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The study was conducted to evaluate the status of anthelmintic resistance in Gastro-Intestinal
Nematodes (GINs) of goats at an organized farm located in Kashmir, as there is no report of resis-
tance against these parasites of goats from this temperate region, although it has been reported
worldwide including India. Caprines reared at this farm exhibited reduced efficacy to multiple
anthelmintics following treatments with Fenbendazole (FBZ), Closantel and Ivermectin (IVM) in
Faecal Egg Count Reduction Test (FECRT). The results suggested that the overall efficacy was
highest for IVM at 83.5% and 90.0% on 7th and 14th day post-treatment, respectively and least for
FBZ at 44.3% and 62.5%, respectively, whereas the corresponding figures for closantel were 68.3%
and 86.2%, respectively. The pre-treatment faecal culture revealed Haemonchus contortus,
Teladorsagia circumcincta and Trichostrongylus colubriformis as predominant strongyles, however,
in post-treatment samples, onlyH. contortuswas observed. Further, the infective larvaewere sub-
jected to Allele specific PCR (AS-PCR) for accurate diagnosis of BZ resistance. The AS-PCR revealed
52%ofH. contortuswerehomozygous resistant (rr) and 17%wereheterozygous (rS) on day “0” be-
fore treatment and 100% homozygous resistant (rr) on 7th day post treatment. In both
T. colubriformis and T. circumcincta, 100% population was homozygous susceptible (SS) at day “0”
before treatment. The overall frequencyof resistant (r) allele forH. contortuswas60.5% and for sus-
ceptible allele (s)was39.5%. For T. colubriformis and T. circumcincta the frequencyof susceptible al-
lele (s)was 100%. The survey indicated that theGINs of goats on the farmhavedevelopedmultiple
anthelmintic resistance to FBZ, closantel and IVM and the condition is alarming in the farm.More-
over surveillance studies about status of anthelmintic resistance in other farms (Govternment as
well as Private) of Kashmir valley should be carried out at large scale to develop effective and sus-
tainable control strategies against GI Nematodes.
© 2020 Published by Elsevier Ltd on behalf of World Federation of Parasitologists. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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1. Introduction

The Gastro-Intestinal Nematodes (GINs) of small ruminants are effectively controlled by chemical based anthelmintics, how-
ever, continuous and improper use of anthelmintics have led to wide spread selection of resistant nematodes within populations
(I.M. Allaie).
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(Falzon et al., 2013). The anthelmintic resistance has been reported worldwide including India (Garg and Yadav, 2009; Maharshi
et al., 2011; Jeyathilakan et al., 2013). The first report of anthelmintic resistance in India was by Varashney and Singh (1976)
against phenothiazine and thiabandazole in H. contortus of sheep from Rishikesh (Uttarakhand). Subsequently anthelmintic
resistance was reported in goat GINs from different parts of the country against different anthelmintics (Uppal et al., 1992; Gill,
1996; Ram et al., 2007; Godara et al., 2011; Jaiswal et al., 2013; Chandra et al., 2015), however, there is no report from north
most temperate region, Kashmir, of India, barring three reports in sheep GINs (Nasreen et al., 2007; Itoo et al., 2012;
Shahardar et al., 2014). In Jammu and Kashmir total small ruminant population is 6,195,000 (Anonymous, 2007) with 267,000
goats in the Kashmir province (Anonymous, 2011). GINs are one of the major constraints for small ruminant production through-
out the world including India. In spite of significant production losses, which may run into millions of rupees (Shah and Chaudhry,
1995), the problem is neglected due to its chronic and insidious nature (Sanyal, 1998). Therefore, the present study was aimed to
investigate the status of fenbendazole (FBZ), closantel and ivermectin (IVM) resistance in GINs of goats reared at an organized
farm of a Research Center of Kashmir Valley by Faecal Egg Count Reduction Test (FECRT) and additionally molecular diagnosis
of benzimidazole (BZ) resistance by Allele-specific Polymerase Chain Reaction (AS-PCR) was undertaken. The benzimidazole
group of drugs has been used for decades to control GINs (Campbell, 1999) and the phenomenon of resistance to this anthelmin-
tic group has been widely observed and described (Conway, 1964; Green et al., 1981; Echevarria et al., 1996).

For evaluation of anthelmintic efficacy, different in vivo and in vitro tests are recommended (Coles et al., 1992, 2006) and the
FECRT is the most commonest method used for detection of anthelmintic efficacy (Presidente et al., 1985). The method has
proved its efficacy but can only reliably detect resistant worm population when more than 25% of the parasites are resistant
(Roos et al., 1995). AS-PCR can detect BZ resistant GINs even when less than 1% of the worms are resistant (Coles et al., 2006).

2. Materials and methods

2.1. Study area and parasite collection

The present study was conducted at Mountain Research Centre for Sheep and Goat (MRCSG), Shuhama (Alusteng), Srinagar
(Kashmir). The farm is situated at 34005/N Latitude and 74050/E Longitude and has a temperate climate with the upper reaches
receiving heavy snowfall during winter. The summer temperature varies between 10°C to 34°C with good little rain, however, rel-
ative humidity is generally high. The precipitation occurs throughout the year and no month is particularly dry. The hottest month
is July (mean minimum temperature 6°C, mean maximum temperature 32°C) and the coldest is January (mean minimum
temperature −15°C, mean maximum temperature 0°C).

In this study, about 124 Boer and Bakerwal cross bred goats suffering from GIN infection (Mean egg per gram EPG =277)
were randomly selected irrespective of age, sex and weight. The representative faecal samples were collected per-rectally. The
farm had a history of irregular deworming and no fixed regimes of deworming were followed and there were frequent complaints
of drug failure. The basic history of different anthelmintics used at the said farm for the last five years is presented in Table 1.

2.2. Experimental design for FECRT

The therapeutic efficacy of different anthelmintic drugs viz, FBZ, closantel and IVM was determined using the FECRT as per the
guidelines of World Association for Advancement of Veterinary Parasitology (WAAVP) (Coles et al., 1992, 2006). The animals were
divided into four groups (Group I, II, III and IV). First three groups comprising of thirty one animals each were treated with an-
thelmintics and fourth group comprising of same number of animals was kept as untreated infected control (Table 2). Per rectal
Table 1
Frequency of various Anthelmintics used at MRCSG

Year Name of the drug Frequency of application per year

2010 Albendazole Once
Closantel Once
Ivermectin Once

2011 Albendazole/Fenbendazole Thrice
Closantel Once
Ivermectin Once

2012 Fenbendazole Twice
Closantel Twice
Ivermectin Twice

2013 Fenbendazole Twice
Closantel Once
Ivermectin Twice

2014 Fenbendazole Twice
Closantel Four times
Ivermectin Nil

2015 Fenbendazole Twice
Closantel Nil
Ivermectin Once



Table 2
Schedule of drug trial

Group Drug used Dosage /kg body weight Route of adminstration

1. Fenbendazole 5 mg Oral
2. Closantel 7.5 mg Oral
3. Ivermectin 200 μg Subcutaneous
4. Infected Control – –
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copro samples were collected from each experimental goat and placed into individual labelled polythene bags on day ‘0’ before
treatment and on 7th and 14th day post treatment. The samples were brought to the Divisional laboratory and processed for
EPG determination using a modified McMaster technique (Coles et al., 1992). The therapeutic efficacy of all the three anthelmin-
tics was determined by the formula: FECR (%) = 100 (1-Xt/Xc) and percentage efficacy of each drug was calculated using the
formula: PE (%) = 100 [(MC-MT)/MC]; where, ‘Xt’ is average EPG of treatment group and ‘Xc’ is average EPG of control group.
MC = mean EPG in the control group, MT = mean EPG in the treated group (Coles et al., 1992).

2.3. Genomic DNA extraction and AS-PCR

The faecal samples collected from Group I animals on day “0” before administration of FBZ and on 7th day post treatment were
subjected to coproculture (MAFF, 1977) and the larvae were collected and identified as per the morphological keys (MAFF, 1986;
Van Wyk and Mayhew, 2013). The genomic DNA extraction from larvae and AS-PCR were done based on the method employed
by Silvestre and Humbert (2000) and Coles et al. (2006). Briefly, the larvae were washed 3–4 times with distilled water and ap-
proximately 100 larvae were exsheathed by incubation for 5–20 min in a petridish containing 4ml of larval suspension and 180μl
of sodium hypochlorite (aqueous solution, 3.5% active chlorine). Single exsheathed larva was placed in a PCR tube and freeze
thawed three times at -80°C and 37°C. DNA was extracted by adding 7μl of extraction buffer (10mM Tris-HCl, 5mM EDTA and
5mg/ml proteinase K) and incubating tubes at 56°C for 8 h. Proteinase K was inactivated by incubating the lysate in a thermal
cycler at 99°C for 20 min. Genomic DNA lysate of larvae was used for amplification of truncated β-tubulin isotype-1 gene
(Coles et al., 2006).

The preparation of reaction mixtures including primers and reaction conditions of PCR were followed as per the method of
Coles et al. (2006). The β-tubulin PCR amplicons were used as templates for nested PCR and the amplified nested product was
digested with the restriction enzyme RsaI (MBI fermentas) for accurate species determination of H. contortus, T. colubriformis
and T. circumcincta (Silvestre and Humbert, 2000). Species specific primers were used for AS-PCR using nested PCR product as
templates for diagnosis of FBZ resistance (Coles et al., 2006). The amplicons were separated by 1.5% agarose gel electrophoresis.

2.4. Statistical analysis

The Chi-square test was used for statistical analysis of the data as per Snedecor and Cochran (1994).

3. Results and discussion

The percentage reduction in faecal egg counts with FBZ, closantel and IVM treatment against strongyle worms was recorded as
45.0 and 63.0%; 69.0 and 86.3%; and 84.0 and 91.0% on 7th and 14th day post-treatment, respectively (Table 3). These values sug-
gest that GINs have developed resistance against all the three drugs i.e. FBZ, closantel and IVM as per Coles et al. (1992). During
the present research high degree of resistance for FBZ against GINs was recorded in cross bred goats on 7th day post treatment
whereas it was moderate on 14th day post treatment as the value of FECR percent was less than 60% on 7th day post-
treatment and less than 90% but greater than 60% on 14th day post-treatment. Shahardar et al. (2014) had already reported slight
resistance of sheep GINs to FBZ at MRCSG. This difference in the result at the same farm may be due to the past higher frequency
of the use of FBZ in the studied farm for deworming, causing selection pressure among parasites and initiation of more resistance
in GINs. Our observations are in line with the findings of Sharma et al. (2015) who reported 57.44% and 70.87% FECR percentage
on 7th and 14th day post treatment, respectively against H. contortus in goats of Jammu region. There are many reports regarding
BZ resistance in goats against GINs from others parts of the country like Uppal et al. (1992); Ram et al. (2007); Godara et al.
(2011); Manikkavasagan et al. (2015). The anthelmintic resistance survey of Chandra et al. (2015) indicated that the status of
BZ resistance is in alarming conditions in all parts of the Uttar Pradesh, India. In addition to MRCSG, Shahardar et al. (2014) re-
ported moderate resistance to FBZ at Govt. sheep breeding farm, Poshnar (Handwara), Kashmir and at Govt. sheep breeding farm,
Zawoora (Shopian), Kashmir.

Moderate resistance on 7th and 14th day post treatment was observed for closantel. The moderate resistance in H. contortus to
closantel has also been reported by Wooster et al. (2001) in New South Wales and Fiel et al. (2011) in Argentina. Uppal et al.
(1992) and Kadam et al. (2009) reported 100% efficacy of closantel against strongyle worms in UP, India and in Akola region
of India, respectively. Shahana (2013) observed closantel efficacy to the tune of 98.80 and 97.60% against strongyle worms of
sheep on 8th and 14th day post treatment, respectively at Budgam district of Kashmir Valley. In case of IVM the resistance was
considered to be moderate on 7th day and slight on 14th day post-treatment as the value of FECR percent was greater than



Table 3
FECR and Efficacy of different Anthelmintics

Group Mean EPG Day ‘00’ Mean EPG Day ‘07’ FECR % Efficacy % Mean EPG Day ‘14’ FECR % Efficacy %

1. 332.25a±9.59 141.93a±20.09 45 44.3 96.77a±23.86 63 62.5
2. 283.87ab±18.01 80.64b±16.98 69 68.3 35.48b±9.89 86.3 86.2
3. 254.83b±12.98 41.93b±11.14 84 83.5 25.80b±9.23 91 90.0
4. 238.70b±11.98 254.83c±11.20 ‐– ‐– 258.06c±11.14 ‐– ‐–

Values with same superscript in a column do not vary significantly (P>0.05).

4 S.J. Bihaqi et al. / Parasite Epidemiology and Control 11 (2020) e00163
90% but less than 95% on 14th day post-treatment in the present study. IVM resistance in GINs of goats has been reported from
different parts of India like Laha et al. (1999); Deepa and Devada (2006); Jaiswal et al. (2013). Our observations are almost similar
to the findings of Shahardar et al. (2014), who reported slight resistance to IVM at Govt. sheep breeding farm, Poshnar
(Handwara), Kashmir and moderate resistance at Govt. sheep breeding farm, Zawoora (Shopian), Kashmir.

On coprocultural examination of Group I animals, Haemonchus spp. (80.00%) was the predominant strongyle followed by
Trichostrongylus spp. (12.00%), and Teladorsagia spp. (7.00%) with very less prevalence of Chabertia ovina on day “0” (Pre treat-
ment), however, H. contortus was the only species recovered from faecal culture on 7th day post treatment (Fig. 1). All the
exsheathed larvae were collected after observing under binocular stereomicroscope and further transferred individually in PCR
tubes with the help of micropipette (Fig. 2). The first PCR amplicon used for nested PCR yielded approximately 820 bp product
(Fig. 3).The digestion of nested PCR product with RsaI enzyme resulted in different restriction patterns (Fig. 4). Restriction digests
of H. contortus yielded three major fragments of 440, 190 and 140 bp, while digests of T. colubriformis yielded four major frag-
ments of 390, 180, 100 and 40 bp. The restriction digests of T. circumcincta yielded three major fragments of 284, 189 and
182 bp. As per the restriction profiles, the samples were confirmed to be proportionally dominated by H. contortus (80–85%),
followed by T. colubriformis and T. circumcincta before treatment. However, after treatment, all the larvae were confirmed to be
H. contortus indicating BZ resistance in H. contortus and not in other strongyle worms.

Allele specific PCR yielded 550 and 750 bp products in susceptible larvae in case of T. colubriformis and T. circumcincta, however, it
was 603 and 750 bp&223 and 750 bp products in susceptible and resistant larvae, respectively in case ofH. contortus (Fig. 5). A total of
Fig. 1. (a) Posterior end of Haemonchus spp. (kinked tail) (b) Posterior end of Trichostrongylus spp.(Short tip and resembles pencil tip) (c) Teladorsagia spp. (long
sheath which tappers to relatively blunt point).

Fig. 2. Exsheathment of L3 larvae.



HC     HC      OC     M       HC    TC    TC OC

820 bp

Fig. 3. Nested PCR for the amplification of beta-tubulin isotype-1 gene. Lane M: 100 bp plus DNA ladder (Fermentas). HC- Haemonchus contortus. OC- Teladorsagia
circumcincta. TC- Trichostrongylus colubriformis.
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200 H. contortus larvae were genotyped for BZ resistance pre- and post-treatment. The results indicated that before administration of
FBZ, 52% of H. contortus larvae were homozygous resistant (rr,TAC/TAC), 31% were homozygous susceptible (SS,TTC/TTC) and 17%
were heterozygous (rS, TAC/TTC) onMRCSG. However, after administration of FBZ on 7th day 100% larvaewere homozygous resistant
(rr). In total, 12 larvae of T. colubriformis and 7 larvae of T. circumcinctawere genotyped. The genotyping of larvae showed that all the
larvae of T. colubriformis and T. circumcinctawere homozygous susceptible (SS) (Table 4).

AS-PCR, qPCR and pyrosequencing have been found to be more accurate in early diagnosis of BZ resistance as compared to
FECRT or EHA (Silvestre and Humbert, 2000; Coles et al., 2006; Barrere et al., 2013a, 2013b; dos Santos et al., 2014; Chandra
et al., 2015). Molecular techniques could save time and money before going for application of BZ group of anthelmintics in a
farm against which resistance has developed throughout the world (Barrere et al., 2013b). In the present investigation, PCR-
RFLP and AS-PCR was employed as a tool for molecular diagnosis of species identification and BZ resistance. In the first step
Fig. 4. Restriction enzyme digestion using RsaI for the identification of strongyle species. M: 100 bp DNA Ladder M: 100 bp plus DNA Ladder. HC: H. contortus: 440,
190 and 140 bp OC: T. circumcincta: 284, 189, 182 bp. TC:T. colubriformis: 390, 180, 100 and 40 bp.



Fig. 5. Allele-Specific PCR for the detection of Benzimidazole resistance. Lane M: 100 bp plus DNA ladder (Fermentas). HS: H. contortus susceptible (750 bp and
603 bp). HR: H. contortus resistant (750 bp and 223 bp). TS: T. colubriformis Susceptible (750 bp and 550 bp). OS: T. circumcincta Susceptible (750 bp and 550 bp).

Table 4
Genotyping of GIN larvae (Pre- and Post- FBZ treatment)

Species No. of larvae genotyped Genotyping (%) Gene frequency

Pre-Treatment Post- Treatment Pre-Treatment Post- Treatment Pre-Treatment

Resistant (rr) Susceptible (SS) Heterozygous (rS) Resistant (r) Susceptible (S)

H. contortus 100 100 52 (52%) 31 (31%) 17 (17%) 100 Resistant (rr) 0.605 0.395
T. colubriformis 12 00 00 12 (100%) 00 00 0.0 1.0
T. circumcincta 07 00 00 07 (100%) 00 00 0.0 1.0
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the trichostrongylid nematode larvae were identified using PCR-RFLP and in the second step the detection of resistance in
trichostrongylid species to BZ was determined using AS-PCR. In the present work this high proportion of resistant H. contortus
larvae could be attributed to the fact that H. contortus larvae were present in a very large number which could have increased
the selection of its resistant genotypes and thus outnumbering the genotypes of other two larvae i.e. T. colubriformis and
T. circumcincta, thereby, increasing the selection pressure on the resistant H. contortus genotypes leading to their predominance.
Similar studies on BZ resistance have also been conducted in Rajasthan (Tiwari et al., 2006); Uttarakhand (Garg and Yadav,
2009); Maharashtra (Ghalsasi et al., 2012) and UP, India (Chandra et al., 2015). The results of molecular detection of BZ resistance
are in correlation with FECRT employed for determining efficacy of FBZ in the present study.

4. Conclusions

The results indicated that due to frequent and indiscriminate use of FBZ, closantel and IVM at MRCSG, the resistant population
of GINs have increased and if not addressed quickly, can lead to development of completely resistant population of nematodes in
due course of time. Studies have shown that usually 20‐–30% of the animals suffer with heavy nematodosis but mass treatment is
carried out by the farmers leading to great reduction in the refugia population (Swarnakar et al., 2010). Therefore, Targeted Selec-
tive Treatment (TST), FAMACHA may be applied to minimize the further development of resistance (van Wyk and Bath, 2002; van
Wyk et al., 2006). Moreover further such types of studies are warranted in the Kashmir Valley to investigate the status of anthel-
mintic resistance, so that it can be controlled at an early stage before turning the situation grave.
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