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a b s t r a c t

This study deals with the development and validation of an original PCR protocol to assess
the presence of Fasciola hepatica in Galba truncatula its main intermediate host in West-
ern Europe. In the present study two DNA extraction techniques are compared and a new
multiplex PCR is described. The Chelex® DNA extraction technique showed to be more
appropriate than the classical Phenol/Chloroform/Proteinase K based method because of
the absence of toxic organic solvent, shorter duration and lower cost, and a higher repro-
ducibility regarding DNA concentrations and wavelength ratios. The multiplex PCR was set
helex®

henol/Chloroform/Proteinase K
ultiplex PCR

pidemiology

up to amplify the lymnaeid internal transcribed spacer 2 sequence (500–600 bp) that act as
an internal control and a 124 bp Fasciola sp. sequence that is repeated more than 300,000
times in fluke whole genome. Ninety six snails were pooled and 6 snails (6.25%) found
positive for Fasciola sp. The limit of detection is lower than the minimal biological infes-
tation unit (one miracidium). DNA extracts from Paramphistomum daubneyi, Dicrocoelium

ascioloi
lanceolatum, and F

. Introduction

Fasciola hepatica, the common liver fluke is a widely
istributed parasitic helminth. Fasciolosis affects mainly
omestic ruminants and is responsible for important eco-
omic losses. In a recent study the financial loss due to
ovine fasciolosis in Switzerland reached approximately 52
illion Euros per year (Schweizer et al., 2005).
Galba truncatula is the main lymnaeid intermediate host

n the Old World (Taylor, 1965; Torgerson and Claxton,
Please cite this article in press as: Caron, Y., et al., An optimized
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999) but most of the other lymnaeid species of Western
urope may also sustain the larval development of the liver
uke if they are exposed to miracidia during their first days
f life (Boray, 1978). For example, Radix labiata was found
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des magna did not cross react.
© 2010 Elsevier B.V. All rights reserved.

to act as an alternative intermediate host of F. hepatica, at
least under laboratory conditions, because it harboured the
intra-molluscan development and allowed the subsequent
shedding of cercariae. Furthermore, these metacercariae
were as infective in a rat model as those produced in G.
truncatula as judged by parasitological and serological data
(Caron et al., 2007). These laboratory results should be
confirmed in the field in naturally infected potential inter-
mediate hosts.

To determine the ability of a snail species or a snail
population to act as intermediate host, quick, cheap,
and reliable tools are required. All steps regarding DNA
extraction must be reliable and reproducible. The proto-
DNA extraction and multiplex PCR for the detection of
6/j.vetpar.2010.12.020

col generally used to extract the DNA from snails is based
on Phenol/Chloroform extraction and proteinase K (Kaplan
et al., 1995; Mostafa et al., 2003; Velusamy et al., 2004;
Bargues et al., 2007). The main drawbacks of this technique
are the requirement of toxic organic solvents (phenol,
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chloroform), multiple tube transfers, a minimum of three
centrifugations, duration (overnight incubation), and cost.
Nontoxic techniques based on commercially available spin-
column kits exist and are currently used but are quite
expensive and show varied quality. Twenty years ago, pro-
cedures based on the use of Chelex® chelating resin were
developed for extracting DNA from forensic-type samples
(Walsh et al., 1991). Later, this resin was used to extract the
DNA from oyster (Ko et al., 1999) but never from lymnaeid
snails.

The easiness and relatively low cost of the basic PCR pro-
tocol make it interesting to investigate the epidemiology of
liver fluke infections (Caron et al., 2008) particularly dur-
ing large epidemiological surveys dealing with big samples
(>1000 snails). Consequently, several PCR protocols were
developed to assess Fasciola sp. prevalence in lymnaeid
snails (Krämer and Schnieder, 1998, 1999; Krämer, 1999;
Mostafa et al., 2003; Velusamy et al., 2004; Cucher et al.,
2006; Caron et al., 2007). Real-time PCR (Schweizer et al.,
2007) and multiplex PCR were also developed (Magalhaes
et al., 2004, 2008). This last technique is very interesting
because several sequences were amplified in the same PCR
tube. Indeed, the PCR technique has to take into account
the possibility of false negative results because of PCR
inhibitors. Therefore, an internal control can be amplified
along with the gene of interest.

The aim of this study was first, to compare
DNA extraction based either on Chelex® or Phe-
nol/Chloroform/Proteinase K and second, to develop a
multiplex PCR to detect accurately Fasciola sp. infection in
confirmed potential snail intermediate hosts.

2. Materials and methods

2.1. DNA extractions

The DNA of one hundred G. truncatula collected in July
2007 in the region of Boutheldja (a hyperendemic area in
Algeria) was extracted following two DNA extraction meth-
ods (each whole snail was divided with a scalpel blade in
two equal parts):

2.1.1. Phenol/Chloroform/Proteinase K-based DNA
extraction method

The snail was mechanically disrupted with a scalpel
blade in 100 �l of water in Petri dishes and incubated
at 50 ◦C overnight in 100 �l of lysis buffer (50 mM
TrisHCl pH 8, 100 mM NaCl, 50 mM EDTA, 0.8% SDS) and
200 �g/ml proteinase K (Promega). Thereafter, 100 �l of
phenol/chloroform/isoamyl-alcohol (25/24/1) was added
to the initial mix. The mixture was placed on a vortex for
one minute and centrifuged at 12,000 × g for one minute.
The supernatant was transferred to a microcentrifuge tube
containing 100 �l of chloroform/isoamyl-alcohol (24/1),
gently mixed and centrifuged at 12,000 × g for ten minutes.
The supernatant was transferred into another micro-
Please cite this article in press as: Caron, Y., et al., An optimized
Fasciola sp. in lymnaeid snails. Vet. Parasitol. (2011), doi:10.101

centrifuge tube containing 250 �l of ethanol 100% and
50 �l of sodium acetate (3 M), incubated overnight at
room temperature and then centrifuged at 12,000 × g for
30 min. The pellet was washed with 250 �l of ethanol 75%
and centrifuged at 12,000 × g for 10 min, dried for sev-
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eral minutes, rehydrated in water (100 �l) and stored at
−20 ◦C.

2.1.2. Chelex®-based DNA extraction method
The material was mechanically disrupted with the help

of a pellet mixer (TreffLab) in 100 �l of Chelex® 5% (Bio-
Rad) and incubated one hour at 56 ◦C and 30 min at 95 ◦C
in a Peltier Thermal Cycler (MJ Research). Then the mix-
ture was centrifuged at 13,000 × g for seven minutes. The
supernatant was collected and stored at −20 ◦C.

The concentrations and the DNA purity (260/280 wave-
length ratio) of both DNA series were measured with a
spectrophotometer (Thermo Scientific, NanoDrop 1000).
Moreover the time required for each techniques and the
cost were also evaluated.

2.2. Multiplex PCR

The DNA of ninety six G. truncatula collected in April
2008 in the region of Boutheldja (Algeria) was extracted
with Chelex® as described above.

This multiplex PCR assay amplifies the highly repeated
124 bp DNA Fasciola sp. specific sequence (Kaplan et al.,
1995; Caron et al., 2007) and the rDNA ITS-2 sequence
of the snail (500–600 bp). The primers used were, for
Fasciola sp. Fsh1 (sense) 5′-GAT-CAA-TTC-ACC-CAT-TTC-
CGT-TAG-TCC-TAC-3′ and Fsh2 (antisense) 5′-AAA-CTG-
GGC-TTA-AAC-GGC-GTC-CTA-CGG-GCA-3′, and for ITS-2
News2 (sense) 5′-TGT-GTC-GAT-GAA-GAA-CGC-AG-3′ and
Its2Rixo (antisense) 5′-TTC-TAT-GCT-TAA-ATT-CAG-GGG-
3′ (Almeyda-Artigas et al., 2000; Bargues et al., 2001).
Different primer concentrations were tested and the best
result was obtained with 5 �M for Fasciola sp. primer set
and 50 �M for ITS-2 primer set. The sequences were ampli-
fied using a commercial kit (Taq PCR Master Mix, Qiagen)
containing MgCl2 (3 mM) and 400 �M of each dNTP. Ampli-
fication was performed in a total volume of 25 �l in a Peltier
Thermal Cycler (MJ Research) with an initial denaturation
step at 95 ◦C for five minutes, followed by 40 denaturation
cycles at 95 ◦C for one minute, annealing at 56 ◦C for one
minute, extension at 72 ◦C for one minute and a final exten-
sion at 72 ◦C for ten minutes. The amplification products
were electrophoretically resolved in 2% agarose gels and
stained with ethidium bromide. The ITS-2 band acts as an
internal control because its absence indicates the presence
of PCR inhibitors.

To reduce the number of PCR, ten pools (nine pools of
ten snails and one pool of six snails) were prepared by
mixing one �l of each DNA sample. This mixture was con-
sidered as undiluted. One �l of the mixture was then tested
in the multiplex PCR described above. To assess the possi-
ble influence of PCR inhibitors (when the ITS-2 band was
not present), 1/10 and 1/100 dilutions were tested both on
pooled and individual samples.

2.3. Limit of detection
DNA extraction and multiplex PCR for the detection of
6/j.vetpar.2010.12.020

To assess the limit of detection of the multiplex PCR,
two experiments were conducted. In the first one, a pool
(pool 9) containing the DNA of one snail naturally infested
(100 ng) and the DNA of nine uninfected snails (100 ng

dx.doi.org/10.1016/j.vetpar.2010.12.020
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Table 1
Comparison of phenol/chloroform and Chelex® based DNA extraction (100 G. truncatula).

DNA concentration
(ng/�l)

Wavelength
ratio (260/280)

Estimated processing
time (h)

Estimated cost
(D /snail)

6 ± 0.2
3 ± 0.0

0.0001.
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Phenol/chloroform 56.3 ± 33.1* 1.9
Chelex® 80.0 ± 25.2* 1.6

* Two-sample Wilcoxon rank-sum test, statistically significant with P =

ach) was ten fold diluted until the disappearance of both
ignals.

In the second experiment, F. hepatica DNA was added to
. truncatula DNA. The amount for the snail DNA was 100 ng

n each PCR mixture but the trematode DNA was ten fold
iluted (from 100 ng) until the disappearance of Fasciola sp.
pecific signal.

.4. Specificity

The DNA of three trematodes (Paramphistomum daub-
eyi, Dicrocoelium dendriticum, and Fascioloides magna)
sing G. truncatula as intermediate host and different
pecies of domesticated or wild ruminants as definitive
ost were tested in the multiplex PCR in order to evaluate
he occurrence of possible cross reactions. P. daubneyi and
. dendriticum were furnished by the necropsy rooms of the
aculty of Veterinary Medicine of Liège and the Regional
nimal Health Investigation Center in Ciney (Belgium)
espectively. F. magna was kindly provided by Prof. A. Mar-
nculic from the Faculty of Veterinary Medicine of Zagreb
Croatia). The DNA was extracted with the Chelex® tech-
ique and amplified with the multiplex PCR protocol as
escribed above.

Right after a multiplex PCR on a non-infected snail
he ITS2 DNA sequence was cloned in a plasmid vec-
or using a commercial kit (pcDNA3.1/V5-His-TOPO TA
xpression kit, Invitrogen) following the manufacturer’s
ecommendations. The clones containing the sequence
ere purified with a commercial kit (NucleoSpin Plasmid,
acherey Nagel) as described by the manufacturer. Then,

he ITS2 sequence was sequenced with a genetic analyzer
ABI PRISM® 3100, Applied Biosystem) and compared with
he BLASTn genomic database (Zhang et al., 2000). The
equence presenting the highest identity was considered
s the most probable identification.

Additionally, the 124 bp Fasciola hepatica specific probe
as sequenced after amplification through multiplex PCR

f an infected snail. The DNA was purified using MSB-
pin PCRapace (Invitek). Cycle sequencing reactions were
erformed by BigDye terminator v3.1 (3730 DNA ana-

yzer; Applied Biosystems) by Giga Genomics Facility (Liège
niversity, Belgium) and the sequence was compared to
vailable database as previously described.

.5. Statistical analysis
Please cite this article in press as: Caron, Y., et al., An optimized
Fasciola sp. in lymnaeid snails. Vet. Parasitol. (2011), doi:10.101

.5.1. DNA extractions
The correlation of DNA concentration or purity between

oth DNA extraction methods (Phenol/Chloroform or
helex®) was assessed by the Pearson correlation method
r). A two-sample Wilcoxon rank-sum (Mann–Whitney)
1* 36 0.4
7* 5 0.2

test was used to compare the distribution of the
DNA concentration values and the wavelength ratio in
both Phenol/Chloroform and Chelex® extraction methods
(Dagnelie, 1998). The limit of statistical significance of the
tests was defined as P ≤ 0.05.

3. Results

3.1. DNA extractions

For the comparison of the DNA concentration and
purity, 100 G. truncatula were used (2 series of matched
samples). The DNA concentration values were corre-
lated for both extraction methods (r = 0.32, P = 0.001)
but were significantly higher for the Chelex® extraction
method (Two-sample Wilcoxon rank-sum test, P < 0.0001)
(Table 1 and Fig. 1A). Moreover the dispersion of DNA
concentrations around the mean value was higher for
phenol extraction method. The purity in both phe-
nol/chloroform and Chelex® extraction methods were also
correlated (r = 0.22, P = 0.03) (Table 1 and Fig. 1B) but
were significantly higher for the phenol extraction method
(Two-sample Wilcoxon rank-sum test, P < 0.0001). Simi-
larly, the dispersion of purity around the mean value was
higher for phenol extraction method.

3.2. Multiplex PCR

Several dilutions were necessary to observe the internal
control signal both in the pools and individual samples.

Two pools out of the ten analyzed were positives for
Fasciola sp. (both dilution 1/10) (Fig. 2). The DNA from the
twenty snails from both positive pools (eight and nine) was
examined individually through the multiplex PCR (Figure
not shown). Six snails out of ninety six (6.25%) harboured
Fasciola sp. DNA. Noteworthy the ladder pattern is visible
for the positive pools and snails. The inhibition rates were
calculated both for pooled and individual DNA samples.
Concerning pooled and individual samples, the inhibi-
tion rate decreased when the dilution factor increased.
Respectively, for pooled samples, no diluted (100%), 10 fold
dilution (30%) and 100 fold dilution (0%), for individual
samples, no diluted (70%), 10 fold dilution (14%) and 100
fold dilution (0%).

3.3. Limit of detection
DNA extraction and multiplex PCR for the detection of
6/j.vetpar.2010.12.020

One pool (#9) (Fig. 3) containing the DNA from one F.
hepatica naturally infected snail and 9 negative specimens
was used to assess the detection limit of the Fasciola sp.
assay. The technique was able to detect up to a total DNA
concentration of 100 pg. At a total DNA concentration of

dx.doi.org/10.1016/j.vetpar.2010.12.020
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Fig. 1. Distribution of the DNA concentration (A) and the wavelength ratio (B) in function of the extraction method used.

Fig. 2. Agarose gel electrophoresis following multiplex PCR on DNA pools. (M) Molecular size marker of 1000 bp; (1), (2), (3), (4), (5), (6), (7), (10) Fasciola
hepatica negative pools; (8), (9) Fasciola hepatica positive pools (both dilution 1/10); (C−) negative control; (C+) positive control.

dx.doi.org/10.1016/j.vetpar.2010.12.020
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Fig. 3. Agarose gel electrophoresis following multiplex PCR for the illus-
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Fig. 5. Agarose gel electrophoresis following multiplex PCR for the illus-
tration of the specificity of the assay. (M) Molecular size marker of

the ITS2 sequence of G. truncatula (Genbank accession no.

F
D
s
s
c

ration of the detection limit. Ten fold dilution of a pool (10 snails)
ontaining only one snail naturally infected with Fasciola sp. (M) Molec-
lar size marker of 1000 bp; (1) 1 �g; (2) 100 ng; (3) 10 ng; (4) 1 ng; (5)
00 pg; (6) 10 pg; (C−) negative control; (C+) positive control.

0 pg both signals disappeared. With undiluted material
lane 1) the internal control was absent.

When the snail DNA concentration was constant but
he F. hepatica DNA was decreasing (Fig. 4), the Fasciola
p. 124 bp sequence disappeared at a DNA concentration
f 100 fg although the ITS2 band remained visible.

.4. Specificity
Please cite this article in press as: Caron, Y., et al., An optimized
Fasciola sp. in lymnaeid snails. Vet. Parasitol. (2011), doi:10.101

Fig. 5 illustrates the results after amplification of DNA
xtracts obtained from related trematodes. No cross reac-
ions were observed with, D. lanceolatum and F. magna. As
ar as P. daubneyi is concerned a band was detected between

ig. 4. Agarose gel electrophoresis following multiplex PCR for the illustration o
NA and a ten fold dilution of Fasciola hepatica DNA. (M) Molecular size marker o

nail DNA, 10 ng Fasciola hepatica DNA; (3) 100 ng snail DNA, 1 ng Fasciola hepat
nail DNA, 10 pg Fasciola hepatica DNA; (6) 100 ng snail DNA, 1 pg Fasciola hepatic
ontrol; (C+) positive control.
1000 bp; (1) DNA isolated from Fasciola hepatica naturally infested snail;
(2) Non infested snail; (3) Fasciola hepatica adult; (4) Paramphistomum
daubneyi adult; (5) Dicrocoelium dendriticum adult; (6) Fascioloides magna
adult; C− negative control.

400 and 500 bp. The internal control corresponded with
DNA extraction and multiplex PCR for the detection of
6/j.vetpar.2010.12.020

AJ296271.1) with an identity of 99%. The 124 bp sequence
corresponded with the F. hepatica clone PFH5 genomic
repeat sequence 2 (Genbank accession no. U11818.1) with
an identity of 96%.

f the detection limit. Each PCR tube contains a constant quantity of snail
f 1000 bp; (1) 100 ng snail DNA, 100 ng Fasciola hepatica DNA; (2) 100 ng
ica DNA; (4) 100 ng snail DNA, 100 pg Fasciola hepatica DNA; (5) 100 ng
a DNA; (7) 100 ng snail DNA, 100 fg Fasciola hepatica DNA; (C−) negative

dx.doi.org/10.1016/j.vetpar.2010.12.020
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4. Discussion

This is the first reported use of the Chelex® method to
extract DNA from snails. The DNA yields and purity are
statistically different with the two techniques (Table 1).
The yield of the Chelex® technique is better than the
classical technique but the mean wavelength ratio for
the first technique is lower than the 1.8–2 optimal ratio.
This suggests that the purity of the DNA obtained by the
Chelex® method is not as good as for the classical Phe-
nol/Chloroform method. However the quality of Chelex®

extracted DNA was tested in PCR and cloning/sequencing
procedures with excellent results. The results show also
a lower variability when using the Chelex®. The Chelex®-
based DNA extraction is very simple, fast (5 h versus
36 h), and does not require organic solvents and mul-
tiple tube transfers. The extraction of snail DNA using
Chelex® is, particularly regarding its time duration and
its low cost, at least as efficient as the proteinase K and
Phenol/Chloroform extraction making this technique an
excellent procedure to analyze large samples from the
field.

The prevalence of F. hepatica in naturally infected snails
is often low. Indeed, the prevalence of a natural infes-
tation in 52,000 G. truncatula collected in the United
Kingdom was estimated through microscopy to be under
2% (Ollerenshaw, 1971). Most recently this prevalence was
estimated at 1.7% in France (Dreyfuss et al., 2005). Among
more recently developed techniques, PCR provides the
most accurate information and shows high sensitivity and
specificity levels (Caron et al., 2008). However, very few
studies used these techniques to assess Fasciola sp. preva-
lences in the field. A study in Poland, based on a PCR that
amplified the same 124 bp Fasciola sp. sequence indicated
an overall prevalence of 26.6% (Kozak and Wedrychowicz,
2010). The prevalence is higher with PCR-based tech-
niques than microscopy-based technique because of a
better sensitivity of the DNA-based techniques (Caron et al.,
2008). The amplification of RNA sequences was developed
(Shubkin et al., 1992; Rognlie et al., 1996) but these tech-
niques are very prone to contamination (RNAase) and time
consuming.

Detection of Fasciola sp. by the multiplex PCR technique
had been already applied in South America and the profiles
generated shown numerous stair bands (four) referring
to F. hepatica mitochondrial DNA (mDNA) amplification
and two bands referring to F. hepatica ITS and Pseudosuc-
cinea columella ITS (Magalhaes et al., 2004) or L. viatrix ITS
(Magalhaes et al., 2008). Nevertheless, the multiplex PCR
was tested on experimentally infected Brazilian snails, and
the whole protocol was not easy to perform nor optimized
(classical DNA extraction, high stringency conditions, no
pools and silver stained polyacrylamide gels).

In an epidemiological study, it is important to avoid false
negative results, particularly when the sample size is large
and the estimated prevalence is low. All examined samples
Please cite this article in press as: Caron, Y., et al., An optimized
Fasciola sp. in lymnaeid snails. Vet. Parasitol. (2011), doi:10.101

were easily classified as infected or uninfected, contrary to
other study (Cucher et al., 2006). The multiplex PCR used in
this study allows to detect possible PCR inhibitors with the
use of an internal control (ITS2). When the pooled sampled
were undiluted, the inhibition was complete but decreased
 PRESS
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to 30% when ten fold diluted and disappeared totally with
another ten fold dilution. Concerning the individual sam-
ple, an inhibition of 70% was observed and decreased to 14%
through the first ten fold dilution and disappeared with the
last ten fold dilution. This suggests that pooled or individ-
ual samples should be assessed directly ten fold diluted.
The presence of the internal control allowed us to avoid
the use of BSA in each PCR mixture as it was previously
done (Cucher et al., 2006). The ladder pattern is due to the
fact that the 124 bp sequence is tandemly repeated in the
entire F. hepatica genome (15%) (Kaplan et al., 1995).

The pooling of DNA is very useful particularly during
large epidemiological studies, allowing to save time and
money. In the present study, pools of DNA of 10 snails were
used whereas in other studies up to 25 snails per pool were
used (Rognlie et al., 1996). Several dilutions of pool nine
(containing only one infected snails) indicated that both
signals were visible up to 10,000 dilution. However with
undiluted material, the internal control was undetectable
and consequently an initial ten fold dilution is required.
It seems that a contaminant linked to the snail DNA pre-
vented at high concentration the amplification of the ITS2
sequence. This hypothesis is also supported by the fact that
in 100% and 70% of the undiluted pools and individual sam-
ples respectively the ITS2 sequence was not amplified. The
detection limit of F. hepatica DNA in 100 ng/�l of snail DNA
was estimated to be one pg of F. hepatica DNA. This limit
of detection is optimal because the minimal biological unit
that infects a lymnaeid snail is a single miracidium, which
contains about 0.5–1 ng of F. hepatica genomic DNA (Kaplan
et al., 1997). This suggests that pools of DNA of up to ten
snails can be used with this protocol.

As far as the specificity of the multiplex PCR was
concerned, there was no cross reaction with the three
trematodes species tested. The band observed with P. daub-
neyi had no impact on the test interpretation. Although this
band was not sequenced, alignments lead to rDNA region
and further experimentations will be necessary to assess
the fact that ITS2 primers could detect a snail naturally
infested with P. daubneyi.

To conclude, this new DNA extraction technique based
on Chelex® showed numerous advantages because it is
cheaper and less time consuming. The multiplex PCR was
shown to have an optimal limit of detection and specificity.
The technique seems particularly suitable to assess preva-
lence during large epidemiological studies. Its adaptation
to other lymnaeid species which could act as alternative
intermediate hosts for F. hepatica would be very useful.
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