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Noninvasive Detection of Echinococcus
multilocularis Tapeworm in Urban Area,
Estonia
Technical Appendix
Methods Used to Detect Echinococcus multilocularis Tapeworm in Red Fox Fecal
Samples, Urban Area, Estonia
Methods
DNA Purification from Fecal Samples

Samples were collected and stored at −80°C for ≥1 week to avoid the risk of infection
with any Echinococcus spp. eggs present. Approximately 250 mg was placed into 2-mL tubes,
heated at 65°C for 15 min, and stored at −80°C. The heating and cooling procedure helps to
break the parasite egg shells, enabling more efficient DNA extraction. DNA was extracted by
using the QIAamp DNA Stool Mini Kit (QIAGEN, Hilden, Germany) according to the
manufacturer’s instructions.
PCR

Species-specific primers (online Technical Appendix Table) were designed to amplify
short sequences of mitochondrial DNA. The Echinococcus multilocularis tapeworm–specific
primer pair (EMfor1 and EMrev1) amplifies tRNA-Ile/Lys, the E. granulosus tapeworm–specific
(EGfor1 and EGrev1) and fox-specific (F1 and RVu) primer pair amplifies 12S rRNA, and the
dog-specific (Dog1f and HW1r) primer pair amplifies part of the mitochondrial DNA control
region. Although the 3 primers pairs were highly specific, the dog primers can potentially
amplify gray wolf (Canis lupus) DNA. In other similar studies, only the parasite (1) or the host
species (2) was detected, and much longer sequences were amplified, making analysis of
degraded samples less sensitive. Quantitative real-time PCRs for detection and quantification of
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E. multilocularis DNA in fox feces are available (3,4) but for many laboratories the cost of these
PCRs limits their use.
PCR was performed twice for each sample in a volume of 20 µL containing 10×
Advantage 2-SA Buffer and 50× Advantage2-Polymerase Mix (Clontech, Mountain View, CA,
USA), 0.2 µmol/L dNTP (Fermentas, Waltham, MA, USA), 0.25 µmol/L of each primer, and 10
µL of purified DNA. The PCR conditions were 95°C for 1 min; 10 cycles at 95°C for 20 s,
annealing at 68°C for 20 s (temperature reduced by 0.5°C in each cycle) and extension at 68°C
for 30 s; 35 cycles under the same conditions, except that the annealing temperature was 63°C;
and a final extension at 68°C for 3 min. PCR products were separated by electrophoresis on
2.5% agarose gels. DNA extraction and PCR was performed in a laboratory dedicated to
environmental samples.
Sensitivity Assay for Detecting E. multilocularis Tapeworm in Red Fox Feces

To estimate the sensitivity of the noninvasive genetic method, we determined the number
of E. multilocularis eggs necessary to obtain a positive PCR result. We analyzed 1, 3, 5, 7, 10,
15, and 20 fox tapeworm eggs, which were added to fox fecal samples (≈250 mg) that were
previously known to be uninfected with these eggs. The mixture was heated and deep frozen
before DNA extraction, and PCR was performed as described above. The assay was repeated
three times. We found that 1 egg was sufficient to give an E. multilocularis tapeworm–specific
result (online Technical Appendix Figure 3). In other studies, flotation methods for concentrating
parasite eggs and alkaline lysis of egg shells have been used before PCR analysis (5,6). This
study demonstrates that concentrating eggs is unnecessary when applying the method described
above.
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Technical Appendix Table. Mitochondrial DNA primers used for PCR detection of Echinococcus multilocularis fox tapeworm,
Estonia
Primer*
Sequence, 5′→3′
Amplicon size, bp
Specificity†
EMfor1
TGATTAATAGGGCTGCATG
120
Fox tapeworm
EMrev1
CACATTACTGAGGTAAGAAC
120
Fox tapeworm
F1
CCATGAAGCACGCACACA
76
Red fox
RVu
GTTAATATGTTTATGGCCTCA
76
Red fox
EGfor1
GTGTGTTACATTAATAAGGGTG
149
Dog tapeworm
EGrev1
CTTGTTACGACTTACCTCAA
149
Dog tapeworm
Dog1f
GTATCTCCAGGTAAACCCTTCTC
56
Domestic dog
HW1r
CAAACCATTAATGCACGACGT
56
Domestic dog
*EM, Echinococcus multilocularis; for, forward; EG, E. granulosis; rev, reverse.
†Red fox, Vulpes vulpes; dog tapeworm, E. granulosus; domestic dog, Canis familiaris.
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Technical Appendix Figure 1. Host and parasite species determination on the basis of primer specificity
and amplicon size. PCR amplification of mitochondrial DNA from dog and red fox tissue and from
Echinococcus multilocularis and E. granulosus tapeworm specimens collected in Estonia. Speciesspecific PCR products for domestic dog (Dog; 56 bp), red fox (Fox; 76 bp), E. multilocularis (E. mul; 120
bp), and E. granulosus (E. gra; 149 bp) are shown. Lane M, FastRuler Ultra Low Range DNA Ladder
(Thermo Scientific, Waltham, MA, USA), DNA fragment sizes are 200, 100 and 50 bp. Lanes Negative 1
and 2, negative controls with no dog or fox DNA added, respectively; lanes Negative 3 and 4, negative
controls with no parasite DNA added.
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Technical Appendix Figure 2. Nucleotide BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) results for
Echinococcus multilocularis tapeworm sequence. Alignment of mitochondrial DNA control region
sequences (upper panel). AB018440 is a GenBank sequence for E. multilocularis tapeworm. EMest is a
homologous sequence of E. multilocularis tapeworm from 2 red foxes in Tartu, Estonia, and corresponds
to positions 8580–8655 in AB018440. Results from sequence similarity search by Nucleotide BLAST
(lower panel). Note that the E. multilocularis sequence determined from red foxes in Tartu (EMest) shows
100% identity only with a reference sequence for E. multilocularis tapeworm (AB018440). For other
Echinococcus species, the identity is lower (≤93%). Max, maximum; Ident, identity; Accession, GenBank
accession number.

Technical Appendix Figure 3. Sensitivity of PCR for detecting Echinococcus multilocularis tapeworms in
red fox feces collected in Estonia. PCR amplification of mitochondrial DNA fragments from uninfected red
fox fecal samples to which various numbers of E. multilocularis eggs were added. Lanes 1, 3, 5, 7, 10, 15
and 20, indicate numbers of E. multilocularis eggs added to each sample; lane M, FastRuler Low Range
DNA Ladder (Thermo Scientific, Waltham, MA, USA). DNA fragment sizes of the ladder are shown in
basepairs above the bands; lane Neg, negative control with no parasite eggs added. Arrows indicate PCR
products for Echinococcus multilocularis (EM; 120 bp) and red fox (FOX; 76 bp).
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