Министерство высшего образования и науки Республики Казахстан
НАО «Костанайский региональный университет имени Ахмет Байтұрсынұлы»
8D09101 «Ветеринарная медицина»


Уахит Рабиға Сейтбатталқызы

[bookmark: _GoBack]Диссертационная работа из серии статей
на соискание степени доктора философии (PhD)

По теме диссертации: «Эпизоотологический мониторинг и молекулярно-генетический анализ гельминтов волков на территории северного и центрального Казахстана»




	Научный консультант
Научный консультант
	PhD, Ассоциированный профессор Киян В. С.
к.в.н., доцент Лидер Л. А.

	Научный зарубежный консультант 
	PhD, MSc Dr. Anne Mayer-Scholl








Астана – 2025 год.


Содержание:

	1 Epizootiological monitoring of wolf helminths in Northern and Central Kazakhstan
	3

	2 Genetic identification of Trichinella species found in wild carnivores from 
the territory of Kazakhstan
	14

	3 Molecular identification of Baylisascaris melis (Gedoelst, 1920) from the Eurasian badger (Meles meles) and ascarids from other wild carnivores in Kazakhstan
	25

	4 Genetic diversity of Echinococcus spp. in wild carnivorous animals in Kazakhstan
	40

	5 First molecular identification of Dirofilaria repens found in a wolf heart in Kazakhstan
	52



















Epizootiological monitoring of wolf helminths in Northern and Central Kazakhstan

Abstract
Background and Aim: Wolves (Canis lupus) play a role in nature, including the regulation of the number of ungulates and the use of dead animals. In addition, wolves are a natural link and carrier for the spread of many parasitic invasions. Hence, the main task in preventing the spread of parasitic invasions is to regulate the wolf population. This study aimed to monitor the endoparasitological fauna of wild wolves inhabiting Northern and Central Kazakhstan.
Materials and Methods: Overall, 81 wolves were investigated for parasitic worms using the K. I. Scriabin method. Wolf intestinal materials were collected from the following six regions: North Kazakhstan, Pavlodar, Kostanay, Akmola, Ulytau, and Karaganda. The genetic diversity of the parasites was identified using a polymerase chain reaction with specific primers. After data collection, a comprehensive statistical analysis was performed.
Results: Several helminth types were identified in wolves, including Echinococcus granulosus, Taenia hydatigena, Mesocestoides spp., Toxascaris leonina, Trichinella nativa, Alaria alata, and Dirofilaria repens. Based on the results of this study, young male wolves aged 1–4 years were the most vulnerable to helminthiasis. Wolves living in steppe and semi-desert regions are often exposed to helminth infections. The prevalence of T. nativa in the wolves was 20.4%. This study also revealed the presence of echinococcosis among wolf populations in Karaganda and Kostanay, with prevalence rates of 4.1% and 4.7%, respectively. The overall prevalence of tapeworms in wolves was 54.3%.
Conclusion: This study highlights the significance of understanding the potential risks associated with helminth infections in wild carnivores because helminths can act as disease reservoirs and pose a threat to humans, livestock, and other wild carnivores. These results can contribute to the development of effective control and management strategies for helminth infections in wolves, which can infect humans and livestock.
Keywords: Echinococcus, epidemiology, helminth prevalence, Kazakhstan.
Introduction
The gray wolf (Canis lupus) is ubiquitous in Northern and Central Kazakhstan [1]. Wolves, which are large mammals and forest cleaners, have varied diets. Therefore, wolves are hosts of parasites that are transmitted among canids, including prey [2, 3]. Thus, wolf-parasite associations can influence the population dynamics and ecological functions of wolves and their prey [4]. Geographic host range, population density, and body size are general indicators of parasitic richness across a wide range of taxa [5]. Thus, the parasitic communities of grey wolves provide a valuable system for understanding the role of parasites in host regulation and predator-prey dynamics.
A literature review of the studies compiling the final list of wolf-parasitic helminths revealed a comprehensive picture. A total of 72 helminth species belonging to 40 genera have been reported to infect wolves, with 93% detected in the gastrointestinal tract during necropsy [6]. Among them, 28 species of nematodes, 27 species of cestodes, 16 species of trematodes, and one acanthocephalan have been identified [7–10]. The most prevalent helminth is the tapeworm, Taenia hydatigena, which occurs at a relative frequency of 30% in all zoogeographic regions. The related tapeworm Echinococcus granulosis also showed a high prevalence (>19%). In tundra wolf populations, the dominant helminth species (73.9%) is the roundworm Toxascaris leonina [11–14]. 
It is extremely important to understand that wolves play a special role in the conservation and spread of natural invasions [15]. Wolf worms undergo several stages of their lifecycle, including the egg, larval, and adult stages. Most worms leave their host bodies during reproduction and move to the external environment. Consequently, the soil becomes contaminated with helminth eggs, which is one of the factors contributing to the spread of the invasion. The soil has properties favorable for maintaining the viability and preserving the invasive character of these worms. This is a significant concern because it determines the possibility of the transmission of the infection to humans.
Therefore, epizootic monitoring is becoming increasingly important [16]. Epizootic surveillance was conducted on a regional scale in Northern and Central Kazakhstan, where wolf carcasses were obtained [17]. According to Kazakhstani legislation, wolves are considered a species of animal whose populations are subject to regulations [18]. Control measures have been introduced to protect public health from diseases that can affect farms and other domestic animals [19]. In addition, regulating the number of such animals helps prevent damage to the environment and avoids significant damage to agricultural activities.
Studies conducted in Kazakhstan on the invasion of wild carnivores confirm the data described above [20–23]. The previous studies have established infestations of wolves with roundworms Trichinella nativa and Dirofilaria repens [24, 25], trematode Alaria alata [26], and cestodes T. hydatigena and Echinococcus granulosus [27].
The goals of this study were as follows: (1) To determine the type of helminths infecting wolves in Northern and Central Kazakhstan and (2) to assess the level of invasion and prevalence of helminths. We achieved these goals using 5 years of material collection (2019–2024), a combination of field and laboratory methods, and statistical analyses. Finally, we evaluate our approach for the benefit of future studies and its application in other fields. 
Materials and Methods
Ethical approval
The study was approved by the Animal Ethics Committee (protocol No.1, dated July 24, 2019). This study adhered to the World Medical Association Code of Ethics (Declaration of Helsinki) for Animal Experimentation (http://ec.europa.eu/environment/ chemicals/lab_animals/legislation_en.htm), which ensured that all animal procedures were performed ethically.
Study period and location
The study was conducted from January 2019 to April 2024. The samples were collected from different regions of the Republic of Kazakhstan. The projects involved the use of biomaterials obtained from wolves and were conducted in the Parasitological Laboratory of the Faculty of Veterinary Medicine at S. Seifullin Kazakh Scientific Research Agrotechnical University.
Parasitological studies
This study analyzed the digestive tracts of 81 wolves for the presence of parasites. Materials were collected from six regions: North Kazakhstan (97,993 km²), Pavlodar (124,755 km²), Kostanay (196,001  km²),  Akmola  (146,219  km²),  Ulytau (188,936.61 km²), and Karaganda (239 045 km²). The geographic locations where the wolves were captured are shown in detail on the map in Figure-1. Full examination of the internal organs of wolves for the presence of parasitic worms was conducted using the K. I. Scryabin method [28]. To identify the taxonomy of these parasites based on their morphological characteristics, available guides and atlases were consulted [29, 30].
[image: ]
Figure-1: Map of the distribution of detected helminths in Northern and Central Kazakhstan [Source: The map was generated using the QGIS Version 3.18.0 program].

Molecular genetic studies
Molecular genetic studies were conducted at the Laboratory of Biodiversity and Genetic Resources of the National Center for Biotechnology to confirm the species’ identity. The genetic diversity of the parasites was determined using a polymerase chain reaction (PCR) with specific primers for each helminth species [31–34]. Sequencing was performed to validate PCR results. This process ensured the accuracy and reliability of the study.
After data collection, a comprehensive statistical analysis was conducted. A diversity index was utilized to better understand the abundance and composition of helminths, which factored in the number of species present and the extent of their dominance.
Results
This study considered several factors, including the age, sex, time of capture, and natural habitat of the wolves. Detailed information on the characteristics of the studied wolf samples is presented in Table-1.



Table-1: Characteristics of 81 studied wolves in northern and central Kazakhstan.
	Table-1: Characteristics of 81 studied wolves in northern and central Kazakhstan.

	Parameters
	Description
	Number of cases out of the total
	Infected cases
	Prevalence, %
	CI, 95%

	Age groups
	3-month-1 year
	12
	3
	25
	0.25 ± 0.487
(−0.237–0.737)

	
	1–4 years
	25
	22
	88
	0.88 ± 0.134
(0.746–1.01)

	
	5–8 years
	4
	4
	100
	1 ± 0
(1–1)

	
	Indeterminately
	40
	-
	-
	-

	Gender
	Male
	30
	21
	70
	0.7 ± 0.192
(0.508–0.892)

	
	Female
	29
	11
	37.9
	0.37 ± 0.284
(0.086–0.654)

	
	Indeterminately
	22
	-
	-
	-

	Natural habitat
	Forest-steppe
	21
	13
	71.4
	0.61 ± 0.261
(0.349–0.871)

	
	Steppe
	27
	18
	74
	0.66 ± 0.217
(0.443–0.877)

	
	Semi-desert
	33
	19
	63.6
	0.57 ± 0.22
(0.35–0.79)

	Season
	Autumn
	3
	2
	66.6
	0.66 ± 0.679
(−0.019–1.34)

	
	Winter
	68
	40
	58.8
	0.58 ± 0.146
(0.434–0.726)

	
	Spring
	11
	8
	72.7
	0.72 ± 0.305
(0.415–1.02)

	CI=Confidence interval
	
	
	
	


The distribution of the average number of parasites from various families in the infected samples was calculated in relation to the capture time of year (Figure 2). This analysis provides valuable insights into the seasonal trends in parasite prevalence.

[image: ]
Figure-2: Distribution of the average number of parasites in the studied wolves.

Figure 2 shows the identified helminths from four distinct families: Cestodes, nematodes, trematodes, and acanthocephalans. Among these, cestodes were the most prevalent, followed by nematodes, trematodes, and acanthocephalans. The total number of helminths detected was the highest for cestodes, indicating their dominant presence in wolves.
During winter, the samples exhibited a higher prevalence of cestodes, accounting for 70.5% of the total number studied. In contrast, in spring, the percentage of cestodes was significantly lower (4%). Similarly, the prevalence of nematodes was also higher during the winter (80%). In contrast, no helminths of the nematode family were found in spring samples. Trematodes and acanthocephalans, on the other hand, were found in equal numbers, predominating in the spring samples. Data on the number of helminths detected and the level of infestation are presented in Table-2.

	Table-2: Helminthes found in wolves.

	Place of capture
	Number of studied
	Species of helminths
	Prevalence,
%
	Invasion, per sample

	
	Investigated
	Infected
	
	
	

	Pavlodar region (Bayanaul district)
	3
	1
	Taenia hydatigena
	33.3
	6

	Karagandy region (Bukhar-Zhyrau district Karkaraly district)
	48
	30
	Taenia species
	62.5
	7.5

	
	
	5
	Trichinella nativa
	10.41
	30

	
	
	3
	Toxascaris leonina
	6.2
	5.3

	
	
	2
	Echinococcus granulosus
	4.1
	22.5

	
	
	2
	Acanthocephalans
	4.1
	7.5

	
	
	1
	Alaria alata
	2
	1

	Ulytau region (Zheskagan district)
	9
	5
	Taenia hydatigena
	55.5
	7.6

	
	
	2
	Trichinella nativa
	22.2
	32.5

	
	
	2
	Toxascaris leonina
	22.2
	3.5

	Kostanai region (Zhangeldy district, Turgai district)
	21
	8
	Taenia hydatigena
	38.09
	10

	
	
	6
	Trichinella nativa
	28.57
	25.5

	
	
	1
	Echinococcus granulosus
	4.7
	20

	
	
	1
	Dirofilaria repens
	4.7
	1

	
	
	4
	Toxascaris leonina
	19.04
	3.75

	
	
	1
	Acanthocephalans
	4.7
	4



Three samples from the Pavlodar region were analyzed, one of which was infected with the cestode
T. hydatigena. Forty-eight biomaterial samples from the Karaganda region were studied. Thirty of these samples were found to be infected with cestodes, five samples contained T. nativa nematodes, five samples contained T. leonina, two samples were infected with echinococcosis and acanthocephalans, and one sample tested positive for trematodes (A. alata). Nine samples from the Ulytau region were examined, five of which were positive for cestodes. The nematodes T. nativa and T. leonina were also found. Twenty-one biomaterial samples from the Kostanay region were examined. The following helminths were detected: T. hydatigena (8 positive), T. nativa (6 positive), T. leonina (4 positive), and one each of E. granulosus, D. repens, and Acanthocephalans.
The Shannon index was used to summarize the information on the abundance and species composition of helminths, considering the number of species and the degree of their dominance (Table-3). Based on the analysis of the diversity index, which was close to zero, we can infer that helminth species belonging to the cestode family are the most predominant among wolves in Northern and Central Kazakhstan. This indicates that these particular types of parasitic worms are more prevalent in this area than other helminth species.
	Table-3: Shannon index on the number and species composition of helminths.

	Species
	Frequency
	pi
	ln (pi)
	pi * ln (pi)

	Cestodes
	
	
	
	

	Taenia spp. Echinococcus spp. Mesocestoides spp.
	48
	0.64
	−0.44
	−0.28

	Nematodes
	
	
	
	

	Trichinella nativa Trichinella britovi Toxascaris leonina Dirofilaria repens
	23
	0.30
	−1.20
	−0.36

	Trematodes
	
	
	
	

	Alaria alata
	1
	0.01
	−4.60
	−0.046

	Acanthocephalans
	3
	0.04
	−3.21
	−0.12

	Shannon diversity index (H):
	
	0.834423

	Shannon equitability index (EH):
	
	0.601909


Discussion
The investigation of the spread of parasitic worms in wolf populations identified several types of helminths, including the families E. granulosus,
T. hydatigena, Dipylidium spp., and Mesocestoides spp.; roundworms T. leonina, T. nativa, and D. repens; and trematode A. alata [24–27]. The extent of wolf infestation by helminths was relatively high in the western part of the region (96.5%), whereas it was significantly lower toward the north-central part (65.2%). The average number of helminths was high and some infected animals carried multiple parasites. The intensity of helminth infestation in wolves was
7.6 copies per infected host [35].
Based on the information presented in Table-1, it appears that wolves between the ages of 1 and 4 years are the most vulnerable to helminth invasion. Furthermore, the data indicated that male wolves were more likely to be infected than their female counterparts, which could be attributed to their dominant social status within the pack. In addition, this study revealed that wolves living in the steppe and semi-desert regions were more likely to be affected by helminth infections. Among these regions, the semi-desert Karaganda area had the highest prevalence of helminth infections, suggesting that the environment in this region is particularly conducive to the spread and circulation of helminths. Overall, these findings suggested that age, sex, and habitat are important factors to consider when studying helminth prevalence in wolf populations.
Trichinellosis
The prevalence of trichinellosis among wild predators in Northern and Central Kazakhstan is increasing. Of the 81 wolves examined, 17 (20.4%) were found to be infected with T. nativa. In this study,
T. nativa was detected in three regions: Karaganda, with five positive samples; Ulytau, with two positive samples; and Kostanay, with six positive samples [24].
Echinococcosis
Based on the findings of monitoring the prevalence of echinococcosis among wolf populations, positive samples indicated the presence of the disease in Karaganda (4.1%) and Kostanay (4.7%). Furthermore, the helminth infection rate per sample was 20 in the Kostanay region and 22.5 in Karaganda region. Sequence analysis of the cox1 and nad1 genes revealed that the type of echinococcosis present in the wolves was E. granulosus. Sequencing a portion of the mitochondrial genome enabled the determination of three haplotypes (Hp1, Hp2, and Hp3) of the pathogen in the studied sample. In addition, this study revealed that the dominant circulating E. granulosus genotype among wolves was G1, which is highly pathogenic to humans, livestock, and wild carnivores [27]. These findings suggest that wild carnivores, such as wolves, play a significant role as disease reservoirs [35].
Alariosis
A previous study by Smagulova et al. [26] demonstrated the spread of trematodes in wolves and revealed that wolves are susceptible to infection by helminths belonging to the A. alata trematode family. This study not only highlighted the vulnerability of wolves to this specific type of parasite but also underscored the potential risks associated with its spread. These parasites are found in various hosts, including red foxes, wolves, raccoon dogs, and animals of the Felidae family, and are transmitted through intermediate hosts such as snails and frogs. The detection of A. alata in meat is not mandated, posing a significant risk of food-associated parasitic infections, particularly with the increasing popularity of game and organic meats processed without proper heat treatment [36, 37].
Dirofilariasis
This is a rare case of helminth discovered in the heart cavity of a wolf and raises questions about its distribution in Kazakhstan. PCR was performed to identify the heartworm species found in the heart of a wild wolf using the species-specific primer SSU rRNA. A previous study by Uakhit et al. [25] showed that the nucleotide sequence of the studied species is D. repens. D. repens occurs only in the Commonwealth of Independent States and is common among the residents of Uzbekistan, Georgia, Armenia, Ukraine, Belarus, Russia, and Kazakhstan.
Ascariasis
The study investigated 81 wolf samples and discovered that 6 of them (13.8%) tested positive for toxocariasis. The presence of roundworms has been confirmed in the Karaganda, Kostanay, and Aktobe regions. Through molecular genetic analysis, the roundworm was identified as T. leonina. Studies conducted worldwide have indicated the global distribution of this parasite, particularly in wild animals, which are considered reservoirs for T. leonina [36, 38, 39].
Taeniasis
Our study revealed the significant prevalence of tapeworm helminths among wolves in Northern and Central Kazakhstan. This discovery is crucial, as it not only enhances our understanding of the health status of these canids but also provides a baseline for future ecological studies. This study showed that these parasites were found in four different areas and were commonly found in mixed infestations with other helminth types. The overall prevalence of tapeworms in wolves was 54.3%, indicating that many wolves in these regions were infected with these parasites. Interestingly, this study also found that wolves in the Karaganda and Ulytau regions were largely infested with taeniids, with prevalence rates of invasion of 81.7% and 90.9%, respectively.
Furthermore, this study underlines the vulnerability of wolves to helminth infections during winter, with infection rates 80% higher than those in other seasons. In other studies on wolf taeniasis, researchers have established a mixed infestation of cestodes by tapeworms in one individual. This study also detected five cestode species in wild wolves [12, 40].
This study revealed that wolves from different regions have varying degrees of susceptibility to helminth infections. For instance, in the Ulytau region, 27.27% of wolves were infected, with invasion intensities ranging from 1 to 45. In the Karaganda region, 20.4% of the wolves were infected, with an invasion intensity ranging from 2 to 63. In contrast, in the Kostanay region, the infection rate was 18.5%, with an invasion intensity ranging from 1 to 23. The percentage of infected wolves in the Pavlodar region was 33.3%, with an invasion intensity of 6.
Research on the prevalence of parasitic worms in wolf populations in various regions of Kazakhstan provides valuable insights into the factors that influence helminth infestation. This study underscores the importance of age, sex, and habitat when assessing the vulnerability of wolves to helminth invasions. The data indicate that wolves between the ages of 1 and 4 years are the most susceptible to helminth invasion, and male wolves exhibit a higher likelihood of infection, possibly due to their dominant social status within the pack.
Identifying specific helminth species such as E. granulosus and T. hydatigena provides essential knowledge for understanding the health risks of these parasites in wildlife and their potential transmission to humans and domestic animals.
Conclusion 
Overall, this study emphasizes the significance of monitoring and understanding the dynamics of helminth infestation in wolf populations for wildlife conservation and public health concerns related to zoonotic parasite transmission. These findings can inform targeted interventions to mitigate the risks of helminth infections in wildlife and interconnected ecosystems.
A more in-depth genetic analysis of the identified helminth species could provide additional information regarding their transmission patterns and potential impact on human and animal health. Long-term monitoring of wolf populations and their helminth infections could provide insights into the dynamics of these parasites over time, including potential fluctuations in prevalence, emergence of new strains, and effectiveness of control measures. Addressing these areas would contribute to a more holistic understanding of helminth infections in wolf populations and have implications for wildlife conservation, veterinary medicine, and public health initiatives.
The findings of the present study provide valuable insights into the ecology and health of wolves in this region. These results can contribute to the development of effective control and management strategies for helminth infections in wolves, which can infect humans and livestock.
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 Genetic identification of Trichinella species found in wild carnivores from 
the territory of Kazakhstan

Abstarct 
Trichinellosis, also called trichinosis, is a foodborne parasitic disease caused by eating raw or undercooked meat from animals infected with Trichinella spp. larvae and affects both animals and humans. Although on the territory of Kazakhstan, the species characteristics and prevalence of this helminth were studied back in the 90s, the data have not been updated since then. Given the above, our study was aimed at identifying Trichinella spp. using parasitological and molecular genetics methods. In our work, we studied 160 samples of muscle tissue of wild animals living in the natural zones of steppes and semi-deserts. Of the animals examined, 32 were positive for Trichinella spp., including 1 lynx (Lynx lynx), 17 wolves (Canis lupus), 11 foxes (Vulpes vulpes), 1 jackal (Canis aureus) and 2 corsac foxes (Vulpes corsac). Helminths were extracted using the digestion method. DNA was extracted using a Gene Jet commercial kit (Thermo Fisher Scientific, United Kingdom). For species identification a multiplex PCR, amplification of ESV, ITS1, and ITS2 genes regions was performed. After that, uniplex PCR was performed on the 5S rDNA and ITS1 genes region for sequencing analysis. The resulting sequences were subsequently used to construct a phylogenetic tree and the studied samples were identified as Trichinella nativa and Trichinella britovi. Thus, we can conclude that there is a circulation of two species of Trichinella in Kazakhstan, highlighting that constant control and monitoring of wild animals are necessary to prevent transmission and protect the health of people.
1.	Introduction
Trichinellosis is a foodborne parasitic zoonotic disease caused by the consumption of raw or semi-raw meat of animals infected by larvae of this nematode. The disease is both a public health hazard and a food safety problem in many parts of the world (1, 2). Trichinella species have a wide range of hosts, but predators and omnivores are most affected (3, 4). After eating infected meat, larvae are released and penetrate the intestinal mucosa. They develop into adult worms within days. Males and females copulate and then females releasing newborn larvae after 1 week. These larvae travel via blood to the skeletal musculature where they either encapsulated or remain unencapsulated depending on the species (5). To date, according to the literature, Trichinella species are divided into two clades: encapsulated (T. spiralis, T. nativa, T. nelsoni, T. britovi, T. murrelli, T. patagoniensis, and T. chanchalensis, Trichinella T6, T8, and T9) and non-encapsulated (T. pseudospiralis, T. papuae, and T. zimbabwensis) (6, 7).
In Kazakhstan, the problem of trichinellosis has not been studied well enough. T. nativa, T. britovi, and T. pseudospiralis are reported in wolves, jackal, foxes and cats living mainly in Southern Kazakhstan (5). One of the early studies on the spread of Trichinella is the work of Shaikenov. Their studies show pathogen infection of predators with Trichinella spp. in the deserts of Kazakhstan. As they note, the lowest infestation in predators was found in the sandy desert (3.7%), while the highest infestation of animals is noted in the mountainous (17.8– 20.1%) and semi-desert (15.6–22.1%) zones (8).
Boev S.N. et al. described that the infestation of foxes (Vulpes vulpes) and corsac foxes (Vulpes corsac) in the steppe zone was 10.4 and 8.1%, respectively, and was inferior in terms of infestation of the same animals in the mountainous and semi-desert zones (9).
As was reported by Pozio (5), T. nativa and T. britovi circulate among foxes, wolves, jackals, martens, wild cats, lynxes, and wild boars in Kazakhstan. Also, T. pseudospiralis was recorded in corsac foxes, two rooks, and an eagle. Additionally, human trichinellosis has been documented following the consumption of meat from wild boars (10).
Wild carnivores such as wolves (Canis lupus), foxes (Vulpes vulpes), jackals (Canis aureus) and corsac foxes (Vulpes corsac) are native members of Canidae native to the Eurasia region (11). In Kazakhstan, the wild carnivore population is estimated to be around 14,000 animals (Unified Internet resource of the Ministry of Ecology, Geology and Natural Resources of the Republic of Kazakhstan, 2022)
(12). These carnivores, at the top of the food chain, are excellent predators but also scavengers, and thus play an important role as a reservoir host of Trichinella species in the wild (13, 14).
The purpose of this article is to describe the occurrence of Trichinella spp. in wild animals of Kazakhstan and to study the species affiliation of the detected Trichinella larvae based on molecular analysis.
2.	Materials and methods
2.1.	Trichinella larvae sample collection
Work with samples of muscle tissues of animals caught from nature was carried out in the parasitological laboratory of the Faculty of Veterinary Medicine and was approved by the Animal Ethics Committee of the S. Seifullin Kazakh Agrotechnical University (extract from protocol No. 1 dated July 24, 2019). We obtained permission from the Department of Natural Resources and Environmental Management to excavation of animals. The method that was used to remove them is through shooting. All procedures were in accordance with the World Medical Association Code of Ethics (Declaration of Helsinki) for animal experiments.1 The following animal species were studied: lynxes (Lynx lynx), wolves (Canis lupus), foxes (Vulpes vulpes), corsac foxes (Vulpes corsac), jackals (Canis aureus), mink (Mustela lutreola), ferret (Mustela putorius), sables (Martes zibellina), samples which were brought from 10 regions of Kazakhstan (Kostanay, Akmola, South Kazakhstan, Pavlodar, Karaganda, East Kazakhstan, West Kazakhstan, Aktobe, Atyrau and Ulytau regions), are shown in more detail in Figure 1. Animals were individually tested for the presence of Trichinella spp. larvae by the muscle compression method (15). Then, using artificial gastric juice, the muscle tissue (diaphragm and thigh muscle) was digested (16). The sediment was examined under a microscope, and Trichinella larvae were collected in test tubes with 70% ethanol. All morphological investigations were conducted using Micros Austria MCXI700.
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Figure 1. The region examined for Trichinella in animals. The numbers indicate the number of studied animals in a particular region.

2.2.	DNA extraction
DNA was extracted from 310 larvae (as a pool of 10 larvae from each positive sample of an infected animal) using a GeneJet genomic DNA purification kit (Thermo Fisher, Cat.: K0701) with slight modifications.
Briefly, proteinase K was added to the larvae and incubated at 48°C for 60 min, followed by all steps according to the manufacturer’s protocol.
2.3.	Multiplex and uniplex PCR
A multiplex PCR based on the use of five primer pairs amplifying the internal transcribed spacers ITS1 and ITS2, and the expansion segment V region (ESV) of the large subunit ribosomal DNA (17) was used. Uniplex PCR primers set (5 s rDNA, ITS1) for differentiating species by sequencing were utilized (18). Details of the ESV, ITS1, ITS2 and 5 s rDNA fragments produced by the PCR amplification are shown in Table 1.

Table 1. Multiplex and uniplex PCR fragment size of the studied taxa of the genus Trichinella.
	Primer
	Locus set
	Sequence (5′ → 3′)

	I
	ESV
	F: GTTCCATGTGAACAGCAGT R: CGAAAACATACGACAACTGC

	II
	ITS1
	F: GCTACATCCTTTTGATCTGTT
R: AGACACAATATCAACCACAGTACA

	III
	ITS1
	F: GCGGAAGGATCATTATCGTGTA
R: TGGATTACAAAGAAAACCATCACT

	IV
	ITS2
	F: GTGAGCGTAATAAAGGTGCAG R: TTCATCACACATCTTCCACTA

	V
	ITS2
	F: CAATTGAAAACCGCTTAGCGTGTTT R: TGATCTGAGGTCGACATTTCC

	VI
	5S rDNA
	F: GCGAATTCTTGGATCGGAGACGGCCTG R: GCTCTAGACGAGATGTCGTGCTTTCAACG


Reactions were performed in 15 μL 2X GoTaq Hot Start MasterMix, 9 μL nuclease-free water, 1 μL total primers, and 2.5 μL extracted DNA. The uniplex PCR was performed using the same mix as above but with the primer set II and VI for the ITS1 and 5 s rDNA locus. The PCR cycles for multiplex PCR were performed as detailed in Table 2.
Table 2. Thermocycler parameters for 5S rDNA and multiplex primers gene amplification.
	
	Pre-denaturation
	
	40 cycles
	
	Final elongation

	
	
	Denaturation
	Annealing
	Elongation
	

	
	Temp./Time
	
	
	
	

	Multiplex
	95°C / 2 min
	95°C / 10 s
	55°C / 30 s
	72°C / 30 s
	72°C / 5 min

	5 s rDNA
	94°C / 1,5 min
	94°C / 30 s
	48°C / 1 min
	72°C / 1 min
	72°C / 10 min



2.4.	Electrophoresis and sequencing
Agarose gels (1.5%) were prepared in 1× TAE solution with 8 ng/ μL ethidium bromide (Sigma, E1510). Electrophoresis was performed using 10 μL PCR products with a DirectLoad 100 bp Low ladder ready- to-use (Sigma, D3687-1VL) for 50 min at 120 V. The PCR-amplified target gene fragment was purified using a QIAquick PCR Purification Kit (QIAGEN, Germany, Cat.: 28106), following the manufacturer’s protocols. Sequencing was performed according to the manual for Seq Studio Genetic Analyzer (Thermo Fisher Scientific Applied Biosystems). The resulting nucleotide sequences were visually checked by the Bio Capt program version 11.0. The nucleotide sequences of the studied species were compared with other sequences in the NCBI gene bank database by using the BLAST options. The nucleotide sequences of the studied species were deposited in NCBI GenBank database.
2.5.	Bioinformatics analysis
Bioinformatic analysis of the obtained nucleotide sequences was carried out using computer software for statistical analysis of molecular evolution and construction of phylogenetic trees – MEGA
11. Multiple alignments were carried out using the CLUSTAL W program included in the MEGA software package. The evolutionary history and divergence between sequences was inferred by using the Maximum Likelihood method and Tamura-Nei model (19).
3.	Results
Out of the 160 carnivores’ muscle tissue and diaphragm samples that were examined, 32 of them (20%, with a 95% confidence interval of 7.07–13.6) were found to be carriers of Trichinella larvae. Infection with Trichinella larvae was found in five out of the eight species that were examined. Specifically, 17 out of 83 wolves (20.5%), 11 out of 50 red foxes (22%), 2 out of 11 corsacs (18.2%), 1 out of 4 jackals (25%), and 1 out of 3 lynxes (33.3%) were infected, making a total of 32 samples. Examples of the detected helminths under the microscope can be seen in Figure 2. The specimens of ferret, sable, and mink that were examined were not infected with Trichinella. For more detailed information, please refer to Table 3.
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Figure 2. Trichinella larvae detected after digestion: (A) Specimen found in a lynx. (B) Specimen found in a fox. Magnification 10×.

During the multiplex PCR, positive samples were found for Trichinella nativa in lynx, wolves, foxes, and corsac foxes (identified by amplification of a 127 bp fragment), while a jackal tested positive for Trichinella britovi (identified by amplification of two fragments at 127 and 253 bp) (as shown in Figure 3). To identify the specific species, additional PCR was conducted using primer 5 s rDNA and ITS1. The resulting amplicons were purified and sequenced for their nucleotide sequences.
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Figure 3. Electrophoretic profiles of Trichinella larva amplicons after multiplex PCR amplification: Lane L = 100 bp ladder, lane 1 – wolf, 2 – lynx, 3 – fox, 4 – corsac fox, 5 – jackal. Lane T1 – T. spiralis, T2 – T. nativa, T3 – T. britovi, T4 – T. pseudospiralis - positive control samples. K- – no-DNA control, ddH2O.

The resulting nucleotide sequences confirmed that all Trichinella samples were T. nativa and T. britovi, and were deposited in the international GenBank database (OP829907, OP829905, OP829906, OP829903, OP829904, OQ716806, OR159834). The tree with the highest log likelihood (−4977.99) is presented (Figure 4), and the initial tree was obtained using the Maximum Parsimony method. The tree is to scale, with branch lengths measured in the number of substitutions per site. The proportion of sites where at least 1 unambiguous base is present in at least 1 sequence for each descendant clade is shown next to each internal node in the tree.

Table 3. Trichinella infection, larval burden and species identification in wild animals in Kazakhstan.
	
Animal species
	Examined (n)
	Infected (n)
	Infected (%)
	grams of tissue examined for digestion (g)
	
95% CI (%)
	
LPG ± SD
	Trichinella
species

	Lynx (Lynx lynx)
	3
	1
	33.3
	5
	20 (−12–52)
	8 ± 28.28
	T. nativa

	Wolf (Canis lupus)
	83
	17
	20.5
	5
	12.59 (7.13–18.1)
	12.5 ± 25.38
	T. nativa

	Fox (Vulpes vulpes)
	50
	11
	22
	5
	9.2 (4.24–14.2)
	9.5 ± 10.06
	T. nativa

	Corsac fox (Vulpes corsac)
	11
	2
	18.2
	5
	3.8 (−1.1–8.7)
	3.5 ± 8.3
	T. nativa

	Jackal (Canis aureus)
	4
	1
	25
	5
	11.25 (−7.85–30.4)
	9 ± 19.48
	T. britovi

	Mink (Mustela lutreola)
	1
	0
	0
	5
	-
	-
	-

	Ferret (Mustela putorius)
	1
	0
	0
	5
	-
	-
	-

	Sable (Martes zibellina)
	7
	0
	0
	5
	-
	-
	-

	Total
	160
	32
	20
	
	7.07–13.6
	8.5 ± 21
	


Our analysis involved 15 nucleotide sequences. The final dataset had a total of 1800 positions. The tree was rooted with an outgroup of Trichosomoides crassicauda. We also included sequences from Trichinella spp. species to show how closely related they are. We made sure to include T. nativa species from countries bordering Kazakhstan, such as China and Russia, where these species have been identified.
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Figure 4. Maximum likelihood tree of Trichinella spp. A scale bar (divergence of 0.80) is shown. Sequences with red dots obtained in this study, outgroup marked with triangle, without any marks reference samples from GenBank.
Obtained sequence data were used to calculate a pairwise fixation index (Fst), which helped us determine the level of genetic differentiation between T. nativa and T. britovi samples collected from carnivorous animals in Kazakhstan. Our analysis showed that the Fst values ranged from 0 to 1.084045 (as shown in Table 4), with 0 indicating complete identity among the samples.

Table 4. Pairwise fixation index (Fst values) between T. nativa and T. britovi.
	
	OP829905
	OP829904
	OP829907
	AY009944
	OP829906
	OQ716806
	OP829903
	KY436419
	KP900342
	KT894068
	AY009950
	LC425007
	OR159834
	KU374884
	KU374883

	OP829905 T. nativa wolf
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	OP829904 T. nativa wolf
	0.00000
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	OP829907 T. nativa fox
	0.00000
	0.00000
	
	
	
	
	
	
	
	
	
	
	
	
	

	AY009944 T. nativa 
	0.00000
	0.00000
	0.00000
	
	
	
	
	
	
	
	
	
	
	
	

	OP829906 T. nativa fox
	0.00000
	0.00000
	0.00000
	0.00000
	
	
	
	
	
	
	
	
	
	
	

	OQ716806 T.nativa corsac-fox
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000
	
	
	
	
	
	
	
	
	
	

	OP829903 T.nativa lynx
	0.00628
	0.00628
	0.00628
	0.00628
	0.00628
	0.00628
	
	
	
	
	
	
	
	
	

	KY436419 T. nativa 
	0.00628
	0.00628
	0.00628
	0.00628
	0.00628
	0.00628
	0.00000
	
	
	
	
	
	
	
	

	KP900342 T. britovi
	0.01905
	0.01905
	0.01905
	0.01905
	0.01905
	0.01905
	0.02547
	0.02547
	
	
	
	
	
	
	

	KT894068 T. spiralis
	0.05872
	0.05872
	0.05872
	0.05872
	0.05872
	0.05872
	0.05871
	0.05871
	0.06592
	
	
	
	
	
	

	AY009950 T. pseudospiralis
	0.37745
	0.37745
	0.37745
	0.37745
	0.37745
	0.37745
	0.37537
	0.37537
	0.36630
	0.36492
	
	
	
	
	

	LC425007 Trichosomoides crassicauda
	1.00884
	1.00884
	1.00884
	1.00884
	1.00884
	1.00884
	1.03736
	1.03736
	1.02709
	1.039606
	1.31151
	
	
	
	

	OR159834 T.britovi jackal
	1.12977
	1.12977
	1.12977
	1.12977
	1.12977
	1.12977
	1.10229
	1.10229
	1.04405
	1.123990
	0.92394
	1.07820
	
	
	

	KU374884 T. britovi
	1.12977
	1.12977
	1.12977
	1.12977
	1.12977
	1.12977
	1.10229
	1.10229
	1.04405
	1.123990
	0.92394
	1.07820
	0.00000
	
	

	KU374883 T.britovi
	1.12977
	1.12977
	1.12977
	1.12977
	1.12977
	1.12977
	1.10229
	1.10229
	1.04405
	1.123990
	0.92394
	1.07820
	0.00000
	0.00000
	



4.	Discussion
From 2020 to 2023, we conducted studies on the occurrence and species identification of Trichinella, common in wild animals of Kazakhstan. During the study, the muscle tissue and diaphragm of 160 animals were studied. Infection of animals with Trichinella larvae was 20%, i.e., 32 tests were positive. The greatest detection of helminths was in areas located in the zone of steppes and semi-deserts.
To genetically identify the detected Trichinella larvae using sequencing, analysis was performed on the 5 s rDNA large ribosomal subunit and ITS1 Internal transcribed spacer (18, 20–22). After conducting research on wild mammals in Kazakhstan, we found that the species T. nativa is predominantly distributed throughout the territory. However, in the southern region of the country, we discovered the presence of the species T. britovi.
The process of identifying differences between species involves building a phylogenetic tree using the maximum likelihood method. Trichosomoides crassicauda (LC425007) was used as an outgroup to create a rooted tree. It is important to note that the studied sequence of T. britovi (OR159834) with reference sequences was divided into a separate clade, as the sequences were obtained by the ITS1 gene. The studied sequences of T. nativa wolves, foxes, lynxes and corsac foxes (OP829907,  OP829905,  OP829906,  OP829903,  OP829904, OQ716806) show deviations from the most recent common ancestor. The most recent common ancestor is the reference sample of T. spiralis (KТ894068). The studied T. nativa sequences (Fst values of 0.00652%) are grouped together with reference samples (AY009944, KY436419), forming one subclade, with a difference between the last common ancestor of 38%.
In general, the use of the maximum likelihood method to create a phylogenetic tree with Trichosomoides crassicauda as an outgroup and reference specimens of T. spiralis, T. pseudospiralis, T. britovi, and T. nativa provided insight into the unique evolutionary history of these species. The distinction of T. nativa from wolves, foxes, and lynx from the most recent common ancestor highlights the importance of considering evolutionary relationships when studying the genetic makeup of a species.
Through the analysis of the pairwise fixation index, it was discovered that there were minor variations between T. nativa species extracted from a variety of animals such as wolves, foxes, corsac foxes, and lynxes. Additionally, there were variations in nucleotide sequences between T. nativa collected from foxes (OP829906) and lynxes (OP829903). These findings offer significant insights into the genetic diversity of these species and could assist researchers in comprehending the ecological and evolutionary aspects that determine their distribution in different animal populations.
According to the map data in Figure 1, the samples we studied were obtained from four natural zones in Kazakhstan: forest-steppe and steppe in the northern areas, and semi-desert and desert in the western, central, and southern regions. We believe that weather and natural conditions do not affect the distribution of Trichinella species among wild carnivores in Kazakhstan. Although fewer animal specimens were studied in the southern part of the country, we found the T. britovi species in only 1 out of 4 jackals from the South Kazakhstan region. However, in all other samples of muscle tissue from wild carnivores in regions such as Karaganda, Ulytau, Kostanay, East Kazakhstan, and West Kazakhstan, we identified the T. nativa species.
As reported by Pozio (10), T. nativa and T. britovi are present among various wild animals such as red and corsac foxes, wolves, jackals, martens, wild cats, lynxes and wild boars (8, 9, 23) in Kazakhstan. In 1975, T. pseudospiralis was found in corsac foxes, two ravens and an eagle from the Chimkent region (25, 26). In 2016, 20 cases of human trichinosis were detected in the Kyzylorda region reported by Kenzhebaev. Out of the 20 patients, two were children under 14 years old, 14 lived in urban areas and 6 in rural areas. This group infection outbreak was of an epidemiological nature (24). The source of the infection was wild boar meat killed by an amateur hunter. There are likely both “wild” and “synanthropic” foci of trichinosis in south-west Kazakhstan. These foci initially formed in local reservoirs where the infection accumulated and grew in wild animals due to the “predator–prey” principle, ultimately leading to a group human infection with Trichinella. The sources of infection for animals and humans with Trichinella in Kazakhstan are diverse, and the pathogen continues to circulate due to the population of various field rodents, predators, and wild omnivores (boars) in the region (27).
In reference to the current situation regarding trichinosis in border countries with Kazakhstan, recent research conducted in mainland China has revealed that out of the 16 isolates obtained, 13 were identified as T. spiralis. These samples were collected from pigs all across the country. The remaining two isolates were obtained from dogs and one from a cat, and these were identified as T. nativa. These were collected in northeast China. It is worth noting that Trichinella has been found in 15 different animal species, including but not limited to pigs, dogs, cats, rats, cows, foxes, and bears, and these are distributed throughout China (28). Furthermore, a study conducted in Russia by Glazunov YV et al. found that T. spiralis was present in 58.8% of badgers (Meles meles), 35.3% of brown bears (Ursusarctos), and 5.9% of wild boars (Susscrofa) (29).
In Kyrgyzstan, there have been reports of the discovery of T. nativa in red foxes (23). However, there is currently no information available regarding the infection of humans or domestic animals with Trichinella. In Uzbekistan, T. britovi was found in jackals (23), and there have been reports of a significant outbreak of trichinosis caused by consuming pork from a wild boar (Kairov, 1965; Nadzhimiddinov et al., 1965). However, there is no information available regarding cases of infection in domestic animals (10).
Our research findings revealed that Trichinella, a causative agent of a parasitic disease, is widely distributed among wild mammals in all provinces of our country. This indicates that the natural biocenoses of Kazakhstan are at risk of invasion by Trichinella. Even with a relatively small sample size of animals under study, the results demonstrate the wide distribution of this parasite. As such, there is a real risk of human infection with Trichinella in the territory where the animals were caught. The main cause of human infections is often related to the illegal hunting of wild animals such as wild boar and badger, where the meat of poached mammals is not subjected to veterinary and sanitary examination. This study is of utmost importance, as data on Trichinella prevalence in wildlife is scarce in our region. By gaining more information, we can develop strategies to prevent and control the spread of Trichinella in our natural biocenoses.
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 Molecular identification of Baylisascaris melis (Gedoelst, 1920) from the Eurasian badger (Meles meles) and ascarids from other wild carnivores in Kazakhstan

Abstract
Introduction: The presence of gastrointestinal nematodes, including zoonotic ascarids, in wild canids, felids and mustelids as definitive hosts in Central Asian countries has been documented in many studies based on traditional morphological methods. In contrast, relevant data for the badger are scarce. The aim of this study was the molecular identification of ascarid nematodes from five wild carnivore species in different regions of Kazakhstan.
Methods: A total of 211 adult ascarids were collected from gray wolves (Canis lupus, 8 of 83 infected with 2–6 Toxascaris leonina), red foxes (Vulpes vulpes, 26 of 53, with 2–8 Toxascaris leonina), corsac foxes (Vulpes corsac, 6 of 11, 3–6 Toxascaris leonina), lynx (Lynx lynx, 2 of 3, with 2–5 Toxocara cati) and badgers (Meles meles, 2 of 4, with 2–7 Baylisascaris melis). Genomic DNA was extracted from the worms and ribosomal DNA, including the first and second internal transcribed spacer genes, was amplified by polymerase chain reaction using specific oligonucleotide primers and then sequenced.
Results: Toxascaris leonina, but not Toxocara canis, was molecularly identified in the wild canids, Toxocara cati in the lynx and Baylisascaris melis in the badger. The maximum likelihood phylogenetic tree showed three distinct clades: the canid Toxascaris leonina was placed in one clade, Toxocara cati in another and Baylisascaris melis in a third.
Discussion: The study provides the world’s first molecular data and phylogenetic analysis of Baylisascaris melis, identified for the second time since its description over 100 years ago. This species was shown to be genetically distinct from other Baylisascaris spp. (B. columnaris, B. procyonis, B. transfuga, B. devosi). The possible zoonotic significance of ascarids from wild carnivores is discussed in the light of conditions in Central Asia.
1	Introduction
Members of the genera Toxocara, Toxascaris, and Baylisascaris comprise the spectrum of ascarid nematodes (order Ascaridida: family Ascarididae) of terrestrial mammals, including the carnivores Canidae, Felidae, and Mustelidae (1, 2). Their adult stages parasitize the small intestines of the definitive host, which contaminates the environment by excreting worm eggs in feces. The eggs embryonate, can survive for months or years, and are ingested by another animal. Paratenic hosts (e.g., in Toxocara spp.) or intermediate hosts (in Baylisascaris spp.) may be facultatively involved, e.g., prey rodents. After oral ingestion of infective eggs, larvae penetrate the intestinal mucosa and migrate to the liver and other tissues, including the brain (3, 4). The infection can also be transmitted to humans (known as ‘toxocariasis’) (5). For example, the seroprevalence of toxocariasis in humans has been reported to be 11% in eastern Kazakhstan (6) and up to 54% in western Siberian regions of Russia (7). Depending on the ascarid species and the number of eggs ingested, the infection may be latent, but may also cause clinical symptoms (larva migrans syndrome) (4, 8). Contamination of the environment with ascarid eggs by domestic and wild carnivores is known in principle (4, 9, 10), but its impact in Central Asia is still unknown.
A number of studies have documented the occurrence and prevalence of helminth infections, including ascarids, in wild canids and felids in Kazakhstan [e.g., (11–14)] and neighboring countries [e.g., (15–19)]. In these studies, for example, wolves and red foxes were infected with Toxocara canis in 39% and 8–30% respectively, and with Toxascaris (T.) leonina in 38% and 6–78% respectively; Toxocara cati was present in 86% of lynx. In contrast, there are only two reports on the helminth fauna of badgers from Uzbekistan (17, 18), but no data from Kazakhstan. All these studies were carried out using traditional morphological methods. However, in field studies where the species identification of roundworms is based solely on their morphological features, the diagnosis is sometimes at least questionable, e.g., in badger (18–20). These diagnostic problems can be solved using molecular methods that have been available for many years. Such methods confirm or modify the taxonomic classification and can also be used to study the phylogenetic relationships of parasites such as ascarids, detect their genetic diversity and explain epidemiological results [e.g., (2, 21–24)]. Therefore, the aim of the present study was to molecularly confirm the morphological species diagnosis of roundworms from five wild carnivore species in different regions of Kazakhstan, including wolf, red fox, corsac fox, lynx and badger, and to provide baseline data for future investigations.
2	Materials and methods
2.1	Ethical approval
The study had been approved by the local Animal Ethics Committee (extract from Protocol No. 1 dated 24 July 2019) prior to commencement and was conducted in accordance with the World Medical Association Code of Ethics (Declaration of Helsinki) for animal research.
2.2	Sample collection
Adult wild carnivores, including 83 gray wolves (Canis lupus), 53 red foxes (Vulpes vulpes), 11 corsac foxes (Vulpes corsac), 3 European lynx (Lynx lynx) and 4 badgers (Meles meles) were available for this study. They had been shot by hunters in different regions of Kazakhstan (Figure 1) between December 2019 and October 2023. The gastrointestinal tract of each animal, frozen until examination, was examined for helminths as described by Skrjabin (25). Adult roundworms were collected, washed in physiological saline, morphologically identified to species (26, 27) and preserved in 70% ethanol.
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2.3	DNA extraction
Following morphological specification, one worm from each ascarid-positive animal was randomly selected for molecular analysis. A small piece of this specimen was cut off and homogenized, and the homogenate was subjected to the standard phenol-chloroform method supplemented with proteinase K, to extract genomic DNA (gDNA). The DNA was then precipitated with ethanol (28), purified, dissolved in ddH2O and stored at −70°C for subsequent analysis.
2.4	PCR analysis
First, a polymerase chain reaction (PCR) was performed using the universal NC13/NC2 primer pair to amplify worm gDNA (21). PCR was performed in a 25 μL reaction mixture containing 10× Taq buffer with (NH4)2SO4, 2.5 mM MgCl2, 1 U Taq DNA polymerase and 200 μM dNTPs (Thermo Scientific, Carlsbad, CA, USA), 10 pmol of each primer and 20 ng of extracted gDNA as a template. DNA segments were amplified using thermal cycling reactions for 30 cycles of denaturation (94°C for 30 s), annealing (55°C for 30 s) and extension (72°C for 30 s). The resulting amplification products were separated by electrophoresis on a 1.5% agarose gel prepared with 1× TAE buffer solution containing 8 ng/μL ethidium bromide. This was followed by species-specific PCR targeting the partial internal transcribed spacer 2 (ITS2) ribosomal DNA (rDNA) gene of Toxocara canis, Toxocara cati and T. leonina using the primer pairs Tcan1/NC2, Tcat1/NC2 and Tleo1/NC2, respectively, (21). All PCRs were performed as described by Jacobs et al. (21). For the identification of Baylisascaris sp. a primer pair targeting the ITS1-5.8S-ITS2 rDNA genes was used under the conditions described by Franssen et al. (29). The sequences of all primers used are shown in Table 1.

Table .1 List of primers used in this study. 
	Parasite
	Target gene
	Primer name
	Primer sequence (5′–3′)
	Reference

	Universal nematode
	5.8S
	NC13
	F: ATCGATGAAGAACGCAGC
	(21)

	
	
	NC2
	R: TTAGTTTCTTTTCCTCCGCT
	

	Toxocara canis
	ITS2
	Tcan1
	F: AGTATGATGGGCGCGCCAAT
	(21)

	
	
	NC2
	R: TTAGTTTCTTTTCCTCCGCT
	

	Toxocara cati
	ITS2
	Tcat1
	F: GGAGAAGTAAGATCGTGGCACGCGT
	(21)

	
	
	NC2
	R: TTAGTTTCTTTTCCTCCGCT
	

	Toxascaris leonina
	ITS2
	Tleo1
	F: CGAACGCTCATATAACGGCATACTC
	(21)

	
	
	NC2
	R: TTAGTTTCTTTTCCTCCGCT
	

	Baylisascaris  spp.
	ITS1-5.8S-ITS2
	ITS1-5.8S-IT2-F
	F: ATAGTGAGTTGCACACTAATGT
	(29)

	
	
	ITS1-5.8S-ITS2-R
	R: TTATATGCTTAAATTCAGCGGG
	



2.5	Sequencing analysis and phylogeny
Two positive amplification products were randomly selected from each host species for sequencing and genotyping. The respective amplicons were purified using a Quick PCR Purification Kit (Invitrogen, Lithuania) according to the manufacturer’s protocols. Sequencing was performed according to the Seq Studio Genetic Analyzer manual (Thermo Fisher Scientific Applied Biosystems, USA). The nucleotide sequences were visually checked using the Bio Capt program (version 11.0) and then analyzed by BLAST search against the GenBank database.2 Finally, the nucleotide sequences were aligned using the Clustal W program, and the relationships of the taxa were analyzed with 1,000 bootstrap replicates by the maximum likelihood method with MEGA11 (30). For the inference method, the nearest neighbor Interaction (NNI) was used. The tree for Baylisascaris species was rooted by the outgroup Anisakis nascettii (JX486104). 
2.6	Statistical analysis
Explorative data analysis was performed using the BIAS statistical software (31). The observed prevalence, mean intensity and abundance of each ascarid species were calculated as described by Bush et al. (32).
3	Results
A total of 211 adult ascarids were collected from 154 host animals. Based on morphology, three species were identified: wolves (9.6% infected), red foxes (49.1%) and corsac foxes (55%) were infected only with T. leonina, lynx (66%) and badgers (50%) were infected only with Toxocara cati and Baylisascaris (B.) melis, respectively. Their mean intensity and abundance were low (Table 2). Adult Toxocara canis were not found in any of the hosts.

Table 2. Prevalence, intensity and abundance of adult ascarid species on the basis of morphology in wild carnivores in Kazakhstan.
	Host
	N infected/N examined
	% prevalence (95% CI)
	N worms found
	Range of intensity
	Mean (SD) intensity
	Mean (SD) abundance
	Ascarid species identified

	Wolf
	8/83
	9.6 (4.3–18.1)
	34
	2–6
	4.3 (1.3)
	0.4 (1.3)
	Toxascaris leonina

	Red fox
	26/53
	49.1 (35.1–63.2)
	134
	2–8
	5.1 (1.7)
	2.5 (2.9)
	Toxascaris leonina

	Corsac fox
	6/11
	55 (23–83)
	27
	3–6
	4.5 (1.0)
	2.6 (2.5)
	Toxascaris leonina

	Lynx
	2/3
	66 (9–99)
	7
	2–5
	3.5 (2.3)
	2.1 (2.5)
	Toxocara cati

	Badger
	2/4
	50 (0.7–93)
	9
	2–7
	4.5 (3.5)
	2.3 (3.3)
	Baylisascaris  melis


The first PCR performed with the universal primer pair NC13/ NC2 showed that the length of the PCR products from the ascarids of canids (wolf, red fox, and corsac fox) was different from that of the PCR products from the worms of lynx and badger (Figure 2).
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Figure 3. Electrophoresis of PCR products of gDNA from representative ascarid samples using the primer pairs Tleo1/NC2 (A) and Tcat1/NC2 (B), species-specific for Toxascaris leonina and Toxocara cati, respectively. Lane L: DNA marker; lanes 1–5: DNA from ascarids collected from red fox (1), wolf (2), corsac fox (3), lynx (4) and badger (5); lane K: negative control (ddH2O).

The second PCR, performed with the respective species-specific primer pairs targeting the ITS2 rDNA region, identified T. leonina in canids and Toxocara cati in lynx (Figure 3). The primer pair specific for Toxocara canis gave no results in any sample (data not shown). Ribosomal ITS2 amplicons were obtained from six T. leonina isolates (232–261 bp), two each from wolf, red fox and corsac fox, and from two Toxocara cati isolates (375 and 434 bp) from lynx. The badger ascarids were identified as Baylisascaris sp. using a primer on the ribosomal ITS1-5.8S-ITS2 region and by comparison of the nucleotide sequences obtained with references from the GenBank database. Ribosomal ITS1-5.8S-ITS2 amplicons of 511 bp and 842 bp in length were obtained from two B. melis isolates. Nucleotide sequence data for all isolates have been deposited in the NCBI GenBank database under the accession numbers shown in Table 3.
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Figure 3. Electrophoresis of PCR products of gDNA from representative ascarid samples using the primer pairs Tleo1/NC2 (A) and Tcat1/NC2 (B), species- specific for Toxascaris leonina and Toxocara cati, respectively. Lane L: DNA marker; lanes 1–5: DNA from ascarids collected from red fox (1), wolf (2), corsac fox (3), lynx (4) and badger (5); lane K: negative control (ddH2O).

Table 3. GenBank accession no. and number of nucleotide base pairs of representative samples of adult ascarids from this study.
	Species
	Host
	Accession no.
	N bp

	Toxascaris leonina
	Wolf
	OR647588
	261

	
	Wolf
	OR647594
	241

	
	Red fox
	OR647692
	242

	
	Red fox
	OR647694
	232

	
	Corsac fox
	OR647689
	234

	
	Corsac fox
	OR647691
	235

	Toxocara cati
	Lynx
	OQ975261
	434

	
	Lynx
	OQ975262
	375

	Baylisascaris  melis
	Badger
	PP333110
	842

	
	Badger
	PP333114
	511


Nucleotide sequences from representative ascarid samples of the five host species were used to construct the maximum likelihood phylogenetic tree. Three distinct clades were identified: T. leonina from canids was placed in one clade with bootstrap values ranging from 46 to 96, Toxocara cati from lynx in another and B. melis from badgers in a third (Figure 4). Maximum tree analyses of the ribosomal ITS1-5.8S-ITS2 gene sequence showed that the two B. melis isolates formed a clade with the four reference species Baylisascaris columnaris, Baylisascaris procyonis, Baylisascaris transfuga, and Baylisascaris devosi. Both B. melis isolates showed slight genetic differences (Figure 5).
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Figure 4. Maximum likelihood phylogeny constructed from nucleotide data of representative ascarid samples from wild carnivores in Kazakhstan. Numbers along the branches show bootstrap values resulting from different analyses in percent; scale: estimated number of nucleotide substitutions per site; species name and host species after the GenBank accession no.
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Figure 5. Maximum likelihood tree based on ribosomal ITS1-5.8S-ITS2 gene regions from several Baylisascaris  spp. available in the GenBank and two isolates from this study. Numbers along the branches show bootstrap values resulting from different analyses in percent; scale: estimated number of nucleotide substitutions per site; species name and host species after the GenBank accession no.; red dots: isolates from this study; blue triangle: outgroup.

4	Discussion
In this study, five wild carnivore species in Kazakhstan were examined for their respective ascarid species. The species found, their prevalence, intensity and abundance partly differ from those of other Kazakh studies. This is not surprising as the regions of origin of the sampled hosts were different. It should also be noted that the data presented (as from previous studies) are not representative. They are based on a relatively small number of non-randomly selected hosts in a few regions of Kazakhstan, a large country of 2,725,000 km2, where, for example, the wolf and red fox populations are estimated to be 30,000 and 75,000, respectively, (33, 34). It is also well documented that the ascarid fauna of wild carnivores varies between landscapes (e.g., steppe, foothills, mountains) (19, 35, 36), which may be explained by local differences in prey availability (10). Furthermore, lynx are protected species and their killing requires justified exemptions. It is therefore quite difficult to study representative samples of these wild carnivores in such large countries.
Nevertheless, it is the first study to use molecular methods to identify ascarid nematodes from Central Asian countries. Phylogenetic analysis revealed three distinct species: Toxocara cati, T. leonina, and B. melis (Figure 4), confirming the morphological diagnosis.
In the three canid hosts, only T. leonina was identified, but not Toxocara canis. This is consistent with previous findings, based on traditional morphological methods, that T. leonina was the dominant ascarid species in corsac foxes in Kazakhstan (11), wild canids in southern Siberia (15), and stray dogs in Eurasian regions
(37). It may be due to the higher cold tolerance of T. leonina eggs compared to Toxocara canis eggs, which favors this roundworm species in colder regions (37). However, it should be noted that the worms in the present study were obtained from adult hosts. This may have biased the results, as Toxocara canis is known to be mainly found in young canids (1, 26). In fact, other studies in Kazakhstan and neighboring countries have reported that wolves, red foxes or corsac foxes are infected with both ascarid species (12–14, 16–18).
Toxocara cati was the only ascarid species found in lynx. This was consistent with most reports from different countries (10, 15, 18), although occasionally T. leonina was also reported from this felid species (2, 38).
Wild canids and felids (as well as their domestic relatives) infected with ascarids contaminate the environment by excreting worm eggs in feces. The embryonated eggs are a potential source of infection for domestic dogs and cats and for paratenic hosts, including humans, who may ingest these eggs (1, 9, 10). In the light of the results presented, this infection risk can be assessed as follows: (a) T. leonina is considered a negligible parasite from a veterinary and zoonotic point of view (37). (b) In contrast, Toxocara cati is pathogenic in its definitive feline host (39) and also in paratenic hosts: Experimental studies have shown that after ingestion of Toxocara cati eggs, larvae migrate into tissues, including the brain, causing pathomorphological alterations in mice and pigs and abnormal neurobehaviour in mice (40, 41). It should therefore be considered as a potential cause of neural larval migrans symptoms in humans (42). However, lynx are likely to be a negligible source of Toxocara cati infection to humans, at least in Central Asia. This is because the lynx prefers to live in forested areas, which provide sufficient cover for hunting and abundant prey without much contact with human settlements (43).
Toxocara canis may be present in wolves and red foxes (see above), although not in this study. These wild canids are more synanthropic than the lynx, and their range extends close to human settlements (10, 44). This increases the risk of successful transmission of their parasites, including the zoonotic Toxocara canis, to domestic animals and humans (1, 9, 10).
This study also presents the first molecular data and provides the first phylogenetic analysis of B. melis worldwide. The badger ascarid was shown to be genetically distinct from Baylisascaris  spp. of other carnivores: B. columnaris (definitive host: skunk [Mephitis spp.]), B. procyonis (raccoon [Procyon lotor]), B. transfuga (bears [Ursus spp.]) and B. devosi (marten [Martes spp.], fisher [Pekania pennanti], wolverine [Gulo gulo]) (Figure 5). This also confirms the morphological differentiation by Sprent (45) and supports the hypothesis (46) that the ascarids found in North American badgers (Taxidea taxus), which have been described as B. columnaris, are in fact B. melis. The significance of the slight genetic differences between the two B. melis isolates analyzed remains to be investigated. The phylogenetic analysis also showed that B. procyonis and B. columnaris form a clade. This confirms previous results suggesting that they are closely related species or that the former is even a synonym of the latter (47, 48).
Interestingly, there is little information on the geographical distribution and prevalence of B. melis in badger populations in Eurasia. First described over 100 years ago in Belgium (49), this is the second unequivocal identification of this species. This nematode had not been mentioned in any relevant study in central, western or southern European countries. There are two studies from Italy and Switzerland reporting only unspecified “ascarid” eggs or worms in a few badgers (Table 4). In contrast, ascarids have been collected from badgers in Uzbekistan, Azerbaijan and Caucasian Russia and morphologically identified as Toxocara canis, B. columnaris or B. devosi (Table 4). However, it is most likely that these worms were misidentified and were actually B. melis; the molecular results support this assumption. Thus, data from the literature and the results presented here suggest that B. melis may occur primarily, if not exclusively, in badger populations of western and central Asia. The reasons for this are still unknown.

Table 4. Results of previous studies on intestinal helminths, including ascarids, in badgers in Eurasia.
	
Country
	N ascarid positive/N examined
	Method used
	
Reference

	Uzbekistan
	0/19
	Nec
	(17)

	
	4/25 “Toxocara canis”
	Nec
	(18)

	Azerbaijan
	10/43 “B.
columnaris”
	Nec
	(20)

	
	4/43 “B. devosi”
	
	

	Russia (Caucasus)
	3/60 “B.
columnaris”
	Nec
	(19)

	Poland
	0/17
	Cop
	(51)

	Slovenia
	0/18
	Nec
	(52)

	Croatia
	0/13
	Nec
	(53)

	Austria
	0/20
	Nec
	(54)

	Germany
	0/16
	Nec
	(55)

	
	0/84
	Nec
	(56)

	Switzerland
	2/249 “ascarids”
	Nec
	(57)

	Italy
	0/19
	Nec
	(58)

	
	1/43 “ascarid egg”
	Cop
	(59)

	
	0/18
	Nec
	(60)

	Spain
	0/85
	Nec
	(61)

	
	0/26
	Nec
	(62)

	Portugal
	0/163
	Cop
	(63)

	Great Britain
	0/118
	Nec
	(64)

	Ireland
	0/50
	Cop
	(65)

	
	0/289
	Nec
	(66)


It should be noted that B. melis is able to infect rodents (facultative intermediate hosts) under experimental conditions: It was highly pathogenic and caused fatal neural larva migrans symptoms in the American ground squirrel (Urocitellus armatus); mice (Mus musculus) did not develop clinical symptoms, but their brains and other tissues contained B. melis larvae (50). Whether this can also occur in Central Asian ground squirrel species (Spermophilus spp.) or other rodents under natural conditions does not seem impossible and requires further study. In any case, based on the clinical and pathological findings in rodents, a zoonotic significance of B. melis cannot be excluded and should be further investigated.
This study concludes by identifying ascarid nematodes from five distinct wild carnivore species in Central Asia within the phylogenetic framework. The study also presents the world’s first molecular data on B. melis from badger. It provides further insights into the classification and genetic diversity of ascarids. It reiterates the need for molecular methods to complement traditional morphological methods as a basic diagnostic tool in the future, for example in studies of the fauna, diversity, ecology and epidemiology of wildlife parasites, especially potential zoonotic agents. For future research, we are also considering collecting feces from wild carnivores to detect roundworm infection, which would increase the sample size.
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 Genetic diversity of Echinococcus spp. in wild carnivorous animals in Kazakhstan

Abstract
Background and Aim: The study of Echinococcus infection among farm animals in Kazakhstan was carried out to monitor the invasion among livestock and map the data obtained. Unfortunately, there are only partial data on the study of echinococcosis among wild carnivores in Kazakhstan, which makes it difficult to conduct a comparative analysis of the epidemiological situation among wild animals. The present study aimed to estimate the genetic diversity of Echinococcus spp. (Leuckart, 1863) in Kazakhstan based on sequence analysis of cytochrome c oxidase subunit 1 (cox1) and dehydrogenase subunit 1 (nad1) of worms isolated from wild carnivorous animals wolf (Canis lupus), red fox (Vulpes vulpes) and corsac (Vulpes corsac).
Materials and Methods: DNA from parasite tissue was used as a template for the amplification of the two mitochondrial genes cox1 and nad1. Sequencing was performed according to the manual for the Seq Studio Genetic Analyzer. The multiple alignments of obtained sequences were performed using the ClustalW algorithm in Mega (v.11) software. Alignments were exported as a Nexus extension and used as input for TCS v1.21 for the identification of haplotypes. The phylogenetic analysis was constructed according to the neighbour-joining method using Mega (v.11) software.
Results: Analysis of the extensiveness of echinococcosis invasion showed that 6.3% were wolves, 18.2% were corsacs, and 85% were foxes. In total, 159 adults of Echinococcus  spp. from the three species of animals in different parts of Kazakhstan were analyzed, and 17 individual biological samples were successfully sequenced. Sequence analysis of cox1 and nad1 genes revealed two types of echinococcosis – Echinococcus granulosus in red foxes and wolves, and Echinococcus multilocularis in corsaсs. Sequencing of a portion of the mitochondrial genome made it possible to determine seven haplotypes of the pathogen in the studied samples of E. granulosus. Molecular analysis of cox1 and nad1 genes of E. multilocularis revealed three new haplotypes, which have significant variability compared with other studied Asian haplotypes.
Conclusion: This study made it possible to fill the gaps in understanding the localization of the foci of the spread of the echinococcosis pathogen among the main wild carnivores and to determine the species reservoir of the pathogen in the greater territory of Kazakhstan.
Introduction
Echinococcosis is an animal-borne infection caused by tapeworms of the Echinococcus type [1]. Intermediate hosts for Echinococcus spp. are some herbivores (cattle, sheep, pigs, horses, etc.) and omnivores, such as small rodents, including rats and mice [2, 3]. The final hosts are carnivores whose intestines are inhabited by mature worms [4]. Based on the specificity of manifestation and distribution in the host’s internal organs, four types of Echinococcus are distinguished: Cystic (Echinococcus granulosus ), alveolar (Echinococcus multilocularis), polycystic (Echinococcus vogeli), and monocystic (Echinococcus oligarthrus) [5]. Cystic and alveolar echinococcoses are serious problems for medicine, public health, and animal husbandry. These two forms of echinococcosis are most common in wild animals [6, 7]. E. granulosus is endemic on all continents, while E. multilocularis has a more limited distribution [8]. In the Midwest, cystic echinococcosis (CE) is common in most countries, although the prevalence of alveolar echinococcosis has been reported in Iran, Iraq, and Tunisia [9]. In Asia, canine infections have been reported in dogs in Kazakhstan [10], Kyrgyzstan [11] and China [12]. The geographical distribution of alveolar echinococcosis is limited to the Northern Hemisphere. The cestode has been registered in the republics of Central Asia [13, 14, 15], Central Europe, the Middle East, Russia, and Alaska [14], and Northern Japan [16].
The study of Echinococcus infection among farm animals in Kazakhstan territory was carried out to monitor the invasion among livestock, and further map the data obtained [17, 18]. Unfortunately, there are only partial data on the study of echinococcosis among wild carnivores in Kazakhstan, which makes it difficult to conduct a comparative analysis of the epidemiological situation among wild animals.
This study aimed to study the level of echinococcal infection among wild carnivores in different regions of the country and to analyse the genetic characteristics of the echinococcosis pathogen in Kazakhstan.
Materials and Methods
Ethical approval
The study was approved by the Animal Ethics Committee (№1 dated July 24, 2019) of Saken Seifullin Kazakh Agrotechnical University.
Study period and location
This study was conducted from July 2020 to February 2021. In Parasitological Laboratory, Veterinary Medicine Faculty and Research platform of Agricultural Biotechnology, Saken Seifullin Kazakh Agrotechnical University, Nur-Sultan, Kazakhstan.
Sample collection
Echinococcus spp. were isolated from red foxes (Vulpes vulpes), corsacs (Vulpes corsac), and wolves (Canis lupus), (Linnaeus) that were captured in the different regions of Kazakhstan. Hunters conducted the extraction of wild animals in compliance with all legislative norms. The digestive tracts, livers, and lungs of 7 foxes, 11 corsacs, and 32 wolves were analyzed for the presence of parasites. The bowel scraping technique was performed as described by Deplazes and Eckert [19]. A total of 159 helminths were selected. All samples were isolated from the intestine.
DNA extraction and polymerase chain reaction (PCR) assay
For DNA extraction, one piece of the adult worm was homogenized in an Eppendorf centrifuge tube and subjected to the standard phenol-chloroform extraction method with proteinase K and subsequent ethanol precipitation [20]. The amount and purity of the extracted DNA were determined by measuring absorption at 260 nm and 280 nm in a NanoDrop 2000 (Thermo Scientific, Carlsbad, California, USA). DNA was dissolved in ddH2O and stored at −70°C.
PCR was carried out in a 25 μl reaction mixture containing 10× Taq buffer with (NH4)2SO4, 2.5 mM MgCl2, 1 U Taq DNA polymerase and 200 μM deoxy- nucleotide triphosphates (Thermo Scientific), 10 pmol of each primer and 20 ng of extracted trematode DNA from an adult specimen as a template. Thermal cycling reactions were performed for 35 cycles of denaturation (94°C for 60 s), annealing (50°C for 60 s), and extension (72°C for 60 s). The resulting amplification fragments were separated by electrophoresis on an ethidium bromide containing 1.5% agarose gel using 1× Tris-acetate-EDTA buffer solution.
Polymerase chain reaction (PCR) was applied to identify the genetic diversity of Echinococcus spp. using 2 primerpairstargetingcytochromecoxidasesubunit1(cox1: forward 5′-TTTTTTGGGCATCCTGAGGTTTAT-3′ and reverse 5′-TAAAGAAAGAACATAATGAAAATG-3′) and  dehydrogenase subunit 1 (nad1:  forward 5′-TGGAACTCAGTTTGAGCTTTACTA-3′andreverse 5′-ATATCAAAGTAACCTGCTATGCAG-3′) [21, 22].
Sequencing data and phylogenetic analysis
A PCR-amplified target gene fragment was purified using a Quick PCR Purification Kit (Invitrogen, Lithuania), following the manufacturer’s protocols. Sequencing was performed according to the manual for Seq Studio Genetic Analyzer (Thermo Fisher Scientific Applied Biosystems, USA). The resulting nucleotide sequences were visually checked by the Bio Capt program (version 11.0). The nucleotide sequences of the studied species were compared with other sequences in the National Center for Biotechnology Information (NCBI) GenBank database using the basic local alignment search tool options. The nucleotide sequences of the studied species were deposited in the NCBI GenBank database.
The genotypes of E. granulosus present in the isolates characterized in this study were identified based on of cox1 gene. The original reference sequences for the G-system genotypes of E. granulosus described by Bowles et al. [20] were used as references in alignments for comparison with the sequences acquired in the present study. Multiple alignments of the obtained sequences were performed using the ClustalW algorithm in MEGA (v.11) software [23] (https://www. megasoftware.net/). Alignments were exported as a Nexus extension and used as input for TCS v1.21 (Computational Science Laboratory, Barcelona, Spain) [24] for the identification of haplotypes, network construction, and estimation of diversity indices. The phylogenetic analysis was constructed according to the neighbor-joining (NJ) method using MEGA (v.11) software. For the comparison of a relevant outgroup sequence, a sequence of E. shiquicus was also selected.
Results
Parasitological study
All captured animals were dissected and examined for the presence of parasites. Figure 1 indicates the areas in which the capture of animals was carried out and depicts the species of animals that were studied in this area.
Echinococcosis was found in two corsacs in the Qaragandy region, and 15 specimens were isolated. Among the foxes, infected individuals were found in the Qaragandy (4 individuals) and Aqmola (2 individuals) regions. The total number of pathogens isolated from foxes was 137 specimens. Among the wolves infected with echinococcosis, two individuals from the Qostanay region were identified, and seven specimens of the pathogen were isolated from them.
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Figure-1: The areas in which the capture of animals was carried out and the species of animals studied from this area are depicted [Source: www.worldatlas.com/maps/kazakhstan].

The extensiveness of Echinococcus spp. in the Qaragandy region was 27.3% and was the highest compared to other regions in which studies have been conducted. In the Aqmola region, the extensiveness was the lowest, at 2.7%. In the present study, the exposure index values of echinococcosis were 6.3% for wolves, 18.2% for corsacs, and 85% for foxes.
Genetic profile of E. granulosus
Characterization of mtDNA haplotypes
As shown in Figure-2, seven haplotypes were detected in the E. granulosus isolates examined, which were designated Hp1 to Hp7. When compared with individual genes, the numbers of haplotypes were decreased to 3 in nad1 compared to 7 in cox1. The concatenation of the genes was effective in generating a phylogenetic tree. The nucleotide sequence of cox1 showed the highest frequency of substitution (14 substitution sites), followed by nad1 (5 substitution sites). Intraspecific variations were observed in both mitochondrial loci. Nucleotide exchanges could be observed at five and four sites in the cox1 and nad1 sequences, respectively, yielding 7 (cox1) and three (nad1) haplotypes (Figure-2). Most of these sites were parsimony informative. Nonsynonymous substitutions exceeded synonymous substitutions (3 vs. 1) in the nad1 coding region, while only one of the changes in the cox1 coding region was synonymous. Point mutation at sites 27 and 218 showed multiple evolutionary paths. Deletions were observed within both genes; hence, the nucleotide numbers were not stable.
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Figure-2: Nucleotide substitutions in the mitochondrial cox1 and nad1 genes, substitution sites are numbered from the initiation codon. *Synonymous substitution. Numbers are read vertically. The substitution sites are numbered from the initiation codon of each gene

In this study, samples of Echinococcus spp. from wild carnivorous animals were investigated. Data including the names of the samples, the accession numbers in GenBank, and from which animals they were isolated are presented in Table-1.

	Table-1: Echinococcus granulosus genotypes and haplotypes obtained from cox1 and nad1 gene sequence analysis in different host species.

	Haplotypes
	Host
	Genotype
	Species
	Accession number

	Profile cox1
	
	
	
	

	Hp1
	Canis lupus
	G1
	Echinococcus granulosus 
	OM319836

	Hp2
	Canis lupus
	G1
	Echinococcus granulosus 
	OM319830

	Hp3
	Vulpes corsac
	G1
	Echinococcus granulosus 
	MZ506656

	Hp4
	Vulpes corsac
	G1
	Echinococcus granulosus 
	OM469938

	Hp5
	Vulpes corsac
	G1
	Echinococcus granulosus 
	OM470916

	Hp6
	Vulpes corsac
	G1
	Echinococcus granulosus 
	OM470963

	Hp7
	Canis lupus
	G1
	Echinococcus granulosus 
	OM319844

	Profile nad1
	
	
	
	

	Hp1
	Vulpes corsac
	G1
	Echinococcus granulosus 
	OM640347, OM640348 OM640349, OM640350

	Hp2
	Canis lupus
	G1
	Echinococcus granulosus 
	OM640352

	Hp3
	Canis lupus
	G1
	Echinococcus granulosus 
	OM640353, OM640354



Parsimony network of mtDNA haplotypes
In general, polymorphism of the cox1 locus resulted in seven haplotypes from the three studied regions (Figure-3a). The nad1 locus yielded only three haplotypes, Hp1 from corsac cor3EG-KZ 1–4 in the Qaragandy region, Hp2 from one sample of a wolf in the Qostanay region (wolf18–18 KZ–10) and Hp3 from two samples from a wolf in the Qostanay region (wolf18–18 KZ–11, 12) (Figure-3b). 
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Figure-3: Haplotype network of the sequences of the cox1 (a) and nad1 (b) genes of the seven isolates from Echinococcus granulosus .

The  haplotype  diversity  for  cox1  was n = 0.577778, and that for nad1 was n = 0.644444; the number of segregating sites = 30, and Tajima’s D for cox1 was 1.92156, while that for nad1 was 2.06265. Large circles denote haplotypes found in this study, whereas small circles show hypothetical haplotypes.
The statistical parsimony network of the mtDNA haplotypes is illustrated in Figure-3. Among the participants in the network, nad1 gene haplotype 3 showed the largest out-group probability from the other two haplotypes. In the cox1 gene, haplotypes 3–7 were closely related to each other. The mutational steps within each gene clade were infrequent, and their maximum numbers were 6 in the cox1 gene and 8 in the nad1 gene. The network distance in the nad1 gene between haplotypes 1 and 3 was 8 mutational steps, which indicates a small genetic divergence in a relationship. There was no dominant haplotype of E. granulosus in the analyzed samples.
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Figure-4: A neighbor-joining haplotype tree of Echinococcus granulosus constructed from the nucleotide dataset of mitochondrial nad1 and cox1 genes. Values on the tree nodes are bootstrap proportions (%). A scale bar (divergence of 0.06) is shown.
Genetic diﬀerentiation index
A pairwise fixation index (Fst) was computed using the mtDNA data to estimate the degree of genetic differentiation of E. granulosus samples obtained from carnivorous animals in Kazakhstan. The Fst index had a 0–1 value range, where 0 denotes the complete identity of the studied samples, and 1 denotes fixation. In our analysis, the Fst values ranged from 0.002 to 0.021 (Table-2).

	Table-2: Pairwise fixation index (Fst values) between Echinococcus granulosus samples based on concatenated mtDNA sequences of cox1/nad1 genes (1159 bp).

	Samples
	1
	2
	3
	4
	5
	6
	7

	cor3EG-KZ_1
	
	
	
	
	
	
	

	cor3EG-KZ_4
	0.002
	
	
	
	
	
	

	wolf18-18 KZ-10
	0.005
	0.002
	
	
	
	
	

	wolf18-18 KZ-12
	0.007
	0.005
	0.007
	
	
	
	

	cor3EG-KZ-2
	0.008
	0.010
	0.005
	0.015
	
	
	

	wolf18-18 KZ-11
	0.015
	0.016
	0.007
	0.002
	0.021
	
	

	cor3EG-KZ-3
	0.018
	0.001
	0.002
	0.005
	0.017
	0.005
	



The evolutionary history was inferred using the NJ method [25]. The optimal tree is shown in Figure-4. The evolutionary distances were computed using the maximum composite likelihood method [23] and are expressed in units of the number of base substitutions per site. All ambiguous positions were removed for each sequence pair (pairwise deletion option). There were a total of 1159 positions in the final dataset. Evolutionary analyses were conducted in Mega 11 [26].
To analyze and build a phylogenetic tree, the genomic regions of the cox1 and nad1 genes were used. The percentage of relatedness between the studied genotypes was high, and the statistical assessment of the reliability of the tree obtained by bootstrap analysis ranged from 89 to 96%, forming a paraphyletic clade among themselves. According to the distance matrix, an unrooted tree was first built. For rooting, the position of the root was determined using a representative out-group; in our case, E. shiquicus was chosen.
Genetic profile of E. multilocularis
The names of the E. multilocularis samples, the accession numbers in GenBank, and the types of animal parasites isolated are presented in Table-3. Phylogenic analysis was performed as described above.

	Table-3: Echinococcus  multilocularis genotypes and haplotypes obtained from cox1 and nad1 gene sequence analysis in different host species.

	Haplotypes
	Host
	Species
	Profile (accession number)

	Hp1
	Vulpes vulpes
	Echinococcus multilocularis
	OM640355
foxEM-KZ 1 nad1

	Hp2
	Vulpes vulpes
	Echinococcus multilocularis
	OM640356
foxEM-KZ 2 nad1

	Hp3
	Vulpes vulpes
	Echinococcus multilocularis
	OM471710
fox21-34_KZ_5 cox1



The resulting samples were analyzed using the Asian haplotypes of E. multilocularis previously described by Nakao et al. [27]. The phylogenetic tree was inferred using the NJ method [25]. The optimal tree is shown in Figure-5. The evolutionary distances were computed using the maximum composite likelihood method [26] and are expressed in units of the number of base substitutions per site. There were a total of 1641 positions in the final dataset.
The phylogenetic analysis (Figure-5) shows that the samples we studied had low similarity with the previously described Asian haplotypes. Given that the sample size of the studied samples was small, the study of the genetic diversity of E. multilocularis will continue further.
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Figure-5: A neighbor-joining haplotype tree of Echinococcus multilocularis.

Discussion
In this work, a study was conducted in five regions of Kazakhstan: the Qostanay, Aqmola, Qaraganda, West Kazakhstan, and East Kazakhstan regions. The territories where outbreaks of echinococcal invasion of farm animals were registered were studied. On referencing a map, it can be noted that hunting for wild animals has developed in the areas of echinococcosis detection among farm animals. This indicates the circulation of the invasion in the ecosystem and the high risks of its transmission to humans [17, 28, 29]. Echinococcus spp. are widespread in Kazakhstan and are responsible for massive cases of CE in humans and animals, both in dogs and livestock [30].
Comparing our data to those of neighboring states according to Beiromvand et al. [31], the study of carnivore parasites in Iran by multiplex PCR revealed that
E. multilocularis was found in the feces of wild predators such as jackals, foxes, wolves, hyenas, and dogs (6.5%). E. granulosus was also found in fecal samples of dogs (16.9%), jackals and foxes, and wolves and hyenas (66.7%). In the Russian Federation, studies were carried out by Andrejanov [32] on the prevalence of alveolar echinococcosis among carnivores. Among the 242 animals studied, 24.5% of foxes, 50% of wolves, 18.7% of raccoon dogs, and 3.7% of domestic dogs were infested with E. multilocularis. Data from Rojas et al. [33] from Kyrgyzstan show molecular data from 43 dog samples (23 infected with E. multilocularis and 20 with E. granulosus). As a result of this study, samples of wolves and corsacs were found and established to be infected with E. granulosus. Foxes were infested exclusively with E. multilocularis. This incident is interesting and requires detailed study.
The previous studies have emphasized that the genetic variability of E. multilocularis is significantly limited compared to that of E. granulosus sensu lato, which shows significant genetic variability [21, 34, 35]. At present, ten different genotypes of E. granulosus, designated G1–G10, have been described worldwide based on genetic diversity associated with the nucleotide sequences of the mitochondrial nad1 and cox1 genes.
A total of 17 samples were sequenced and identified to the strain level in this study. Phylogenetic analysis revealed that seven isolates were identified as the G1 genotype and included seven different haplotypes (the GenBank accession numbers are shown in Table 1).
A study conducted in the territory of Kazakhstan revealed that the dominant circulating E. granulosus genotype was G1, which is highly pathogenic for humans and therefore for wild animals, which have the ability to easily adapt to various environmental conditions and could play a significant role as reservoirs [36].
For the first time in the territory of Kazakhstan, haplotypes of E. granulosus were studied. Ultimately, seven haplotypes were identified and deposited from the studied samples, which were obtained from wild carnivores. Of the two loci studied, the cox1 site showed greater variability, dividing the studied samples into seven haplotypes. The nad1 region, which divided the samples into only three haplotypes, was the least variable. This shows the need for further in-depth study of possible haplotypes of this species, not only those selected among wild carnivores but also domestic, farm animals, and humans.
The study of E. multilocularis requires more research. Using the methodology described by Nakao et al. [27] to analyze genetic variation within E. multilocularis allowed us to obtain datasets that are comparable with other sequences from different geographic regions. In our case, they were compared with Asian haplotypes. The haplotypes established by us had very low similarity with the compared samples, indicating that there is a difference and the possibility of determining a new Asian haplotype. It should also be noted that we cannot compare our dataset with different sequences, as shorter sections of mitochondrial genes were sequenced or the total lengths of different mitochondrial genes were very different.
Attempts were made to study a complete map of the distribution and transmission of invasion in the ecosystem and provide a detailed analysis and identification of all available haplotypes common in Kazakhstan. However, the work was not completed due to the lack of information available in the database. Studies of species specificity using molecular methods are practically not carried out due to the poor equipment, the technical base, and the lack of adapted expression protocols for the isolation and identification of parasites. These limitations negatively influence the objective assessment of the species of parasites, their identification and efficiency during analysis, etc.
The lack of an update in the direction of molecular identification of Echinococcus  infection suggests that there is a huge gap that has implications for medicine, livestock, and hunting.
Conclusion
These studies made it possible to fill the gaps in understanding the localization of the foci of the spread of the echinococcosis pathogen among the main wild carnivores and to determine the species reservoir of the pathogen in the greater territory of Kazakhstan. The availability of the obtained data will make it possible to understand the main ways of transmission of echinococcosis between natural reservoirs, farm animals, and humans. Together, this will contribute to the development of preventive measures to prevent the spread of echinococcosis among people and domestic animals and reduce the epidemiological background of this infection.
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5. First molecular identification of Dirofilaria repens found in a wolf heart in Kazakhstan

Abstract 
The clinical manifestations of dirofilariasis are usually different and depend on the species: D. immitis is located on the right side of the heart and pulmonary artery. On the other hand, D. repens is localized in the subcutaneous tissue. According to the literature, dirofilariasis is a filaroid nematode present in animals and humans, which is mainly transmitted by mosquitoes. This is a rare case of finding helminths in the heart cavity of a wolf and raises questions about its distribution area in Kazakhstan. To determine the genotype of Dirofilaria spp. found in the heart of a wild wolf, identification was carried out by PCR using the species-specific primer SSU rRNA, as a result of which amplicons of 875 bp were obtained. The results of the study showed that the nucleotide sequence of the studied species was identified as D. repens, and this sequence was deposited in the NCBI GenBank database (accession number MT877205.1). The research results revealed the imperfection of the differential identification of Dirofilaria spp parasites only by their morphological structure and confirm the need to use molecular identification methods.
Introduction
Dirofilariasis is a zoonotic parasitosis that is caused by adult nematodes of the genus Dirofilaria (Simón et al., 2012). The most relevant are Dirofilaria immitis and Dirofilaria repens due to their high predominance, frequency, and severe pathological effects among all Dirofilaria species (Orihelet al., 1998). Parasites, as mentioned above, are the cause of dirofilariasis in dogs, cats, and wild carnivores (Simón et al., 2012). It is also assumed that the above helminths areetiological agents of zoonotic contamination in humans, which in turn are transmitted by carrier (Albonicoet al., 2014; Becker et al., 2010). The life cycle of Dirofilaria species consists of a vector and final host. Representatives of the diverse female mosquito species of the Culicidae family act as vectors (Becker et al., 2010). Domestic and wild dogs are the best reservoirs in association with mammalian hosts and are the most common human transmission source (Simón et al., 2012).
In animals, the clinical presentationsare usually different and are species-dependent: D. immitis localizes in the right part of the heart and lung artery, and D. repens localizes in the subcutaneous tissue (McCall et al., 2008; Simónet al., 2012). In humans, the clinical data are species-dependent: D. repens is essentially associated with subcutaneous nodules, and D. immitis is primarily accountable for lung nodules (Genchi et al., 2011).
Dirofilariasis is common on nearly all continents (Simón et al., 2012). Endemic foci have occurred across all of Europe, mainly in Italy and France, Greece, Spain and Russia (Avellis et al., 2011; Bargues et al., 2006; Ermakova et al., 2014). Several reports have identified the spread of dirofilariasis to the Republic of Kazakhstan, which date from the beginning of the last century (Ch’ung-Hsiung, 1959). There are no statistical data that document this spread into Kazakhstan, but in 2014, there were 2 cases of infection in Almaty (Seidulaeva et al., 2015). These reports do not allow us to understand the full picture of the epizootiology of Dirofilaria species. In addition, there are no molecular genetic studies.
The present study was conducted to distinguish the genotype of Dirofilaria spp. that was circulating in Kazakhstan and was found in a wild wolf heart.
Materials and methods
Sample collection
D. repens was isolated from a wild wolf heart (Canis lupus) (Linnaeus) that was captured in the Kostanay region of Kazakhstan. Hunters conducted extraction of wild animals in compliance with all legislative norms. Work with the animals was carried out in a parasitological laboratory of a Veterinary Medicine Faculty and was approved by the Animal Ethics Committee. All procedures complied with the Code of Ethics of the World Medical Association (Declaration of Helsinki) for animal experiments (http:// ec.europa.eu/environment/chemicals/lab_animals/ legislation_en.htm).
DNA extraction
For DNA extraction, 1.5 ml of one piece of the mature form of helminthes D. repens was homogenized in Eppendorf polypropylene centrifuge tubes, and the phenol-chloroform method was used. The volume and clarity of the obtained DNA were defined by measuring the absorption levels at 260 nm and 280 nm with a Nano Drop 2000 spectrophotometer (Thermo Scientific, USA). The obtained DNA was dissolved in ddH2O and stored at -70°C for long-term use.
PCR assays
Methods for species-specific Dirofilaria spp. DNA was analyzed by conducting a polymerase chain reaction (PCR) with small subunit ribosomal ribonucleic acid (SSU rRNA) (Albonico et al., 2014). The ribosomal SSU gene was amplified via the primer pair, namely, forward (5’-CCATGCATGTCTAAGTTCAA-3’) and reverse (5’- TCGCTACGGTCCAAGAATTT-3’). The  primers were synthesized by DNA Synthesis LLC, Moscow, Russia.
Enlargement of the marker genes was conducted in a final reaction volume of 25 μl containing 10× Taq buffer with (NH4)2SO4, 2.5 mM MgCl2, 1 U Taq DNA polymerase, 200 μM dNTPs (Thermo Scientific, Carlsbad, California,
United States), 10 pmol of each primer and 20 ng of essential nematode DNA from an adult piece as a template. PCR was conducted as follows: denaturation at 94°C for 30 sec, annealing at 50°C for 30 sec, extension at 72°C for 40 sec, and a final extension for 5 min at 72°C. The resulting restriction fragments were subjected to electrophoresis and were separated by ethidium bromide with 1.5% agarose gel and using a 1× TAE buffer solution.
Sequencing data and phylogenetic analysis
The PCR-amplified target gene particles were purified with a Quick PCR Purification Kit (Invitrogen, Lithuania) according to the manufacturer’s protocols. Sequencing was performed in the Molecular Biology Laboratory of the Research Platform of Agricultural Biotechnology Sequencing at Saken Seifullin Kazakh Agrotechnical University, according to the manual for Seq Studio Genetic Analyzer (Thermo Fisher Scientific Applied Biosystems). The nucleotide sequencesobtained were analyzed with Bio Capt software version 11.0. The nucleotide sequences of the studied species were compared with other sequences in the NCBI GenBank database using BLAST options. These sequences were correlated with different sequences in GenBank by BLAST analysis. Phylogenetic analysis was accomplished with MEGA X software.
Results and discussion
Hunters captured a wolf (female) near Torgay village, Dzhangeldinsky district, in the Kostanay region of the Republic of Kazakhstan. A complete parasitological study revealed an adult Dirofilaria spp. worm in the wolf ’s heart (Figure 1). A total of 31 animals from various regions of the country were studied, and only one wolf was infected with the dirofilariasis pathogen (1 individual); the extent of invasion was 3.2±0.2%. 
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Figure 1: Dirofilaria spp. found in the wolf heart.

The Dirofilaria spp. individual detected had a length of 14.7 cm. Its cuticle had longitudinal ridges along the body and a filamentous body with a light-yellow color; it tapered toward both ends and was covered with a thin layer, striped cuticle.
The genomic DNA that was obtained fromthe helminth by applying the phenol-chloroform extraction method was analyzed by electrophoresis on 1% agarose gel. PCR was performed in a Simpli Amp thermo cycler (Applied Biosystems) under the conditions described above. The SSU area of the rRNA was amplified by species-specific primers, and the PCR product (with a size of 875 bp) was obtained (Figure 2).
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Figure 2: Electrophoretic analysis of PCR products: Lane M, DNA ladder (bp); lane 1, Dirofilaria spp. DNA; and lane 2, negative control.

Sequencing was performed by using a BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). These sequences were compared with other sequences in GenBank by using BLAST analysis. The nucleotide sequence of the studied species was identified as D. repens and these data were deposited into the NCBI GenBank database (D. repens isolate 19-001-Kz, accession no. MT877205.1).
The SSU gene of Dirofilaria species in the current research paper was subjected to multiple sequence alignments with previously published studies of GenBank sequences using the MEGA X 10.2.0 program (Figure 3).
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Figure 3: Phylogenetic analyses (tree) generated using
SSU primers.

Analysis of the nucleotide sequence the SSU area of rRNA the Kazakhstan Dirofilaria nematode showed 77% uniqueness with those of D. repens strains from India (MF776625.1; MF776710.1; MF776631.1), 69% with D. immitis, and Onchocerca lupi from the USA and Czech Republic ( JX183106.1; KR998259.1) but showed only 52% uniqueness with D. sp. hongkongensis from Hong Kong ( JX187594.1). 
The genetic ranges among the identified D. repens of the Kazakh wolf strain and reference strains were calculated based on the MEGA X software parameter model (Table 1). The genetic distances that were intermediate to those of the D. repens strains were deficient and ranged from 0.000 to 0.18 (Table 1, No. 1-5). There were relatively high taxonomic genetic distances, which ranged from 1.05 to 0.11 between Dirofilaria spp. and the nematode O. lupi (Table 1, No. 1-5 vs. No. 6); 1.06 to 0.12 between D. repens and D. sp. hongkongensis; 3.61 to 5.81 among D. repens and D. immitis; and 3.86 to 3.44 between Dirofilaria spp. and Filarioidea spp. which was used for an out-group (Table 1, No. 9).
Table 1: Genetic distance of Dirofilaria strains.
	
	Dirofilaria repens
	
	
	
	Onchocerca lupi
	Dirofilaria sp.
hongkongensis
	Dirofilaria immitis
	Filarioidea
spp

	No.
	1
	2
	3
	4
	5
	6
	7
	8
	9

	MT877205.1

	MF776625.1
	0,03
	
	
	
	
	
	
	
	

	MF776631.1
	0,03
	0,01
	
	
	
	
	
	
	

	KT031393.1
	0,03
	0,01
	0,01
	
	
	
	
	
	

	MF776710.1
	0,04
	0,01
	0,00
	0,01
	
	
	
	
	

	KR998259.1
	1,03
	1,17
	1,18
	1,16
	1,18
	
	
	
	

	JX183106.1
	1,05
	1,18
	1,20
	1,18
	1,20
	0,11
	
	
	

	JX187594.1
	1,06
	1,25
	1,25
	1,27
	1,25
	0,04
	0,12
	
	

	AB973231.1
	3,61
	3,90
	3,99
	3,98
	3,77
	6,37
	6,51
	5,81
	

	MN129783.1
	3,86
	3,79
	4,05
	3,90
	3,99
	4,60
	5,85
	4,41
	3,44



Identification of immature worms of filariid species by examining their morphology is complicated. Often, misidentification of Dirofilaria species is due to limited technical expertise, especially under poor sampling conditions. Usually, the parasitesare rarely intact; the diagnosis is based on the histological characteristics of helminths which limit identification to only the genus level. DNA-based molecular methods have more specificity than serological methods (Rishniw et al., 2006).
Correspondingly, the localization of the investigated parasite in a wolf heart should be noted in this work. According to the literature data, D. immitis is known as a “heartworm” which indicates that this helminth is localized in host hearts. On the other hand, D. repens largely predominates over pulmonary dirofilariasis cases (Orihel et al., 1998).
Females D. repens reach 15-17 cm in length, males up to 7 cm, with widths of 0.4-0.5 mm. Additionally, the female tail is blunt and slightly curved ventrally. Males have no ornamentation on their heads, and only four protruding submediant head papillae are visible. The tail end is bluntly rounded (Lopez et al., 2006).
Adult D. immitis are 12-20 cm long (males) and 25-31 cm (females) and 0.7-0.9 mm wide (males) and 1.0-1.3 mm (females). In males, the posterior end of the body is tapered and bent in a spiral shape; in females, the posterior end of the body is blunt.
In contemporary research, molecular characterization of the isolate of wolf Dirofilaria found in Kazakhstan was achieved by conducting phylogenetic analyses of partial nucleotide sequences of the SSU area of the rRNA ribosomal gene. The SSU gene sequence used for genetic identification in the current work was previously used to differentiate filarial species (Albonico et al., 2014).
The nucleotide sequence was identified as belonging to D. repens. Phylogenetic analysis showed that the two groups, D. repens and D. immitis, are distinguished as separate groups in the presence of Dirofilaria sp. hongkongensis and the out-of-group species, O. lupi (Figure 3). It can be observed that D. repens species are closely related.
Considering the data that indicate that subcutaneous dirofilariasis by D. repens occurs only in the CIS and is common among the residents of Uzbekistan, Georgia, Armenia, Ukraine, Belarus, Russia, and Kazakhstan (Yushchuk, 2009; Tumolskaya et al., 2016), the case we are studying has not only biological significance but is also related to socioeconomic status. Very few dirofilariasis cases have been detected in Kazakhstan. Dirofilariasis has mainly been reported by observations of D. repens in dogs; in some cases, the rate of infection is 42.6% (Ch’ung- Hsiung, 1959). There are no data on heartworm infections of wolves in Kazakhstan.
In conclusion, we report a case of dirofilariasis in a wolf heart that was caused by D. repens. Molecular methods confirmed the identification of the causal agent by sequencing the ribosomal 18S rRNA SSU gene. These results indicate the imperfection of differential identifications of parasites only by morphological structure and confirm the need to use molecular identification methods. Above all, this is the first reported case of D. repens being found in the cavity of a wolf heart, which raises questions about the localization of this species in host bodies and its distribution area in Kazakhstan. The data obtained will serve as an example for practical parasitology and will expand the understanding of the localization of various types of dirofilariasis in carnivores.
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Map of Kazakhstan showing the provinces and the geographical origin of the host species collected. 
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