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Summary 

 

In case of in vitro resistance assays (egg hatch assay - EHA and larval development 
assay - LDA) data analysis can be can be made using original software (Anthelmintic 
Resistance Program - ARP) especially conceived for the quantification and interpretation of 
theses determinations. This computer program allows for the calculations regarding hatching 
percentage of eggs in various concentrations ob benzinidazols, the representation of the 
reference curve of reduction, determination of the lethal dose 50(DL50) establishing hatching 
percentage at the reference dilution, graphical analysis of the reduction curve, as well as the 
risk of resistance to the various tested substances 
 

In laboratory conditions, strongly resistance to benzimidazol based 
antihelmintic drugs is frequently determined through egg hatch assay - EHA and 
larval development assay – LDA. Regardless of the employed method these have 
advantages as well as disadvantages, reason for which various authors tried 
adapting them in order to increase the precision and speed. In case of the egg 
hatch assay – EHA, the advantages are: speed, cost and reasonable precision 
[Coles and Simpkin, 1977; Hall et all, 1978]. For all these reasons Whitlock et al. 
[1980] considered the egg hatch assay as the reference method for the 
confirmation of resistance to benzimidazoles of parasitical nematodes in equines. 
Inconvenient in this method is the fact that the newest generation of 
benzimidazoles (FBZ and Oxfendazol) are poorly soluble therefore hard to use; 
Boersema [1982] highlights the difficult interpretation of this assay, in view of the 
DL50 reference values obtained by various researchers; Kerboeuf and Hubert 
[1987] show that DL50 varies not only from laboratory to laboratory but even in the 
same sensitive variety, in view of the existence of a previous infestation as well as 
the length of the infestation. Due to these variations arises the problem of the value 
of DL50 must be considered as reference for the calculation of the resistance factor. 
The major inconvenience is the difficult interpretation of the obtained results. In 
case of larval development assay – LDA, this assay can not provide information 
regarding the risk for the development of resistance and the choice of a sensitive 
variety is difficult, having a major impact on the correct evaluation the obtained 
data. This is the main reason why this assay is not frequently used in establishing 
resistance to benzimidazoles [Davies and Schwalbach, 2000; Pooket al., 2002; 
Tandon and Kaplan, 2004]. 
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All these inconveniences determined the creation of an original computer 
program Anthelmintic Resistance Program – ARP meant to eliminate errors in data 
interpretation. 

 
Materials and methods 

 
The research carried out between December 2003 and January 2006 had 

the purpose of highlighting the phenomenon of equine strongyls resistance to BZ. 
Assay have been carried out in Romania and Portugal, the studied equine 
population being 4434, coming from intensive and extensive raising systems, zoos 
and national parks. 3174 determinations (for 8.88% of the total equine population) 
this allowing the validation, correlation and interpretation of obtained data and 
finally the validation of the ARP software.  
 

Results and discussions 
 

 Evaluation of EHA results is made in comparison to a 0.15µg/ml TBZ 
considered as reference the population of strongyls whit a hatching percentage 
equal or grater than 50% [Madeira de Carvalho, 2001]. This interpretation proved 
too simplistic, being disproved by the frequent in vivo FECRT assays that showed 
low effectiveness of the tested drug, while in vitro EHA and LDA showed no signs 
of resistance. Due to the lack of correlations between these 3 assays (FECTR, 
EHA and LDA) it was necessary to conceive software (Anthelmintic Resistance 
Program) capable of interpreting as a global result the hatching and larval 
development percentage obtained from different concentrations used in the assays 
[Cernea et al., 2005]. Beginning from this idea using the software, hatching 
percentage at the reference concentration in view of the other values obtained from 
the other tested dilutions was achieved automatically. This software enables the 
automatic calculation of the lethal dose 50, 90 or 100 (DL50, DL90 or DL100), even if 
concerning in vitro the proper term would be lethal concentration (CL50, CL90 or 
CL100). In case of the larval development assay (LDA), using the same software, 
the minimal inhibiting concentration can be calculated, (MIC). In the effectuated 
assays we noticed that the hatching or larval development percentage is not is not 
correlated to the fall in concentration of the tested benzimidazol. Thus it is 
considered as inadequate and insufficient interpretation of the assay only by the 
results of the EHA. At the reference concentration (0.15 µg/m) or the concentration 
at which the first third stage larva appear regardless of the results obtained from 
higher and lower concentrations. Through APR, these errors of interpretation are 
completely eliminated. 

Calculating CL50 for the studied active substances requires as an initial 
step that a regression curve be obtained, estimated in terms of a first degree 
equation (ax + b). For this hatching percentage dynamics at various concentrations 
of benzimidazoles was between 0-5 µg/ml. The dynamics of the coordinates, that 
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illustrates hatching percentage at various concentrations of active substances, 
contributes to the global statistical evaluation of these substances over the egg 
hatching. The regression curve represents an average of all the curves that pass 
through tow points on the chart. The extremely labour-intensive calculations of 
each of these curves required the creation of this software (Anthelmintic 
Resistance Program - ARP) to enable the analysis of the ratio and the relationship 
between the 13 different parameters of the egg hatching processor larval 
development. Calculating coefficients for "a" and "b" necessary for the mapping of 
the regression curve are automatically obtained through ARP. The required data 
that must be inserted is the number of dilutions and the percentages of egg 
hatching or the larval development suitable for concentration of the active 
substance, after which “Calculate” is activated. The software automatically does all 
the necessary calculations between the 20 values obtaining for all individual values 
a coefficient "a" and "b". In the same time the relationship between all the obtained 
parameters resulting from the working coefficients "a" and "b" needed for the 
mapping of the regression curve (fig. 1). 
 

 
 

Fig. 1. Calculation of “a” and ”b” parameter with ARP 
 
 In case of PBZ and BZ derivatives, the reference substance is TBZ in dose 
of 0.15 µg/m. From the assays we determined the fact that witness samples had a 
decisive role in the precision of the results. In some cases the hydrochloric acid 
used to dilute the BZ influenced egg hatching, result showing that this may reduce 
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the hatching percentage in a significant way. Through ARP these major 
inconveniences have been eliminated because all interrelations between the 
different hatching percentages and concentration are taken into account even the 
witness samples, in view of which the software calculates the final data. Having the 
“a” and “b” coefficients we can, using ARP, automatically calculate the desired 
hatching percentage at any desired reference concentration value.  

For the mapping of the regression curve (DR) we must insert the data in 
Microsoft Excel, the values of the coefficients a and b. This way it is calculated 
automatically the curve equation, which may be represented graphically and allows 
for the interpretation of the risk of resistance in the studied strongyls population. 
Mapping the regression may be done for both in vitro assays (EHA and LDA), 
interpretation of the results being made in a similar way. In case that “a” value is 
grater (tends to + ∞), DR tends to be positive. In this case there is risk of 
resistance. This phenomenon is evident in equines that have been submitted to 
long term treatment with BZ and PBZ derivatives. If the regression curve tends to 
be strongly positive correlated with a high percentage of egg hatching at he 
reference dilution of 0.15 µg/ml BZ and PBZ resistance is certain. 
 

Conclusions 
 

Mapping of the regression curve with the aid of ARP allows for the correct 
interpretation of the results making possible the evaluation of the risk that the 
animal, or the equine population, is or are exposed to. Through simultaneous in 
vitro assays of various BZ and PBZ, on the same population of strongils and the 
aid of the ARP, the veterinarian has the possibility to choose the e substance less 
likely to cause resistance phenomena. In this way effective prophylactic treatment 
programs can be created in direct correlation with the clinical reality of the moment. 
 

References 
 

1. Boersema J.H., [1982]. Possibilities and limitations in the detection of 
anthelmintic resistance. In: Resistance of parasites to anthelmintics, Facts 
and Reflections IV, Workshop in the CEC animal pathology, Central Vet. 
Institute, Lelystadt, Netherlands, 9-10 December 1982; 207-215.  

2. Cernea M., Cozma V., Cernea C., Mǎrculescu A., [2005]. Researches 
about Egg Hatch Assay for the detection of antihelmintic bezimidazoles 
resistance, in horse strongyles. 5th International conference of PhD students, 
University of Miskolc, Hungary 14-20 August 2005. 

3. Coles G.C., Simpkin K.G., [1977]. Resistance of nematode eggs to the 
ovocidal activity of benzimidazoles. Rev.Vet.Sci., 22; 386-387. 

4. Davies J.A., Schwalbach L.M.J., [2000]. A study to evaluate the field 
efficacy of ivermectin, fenbendazole and pyrantel pamoate, with preliminary 



LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XL, 2007, TIMIŞOARA 
 

 139 

observations on the efficacy of doramectin, as anthelmintics in horses. 
J.S.Afr.Vet.Ass., 71 (3); 144-147. 

5. Hall C.A., Campbell N.J., Richardson N.J., [1978]. Level of benzimidazole 
resistance in Haemonchus contortus and Trichostrongylus columbriformis 
recomanded from an egg hatch test procedure. Rev.Vet.Sci., 25; 360-363. 

6. Kerboeuf D., Hubert J., [1987]. Changes in the response of Haemonchus 
contortus eggs to the ovocidal activity of thiabendazole during the course of 
infection. Ann. Rech. Vet., 18; 365-370. 

7. Madeira de Carvalho L.M., [2001]. Epidemiologia e controlo da 
estrongilidose em diferentes sistemas de poducato equina em Portugal. 
Lisboa, 33-34. 

8. Pook J.F., Power M.L., Sangster N.C., Hodgson J.L., Hodgson D.R., 
[2002]. Evaluation of testes for anthelmintic resistance in cyathostomes. Vet. 
Parasitol. 106; 331-343. 

9. Tandon R., Kaplan R.M., [2004]. Evaluation of a larval development assay 
(DrenchRite) for the detection of antihelmintic resistance in cyathostomin 
nematodes of horses. Vet. Parasitol. 121; 125-142. 

10. Whitlock H.V., Kelly J.D., Porter C.J., Griffin D.L., Martin I.C.A., [1980]. 
In vitro field screening for anthelmintic resistance in Strongyles of sheep and 
horse. Vet. Parasitol. 7; 215-232. 

 
 
 
 
 


