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Cattle, sheep and goats are parasitized by various helminth
species, the most important being the gastrointestinal nema-
todes (GIN) and liver fluke. These pathogens can cause severe
disease and affect productivity in all classes of livestock and are
worldwide amongst the most important production-limiting dis-
eases of grazing ruminants [2]. Essentially, all herds/flocks in a
grass-based production system are affected and the major eco-
nomic impact is due to sub-clinical infections causing reduced
growth and milk/wool production. These parasitic worms can
also cause severe distress and disease, affecting animal welfare,
and through the impact on farm management, production and
food security, indirectly human wellbeing.

For more than 50 years, the control of these helminth
infections has largely relied on the use of (broad spectrum)
anthelmintics, belonging to different families of molecules.
However, around the world, farmers and veterinarians are
increasingly confronted with treatment failures due to anthel-
mintic resistance (AR). Frequent, indiscriminate or inappropri-
ate use of anthelmintic drugs to control these parasites has
resulted in selection of drug-resistant helminth populations.
As shown in one of the papers in this special issue, AR in rumi-
nants is now widespread for all the major GIN and is likely
underreported in liver fluke [13]. AR has also been described
in other GIN populations infecting host species like horses
and pigs and is becoming a major concern for parasite control
in companion animals and humans [18, 19]. If no changes to
current control procedures are made, the health and welfare
of animals and people are expected to be seriously impacted.
In parallel, this is expected to lead to major economic losses
and impacts regarding food security and greenhouse gas emis-
sions from livestock through efficiency losses. This is particu-
larly so in specific production systems like grazing dairy
sheep and goats, where regulations to avoid medicine residues
in milk have limited the available anthelmintic compounds.
This has likely accelerated the development of AR to the few
available molecules [14].

Previous research projects had attempted to tackle AR
nationally or via projects focused on a specific component of
the AR conundrum. These had led to limited progress in several
areas including diagnostics to detect AR, socio-economic
aspects and integration of the different control tools. The COST
Action COMBAR therefore came about at a time of high need
to coordinate research efforts and exchange approaches at the
European and even international level. The main aim of COM-
BAR (Combatting Anthelmintic Resistance in Ruminants;
https://www.combar-ca.eu) was to create a network and foster
the exchange of scientific knowledge required to COMBAT
AR and bring recognised experts in the field of sustainable con-
trol of helminth parasites in livestock, from across Europe and
beyond, together. An important achievement has been the
development of the STAR-IDAZ IRC research road maps on
helminths and AR, offering a framework to coordinate research
in the field at a global level and speed up the delivery of
required control tools [15]. The outcomes of this exercise have
also been summarised in a COMBAR document on the key pri-
ority research needs [3]. Another important output is recom-
mendations for decisions makers to achieve sustainable
helminth control [6]. By the end of the action, over 200 scien-
tists from 31 COST member countries as well as other countries
(USA, Mexico, Canada, Brazil, South Africa, and New Zeal-
and) participated in one or more activities enhancing global
knowledge exchange on the topic.

COMBAR was organised according to three working
groups: (i) Improving diagnosis; (ii) Socio-economic aspects,
and (iii) Innovative control approaches. This special issue in
Parasite aims at presenting a range of articles underlining the
different fields of activities and collaboration dynamics within
COMBAR. It illustrates the diversity of scientific disciplines
(e.g., parasitology, infectiology, epidemiology, molecular biol-
ogy, phytochemistry, and socio-psychology) and institutions
involved. The development of resistance to synthetic molecules
is a general phenomenon which has been described for a wide
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range of pathogens and molecules [20]. Within this frame, the
articles presented here also have more generic implications for
resistance to antiparasitics in other animal species as well as in
humans.

A major effort was made by Vineer et al., who created an
open database summarising 535 AR surveys in 22 countries
to represent the most up to date situation on the prevalence
of AR in sheep, goats and cattle in Europe [13]. Knowing
where the parasites are can underpin regionally targeted control
measures. In this context, Hendrickx et al. used historical data
to compare species distribution models detecting “hot spots”
of the lancet fluke Dicrocoelium dendriticum [5]. They con-
cluded that an even spatial distribution of the input data is more
important than the actual sample size, hence the importance of
correcting for sample biases when data originally collected for
other purposes are used. The study of Untersweg et al. found
reduced anthelmintic efficacy against different parasite species
in a majority of examined sheep flocks in Austria and flags
the rise ofHaemonchus contortus infections in areas where they
were previously rarely encountered [16]. Gravdal et al., on the
other hand, conducted a survey among >5000 sheep farmers in
Norway and concluded that, as parasitological analysis is sel-
domly performed on farm, most farmers were unaware of the
parasite species or infection levels present on their farm [4].
Both studies point to a need for greater engagement of farmers
and veterinarians in sustainable parasite control. The fact that
such engagement may yield significant economic benefits was
shown by Martínez-Valladares et al. who found a negative cor-
relation between the pre-partum faecal egg count (FEC) and
subsequent milk production, as well as a significant difference
in milk yield between flocks that received anthelmintic treat-
ment or not [11]. Sustainable helminth control requires the
availability of reliable and cost-effective diagnostics to assess
infection levels as well as the presence of AR. Babják et al.
found that the in vitro egg hatch test can accurately estimate
in vivo efficacy following treatment of H. contortus infections
with benzimidazoles in goats and that it also reflects the per-
centage of resistance alleles in the parasite population [1].
Khangembam et al. present an optimised LAMP assay for the
detection of H. contortus in small ruminant faecal samples
[9]. Both studies are an important step towards quicker and
more cost-effective diagnosis of GIN infections (in this case
H. contortus) and their resistance status. Today, on farm diag-
nosis of anthelmintic efficacy against all nematode species is
based on assessing FEC reduction following treatment. Morgan
et al. evaluate the wide range of factors that can confound such
a diagnostic approach and recommend how this can be taken
into account to enhance correct interpretation [12]. Diagnostics
are only of value if they allow us to adopt sustainable control
practices. In this special issue, we therefore also report on the
evaluation of complementary control approaches, such as
plant-based controls that may reduce the need for chemother-
apy. Hoste et al. identify the use of tannin containing agroindus-
trial by-products as new resources for antiparasitic forages and
compounds, highlighting the move towards environmentally
friendly and circular farming approaches [7]. Ježek et al. iden-
tified the use of pumpkin seed cakes and cloves as a promising
feed additive, leading to lower FECs in sheep [8]. Maestrini
et al., on the other hand, showed that aqueous extracts of

liquorice roots may present a promising substance for further
development as a natural dewormer [10].

The results reported in this COMBAR special issue repre-
sent a very small step for the new tools and approaches that
are needed to combat AR. Nonetheless, we hope they will
encourage you to continue along this path. Besides the contin-
uous needs for fundamental research to understand the mecha-
nisms of AR, there is also a very large need for applied research
to develop sustainable control methods with the current tools at
hand. Finally, as shown by the article of Vande Velde et al.
[17], communication and communication research is essential
for the correct and widespread implementation of any sustain-
able control approach. Therefore, different communication
strategies are likely required in different countries, making
use of a mixture of targeted and region-specific messages,
involvement of innovator and early adaptor farmers, as well
as nudging approaches.
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for his unwavering support. Finally, a big thank you to all
COMBAR participants for their contributions that enabled us
to further build on a landmark achievement.

Acknowledgements. This article is based upon work from the
COST Action COMBAR (CA16230), supported by COST (Euro-
pean Cooperation in Science and Technology).

References

1. Babják M, Königová A, Urda Dolinská M, Kupčinskas T,
Vadlejch J, von Samson-Himmelstjerna G, Petkevičius S,
Várady M. 2021. Does the in vitro egg hatch test predict the
failure of benzimidazole treatment in Haemonchus contortus?
Parasite, 28, 62.

2. Charlier J, Thamsborg SM, Bartley DJ, Skuce PJ, Kenyon F,
Geurden T, Hoste H, Williams AR, Sotiraki S, Höglund J,
Chartier C, Geldhof P, van Dijk J, Rinaldi L, Morgan ER, von
Samson-Himmelstjerna G, Vercruysse J, Claerebout E. 2018.
Mind the gaps in research on the control of gastrointestinal
nematodes of farmed ruminants and pigs. Transboundary and
Emerging Diseases, 65(S1), 217–234.

3. COMBAR. 2020. Helminth infection control in farmed rumi-
nants – key priority research needs. https://www.combar-ca.eu/
sites/default/files/Research_priorities_for_helminth_contro-
l_in_ruminants.pdf, accessed 06/01/2023.

4. Gravdal M, Robertson LJ, Tysnes KR, Höglund J, Chartier C,
Stuen S. 2021. Treatment against helminths in Norwegian
sheep: a questionnaire-based survey. Parasite, 28, 63.

5. Hendrickx A, Marsboom C, Rinaldi L, Vineer HR, Morgoglione
ME, Sotiraki S, Cringoli G, Claerebout E, Hendrickx G. 2021.
Constraints of using historical data for modelling the spatial
distribution of helminth parasites in ruminants. Parasite, 28, 46.

6. Höglund J, Mitchell G, Kenyon F, Skuce P, Charlier J. 2021.
Anthelmintic resistance in ruminants: from research to recom-
mendations, in Meeting report of the 4th COMBAR Joint
Working Groups Meeting. 20 p.

7. Hoste H, Meza-Ocampos G, Marchand S, Sotiraki S, Sarasti K,
Blomstrad B, Williams AR, Thamsborg SM, Athanasiadou S,
Enemark HL, Torres Acosta JF, Mancilla-Montelongo G,
Sandoval Castro C, Costa-Junior LM, Louvandini H, Mesquita

2 J. Charlier et al.: Parasite 2023, 30, E1

https://www.combar-ca.eu/sites/default/files/Research_priorities_for_helminth_control_in_ruminants.pdf
https://www.combar-ca.eu/sites/default/files/Research_priorities_for_helminth_control_in_ruminants.pdf
https://www.combar-ca.eu/sites/default/files/Research_priorities_for_helminth_control_in_ruminants.pdf


Sousa DM, Salminen JP, Charlier J, Niderkorn V, Morgan ER.
2022. Use of agro-industrial by-products containing tannins for
the integrated control of gastro-intestinal nematodes in rumi-
nants. Parasite, 29, 10.

8. Ježek J, Mirtič K, Rešetič N, Hodnik JJ, Vergles Rataj A. 2021.
The effect of pumpkin seed cake and ground cloves (Syzygium
aromaticum) supplementation on gastrointestinal nematode egg
shedding in sheep. Parasite, 28, 78.

9. Khangembam R, Tóth M, Vass N, Várady M, Czeglédi L,
Farkas R, Antonopoulos A. 2021. Point of care colourimetric
and lateral flow LAMP assay for the detection of Haemonchus
contortus in ruminant faecal samples. Parasite, 28, 82.

10. Maestrini M, Molento MB, Forzan M, Perrucci S. 2021. In vitro
anthelmintic activity of an aqueous extract of Glycyrrhiza
glabra and of glycyrrhetinic acid against gastrointestinal
nematodes of small ruminants. Parasite, 28, 64.

11. Martínez-Valladares M, Martín-Ramos E, Esteban-Ballesteros
M, Balaña-Fouce R, Rojo-Vázquez FA. 2021. Effect of level of
infection by gastrointestinal nematodes and anthelmintic treat-
ment on milk yield in dairy sheep. Parasite, 28, 71.

12. Morgan ER, Lanusse C, Rinaldi L, Charlier J, Vercruysse J.
2022. Confounding factors affecting faecal egg count reduction
as a measure of anthelmintic efficacy. Parasite, 29, 20.

13. Rose Vineer H, Morgan ER, Hertzberg H, Bartley DJ, Bosco A,
Charlier J, Chartier C, Claerebout E, de Waal T, Hendrickx G,
Hinney B, Höglund J, Ježek J, Kašný M, Keane OM, Martínez-
Valladares M, Mateus TL, McIntyre J, Mickiewicz M, Munoz
AM, Phythian CJ, Ploeger HW, Rataj AV, Skuce PJ, Simin S,
Sotiraki S, Spinu M, Stuen S, Thamsborg SM, Vadlejch J,
Varady M, von Samson-Himmelstjerna G, Rinaldi L. 2020.
Increasing importance of anthelmintic resistance in European
livestock: creation and meta-analysis of an open database.
Parasite, 27, 69.

14. Rostang A, Devos J, Chartier C. 2020. Review of the
Eprinomectin effective doses required for dairy goats: where
do we go from here? Veterinary Parasitology, 277, 108992.

15. Entrican G, Charlier J, Dalton L, Messori S, Sharma S, Taylor
R, Morrow A. 2021. Construction of generic roadmaps for the
strategic coordination of global research into infectious diseases
of animals and zoonoses. Transboundary and Emerging
Diseases, 68, 1513–1520.

16. Untersweg F, Ferner V, Wiedermann S, Göller M, Hörl-
Rannegger M, Kaiser W, Joachim A, Rinaldi L, Krücken J,
Hinney B. 2021. Multispecific resistance of sheep tri-
chostrongylids in Austria. Parasite, 28, 50.

17. Vande Velde F, Hektoen L, Phythian CJ, Rinaldi L, Bosco A,
Hinney B, Gehringer M, Strube C, May K, Knubben-Schweizer
G, Dourado Martins O, Mateus TL, Simion V-E, Charlier J,
Bartley DJ, Claerebout E. 2023. Understanding the uptake of
diagnostics for sustainable worm control by European dairy
farmers: a multi-country cross-sectional study. Parasite, 30, 4.

18. Vercruysse J, Albonico M, Behnke JM, Kotze AC, Prichard
RK, McCarthy JS, Montresor A, Levecke B. 2011. Is
anthelmintic resistance a concern for the control of human
soil-transmitted helminths? International Journal for Parasitol-
ogy Drugs & Drug Resistance, 1, 14–27.

19. von Samson-Himmelstjerna G, Thompson RA, Krücken J,
Grant W, Bowman DD, Schnyder M, Deplazes P. 2021. Spread
of anthelmintic resistance in intestinal helminths of dogs and
cats is currently less pronounced than in ruminants and horses –
yet it is of major concern. International Journal for Parasitoly
Drugs & Drug Resistance, 17, 36–45.

20. Waller PJ. 2006. From discovery to development: current
industry perspectives for the development of novel methods of
helminth control in livestock. Veterinary Parasitology, 139,
1–14.

Cite this article as: Charlier J, Hoste H & Sotiraki S. 2023. COMBAR – Combatting anthelmintic resistance in ruminants. Parasite
30, E1.

An international open-access, peer-reviewed, online journal publishing high quality papers
on all aspects of human and animal parasitology

Reviews, articles and short notes may be submitted. Fields include, but are not limited to: general, medical and veterinary parasitology;
morphology, including ultrastructure; parasite systematics, including entomology, acarology, helminthology and protistology, andmolecular
analyses; molecular biology and biochemistry; immunology of parasitic diseases; host-parasite relationships; ecology and life history of
parasites; epidemiology; therapeutics; new diagnostic tools.
All papers in Parasite are published in English. Manuscripts should have a broad interest and must not have been published or submitted
elsewhere. No limit is imposed on the length of manuscripts.

Parasite (open-access) continues Parasite (print and online editions, 1994-2012) and Annales de Parasitologie Humaine et Comparée
(1923-1993) and is the official journal of the Société Française de Parasitologie.

Editor-in-Chief: Submit your manuscript at
Jean-Lou Justine, Paris http://parasite.edmgr.com/

J. Charlier et al.: Parasite 2023, 30, E1 3

http://parasite.edmgr.com/

	Acknowledgements
	References

