
Introduction

Effective control and proper treatment of
parasitoses, especially those caused by the presence
of gastrointestinal nematodes (GIN) in ruminants, is
not always possible due to the presence of resistant
parasitic strains. This phenomenon is defined as an
increase in frequency of individuals able to tolerate
elevated drug doses relative to a normal population
[1]. Anthelmintic resistance (AR) has become a
significant problem among grazing livestock, and
threatens both agricultural income and animal
welfare. More seriously, multiple drug-resistant
populations have also been detected [2–5].

The most common resistant genera are:
Haemonchus, Teladorsagia and Trichostrongylus

[6]. Although many bases exist for the acquisition of
AR, recent reports make particular reference to

molecular ones. Haemonchus contortus is the most
pathogenic and prevalent species of the abomasal
nematodes in small ruminants. This  haematophagous
parasite causes production losses and even death in
severe cases. Nowadays, three broad-spectrum
anthelmintic groups available for haemonchosis
treatment in grazing animals are commonly used:
benzimidazoles (BZs), imidazothiazoles and
macrocyclic lactones. Among these, BZs are
preferred for control of strongyle infections due to
their high efficiency (>95%), and absence of toxic
residues in milk or meat [7,8].

BZs lead to inhibition of the microtubule
formation by binding selectively to the  cellular β-
tubulin of the helminth [9]. In H. contortus, this
binding is prevented by a point mutation in the β-
tubulin gene; several reports have implicated the
presence of Single Nucleotide Polymorphisms
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(SNPs) at codons 167, 198 or 200 of the β-tubulin
isotype 1 gene in the acquisition of BZ resistance
[10–13]. However, the SNP at codon 200 (TTC to
TAC) is the most important mutation linked with
such resistance in H. contortus, resulting in
substitution of phenylalanine (Phe) for tyrosine
(Tyr) [12,14–17]. 

Despite its great veterinary and economical
significance, data concerning the occurrence of AR
in GIN of sheep in Poland are very limited [18,19].
Furthermore, information on molecular assays for
BZ-resistance are not available. Therefore, the
purpose of the presented study was to confirm the
presence of BZ-resistance, acquired through the
F200Y polymorphism, in a highly pathogenic H.

contortus in sheep in Poland by PCR-RFLP.

Materials and Methods

The study involved 30 adult Polish Mountain
sheep from southern Poland. The flock was created
to graze on the embankments in the rural areas near
Kraków, as a part of the owcenawaly.pl research
project. Animals used in the trial were chosen
according to Coles et al. [17]. During the project,
the sheep were dewormed with Valbazen 10%
(Pfizer; 5 mg/kg body weight; per os, single dose –
according to the manufacturer’s recommendations).

Faecal egg count reduction test (FECRT). BZ
resistance was ascertained by a combination of
appropriate parasitological methods. The fecal egg
count reduction test (FECRT) was applied to assess
the efficacy of the used compound. The
concentration McMaster technique [20] was used to
detect helminth eggs in the faecal samples taken
individually from each animal. Furthermore,

FECRT was supported by the identification of
larvae obtained from the coproculture [17]. The
larval cultures (pre- and posttreatment) were
established in accordance with the method proposed
by Henriksen and Korsholm [21]. The harvested
third-stage larvae were subsequently distinguished
according to van Wyk and Mayhew [22]. The
FECRs were calculated only for sheep that excreted
more than 150 eggs per gram of faeces (EPG) at the
beginning of treatment (Day 0), as suggested for
adult sheep [17]. Since no control group was used,
the formula: (pretreatment FEC – posttreatment
FEC/pretreatment FEC) × 100 was applied, and the
mean value was calculated.

Sample collection and DNA extraction.

Nematodes were collected directly from the
abomasum during the post-mortem examination of
four inefficiently treated sheep. Species
identification was performed by a study of
characteristic morphological features [23]. In total,
55 specimens of H. contortus were collected and
then stored in 70% ethanol for further analyses. For
the DNA extraction, only the anterior part of the
female body and adult males were used to avoid the
possibility of the samples being contaminated with
DNA from the eggs. Subsequently, nematodes were
removed from ethanol, washed and cut into small
pieces in the saline solution. DNA extraction was
performed from a single nematode using a DNA
extraction kit (Promega) according to the
manufacturer’s instructions; however,  Proteinase K
and ß-mercaptoethanol were added to achieve a
significantly higher DNA concentration. All
extracted DNA samples were properly stored until
the first step of the molecular analysis.

Polymerase Chain Reaction (PCR). The
standard Polymerase Chain Reaction method (PCR)
was carried out to amplify the part of isotype 1 β-
tubulin gene containing the codon 200 triplet, with
commonly used primers designed according to the
sequences available in Genebank: the forward
primer (P1) from nucleotide in position 446 to 467
(22-mer) and the reverse primer (P2) between
nucleotides 825 to 847 (23-mer) [24,25]. The
volume and content of the PCR reaction mixture as
well as the PCR program itself (Eppendorf Gradient
S thermocycler, Germany) were applied as
previously described [24]. Samples without
genomic DNA were used as negative controls.

Table 1. Efficacy of albendazole against Haemonchus

contortus using FECRT

No. of sheep 
Day 0 

[EPG] 

Day 10 

[EPG] 

FECR 

[%] 

1 160 0 100  

2 280 0 100  

3 160 0 100  

4 300 0 100  

5 2100 2100 0,0 

6 220 40 81.8  

7 160 20 87.5  

8 160 20 87.5  

mean FECR [%] 38.1  



Results 

Faecal egg count reduction test (FECRT)

The results obtained with the FECRT indicated a
low level of GIN infection. The outcomes varied
from 10 to 2100 EPG before drug application (Day
0), and from 20 to 2100 EPG after the 10-day-
treatment (Day 10). The resistance was stated for
Haemonchus contortus: only larvae of this species
were obtained from posttreatment coprocultures. The
FECR value evaluated for this species was low and
reached an average of 38.1%, ranging from 0 to
100% for individual sheep (Table 1) (95%
confidence interval; range 53.5–110.2%). The other
species of GIN (i.e., Trichostrongylus sp.,
Teladorsagia sp. and Chabertia ovina), as well as
lung nematode (i.e., Dictyocaulus filaria, Muellerius

capilaris), demonstrated high susceptibility to the
drug.

Polymerase Chain Reaction (PCR)

The PCR products were analyzed on 2% agarose
gel in 0.5× TBE stained with ethidium bromide and
visualized using an UV illuminator. Regrettably, as
the amplified fragment was shorter than expected
403 bp (less than 100 bp – Fig. 1), the complete
PCR-RFLP method could not be performed. This
fragment was also not long enough for effective
sequencing, therefore it was impossible to verify
whether the amplified product was an isotype 1 β-
tubulin gene, or confirm which part of this gene had
been obtained.

Discussion

The presence of AR in GIN nematodes has been
noted worldwide [6]. There is hence a need to
optimize the use of anthelmintics and to reduce the
risk of further enhancement of AR. Although it has
been shown that both in vivo and in vitro methods
are comparable to molecular tests with regard to
their analytical ability, they appear to be less
sensitive [26], and more importantly, cannot
provide the information on the diverse resistance
mechanisms needed to monitor the spread of AR.

The occurrence of AR in Europe is well
documented especially in Western European, as
well as Scandinavian countries. The majority of
studies address the species of the three most
important genera of sheep nematodes, Haemonchus,
Teladorsagia and Trichostrongylus, and show BZ-
resistance as a very serious case. For instance,
trichostrongylid nematodes resistant to BZs have
been identified in the United Kingdom, Spain,
France, Greece and the Netherlands. Furthermore,
H. contortus has been shown to be the predominant
resistant or even multi-resistant species in a number
of countries [2,6]. 

On the other hand, data on the issue in Poland, as
well as in our neighboring countries are very
limited. Research conducted in the Czech Republic
[27], Slovakia [28,29], or Lithuania [30] have
addresses the topics of BZ-resistance in GIN, but
only using in vitro and in vivo methods. Likewise,
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Fig. 1. Ethidium bromide-stained agarose gel electrophoresis of PCR products generated from genomic DNA of
Haemonchus contortus (part of analyzed samples). M, Gene Ruler Low Range DNA Ladder, ready-to-use
(ThermoFischerScientific, USA). 1-12, samples with genomic DNA from H. contortus. C1-C3, control samples. 



Polish analyses refer only to the coproscopical
approaches [18,19].

Various molecular methods are applicable for the
detection of BZ-resistance caused by SNP at codon
200. The most common is PCR-RFLP and its
variations [12,24,31]; however, allele-specific PCR
(AS-PCR) [17,32], real-time PCR (qPCR) [33],
single-strand conformation polymorphism (SSCP)
analysis, or pyrosequencing [34,35] can also be
used. 

As, this is the only Polish attempt to confirm the
presence of a mutation at codon 200 of the β-tubulin
isotype 1 gene in the literature, our findings cannot
be properly compared. The obtained results reflect
the high variability within the parasite population.
Hence, it is essential to adapt the reaction conditions
to the local geographic strain of the nematode,
including the design of primers used to amplify the
DNA marker. To date, H. contortus is one of the
most intensively studied species and while its AR
has been documented as widespread, it is not
sufficiently recognized in Poland. Therefore, further
studies are required to validate the species-specific
genetic markers. Although the results of the
molecular test were not consistent with those of
parasitological examinations, our findings confirm
the presence of BZ-resistance in H. contortus,
which is known to be one of the most pathogenic
species in Polish sheep flocks.
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