Profiling of Benzimidazole and Avermectin Resistance in Haemonchus contortus of Small Ruminants in Maharashtra, India
ABSTRACT 

Anthelmintic resistance (AHR) is becoming a huge challenge in livestock industry, especially in small ruminants. This research is contributing to the creation of awareness of this menace and advocating the right use of drugs involved to mitigate the effect of AHR. The status AHR of two anthelmintics (Fenbendazole & Ivermectin) have been determined. At present, the control of haemonchosis in sheep and goats in India is mainly depends on the use of benzimidazole class of compounds.  However, the much casual approach of owners in the use of benzimidazole anthelmintics have been contributed in the development of anthelmintic resistance and over a period of time situation is becoming worse and alarming. To assess the status of anthelmintic resistance Haemonchus contortus of small ruminants in Maharashtra, a study was conducted during October 2017 to September 2018. A total of 669 and 667 faecal samples were collected from sheep and goats respectively. The larvae obtained from copro-culture were identified morphologically as H. contortus. In vitro larval development assay (LDA) was employed for detection of anthelmintic resistance. More than 95% eggs were hatched in the wells containing 2% DMSO (diluents used for preparation of different concentrations) and from them more than 95% larvae were developed to third stage. The half maximal inhibitory concentration (IC50), confidence interval (95% CI), resistance factor (RF) and coefficient of determination (R2) were used for interpretation of larval development assay data. The resistance was characterized by using IC50 values of susceptible isolates. In none of the region, the percent samples found resistant were below 50 percent indicating that high level of resistance in both the hosts
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Introduction

Gastrointestinal nematode (GIN) infection is a threat to the small ruminants worldwide including India. (Kaur et.al., 2025) The reasons for which is sub-clinical nature of GIN infections, lack of effective and proper implementation of deworming strategies in infected animals. After the first report of benzimidazole resistance in India (Varshney and Singh, 1976), several studies from different states (Easwaran et al., 2009, Rialch et al., 2013; 
Chandra et al., 2014; Dixit et al., 2017; Kumar et al., 2017; Mohanraj et al., 2017; Prakash et al., 2018; Parmar et al., 2019; Priyanka et al., 2019) have reported the benzimidazole resistance against Haemonchus contortus in small ruminants, suggesting that Indian small ruminant industry has a serious and emerging problem with anthelminthic resistance. Thus, it is essential to assess the administration and distribution of anthelmintic medications on a broad scale and to develop strategies to delay the emergence of anthelmintics. Hence, the study was planned with the objective, to assess status of anthelmintic resistance of Haemonchus contortus against Benzimidazole and Ivermectin.  

MATERIALS AND METHODS 

                               The naturally infected sheep and goats were used to collect the faecal samples. Ten fresh faecal samples were collected, each from goats and sheep had more than 500 Eggs Per Gram each were chosen from four different regions of Maharashtra. The faecal samples either naturally voided or directly from rectum were collected in mini zip locked polythene bags and brought to the laboratory for further processing. Enough care was taken to retain moisture in the faecal samples during transportation. To obtain clean eggs, faecal slurry was prepared by soaking of faecal pellets in tap water for 10-15 minutes. Then, slurry was initially sieved to remove the faecal debris. The filtrate was centrifuged at 2000 rpm for ten minutes. The supernatant was discarded and the tube agitated to loosen the sediment. The centrifuge tube was filled with saturated salt (NaCl) solution until the meniscus layer was formed and then cover slip gently placed. After centrifugation at 2000 rpm for ten minutes, the cover slip was gently plucked without disturbing to adhered eggs and washed with distilled water. To remove the salt solution washing of eggs was carried out with distilled water. Finally, egg concentration was adjusted to around 80 eggs/50µL†. 

Preparation of working concentrations 


Fenbendazole and ivermectin aglycone were dissolved in 100% dimethylsulfoxide (DMSO) to make a stock solution of 1 mg/ml. Fenbendazole was prepared in 2% DMSO at working dose of 0.01–0.04, 0.06–0.08, 0.1–0.3, 0.5, and 1.0 µg/ml. Final concentrations of 0.075, 0.15, 0.3, 0.6, 1.2, 2.4, 4.8, 9.7, 19.5, 39.06, 78.125, and 156.25 ηg/ml were found for Ivermectine aglycone. 
Larval development assay (LDA) 

The method explained by  Hubert and Kerboeuf's (1992) was employed with slight modification.  Each well was initially filled with 500 µl of distilled water. Subsequently, 80 µl of nutritive medium, 60 µl of egg suspension comprising roughly 80–100 eggs, and 5 µg/ml of Amphotericin B (MP Biomedicals, Mumbai) were added to each well. To facilitate the growth of L1 larvae, the plates were incubated for a whole night at 27±1°C with a relative humidity of over 80%. Following a 24-hour incubation period, the plates were checked to see how the larvae were developing. Next, 500 µl of every drug concentration were added to the wells, whereas the control wells received 500 µl of 2% DMSO. To keep the humidity and temperature constant, soaked cotton in water was placed outside wells. 

            The plates were incubated at 27±1°C and >80% relative humidity for seven days. The hatched larvae were subjected to varying concentrations of Fenbendazole and Ivermectin. In DMSO, different concentrations of both medications were created. After adding a few drops of 10% formalin to finally stop the reaction, the number of eggs and L1, L2, and L3 larvae were counted. The half maximal inhibitory concentration (IC50), confidence interval (95% CI), resistance factor (RF) and coefficient of determination (R2) were used for interpretation of LDA data. The resistant was characterized by using IC50 values of susceptible isolates.

RESULTS AND DISCUSSION


The results of larval culture are as presented in the tables. The more than 95% eggs were hatched in the wells containing 2% DMSO and from them, more than 95% larvae were developed to third stage. Individual adult male of H. contortus worms were identified and confirmed on the basis of their characteristic morphological features described by Soulsby (1965).

In Konkan region, two isolates from sheep were susceptible to fenbendazole with  IC50 value  of  0.020 to 0.022 µg/ml (Table 1). The remaining two isolates from sheep were found be resistant with IC50 (µg/ml) were 0.070 and 0.079. Among four isolates of goats, two were susceptible and two isolates were resistant to fenbendazole and IC50 (µg/ml) values were recorded as 0.012 and 0.020 for susceptible and 0.421 and 0.463 for resistant, respectively.  All the isolates from sheep and goat were found susceptible to ivermectine with IC0 values ranging from 0.83 to 3.29 and 0.5 to 1.93 respectively.
Table : 1 Status of fenbendazole and ivermectin resistance in strongyle worms on larval
                     development assay (LDA) in Konkan region
	Species
	Sample

No.
	Fenbendazole
	Ivermectin

	
	
	*IC50
	**95% CI
	R2
	RF
	Inference
	*IC50
	**95% CI
	R2
	RF
	Inference

	Sheep
	I
	0.020
	0.028-0.038
	0.903
	0.83
	susceptible
	1.01
	0.62 - 1.27
	0.967
	0.48
	susceptible

	
	II
	0.022
	0.009-0.037
	0.950
	0.92
	susceptible
	1.21
	0.98 - 1.39
	0.883
	0.57
	susceptible

	
	III
	0.070
	0.013-0.17
	0.689
	2.92
	resistant
	0.72
	0.36 - 1.66
	0.997
	0.34
	susceptible

	
	IV
	0.079
	0.021-0.251
	0.753
	3.29
	resistant
	0.53
	0.23 - 0.88
	0.974
	0.25
	susceptible

	Goat
	V
	0.012
	0.004-0.024
	0.849
	0.5
	susceptible
	0.68
	0.39 - 1.21
	0.99
	0.32
	susceptible

	
	VI
	0.020
	0.005-0.035
	0.981
	0.83
	susceptible
	0.59
	0.14 - 0.93
	0.96
	0.28
	susceptible

	
	VII
	0.421
	0.265 - 1.390
	0.809
	1.75
	resistant
	1.39
	1.13 - 1.60
	0.976
	0.66
	susceptible

	
	VIII
	0.463
	0.294 - 5.215
	0.833
	1.93
	resistant
	1.12
	0.99 - 1.94
	0.995
	0.53
	susceptible


        *IC50 and 95% values are expressed in µg/ml for fenbendazole and ηg/ml for ivermectin

           RF= Resistant factor; R2=Coefficient of determination


The IC50 , CI, R2 and RF values for Western Maharashtra region for sheep (I-IV) and goats (V-VIII) are as shown in table. It was found that all animals in each farm showed Benzimidazole resistance except on one sheep farm (i.e. Farm IV).
Table 2 : Status of fenbendazole and ivermectin resistance in strongyle worms on larval 
               development assay (LDA) in Western Maharashtra region

	Species
	Sample

No.
	Fenbendazole
	Ivermectin

	
	
	*IC50
	**95% CI
	R2
	RF
	Inference
	*IC50
	**95% CI
	R2
	RF
	Inference

	Sheep
	I
	0.137
	0.062-0.516
	0.711
	5.71
	resistant
	1.60
	1.38 - 1.79
	0.977
	0.76
	susceptible

	
	II
	0.133
	0.052-0.637
	0.689
	5.54
	resistant
	1.53
	1.12 - 2.48
	0.976
	0.73
	susceptible

	
	III
	0.097
	0.047-0.401
	0.639
	4.04
	resistant
	1.80
	1.60 - 1.98
	0.98
	0.85
	susceptible

	
	IV
	0.020
	0.005-0.035
	0.981
	0.83
	susceptible
	1.82
	1.31 - 2.61
	0.966
	0.86
	susceptible

	Goat
	V
	0.085
	0.019-0.886
	0.726
	3.54
	resistant
	1.83
	0.98 - 2.25
	0.907
	0.87
	susceptible

	
	VI
	0.072
	0.121-0.426
	0.695
	3.00
	resistant
	1.17
	0.87 - 1.39
	0.908
	0.55
	susceptible

	
	VII
	0.086
	0.390-0.892
	0.670
	3.58
	resistant
	1.29
	0.87 - 2.31
	0.898
	0.61
	susceptible

	
	VIII
	0.083
	0.041-0.69
	0.646
	3.46
	resistant
	1.36
	0.88 - 1.99
	0.978
	0.64
	susceptible


                 *IC50 and 95% values are expressed in µg/ml for fenbendazole and ηg/ml for ivermectin

                     RF= Resistant factor; R2=Coefficient of determination


Two samples collected from sheep of Marathwada region showed susceptibility and two samples of sheep were confirmed as resistant to fenbendazole (Table-3). 
Table 3 :  Status of fenbendazole and ivermectin resistance in strongyle worms on larval    

                 development assay (LDA) in Marathwada region

	Species
	Sample

No.
	Fenbendazole
	Ivermectin

	
	
	*IC50
	**95% CI
	R2
	RF
	Inference
	*IC50
	**95% CI
	R2
	RF
	Inference

	Sheep
	I
	0.018
	0.002-0.028
	0.946
	0.75
	susceptible
	1.39
	1.13 - 1.60
	0.976
	0.66
	susceptible

	
	II
	0.067
	0.032-0.127
	0.604
	2.79
	resistant
	1.22
	0.67 - 1.92
	0.986
	0.58
	susceptible

	
	III
	0.012
	0.004-0.024
	0.849
	0.5
	susceptible
	1.75
	1.57 - 1.91
	0.976
	0.83
	susceptible

	
	IV
	0.069
	0.032-1.02
	0.651
	2.88
	resistant
	1.29
	0.87 - 2.31
	0.898
	0.61
	susceptible

	Goat
	V
	0.059
	0.012-0.892
	0.640
	2.46
	resistant
	1.32
	0.91 - 2.14
	0.935
	0.63
	susceptible

	
	VI
	0.067
	0.013-1.26
	0.687
	2.79
	resistant
	1.73
	0.63 - 2.67
	0.897
	0.82
	susceptible

	
	VII
	0.062
	0.012-0.098
	0.655
	2.58
	resistant
	1.53
	1.12 - 2.48
	0.976
	0.73
	susceptible

	
	VIII
	0.023
	0.008-0.068
	0.951
	0.96
	susceptible
	1.30
	1.04 - 1.50
	0.927
	0.62
	susceptible


                    *IC50 and 95% values are expressed in µg/ml for fenbendazole and ηg/ml for ivermectin

                     RF= Resistant factor; R2=Coefficient of determination


The results of anthelmintic resistance to Benzimidazoles tested on the larvae of H. contortus in sheep and goats in Vidarbha are presented in Table 4. 
Table 4 : Status of fenbendazole and ivermectin resistance in strongyle worms on larval development assay (LDA) in Vidarbha region

	Sample

No.
	Fenbendazole
	Ivermectin

	
	*IC50
	**95% CI
	R2
	RF
	Resistance Status
	*IC50
	**95% CI
	R2
	RF
	Resistance Status

	I
	0.019
	0.004-0.030
	0.928
	0.79
	S
	1.36
	0.98 - 2.38
	0.988
	0.64
	S

	II
	0.019
	0.002-0.029
	0.930
	0.79
	S
	1.30
	1.04 - 1.50
	0.927
	0.62
	S

	III
	0.059
	0.012-0.298
	0.649
	2.46
	R
	1.12
	0.99 - 1.94
	0.995
	0.53
	S

	IV
	0.056
	0.011-1.21
	0.659
	2.33
	R
	1.36
	0.88 - 1.99
	0.978
	0.64
	S

	V
	0.050
	0.041-0.659
	0.970
	2.08
	R
	1.53
	0.78 - 2.47
	0.979
	0.73
	S

	VI
	0.067
	0.029-1.68
	0.697
	2.79
	R
	1.18
	0.81 - 1.45
	0.986
	0.56
	S

	VII
	0.058
	0.011-0.976
	0.651
	2.42
	R
	1.17
	0.87 - 1.39
	0.908
	0.55
	S

	VIII
	0.020
	0.016-0.024
	0.925
	0.83
	S
	1.29
	0.87 - 2.31
	0.898
	0.61
	S


               *IC50 values expressed in µg/ml for fenbendazole and ηg/ml for ivermectin

                **95% CI values expressed in µg/ml for fenbendazole and ηg/ml for ivermectin
                S=susceptible; R=resistant; RF= Resistant factor; R2=Coefficient of determination
Determination of resistance to Benzimidazole and Ivermectin by Larval Development Assay (LDA) against H. contortus in different regions of Maharashtra state

                                           Among the available anthelmintics, Benzimidazole (BZ) is the most common and frequently used broad spectrum anthelmintic for treating GI helminth infections in small ruminants in India. The frequent use of BZ group of anthelmintics has resulted in development of resistance against important gastrointestinal nematodes including Haemonchus spp. In India, most of the studies used Faecal egg count reduction test (Yadav, 1990; Yadav and Uppal 1992; Garg and Yadav., 2009) Eggs hatch assay and Allele specific – Polymerase Chain Reaction (Tiwari et al., 2006; Chandra et al., 2015; Dixit et al., 2017) for determination of anthelmintic resistance and only few reports are available using LDA method (Swarnkar et al., 2001; Rialch et al., 2013). 


Discriminating dose is a reliable measure for detection of anthelmintic resistance in trichostrongyloide nematodes which may help in detecting small numbers of resistant individuals within a population quite earlier in the evolution of resistance than is possible using IC50 (Fisher et al., 2001). According to World Association for the Advancement of Veterinary Parasitology the discriminating dose for H. contortus is 1µg/µl. According to analysis of Commonwealth Agricultural Bureau, goats harbour significantly more anthelmintic resistant nematode species than sheep, and the literature more frequently concerns benzimidazoles (Cabaret, 2000). Recently, Varady et al. (2011); reported that, although goats and sheep share the similar genera of nematodes, development of resistance occurs more rapidly in goats’ herd than the sheep. In the present study, reduced efficacy of fenbendazole was found in most of the goat isolates than sheep field isolates collected from the different regions of Maharashtra. Similarly, reduced efficacy of benzimidazole drugs particularly in goats has been well documented by Yadav and Uppal, (1992); Yadav et al. (1995) and Ram et al. (2007), Priyanka et al. (2019) In India. Moreover, Varady et al. (2007) mentioned that the bioavailability of sheep and goat is different and if the sheep dose is used in goats, it may cause under dosing and affects the efficacy of a benzimidazole and closantel. 


Contrary to our observations, Hoglund et al. (2009) in Sweden, Domke et al. (2012) in Norway and Singh et al. (2017) in Punjab and Arsenopoulos et al. (2020) reported the high resistant in gastrointestinal nematodes of sheep treated with benzimidazole group of drugs as compared to GI nematodes of goats. The difference in various studies may be attributed due to the frequency of use of benzimidazole compounds and other factors in the studied farm for deworming which causes the initiation of resistance in parasites.
Conclusion

The study suggested that in all the regions of Maharashtra benzimidazole resistance in GINs from small ruminants has been developed. Thus, its use shall be planned very judiciously. However, absence of Ivermectine resistance suggests to use it with due precaution. Therefore, it is also further suggested that integrated parasite control involving use of managemental practices and other physical methods shall be exercised firstly, and as a last resort chemical anthelmintic shall be administered.
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