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ABSTRACT  
Benzimidazoles are the most commonly used anthelmintic drugs for the chemical control of sheep 

strongylidoses in Bulgaria. The intensive and not always proper application could be able to cause a 

reduction of their efficacy. To establish benzimidazole resistances among gastrointestinal strongylids, two 

in vitro assays were performed – Egg Hatch Assay (EHA) and Larval Development Assay (LDA). The 

effective concentrations required to inhibit 50 % of egg hatching (egg dead - ED50) or larval development 

(larva dead - LD50) were: for EHA from 0.0114 to 0.2023 µg/ml and for LDA from 0.0017 to 0.5817 µM 

thiabendazole. All the data were analysed. Based on the reference we assumed that ED50 values showing a 

presence of resistance are over 0.1 µg/ml and LD50 - over 0.12 μM thiabendazole. According to the 

results discovered here, in two of 13 sheep flocks examined, a benzimidazole resistance was detected with 

values of ED50 between 0.1132 and 0.2023 µg/ml and for LD50 between 0.2940 and 0.5817 µM 

thiabendazole. 
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INTRODUCTION 
Gastrointestinal strongylids (Phylum Nematoda, 

order Strongylida) are ones of the most prevalent 

and important parasites affecting small 

ruminants worldwide (1). They are responsible 

for significant losses of reducing sheep 

productivity and even death (2). The sheep 

breeding is still one of the leading livestock 

industry in Bulgaria. The geographical location, 

climate conditions of the country and pastural 

breeding of small ruminants almost year-round 

determine the high prevalence of gastrointestinal 

strongylids (GIS). Currently, in Bulgaria sheep 

and goats are kept in small private farms under 

extensive conditions and the management of 

gastrointestinal strongylidoses are largely based 

on the use of chemotherapy. To date, three main 
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families of broad spectrum anthelmintics are 

used to control the helminth infections in grazing 

livestock – benzimidazoles, imidazothiazoles 

and macrocyclic lactones (3, 4). The 

benzimidazoles (BZs) are usually the first choice 

of sheep and goats deworming because of their 

low cost and broad spectrum of activity. The 

difficult financial situation of the owners of 

small ruminant farms in recent years has led to 

their uncontrolled and often wrong use. In 

consequence of these and other factors some GIS 

are able to select a resistance against BZs. 

Prichard et al. (5) defined this phenomenon as  

following: “Resistance is present when there is a 

greater frequency of individuals within a 

population able to tolerate doses of compound 

than in a normal population of the same species 

and is heritable” (see 6). Other factors 

contributing to the emergence of resistance are 

the treatment frequency, use of anthelmintics in 

sub-optimal doses, nematodes in “refugia” (7), 

keeping the goats and sheep together (8), 

http://www.uni-sz.bg/


ILIEV P., et al. 

190                                                            Trakia Journal of Sciences, Vol. 12, № 2, 2014 
 

treatment in a prepatent period (9), way of 

animals growing, species diversity of GIS in the 

population (10), geographical conditions of the 

region (11). The resistance is difficult to be 

overcame once developed. According to 

Alvares–Sanchez et al. (12) resistant strains 

seldom revert to susceptibility. 
 

Benzimidazole (BZ) resistance has been 

demonstrated for first time in 1964 in 

Haemonchus contortus (13). Interesting is that 

thiabendazole (TBZ) and its mode of action were 

described for first time in 1961 (14) and only 

three years later Drudge et al. (13) found already 

a resistance selected. After commercialization of 

BZs in world markets, a resistance has been 

reported in number of GIS species of small 

ruminants from all parts of the world. It was 

established in H. contortus, Trichostrongylus 

colubriformis, Trichostrongylus axei, 

Trichostrongylus vitrinus, Ostertagia 

circumcincta, Ostertagia trifurcata, Ostertagia 

davtiani, Cooperia curticei, Nematodirus 

spathiger, Nematodirus filicollis, 

Oesophagostomum venulosum and other (15). 
 

A varying degree of BZ resistance in GIS has 

been widely reported in many European 

countries: Austria, Belgium, Czech Republic, 

Denmark, France, Germany, Greece, Holland, 

Ireland, Italy, Slovakia, Sweden, Turkey, United 

Kingdom (7, 16). 
 

The information about the presence of 

anthelmintic resistance (AR) in Bulgaria is 

limited and incomplete. In contrast, many studies 

in neighboring countries have been done. 

Because of this reason we aimed to investigate 

the resistance against BZs in GIS of sheep in 

some areas of southeastern Bulgaria. 
 

MATERIALS AND METHODS 

Study area, farms and breeding management 

The survey was conducted in 2012 on 13 sheep 

farms mainly located in southeastern Bulgaria. 

The local breeds and crosses in herds dominated. 

The age of animals varied from 12 to 36 months. 

Visiting each farm a questionnaire was filled 

allowing information on farming practices as 

growing and deworming of sheep including 

ectoparasites treatment. All herds were kept on 

pasture and were not dewormed against GIS 

during the last 10 weeks.  

 

 

Experimental design 

A total of 13 mixed faecal samples were 

obtained. Each of them represented a collection 

of individual samples taken rectally from 10 % 

of the sheep in herd. All samples were divided 

into two parts - one stored anaerobically with 

water in solid plastic containers at room 

temperature (18 - 22
0 

C). The second part was 

used for the preparation of coproculture by 

mixing with vermiculite in a ratio of 2:1 

(faeces/vermiculite) and then stored in a 

thermostat at 26
0
 C during 10 days. An egg 

suspension was made by sugar flotation 

technique. Infective larvae were extracted from 

faeces by Baermann technique.  
 

Anthelmintics and assays 

Drug dilutions were prepared by dissolving a 

pure substance of TBZ in distilled water and a 

few drops of hydrochloric acid were added. Egg 

hatch assay (EHA) was performed according to 

Prelezov et al. (16). Five TBZ dilutions in µg/ml 

were used (0.02; 0.04; 0.05; 0.08; 0.1). Larval 

development assay (LDA) was carried out 

according to Vàrady et al. (17). Ten TBZ 

concentrations in µМ  were prepared (0.01; 0.02; 

0.039; 0.078; 0.156; 0.313; 0.625; 1.25; 2.5; 5). 
 

Data analysis 

The data were analyzed by log-probit model (18) 

to determine the drug concentration which 

prevents 50 % of egg embrionation (ED50) or 

larval development (LD50). Logarithm of doses 

against percentage of hatched eggs or developed 

larvae as probit transformation were used. Dose-

response line was plotted by Graph software to 

estimate the correct final concentration. 
 

RESULTS AND DISCUSSION 

Our results obtained were for ED50 from 0.0114 

to 0.2023 μg/ml TBZ and for LD50 from 0.0017 

to 0.5817 µM TBZ (Table 1). For interpretation 

of the values established in this study and the 

presence of anthelmintic resistance (AR), several 

important issues should be discussed before. Of 

paramount importance is the sensitivity of the 

tests used here. The reliability of EHA is high 

but there are some limitations. It is able to detect 

AR when resistant worms are at least 25 % of 

the population (19). This value in LDA is 

reduced to 10 % (20). Nevertheless, the two in 

vitro tests have shown well comparable results in 

field investigations (21). Therefore, EHA and 

LDA were chosen to be performed in this study. 
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Another important issue is the clarification of 

ED50 and LD50 values which are indicative for 

AR developed. In the international reference 

many contradictions on the problem exist. 

According to the guide of World Association for 

the Advancement of Veterinary Parasitology (W. 

A. A. V. P) the ED50 value at least 0.1 µg/ml  

TBZ is considered to be indicative for BZ 

resistance (22). It is not clear the accurate LD50 

showing the presence of resistance. In the 

manual of LDA commercialized kit 

(DrenchRite
®
), GIS strains expressing values up 

to 0,078 μM TBZ seem to be low susceptible 

while those of them giving values from 0.156 to 

0.313 μM – weakly resistant. When LD50 is 1.25 

µМ or more a moderately resistance is presented. 

This statement is supported by the results of 

Coles et al. (6) that the effective concentration of 

TBZ at LDA which blocks the development of 

non infective larvae (L1 and L2) to infectious 

stage (L3) in sheep nematodes was 0.02 μg/ml. 
 

Table 1.  ED50 and LD50 values of TBZ in EHA 

and LDA. 

Flock № ED50 in µg/ml LD50 in µM 

1 0.0217 0.0121 

2 0.0177 0.0028 

3 0.0183 0.0204 

4 0.0148 0.0231 

5 0.0114 0.0066 

6 0.0138 0.0017 

7 0.2023 0.2940 

8 0.1132 0.5817 

9 0.0189 0.0068 

10 0.0137 0.0102 

11 0.0267 0.0132 

12 0.0135 0.0133 

13 0.0221 0.0074 

 

According to the data discussed above we 

assumed that the resistance to BZs is expressed 

only when the ED50 is more than 0.1 µg/ml and 

LD50 over 0.12 µΜ TBZ. Based on our results 

we confirmed that a BZ resistance is presented in 

2 farms, out of all 13 farms tested. This is the firs 

official report about Bz resistance in GIS of 

sheep in Bulgaria.  
 

It is theoretically possible to have many not 

investigated sheep herds resistant to BZs in the 

country. As a main argument we may note a few 

bad practices of sheep and goats breeding in 

small farms under extensive conditions. Firstly, 

the very frequent use of the same drug for a 

prolonged period of time. Increased drenching 

frequency has shown to correlate with the cases 

of BZ resistance (23). Moreover, it is not 

followed the rule that the dose of drug should be 

adjusted to the animal with the highest body 

weight in the herd. Underdosing is considered to 

be an important factor in developing resistance 

(24) because larger animals do not receive an 

optimal dose. Keeping the sheep and goats 

together is another very important factor for 

contributing a resistance. It is well known the 

differences in the pharmacokinetics of 

anthelmintics in sheep and goats. The bioactivity 

of BZs is much lower in goats than sheep (7) 

therefore, the effective doses used in sheep 

deworming are too low to achieve the same 

effect in goats. Thus, the goats receive drugs at 

sub-optimal doses for prolonged periods of time 

and resistance may occur. Accordingly, such 

resistant strains are able to be transferred 

between sheep and goat (15) So, sheep and goat 

herds should not be kept together, and common 

pastures should be avoided. 
 

CONCLUSION 
Based on the mistakes in small ruminants 

farming, it is likely that AR to exist in many 

parts of Bulgaria, but further and more scale 

studies should be conducted and more sensitive 

tests should be used to confirm this hypothesis. 

Тherefore, to protect the small ruminant farms it 

is not enough to conduct just a routine diagnostic 

of strongylidoses. It should be introduced a 

parallel diagnosis of AR especially when the 

treatment regimes failure. 
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