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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: This study explores the application of GIS 

technologies in analyzing and visualizing spatial structures 
of especially dangerous infections (EPI) in Kazakhstan. 
International collaborations have facilitated projects studying 
the focal patterns of diseases, improving data analysis and 
visualization. Extensive electronic databases resulting from 
field research on EPI foci have elevated the study's depth. The 
dynamics of natural foci, influenced by intraspecific structures 
of infection carriers, are impacted by industrial and agricultural 
developments, urban expansions, and climate change. The 
study notes changes in the enzootic territory, affecting mammal 
migration and consequently altering natural focus boundaries. 
Industrial activities, rotational methods, and habitat changes 
contribute to the increased epidemic potential in enzootic areas. 
Despite anthropogenic and climatic influences, the prevalence 
of plague remains high in Kazakhstan, with a trend towards 
expanding enzootic territories.

Materials and Methods: Unified electronic databases on 
plague, tularemia, anthrax, and other zoonoses, developed for 
GIS analysis, enable mapping and visualization of natural foci. 
Electronic maps aid in determining enzootic territory boundaries, 
assessing infectious disease activity, and planning preventive 
measures based on risk assessment. ESRI's ArcGIS Desktop 
10.8 with Arc Toolbox modules facilitated data processing in 
the geoinformation environment. Data includes epidemiological 
examination results, species composition of carriers, and 
laboratory test outcomes, enhancing comprehensive analysis 
and decision-making for anti-epidemic measures.

Results and Discussion: The study in Kazakhstan identifies 
and details six natural and twenty autonomous plague foci, 
categorizing them by main carriers and observing an expansion 
of natural hotspots. The enzootic territory is classified into 
four geographic zones, further divided into 105 landscape-
epidemiological regions. Laboratory studies inform electronic 
maps for analyzing plague's dynamic situation. Anthrax 
prevalence, primarily in chernozem and chestnut soils, is 
assessed, revealing 1,778 unaffected settlements and spatially 
clustered points. An epidemiological index aids in zoning for 
anthrax trouble. Tularemia's landscape occurrence is classified 
into four types, with spatial analysis revealing clusters and 
potential epidemic danger in specific regions. Geographic 
information technologies highlight high-risk areas, justifying 
preventive measures for dangerous infections.

Conclusion: The results obtained serve as a scientific 
justification for the priority of preventive measures within the 
boundaries of administrative territories characterized by a high 
degree of potential epidemic danger and objectively indicate 

the prospects for the introduction of GIS technologies into 
the practice of epidemiological surveillance of particularly 
dangerous infections.

Key words. GIS technologies, especially dangerous infections, 
focal patterns, electronic databases, enzootic territory.
Introduction.

In recent years, GIS technologies have been increasingly used 
in work and in scientific research on particularly dangerous 
infections carried out by anti-plague institutions of the 
Republic of Kazakhstan. These works were initiated thanks 
to international cooperation, as a result of which, together 
with foreign scientists, a number of projects were carried out 
to study the spatial structure of the foci of diseases. Since the 
introduction of the Geographic Information System (GIS), it has 
become a powerful tool for solving many geospatial problems, 
which makes it possible to collect, visualize and analyze large 
volumes of geospatial data. Extensive electronic databases have 
been created, which brings their study to a higher level.

Plague and some other particularly dangerous and zoonotic 
infections, as a natural phenomenon, exist in the form of natural 
foci. The spatial structure of natural foci is largely determined 
by the intraspecific structure of the population of the main 
carriers of infection. The conditions for the existence of vector 
populations and the pathogen itself depend on it [1]. 

In recent decades, due to the increasing influence of 
anthropogenic factors associated with agricultural and industrial 
development of territories, human impact on nature is becoming 
more diverse, and its pace is increasing. Along with traditional 
types of economic activity – animal husbandry and agriculture, 
industrial development of the territory is carried out – mining, 
expansion of the boundaries of cities, creation of new industrial 
zones. These factors influence changes in the structure of the 
population, the development of the transport network, etc., 
which entails the migration of mammals inhabiting these areas, 
which are carriers of pathogens of various infections. Global 
climate change, which has led to the change of vegetation cover 
in some regions and the landscape in some regions, cannot be 
discounted. As a consequence of the above, the territories of 
natural foci of OOI change their borders.

Intensive development of focal areas has an impact on the 
spatial and biocenotic structure of natural foci, which can 
lead to activation and increase the stability of foci sites. The 
development of an enzootic plague-prone territory leads to an 
increase in the epidemic potential of focal areas due to such 
social factors as an increase in the activity of migration processes 
among the population, the development of communications, the 
sphere of social and household purposes, the creation of joint 
ventures with foreign investors for the extraction and processing 
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of mineral raw materials, with the introduction of the shift 
method, creating real conditions not only for infection people, 
but also for the removal of infection outside of natural foci, in 
addition, rodents in desert areas – plague carriers intensively 
populate the dried-up areas of floodplains of rivers and the 
bottom of the Aral Sea. The tendency to expand the boundaries 
of foci acts against the background of increased anthropogenic 
impact on natural landscapes and gives every reason to assume 
the possibility of further expansion of the boundaries of foci 
and the circle of carriers. To resolve the issue of the epizootic 
status of a potentially focal area, additional research using 
modern methods is needed. The activity of natural plague foci in 
Kazakhstan currently remains high, however, in recent decades, 
there has been a tendency to expand the boundaries of the 
enzootic territory, which is mainly caused by climate change, 
leading to a change in vegetation cover, a change in the chemical 
composition of the soil, as well as human development of the 
territory. All these factors are of great importance for carriers to 
choose the optimal habitat and, as a result, affect the change in 
the boundaries of plague foci [2].
Materials and Methods.

The creation of unified electronic databases on the epizootic 
and epidemic activity of natural foci of plague, tularemia, 
anthrax and other zoonoses is the basis for working in a GIS 
environment. The development of electronic maps of natural foci 
of the listed diseases visualizes the results obtained and helps 
analyze the data obtained. With the help of electronic mapping, 
the exact boundaries of the enzootic territory are determined, 
and an analysis is carried out to assess the epizootic activity of 
natural foci of infectious diseases. The obtained research results 
are used to differentiate the territory according to the degree of 
risk of infection of people and are the basis for planning sanitary 
and preventive (anti-epidemic) measures [3]. Replenishment 
of electronic databases with the results of epidemiological 
examination is carried out by filling out previously developed, 
uniform for the entire anti-plague service, spreadsheets in Excel 
format, which provide for the placement of complete attributive 
information - on the location, extent, and intensity of the 
annual epidemiological examination, as well as the results of 
laboratory tests obtained. The tables contain data on the species 
composition of caught warm-blooded carriers and carriers of 
infections, the coordinates of the places where they were caught, 
a landmark (address), and the results of laboratory tests.

To process data in the geoinformation environment, the 
software developed by ESRI, Inc. (USA) - ArcGIS Desktop 10.8 
with Arc Toolbox modules-Spatial Analyst, Spatial Statistics, 
Analysis was used.
Results and Discussion.

Over many decades of the plague-enzootic territory located 
within the borders of the Republic of Kazakhstan, 6 natural and 
20 autonomous plague foci were identified and described in 
detail (Figure 1).

According to the type of the main carrier, the territory enzootic 
for plague is divided into 4 groups - gophers, gerbils, marmots 
and mixed - field vole-gopher-marmot plague foci (Figure 
2). All of them are unequal in the degree of activity of the 

manifestation of the epizootic process and epidemiological 
significance. In recent years, desert foci with the main carrier - 
the great gerbil (Rhombomys opimus).

In recent years, the area of natural hotspots has increased by 
more than 110,000 sq. and this trend continues, especially along 
the northern and eastern borders of the plague-enzootic territory 
due to the peripheral populations of the main carriers of the 
infection (great gerbil, small gopher, gray and red marmots) [4].

Based on the totality of soil and climatic indicators, 
geomorphological structure and relief, the plague-enzootic 
territory in Kazakhstan is divided into four natural geographic 
zones: mountain, foothill, steppe, and forest-steppe, each of 
which differs in soil types, relief, and vegetation cover, affecting 
the quality and type of vegetation that forms the food supply for 
rodents that are carriers of plague. In turn, each plague focus, 
based on the combination of all these factors, is divided into 
landscape-epidemiological regions (LER). Each LER within 
one plague focus is different from another. In total, there are 
105 such sites on the territory of natural plague foci (Figure 3).

Based on the results of laboratory studies of the examination 
of natural plague foci, electronic maps are being developed that 
make it possible to manipulate the obtained data for various 
types of analysis - visualization of the epizootic situation today 
(Figure 4), retrospective analysis and forecast for the next 
season.

Almost every year, human cases of anthrax are recorded 
in Kazakhstan. One of the main factors characterizing the 
epizootological and epidemiological situation in the Republic 
of Kazakhstan regarding anthrax is information about the 
number of years of anthrax activity in these points. The relative 
incidence rate of anthrax in humans in the last decade ranged 
from 0.01 to 0.24 per 100 thousand population.

On the territory of Kazakhstan, 1,778 permanently unaffected 
settlements with anthrax are registered, 2,433 epizootic foci 
(where animals were infected), about 2,000 soil ones, where 
animals that died from anthrax are buried [5] (Figure 5).

In Kazakhstan, the administrative territories most unfavourable 
for anthrax are located in the zone of distribution of chernozem 
and chestnut soils, that is, in the forest-steppe and steppes, as 
well as in the high-altitude mountain zone (Figure 6). Outbreaks 
of anthrax are not recorded in places located above 2000 m 
above sea level [7].

In past years, burial sites for dead livestock, slaughter or death 
were carried out without the necessary procedures to prevent the 
spread of the pathogen, which led to the formation of anthrax 
foci. The persistence of the pathogen in the soil is facilitated by 
climatic, soil and geographical conditions. A higher number of 
IDPs is observed in territories with developed livestock farming 
- in the south of Kazakhstan, where sheep farming is developed 
and there is a high population density, and in the northern 
regions, where mainly cattle are raised (Figures 7 and 8).

To determine the level of trouble in the territory of Kazakhstan 
with respect to anthrax, a generalized indicator (epidemiological 
index) was used, characterizing the intensity of the epizootic 
and epidemiological situation, and taking into account both the 
proportion of troubled points and the degree of their activity, 
which was calculated using the formula:
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Figure 1. Foci of plague on the territory of the Republic of Kazakhstan.

Figure 2. Typification of plague foci according to the main carrier.
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Figure 4. Results of a plague survey of the territory of Kazakhstan for the period 2012-2022.

Figure 3. Division of the territory of natural plague foci according to landscape type into landscape-epidemiological regions (LER).
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Figure 6. Main types of soils on the territory of Kazakhstan.

Figure 5. Territorial distribution of Inpatient dysfunctional anthrax points (IDP) (by region) on the territory of the Republic of Kazakhstan.
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Figure 7. Quantitative distribution of IDP for anthrax in the Republic of Kazakhstan.

Figure 8. Distribution of IDP on anthrax in quantitative terms by administrative regions.
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Figure 10. Density of incidences and frequency of anthrax registrations on the territory of Kazakhstan.

Figure 9. Differentiation of regions of Kazakhstan according to the degree of freedom from anthrax (A - regions, B - administrative districts).



75

Figure 12. Landscape map of Kazakhstan with registration points  F.tularensis.

Figure 11. Types of natural foci of tularemia on the territory of the Republic of Kazakhstan.
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Figure 13. Identification of “hot” and “cold” clusters on the territory of Kazakhstan.

Figure 14. Differentiation of territory according to the degree of activity of natural foci of tularemia.
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Figure 15. Points of registration of the causative agent of tularemia on the territory of the Republic of Kazakhstan.

Figure 16. Differentiation of the territory by the number of registration points of F. Tularensis (by administrative districts).
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where 	I.E. – epizootic index
n – number of points that showed activity during the 

observation period
t – number of years during which manifestations of activity 

were observed
N is the number of all settlements in the study area
T – number of years of observation [6,7].
As a result, an epizootological and epidemiological zoning 

of the territory of Kazakhstan was carried out according to the 
degree of anthrax trouble by administrative districts and regions 
(Figure 9).

When processing the same data using the Spatial module 
Analyst for visualizing the density of the location of IDPN on 
the territory of the Republic of Kazakhstan and the number of 
years of repeated infections in the same territory, it is clearly 
seen that the results obtained correspond to those obtained when 
ranking by the epizootic index (Figure 10).

When studying data on tularemia in the geoinformation 
program, a study of the epidemic and epizootic situation 
on tularemia in Kazakhstan in the period from 2000 to 2020 
was carried out and the epidemiological status of tularemia 
was determined in the territory of all regions of the Republic 
of Kazakhstan, a comparative retrospective analysis of the 
epizootic and epidemic situation was carried out, a list of all 
populated areas was compiled points located in the territories 
of all 50 natural foci of tularemia, the area of each foci was 
calculated.

Landscape and geographical features of Kazakhstan - 
humidity, temperature conditions and vegetation cover, which 
contribute to the settlement of carriers and carriers of the disease 
and the rooting of the pathogen in natural conditions, contribute 
to the wide spread of tularemia in the territory of the Republic. 
The landscape occurrence of tularemia foci is represented by 
four types of foci: foothill-stream, floodplain-marsh, tugai and 
steppe (Figure 11) [8].

As a result of an analysis of the landscape location of areas 
of persistent manifestation of tularemia, it was found that most 
often manifestations of tularemia are recorded in the valleys 
of large and small rivers, wetlands on podzolic, bog-podzolic, 
soddy-slightly podzolic and soddy-medium podzolic soils 
(Figures 12 and 13).

Tularemia pathogen reports from 1980 to 2020 were examined 
for clustering using average nearest neighbour analysis. 
Clustering was detected (z = −6.32514, P < 0.00). The results of 
the Getis-Ord analysis showed hot spots (areas of high density 
of cases) near the west of Kazakhstan and cold spots (areas of 
low density of cases) in the central, south-eastern, north-eastern, 
and eastern regions (Figure 13).

Based on the results of an analysis of the spatial characteristics 
of epizootic and epidemic manifestations of tularemia, the 
territory of Kazakhstan was divided into regions according 
to the degree of activity of natural foci of tularemia and the 
number of cases of registration of the pathogen. The territory 

with a high degree of potential epidemic danger includes a 
group of 6 regions of Kazakhstan - West Kazakhstan, North 
Kazakhstan, Pavlodar, Akmola, East Kazakhstan, and Almaty 
regions (Figure 14) [9].

Available data on the coordinates of terrain points where the 
presence of the pathogen was registered (from carriers or carriers 
of F. tularensis) and settlements within the boundaries of which 
cases of tularemia were noted (Figure 15) were processed by 
the Spatial application Analyst. As a result, an electronic map 
was obtained showing the number of cases of registration of the 
pathogen by administrative districts (Figure 16) [10,11].

Territories that are disadvantaged by various epizootics are 
under constant supervision of specialists of the sanitary and 
epidemiological service. To date, there has been an epizootic 
lull in the plague in the western regions of Kazakhstan. As 
for anthrax, the registration of the pathogen is observed in 
regions defined as "maximum" and "high" levels of infection 
risk. The tularemia situation throughout Kazakhstan is stable. 
Epidemiologists in their activities constantly interact with 
various organizations that carry out work, for example, on the 
laying of highways, or the construction of various facilities. 
During the construction of the Western China – Western Europe 
highway, a buffer zone of 10 km was determined using GIS, and 
a list of points with anthrax problems located within the buffer 
was compiled. Special attention of epizootologists is paid to 
sections of the highway located in the territories of natural foci 
of particularly dangerous infections.
Conclusion.

The results obtained serve as a scientific justification for 
the priority of preventive measures within the boundaries of 
administrative territories characterized by a high degree of 
potential epidemic danger and objectively indicate the prospects 
for the introduction of GIS technologies into the practice 
of epidemiological surveillance of particularly dangerous 
infections.
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