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Abstract 
A study was conducted to assess the prevalence of anthelmintic resistance in gastrointestinal nematodes 

(GINs) of goats reared by farmers in semi-arid Rajasthan. From July to December 2021, a total of 28 

flocks from five villages (Jaipur) were tested through in-vivo faecal egg count reduction test (FECRT) 

and in-vitro egg hatch assay (EHA). For FECRT, the test anthelmintics used were fenbendazole (@ 5.0 

mg/kg body weight), levamisole (@ 7.5 mg/kg body weight) and closantel (@ 10.0 mg/kg body weight). 

On FECRT, the magnitude of reduction in the faecal egg counts exhibited prevalence of strains of GINs 

resistant to fenbendazole and levamisole in 100% of the flocks tested. Against closantel, 100% efficacy 

was observed against predominant Haemonchus contortus; however, for combined species of GINs 

71.43% of flocks showed less than 95% efficacy. On EHA, among 28 flocks, benzimidazole resistant 

strains of strongyle worms were observed in 27 flocks (96.43%). A high agreement (96.42%) was 

observed between results from FECRT and EHA for benzimdazole resistance. It was inferred that small 

ruminant producers and veterinarians can no longer rely solely on benzimidazole and Imidazothiazole 

group of anthelmintics for effective parasite control and to preserve the drugs that are still effective, all 

must change their attitudes and approaches to parasite control. 

 

Keywords: Anthelmintic resistance, egg hatch assay, faecal egg count reduction test, goat, Rajasthan, 

semi-arid 

 

Introduction 
The goats (Poor man’s Cow) plays an important role in the economy of the country due to low 
initial input, less maintenance cost and quick, high and profitable returns. As per 20th livestock 
census, India has the second largest goat population (148.88 million, 27.8% of total livestock) 
in the world and Rajasthan stands first in the country with 20.84 million goats BAHS (2019). 
Throughout the World, gastrointestinal (GI) parasitism is one of the major health issue for 
grazing animals causing loss in body weight, impaired growth, decreased feed conversion 
ratio, reduced milk production and death in extreme situations (Torres-Acosta et al., 2012) [39] 
with massive economic loss in tropical countries including India (Shah and Chaudhry, 1995; 
Singh et al., 2015) [31, 33]. While farmers had effective antiparasitic drugs in the 1980s and 
1990s, parasite resistance to anthelmintics developed quickly for all available drugs widely 
used in leading sheep and goat producing countries. The extensive and sole reliance on 
anthelmintics with their indiscriminate use (widespread use, incorrect dosing and increased 
frequency of treatment) have resulted in emergence of parasites, resistant to one or more of the 
widely used anthelmintics throughout world including India (Singh et al., 2002; Yadav and 
Garg, 2007; Jaiswal et al., 2013; Rialch et al. 2013; Chandra et al., 2015; Rathod et al., 2019; 
Bihaqi et al. 2020; Kalkal and Vohra, 2021) [35, 43, 21, 29, 7, 28, 4, 22]. Frequently, majority of field 
Veterinarians, Paravets and farmers from Jaipur region (Rajasthan) are reporting about poor 
response to anthelmintics in small ruminants. Therefore, regular monitoring of status of 
anthelmintic efficacy for the existing drugs is required for suitable and effective worm 
management programme. Hence, a study was conducted to assess the status of anthelmintic 
resistance inGI nematodes (GINs) in unorganized goat flocks reared in Jaipur district of 
Rajasthan using both in vivo Faecal Egg Count Reduction Test (FECRT) and in vitro Egg 
Hatch Assay (EHA). 
 
Materials and Methods 
Thestudy was conducted during July to December, 2021 in 28 goat flocks reared by farmers 
from five villages (Booj, Chawandiya, Sarjoli, Sindoli and Jhar) of Bassi and Jamwa 
Ramgarh Tehsil (Jaipur) in Semi-arid Rajasthan. Flocks having history of not using any 
anthelmintics for the last three months were selected.
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All the other variables, such as breed, age, sex and history of 

nematodiosis were not considered. The flocks were managed 

under semi-intensive system by grazing during day hours on 

forest/community grazing land and rest in corrals at night. For 

worm management, in general, anthelmintics were used as per 

their knowledge / convenience at frequency of 1 to 4 times a 

year.  

In-vivo FECRT was performed as per guidelines of World 

Association for Advancement of Veterinary Parasitology 

(Coles et al., 1992) [10]. Animals within a flock were randomly 

divided into three treatment and one control groups (10 

animals in each group). Before treatment, faecal samples were 

collected per rectum from each animal in separate polythene 

bags. The samples were evaluated for pre-treatment faecal 

egg counts by modified McMaster technique (MAFF, 1986). 

After pre-treatment sampling, animals of 1st, 2nd and 3rd 

groups were drenched with fenbendazole (Panacur®, Intervet 

@ 5.0 mg/kg body weight), levamisole (Nilverm®, AgriVet @ 

7.5 mg/kg body weight) and closantel (ZyclozTM, Zydus @ 

10.0 mg/kg body weight), respectively. The animals in control 

group were left untreated for the natural changes in egg 

counts during the test period. All the animals were allowed to 

graze on same pasture. Post-treatment faecal samples from 

each animal were collected on day 14th and estimated faecal 

egg counts by modified McMaster technique. On both 

occasion left over faeces was pooled (flock-wise on pre-

treatment and group-wise on post-treatment) and subjected to 

coproculture at 27 °C for 5-7 days in BOD incubator. The 

infective larvae were identified based on morphological 

features (Soulsby, 1982; Wyk and Mayhew, 2013) [36, 42].  

In vitro EHA was performed for benzimidazole group of 

anthelmintics using pure thiabendazole (TBZ) as a reference 

drug in a dilution series of 0.0625 to 1.00 µg TBZ/ml in 24 

multi-well plates as per Le Jambre (1976) and WAAVP 

guidelines (Coles et al., 1992) [10]. 

The per cent faecal egg count reduction (%FECR) was 

calculated by using RESO computer programme (Martin and 

Wursthom 1991) [25] for strongyle worms as a whole and for 

different species of strongyle worms (H. contortus, 

Trichostrongylus spp. and Oesophagostomum spp.) based on 

generic composition of larvae. The results were interpreted as 

resistance if (i) the percentage reduction in egg counts was 

less than 95% and (ii) the 95% confidence level was less than 

90. If only one of the two criteria was met, resistance was 

suspected (Coles et al., 1992) [10]. Probit analysis was 

performed on EHA data to obtain TBZ concentration which 

on average would prevent 50% of eggs from hatching (ED50) 

at 95% confidence limit (Finney, 1965) [15] and ED50value in 

excess of 0.1 µg TBZ/ml was consideredas benzimidazole 

resistance (Coles et al., 1992) [10]. 

 

Results and Discussion 

On FECRT for combined Strongyle species, the overall mean 

post-treatment FEC was 519.64±47.03 epg in flocks treated 

with FBZ as compared to 1786.43±106.07 epg in control 

flocks with 69.04±2.95% FECR indicating resistance to 

benzimidaole group of anthelmintics (Table 1). Village-wise 

profile exhibited that in flocks, FECR with FBZ varied from 

44 to 93% in Booj, 15 to 70% in Chawandiya, 59 to 79% in 

Sarjoli, 74 to 84% in Sindoli and 45 to 83% in Jhar (lower 

95% confidence limits less than 90), suggesting prevalence of 

benzimidazole resistance in Strongyle worm population in all 

the flocks. In flocks treated with levamisole, the overall mean 

post-treatment FEC was 360.71±32.07 epg as compared to 

1786.43±106.07 epg in control flocks with 78.36±2.10% 

FECR, suggesting resistance to imidazothiazole group of 

anthelmintcs (Table 1). Village-wise profile exhibited that in 

flocks, FECR with LEV varied from 48 to 89% in Booj, 52 to 

86% in Chawandiya, 73 to 84% in Sarjoli, 74 to 90% in 

Sindoli and 68 to 89% in Jhar (lower 95% confidence limits 

less than 90), suggesting prevalence of imidazothiazole 

resistance in Strongyle worm population in all the flocks. 

 
Table 1: Extent of anthelmintic resistance in Strongyle worms from goat on in-vivo faecal egg count reduction test 

 

Village 
Control 

mean FEC 

Treated 

Mean post-treatment FEC % FECR 
95% Confidence limit 

Lower Upper 

A. Benzimidazole (Fenbendazole @ 5mg/kg B.W.) 

Overall 1786.43±106.07 519.64±47.03 69.04±2.95 48.1±4.4 82.1±1.6 

Booj 1728.0±236.28 354.00±65.59 75.60±8.28 0-78 75-98 

Chawandiya 1272.00±145.10 586.00±101.57 52.80±9.97 0-26 55-88 

Sarjoli 2326.67±252.11 775.00±147.78 67.83±2.72 36-85 74-87 

Sindoli 1950.00±120.03 420.00±34.16 78.33±1.69 60-79 81-89 

Jhar 1560.00±188.41 446.67±40.80 69.00±5.30 7-69 68-91 

B. Imidazothiazole (Levamisole @ 7.5mg/kg B.W.) 

Overall 1786.43±106.07 360.71±32.07 78.36±2.10 59.7±4.9 88.5±1.0 

Booj 1728.0±236.28 364.00±61.67 74.20±7.97 0-80 78-96 

Chawandiya 1272.00±145.10 382.00±87.77 69.00±5.72 0-66 79-95 

Sarjoli 2326.67±252.11 511.67±92.50 79.33±1.89 59-83 82-90 

Sindoli 1950.00±120.03 310.00±37.86 84.00±2.21 61-82 82-95 

Jhar 1560.00±188.41 240.00±13.42 83.00±3.11 42-82 82-94 

 

Based on generic composition of Strongyle larvae on 

coproculture, the overall mean post treatment FECs for H. 

contortus in FBZ treated flocks were 433.71±38.54 epg as 

compared to 1472.46±90.22 epg in control flocks with 

%FECR of 69.43±2.82 (Table 2). Village-wise profile 

exhibited that in flocks, FECR with FBZ varied from 45 to 

93% in Booj, 15 to 70% in Chawandiya, 60 to 77% in Sarjoli, 

69 to 85% in Sindoli and 65 to 84% in Jhar (lower 95% 

confidence limits less than 90), suggesting prevalence of 

benzimidazole resistance in H. contortus population in all the 

flocks (Table 2). Like-wise, the overall mean post treatment 

FECs for H. contortus in LEV treated and control groups 

were 272.43±26.50 and 1472.46±90.22 epg, respectively with 

%FECR of 80.07±2.01. Village-wise, FECR with LEV varied 

from 47 to 90% in Booj, 63 to 89% in Chawandiya, 73 to 

86% in Sarjoli, 77 to 91% in Sindoli and 74 to 90% in Jhar 

(lower 95% confidence limits less than 90), suggesting 

prevalence of LEV resistance in H. contortus population in all 
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the flocks. The overall mean post treatment FECs for H. 

contortus were 0.00±0.00 and 1472.46±90.22 epg in CLS 

treated and control groups with 100.00% FECR. Flock-wise, 

analysis exhibited that % FECR for closantel against H. 

contortus was 100.00% in all the flocks indicating existence 

of full susceptibility to closantel and absence of emergence of 

CLS resistant H. contortus in goat flocks of studied area 

(Table 2). 

 
Table 2: Extent of anthelmintic resistance in Haemonchus contortus from goat on in-vivo faecal egg count reduction test 

 

Village Control mean FEC 

Treated 

Mean post-treatment FEC % FECR 
95% Confidence limit 

Lower Upper 

A. Benzimidazole (Fenbendazole @ 5mg/kg B.W.) 

Overall 1472.46±90.22 433.71±38.54 69.43±2.82 47.4±4.2 82.1±1.6 

Booj 1435.80±195.68 286.00±56.79 76.20±8.14 0-79 75-98 

Chawandiya 1054.40±128.49 474.00±83.21 53.40±10.13 0-31 55-88 

Sarjoli 1957.33±235.40 652.83±113.51 66.17±2.55 38-71 71-86 

Sindoli 1547.50±71.78 359.83±33.57 76.50±2.43 56-78 78-90 

Jhar 1291.50±154.60 378.00±37.83 73.33±3.00 6-70 75-91 

B. Imidazothiazole (Levamisole @ 7.5mg/kg B.W.) 

Overall 1472.46±90.22 272.43±26.50 80.07±2.01 62.1±4.5 89.3±0.9 

Booj 1435.80±195.68 307.80±57.97 73.60±8.86 0-80 78-96 

Chawandiya 1054.40±128.49 264.00±54.15 74.40±4.40 15-57 84-95 

Sarjoli 1957.33±235.40 391.67±86.38 80.17±2.12 59-78 82-91 

Sindoli 1547.50±71.78 230.00±23.47 84.83±1.87 66-82 84-95 

Jhar 1291.50±154.60 137.17±9.39 85.33±2.36 53-84 85-95 

C. Salicylanilide (Closantel @ 10mg/kg B.W.) 

Overall 1472.46±90.22 0.00±0.00 100.00±0.00 100.0±0.00 100.0±0.0 

Booj 1435.80±195.68 0.00±0.00 100.00±0.00 100 100 

Chawandiya 1054.40±128.49 0.00±0.00 100.00±0.00 100 100 

Sarjoli 1957.33±235.40 0.00±0.00 100.00±0.00 100 100 

Sindoli 1547.50±71.78 0.00±0.00 100.00±0.00 100 100 

Jhar 1291.50±154.60 0.00±0.00 100.00±0.00 100 100 

 

The overall mean post treatment FECs for Tricostrongylus 

spp. in FBZ treated flocks were 62.71±6.79 epg as compared 

to 250.75±19.96 epg in control flocks with %FECR of 

70.18±3.62 (Table 3). Village wise analysis revealed 

prevalence of BZ resistance in Trichostrongylus spp in 100% 

flocks from all the five villages under study. The flock-wise 

%FECR ranged from 40 to 91, 0 to 68, 62 to 85, 71 to 89 and 

from 62 to 87 in Booj, Chawandiya, Sarjoli, Sindoli and Jhar 

village, respectively with lower 95% confidence limits <90. 

Like-wise, the overall mean post treatment FECs for 

Tricostrongylusspp in LEV treated and control group were 

59.68±4.91 and 250.75±19.96 epg, respectively with %FECR 

of 72.39±2.95. Similar to BZ resistance in Trichostrongylus 

spp, village wise analysis also revealed prevalence of LEV 

resistance in Trichostrongylus spp in 100% flocks from all the 

five villages with %FECR ranging from 60 to 87, 31 to 84, 66 

to 82, 61 to 91 and from 36 to 87 in Booj, Chawandiya, 

Sarjoli, Sindoli and Jhar village, respectively with lower 95% 

confidence limits <90. 

 
Table 3: Extent of anthelmintic resistance in Trichostrongylus spp. from goat on in-vivo faecal egg count reduction test 

 

Village Control mean FEC 

Treated 

Mean post-treatment FEC % FECR 
95% Confidence limit 

Lower Upper 

A. Benzimidazole (Fenbendazole @ 5mg/kg B.W.) 

Overall 250.75±19.96 62.71±6.79 70.18±3.62 49.5±5.2 82.4±2.2 

Booj 268.80±44.04 53.00±11.68 70.00±8.65 0-74 73-97 

Chawandiya 168.40±22.11 89.60±15.77 46.00±11.97 0-30 40-87 

Sarjoli 297.17±48.31 81.83±23.35 72.67±4.40 40-79 74-91 

Sindoli 292.67±51.01 42.83±4.98 83.67±2.81 56-87 80-93 

Jhar 216.00±35.62 49.17±7.37 74.50±4.39 35-81 68-92 

B. Imidazothiazole (Levamisole @ 7.5mg/kg B.W.) 

Overall 250.75±19.96 59.68±4.91 72.39±2.95 50.6±5.2 85.0±1.6 

Booj 268.80±44.04 50.80±6.87 78.20±5.18 5-75 83-93 

Chawandiya 168.40±22.11 69.60±19.19 57.40±9.34 0-58 70-94 

Sarjoli 297.17±48.31 68.00±8.28 76.00±2.35 45-68 79-87 

Sindoli 292.67±51.01 59.67±12.55 77.50±4.86 48-88 73-94 

Jhar 216.00±35.62 50.50±6.68 71.33±7.90 0-87 64-93 

 

The overall mean post treatment FECs for Oesophagostomum 

spp. in FBZ treated flocks were 22.32±4.00 and 84.21±12.52 

epg, respectively with %FECR of 61.93±6.58 (Table 4). In 

flocks from Booj village, the flock-wise %FECR ranged from 

44 to 100 with lower 95% confidence limit of 100 in two 

flocks and < 90 in rest of the three flocks, suggesting 
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prevalence of benzimidazole resistance in Oesophagostomum 

spp in 60% of the flocks tested. Like-wise, in Sindoli village, 

83.33% of flocks (5/6) exhibited presence of of BZ resistance 

in Oesophagostomum spp. In rest of three villages, prevalence 

of BZ resistance in Oesophagostomum spp. was found in 

100% of the flocks under study. The overall mean post 

treatment FECs for Oesophagostomum spp in LEV treated 

and control group were 25.61±4.08 and 84.21±12.52 epg, 

respectively with %FECR of 60.78±5.78 (Table 4). In flocks 

from Booj village, flock-wise %FECR ranged from 0 to 100 

with lower 95% confidence limit of 100 in one flocks and <90 

in rest of the four flocks, suggesting prevalence of LEV 

resistance in Oesophagostomum spp in 80% of the flocks 

tested. In rest of four villages, prevalence of LEV resistance 

in Oesophagostomum spp was foundin 100% of the flocks 

under study. 

Thus, it was evident that 100% of flocks were found to 

possess strongyle worms resistant to FBZ and LEV with an 

overall mean efficacy of 69.04±2.95 and 78.36±2.10%, 

respectively. Among strongyle nematodes, both population of 

H. contortus and Trichostrongylus spp. were found resistant 

to FBZ and LEV in 100% of the flocks. On the other hand, H. 

contortus population was found susceptible to CLS with 

100% efficacy (Table 5).  

On in-vitro EHA, among 28 flocks, benzimidazole resistant 

strain of strongyle worms were observed in 27 flocks 

(96.43%) of all the 5 villages. The flock-wise ED50 value (µg 

TBZ ml-1) varied from 0.136±0.017 to 0.331±0.085 in Booj, 

0.282±0.042 to 0.484±0.009 in Chawandiya, 0.206±0.015 to 

0.466±0.063 in Sarjoli, 0.269±0.045 to 0.590±0.020 in 

Sindoliand from 0.095±0.014 to 0.306±0.037 in Jhar, 

respectively. Out of 28 flocks, only one flock from Jhar was 

found to harbour benzimidazole susceptible strongyle worms 

with ED50 value of 0.095±0.014 µg TBZ ml-1 (Table 6).The 

results for benzimidazole resistance are in conformity on both 

the assays for 96.43% (27/28) occasions. On comparison of 

results for benzimidazole resistance through FECRT and 

EHA in the field flocks, it was observed that overall 

prevalence for benzimidazole resistance in strongyle worms 

was 100% on FECRT and 96.43% on EHA. 

 
Table 4: Extent of anthelmintic resistance in Oesophagostomum spp. from goat on in-vivo faecal egg count reduction test 

 

Village Control mean FEC 

Treated 

Mean post-treatment FEC % FECR 
95% Confidence limit 

Lower Upper 

A. Benzimidazole (Fenbendazole @ 5mg/kg B.W.) 

Overall 84.21±12.52 22.32±4.00 61.93±6.58 47.8±7.5 75.9±5.0 

Booj 32.00±15.54 2.60±1.12 83.00±13.30 0-100 75-100 

Chawandiya 48.80±13.75 22.20±4.32 48.00±14.35 0-63 0-89 

Sarjoli 152.67±20.39 40.33±14.26 68.33±14.40 0-89 39-95 

Sindoli 110.00±27.77 17.33±5.73 75.00±12.73 0-100 81-100 

Jhar 63.00±25.55 25.83±4.06 40.00±14.33 0-66 31-88 

B. Imidazothiazole (Levamisole @ 7.5mg/kg B.W.) 

Overall 84.21±12.52 25.61±4.08 60.78±5.78 45.4±6.2 77.1±4.2 

Booj 32.00±15.54 5.40±1.63 64.50±23.01 0-100 57-100 

Chawandiya 48.80±13.75 40.20±15.20 27.20±11.34 0-58 0-94 

Sarjoli 152.67±20.39 37.17±5.75 72.83±6.14 26-81 71-91 

Sindoli 110.00±27.77 20.33±4.71 79.33±3.78 40-82 77-92 

Jhar  63.00±25.55 17.33±2.91 55.67±11.85 0-66 22-93 

 
Table 5: Prevalence (%) of anthelmintic resistance in Strongyle worms on in–vivo faecal egg count reduction test in goat flocks from semi-arid 

Rajasthan 
 

 Overall Haemonchus contortus Trichostrongylus spp Oesophagostomum spp. 

No. of flocks tested 28 28 28 27 

% Flocks with BZ-resistance 100.00 (69.04±2.95) 100.00 (69.43±2.82) 100.00 (70.18±3.62) 88.89 (61.93±6.58) 

% Flock with TEM-resistance 100.00 (78.36±2.10) 100.00 (80.07±2.01) 100.00 (72.39±2.95) 92.59 (60.78±5.78) 

% Flock with CLS-resistance 71.43 (83.79±3.49) 0.00 (100.00±0.00) - - 

(Figure in parenthesis indicates efficacy on FECRT) 

 
Table 6: Prevalence of benzimidazole resistance in Strongyle worms of goats insemi-arid region of Rajasthan by in – vitro egg hatch assay 

 

Village No. of flocks Range of ED50 µg TBZ/ml % flock having BZ-resistant worm 

Booj 5 0.136±0.017 - 0.331±0.085 100.0 

Chawandiya 5 0.282±0.042 - 0.484±0.009 100.0 

Sarjoli 6 0.206±0.015 - 0.466±0.063 100.0 

Sindoli 6 0.269±0.045 - 0.590±0.020 100.0 

Jhar 6 0.095±0.014 - 0.306±0.037 83.33 

 

The flock wise paired data obtained for %FECR with 

benzimidazole on in vivo FECRT and ED50 value for 

thiabendazole on in vitro EHA were correlated using linear 

regression analysis. The correlation coefficient (r2) between 

%FECR and ED50 value was low (0.0364) indicating poor 

linear correlation among them (Fig. 1). 
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Fig 1: Correlation between % FECR (on in-vivo FECRT) and ED50 values (on in – vitro EHA) for benzimidazole against Strongyle worms 

 

Present study exhibited high level of benzimidazole and 

levamisole resistance in strongyle worms in goat of Jaipur 

region of Rajasthan. Similar trends of high benzimidazole and 

levamisole closantel resistance were recorded in earlier 

studies also from field flocks (Swarnkar et al., 2004; Garg et 

al., 2007; Cezar et al., 2010) [4, 16, 6]. Similarly, Dhanalakshmi 

et al., (2003) [13], Das and Singh (2005) [12], Jaiswal et al., 

(2013) [21], Sharma et al., (2015) [32], Varadharajan et al., 

(2019) [40], Bihaqi et al., (2020) [4] and Hafiz et al., (2020) [19] 

reported % FECR with benzimidazole anthelmintic varying 

from 60 to 73%. The efficacies of LEV obtained in the 

present study are in agreement with the findings of Easwaran 

et al., (2009) [14], Godara et al., (2011) [18], Gelot et al., (2016) 

[17], and Vohra et al., (2019) [41] who reported 53-82% efficacy 

against GI nematodes in Tamil Nadu, Rajasthan, Gujarat and, 

Haryana respectively. The ED50 values obtained in the present 

study are in agreement with the findings of Arunachalam et 

al., (2005) [2], Easwaran et al., (2009) [14], Maharshi et al., 

(2011) [24], Amulya et al., (2016) [1], Rajagopal et al., (2017) 

[27], Sankaralingam et al., (2018) [30] who reported 0.586, 

0.388-0.678, 0.103-0.353, 0.24-1.56, 0.25 and 0.247 µg of 

Thiabendazole/ml against GI nematodes in Tamil Nadu, 

Karnataka, Rajasthan, Karnataka, Kerala and Tamil Nadu, 

respectively. In the present study, the average ED50 value for 

benzimidazole susceptible strongyle worms was 0.095±0.014 

µg TBZ ml-1 which is in conformity with the findings of 

Rialch et al., (2013) [29] who found ED50 value to the tune of 

0.037-0.096 µg TBZ ml-1, respectively. 

The comparison of results for BZ resistance in strongyle 

worms based on both FECRT and EHA revealed high 

agreement (96.43%). Similar findings were reported by 

Chartier et al. (1998) [8] and Maharshi et al. (2011) [24]. The 

minor discrepancy between in-vivo FECRT and in-vitro EHA 

results is probably due to the ability of some immature 

nematodes to survive a standard drench and then to develop 

into egg laying adults within 14 days or the effect of diet on 

the pharmacokinetics of anthelmintic resistances (Singh et al. 

1999) [34]. On linear regression analysis, Boersema and 

Pandey (1997) [5], Chartier et al. (1998) [8] and Maharshi et al. 

(2011) [24] also reported poor correlation (r=0.087 to 0.11) 

between the LC50 values on EHA and % FECR after treatment 

with FBZ. The poor correlation between FECR and ED50 

values as well as variation in ED50 value during patent period 

might be due to fact that the anthelmintic activity of 

benzimidazole in the host is not necessarily in a linear 

relationship with the ovicidal effect of benzimidazole 

anthelmintics as measured by in vitro EHA. 

Development of anthelmintic resistance among the GI 

nematode populations in goats of Jaipur region of Rajasthan 

could be attributed to indiscriminate mass deworming by 

paravets and quacks, practice of mass deworming during 

unsuitable period of year when climatic factors naturally 

eliminate the free-living infective stages of nematodes from 

the pasture and use of low quality drugs of less bioavailability 

(Terril et al., 2001) [38]. The role of management practices and 

the frequent use of anthelmintics are very important factors 

for the development of resistance (Martin et al., 1982) [26]. 

The selection pressure exerted by regular use of anthelmintic 

is responsible for the development of anthelmintic resistance. 

Another factor which may have contributed to the high 

worldwide prevalence of anthelmintic resistance in small 

ruminants is the common use of the sheep dosage of these 

products in both sheep and goats (Conder and Campbell, 

1995) [11]. In this situation, resistance nematodes may have 

been transmitted from goats to sheep, if they were grazed 

together or sequentially on the same pasture during the same 

year or in the following years. Coles (1997) [9] recommended 

that goats require higher dosage of anthelmintics than sheep 

to achieve similar efficacy against GI nematodes. In the 

present study, goats were grazed together or sequentially on 

the same pasture and received similar dosages of 

anthelmintics. Hence, constant monitoring for anthelmintic 

resistance is essential in both sheep and goat farms to 

determine the effectiveness of anthelmintics before their use, 

where resistance has not already emerged. This in turn is 

expected to help in taking timely measures to be taken to 

prevent or to delay the occurrence of anthelmintic resistance 

based on minimum anthelmintic usage. Further, it is apparent 

that small ruminant producers and veterinarians can no longer 

rely solely on anthelmintics for parasite control. To preserve 

the few drugs that are still effective, veterinarians and 

producers must change their attitudes and approaches to 

parasite control. The worm control programme relying on the 

sole use of anthelmintics need to be replace with other 

sustainable ones, combining chemical, environmental, 

managemental and other measures. Anthelmintics should be 

thought of as extremely valuable, limited resources that 

should be used less frequently and only in conjunction with 

non-anthelmintic parasite-control measures (Howell et al., 

2013) [20].  
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