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Abstract

Development and morphology of the scolex and mode of attachment of Wenyonia virilis Woodland, 1923, a caryophyllaeid ces-
tode from the silurid Nile fish Synodontis schall (Bloch et Schneider, 1801), were studied by means of light and scanning elec-
tron microscopy (SEM). Scolex and genital primordia changes through four stages of juvenile development are described.
Longitudinal ridges do not appear on the scolex until the cestode has well defined genital primordia. This is in stark contrast
to other caryophyllidean genera in which the basic morphology of the adult scolex becomes evident at the procercoid stage in
the oligochaete intermediate host. The scolex of the adult has 13 to 19 prominent longitudinal ridges and deep furrows that come
together at the apex to form an apical ring, a protrusible terminal introvert within the apical ring that forms a deep apical pouch
when fully retracted, and a central group of Faserzellen. The scolex of W. virilis appears similar to the rugomonobothriate scolex
of another African caryophyllid, Monobothrioides chalmersius (Woodland, 1924). Comparisons are made with other caryophyl-
lideans having a scolex with a terminal structure: Monobothrium Diesing, 1863, Djombangia Bovien, 1926 and Caryoaustralus
Mackiewicz et Blair, 1980. The terminal introvert may be responsible for attachment in early juvenile stages, but may be sup-
plemented by the longitudinal ridges and furrows later in development. Host tissue appears to be drawn into these furrows that
function as weak organs of attachment. We could not determine how the introvert of adult worms functions in attachment. At
the site of attachment, the mucosa showed necrosis and degeneration and the submucosa exhibited vacuolization and infiltra-
tion with lymphocytes and leucocytes.
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Introduction

Tapeworms of the order Caryophyllidea have been reported
from freshwater siluriform and cypriniform fishes in Africa,
Asia, Australia, Europe, and North America (Mackiewicz
1994). They are characterized by having a monopleroid body
form and a life cycle involving tubificid worms (Annelida,
Oligochaeta) as intermediate hosts. The genus Wenyonia Wood-
land, 1923 is known only from Africa. Of the eight species
reported from Africa (Khalil and Polling 1997), three are
known from the Nile: W. acuminata Woodland, 1923; W. mi-
nuta Woodland, 1923 and W. virilis Woodland, 1923.

First described by Woodland (1923) from the Nile River
siluroid fish Synodontis schall (Bloch et Schneider, 1801) in
Sudan, W. virilis has been widely reported from Egypt (Khalil
and Polling 1997). Most reports concern surveys (Fahmy et al.
1976, El-Naffar et al. 1983), brief descriptions (Imam et al.

1991), pathology (Banhawy et al. 1975, 1979), or some obser-
vations on surface tegumental structures (Garo et al. 2000).
The present study focuses on the development of the scolex of
W. virilis, with special attention to the nature of the terminal
introvert and morphology of the scolex of adult worms as
revealed by the scanning electron microscope.

Materials and methods

Cestodes were recovered from the catfish Synodontis schall
(Siluriformes, Mochokidae) collected by fisherman in the
Nile River at El-Minia, Upper Egypt. In most cases, live fish
were taken to the laboratory and examined immediately.
Worms were removed from the intestine and placed in a 0.75%
saline solution to observe scolex movements under low mag-
nification of a dissecting microscope. Specimens for whole
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mounts were fixed in hot formalin-acetic acid solution (60°C)
and stained in acid-alum-carmine. Some detached adult
worms and others attached to pieces of the intestinal mucosa
were fixed in Bouin’s fluid, embedded in paraffin, stained
with haematoxylin and eosin, Mallory’s triple, or toluidine
blue stain and serially sectioned at 5 um thickness.

Specimens for scanning electron microscopy were imme-
diately fixed in a solution of 2.5% glutaraldehyde buffered in
0.1 M sodium cacodylate (pH 7.4) at 4°C for 24 hrs. Post-fix-
ation treatment was carried out in 2% osmium tetroxide in the
same buffer for 2 hrs at 4°C. After washing several times in
buffer, specimens were dehydrated in a graded acetone series,
transferred to liquid CO, and critical point dried. Specimens
were sputter-coated with approximately 20 nm gold/palladi-
um (using JEOL JFC-1100 E ion sputtering device), and
examined with a stereoscan JEOL JSM-5400 LV at 15 kV.

Measurements are presented as means followed by ranges
in parentheses and were taken on relaxed, unflattened, fixed
specimens. Drawings were made with the aid of a camera luci-
da.

The term “procercoid”, as commonly used throughout the
helminthological literature, is used instead of “plerocercoid”
as recently proposed by Chervy (2002) for the same stage.

Results

Juvenile

A total of 427 juveniles was collected from 31 of 70 infected
fish (44%). The immature cestodes were categorised into four
developmental stages, based on the state of maturation of gen-
ital primordia. At stage 1 (up to 3 mm, n = 185), genital pri-
mordia appear as a dark longitudinal streak, enlarged at both
ends, occupying the middle third of the body (Fig. 1A). The
scolex is large and constitutes approximately one-fourth of the
total body length. It is globular in shape, smooth, devoid of
longitudinal ridges and characteristically has a terminal intro-
vert at the apex. Despite its globular shape, the scolex is quite
mobile. It first elongates its anterior extremity bearing the
introvert, then retracts and returns to the globular form again.
This process was repeated multiple times during which the
introvert was repeatedly extended and withdrawn back into
the scolex apex. Juveniles at this stage were found embedded
in the mucus layer covering the intestinal mucosa.

In stage 2 (3—5 mm, n = 132), the longitudinal streak elon-
gates and shows differentiation into a slightly coiled primor-
dial uterine tube with an anterior cap of testes primordia (Fig.
1B). The scolex is globose, still smooth and without any lon-
gitudinal ridges. The terminal introvert is somewhat larger.

In stage 3 (5-7.5 mm, n = 98), especially young individu-
als (approximately 5-6.5 mm), have the primordial uterine
tube more coiled and a small female genital pore appears at
its anterior extremity. The testes become more prominent and
appear as a primordial cap. At this stage, the scolex begins to
assume its distinctive morphology as longitudinal ridges ap-

pear on the lower half of the scolex. There are 10—12 ridges
and they are distributed evenly around the globular scolex
(Fig. 1C). A smooth circular area on the apex of the scolex sur-
rounds the apical ring. In larger and presumably older indi-
viduals of stage 3 (approximately 6.5—7.5 mm), the primordial
uterine tube develops further and assumes a twisted zigzag-
shape (Fig. 1D). Differentiation of vitelline follicles takes
place on both sides of testes and uterus, but these organs are
not distinguishable from each other except by position. Ridges
are more fully developed and extend along the entire length of
the scolex that now assumes the basic morphology found in
the adult.

In stage 4 (7.5-11 mm, n = 39), there is further differenti-
ation of the sexual primordia and scolex. The follicular nature
of the ovary becomes better defined. In smaller individuals
(7.5-9 mm) the zigzag-shaped uterine tube is transformed into
a small, loosely coiled uterus. Testes and vitellaria are begin-
ning to differentiate from each other (Fig. 1E). The number of
ridges on the scolex is increased (10—17). The terminal intro-
vert is more prominent and the circular smooth area surround-
ing the apical ring is obviously smaller than in stage 3. In larg-
er individuals (approximately 9-11 mm) uterine folds are
wider and more numerous. Vitellarian and testicular fields are
fully differentiated. The scolex at this stage has well-devel-
oped longitudinal ridges, or rugae, and terminal introvert. A
male genital pore appears anterior to the female genital pore.
The external body form of this stage (Fig. 1F) resembles the
adult stage but differs in lacking well-developed postovarian
vitelline follicles. At higher magnification, excretory ducts
and bladder are apparent.

Adult

The body of 20 gravid adults (Fig. 1G) is elongated, dorsoven-
trally flattened and measures 14.7 (8-20) mm long by 1.6
(0.9-1.9) mm wide. The large scolex is conical, and may be
round to flattened in cross-section (Figs 2 and 8, respectively).
It measures 1.5 (1.0-2.4) mm long by 2.4 (1.6-3.6) mm wide,
and is approximately 10% of the total worm length. There are
16 (13—19) conspicuous longitudinal ridges alternating with
a similar number of longitudinal furrows (Figs 4, 7 and 8).
A highly folded tegumental surface covers the longitudinal
ridges (Figs 4 and 7). From observations of live specimens in
physiological saline, the scolex is highly mobile with stretch-
ing and contracting movements that involve the introvert. The
introvert was best observed in large individuals in which it
reaches its maximum development (Figs 6 and 8). In whole
mounted specimens, the typically rugose or ridged scolex ex-
hibits an apical introvert in various states of contraction (Figs
2-8). When extended, the scolex apex may be bluntly round-
ed (Fig. 2) or flattened in profile (Figs 7 and 8) when the intro-
vert is retracted. When fully extended (Figs 2 and 3) the very
apex is rather smooth with little trace of the apical ring, so
evident when the introvert is fully retracted (Fig. 6). A par-
tially everted introvert forms a crease that separates it from the
apical ring (Figs 4 and 5). As the central portion of the intro-
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Fig. 1. Camera lucida drawings of some developmental stages of
Wenyonia virilis from Synodontis schall. A. Stage 1. Note large
scolex, terminal introvert and genital primordia. B. Stage 2. The
primordial streak has a cap. C. Stage 3 (small individual).
Observe the incomplete longitudinal ridges on scolex and female
genital pore. D. Stage 3 (large individual). Note complete ridges
on scolex and differentiation of testes and vitellaria from each
other. E. Stage 4 (small individual). Scolex is well-defined. F.
Stage 4 (large individual). There is a male genital pore and post-
ovarian vitellaria are poorly defined. G. Adult stage. Observe the
numerous well-defined longitudinal ridges on scolex and well-
developed postovarian vitellaria. Abbreviations to all figures: ap
— apical pouch, ar — apical ring, dv — damaged villi, fp — female
pore, fu — furrow, fz — Faserzellen, i — introvert or terminal intro-
vert, | — leucocyte infiltration, Ir — longitudinal ridge, m — mus-
cle, mp — male pore, ov — ovary, p — tissue plug, pc — primordial
cap, pov — postovarian vitellaria, ps — primordial streak, put — pri-
mordial uterine tube, s — dorsoventral slit, sm — submucosa, t —
testes, u—uterus, v — villus, va — vagina, vt — vitellaria, w — worm

vert retracts, a shallow sucker-like structure with a deep slit
or fold is formed in a dorsoventral orientation (Fig. 8). Finally,
the slit widens to form a deep cavity or apical pouch made by
the fully retracted introvert (Figs 6 and 10).

Though the sucker-like structure surrounding the introvert
may appear to be acetabular in nature (Fig. 8), mid-sagittal
sections of the scolex show that it is not (Fig. 10A, B). No pro-
nounced musculature was found associated with the introvert.
However, there appears to be many small, diffuse muscles

(Fig. 10A-C) that, along with similar muscles associated with
the ridges, are extensions of the larger bundles of longitudi-
nal muscles at the base of the scolex (Fig. 11A). Within the
center of the scolex is a region of lightly stained Faserzellen
(Fig. 12).

Attachment and pathology

Heavily infected fish had darkly stained semi-solid intestinal
contents enclosed by a thin mucoid layer separating it from the
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Figs 2-8. SEM of adult Wenyonia virilis. Fig. 2. Scolex with fully extended introvert. Note the faint trace of an apical ring and also the flat-
tened longitudinal ridges separated by shallow furrows. Fig. 3. Surface of the end of an extended introvert showing the corrugated tegument.
Fig. 4. Scolex with an introvert partially retracted through the apical ring. Observe the prominent ridges and deep furrows. Fig. 5. Apical view
of a partially retracted introvert that is separated from the apical ring by a conspicuous fold. Fig. 6. Scolex apex with a deep, U-shaped api-
cal pouch formed when the introvert is fully retracted. Fig. 7. Scolex showing well-defined longitudinal ridges separated from each other by
deep furrows. The apical ring is at the tip of the scolex; the introvert itself is not visible. Fig. 8A. View of a stretching dorsoventrally flattened
scolex. Ridges and furrows are especially prominent. Within the shallow sucker-like depression formed by the apical ring and introvert is a
dorsoventral slit or fold formed by the retracted introvert. B. Enlarged view of introvert
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Fig. 9A. SEM of intestinal mucosa of Synodontis schall showing two deep impressions or “footprints” of scolices of detached W. virilis. Within
the upper one, there are small protruding portions (tissue plugs) of the mucosa, presumably retracted from the furrows of the scolex. B.
Attached scolex with portion of plugs of host tissue in furrows (haematoxylin and eosin stain). Fig. 10A. Sagittal section of W. virilis scolex
showing apical pouch. Note the diffuse muscle fibres throughout the scolex. B. Enlargement from Fig. A. Observe the absence of prominent
muscles beneath the apical pouch. C. Lower portion of a scolex that shows muscle fibres bending toward tegument (Mallory’s triple stain).
Fig. 11A. Section of the intestine of S. schall showing W. virilis superficially attached to intestinal mucosa. Tissue plugs are seen within invagi-
nated parts of scolex. B. Attachment site in S. schall with characteristic pointed villi (haematoxylin and eosin stain). Fig. 12. Sagittal sec-
tion of scolex with lightly stained Faserzellen (toluidine blue stain)
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intestinal mucosa. Juveniles of stages 1 and 2 were free in this
layer. All of the remaining stages, including adults, were at-
tached to the intestinal mucosa. Attachment is apparently
weak because the great majority of worms readily detached
upon fixation. It appears that adult W. virilis attach by insert-
ing the scolex into the intervillous spaces and grasping the
mucosal tissue using the longitudinal furrows of the scolex
(Figs 9 and 11). Scanning electron microscopy of the site of
detached adult worms clearly shows the plugs of mucosal tis-
sue that have pulled out of these longitudinal furrows (Fig. 9).
It was unclear, however, how the introvert of adult worms
functions in attachment.

The pathology resulting from W. virilis consists of focal
damage, necrosis, degeneration and disruption of the tips of
villi, and some vacuolization associated with lymphocytic and
leucocytic infiltration into the lamina propria (Fig. 11B). The
presence of damaged villi near attached worms indicates that
the scolex flares over a wide area (Fig. 11A). Epithelial lining
of the intestinal mucosa at the attachment site showed evi-
dence of necrosis and degeneration. Despite the weak attach-
ment, the lamina propria and submucosa in the vicinity of the
scolex appeared to have been directly affected by the worm
(Fig. 11A). The submucosa showed vacuolization and infil-
tration with lymphocytes, and polymorphonuclear leucocytes
(Fig. 11B).

Discussion

Development

Development of the scolex in W. virilis is different from that
seen in other caryophyllids. Studies on the development of
Khawia sinensis Hsii, 1835 by Scholz (1991) and Khawia
baltica Szidat, 1942 by Scholz (1993) confirm earlier ones on
Archigetes Leuckart, 1878, Biacetabulum Hunter, 1927, Ca-
ryophyllaeus Gmelin, 1790, Glaridacris Cooper, 1927, Hun-
terella Mackiewicz et McCrae, 1962 and Monobothrium Die-
sing, 1863 (see review by Mackiewicz 1972: figs 85-98) in
that the adult scolex morphology of these caryophyllideans is
established in the infective, procercoid stage within the oli-
gochaete intermediate host. In these cases, the presence of
scolex specializations such as acetabula, loculi, fimbrii, both-
ria or introvert, are readily apparent at the time genital pri-
mordia appear and the larva has a cercomer. In W. virilis, on
the other hand, the earliest stages recovered from fish (stages
1 and 2) were seen to exhibit a large scolex, with a terminal
introvert (Fig. 1A, B), that lacked the longitudinal ridges so
characteristic of the adult scolex. In his figures of immature
worms of W. virilis, Woodland (1923, pl. 24, figs 14 and 15)
did not show any ridges or a terminal introvert. It is not until
the larva is over 5 mm long (Fig. 1C) that the scolex ridges
begin to appear, increasing in size and number as the worm
matures (Fig. 1D-G). These data indicate that development of
the basic form of the adult scolex in W. virilis is delayed until
the worm is in the vertebrate host. This is in stark contrast to

the advanced development of the scolex in progenetic Archi-
getes (see Poddubnaya et al. 2003) and other genera as noted
above. Despite the lack of information on development of
Wenyonia within the intermediate host, our data indicate that
this species exhibits less of a tendency toward progenesis than
of any other known caryophyllid.

Morphology

Morphology of the scolex of W. virilis is variable (Woodland
1923) because the scolex is highly mobile and the terminal
introvert is capable of protrusion and retraction. In his gener-
ic diagnosis for Wenyonia, Ukoli (1972: p. 60) wrote, “Scolex
undifferentiated, with longitudinal grooves, or with pointed
anterior projection which when retracted forms a cavity which
acts as a sucker”. Unfortunately, both Woodland and Ukoli
worked with flattened specimens, a condition that accentuates
the grooves or creases and flattens the ridges. Our unflattened
material (Figs 2, 4, 7 and 8) clearly show the ridges or rugae
that characterize this scolex. The number of ridges is variable
with a range of 13—14 for small adults (14.5-16 mm) to 1619
for larger adults (17-20 mm). Both Woodland (1923) and
Garo et al. (2000) reported 13-26 creases or grooves, a range
that translates to 12—25 ridges. We have used the scolex ter-
minology of Hamada and El-Naggar (2003), rather than that
of Woodland (1923) and Ukoli (1972) and thus “furrows” is
used instead of “grooves” and “creases”.

At the most anterior end of the scolex of W. virilis is the
terminal introvert. It is a mobile, protrusible structure that lies
within an apical ring formed at the confluence of the ridges at
the scolex apex (Figs 4, 6 and 8). Kulmatycki (1924) consid-
ered that the anterior part of the scolex functions as a kind of
primitive suctorial disc. This disc or sucker-like structure of
W. virilis, formed by the apical ring, may appear to be acetab-
ular in nature, however, mid-sagittal sections show that it
lacks any distinct musculature of its own (Fig. 10). Traces of
the apical ring remain, however, when the introvert is fully
extended (Fig. 2). Khalil (1995) observed the same structure
associated with the fully extended introvert of Monobothrio-
ides woodlandi Mackiewicz et Beverley-Burton, 1967. As
recognized by Woodland (1924) and elaborated by Hamada
and El-Naggar (2003), the terminal introvert of W. virilis is
basically similar to that of Monobothrioides chalmersus,
though smaller and less well-developed. It is quite different,
however, from the apical structure of Djombangia, described
by Bovien (1926: p. 161) as a “...distinctly marked circular
sucker ...” with a ““...specially developed musculature”. Fuhr-
mann (1931), on the other hand, regarded this terminal struc-
ture as glandular, rather than acetabular in nature. The intro-
vert on the truncated scolex of Monobothrium spp. lacks an
apical ring (Mackiewicz 1963) and, in the case of some worms
(e.g. M. ulmeri), may occupy the entire anterior end of the
truncated scolex (Calentine and Mackiewicz 1966), or in other
cases, may exhibit a pair of accessory shallow loculi or both-
ria on the scolex (Mackiewicz 1994). The terminal funnel
of the choanocampanulate scolex of Caryoaustralus is small
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and lacks any trace of an apical ring (Mackiewicz and Blair
1980).

In light of the present study, in which a distinct terminal
introvert is described, it is necessary to change the previous
designation of “rugomontanate” for the scolex of Wenyonia
(Mackiewicz 1994) to “rugomonobothriate”, the term used to
describe the scolex of Monobothrioides.

Mode of attachment

The exact mode of attachment of W. virilis is unclear but
appears to involve the terminal introvert, and to a greater
extent, the longitudinal ridges and furrows. In W. longicauda,
the scolex holds the mucosa by retracting the protrusible tip to
form a rim and cavity that acts as a large, though feeble suck-
er (Woodland 1937). The primary means of attachment of
adult worms of W. virilis appears different from that described
in M. chalmersius by Hamada and El-Naggar (2003). Unlike
M. chalmersius, that is firmly attached by mucosa drawn into
the longitudinal furrows as well as the apical and lateral
pouches formed by the introvert (Hamada and El-Naggar
2003), attachment in W. virilis is primarily by the furrows. We
did not find pouches associated with the introvert in W. virilis
(Fig. 11). Since the introvert of W. virilis is less well-devel-
oped than that of Monobothrioides, it does not assume a major
attachment function in the adult cestode. It may, however,
play a greater role in juvenile worms that may attach by the
introvert in the absence of furrows on the scolex.

As Woodland (1923) observed and we confirm, there are
numerous transverse and longitudinal muscle fibres scattered
throughout the scolex of W. virilis (Figs 10A-C and 11). These
fibres, therefore, are not arranged into discreet bundles since
they appear to attach along the length of each ridge and fur-
row. Ridge flexibility and action may be promoted by the lon-
gitudinal fibres that are an extension of the annular inner lon-
gitudinal muscle bundles that flare out into the scolex and con-
nect to the inside of the ridges and introvert (Figs 10C and
11A). In M. chalmersius, there are said to be two bundles of
inner longitudinal muscles in the scolex that branch to the
introvert and surrounding tegument (Hamada and El-Naggar
2003). Furthermore, these two bundles are also said to extend
to the posterior region of the body, a fact not supported by the
annular arrangement of the numerous inner and outer lon-
gitudinal muscle bundles clearly evident in cross-sections
through the testicular field (Woodland 1924: fig. 4).

Whether attachment may be influenced by the Faserzellen
that appear as a column of cells that extend from the central
part of the scolex posteriorly to the testes and vitellaria (Fig.
12) is something yet to be determined. Concentrations of these
neck cells or Faserzellen were not observed in W. virilis by
Woodland (1923). Faserzellen are well-known in caryophyl-
lideans, however, having been described in a diversity of other
caryophyllids (Hayunga 1979, Hayunga and Mackiewicz
1988). Ultrastructural studies have shown Faserzellen to be
glandular with ducts to the neck and scolex tegument
(Richards and Arme 1981, Kuperman and Davydov 1982, Pod-

dubnaya et al. 2003). Such cells were not observed by Ha-
mada and El-Naggar (2003) in the neck of M. chalmersius,
however, they did report gland cells just beneath the tegument
as well as small openings on the apical region of the introvert.
Small openings in the pit of the holdfast of W. virilis were also
reported by Garo et al. (2000). We were unable to positively
identify openings in the surface of the introvert tip using SEM
(Fig. 3). Indeed, detailed study of W. virilis at the ultrastruc-
tural level is needed to establish the extent to which the glan-
dular elements of the introvert and other parts of the scolex
may be involved in attachment.

The pathology caused by W. virilis is similar to that de-
scribed by Banhawy et al. (1975), however, it differs signifi-
cantly from that of other caryophyllideans with an introvert or
other apical structure on the scolex. Since it is not firmly at-
tached, W. virilis may be capable of changing attachment sites.
This is clearly not the case with Monobothrium, however.
Both M. ingens and M. ulmeri, for example, may be embedded
in large, conspicuous nodules with active, chronic inflamma-
tory tissue (Mackiewicz et al. 1972). Even in heavy infections
of W. virilis, no nodules were formed (Banhawy et al. 1975).
The conspicuous serosal capsule formed by each scolex of
Djombangia is well documented (Bovien 1926, Satpute and
Agarwal 1974) and supports a glandular (i.e. secretive) rather
than sucker (i.e. mechanical) function for the terminal struc-
ture. Though M. hunteri does not form nodules, it is firmly
anchored to the submucosa (Mackiewicz 1963). In the case of
M. chalmersius, that has furrows on the scolex like that of
W. virilis, the attachment is firm with disruption, and some-
times vacuolation of the lamina propria as well as necrosis and
degeneration of the columnar epithelium (Hamada and El-
Naggar 2003). Much of the pathology caused by W. virilis
appears to be from physical contact. We found no evidence of
the production of adhesive substances.

The unique mode of attachment described here for W. viri-
lis and for M. chalmersius by Hamada and El-Naggar (2003)
is not found in any other caryophyllidean genus. Furthermore,
both species conform to the inverse relationship between sco-
lex specialization and host pathology as shown by the study of
attachment of 15 other caryophyllean species (Mackiewicz et
al. 1972). The list of structures observed in caryophyllid spe-
cies for attachment to the host mucosa, which currently con-
sists of bothria, acetabula, fimbrii, loculi and terminal intro-
vert should now be expanded to include the combination of
longitudinal ridges and furrows.
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