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ABSTRACT

The effectiveness of anthelmintics in the treatment of paramphistomosis in farm animals in the Czech Republic has 
not been sufficiently investigated. This study was focused on selected breeds of beef cattle. Identification of Calicophoron 
daubneyi was performed by sedimentation and verified by PCR using the 5.8S rRNA gene. Animals were treated 
specifically for C. daubneyi infection only. Totally 400 positive animals were included in the study. The anthelmintic 
Closamectin (Closantel/Ivermectin) was evaluated as the most effective veterinary medicinal product with an efficiency 
of 80%, followed by Distocur (Oxyclozanid) with an efficiency of 78%, Aldifal (Albendazol) with an efficiency of 71% and 
Levatum Plus (Ivermectin/Clorsulon) with an efficiency of 62%. 
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ABSTRAKT

Účinnost anthelmintik při léčbě paramfistózy u hospodářských zvířat v České republice není dostatečně prozkoumána. 
Tato studie byla zaměřena na vybraná plemena masného skotu. Identifikace Calicophoron daubneyi byla provedena 
sedimentací a ověřena pomocí PCR s využitím genu 5,8S rRNA. Zvířata byla léčena specificky pouze na infekci C. daubneyi. 
Do studie bylo zařazeno celkem 400 pozitivních zvířat. Jako nejúčinnější veterinární léčivý přípravek bylo vyhodnoceno 
anthelmintikum Closamectin (Closantel/Ivermectin) s účinností 80 %, následované Distocurem (Oxyclozanid) s účinností 
78 %, Aldifalem (Albendazol) s účinností 71 % a Levatum Plus (Ivermectin/Clorsulon) s účinností 62 %. 
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INTRODUCTION 
Paramphistomosis is a gastrointestinal parasitic 

disease caused by digenetic trematodes of the 
Paramphistomidae family. Rumen flukes infect ruminants 
and consist of a number of different species of the 
Paramphistomidae family (Gunathilaka et al., 2018). This 
family includes, for example, the genus Paramphistomum, 
Calicophoron, Cotylophoron, Ceylonocotyle, Gastrothylax, 
Fischoederius, Carmyerius, Gastrodiscus and Pseudodiscus 
(Torres-Acosta et al., 2012; Zhao et al., 2017; Kotze et al., 
2020). Rumen fluke parasites impact hugely on livestock 
productivity by affecting growth rates, fertility, meat 
quality, wool or milk production, and they sometimes 
cause mortality. In subtropical and tropical areas, the 
infection leads to economic losses related to mortality 
and low productivity (Spence et al., 1992; Spence et al., 
1996; Rieu et al., 2007). In general, rumen fluke is only 
considered to be of clinical relevance when ruminants 
are exposed to massive burdens of infective stages while 
grazing. Immature stages that migrate in the duodenum 
can cause clinical symptoms like weakness, diarrhoea and 
mortality (Spence et al., 1996; Rieu et al., 2007; Mason 
et al., 2012).

The developmental cycle of Paramphistomidae is 
indirect and includes mollusks. The life cycle is very similar 
to the life cycle of liver fluke Fasciola hepatica. Movable 
ciliated miracidia, which hatch from eggs coming from 
the faeces of an infected host, next infect amphibians 
or aquatic snails (Moazeni and Ahmadi, 2016; Hotessa 
and Kanko, 2020). In this environment, they reproduce 
asexually and develop into cercariae. These are excreted 
continuously for up to one year and develop into encysted 
metacercariae in the vegetation. Encysted metacercariae 
enter to definitive host by ingestion of infected grass or 
hay (Moazeni and Ahmadi, 2016; Hotessa and Kanko, 
2020). At the juvenile stage, parasites excystation in the 
small intestine and feed on the intestinal mucosa. As 
they grow, they migrate upward into the reticulum and 
rumen, where they live at the adult stage excretion eggs 
into the environment together with the faeces of the 
host (Mavenyengwa et al., 2010; González-Warleta et al., 
2013). 

Paramphistomatidae are the best-known trematodes 
of the rumen and reticulum in ruminants (Horak, 1971; 
Rolfe and Boray, 1987). For many years, interest in 
paramphistomes was limited to the tropics and sub-
tropics, as the group was considered relatively non-
pathogenic and unimportant in temperate regions 
(González-Warleta et al., 2013). Currently, sharp increases 
in rumen fluke infections have been recorded throughout 
Europe (Sangster et al., 1991; Arias et al., 2011; Malrait et 
al., 2015; Červená et al., 2022).

Despite their ubiquitous presence, our current 
knowledge of the fundamental molecular and 
developmental biology of rumen flukes is limited, 
particularly in comparison to other trematodes of 
veterinary significance such as the liver fluke, Fasciola 
hepatica. Immunological methods and detection of serum 
antibodies have not been sufficiently studied. As a result, 
the diagnosis of paramphistomosis in live animals still 
depends on the detection of eggs in the faeces (Spence 
et al., 1996; Torres-Acosta and Hoste, 2008; Liu et al., 
2014). Since the infection caused by trematodes leads 
to economic losses, it is necessary to apply anthelmintics 
to the animals. Anthelmintics are drugs of synthetic or 
biosynthetic origin and their effectiveness is affected 
by the mechanism of their action (Torres-Acosta et al., 
2012). Benzimidazoles are the broadest group of drugs 
used in trematode therapy. Substances of this chemical 
group act not only against adult forms, but also against 
all developmental stages. The mechanism of action 
first leads to disruption of the formation of the mitotic 
spindle, without which cell division cannot be completed. 
After that, also the function of cytoplasmic microtubules 
is broken. These are responsible for the parasite's food 
intake. If parasite does not get glucose, its energy 
reserve (in the form of glycogen) is slowly depleted and 
it dies. Benzimidazoles have the ability to bind better 
to microtubules of parasites than hosts. This chemical 
group includes, for example, oxyclozanide, albendazole, 
closantel and others (Sangster et al., 1991; Elard et al., 
1999; Humbert et al., 2001; Coles and Stafford, 2001; 
Dorny et al., 2011). 
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Perhaps due to their lack of recognition and poorly 
understood pathogenicity, no anthelmintic drugs (asides 
from a single formulation of oxyclozanide licensed only 
in France: Douvistome) are currently available with a 
label claim for rumen fluke control in Europe. Numerous 
studies, both in vitro and in vivo, have attempted to verify 
the efficacy of existing anthelmintics against a range 
of rumen fluke species (Rolfe and Boray, 1987; Paraud 
et al., 2009; Arias et al., 2011). Currently, oxyclozanide 
(normally marketed as a treatment for liver fluke) is the 
drug of choice to control both immature and mature 
paramphistome infections, although this drug does not 
appear to have been tested against immature C. daubneyi 
specifically (Selemetas et al., 2015). Additionally, research 
into diagnostic tools for paramphistomosis has been very 
limited (Anuracpreeda et al., 2013; Huson et al. 2017) and 
currently no diagnostic test has been developed for the 
identification of prepatent infections Huson et al. 2017). 

The aim of this article was (1) to improve awareness of 
the effectiveness of drugs against C. daubneyi in cattle and 
(2) to compare the effectiveness of the most commonly 
used anthelmintics based on the results of the faecal egg 
count reduction test (FECRT) against C. daubneyi in cattle. 

MATERIALS AND METHODS

All study procedures were approved in accordance 
with the "Act on the protection of animals used for 
scientific purposes" of the Czech Republic. This act is in 
accordance with the EU Directive (No. 2010/63 / EU) 
on the protection of animals used for scientific purposes 
and with the decision of the Ministry of Agriculture 
of the Czech Republic No. 22036/2019-MZE-18134. 
Permission to collect study samples was granted by 
participating farms.

The study took place in 2022. Four hundred heifers at 
the age of 13-16 months, naturally infected and positive 
for Calicophoron daubneyi were included in the study. In 
all heifers, the presence of C. daubneyi in the faeces was 
verified molecularly already before the start of treatment. 
Genomic DNA extraction was performed from 300 mg 
of feces using the DNeasy Blood & Tissue Kit (QIAGEN, 

Hilden, Germany) and further processed according to the 
manufacturer's recommendations except for the use of 
0.5 mm glass beads. For molecular analysis, primers were 
modified according to the original methodology of Rinaldi 
et al. (2005) and Itagaki et al. (2003). The amplification 
region of the 5.8S gene was used with the primer 
sequence (5´ − 3´) F: TAGGCAATGTGGTGGTGTT and R: 
TTGCACGTCAGAATCGCT, annealing temperature 55.2 
°C, length 1,156 bp. Before starting the treatment, the 
feces of all animals in the study were examined molecularly 
and by sedimentation for the presence C. daubneyi. After 
the start of the treatment, the effectiveness of individual 
anthelmintics was monitored and animal feces were 
examined only by sedimentation (Cabaret and Berrag, 
2004).

The following breeds of beef cattle were observed in 
this study: Charolaise, Aberdeen Angus (red and black 
variants), Hereford and Salers. The cattle sampled in 
this study had never received anthelmintic treatment 
before. The pasture on which the individuals were 
stabled at the time of the study was previously used as a 
temporary paddock for horses, and thus the transmission 
of C. daubneyi infection from the pasture environment is 
minimized. During the entire study period, the animals 
were on pasture with the possibility of a shelter, drinking 
water and ad libitum access to hay and haylage.

Cattle were divided into four experimental groups of 
100 individuals, stratified according to the number of 
faecal eggs, to ensure that each group included animals 
with the same range of egg numbers (eggs per gram 
(EPG) < 50.4) and the same representation of breeds. 
The control group of animals consisted of 40 untreated 
individuals that were kept out of contact with the treated 
animals throughout the study. The intensity of infection 
in the control group was in the range of EPG 49.1 - 83.7 
throughout the study period (summer 2022 EPG 49.1 
─ 76.2; autumn 2022 EPG 53.1 ─ 83.7). These animals 
were not treated with any anthelmintics during the 
entire study period. There was no movement of animals 
between these experimental groups during the course 
of the study, or contact of individuals from other groups. 
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Each group was given the same anthelmintic with an 
effect on flukes twice a year (spring/autumn), according 
to the veterinarian's recommendation. The first group 
was administered the anthelmintic Aldifal (Albendazol; 
Mikrochem s.r.o., Slovakia), the second group was 
administered Closamectin (Ivermectin/Closantel; 
Norbrook Ltd., Czech Republic), the third group was 
administered Distocur (Oxyclozanid; Merial SAS, Belgium), 
and the fourth group of cattle was administered Levatum 
Plus (Ivermectin/Clorsulon; Zoetis Italia Slr., Roma; Table 
1). The assignment of anthelmintics to the experimental 
groups was completely random. All experimental groups 
were balanced (breed, EPG). Individual anthelmintic 
application was performed by a veterinarian. The 
samples of faeces were collected from the anus of each 
individual always on the day of treatment and 14 days 
after anthelmintic application in accordance with the 
methodology of Nzalawah et al. (2018) and Rinaldi et al. 
(2005). They were examined by sedimentation for the 
presence of C. daubneyi.

In this study, the species variability of the selected 
cattle breeds for natural infection was not monitored. 
The efficacy of veterinary medicinal products has been 
studied for the benefit of cattle. The study evaluated the 
overall effectiveness of individual drugs against natural C. 
daubneyi infection in cattle. The effectiveness of the drug 
depending on the method of application (inject or oral) 
was not evaluated either, this is a topic for another study, 
as well as the susceptibility of cattle to reinfection with 
C. daubneyi, which was also not monitored in this study.

Table 1. Design of drug application

Drug (active substance) Application Dosage (ml/50 kg)

Aldifal (Albendazol) Oral 3.7

Closamectin (Ivermectin and Closantel) Injected 2.0

Distocur (Oxyclozanid) Oral 1.0

Levatum Plus (Ivermectin and Clorsulon) Injected 1.5

Sedimentation

In a 150 ml glass beaker, 4 g of fresh faeces was 
intensively mixed with distilled water using a spatula. The 
suspension was filtered through a fine sieve (100 µm). 
The resulting filtrate was allowed to stand for 20 minutes 
in order to decant the supernatant. Sedimentation and 
decantation were repeated 4 times (in the first phase 1/3 
of the upper half of the solution was aspirated, in the 
second and third phase 1/2 of the solution was aspirated 
and in the fourth phase the solution was removed 
up to the sediment). The sediment was evaluated 
microscopically on a slide at a low magnification from 10× 
to 40× (Thienpont et al., 1986, modified).

FECRT

Individually collected faecal samples were stored in 
collection tubes at 4 °C during transport and processing 
(within 24 hours). The efficacy of the veterinary 
medicinal products was assessed using the faecal egg 
count reduction test according to the methodology of 
Kochapakdee et al. (1995) and Mooney et al. (2009). The 
test determination provided an estimate of anthelmintic 
efficacy. This was done by comparing the number of 
eggs in treated and untreated hosts. The principle of 
the test was to evaluate the reduction/increase of 
parasites in the faeces before and after the treatment 
with veterinary medicinal products. The efficacy of the 
drug was calculated by using a mathematical formula and 
was further expressed as the percentage of reduction of 
parasites in the faeces. The methodology was adopted 
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according to the studies of Kochapakdee et al. (1995) and 
Mejía et al. (2003).

FECRT before and after individual treatment evaluation

E1 is the pre-treatment EPG (day 0), and E2 is the 
post-treatment EPG (day 14). Each host serves as its own 
control.

FECRT = 100 × (1 − (E2/E1)) 

Arithmetic means EPG (Kochapakdee et al.,1995).

Veterinary medicinal products have been administered 
as recommended by the manufacturer (Table 1). It was 
always done separately for each individual drug.

Statistical methods

Analyzes were evaluated based on FECRT results. 
Each time, two groups were evaluated, namely on 
the day of drug administration (day 0) and after drug 
administration (day 14). The effectiveness of veterinary 
medicinal products was evaluated according to the 
methodology of Kochapakdee et al. (1995) and Mooney 
et al. (2009). All analyzes were performed in Statistica 6.0 
software (StatSoft ČR, Prague, Czech Republic). Efficacy 
was determined by calculating the faecal egg count 
reduction (FECRT) and was considered effective when 
the calculated FECRT was ≥ 95% and the 95% lower 
confidence limit (Humbert et al., 2001; Kochapakdee et 
al., 1995; Keyyu et al., 2008; Sanabria et al., 2013; Keyyu 
et al., 2006). The percentage reduction in FECRT was 
calculated for each drug individually. 

RESULTS

In the course of this study, a decrease of C. daubneyi 
eggs in the feces was recorded in all animals already after 
the first application by 43.7% (spring 2022), during the 
second application (autumn 2022) the number of eggs in 
the feces and the number of infected animals decreased 
by only 36.7%. There were no significant differences in 
the number of eggs in feces (EPG < 50.4) between the 
experimental treatment groups at day 0 (spring 2022 

and autumn 2022). All animals in the group excreted C. 
daubneyi eggs in their feces throughout the study period. 
However, the frequency of faecal excretion decreased 
slightly after treatment (EPG < 26.1 there was no 
significant decrease or increase in infection in the control 
group, which was not treated with any drugs. At the 
second anthelmintic application, the intensity of infection 
was without a significant difference in the number 
of eggs in the feces (EPG < 50.3). Individuals in whom 
the presence of C. daubneyi in the feces was proven by 
sedimentation (with ≥ 1 egg/g) were considered positive. 
During the whole study, no cattle were sold, moved or 
died. The occurrence of intermediate hosts in the pasture 
was not recorded during the study. The pasture was not 
waterlogged in any part in the monitored year. Individuals 
in the control group were positive for the presence of C. 
daubneyi eggs in their feces throughout the study.

Closamectin (Closantel/Ivermectin) was evaluated as a 
highly effective anthelmintic against C. daubneyi according 
to the results of FECRT at the first application with an 
efficiency of 84%, followed by Distocur (Oxyclozanid) 
with an efficiency of 81%, then Aldifal (Albendazol) 76% 
and Levatum Plus (Ivermectin/Clorsulon) 75%. After the 
second application, Closamectin (Closantel/Ivermectin) 
was 77% effective, followed by Distocur (Oxyclozanid) 
with 75% effectiveness, then Aldifal (Albendazol; 65%) 
and Levatum Plus (Ivermectin/Clorsulon; 48%). The 
resulting values are shown in Table 2. After the second 
application of anthelmintics, the efficacy decreased 
slightly, but no statistically significant difference was 
proven (P > 0.05). Further studies to verify the resistance 
of parasites to anthelmintics will be required. 

None of the monitored individuals was treated 
prophylactically in the past, so the risk of resistance is 
less likely. Cattle were grazed during the study on pasture 
primarily used for horses. When applying the drugs, the 
application dose was strictly observed according to the 
manufacturer's recommendations (Table 1).
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Table 2. Efficacy of tested drugs (%) according to test results of the faecal egg count re-duction test

The commercial name of the drug

Control group TherapyClosamectin 
(Closantel/ 
Ivermectin)

Distocur
(Oxyclozanid)

Aldifal
(Albendazol)

Levatum Plus 
(Ivermectin/
Clorsulon)

Day 0 (n=) 100 100 100 100 40

Spring 2022

EPG 50.2
(49.4–51.0)

50.4
(49.6–51.2)

50.1
(49.3–50.9)

50.2
(49.4–51.1)

50.3 
(49.1–51.8)

Day 14 (n=) 53 46 68 58 40

EPG 8.1
(3.2–13.0)

9.6
(4.7–14.5)

12.1
(7.2–17.0)

12.4
(7.5–17.3)

68.2 
(53.1–83.7)

FECRT (%) 84
(78.1–89.6)

81
(74.7–87.2)

76
(69.7–82.2)

75
(68.7–81.2) ×

Day 0 (n=) 100 100 100 100 40

Autumn 2022

EPG 50.1
(49.3–50.9)

50.2
(49.4–51.0)

50.3
(49.5–51.1)

50.1
(49.3–50.9)

59.3 
(53.1–66.2)

Day 14 (n=) 65 56 69 63 40

EPG 11.7
(7.8–17.6)

12.5
(7.6–17.4)

17.3
(12.4–22.2)

26.1
(21.2–31.0)

68,3 
(53.1–83.7)

FECRT (%) 77
(70.9–83.4)

75
(69.0–81.5)

66
(59.7–72.2)

48
(42.1–54.6) ×

Average effectiveness (%) 80 78 71 62 ×

N = the number of positive animals; “(± 95.0 %)” confidence interval; P > 0,05; ”×” = not rated.

DISCUSSION

The results of this study (FECRT) clearly show that the 
effectiveness of veterinary medicinal products ranged 
from 62 to 80%. Specifically, it was the anthelmintic 
Closamectin (Closantel/Ivermectin; 80%), Distocur 
(Oxyclozanid; 78%), Aldifal (Albendazol; 71%) and 
Levatum Plus (Ivermectin/Clorsulon; 62%). In the Czech 
Republic, there are no equivalent findings on the inefficacy 
of benzmidazole treatment against C. daubneyi. These are 
the only preparations registered in the Czech Republic. 
The effectiveness of drugs can only be compared at 
the level of foreign sources. The active ingredient 
oxyclozanide is almost never found in veterinary medicinal 
products available in the Czech Republic and is mainly 
applied outside the Czech Republic (Huson et al., 2017; 
Avramenko et al., 2017).

In older studies, oxyclozanide was found to be highly 
effective against adult flukes when its dose was increased 
one and a half times from the standard dose of 1 ml per 
50 kg (Spence et al., 1996). Recent studies, however, 
do not confirm this (Rolfe and Boray, 1987; Doyle and 
Cotton, 2019). In this study, standard dosage was 
followed for all applied anthelmintics (Table 1). Arias et al. 
(2013) found a high anthelmintic effect of oxyclozanide 
in dairy cattle (99% FECRT) using a standard dose. 
However, the effectiveness of Closamectin (Closantel/
Ivermectin) in this study does not confirm the results 
compared to the study by Nzalawah et al. (2018), where 
the ineffectiveness of closantel was found at the standard 
dose. Other studies assess the effectiveness of Fasciola 
hepatica and paramphistome mixed infection in cattle 
(Ico-Gómez et al., 2021).
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This fact can be influenced by the environment, 
resistance, or other factors such as cattle breed or age. 
It is known that underdosing is a factor that can lead to 
reduced drug effectiveness (Spence et al., 1996; Rolfe 
and Boray, 1987). A study by Huson et al. (2017) and 
Babják et al. (2018) shows that it is not always necessary 
to choose a treatment. According to them, it is more 
effective to keep parasites at a relevant level (Huson et al., 
2017; Babják et al., 2018). After the second application of 
anthelmintics, the EPG value was higher (EPG 11.7 - 26.1) 
than the EPG value after the first application (EPG 8.1 - 
12.4). However, the EPG value before the application of 
the drugs varied from 50.1 to 50.4 the entire time. The 
EPG value in the herds was unified at the beginning of the 
study to minimize differences on day 0 (control). 

This fact indicates a theoretical reduction in the 
effectiveness of the selected anthelmintic and a further 
study is needed, where the resistance of the parasite to 
the applied anthelmintic will be evaluated. In this study, 
the effectiveness of anthelmintics was monitored 14 days 
after drug administration in accordance with the study by 
Flanagan et al. (2011), who recommends to determine 
the drug effectiveness by FECRT on the 14th day after the 
treatment in domestic ruminants infected with flukes, as 
this sampling time allows complete removal of eggs from 
the host.

However, the development cycle of flukes is much 
longer, for excysting the trematode takes more than a 
month to reach the rumen (Moazeni and Ahmadi, 2016). 
Yet Feces samples were collected on the 14th day, 
according to the methodology (Flanagan et al., 2011). 
Similar findings were observed by Brockwell et al. (2014), 
who stated that, according to the FECRT results, the 
effectiveness of the anthelmintic is already demonstrable 
on the 7th day after the treatment in fluke-infected cattle.

Studies by Cabaret and Berrag (2004) and Holm et al. 
(2014) confirmed that FECRT results can be affected by 
various factors such as environmental conditions, level of 
infection in the herd and anthelmintic effectiveness. The 
effectiveness of the treatment is further confirmed by 
studies by Vadlejch et al. (2014) and Martínez-Valladares 

et al. (2015). The study by Vadlejch et al. (2014), 
Gunathilaka et al. 2018 and Vineer et al. (2020) point out 
that biosecurity conditions must be observed on each 
farm to prevent the spread of infectious diseases outside 
the farm.Although our study did not show a change in the 
condition of the animal before and after treatment, the 
study by Cerda et al. (2019) shows a completely opposite 
case for fluke infection in a herd. 

Identification of the fluke C. daubneyi was performed 
according to Swart (1954), Ferreras et al. (2014), and 
Jones et al. (2015). Morphological and morphometric 
features confirming C. daubneyi infection were identified 
by microscopic imaging and DNA was verified by 
PCR sequencing (Rinaldi et al. 2005; Thienpont et al., 
1986; Lotfy et al., 2010). The sequence was identical 
to studies of this kind (Martínez-Ibeas et al., 2013). 
Calicophoron daubneyi is the most common fluke of the 
genus Paramphistomatidae in farm animals. This fact is 
also confirmed by studies by Gordon et al. (2013) and 
Atcheson et al. (2020). 

In this study, only natural C. daubneyi infection was 
monitored in animals. Apart from the study on nematode 
infection Babják et al. (2018), the effectiveness of 
medicaments for natural paramphistomosis infection in 
farm animals was not monitored in the Czech Republic. 
In New Zealand and South America, there are nematodes 
infecting cattle that are resistant to multiple anthelmintic 
groups (active ingredients contained in veterinary 
medicinal products) (Mejía et al., 2003; Atcheson et al., 
2020; Ziółkowska et al., 2012). A better understanding of 
the extent of resistance is needed in Europe to develop 
and support more sustainable approaches to parasite 
control.

However, in this study, only the effectiveness of the 
most commonly applied anthelmintics against C. daubneyi 
was monitored, resistance was not monitored here. A 
database of European published and unpublished research 
on resistance to gastrointestinal helminths (GIN) and 
liver fluke (Fasciola hepatica) was collected by members 
of the European COST action "COMBAR" (Combating 
anthelmintic resistance in ruminants) and combined with 
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data from a previous systematic review of resistance 
in GIN. A total of 197 publications on GIN resistance 
were available for analysis. There are 535 studies in 22 
European countries covering the period from 1980 to 
2020 (Vineer et al., 2020; Jones et al. 2015), but no similar 
studies have been conducted in Paramphistomatidae. 
As medications are often used at doses higher than the 
minimum required to kill most parasites in terrain, this 
dosage could induce a high frequency of resistance alleles 
(Doyle and Cotton, 2019; Wolstenholme et al., 2004). 
Parasite resistance is now widespread across Europe and 
there are still gaps in our knowledge in some regions and 
countries. The risk of resistance is a major threat to the 
sustainability of modern ruminant animal production. 
It causes reduced productivity and threats to animal 
health (Vineer et al., 2020; Jones et al. 2015; Atcheson 
et al., 2020; Ziółkowska et al., 2012). The establishment 
of resistance is difficult to assess on the sole measure 
of FECR since it depends strongly on the experimental 
procedure (with or without controls) and the evaluation 
of the reduction (Cabaret and Berrag, 2004).

CONCLUSIONS

The incidence of flukes in the Czech Republic has 
increased significantly in recent years. Waterlogged 
pastures and the problem with medicines are the main 
factors. In the Czech Republic, there are no registered 
medicines with the active substance oxyclozanide for 
the treatment of flukes, their application in the herd is 
only possible with an exceptional permit. In the event of 
a strong infection, it is necessary that every breeder take 
this measure. The results are useful in designing further 
studies on the seasonality of infection, intermediate 
host environments, interactions with other flukes and 
appropriate control strategies for paramphistomiasis. The 
results of this study are beneficial to any cattle breeder 
where natural paramphistomatidae infection is a problem. 
The dynamics of the occurrence of C. daubneyi during 
the year, and the associated design of the most suitable 
time for the application of drugs and their frequency, is a 
subject for further study.

REFERENCES
Anuracpreeda, P., Poljaroen, J., Chotwiwatthanakun, C., Tinikul, Y., 

Sobhon, P. (2013) Antigenic components, isolation and partial 
characterization of excretion-secretion fraction of Paramphistomum 
cervi. Experimental Parasitology, 133 (3), 327-333. 
DOI: https://doi.org/10.1016/j.exppara.2012.12.006. 

Arias, M., Lomba, C., Dacal, V., Vázquez, L., Pedreira, J., Francisco, 
I., Piñeiro, P., Cazapal-Monteiro, C., Suárez, J.L., Díez-Baños, P., 
Morrondo, P., Sánchez-Andrade, R., Paz-Silva, A. (2011) Prevalence 
of mixed trematode infections in an abattoir receiving cattle from 
northern Portugal and north-west Spain. Veterianry Record, 168 
(15), 408. DOI: https://doi.org/10.1136/vr.d85. 

Arias, M.S., Sanchís, J., Francisco, I., Francisco, R., Piñeiro, P., Cazapal-
Monteiro, C., Cortiñas, F., Suárez, J.L., Sáchez-Andrade, R., Paz-Silva, 
A. (2013) The efficacy of four anthelmintics against Calicophoron 
daubneyi in naturally infected dairy cattle. Veterinary Parasitology, 
197 (1-2), 126-129. 
DOI: https://doi.org/10.1016/j.vetpar.2013.06.011. 

Atcheson, E., Skuce, P.J., Oliver, N.A.M., McNeilly, T.N., Robinson, M.W. 
(2020) Calicophoron daubneyi - the path toward understanding its 
pathogenicity and host Interactions. Frontiers Veterinary Science, 7, 
606. DOI: https://doi.org/10.3389/fvets.2020.00606. 

Avramenko, R.W., Redman, E.M., Lewis, R., Bichuette, M.A., Palmeira, 
B.M., Yazwinski, T.A., Gilleard, J.S. (2017) The use of nemabiome 
metabarcoding to explore gastro-intestinal nematode species 
diversity and anthelmintic treatment effectiveness in beef calves. 
International Journal for Parasitollogy, 47 (13), 893-902. 
DOI: https://doi.org/10.1016/j.ijpara.2017.06.006. 

Babják, M., Königová, A., Dolinská, M.U., Vadlejch, J., Várady, M. (2018) 
Anthelmintic resistance in goat herds - In vivo versus in vitro 
detection methods. Veterinary Parasitology, 254, 10-14. 
DOI: https://doi.org/10.1016/j.vetpar.2018.02.036.

Brockwell, Y.M., Elliott, T.P., Anderson, G.R., Stanton, R., Spithill, T.W., 
Sangster, N.C. (2014) Confirmation of Fasciola hepatica resistant to 
triclabendazole in naturally infected Australian beef and dairy cattle. 
International Journal for Parasitology-Drugs and Drug Resistance, 4 
(1), 48-54. DOI: https://doi.org/10.1016/j.ijpddr.2013.11.005. 

Cabaret, J., Berrag, B. (2004) Faecal egg count reduction test for 
assessing anthelmintic efficacy: average versus individually based 
estimations. Veterinary Parasitology, 121, 105-113. 
DOI: https://doi.org/10.1016/j.vetpar.2004.01.020. 

Cerda, C., Veloso-Frías, J., Lobos-Chávez, F., Oyarzún-Ruiz, P., Henríquez, 
A., Loyola, M., Fuente, M.C.S., Ortega, R., Letelier, R., Landaeta-
Aqueveque, C. (2019) Morphological and molecular identification 
with frequency analysis of Calicophoron microbothrioides in central 
Chile. Revista Brasileira de Parasitologia Veterinaria, 28 (4), 582-
591. DOI: https://doi.org/10.1590/S1984-29612019076. 

Červená, B., Anettová, L., Nosková, E., Pafčo, B., Pšenková, I., Javorská, 
K., Příhodová, P., Ježková, J., Václavek, P., Malát, K., Modrý D. 
(2022) The winner takes it all: dominance of Calicophoron daubneyi 
(Digenea: Paramphistomidae) among flukes in Central European 
beef cattle. Parasitology, 149 (5), 612–621. 
DOI: https://doi.org/10.1017/S0031182021002158. 

Coles, G.C., Stafford, K.A. (2001) Activity of oxyclozanide, nitroxynil, 
clorsulon and albendazole against adult triclabendazole-resistant 
Fasciola hepatica. Veterinary Record, 148 (23), 723-724. 
DOI: https://doi.org/10.1136/vr.148.23.723.

de Waal, T. (2010) Paramphistomum - a brief review. Irish Veterinary 
Journal, 63 (5), 313-315.

Original scientific paper DOI: /10.5513/JCEA01/24.4.4053
HAVRDOVÁ et al.: Calicophoron daubneyi (Digenea: Paramphistomidae): The efficacy of anthelmintics...

824

https://doi.org/10.5513/JCEA01/24.4.4053


Dorny, P., Stoliaroff, V., Charlier, J., Meas, S., Sorn, S., Chea, B., Holl, D., 
Van Aken, D., Vercruysse, J. (2011) Infections with gastrointestinal 
nematodes, Fasciola and Paramphistomum in cattle in Cambodia 
and their association with morbidity parameters. Veterinary 
Parasitology, 175 (3-4), 293-299. 
DOI: https://doi.org/10.1016/j.vetpar.2010.10.023.

Doyle, S.R., Cotton, J.A. (2019) Genome-wide approaches to investigate 
anthelmintic resistance. Trends Parasitology, 35, 289-301. 
DOI: https://doi.org/10.1016/j.pt.2019.01.004. 

Elard, L., Cabaret, J., Humbert, J.F. (1999) PCR diagnosis of 
benzimidazole-susceptibity or –resistance in natural populations 
of the small ruminant parasite, Teladorsagia circumcinata. Veterinary 
Parasitology, 80 (3), 231-237. 
DOI: https://doi.org/10.1016/S0304-4017(98)00214-3.

Ferreras, M.C., González-Lanza, C., Pérez, V., Fuertes, M., Benavides, 
J., Mezo, M., González-Warleta, M., Giráldes, J., Martínez-Ibeas, 
A.M., Delgado, L., Fernádez, M., Manga-González, M.Y. (2014) 
Calicophoron daubneyi (Paramphistomidae) in slaughtered cattle in 
Castilla y León (Spain). Veterinary Parasitology, 199 (3-4), 268-271. 
DOI: https://doi.org/10.1016/j.vetpar.2013.10.019. 

Flanagan, A., Edgarb, H., Gordonc, A., Hannab, R., Brennana, G., 
Fairweather, I. (2011) Comparison of two assays, a faecal egg count 
reduction test (FECRT) and a coproantigen reduction test (CRT), for 
the diagnosis of resistance to triclabendazole in Fasciola hepatica in 
sheep. Veterinary Parasitology, 176 (2-3), 170-176. 
DOI: https://doi.org/10.1016/j.vetpar.2010.10.057. 

González-Warleta, M., Lladosa, S., Castro-Hermida, J.A., Martínez-Ibeas, 
A.M., Conesa, D., Muñoz, F., López-Quílez, A., Manga-González, 
Y., Mezo, M. (2013) Bovine paramphistomosis in Galicia (Spain): 
Prevalence, intensity, a etiology and geospatial distribution of the 
infection. Veterinary Parasitology, 191 (3-4), 252-263. 
DOI: https://doi.org/10.1016/j.vetpar.2012.09.006. 

Gordon, D.K., Roberts, L.C.P., Lean, N., Zadoks, R.N., Sargison, N.D., 
Skuce, P.J. (2013) Identification of the rumen fluke, Calicophoron 
daubneyi, in GB livestock: possible implications for liver fluke 
diagnosis. Veterinary Parasitology, 195 (1-2), 65-71.
DOI: https://doi.org/10.1016/j.vetpar.2013.01.014. 

Gunathilaka, N., Niroshana, D., Amarasinghe, D., Udayanga, L. (2018) 
Prevalence of gastrointestinal parasitic infections and assessment 
of deworming program among cattle and buffaloes in Gampaha 
District, Sri Lanka. BioMed Research International, 2018, 30483730. 
DOI: https://doi.org/10.1155/2018/3048373.

Holm, S.A., Sörensen, C.R., Thamsborg, S.M., Enemark, H.L. (2014) 
Gastrointestinal nematodes and anthelmintic resistance in Danish 
goat herds. Parasite, 21, 37.
DOI: https://doi.org/10.1051/parasite/2014038. 

Horak, I.G. (1971) Paramphistomiasis of domestic ruminants. Advances 
in Parasitology, 9, 33-72.
DOI: https://doi.org/10.1016/S0065-308X(08)60159-1. 

Hotessa, A.S., Kanko, D.K. (2020) Review on Paramphistomosis. 
Advances in Biological Research, 14 (4), 184-192.
DOI: https://doi.org/10.5829/idosi.abr.2020.184.192. 

Humbert, J.F., Cabaret, J., Elard, L., Leignel, V., Silvestre, A. Molecular 
approaches to studying benzimidazole resistance in trichostrongylid 
nematode parasites of small ruminates. (2001) Veterinary 
Parasitology, 101 (3-4), 405-414.
DOI: https://doi.org/10.1016/S0304-4017(01)00565-9. 

Huson, K.M., Oliver, N.A.M., Robinson, M.W. (2017) Paramphistomosis 
of Ruminants: An Emerging Parasitic Disease in Europe. Trends in 
Parasitology, 33 (11), 836-844.
DOI: https://doi.org/10.1016/j.pt.2017.07.002. 

Ico-Gómez, R., González-Garduño, R., Ortiz-Pérez, D., Mosqueda-
Gualito, J., Flores-Santiago, E., Sosa-Pérez, G., Salazar-Tapia, A. 
(2021) Assessment of anthelmintic effectiveness to control Fasciola 
hepatica and paramphistome mixed infection in cattle in the humid 
tropics of Mexico. Parasitology, 148 (12), 1458-1466.
DOI: https://doi.org/10.1017/S0031182021001153. 

Itagaki, T., Tsumagari, N., Tsutsumi, K.I., Chinone, S. (2003) Discrimination 
of three amphistome species by PCR-RFLP based on rDNA ITS2 
markers. Journal of Veterinary Medical Science, 65 (8), 931-933. 
DOI: https://doi.org/10.1292/jvms.65.931. 

Jones, R.A., Williams, H.W., Dalesman, S., Brophy, P.M. (2015) 
Confirmation of Galba truncatula as an intermediate host snail for 
Calicophoron daubneyi in Great Britain, with evidence of alternative 
snail species hosting Fasciola hepatica. Parasites &Vectors, 8, 1-4. 
DOI: https://doi.org/10.1186/s13071-015-1271-x. 

Keyyu, J.D., Kassuku, A.A., Kyvsgaard, N.C., Monrad, J. (2008) 
Comparative efficacy of anthelmintics against Fasciola gigantica and 
amphistomes in naturally infected cattle in Kilolo District, Tanzania. 
Tanzania Veterinary Journal, 25 (1), 40-47.
DOI: https://doi.org/10.4314/tvj.v25i1.42027. 

Keyyu, J.D., Kassuku, A.A., Msalilwa, L.P., Monrad, J., Kyvsgaard, N.C. 
(2006) Cross-sectional prevalence of helminth infections in cattle 
on traditional, small-scale and large-scale dairy farms in Iringa 
District, Tanzania. Veterinary Research Communications, 30 (1), 45-
55. DOI: https://doi.org/10.1007/s11259-005-3176-1. 

Kochapakdee, S., Pandey, V.S., Pralomkarn, W., Chondumrongkul, S., 
Ngampongsai, W., Lawpetchara, A. (1995) Anthelmintic resistance 
in goats from Southern Thailand. Veterinary Record, 137 (5), 124-
125. 

Kotze, A.C., Gilleard, J.S., Doyle, S.R., Prichard, R.K. (2020) Challenges 
and opportunities for the adoption of molecular diagnostics for 
anthelmintic resistance. International Journal for Parasitology-
Drugs and Drug Resistance, 14, 264-273.
DOI: https://doi.org/10.1016/j.ijpddr.2020.11.005. 

Liu, G.H., Gasser, R.B., Young, N.D., Song, H.Q., Ai, L., Zhu, X.Q. (2014) 
Complete mitochondrial genomes of the ‘intermediate form’ 
of Fasciola and Fasciola gigantica, and their comparison with F. 
hepatica. Parasites & Vectors, 7, 1-10.
DOI: https://doi.org/10.1186/1756-3305-7-150. 

Lotfy, W.M., Brant, S.V., Ashmawy, K.I., Devkota, R., Mkoji, G.M., 
Loker, E.S. (2010) A molecular approach for identification of 
paramphistomes from Africa and Asia. Veterinary Parasitology, 174 
(3-4), 234-240. DOI: https://doi.org/10.1016/j.vetpar.2010.08.027. 

Malrait, K., Verschave, S., Skuce, P., Van Loo, H., Vercruysse, J., Charlier, 
J. (2015) Novel insights into the pathogenic importance, diagnosis 
and treatment of the rumen fluke (Calicophoron daubneyi) in cattle. 
Veterinary Parasitology, 207 (1-2), 134-139.
DOI: https://doi.org/10.1016/j.vetpar.2014.10.033.

Martínez-Ibeas, A.M., González-Warleta, M., Martínez-Valladares, 
M., Castro-Hermida, J.A., González-Lanza, C., Miñambres, B., 
Ferreras, C., Mezo, M., Manga-González, M.Y. (2013) Development 
and validation of a mtDNA multiplex PCR for identification and 
discrimination of Calicophoron daubneyi and Fasciola hepatica in the 
Galba truncatula snail. Veterinary Parasitology, 195 (1-2), 57-64. 
DOI: https://doi.org/10.1016/j.vetpar.2012.12.048. 

Martínez-Valladares, M., Geurden, T., Bartram, D.J., Martínez-Pérez, 
J.M., Robles-Pérez, D., Bohórquez, A., Florez, E., Meana, A., Rojo-
Vázquez, F.A. (2015) Resistance of gastrointestinal nematodes to 
the most commonly used anthelmintics in sheep, cattle and horses 
in Spain. Veterinary Parasitology, 211 (3-4), 228-233.
DOI: https://doi.org/10.1016/j.vetpar.2015.05.024. 

Original scientific paper DOI: /10.5513/JCEA01/24.4.4053
HAVRDOVÁ et al.: Calicophoron daubneyi (Digenea: Paramphistomidae): The efficacy of anthelmintics...

825

https://doi.org/10.5513/JCEA01/24.4.4053


Mason, C., Stevenson, H., Cox, A., Dick, I., Rodger, C. (2012) Disease 
associated with immature paramphistome infection in sheep. 
Veterinary Record, 170 (13), 343-344.
DOI: https://doi.org/10.1136/vr.e2368. 

Mavenyengwa, M., Mukaratirwa, S., Monrad, J. (2010) Influence of 
Calicophoron microbothrium amphistomosis on the biochemical and 
blood cell counts of cattle. Journal of Helminthology, 84 (4), 355-
361. DOI: https://doi.org/10.1017/S0022149X10000015. 

Mejía, M.E., Igartúa, B.M.F., Schmidt, E.E., Cabaret, J. (2003) Multispecies 
and multiple anthelmintic resistance on cattle nematodes in a farm 
in Argentina: the beginning of high resistance? Veterinary Research, 
34 (4), 461-467. DOI: https://doi.org/10.1051/vetres:2003018. 

Moazeni, M., Ahmadi, A. (2016) Controversial aspects of the life cycle of 
Fasciola hepatica. Experimental Parasitology, 169, 81-89.
DOI: https://doi.org/10.1016/j.exppara.2016.07.010.

Mooney, L., Good, B., Hanrahan, J.P., Mulcahy, G., de Waal, T. (2009) 
The comparative efficacy of four anthelmintics against a natural 
acquired Fasciola hepatica infection in hill sheep flock in the west of 
Ireland. Veterinary Parasitology, 164 (2-4), 201-205.
DOI: https://doi.org/10.1016/j.vetpar.2009.05.017. 

Nzalawahe, J., Hannah, R., Kassuku, A.A., Stothard, J.R., Coles, G., Eisler, 
M.C. (2018) Evaluating the effectiveness of trematocides against 
Fasciola gigantica and amphistomes infections in cattle, using faecal 
egg count reduction tests in Iringa Rural and Arumeru Districts, 
Tanzania. Parasites & Vectors, 11, 384.
DOI: https://doi.org/10.1186/s13071-018-2965-7. 

Paraud, C., Gaudin, C., Pors, I., Chartier, C. (2009) Efficacy of oxyclozanide 
against the rumen fluke Calicophoron daubneyi in experimentally 
infected goats. Veterinary Journal, 180 (2), 265-267.
DOI: https://doi.org/10.1016/j.tvjl.2008.01.002. 

Rieu, E., Recca, A., Bénet, J.J., Saana, M., Dorchies, P., Guillot, J. (2007) 
Reliability of coprological diagnosis of Paramphistomum sp. infection 
in cows. Veterinary Parasitology, 146 (3-4), 249-253.
DOI: https://doi.org/10.1016/j.vetpar.2007.02.033. 

Rinaldi, L., Perugini, A.G., Capuano, F., Fenizia, D., Musella, V., Veneziano, 
V., Cringoli, G. (2005) Characterization of the second internal 
transcribed spacer of ribosomal DNA of Calicophoron daubneyi 
from various hosts and locations in southern Italy. Veterinary 
Parasitology, 131 (3-4), 247-253.
DOI: https://doi.org/10.1016/j.vetpar.2005.04.035. 

Rolfe, P.F., Boray, J.C. (1987) Chemotherapy of paramphistomosis in 
cattle. Australian Veterinary Journal, 64 (11), 328-332.
DOI: https://doi.org/10.1111/j.1751-0813.1987.tb06060.x. 

Sanabria, R., Ceballos, L., Moreno, L., Romero, J., Lanusse, C., Alvarez, L. 
(2013) Identification of a field isolate of Fasciola hepatica resistant 
to albendazole and susceptible to triclabendazole. Veterinary 
Parasitology, 193 (1-3), 105-110.
DOI: https://doi.org/10.1016/j.vetpar.2012.11.033. 

Sangster, N.C., Rickard, J.M., Hennessy, D.R., Steel, J.W., Collins, G.H. 
(1991) Disposition of oxfendazole in goats and efficacy compared 
with sheep. Research in Veterinary Science, 51 (3), 258-263.
DOI: https://doi.org/10.1016/0034-5288(91)90074-X. 

Selemetas, N., Phelan, P., O'Kiely, P., de Waal, T. (2015) The effects 
of farm management practices on liver fluke prevalence and the 
current internal parasite control measures employed on Irish dairy 
farms. Veterinary Parasitology, 207 (3-4), 228-240.
DOI: https://doi.org/10.1016/j.vetpar.2014.12.010. 

Spence, S.A., Fraser, G.C., Chang, S. (1996) Responses in milk production 
to the control of gastrointestinal nematode and paramphistome 
parasites in dairy cattle. Australian Veterinary Journal, 74 (6), 456-
459. DOI: https://doi.org/10.1111/j.1751-0813.1996.tb07569.x. 

Spence, S.A., Fraser, G.C., Dettmann, E.B., Battese, D.F. (1992) 
Production responses to internal parasite control in dairy cattle. 
Australian Veterinary Journal, 69 (9), 217-220.
DOI: https://doi.org/10.1111/j.1751-0813.1992.tb09928.x. 

Swart, P.J. (1954) The identity of so-called Paramphistomum cervi and P. 
explanatum, two common species of ruminant trematodes in South 
Africa. Onderstepoort Journal of Veterinary Research, 26 (3), 463-
473. DOI: https://repository.up.ac.za/handle/2263/58802. 

Thienpont, D., Rochette, F., Vanparijs, O.F.J. (1986) Diagnosing 
helminthiasis by coprological examination, 3rd ed., Jassen Research 
Foundation: Beerse, Belgium, pp. 34-35

Torres-Acosta, J.F.J., Hoste, H. (2008) Alternative or improved methods 
to limit gastro-intestinal parasitism in grazing sheep and goats. 
Small Ruminant Research, 77 (2-3), 159-173.
DOI: https://doi.org/10.1016/j.smallrumres.2008.03.009. 

Torres-Acosta, J.F.J., Mendoza-de-Gives, P., Aguilar-Caballero, A.J., 
Cuéllar-Ordaz, J.A. (2012) Anthelmintic resistance in sheep farms: 
update of the situation in the American continent. Veterinary 
Parasitology, 189 (1), 89-96.
DOI: https://doi.org/10.1016/j.vetpar.2012.03.037. 

Vadlejch, J., Kopecký, O., Kudrnáčová, M., Čadková, Z., Jankovská, 
I., Langrová, I. (2014) The effect of risk factors of sheep flock 
management practices on the development of anthelmintic 
resistance in the Czech Republic. Small Ruminant Research, 117 (2-3), 
183-190. DOI: https://doi.org/10.1016/j.smallrumres.2014.01.003.

Vineer, H.R., Morgan, E.R., Hertzberg, H., Bartley, D.J., Bosco, A., 
Charlier, J.C., Claerebout, E., de Waal, T., Hendrickx, G., Hinney, B., 
Höglund, J., Ježek, J., Kašný, M., Keane, O.M., Martínez-Valladares, 
M., Mateus, T.L., McIntyre, J., Mickiewicz, M., Munoz, A.M., Phythian, 
C.J., Ploeger, H.W., Rataj, A.V., Skuce, P.J., Simin, S., Sotiraki, S., 
Spinu, M., Stuen, S., Thamsborg, S.M., Vadlejch, J., Varady, M., von 
Samson-Himmelsjerna, G., Rinaldi, L. (2020) Increasing importance 
of anthelmintic resistance in European livestock: creation and meta-
analysis of an open database. Parasite, 27, 69.
DOI: https://doi.org/10.1051/parasite/2020062. 

Wolstenholme, A.J., Fairweather, I., Prichard, R., von Samson-
Himmelstjerna, G., Sangster, N.C. (2004) Drug resistance in 
veterinary helminths. Trends in Parasitology, 20 (10), 469-476.
DOI: https://doi.org/10.1016/j.pt.2004.07.010. 

Zhao, Y.Y., Yang, X., Chen, H.M., Wang, L.X., Feng, H.L., Zhao, P.F., 
Tan, L., Lei, W.Q., AO, Y., HU, M., Fang, R. (2017) The complete 
mitochondrial genome of Orthocoelium streptocoelium (Digenea: 
Paramphistomidae) for comparison with other digeneans. Journal of 
Helminthology, 91 (2), 255-261.
DOI: https://doi.org/10.1017/S0022149X16000183. 

Ziółkowska, E., Ostapowicz, K., Kuemmerle, T., Perzanowski, K., Radeloff, 
V.C., Kozak, J. (2012) Potential habitat connectivity of European 
bison (Bison bonasus) in the Carpathians. Biological Conservation, 
146 (1), 188-196.
DOI: https://doi.org/10.1016/j.biocon.2011.12.017. 

Original scientific paper DOI: /10.5513/JCEA01/24.4.4053
HAVRDOVÁ et al.: Calicophoron daubneyi (Digenea: Paramphistomidae): The efficacy of anthelmintics...

826

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.5513/JCEA01/24.4.4053
http://www.tcpdf.org

