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			Abstract | Haemonchus contortus, (barber pole worm), is a significant nematode affecting ruminant’s in tropical and subtropical regions. Present study examined the prevalence of H. contortus infection in goats in the interior of Sindh, Pakistan, and evaluated the effectiveness of bio-anthelmintics on adult worms. Prevalence was monitored through a survey across five districts, which revealed an overall infection rate of 52.4%, with the highest (P= 0.001) risk observed in goats aged 8 to 12 months, at 66.11%. In addition, gender base susceptibility revealed males goats were more affected (P= 0.001), showing a 60% infection compared to 49.14% in females’ goats. Seasonal analysis indicated that the summer and monsoon seasons supported a higher (P= 0.000) prevalence of 64.44% compared to winter, at 21.42%. The study also assessed the efficacy of Bacillus thuringiensis purified crystal proteins and spore-crystal mixtures, adult H. contortus were treated with these substances at specified concentrations, and motility was measured after 12, 24, and 48 hours. The purified crystal protein at 2 mg/ml reduced worm mobility by 50% after 12 hours, 66.66% after 24 hours, and 83.33% after 48 hours. The spore crystal suspension at 1x108 led to a mobility reduction of 16.66% after 12 hours, 25% after 24 hours, and 66.66% after 48 hours. Overall, the findings indicate that B. thuringiensis toxins can effectively serve as a bio-anthelmintic for controlling worm burdens in small ruminants.
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			Introduction

			Pakistan is the world’s third-largest goat-producing country after China and India. It is rich in goat genetics. Diversity exists in the production system at the phenotypic and genetic levels within and across breeds (Khan et al., 2008; Moaeen-ud-Din et al, 2022). Moreover, as far as feeding techniques are concerned, the most prevalent one is grazing or grazing with some forage. However, the risk of gastrointestinal nematodes, especially Haemonchus contortus, is increased on grazing based diet (Bricarello et al., 2023).

			H. contortus, a highly pathogenic, blood-sucking parasite that affects small ruminants and is a significant cause of mortality worldwide (Besier et al., 2016; Wei et al., 2025). Additionally, it leads to significant economic losses in terms of production and breeding (Wang et al., 2017; Fayaz et al., 2019). Furthermore, the outbreak of Haemonchosis was based on seasonality, egg output, and worm burden, which increased from late April to late May and decreased immediately until late July, reached the second peak in early August, decreased again, and then remained at a low level till next April (Song et al., 2007). However, gender-wise prevalence is higher in male goats in comparison to female goats (Tasawar et al., 2010).

			H. contortus is primarily found in warm, humid countries where sheep and goats are raised (Wei et al., 2025). It was a high-incidence reported nematode in Pakistan (Khan et al., 2010; Lashari et al., 2011; Ayaz et al., 2013). Antiparasitic drug resistance is another serious issue that helps its growth, resistance is produced due to genetic changes in H. contortus across different locations and periods, both during and after the implementation of specific treatment or control strategies, as well as due to environmental, management, and climate factors (Yin et al., 2016; Fidèle et al., 2024). Anthelmintic resistance now reaching epidemic levels in small ruminants in the U.S., non-chemical control alternatives are critically needed (Terrill et al., 2012). Furthermore, non-chemical control with Bacillus thuringiensis showed activity was similar to that observed by anthelmintic treatment, and it could be used as an alternative biological method for controlling the internal parasites (Lopez et al., 2002; Sinott et al., 2012). In addition, B. thuringiensis works through a well-known protein mechanism that causes toxicity, which helps prevent the nematode population and serves as a bioanthelminthic. B. thuringiensis proteins titled Cry (crystal produced during a specific growth process), Vip (vegetative insecticidal proteins produced during the vegetative period), and Cyt (cytolytic, pore-forming proteins). These proteins are known for their effectiveness in targeting various insects and nematodes, and have also shown potential in combating certain human cancer cells. These toxins also help to control the H. contortus population (Sinott et al., 2016; Lopez-Arellano et al., 2002).

			During the present study, goats from Sindh province of Pakistan were selected to monitor the prevalence percentage of H. contortus, which is commonly found in small ruminants (Gareh et al., 2021) and produces mortality in goats (Hounzangbe-Adote et al., 2005). In addition, we applied different concentrations of bacterial crystal proteins and spore crystal suspensions to adult H. contortus and checked their efficacy.

			 

			Materials and Methods 

			Epidemiological study 

			Present study conducted a survey to determine the types of small ruminants preferred by local communities across five districts in Sindh, Pakistan: Tando Allahyar, Mirpur Khas, Umerkot, Mithi, and Tharparkar. Results indicated that goats outnumber sheep in these areas. Then, we gathered historical data from farmers regarding the rearing methods employed, focusing on whether the animals were raised on a grazing-based diet or through stall feeding. Based on our observations of dietary practices, we selected a grazing-based rearing system. 

			To identify parasite levels, we looked at clinical signs, used the FAMACHA test, and checked the animals’ physical condition. Animals that seemed more likely to be infected were separated, and their fecal samples were collected. We then used the McMaster technique to check for worm infection (Zajac and Conboy, 2012). The present study surveyed about 1,000 animals from different districts, and chose severely infected goats for the faecal sample collection to establish a monospecific flock (Urquhart et al., 1996).

			Prevalence and associated risk factors (age, sex, and season) 

			To assess the prevalence of H. contortus, we categorized the animals by age, sex, and season, then established three distinct age groups: Group One includes flocks younger than 8 months, Group Two comprises animals aged 8 to 12 months, while Group Three consists of herds that are 12 months or older. Each gender was screened separately to determine the infection rate and to evaluate gender-related differences (Tasawar et al., 2010). We also studied how parasite breeding patterns changed with the seasons, from winter 2021 through summer and the monsoon season of 2022. 

			Parasite analysis

			Based on the FAMACHA guide test and McMaster results, we selected 20 severely infected animals to isolate H. contortus eggs. Briefly, faecal samples were analyzed by performing EPG using the McMaster technique (Tasawar et al., 2010). A 3-gram sample of pellets was transferred into a saturated saline solution, mixed thoroughly, filtered, and allowed to rest for 30 seconds. The resulting solution was then poured into McMaster chambers, where the gastrointestinal strongyle counts were determined at a magnification of 40x. The mean eggs per gram (EPG) value was calculated from 12 replicates. The Coefficient of Variation (CV) was determined by dividing the standard deviation (S.D.) by the mean EPG value, using the formula CV = (S.D. / mean EPG) x 100. This same method was applied to high-infection samples (Kaplan et al., 2004). Furthermore, the identification of H. contortus eggs was carried out using established identification keys (Zajac and Conboy, 2012). After confirming H. contortus infection, animals with egg counts exceeding 1000 eggs per gram of feces were isolated for final sampling. Fecal samples were collected and cultured for one week at a temperature of 28 °C and 80% humidity in a controlled incubator. After seven days, third-stage larvae (L3) were harvested using the Baermann technique and counted under a microscope at 40x magnification (MRJ microscope). The harvested L3 were quantified, and a total of 8000 L3 were orally administered to a nematode-free experimental flock to establish a monospecific species (Bravo et al., 2011; Iqbal et al., 1993). Adult worms were collected from a monospecific flock.
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			Figure 1: Stomach collected immediately after slaughter.

			Efficacy of B. thuringiensis purified crystal proteins and spore crystal suspension against adult H. contortus worms in vitro 

			Application of different dosages

			The experimentally infected goats were euthanised. The abomasum was collected immediately after death (Figure 1). The specimen was rinsed with saline and then transferred to a Baermann apparatus containing saline at 37°C. After two hours, the worms that had migrated into the saline were gathered (Figure 2) and quickly placed into a 12-well plate, with ten worms per well. The worms were washed in PBS with 4% penicillin for 1 hour, following standard protocol (Zajac and Conboy, 2012; Tasawar et al., 2010). After washing, all multiwall plates were labelled A-G. Plate-A was treated with purified crystal proteins diluted in normal saline at a concentration of 2mg/ml, followed by Plate-B, 1.5mg/ml, and Plate-C, 1mg/ml. Furthermore, Plate-D was treated with spore-crystal suspension at a concentration of 1 x 108, followed by Plate-E 1 x 107 and Plate-F 1 x 106 colony-forming units/ml. For control, we use Plate-G and added normal saline (Table 1) (López et al., 2006).
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			Figure 2: H. contortus worms isolated from the Abomasum.

			Mobility check 

			All multiwell plates containing varying concentrations were individually placed in a temperature-controlled incubator (Constant Temperature and Humidity Incubator (HWS)) following 12, 24, and 48 hours of treatment with the purified crystal mix and spore crystal suspension. The mobility of the worms was assessed using an MRJ microscope with 40x magnification and compared to the control group (Sinott et al., 2012). 

			Mobility calculation 

			A mobility index was calculated for each observation by dividing the number of immobile worms by the total number of worms.

			 

			Bacterial toxins isolation and species identification

			Previously, we examined B. thuringiensis through staining, biochemical tests, and PCR tests. Sequence analysis was

			Table 1: Distribution of doses in each 12-well plate.

			
				
					
					
					
					
					
				
				
					
							
							Application of purified crystal proteins on adult H. contortus 

						
					

					
							
							Protein concentration

						
							
							Plate-A (2mg/ml)

						
							
							Plate-B (1.5mg/ml)

						
							
							Plate-C (1mg/ml)

						
							
							 Plate-G (Control) 

						
					

					
							
							Number of worms/well

						
							
							10

						
							
							10
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							10

						
					

					
							
							Application of spore crystal suspension on adult H. contortus

						
					

					
							
							Spore crystal mix concentration

						
							
							Plate-D (108 CFU/ml)

						
							
							Plate-E (107 CFU/ml)

						
							
							Plate-F (106 CFU/ml)

						
							
							Plate-G (Control)

						
					

					
							
							Number of worms/well

						
							
							10

						
							
							10

						
							
							10

						
							
							10

						
					

				
			

			conducted to confirm the bacterial species for the isolation of crystal proteins. Following the separation of the crystal proteins from the spores, the protein profile of the crystals was analyzed using SDS-PAGE. This analysis revealed three prominent bands at approximately 70 kDa, 36 kDa, and 15 kDa, in addition to several minor bands (Panhwer et al., 2023).

			Statistical analysis

			Statistical analyses were conducted using MedCalc’s statistical software to monitor the odds ratio (95% CI) and p-value. Additionally, worms’ motility percentages were calculated using MS Excel.

			Results

			Epidemiological findings of H. contortus 

			The prevalence of Haemonchus spp. in the study area was found to be 52.4%. Affected animals exhibited symptoms including diarrhoea, weakness, anaemia, and weight loss. Anemia levels were assessed using FAMACHA strips. Furthermore, a Fecal Egg Count (FEC) test was conducted utilizing the McMaster technique to confirm the presence of H. contortus. This survey also took into account factors such as age, gender, and seasonality.

			Age

			We investigated the relationship between age groups and H. contortus infection in goats during this study. Our results indicate that the age of the host significantly (P = 0.001; CI: 1.176 - 1.899) affected the infection rate. We categorized the goats into three age groups to identify which group is most susceptible to H. contortus. Our findings revealed that goats aged 8 to 12 months were at the highest risk, with an infection rate of 66.11%. In contrast, goats younger than 8 months had an infection rate of 47.22%, while those aged 12 months and older experienced a slightly lower rate of 43.51% (Table 2).

			Gender

			The prevalence of Haemonchus contortus was observed to be higher in male goats, with an infection rate of 60%, compared to 49.14% in female goats (P= 0.001; CI: 0.490 - 0.848) (Table 2). Present study indicates that male goats are at a greater risk of infection than female goats.

			Season

			Seasons play a crucial role in the growth of various nematode species. In this study, we examined the winter season of 2021 and the summer and monsoon seasons of 2022, during which all five districts experienced flooding. Our findings indicate that the summer and monsoon seasons significantly (P= 0.000; CI: 4.808 – 9.186) enhanced the nematode population, with a prevalence percentage of 64.44% compared to 21.42% in winter (Table 2).

			Haemonchus identification

			Conventional identification of H. contortus was performed based on physical appearance, and eggs were identified using published keys.

			Bio-anthelmintic properties of B. thuringiensis purified crystal proteins and spore crystal suspension on adult H. contortus worms in vitro 

			Worm motility

			The study aimed to control adult H. contortus using bio-anthelmintic in vitro. Purified crystal proteins and spore crystal suspensions of B. thuringiensis were administered to adult worms to evaluate motility at various time intervals.  The results indicated that purified crystal proteins significantly impacted worm motility at a concentration of 2 mg/ml, showing rapid effects with 50% mortality after 12 hours of treatment, 66.66% after 24 hours, and 83.33% after 48 hours. In comparison, 1.5 mg/ml concentration resulted 33.33% mortality at 12 hours, followed by 41.66% at 24 hours, and 75% at 48 hours. Furthermore, 1 mg/ml showed 4.1% mortality at 12 hours, 16.66% at 24 hours, 

			Table 2: Risk factors and prevalence of haemonchosis in goats.

			
				
					
					
					
					
					
				
				
					
							
							Variable

						
							
							No. examined

						
							
							Positive No. (%)

						
							
							Negative No. (%)

						
							
							Odds ratio, (95% C.I) p-value

						
					

					
							
							Age

						
					

					
							
							≤8 month

						
							
							360

						
							
							170(47.22) 

						
							
							190 (52.77)

						
							
							1.494, (1.176 - 1.899)
P = 0.0010

						
					

					
							
							8-12 months

						
							
							180

						
							
							119 (66.11)

						
							
							61 (33.88)

						
					

					
							
							>12month 

						
							
							540

						
							
							235 (43.51) 

						
							
							305 (56.48)

						
					

					
							
							Sex

						
					

					
							
							Female

						
							
							700

						
							
							 344 (49.14)

						
							
							356(50.85)

						
							
							0.644, (0.490 - 0.848) 
P = 0.0017

						
					

					
							
							Male

						
							
							300

						
							
							180 (60)

						
							
							120 (40)

						
					

					
							
							Season

						
					

					
							
							Summer (rainy)

						
							
							720 

						
							
							464 (64.44)

						
							
							256 (35.55)

						
							
							6.646, (4.808 - 9.186)
P < 0.0001

						
					

					
							
							Winter

						
							
							280

						
							
							60 (21.42)

						
							
							220 (78.57)

						
					

					
							
							Total

						
							
							1000

						
							
							524 (52.4)

						
							
							476 (47.6)

						
							
							P-value < 0.00001

						
					

				
			

			Table 3: Worm mobility percentage after application of different concentrations of Purified crystal proteins and spore crystal mix. 

			
				
					
					
					
					
					
				
				
					
							
							Treatment type

						
							
							Concentration

						
							
							12 h

						
							
							24 h

						
							
							48 h

						
					

					
							
							Normal saline

						
							
							0.9%

						
							
							0 (0.00%)

						
							
							10 (8.33%)

						
							
							80 (66.66%)

						
					

					
							
							Purified crystal proteins

						
							
							2ml

						
							
							60 (50.00%)

						
							
							80 (66.66%)

						
							
							100 (83.33%)

						
					

					
							
							1.5ml

						
							
							40 (33.33%)

						
							
							50 (41.66%)

						
							
							90 (75.00%)

						
					

					
							
							1ml

						
							
							5 (4.16%)

						
							
							20 (16.66%)

						
							
							70 (58.33%)

						
					

					
							
							Spore crystal suspension

						
							
							108 CFU/ml

						
							
							20 (16.66%)

						
							
							30 (25.00%)

						
							
							80 (66.66%)

						
					

					
							
							107 CFU/ml

						
							
							0 (0.00%)

						
							
							10 (8.33)

						
							
							70 (58.33%)

						
					

					
							
							106 CFU/ml

						
							
							0 (0.00%)

						
							
							5 (4.16%)

						
							
							75 (62.50%)

						
					

				
			

			and 58.33% at 48 hours. The second treatment contains spore crystal suspension, at a concentration of 1 x 108 exhibited slight effects on worm motility, with 16.66% mortality at 12 hours, 25% at 24 hours, and 66.66% at 48 hours. In addition, 1 x 107 demonstrated no mortality at 12 hours, followed by 8.33% at 24 hours and 58.33% at 48 hours. whereas 1 x 106 did not impact motility at 12 hours, with subsequent mortality rates of 4.1% at 24 hours and 62.5% at 48 hours, in comparison of control group (Table 3). 

			The findings of this study indicate that purified crystal proteins at a concentration of 2 mg/ml are highly effective in controlling H. contortus motility. Additional observations revealed that as the duration of treatment increased, worm motility decreased, ultimately resulting in mortality across all treatments, including the control group.

			Discussion

			During the present study, goats from various localities in Sindh, Pakistan, were selected to monitor the prevalence and epidemiology of H. contortus. Five different districts in the interior of Sindh were chosen. Various studies indicate that H. contortus is commonly found in small ruminants (Lopez et al., 2002). Based on clinical signs and the FAMACHA anemia guide test, it was determined that most animals in these areas are infected with Haemonchosis. Other findings also revealed that H. contortus is one of the most frequently reported nematodes in Pakistan (Fayaz et al., 2019; Lashari, 2011; Ayaz et al., 2013). The current study examined the prevalence of H. contortus, which was found to be 52.4% among goat populations in Sindh, Pakistan. Additionally, we monitored the animals based on factors such as age, gender, and seasonal variation, as summarized in Table 2. Our findings indicated that male goats are at a higher risk of H. contortus infection, with an infection rate of 60% compared to female goats 49.14%. These findings align with previous research conducted by other scholars (Mandonnet et al., 2003; Tasawar et al., 2010). During the current study, we observed a significant incidence of disease, predominantly occurring in the summer and monsoon seasons, accounting for 64.44% of cases, in contrast to 21.42% during winter. This aligns with previous research, which highlighted a 90.10% infection rate during the monsoon season compared to 83.84% in summer (Singh et al., 2017). Additionally, our findings suggest that infants aged 8 to 12 months are especially vulnerable, likely due to their developing immune systems. Similarly, weaker immunity in both younger and older animals may explain the higher prevalence of Haemonchosis (Regassa et al., 2024).

			Another aspect of the current study focuses on Biological control, a method utilized in agriculture for years to manage pests without relying on chemical pesticides (Betz et al., 2000). We are applying this approach to combat the highly pathogenic gastrointestinal parasite H. contortus. Another study reported that nearly all helminths, as well as ecto- and endoparasites, have natural enemies, effective management of these natural antagonists can lead to better control of parasites (Ikele et al., 2024; Mahr and Ridgway, 1993; Widiarso, 2018).

			Bacillus thuringiensis is recognized as an environmentally friendly bacterium (Zajac and Conboy, 2012) and has shown significant effects on nematodes compared to traditional anthelmintic medications. The problem of anthelmintic resistance is becoming increasingly critical globally, with multidrug resistance (MDR) in nematodes impacting the productivity of both small and large ruminants. This underscores the pressing need to develop innovative solutions to address this challenge (Kumar et al., 2008). 

			The protein produced by B. thuringiensis interacts with parasitic worm proteins, allowing them to bind to receptors on the gut lining. This binding results in the formation of holes in the gut, leading to cell death (Kumar et al., 2008). Our focus on Bacillus strains, particularly B. thuringiensis, emphasizes their effectiveness in controlling the H. contortus population. Present study uncovered in vitro nematocidal properties of B. thuringiensis crystal proteins (Btcp’s) and the B. thuringiensis spore-crystal mix. We observed that Btcp’s at a concentration of 2 mg/ml resulted in a significant reduction (50%) in worm motility over 12 hours, in contrast, a spore-crystal suspension at a concentration of 1 × 108-CFU/ml only achieved a 16.66% reduction in motility during the same time frame. Detailed findings can be found in Table 3. Other studies support these result on reduction of H. contortus larval development (Sinott et al, 2012; Panhwer et al., 2023). 

			The results indicated that the purified crystal proteins were more toxic to adult H. contortus. Other findings revealed that the B. thuringiensis crystal Cry5B exhibited excellent efficacy in vitro against larval stages (Sanders et al., 2020), and the Cry11Aa toxin also demonstrated the same ability (DE et al., 2016).

			Conclusion

			In conclusion, our findings suggest that toxins of Bacillus thuringiensis have great potency as an alternative source of bioanthelminthic. The purified crystal proteins derived from isolated Bacillus thuringiensis exhibit a toxic effect on adult Haemonchus contortus worms at a concentration of 2 mg/ml. We propose that these toxins could provide a viable treatment option for small ruminants facing the challenge of anthelmintic resistance.
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Prevalence and Risk Factors of Haemonchus contortus Infection along
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Abstract | Haemonchus contortus, (barber pole worm), is a significant nematode affecting ruminant’s in tropical and
subtropical regions. Present study examined the prevalence of H. contortus infection in goats in the interior of Sindh,
Pakistan, and evaluated the effectiveness of bio-anthelmintics on adult worms. Prevalence was monitored through a
survey across five districts, which revealed an overall infection rate of 52.4%, with the highest (P= 0.001) risk observed
in goats aged 8 to 12 months, at 66.11%. In addition, gender base susceptibility revealed males goats were more
affected (P= 0.001), showing a 60% infection compared to 49.14% in females’ goats. Seasonal analysis indicated that
the summer and monsoon seasons supported a higher (P= 0.000) prevalence of 64.44% compared to winter, at 21.42%.
The study also assessed the efficacy of Bacillus thuringiensis purified crystal proteins and spore-crystal mixtures, adult
H. contortus were treated with these substances at specified concentrations, and motility was measured after 12,24, and
48 hours. The purified crystal protein at 2 mg/ml reduced worm mobility by 50% after 12 hours, 66.66% after 24 hours,
and 83.33% after 48 hours. The spore crystal suspension at 1x10° led to a mobility reduction of 16.66% after 12 hours,
25% after 24 hours, and 66.66% after 48 hours. Overall, the findings indicate that B. #huringiensis toxins can effectively
serve as a bio-anthelmintic for controlling worm burdens in small ruminants.
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INTRODUCTION

risk of gastrointestinal nematodes, especially Haemonchus
contortus, is increased on grazing based diet (Bricarello o7
Pakistan is the world’s third-largest goat-producing /., 2023).
country after China and India. Itis rich in goat genetics.
Diversity exists in the production system at the phenotypic

and genetic levels within and across breeds (Khan ez a/.,

H. contortus, a highly pathogenic, blood-sucking parasite
that affects small ruminants and is a significant cause of

2008; Moaeen-ud-Din e a/, 2022). Moreover, as far as
feeding techniques are concerned, the most prevalent
one is grazing or grazing with some forage. However, the

mortality worldwide (Besier et al., 2016; Wei ¢z al., 2025).
Additionally, it leads to significant economic losses in terms
of production and breeding (Wang e al., 2017; Fayaz et
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