ischemic heart disease (IHD) and other associated 
clinical conditions; DM; chronic diseases with in-
sufficiency of organs and systems; acute illnesses; 
refusal to participate in the study.

Assessment of CVD risk factors was carried out 
in accordance with the Guidelines on Cardiovascu-
lar Prevention, 2017 [5].

1. Smoking. Smokers were considered individu-
als who smoked ≥1 cigarette per day.

2. The consumption of alcohol. Excessive alco-
hol consumption – ≥2 standard doses per day for 
men. The preferred alcoholic beverage was also 
evaluated.

3. Dietary medical history, frequency and num-
ber of servings of vegetables and fruits (excluding 
potatoes). Insufficient consumption of vegetables 
and fruits was stated at less than 5 servings per day.

4. Adequate physical activity: moderate phys-
ical activity of 150 minutes per week, intense aer-
obic physical activity of 75 minutes per week, the 
equivalent combination of moderate and intense 
physical activity, daily walking of 3 km or more.

5. Excess body weight and obesity, including 
abdominal obesity (AO). The evaluation of height 
and weight, the calculation of body mass index 
(BMI) was conducted: normal body weight is at 
BMI of 18.5–24.9; overweight – 25.0–29.9; I degree 
obesity – 30.0–34.9; II degree obesity – 35.0–39.9; 
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III degree obesity – ≥40. Waist circumference (WC) 
was measured in a standing position, in the middle 
between the lower edge of the chest and the ilium 
crest in the mid–axillary line (not the maximum 
size and not at the navel). At WC ≥94 cm for men, 
AO was confirmed.

The identification of chronic psycho-emotional 
stress was carried out using the Reeder L.G. ques-
tionnaire. [13]: 1–2 points – high; 2.01–3.0 points – 
average; 3.01–4.0 points – low level of psychosocial 
stress.

Screening of anxiety and depression was car-
ried out using the HADS Hospital Anxiety and 
Depression Scale. When interpreting the data, the 
total indicator for each subscale was considered: 
0–7 points – the norm; 8–10 points – subclinically 
expressed anxiety/depression; 11 points and above 
– clinically expressed anxiety/depression.

Laboratory studies included fasting of total 
cholesterol (TC) test. Hypercholesterolemia (HC) 
was established at values of TC >5 mmol/l or in ac-
cordance with the cardiovascular risk.

Diagnosis of AH was carried out during rou-
tine medical examinations, as well as according 
to the results of monitoring blood pressure (BP), 
measuring BP at the pre-trip medical examination 
or self-monitoring of BP. All employees with AH 
were under clinical supervision with the prescrip-
tion of antihypertensive therapy [8]. At the time of 
the study, all men included in the selections in 2010 
and 2016 reached the target level of BP.

Indicators of the office heart rate (HR) were 
evaluated during a general clinical examination. 
Heart rate at rest for more than 80 bpm was con-
sidered.

The analysis of the incidence with temporary 
disability (TD) for CVD at large and for AH (the 
number of cases per 100 employees) was conduct-
ed.

Data processing. Statistical methods for pro-
cessing research results: methods of medical sta-
tistics, applications package STATISTICA 10.0. Be-
fore statistical processing, selection power and size 
were assessed, and the distribution was checked 
for normality using the Kolmogorov-Smirnov, 
Lilliefors and Shapiro-Wilk tests. To compare the 
average values, the paired Student’s t-test was 
used with a distribution close to normal; at a distri-
bution distinct to normal, the Wilcoxon W-test was 
used. A pairwise comparison of frequencies was 
carried out using the Pearson χ2 criterion. The pa-
rameters presented in the results of the study have 
the following notations: M – arithmetic mean val-
ue; SD – standard deviation; n – the absolute num-
ber of individuals in the group; % – proportion of 
individuals of their total number in the group; p 
– achieved level of statistical significance. A value 
of p<0.05 was taken for a critical level of statistical 
significance.

Results and discussion
Depending on the duration of communication 

with the medical worker, preventive interventions 
are divided into three degrees of low, medium 
and high intensity (no more than 30, 31–360 and 
more than 360 minutes, respectively) [14]. There 
is evidence that more intense or longer targeted 
interventions give more expressed and lasting re-
sults in relation to both behavioral changes and pa-
tient prognosis [3, 15]. Moreover, a combination of 
knowledge and skills of various medical workers 
(doctors, nurses, psychologists, psychotherapists, 
dietitians, rehabilitation therapists, sport medi-
cine specialists) allow implementing multimodal 
behavioral interventions that help optimize pre-
vention options (class I, level of evidence A) [6]. In 
a much smaller number of cases, prophylactic in-
terventions are aimed at one of the risk factors, i.e. 
nutritional interventions or interventions aimed at 
increasing risk factors, management of hyperlipid-
emia, etc. [16, 17].

According to systematic reviews and me-
ta-analyses, in addition to the behavioral aspects 
of lifestyle, several individual impacts associated 
with work, including working stress, long working 
hours and shift work, were associated with cardio-
vascular morbidity and mortality [17, 18]. There-
fore, the active introduction of preventive pro-
grams in the work communities in arduous labor 
is an important interdisciplinary task of healthcare. 
In our study, a set of preventive measures covering 
the workplace, clinic, hospital is carried out with 
the involvement of psychophysiologists, a psychol-
ogist, a dietitian, which led to the improvement of 
the train engineers’ lifestyle and successful man-
agement of behavioral risk factors.

Over the period from 2010 to 2016, there was a 
positive trend of reducing the smoking rate among 
employees of locomotive crews (Table 1): 72.8% 
smoked in 2010, 32.5% – in 2016, that is by 40.3% 
less (χ²=53.0; p<0.001).

The next analyzed behavioral risk factor is al-
cohol consumption. It appeared that in 2010 the 
consumption of alcoholic beverages of more ac-
ceptable values per day was more common than in 
2016 by 52.3% (χ²=88.5; p<0.001). An examination 
of train engineers and their assistants in 2016 re-
vealed that 12.2% did not drink alcohol, while in 
2010 there were no such men at all. Of alcoholic 
beverages in 2010, men preferred to drink beer in 
70.1% of cases, after ten years – in 18.7% of cases, 
which is by 51.4% less (χ²=84.0; p<0.001).

According to the results of our study, a posi-
tive effect was obtained on the management of the 
level of physical inactivity: in 2010, the value of 
men with an insufficient level of physical activity 
was 75.9%, in 2016 – 57.7%, which is less by 18.2% 
(χ²=12.4; p<0.001), predominantly due to daily 
walking more than 3 km.
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Table 1
Dynamics of CVD risk factors of locomotive crew workers when conducting preventive consultation

CVD risk factors
2010

(n=224)
2016

(n=123)
abs. % abs. %

Smoking 163 72.8 40 32.5*
Excessive alcohol consumption 137 61.2 11 8.9*
No consumption of alcohol in the past year - - 15 12.2
Beer preference 157 70.1 23 18.7*
Insufficient consumption of vegetables and 
fruits 132 88.0 57 46.3*

Low physical activity 170 75.9 71 57.7*
Excess body weight and obesity (BMI ≥25 kg/
m²) 175 78.1 83 67.5***

Abdominal obesity (WC >94 см) 178 79.5 84 68.3***
Hypercholesterolemia (TC >5 mmol/l) 130 58.0 52 42.3**

Note: *р<0.001; **р<0.01; ***р<0.05 – statistical significance of differences in indicators in 2010 and 2016. 

The data are consistent with a number of other 
studies in which managing preventive measures in 
organized communities were focused on improv-
ing behavioral risk factors [19, 20].

Recent studies have shown that consumption of 
fresh and dried fruits/vegetables of 500–600 g per 
day is associated with a decrease in total mortal-
ity by 42% [21]. In our study, this risk factor had 
the following dynamics: 75.9% of men had inad-
equate consumption of fruits and vegetables in 
2010, while preventive measures were taken after 
six years, this risk factor had 46.3%, which is less by 
29.6% (χ² = 30.7; p <0.001).

Lifestyle improvement, management of be-
havioral habits during preventive measures in the 
work community of locomotive crew workers led 
to positive results in reducing the frequency of 
cardiometabolic risk factors (Table 1). An analysis 
of anthropometric indicators revealed that over-
weight and obesity (BMI ≥25 kg / m²) were ob-
served in 78.1% of employees in 2010, in 2016 – in 
67.5% of the examined employees, i.e. a decrease in 
this risk factor by 10.6% was noted (χ²=4.7; p<0.05). 
The frequency of AO over six years decreased by 
11.2% (χ²=5.4; p<0.05): 79.5% and 68.3%, respective-
ly, in 2010 and 2016. In 2010, an increase in the level 

of cholesterol over the target values in the studied 
group was 58.0%, in 2016 the number of men with 
this risk factor was less by 15.7% (χ²=7.9; p<0.01) 
and amounted to 42.3%.

In recent years, the prevalence of arterial hy-
pertension among people of working age in Rus-
sia has grown and is currently 43%, and this was 
due to an increase in the prevalence of high blood 
pressure among the male population (47.8%) [5, 
22]. In the studied community of locomotive crew 
workers, the AH frequency in 2010 amounted to 
42.0%, in 2016 it slightly decreased (by 5.4%) to 
36.6% (without statistical validity). All men re-
ceived antihypertensive therapy and reached the 
target level of blood pressure. The average office 
blood pressure did not differ between years (Table 
2): in 2010 – 125.5±8.5/78.4±7.6 mm Hg, in 2016 – 
125.4±8.0/78.1±7.3 mm Hg.

The average office heart rate in 2010 was 77.1±7.2 
bpm and exceeded the average office heart rate in 
2016 (75.1±6.8 bpm) by 2 bpm (p<0.05). When an-
alyzing HR of more than 80 bpm, it emerged that 
after six years, men with resting tachycardia ap-
peared by 12.7% less often (χ²=7.1; p<0.01): 28.1% 
and 15.4%, respectively, in 2010 and 2016 (Table 2).

Table 2
Dynamics of hemodynamic parameters in locomotive crew workers during preventive consultation

CVD risk factors 2010 
(n=224)

2016 
(n=123)

Average office BP, mm Hg (М±SD) 125.5±8,5 125.4±8.0
Office diastolic BP, mm Hg. (М±SD) 78.4±7.6 78.1±7.3
AH (abs., %) 94 (42.0) 47 (36.6)
Office HR, bpm (М±SD) 77.1±7.2 75.1±6.8**
HR >80 bpm (abs., %) 63 (28.1) 19 (15.4)*

Note: *р<0.01; **р<0.05 – statistical significance of differences in indicators in 2010 and 2016. 
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Various prophylactic screening programs and 
recommendations for preventing consultation of 
the adult population have been developed and 
are widely used in different countries of the world 
[23, 24]. For more than 25 years in the United 
States there is a non-governmental organization – 
the United States Preventive Services Task Force 
(USPSTF) [14]. Experts of this panel recommend 
for residents over 18 years of age with overweight 
and obesity, as well as with additional CVD risk 
factors (increased blood pressure, hyperlipidemia, 
impaired glucose tolerance or metabolic syn-
drome) intensive (more than 360 min) preventive 
consultation on healthy nutrition and physical 
activity for prevention CVD. In addition, it is rec-
ommended for adults over 18 years of age without 
obesity and other risk factors also be referred to 
preventive consultation, i.e. healthy people with 
low CVR. Available data indicate the advisability 
of conducting preventive consultation for CVD 
risk factors in this population, although the mag-
nitude of the positive effect is small [25]. Howev-
er, the risk of CVD and its complications is closely 
related to working factors. Obviously, fundamen-
tally different factors play a significant role in the 
pathogenesis of CVD in locomotive crew workers, 
primarily factors related to working conditions: 
workplace stress, social burnout, shift work during 
night hours, noise load, etc. [26, 27]. Therefore, in 
the community of locomotive crew workers we are 
studying, preventive measures are carried out for 
all men, including the categories of low and mod-
erate CVR. The relevance of the full coverage of 

preventive technologies for the entire community, 
regardless of the category of CVR, is confirmed by 
recently obtained data by E. Zhidkova and co-au-
thors. A retrospective analysis of 119 cases of sud-
den death of locomotive crew workers in the peri-
od from 2009 to 2017 was carried out. In most cases, 
a combination of risk factors in the development of 
CVD was detected, but the risk of cardiovascular 
death on the SCORE scale was moderate [28].

A long-term exposure and the performance of 
official duties by railway transport specialists in 
challenging conditions of a professional environ-
ment is the reason for the functioning of an indi-
vidual on the verge of a person’s psychophysiolog-
ical capabilities. An analysis of studies in the field 
of occupational health and longevity of railway 
transport specialists shows that the assessment 
and management of psychosocial factors play an 
important role in the prevention of cardiovascular 
complications in this category [7].

According to the results of the assessment of 
psychosocial factors among locomotive crew work-
ers in our study, a high level of psychosocial stress 
(self-assessment according to the Reeder scale) in 
2010 was found in 16.1%, average – in 44.2%, low 
– in 39.7% of men (Table 3). Significant differenc-
es were obtained after 6 years, in 2016, most men 
had a low level of stress – 93.5%, which is more by 
53.8% (χ²=94.7, p<0.001). An average stress level 
was found in 5.7%, which is less by 38.5% (χ²=55.5, 
p<0.001), a high level of stress was found in 1 per-
son (0.8%) (χ²=19.4, p<0.001). 

Table 3
Dynamics of psychosocial factors in locomotive crew workers during preventive measures

Psychosocial factors
2010  

(n=224)
2016 

(n=123)
abs. % abs. %

Reeder Psychosocial Stress Self-Assessment
high 36 16.1 1 0.8*
average 99 44.2 7 5.7*
low 89 39.7 115 93.5*
HADS Hospital Scale, A (Anxiety) and D 
(Depression)
Norm A 170 75.9 123 100
Subclinical A 46 20.5 0 0
Clinical A 8 3.6 0 0
Norm D 196 87.5 123 100
Subclinical D 28 12.5 0 0
Clinical D 0 0 0 0

Note: *р<0.001 – statistical significance of differences in indicators in 2010 and 2016. 

In 2010, 75.9% and 87.5% of men had the normal 
values on the HADS Anxiety and Depression scale, 
respectively, 20.5% had subclinical anxiety, 12.5% 

had subclinical depression, and 3.6% had clinical 
anxiety. When analyzing these indicators after 10 
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years, it was found that all examined people had 
low indicators on the anxiety and depression scale.

For the period (2010–2016), the incidence rate 
with temporary disability (number of cases per 100 
employees) was analyzed: for CVD, it decreased by 
1.8 times (from 6.7 to 3.9), by 1.3 times – for arterial 
hypertension (from 4.0 to 3.1).

Conclusions
1. Conducting preventive consultation with 

outpatient and inpatient care in the work commu-
nity led to a decrease in the frequency of smoking 
by 40.3%, physical inactivity by 18.2%, excessive 
alcohol consumption by 52.3%, insufficient con-
sumption of fruits and vegetables by 29.6%, hyper-
cholesterolemia by 15.7%, abdominal obesity by 
11.2%, resting tachycardia by 12.7%.

2. The use of a multidisciplinary approach in-
volving a psychologist made it possible to achieve 
the management of psychosocial factors: no cases 
of subclinical and clinical anxiety and depression 
were indicated; a high level of psychosocial stress 
was detected in one person.

3. There was a 1.8-fold decrease in the incidence 
rate with temporary disability for CVD, a 1.3-fold – 
for arterial hypertension.

The results confirm the effectiveness and neces-
sity of implementing preventive programs in work 
communities by including measures for creating 
such programs in national health strategies, health 
sector reforms and plans to improve the effective-
ness of health systems.
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FEATURES OF THE CLINICAL COURSE OF IBD IN CHILDREN OF 
BARNAUL ACCORDING TO THE RESULTS OF WORK OF THE CITY 
GASTROENTEROLOGICAL DEPARTMENT
Altai State Medical University, Barnaul

M.P. Prokudina, D.Yu. Latyshev, Yu.F. Lobanov

The research objective was to conduct a comparative study of the clinical course of ulcerative colitis and Crohn’s 
disease in children. The study was conducted on the basis of the hospital register of patients with ulcerative colitis 
and Crohn’s disease in the gastroenterological department of the Children’s City Hospital No. 1 of Barnaul for 
the last ten years. The study included 15 children, among them, 6 with UC, 6 with CD, and 3 with nonspecific 
colitis. The analysis of the clinical picture, the results of biochemical and endoscopic examinations was carried out. 
It was established that there are features of the clinical course characteristic for each disease. Inflammatory changes 
in UD and CD are weak or moderate, especially in the case of CD. Of the inflammatory markers, the increase in 
the calprotectin level is of the greatest importance in the diagnosis of IBD. Among patients with UC, distal forms 
(proctitis, proctosigmoiditis) were more often found in 66,6% of children, patients with CD more often showed 
the form with lesion of the large and small intestine – 66.6%. The results of colonoscopy and histological studies 
do not allow to differentiate UC and Crohn’s disease without taking into account all clinical and laboratory data.
Key words: ulcerative colitis, Crohn’s disease, children.

Inflammatory bowel diseases, which include 
Crohn’s disease and nonspecific ulcerative colitis, 
are the most severe pathologies of the gastrointesti-
nal tract and are characterized by chronic, steadily 
progressive course with the risk of developing in-
testinal and extraintestinal complications.

P.V. Glavnov et al. give the following statistics 
of the prevalence of IBD in Russia: prevalence in 
Moscow Oblast: 22.3 cases per 100 000 population, 
annual increase of patients – 5–20 cases per 100 000 
population. High prevalence rates were also ob-
served in Europe (ulcerative colitis – 505 per 100 
000 in Norway; Crohn’s disease – 322 per 100 000 
in Germany) and North America (ulcerative colitis 
– 286 per 100 000 in the USA; Crohn’s disease – 319 
per 100 000 in Canada) [1]. According to E.A. Korn-
ienko, the incidence of ulcerative colitis in children 
during the last five years has increased by 2 times, 
and the incidence of Crohn’s disease in children 
population in Saint Petersburg was already ahead 
of UC by 2.3 times by 2013 [2].

Inflammatory bowel diseases have a clear ten-
dency to “rejuvenate” among the population. Ac-
cording to a number of foreign and domestic stud-
ies, previously the peak of incidence fell at the age 
of 20–30 years, the second peak of 55–60 years, but 
by now, there are quite a lot of cases known of in-
fant, early and youthful forms of disease. Crohn’s 
disease and ulcerative colitis are difficult to diag-
nose, as they are very similar in the clinical picture, 
laboratory indicators, macro- and microscopic data 
[3].

N.A. Malakhinova showed that in patients with 
Crohn’s disease the predominant symptoms were 
abdominal pain (87%), rapid stool (64.7%), diar-
rhea (55.3%), body weight loss (52.3%), increased 

body temperature (55.3%). In patients with ulcer-
ative colitis, the most frequent symptoms were 
blood admixture in the stool (87.1%), rapid stool 
(80.2%), abdominal pain noted in 73.3% of cases. 
Weight loss, increased temperature, fistulas, stric-
tures, and anal fissures were significantly more 
common in Crohn’s disease [4]. Similar data were 
received by E.S. Bodryagina et al. According to 
these authors, the most frequent manifestations in 
ulcerative colitis and Crohn’s disease were diar-
rhea (70%), abdominal pain (68%), rectal bleeding 
(47%), fever (47%), with diarrhea and rectal bleed-
ing being more common in patients with ulcerative 
colitis (82% and 61% respectively), and abdominal 
pain – in patients with Crohn’s disease (79%) [5].

L.V. Bubnova drew the similar conclusions, em-
phasizing that ulcerative colitis differs in the pres-
ence of blood in the stool in 92% compared to 5% of 
children with CD, with symptoms of intoxication 
(fever, weight loss, asthenic syndrome) more pro-
nounced in CD [6].

Thus, both diseases have common clinical fea-
tures and, despite some differences, differential 
diagnosis is difficult. In terms of laboratory data, 
ulcerative colitis and Crohn’s disease are charac-
terized by inflammatory changes in general and 
biochemical blood tests. E.A. Kornienko gives the 
results of studies showing the greater severity of 
inflammatory changes in patients with Crohn’s 
disease in comparison with ulcerative colitis [2].

Colonoscopy is an important diagnostic pro-
cedure for differentiating the IBD, but it does not 
guarantee the correct diagnosis. 

V.G. Rumyantsev (2015) emphasizes that in dif-
ficult diagnosis cases it is necessary to use a set of 
histological, macroscopic, endoscopic and radio-
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logical features, as well as data of the history of the 
disease and clinical picture [7].

Thus, the study of the prevalence, peculiari-
ties of clinical course, endoscopic and microscopic 
signs of inflammatory bowel diseases remains an 
urgent task.

The aim of the study was to conduct the com-
parative characterization of the course of ulcerative 
colitis and Crohn’s disease in children of Barnaul 
on the basis of the analysis of the hospital register 
of the gastroenterological department of the Chil-
dren’s City Hospital No. 1 of Barnaul for the last 
10 years.

Materials and methods
To solve this problem, standardized question-

naires for each patient were developed and filled 
out on the basis of medical records. According to 
the hospital register of the gastroenterological de-
partment of the Children’s City Hospital No. 1 of 
Barnaul, 15 children were registered with the di-
agnosis of IBD for the last 10 years. Among them, 
there were 6 children with Crohn’s disease, 6 with 
ulcerative colitis, and 3 with indeterminate colitis. 
Subsequently, 12 children diagnosed with Crohn’s 
disease or ulcerative colitis were included in the 
study.

Results and discussion
Among patients with UC, girls and boys dis-

tributed equally: 3 girls (50%) and 3 boys (50%). 
The mean age of the debut was 11.6±1.6 years (min-
imum – 10 years, maximum – 14 years). In the eval-
uation of clinical symptoms in descending order, it 
was found that diarrhea was observed in 6 (100%) 
children, blood admixture in the stool in 5 out of 
6 children (83.3%), more often a small amount of 
blood in each portion. In all children, diarrhea was 
weakly or moderately pronounced to 3–5 episodes 
of liquid stool per day and only in 1 child up to 
10–12 times a day. Pain syndrome was noted much 
less frequently: in 2 (33.3%) children, the pain had 
“IBS-like character”: it increased before and de-
creased after defecation. Of the “symptoms of anx-
iety”, only 1 (16%) child had moderate weight loss. 
Thus, UC more often showed with manifestations 
of “hemorrhagic colitis”, weakly or moderately ex-
pressed.

The analysis of laboratory data revealed that 
inflammatory markers were observed in a few chil-
dren. Acceleration of ESR was observed in 1 case, 
as well as moderate leukocytosis and the increased 
fibrinogen level. More often, there was an increase 
in the level of CRP – in 3 (50%) children, in 2 cases 
the increase was insignificant (from 1.5 to 3 norms) 
and in 1 case more than 20 norms. Anemia was not-
ed in only 2 (33.3%) patients. It should be empha-
sized that even in the presence of clinical signs of 
hemorrhagic colitis, hidden blood in the stool was 
detected in only 2 (33.3%) children. A more signif-

icant inflammatory marker was an increase in the 
calprotectin level detected in 5 (83.3%) children, 
the average level was 1435±774.5 µg/g.

According to colonoscopy, all children (100%) 
had erosive ulcerative changes: in 2 children on the 
background of inflamed mucosa, ulcerative chang-
es prevailed, and in 4 – erosive ones. When assess-
ing the prevalence of the process, the most frequent 
changes were proctitis and proctosigmoiditis – in 
4 (66.6%) children, 1 child (16.6%) was diagnosed 
with left-sided colitis and 1 (16.5%) – total colitis.

Histological data were nonspecific, in 50% of 
children, the histological picture corresponded to 
chronic colitis of varying degrees of severity and in 
50% – chronic colitis with mucous erosion.

In the group of patients with CD, there were 
2 girls (33.3%) and 4 boys (67.7%). The mean age 
of the debut was slightly lower than in UD and 
amounted to 9.6±3.1 years (minimum – 5 years, 
maximum – 14 years). Compared to UC, the clini-
cal course of CD was dominated by “extraintestinal 
manifestations” in some patients. Among the intes-
tinal symptoms, abdominal pain of varying inten-
sity was more frequent: in 4 (66.6%) patients, local-
ized more often in hypogastrium. In 1 child in the 
debut of the disease, there was extremely intense 
pain in the right iliac region, which required lapa-
roscopy. Diarrhea was detected in 3 (50%) children, 
but diarrhea was more pronounced than in UC, 5 
to 16 times a day. Blood admixture in the stool was 
observed only in 2 (33.3%) children. Among the 
“extraintestinal” manifestations, there was a phys-
ical developmental delay in 2 children (33.3%) and 
weight loss in 3 children (50.0%), long-term fever 
in 1 (16.6%), hypoproteinemic edema – in 1 (16.6%) 
child. In general, in only 2 (33.3%) children the dis-
ease debuted from the “hemorrhagic colitis” clinic, 
in 1 (16.6%) child from the severe pain syndrome 
in the right iliac region combined with physical de-
velopmental delay, in 1 (16.6%) child from the hy-
poproteinemic edema combined with physical de-
velopmental delay, and in 2 (33.3%) children from 
the significant weight loss combined with weak 
intestinal symptoms.

Inflammatory changes in patients with CD were 
more pronounced than in the group of children 
with UC. An increase in ESR, as well as an increase 
in the level of CRP, was observed in 4 (66.6%) pa-
tients, fibrinogen in 2 (33.3%). Of the inflammatory 
markers, an increase in the level of calprotectin was 
also very significant, it was revealed in all patients 
examined (100%). The average level was 2160±190.9 
µg/g. The presence of hidden blood in the stool, as 
well as anemia, was observed more often than in 
the case of UC – in 4 (66.6%) children.

In the evaluation of endoscopic manifestations, 
according to the data of colonoscopy, in 6 (100%) 
patients, erosive ulcerative changes of the intesti-
nal mucosa were determined, as in the case of UC. 
Ulcerative changes were observed slightly more of-
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ten than in UC – in 4 (66.6%) patients, and erosive 
ones – in 2 (32.4%). 

The histological picture was nonspecific as in 
the UC and corresponded to chronic colitis or ile-
itis of varying degrees of severity, in some children 
– with the formation of erosions. By the prevalence 
of the process, children more often revealed the 
form with lesions of the large intestine and small 
intestine – 4 (66.6%), 1 (16.6%) child – the form with 
lesion of the large intestine and 1 (16.6%) – with 
lesion of the small intestine.

In our study among patients with IBD, patients 
with UD and CD were found with equal frequency. 
This corresponds to the data on the increase in the 
incidence of CD in recent years; according to E.A. 
Kornienko, for the period of 2013, the incidence of 
Crohn’s disease of child population in Saint Peters-
burg was already ahead of UC by 2.3 times [2].

In terms of gender differences, in our study, 
there were 7 boys (58.3%) and 5 girls (41.7%) among 
patients with IBD. In the NUC group, the number 
of boys and girls was equal (3/3), while boys (4/2) 
marginally dominated in the CD group. The timing 
of the manifestation of both diseases was similar, 
however, the debut of CD, according to our data, 
falls on an earlier age. This does not contradict 
most of the previously mentioned works. So, ac-
cording to E.A. Kornienko, CD is marginally more 
common in boys in childhood. M.F. Denisova also 
showed that CD is most often found among boys. 
However, unlike our data, according to the results 
of this study, the peak incidence of CD fell on ad-
olescence (12–18 years), and UC was diagnosed in 
children a little earlier: from 7 to 18 years [8]. 

As for clinical features of the course of IBD in 
children, the majority of authors agree that in the 
clinic of UC in children the phenomenon of hem-
orrhagic colitis prevails, and CD can manifest var-
ious symptoms, including extraintestinal. We have 
already given information from the works of N.A. 
Malakhinova, E.S. Bodryagina, E.I. Kornienko to 
confirm this fact [4, 5]. According to our data, man-
ifestations of hemorrhagic colitis were also more 
typical for UC; pain syndrome and various extrain-
testinal manifestations such as physical develop-
mental delay, fever, hypoproteinemic edema were 
characteristic of CD.

Colonoscopy is a very important diagnostic 
procedure for differentiating IBD. However, endo-
scopic data are not always enough to differentiate 
Crohn’s disease and ulcerative colitis. In our study, 
the changes revealed according to the data of colo-
noscopy and histological study were nonspecific in 
CD and UC. The most frequent signs were chronic 
inflammatory process and erosive ulcerative de-
fects of the mucosa. The localization and length of 
the process were more important for diagnostics 
compared to the nature of changes. In our study, 
distal forms (proctitis and proctosigmoiditis) dom-
inated by the prevalence of the process in patients 

with UC, less often subtotal and total forms of le-
sions. This is mildly contrary to the data of other 
studies. So, N.G. Bandaevskaya found that in pa-
tients under 11 years total large intestine lesion 
occurs in 93% of cases, there are practically no pa-
tients with left-sided colitis in this age group and 
distal one is observed in 7%, but among adoles-
cents over 15 years there is a higher frequency of 
segmental forms [9]. Other authors received sim-
ilar data. Perhaps, these differences are due to the 
fact that our patients were dominated by teenagers.

As for CD, among our patients, there were chil-
dren with lesions of the large intestine and small 
intestine, less often there was the form with iso-
lated lesion of the large intestine or with lesion of 
the small intestine. Such data were given by N.A. 
Malakhinova, according to which the following lo-
calizations of the disease were determined in pa-
tients with CD: ileocolitis – 44.7%, ileitis – 22.3%, 
colitis – 20%, upper gastrointestinal lesion – 10.5% 
[4]. Moreover, according to N.G. Bandaevskaya, 
the most often revealed form was the one with ile-
ocecal lesion (70%), large intestine lesion (30%), le-
sion of anorectal area (20%), upper gastrointestinal 
lesion (5–15%) [9].

Thus, the study of the peculiarities of the clin-
ical course of IBD in children remains an urgent 
task. The acquisition of new data will improve the 
quality of diagnosis and treatment.

Conclusions
1. Among patients with IBD, patients with ul-

cerative colitis and Crohn’s disease were revealed 
with equal frequency, no significant gender differ-
ences were found. The mean age of the debut of the 
disease in both groups did not differ significantly: 
UC – 11.6±1.6 years (minimum – 10 years, maxi-
mum – 14 years); CD – 9.62±3.06 years (minimum 
– 5 years, maximum – 14 years). In the clinic of UC, 
patients with hemorrhagic colitis symptoms pre-
vailed compared to CD, where hemorrhagic colitis 
phenomena were observed in 33.3% of children, 
and in 67.7% the disease debuted with intense pain 
syndrome or with various extraintestinal manifes-
tations.

2. Inflammatory changes in UD and CD are 
weak or moderate. Of the inflammatory markers, 
the increase in the calprotectin level is of the great-
est importance in the diagnosis of IBD. Laborato-
ry differences between UC and CD consisted in a 
more pronounced inflammatory response in the 
case of CD. 

3. Among patients with UC in our study, 
distal forms prevailed – 66.6% of children, 1 child 
(16.6%) was diagnosed with left-sided colitis and 1 
(16.5%) – with total colitis. Patients with CD more 
often revealed the form with lesions of the large 
intestine and small intestine – 66.6%, 16.6% – the 
form with lesion of the large intestine and 16.6% 
with lesion of the small intestine. The results of 
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colonoscopy and histological studies do not allow 
to differentiate UC and Crohn’s disease without 
taking into account all clinical and laboratory data.
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