
Measuring the impact of different treatment regimes 
on the evolution of anthelmintic resistance

Benedict Karani1, Jennifer McIntyre1, Roz Laing1, Steve Doyle2, Fiona Kenyon3, James Cotton1
1University of Glasgow, 2Wellcome Sanger Institute, 3Moredun Research Institute

Contact
1. Harhay, M.O., Horton, J. and Olliaro, P.L., 2010. Epidemiology and control of human gastrointestinal parasites in children. Expert review of anti-infective therapy, 8(2), pp.219-234.
2. Taylor M, Coop RL, Wall R. 2016. Veterinary Parasitology, 4th edition. 
3. Burgess, C.G., Bartley, Y., Redman, E., Skuce, P.J., Nath, M., Whitelaw, F., Tait, A., Gilleard, J.S. and Jackson, F., 2012. A survey of the trichostrongylid nematode species present on UK sheep farms and associated anthelmintic control practices. Veterinary Parasitology, 189(2-4), 

pp.299-307.
4. Gonzalez-Canga, A., 2012. Editorial [Hot Topic: Macrocyclic Lactones in Antiparasitic Therapy (Guest Editor: Aranzazu Gonzalez-Canga)]. Current Pharmaceutical Biotechnology, 13(6), pp.851-852.
5. Sargison, N.D., Scott, P.R., Wilson, D.J., Macrae, A.I. and Penny, C.D., 2010. Teladorsagia circumcincta resistance to moxidectin and multiple anthelmintic groups in ewes following use of the persistent drug before lambing. Veterinary Record, 167(14), pp.523-527.
6. Stear, M.J., Boag, B., Cattadori, I. and Murphy, L., 2009. Genetic variation in resistance to mixed, predominantly Teladorsagia circumcincta nematode infections of sheep: from heritabilities to gene identification. Parasite immunology, 31(5), pp.274-282.
7. Kenyon, F., McBean, D., Greer, A.W., Burgess, C.G., Morrison, A.A., Bartley, D.J., Bartley, Y., Devin, L., Nath, M. and Jackson, F., 2013. A comparative study of the effects of four treatment regimes on ivermectin efficacy, body weight and pasture contamination in lambs naturally 

infected with gastrointestinal nematodes in Scotland. International Journal for Parasitology: Drugs and Drug Resistance, 3, pp.77-84.
8. Melville LA., McBean D., Fyfe A., Campbell S.J., Palarea-Albaladejo, J. and Kenyon, F., 2016. Effect of anthelmintic treatment strategy on strongylid nematode species composition in grazing lambs in Scotland. Parasites & vectors, 9, pp.1-11.

References

§ Checking viability of the samples; since its over 10 
years since their collection from the field.

Introduction
There is a new chromosome-scale genome assembly 
for the anthelmintic susceptible UK MTci2 strain of T. 
circumcincta. 
The single isolate assembly was generated using 
PacBio long-read sequencing and HiC scaffolding 
together with extensive manual curation of the 
genome and annotation.

This new assembly allows the use of whole-genome 
approaches and better-designed targeted genetic 
approaches to study AR in T. circumcincta.

New Genome assembly
Parasitic infections pose a great challenge to both
human and animal health [1,2]. The control of parasitic
worm infections in livestock largely relies on the use of
anthelmintic drugs [3]. Ivermectin (IVM) is the most
widely used macrocyclic lactone (MLs) to treat parasitic
worms in livestock [4]. 
Despite being effective in controlling parasitic worms in
livestock, there’s growing resistance against IVM due its
intensive use and anthelmintic resistance (AR) in general
is a major challenge to successful parasite control. The
prevalence of ML resistance In Scottish sheep has been
reported to be about 35% [5]. 
Teladorsagia circumcincta is the most prevalent
gastrointestinal nematode of sheep [6]. Regular IVM
treatment of sheep infected by T. circumcincta is
becoming unsustainable due to ever-increasing levels of
resistance. Unlike in benzimidazoles, the genetic basis
underlying MLs resistance is poorly understood.
Understanding the evolution of genetic markers involved
in AR is key to developing novel control approaches for
T. circumcincta as well as improving surveillance and
treatment of teladorsagiasis in sheep.

Preparatory activities

Figure 5. Phylogenetic trees showing orthologs of two families of 
H. contortus and C. elegans AR  genes in the T. circumcinta genome
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Key observations
a) Most of the L1 larvae samples from the field trial 

are still viable and can reliably be used in this 
study.

b) Conservation of AR candidate genes across H. 
contortus, C. elegans and T. circumcincta is not 
obvious.
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Protein

T. circumcincta 
Tci2_WSI3.0

573.0 1,286 84.0 2.4 94.8 22,948 85.2 96.3

T. circumcincta 
PRJNA72569

700.6 81,734 0.047 0.002 1.5 25,572 67.4 40.2

H. contortus 
PRJEB506

283.4 7 47.4 43.6 51.8 19,778 83.5 96.2

C. elegans 
PRJNA13758

100.3 7 17.5 13.8 20.9 18,178 98.8 100.0

A 5-year field trial study at Moredun Research Institute 
[7] compared the impact of four different treatment 
regimes on the development of AR; It found that 
targeted treatment led to significantly slower 
development of resistance compared to the frequent 
dosing approach. This represents a uniquely well-
controlled setting in which to investigate the evolution of 
AR.

Figure 3. Species composition (%) of L1 larvae between 2006 & 2011 [8].

Field Trial at Moredun

Figure 2. IVM drug efficacy data from the field trial [7].

Use some of the materials from the field trial to;
a) Optimise amplicon-based genotyping approaches 

for candidate AR loci in T. circumcincta.
b) Generate whole-genome sequence data from the 

pooled L1 larvae and targeted genotypes at 
candidate loci from individual worms from the 
field trial, and fit population genetic models to 
estimate the relative strength of selection acting 
on candidate ivermectin resistance loci.

c) Estimate the change in frequency of resistance 
alleles over a grazing season in Scottish sheep 
flocks and demonstrate the generality of results 
from the field trial data.

d) Conduct knowledge exchange to inform key 
stakeholders such as farmers veterinary 
practitioners and industries on the outcomes of 
the project.

Objectives of the study

§ Finding the orthologues of candidate AR genes 
from Haemonchus contortus and Caenorhabditis 
elegans in the new T. circumcincta chromosomal 
genome assembly.

Figure 4. PCR Results of 2006 L1 larvae samples using Generic ITS2 
& Tcirc ITS2 primers (double bands indicate T. circumcincta positive 
samples)

A Venn diagram showing the total number of one-to-one orthologues
in the predicted proteomes

Figure 1. Signs of parasitic worm infections in sheep
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