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Summary 
 
Ultrastructural features of juvenile cestodes (metacestodes) 
can provide useful characters for phylogenetic and evolu-
tionary analyses. Until now, however, they have been rela-
tively little utilised (Beveridge 2001, Chervy 2002). The 
postembryonic development and structure of fully formed 
metacestodes were examined in two cyclophyllideans: 
Taenia parva Baer, 1926 (Taeniidae); and Sobolevitaenia 
verulamii (Mettrick, 1958) Korniushin, 1972 (Dilepididae). 
In T. parva, three developmental stages were recognized: 
(1) an early stage of exogenous budding at the surface of 
the central vesicle; (2) a stage of polycephalic cyst deve-
lopment accompanied by segmentation of the growing me-
tacestode strobila and an obvious decrease in the size of 
the central vesicle; (3) a fully formed metacestode of the 
strobilocercus type with 14 – 24 invaginated scoleces. The 
tegument, scolex, subtegumental musculature of the strobi-
lar segments, protonephridial system, calcareous corpusc-
les and medullary parenchyma of larvae exhibit general si-
milarity to the same structures in adults at both LM and 
TEM levels. The morphogenesis of the metacestode of T. 
 parva is compared with that of polycephalic metacestodes 
of other Taenia spp. (T. krepkogorski, T. twitchelli and 
T. endothoracica) and with other asexually multiplying 
metacestodes (Mesocestoides vogae, hymenolepidids and 
dilepidids). In S. verulamii, the body of the cysticercoid 
with invaginated scolex armed with a double crown of ros-
tellar hooks was completely surrounded by the cercomer, 
which appears to be separated from the cyst and scolex. 
The surface of the suckers is covered with a thick layer of 
glycocalyx. Five cell types were distinguished in the sec-
tions: (1) perikarya of metacestode tegument; (2) glycol-
gen-storing parenchymal cells; (3) glandular-type cells 
with large, electron-dense secretory-like granules; (4) fla-
me cells; and (5) calcareous corpuscle-forming cells. The 
surface of the cercomer is covered by elongated microvilli, 
which evidently differ from characteristic microtriches 
covering all other parts of the metacestode surface. The ul-
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trastructure of S. verulamii evidently differs from that of 
the other dilepidid cestode examined to date, Lateriporus 
geographicus, the cyst wall of which more resembles cys-
ticercoids of Hymenolepididae than those of Dilepididae. 
Concluding remarks: Ultrastructural studies on metaces-
todes have considerable promise for providing important 
new characters for phylogenetic analysis. New TEM data 
on a great variety of cestode species are urgently needed. 
Until now, this field has not been exploited in a systematic 
fashion. Until more comprehensive studies become avai-
lable, the current data are not yet amenable to analysis.  
 
Key words: cyclophyllidean cestodes; postembryonic 
development; comparative ultrastructure of metacestodes; 
cestode phylogeny and evolution 
 
Introduction 
 
New ultrastructural data on the ontogenetic, namely the 
postembryonic development of tapeworms, and on the 
morphology of their cercoid-type metacestodes can pro-
vide useful characters for analysis of cestode phylogenesis, 
systematics and evolution. They have been relatively little 
utilized until now (Beveridge, 2001; Chervy, 2002). Earlier 
reviews by Voge (1967), Freeman (1973) Šlais (1973), Ja-
recka (1975), and Ubelaker (1985) provide an excellent 
background for comparisons of the postembryonic deve-
lopmental stages of tapeworms, which represent important 
comparative data on their ontogenesis and new characters 
for phylogenetic analysis. According to Beveridge (2001), 
available studies on the histology and ultrastructure of me-
tacestodes have been, however, largely restricted to the 
classical ‘cysticerci’ and ‘cysticercoids’, limiting the possi-
bilities of making comparison across all taxa within the 
Cyclophyllidea, and especially the wider array of cestode 
orders. In other words, a far greater diversity of ultra-
structural data on a variety of cercoids is needed before we 
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can apply them successfully as useful characters for ana-
lysis of cestode phylogeny. The purpose of this study is to 
briefly describe, recapitulate and compare the functional 
ultrastructure of the metacestodes of two cyclophyllidean 
cestodes Taenia parva Baer, 1926 (Taeniidae); and Sobole-
vitaenia verulamii (Mettrick, 1958) Korniushin, 1972 (Di-
lepididae). The present comparative study is based on our 
two previous papers describing the postembryonic deve-
lopment and functional ultrastructure of two above-mentio-
ned species. For detailed descripton of results obtained re-
cently on the cercoids of T. parva, see Świderski et al. 
(2007), whereas for the light microscopical data and preli-
minary TEM results on S. verulamii metacestodes see res-
pectively Vakarenko and Korniushin (2002) and Świderski 
et al. (2002a). 
 
Materials and Methods 
 
Postembryonic development and the ultrastructure of fully 
formed metacestodes have been examined in two cyclo-
phyllideans: Taenia parva Baer, 1926 (Taeniidae); and So-
bolevitaenia verulamii (Mettrick, 1958) Korniushin, 1972 
(Dilepididae). 
Metacestodes of T. parva, kindly provided by Dr Jordi 
Miquel, Barcelona University, were obtained from the ab-
dominal cavity of naturally infected wood mice, Apodemus 
sylvaticus L., 1758 (Rodentia, Muridae), captured in Quia-
ios, Portugal. For a detailed description of methods, see 
Świderski et al. (2007). 
Metacestodes of S. verulamii were kindly provided by 
Prof. Vadim V. Korniushin and Dr E. Vakarenko, Institute 
of Zoology, NANU, Kiev, Ukraine. The cysticercoids of 
this species in various stages of development, identified on 
the basis of their scolex armament, were obtained from the 
millipede Glomerulis connexa Koch, 1847, the inter-
mediate host of this species (Vakarenko & Korniushin, 
2001). The millipedes were collected in a leafy forest near 
Kiev, Ukraine. For more details, see Świderski et al. 
(2002). 
All samples from both species were fixed in 4 % glutaral-
dehyde in sodium cacodylate buffer (pH 7.4), rinsed in the 
same buffer, postfixed for 2 h in 1 % osmium tetroxide, 
and routinely processed for TEM examination. Ultrathin 
sections were obtained using a Reichert-Jung Ultracut E 
ultramicrotome, placed on copper grids and double-stained 
with uranyl acetate and lead citrate. Ultrathin sections were 
examined using a Jeol 1010 TEM. 
 
Results 
 
Structure of the polycephalic cyst of T. parva  
In T. parva (Fig. 1A – C), three developmental stages were 
recognized: (1) an early stage of exogenous budding at the 
surface of the central vesicle; (2) a stage of polycephalic 
cyst development accompanied by segmentation of the 
growing metacestode strobila and an obvious decrease in 
the size of the central vesicle; (3) fully formed metacestode 
strobila with 14 – 24 invaginated scoleces attached to the 

remnants of the central vesicle.  
The fully formed polycephalic metacestodes of T.  parva, 
when examined closely, can be classified as the strobeloce-
rcus type of taeniid metacestode. The number of segments 
varies between 109 and 120 per strobila. The tegument, 
scolex, subtegumental musculature of the strobilar seg-
ments, protonephridial system, calcareous corpuscles and 
medullary parenchyma of metacestodes, when examined at 
at both LM and TEM levels, show general similarity to the 
coressponding structures in adult tapeworms. For detailed 
description of these structures, and different types of larval 
tissues see Świderski, et al. (2007). 
 
Structure of the cysticercoids of S. verulamii  
The metacestode of S. verulamii represents precisely the 
“monocysticercoid-type” sensu Chervy (2002). Its cerco-
mer or tail appendage forming an additional cyst-shaped 
envelope around the real cyst (Fig. 2). In the cysticercoid 
of S. verulamii, the evaginated scolex with four suckers 
and invaginated rostellum armed with a double crown of 
rostellar hooks was completely surrounded by the cyst wall 
and the cercomer. The cercomer or tail appendages, tran-
sformed in this species into a spherical additional cyst 
wall, is evidently separated by a primitive lacuna from the 
real cyst surrounding scolex. The surface of the suckers is 
covered with a thick layer of glycocalyx. Five cell types 
were distinguished in the sections: (1) tegumental peri-
karya; (2) glycogen-storing and lipid-storing parenchymal 
cells; (3) the glandular-like cells with large, electron-dense 
granules; playing possibly a role of regulatory peptides in 
neuromuscular interactions, (4) flame cells; and (5) calca-
reous corpuscle-forming cells. The surface of the cercomer 
is elaborated into elongated microvilli, which evidently 
differ from characteristic microtriches covering all other 
parts of the metacestode surface. The body of the cysticer-
coid with evaginated scolex and invaginated rostellum with 
a double crown of rostellar hooks was completely surroun-
ded by the modified spherical cercomer, which appears 
evidently separated by the primary lacuna from the cyst-
wall protecting the scolex.  
 
Comparison of metacestode types 
The metacestode of T. parva is an example of a polycep-
halic cyst classified as “strobilocercus” which is character-
ristic for some taeniids. In the developed encysted meta-
cestode of this species (Fig. 1C), 14 – 24 strobila, arising 
from the central vesicle, were recorded. Each invaginated 
scolex of T. parva had four suckers and a rostellum with 
two alternating crowns of large and small rostellar hooks. 
In fully formed strobila, the number of segments ranged 
from 109 to 120. Each developed metacestode strobila, ex-
cept for the invaginated scolex, resembled a miniature 
adult cestode. Within the metacestode segments, however, 
no primordia of genital organs were observed.  Thus, these 
segments are not true proglottids. 
The fully formed metacestode of S. verulamii (Fig. 2) is a 
characteristic cysticercoid and more precisely the “mono-
cysticercoid-type” sensu Chervy (2002). The metacestode 
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of this species is an encysted cysticercoid surrounded by an 
additional spherical envelope originating from the modi-
fied cercomer or tail appendage. This cercomer is easily re-
cognizable in the light microscope, after liberating the in-
side part of the true cysticercoid from the surrounding ou-
ter capsule formed by the cercomer tissue. It is also easily 
recognizable at the TEM level by its fine structure, namely 
microvillar tegument. The characteristic microvilli were 
observed only on the cercomer, whereas the tegument of 
other parts of the metacestode body has microtriches on the 
surface. Accordnig to Krasnoshchekov et al.(1985), the 
ultrastructure of S. verulamii evidently differs from that of 
the other dilepidid examined to date, Lateriporus geo-
graphicus, the wall of which more resembles cysticercoids 
of Hymenolepididae than those of Dilepididae (Świderski, 
et al., 2007). 
The common ultrastructural features in the metacestodes of 
both cestode species in general resemble those of different 
types of organs and tissues in the corresponding structures 
of adult tapeworms. Also in both species, the characteristic 
microvilli were observed only on the cercomer, whereas 
the tegument of other parts of the larval body has micro-
triches at its surface. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 A, B, C. Three consecutive stages of development of a polycephalic cyst of T. parva: A – Early stage of exogenous budding at the surface of 
the central vesicle; B – Stage of polycephalic cyst maturation, accompanied by (1) invagination of scoleces, 2) segmentation of growing 

strobilocerci, and (3) decrease in size of the central vesicle; C – Fully formed, mature strobilocerci with invaginated scoleces. Note presence of 
much elongated strobila with obvious segmentation; and residual central vesicle, serving as an attachment point for the posterior ends of all 
strobilocerci which always remain united together. Abbreviations: BD – budds or primordia of scolices; CV – central vesicle; SC – scoleces 

(from Świderski et al., 2007, reproduced with permission of Acta Parasitologica) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Schematic representation of the cysticercoid of S. verulamii. 
Abbreviations: C – cercomer; CV – cyst cavity; EP – evagination 
pore; PL – primary lacuna; SC – scolex with invaginated rostellum 

and four suckers 
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Discussion 
 
Developmental pattern 
The oncosphere larva carries in its body the germinative 
cells, which represent the primordia of the second postem-
bryonic stage, the metacestode (Świderski, 1972, 1981, 
1983; Świderski et al. 2000, 2002b; Swiderski & Tkach, 
1997, 1999; Świderski & Mackiewicz, 2004; Młocicki et 
al., 2006). Most of the larval structures of the oncospheres 
are lost during development, and structures such as the 
somatic musculature, the hook musculature, the penetra-
tion glands and the oncospheral nerve cells do not persist 
in the metacestode. Our studies on the development of the 
T. parva and S. virulamii confirmed that all the metaces-
tode structures are formed de novo and none of them, ex-
cept the rudimentary oncospheral hooks on the cercomer, 
persist beyond the oncosphere stage. Therefore, the forma-
tion of the metacestode is a true metamorphosis (for detail-
ed discussion see Stunkard, 1962; Conn, 2000, 2004, 
2005). 
 
Comparative ultrastructure of metacestode tissues  
As mentioned in the results, certain metacestode structures 
and tissues, such as the tegument, scolex, subtegumental 
musculature of the strobilar segments, protonephridial sys-
tem, calcareous corpuscles and medullary parenchyma, ex-
hibit general similarity with the same structures in adults at 
both LM and TEM levels (Świderski, 1997; Świderski et 
al., 1970, 1973, 2002c; Młocicki et al., 2004, Świderski et 
al., 2007). 
 
Parenchyma 
Not only the nature of cestode parenchyma, but even its 
real existence as a discrete tissue remains so far unresol-
ved. For instance, an important question for a long time 
has been whether the “parenchymal space” represents an 
inter- or intracellular compartment. It has been shown that 
much of the parenchymal tissue volume is made up of both 
voluminous lipid- and/or glycogen-rich cytoplasm and ex-
tracellular matrices (ECM) in cyclophyllideans (Conn & 
Etges, 1984) and proteocephalideans (Conn & Rocco, 
1989), and that the dynamic interaction between paren-
chymal cells and ECM is involved in histogenesis in some 
cestodes (Conn, 1988b). Furthermore, the parenchyma of 
cestodes is similar in most respects to that of other classes 
within the phylum Platyhelminthes, which consists of both 
cellular and extracellular components (Conn, 1993). 
 
 
Asexual multiplication: comparison of different-types of 
asexual larval reproduction 
Asexual multiplication among metacestodes is not as com-
mon as it in the consecutive larval stages of trematodes. In 
cestodes it is restricted to cyclophyllideans (some members 
of the families Taeniidae, Hymenolepididae and Dilepi-
didae), a few unidentified pseudophyllideans and to the 
some Mesocestodidae (for details, see Świderski et al. 
2007). Of all the cestodes, metacestode asexual reproduce-
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tion is most common in the family Taeniidae, many spe- 
cies of which have the capacity for exogenous and/or endo-
genous budding. The greatly increased rate of asexual re-
production of Echinococcus hydatid cysts is potential un-
surpassed by any other cestode. In the genus Taenia, ase-
xually multiplying metacestodes of the cysticercus type 
occur in eight species (for details, see Świderski et al., 
2007). The morphogenesis of the metacestode of T. parva 
was recently compared with those of polycephalic meta-
cestodes of other Taenia spp. (T. krepkogorski, T. twit-
chelli and T. endothoracica) and with other asexually mul-
tiplying metacestodes (mesocestoidids, hymenolepidids 
and dilepidids) (see Świderski et al., 2007). The unique 
feature of the asexual multiplication in some species of 
Mesocestodidae, which distinguish them from all other 
cestodes, is their capacity for asexual reproduction not only 
in the intermediate host but also in the gut of the definitive 
host (Smyth & McManus, 1989). Galán-Puchades et al. 
(2002) described a new type of endogenous asexual prolix-
feration in metacestodes of Mesocestoides sp., adding to 
two other previously described types, longitudinal fission 
and exogenous budding. However, the fact that most Me-
socestoides spp. do not reproduce asexually remains an 
enigmatic feature of this genus (Conn 1986, 1988a, 1990, 
Conn et al., 2002).  
 
 
Comparative ultrastructure of dilepidid metacestodes 
The metacestode of S. verulamii represents cysticercoid 
classified more precisely as the so-called “monocysticer-
coid” type, sensu Chervy (2000). This type of metacestode 
was distinguished for the first time by Villot (1883) in 
Anomotaenia arionis (Siek, 1850) Fuhrman, 1908.  Later, 
monocysticercoids were frequently described in Dilepidi-
dae “sensu stricto” among others by Gabrion (1974), Gab-
rion and Helluy (1982); Georgiev et al. (2005), Jarecka et 
al. (1984). Comparison of metacestode forms in dilepidids, 
allows us to distinguish four sub-types of cysticercoids: (1) 
monocercus, after Villot (1883) and Gabrion (1974); (2) 
cercoscolex, after Jarecka (1975); (3) plerocercoid, after 
Freeman (1973); and (4) strobilo-cysticercoid, after Free-
man (1973). Only very few of the other above-mentioned 
sub-types of dilepidid cysticercoids were examined ultra-
structurally. For example, the cysticercoid of the dilepidid, 
Lateriporus geographicus, as described by Krasnosh-
chekov et al. (1985) by means of TEM, evidently differs 
from the characteristic monocercoid of Dilepididae. 
Among other features, it differs in: (1) the absence of an 
exocyst of cercomer origin; (2) in structure of the super-
ficial tegument syncytium and outer fibrous layer; (3) in 
presence of a layer of cytoplasmic processes bordering the 
cyst cavity. Krasnoshchekov et al. (1985) therefore conclu-
ded, that the ultrastructure of the cyst wall of L. geogra-
phicus metacestodes is more closely related to that of cys-
ticercoids of Hymenolepididae than to monocysticercoids 
of Dilepididae.  
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Concluding remarks 
Both asexual multiplication and formation of polycephalic 
metacestodes, as observed in T. parva and other taeniids as 
well as in three other cestode families are considered here 
as the results of multiple and independent origins and 
should be regarded as a good example of convergent evo-
lution. Asexual proliferation, highly developed in the meta-
cestodes of some species, plays an important role in effect-
tive group infestation of the final hosts and undoubtedly 
increases the chances of completing the parasite life cycle.  
Until now, the ultrastructure of metacestode postembryonic 
developmental stages have been described only in a very 
few representatives of Dipepididae (Crowe et al., 1974; 
Gabrion, 1981; Jarecka et al., 1984; Krasnoshchekov et al., 
1985). For a great majority of dilepidids the ultrastructural 
aspect of postembryonic development and metacestode 
structure have never been studied and still remain unk-
nown.  
Beveridge (2001) reviewed the application of life-cycle 
characters in cestode phylogeny, and stated emphasized 
that new LM and TEM data on a large numbe of varied 
species are needed to elucidate novel characters to better 
understand cestode evolution. In his opinion, histology and 
ultrastructure of metacestodes “offers considerable oppor-
tunities and appears to be a field which has, until now, not 
been exploited in a systematic fashion, but which offers 
considerable scope for future analysis”. These studies, un-
fortunately, have not been pursued so much recently, al-
though they can clearly provide direct evidence which 
might help to resolve many disputed questions concerning 
interrelationships between different cestode taxa and major 
evolutionary lineages. Ultrastructural and histological stu-
dies on metacestodes appear to have considerable promise 
of new characters for phylogenetic analysis, but as conclu-
ded by Beveridge (2001), until more comprehensive stu-
dies become available, the current data are not yet ame-
nable to analysis. 
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