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SUMMARY. The egg hatch assay (EHA) was realized on two equine groups: one was 
previously treated with antihelmintic probenzimidazoles (PBZ) and benzimidazoles (BZ) and the 
other never had been antihelmintic treated. The tests were made in Romania and Portugal, 
between Octomber 2002 - June 2004 on 79 equines from various farms. The helminthes eggs 
were collected from fresh feces. The test was performed with thiabendazol (TBZ), mebendazol 
(MBZ), fenbendazol (FBZ) and albendazol (ABZ). The data were analyzed an especially 
designed, original computer program which allowed: identification of resistant equines, lethal 
concentration calculus (LC 50), the regression straight line determination (RSL) and 
interpretation of the risk regarding the probability of occurrence for the resistance phenomena. 
Obtained data revealed the accuracy and the advantages of the computer program, which can 
be admitted as a predictical and very useful method for the or preventive of stongyles 
populations with resistance to benzimidazoles. 
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Introduction 

Horse strongyles are the most important parasites 

of horses worldwide (Lyons et al., 1999). Large 

and small strongyles cause acute or subclinical 

disease that is characterized by decreased level 

of performance, decreased rates of growth, 

weight loss, colic and debilitation (Uhlinger, 

1991; Suteu and Cozma, 1998). These parasites 

may also cause a severe clinical disease, which is 

characterized by weight loss and chronic diarrhea 

(Love et al., 1999). 

Drug resistance is defined as the ability of worms 

in a population to survive drug treatments that 

are generally effective against the same species 

and stage of infection at the same dose rate and is 

caused by a change in the gene frequency of that 

populations resulting from drug selection 

(Blackhall et al., 1998). In recent years, 

resistance to antihelmintics has emerged as a 

serious problem for the control of many species 

of important livestock nematodes and is highly 

prevalent in nematodes of sheep, goats and 

horses (Kaplan, 2002). 

It is essential to detect antihelmintic resistance 

early in the course of its development so that 

appropriate control strategies can be designed 

and implemented to prevent the further 

development and spread of resistant worms. It is 

also necessary for minimizing the impact of 

suboptimal parasite control on equine health and 

other costs associated with the use of ineffective 

drugs (Tandon and Kaplan, 2004). 

Several methods have been described and used to 

detect antihelmintic resistance with differing 

sensitivity and reliability in horses: fecal egg 

count reduction test (FECRT) (Whitlock et al., 

1980), egg hatch assay (EHA) (Craven et al., 

1999), larval development assay (LDA) (Ihler 

and Bjorn, 1996) and DrenchRite
®
 LDA (Pook et 

al., 2002). All these tests have some negative 

points: costly in terms of the amount of labor 
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required and misinterpretation of results is 

possible. Use of molecular techniques to detect 

the resistance is not a viable option at present 

because knowledge of the molecular mechanism 

of antihelmintic resistance is limited and mainly 

confined to the BZ (Tandon and Kaplan, 2004).  

Egg hatch assay (EHA) may provide a cost-

effective and reliable alternative to other 

antihelmintic resistance detection methods for 

several reason: there is no requirement for 

repetitive sampling, simultaneous testing of 

several drugs is possible, there are minimal 

restrictions on the mechanism of action for the 

drug and there is no requirement for 

sophisticated instruments. The only negative 

aspect of the test is the lack of a clear and simple 

calculus instrument that can allow a correctly 

mathematical interpretation of the results. 

The study intentioned the creation of a computer 

program that allows a correct analyses of the 

obtained data. 

Material and method 

The egg hatch assay (EHA) was realized on two 

equine groups: one was previously treated with 

antihelmintic probenzimidazoles and 

benzimidazoles (BZ) and the other never had 

been antihelmintic treated. The tests were made 

in Romania and Portugal, between October 2002 

- June 2004 on 79 equines from various farms.

  

In the in vitro test, EHA uses the thiabendazol 

capacity of inhibiting embrional development 

and hatching of the recent collected nematode 

eggs, in order to calculate the lethal 

concentration (LC50) of the drug. The test may be 

used for nematode species whose eggs rapidly 

hatch (Coles et al., 1992; Ullrich, 1987).  

The following methods were used fir in vitro 

testing: 

1. Feces sample collection. In order to obtain 

significant results, the eggs used for the 

hatching test must not be eliminated by the 

host with more than 3 hours in advance, or 

the feces samples must be preserved in 

anaerobic conditions (Coles et al., 1992); 

2. Eggs prelevation. An adequate number of 

strongyles eggs from the samples, for the 

purpose of in vitro testing of the resistance, 

was obtained using the method described by 

Coles et al., 1992. 

3. Egg hatch assay. The test is used for 

detecting the benzimidazole resistance. The 

original test was described by Le Jambre 

(1976) and used, with several alterations, by 

many practitioners. In the end, in the testing 

plaque, 11 dilutions are obtained, starting 

with a 5 µg/ml active ingredient (a.i.) 

concentration to a 0,0049 µg/ml a.i. (Fig. 1). 

A control dilution, which contains only eggs, 

distillated water and solvent, is very 

important to be made. The plaques are 

introduced an a thermostat and are incubated 

for 24 hours at 27
0
C. Then, the samples are 

extracted from the thermostat and the entire 

quantity of solution is microscopically 

examined. All the remained eggs and the 

hatched larvae are counted. 

4. Results interpretation. Obtained data are 

processed by the computer program, which 

allows the calculus of hatching percentage at 

various dilutions and also at the reference 

solution (0,15µg/ml TBZ), the coefficients 

« a » and « b » calculus, the lethal 

concentration (LC50) calculation, the 

regression line estimation (RSL), and the 

interpretation of the risk regarding the 

probability of resistance phenomena 

occurrence. 

The LC50 for TBZ, MBZ, ABZ and FBZ requires 

an initial regression line, estimated as a grade I 

polynomial (ax+b). For this purposed the 

dynamic of the hatching process was appreciated 

at various concentration of active ingredient 

(between 0 - 5 µg/ml). 

The hatching percentage was calculated using the 

following formula: 

 

 

 

Hatching percentage % = [ larvae number / (egg number + larvae number)] x 100 
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The dynamic evolution of the coordinates that 

illustrate the hatching percentages at various BZ 

concentrations contribute to the general 

statistical estimation of these drugs actions on 

the hatching capacity of the eggs. 

The LC50 calculation requires an initial RSL, 

whose parameters (a and b) determine the 

interpretation of data regarding the standard dose 

(0,15 µg/ml of TBZ) and the possibility of 

resistance phenomena occurrence in a strongyles 

population. If at a reference concentration of 

0,15 µg/ml of TBZ the hatching percentage of 

the eggs is higher than 50%, this signifies that 

the studied strongyles population presents 

resistance phenomena (Coles et al., 1992; 

Requejo Fernandez et al., 1997; Madeira de 

Carvalho, 1999). 

This regression straight lines (RSL) represent a 

mean of all the straight line that cross every that 

points on the graph (the dilutions represent the 

abscissa axis, and the hatching percentage 

represent the ordinates axis). The extremely 

laborious calculus of each straight line 

parameters induced the creation of an original 

computer program that unitary analyses the 

relation between every single value.  

The work schedule of the computer program is 

shortly presented as follow: 

A row of points, expressed by coordinates (X,Y) 

is given. The points are approximately situated 

on a straight line, whose determination has to be 

made (a straight line that approximate these 

points). If one takes the coordinate points 

(X1,Y1), (X2,Y2), ..., (Xn, Yn); every points pair 

(Xi,Yi), (Xj,Yj) determine an equation straight 

line:  

Y= ak * X + bk. 

The parameters ak and bk are calculated using 

the formula: 

ak = (Yi - Yj) / (Xi - Xj), 

bk = Yi - Xi*ak;  

Yi = ak * Xi +bk 

Yj = ak * Xj +bk with unknown ak and bk 

Two rows of numbers are obtained in this way: 

a1, a2, ... ,ak, and b1, b2, ... , bk, where k 

represent the number of the resolved systems: 

k=n*(n-1)/2, if considered all possible point 

pairs. For estimating the expected straight line, 

the arithmetical means of the two rows of 

numbers are calculated:  

a = (a1 + a2 + ... +ak) / k 

 b = (b1 + b2 + ... +bk) / k 

The straight line will have the equation: 

y = ax + b. 

Results and discussions 

From tested performed in vitro by EHA on both 

previously antihelmintic treated and untreated 

equine, various stages of the BZ resistance 

phenomenon was revealed. The verifying of the 

obtained results by data implementation in the 

computer program allowed also the interpretation 

of the risk for the possibility of resistance 

phenomena occurrence. This was possible 

through the comparative analysis of the result 

from both groups of equines: the treated and 

untreated horses, the latest representing the 

“standard” for the verifying computer program.  

The hatching percentage for every dilution is 

calculated in the first step. According to the 

concentration and the hatching percentage, the 

program unitary analyses all data, and the 

parameters « a » and « b » are obtained. 

Depending on these parameters, we can calculate 

the hatching percentage at the reference 

concentration (0,15µg/ml TBZ), and also the 

LC50.  

In the second step the RSL may be graphically 

expressed and represent a prediction of the 

resistance to BZ. 

Practically, the RSL aspect is influenced by the 

parameters « a » and « b » values. The « a » 

parameter, which is in direct correlation with the 

RSL tendency, plays an important role in the 

RSL predictive aspect. The lower « a » value is 

(tendency towards - ∞), the negative tendency of 

RSL raises, to the risk for the occurrence of the 

resistance phenomena was almost non-existent. 

The phenomenon was predominantly observed in 

untreated animals. The calculus for the discover 

of the resistance phenomena determined a RSL 
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with negative tendency for the strongyles eggs 

from untreated equine. In this case the hatching 

percentage at the reference concentration of 

0,15µg/ml and LC50 may have also negative 

values (Fig.1). The obtained values shows that 

the risk of installation of the resistance to various 

BZ in the studied equine population is very low, 

being almost inexistent. In this case the « a » 

parameters had values such as: -330 for FBZ, -

179 for TBZ and -101 for MBZ. The values of 

the hatching percentage at the reference 

concentration (0,15µg/ml) was as follows: -9,77 

for FBZ, 15,99 for TBZ and 45,53 for MBZ. The 

LC50 had values between -0,039 and 0,10µg/ml, 

depending on the tested BZ. The value analysis 

and the RSL drawing, for the studied population 

allows us to conclude that the lowest risk of 

resistance occurrence is represented by the 

treatment with FBZ, and the highest risk by the 

treatment with MBZ. 

 

 

 
 

 

Figure 1 

The computer program, the values and the RSL for FBZ tests for untreated equine 

 

 
When the « a » value is higher (tendency towards 

+ ∞), the RSL present positive tendency. The 

risk of resistance phenomena occurrence is 

present in this case. The phenomenon is more 

obvious in the previously treated equines with 

BZ derivates (Fig.2). In this case « a » had the 

values: 73 for FBZ, 31 for TBZ, 5 for ABZ and 

114 for MBZ. The values of the hatching 

percentage at the reference concentration of 

0,15µg/ml was: 81 for FBZ, 64 for TBZ, 57 for 

ABZ and 93 for MBZ. The LC50 had values 

between -0,29 (TBZ) and 1,26µg/ml (ABZ). In 

this population, all animals presented resistance 

to the tested BZ derivates, the most obvious 

effect being at MBZ. If the RSL trends towards 

high positive value, in correlation to the hatching 

percentage at the reference dilution (0,15 µg/ml), 

the occurrence of the resistance to the tested BZ 

is a certain fact. Also the LC50 has high values in 

this case (Fig. 2).  
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Figure 2 

The computer program, the values and the RSL for ABZ tests for treated equine 

 

 
The RSL drawing using the computer program 

allows the correct interpretation of the result, 

with the possibility of appreciating the risk at 

which the animal or the population are exposed. 

By simultaneous testing of various BZ 

molecules, on same subjects, the vet practitioner 

can choose the BZ derivates with the lowest risk 

grade for the resistance occurrence. Prophylactic 

efficient programs for treatment could be made 

in direct correlation with the reality of the 

moment.  

Conclusions 

The research performed in Romania and Portugal 

between October 2002 and June 2004 for 

diagnosis of the resistance phenomena in equine, 

revealed: 

1. The resistance to various BZ derivates was 

present, depending on the hors, the equine 

population from which the horse come, and 

the previously treatments with BZ. 

2. Data analysis of the in vitro testing (EHA) 

results reveals a tight connection between the 

obtained result and the efficacy of the 

treatments with BZ derivates. 

3. The original computer program designed 

allowed the numerical analysis, biostatistics 

and graphical of the obtained data. This fact 

facilitate a certain and rapid diagnosis for 

discover of BZ resistance for strongyles in 

horses.  
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