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This study investigated the benzimidazole resistance in Haemonchus contortus parasitic
nematodes from sheep from October 2021 to December 2022 in Al-Diwanyiah city/lIraq,
and samples were processed at the laboratory of Parasitology in Veterinary Medicine
College of Al-Qadissyiah University through the detection of E198A mutation and SNP
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polymorphism of the B-tubulin gene at this codon position. Ninety adult H. contortus
samples were collected from the abomasum of sheep (n = 400) and then tested by qPCR and
tetra-primer ARMS-PCR. Of these, three different genotypes have been found for E198A

Helminths

Haemonchus contortus SNP: heterozygous (RS), homozygous (SS), and homozygous resistant genotype (RR). The
Resistance frequencies for these genotypes were 31.11% heterozygous, 57.77% homozygous, and
Correspondence: 11.11% homozygous resistant. The current study indicated the spread of benzimidazole
AM. Amana resistance for H. contortus of sheep in Irag, Al-Diwnayiah by utilizing qPCR and tetra-

primer ARMS-PCR for the first time. It is speculated that the BZ-resistance is due to
excessive and irregular H. contortus drug abuse and inter-species transfer between
ruminants at the commonly grazing pastures and from imported sheep.
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Introduction

Small ruminants (sheep and goats) constitute an essential
source of the human protein diet (1-4). However, parasitic
infections with gastrointestinal nematodes (GINs) in all
animals is a complicated matter, among which the highly
pathogenic Haemonchus contortus (belongs to the order
Strongylida) that leads to economic losses for the livestock
production sector worldwide, especially in the tropical and
subtropical regions (5-7). Therefore, various anthelmintic
drugs have been adapted to control its prevalence among
small ruminants. Because of these drugs’ prolonged and
excessive use, anthelmintic drug resistance emerged against
three  main anthelmintics classes: benzimidazoles,
imidazothiazoles, and macrocyclic lactones (8,9).
Surprisingly, drug resistance for each class emerged within
a decade from when they were introduced. Given that, BZ-
resistance was discovered for the first time in 1964 (10) and
spread globally (11). It was reported that benzimidazole
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binds specifically and selectively to the p-tubulin gene (on
chromosome 1) in BZ-resistant H. contortus nematodes,
which subsequently interferes with the microtubule
formation process (12-14). Molecular studies indicated that
different B-tubulin gene mutations had been associated with
the BZ-resistance in H. contortus, and namely, these Single
Nucleotide Polymorphisms, SNPs are F167Y (TTC to TAC),
E198A (GAA to GCA), and F200Y (TTC to TAC)
(10,11,15). Moreover, mutations at 198 codons (16) are
independent of SNPs mentioned above and showed variable
alleles; E198L, E198V, E198K, and E1981 (17).
Interestingly, and based on H. contotus B-tubulin genetic
studies, it is speculated that two SNPs or more within the
same B-tubulin allele are catastrophic. Furthermore, these
mutations confer resistance by changing the protein’s
physical structure and reducing the BZs binding affinity (18-
20). Traditionally, H. contortus used to be diagnosed by
time-consuming techniques such as faecal egg counts (FEC)
and larvae recovering from faecal culture (LC), which lacks
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both sensitivity and specificity (21,22). In addition, these
techniques require professionally trained staff and precisely
identified parasitic species to conduct such tests. Given that,
eggs and larvae of these parasites are complicated sometimes
when it comes to diagnosis and identification based on the
morphological features (20,23,24). The development and
utilization of Polymerase chain reaction (PCR) made it
feasible to adopt this technique as a diagnostic tool for H.
contortus and its associated drug resistance SNPs (7).
Therefore, in this study, we utilized the amplification
refractory mutation system (tetra-primer ARMS-PCR) to
investigate for isotype-1 B-tubulin SNPs within this gene that
utilizes four PCR primers to distinguish between the three
genotypes at each SNP position (homozygous sensitive, SS;
homozygous resistant, RS; and heterozygous resistant; RR)
(20,25). Even though those SNPs have been investigated in
countries like the UK, USA, Canada, France, Brazil, India,
and China, our knowledge is still lacking regarding the BZ-
resistance and its associated SNPs in Irag. In this study, we
targeted these SNPs to monitor their presence and prevalence
in Irag and to establish the grounds for more future
investigations into H. contortus resistance.

Materials and methods

Ethical approve

Study and samples collection were conducted upon
approval by the in Veterinary Medicine College of Al-
Qadissyiah  University ethics and animals’ welfare
committee under the number 2710 and dated by 01-10-2021.

Sample collection

Samples were collected from the slaughterhouses in AL-
Diwanyiah city, where 400 sheep were examined. After
slaughtering sheep and removing alimentary tract from the
abdomen, abomasa were ligated at both terminals. To
transport, it was dissected and sent to the laboratory for
analysis at the veterinary medicine College of University
AL-Qadisiyah for microscopic examination. The abomasa

removed from omasum and duodenum. Afterward, abomasa
opened along the greater curvature, and their contents were
thoroughly washed under tap water using a mesh sieve. The
appeared nematodes were differentiated based on red and
white appearance due to their white ovaries wrapping around
their blood-filled intestine. Then, the collected worms were
counted and preserved in 70% alcohol containing 5%
glycerin (26).

DNA extraction and PCR

A single adult worm was lysed, and total genomic DNA
was extracted according to the protocol of (Addbio, Korea).
Afterward, the purity and integrity of extracted DNA were
assessed on 1% agarose gel, stained with ethidium bromide,
and visualized using the gel documentation system.
Subsequently, species-specific primers for the mt-COI
conserved region were utilized to detect H. contortus
species, as shown in Table 1. This test was used to confirm
the positive specific H. contortus species. Thus, it can be
further analyzed by ARMS-PCR (20,27,28). This technique
was utilized by employing primers targeting 198 codons
within the B-tubulin gene to detect SNPs responsible for BZ
resistance in H. contortus. According to the previously
described protocol by (Addbio, Korea), these primers were
used (F-Outer, R-Inner, F-innerl98s, R-inner198s) all in a
single PCR tube as shown in table 1. Then, tetra-primer
ARMS-PCR was carried out in a final volume of 20 pl
comprised of 10 pl of master mix (AddBio), 1 pul (0.5
pmol/20 ul) of each primer (forward outer and inner, reverse
outer and inner), 2 pl (100 ng) of DNA template, and 4 pl of
PCR molecular grade water. Cycling conditions included an
initial denaturation step of 95 °C for 5 minutes followed by
a denaturation step of 39 cycles of 95 °C for 35 s and
annealing of 55.5 °C for 30 s, extension of 72 °C for 40 s,
and 1 cycle final extension of 72 °C for 5 min, by using
(BioRad, USA). Thermocycling conditions: PCR thermal
conditions were conducted using a conventional PCR
thermocycler system. PCR products were analyzed on 2 %
agarose and visualized by a gel documentation system (29).

Table 1: Oligoes used for gPCR and tetra-primer ARMS-PCR targeting the mt-COI and B-tubulin gene of H. controtus

Oligos name 57mmmmnae 3 Amplicon size/ bp Representing genotype

HconF-Sybr GGCGGGAACAAGTTGAACAGT 150bp mt-COl

HconR-Sybr CCCTAAAATTGATCTTAAACCC 150bp mt-COl

F-inner198s ATCAACTGGTAGAGAACACCGACGA 200 + 433 Susceptible homozygous genotype (SS)

R-innerl98r AGCTTCGTTGTCAATACAGAATGCTG 433+284+200 Heterozygous genotype (RS)

F-Outer TCAAAAATTCGTGAAGAGTACCCTGA 433+ 284 Resistant homozygous genotype (RR)

R-Inner ACATTGTGACAGACACTTCAATTGCA 433+ 284 Resistant homozygous genotype (RR)
Results gPCR, and we found that 55.5 °C is the optimum annealing

To optimize for the exact annealing temperature for the
mt-COI gene and 198 B-tubulin genes, we ran a gradient-
PCR on 8 samples of H. contorus for both conventional and

90

temperature for both as indicated in figure 1A. Thus, the
protocol can be used for gPCR or PCR as a species-specific
assay.
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Figure 1: Representative 2% gel electrophoresis results of
the serial gradient-PCR for H. contortous isolated from
sheep indicated that 55.5 is the optimum annealing
temperature for mt-COI and B-tubulin genes. A) Lane 1-8
indicates 55.5 is the optimum temperature for the mt-COI
gene required for gPCR. B) Lane 1-8, the optimum
temperature for thep-tubulin gene using the outer and inner
primers for tetra-primer ARMS-PCR; all samples were
susceptible to homozygous genotypes (SS). M: Molecular
DNA marker. Real-time qPCR was performed for all adult
H. contortus, and the test results.

Our results showed a single peak for the mt-COI gene of
adult H. contortus, indicating a precise amplification of the
gene as shown in figure 2. All samples were confirmed to be
H. contortus by real-time gPCR and subsequently subjected
to the tetra-primer ARMS-PCR to investigate BZ resistance
due to B- tubulin gene polymorphism.

First, we performed ARMS-PCR to prove the optimum
annealing temperature using the outer and inner primers,
which was 55.5 °C, as shown in the figure 1B. Then this ideal
degree was used under the tetra- ARMS PCR reaction, and
all confirmed samples examined were H. contortus. Of the
90 H. contortus parasites, 57.77% were homozygous BZ-
susceptible genotype (SS) and produced two bands with 433
bp, and 200 bp in size on the 2% agarose gel see figure 3.
However, 31.11% of the samples were heterogenous BZ-
resistant genotype (RS) (Indicated by targeting the 198
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codon position within B-tubulin) and produced triple bands
with 433 bp, 284 bp, and 200 bp in size. Finally, 11.11%
were homozygous BZ-resistant genotype (RR) and produced
two bands with 433 bp and 284 bp in size.
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Figure 2: Melting curves analysis generated by real-time
gPCR assay by testing mt-COI gene of H. contortus. This
shows a amplification (one peak) without a non-specific
reaction or primer dimmer.

Figure 3: Tetra-primer ARMS-PCR demonstrated different
genotypes of the H. contortus B-tubulin gene. Lane 1,6-7,11,
and 12; show the susceptible homozygous genotypes (SS;
433 bp and 200 bps). Lanes 2,8, and 9; show the resistant
heterozygous genotypes (RS; 433, 284, and 200 bps). Lanes
4 and 5 show the resistant homozygous genotypes (RR; 433
and 284 bps). Lanes 3 and 10, indicate experimental controls.
M is the molecular DNA marker.
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Discussion

Broad-spectrum benzimidazoles have been widely
associated with drug resistance in nematodes due to their
irregular use. Therefore, resistance against this class of drugs
has been developed in H. contortus and other gastrointestinal
nematodes (GINs) (30). In H. contortus, previous studies
detected an SNP in the amino acid residue at position 198 of
the gene encoding B-tubulin protein (31). Even though sheep
are economically significant small ruminants in Iraq,
benzimidazole resistance from these ruminants has not been
investigated yet, and this investigation is to shed light for the
first time on BZ resistance in sheep from Iraqg.

The main goal of using the real-time gPCR technique is
to prove the efficiency of this technique in the confirmed
diagnosis of worm H. (32, 33), where it was possible to rely
on the macroscopic examination of adult worms. However,
due to the presence of significant similarity in the larval
stages of order Strongylida and the difficulty of
distinguishing through eggs, it was necessary to rely on rapid
diagnostic methods. Through this study, it has become
possible to rely on this technique in the confirmed diagnosis
of any order of Strongylida.

Previously, (34) used the real-time qPCR technique to
diagnose H. contortus where the (mt-COIl) gene was targeted
(34,35). Real-time gPCR assays showed excellent specificity
to target nematodes. This is perfectly consistent with
Reslova’s group finding (36). Other researchers who have
used this technique concluded that the real-time PCR assay
saves time and requires no post-PCR gel electrophoresis,
which is consistent with the current study’s findings (37-39).
Moreover, mt-COl is considered a diagnosis in Hypoderma
spp by adapting the PCR-RFLP technique (31,40,41).

The detection of the presence of the benzimidazole
resistance gene in H. contortus became critical due to the
absence of previous studies in Iraq related to this field, where
this gene was evaluated based on a technique tetra-primer
ARMS-PCR and after the gel electrophoreses procedure,
three genotypes were observed in the codon E198 and as
follows (SS 57.77%, RS 31.11% and RR 11.11%) and this
corresponds to what found him Zongze and his group (20)

After reviewing previous studies and given the
association between the three SNPs (E198A, F167Y, and
F200Y) in the B-tubulin gene associated with BZ-resistance
(31,42), the aim here was to discover these mutations in the
B-tubulin gene of H. contortus where 70% of mutations are
found within E198A SNP (43). Therefore, we chose E198A
SNP without other SNPS for our investigation in this study.

Conclusions

BZ-resistance in sheep infected with H. contortus
parasite in Diwaniyah is due to the excessive and irregular
use of antihelminthic, especially benzimidazole. However,
the resistant strains may have come with the sheep by
importing from neighboring countries.

92

Acknowledgments

We want to thank the College of Veterinary Medicine,
University of Al-Qadisyiah, Diwanyiah, Irag, for their
support.

Conflicts of interest

The authors declare that no conflicts of interest have been
associated with this work.

References

1. Abbott EM, Parkins JJ, Holmes P. Influence of dietary protein on
parasite establishment and pathogenesis in Finn Dorset and Scottish
Blackface lambs given a single moderate infection of Haemonchus
contortus. Res Vet Sci. 1985;38(1): 6-13. DOI: 10.1016/S0034-
5288(18)31840-X

2. Caccio S, Pinter E, Fantini R, Mezzaroma |, Pozio E. Human infection
with Cryptosporidium felis: case report and literature review. Emerg
Infect Dis. 2002;8(1):85-86. DOI: 10.3201/eid0801.010269

3. Mahmood FR, Ahmed IM. Phenotypic characterization and
antibiogram of extended spectrum R-lactamase (ESBL)/AmpC-
producing Escherichia coli isolated from sheep. Iragi J Vet Sci.
2022;36(2): 303-307. DOI: 10.33899/ijvs.2021.130112.1732

4. Besier R, Kahn L, Sargison N, Van Wyk J. Diagnosis, treatment and
management of Haemonchus contortus in small ruminants. Adv
Parasitol. 2016;93:181-238. DOI: 10.1016/bs.apar.2016.02.024

5. Allonby E, Urquhart G. The epidemiology and pathogenic significance
of haemonchosis in a Merino flock in East Africa. Vet Parasitol.
1975;1:129-143. DOI: 10.1016/0304-4017(75)90015-1

6. Albers G, Gray G, LE JL, Piper L, Barger I, Barker J. The effect of
Haemonchus contortus on live weight gain and wool growth in young
Merino sheep. Aust J Agric Res. 1989;40:419-432. DOI:
10.1071/AR9890419

7. Roeber F, Morrison A, Casaert S, Smith L, Claerebout E, Skuce P.
Multiplexed-tandem PCR for the specific diagnosis of gastrointestinal
nematode infections in sheep: a European validation study. Parasit
Vect. 2017;10(1):1-11. DOI: 10.1186/s13071-017-2165

8. Barnes EH, Dobson RJ, Stein PA, Le Jambre LF, Lenane 1J. Selection
of different genotype larvae and adult worms for anthelmintic
resistance by persistent and short-acting avermectin/milbemycins. Int J
Parasitol. 2001;31:720-727. DOI: 10.1016/s0020-7519(01)00174-6

9. Bartram DJ, Leathwick DM, Taylor MA, Geurden T, Maeder SJ. The
role of combination anthelmintic formulations in the sustainable control
of sheep nematodes. Vet Parasitol. 2012;186:151-158. DOI:
10.1016/j.vetpar.2011.11.030

10. Drudge J, Szanto J, Wyant Z, Elam G. Field studies on parasite control
in sheep: comparison of thiabendazole, ruelene, and phenothiazine. Am
J Vet Res. 1964,25:1512-1518.
https://www.cabdirect.org/cabdirect/abstract/19650800919.

11. Fitzpatrick J. Global food security: the impact of veterinary parasites
and parasitologists. Vet Parasitol. 2013;195(3-4):233-248. DOI:
10.1016/j.vetpar.2013.04.005

12. Campbell N, Hall C, Kelly J, Martin I. The anthelmintic efficacy of
non-benzimidazole anthelmintics against benzimidazole resistant
strains of Haemonchus contortus and Trichostrongylus colubriformis in
sheep. Aust Vet J .1978;54:23-25. DOI: 10.1111/j.1751-0813.
1978.th00265.x

13. Lacey E, Brady RL, Prichard RK, Watson TR. Comparison of
inhibition of polymerisation of mammalian tubulin and helminth
ovicidal activity by benzimidazole carbamates. Vet
Parasitol. 1987;23(1-2):105-119. DOI: 10.1016/0304-4017(87)90029-
X



https://doi.org/10.1016/S0034-5288(18)31840-X
https://doi.org/10.1016/S0034-5288(18)31840-X
https://dx.doi.org/10.3201%2Feid0801.010269
http://dx.doi.org/10.33899/ijvs.2021.130112.1732
https://doi.org/10.1016/0304-4017(75)90015-1
http://www.doi.org/10.1186/s13071-017-2165
https://doi.org/10.1016/s0020-7519(01)00174-6
https://doi.org/10.1016/j.vetpar.2011.11.030
https://www.cabdirect.org/cabdirect/abstract/19650800919
http://www.doi.org/10.1016/j.vetpar.2013.04.005
http://www.doi.org/10.1016/0304-4017(87)90029-X
http://www.doi.org/10.1016/0304-4017(87)90029-X

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Iragi Journal of Veterinary Sciences, Vol. 37, No. 1, 2023 (89-94)

Kwa MS, Veenstra JG, Van Dijk, M, Roos MH. B-Tubulin genes from
the Parasitic Nematode Haemonchus contortus Modulate drug
resistance in Caenorhabditis elegans. J Mol Biol. 1995;246(4):500-
510. DOI: 10.1006/jmbi.1994.0102

Ghisi M, Kaminsky R, Maser P. Phenotyping and genotyping of
Haemonchus contortus isolates reveals a new putative candidate
mutation for benzimidazole resistance in nematodes. Vet Parasitol.
2007;144(3-4):313-320. DOI: 10.1016/j.vetpar.2006.10.003

Rufener L, Kaminsky R, Maser P. In vitro selection of Haemonchus
contortus for benzimidazole resistance reveals a mutation at amino acid
198 of B-tubulin. Mol Biochem Parasitol. 2009;168(1):120-122. DOI:
10.1016/j.molbiopara.2009.07.002

Morrison A, Chaudhry U, Aandrews L, Melville L, Doyle S, Sargison
N. Bartley D. Phenotypic and genotypic analysis of benzimidazole
resistance in reciprocal genetic crosses of Haemonchus contortus. Int J
Parasit Drugs Drug Resist. 2022;18:1-11. DOI:
10.1016/j.ijpddr.2021.11.001

Chandra S, Prasad A, Sankar M, Yadav N, Dalal S. Molecular diagnosis
of benzimidazole resistance in Haemonchus contortus in sheep from
different geographic regions of North India. Vet World. 2014;7(5):337-
341. DOI: 10.14202/vetworld.2014.337-341

Kotze A, Prichard R. Anthelmintic resistance in Haemonchus
contortus: history, mechanisms and diagnosis. Adv Parasitol.
2016;93:397-428. DOI: 10.1016/bs.apar.2016.02.012

Zongze Z, Xin Y, Awais AA, Weigiang L, Chunqun W, Di W, Yangin
Z, Junlong Z, Rui F. Min H. Development of a tetra-primer ARMS-
PCR for detecting the E198A SNP in the isotype-1 B-tubulin gene of
Haemonchus contortus populations in China. Vet Parasitol.
2018;252:127-130. DOI: 10.1016/j.vetpar.2018.01.021

Coadwell WJ, Ward PFV. The use of faecal egg counts for estimating
worm burdens in sheep infected with Haemonchus contortus. Parasitol.
1982;85:251-256. DOI: 10.1017/50031182000055220

Charles TP, Rogue MVC, Santos CDP. Reduction of Haemonchus
contortus infective larvae by Harposporium anguillulae in sheep faecal
cultures. Int J Parasitol. 1996;26(5):509-510. DOI: 10.1016/0020-
7519(96)00026-4

Turgay N, Unver-Yolasigmaz A, Oyur T, Ozcem SB, Toz S. Monthly
distribution of intestinal parasites detected in a part of western Turkey
between May 2009-April 2010-results of acid-fast and modified
trichrome staining methods. Turk Parasitol Derg. 2012;36(2):71. DOI:
10.5152/tpd.2012.18

Ljungstrdm S, Melville L, Skuce PJ, Héglund J. Comparison of four
diagnostic methods for detection and relative quantification of
Haemonchus contortus eggs in feces samples. Front Vet Sci.
2018;4:239. DOI: 10.3389/fvets.2017.00239

Gilleard J, Redman E. Genetic diversity and population structure of
Haemonchus contortus. Adv Parasitol. 2016;93:31-68. DOI:
10.1016/bs.apar.2016.02.009

Soud SS, Azzal GY, Al-Aziz SA. Molecular characterization of
Parabronema skrjabini in Basrah province, Irag. Basrah J Vet Res.
2018;17(3):789-798. [available at

Niciura SCM, Verissimo CJ, Gromboni JGG, Rocha MIP, De Mello
SS, Barbosa CMP, Chiebao DP, Cardoso D, Silva GS, Otsuk IP. F200Y
polymorphism in the B-tubulin gene in field isolates of Haemonchus
contortus and risk factors of sheep flock management practices related
to anthelmintic resistance. Vet Parasitol. 2012;190(3-4):608-612. DOI:
10.1016/j.vetpar.2012.07.016

Furtado LFV, Alves WP, Moreira TB, Junior LMC, Miranda RRC,
Rabelo EML. Standardization and application of the tetra primer
ARMS-PCR technique for screening of the E198 A SNP in the B-tubulin
gene of hookworm populations in Brazil. Vet Parasitol. 2016;224:65-
67. DOI: 10.1016/j.vetpar.2016.05.013

Hoglund J, Elmahalawy ST, Halvarsson P, Gustafsson K. Detection of
Haemonchus contortus on sheep farms increases using an enhanced
sampling protocol combined with PCR based diagnostics. Vet Parasitol.
2019;276:100018. DOI: 10.1016/j.vpoa.2019.100018

93

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Furtado LFV, De Paiva Bello ACP, Rabelo EML. Benzimidazole
resistance in helminths: From problem to diagnosis. Acta Trop.
2016;162:95-102. DOI: 10.1016/j.actatropica.2016.06.021

Shen DD, Peng ZW, Hu M, Zhang ZZ, Hou ZJ, Liu ZS. A detection of
benzimidazole resistance-associated SNPs in the isotype-1 B-tubulin
gene in Haemonchus contortus from wild blue sheep (Pseudois nayaur)
sympatric with sheep in Helan Mountains, China. BMC Vet Res.
2019;15(1):1-9. DOI: 10.1186/s12917-019-1838-4

Tiwari J, Kolte AP, Kumar S, Swarnkar CP, Singh D, Pathak KM.
Diagnosis of benzimidazole resistance in Haemonchus contortus of
sheep by allele-specific PCR. Asian Aust J Anim Sci. 2007;20(1):7-11.
DOI: 10.5713/ajas.2007.7

Von Samson-himmelstjerna G, Walsh T, Donnan A, Carriere S,
Jackson F, SKUCE P, Rohn, K, Wolstenholme AJ. Molecular detection
of benzimidazole resistance in Haemonchus contortus using real-time
PCR and pyrosequencing. Parasitol. 2009;136(3): 349-358.DOI:
10.1017/S003118200800543X

Duzlu O, Yildirim A, Yetismis G, Onder Z, Simsek E, Ciloglu A, Inci
A. Development and field evaluation of a species-specific mt-COI
targeted SYBR-Green Real-Time PCR for detection and quantification
of Haemonchus contortus in cattle in Turkey. Vet Parasitol.
2020;277:109020. DOI: 10.1016/j.vetpar.2019.109020

Learmount J, Conyers C, Hird H, Morgan C, Craig BH, Von Samson-
Himmelstjerna, G, Taylor M. Development and validation of real-time
PCR methods for diagnosis of Teladorsagia circumcincta and
Haemonchus contortus in sheep. Vet Parasitol. 2009;166(3-4):268-274.
DOI: 10.1016/j.vetpar.2009.08.017

Resolve N, Skorpikova L, Kyrianova IA, Vadlejch J, Héglund J, Skuce
P, Kasny M. The identification and semi-quantitative assessment of
gastrointestinal nematodes in faecal samples using multiplex real-time
PCR assays. Parasit Vect. 2021;14(1):1-12. DOI: 10.1186/s13071-021-
04882-4

Cao AX, Liu XZ, Zhu SF, Lu BS. Detection of the pinewood nematode,
Bursaphelenchus xylophilus, using a real-time polymerase chain
reaction assay. Phytopathol. 2005;95(5):566-571. DOI:
10.1094/PHYTO-95-0566

Madani M, Subbotin SA, Moens M. Quantitative detection of the potato
cyst nematode, Globodera pallida, and the beet cyst nematode,
Heterodera schachtii, using real-time PCR with SYBR green | dye. Mol
Cell Probes. 2005;19:81-86. DOI: 10.1016/j.mcp.2004.09.006

Hodson AK, Cicchetto A, Fierro FA. Real-time PCR assays to detect
and quantify the nematodes Pratylenchus vulnus and Mesocriconema
xenoplax. Crop Protect. 2021;145:105617. DOl:
10.1016/j.cropro.2021.105617

Onder Zz, Yildirim A, Inci A, Duzli O, Ciloglu A. Molecular
prevalence, phylogenetic characterization and benzimidazole resistance
of Haemonchus contortus from sheep. Kafkas Univ Vet Fak Derg.
2016;22(1):93-99. DOI: 10.9775/kvfd.2015.13960

Alhamdany DG, Alhayali NS. Morphological and molecular diagnosis
of Hypoderma spp. in Mosul city, Iraqg. Iragi J Vet Sci. 2022;36(1):255-
259. DOI: 10.33899/ijvs.2021.129942.1704

Kwa MS, Veenstra JG, Roos MH. Benzimidazole resistance in
Haemonchus contortus is correlated with a conserved mutation at amino
acid 200 in P-tubulin isotype 1. Mol Biochem Parasitol.
1994;63(2):299-303. DOI: 10.1016/0166-6851(94)90066-3

Zhang Z, Gasser RB, Yang X, Yin F, Zhao G, Bao M, Hu M. Two
benzimidazole resistance-associated SNPs in the isotype-1 B-tubulin
gene predominate in Haemonchus contortus populations from eight
regions in China. Int J Parasitol Drugs Drug Resist. 2016;6(3):199-206.
DOI: 10.1016/j.ijpddr.2016.10.001



https://doi.org/10.1006/jmbi.1994.0102
https://doi.org/10.1016/j.vetpar.2006.10.003
https://doi.org/10.1016/j.molbiopara.2009.07.002
http://www.doi.org/10.1016/j.ijpddr.2021.11.001
http://www.doi.org/10.14202/vetworld.2014.337-341
http://www.doi.org/10.1016/bs.apar.2016.02.012
http://www.doi.org/10.1016/j.vetpar.2018.01.021
https://doi.org/10.1017/s0031182000055220
https://doi.org/10.1016/0020-7519(96)00026-4
https://doi.org/10.1016/0020-7519(96)00026-4
https://doi.org/10.5152/tpd.2012.18
https://doi.org/10.3389/fvets.2017.00239
https://doi.org/10.1016/bs.apar.2016.02.009
https://bjvr.uobasrah.edu.iq/article_174026.html
https://doi.org/10.1016/j.vetpar.2012.07.016
https://doi.org/10.1016/j.vetpar.2016.05.013
https://doi.org/10.1016/j.vpoa.2019.100018
https://doi.org/10.1016/j.actatropica.2016.06.021
http://www.doi.org/10.1186/s12917-019-1838-4
http://www.doi.org/10.5713/ajas.2007.7
https://doi.org/10.1017/s003118200800543x
http://www.doi.org/10.1016/j.vetpar.2019.109020
https://doi.org/10.1016/j.vetpar.2009.08.017
http://www.doi.org/10.1186/s13071-021-04882-4
http://www.doi.org/10.1186/s13071-021-04882-4
http://www.doi.org/10.1094/PHYTO-95-0566
http://www.doi.org/10.1016/j.mcp.2004.09.006
http://www.doi.org/10.1016/j.cropro.2021.105617
http://www.doi.org/10.9775/kvfd.2015.13960
http://www.doi.org/10.33899/ijvs.2021.129942.1704
https://doi.org/10.1016/0166-6851(94)90066-3
http://www.doi.org/10.1016/j.ijpddr.2016.10.001

Iragi Journal of Veterinary Sciences, Vol. 37, No. 1, 2023 (89-94)

Oaa JSEY) Baaxia VAN adsall ie 48156l ol ikl el
ALl 825 Lk (g0 A (gt gan o U Gal g sll 455
Lo a3 ladey s (€0 0 = 222ll) alie Y1 (e Ang) Hl) Baxall (p 2L
S8 el 5 el Aludi Jeld 5 (oS 5 pald) Alule Jelis Ay
@\J}S\ Ja\a_mﬂ dabiia 4\.\.\\)} .L:LA.I\ )’y A.znaj\ M\Jﬂ\ c_u;J
el s Al Jilatie 5 dag 3l ulacie 2 g 5 JISEY) 225E198A
Gaty 480 )l Lla¥) oda ek | aglially Jilaiad) dag 3l Jaas
06 Y,0 ) 5 day ) Alilaie 90V a3l 5 laial 0¥ ddlias
Ade 85 0 JsY o Aallal) Al jall ¢ jlal A laall day 3 dlilaia
LRSS d )5 e il Colaliae daglia il ) Al gl
Al Jeld i aladinly La gpead 43l gall digae 85 () el)
u,uaug_mu\m =Ll 3 el Al Jeliny S 5 el
bl Jlal G5 da iall 5 alall aladinl) g culaliadl gl
olia¥l ae Sl ) gl ) AlaYl ailad) gl gl o

,DJJM\

94

Ol JISEY) Basmia £198A 4 gall i jad) anidil)
(oo Ad g jrall g Ausluad) B gal) (A Uiy (ol g gl
Glal) gl gal) B alisY)

S Oleaa gaia g4l Jgla a S0

Aanaldll dxala (g skl alall 48 ¢y Hlapll &y jeaall sl g
Gl
AaDAL

Gl (8 J g Hlasal ill ALl lagal) A glia Al all oda <l 4l
gl Aalles Caai 5 (3 yal) / Al saal) e 8 ALY (e A 5 aal)
A (e Al Aralas b (5 skl Qlall 0S8 cllalal) s b



