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Abstract Trichuris sp. individuals were collected from
Myocastor coypus from fancy breeder farms in the
Czech Republic. Using morphological and biometrical
methods, 30 female and 30 male nematodes were identified
as Trichuris myocastoris. This paper presents the first molec-
ular description of this species. The ribosomal DNA (rDNA)
region, consisting of internal transcribed spacer (ITS)-1, 5.8
gene and ITS-2, was sequenced. Based on an analysis of
651 bp, T. myocastoris was found to be different from any
other Trichuris species for which published sequencing of
the ITS region is available. The phylogenetic relationships
were estimated using the maximum parsimony methods and
Bayesian analyses. T myocastoris was found to be significant-
ly closely related to Trichuris of rodents than those of
ruminants.

Keywords Myocastor coypus - Trichuris myocastoris -
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Introduction

Myocastor coypus (coypu or nutria) is a South American
semi-aquatic rodent with a wide geographical distribution,
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from central Bolivia and southern Brazil to Tierra del Fuego
(Argentina), and as a result of escapes and release from fur
farms, feral populations now occur in Europe, Asia and North
America (Woods et al. 1992).

In the Czech Republic, nutrias were first bred in 1925,
when several animals were imported from Argentina. Within
a short time, nutria breeding greatly expanded. Currently, nu-
trias are increasingly used not only for their fur but also for
their high-quality meat.

Nutrias, like other animals, suffer from many diseases as
well as many parasitic infections. However, studies on nutria
parasites are sporadic and focus mainly on wild nutria from
the Americas (Babero and Lee 1961; Rossin et al. 2009; Gayo
et al. 2011; Martino et al. 2012). The most common endopar-
asites of wild nutria are Eimeria spp., Longistriata
maldonadoi, Strongyloides myopotami and Trichuris
myocastoris (Babero and Lee 1961; Pastuszko 1991; Rossin
et al. 2009; Martino et al. 2012); for European nutria, they are
mainly coccidia, S. myopotami and T. myocastoris (Zajicek
1955; Hohner 1961; Pastuszko 1991). Pellérdy (1963, 1974)
reported the following coccidia in nutria: Eimeria myopotami,
Eimeria pellucida, Eimeria coypi, Eimeria seideli and
Eimeria nutriae.

T myocastoris was first described in 1933 by Enigk; Barus
etal. (1975) redescribed this species. On the basis of a detailed
study of the morphology and metrical characters of their spec-
imens, which were compared to the original description of
T. myocastoris and Trichuris nutria, Barus et al. (1975) dem-
onstrated that 7. myocastoris and T. nutria (Petrov, 1941) are
synonyms.

In the Czech Republic, nutrias are widespread and they are
often bred on farms for their meat and fur. On these farms,
they live in close proximity to various domestic animals (es-
pecially small ruminants). It is thus questionable whether
Trichuris sp., which are very common in nutria in the
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Czech Republic, are the same species described by Enigk in
1933 (England) and redescribed by Barus in 1975 (Azerbai-
jan). It is also possible that Trichuris sp. originated from an-
other host; Dobrovol’skii (1952) reported that Trichuris ovis
had been found in the muskrat. A genetic analysis of Trichuris
sp. has yet to be made from a nutria.

The aim of this study was to identify T myocastoris from
different fancy breeder farms in the Czech Republic using
morphometrical as well as genetic molecular methods.

Materials and methods
Morphological study

Trichuris sp. individuals were collected from M. coypus
(young and adult animals) that originated from three nutria
farms in the Czech Republic. A total of 60 worms (30 males
and 30 females) were separated and rinsed in a physiological
saline solution (0.9w/v NaCl) in order to remove contami-
nants. These specimens were used for morphometrical
determination.

In order to identify Trichuris species found in the caccum
and colon of the hosts, morphological and biometric studies
were performed with an Olympus microscope (BX51).

A total of 60 Trichuris individual specimens were identi-
fied at the species level according to Enigk (1933) and Barus
et al. (1975).

The following morphometrical features were measured in
each specimen: total body length, length of oesophagus, pos-
terior body length, body width at oesophagus end, maximum
posterior body width and spicule length.

Molecular study

We analyzed a total of six Trichuris sp. individuals. Genomic
DNA from individual worm was extracted using a QIAamp
Tissue Kit (Qiagen) according to the manufacturer’s protocol.
Genomic DNA was detected using 0.8 % agarose gel electro-
phoresis and GelRed (Biotium). The ribosomal DNA (rDNA)
region, consisting of internal transcribed spacer (ITS)-1, 5.8
gene and ITS-2, was amplified by the polymerase chain reac-
tion (PCR), using a universal pair of primers: forward NC5 5'-
GTA GGT GAA CCT GCG GAA GGA TCA TT-3' and re-
verse NC2 5-TTA GTT TCT TTT CCT CCG CT-3' (Zhu
et al. 2000). The PCR reaction consisted of 15.5 pl of Combi
PPP Master Mix (Top-Bio), 5 pl of each primer, 5 pl of tem-
plate DNA and PRC water (Top-Bio), for a total volume of
50 ul. The PCR profile carried out on MJ Mini™
thermocycler (Bio-Rad) started with a 10-min period of initial
denaturation at 94 °C, followed by 35 cycles. Each cycle
consisted of a denaturation step at 94 °C for 1 min, a primer
annealing step at 55 °C for 1 min and an elongation step at
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72 °C for 1 min. The PCR was terminated at a final elongation
period of 72 °C for 10 min. Products of the PCR were detected
using 0.8 % agarose gel electrophoresis with GelRed
(Biotium). The PCR products were purified and sequenced
by Macrogen Inc., Korea. Each sample was sequenced from
both (3" and 5") ends of both fragments using the same primers
that are used for double-strand PCR amplification.

The raw chromatograms were manually assembled and
checked by eye for potential errors using computer software
BioEdit 5.0.9 (Hall 1999); the same program was used to align
the sequences using the ClustalW algorithm. Sequences were
compared with the online GenBank (NCBI) nucleotide data-
base using the BLASTn program.

In addition to our samples, we used sequences of several
Trichuris species downloaded from the GenBank database to
set the phylogenetic position of our individuals within the
genus. Detailed information regarding material used in our
molecular study is listed in Table 1.

Our new six sequences of rDNA region consisting of ITS-
1, 5.8 gene and ITS-2 were deposited into the GenBank data-
base under the following accession numbers: KM877518—
KMS877523.

The phylogenetic relationships were estimated using the
maximum parsimony (MP) method and Bayesian analysis
(BAY). Equal weight was employed for all sites for the MP
analysis, which was conducted using PAUP* version 4.0b10
(Swofford 2000). Tree searches were performed using heuris-
tic searches with a stepwise addition of taxa and TBR branch
swapping algorithm. Bootstrap analyses (1000 replicates)
were used to assess the relative robustness of tree nodes.
The Bayesian tree was constructed using MrBayes version
3.0 (Huelsenbeck and Ronquist 2001). Six Monte Carlo Mar-
kov chains ran simultaneously for 1,000,000 generations, with
a sampling frequency of 100. Likelihood scores reached sta-
bility after c. 30,000 generations. The corresponding trees
were discarded as a burn-in, and the remaining trees were used
to construct a 50 % majority-rule consensus tree. The posterior
probabilities were used to indicate branch supports in the final
tree.

Results
Morphological study

The following is a brief description of the whipworm body
found in nutria in the Czech Republic. This coincides with a
description from Azerbaijan (Barus et al. 1975); however,
nematodes in our study were slightly longer (see Table 2).
The body of whipworms was white, the anterior part of the
body gradually tapers towards the anterior end, and this part of
body is distinctly narrower than the oesophageal region. The
total male body length ranged from 21.38 to 49.44 mm, with
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Table 1 List of samples used in
molecular study

GenBank Acc. No. Species Host Reference
FN543201 T. muris Mus domesticus Callejon et al. 2008
FN543197 T muris Mus domesticus Callejon et al. 2008
JX683525 Trichuris mastomysi Mastomys natalensis Ribas et al. 2013
JX683517 T. mastomysi Mastomys natalensis Ribas et al. 2013
JX683524 Trichuris carlieri Gerbilliscus vicinus Ribas et al. 2013
JX683522 T. carlieri Gerbilliscus vicinus Ribas et al. 2013
FR849687 T arvicolae Unknown Unpublished
FN543185 T arvicolae Myodes glareolus Unpublished
KMS877518 T. myocastoris Myocastor coypus This study
KM877519 T. myocastoris Myocastor coypus This study
KM877520 T. myocastoris Myocastor coypus This study
KM877521 T. myocastoris Myocastor coypus This study
KM877522 T. myocastoris Myocastor coypus This study
KMS877523 T. myocastoris Myocastor coypus This study
JX218223 T. discolor Capreolus capreolus Salaba et al. 2013
JX218222 T. discolor Capreolus capreolus Salaba et al. 2013
JX218218 T ovis Capreolus capreolus Salaba et al. 2013
JF680987 T ovis Domestic sheep Unpublished
AJ489248 T skrjabini Capra hircus Cutillas et al. 2004

Table 2  Biometrical data (mm) + standard deviation (SD) of adults Trichuris myocastoris

Locality
Czech Republic Azerbaijan Azerbaijan Germany
Study
Present study Barus et al. (1975) Petrov (1941) Enigk (1933)
Number of individuals 60 43
Males
Total length 37.86 (21.38-49.44)+7.02 22.94-35.25 38-46 30-38
Length of oesophagus 23.03 (13.01-32.25)+4.99 13.26-19.65 23.7-25.9. 18-24
Length of posterior part 14.69 (8.31-17.72)+2.33 9.69-15.6 - -
Width of body at level of oesophagus end 0.23 (0.14-0.30)£0.04 0.22-0.37 0.28-0.36 -
Maximum width of body 0.31 (0.21-0.47)£0.06 0.39-0.51 0.43-0.49 0.38-0.42
Length of spicule 3.89 (2.55-4.9)+0.69 3.47-3.74 3.7-39 2.7-32
Width of the spicule at the middle 0.031 (0.024-0.038)+0.0043 0.037-0.042 - 0.038-0.044
Females
Total length 47.79 (33.89-61.56)+6.04 38.36-43.05 46-55 43-50
Length of oesophagus 30.21 (20.85-38.43)+3.76 24.64-28.08 27-34 26-32
Length of posterior part 17.61 (12.03-22.69)+2.35 13.14-14.97 - 16-18
Width of body at level of oesophagus end 0.27 (0.16-0.37)£0.05 0.29-0.33 0.24-0.28 0.17-0.22
Maximum width of body 0.37 (0.29-0.40)£0.04 0.48-0.66 0.35-0.39 0.48-0.54
Distance vulva to sphincter of uterus 1.39 (1.17-1.62)£1.5 1.12-1.85 0.7-0.9*
Length of eggs 0.058 (0.043-0.066)+0.04 0.052-0.06 0.060-0.063 0.06
Width of eggs 0.027 (0.023-0.033)+0.02 0.03-0.034 0.030-0.033 -

# Straight line of the vagina
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Fig. 1 a, b Males of Trichuris myocastoris isolated from nutria

the anterior part measuring 13.01-32.25 mm in length. Small
rounded papillae are located on each side of the cloaca. The
posterior end of the body is rounded. The spicule is markedly
sclerotized, measuring 2.55-4.90 mm in length and 0.024—
0.038 mm in width in the middle section and 0.012—
0.017 mm in the distal section. Spicule sheath is tubular and
covered with spines; however, the distal part of the bulb is
covered with spines and the distal tubular part is without
spines. The shape of the spicule sheath varies according to
the evagination of the spicule, from tubular shape to the bulb
(Fig. 1a, b).

The female body is 33.89-61.56 mm in length, and the
anterior portion is 20.85-38.43 mm in length. The posterior
part of the body measures 12.03-22.69 mm in length and
0.29-0.40 mm in maximum width. The vulva is located at
the oesophagus end, and it is in the shape of a transverse slit
with slightly frilled margins. It is situated in the centre of a
circular cuticular disc, which has a distinctly smooth surface.
The vagina extends in a straight line, loops three times and
finally connects to the uterus (Fig. 2a, b). The distance from
the vulva to the uterus ranged from 1.17 to 1.62 mm. The
biometrical parameters of individuals are shown in Table 2.
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Molecular study

The final matrix of 19 sequences consisted of 166 bp contain-
ing 20 variable characters with 14 parsimony informative
sites. Altogether, the analyzed specimens of Trichuris re-
vealed 14 haplotypes. Our six specimens from M. coypus rep-
resent six unique haplotypes. Employed methods have recov-
ered trees of very similar topologies with high statistical sup-
ports and sorted sequences into well-supported clusters

(Fig. 3).

Discussion

The nutria is indigenous to the southern part of South Amer-
ica, and both wild and captive-raised animals are used for fur
and meat. Nutria breeding was mainly used to produce fur
during the 1990s. Due to recent changes in the world market
situation, meat has changed and become the main product of
nutria breeding. In the Czech Republic, nutria meat is

Fig. 2 a, b The vulval regions of Trichuris myocastoris isolated from
nutria
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Fig. 3 Reconstructed phylogeny JUX683525
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similarly becoming popular, especially due to its high protein
content and low fat and cholesterol content (Timova et al.
2013).

T. myocastoris is a common parasite of wild and domestic
nutria (Zajicek 1955; Hohner 1961; Babero and Lee 1961;
Pastuszko 1991; Rossin et al. 2009; Martino et al. 2012). This
parasite was identified by Enigk (1933) and Petrov (1941) and
redescribed in detail by Barus et al. (1975). The fine structures
of the cuticle and oesophagus of this species were described
by Wright (1968a, b, 1972).

In our study, 60 individuals (young as well-breeding ani-
mals) from three localities were described and measured.
Morphometrical data of males and females correspond to the
description of Trichuris nematodes reported by Barus (1975)
in Azerbaijan. The main diagnostic characteristics in Trichuris
spp. are body length and spicule length and width (Spakulova
1994). With respect to our specimens, the spicule length
ranged from 2.55 to 4.9 mm. The other authors reported spic-
ule lengths from 2.7 mm (Enigk 1933) to 3.9 mm (Petrov
1941). The Trichuris individuals in this study were slightly
longer than those in previous studies. This can be due to the

AJ489248

T. skrjabini

fact that the number of nutria that was dissected in this study
was large individuals culled from breeding programs.

Trichuris spp. are common parasites of rodents. Trichuris
muris and Trichuris arvicolae are the most commonly de-
scribed species in rodents. The species designation 7. muris
(Schrank, 1788) is commonly used to refer to trichurids,
which are found in Murinae; 7. arvicolae is used to refer to
the subfamily Arvicolinae (Feliu et al. 2000).

New Trichuris species (Trichuris pardinasin. sp., Trichuris
bainae n. sp., Trichuris thrichomysi n. sp.) were recently de-
scribed in rodents in South America (Robles et al. 2006; 2014;
Torres et al. 2011), and 7. muris and T. arvicolae were
redescribed in Europe (Feliu et al. 2000). The genus is also
commonly found in African rodents, with at least 12 species
described to date (Ribas et al. 2013).

In order to describe a new species of the Trichuris genus
nowadays, it is necessary to utilize morphological and molec-
ular methods. This is necessary because many species, such as
T arvicolae and T. muris and females of the species 7. ovis and
Trichuris discolor, are morphologically indistinguishable
(Feliu et al. 2000; Salaba et al. 2013). Conversely, Cutillas
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et al. (2004) and Oliveros et al. (2000) could find no differ-
ences between sequences of 7. ovis tDNA and Trichuris
globulosa tDNA (internal transcribed spacers ITS1-5.8S-
ITS2). Similarly, Trichuris capreoli is considered a synonym
of T globulosa by some authors (Cutillas et al. 2004; Oliveros
et al. 2000; Gagarin 1972).

Currently, many Trichuris species are only morphological-
ly defined. 7. myocastoris was morphologically determined
by Enigk 1933 and in detail by Barus et al. (1975). This paper
presents the first molecular description of 7. myocastoris.

The BLASTn program within the GenBank database indi-
cated that Trichuris individuals found in M. coypus did not
match any of the genetically defined Trichuris species. Se-
quences are unique within the phylogenetic tree (Fig. 2), and
they are clearly separated from other clusters. In particular,
genetic differences between 7. myocastoris and two trichurids
native to the Czech Republic (7. muris and T. arvicolae) dis-
prove the possibility that nutrias could be infected by local
species of rodent trichurids after their translocation to the
Czech Republic. Molecular analysis has proved that this is a
unique genetic dataset, and it has confirmed that
T myocastoris is a separate species within the genus Trichuris.
Trichuris nematodes were isolated from domestic M. coypus.
The nematodes were identified using morphological and bio-
metrical methods. Subsequently, genomic DNA was isolated
and the ITS1-5.8S-ITS2 segment from ribosomal DNA
(RNA) was amplified and sequenced using PCR techniques.
Molecular analysis has proved the following: (1) this is a
unique genetic dataset, which has confirmed that
T myocastoris is a separate species within the genus Trichuris,
and (2) T. myocastoris was found to be significantly more
closely related to Trichuris from rodents than to those from
ruminants.
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