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This article presents a comprehensive assessment of the seasonal and spatial dynamics of helminth infections in sheep in the
West Kazakhstan Region using geographic information systems (GIS). An analysis of the extent of infection (EI) and intensity of in-
fection (I1) was conducted by administrative district and animal age group.

It was established that helminth infections are characterized by pronounced seasonality: minimum values of El and Il are ob-
served in the winter, while maximum values occur in the summer-fall season. The highest parasite load was found in sheep older
than 3 years, which is associated with prolonged grazing and the accumulation of infection.

Additionally, the contamination of pasture ecosystems (soil, vegetation, and water sources) was studied. It was found that soil is
the main reservoir of infective material, especially in arid zones. Vegetation contamination was recorded primarily in steppe regions,
whereas the role of water sources is limited to specific seasons.

The results confirm the importance of spatial analysis for identifying epizootically hazardous zones and justifying preventive
measures, taking into account the region’s natural and climatic conditions.
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B 0annoii cmamve npedcmasnena KOMNIEKCHAA OYeHKA Ce30HHOU U NPOCMPAHCIMEEHHOU OUHAMUKY 2eTbMUHMO3HBIX UHpeKyUll Y
ogey 6 3anadno-Kazaxcmanckou obracmu ¢ ucnoavsosanuem eocpaguyeckux ungopmayuonnvix cucmem (I UC). Ilposeden ananus
cmenenu unguyuposanua (CH) u ummencusnocmu unguyuposanus (MH) no aomumucmpamusHviM patioHaM U 603PACMHBIM
epynnam HCuBOMHbLX.

YCmaHOtiJleHO, Ymo 2elbMUHMO3Hble MH¢€KZ4MM Xapakmepusyromcs Gblp(IDICEHHOZZ Cce30HHOCmbIO. MuHUMAanbhsle 3Havenus CH u
HU nabrrodaiomes 3umotl, @ MaKcumaibHvie — 6 iemue-oceHHul nepuod. Haubonvwas napazumapras nazpyska 6wiia oOHapysicena
Y oeey cmapuie 3 Jem, 4mo C6A3aHOo C ONUMENIbHBIM 8bINACOM U HAKONJCHUEM qu)ekuuu.

KpOMe moceo, ObL10 U3yY4eHo 3acps3nenue nacm6uu4Hblx Kocucmem (I’l0'~£6bl, pacmumeilibHocmu U UCmMoO4YHUKO6 60()(91). Yemanos-
JIEHO, 4mMO no4ea s6js1emcs OCHO6HbIM pe3epeyapom MH¢€K14MOHH020 mamepuaia, ocobenno 6 3AcCYUIUBbLX 30HAX. 3a2p}z3HeHue pac-
mumenvHocmu ObLIO SG(ﬁMKCMPOSGHO npeumyuecn6eHHo 6 CmMentHblx pecuonax, moeaoa Kax POJIb UCMOYHUKOB 68000l ocparudusaemcs
onpedeﬂeHHbl,wu CEe30HAMU.

P€3yﬂbmambl nobmsepgfcda;om BUJICHOCMb NPOCMPAHCMEBEHHO20 AHAIU3A 0151 8bIAGICHUSL FINUZ00MUYECKU ONACHBIX 30H U 000C-
HOBAHUS NPOPUAAKMUYECKUX MEP C YYemOM NPUPOOHBIX U KIUMAMUYECKUX YCI08ULL PecUOHA.

Knrouesnie cnosa: accouuamusnbzﬁ 2elNbMUHMO3, 08Ubl, Macwumabwl UHBA3UU, UHMEHCUBHOCNb UHBA3UU, CE30HHAA 0uHL1MuKa,
npocmpancmgeHHblﬁ aAHAIU3.

Introduction

Helminth infections in sheep represent one of the most significant problems in pastoral livestock farming,
causing reduced productivity and economic losses in various regions of the world. Recent studies show that
the development and spread of gastrointestinal nematodes are directly linked to the ecological characteristics
of grazing systems and environmental conditions.

Climatic factors, including temperature and humidity, play a key role in shaping the seasonal dynamics of
infestation by influencing the survival of free-living stages of parasites in pastures. Changes in climatic con-
ditions also intensify the epizootic activity of helminths and alter the structure of animal infection [1, 2, 3].

The spatial distribution of helminth infections is highly heterogeneous and depends on grazing density,
pasture structure, and the ecological conditions of the areas. These patterns are confirmed by recent studies
of geospatial modeling of parasitic systems in ruminants [4, 5, 6].

Geographic Information Systems (GIS) are currently widely used in veterinary parasitology to analyze the
spatial distribution of infections, identify risk zones, and model epizootic situations [7].

Despite significant advances in the methods of diagnosing and modeling helminth infections [8, 9], the
spatiotemporal dynamics of mixed helminth infections in sheep in the West Kazakhstan Region remain un-
derstudied.

In this regard, the aim of this study is to conduct a systematic analysis of the seasonal and spatial charac-
teristics of associated helminth infections in sheep in the West Kazakhstan region using GIS mapping meth-
ods and an assessment of the contamination of pasture ecosystems.

Materials and methods

The study of associated helminth infections in sheep was conducted in 2025-2026 in the West Kazakhstan
Region, covering the Baiterek, Terekta, Syrym, Akzhaik, and Karatobe districts, which represent various natural
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and climatic zones (steppe, semi-desert, and desert). These territories were selected due to the pronounced zonal
heterogeneity of pasture ecosystems, which has a significant impact on the formation of parasitic systems.

The study subjects were sheep of various age groups: lambs under 1 year old, animals aged 1-3 years, and
those over 3 years old. The sample was selected based on the principles of representativeness and coverage of the
main categories of the flock, in accordance with generally accepted approaches in veterinary parasitology [10, 11].

The study materials consisted of animal feces, soil samples, pasture vegetation, and water from natural
and temporary water bodies. Sampling was conducted during different seasons of the year to identify season-
al trends in infestation.

Helminthological studies were performed using classical methods: ovoscopy and flotation methods to de-
tect helminth eggs, quantitative methods to assess the intensity of infestation (eggs/g of feces), and laborato-
ry analysis of environmental samples for the presence of invasive stages of parasites [12].

Helminths were identified based on morphological characteristics using identification guides and diagnos-
tic keys. The primary focus was on gastrointestinal strongyles and cestodes of the genus Moniezia, which are
widespread in sheep grazing systems [13].

Contamination of environmental samples was quantified as follows: in soil, by the number of helminth
eggs (eggs/g); in water, by the number of eggs (eggs/L); and in vegetation, by the presence or absence of
contamination. Geographic Information Systems (GIS) were used to analyze the spatial distribution and sea-
sonal dynamics of the infestation. Mapping was performed in QGIS using visualization methods in which the
extent of infestation was represented by color gradation, and the intensity by the size of symbols. The use of
GIS technologies allows for the identification of spatial patterns of parasite distribution and is widely applied
in epizootiological studies. Statistical data analysis included the calculation of mean values (M) and standard
deviations (+m), as well as a comparative analysis of indicators depending on the season, age of the animals,
and natural and climatic conditions [14].

Results

The findings indicate that helminth infections in sheep in the West Kazakhstan Region are influenced by
a combination of natural, climatic, and economic factors and are characterized by marked seasonal and spa-
tial variability. To visually analyze the seasonal dynamics of associated helminth infections in sheep, a GIS
map was created showing the spatial distribution of the extent of infection (El) and the intensity of infection
(11) across districts of the West Kazakhstan Region during different seasons of the year. Color gradation was
used to represent the level of infestation extensivity, while the size of the symbols characterized the intensity
of infestation (Figure 1).
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Figure 1. GIS visualization of the seasonal dynamics of the prevalence (El) and intensity (11)
of associated helminth infections in sheep in the West Kazakhstan Region

Analysis of the data presented in Figure 1 showed that during the winter period, the lowest rates of infes-
tation were recorded in all districts of the region. In the spring, an increase in the extent and intensity of in-
festation was observed, associated with the activation of the parasites’ life cycle and the start of grazing. The
highest values of the indicators were recorded during the summer, indicating the peak of the epizootic pro-
cess. Particularly high values of infestation intensity were observed in the Baiterek and Karatobe districts,
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indicating the significant role of local grazing conditions in the formation of infection foci. Similar trends
have been described in studies on the dynamics of strongylosis in ruminants.
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Figure 2. Seasonal trends in the extent of infestation (El, %) in sheep of various age groups

Age analysis revealed that the highest values of infestation extent are recorded in sheep older than 3 years
during the spring, summer, and fall periods, which is associated with the cumulative effect of prolonged con-
tact with a contaminated environment (Figure 2). Lambs under 1 year of age are characterized by high sus-
ceptibility, manifested by relatively high infestation extent despite low infestation intensity. This relationship
indicates early infection and functional immaturity of the immune system.
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Figure 3. Soil contamination with helminths in the pasture ecosystems of the West Kazakhstan Region

The map shows the distribution of soil contamination levels with helminth eggs (eggs/g) in various natu-

ral zones of the region. It has been established that the highest levels (>700 eggs/g) are recorded in the
Karatobe District, which belongs to the desert zone. In semi-arid districts (Syrim, Akzhaik), high and moder-
ate contamination levels (200-700 eggs/g) are observed, whereas in steppe districts (Baiterek, Terekta),
moderate values (200—400 eggs/g) predominate (Figure 3). The observed spatial differentiation is due to both
natural and climatic conditions and the specific patterns of pasture use, including the concentration of live-
stock near water sources. The data presented in Figure 2 demonstrate that the highest levels of soil contami-
nation are observed in desert and semi-desert regions. This is associated with the uneven distribution of graz-
ing pressure and the concentration of animals near water sources.
The data in the table indicate a marked regional variation in the level of soil contamination with helminth
eggs. The highest level of contamination (>700 eggs/g) and, consequently, a very high epizootic risk were
observed in the Karatobe District, which is located in a desert zone. In semi-arid districts (Syrym, Akzhaik),
high and moderately high contamination rates (300—700 eggs/g) were recorded, accompanied by an elevated
epizootic risk. These territories are characterized by the formation of mixed infestations involving strongyles
and members of the genus Moniezia (Table 1).

Table 1. Soil contamination with helminths by region

District Natural zone Soil contamination (eggs/g) Epizootological risk Dominant helminths
Bayterek Steppe Medium (200-400) Medium Gastrointestinal strongylates

Terekti Steppe Medium (200-400) Medium Gastrointestinal strongylates
Karatobe Desert Very high (>700) Very high Gastrointestinal strongylates

Syrym Semi-desert High (400-700) High Strongylates + Moniezia
Akzhaiyk Semi-desert Medium-high (300-500) Medium-high Strongylates + Moniezia
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Figure 4. Spatial distribution of helminth contamination in pasture vegetation in the West Kazakhstan Region

GIS map showing the spatial distribution of helminth contamination in pasture vegetation within the West
Kazakhstan Region. Contamination of vegetation was recorded primarily in the steppe zone and is associated
with favorable hydrothermal conditions and high grazing pressure; the parasite fauna is dominated by nema-
todes of the genera Haemonchus and Nematodirus (Figure 4). No contamination was detected in semi-arid
and arid zones, reflecting the limited survival of invasive stages under arid conditions. A pronounced spatial
zonality of distribution was identified.

Table 2. Helminth infection of pasture vegetation by districts of the West Kazakhstan Region

District Natural zone Vegetation contamination Dominant helminths Epidemiological significance
Baiterek Steppe Present Haemonchus, Nematodirus Active transmission via forage
Terekti Steppe Present Haemonchus, Nematodirus Sustained pasture contamination
Syrym Semi-desert Absent Not detected Low transmission potential

Akzhaiyk Semi-desert Absent Not detected Unfavourable for egg survival
Karatobe Desert Absent Not detected Negligible epidemiological role
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Figure 5. Spatial distribution of helminth contamination in water sources in the West Kazakhstan Region

The data in the table clearly demonstrate a strong correlation between the level of contamination of pas-
ture vegetation and natural climatic conditions. The presence of helminths has been recorded exclusively in
steppe regions (Baiterek, Terekta), where nematodes of the genera Haemonchus and Nematodirus dominate,
ensuring active circulation of the infestation through forage plants. In semi-arid (Syrym, Akzhaiksky) and
desert (Karatobe) zones, no infestation was detected, indicating unfavorable conditions for the survival and
development of the invasive stages. The results obtained confirm the presence of pronounced zonality and
point to the leading role of steppe pastures in sustaining the epizootiological process.

The study of helminth contamination of water sources was conducted to assess their epizootiological role
in the formation of the parasite burden in the pasture ecosystems of the West Kazakhstan Region. The study
focused on temporary and seasonal water bodies actively used for watering small ruminants. Laboratory
analysis of water samples revealed helminth eggs, indicating contamination of the aquatic environment with
parasitic material. The obtained data were processed using geoinformation technologies, which allowed for
the visualization of spatial patterns of contamination distribution.
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According to the results of the cartographic analysis, the highest degree of contamination of water sources
was observed in areas belonging to the semi-arid zone. In these territories, especially in the spring after
floods, temporary water bodies form, in which helminth eggs accumulate due to the washout of fecal materi-
al from pastures. In steppe and desert regions, the level of contamination is significantly lower, which is as-
sociated with the shorter duration of water bodies, their flow, as well as less favorable conditions for the sur-
vival and development of parasites.

It should be noted that no larval stages of helminths were detected in the water samples analyzed, which
may indicate unfavorable environmental conditions for their further development in the aquatic environment.
The temperature regime, mineralization level, and hydrodynamic characteristics of the water bodies likely
limit the viability of the parasites at this stage.

Thus, the contamination of water sources with helminths is distinctly seasonal and geographically deter-
mined. The aquatic environment in semi-arid regions plays a role as a temporary vector for transmission, but
its significance in sustaining a sustained epizootic process is secondary to environmental components such as
soil and vegetation. The results obtained underscore the need to take natural and climatic conditions into ac-
count when developing measures for the prevention of helminthiasis in farm animals.

Table 3. Helminth contamination of water sources by district in the West Kazakhstan Region

District Natural area Type of water source Water contamination Intensity (egg/L) Epizootological significance
Syrym Desert Temporary reservoir | Detected Up to 117 Seasonal threat after flooding
Akzhaik Desert Temporary reservoir | Detected Upto8 Risk of local transmission
Baiterek Steppe Irrigation tank Detected Up to 6 Low epizootological role
Karatobe Semi-desert | Irrigation tank Detected Upto6 Limited danger
Terekta Steppe Irrigation tank Not detected 0 It has no epizootological significance

An analysis of contamination in water sources across various districts of West Kazakhstan Region re-
vealed significant differences in both contamination levels and epizootiological significance. It was found
that the degree of helminth contamination in the aquatic environment depends on natural and climatic condi-
tions, the type of water body, and its use in livestock farming.

The highest contamination intensity was recorded in the Syrym District, which is part of a desert zone,
where water samples from temporary water bodies contained up to 117 helminth eggs per liter. This indicator
points to a significant degree of contamination, especially during the post-flood period, when fecal material
is actively washed away from pastures. Consequently, water sources in this district pose a seasonal epizooti-
ological threat to small ruminants.

In the Akzhaik District, also located in a desert zone, the contamination level was significantly lower (up
to 8 eggs/L); however, the presence of infective material indicates a risk of local transmission of helminthia-
sis when temporary water bodies are used for watering animals.

In the steppe zone (Baiterek and Terekta districts) and the semi-arid zone (Karatobe district), the level of
contamination in water sources was minimal or absent. In the Baiterek and Karatobe districts, isolated hel-
minth eggs (up to 6 eggs/L) were detected in irrigation reservoirs, indicating low or limited epizootiological
significance of these water bodies. In the Terekta District, no contamination was detected, allowing these
water sources to be considered safe from an epizootiological perspective.

Thus, the data confirm that temporary water bodies in desert areas, which form during spring floods, play
the greatest role in the transmission of helminthiasis. At the same time, irrigated and relatively stable water
systems in steppe and semi-arid zones are characterized by low levels of contamination and limited involve-
ment in the circulation of the infestation. This underscores the need for a differentiated approach to the pre-
vention of helminthiasis, taking into account regional characteristics of water use and the natural zone.

Discussion

The results obtained demonstrate that the development of mixed helminth infections in sheep in the West Ka-
zakhstan Region is a complex phenomenon determined by the interaction of natural and climatic conditions, the
characteristics of pasture-based husbandry, and environmental factors. The identified seasonal dynamics, with min-
imal infection rates in winter and a peak in the summer-fall season, are fully consistent with data presented in stud-
ies on the epizootiology of strongylosis in ruminants [14]. This is due to the fact that the development of the inva-
sive stages of nematodes directly depends on the temperature and humidity of the environment.

The increase in the extent and intensity of infestation during the spring period is associated with the start
of the grazing season and the mass emergence of larvae from overwintering stages in the soil. Similar pat-
terns have been noted in the works of other authors, who emphasize the role of spring pasture contamination
as a key factor in the infection of young animals.

The results of the soil contamination study confirm that this particular environmental component plays a
leading role in sustaining the epizootic process. High counts (>700 eggs/g) in desert and semi-desert regions
indicate a cumulative effect of contamination due to limited pasture area and the concentration of animals
near water sources. This is consistent with the concept of the “pasture reservoir of infection,” widely dis-
cussed in modern veterinary parasitology
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In contrast to soil, contamination of pasture vegetation showed a marked zonal pattern and was recorded
exclusively in steppe regions. The dominance of nematodes of the genera Haemonchus and Nematodirus
confirms their key role in the structure of the sheep parasite community.

The results of the analysis of water sources are of particular interest. Despite the detection of helminth
eggs, the absence of larval stages indicates a limited role of the aquatic environment in the completion of the
parasites’ life cycle. Similar conclusions are reported in studies on parasite ecology, which note that the
aquatic environment more often acts as a transit factor for transmission rather than as a full-fledged reservoir
of infection [16]. At the same time, the high contamination of temporary water bodies in desert regions fol-
lowing floods confirms their significance as a short-term source of infection.

Thus, the data obtained allow us to establish a hierarchy of helminth transmission factors: the leading role
belongs to soil, the secondary role to pasture vegetation, and the least significant role to water sources. The
spatial heterogeneity of the distribution of infestation reflects the influence of natural zones, where steppe
regions ensure sustained circulation of parasites, whereas desert and semi-desert areas are characterized by
seasonal outbreaks [17, 18].

The practical significance of these findings lies in the need for a differentiated approach to the prevention
of helminth infections. Specifically, in steppe regions, priority should be given to pasture management and
rotational grazing, whereas in desert areas, special attention should be paid to controlling watering holes dur-
ing the flood season. These approaches are consistent with modern strategies for sustainable control of para-
sitic diseases, aimed at reducing the parasitic burden without excessive use of anthelmintics [19, 20].

Conclusion

The conducted studies have shown that mixed helminth infections in sheep in the West Kazakhstan Re-
gion exhibit distinct seasonal and spatial patterns. The lowest infection rates were recorded during the winter,
and the highest during the summer and fall.

It was found that the soil serves as the primary reservoir for parasites, while the epizootiological significance of
pasture plants was primarily observed in steppe regions. The role of water sources was seasonal in nature.

The results obtained indicate the need to plan deworming measures taking into account the natural and
climatic characteristics of pasture ecosystems and the age structure of livestock.
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