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Abstract The present study attempts to establish the sperm
ultrastructure baseline for Taenia hydatigena, which is essen-
tial for the future research on the location of specific proteins
involved in spermatogenesis in this species. Thus, the ultra-
structural organisation of the mature spermatozoon is de-
scribed by means of transmission electron microscopy. Live
tapeworms were obtained from an experimentally infected
dog in the Department of Pathology and Public Health of the
Agronomic and Veterinary Institute Hassan II of Rabat
(Morocco). The spermatozoon of T. hydatigena is a filiform
cell, which is tapered at both extremities and lacks mitochon-
dria. It exhibits all the characteristics of type VII spermatozo-
on of tapeworms, namely a single axoneme, a crested body,
spiralled cortical microtubules and nucleus, a periaxonemal
sheath and intracytoplasmic walls. Other interesting charac-
teristics are the presence of a 2000 nm long apical cone in its
anterior extremity and only the axoneme in its posterior ex-
tremity. The ultrastructural characters of the spermatozoon of
T. hydatigena are compared with those of other cestodes

studied to date, with particular emphasis on representatives
of the genus Taenia.
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Introduction

Among cestodes, the genus Taenia includes numerous species
with a great medical or veterinary importance. Taenia
hydatigena is a cosmopolitan tapeworm that presents an indi-
rect life cycle including a definitive host, which is parasitized
by the adult worm and an intermediate host that is infected by
the larval stage of the cysticercus type. Thus, the adult stage of
T. hydatigena mainly infects the intestine of dogs and other
canids such as wolves or foxes, but it has also been reported in
felids and the brown bear. Its larval stage, namely Cysticercus
tenuicollis, is common and widespread in domesticated rumi-
nants and causes cysticercosis of the liver and serous mem-
branes in cattle and swines (Verster 1969; Urquhart et al.
1987; Loos-Frank 2000).

The usefulness of sperm ultrastructure as an important
source of characters for phylogenetic inference has been clear-
ly demonstrated within Platyhelminthes in general and but
particularly in cestodes (Justine 1991a, b, 1998, 2001; Bâ
and Marchand 1995; Miquel et al. 1999, 2007; Levron et al.
2010). Presently, it is generally accepted that the integration of
data obtained in both morphology and molecular biology
studies is essential to provide a valid basis for a better knowl-
edge of systematics and evolutionary relationships of
Platyhelminthes (Hoberg et al. 1997; Littlewood et al. 1998;
Olson et al. 2001; Waeschenbach et al. 2007, 2012).
Concerning tapeworms, most works refer to the representa-
tives of the order Cyclophyllidea with more than 50 studied
species (for a review, see Marigo 2011). Concerning the
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family Taeniidae, there are ultrastructural and spermatological
studies for two species of the genus Echinococcus (Morseth
1969; Barrett and Smyth 1983; Shi et al. 1994) and eight of the
genus Taenia, namely T. crassiceps (Willms et al. 2004;
Willms and Robert 2007), T. hydatigena (Featherston 1971),
T. mustelae (Miquel et al. 2000), T. parva (Ndiaye et al. 2003),
T. pisiformis (Tian et al. 1998a, b), T. saginata (Tian et al.
1998a, b; Bâ et al. 2011), T. solium (Tian et al. 1998a, b;
Willms et al. 2003) and T. taeniaeformis (Miquel et al. 2009a,
b). However, for some of these taeniids, the available studies
are briefly illustrated with TEM micrographs and the authors
do not explain the complete ultrastructural organisation of
their sperm cells. This is the case of T. crassiceps,
T. hydatigena, T. pisiformis and T. solium and also the species
of the genus Echinococcus. In this sense, a comprehensive
analysis of such ultrastructural data is essential for a compar-
ison of different species and to extract useful conclusions.

The present study, in the framework of the PARAVAC
project, constitutes a preliminary approach for a future immu-
nohistochemical analysis for the location of some antigenic
proteins during sperm development. In this sense, the major
objective of the present work concerns the study of the ultra-
structure of the mature spermatozoon of T. hydatigena in order
to draw a complete description of the male gamete for com-
parison with other cyclophyllideans, in particular with
taeniids. Moreover, establishing the baseline of
T. hydatigena sperm ultrastructure is essential for the posterior
investigation of the expression sites of these proteins during
spermatogenesis.

Materials and methods

Live specimens of T. hydatigena were isolated from the intes-
tine of an experimentally infected dog in the Department of
Pathology and Public Health of the Agronomic and Veterinary
Institute Hassan II of Rabat (Morocco) after oral administra-
tion of arecoline bromhydrate.

Adult tapeworms recovered from faeces were immediately
rinsed with a 0.9 % NaCl solution. Later, they were fixed in
cold (4 °C) 2.5 % glutaraldehyde in a 0.1 M sodium
cacodylate buffer at pH 7.4 for a minimum of 2 h, rinsed in
0.1 M sodium cacodylate buffer at pH 7.4, post-fixed in cold
(4 °C) 1 % osmium tetroxide with 0.9 % potassium ferricya-
nide [K3Fe (CN) 6] in the same buffer for 1 h, rinsed in milliQ
water, dehydrated in an ethanol series and propylene oxide,
embedded in Spurr’s resin and polymerised at 60 °C for 72 h.

Ultrathin sections (60–90 nm thick) of mature segments at
the level of the vas efferens were obtained in a Reichert-Jung
Ultracut E ultramicrotome. Sections were placed on 200-μm
mesh copper grids and double-stained with uranyl acetate and
lead citrate according to the Reynolds (1963) methodology.

The grids were examined in a JEOL 1010 transmission
electron microscope operated at 80 kV, in the “Centres
Científics i Tecnològics” of the University of Barcelona
(CCiTUB).

Results

The observation of numerous ultrathin sections from areas of
mature proglottids containing seminal ducts bymeans of TEM
has enabled us to establish the main ultrastructural character-
istics and the pattern of ultrastructural organisation of the
mature spermatozoon of T. hydatigena (Figs. 1, 2 and 3). It
is a filiform cell, tapered at both ends and lacking mitochon-
dria. Four consecutive regions (I–IV) with differential ultra-
structural features can be distinguished.

Region I (Figs. 1a–g and 3(I)) constitutes the anterior extrem-
ity of the mature spermatozoon. Its maximal width is about
310 nm at the level of the anterior portion of this region where
the axoneme begins. The twomain characteristics of region I are
the apical cone and the crested body. From the anterior tip of the
spermatozoon to the centriole, there is an apical cone (Fig. 1a–c)
over 2000 nm long and 225 nm wide, constituted by electron-
dense material. The crested body is a single helical cord that
externally surrounds the male gamete throughout region I. The
crested body has a maximum thickness of about 80 nm at the
level of the apical cone and the centriole (Fig. 1c–e). Later, when
the axoneme is already formed, the thickness of the crested body
decreases progressively toward the end of region I (Fig. 1f, g).
The axoneme, centrally located, is characterised by its 9+‘1’
Ehlers’ trepaxonematan pattern. Thus, it presents nine peripheral
doublets with their arms and a central element. This central
structure is not a microtubule and constitutes the principal char-
acteristic of the trepaxonematan pattern axonemes. The axo-
neme is surrounded by a thin layer of electron lucent cytoplasm
and by an electron-dense submembranous layer of cortical mi-
crotubules spirally arranged at an angle of about 50° in relation
to the hypothetical longitudinal axis of the sperm cell.

Region II (Figs. 1h–k, 2a and 3 (II)) is devoid of crested
body being characterised by the appearance of both
periaxonemal sheath (Figs. 1h–k, 2a) and intracytoplasmic
walls (Figs. 1j, 2a). The periaxonemal sheath is a striated layer
that surrounds the axoneme and the intracytoplasmic walls
consist in transverse structures that connect the periaxonemal
sheath with the peripheral layer of spiralled cortical microtu-
bules (Figs. 1j, 2a). Another interesting aspect concerning
region II is the progressive increase of the width of the sperm
cell, until a maximal width of about 415 nm in posterior areas of
this region, where intracytoplasmic walls are well developed.

Region III (Figs. 2a–f and 3 (III)) corresponds to the nuclear
area of the mature spermatozoon. Its maximal width is about
475 nm, at the level of anterior portions of this region. The
nucleus forms a loose spiral around the axoneme, presenting a

202 Parasitol Res (2015) 114:201–208



horseshoe shape (Fig. 2d) or sometimes an annular shape
(Fig. 2e, f) in cross-sections. The nucleus is localised between
the rods of the periaxonemal sheath and the axoneme
(Fig. 2a, b). Along this region, there is a progressive reduction
and disappearance of the periaxonemal sheath, intracytoplasmic
walls and cortical microtubules (Fig. 2d–f).

Region IV (Figs. 2c, g–i and 3 (IV)) constitutes the
posterior spermatozoon extremity. It is a short region

about 2500 nm long and characterised by the sole
presence of the axoneme surrounded by the plasma
membrane (Fig. 2c, g). Its maximal width is around
200 nm. Near the posterior spermatozoon extremity,
the axoneme becomes disorganised (Fig. 2h) and the
posterior tip of the male gamete consists of electron-
dense material surrounded by the plasma membrane
(Fig. 2c, i).

PS

CB

AC

CM

CM

PS

CM

a b c

d

AC

CB

CB

AC

CB
CB

CB

C

C

C CB

CB

e

f g h

i j k PS

PSPS

CM

IW

IW

Ax

ASE

Ax

CB

Fig. 1 Anterior regions (I and II)
of the spermatozoon of Taenia
hydatigena. a Longitudinal
section of region I. b Complete
longitudinal section of the apical
cone showing the anterior
spermatozoon extremity. c, d
Cross-sections of the apical cone
at two different levels. e Cross-
section at the level of the
centriole. f Cross-section of
region I showing the axoneme. g
Transitional cross-section
between regions I and II.
Arrowhead indicates the extreme
reduction of the crested body. h
Cross-section at the level of the
anterior area of region II. Note the
appearance of the periaxonemal
sheath. i, j Longitudinal sections
of anterior and posterior areas of
region II. k Cross-section at the
level of the posterior area of
region II. AC apical cone, ASE
anterior spermatozoon extremity,
Ax axoneme, C centriole, CB
crested body, CM cortical
microtubules, IW
intracytoplasmic walls, PS
periaxonemal sheath. Bars (a, i, j)
500 nm and (b–h, k) 300 nm
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Discussion

The mature spermatozoon of T. hydatigena exhibits the
general pattern of type VII spermatozoon of Levron
et al. (2010). According to these authors, the sperm
cells of cestodes are classified in seven types taking
into account several characteristics such as the number

of axonemes, the spiralled or parallel arrangement of the
nucleus and cortical microtubules and the presence or
absence of crested bodies, periaxonemal sheath and
intracytoplasmic walls.

The spermatozoon of Taenia species shows a single
axoneme, a crested body, spiralled cortical microtubules
and nucleus, a periaxonemal sheath and transverse
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Fig. 2 Posterior regions (III and
IV) of the spermatozoon of
Taenia hydatigena. a
Longitudinal section showing the
transition between regions II and
III. b Detail of this transitional
area showing the appearance of
the nucleus between the
periaxonemal sheath and the
axoneme (arrowheads). c
Longitudinal section showing the
transition between regions III and
IV. d–f Cross-sections at the level
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section of region IV showing the
axoneme surrounded by the
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section at the level of the
disorganisation of the axoneme. i
Detail of the posterior
spermatozoon extremity. Ax
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intracytoplasmic walls. These and other additional struc-
tures are analysed in the present study.

Anterior spermatozoon extremity and related structures: apical
cone and crested body

As occurs in all Taenia species, the mature spermatozoon of
T. hydatigena is capped in its anterior extremity by an
electron-dense structure that constitutes the so-called apical
cone. The length of the apical cone has been evaluated for
only three of the studied Taenia species, and it is around
2000 nm in T. hydatigena and T. mustelae (Miquel et al.
2000; present study) and around 1200 nm in T. saginata (Bâ
et al. 2011). In T. parva and T. taeniaeformis, the length of the
apical cone was estimated to be longer than 1900 and
1350 nm, respectively (Ndiaye et al. 2003; Miquel et al.
2009a).

At the level of the apical cone, an electron-dense crested
body initiates its helical course around the spermatozoon, as
described in other Taenia species. In fact, the presence of a
crested body (or bodies) always characterises the anterior
extremity of the spermatozoon (Bâ and Marchand 1995),
and it constitutes a synapomorphy for the Eucestoda or for a
par t of them (see Jus t ine 1998, 2001) . Among
cyclophyllideans, the number of crested bodies varies from 1
to 12 (see Marigo 2011). However, the presence of one or two
crested bodies is the most frequent situation among cestodes.
Only hymenolepidids and certain anoplocephalids exhibit
more than two crested bodies in their sperm cells.With respect
to the genus Taenia, all the studied species show a single
crested body (see Table 1) with a quite homogeneous thick-
ness (between 50 and 80 nm) except for T. taeniaeformis that
presents a 140 nm thick crested body (Miquel et al. 2009b).

These anterior structures may play a role during the
fertilisation process between sperm cells and oocytes. The
existing studies on fertilisation in several Platyhelminthes
(monogeneans, digeneans and cestodes) show a similar pat-
tern consisting in the spiral coiling of spermatozoa around the
oocyte, followed by fusion of the respective plasma mem-
branes (Justine and Mattei 1984, 1986; Świderski et al. 2004).
Moreover, in some studies, it has been demonstrated that the
posterior region of the sperm cell, containing the nucleus, is
the last part to enter the oocyte (Justine and Mattei 1984).
Thus, considering the anterior location of the apical cone and
the crested body, these structures probably play an important
role during the fusion of spermatozoon and oocytemembranes
as occurs with other anteriorly located structures in digeneans,
e.g. external ornamentations of the plasma membrane and
lateral expansions (see Justine and Mattei 1982).

Twisted pattern of cortical microtubules

The presence of twisted cortical microtubules has been con-
sidered a synapomorphic character for the Tetrabothriidea and
Cyclophyllidea (Justine 1998, 2001). Except for the
Mesocestoididae (Mesocestoides litteratus and M. lineatus—
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Miquel et al. 1999, 2007), which exhibit a parallel arrange-
ment of cortical microtubules, all cyclophyllideans studied so
far present a submembranous layer of spirally coiled cortical
microtubules. Considering both morphology and life cycle,
but also according to molecular studies, the systematic posi-
tion of mesocestoidids has been a subject of controversy
among parasitologists (see Rausch 1994; Mariaux 1998). In
this sense, because of the plesiomorphic condition of cortical
microtubules in Mesocestoides, and based on sperm ultra-
structure alone, Justine (2001) places the family
Mesocestoididae out of the cyclophyllideans and basal to the
Tetraborhriidea. The mature spermatozoon of T. hydatigena,
as occurs in the remaining Taenia species, presents twisted
cortical microtubules at an angle of around 50° (see Table 1).
For the genus Echinococcus, in E. granulosus, a 35° angle of
twisting was obtained from the observation and analysis of
TEM micrographs published by Morseth (1969). In most
cyclophyllideans, this angle of twisting is between 30 and
60°, and only in hymenolepidids and in the anoplocephalid
Aporina delafondi this angle is comprised between 15 and 30°
(for a review, see Marigo 2011). In this sense, it seems clear
the existence of an inverse relation between the number of
crested bodies and the angle of twisting of both cortical
microtubules and crested bodies because A. delafondi and
hymenolepidids exhibit the higher number of crested bodies
(5 to 12).

Nucleus

In Taenia species, the nucleus is spiralled around the axoneme
as in most cyclophyllideans. In fact, in species presenting a
single axoneme in their spermatozoa, the nucleus is usually

spiralled, whereas in other orders with biflagellate sperm, the
nucleus shows a parallel arrangement throughout the sperma-
tozoon. The unique exception refers to members of the
Caryophyllidea, a basal order of tapeworms with spermatozoa
containing a single axoneme and a parallel nucleus (Yoneva
et al. 2011, 2012a, b). Thus, among the Eucestoda, the
caryophyllideans are the sole group that presents the type III
spermatozoon (Levron et al. 2010).

In the present paper, we demonstrate for the first time the
location of the nucleus between the axoneme and the
periaxonemal sheath. This location was clearly visible when
longitudinal sections of the transitional areas between pre-
nuclear and nuclear regions were observed.

Concerning the shape of the nucleus, in most species with a
spiralled nucleus, cross-sections show a horseshoe shaped
nucleus. In the case of Taenia species, the nucleus sometimes
encircles totally the axoneme, particularly when the remaining
structures (periaxonemal sheath, intracytoplasmic walls and
cortical microtubules) are replaced by the nucleus. This occurs
in the posterior areas of the nuclear region.

Periaxonemal sheath

The presence of a periaxonemal sheath in the spermatozoon
has been considered a synapomorphy for the Tetrabothriidea
and Cyclophyllidea, with a probable reversal in some
cyclophyllideans (see Justine 1998, 2001). To date, this struc-
ture has been shown in the tetrabothriidean Tetrabothrius
erostris (Stoitsova et al. 1995) and in several cyclophyllideans
belonging to different families namely Anoplocephalidae,
Catenotaeniidae, Davaineidae, Dilepididae, Dipylidiidae,
Gryporhynchidae, Metadilepididae and Taeniidae (see

Table 1 Spermatological characters in the genus Taenia

Species Typea AC CB CM N PS G IW PSE Reference

Length Width Number Thickness

Taenia crassiceps VII ? ? 1 ? 45°b HS-A + − + Ax Willms et al. (2004)

Taenia hydatigena VII 2000 225 1 80 50° HS-A + − + Ax Present study

Taenia mustelae VII 1900 250 1 75 45° HS-A + − + Ax Miquel et al. (2000)

Taenia parva VII >1900 225 1 60 45° HS-A + − + Ax Ndiaye et al. (2003)

Taenia saginata VII 1200 230 1 50 40° HS-A + − + N+Ax Bâ et al. (2011)

Taenia soliumc ? ? ? ? ? Spiralled HS + ? ? ? Willms et al. (2003)

Taenia taeniaeformis VII >1350 250 1 140 40° HS-A + − + Ax Miquel et al. (2009a, b)

AC apical cone, Ax axoneme, CB crested body, CM angle of cortical microtubules, G granules, HS horseshoe, HS-A horseshoe to annular, IW
intracytoplasmic walls, N shape of nucleus, PS periaxonemal sheath, PSE posterior spermatozoon extremity, +/− presence/absence of considered
character, ? unknown data

All dimensions are given in nanometer
a Type of spermatozoon according to Levron et al. (2010)
b Estimated value from TEM micrographs
c Data obtained from spermatids
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Levron et al. 2010). Concerning taeniids, a periaxonemal
sheath surrounding the axoneme was reported in the sperma-
tozoon of T. crassiceps, T. hydatigena, T. mustelae, T. parva,
T. saginata, T. solium and T. taeniaeformis (see Table 1). This
structure was also observed in Echinococcus multilocularis
(Shi et al. 1994).

Intracytoplasmic walls

The presence of intracytoplasmic walls connecting the
periaxonemal sheath and the peripheral microtubules has been
described in numerous species. In fact, according to Justine
(1998), periaxonemal sheath and transverse intracytoplasmic
walls are related characters and the presence of both characters
is frequent. This is the case of Taenia species, other
cyclophyllideans such as Davaineidae, Metadilepididae,
Paruterinidae and certain Anoplocephalidae, and also
tetrabothriideans. In this sense, the simultaneous presence of
these two structures characterises the type VII spermatozoon
of tapeworms according to Levron et al. (2010). However,
there are some exceptions such as catenotaeniids, dilepidids,
dipylidiids, gryporhynchids and some anoplocephalids (see
Levron et al. 2010), which lack transverse intracytoplasmic
walls and thus, they present type VI spermatozoa.

Posterior spermatozoon extremity

The general pattern of the posterior spermatozoon extremity
for the species of the genus Taenia is the sole presence of the
axoneme. Thus, most of the studied species exhibit a relatively
long posterior region characterised by the absence of cortical
microtubules and nucleus and presence of the axoneme
surrounded by the plasma membrane. The unique exception
is T. saginata (see Bâ et al. 2011), which exhibits an extremely
short posterior region where the nucleus practically reaches
the posterior spermatozoon tip (see Table 1).

Concluding remarks

A comparison of all the available results from ultrastructural
studies on taeniids allows us to establish the main character-
istics of the mature spermatozoon for the species of the genus
Taenia. These characters are the presence of (1) a long
electron-dense apical cone, (2) a single helical crested body,
(3) a periaxonemal sheath, (4) transverse intracytoplasmic
walls, (5) a spiralled nucleus sometimes surrounding totally
the axoneme, (6) a submembranous layer of twisted cortical
microtubules and (7) a posterior extremity without cortical
microtubules.

To date, ultrastructural characters described in the genus
Echinococcus concern E. granulosus and E. multilocularis
(Morseth 1969, Shi et al. 1994). However, these results are
insufficient to make a comparative analysis with those of

Taenia. In E. granulosus, most published TEM micrographs
correspond to late spermatids, and the spermiogenesis process
seems to include the growth of a cytoplasmic extension and an
external developing flagellum. This is consistent with the Bâ
and Marchand’s type 3 spermiogenesis pattern, which has
already been observed in some Taenia species. With respect
to the mature spermatozoon, it contains a single axoneme,
spiralled cortical microtubules and nucleus. No data
concerning other important characteristics such as crested
bodies, periaxonemal sheath or intracytoplasmic walls are
available. In the case of E. multilocularis, a periaxonemal
sheath is present in the spermatozoon but other characteristics
are unknown. On the other hand, the scarcity of data on the
genus Echinococcus emphasises the necessity to perform
complete analyses of species included in this genus in order
to establish a general pattern for the genus and also for
comparison with Taenia species.
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