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ABSTRACT

Sarcosporidia and sarcosporidiosis in Southeast Kazakhstan present formidable challenges to livestock health.
This paper focuses on the outcomes of two key innovations: advancements in molecular diagnostics and the
development of integrated control strategies. In the realm of diagnostics, the implementation of Polymerase Chain
Reaction (PCR) techniques for species-specific identification and quantification yielded notable results. Our
comprehensive survey of vertebrates in the region identified a diverse range of Sarcosporidia species, with an
average prevalence reduction of 25% compared to conventional methods. This advancement not only enhances
accuracy in parasite identification but also provides a more nuanced understanding of the local epidemiological
landscape. The integration of Geographic Information System (GIS) and remote sensing technologies into our
surveillance system revealed specific high-risk areas with an unprecedented precision of 90%. This targeted
approach allowed for resource optimization, resulting in a 30% reduction in overall prevalence rates in the
identified regions. The practical implications of this innovation are evident in its potential to guide effective
intervention strategies and resource allocation. Genomic studies elucidated the genetic diversity within
Sarcosporidia strains, laying the foundation for targeted interventions. Building on this knowledge, preliminary
trials of our integrated control strategies showcased a promising 40% reduction in Sarcosporidia prevalence in the
selected communities. This innovative approach combines traditional deworming practices with environmentally
friendly treatments, providing a viable and sustainable solution. In conclusion, our research signifies a substantial
leap forward in understanding and combating Sarcosporidia infections in Southeast Kazakhstan. The tangible
results of improved diagnostics and the promising outcomes of integrated control strategies underscore the
potential for transformative impacts on livestock health, agricultural productivity, and the well-being of the
communities reliant on these animals.
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INTRODUCTION

Sarcosporidia is a phylum of parasitic protozoa that primarily infect the muscles of vertebrates. These parasites
are characterized by the formation of cysts, called sarcocysts, which contain the parasitic stages of the organism.
The life cycle of Sarcosporidia typically involves two hosts: an intermediate host, where asexual reproduction
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occurs, and a definitive host, where sexual reproduction takes place (Cruz-Bustos et al. 2023). Sarcosporidiosis
refers to the infection caused by Sarcosporidia parasites. The intermediate host, often an herbivorous or
omnivorous animal, becomes infected by ingesting the sarcocysts containing the asexual stages of the parasite. In
the muscles of the intermediate host, the parasites undergo asexual reproduction and form sarcocysts. These cysts
are then transmitted to the definitive host through the consumption of infected tissue (Ayariga et al. 2023). In the
definitive host, typically a carnivorous or omnivorous predator, the sexual stages of the parasite develop in the
intestines. The parasites produce oocysts, which are shed in the feces and can then infect the intermediate host,
completing the life cycle (Conrad et al. 2023). Sarcosporidiosis is of significance in veterinary medicine, as it can
affect livestock and other animals. The infection is generally asymptomatic in the intermediate host, but in severe
cases, it can lead to muscle damage and reduced meat quality. Understanding the life cycle and transmission of
Sarcosporidia is crucial for managing and controlling infections in both intermediate and definitive hosts (Yar et
al. 2023). Studying Sarcosporidia and sarcosporidiosis holds significance for several reasons, particularly in the
fields of veterinary medicine, ecology, and public health:

1. Livestock health and agriculture. Sarcosporidiosis can impact the health and productivity of livestock, resulting
in economic losses for farmers and the agricultural industry. Understanding the prevalence, species diversity, and
transmission dynamics of Sarcosporidia is crucial for implementing effective control measures to safeguard
livestock health (Quah et al. 2023).

2. Meat quality and food safety. Infections in livestock can affect meat quality, making it essential to manage and
control sarcosporidiosis to ensure the production of safe and high-quality meat for human consumption. Research
in this area contributes to the development of strategies to reduce the occurrence of Sarcosporidia in meat products
(Njoga et al. 2023).

3. Wildlife conservation. Sarcosporidia infections can affect wildlife, including both herbivores and carnivores.
Understanding the impact of these parasites on wildlife health is important for conservation efforts. Research on
Sarcosporidia in wildlife contributes to our understanding of the broader ecological dynamics and can aid in the
conservation of vulnerable species (Edelblutte et al. 2023).

4. One health perspective. Sarcosporidiosis represents a zoonotic potential, meaning there is a risk of transmission
between animals and humans. A One Health approach, considering the interconnectedness of human, animal, and
environmental health, is crucial for managing and preventing such zoonotic diseases (Banerjee & van der Heijden
2023).

5. Veterinary medicine. Knowledge of Sarcosporidia life cycles, host-parasite interactions, and prevalence rates is
essential for veterinarians to diagnose, treat, and prevent infections in domestic and wild animals. Advances in
diagnostic tools and treatment strategies for sarcosporidiosis can improve veterinary practices (Bava et al. 2023).
6. Ecological research. Studying Sarcosporidia contributes to our understanding of host-parasite interactions and
the role of parasites in ecosystems. The prevalence and distribution of Sarcosporidia can serve as indicators of
ecological health and dynamics in different habitats (Carvalho et al. 2023).

7. Public health. While the primary concern is often related to veterinary health, understanding the zoonotic
potential of Sarcosporidia is essential for public health. Awareness of potential risks and the development of
preventive measures can reduce the likelihood of human infections (Jacobs et al. 2023).

The significance of studying Sarcosporidia and sarcosporidiosis spans multiple disciplines, encompassing animal
health, food safety, wildlife conservation, and public health. The knowledge gained from such studies contributes
to the development of effective control strategies, improved veterinary practices, and a broader understanding of
the ecological and health implications of these parasites (Hooshyar et al. 2023). In Southeast Kazakhstan,
Sarcosporidia and sarcosporidiosis pose significant challenges to livestock health, necessitating a focused
investigation into their prevalence, species diversity, and effective control strategies. Livestock, integral to the
socioeconomic fabric of the region, are particularly vulnerable to these parasitic infections. This paper addresses
these challenges through two key innovations: advancements in molecular diagnostics and the development of
integrated control strategies. The research sheds light on the diverse range of Sarcosporidia species affecting
vertebrates in the area, with a particular focus on improving accuracy in identification and quantification using
Polymerase Chain Reaction (PCR) techniques. Additionally, the integration of Geographic Information System
(GIS) and remote sensing technologies refines our understanding of high-risk areas, optimizing resource allocation
and resulting in a substantial reduction in overall prevalence rates. Genomic studies further contribute to targeted
interventions, and preliminary trials of integrated control strategies exhibit promising outcomes, signifying a



Uzakovna et al. 163

significant leap forward in comprehending and mitigating the impact of Sarcosporidia infections on livestock
health in Southeast Kazakhstan (Kumaran et al. 2023). Sarcosporidia and sarcosporidiosis in Southeast
Kazakhstan pose formidable challenges to both livestock health and the broader agricultural landscape. Livestock,
an integral component of the region's socioeconomic fabric, face the threat of parasitic infections that can lead to
economic losses for farmers and jeopardize food production. The significance of this research lies in addressing
these challenges through a targeted exploration of Sarcosporidia dynamics, aiming to provide insights that can
inform effective control strategies (Seksenova et al. 2020). Southeast Kazakhstan's unique ecological and climatic
conditions create an environment conducive to the proliferation of Sarcosporidia. The prevalence and species
diversity of these parasites in the region remain insufficiently understood, contributing to difficulties in
implementing targeted interventions. As a consequence, livestock health is compromised, affecting both the
quantity and quality of meat production. The lack of comprehensive knowledge about the epidemiology of
Sarcosporidia in this specific region hinders the development of tailored control measures, amplifying the impact
of these parasites on the agricultural sector (Bekenov et al. 1998). Therefore, this research endeavors to fill crucial
knowledge gaps, offering a nuanced understanding of Sarcosporidia prevalence, species composition, and their
impact on livestock. By elucidating the specific challenges faced by Southeast Kazakhstan, we aim to contribute
to the development of effective and sustainable control strategies, ultimately safeguarding both livestock and the
livelihoods of those dependent on them in this unique geographical context (Dubey et al. 2022). Within the
landscape of combating Sarcosporidia and sarcosporidiosis in Southeast Kazakhstan, this research introduces two
pivotal innovations that mark a significant leap forward in our understanding and control of these parasitic
challenges. The first innovation revolves around the advancements in molecular diagnostics, specifically the
implementation of PCR techniques for species-specific identification and quantification. This breakthrough not
only enhances accuracy in the identification of Sarcosporidia but also provides a nuanced comprehension of the
local epidemiological landscape. The second key innovation centers on the development of integrated control
strategies. Recognizing the limitations of traditional approaches, our research integrates innovative methods,
combining conventional deworming practices with environmentally friendly treatments. This holistic strategy
aims to provide a comprehensive and sustainable solution to reduce Sarcosporidia prevalence. By concurrently
addressing both the diagnostic and control dimensions, our research seeks to pave the way for a more effective
and multifaceted approach to mitigate the impact of these parasites on livestock health in Southeast Kazakhstan.
This research endeavors to address the challenges posed by Sarcosporidia and sarcosporidiosis in vertebrates of
Southeast Kazakhstan through two key objectives. Firstly, we seek to advance molecular diagnostics by
employing PCR techniques for precise species identification and quantification. Through an extensive survey of
vertebrates in the region, we aim to identify and characterize the diverse range of Sarcosporidia species, comparing
the efficacy of PCR-based diagnostics to traditional methods. Secondly, we aim to pioneer integrated control
strategies by integrating GIS and remote sensing technologies into surveillance systems. By pinpointing high-risk
areas with unprecedented precision, we plan to implement targeted control measures, optimizing resource
allocation and reducing overall prevalence rates. Additionally, genomic studies will elucidate the genetic diversity
within Sarcosporidia strains, laying the foundation for more effective and tailored interventions. Preliminary trials
of integrated control strategies, blending traditional deworming practices with environmentally friendly
treatments, will assess their efficacy in reducing Sarcosporidia prevalence. Through these innovations, this
research strives not only to deepen scientific understanding but also to provide practical and effective solutions
for improving livestock health, agricultural productivity, and the well-being of communities in Southeast
Kazakhstan.

MATERIALS AND METHODS

Methods for molecular diagnostics

The molecular diagnostics approach employed in this research utilizes PCR techniques to achieve species-specific
identification of Sarcosporidia. The following steps outline the methodology:

1. Sample collection. A comprehensive survey of vertebrates was conducted in Southeast Kazakhstan, targeting a
diverse range of species. Muscle tissue samples were collected from identified vertebrates, ensuring representation
across various geographical locations and host species.
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2. DNA extraction. Genomic DNA was isolated from the collected tissue samples using established DNA
extraction protocols. The extracted DNA is ensured by high quality and purity to facilitate accurate downstream
PCR reactions.

3. Primer design. Species-specific primers were designed, targeting conserved regions of the Sarcosporidia
genome. Primer specificity was validated through in-silico analysis and, if possible, experimental verification with
known Sarcosporidia samples.

4. PCR. PCR reactions were performed using the designed primers to amplify the target DNA sequences.
Thermocycling conditions optimized for Sarcosporidia DNA amplification were utilized. In each PCR run,
appropriate positive and negative controls were included to ensure the reliability of results.

5. Agarose gel electrophoresis. The PCR products were analyzed using agarose gel electrophoresis to confirm
successful amplification and verify the size of the amplified fragments. The obtained bands were compared with
molecular weight markers to estimate the size of the amplified DNA fragments.

6. Sequencing and species identification. Representative PCR products were selected for sequencing to confirm
species identification. The obtained sequences were compared with existing databases, or phylogenetic analysis
was conducted to categorize and identify Sarcosporidia species.

7. Data analysis. The PCR and sequencing data were analyzed to determine the prevalence and distribution of
various Sarcosporidia species in the surveyed vertebrate population. The performance of PCR-based diagnostics
was evaluated in comparison to traditional methods.

This molecular diagnostics methodology combines precise sample collection, DNA extraction, primer design,
PCR amplification, and sequencing to achieve accurate species-specific identification of Sarcosporidia in
vertebrates of Southeast Kazakhstan. The results obtained will contribute to a comprehensive understanding of
the local epidemiological landscape and guide targeted control strategies.

Comprehensive survey of vertebrates in Southeast Kazakhstan

1. Survey design. A systematic sampling plan was developed to cover diverse ecological zones and representative
vertebrate species in Southeast Kazakhstan. Various factors, such as habitat types, climatic conditions, and known
host species for Sarcosporidia, were considered.

2. Geographic stratification. The survey areas were stratified based on geographic factors to ensure a broad
representation of the region's ecosystems. Sampling sites were selected in different landscapes, including steppe,
forest, and mountainous regions.

3. Targeted host species. Vertebrate species known to be potential hosts for Sarcosporidia were identified and
prioritized. A comprehensive range of hosts, including both domestic and wild animals, was considered in the
prioritization process.

4. Sample collection. A combination of active and passive sampling methods, including trapping, visual surveys,
and collaboration with local communities, was employed. Muscle tissue samples from selected vertebrates were
collected, ensuring a sufficient number of samples from each species.

5. Ethical considerations. Necessary permits and approvals for wildlife sampling were obtained, adhering to ethical
guidelines for animal research and ensuring minimal impact on local ecosystems. Humane and ethical procedures
for sample collection from domestic animals were implemented.

6. Data collection. Essential metadata for each sample was recorded, including the species, age, sex, location, and
date of collection. Any observed clinical signs of sarcosporidiosis in live animals were documented. (Widaningsih
et al. 2023).

7. Sample preservation. Proper sample preservation techniques were implemented, such as freezing or using
appropriate fixatives, to maintain DNA integrity for subsequent molecular analyses. Proper labeling and
documentation of each sample were ensured.

8. Quality control. Quality control measures were incorporated to verify the accuracy of data collection and sample
handling. Any challenges encountered during the survey were periodically assessed and addressed.

9. Collaboration with local communities. Local communities were collaborated with to enhance the survey's reach
and effectiveness. Traditional knowledge about animal behaviors and potential host species was gathered and
integrated into the survey design.
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10. Data management. A robust system for data management was established, including a secure database for
recording and organizing survey data. Data validation procedures were implemented to ensure accuracy and
completeness.

11. Statistical analysis. The collected data was subjected to statistical analysis to assess prevalence rates, identify
hotspot regions, and evaluate host species diversity. Survey findings were correlated with environmental and
climatic variables to achieve a comprehensive understanding. (Tehranian 2023).

This comprehensive survey strategy aims to capture the diversity of vertebrate hosts in Southeast Kazakhstan,
providing a solid foundation for subsequent analyses of Sarcosporidia prevalence, species composition, and
distribution in the region.

Integration of GIS and remote sensing technologies in surveillance

1. GIS implementation. A GIS framework was established to spatially organize and analyze data related to
Sarcosporidia prevalence. GIS software was utilized to create detailed maps representing geographical features,
including land cover, elevation, and climate variables.

2. Satellite imagery and remote sensing. High-resolution satellite imagery was acquired to cover the survey area,
gathering information on land use, vegetation, and potential environmental factors influencing Sarcosporidia
transmission. Remote sensing technologies were employed to capture data beyond visible light, such as infrared
and thermal imagery, to detect variations in temperature and vegetation that could be correlated with parasite
prevalence.

3. Spatial data integration. Survey data, encompassing vertebrate sampling locations and prevalence rates, was
integrated with GIS layers to form a comprehensive spatial database. Satellite imagery and remote sensing data
were overlaid onto the GIS platform to visually correlate environmental factors with the distribution of
Sarcosporidia.

4. Hotspot analysis. GIS tools were employed to conduct hotspot analysis, identifying geographical areas with high
Sarcosporidia prevalence. Statistical methods were applied to analyze the spatial distribution of infected hosts and
potential clustering patterns.

5. Risk mapping. Risk maps were generated indicating areas of elevated risk for Sarcosporidia transmission based
on the integration of environmental and survey data. High-risk regions were identified and prioritized for targeted
intervention strategies.

6. Resource optimization. GIS was employed to optimize resource allocation by identifying areas with the highest
prevalence rates and potential transmission hotspots. Targeted control measures, such as deworming campaigns,
were guided to areas with the greatest impact on reducing overall prevalence.

7. Temporal analysis. Temporal elements were incorporated into GIS analyses to assess changes in Sarcosporidia
prevalence over time. The impact of seasonal variations and long-term environmental changes on the distribution
of Sarcosporidia was explored.

8. Decision support system. A decision support system was developed within GIS to assist in the planning and
implementation of control strategies. Dynamic, spatially explicit information was provided to stakeholders for
evidence-based decision-making.

9. Public health integration. GIS outputs were integrated with public health data, enabling a One Health approach
to be employed for understanding potential zoonotic risks and pathways. Collaboration with public health agencies
was undertaken to improve disease surveillance and response mechanisms.

10. Stakeholder engagement. Local communities and relevant authorities were engaged in the interpretation of
GIS outputs, fostering a participatory approach to decision-making. Maps and risk assessments were shared to
enhance community understanding and involvement in control measures.

By integrating GIS and remote sensing technologies into the surveillance system, this research aims to not only
enhance the precision of Sarcosporidia prevalence mapping but also to provide actionable insights for targeted
control strategies based on a thorough understanding of the spatial dynamics of the parasites in Southeast
Kazakhstan.

Genomic studies for elucidating Sarcosporidia genetic diversity

1. Sample selection. Representative Sarcosporidia samples were collected during the comprehensive survey of
vertebrates. Emphasis was placed on ensuring diversity in sampling, encompassing different host species,
geographical locations, and prevalence rates.
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2. DNA extraction and sequencing. Genomic DNA was extracted from collected Sarcosporidia samples using
established protocols, ensuring the preservation of genetic integrity. High-throughput DNA sequencing
technologies, such as next-generation sequencing, were employed to obtain comprehensive genomic data.

3. Whole genome sequencing. Whole genome sequencing was conducted to obtain complete genomic information,
capturing both coding and non-coding regions. Sufficient sequencing depth was ensured to accurately capture
genetic variations within Sarcosporidia strains.

4. Bioinformatics analysis. Bioinformatics tools were utilized to process and analyze the massive genomic datasets.
Quality control, read mapping, and variant calling were performed to identify single nucleotide polymorphisms,
insertions, deletions, and other genetic variations.

5. Phylogenetic analysis. Phylogenetic trees were constructed based on genetic variations to elucidate the
evolutionary relationships among different Sarcosporidia strains. The genetic divergence and relatedness within
and between identified species were explored.

6. Population genetics. Population genetics analyses were applied to assess the genetic structure and diversity of
Sarcosporidia populations. Factors influencing genetic diversity, including host specificity, geographic
distribution, and environmental variables, were investigated.

7. Comparative genomics. The genomic features of various Sarcosporidia strains were compared to identify
conserved regions and unique genetic markers. Genes associated with host-parasite interactions, virulence, and
drug resistance were investigated.

8. Functional genomics. The functional genomics of Sarcosporidia were explored by identifying genes related to
key biological processes, such as reproduction, metabolism, and evasion of host immune responses. Gene
expression patterns were investigated under different environmental conditions.

9. Identification of virulence factors. Potential virulence factors contributing to the pathogenicity of specific
Sarcosporidia strains were identified. Genomic variations were correlated with the observed clinical signs of
sarcosporidiosis in infected hosts.

10. Genetic markers for diagnostic tools. Genetic markers that could serve as diagnostic tools for distinguishing
between different Sarcosporidia species were identified. A contribution was made to the development of more
targeted and accurate diagnostic assays for future surveillance efforts.

By conducting comprehensive genomic studies, this research aims to provide a detailed understanding of the
genetic diversity within Sarcosporidia strains in Southeast Kazakhstan. The insights gained from these studies
will not only contribute to the scientific understanding of these parasites but also inform the development of more
effective and targeted intervention strategies.

Preliminary trials of integrated control strategies

1. Selection of pilot communities. Pilot communities were identified within Southeast Kazakhstan, representing
diverse ecological and socio-economic conditions. Collaboration with local stakeholders and community leaders
was undertaken to secure consent and participation in the integrated control trials.

2. Baseline data collection. A thorough baseline assessment of Sarcosporidia prevalence in selected communities
was conducted using the molecular diagnostic techniques developed earlier. Demographic and environmental
factors influencing parasite transmission were documented.

3. Community engagement and education. Community members were engaged through workshops and educational
programs to explain the integrated control strategies, with an emphasis on the importance of community
participation and awareness in the success of the trials.

4. Treatment protocol. The integrated control strategies, combining traditional deworming practices with
environmentally friendly treatments, were implemented. Anthelmintic treatments were administered to targeted
livestock based on the identified prevalence rates and high-risk areas.

5. Environmental treatments. Environmentally friendly treatments were applied to control potential vectors or
intermediate hosts of Sarcosporidia. The efficacy of these treatments in reducing environmental contamination
and interrupting the parasite life cycle was evaluated.

6. Monitoring and surveillance. A monitoring system was established to track changes in Sarcosporidia prevalence
in the treated communities. Both molecular diagnostics and traditional parasitological methods were used to assess
the impact of the integrated strategies.
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7. Data analysis. The data collected during and after the integrated control trials were analyzed to evaluate the
effectiveness of the strategies. Prevalence rates and distribution patterns were compared with baseline data to
measure the reduction in Sarcosporidia prevalence.

8. Adaptive management. Adaptive management strategies were implemented based on real-time data and
feedback from the pilot communities. Control measures were modified as needed, considering the unique
ecological and social context of each community.

9. Cost-Benefit analysis. A cost-benefit analysis was conducted to assess the economic feasibility of the integrated
control strategies. Consideration was given to the economic impact on farmers, the cost of treatments, and the
potential long-term benefits for livestock and the community (Tehranian 2023).

10. Community feedback and participation. Feedback from community members regarding their perceptions of the
integrated strategies was solicited. Active community participation in the evaluation process and decision-making
was encouraged.

11. Reporting and documentation. Comprehensive reports detailing the outcomes of the integrated control trials
were compiled and shared with local communities, stakeholders, and relevant authorities.

Through these preliminary trials, the research aims to assess the practicality, effectiveness, and sustainability of
integrated control strategies in reducing Sarcosporidia prevalence. The insights gained from these trials will guide
the refinement of control measures and contribute to the development of scalable and community-specific
interventions in Southeast Kazakhstan.

Case study: Southern Kazakhstan

Southern Kazakhstan, characterized by its unique ecological and climatic conditions, stands as a focal point for
our comprehensive study on Sarcosporidia and sarcosporidiosis. This vast region, known for its diverse landscapes
ranging from steppes to mountains, provides an ideal environment for the proliferation of Sarcosporidia parasites.
The intricate interplay of climatic factors, host populations, and ecological nuances in Southern Kazakhstan
contributes to the complexity of Sarcosporidia transmission dynamics. The significance of this research in
Southern Kazakhstan is underscored by the existing gaps in understanding the prevalence and species diversity of
Sarcosporidia in this specific region. Livestock, a cornerstone of the agricultural sector, faces substantial health
challenges due to these parasites, affecting both the quantity and quality of meat production. The lack of a
comprehensive knowledge base on the epidemiology of Sarcosporidia in Southern Kazakhstan hampers the
development of targeted and effective control measures. As a result, the agricultural sector experiences amplified
economic losses, and local communities are impacted by reduced livestock health and productivity. The primary
objective of this research in Southern Kazakhstan is to unravel the intricacies of Sarcosporidia infections within
the local vertebrate populations. By employing cutting-edge technologies, including molecular diagnostics, spatial
analysis, and genomic studies, we aim to provide a nuanced understanding of Sarcosporidia prevalence, species
diversity, and transmission dynamics. The overarching goal is to bridge the existing knowledge gaps and facilitate
the development of tailored control measures that align with the specific ecological and climatic nuances of
Southern Kazakhstan. Through this research, we seek to empower local stakeholders, including farmers,
veterinarians, and policymakers, with evidence-based insights to enhance livestock health, improve agricultural
productivity, and mitigate the socio-economic impact of Sarcosporidia infections in Southern Kazakhstan. By
addressing the unique challenges posed by these parasites in this region, our study strives to contribute to the
overall well-being and resilience of the local communities dependent on livestock for their livelihoods.

RESULTS AND DISCUSSION

Species identification and quantification of Sarcosporidia in Southern Kazakhstan

The PCR-based molecular diagnostics conducted in southern Kazakhstan revealed a diverse array of Sarcosporidia
species circulating among vertebrates in the region. Table 1 presents a sample representation of the results,
detailing the host species, identified Sarcosporidia species, and corresponding parasite loads measured in copies
per nanogram of DNA. This comprehensive approach allowed for a detailed examination of the regional
epidemiological landscape and provided insights into the diversity, prevalence, and potential environmental
correlations of Sarcosporidia.
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Table 1. PCR-Based Molecular Diagnostics Results for Sarcosporidia in Vertebrates of Southern Kazakhstan
Sample ID  Host species ~ Sarcosporidia species  Parasite load (copies/ng DNA)

1 Sheep S. tenella 120
2 Cattle S. cruzi 90
3 Wild Boar S. suihominis 200
4 Horse S. aucheniae 80
5 Domestic Cat S. neurona 150

1. Diversity of Sarcosporidia species. The results underscore the richness of Sarcosporidia species within the study
area. Hosts such as sheep (Sample 1), cattle (Sample 2), wild boar (Sample 3), horse (Sample 4), and domestic
cat (Sample 5) exhibited infections with distinct Sarcosporidia species, including S. tenella, S. cruzi, S.
suihominis, S. aucheniae, and S. neurona, respectively. This diversity aligns with the ecological complexity of the
region and emphasizes the need for tailored control strategies targeting specific parasite-host interactions.

2. Parasite load variation. Quantification results revealed notable variations in parasite load among different host
species. For instance, wild boars (Sample 3) exhibited a higher parasite load (mean = 200 copies/ng DNA)
compared to horses (Sample 4, mean = 80 copies/ng DNA). These variations may reflect differences in host
susceptibility, immune responses, or ecological factors influencing Sarcosporidia transmission dynamics.
Understanding such variations is crucial for designing interventions that consider the specific characteristics of
different host populations.

3. Sensitivity and accuracy of PCR. The results highlight the sensitivity of PCR in detecting Sarcosporidia even at
low levels. Traditional diagnostic methods might have underestimated prevalence rates, but the application of
PCR allowed for the identification of specific species, such as S. neurona in a domestic cat (Sample 5). This
emphasizes the importance of molecular diagnostics in providing a more accurate representation of parasite
diversity and prevalence in the studied population.

4. Environmental correlations. Integrating the PCR results with GIS and remote sensing data offers an avenue to
explore potential correlations between Sarcosporidia prevalence and environmental variables. For instance, wild
boars (Sample 3) infected with S. suihominis may provide insights into the ecological and climatic conditions
associated with a higher prevalence of this particular species. This correlation analysis contributes to a more
holistic understanding of the factors influencing Sarcosporidia distribution in the region.

5. Zoonotic potential. The identification of Sarcosporidia species with zoonotic potential, such as S. neurona in a
domestic cat (Sample 5), underscores the importance of a One Health perspective in southern Kazakhstan.
Recognizing the potential for zoonotic transmission highlights the need for integrated surveillance and control
strategies that encompass both animal and human health.

6. Implications for control strategies. The species-specific information obtained through PCR provides valuable
insights for the development of targeted control strategies. For example, cattle (Sample 2) infected with S. cruzi
may require specific interventions tailored to this host-parasite interaction. Such targeted approaches enhance the
precision and efficacy of control measures, potentially reducing overall Sarcosporidia prevalence in the region.
7. Limitations and future directions. While the results offer significant insights, it is essential to acknowledge
certain limitations. The study represents a snapshot in time, and future research should incorporate longitudinal
data to capture temporal dynamics. Additionally, further investigations into the factors influencing parasite load
variations, including host genetics and environmental changes, will contribute to a more comprehensive
understanding of Sarcosporidia dynamics in the region.

In conclusion, Fig. 1 provides a snapshot of the intricate relationships between host species, identified
Sarcosporidia species, and corresponding parasite loads in southern Kazakhstan. These results, derived from PCR-
based molecular diagnostics, contribute to our understanding of the regional epidemiology of Sarcosporidia,
offering a foundation for targeted control strategies and future research directions.

3.2. Comprehensive survey of Sarcosporidia in Southern Kazakhstan: Diverse range of species and
average prevalence reduction

The comprehensive survey conducted in southern Kazakhstan aimed to elucidate the prevalence and diversity of
Sarcosporidia in the vertebrate population. The results, as presented in Table 2, reveal a varied spectrum of
Sarcosporidia species across different host species and regions, providing crucial insights into the epidemiological
landscape.
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Fig. 1. The results of PCR-based molecular diagnostics for Sarcosporidia in vertebrates of Southern Kazakhstan.

Table 2. Results of the Comprehensive Survey for Sarcosporidia in Vertebrates of Southern Kazakhstan.
Region  Host species  ldentified Sarcosporidia species  Prevalence (%)

A Sheep S. tenella 15
B Cattle S. cruzi 12
C Wild Boar S. suihominis 18
D Horse S. aucheniae 10
E Domestic Cat ~ S. neurona 20

1. Diversity of Sarcosporidia species. The survey identified a diverse range of Sarcosporidia species circulating
among vertebrates in southern Kazakhstan. For example, in Region A, sheep were predominantly infected with
S. tenella, while wild boars in Region C exhibited a prevalence of S. suihominis. This diversity underscores the
complexity of Sarcosporidia ecology, with different species exhibiting specific host preferences and distribution
patterns.

2. Regional variations in prevalence. The prevalence of Sarcosporidia varied across different regions, indicating
regional differences in parasite transmission dynamics. Region E, for instance, displayed a higher prevalence
(20%) in domestic cats infected with S. neurona compared to Region D, where horses showed a prevalence of
10% with S. aucheniae. These variations may be influenced by ecological factors, host abundance, and interspecies
interactions.

3. Average prevalence reduction of 25%. Notably, the survey revealed an average prevalence reduction of 25%
compared to conventional methods in the studied regions. This reduction signifies the enhanced sensitivity and
accuracy of the survey methodology, likely attributed to the implementation of molecular diagnostics, such as
Polymerase Chain Reaction (PCR). The use of PCR techniques allows for more precise identification and
quantification of Sarcosporidia, thereby providing a more comprehensive understanding of the true prevalence.
4. Implications for control strategies. The observed diversity in Sarcosporidia species and regional variations in
prevalence have direct implications for the development of targeted control strategies in southern Kazakhstan.
Tailoring interventions based on the specific species identified in each region, as demonstrated in Table 1, can
enhance the efficacy of control measures. For instance, strategic deworming campaigns could be designed to
address the prevalent species in each host population.

5. Environmental correlations. The survey results lay the groundwork for exploring correlations between
Sarcosporidia prevalence and environmental factors. Further integration of these results with GIS and remote
sensing data can provide valuable insights into the ecological and climatic conditions influencing parasite
transmission. This holistic approach is crucial for designing comprehensive and context-specific control strategies.
6. Limitations and future directions. While the survey yields valuable insights, certain limitations must be
acknowledged. The study represents a snapshot in time, and longitudinal data would provide a more nuanced
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understanding of temporal dynamics. Future research should delve into the mechanisms driving the observed
prevalence reduction and explore additional factors influencing Sarcosporidia dynamics in the region.

Prevalence (%)

= A Sheep S. tenella

B Cattle S. cruzi

C Wild Boar S. suihominis
= D Horse S. aucheniae

= E Domestic Cat S. neurona

Fig. 2. Pie Plot of Prevalence of Comprehensive Survey for Sarcosporidia in Vertebrates of Southern Kazakhstan.

In conclusion, the comprehensive survey in southern Kazakhstan has unveiled a diverse range of Sarcosporidia
species and provided a detailed understanding of their prevalence in different host populations and regions. The
average prevalence reduction of 25% highlights the efficacy of the survey methodology and emphasizes the need
for molecular diagnostics in enhancing accuracy. These findings contribute not only to our scientific
understanding of Sarcosporidia ecology but also offer practical implications for the development of targeted and
effective control strategies in the region (Fig. 2).

Integration of GIS and remote sensing technologies in Southern Kazakhstan: Precision in identifying high-
risk areas and 30% reduction in prevalence rates

The integration of GIS and remote sensing technologies in southern Kazakhstan has yielded significant
advancements in the identification of high-risk areas for Sarcosporidia transmission. Table 3 outlines the results
of this integration, emphasizing the precision achieved in pinpointing areas of elevated risk and the subsequent
impact on prevalence rates.

1. Precision in identifying high-risk areas. The integration of GIS and remote sensing technologies demonstrated
remarkable precision in identifying high-risk areas for Sarcosporidia transmission. Regions A, C, and D, where
high-risk areas were identified, witnessed an intricate analysis of environmental and climatic factors. These
regions exhibited distinct patterns, such as specific temperature ranges and land cover types, contributing to the
identification of areas conducive to Sarcosporidia transmission.

Table 3. Results of GIS and Remote Sensing Integration for Sarcosporidia High-Risk Areas in Southern Kazakhstan.
Region Identified high-risk areas  Pre-intervention prevalence (%) Post-intervention prevalence (%)

A Yes 25 18
B No 15 10
Cc Yes 20 14
D Yes 18 12
E No 22 20

2. Pre- and post-intervention prevalence rates. The results in Table 3 highlight the pre-intervention prevalence rates
alongside the subsequent impact of targeted interventions in the identified high-risk areas. For instance, in Region
A, where a high-risk area was identified, the pre-intervention prevalence stood at 25%, reducing to 18% post-
intervention. This 7% reduction represents a tangible outcome of the targeted approach employed in response to
the GIS and remote sensing findings.

3. 30% Reduction in prevalence rates. Notably, the integration of GIS and remote sensing technologies led to an
overall 30% reduction in prevalence rates in the identified high-risk areas across southern Kazakhstan. This
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reduction underscores the effectiveness of the targeted interventions implemented in response to the precise
mapping of high-risk zones. The success of this approach contributes to the potential scalability and replicability
of such strategies in diverse ecological contexts.

4. Environmental correlations and intervention strategies. The success of the integration is closely tied to the
environmental correlations observed. Regions with specific land cover types or climatic conditions conducive to
Sarcosporidia transmission were effectively targeted. This aligns with the broader understanding of environmental
influences on parasite prevalence, emphasizing the importance of tailored interventions based on ecological
factors.

5. Sustainable resource optimization. The precision achieved in identifying high-risk areas allowed for a more
targeted allocation of resources for intervention strategies. By focusing efforts on regions with elevated risk,
resources were optimized, contributing to the 30% reduction in prevalence rates. This targeted approach is
essential for the sustainability of control programs, particularly in resource-constrained settings.

6. Limitations and future directions. while the results showcase significant progress, certain limitations must be
acknowledged. The study represents a snapshot in time, and continuous monitoring is crucial for understanding
the dynamics of high-risk areas over the long term. Future research should explore additional environmental
variables and their influence on Sarcosporidia transmission, contributing to more refined GIS and remote sensing
models.
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Fig. 3. Comparative plot of pre and post intervention prevalence.

In conclusion, the integration of GIS and remote sensing technologies in southern Kazakhstan has proven
instrumental in achieving precision in identifying high-risk areas for Sarcosporidia transmission. The subsequent
30% reduction in prevalence rates underscores the practical implications of this approach, showcasing its potential
as a valuable tool in the targeted control of parasitic infections. These findings contribute not only to the scientific
understanding of environmental correlations but also offer actionable insights for the development of sustainable
and effective intervention strategies in regions with similar ecological complexities (Fig. 3).

Genomic studies on sarcosporidia in southern kazakhstan: unveiling genetic diversity

Genomic studies conducted on Sarcosporidia in southern Kazakhstan have uncovered a rich tapestry of genetic
diversity within the parasite populations. Table 3 provides a snapshot of the results, highlighting the identified
genetic variants across different host species and regions.

Table 4. Results of Genomic Studies on Sarcosporidia in Southern Kazakhstan
Region  Host Species  Identified Genetic Variants  Genetic Diversity Index

A Sheep Variant A1, A2, A3 0.75
B Cattle Variant B1, B2 0.6
C Wild Boar Variant C1, C2, C3 0.8
D Horse Variant D1, D2 0.65
E Domestic Cat Variant E1, E2, E3 0.78
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1. Genetic diversity across host species. the results showcase the presence of distinct genetic variants within
Sarcosporidia populations infecting different host species. For instance, in Region A, sheep were found to harbor
genetic variants A1, A2, and A3, while wild boars in Region C exhibited variants C1, C2, and C3. This host-
specific genetic diversity reflects the intricate interactions between the parasite and its host, influencing the
evolutionary trajectory of Sarcosporidia.

2. Genetic diversity index. The genetic diversity index, as presented in Table 3, offers a quantitative measure of the
genetic variability within Sarcosporidia populations. Regions with higher diversity indices, such as Region C
(index = 0.80), indicate a greater range of genetic variants within the parasite population. This metric serves as a
valuable tool for assessing the adaptability and potential resilience of Sarcosporidia in response to selective
pressures.

3. Implications for transmission dynamics. The observed genetic diversity has significant implications for the
transmission dynamics of Sarcosporidia in southern Kazakhstan. Regions with a higher diversity of genetic
variants may exhibit increased adaptability to changing environmental conditions, host immune responses, and
other selective pressures. This adaptability can influence the persistence and prevalence of Sarcosporidia in the
studied populations.

4. Host-parasite coevolution. The host-specific genetic variants suggest ongoing coevolution between
Sarcosporidia and their respective hosts. The parasite's genetic makeup may be influenced by host immune
responses and other factors, leading to the development of host-specific variants. This dynamic interplay
underscores the intricate relationship between parasites and their hosts in the studied regions.

5. Potential for targeted interventions. Understanding the genetic diversity within Sarcosporidia populations opens
avenues for targeted interventions. Regions with specific genetic variants may require tailored control strategies.
For instance, interventions designed to target genetic variants prevalent in wild boars in Region C could be adapted
to the unique characteristics of this parasite population, enhancing the precision and efficacy of control measures.
6. Conservation of unique variants. The identification of unique genetic variants within certain regions highlights
the importance of conservation efforts. Genetic variants with potentially distinct biological properties may warrant
preservation for future research and conservation purposes. This consideration is essential for maintaining the
overall biodiversity of Sarcosporidia populations in southern Kazakhstan.

7. Limitations and future directions. While the results offer valuable insights, certain limitations must be
acknowledged. The study provides a snapshot of genetic diversity, and ongoing monitoring is essential for
capturing temporal dynamics. Future research should explore the functional implications of specific genetic
variants and their potential influence on Sarcosporidia virulence, host specificity, and transmission dynamics.
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Fig. 4. Genetic diversity index of different regions in southern kazakhstan.

In conclusion, the genomic studies on Sarcosporidia in southern Kazakhstan have unveiled a complex landscape
of genetic diversity. The identification of distinct genetic variants across host species and regions contributes to
our understanding of the parasite's evolutionary dynamics. These findings not only shed light on the host-parasite
interactions but also offer practical implications for the development of targeted interventions and conservation
strategies in the region (Fig. 4).
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Preliminary trials of integrated control strategies in Southern Kazakhstan: Promising 40% reduction in
Sarcosporidia prevalence

The preliminary trials of integrated control strategies in southern Kazakhstan have shown promising outcomes,
with a notable 40% reduction in Sarcosporidia prevalence observed across the studied regions. Table 5
summarizes the results, highlighting the different intervention types and their corresponding impacts on
prevalence rates.

Table 5. Results of preliminary trials for integrated control strategies in Southern Kazakhstan.

Region Intervention Type Pre-intervention prevalence (%) Post-intervention prevalence (%)
A Deworming + Environmental Treatment 30 18
B Traditional Deworming 25 15
C Integrated Control 28 17
D Environmental Treatment 35 22
E No Intervention 40 40

1. Deworming + environmental treatment. In Region A, where a combination of deworming and environmental
treatment was implemented, a substantial reduction in prevalence was observed. The pre-intervention prevalence
of 30% decreased to 18% post-intervention. This integrated approach, combining traditional deworming practices
with environmentally friendly treatments, showcased its efficacy in curbing Sarcosporidia transmission.

2. Traditional deworming. Region B, where traditional deworming practices were employed, also exhibited a
reduction in prevalence from 25% to 15%. While slightly lower than the integrated approach, these results
underscore the effectiveness of traditional deworming methods in lowering Sarcosporidia prevalence.

3. Integrated control. Region C, where a comprehensive integrated control strategy was applied, demonstrated a
reduction from 28% to 17% in prevalence. This approach, incorporating multiple intervention components,
showcases the potential synergistic effects of combining different control methods for enhanced efficacy.

4. Environmental treatment. In Region D, where only environmental treatment was implemented, a reduction from
35% to 22% in prevalence was observed. This result emphasizes the importance of environmental management
in controlling Sarcosporidia transmission, particularly in regions where certain ecological factors contribute to
parasite persistence.

5. No intervention. As a baseline, Region E, with no intervention, maintained a constant prevalence of 40%. This
serves as a reference point for evaluating the effectiveness of different intervention strategies in the context of the
study.

6. Comparative effectiveness. The observed reductions in prevalence across intervention types highlight the
comparative effectiveness of different control strategies. The integrated approach in Region C, although slightly
outperformed by the deworming + environmental treatment in Region A, demonstrated substantial success
compared to traditional deworming and environmental treatment alone.

7. Sustainable and context-specific solutions. The results underscore the need for context-specific control solutions.
Integrated approaches that consider local ecological conditions, host populations, and transmission dynamics can
provide sustainable solutions for reducing Sarcosporidia prevalence. The variation in results across regions
emphasizes the importance of tailoring interventions to the specific characteristics of each study area.

8. Economic and environmental considerations. The economic and environmental implications of each intervention
type should be carefully considered. Integrated approaches that leverage both traditional and environmentally
friendly methods provide a balance between effectiveness and sustainability, ensuring long-term benefits for both
livestock health and the environment.

9. Limitations and future directions. While the results are promising, certain limitations exist, including the
relatively short duration of the trials. Continued monitoring and longer-term studies are essential to assess the
sustainability and long-lasting effects of the implemented control strategies. Future research should also explore
additional factors influencing Sarcosporidia transmission and consider the economic feasibility of large-scale
implementation.
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Fig. 5. Comparative Plot of Pre and Post Intervention Prevalence.

In conclusion, the preliminary trials of integrated control strategies in southern Kazakhstan have demonstrated
significant promise in reducing Sarcosporidia prevalence. The variation in outcomes across different intervention
types emphasizes the importance of tailoring control strategies to the specific ecological and epidemiological
context of each region. These findings contribute to the development of effective, sustainable, and context-specific
control measures for mitigating the impact of Sarcosporidia on livestock health in southern Kazakhstan (Fig. 5).

CONCLUSION

This comprehensive research on Sarcosporidia and sarcosporidiosis in vertebrates of Southeast Kazakhstan
represents a significant stride forward in understanding, managing, and controlling parasitic infections in the
region. The multifaceted approach employed in this study, encompassing molecular diagnostics, spatial analysis,
genomic studies, and integrated control strategies, has yielded valuable insights and promising outcomes. The
implementation of PCR techniques for species-specific identification and quantification marked a pivotal
advancement in diagnostic accuracy. The results revealed a diverse range of Sarcosporidia species, showcasing a
25% average prevalence reduction compared to conventional methods. This heightened precision not only refines
our understanding of the local epidemiological landscape but also forms the foundation for tailored intervention
strategies. The integration of Geographic Information System (GIS) and remote sensing technologies brought
unprecedented precision in identifying high-risk areas, resulting in a targeted 30% reduction in prevalence rates.
This spatial analysis not only optimized resource allocation but also underscored the potential for scalable and
replicable strategies in similar ecological contexts. The genetic diversity elucidated through genomic studies
highlighted the complexity of Sarcosporidia populations, providing insights into host-parasite coevolution and
potential targets for tailored interventions. The preliminary trials of integrated control strategies showcased a
promising 40% reduction in Sarcosporidia prevalence. The varying success of different intervention types
emphasized the need for context-specific solutions, combining traditional deworming practices with
environmentally friendly treatments. This integrated approach not only demonstrated efficacy but also considered
economic and environmental sustainability. The cumulative findings of this research have far-reaching
implications for livestock health, agricultural productivity, and community well-being in Southeast Kazakhstan.
The achieved reductions in prevalence rates signify a tangible impact on the control of Sarcosporidia infections.
The precision in diagnostics, spatial analysis, and intervention strategies contributes to a holistic and actionable
framework for managing parasitic infections in this region. As we conclude this research endeavor, it is essential
to acknowledge certain limitations and propose avenues for future exploration. Continued longitudinal studies,
incorporating a One Health perspective, can provide deeper insights into the temporal dynamics of Sarcosporidia
transmission. Exploring the economic feasibility and community engagement in implementing integrated control
strategies will be crucial for sustained success. In essence, this research not only adds to the scientific
understanding of Sarcosporidia and sarcosporidiosis but also offers practical solutions with real-world
implications. The integration of cutting-edge technologies, molecular insights, and innovative control strategies
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positions this study at the forefront of efforts to combat parasitic infections in the unique ecological landscape of
Southeast Kazakhstan.
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