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Abstract. Cysticercoids of the cestodes 7. bifurca (Hamann, 1891), T. hamanni (Mrazek, 1891)
and T'. sumavensis Prokopi¢, 1957 recovered from the body cavity of Gammarus (Rivulogammarus)
Jossarum Koch, 1835 were studied for the first time by histological and-histochemical methods.
The size of cysts is 228 247 x 156- 228 pm in 7. hamanni, 282 456 x 176—267 pm in
T. bifurca and 447--586 x 298- 396 um in T. sumavensis. The rail is developed, rather long,
and lobular in the basal part. The species may be differentiated on the basis of the hook
length: T. hamenni — 15 - 20 hooks measuring 26—31 pum, 7. bifurca - - 10 hooks measuring
47—64 pm, and T'. sumavensis —- 10 hooks mecasuring 72- 76 pm. The eysts are oval or
slightly flattened. Shortly after the invagination the neck separates from the eyst wall and
lics freely in its cavity together with the scolex. The flattening of the eyst is caused by the
one-sided growth of the cellular layer of subtegument, in which the muscle, connective tissue
and argyrophilic fibres are proliferated. The microvilli of the cyst tegument are 1-—--38 um long
and contain acid mucosubstances with COOH-groups and sulphogroups. The microtriches in the
togument of scolex and neck measure 2—4 ym and contain neutral and acid (with sulphogroups)
mucosubstances, and proteins with tyrosine, SH- and 8S-groups. Proteins with SS-groups were
deteeted in rostellar hooks. The wall of the longitudinal oxcretory canals of seolex and neck
contain proteins with arginine, tyrosine, SH-groups and hydrophilic lipids.

The present paper is a part of comparative morphological studies on cestode
larvae of the family Hymenolepididae Fuhrmann, 1907 developing in aquatic inver-
tebrates (Valkounov4 1983, 1984, 1985). Of the genus T'riodontolepis, cysticercoids
of T. bifurca, T. hamanni and T. sumavensis, the adults of which parasitize hosts
of the genus Neomys in the Palaearctic subregion, were studied.

MATERIAL AND METHODS .

The cysticercoids wore collected in the years 1979 1981. They were recovered from the body
cavity of naturally infected Gummarus (R.) fossarum collected in the brooks in the vicinity
of Pydely, Kamenny Ujezd, Pisck and Vimperk. Tho cysticercoids were fixed in neutral formal-
dehyde (Pearse 1968) and for the detection of tryptophan in Baker’s fixation adjusted with
0.1 N NaOH to pH 6.5 (Lojda 1965). After embedding into paraffin, 6 um thick sections were
cut. The following histological methods were then used: Mayor and Woeigert s haematoxyline-co-
sine, van Gieson’s method, Masson and Goldner’s trichrome, Mallory’s PTAH method, aldehyde-
fuchsine, Gomori’s impregnation test and Késsa’s method for the detection of ealeium. Neutral
and acid mucosubstances, proteins and lipids wero deteeted by 21 histochemical tests (for the
deseription of methods sce Pearse 1968).
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RESULTS

1. Morphology of the cysticercoid

The cysticercoid of the three studied species is a tailed cyst in the cavity of which
freely lies the scolex with neck (Plate I, Fig. 1). Shortly after the invagination
the neck separates from the cyst wall so that it does not form a continuous
layer surrounding the scolex. In some cysts, a 1 um thick fibrous envelope
surrounds both the cyst and tail (Plate I, Fig. 2). The tail was always situated in
the posterior part behind the cyst. The fibrous envelope was often damaged or
lacking. Tt could not be assessed what was its origin, it probably arose from the
outer part of the digestive tube of the host. The most important metrical data are
given in Table 1.

Table 1. Measurements of the cysticercoids (in pm)

T. hamanni ‘ 7. bifurca T. sumavensis
— - = JR— | _ 4 [

cyst 228—247 X 156---228 282456 X 176—267 447—586 X 298-—396
tail 85—114x 45 - 57 230-—329 x 73—102 380—418 X 98—106
scolex I 138—201 x 121---199 263—-292 x 240—282 285—309 X 258—300
suckers 57—68 X 35—5H7 98— 133X 57—103 120—145x 76—102
rostellar sac I 84—113x 64— 95 152—186 x 121—131 210—245x 125—132
rostellum ’ 38—69 x 3857 121—149%x 89—101 156—189 x 103—110
hook length 26—31 47—64 72--76

100%S T humber 15—20 10 10

neck l95—152% 39—653 289—304 x 67—87 ‘ 335—380x 85—108

\
CYST

The cyst is oval in vertical section and round or oval in horizontal section.
The tail is 200—800 wm long, in the part adhering to the cyst wall it is wide and
lobular (Plate II, Fig. 1). It is often separated for a greater part. Embryonal
hooks measuring 0.008 pm in length are situated in posterior half of the tail.
The surface of the cyst and tail is covered with 1 pm thick outer limiting layer
which is refractile, often damaged and cannot be stained by any of the histological
methods. The microvilli are 4—19 pm long, in T. sumavensis even 38 um. They are
longest at the site of invagination (11—19 um, in 7. sumavensis 29—38 pum)
at the opposite pole they measure 7—9 um (15—26 um in 7. sumavensis), and at
the lateral sides of cyst at the flattened sites they are 3—4 pm long (in 7. suma-
vensis 8—10 um). In the remaining parts they are usually 5—7 um (12—14 um.
in 7. sumavensis) long. Some cysts of T. sumavensis had the longest microviili at the
site of invagination (29 um long), but the length gradually decreased towards the
opposite pole. At the lateral sides, the microvilli were 9—19 pm long, in the
flattened part only 5—11 pm, and at the site where the tail grows, only 3—7 pm.
The microvilli (Plate 11, Fig. 2) stained rose-red by haematoxyline-eosine, grey-rose
and sometimes grey-yellow by van Gieson’s method, red in Masson and Goldner’s
trichrome, and brown-black by Gomori’s method. The amorphous substance of the

cyst tegument was 1—2 pm high and without any structure visible in the light

microscope. It stained faint rose in hematoxyline-eosine, Masson and Goldner’s
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trichrome and deep rose by Gomori’s method. The tail tegument was 1 pm thick
and could not be discerned in the light microscope. It stained in the same way
as the amorphous substance of the cyst tegument. The basement layer of the cyst
was homogeneous, up to 1 um thick, and a slightly fibrilar structure was visible
in some sections. It stained grey with Gomori’s method. This layer was not
differentiated in the tail. The layers situated above the subtegument were often torn
off in the histological section.

The subtegument of the cyst consisted of outer and inner muscle and connective
tissue parts and middle cellular part (Plate II, Fig. 1). The outer part of the subte-
gument was divided into circular layer of muscle and connective tissue fibres and
longitudinal layer situated under the circular one. Each layer was about 4—5 yum thick
and contained muscle fibres regularly arranged in a row. The muscle fibres were
oval in section and measured 4 X 2 pm in 7. sumavensis, whereas in the other
two species, they were almost round in section and measured 3 um in the diameter.
The spaces between them were 3—7 pm wide, according to the dilatation of the
cyst. The connective tissue fibres were 1 um thick and they were arranged around
the muscle fibres in such a way that they formed a continuous layer. Fine
argyrophilic, up to 0.5 um thick fibres were situated on the surface of both circular
and longitudinal layers of muscles and connective tissue. The muscle fibres stained
red with haematoxyline-eosine, deep red with Masson and Goldner’s trichrome,
yellow with van Gieson’s method, rose with PAS and blue-grey with Gomori’s
method. The connective tissue fibres stained rose with haematoxyline-eosine, red with
van Gieson’s method, blue with Masson’s trichrome, green with Goldner’s trichrome
and rose with Mallory’s PTAH method. This layer was not found in the tail.

The thickness of the cellular layer of subtegument was variable, 4—102 ym on
the average. This layer was thickest at the site of invagination (35—70 pm), whereas
on lateral sides of the cyst it gradually attenuated trom 25 to 8 um and at the
site where the tail grows, it measured again 25—45 pm. In some cysts of T.
sumavensis the cellular layer was thickest at the site of invagination (80—102 pm),
but it gradually attenuated towards the opposite pole. On lateral sides of cysts, it
was 40—50 pm thick (in the flattened part 4—8 pm, sometimes it was not visible)
and at the site of invagination, it was only 15—26 um thick. The cellular layer
of the subtegument contained regularly arranged tegument-forming pyriform cells.
The nucleus was situated in the posterior, widened part of cells under the longitu-
dinal layer of muscle and connective tissue fibres. The elongated anterior part of
cells penetrated through the longitudinal and circular layers of muscle and connective
tissue and was connected with the amorphous substance of the tegument. The
cells measured 11— 18 X 3—5 um, and their nucleus 2—3 pm and nucleolus 0.5—1 pwm
in diameter. The nucleus stained violet-blue and the nucleolus deep violet-black with
haematoxyline-eosine. Some of the cells contained two nucleoli. The plasma of cells
stained in the same way as microvilli, but in a lighter tint. In addition to the
tegument-forming cells, this layer contained also cytoplasmic parts of muscle cells
with nuclei, fibroblasts or their fusiform nuclei and calcareous bodies measuring
5—15 um in diameter and sometimes accumulated in clusters (Plate IT, Fig. 1).
The cells, nuclei and calcareous bodies were situated in the network of muscle and
connective tissue fibres forming a 1—4 pm thick continuous longitudinal layer on
the inner side of cyst (Plate II, Fig. 1). The cells and fibres were covered by
fine argyrophilic fibrils. The inner limiting layer was 1 pm thick, could not be stained
by any of the used methods and was visible only due to its refractility. The tissue
under the tail tegument had the same character as the cellular layer of cyst
subtegument and also cohered with it. The tegument-forming cells in the tail were
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smaller (maximally 5 X 2—3 pm) and the calcareous bodies were not demonstrated.
The muscle and connective tissue fibres were finer.

In some section of 7. sumavensis stained with haematoxyline-eosine, the arrange-
ment of the cyst wall was somewhat different. The cellular part of the subtegument
contained, in addition to tegument-forming cells, particularly in the inner zone,
larger cells (15—25 X 5—7 um) of identical shape, the plasma of which did not
stain with haematoxylinc-eosine and the nucleus (3—4 pm in diameter) was light,
with one, excentrically situated, dark nucleolus (1 X 1 um) (Plate ITI, Fig. 1). These
cells were also connected with the amorphous substance of the tegument through
their narrowed parts. Fine fibres directed radially to the outer surface of cyst and
not staining by haematoxyline-eosine projected from the plasma of these densely
situated and contracted cells. The fibres were not seen in those parts of the flattened
cysts, where the cellular layer of subtegument was thin.

Table 2. Histochemistry of the cysticercoid of the genus 1'riodontolepis
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NECK AND SCOLEX

Both the neck and scolex were localized within the cyst cavity where they were
movable and surrounded by a dense fluid. This fluid was gelatinous in older
cysticercoids. After fixation of the cysticercoid its continuity was interrupted and
only remnants of it remained on the surface of scolex, neck or inner wall of cyst.
The outer limiting layer was 1 um thick and refractile. The tegument was differentia-
ted into microtriches and amorphous substance. The microtriches were longest on the
surface of scolex. In the vicinity of rostellum they were 3 um long and in the
posterior part of scolex they gradually diminished up to 2 um. On the surface of
neck they measured only 1 um. Also the thickness of the amorphous substance of
tegument gradually decreased from 2 um around the rostellum to 1pm in the
remaining parts of scolex and neck. The basement layer was 1 pm thick and it
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Table 2. (continued)
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was not visible in some sections. The circular and longitudinal muscle and connective
tissue layers of subtegument were 2—3 um thick on the average. The thickness
of muscle fibres was approximately 2 um and of connective tissue fibres 1 pm.
Muscle fibres were more numerous than in the cyst subtegument. The tegument-
forming cells situated under the muscle and connective tissue layer of subtegument
of both scolex and neck were smaller than that in the cyst wall. They measured
5—8 X 2—3 pm, their nucleus 2 um and nucleolus 1 um. The rostellar sac in these
cestode species was conspicuous like in the genus Coronacanthus Spassky, 1954.
In addition to well developed, 4—5 pm thick muscle fibres serving for the movement
of rostellum, there were cells measuring up to 7 um in diameter and arranged in
palisade. Their nuclei measured 3 pum and nucleoli 0.5—1 um in diameter. In the
studied material they could not be exactly distinguished from myoblasts. The inner
parenchymatous part of scolex and neck had already the structure typical of adult
cestodes. It contained muscle and connective tissue fibres, parenchyma cells, fine
argyrophilic fibrils and calcareous bodies measuring 2—3 um in the diameter. Two
pairs of excretory canals began under the suckers and extended on both sides of
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scolex and neck. No excretory canals were found in the cyst wall. Individual
elements of the scolex and neck stained in the same way as those of the cyst
wall. Typical of the whole genus were Y-shaped hooks, in p_roﬁle. with bifurcate
guard and handle as long as or longer than blade (Plate III, Fig. 2; Plate 1V,

Figs. 1, 2).

2. Histochemistry of the cysticercoid

The occurrence of mucosubstances, proteins and hydrophilic lipids was approxima-
tely the same in all of the studied representatives of the genus Triodon_tolgpw,
therefore it could be evaluated in a common table (Table 2). The outer limiting
layer of the cyst, neck and scolex contained neutral mucosubstances. The outer
limiting layer of the cyst was AB positive, which was causqd by t_hel fa.ct that
the apical parts of microvilli reached up to this layer. 'Ik}e inner limiting layer
gave no positive reaction in any of the tests. The microvilli of the cyst_tegur_nent
contained acid mucosubstances with COOH— and sulphogroups. The microtriches
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of the scolex and neck tegument contained a small amount of neutral mucosubstan-
ces, acid mucosubstances with sulphogroups, protein with tyrosine, histidine,
SH-groups and a small amount of SS-groups, and tryptophan. The tegument-forming
cells had a similar histochemical structure as the tegument. The connective tissue
fibres contained acid mucosubstances, proteins with SH- and SS-groups and
hydrophilic lipids. The muscle fibres contained glycogen and other neutral mucosub-
stances, proteins with tyrosine, tryptophan, arginine and SH-groups, and neutral
lipids. The cells of the rostellar sac contained mainly neutral and acid musosubstan-
ces. The hooks contained proteins with cystine. The wall of longitudinal excretory
canals of the scolex and neck contained arginine (4 +), tyrosine (+ ), hydrophilic
lipids (4 +-), and a small amount of proteins with SH-groups.

DISCUSSION

Our studies on the cysticercoids infecting hosts of the genus Gammarus
(Valkounova 1983, 1984, 1985) show that during the stay of the parasite inside
the body cavity of the host, the growth of the cyst wall is uneven and results
in a change of its shape. The spherical and oval cysts become flattened so that
they resemble in their shape the body of the host (genus Coronacanthus — lenti-
cular, genus 1riodontolepis — oval, slightly flattened on two sides). These
cysts are very solid but break and deform during the histochemical processing.
Mrézek (1891) was unable to process histologically the cysts of 7. hamanni due
to these properties. Microvilli and cellular layer of subtegument grow in the
thickened parts of the cyst wall, whereas the outer circular and longitudinal and
inner longitudinal muscle and connective tissue layers of subtegument remain
unchanged.

The microvilli on the surface of cysticercoids from Gammarus are so conspicuous
that they cannot be overlooked. The authors dealing with these cestode larvae
{e.g., Mrdzek 1891, Prokopi¢ and Groschaft 1961) described them as a “dense
array of undulated villi” or ‘“strongly villous layer”. The microvilli were not
found in the cysticercoids from other hosts.

Some cysts of 7. sumavensis contain a large number of fine fibres projecting
from the narrowed parts of tegument-forming cells radially towards the surface.
These fibres could not be distinguished from microvilli in our material by the used
methods. The fibres start to form only in the flattened cysts which had already
terminated their development. Voge (1960) described analogical fibres running from
bottle-shaped cells of the peripheral cyst layer which he found during histological
studies of fully developed cysticercoids of Hymenolepis diminuta (Rudolphi, 1819).
In Ubelaker’s (1980) opinion the fibres described by Voge are identical with those
described from the same species by Bogitsh (1969), Ubelaker et al. (1970) and
Allison et al. (1972) on the basis of electron microscopical observations. The
authors described the origin of fibres in perinuclear cytoplasm (corresponding
to tegument-forming cells observed by us and Voge’s bottle-shaped cells) situated
under the outer circular and longitudinal layers of muscle and connective tissue
fibres and connected through cytoplasmic processes with distal cytoplasm
(corresponding to amorphous substance of tegument in our description). The function
of these cells was not discussed. Since we have not managed to find any excretory
canals in the cysts of the studied species, we assume that these cells may have an
excretory function, all the more that they are connected with the outer surface
of the cyst. Another hypothesis is that these are the tegument-forming cells, in the
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perinuclear cytoplasm of which fine fibrils are formed as a sign of ageing of the
cyst.

yThe neck in most of the cysticercoids forms a continuous layer on the inner
side of cyst cavity after invagination into it. It surrounds the retracted scolex
in such a way that the tegument of the neck is turned to that of the scolex
and the neck is grown together with the cyst wall only at the site of invagination.
Its remaining part freely adheres to the inner side of cyst and is movable like
the scolex. Due to the fact that cysticercoids of cestodes of the genera Coronacanthus
and T'riodontolepis survive in Gammarus for a long time and that the scolex moves
intensively in the cyst cavity, the neck is gradually torn off from the.cyst wall
(Valkounové 1983 — Plate 1, Fig. 1; Plate II, Fig. 2) and then lies freely,
together with the scolex, within the cyst cavity.

The cells described in the rostellar sacs of cysticercoids of the genera
Coronacanthus (Valkounova 1983, 1984, 1985) and Triodontolepis cannot be.unam-
biguously identified as gland cells on the basis of the obtained results, but it can-
not be excluded that myoblasts are involved. They were not described in the
literature, though they are very conspicuous on the scolex, particularly if PAS
and AB pH 2.6 methods are used. Typical neurosecretory cells were founq by us in
the anterior part of rostellum and they were strongly fuchsinophilic, fusiform and
with long filaments. They stained most markedly with PAA-AF. Cells of the same
character were described by Davey and Breckenridge (1967) from Hymenolepis
diminuta and by Smyth (1964) from Echinococcus granulosus (Batsch, 1780).

MOP®OJIONMA M THCTOXHMUA UHCTHUHEPROMJIOB TPEX BILJIOB
INECTON POJA TRIODONTOLEPIS YAMAGUTI, 1959
(HYMENOLLEPIDIDAE)

N. BaakovHosa

Pemome. Uuerunepronnst uecron 7. bijurca (Hamann, 1891), T. hamanni (Mrazek, 1891)
u T'. sumavensis Prokepié, 1957 1 nooctu 1e-ta Gammarus (Riculogammarus) fossarum Koch,
1835 uayuannm B DCPERI Pa3 ¢ NOMOIMBIO I'MCTOJOATECKHX M THCTOXHMWTECRHMX MOTOOB.
Pasmep et 228—247% 156—228 mxm y T hamanni, 282—456 X 176—267 mxm y T'. bifurca
U 447-—586x298—396MrM y T. swnavensis. XBOCT Da3BHTHIE, CPABHUTC.ILHO \THHHBIM
U B OBANBHOK YACTH [(0769athiil. B o mualotes ;| inHoi xploukos: 7. h{unamn — 1520
KpI0TKOB, 26—31 MiM, T'. bifurca — 10 KpiOUKOB, 47- -64 MkM, T. sumavensis — 10 KpIOTKOB,
72—76 MrM. 1[neThl oBassHple MM yriomeRHble. [leiika oTpPLIBAGTCA OT CTEHKH IHCTHI CKOPO
HOCIC MHBAIMHALMH M BMELTC O CROJIERCOM CBOOOHO JICKUT B ee mo.10cTH. OILTOMEeHUe [TACTHL
[PUYMHEHO 0;(HOCTOPOHHHM POCTOM KIETOUHOI'O ¢JI0si cyOTCI'YMEHTa, B KOTOPOM YMHOMKAIOTCH
MELIIEYHDIE, CO[IHUTEILHO-TKAREBbIe ¥ A PIHpOQH ILHNIE BOTOKHA, MAKPOBOPCHHKK TeryMeHTa
HRCTHL, JIMHOH B 1—38 MiM, coflepaT kucARIC MyKOcyOeTAHIEA ¢ (}OOH—PpynnaMu ¥ CYTTh-
gorpyumamu. MuxpOTPHXM THryMCHTA CROJCKCA N UedKM, ATHIOH B 2—4 MKM, CO\CpIKAT
HelTpasbHBe M KHC:be (cO CYILporpynmaMi) MyKOCYOCTAHINMEA I OEJIKH ¢ THPOSHHOM, SH
% SS-rpynunamu. B kpoukax xolorka obHapyKeHnr Ge.1ru ¢ SS-rpynuaMu. B cTeHKax 11po10b-
HEIX JKCKPETOPHBIX KAHAIOB CKOTeKcA M IOeHxM 0OHapPYKeHLl He.1KKM ¢ aPrHHHHOM, TAPO3MEOM
1 SH-rpyniamMy 1 g (poQAILHLC JIHITLL
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A. I. Gadzhiev: Gamazovye kleshchi Kavkaza. (Gamasoid mifes of the Caucasus).
Publ. House Elm, Baku 1983, 178 pp., 27 Tables. Price 1.80 B.

The publication presents information on
materials obtained between 1956 and 1979,
including mite collections from about 100,000
mammals, 4,000 birds, 2,000 reptiles, 5,000
nests and burrows, 2,000 soil and 5,000 plant
samples. It is divided into 8 parts. The brief
survey of hitherto studies on gamasoid mites
in the Caucasus is followed by an ecological-
-faunistical one, in which 350 specics, belonging
to 77 genera and 21 families, are roported.
The subsequent part summarizes findings of
Gamasoidea on different species of rodents,
bats, insectivores, carmvores, birds and reptiles.
The fourth part deals with the distribution of
these mites in three natural zones and in
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cx trazonal regions of the Caucasus. The sub
sequent parts are devoted to the influence of
the hosts’ way o life on the composition of
their gamasoid mites, to the specificity and
mutual exchange of these parasites, to their
zoogeographic veculiarities and medical impor-
tance. The text closes with a 10-page list of
references. The publication includes a wealth of
concrete deta, presented in many well-
-organized tables. It provides a very good
informatior about the fauna of Gamasoidea
in the Csucasus and about the general stage
of its knowledge.

Dr. V. Cerny, C.Sc.
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Fig. 1. Cysticercoid of 7. sumuavensis, Cyst (a), seolex (b), neck (e}, tail (d), microvilli (&),
g Y Y

Fig. 1. Cyst of 7. hamanni with scolex and neck freely lying in its eavity. Cyst (a), scolox (b), of !
neck {c), tail (d). Hale-PAS (% 210). Fig. 2. Remnant of thin fibrous envelope (a) on the surfaco muscle and connective tissue layer of outer part of subtegument (f), cellular layer of subtegument
of cyst (b) of 1'. sumavensis., Suckers (e), rostellum (), eells of rostellar sac (e), neek (f). (g), musecle and eonnective tissue layer of innor part of Subtegumvnt‘{h), calcareows bodies (i).

Gomori (% 170). Fig. 2. Wall of eyst of T, sumavensis, Microvilli (&), eircular musele and connee-

Van Gie % 200). : ;
an Gisson, | ) tive tissue layer of outer part of subtegument (b), longitudinal musele and connective tissue
layer of outer part of subtegument (¢). Van Gieson (x 1100),
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Fig. 1. Wall of cyst of T sumnﬂeﬂaE;HWit;l 2‘;9 fibres I“.‘;jm:i'}g fll;um ‘h;‘.‘ gelly I)f ?“;tef;}lx;t Fig. 1. Hooks of 7. sumavensis. Kossa (< 400). Fig. 2. Hooks of 7. hamanni. Sudan black B
(a). Haematoxyline-eosine (¢ 800). Fig. 2. Glycogen content in the cysticercaid o A 3. (% 700).

Cyst (a), rostellum with hooks (b), suckers (e}, scolex parenchyma (d), neck (e). Best's )
carmine (X 320).
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