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Abstract
Efficacy of Ivermectin was determined against Ancylostoma and Toxocara species in naturally infected dogs. Twenty non-descript dogs in the age group of 6 -12 months and of either sex were selected in a Non-Government Organization, Kolkata and all the dogs had natural Ancylostoma and Toxocara infection. Faecal egg count in terms of eggs per gram of faeces (EPG) was measured in all the dogs and based on EPG dogs were divided into two equal groups. One group of dogs (n = 10) was treated with Ivermectin @ 0.2mg/kg body weight through S/C route and the other group was kept as infected untreated control (n = 10). Faecal egg count of all the dogs was measured again on 10 days post treatment (DPT). Haemoglobin (Hb), packed cell volume (PCV), total erythrocyte count (TEC) and total serum protein (TSP) concentration of all the dogs were estimated on ‘0’ and 10 DPT.
Ivermectin was found to be 100% effective against Toxocara and Ancylostoma. Single application of Ivermectin significantly improved haematological values and serum protein concentration in treated dogs compared to infected dogs. The present study indicated that Ivermectin is highly effective against common gastrointestinal nematodes and can be used strategically in dogs.  
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1. Introduction
Dogs are most important and lovable companion animals of human being. Number of dogs as pets are increasing day by day in towns and cities. Dogs have been found to be infected with different types of ecto and endo parasites. Among the endoparasites different types of gastrointestinal (GI) helminth parasites are most common. Gastrointestinal helminth parasites are noticed in all ages, but in puppies it is more prevalent (Barutzki and Schaper, 2013) due to prenatal transmission and lowered level of immunity. The major GI parasites of dogs are Ancylostoma, Toxocara, Trichuris, coccidian parasites and Giardia (Kumar et al., 2015; Khante et al., 2009). Toxocara canis and Ancylostoma caninum are the two important parasites of dogs all over the world including India (Panigrahi et al., 2014; Rouf et al., 2017; Pratihar et al., 2024). Due to close relationship with human being dogs can be an essential host for transmission of zoonotic illness particularly zoonotic helminths like visceral larva migrans by Toxocara, cutaneous larva migrans by Ancylostoma, hydatid cyst, Diphyllobothrium, Trichuris trichiura. Therefore, routine deworming of dogs is a prerequisite for betterment of pets and pet-owners. Indiscriminate use of anthelmintics in ruminants has resulted in emergence of anthelmintic resistance in ruminant worm population (Gelot et al., 2016). Anthelmintic resistant strains of GI nematodes have also been reported in dogs (Marsh & Lakritz, 2023). In India pet dogs are routinely treated with anthelmintics but deworming is not practiced for the street dogs. Monitoring of efficacy of commonly used anthelmintics against canine GI nematodes is not generally practiced regularly in India. Therefore, the present study was designed to evaluate the efficacy of Ivermectin against naturally occurring Toxocara and Ancylostoma species infection in dogs.
2. Materials and Methods
2.1. Selection and treatment of experimental dogs
Forty stray dogs in the age group of 6 months to one year were selected in a Non-Government Organization named ‘Ashari’ in Kolkata, West Bengal, India. All the forty dogs were coprologically screened by standard sedimentation and floatation technique (Soulsby, 1982). Dogs found positive for GI nematodes were subjected to quantitative faecal examination by modified McMaster technique (Soulsby, 1982) to determine eggs per gram of faeces (EPG). Finally, twenty dogs including male and female animals showing EPG greater than 500 were selected for studying the efficacy of Ivermectin against GI nematodes of dogs. 
Twenty dogs were divided into two equal groups; one group (n = 10) was treated with Ivermectin @ 0.2mg/kg body weight through S/C route and the other group was maintained as infected untreated control.
2.2. Determination of FEC, haematological values and serum protein
Faecal egg count of all the dogs was measured on ‘0’ day post treatment (DPT) and again on 10 DPT by modified McMaster technique (Soulsby, 1982). Efficacy of Ivermectin was determined by faecal egg count reduction test suggested by Coles et al. (2006) and the per cent efficacy was calculated as per the following formula:
% Efficacy = EPG of untreated dogs – EPG of treated dogs     X 100%
				EPG of Untreated dogs

To study the haemato-biochemical impact of Ivermectin treatment about 2 mL of blood was drawn out aseptically from the recurrent tarsal vein or radial vein on two occasions i.e. on 0 DPT and 10 DPT following the standard procedure. About 1 mL of blood was used for estimation of haematological values and rest 1 mL blood was kept undisturbed to separate serum and estimation of total serum protein (TSP) concentration.
Haemoglobin concentration (Hb; gm/ dL) and packed cell volume (PCV%) of all the experimental dogs were estimated by Sahli’s method and microhaematocrit method, respectively (Schalm et al., 1986). Total erythrocyte count (TEC; x106/µL) was estimated by the method described by Schalm et al. (1986). Total serum protein (gm /dL) was measured by Biuret method (Reinhold, 1953). 
2.3. Statistical Analysis
All the data which were obtained during the present investigation were analyzed in IBM, statistically to draw a valid conclusion in SPSS (version 20.0) software, using one-way Anova. The results were expressed in terms of mean and standard error (SE). A probability value of P < 0.05 was described as significant and P > 0.05 was described as nonsignificant.
3. Results and Discussion
All the twenty dogs were infected with Ancylostoma and Toxocara species. The FEC of the infected untreated dogs in terms of mean EPG was 2023 (±703.51) for Ancylostoma species and 650 (± 285.48) for Toxocara species on 0 DPT and on 10 DPT the values were 2160 (±672.67) and 435 (±89.76) for Ancylostoma and Toxocara species, respectively. Before giving treatment, the treated group of dogs showed a mean EPG of 2685 ± 892.03 for Ancylostoma infection and 870 ± 174.35 for Toxocara sp. infection respectively on 0 DPT. On 10 DPT no eggs of Ancylostoma and Toxocara were observed in the faecal samples of treated group of dogs. Hence, the efficacy of ivermectin was recorded as 100% against the common GI nematodes of dogs. This complete faecal egg count reduction by 10 DPT is consistent with earlier experimental and field evidence showing marked efficacy of ivermectin against canine intestinal nematodes, including Ancylostoma infections, when used at appropriate dose levels (Anderson & Roberson, 1982; Bhanjadeo et al., 2023; Panigrahi et al., 2016; Wang et al., 1989). Ivermectin acts as an agonist of GABA and inhibits the glutamate-activated chloride ion channel, causing hyperpolarization followed by death of the parasites (Rahman et al., 2023). Macrocyclic lactones such as ivermectin are therefore pharmacologically relevant for nematode control, although efficacy findings should be interpreted in relation to parasite species, route of administration, dose, and follow-up interval (Nolan & Lok, 2012). Ivermectin has been utilized as an anthelmintic in dogs for a long time (Rachel & Suryanarayana, 2001; Wang et al., 1989) and, in the present short-term assessment, it showed high efficacy against the detected canine nematodes. As in the present study, other workers from different parts of the world recorded greater efficacy of ivermectin or related anthelmintic protocols against gastrointestinal nematodes in companion animals (Ardelean et al., 2006; Panigrahi et al., 2016; Widiyono et al., 2023). At the same time, the interpretation should remain cautious because WAAVP guidance emphasizes adequate sampling, appropriate control comparison, and repeated monitoring when faecal egg count reduction tests are used to infer anthelmintic efficacy, and recent reports of drug-resistant A. caninum indicate the need for continued surveillance (Coles et al., 2006; Jimenez Castro et al., 2019; Marsh & Lakritz, 2023).
Ancylostoma is a voracious blood sucker and protein-losing enteropathy is a common effect of GI nematodes (Soulsby, 1982). Anaemia and hypoproteinaemia are common symptoms of combined infection of Ancylostoma and Toxocara in dogs. Therefore, the effect of ivermectin on haemato-biochemical parameters was measured in treated dogs. Before treatment (on 0 DPT), there was no significant difference in haematological values (Hb, PCV and TEC) and serum protein concentration between the treated and untreated groups of dogs. While on 10 DPT, all the three indicators of anaemia (Hb, PCV and TEC), including serum protein concentration, improved markedly in treated dogs and these values were significantly (P < 0.05) higher than the untreated dogs (Table 1). This response agrees with previous canine helminth studies in which reduction of gastrointestinal nematode burden was accompanied by improvement in haematological and serum biochemical variables, particularly in hookworm-positive dogs (Bhanjadeo et al., 2023; Rachel & Suryanarayana, 2001; Rouf et al., 2017). The higher TSP in treated dogs is biologically plausible because removal of intestinal nematodes can reduce ongoing mucosal injury, blood loss, and protein leakage, although the present data cannot separate direct drug effect from the effect of parasite clearance.
Ancylostoma species suck 0.01-0.09 ml of blood per worm per day and secrete different types of enzymes in saliva; saliva also contains major anticoagulants (Harrison et al., 2002) that cause damage in gastrointestinal epithelial tissue, leading to escape of protein, mainly albumin, to the lumen of the intestine due to its lower molecular size and thus resulting in anaemia and hypoalbuminaemia as recorded in the present study. This mechanism is consistent with the recognized pathogenicity of canine hookworms, which are important both for animal health and for zoonotic risk management (Traversa, 2012). Toxocara sp. also causes anaemia but not directly as hookworm. Due to the robust size of Toxocara, it blocks the surface area of intestinal epithelial layers leading to decreased absorption of nutrients, and it also irritates the epithelial layer resulting in leakage of blood and protein into the intestinal lumen (Lan et al., 2015). In the treated dogs, no eggs of GI nematodes were found on 10 DPT, indicating clearance of egg shedding and thereby improvement of haematological and serum protein concentration. Whereas untreated dogs continued to carry a heavy worm load as indicated by their FEC, and thus lower haematological values and protein concentration were expected due to the pathogenic effects of GI nematodes. Therefore, the present results support short-term therapeutic benefit under the study conditions, but they should not be generalized to sustained efficacy or resistance status without longer follow-up, post-treatment egg reappearance monitoring, and larger controlled trials.
Conclusions
The study showed that ivermectin administered at 0.2 mg/kg body weight by the subcutaneous route produced complete faecal egg count reduction against naturally occurring Ancylostoma and Toxocara infections in the treated dogs by 10 days post-treatment. In contrast, untreated infected dogs continued to shed parasite eggs during the same period. Improvement in haemoglobin, packed cell volume, total erythrocyte count, and total serum protein in treated dogs suggests that removal of gastrointestinal nematode infection contributed to recovery from anaemia and protein loss associated with parasitism. These findings support the usefulness of ivermectin for controlling common gastrointestinal nematodes in dogs under the study conditions. However, the results should be interpreted as short-term efficacy evidence because the study involved a small number of naturally infected dogs and follow-up was limited to 10 days. Further studies with larger samples, longer post-treatment monitoring, and safety assessment are needed to confirm sustained efficacy and practical field application.
Limitations
This study was limited to 20 naturally infected stray dogs, with 10 animals each in treated and untreated groups. Follow-up was conducted only up to 10 days post-treatment, so sustained efficacy, reinfection, and egg reappearance were not evaluated. The study did not report breed, body weight range, sex-wise distribution, randomization, blinding, or ivermectin product details. Faecal egg count reduction was not supported by a separate detailed FEC table. Safety observations after ivermectin administration were not described. The findings should therefore be considered preliminary and should be confirmed through larger, longer, and better-controlled field studies.
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Table 1. Haemato-biochemical impact of Ivermectin treatment in dogs naturally infected Ancylostoma and Toxocara species

	Variables
	Day post treatment 
	Groups
	P value

	
	
	Treated group
	Untreated group
	

	Hb (gm / dL)
	0 DPT
	9.916b ± 0.374
	10.167 ± 0.189
	0.788 


	
	10 DPT
	11.367xa ± 0.403
	9.583y ± 0.279
	0.007 

	
	P value
	0.025
	0.115
	N = 10

	PCV %
	0 DPT
	30.383b ± 1.224
	30.683 ± 0.61
	0.972 

	
	10 DPT
	36.833xa ± 0.485
	29.767y ± 0.67
	0.000 

	
	P value
	0.001
	0.336
	N = 10

	TEC (x106/ µL)
	0 DPT
	4.746b ± 0.19
	4.818 ± 0.08
	0.912 

	
	10 DPT
	5.367xa ± 0.14
	4.693y ± 0.059
	0.000 

	
	P value
	0.026
	0.241
	N = 10

	TSP (gm/dL)
	0 DPT
	4.883yb ± 0.202
	5.067x ± 0.082
	0.014 

	
	10 DPT
	6.033xa ± 0.241
	4.823y ± 0.081
	0.004 

	
	P value
	0.004
	0.062
	N = 10






