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A B S T R A C T   

The faecal egg count reduction test (FECRT) is the most widely used method to assess treatment efficacy against 
gastrointestinal nematodes (GIN). Information on genera composition of the GIN community is not available with 
this test and it is commonly obtained by identifying cultured third-stage larvae (L3) or through molecular assays 
in the post-treatment survey, but results provided are usually only qualitative or semi-quantitative. The updated 
WAAVP guidelines now recommend assessing anthelmintic efficacy for each GIN genus/species separately 
(genus-specific FECRT), but this approach is poorly employed in Europe and in goats especially. For this reason, 
four FECRT trials were conducted using oxfendazole and eprinomectin in two Italian goat farms. Samples were 
processed individually using the McMaster technique and then pooled to create two samples from faeces of 5 
animals each. Pooled samples were analysed using the McMaster and cultured for seven days at 26◦C to obtain 
L3s. The genus-specific FECRT was based on larval identification, integrating coproculture and FEC results. 
Larvae were identified as Haemonchus, Trichostrongylus, Teladorsagia, Oesophagostomum / Chabertia and Bunos-
tomum. Molecular assays (a multiplex real-time PCR and two end-point PCRs) were also implemented on pooled 
samples to support the morphological identification. The Spearmann Rho test confirmed a high correlation be-
tween the two approaches (Rho = 0.941 and Rho = 0.914 respectively for Haemonchus and Trichostrongylus, the 
two most common genera). Both oxfendazole and eprinomectin were effective in one farm, while none in the 
other farm (FECR = 75.9% and 73.3% respectively). In the second farm, the genus-specific FECRT highlighted a 
different response to treatment among genera: oxfendazole lacked efficacy against both Haemonchus and Tri-
chostrongylus spp., eprinomectin only against Haemonchus, while all other genera were susceptible to both drugs. 
This study brings new attention on the importance of adopting a genus-specific approach to identify and quantify 
differences in susceptibility to anthelmintics among genera in goats, providing support for FECRT interpretation, 
anthelmintic resistance evaluation and evidence-based GIN control.   

1. Introduction 

Worldwide, sheep and goats are constantly exposed to gastrointes-
tinal nematodes (GIN). Infections caused by these parasites may 
threaten the animal health and welfare and affect the economic sus-
tainability of the ruminant livestock production. The consistent reliance 
on anthelmintics for GIN control has led to the development of drug 
resistance, which is now spreading at worrying pace worldwide, 
including in Europe (Rose Vineer et al., 2020). Small ruminants can be 
parasitized by several genera of nematodes, most commonly in 

mixed-species infections. These genera differ not only in pathogenicity, 
biology and epidemiology, but also in their ability to develop anthel-
mintic resistance (AR) (Kotze and Prichard, 2016). For instance, Hae-
monchus contortus is a blood-feeding species of high concern for its 
pathogenicity and ability to develop AR (Elmahalawy et al., 2018). It is 
adapted to warmer environmental conditions compared to other genera 
such as Teladorsagia circumcincta and Trichostrongylus spp. Depending on 
the circumstances these species may be also pathogenic but, being 
non-haemotophagous, they affect the host in a different way. 

Traditionally, GIN burden monitoring in live animals relies on 
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coproscopic observation and enumeration of parasite eggs in faecal 
samples (i.e. Faecal Egg Count, FEC), and so does the evaluation of 
treatment efficacy (i.e. FEC Reduction Test, FECRT) for the detection of 
anthelmintic resistance (McIntyre et al., 2018; Vercruysse et al., 2018). 
In the FECRT, the percentage of egg reduction following treatment is 
used to calculate anthelmintic efficacy. Since GIN genera cannot be 
differentiated solely based on egg morphology (except for Nematodirus 
spp. and Marshallagia marshalli), the FECRT provides only information 
on the reduction of the overall number of eggs. As such, data on sus-
ceptibility of particular GIN genera to anthelmintics (i.e., shifts in the 
relative presence of certain genera) are not provided by this approach. 

The reliability and accuracy of GIN identification has increased 
significantly with the emergence and advancement of DNA based tech-
nologies (Avramenko et al., 2015; Elmahalawy et al., 2018; Ljungström 
et al., 2018; Reslova et al., 2021; Roeber et al., 2017). Molecular tests are 
indeed faster, highly sensitive and more specific compared to the more 
traditional approach based on faecal examination followed by cop-
roculture and microscopic identification of cultured third-stage (L3) 
larvae. Coproculture suffers from several disadvantages, related to the 
time and expertise required, to the variability in development rate/-
mortality of larvae of specific GIN genera and to the low specificity due 
to the overlapping morphological and morphometric traits of some 
species and genera (Knoll et al., 2021; Roeber and Kahn, 2014; Rossa-
nigo and Gruner, 1996). Nevertheless, since molecular methods are 
more complex to set up and they are not available in all laboratories, 
coprocultures still represent the most widely applied method for GIN 
differentiation (Do Amarante, 2011; Jacobson et al., 2020). 

The identification of GIN genera in combination with the FECRT has 
been recommended by the World Association for the Advancement of 
Veterinary Parasitology (WAAVP) for the last three decades (Coles et al., 
2006, 1992; Kaplan et al., 2023) to support the interpretation of the 
FECRT results in small ruminants, but only the last version (Kaplan et al., 
2023) strongly recommends to estimate the FECRT separately for each 
GIN genus/species. Several publications implementing a genus-specific 
assessment of anthelmintic efficacy are available in cattle (Leathwick 
et al., 2016; Leathwick and Miller, 2013; Waghorn et al., 2006a) and 
sheep (Falzon et al., 2013; Lyndal-Murphy et al., 2014; Playford et al., 
2014; Rendell, 2010; Waghorn et al., 2006b), mainly in Australasia, 
where McKenna (1997, 1996, 1990) first developed and promoted the 
approach. In Europe, only a handful of studies with this approach are 
present in sheep (Bartley et al., 2006; Bull et al., 2022; McMahon et al., 
2013) and in cattle in Belgium (De Graef et al., 2012; El-Abdellati et al., 
2010), while its use in goats is hardly reported worldwide (Mahieu et al., 
2014). Indeed, in most cases the focus has historically been on the 
qualitative observation of the species that survived the treatment 
(Bordes et al., 2020; Čerňanská et al., 2006; Lambertz et al., 2019; 
Mickiewicz et al., 2020; Vadlejch et al., 2014; Zanzani et al., 2014). The 
aim of this study was therefore to bring attention to the genus-specific 
approach to FECRT in Europe, while testing its use on goats. In this 
study, carried out in dairy goat farms of Northern Italy, GIN genera were 
identified using coprocultured larvae, but molecular analyses were also 
implemented to confirm the identification and the estimated relative 
proportion of each genus. 

2. Materials and methods 

2.1. Study design, sample collection and anthelmintic treatment 

The study was carried out between November 2018 and January 
2019 in two dairy goat farms of Northern Italy. Farm 1 was located in the 
easternmost part of the Po valley (Friuli-Venezia Giulia region), while 
Farm 2 was located in a hilly area of Veneto region. Both farms reared 
about 50 lactating goats of Chamois Coloured goat breed in a semi- 
intensive way, with year-round access to a contiguous pasture and in- 
loco cheese production. 

The genus-specific assessment of anthelmintic efficacy was evaluated 

with four FECRT trials, testing two different drugs in each farm:  

• Oxfenil© (oxfendazole, OXF): oral suspension, Virbac S.A., Carros, 
France (Farm 1_OXF and Farm 2_OXF);  

• Eprinex Multi© (eprinomectin, EPR): pour-on, Boehringer Ingelheim 
Animal Health Italia S.p.A., Milan, Italy (Farm 1_EPR and Farm 
2_EPR). 

Trials were carried out on the occasion of the treatment scheduled by 
the respective veterinary practitioner. The animals did not receive any 
anthelmintic treatment for at least three months prior to entering the 
study. Treatments were performed according to the drug manufacturer’s 
instructions; however, double the ovine dose was administered to goats. 
For each farm, on the same day OXF was administered at a dosage of 
10 mg/kg body weight to one group and EPR was given at a dosage of 
2 mg/kg body weight to the second group of animals. Body weight was 
estimated visually, but in each farm some individuals were also weighed 
using a dynamometer and a weighing harness to confirm the accuracy of 
the estimation. 

Ten animals were included in each trial. Faecal samples were 
collected at day 0 (D0) before treatment and again from the same ani-
mals 14 days post-treatment (D14). Animals were identified individually 
using the ear tag codes. Samples were collected from the rectum, kept 
under cold chain and analyzed at the Parasitology Laboratory of the 
Department of Animal Medicine, Production and Health of the Univer-
sity of Padova within a maximum of 48 hours after collection. Samples 
were processed both individually and pooled. For pooled samples, each 
treatment group was divided in two subgroups of five animals each, 
pooling together 6 g from each individual sample (30 g per pool in total). 
The same division of animals in sub-groups was maintained for D14 
pools. Pooled samples were thoroughly homogenized and used to 
perform McMaster analysis, coproculture and molecular analysis. 

2.2. Laboratory analyses 

2.2.1. Faecal egg counts 
Individual samples were analyzed using the McMaster technique 

(MAFF, 1986) with the limit of detection of 20 EPG. Briefly, 5 g of faeces 
were diluted to reach a volume of 30 ml of saturated sodium nitrate 
solution with specific gravity 1.3 in a 50 ml Falcon tube. The content was 
gently mixed, homogenized, filtered through a double-layer gauze and 
applied into the chambers of a McMaster slide. Eggs were left to float for 
a few minutes and then counted in both chambers. In this study, only 
gastrointestinal strongylid eggs were considered. In addition, 5 g from 
each composite sample were also analyzed with the same technique, and 
the Falcon tube content was further processed to obtain the sample for 
DNA extraction, as described in the next paragraphs. 

2.2.2. Coproculture and morphological identification 
The remaining faeces from each pool (25 g) were used to prepare 

larval cultures for the morphological identification of strongylid genera. 
Samples were moistened and mixed with vermiculite to prevent fungal 
contamination and facilitate ventilation. Faeces were incubated for 
seven days at 26 ºC and moistened every day. Third-stage larvae (L3) 
were then collected using the Baermann technique and stored in a fridge 
(± 4 ◦C) until identification. Larvae were observed under the microscope 
(Olympus BX40F-3, Japan) at a total magnification of 100× or 400×. 
The first 50 larvae recovered for each pool were identified by keys 
currently used at the Laboratory of Parasitology of the University of 
Padova (see supplementary materials S1); these identification keys are 
based on data proposed by MAFF (1986), van Wyk et al. (2004), Knoll 
et al. (2021) and experiences gained at our lab. If there were fewer than 
50 larvae present, all of them were identified. Larval identification was 
facilitated by using the NIS-Elements imaging software (Nikon Corpo-
ration, Japan). 
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2.2.3. Isolation of genomic DNA from strongylid eggs 
Eggs from pooled samples were subjected to molecular analysis to 

identify present strongylid genera. Genomic DNA extraction was per-
formed according to Bott et al. (2009). Briefly, following the McMaster 
analysis, the double-layer gauze was removed from the Falcon tube and 
the remaining content was further processed to collect the remaining 
eggs. The Falcon tubes were centrifuged at 1000× g for 10 min and 5 ml 
of upper layer containing eggs were transferred into a new 50 ml Falcon 
tube, diluted with 45 ml distilled water, and centrifuged again at 1000×
g for 10 min. Subsequently, the pellet was resuspended in 0.5 ml of 
purified water and used to extract the genomic DNA. The extraction was 
carried out using PSP®Spin Stool DNA Kit (Stratec, Lot: JA160005 Ref: 
1038100300), according to the manufacturer’s manual. The purified 
DNA was then stored at − 20 ºC until molecular analysis. 

2.2.4. Multiplex real‑time PCR assay 
A multiplex real-time PCR assay employing genus-specific TaqMan 

probes was used for the molecular semi-quantitative assessment of 
strongylid eggs (Reslová et al., 2021). This highly specific and sensitive 
assay allows approximate quantification of ovine and caprine parasites 
belonging to genera Haemonchus spp., Teladorsagia spp., Trichostrongylus 
spp. and Chabertia ovina. The target regions amplified during qPCR were 
ITS2 in case of Haemonchus sp. and Teladorsagia sp.; ITS1 in case of 
Trichostrongylus sp. and CO1 in case of Chabertia ovina. Detailed 
composition of reaction mixture, sequences of primers and TaqMan 
probes, cycling conditions and semi-quantitative data evaluation are 
described in Reslova et al. (2021). 

All samples were tested in duplicates on a CFX96 Touch Real-Time 
PCR Detection System (Bio-Rad Laboratories, Hercules, CA, USA) in 
96-well PCR plates. Calibration curve was calculated using Ct values, 
which corresponded to serial dilution of Haemonchus contortus plasmid 
construct with a defined number of plasmid copies (5×107, 5×106, 
5×105, 5×104, 5×103), which were run on the same plate as faecal DNA 
samples. The results are presented as plasmid copy numbers corre-
sponding to the genus-specific DNA amount in the pooled faecal 
specimen. 

2.2.5. End-point PCR for Oesophagostomum and Bunostomum 
Primers on ITS rDNA described by Bott et al. (2009) and Wang et al. 

(2012) were used to detect Oesophagostomum spp. (OEV, forward: 
5’-TGAAATGAGACAACCGTAGTCG-3’ and NC2, reverse: 
5’-TTAGTTTCTTTTCCTCCGCT − 3’) and Bunostomum sp (p1, forward: 
5′-GATTACGTCCCTGCCATTTGT-3′ and p2, reverse: 
5′-GTTCACTCGCCGTTACTAAGG-3′) respectively. The amplification 
protocols are indicated below. 

The amplification mixture of final volume 30 μl included 1X of 
Buffer, 2 mM of MgCl2, 0.25 mM of dNTPs, 0.5 µM of each forward and 
reverse primers, 1 U of Taq Polymerase (Platinum ™ Taq DNA Poly-
merase, ThermoFisher Scientific, Cat. No: 10966026) and 3 µl of DNA. 
PCRs were performed in thermal cycler (Applied, Biosystems 2720 
Thermal Cycler), using the following thermal profile: for Oesophagosto-
mum spp., initial denaturation (94 ºC, 5 min); 35 cycles of denaturation 
(94 ºC, 30 s), annealing (55 ºC, 30 s) and elongation (72 ºC, 30 s); and 
final elongation (72 ºC, 7 min). For Bunostomum sp., annealing tem-
perature was changed to 50 ºC and elongation time to 40 s. The PCR 
products were run onto agarose gel 2% in TBE buffer stained with SYBR 
Safe DNA Gel Stain (Invitrogen, ThermoFisher Scientific, USA, Lot: 
1911823). The amplicons were sequenced by Sanger technology (Mac-
rogen, Spain) and compared with those already published in GenBank. 

2.3. Data analysis 

The concordance between morphological and molecular identifica-
tion of genera was investigated both qualitatively (presence/absence) 
and semi-quantitatively. For the latter, the number of eggs of each genus 
was estimated by multiplying EPG of each pool (calculated by the pooled 

McMaster analysis) by the relative proportion of each genus observed 
during larval identification. This estimation was compared with the 
number of plasmid copies obtained by the multiplex real-time PCR (see 
supplementary material S2). The two estimations were categorized into 
three classes (low level = +; medium level = ++; high level = +++) 
according to percentiles and their agreement in the semi-quantitative 
estimation was descriptively assessed. In addition, the Spearman Rho 
Correlation test was performed on non-transformed data to assess the 
concordance between the two approaches using the statistical software 
R version 4.2.1 (R Core Team 2022). For the purposes of comparison, 
each pooled sample was treated independently, regardless of the farm/ 
subset it belonged. 

FECR and 90% confidence intervals (90% CI) were calculated for 
both general FECRT and genus-specific FECRT, according to one of the 
methods (Dobson et al., 2012) indicated in the recently revised WAAVP 
guidelines (Kaplan et al., 2023). Anthelmintic treatment efficacy was 
then interpreted according to the classification outlined by Denwood 
et al. (2023) and subsequently integrated in the WAAVP guidelines. The 
minimum efficacy target and expected efficacy respectively were fixed 
at 90% and 95%, in line with the previous guidelines (Coles et al., 1992). 
Hence, the classification was:  

• resistant (R) when the upper limit of the 90% CI (CIU) < 95%.  
• low resistant (LR, a sub-category of the previous) when the lower 

limit of the 90% CI (CIL) ≥ 90%;  
• inconclusive (INC) when CIU ≥ 95% and CIL < 90%;  
• susceptible (S) when CIU ≥ 95% and CIL ≥ 90%. 

For genus-specific FECRT, the relative proportion of each genus 
estimated by larval identification was converted to the absolute number 
of eggs, considering the total number of eggs counted (prior trans-
formation to EPG) among the 10 animals of the trial as reference amount 
(see supplementary materials S3). Genus-specific FECRTs and associated 
efficacy were calculated and interpreted as above described for the 
overall FECRT. 

3. Results 

3.1. Comparison of morphological and molecular identification 

A total of 16 pooled samples (eight pooled samples collected on both 
D0 and D14) was subjected to both morphological identification of L3 
and to molecular analysis, and the results of the two analyses were 
compared (Table 1). It was possible to obtain a molecular quantitative 
estimation based on the numbers of plasmid copies for the genera 
Haemonchus, Trichostrongylus, Teladorsagia and Chabertia, using a 
multiplex real-time PCR, while for genera Oesophagostomum and 
Bunostomum, only the presence or absence was confirmed by the qual-
itative end-point PCR. The comparison between the two approaches 
showed an overall fair agreement in the results: out of 80 comparisons, 
only 8 were inconsistent in qualitative terms, while in 42, both 
morphological and molecular outputs were negative and in 30, both 
outputs were positive. For the latter (30 positive results), considering 
only Haemonchus, Trichostrongylus and Teladorsagia (20/30), semi- 
quantification agreed in 17 out of 20 cases, and it disagreed by one 
class and by two classes in 2 and 1 cases, respectively. Haemonchus and 
Trichostrongylus were commonly identified as the two dominant genera 
in the first farm (Farm 1_Ox and Farm 1_Ep) and Haemonchus and 
Oesophagostomum/Chabertia in the second one (Farm 2_Ox and Farm 
2_Ep), with Oesophagostomum being the genus mostly contributing to 
this, according to the results of the molecular analysis. Both methods 
confirmed the sporadic and limited presence of Teladorsagia and 
Bunostomum in these two farms. The good level of similarity in the 
estimation was further confirmed for both Haemonchus and Trichos-
trongylus by the high value of correlation at the Spearmańs Rho test (Rho 
= 0.941 and Rho = 0.914 respectively). 
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3.2. Overall and genus-specific FECRT results 

Trials conducted at the first farm showed a reduced efficacy towards 
OXF and EPR, while both tested anthelmintics were fully effective at the 
second farm (Table 2). Concerning the differences in treatment response 
among genera, results of the genus-specific FECRT are presented in  
Table 3. It should be noted that while Haemonchus and Trichostrongylus 
were also found in the D14 samplings of both Farm 1 trials, Oesopha-
gostomum/Chabertia egg shedding was consistently reduced to zero 
levels after treatment. In Farm 1_Ep, Bunostomum was found at D14 
despite not being detected at D0. Results of Farm 1, where neither 
treatment was effective, are further presented in Fig. 1. 

4. Discussion 

The precise identification of the causative agents of an infection is 
pivotal to nematode control and has growing implications in a context of 
AR spreading. As goats usually harbour mixed nematode infections, 
species/genus-specific diagnosis is important, in order to assess their 
specific contribution to these infections (Roeber and Kahn, 2014). 
Morphological and molecular tools are commonly used and continu-
ously improved for this purpose, also within FECRT trials (Bosco et al., 
2020; Cazajous et al., 2018; Halvarsson and Höglund, 2021; Roeber 
et al., 2012). Several studies in sheep (Bartley et al., 2006; Bull et al., 
2022; Falzon et al., 2013; Lyndal-Murphy et al., 2014; McMahon et al., 
2013; Playford et al., 2014; Rendell, 2010; Waghorn et al., 2006b) and 
cattle (De Graef et al., 2012; El-Abdellati et al., 2010; Leathwick et al., 
2016; Leathwick and Miller, 2013; Waghorn et al., 2006a) assessed the 
susceptibility of individual GIN genera to anthelmintic treatment in 
quantitative terms, as now suggested by the new WAAVP guidelines 
(Kaplan et al., 2023), while goats, unsurprisingly, are overlooked by the 
scientific literature. Sheep and goats share the same major nematode 
species, but the host immune response and the pharmacokinetics of 

anthelmintics impose a significantly higher selection pressure for AR in 
goats (Hoste et al., 2011; Sargison, 2011), which can then be a source of 
resistant GIN also for sheep. This study tested the use of genus-specific 
FECRT in this species, whose role in AR development and spread 
require even more refinement in GIN monitoring and control. 

The efficacy of two anthelmintics, OXF and EPR, was tested at two 
dairy goat farms, in a total of four trials. Coproculture was selected to 
differentiate among GIN genera for practical purposes, as this technique, 
regardless of its well-known limitations is still the most easily conceiv-
able in diagnostic laboratories. The use of coproculture also enabled to 
overcome the problem of quantifying Oesophagostomum, not included in 
our multiplex real-time PCR assay (Reslová et al., 2021), even though in 
our larval identification approach it was not possible to reliably differ-
entiate Oesophagostomum and Chabertia larvae, so the contribution of 
each genus was not determined. Coproculture results were nevertheless 
substantiated to a good extent by three separate molecular tests, a 
multiplex real-time PCR for Haemonchus, Trichostrongylus, Teladorsagia 
and Chabertia and end-point PCRs for Oesophagostomum and Bunosto-
mum. Results provided by both morphological and molecular approach 
are just estimates, and therefore carry a level of uncertainty around 
them, which can be considered a limitation in the sound interpretation 
of the agreement between the two methods. The good correlation be-
tween molecular and morphological estimates was anyway confirmed in 
our study by the Spearman’s Rho correlation. 

Both OXF and EPR were fully effective to control nematode burden at 
farm 2 and our approach indicated a 100% FECR for all the GIN genera 
present. The multiplex real-time PCR and the two end-point PCRs at D14 
also provided negative results for all GIN genera, except for a very low 
amount of Haemonchus DNA detected in half (2/4) of the pooled samples 
by real-time PCR. This could be potentially explained by the exposure to 
+4◦C temperatures during storage, which are known to negatively 
impact Haemonchus larvae development (McKenna, 1998). However, 
the absence of Haemonchus eggs in the remaining pooled samples 

Table 1 
Semi-quantitative estimation of GIN genera according to log-transformed data from morphological (FEC) and molecular (real-time PCR) identification (low level = +; 
medium level = ++; high level = +++). Results from end-point PCRs for Oesophagostomum and Bunostomum are also presented as positive (POS) or negative (NEG). 
Two pools from the same trial are denoted as A and B.  

ID Haemonchus Trichostrongylus Teladorsagia Oesoph./Chabertia Oesoph. Bunostomum 

FEC Real-time 
PCR 

FEC Real-time 
PCR 

FEC Real-time PCR FEC Real-time PCR End-point PCR FEC End-point PCR 

1A_Ox_D0 +++ +++ +++ +++ ++ ++ +++ NEG POS NEG NEG 
1B_Ox_D0 +++ +++ +++ +++ NEG NEG +++ NEG POS ++ NEG 
1A_Ox_D14 ++ ++ +++ ++ NEG NEG NEG NEG NEG NEG NEG 
1B_Ox_D14 ++ +++ +++ +++ NEG NEG NEG NEG NEG NEG NEG 
1A_Ep_D0 +++ +++ +++ +++ NEG NEG ++ NEG POS NEG NEG 
1B_Ep_D0 +++ +++ +++ +++ ++ NEG ++ + POS NEG NEG 
1A_Ep_D14 ++ ++ + +++ NEG NEG NEG NEG NEG ++ NEG 
1B_Ep_D14 +++ +++ + NEG NEG NEG NEG NEG NEG NEG NEG 
2A_Ox_D0 +++ +++ NEG NEG NEG NEG +++ ++ POS ++ POS 
2B_Ox_D0 +++ +++ NEG NEG NEG NEG +++ + POS NEG POS 
2A_Ox_D14 NEG ++ NEG NEG NEG NEG NEG NEG NEG NEG NEG 
2B_Ox_D14 NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
2A_Ep_D0 +++ +++ NEG NEG NEG NEG +++ NEG POS ++ NEG 
2B_Ep_D0 ++ ++ NEG NEG NEG NEG +++ ++ POS ++ POS 
2A_Ep_D14 NEG ++ NEG NEG NEG NEG NEG NEG NEG NEG NEG 
2B_Ep_D14 NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG  

Table 2 
FECR and 90% confidence intervals in trials of the first phase of the study. FEC at D0 and D14 refer to total counted eggs (prior transformation to EPG) among the 10 
animals. a Oxfenil®, Virbac; b Eprinex Multi®, Boehringer Ingelheim. BZ = benzimidazoles; ML = macrocyclic lactones; PO = peroral. R = resistant; S = susceptible.  

ID Drug Class Admin. route FEC FECR (%) 90% CI Efficacy 

D0 D14 

Farm 1_Ox Oxfendazolea BZ PO  1156  279  75.9 73.7 – 77.9 R 
Farm 1_Ep Eprinomectinb ml pour-on  876  234  73.3 70.7 – 75.7 R 
Farm 2_Ox Oxfendazolea BZ PO  391  0  100 99.2 – 100 S 
Farm2_Ep Eprinomectinb ml pour-on  628  0  100 99.5 – 100 S  
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suggests its very limited presence at D14, likely detected only by mo-
lecular methods given their higher sensitivity compared to the tradi-
tional copromicroscopy. The detection of such low amount of 
Haemonchus has anyway little practical meaning, highlighting the 
importance of quantitative assays for a better interpretation of results. 
At farm 1, lack of efficacy was detected in both trials (FECR was 75.9% 
for OXF and 73.3% for EPR) and the changes of the nematode commu-
nity following treatment were investigated. We interpolated cop-
roculture and FEC results, at both D0 and D14, similarly to how 
previously done by previous studies carried out mainly in other species, 
as above-mentioned. The absolute egg quantification was obtained from 
relative percentages of abundance for each GIN genus, so that differ-
ences in susceptibility of each separate genus could be observed without 
the influence of other GIN response to treatment. For instance, at Farm 
1_Ox trial, OXF was fully effective against Teladorsagia, Oesophagosto-
mum/Chabertia and Bunostomum, while results for Haemonchus and Tri-
chostrongylus showed an insufficient reduction (FECR was 81.8% for 
Haemonchus and 60.3% for Trichostrongylus). And again, in Farm 1_Ep, 
eprinomectin was classified as non-effective overall, though according 
to coproculture, all GIN were susceptible to it except for Haemonchus. 
Interestingly, Trichostrongylus still represented approximately 10% of L3 
at D14, though with a FECR of 96.5% it was considered susceptible to 
EPR. 

In this trial also Bunostomum was classified as resistant to EPR 
because it was detected in low amount at D14 but not at D0, drawing 
attention to one of the main limitations of this approach, when applied 
to genera with low pre-treatment burdens (McKenna, 1996). The 
requirement for the minimum number of eggs counted remains the same 
(approximately 200 eggs counted in total) for each separate 
genus-specific FECRT as indicated in general FECRT guidelines (COM-
BAR, 2021; Kaplan et al., 2023). This means that, when the 
genus-specific approach is applied, higher FEC are required to obtain 
statistically sound results, which were not achieved for Bunostomum and 
neither for Teladorsagia and Oesophagostomum / Chabertia in this trial. 
Moreover, the new classification system outlined by Denwood et al. 
(2023) and now adopted by the new WAAVP guidelines, established the 
CIL and the CIU (rather than the percentage of FECR) as the main criteria 
to interpret FECRT results. Since in our study, as also commonly done in 

research and clinical trials, genus identification was carried out on 
pooled samples, the 90%CI of genus-specific FECRTs were calculated 
based on the assumption of no variation in relative species abundance 
among the individual animals (Kaplan et al., 2023). This approach could 
be considered questionable and its results should be interpreted 
accordingly, but it represents a compromise as the only alternative is to 
have no CI. Notwithstanding these limitations, the determination of 
changes in the parasite community following treatment can still provide 
substantial help in confirming, or questioning diagnosis of AR. A number 
of pharmacological, technical, parasite and host-related factors could 
indeed confound the result of the FECRT (Morgan et al., 2022), but 
similar effects would be expected for all genera. On the contrary, it is 
realistic for only one/few species or genera to develop resistance at 
once. Differences in the FECRT estimation among GIN genera may more 
easily suggest the presence of AR and inferences could be made 
regarding which species may be resistant (e.g., Haemonchus at Farm 1_Ep 
trial) and which not (e.g., Trichostrongylus at Farm 1_Ep trial). In addi-
tion, high levels of AR in minority species or species with low fecundity 
can be missed by FECRT unless a genus/species-specific assessment is 
included (McKenna, 1990). Similarly, this approach also allows to 
overcome the complexity dictated by the differences in prolificity 
among genera (e.g. one female of H. contortus producing thousands of 
eggs/day in contrast to few hundreds/day for females of other genera 
(Roeber and Kahn, 2014). 

Lastly, the four trials indicated a clear difference in drug efficacy 
between the two farms, with both anthelmintics effective in farm 2 and 
none in farm 1. The purpose of this study was methodological and not to 
detect and report the presence of AR, so further confounding factors (see 
Morgan et al., 2022) which might have influenced FECRT results and 
which might explain the differences between farms have not been 
thoroughly investigated. However, the presence of AR in the area where 
these farms are located (Trentino, Veneto and Friuli-Venezia Giulia, in 
Northern Italy) has never been reported and our results advocate for 
further investigations. 

5. Conclusions 

Coproculture can be very complex and time consuming to apply in 

Table 3 
FECR and 90% confidence intervals, calculated for overall strongylids and for each strongylid genus (see Supplementary materials for the calculation). FEC at D0 and 
D14 refer to total counted eggs (prior transformation to EPG) among the 10 animals. –, not calculable; n.d., not detected. R = resistant; S = susceptible; INC =
inconclusive; LR = low resistant.  

ID Genus FEC FECR% 90% CI Efficacy 

D0 D14 

Farm 1_Ox Overall strongylids  1156  279 75.9 73.7–77.9 R  
Haemonchus  474.0  86.5 81.8 78.6–84.5 R  
Trichostrongylus  485.5  192.5 60.3 56.6–63.9 R  
Teladorsagia  11.6  0.0 100 78.8–99.6 INC  
Oesophag./Chabertia  173.4  0.0 100 98.3–100 S  
Bunostomum  11.6  0.0 100 78.8–99.6 INC 

Farm 1_Ep Overall strongylids  876  234 73.3 70.7–75.7 R  
Haemonchus  219.0  201.2 8.1 5.6–11.8 R  
Trichostrongylus  604.4  21.1 96.5 95.0–97.5 S  
Teladorsagia  17.5  0.0 100 85.1–99.7 INC  
Oesophag./Chabertia  35.0  0.0 100 92.0–99.9 S  
Bunostomum  0.0  11.7 – – R 

Farm 2_Ox Overall strongylids  391  0.0 100 99.2–100 S  
Haemonchus  215.1  0.0 100 98.6–100 S  
Trichostrongylus  0.0  0.0 – – n.d.  
Teladorsagia  0.0  0.0 – – n.d.  
Oesophag./Chabertia  172.0  0.0 100 98.3–100 S  
Bunostomum  3.9  0.0 100 54.3–99.0 INC 

Farm 2_Ep Overall strongylids  628  0.0 100 99.5–100 S  
Haemonchus  251.2  0.0 100 98.8–100 S  
Trichostrongylus  0.0  0.0 – – n.d.  
Teladorsagia  0.0  0.0 – – n.d.  
Oesophag./Chabertia  345.4  0.0 100 99.1–100 S  
Bunostomum  31.4  0.0 100 91.2–99.8 S  
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both large-scale research and daily diagnostics, and it is likely that new 
molecular tools for rapid and accurate GIN species identification will 
provide a more viable path to widely available the genus/species- 
specific FECRT. However, coproculture may still represent an inter-
esting solution for many laboratories, especially in low-income countries 
where the availability of modern and more expensive technologies is 
limited. This study, based on coproculture but substantiated by molec-
ular analyses, implemented the genus-specific assessment of anthel-
mintic efficacy in goats, up to now overlooked. The quantification of 
each genus/species in both pre- and post-treatment could indeed allow 
for more evidence-based decisions in GIN control, which is pivotal in 
this species for its unfortunate predisposition towards AR development. 
The considereably improved FECRT interpretation obtained from our 
results calls for new attention and efforts towards the use of this 
approach in the European context, where it is still not commonly 
employed in FECRT-based studies. Lastly, the results obtained at farm 1 
indicated the possible presence of AR in the area, suggesting the need for 
a wider survey. 
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analysis, Investigation, Writing - review & editing; Cinzia Tessarin: 
Investigation, Resources; Giorgia Dotto: Investigation, Resources; 
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editing; Martin Kašný: Methodology; Rudi Cassini: Conceptualization, 
Funding acquisition, Project administration, Supervision, Writing - 
original draft. 
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the bottom) trials with data presented in terms of relative percentage (on the left) and absolute EPG numbers (on the right). Haemonchus = green; Trichostrongylus =
blue; Teladorsagia = yellow, Oesophagostomum / Chabertia = red; Bunostomum = grey. 
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