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Abstract. Parasitic diseases of dogs represent a global problem posing zoonotic risks, and this issue remains poorly studied in the Central Asian region, particularly in Uzbekistan. This study aimed to statistically investigate the dynamics of helminth and protozoan parasite distribution in the dog population of Samarkand region, stratified by age, sex, and lifestyle (domestic and stray) factors. A total of 150 dogs were examined by visual and laboratory methods (fecal and blood analyses), while 32 stray dogs were examined by complete helminthological necropsy. Dogs were divided into four age groups: up to 6 months, 6 months–3 years, 3–5 years, and over 5 years. Statistical analysis was performed using Pearson χ² (chi-square) test and 95% confidence intervals (CI).  Toxocara canis (84.7%) and Cystoisospora spp. (54.0%) were identified as dominant parasites in the region. Helminthological necropsy of one dog revealed a mean of 898.0 ± 115.5 Echinococcus granulosus specimens. The infestation rate among young puppies (up to 6 months) was 70.0%, indicating widespread transplacental invasion. Statistically significant differences were found for most examined species (p < 0.05).  The parasitic situation among dogs in Samarkand region is at an alarming level. To reduce the population's exposure to zoonotic infections, it is necessary to strengthen systematic veterinary-sanitary surveillance, implement monitoring of stray dog populations, and conduct regular deworming programmes.
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INTRODUCTION
Dogs (Canis familiaris) are among the most widespread domestic animals globally, with a population exceeding 700 million (Safarov et al., 2022). Due to their close proximity and frequent contact with humans, they serve as the primary reservoir and disseminator of numerous zoonotic parasitic diseases (Safarov et al., 2021a). Among the helminths identified in dogs, species such as Echinococcus granulosus, Toxocara canis, Dirofilaria spp., and Ancylostoma caninum are recognized as particularly dangerous zoonotic agents (Traversa 2012). According to World Health Organization (WHO) data, syndromes like visceral and ocular larva migrans caused by Toxocara canis are widely distributed worldwide, posing a significant public health threat, especially to children (Otranto et al., 2017).
The history of studying canine helminthiasis in Uzbekistan dates back to the late 19th century. Between 1950 and 1975, a series of systematic investigations conducted by researchers including Irgashev (1958), Matchanov (1959, 1967), Sadykov (1967), and Sultanov et al. (1975) recorded a total of 41 helminth species in the Uzbek dog population (Safarov et al., 2021b). However, following a significant 47-year hiatus in comprehensive research, the epidemiological landscape has shifted due to climate change and urbanization. A study by Safarov et al. (2022) examined 399 dogs across Tashkent, Samarkand, and Karakalpakstan, identifying 31 helminth species, 18 of which possessed zoonotic characteristics (Safarov et al., 2022).
Samarkand region presents a distinctive epizootiological environment characterized by a temperate Mediterranean climate (mean annual temperature +14.5°C), a highly developed livestock infrastructure, numerous slaughterhouses, and a large population of stray dogs in both urban and rural areas (Dubná et al., 2007). Previous partial studies in the region have recorded E. granulosus prevalence ranging from 36.67% to 90.0% (Safarov et al., 2022). Furthermore, the documentation of the first human cases of subcutaneous and ophthalmic dirofilariasis caused by Dirofilaria repens in Uzbekistan in 2021 has underscored the urgent need for updated monitoring (Safarov et al., 2021a).
Despite these findings, previous research has primarily focused on helminths, leaving protozoan parasites such as Cystoisospora spp. and Giardia spp. largely unstudied in the region. Moreover, the quantitative dynamics of infestation intensity across different age groups and social factors (domestic vs. stray) have not been deeply analyzed using modern statistical methods.
The primary objective of this study was to statistically evaluate the dynamics of helminth and protozoan parasite distribution in the dog population of Samarkand region. By utilizing a combined methodology of laboratory diagnostics and helminthological necropsy, this research aims to assess the current zoonotic risk and establish a scientific basis for integrated regional anti-parasitic measures and veterinary-sanitary surveillance.

MATERIALs AND METHODS 
The study was conducted in Samarkand region during 2024–2025. All stages of the study, methods employed, and statistical analysis methodology are described in detail below.
Study Area and Period
Field investigations were conducted from January 2024 to March 2025 in urban and rural areas of Samarkand region. Samples were collected from various districts of Samarkand city and from rural areas with developed livestock farming. To ensure geographic diversity, the northern, southern, and central parts of the region were covered (Figure 1). The temperate continental climate of Samarkand region (mean annual temperature +14.5°C), its developed livestock infrastructure, and the abundance of stray dogs in urbanised areas collectively defined an important epidemiological context for the study.
Study Objects and Selection Criteria
A total of 182 dogs were enrolled in the study: 150 dogs were examined via laboratory (fecal and blood) analyses, and an additional 32 stray dogs were examined by complete helminthological necropsy. Samples were collected from two sources: (1) domestic dogs presented to veterinary clinics in Samarkand city and districts (n = 78); (2) stray dogs captured from streets and temporary shelters (n = 104, including 32 for helminthological necropsy). The inclusion criterion was dogs that had not been dewormed within the preceding 6 months. Dogs that were clinically severely ill or had received a specific diagnosis were excluded. All dogs were divided into four age groups: Group I — up to 6 months (n = 20); Group II — 6 months to 3 years (n = 41); Group III — 3 to 5 years (n = 36); Group IV — over 5 years (n = 53). By sex: among domestic dogs, 43 males and 35 females were registered; among stray dogs, 31 males and 41 females.
Fecal Examination Methods
Fecal samples (5–10 g) were collected and transported to the laboratory within 24 hours at +4°C. Two standard methods were employed for fecal analysis: (1) Fülleborn flotation method — saturated sodium chloride solution (specific gravity 1.18–1.20) was used to detect nematode and cestode eggs; samples were left to stand for 10–15 minutes, the surface film was collected, and examined under a light microscope (Olympus CX23) at 10× and 40× magnification; (2) Sedimentation method — designed to detect trematode eggs and Giardia cysts; three washes with 0.9% physiological saline were performed. Modified Ziehl–Neelsen staining was additionally used to confirm protozoan (Cystoisospora spp. and Giardia spp.) oocysts. Each sample was examined in duplicate; a third examination was performed in equivocal cases              (Varcasia et al., 2004; Dantas-Torres 2009; ).
Blood Examination — Detection of Dirofilariasis
The modified Knott technique was used to detect Dirofilaria microfilariae in venous blood samples. For this purpose, 1 ml of blood was mixed with 9 ml of 2% formalin solution, centrifuged at 1,500 rpm for 5 minutes, and the sediment was stained with 0.1% methylene blue and examined under a microscope (Olympus CX23) at 100× and 400× magnification. Dirofilaria immitis and D. repens were differentiated based on microfilarial morphology — body length, head structure, and tail shape: D. immitis microfilariae have a straight tail, whereas those of D. repens have a curved tail (Chiejina & Ekwe, 1986; Morchón et al., 2012; Napoli et al., 2023).
Helminthological Necropsy Method
Thirty-two deceased or euthanised stray dogs were examined by complete helminthological necropsy (Skriabin 1928). All internal organs — the gastrointestinal tract (stomach, small and large intestine), lungs, heart, liver, and kidneys — were examined separately. Parasites recovered from each organ were fixed (70% ethanol) and identified to species level based on morphological characteristics. Helminth identification employed the determinant keys of Katagiri and Oliveira-Sequeira (2008) and Sabūnas et al. (2019). The number of parasites recovered from each dog was counted, and the intensity index (M±m) was calculated.
Statistical Analysis
All data were processed using Microsoft Excel 2021 and SPSS Statistics 26.0. Pearson χ² (chi-square) test was used to assess differences in infestation prevalence between age groups (degrees of freedom d.f. = 2). Results were expressed with 95% confidence intervals (CI); the threshold for statistical significance was set at p < 0.05. Mean infestation intensity (M±m) was calculated with standard error. Fisher's exact test was additionally used to compare domestic and stray dog groups (for cases where n < 30). All calculations were two-tailed (Palmer et al., 2008; Ergasheva et al., 2024; Akramov et al., 2025).
Study Limitations
This study has several limitations. First, the sensitivity of fecal examination methods is limited, posing a risk that low-intensity infestations may be assessed as negative (false-negative results). Second, the sample size for helminthological necropsy (n = 32) is relatively small and may not fully represent the stray dog population. Third, the complete clinical history (previous treatment history) of some dogs was not fully determined. Despite these limitations, the combined methodology employed allowed an objective assessment of the parasitic situation in the area.

RESULTS 
Analysis of the Study Population Structure
The investigation conducted in the Samarkand region during 2024–2025 involved a total of 182 dogs. The population was strategically sampled to cover various social and age-related factors. As detailed in Table 1, the cohort was divided into two primary groups based on the diagnostic methodology: 150 dogs were examined using non-invasive laboratory techniques (fecal flotation, sedimentation, and the modified Knott blood technique), while 32 stray dogs underwent comprehensive helminthological necropsy to determine the internal parasite burden.
The social composition included 78 domestic dogs (43 males and 35 females) and 104 stray dogs (45 males and 59 females). A significant demographic observation was the higher proportion of females among the stray population (41 in the laboratory group and 18 in the necropsy group), which serves as a critical biological factor for the continuous maintenance of parasitic transmission cycles in the environment.
The age-based stratification (Table 2) revealed a diverse distribution: Group I (Up to 6 months): 20 dogs (11 domestic, 9 stray); Group II (6 months – 3 years): 41 dogs (21 domestic, 20 stray); Group III (3 – 5 years): 36 dogs (19 domestic, 17 stray); Group IV (Over 5 years): 53 dogs (27 domestic, 26 stray). Dogs over 5 years of age represented the largest demographic segment (29.1% of the total), acting as the primary long-term carriers for various helminth species.

Parasite Prevalence and Statistical Significance
The study identified a high prevalence of both helminth and protozoan parasites. The overall prevalence and statistical significance of each species (with degrees of freedom d.f.=2) are summarized in Table 3.
Toxocara canis was identified as the most dominant parasite with a prevalence of 84.7% (95% CI: 78.9–90.4%), followed by the protozoan Cystoisospora spp. at 54.0% (95% CI: 46.0–62.0%). Statistical analysis using the Pearson χ²  test demonstrated that the distribution of Toxocara canis and Ancylostoma caninum (19.2%) is highly dependent on age (P<0.001), with younger dogs being significantly more affected.  Echinococcus granulosus was detected in 45.3% of the population and Dipylidium caninum in 35.3%. Notably, these species showed no statistically significant difference across age groups (P=0.147 and P=0.85, respectively), indicating a uniform infection risk for dogs of all ages. The modified Knott technique confirmed the presence of Dirofilaria immitis (26.0%) and Dirofilaria repens (15.3%), highlighting a substantial zoonotic risk in the region. In addition to Cystoisospora, Giardia spp. was identified in 24.7% of the samples (P=0.006).

Age-Related Infestation Dynamics
The relationship between the age of the animals and the rate of infestation is presented in Table 4. The infestation rate among puppies up to 6 months was remarkably high at 70.0% (14 out of 20), which strongly suggests the prevalence of transplacental and lactogenic transmission routes for nematodes like T. canis.
The infestation proportion remained high in the 6 months – 3 years group (68.3%) and increased in the 3 – 5 years group (77.8%). The highest overall infestation rate was recorded in the over 5 years category, reaching 81.1% (43 out of 53), reinforcing the conclusion that older dogs accumulate a wider variety of parasitic infections over time.
Quantitative Assessment of Parasite Intensity
The results of the helminthological necropsies (n=32) provided a clear view of the infection severity (Table 5). A total of 673 specimens of Toxocara canis and 172 specimens of Ancylostoma caninum were recovered, with mean intensities of 28.0 ± 3.8  and 34.4 ± 4.1, respectively.
The most alarming finding was the intensity of Echinococcus granulosus infection. Out of 32 dogs, 15 were heavily infested, yielding approximately 13,470 specimens. The mean intensity was calculated at 898.0 ± 115.5 specimens per dog, which is a critical indicator of the high zoonotic potential in Samarkand. For dirofilariasis, the mean intensity was 5.4 ± 1.2  for D. immitis and 4.2 ± 0.9  for D. repens.

Pathomorphological and Geographic Observations
Visual documentation during the study supported the statistical findings. Figures 2 and 3 illustrate the pathological changes and the high density of Toxocara canis within the small intestine. Figure 5 displays adult Ancylostoma caninum specimens recovered during necropsy. The geographic distribution of the sampling sites (Figure 1) confirms that these parasitic foci are widespread across the northern, southern, and central districts of the Samarkand region, affecting both urbanized areas and rural livestock-farming zones.
DISCUSSION
The Toxocara canis prevalence identified in this study (84.7%; 95% CI: 78.9–90.4%) is slightly lower than the overall figure for Uzbekistan reported by Safarov et al. (2022) (93.73%) but differs markedly from the 98.33% figure given by that study for Samarkand. This difference may be explained by the following factors: Safarov et al. (2022) relied primarily on helminthological necropsy, which detects all infestations including low-intensity ones, whereas our study additionally employed fecal flotation, which has somewhat limited sensitivity (Safarov et al., 2022). Nevertheless, our figure exceeds the 30–64% range reported in European studies (Fok et al., 2001;  Capelli et al., 2006; Lefkaditis et al., 2016), reflecting the true level of epidemiological risk in Central Asia.
Protozoan parasites: a novel contribution of the study.
The most important novelty of the present study is that Safarov et al. (2022) primarily employed helminthological necropsy and did not investigate protozoan parasites (Cystoisospora spp., Giardia spp.). Our study identified prevalence of Cystoisospora spp. at 54.0% (95% CI: 46.0–62.0%) and Giardia spp. at 24.7% (95% CI: 17.8–31.6%). These figures are considerably higher than those from European studies (Eckert  1997; Dubná et al., 2007). The high prevalence of Cystoisospora spp. among young puppies (up to 6 months: 70.0%) confirms transplacental and lactogenic transmission routes. Giardia spp. is predominantly observed in stray dogs, and being a zoonotic agent hazardous to humans, it increases the risk of waterborne and foodborne infection among the population.
Echinococcus granulosus: infestation intensity and zoonotic risk.
Safarov et al. (2022) reported E. granulosus prevalence of 63.91% across Uzbekistan and 36.67–90.0% in Samarkand region (Safarov et al., 2022). Our study found a prevalence of 45.3% (95% CI: 37.4–53.3%), with helminthological necropsy data revealing a more striking finding: a mean of 898.0 ± 115.5 specimens and approximately 13,470 total E. granulosus specimens from 32 dogs. This figure markedly exceeds the 150–500 specimens/dog reported in similar studies from the Middle East and Central Asia (Moro et al., 1997; Jenkins 2006; Lahmar et al., 2008). Such intensity indicates that continuous transmission from intermediate hosts (sheep, cattle) at slaughterhouses in Samarkand region is ongoing, posing serious risk for the development of hepatic and pulmonary cysts in humans (Moro et al., 1997; Eguía-Aguilar et al., 2005; Pazilov et al., 2026).
Dirofilariasis: new data confirmed by Knott technique.
Safarov et al. (2022) identified D. immitis at 11.53% and D. repens at 8.02% for Uzbekistan overall; for Samarkand specifically, D. immitis was 0% and D. repens was 1.67% (Safarov et al., 2022). Our study, using the modified Knott technique, detected D. immitis at 26.0% and D. repens at 15.3%. This marked discrepancy may be explained as follows: Safarov et al. (2022) used only 80 dogs for Samarkand and relied mainly on helminthological necropsy, whereas Dirofilaria larvae located in the heart and pulmonary arteries are not readily visible; the Knott technique precisely detects microfilariae in the blood. The extension of the Culex mosquito activity season during 2022–2025 may also have accelerated the expansion of the D. immitis distribution range (Genchi et al., 2011; Simón FSiles-Lucas et al., 2012). The first-ever documentation of D. repens cases in humans in Uzbekistan by Safarov et al. (2021b) further underscores the practical importance of these findings.
Age and sex factors
Safarov et al. (2022) recorded the highest prevalence in puppies (98.39%) across three age groups (0–6 months, 6–12 months, >12 months), but found no statistically significant difference between groups (χ² = 2.7; p = 0.259) (Safarov et al., 2022). Our study, using four age groups, showed a cumulative pattern of increasing infestation burden: up to 6 months 70.0%, 6 months–3 years 68.3%, 3–5 years 77.8%, and over 5 years 81.1%. The higher infestation rates in female dogs (stray: 41 females, 31 males) are consistent with the finding of Safarov et al. (2022) — 100% infestation in all females (p < 0.0001)  — and point to the role of reproductive physiology-related immunosuppression. The higher mean intensity of Ancylostoma caninum (34.4 ± 4.1) compared to T. canis (28.0 ± 3.8) indicates elevated soil contamination and transmission rates.
Advantages of the combined methodology.
Whereas Safarov et al. (2022) calculated prevalence and 95% CI using EpiInfo 7, our study used SPSS Statistics 26.0 to perform Pearson χ² test, Fisher's exact test, and calculation of infestation intensity (M±m), providing more quantitative data (Safarov et al., 2022). The combination of flotation + sedimentation + Knott technique + helminthological necropsy enabled simultaneous detection of helminths and protozoan parasites. The acknowledgement by Safarov et al. (2022) that molecular confirmation had not been performed  indicates the necessity of incorporating PCR methods in future studies. This combined methodology may be recommended as a standard protocol for future epizootological monitoring in Samarkand region.
 
CONCLUSIONS
Parasitic infestations are widely distributed among dogs in the region. Toxocara canis (84.7%) and Cystoisospora spp. (54.0%) are the most dominant species, with the population being intensively exposed to zoonotic infections. Infestation of 70.0% of young puppies confirms the high risk of transplacental and lactogenic transmission. Dogs over 5 years of age serve as the primary reservoir (81.1%). Helminthological necropsy results (n = 32) demonstrated extremely high parasite accumulation. In particular, the mean of 898.0 ± 115.5 Echinococcus granulosus specimens per dog attests to the severity of the sanitary-epizootological situation in the area. Dirofilariasis and nematodoses remain the primary problem in urbanised areas, while Echinococcus granulosus poses the main challenge in districts with developed livestock farming. The results obtained provide a scientific basis for: (a) implementing regular and mandatory deworming programmes; (b) strengthening sanitary surveillance at slaughterhouses; (c) systematic monitoring of stray dog populations; and (d) intensifying hygiene and health education activities among the population regarding parasitic diseases.
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Table 1. Population composition of examined dogs
	Examination method
	Total
	Domestic dogs
	Stray dogs

	Laboratory analysis
	150
	78 (43 ♂, 35 ♀)
	72 (31 ♂, 41 ♀)

	Helminthological necropsy
	32
	—
	32 (14 ♂, 18 ♀)


Note: The predominance of females (41) among stray dogs represents a demographic factor contributing to the stable maintenance of parasitic foci.
Table 2. Distribution of dogs by age groups
	Dog category
	Up to 6 months
	6 months – 3 years
	3 – 5 years
	Over 5 years

	Domestic dogs
	11
	21
	19
	27

	Stray dogs
	9
	20
	17
	26


Note: Dogs over 5 years of age constituted the largest group (n = 53), presenting as the primary carriers of parasites.













Table 3. Distribution of parasite species and statistical significance (d.f. = 2)
	Parasite type
	Parasite name
	%
	95% CI
	χ² (d.f.=2)
	p-value

	Nematoda
	Ancylostoma caninum
	19.2
	13.5–25.0
	26.31
	<0.001

	Nematoda
	Toxocara canis
	84.7
	78.9–90.4
	157.20
	<0.001

	Nematoda
	Dirofilaria immitis
	26.0
	19.0–33.0
	8.57
	0.014

	Nematoda
	Dirofilaria repens
	15.3
	9.6–21.1
	31.51
	<0.001

	Protozoa
	Cystoisospora spp.
	54.0
	46.0–62.0
	21.21
	<0.001

	Cestoda
	Dipylidium caninum
	35.3
	27.7–43.0
	0.33
	0.85

	Protozoa
	Giardia spp.
	24.7
	17.8–31.6
	10.32
	0.006

	Cestoda
	Echinococcus granulosus
	45.3
	37.4–53.3
	3.83
	0.147


Note: The extremely high statistical significance for Toxocara canis and Ancylostoma caninum (p < 0.001) confirms the consistent age-related distribution of these parasites in young dogs. No statistically significant age-group differences were found for Dipylidium caninum (p = 0.85) and Echinococcus granulosus (p = 0.147), indicating uniform distribution across all age groups.








Table 4. Infestation dynamics by age group
	Age group
	Total number
	Number infested (%)

	Up to 6 months
	20
	14 (70.0%)

	6 months to 3 years
	41
	28 (68.3%)

	3 to 5 years
	36
	28 (77.8%)

	Over 5 years
	53
	43 (81.1%)


Note: Infestation rates are closely associated with animal age. The high infestation proportion (70.0%) among puppies up to 6 months confirms transplacental and lactogenic transmission routes. The highest absolute infestation count (43; 81.1%) was observed in dogs over 5 years of age.
Table 5. Number and mean intensity of parasites identified during the study (n = 32)
	Parasite name
	Number of infested dogs
	Total specimens found
	Mean intensity (M±m)

	Ancylostoma caninum
	5
	172
	34.4 ± 4.1

	Toxocara canis
	24
	673
	28.0 ± 3.8

	Dirofilaria immitis
	9
	49
	5.4 ± 1.2

	Dirofilaria repens
	4
	17
	4.2 ± 0.9

	Echinococcus granulosus
	15
	~13,470
	898.0 ± 115.5

	Dipylidium caninum
	11
	54
	4.9 ± 1.1

	Giardia spp.
	17
	137
	8.0 ± 1.5

	Cystoisospora spp.
	13
	34
	2.6 ± 0.6


Note: The quantitative indicators of parasites identified by helminthological necropsy reveal the severity of the epizootological situation in the area. A total of 673 Toxocara canis and 172 Ancylostoma caninum specimens demonstrate nematode dominance. Particularly noteworthy is the mean of 898.0 Echinococcus granulosus specimens per dog, indicating the presence of extremely dangerous zoonotic foci in Samarkand region.
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Figure 1. Geographic map of the study area — Samarkand region, Uzbekistan (🔴 Red: High damage intensity; 🟡 Yellow: Moderate damage intensity).
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Figure 2. Small intestine infected with Toxocara canis under laboratory conditions (Samarkand region, 2025, foto by authors).
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Figure 3. Sample obtained during helminthological necropsy: pathological changes in the small intestine infected with Toxocara canis (Samarkand region, 2025, foto by authors).
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Figure 4. Stray dog specimen examined in the study: Helminthological necropsy procedure, (Samarkand region, 2025, foto by authors).
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Figure 5. Ancylostoma caninum: adult A. caninum specimens recovered from dog intestine (Samarkand region, 2025, foto by authors).
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