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Abstract
Commonly employed diagnostic methods for Fasciola spp., such as a traditional sedimentation and faecal egg count, or a com-
mercially available coprological ELISA, have limitations in their sensitivity or ability to differentiate species. A reliable DNA
isolation method coupled with real-time PCR addresses these issues by providing highly sensitive and quantitative molecular
diagnosis from faecal samples. The current study evaluated a standard benchtop vortex for F. hepatica egg disruption in sheep
and cattle faecal samples and determined the minimum faecal egg load required for a positive result from un-concentrated (raw)
faecal samples. Theminimum faecal egg load for a positive real-time PCR result from 150mg raw faecal sample was 10 and 20 eggs
per gram for sheep and cattle, respectively. No significant difference (P = 0.4467) between disruptions on a benchtop vortex for 5 or
10 min was observed when compared to 40 s of disruption at 6.0 m/s in a benchtop homogeniser.
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Introduction

Fasciolosis is a production-limiting zoonotic disease of rumi-
nants caused by infection with Fasciola hepatica, Fasciola
gigantica and their hybrid forms (Torgerson and
Macpherson 2011). Ante-mortem diagnosis is commonly per-
formed by a traditional sedimentation and faecal egg count, or
more recently via detection of coprological antigen with a
commercially available ELISA that enables diagnosis during

the pre-patent period (Happich and Boray 1969a; Mezo et al.
2004). Overlaps in egg morphology and excretion of the same
antigen prevent species differentiation in areas of sympatry, an
issue that molecular diagnosis has the capacity to resolve
(Mezo et al. 2004; Valero et al. 2009).

The application of a molecular diagnostic approach re-
quires the use of a high-speed benchtop homogeniser and
the inclusion of a time-consuming egg-concentration step,
limiting its use in high-throughput laboratories (Calvani et
al. 2017; Demeler et al. 2013; Roeber et al. 2012; Roeber et
al. 2017). The current study aims to evaluate the disruption
potential of a standard benchtop vortex fitted with a 24
1.5–2-ml tube adaptor as a potential alternative to the
high-speed benchtop homogeniser for the disruption of F.
hepatica eggs within ruminant faecal samples. The mini-
mum faecal egg load required for positive real-time PCR
results will be determined when DNA is isolated from
150 mg raw faeces as opposed to using the egg-
concentration technique (sedimentation of 3 or 6 g, sheep
and cattle respectively) with the aim of reducing sample
processing complexity.
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Materials and methods

Fasciola hepatica-spiked faecal samples

F. hepatica eggs collected from the gall bladder of an adult
Merino sheep during routine post mortem examination were
stored in phosphate buffered saline (PBS) solution (pH = 7.4)
at 4 °C covered from light. Faecal samples were collected
from Holstein-Friesian dairy cattle with no prior exposure to
F. hepatica and spiked with a known number of clean F.
hepatica eggs. Prior to spiking, faecal samples were con-
firmed to be free of F. hepatica eggs via a traditional sedimen-
tation and faecal egg count (FEC) and a previously optimised
real-time PCR for the diagnosis of F. hepatica in faecal sam-
ples (Calvani et al. 2017; Happich and Boray 1969a). For each
of the spiked faecal samples, 150 mg F. hepatica-free faeces
and 150 μl F. hepatica egg-PBS solution (equivalent to 200
eggs) was added to a 1.5-ml ceramic bead lysis tube along
with 750 μl lysis buffer prior to DNA isolation.

DNA isolation

Three egg-disruption treatments were applied to the F.
hepatica-spiked bovine faecal samples and compared to 40 s
of homogenisation at 6.0 m/s on a FastPrep-24 benchtop
homogeniser (MP Biomedicals, Australia). The three treat-
ments consisted of disrupting the samples on a standard
benchtop vortex (Chiltern MT19) fitted with a 24 1.5–2-ml
tube adaptor (Cat No./ID: 13000-V1-24; Qiagen, Germany)
for either (i) 40 s, (ii) 5 min or (iii) 10 min. Each disruption
treatment was performed in duplicate and 5 μl DNA
Extraction Control (BioLine, Australia) was added to the
egg/faeces/lysis buffer mix to monitor for PCR inhibition.
The remaining DNA isolation was performed according to
the manufacturer’s instructions (BioLine, Australia) and elut-
ed in a final volume of 100 μl.

Real-time PCR

A TaqMan real-time PCR assay targeting F. hepatica ITS2
rDNA was utilised (oligonucleotides SSCPFaF [S0754]/
SSCPFaR [S0755] and probe ProFh [S0770] FAM-BHQ1)
and run in duplicate (Alasaad et al. 2011). All real-time PCR
reactions were run on CFX96 Touch Real-Time PCR
Detection System with the corresponding CFX Manager 3.1
software (BioRad, Australia) using SsoAdvanced Universal
Probes Supermix (BioRad, Australia) according to the manu-
facturer’s instructions. The PCR mix included the probe and
primers at a final concentration of 100 and 400 nM, respec-
tively. Cycling conditions consisted of 3 min activation at
95 °C, followed by 40 cycles of denaturation at 95 °C for
15 s and annealing at 60 °C for 1 min. Samples were run in
duplicate and results were considered to be positive if both

replicates displayed Ct values < 36. Extraction Control sam-
ples with Ct values < 31 were considered not inhibited. A
tenfold serial dilution of DNA isolated from an adult F.
hepatica fluke was used as the positive control and served to
quantify egg estimates of EPG as described by Calvani et al.
(2017). The EPG based on real-time PCR is henceforth re-
ferred to as qEPG.

Diagnostic application

To assess the diagnostic capacity of the optimised vortex dis-
ruption approach for the diagnosis of F. hepatica from 150 mg
raw faeces, samples from naturally infected cattle (n = 10) and
sheep (n = 16) were tested. All animals were located on a
grazing property in Newcastle, New South Wales. Samples
were collected by a licenced veterinarian during routine han-
dling and sent to the Veterinary Parasitology Diagnostic
Laboratory at The University of Sydney for testing. Prior to
DNA isolation, samples were confirmed positive for F.
hepatica by a traditional sedimentation and FEC (Happich
and Boray 1969a). All morphological FECs based on micro-
scopic examination are referred to as mEPG. For each animal,
150 mg raw faeces was added to a 1.5-ml ceramic bead lysis
tube with 750 μl lysis buffer and 5 μl DNAExtraction Control
(BioLine, Australia). Faecal samples were disrupted on a stan-
dard benchtop vortex for 10 min, after which the remainder of
the DNA isolation was performed according to manufac-
turer’s instructions, with DNA eluted in a final volume of
100 μl. DNA amplification was performed in duplicate as
described in the previous section.

Statistical analysis and data availability

Data was analysed and visualised in GraphPad Prism version
7 (GraphPad Software, USA) using non-parametric tests
(Kruskal-Wallis).

Results and discussion

Our results demonstrate that 5–10min of vortexing will equal-
ly disrupt 200 F. hepatica eggs spiked in 150mg bovine faecal
samples for the purpose of DNA isolation and subsequent
detection with real-time PCR when compared to disruption
for 40 s in a high-speed benchtop homogeniser (Fig. 1) (P =
0.4467). Vortexing spiked faecal samples for 40 s only result-
ed in insufficient disruption ofF. hepatica eggs for the purpose
of DNA isolation (Fig. 1) (P = 0.316). While the use of a high-
speed benchtop homogeniser enables rapid Fasciola spp. egg
disruption, the need for non-standard and comparatively ex-
pensive laboratory equipment may be prohibitive for some
diagnostic and research facilities (Calvani et al. 2017).
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Disruption using a standard benchtop vortex for 30 min in
combination with glass beads has previously established the
capacity of more accessible methods to rupture single
Fasciola spp. eggs (Ai et al. 2010). The glass bead method
was intended for research purposes only and hence was con-
ducted in conjunction with a time-consumingwashing-sieving
procedure to free the eggs from faecal material, precluding its
use in a high-throughput diagnostic laboratory setting (Ai et
al. 2010; Suhardono et al. 2006). Our initial spiked sample
results provided proof of principal that the more accessible
standard benchtop vortex method for F. hepatica egg disrup-
tion enables substitution of a high-speed homogeniser, in-
creasing the availability of this method of DNA isolation to
a greater range of laboratories.

The above 10-min vortexing method was subsequently test-
ed to determine if it also enables diagnosis of F. hepatica eggs
directly from 150 mg of naturally infected cattle or sheep faecal
samples. Faecal samples with a range of egg loads (1–128 and
1–220 EPG for sheep and cattle, respectively) were tested to
determine the analytical sensitivity. The observed limit of de-
tection (positive threshold) was 10 and 20 EPG for sheep and
cattle, respectively (Table 1). When faecal egg load was above
the positive threshold, F. hepatica eggs were successfully
disrupted in 5/6 and 10/10 cattle and sheep faecal samples,
respectively, thereby validating the egg-disruption capacity of
a benchtop vortex on 150 mg raw faecal samples (Table 1). In

routine diagnostic workflows, DNA isolation directly from raw
samples is preferable, despite a slight decrease in analytical
sensitivity. The positive threshold observed in the current study
is considered sufficient for diagnosis because (i) 20 EPG is
representative of a single fluke in the liver of sheep and (ii) a
single F. hepatica fluke is capable of producing up to 25,000
eggs per day (Happich and Boray 1969b).

We have previously demonstrated a method of egg
concentration capable of the highly sensitive (≤ 1 EPG)
molecular diagnosis of F. hepatica applicable in circum-
stances where a very high analytical sensitivity is re-
quired, such as during epidemiological investigations or
drug efficacy trials (Calvani et al. 2017). As predicted,
when used on a 10 EPG bovine faecal sample (N6,
Table 1), the concentration approach resulted in the suc-
cessful detection of F. hepatica DNA (30.6 qEPG), yet
failed to amplify F. hepatica DNA from the same sample
without application of the concentration step (Table 1). In
one instance, a bovine faecal sample with a high egg load

Table 1 Morphological FECs and molecular estimates of F. hepatica
EPG from sheep and cattle faecal samples

Species Sample ID mEPG qEPG

Sheep E10 1 –

E11 1 –

E15 1 –

E16 2 –

E8 4 –

E14 5 –

E1 13 1.8

E5 17 2.6

E2 34 0.9

E6 50 6.4

E9 60 12.1

E12 70 22.9

E4 72 15.9

E3 82 25.7

E13 99 17.5

E7 128 14.4

Cattle N12 1 –

N7 2 –

N1 3 –

N14 6 –

N6 10 –/–

N8 20 16.1

N2 70 16.5

N3 95 –/67.0

N4 130 21.4

N5 220 18.7

mEPG, morphological faecal eggs count; qEPG, faecal egg count esti-
mate based on quantitative real-time PCR results

Fig. 1 Real-time PCR Ct values for disruption treatments applied to
150 mg bovine faecal samples spiked with 200 F. hepatica eggs. Three
vortex (V) treatments (i. 40 s, ii. 5 min and iii. 10 min) were compared to
40 s of disruption in a benchtop homogeniser (BH) at 6.0 m/s. A signif-
icant difference (P = 0.0316) was observed between samples vortexed for
40 s and all other treatments, including the benchtop homogeniser (a). No
significance (P = 0.4467) was observed between treatments ii. and iii.
when compared to disruption in the benchtop homogeniser (b). Means
and 95% confidence intervals are indicated for each treatment
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(95 EPG) failed to amplify without application of the
concentration step (N3, Table 1). Re-isolation of DNA
from this sample using both the raw 150-mg method and
the egg-concentration approach resulted in successful am-
plification (67 and 553 qEPG, respectively), indicating
that isolation of DNA from duplicate samples may occa-
sionally be necessary (Calvani et al. 2017).

Traditional parasitological techniques for the identifica-
tion of nematode and trematode species and genera in
ruminant field samples typically involve the combination
of three parasitological techniques—sedimentation, faecal
floatation and larval culture. Larval culture requires 7–
10 days for the development of L3 larvae, and morpho-
logical identification of both eggs and larvae has the po-
tential for inaccuracies. In response to the need for a more
rapid and definitive method of diagnosis, a faecal panel
was developed for the detection of nematodes in Australia
(Roeber et al. 2011). Despite its economic importance, F.
hepatica was not included, potentially due to the initial
flotation egg-concentration step which inherently ex-
cludes F. hepatica. Regardless, the streamlined DNA iso-
lation protocol presented in the current paper enables in-
corporation of F. hepatica into existing multi-species fae-
cal panels allowing differential diagnosis of a wider range
of ruminant nematodes and trematodes in a single step.

We have demonstrated that use of a standard benchtop
vortex results in consistent F. hepatica egg disruption for
DNA isolation and amplification from faecal samples of sheep
and cattle, employing more widely available laboratory equip-
ment, while isolation of DNA from 150 mg raw faeces dra-
matically reduces sample processing time.
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