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MORPHOLOGY OF CYSTICERCUS BOVIS DURING ITS
DEVELOPMENT
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Abstract. On day 14 p.i., C. bovis is a spherical formation without cavity (in neonatally infected
calves, the cavity already starts to form). On day 21 p.i., a conical anlage of the scolex is formed and
on day 23 p.i., it bears a conspicuous invagination of the tegument. On day 28 p.i., the scolex
with spiral canal, sucker anlages and single calcareous bodies is developed. On day 42 p.i., the suckers
are fully differentiated and the calcareous bodies in scolex parenchyma are distributed up to below
the level of suckers. On day 55 p.i., the calcareous bodies are present in the morphologically differen-
tiated scolex even below the suckers. The authors assume that at that time the larva is already
infective and if its infectivity is assessed on the basis of morphological criteria, the presence, number
and distribution of calecareous bodies should be considered.

The morphology of Cysticercus bovis during its development has been only little
studied (McIntosh and Miller 1960, Slais and Machnicka 1976). We are there-
fore presenting the results of our own observations after experimental peroral infec-
tion of calves with eggs of Taenia saginata and assume that some of the results might
be useful for a more exact determination of the duration of infection when cysticerci
are found in slaughtered cattle.

MATERIAL AND METHODS

The material was obtained from 8 calves at the age of 3—4 months and 2 calves at the age of
4 days perorally infected with T'. saginata eggs. The method is described in detail in the papers by
Blazek et al. (1980, 1982).

Cysticerei for histological examination were taken from skeletal muscles on days 14, 21, 23, 28,
34, 42, 55 and 112 after infection. The material was fixed in neutral formol and in Baker’s solution.
After fixation it was embedded in paraffin and histological sections were stained with haemato-
xylin-eosin using the methods of Weigert and Kossa. A part of the material was fixed in 8 9, gluta-
raldehyde in 0.1 M cacodylate buffer and postfixed in 2 % 0s04 in 0.1 M cacodylate buffer. The
material was then dehydrated, embedded in Epon 812, sectioned at 1 um and stained with toluidine
blue.

RESULTS

T. saginata larvae were studied on days 14, 21, 23, 28, 34, 42, 55 and 112 after ex-
perimental peroral infection of 4-day- and 3-4-month-old calves.

Cysticerci at various stages of development were found in each host (intermediate
host), which was more marked with increasing time after infection. The morphology
of those forms, which were most numerous at a certain period, is described in this
paper (Fig. 1).

On day 14 p.i., the cysticerci were spherical and transparent and measured 0.4—0.6 m
in diameter (Plate I, Fig. 1). They were covered with a smooth, thin tegument se-
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parated from the inner, cellular part by a thin layer of muscles. The cells were of
irregular, lobular shape, they were freely arranged and filled the whole space of the
inner part. Alarge nucleus with a conspicuous nucleolus was visible in the cytoplasm.
The cells often contained two or three nuclei.

In neonatal infections, the cysticerci found on day 14 p.i. possessed already a small

cavity in the centre (Plate I, Fig. 2). The larva had a form of spherical, thin-walled
hladder measuring 1.5 mm in diameter. Its wall was 7.6 pm thick and consisted of
a smooth thin tegument and muscle layer. The cells possessed a large nucleus and
nucleolus, like those in the cysticerci from older calves. In contrast to them, however,
the cysticerci from 4-day-old calves contained also cells with darker cytoplasm in
which lighter vacuoles with homogeneous contents were visible.
On day 21 p.i., the larvae were small, thin-walled bladders measuring less than 1 mm
in diameter, with outlines of beginning polarity (the site of future scolex was marked).
At these sites the bladder tegument was thickened (Plate II, Fig. 4) and folded at the
periphery, whereas on the remaining part of bladder it was thinner (Plate IT, Fig. 6)
and smooth.

pi.

28days pi.

Fig. 1. Scheme of the development of C. bovis larva.

AT — anterior tegument PT — posterior tegument

CA — calcareous corpuscle S — sucker
IC — invaginated canal SA — sucker anlage
M — muscle SC — scolex anlage

The part of bladder with thickened tegument was termed anterior and that with
thin tegument posterior. The anterior part of bladder contained a cluster of non-dif-
ferentiated, strongly basophilic cells forming a cellular base of the future scolex. These
cells differed from the other cells bordering the tegument in greater size and number
and more close arrangement. Compared to the previous stage, the muscle layer was
more developed, the cells were more numerous and spaces filled with glycogen already
occurred among them.

336

On day 23 p.i., oval bladders measuring 1 mm in diameter were found. In the anterior
part of bladder, the tegument was buried into the cellular scolex anlage which in-
creased and occupied approximately two thirds of the bladder cavity (Plate IT, Fig. 3).
The tegument bordered a canal which was slightly widened at its end and formed a co-
nical cavity. The cells of the scolex anlage were accumulated around the invaginated
tegument. No other differences from the previous stage were observed.

On day 28 p.i., all organs of mature scolex were apparent, though they were not yet
fully differentiated. The cysticercus had the form of an oval bladder measuring 2.2 x
X 1.9 mm. The invaginated scolex was pyriform, its wider base was directed towards
the bladder cavity and the spiral canal opened at the bladder surface. The scolex
measured 0.6 mm. The spiral canal possessed fine folds and opened into four sucker
anlages (Plate III, Fig. 7). The rostellar cone rose from the bottom of spiral canal.
The sucker anlages consisted of basophilic cells densely arranged in several circles
and measured 0.99 mm in diameter.

Calcareous bodies occurred for the first time at this stage. Single bodies were visible
in the parenchymal part of scolex, close to the site where the invaginated canal passed
to bladder surface, but they were absent in the remaining parts of scolex. The calca-
reous bodies were only slightly basophilic.

On day 34 p.i., the cysticerci resembled those found on day 28 p.i., only the bladder
was somewhat larger (2.5—3.0 X 3.0—4.0 mm, and the scolex was longer (0.07 mm).
The diameter of sucker anlage was 0.127 mm. The localization of calcareous bodies
was similar to that in cysticerci on day 28 p.i., but their number was slightly higher.
Hooklets were visible in the tegument of rostellar cone.

On day 42 p.i., the bladder of cysticerci measured 4 X 3 mm and the invaginated scolex
part was 1 mm long. The scolex possessed fully differentiated suckers measuring
0.18—0.2 mm in diameter, which consisted of circular and radial fibrils (Plate IV,
Fig.9). A conspicuous thin layer of connective tissue separated them from the remain-
ing part of parenchyma. The spiral canal became longer and formed numerous folds.
The rostellar cone was divided into two parts: a bulb consisting of muscle fibrils
and a little distinct prebulb. Hooks occurred in the tegument of the rostellar region.
They resembled in their morphology strobilar microtriches (Plate ITT, Fig. 8). The
calcareous bodies were more numerous and they were found even in middle parts of
scolex above suckers. The receptacle started to differentiate on the surface of scolex.

On day 55 p.i., the bladders measured 5 mm in length and 3 mm in width. The inva-
ginated scolex was 1 mm long and a fully formed receptacle on its surface separated
it from bladder cavity. The rostellar hooks could not be found at this stage. The cal-
careous bodies filled the whole region of scolex (Plate IV, Fig. 10). They were only
slightly basophilic near the suckers and rudimentary rostellum, whereas in the remain-
ing parts of scolex parenchyma, they were markedly basophilic.

On day 112 p.i., the cysticerci resembled those occurring on day 55 p.i., only the
neck region has grown and the shape of the spiral canal thus became more complicated,
with numerous folds.

DISCUSSION

The cysticerci C. bovis found in calves after a single peroral infection may be of
various size and at various stage of morphological differentiation at the same time
after infection and in the same intermediate host. This fact has already been pointed
out by McIntosh and Miller (1960), Silvermann and Hulland (1961) and Slais
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and Machnicka (1976). The different course of development of larvae was observed
particularly in massive infections, where the development of some of the cysticerci
was retarded. However, it was observed also in neonatal infections and infections of
older hosts, as it was reported previously (BlaZek et al. 1982). Most of the larvae
retarded in development die and the portion of distrophically changed or dead cysti-
cerci markedly increases from day 28 p.i. (Blazek et al. 1981). In our experiments,
larvae with scoleces possessing sucker anlages were found on day 28 p.i., like those
developing subcutaneously, as reported by Slais and Machnicka (1976). On the
other hand, the cysticercus found by McIntosh and Miller (1960) four weeks after
infection was only a bladder with scolex anlage and no suckers were developed still
on day 35 p.i. Consequently, in order to assess more exactly the duration of the
infection, it is necessary to examine a greater number of cysticerci, particularly
those from skeletal muscles and those at the highest stage of morphological differen-
tiation.

As it is now generally recognized, the decisive criterion of the age of C. bovis is
not the size of bladder, but the stage of scolex differentiation, since it is related with
the ability of the parasite to attach to intestinal mucosa of the definitive host. In the

. opinion of some authors, 2.5—3 months is the shortest period during which C. bovis
cysticercus can reach the infective stage (McIntosh and Miller 1960, Silverman
and Hulland 1961), since they found fully differentiated suckers at that time. In our
material fully differentiated suckers occurred already on day 42 p.i. We assume,
however, that also the occurrence and distribution of calcareous bodies should be
considered while evaluating the morphological criteria of infectivity of larvae. Our
results indicate that the calcareous bodies start to appear at the same time as sucker
anlages (on day 28 p.i.) and that they gradually increase in number. On day 28 p.i.,
they occur only around the opening of spiral canal on bladder surface; on day 42 p.i.,
they are distributed in scolex parenchyma from the opening of spiral canal up to
the level of suckers, and on day 55 p.i., they fill the parenchymal part of the whole
scolex, even under the suckers in the vicinity of rudimentary rostellum.

Although many papers dealing with calcareous bodies have been published. the
opinions on their significance are contradictory and hypothetical at the present time.
Chowdhury (1977) studied the development of calcareous bodies in larvae of
Hymenolepis microstoma and in his opinion, they belong to a complex of defense
mechanism of the parasite during the passage of the larvae in the definitive host,
protecting them against the effect of muriatic acid in the gastric juice. If this hypo-
thesis is accepted, then it may be concluded that the larva is capable of a successful
infection only at the time when there is a sufficient number of calecareous bodies in
its scolex. According to our studies, it would be at the age of approximately 8 weeks.

The finding of hooklets on day 34 p.i. and rudimentary hooks on day 42 p.i. in the
tegument of rostellum corresponds to the records of Slais and Machnicka (1976).

MOP®OJOTUA HUCTUIEPRA CYSTICERCUS BOVIS B TEUEHUE
ETO PABBUTHUA
fI. Mpamaosa nu K. Buamex

Pesiome. Ha 14-it menn mocate 3apamenns C. bovis sABisiercs: cepuuecKod KIeToUHoU dopmoi
6e3 mosocTH (y DUCTHIEPKA W3 3aPaKeHHBIX HOBODOK/IEHHBIX TEJIAT IOJIOCTH Yie HaulHdaerT
obpasoBaThes). Ha 21-if geHp mocile 3apaskeHHA 00pa30BaH KOHHYECKAH 3a4aTOK CKOJEKCA
H BHsAYABaHME TEIryMeHTa BOIHMO Ha 23-if JeHs. Ha 28-1i jJieHp mocJie 3apaKeHust PA3BAT CKOJIEKC
€O COMpaJLHBEIM KAHAJIOM, 3aYaTKAMH HPHCOCOK M OT/EJbHHIMU W3BECTKOBHIMU Te.lbIaMA.
Ha 42-i1 leHs mOCIIe 3aparKeHus IPUCOCKI CKOJIEKCA Y#Ke BIoJIHe JindepeHnpPOBaHbI I H3BECT-
KOBEIe TeJIbIla pacIpejielieHsl B IIapeHXuMe JI0 YPoBHA nmpucocor. Ha 55-it peHb mociie 3apazke-
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HHs M3BEeCTKOBLIE TeJlbIlld B MOp(I)OJIOI‘I/I‘IBCKH HHq)(bepeHHleOBHHHOM CKOJICKCe HAXO/ATCA JlaXKe
¥ 110/ NPUCOCKaMu. 1lo MHEHHEIO AaBTOPOB B 3TO BpeMs JINYMHKA YiKe I/IHdJeHIIHOHHaH. HpPI OIleHKe
HH(i)eI{HPIOHHOCTI/I Ha OCHOBe MOp(bOIIOI‘H‘IeCHFIX }cpn'repnﬁ HY}KHO YYHTBIBATH TAKXKE IIPUCYT-

CcTBHE, KOJTNYEeCTBO U pacmpefie/ieHne U3BECTKOBBIX TeJiel.
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Fig. 1. Cysticercus boviz (C) on day 14 p.i. Toluidine blue (450 < ). Fig, 2, Neonatal infection with
C. bovis on day 14 p.i. Toluidine blue (500 x ).
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Fig. 3. C. bovis larva on day 23 p.i. Scolex anlage (SC) with invaginated tegument (T) is formed in
anterior part of bladder. Toluidine blue (450 » ). Fig. 4. €'. bovis on day 21 p.1. Thickened tegument of
anterior part of bladder. Toluidine blue (900 < ). Fig. 5. €. bovis on day 21 p.i. Tegument of posterior
part of bladder passes to thickened tegument of anterior part. Toluidine blue (900 x ). Fig. 6. C. bovis
on day 21 p.i. Tegument of posterior part of bladder. Toluidine blue (900 ).



J. Schramlovi, K. Blazek, Morphology of Cysticercus bovis . . . . . . . . . . . . . Plate IIT

Fig. 7. O. bovis on day 28 p.i. Sucker anlage is formed in scolex, HE (200 x ). Fig. 8. C. bovis on day
42 p.i. Hooks (arrows) are visible in the tegument of rostellar region. HE (800 x ).
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Fig. 9. C. boviz on day 42 p.i. Scolex with fully differentiated suckers (8) soparated from the remaining
part of parenchyma by connective tissue (arrow). HE (130 ). Fig. 10, ¢, bovis on day 55 p-1. Recep-

tacle is formed on the surface of cysticereus. Calearsous bodies (arrows) are visible below the suckers
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