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1. Einführung 
 

Anthelminthikaresistenzen (AR) finden sich auf einem Großteil der europäischen Schafbetriebe 

(Kaplan und Vidyashankar 2012, Papadopoulos et al. 2012) wieder und haben sich demnach in 

den letzten Jahrzehnten zu einer ernstzunehmenden Problematik der Schafhaltung mit akutem 

Handlungsbedarf entwickelt (Kaplan 2004). AR entstehen, wenn resistente Würmer ein Selek-

tionsvorteil gegenüber empfindlichen Würmern haben. Diese Selektion auf AR geschieht z.B. 

durch eine hohe Entwurmungsfrequenz der ganzen Herde zu strategisch ungünstigen Zeitpunk-

ten, durch Unterdosierung oder durch weitere Anwendungsfehler. Auch können AR durch den 

Zukauf von Tieren in einen Betrieb eingebracht werden (Taylor 2012). Bisher traten vorwie-

gend Resistenzen von Magen-Darm-Strongyliden (MDS) gegen Benzimidazole (BZ) und 

Imidazothiazole (Levamisol) auf (Rose Vineer et al. 2020). Die Konsequenzen unwirksamer 

Therapeutika sind neben tiergesundheitlichen Schäden auch Produktionsverluste bei Fleisch, 

Milch und Wolle von enormen wirtschaftlichen Ausmaßen (Beleckė et al. 2021, Zajac und 

Garza 2020, Knox et al. 2014). In einem Review (Rose Vineer et al. 2015) wurden Anthelmin-

tikaresistenzen bei allen gastrointestalen Nematoden (GIN)- Gattungen in 16 Ländern Europas, 

zudem Mehrfachresistenzen bei drei GIN- Hauptgattungen (Teladorsagia spp., 

Trichostrongylus spp., Haemonchus contortus) der Schafe und Ziegen in zehn Ländern be-

schrieben.  

Diese Entwicklungen legte die Hypothese nahe, dass Anthelminthika (AH) auch in Österreich 

eine verminderte Wirksamkeit auf Schafbetrieben aufweisen und die derzeit angewendeten Ent-

wurmungsstrategien langfristig optimiert werden müssen. 

Zur Effektivität des Anthelminthika- Einsatzes bei Schafen in Österreich lagen nur wenige Da-

ten vor. Die vorliegende Studie überprüfte die routinemäßige anthelminthische Therapie von 

Schafen im Bundesland Salzburg hinsichtlich ihrer Wirksamkeit. Dabei wurden Eizahlredukti-

onstests (EZRT) mithilfe von Mini-FLOTAC durchgeführt. Die eingesetzten Wirkstoffe waren 

BZ, ML (MOX, Ivermectin, Doramectin) sowie Monepantel (MON) aus der Wirkstoffklasse 

der Amino-Acetonitrilderivate. Die Anthelminthika wurden nach Absprache der Tierhalter mit 

den betreuenden Tierärzten angewendet. Zudem wurde die in Salzburg vorherrschende 
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Trichostrongylidenspezies durch das Ansetzen von Larvenkulturen ermittelt. Gängige Strate-

gien zur Feststellung der Behandlungsnotwendigkeit von Schafen, wie die Evaluierung des Er-

nährungszustands (BCS) nach Russel et al. 2009 und die Bestimmung der Farben der Konjunk-

tiven anhand der FAMACHA©-Strategie, wie bei Wyk and Bath 2002 beschrieben, wurden auf 

ihre Praxistauglichkeit evaluiert. Die Relevanz eines solchen Entscheidungsschlüssels wurde 

anhand der Korrelation von BCS und FAMACHA© mit der Eizahl pro Gramm Kot (EpG) 

ermittelt. 

Das Projekt wurde in Kooperation mit dem COST-Projekt COMBAR (Combatting anthelmin-

tic resistance in ruminants) und dem Tiergesundheitsdienst (TGD) Salzburg umgesetzt.
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2. Angaben zum Eigenanteil 

 

2.1 Versuchsteil 

• Probennahme: Kontaktaufnahme der Betriebe und Terminplanung, Tieridentifikation, 

klinische Untersuchung der Lidbindehäute und des Ernährungszustands, Wiegen der 

Tiere, rektale Kotprobenentnahme an Tag 0 und Tag 14 +1, Probenzuordnung und Va-

kuumieren der Kotproben, Abpacken der Sammelkotproben zum Anlegen von Larven-

kulturen, Behandlung der Schafe mit Anthelminthika am Tag 0. 

• Labor: Aufbereitung der Einzelkotproben zur quantitativen Eizahlbestimmung und zur 

Bestimmung der Eizahlreduktion mit Mini-FLOTAC. 

2.2 Manuskript 

• Mithilfe bei der Erstellung der Publikation, Generierung und Auswertung der Daten, 

die für die „Studie 2“ verwendet wurden. 

• Selbstständiges Verfassen einer weiteren Publikation zur Evaluierung des FA-

MACHA©-Systems in Österreich als Erstautorin (noch in Bearbeitung durch weitere 

Co-Autoren). 

 

3. Mitteilung zur Annahme der Arbeit 

 
Das Manuskript wurde am 30. Dezember 2020 beim Online Journal Parasite eingereicht, am 

24. Mai 2021 akzeptiert und am 11. Juni 2021 publiziert. Die Verfasserin dieser Diplomarbeit 

hat zusammen mit Herrn Untersweg eine shared first authorship.
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4.1 Abstract 

 

Anthelmintic overuse and failure to implement methods preventing the development and spread 

of anthelmintic resistance (AR) have led to an alarming increase of resistant ovine tricho-

strongylids worldwide. The aim of the present study was to determine whether the routine an-

thelmintic treatment strategy was effective, to obtain insights into the frequency of AR in tri-

chostrongylids of sheep in Austria, and to determine the presence of different trichostrongylid 

genera. On 30 sheep farms, the faecal egg count reduction test (FECRT) was performed with 

the Mini-FLOTAC technique in two consecutive studies. In study 1, only fenbendazole and 

moxidectin were tested, while different compounds and products were used in study 2. Overall, 

33 treatment groups were formed: 11 groups were treated with benzimidazoles (fenbendazole 

and albendazole), 2 groups with avermectins (ivermectin, doramectin), 18 groups with mox-

idectin, and two groups with monepantel. Reduced efficacy was detected in 64%, 100%, 28% 
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and 50% of these groups, respectively. The most frequently detected genus in larval cultures 

was Haemonchus, which had been barely detected in Austria previously, followed by Tricho-

strongylus. Multispecific resistance of trichostrongylids in Austria seems to be on the rise and 

H. contortus was detected unexpectedly frequently in comparison to previous studies. There is 

an urgent need to develop efficient communication strategies aimed at improving the engage-

ment of farmers and veterinarians in sustainable parasite control. 

 

Key words: Nematode, Benzimidazoles, Macrocyclic lactones, Monepantel, Faecal egg count 

reduction test. 

 

4.2 Introduction 

 

Trichostrongyloidea in small ruminants can severely impair animal health and produc-

tivity [3]. Common signs of trichostrongylid infections are poor weight gain, weight loss, re-

duced wool and milk production, diarrhoea, weakness, and ill thrift [8, 25, 29]. Severe cases 

can result in sudden death, especially after infections with the blood feeding Haemonchus con-

tortus [2]. Recently, the annual costs of helminth infection in ruminants in Europe was esti-

mated at €1.8 billion (€29 million in Austria) [3]. The control of gastrointestinal nematode 

(GIN) infections can be roughly categorised into pharmaceutical and non-pharmaceutical ap-

proaches (e.g. grazing systems, use of bioactive compounds, etc.) [30]. Modern anthelmintics 

were initially highly efficacious, so that treatment strategies in the past decades often relied 

heavily on the use of drugs in suppres- sive treatment approaches [34, 38]. However, these 

strategies resulted in selection for anthelmintic resistance (AR) [38]. The use of ineffective 

anthelmintics in the EU has been estimated to contribute to the cost of GIN infections to an 

extent of €38 million annually (€0.6 million in Austria) [3]. In order to slow down the develop-

ment of AR, more sustainable treatment strategies have been designed [30]. A key pillar of 

sustainable treatment approaches is the regular monitoring of anthelmintic efficacy [17, 30]. 

Among the tests to check for AR, the faecal egg count reduction test (FECRT) is the method 
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most broadly applied. It has the advantage of being applicable to all anthelmintic drugs availa-

ble, but has the disadvantage of low sensitivity [4, 5, 20]. Furthermore, there are different views 

on how to standardise this test. The latest guideline of the World Association for the Advance-

ment of Parasitology (WAAVP) for this method was published in 2006, and a new guideline is 

to be published soon [17]. In vitro methods have been developed but are less widely employed. 

A major challenge is the stan- dardisation of these techniques, especially for mixed species 

samples from the field [5, 9]. In addition, molecular techniques are available for the detection 

of BZ resistance alleles [5, 23]. A recent meta-analysis of AR in Europe demonstrated that AR 

is widespread, but that there are also clear data gaps [27]. For research on small ruminants in 

Austria, more reliable estimates of the prevalence of AR are considered to be beneficial [27]. 

The analysis also revealed that comparability between studies is difficult due to non-standardi-

sation of test methods and non-representative sampling, while it was acknowledged that repre-

sentative sampling is often impossible or impractical [27].  

Recently, a very high frequency of BZ-resistance alleles in Haemonchus spp. and Tri-

chostrongylus spp. was detected in Styria, south-eastern Austria, indicating that this drug class 

was no longer efficient on any of the sampled farms [16]. The occurrence of moxidectin 

(MOX)-resistance was also suggested [28]. 

The aim of our study was to obtain updated information on the occurrence of AR in 

different trichostrongylid species that infect sheep in Austria by performing FECRT and larval 

cultures. To achieve this, two studies were performed in different federal states of Austria. In 

the first study, only two anthel- mintic compounds (the BZ fenbendazole (FBZ) and/or the mac-

rocyclic lactone MOX) were used. For study 1, we hypothesised that a high level of BZ-re-

sistance is present and that MOX-resistance can be observed on Austrian farms. In the second 

study, a wider variety of compounds and products were applied so that all anthelmintic groups 

that were available for sheep in Austria were tested. For study 2, we hypothesised that routine 

treatments on Austrian farms are often not effective.
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4.3 Materials and methods 

 

In the period from autumn 2018 to autumn 2020, 32 farms were examined and 

FECRTs for the detection of AR of various compounds were performed on 30 of these farms 

in two studies. 

In study 1, FBZ and MOX were applied. FBZ was chosen to gather up to date infor-

mation on the phenotype of BZ-resistance in Austria in order to complement recent findings 

that were only focused on the genotype of BZ-resistance [16]. Special attention was also paid 

to MOX, as it was proposed to still be efficacious when moderate resistance against other 

macro- cyclic lactones (ML) is already present [22]. Thus, by focusing on the efficacy of this 

compound, we aimed to get a better impression of the overall progression of ML resistance in 

Austria. 

In study 2, different factors required a change of study design: (1) the goal was to ob-

serve the efficacy of compounds applied in routine treatments. Therefore, we did not suggest 

a certain product. (2) Motivation of veterinarians and farmers to participate in our study was 

increased when they had a free choice to decide which anthelmintic compound was used. (3) 

Difficulties were encountered with the design of study one (initially planned as a randomised 

approach including control groups). Thus, the second study followed a more naturalistic 

(field-based) approach where the decision on compounds was not influenced by the investiga-

tors but only made by the attending veterinarian and the farmer. Besides BZ, ML (MOX, iver-

mectin (IVM), doramectin (DOR)) and the rather new compound monepantel (MON) were 

applied. 

 

4.4 Farms and animals 

 

All of the farms examined had pasture access. A further prerequisite for participation 

was that no deworming was performed for at least three months before sampling. Animals 
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over the age of 6 months were included. Sheep were kept for wool production, landscape con-

servation, breeding, and meat production. A combination of all of these purposes was often 

present on farms. 

All farms from study 1 were organised in the same network for the breeding of Tyrolian 

mountain sheep, and selection was based on the interest of the farmers in participating, which 

was partly driven by experience of treatment failure on these farms. In study 2, the majority of 

farms were consulted by the animal health service of Salzburg. An information mail about an-

thelmintic resistance was sent out by the animal health service encouraging farms to participate, 

and as many farms as possible were included. Selection was partly based on the practicability 

of visiting these farms and on the interest of the attending veterinarians. Additional farms not 

organised in the animal health service also participated, since they had observed treatment fail-

ures in their flocks. They were not visited, but samples were submitted by the attending veteri-

narians according to instructions. The main differences between the studies as well as further 

information on the study design are shown in Table 1. 

 

4.4.1 Faecal egg count reduction test 
 

In study 1, faeces were collected rectally and individual samples were examined on the 

same day by Mini-FLOTAC [7], with a detection limit of 5 eggs per gram (EPG) of faeces, 

using a sodium chloride flotation solution (FS2, specific gravity = 1.200). 

Based on the result of the egg counts, animals were allocated to treatment groups (Tables 

1 and 2). 

Due to small flock sizes and/or low egg excretion levels, only eight groups included 10 or 

more animals each, while in four groups fewer animals were included (Table 2). Pregnant ewes 

were excluded from the FBZ groups. Faeces were exam ined on the day of sampling and ani-

mals were treated one day  after faecal examination. Before treatment, the applicators were  cali-

brated, and the animals were weighed on a portable scale (Soehnle Professional 2755, Soehnle 

Industrial Solutions GmbH, Backnang, Germany) to allow for body mass-based treatment. On 

farm 12, two compounds were applied and animals were allocated to the groups by random 

numbers. On day 14 after treatment, faecal samples were collected and individual egg counts 
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were again obtained with Mini-FLOTAC with the same protocol as used before. 

In study 2, no intervention in the treatment decision of the responsible veterinarian was 

made. However, treatment and sampling were supervised by a team member or an expert 

(Table 1). Attention was paid to the fact that no expired drugs were used. Animals were 

weighed to ensure that they received the correct dose of the drug, irrespective of the routine prac-

tices on the farms. This was either done with a portable scale or on scales provided on the farms. 

Only on farms 31 and 32 was the weight of animals estimated by the veterinarian and the dosage 

of the anthelmintic compound was adjusted to a slightly higher weight than estimated. The pre-

scribed anthelmintic drug was applied to all animals (Tables 1 and 3) immediately after faecal 

sampling and body weight determination/estimation. The faeces of animals included in the 

FECRT (Tables 1 and 3) were examined within three days after sampling. Until examination, 

the samples were vacuum packed [24] and stored below room temperature to prevent egg de-

velopment. 

 

4.4.2 Larval culture and larval differentiation 
 

Before treatment, all samples positive for strongyle eggs from one farm were pooled for 

larval culture. After treatment, the positive samples of each farm were pooled per treatment 

group. Faeces were mixed with water and vermiculite and incu bated at 25 °C for 13 days. On 

day 14, the third-stage larvae were harvested and identified (~100 larvae per coproculture) 

using the identification key developed by van Wyk et al. [36]. 

 

4.4.3 Statistical analysis 
 

For calculation of the FECR and corresponding credibility intervals, the web interface 

(https://www.math.uzh.ch/as/ index.php?id=software_as00) based on the R package egg- 

Counts 2.3 was used [31, 39]. “eggCounts” uses a hierarchical Bayesian model to cover the 

different levels of variation in egg count data. These include: (i) a binomial distribution of EPGs 

to cover differences between true EPG and observed EPG due to dilution and counting before 

and after treatment; (ii) a Poisson model to model true EPGs, which covers random distribu-

tion of eggs in the faecal sample; (iii) a gamma distribution to model overdispersed egg shading 

https://www.math.uzh.ch/as/index.php?id=software_as00
https://www.math.uzh.ch/as/index.php?id=software_as00
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intensity between animals both before and after treatment; (iv) individual treatment efficacies 

for each animal based on a random effect model with treatment efficacies following another 

gamma distribution. Calculations were carried out using pre- and post-treatment egg counts 

with the standard “two sampled paired” (without allowing individual treatment efficacies) and 

“two samples paired with individual efficacy” parameters. No zero-inflated distributions were 

considered since only positive animals were included in the FECRT. The final interpretation 

of efficacy was based on “two samples paired with individual efficacy”. eggCounts uses a 

Bayesian approach and Markov chain Monte Carlo sampling to estimate model parameters 

from the data. The estimate for the FECR is the mode of the posterior FECR distribution, the 

95% credibility limits from the 2.5% and 97.5% quantiles of the distribution [39]. 

Definition of AR was based on Coles et al. [4], where resistance is considered to be present 

when egg count reduction is less than 95% and the lower CL is less than 90%, and suspected 

resistance (SR) is present when only one of the two criteria is observed. The difference between 

the two calculation standards of eggCounts was further analysed (Supplementary Files). 

Testing for significance between groups was carried out by applying the Mid-P exact test 

provided by OpenEpi (https:// www.openepi.com). The difference was considered significant 

at p < 0.05. 

 

5. Results 
 

 

5.1.1 Faecal egg count reduction test 
 

In study 1, BZ resistance, suspected resistance and susceptibility were detected on one 

farm each. However, on the farm with susceptibility, only nine animals were examined (Table 

2). MOX resistance was detected on two, suspected resistance on three, and susceptibility on 

four farms. Amongst the groups with susceptibility and suspected resistance, three consisted of 

<10 animals (Table 2). 

In study 2, BZ resistance was observed on six farms (of which in three <10 animals were 

examined) and susceptibility on two farms. MOX resistance was observed on two farms and 

https://www.parasite-journal.org/10.1051/parasite/2021048/olm
https://www.openepi.com/
https://www.openepi.com/
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susceptibility on six farms, of which in one <10 animals were examined. On both farms where 

IVM or DOR were tested, resistance was present (Table 3). Monepantel resistance and suscep-

tibility were detected on one farm each (Table 3). 

 

5.1.2 Larval differentiation 
 

For unidentified reasons, the larval cultures did not yield sufficient larvae in all cases. 

In study 1, for eight farms, sufficient (n = 100) larvae could be harvested for larval differentia-

tion before treatment. On five of these, Haemonchus spp. larvae were predominant, and on three 

Trichostrongylus larvae were determined in the same or larger numbers (Fig. 1). Other genera 

(Chabertia, Oesophagostomum, Cooperia, Teladorsagia) occurred very rarely and only at low 

frequency. From five farms and in seven groups, more than 100 larvae post treatment were 

harvested. Post treatment, the relative frequency of Haemonchus spp. increased in all MOX 

treatment groups (significantly on farms #3, #7 and #12; p < 0.001) and in the FBZ treatment 

group of farm #12 (p < 0.001). 

In study 2, larval cultures only yielded sufficient larvae for seven farms before treatment 

and three farms post treatment (Fig. 2). Before treatment, on two farms Trichostrongylus was 

predominant, on two Haemonchus, on one farm Cooperia, and on farm #18 four genera with no 

clear dominance were counted. Post treatment on farm #15 the predominance of Cooperia sig-

nificantly increased from 57% to 76% after treatment with FBZ. On farm #33, where almost 

only Haemonchus (99%) was detected before treatment, 36% Cooperia were counted after treat-

ment (this difference was significant; p < 0.001). On farm #27 after treatment with BZ, Tricho-

strongylus was predominant with 84% (no pre-treatment data were available). Additional re-

sults from cultures with less than 100 larvae counted are shown in Figure 2. 
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6. Discussion 

 

6.1.1 Anthelmintic resistance on the farms examined 
 

Reduced efficacy of all anthelmintics available for sheep in Austria was observed in 

our studies. We were able to provide  the first description of MON resistance and the first 

clear evidence of MOX resistance in Austria. MOX resistance was previously suspected for 

one farm [28] but could not be confirmed so far. 

It cannot be estimated how fast these resistances have developed in Austrian nematode 

populations and what the actual prevalence of AR is, since there is a lack of previously gener-

ated representative data on AR in Austria and these were also not provided within this study. 

There have hardly been any systematic studies performed which would allow to draw such con-

clusions in other European countries either [27]. However, for reliable estimates a longer-term 

approach of this kind would be necessary. This can be seen in Norway, where a representative 

sampling yielded results that differed substantially from data generated by convenience sam-

pling [11]. In addition, in both of our studies, convenience samples were taken. Thus, the non-

representative sampling with voluntary participation probably resulted in a selection bias with 

an overrepresentation of farms that had already experienced treatment failure, or farms that were 

especially interested in sustainable parasite control and thus have management strategies that are 

not representative for Austria. Furthermore, the aims and study design of both studies presented 

here differed so that the degree of comparability of the two studies is low. For example, only 

two compounds provided by us were tested in study 1, while in study 2, six different compounds 

and seven products provided by the attending veterinarian were used. Nonetheless, the procedure 

of the FECRT itself was very similar (e.g. application of the drug through or under supervision 

of a team member or expert after the weighing of animals, the use of Mini-FLOTAC on individ-

ual samples and the use of two standards of eggCounts for the calculation of FECR). Thus, 

although the non-representative sampling and different study design does not allow a compari-

son of the two studies, for simplification we combine observations of both studies to form a 

general picture of AR in Austria in the following discussion. 

Benzimidazole resistance in Austria was already described in 1996 [15], and this matches 
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the observation of increasing BZ resistance worldwide for almost four decades [6]. It also 

matches our previous observation of high levels of BZ- resistance alleles in Austria [16]. These 

observations not with-standing, susceptibility to BZ was observed on three farms. The frequency 

of BZ resistance of 64% in our study is comparable to the observations of most Central and some 

Southern European studies, while especially Italy and Spain showed a considerably lower prev-

alence. Northern and Eastern European countries also tend to have lower frequencies of BZ 

resistance [27] 

We only tested one sheep farm each for efficacy of IVM and DOR, and in both cases 

resistance was detected. However, this does not allow us to draw generalised conclusions about 

the efficacy of these drugs on Austrian sheep farms nor to compare it with European studies 

where up to 50% of farms were observed to show ML resistance [27]. It is currently assumed 

that MOX shows a certain degree of cross-resistance with other MLs, but that it might still be 

efficacious on some farms where ML resistance has already appeared [22]. Although resistance 

to MOX might develop rather slowly [22], it appears to already be quite progressed in Austria, 

since the drug was introduced in 1998, as 24% of the tested farms showed a resistant nematode 

phenotype. Only a few European studies have investigated MOX on a larger number of farms. 

The frequency of MOX resistance was slightly higher in the UK and the Netherlands (37% and 

34%) and comparable in Germany (19%), while no MOX resistance was described in Italy [27]. 

In contrast to MOX, MON resistance seems to develop rather rapidly [32]. In line with this (and 

despite the fact that MON was introduced in Austria only in 2010), we already observed MON 

resistance in one of the two tested sheep farms. This seems highly alarming as AR against all 

registered compounds available in Austria was thus observed (levamisole is not on the market 

at present). MON resistance in European countries has also already been observed in Belgium, 

the Netherlands, Switzerland, and the UK [27]. 

To conclude, all of the hypotheses made for study 1 and 2 were supported by our find-

ings: high frequencies of BZ resistance, the presence of MOX resistance and ineffective rou- 

tine treatments in the field. The latter might be partly based on the fact that farmers preferred to 

use cheaper compounds, with BZs frequently applied. Obviously, veterinarians and farmers 

were not aware of the high frequency of AR in BZ drugs. However, AR also occurred on farms 

where the more expensive compounds MOX and MON were used. We did not document man-
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agement factors in detail, but as whole flock treatments and dose-and-move strategies were com-

mon practice on the investigated farms, probably most veterinarians and farmers had not been 

informed about sustainable control methods. Consequently, methods were applied that led to a 

strong selection for AR. Thus, it will be necessary to develop effective communication channels 

so that sustainable control strategies will be readily adopted by farmers and veterinarians [35, 

37] 

 

6.1.2 Composition of trichostrongylid species as detected by larval culture 
 

Haemonchus and Trichostrongylus were the most frequently detected genera in this 

study. While Haemonchus spp. were amongst the most frequently counted larvae in study (Styria 

and Tyrol), on five farms in study 2 (mostly in Salzburg), Trichostrongylus larvae predominated. 

It is important to note that the eggs shed by a species do not directly correlate with the number 

of individuals in the host. Haemonchus spp. in particular are more fecund than most other tri-

chostrongylid species [14]. Another factor involved in fecundity is the host itself, since immun-

ity, health and genetics can strongly influence the number of eggs shed by intestinal worms [26]. 

In addition, samples in which Trichostrongylus dominated were collected in November/Decem-

ber, whereas those samples in which Haemonchus was present were mostly collected in Sep-

tember and October. The mean temperatures in Austria in September and October 2018 were 

14.2 °C and 9.9 °C, respectively, while they dropped to 3.9 °C and 0.7 °C in November and 

December 2019 (Central Institute for Meteorology and Geodynamics (ZAMG); 

https://www.zamg.ac.at). Thus, the temperature-sensitive Haemonchus had probably already 

started to enter hypobiosis at the later sampling. It therefore cannot be concluded that Haemon-

chus occurs more often in Styria and Tyrol and less often in Salzburg. Additionally, this as well 

as previous studies in Austria did not generate geographically representative data, as conven-

ience samples were examined. Similar reasons prevent us from concluding with certainty that 

the prevalence of Haemonchus and Trichostrongylus in Austria has increased in recent years. In 

general, Haemonchus was considered to be of no relevance for alpine regions in the past [12]. 

This is clearly not the case anymore, as Haemonchus occurred on all examined farms in the 

present study, independently of the pasturing type. The spatial distribution of Haemonchus is 

https://www.zamg.ac.at/
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dependent on many factors, amongst them temperature, with a clear preference for a warm cli-

mate [21]. Climate change might lead to a shift in the composition of pasture-borne worm pop-

ulations in livestock and might have led to a higher prevalence of H. contortus in regions where 

this species was previously underrepresented [33]. In 1977, Haemonchus contortus was hardly 

detected in sheep from Austria [13]. Since 1880, average temperatures in Austria have increased 

by about 2°C [1]. Indeed, the mean temperature in Austria throughout the 1970s was 1.73 °C 

lower than throughout the 2010s (6.17 °C vs. 7.9 °C (ZAMG https://www.zamg.ac.at). How-

ever, we assume that the development of AR is also a strong factor for the unexpectedly high 

prevalence of Haemonchus (and Trichostrongylus) in our study, as they were clearly the genera 

that dominated post treatment. Through its high fecundity and high genetic diversity, Haemon-

chus has the ability to develop AR particularly quickly [18]. Interestingly, in a recent study, we 

found few BZ-resistance alleles in Teladorsagia from Austria, while they occurred in high fre-

quencies in Haemonchus and Trichostrongylus [16]. These observations match the results of a 

low Teladorsagia prevalence in the present study. 

 

6.1.3 Faecal egg count reduction test 
 

The FECRT has the advantage of being a universally applicable test for detecting AR, 

but has the disadvantage of low sensitivity. Its comparability is limited by the fact that there are 

several ways to perform the test and interpret the results [17], although guidelines exist [5]. The 

present study deviated from the WAAVP guidelines, mainly due to the fact that farm sizes were 

too small and not enough animals reached a sufficient EPG, and consequently not all treatment 

groups had at least 10 animals. Also, one third of individuals included did not meet the WAAVP-

requirements of an EPG of 200 [5]. However, we performed the Mini-FLOTAC technique with 

a detection limit of 5 EPG and thus achieved higher analytic sensitivity and accuracy than the 

McMaster technique, which was recommended in the WAAVP-guideline [4]. Tests with higher 

accuracy might make it possible to obtain valid data even when animal numbers and/or egg 

counts are low [19]. It has been indicated that new WAAVP guidelines will even accept a raw 

egg count of 200 per treatment group [17], and this requirement was met in all of our groups. 

On farms with low animal numbers, instead of performing FECRT, molecular tests like re-

sistance allele-analysis or laboratory tests like the egg hatch test might be better alternatives for 

https://www.zamg.ac.at/
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detecting AR against BZ. However, for ML or MON, technically more complicated tests such 

as the larval development test are required. Clustering small farms that are from the same region 

and that are grazing the same pasture for a FECRT (e.g. in transhumance systems) might be 

another possibility to deal with the problem of low animal numbers on individual farms. The use 

of composite and repeated samplings for small farms should also be considered. Including a 

control group in the FECRT is the current recommendation of the WAAVP guidelines. Although 

we tried to include control groups in study 1, they ultimately could not be used for FEC calcu-

lation. Interestingly, some authors even observed that omitting the control group renders more 

reliable results [10]. Various methods have been proposed to calculate the percentage of egg 

reduction on farms. We used two standards of eggCounts for the calculation of FECR. They 

differed clearly when variability within a farm was high (Supplementary Files) and as the stand-

ard with individual efficacy is considered to give a more precise estimate of FECR, this might 

be the preferred standard to apply [39]. As protocols and methods for the detection of AR vary 

considerably and are hardly standardised, Working Group 1 of the COST action COMBAR 

(https://www.combar-ca.eu/) recently harmonised the current protocols for the diagnosis of AR, 

which will allow for better comparability of test results (https://www.combar- ca.eu/sites/de-

fault/files/FECRT_PROTOCOL_sheep_goats_ March%202021.pdf). 

 

6.2 Conclusion 

 

Multispecific resistance of trichostrongylids has been detected on Austrian sheep farms. 

The most abundant and resistant genera were Haemonchus and Trichostrongylus. Best prac- 

tice advice that can be easily implemented should thus be communicated to practitioners and 

farmers as soon as possible. We also wish to point out that monitoring drug efficacy on small 

farms (<40 animals) is important for obtaining an informative picture of AR in countries where 

most farms are small. Guidelines that consider different farm sizes would help to comprehen-

sively monitor anthelmintic efficacy worldwide. 

 

https://www.parasite-journal.org/10.1051/parasite/2021048/olm
https://www.combar-ca.eu/
https://www.combar-ca.eu/sites/default/files/FECRT_PROTOCOL_sheep_goats_March%202021.pdf
https://www.combar-ca.eu/sites/default/files/FECRT_PROTOCOL_sheep_goats_March%202021.pdf
https://www.combar-ca.eu/sites/default/files/FECRT_PROTOCOL_sheep_goats_March%202021.pdf
https://www.combar-ca.eu/sites/default/files/FECRT_PROTOCOL_sheep_goats_March%202021.pdf
https://www.combar-ca.eu/sites/default/files/FECRT_PROTOCOL_sheep_goats_March%202021.pdf
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6.3  

6.3.1  Supplementary material 
 

Supplementary material is available at https://www.parasite-journal.org/10.1051/para-

site/2021048/olm 

Supplementary Data. Comparison of different standards of eggCounts 2.3. 

Supplementary Figure 1. Scatter plot of the coefficient of variation of individual egg count 

reduction on   farms (CV FECRi) plotted against the difference between the two calculation 

standards of eggCounts (|DFECR|-categories). Categorisation: 1 = D0; 2 = D1–5; 3 = D6–10; 

4 = D > 10. 
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6.5 Graphical Abstract 

 
Table 1. Farms and animals included in both studies as well as further details on study design. 
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Table 2. Data about sheep farms included in study 1, anthelmintic drug applied, and number of animals included in the respective group (FBZ = 

fenbendazole; MOX = moxidectin); result of the FECRT. Classification: R = resistant; SR = suspected resistance; S = susceptible. Status in square 

brackets = number of animals in treatment group < 10. EZR = egg count reduction. 
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Table 3. Data about sheep farms included in study 2; anthelmintic drug applied and number of animals included in the respective group (FBZ = 
fenbendazole; ABZ = albendazole; IVM = ivermectin; DOR = doramectin; MOX = moxidectin; MON = monepantel) and result of the FECRT. 
Dosage applied: * ~ 5 mgFBZ/kg BW; ** ~ 5 mgABZ/kg BW; *** ~ 3.8 mg ABZ/kg BW; + ~ 0.2 mg IVM/kg BW; ++ ~ 0.2 mg MOX/kg BW; 
ND = no data. Region: SZB: Salzburg, LA: Lower Austria. Classification: R = resistant; SR = suspected resistance; S = susceptible. Status in 
square brackets = number of animals in treatment group < 10. EZR = egg count reduction. 
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Figure 1. Results of larval differentiation in study 1 shown as proportions of different genera. Each column represents 100% of counted larvae. A 
= before treatment (pooled samples of whole farm), B = after treatment (pooled samples of the respective treatment group). Other = Teladorsagia, 
Chabertia, Oesophagostomum. 
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Figure 2. Results of larval differentiation in study 2 shown as proportion of different genera. Each column represents 100% of counted larvae. A 

= before treatment (pooled samples of whole farm), B = after treatment (pooled samples of the respective treatment group). If less than 100 larvae 

were differentiated, this is marked by an asterisk, and number of larvae that were differentiated is given in brackets. 



- 32 - 
 

 

7. Zusammenfassung 
 

In der vorliegenden Studie „Multispezifische Resistenzen bei Trichostrongyliden von Schafen 

in Österreich“ wurden routinemäßig eingesetzte Anthelminthika auf neunzehn Schafbetrieben 

in den Bundesländern Salzburg, Steiermark und Niederösterreich auf ihre Wirksamkeit über-

prüft. Zu den verabreichten Anthelmintikaklassen zählten Benzimidazole (sechs Betriebe), 

makrozyklische Laktone (Moxidectin, Ivermectin, Doramectin; neun Betriebe) und Aminoace-

tonitrilderivate (Monepantel; zwei Betriebe) und zwei Betriebe wandten sowohl MOX als auch 

BZ an. Alle Tiere wurden vor der Entwurmung einer klinischen Untersuchung unterzogen, um 

die Körperkondition (BCS) und die Farbe der Konjunktiven anhand der FAMACHA© Methode 

zu ermitteln. Es konnte nur eine schwach positive Korrelation zwischen FAMACHA© und mitt-

lerem EpG der Tiere in den jeweiligen Kategorien berechnet werden (r= 0,23; p= 0.001). Zur 

Bestimmung der Eizahlreduktion mittels Mini-FLOTAC wurden von allen Tieren unmittelbar 

vor der Entwurmung (Tag 0) sowie 14+1 Tage später rektale Kotproben entnommen. Zudem 

wurden aus Sammelkotproben der einzelnen Betriebe Larvenkulturen angesetzt, um die vor-

herrschende Trichostrongylidenspezies zu bestimmen. Bei der Larvendifferenzierung konnte in 

Salzburg Trichostrongylus, gefolgt von Haemonchus, als der vorherrschende Trichostrongylid 

identifiziert werden. Die Wirksamkeit der Anthelminthika wurde als vermindert eingestuft. Auf 

elf Betrieben konnten Resistenzen nachgewiesen werden. Neben Resistenzen gegen Benzim-

idazole (sechs Betriebe), Moxidectin (zwei Betriebe), Ivermectin und Doramectin (jeweils ein 

Betrieb) konnten erstmals auch Monepantelresistenzen (ein Betrieb) festgestellt werden. 

Diese Ergebnisse sind alarmierend und zeigen den dringenden Handlungsbedarf, nachhaltige 

Strategien beim Entwurmungsmanagement in Schafbetrieben in Österreich zu etablieren.
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8. Summary 
 

The present study “Multispecific resistance of sheep trichostrongylids in Austria” was con-

ducted to investigate the efficacy of the most common used anthelmintics on nineteen sheep 

farms in Salzburg, Styria and Lower Austria. Three classes of anthelmintic drugs prescribed by 

attending veterinarians were applied. Benzimidazoles (six farms), macrocyclic lactones (mox-

idectin, ivermectin, doramectin; nine farms) and aminoacetonitrilderivates (monepantel, two 

farms). Two farms used both MOX and BZ. A clinical evaluation of the body condition score 

(BCS) and the colour of the conjunctivae using the FAMACHA© system was performed on all 

animals before deworming. A weak positive correlation between faecal egg count (FEC), BCS 

and FAMACHA© could be described (r= 0,23; p= 0.001). Furthermore, individual faecal sam-

ples were collected from all sheep prior to deworming on day 0 and again on day 14+1 to 

perform egg count reduction tests using Mini- FLOTAC. For detecting the major trichostron-

gylid nematode species, larval cultures were made out of pooled samples. Trichostrongylus was 

the predominant genus in larval cultures, followed by Haemonchus. Resistance against anthel-

mintics could be observed on eleven farms. AR were found against Benzimidazoles (six farms), 

Moxidectin (two farms) and Ivermectin and Doramectin (one farm each). For the first time, 

resistance against Monepantel was found in Austria (one farm). 

 

These results are alarming and show the urgent need to implement sustainable control strategies 

in Austrian sheep farms.
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9. Fazit 
 

Zur nachhaltigen Parasitenkontrolle, welche zur Verlangsamung der AR-Entwicklung in Schaf-

betrieben führen soll, wird eine Kombination mehrerer Strategien empfohlen. Eine Einschät-

zung der Größe der Anthelminthika-empfänglichen Population an Nematoden kann anhand des 

üblichen Weidemanagements und der Eizahlbestimmung erfolgen (Sargison 2011). Neben dem 

Einsatz diagnostischer Mittel zur Behandlungsentscheidung wie der parasitologischen Kotun-

tersuchung, sollten auch die Evaluierung des Body Condition Score (BCS) und das Feststellen 

der Farbe der Lidbindehäute anhand der FAMACHA© Methode zur Einschätzung der Wurm-

bürde des Tieres vor der selektiven Behandlung erfolgen (Bath und van Wyk 2009). Diese Ein-

schätzung kann bereists von Tierhaltern vorgenommen werden (Bollinger et al. 2015). Um eine 

Unterdosierung des Anthelminthikums zu vermeiden, empfiehlt sich das Abwiegen der Einzel-

tiere oder zur Arbeitserleichterung zumindest die Dosierung auf das schwerste Tier der Gruppe 

einzustellen. Das Dosiervolumen sollte nach Gebrauchsanleitung korrekt berechnet werden 

(Sargison 2011) und bei der Anwendung von Drenchpistolen wird die regelmäßige Kalibrie-

rung der Dosiervorrichtung empfohlen (Falzon et al. 2014, Sargison 2011). Nach der Anwen-

dung ist das Arzneimittel je nach Gebrauchsanleitung korrekt zu lagern, um eine volle Wirk-

samkeit zu gewährleisten (Sargison 2011). Es ist unumgänglich, einen Teil der Tiere unbehan-

delt zu lassen, um ein Refugium an therapieempfänglichen Parasiten zu bewahren und den Se-

lektionsdruck auf anthelminthikaresistente Nematoden zu senken (Sargison 2011, Waghorn et 

al. 2008, Knox et al. 2012). Bewährt hat sich hier, etwa 10-20 % der zu entwurmenden Tiere, 

idealerweise die schwersten Einzeltiere, zu verschonen (Waghorn et al. 2008). Neuzugänge, 

dazu zählen neben Zukäufen auch jene Tiere, die von den Almen heimkehren, sind alle beim 

Eintreffen zu entwurmen und idealerweise für 48 Stunden zu quarantänisieren, bevor sie auf 

eine leicht kontaminierte Weide gebracht werden. Dieser Vorgang stellt ein Refugium an für 

AH empfindliche Parasiten sicher (Sargison 2011, Kaplan und Vidyashankar 2012). Zudem 

sollte die Wirksamkeit des Anthelminthikums anhand eines Eizahlreduktionstests festgestellt 

werden (Cabaret and Berrag 2004). Die Entwurmungsfrequenz sollte der Notwendigkeit der 

jeweiligen Schafherde angepasst werden (Flazon et al.2014, Shalaby 2013). Eine zu häufige 

Behandlung mit Anthelminthika erhöht die Chancen einer Resistenzentwicklung um den Faktor 



- 35 - 
 

 

vier (Flazon et al. 2014). Die Häufigkeit der Entwurmung steht in unmittelbarem Zusammen-

hang mit der Bildung von Refugien. Es empfiehlt sich zudem, die Tiere nach der Entwurmung 

nicht sofort auf eine frische Weide zu treiben, da die Entwicklung von AR gefördert werden 

(Flazon et al. 2014). Das gezielte Entwurmen von Einzeltieren, „targeted selective treatment“, 

ist dem prophylaktischen Entwurmen der gesamten Herde jedenfalls vorzuziehen (Shalaby 

2013, Conelius et al. 2014). Tierhalter sind durchaus dazu bereit, Entwurmungsregimes den 

Gegebenheiten anzupassen und so aktiv zu einer langsameren AH- Resistenzentwicklung bei-

zutragen (Bollinger et al. 2015). Die Zusammenarbeit von Tierärzten und Tierhaltern, die ent-

sprechende Aufklärung über die Wichtigkeit der Thematik und die Beachtung von aktuellen 

wissenschaftlichen Empfehlungen beim Einsatz von Anthelminthika sind somit unumgänglich, 

um das Fortschreiten von AH verlässlich zu verlangsamen.



- 36 - 
 

 

10. Literaturverzeichnis 
 

Bath GF, van Wyk JA. 2009. The Five Point Check© for targeted selective treatment of inter-

nal parasites in small ruminants. Small Ruminant Research, Volume 86, Issues 1–3, 

Pages 6-13. DOI 10.1016/j.smallrumres.2009.09.009. 

Beleckė A, Kupčinskas T, Stadalienė I, Höglund J, Thamsborg SM, Stuen S, Petkevičius S. 

2021. Anthelmintic resistance in small ruminants in the Nordic-Baltic region. Acta Vet-

erinaria Scandinavica, 63(1):18. DOI 10.1186/s13028-021-00583-1. 

Cabaret J, Berrag B. 2004. Faecal egg count reduction test for assessing anthelmintic efficacy: 

average versus individually based estimations. Veterinary Parasitology, 121(1-2):105-

13. DOI 10.1016/j.vetpar.2004.01.020. 

Cornelius MP, Jacobson C., Besier RB. 2014. Body condition score as a selection tool for tar-

geted selective treatment-based nematode control strategies in Merino ewes. Veterinary 

parasitology, 206, 173-181. DOI 10.1016/j.vetpar.2014.10.031 

Falzon LC, O'Neill TJ, Menzies PI, Peregrine AS., Jones-Bitton A, van Leeuwen J, Mederos 

A. 2014. A systematic review and meta-analysis of factors associated with anthelmin-

thic resistance in sheep. Prev Vet Med, 117:388–402. DOI 10.1016/j.prevet-

med.2014.07.003. 

Kaplan RM, Vidyashankar AN. 2012. An inconvenient truth: Global worming and anthelmin-

tic resistance. Veterinary Parasitology, Volume 186, Issues 1–2, Pages 70-78. DOI 

10.1016/j.vetpar.2011.11.048. 

Kaplan RM. 2004. Drug resistance in nematodes of veterinary importance: a status report. 

Trends in Parasitology, 20: 477–481. DOI 10.1016/j.pt.2004.08.001 

Knox MR, Besier RB, Le Jambre LF, Kaplan R, Torres-Acosta JFJ, Miller J, Sutherland I. 

2012. Novel approaches for the control of helminth parasites of livestock VI: Summary 

of discussions and conclusions, Veterinary Parasitology, Volume 186, Issues 1–2, Pages 

143-149. DOI 10.1016/j.vetpar.2011.11.054. 

https://doi.org/10.1016/j.smallrumres.2009.09.009
https://doi.org/10.1016/j.pt.2004.08.001


- 37 - 
 

 

Papadopoulos E., Gallidis E., Ptochos S. 2012. Anthelminthic resistance in sheep in Europe: 

A selected review. Veterinary Parasitology, 189, 85-88. DOI 10.1016/j.vet-

par.2012.03.036. 

Rose H, Rinaldi L, Bosco A, Mavrot F, de Waal T, Skuce P, Charlier J, Torgerson PR, Hertz-

berg H, Hendrickx G, Vercruysse J, Morgan ER. 2015. Widespread anthelmintic re-

sistance in European farmed ruminants: a systematic review. Vet Rec., 176(21):546. 

DOI 10.1136/vr.102982. 

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, Jeek 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 anthelminthic resistance in European livestock: creation and 

meta-analysis of an open database. Parasite, 27, 69. DOI 10.1051/parasite/2020062. 

Russel, AJF., Doney, JM., Gunn, RG. 2009. Subjective assessment of body fat in live sheep. 

The Journal of Agricultural Science, 72, 451-454. DOI 10.1017/S0021859600024874. 

Sargison, ND. 2011. Pharmaceutical control of endoparasitic helminths infections in sheep. 

Veterinary Clinics of North America: Food Animal Practice. 27, 139–156. DOI 

10.1016/j.cvfa.2010.10.014. 

Shalaby HA. 2013. Anthelmintics Resistance; How to Overcome it? Iran J Parasitol. 8(1):18-

32. PMID: 23682256; PMCID: PMC3655236. PMID 23682256; PMCID PMC3655236. 

Taylor MA. 2012. SCOPS and COWS – ‘worming it out of UK farmers’. Veterinary Parasit-

ology, Volume 186, Issues 1–2, Pages 65-69, DOI 10.1016/j.vetpar.2011.11.047. 

Waghorn TS, Leathwick DM, Miller CM, Atkinson DS. 2008. Brave or gullible: Testing the 

concept that leaving susceptible parasites in refugia will slow the development of an-

thelmintic resistance. New Zealand Veterinary Journal, 56:4, 158-163. DOI 

10.1080/00480169.2008.36828 

https://doi.org/10.1051/parasite/2020062
https://doi.org/10.1017/S0021859600024874
https://doi.org/10.1016/j.cvfa.2010.10.014
https://doi.org/10.1080/00480169.2008.36828


- 38 - 
 

 

Wyk JAV, Bath GF. 2002. The FAMACHA system for managing haemonchosis in sheep and 

goats by clinically identifying individual animals for treatment. Veterinary Research, 

33, 509-529. DOI 10.1051/vetres:2002036. 

Zajac AM, Garza J. 2020. Biology, Epidemiology, and Control of Gastrointestinal Nematodes 

of Small Ruminants. Veterinary Clinics of North America: Food Animal Practice, 

36(1):73-87. DOI 10.1016/j.cvfa.2019.12.005



- 39 - 
 

 

11. Anhang I 

Anhang I 

 


	Titelblatt
	INHALTSVERZEICHNIS
	1. Einführung
	2. Angaben zum Eigenanteil
	3. Mitteilung zur Annahme der Arbeit
	4. Publikation
	5. Results
	6. Discussion
	7. Zusammenfassung
	8. Summary
	9. Fazit
	10. Literaturverzeichnis
	11. Anhang I

