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Summary 
 
Molecular comparative analysis of eggs of four liver and 
stomach flukes of cervids and domestic ruminants, Fasci-
ola hepatica, Fascioloides magna, Dicrocoelium dendriti-
cum and Paramphistomum cervi, was performed using a 
new methodological approach for eggshell disintegration. 
Eggs of all species were crushed mechanically by the Tef-
lon method (PTFE) without use of chemical reagents and 
an efficient disruption of eggshell was checked micro-
scopically. The egg suspension was then subjected to DNA 
isolation and PCR amplification using species-specific 
primers that annealed to the internal transcribed spacer 2 
(ITS2) region of ribosomal DNA. The size of PCR pro-
ducts of individual species corresponded well to the size of 
amplicons obtained from adult flukes. The results provided 
evidence that the Teflon method does not destroy the 
structure of egg DNA, thus making the procedure broadly 
applicable during coprological examinations. Molecular 
markers introduced here are particularly important for 
blanket screening and differentiation of morphologically 
hardly distinguishable F. hepatica, F. magna and P. cervi 
eggs.    
 
Keywords: liver and stomach flukes; ruminants; eggs; 
ribosomal internal transcribed spacer 2; PTFE homoge-
nizer 
 
Introduction 
 
The intestinal and liver flukes (Platyhelminthes; Trema-
toda) parasitizing broad range of cervids and domestic 
ruminants, belong to the genera Fasciola, Fascioloides, 
Dicrocoelium, and Paramphistomum (Dorchies, 2006; 
Sanabria et al., 2009). Common liver fluke Fasciola he-
patica and giant liver fluke (or large American fluke) Fas-
cioloides magna (Fasciolidae) occur in bile ducts and pa-
renchymatous cysts within the liver of infected ruminants, 
respectively (Špakulová et al., 2003). The lancet (small 

......  
 
liver) fluke Dicrocoelium dendriticum (Dicrocoeliidae) 
affects bile ducts, gall bladder and stomach fluke Param-
phistomum cervi (Paramphistomidae) is the parasite of fore 
stomach (rumen and reticulum) of definitive hosts (Otranto 
& Traversa, 2003; Rieu et al., 2007). All the flukes are of 
veterinary importance, F. hepatica has also caused epi-
demics of human fasciolosis in several world regions 
(Mas-Coma, 2005; Špakulová, 2009). 
Due to a negative impact of the liver and stomach flukes 
on health of their animal hosts (decreased milk and meat 
production, reduction of body mass, trophy, reproduction 
capacity, suppression of immune response, etc.) (Wolff et 
al., 1984; Ramajo et al., 2001; Dorchies, 2007; Rieu et al., 
2007), reliable in vivo diagnostic methods are highly 
needed for this helminth group. However, differential 
diagnosis of F. hepatica, F. magna, D. dendriticum and P. 
cervi infections is difficult mainly due to their very similar 
clinical signs.  
Currently, a variety of diagnostic techniques of different 
sensitivity and specificity levels are available for the spe-
cies delineation. The most frequent in vivo diagnostic ap-
proaches are immunological methods such as ELISA, 
immunofluorescence test, copro-antigen methods, etc. 
Although immunological methods are regarded as having 
high reliability, their efficiency is low in prolonged infec-
tions and low parasite burden (Dorchies, 2007).  
Coprological examinations have also been frequently ap-
plied for species determination (Conceição et al., 2002; 
Dorchies, 2007). In general, these methods are simple to 
perform, no time-consuming and can be achieved without 
expensive chemical requirements. Nevertheless, similari-
ties in size and structure of F. hepatica, F. magna and even 
P. cervi eggs present serious obstacle for unequivocal 
species differentiation by coprology.  
Molecular approaches employing PCR-based techniques 
using species-specific primers are recommended in cases 
when propagative stages of flukes are morphologically 
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hardly distinguishable (Králová-Hromadová et al., 2008). 
Prior to molecular diagnostics of trematode eggs, DNA has 
to be released from eggs by disintegration of eggshell us-
ing glass or ceramic beads, sonication, boiling/freezing, 
etc. For this purpose, a modified Teflon method, originally 
designed for homogenisation of soft tissues like brain, liver 
or whole worm bodies, has been also applied (Turčeková 
et al., 1986; Harder et al., 1995; Skálová et al., 2007; 
Goldberg et al., 2008). In trematodes, eggs of Schistosoma 
mansoni were disintegrated by sonication (Boros et al., 
1970) and modified Teflon method (Ramalho-Pinto et al., 
1976) to obtain the soluble egg antigen. In another fluke 
Opistorchis viverrini, eggshell was crushed using chemical 
pre-treatment, autoclaving and homogenisation with ce-
ramic tissue grinder on liquid nitrogen (Stensvold et al., 
2006; Duenngai et al., 2008). The same principle of ho-
mogenization was also applied for disintegration of eggs of 
Haplorchis taichui, Stellantchasmus falcatus, Opistorchis 
viverrini, Ganeo tigrinus, Paramphistomum epiclitum, and 
Fischoederius elongatus (Wongsawad et al., 2006).  
The aim of the current work was to test the Teflon method 
as a methodological approach originally applied for a dis-
integration of eggshells of liver and stomach flukes F. 
hepatica, F. magna, D. dendriticum and P. cervi. The effi-
ciency of the method was checked microscopically and 
followed by the amplification of egg DNA using ribosomal 
internal transcribed spacer 2 (ITS2) species-specific pri-
mers. Intraspecific variation within the ITS2 region has 
recently been evaluated in worldwide geographic popula-
tions of all four flukes (Králová-Hromadová et al., 2008; 
Bazsalovicsová et al., 2010).  The studies revealed low (F. 
hepatica, D. dendriticum) or no (F. magna, P. cervi) in-
traspecific variation and consistent interspecific differences 
amongst the four liver and stomach flukes. Selected re-
gions within ITS2 spacer which exhibited no intraspecific 
variation and showed interspecific sequence heterogeneity, 
were applied for design of species-specific primers as 
promising markers in taxonomic and population studies of 
the flukes (Králová-Hromadová et al., 2008; Bazsa-
lovicsová et al., 2010). The primers were utilized for am-
plification of species-specific ITS2 regions on DNA iso-
lated from eggs of studied species. 
 

Materials and methods 
 
Isolation of eggs 
Eggs of F. hepatica, F. magna, D. dendriticum and P. 
cervi were subjected to molecular analysis. Data on their 
origin are summarised in Table 1. Eggs of F. hepatica 
were released from the uterus of one adult fluke individual 
on a watch-glass filled with water, using a stereomicro-
scope. Eggs were several times washed (decanted) and 
stored in tap water at 4˚C in plastic tubes. Fascioloides 
magna eggs were isolated directly from the parenchyma-
tous cysts during the deer liver dissection. Liver was cut 
into 10 mm wide slices, which were rinsed in water in a 
10-litre plastic bin. Eggs were let to sediment for 30 min, 
supernatant was removed and the process was repeated 
until the supernatant was clean. Finally, eggs were stored 
in plastic tubes filled with tap water and kept at 4˚C. For 
isolation of D. dentriticum and P. cervi eggs from the fae-
ces, standard sedimentation technique was used. Several 
batches per 6 grams of positive faecal samples were ho-
mogenised with water in the mortar. Each mixture was 
sieved through a 2 mm mesh sieve into the 50 ml beaker, 
filled with water and let to sediment for 20 minutes. Su-
pernatant was discarded and water was added into sedi-
ment; the process was repeated 5 times. The final sediment 
containing eggs was stored as described above. 
Finally, water suspensions of eggs of F. hepatica, F. 
magna, D. dendriticum and P. cervi were purified using 
the faecal sieving-staining method (FSSM) modified by 
Kleiman et al. (2005). For a long-time storage of the viable 
eggs at 4˚C, the water was replaced by a tap water solution 
of 0.05 % chloramine B to prevent fungal contamination.   
A small portion of each egg suspension was dropped onto 
a slide, covered by coverslip and 10 eggs of each species 
were measured using light microscope Olympus BX41 
equipped by digital camera Olympus E.   
 
Disintegration of eggshells by Teflon method  
Prior to isolation of DNA from eggs, eggshell was disinte-
grated mechanically by modified homogenisation tech-
nique, using Wheaton Potter-Elvehjem tissue grinder with 
PTFE piston (Fischer Scientific, Pardubice, Czech Repub-
lic) with round bottom („piston-tube“ system), originally 

Table 1. Origin of eggs of Fasciola hepatica, Fascioloides magna, Dicrocoelium dendriticum and Paramphistomum cervi used in the study 
 

Fluke species Host Eggs isolated 
from 

Locality 

Fasciola hepatica cattle (Bos taurus f. domestica) 
slaughtered 

uterus of adult 
F. hepatica  

Zakamenné, Slovakia 
 

Fascioloides magna red deer (Cervus elaphus) 
hunted 

liver cysts  Bodíky, Slovakia  
 

Dicrocoelium dendriticum mouflon (Ovis musimon)  faecal samples Game parks Janovice and Vlkov, 
Czech Republic 

Paramphistomum cervi red deer (Cervus elaphus)  faecal samples Bodíky, Slovakia 
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used for soft tissue homogenisation (Goldberg, 2008). The 
piston made from PTFE (polytetrafluoroethylene, Teflon) 
was fixed to high rotation speed drive (electric drill, 2500 
rpm), with ~0.1 mm aperture between piston and tube. Egg 
suspension (2 ml) was poured into the borosilicate glass 
tube and piston was rotated for 2 minutes. Collaterally, the 
system was cooled down by sinking to water mixed with 
ice cubes in order to avoid a risk of DNA degradation. 
Efficiency of eggs disintegration was controlled using a 
stereomicroscope. 

DNA isolation, PCR amplification  
For DNA extraction of F. hepatica and F. magna eggs, 
concentrated disintegrated eggs suspensions was incubated 
in extraction buffer (10 mM TRIS-HCl, pH 7.5; 10 mM 
EDTA; 50 mM NaCl; 2% sodium dodecyl sulphate) sup-
plemented with 20 mM dithiothreitol and 900 μg pro-
teinase K at 56˚C with gentle shaking for 12-18 hours. 
After lysis, phenol:chlorophorm:isoamylalcohol (25:24:1) 
extraction and ethanol precipitation (100 % ethanol; 3 M 
sodium acetate; pH 4.8) were performed. Genomic DNA 

 
 

Fig. 1. Eggs of Fasciola hepatica (A, B), Fascioloides magna (C, D), Dicrocoelium dendriticum (E, F) and Paramphistomum cervi (G, H) 
before (A, C, E, G) and after (B, D, F, H) treatment with PTFE homogeniser. Scale bar = 100 μm 
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was diluted in 20 μl of deionized water and stored in -
20˚C. DNA extraction of D. dendriticum and P. cervi eggs  
obtained from faecal samples was carried out with 
QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany), 
following the manufacturers´ recommendations. 
PCR conditions, sequences and annealing positions of 
species-specific primers, employed in the current work, 
were described in detail in studies of Králová-Hromadová 
et al. (2008) and Bazsalovicsová et al. (2010). 
 
Results and Discussion 
 
Eggs of F. hepatica, isolated directly from uterus of an 
adult worm, measured in average 145 µm in length and 70 
µm in width and were shaped as symmetric regular ellipse 
with thin shell and operculum at one pole. Granular grey-
yellow contents filled whole eggs (Fig. 1A). Fascioloides 
magna eggs, isolated from the liver cysts, were also of 
symmetric elliptical shape, with operculum at one pole. 
The average size of eggs was 150 µm long and 80 µm 
wide. Eggs were filled with rough granular content of 
intensive yellow colour (Fig. 1C). Eggs of D. dentriticum, 
isolated from mouflon faeces had asymmetric shape typical 
for the fluke species, with operculum at one pole. The eggs 
were significantly smaller (30 – 40 µm in length and 25 – 
30 µm in width), than those of other three fluke species 
(Fig. 1E). A homogeneous dark brown content of the eggs 
was usually seen; however, some eggs contained mature 
larval stage, miracidium. Proportions of P. cervi eggs (145 
– 155 µm in length and 75 – 80 µm in width, Fig. 1G) 
markedly resemble those of F. hepatica and F. magna. 
Other similarities with eggs of F. hepatica and F. magna 
were associated with elliptical shape, existence of 
operculum at one pole, grey-yellowish to brownish colour 
and granular internal content. Generally, eggs of flukes 
like F. hepatica, F. magna and even P. cervi, found during 
coprological analyses, are considered to be hardly 
distinguishable (Rieu et al., 2007; Valero et al., 2009).  
Before we have established the Teflon technique for the 
mechanical disruption of the eggshells into pieces, we had 
employed other techniques such as repeated heat-
ing/cooling (boiling water/liquid nitrogen) of egg suspen-
sion, or homogenization with glass beads. However, sub-
sequent DNA isolation and PCR amplification did not 
provide expected results. 
After a treatment with the Teflon method, microscopy 
inspection of egg suspensions revealed that eggshells were 
successfully crushed all four fluke species (Fig. 1B, D, F, 
H). The eggshell fragments clearly differed from sur-
rounding artefacts and possessed either the same or slightly 
brighter colour as intact eggs.  
A non-destructive DNA deliverance and the efficiency of 
Teflon disintegration of eggshells were tested by DNA 
isolation and following PCR amplification with species-
specific ITS2 primers that annealed to targeted DNA of the 
particular species (Fig. 2). The PCR products were of cor-
responding size as amplicons obtained on genomic DNA 
isolated from adult flukes (Bazsalovicsová et al., 2010).   

In summary, the presented work provides data on applica-
tion of Teflon method to successfully achieve disintegra-
tion of eggshell of liver and stomach flukes of ruminants. 
The technique is easy to perform, no time-consuming and 
does not require special chemical treatment. It also pro-
vides opportunity to isolate intact DNA from eggs from 
coprological samples that is especially important for the 
accurate determination of fluke species of cervids using 
molecular analysis of faecal samples. Respective molecular 
approach is particularly useful for differentiation of eggs of 
parasites that lack suitable morphological discriminatory 
markers, e.g. for F. hepatica, F. magna and P. cervi eggs.    
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