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Abstract

Resistance of cyathostomins to benzimidazole (BZ) anthelmintics is widespread in horses  
in many parts of the world. This study compared three methods for the determination of benzi- 
midazole resistance of Cyathostominae in 18 horses from a stud farm in Romania. The horses 
were treated with Fenbendazole. The resistance test was performed by FECRT, ERP and PCR.  
On Day 0, larvae of species belonging to the Cyathostominae subfamily, types A, B, C, D  
and Gyalocephalus, as well as Strongylus vulgaris species of the Strongylinae subfamily, were 
identified. At 42 days post treatment with fenbendazole only larvae of Cyathostominae, types A 
and D were identified. Resistance to Fenbendazole was found in one horse, using the FECRT  
and ERP tests. Both genetic resistance and susceptibility to BZ anthelmintics was observed  
in 13 samples (72.22%) using the PCR test. However, three samples (16.67%) showed only  
the BZ-susceptibility gene. In 2 samples, (11.11%) only the resistance gene to BZ anthelmintics 
was identified. Several inconsistencies in the evidence of resistance to benzimidazole were  
observed between the PCR test and the other two methods, which indicates that several methods 
for determining and controlling the resistance should be used in practice.
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Introduction

The most widespread helminths in equines are the 
Strongylidae family. Of these, with great importance 
for horses, due to the high prevalence, pathogenicity 
and resistance to benzimidazole developed over time, 
are those belonging to the Cyathostominae subfamily.

Although infestations with Cyathostominae are 

generally tolerated by horses, massive infestations may 
express clinical signs, sometimes even causing death 
(Love et al. 1999). Asymptomatic forms can also influ-
ence the welfare and physical performance of horses.

Frequent use of anthelmintics has favored the emer-
gence of chemical resistance over the last few years. 
The major causes of chemoresistance are especially the 
use of the same molecules for consecutive years, re-
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peated intensive treatments, underdosing, uncontrolled 
use of anthelmintics, etc. (Osterman Lind et al. 2005, 
Traversa et al. 2007). 

Various methods have been used to determine the 
chemoresistance to different anthelmintics. None  
of the methods used is perfect. In this study, the Egg 
Reappearance Period Test (ERP), Fecal Egg Count  
Reduction Test (FECRT) and the PCR Test were com-
pared.

Materials and Methods

Horses

A total of 31 horses were tested in the study but only 
18 horses, with an EPG higher than 200 (McMaster 
Method) (Coles et al. 1992, Cosoroabă et al. 2002,  
Lester and Mattheus 2014) were included in the com-
parative testing of the three methods for the determina-
tion of Fenbendazole resistance. They were aged  
between 6 months and 18 years, belonged to Arabian 
purebred and the English purebred breeds, and came 
from a stud farm in Timis County. Horses that had not 
received deworming in the last 12 months prior to day 0 
were included in the study. 

Strongyle species determination 

For the determination of strongyle species, larval 
cultures were performed according to the technique  
described by Roberts and O’Sullivan (1950), modified 
by Reinecke (1973) (Reineche 1973). The identification 
of strongyle species was performed according to deter-
mination keys by Madeira de Carvalho (1999).

Treatment protocol

Each horse was treated on day 0 with 10% fenben-
dazole paste, in a 7.5 mg/kg dose, for 5 days consecu-
tively.

FECRT 

The FECRT was performed on the basis of the 
World Association for the Advancement of Veterinary 
Parasitology (WAAVP) and AAEP Parasite Control 
Guidelines methods for the detection of anthelmintic 
resistance in nematodes of veterinary importance (Coles 
et al. 1992). EPG (Egg Per Gram) was determined  
on day 0 and on day 14 post-treatment according to the 
formula: 

ERP test

The EPG for the ERP test was established using the 
McMaster method modified by Wetzel with a15 EPG 
detection limit (Lester and Mattheus, 2014) on day 0 
and days 14, 28, 42 and 56 post-treatment. Strongyle 
species were detected through larval cultures on day 0 
and on day 42 after treatment, when most eggs appeared 
in the faeces.

PCR

The chemoresistance to fenbendazole was also  
determined by the polymerase chain reaction (PCR)  
for benzimidazole. In cyathostomins, the mechanism  
of resistance to benzimidazole involves more than one 
mutation (TTC / TAC), so beta-tubulin isotype 1 codons 
167 and 200 are considered to be important for resis-
tance (Von Samson-Himmelstjerna et al. 2002, Lake  
et al. 2009, Ishii et al. 2017;). 

The standard Isolate II Genomic DNA Kit was used 
for the larval DNA extraction. Larvae were collected 
from larval cultures by centrifugation of the culture  
liquid at 1500 rpm for three minutes.

DNA amplification was performed by polymerase 
chain reaction (PCR) according to von Samson-Him-
melstjerna et al. (2002) Coles et al. (2006) modified. 
The primers used were:

Reverse - CN30R (non-allele-specific) with the  
sequence 5’ AGC AGA GAG GGG AGC AAA GCC 
AGG 3’

Forward - CN24FS (allele specific) with the  
sequence 5’ GGT TGA AAA TAC AGA CGA GAC 
TTT 3’

Forward - CN25FR (allele specific) with the  
sequence 5’ GGT TGA AAA TAC AGA CGA GAC 
TTA 3’

The identification of the benzimidazole-resistant 
strongyles was performed using the CN25FR/CN30R 
primers set while the CN24FS/CN30R primers set was 
used for the benzimidazole- susceptible strongyles. 

This method is used to identify seven species  
of cyathostomins: Cylicocyclus nassatus, Cylicocyclus 
insigne, Cylicocyclus elongatus, Cylicocyclus radiatus, 
Cyathostomum pateratum, Cyathostomum catinatum 
and Cyathostomum coronatum (Cirak et al. 1996, Lyons 
et al. 2001).

The amplicons obtained from DNA amplification 
were evaluated using agarose gel electrophoresis.

Statistical analysis

The statistical evaluation was performed by t test 
and GraphPad Software, QuickCalcs - Fisher’s exact 
test (https://www.graphpad.com/quickcalcs//).
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Results

The results obtained in the present study are shown 
in Table 1. The summary of EPG values before and after 
fenbendazole treatment in 18-horses is presented. There 
were no statistical differences between males and  
females on days 0, 42 and 56 of the study correlated  
to the registered EPG. Statistically significant differen- 
ces in EPG occurred between treatment day 0 and day 
42 (p<0.001), but not between day 0 and day 56.

Species belonging to the Cyathostominae sub- 
family, A, B, C, D and Gyalocephalus, and the Stron- 
gylus vulgaris species from the Strongylinae subfamily 
were identified following the examination of the larval 
cultures obtained from the faeces collected on day 0.  
In the case of larval cultures from faeces collected  
at 42 days post-treatment with fenbendazole, only  
Cyathostominae larvae, types A and D, were identified. 
The lack of Strongylus vulgaris larvae and Cyathostom-
inae B and C types reveals the lack of fenbendazole 
chemoresistance for these species/types.

The efficacy proved to be 100% in 17 out of the 18 
horses taken into study, 14 days after treatment,  
as shown by the FECRT calculations. This indicates  
the lack of chemoresistance. However, the effectiveness 
of fenbendazole was 90% in one of the horses-a very 

odd and confusing result. Moreover, the calculation  
of the FECRT value for the entire group of horses  
resulted in a 97 % efficacy rate, indicating the lack  
of resistance within the herd. According to the ERP test, 
it also appears that the same horse would exhibit  
chemoresistance, related to egg reappearance in faeces 
only 2 weeks after treatment (Table 1). One week post 
treatment, EPG values were 0 for all the horses.  
We chose to report the results every two weeks in order 
for them to resemble the FECRT.

PCR revealed the presence of either benzimidazole 
resistance or benzimidazole sensitivity genes but also 
the presence of both of them in the same individual. 
Thus, 13 samples (72.22%) were positive for Ciatho-
stomidae with both genes, 3 samples (16.67%) only 
showed the benzimidazole- susceptible gene and 2 sam-
ples (11.11%) showed only the benzimidazole resis-
tance gene. The frequency of homozygous resistance  
is significantly lower than the frequency of resistance 
alleles (p<0.001). Also, the frequency of the homozy-
gous susceptible gene is significantly higher in relation 
to the frequency of alleles responsible for sensitivity 
(p<0.01).

Also, in two horses where only homozygous resis-
tance genes by FECRT - considered a “gold standard” 
were identified (Vidyashankar et al. 2012, Peregrine  

Table 1. Individual data regarding horses included in the study.

Crt. 
No. Sample Age Gender EPG day

0
EPG day 

14
EPG day 

28
EPG day 

42
EPG day 

56 Gene

1. Ruby 6 mth F 1900 0 0 500 1000 s+r
2. Saturn 8 mth F 500 0 0 250 750 s+r
3. Shansa de Holby 5 yr F 200 0 0 100 250 r+r
4. Diva de Holby 6 yr F 550 0 0 50 500 s+r
5. Daisy 7 yr F 300 0 0 50 750 s+r
6. Nadira 7 yr F 250 0 0 0 300 s+r
7. Sonyador 7 yr F 1250 0 0 150 1500 r+r
8. Olde 8 yr F 2500 250 250 300 2350 s+s
9. Alma 9 yr F 450 0 0 50 450 s+r

10. Tora 13 yr F 850 0 0 200 900 s+r
11. Nisa 17 yr F 550 0 0 50 750 s+r
12. Sabrina 18 yr F 1250 0 0 150 1000 s+r
13. Tequila 1 yr M 450 0 0 150 750 s+r
14. Black 2 yr M 250 0 0 100 450 s+r
15. Dark 3 yr M 250 0 0 150 500 s+r
16. Flame 6 yr M 200 0 0 0 250 s+r
17. Namid 17 yr M 400 0 0 50 450 s+s
18. Taifun 17 yr M 250 0 0 0 0 s+s

mth months 
yr years
s benzimidazole- susceptible gene
r benzimidazole-resistant gene
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et al. 2014), without identifying eggs in the faeces two 
weeks post-treatment, appears not to be fenbendazole 
resistant. 

ERP is considered by some authors (Borgsteede  
et al. 1993; Van Doorn et al. 2014) to be the time period 
between deworming until EPG is equal to or 10%  
higher than the initial one. For fenbendazole, ERP  
is 6-8 weeks. Analyzing the situation of two horses  
in which only homozygous resistance genes were iden-
tified by PCR, only one is considered resistant accord-
ing to ERP (EPG greater by 20% than initial EPG,  
8 weeks after treatment). Of the 13 horses found with 
heterozygous (R + S) genes by PCR, EPG was equal  
or greater than the initial one after 56 days, in 10 horses, 
indicating chemoresistance.

Discussion 

The resistance of the nematodes, especially stron-
gyles, is a topical issue. Chemoresistance has a slow 
onset, usually without clinical signs, only occurring 
when therapy has no results (Sangster et al. 1999). 
Causes of chemoresistance may vary in Romania, 
mainly due to sub-dosages and to the fact that benzi- 
midazole treatments are available to every horse owner 
without the veterinarian’s involvement.

Resistance of cyathostomins to fenbendazole has been 
reported worldwide. Thus, the phenomenon is described 
by Lyons et al. (2007) in the USA, Drögemuller et al. 
(2004) in Germany, Traversa et al. (2009) in Germany, 
Italy and the UK, Canever et al. (2013) in Brazil,  
Kumar et al. (2016) in India .

In Romania, fenbendazole resistance within the 
strongyle population has been reported by Cernea et al. 
(2015) and Buzatu et al. (2016) .

This study aimed to identify not only the presence 
of chemoresistance in the population of Strongylus sp. 
in horses, but also the consistency of different determi-
nation methods and to reveal the existence of contradic-
tions between the results obtained using the three meth-
ods a matter which is difficult to explain. Thus, in the 
horse (sample 8) in which only the sensitivity gene was 
identified through PCR, the other two methods showed 
benzimidazole resistance. The determination of resis-
tance genes using the PCR method indicated the possi-
bility of appearance of chemoresistance in the case  
of continuous use of treatment with benzimidazolics.  
It is also important to note that the EPG value was the 
highest at outset and that the initial EPG values were 
not reached throughout the experiment.

Overall, it can be stated that chemoresistance  
to benzimidazoles has not been noticed in the studied 
group of horses, despite several contradictory results. 

The presence of high resistance genes may mean that  
in the future the use of fenbendazole in controlling the 
Cyathostominae population will contribute to the selec-
tion of resistance genes and the establishment of chemo- 
resistance.

Based on the obtained results, we recommend the 
use of several methods to quantify any chemoresistance 
for Cyathostominae. The identification of benzimida- 
zole resistance genes requires permanent monitoring  
of the chemoresistance phenomenon and requires spe-
cific measures, such as the rotation between the diffe- 
rent types of anthelmintics. On the other hand, for the 
prevention of chemoresistance, it is necessary to moni-
tor the elimination of eggs by faeces and to reduce  
the frequency of treatments (Carstensen et al. 2013). 
The use of rotational grazing systems and selective 
treatment can be considered (Francisco et al. 2012).

In conclusion, it can be stated that for an effective 
parasitological control and prevention of resistance  
to benzimidazoles, besides other measures, it is neces-
sary to test the imminence of chemoresistance through 
more than one method.
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