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ABSTRACT

INTRODUCTION: Ascaridosis and taeniarhynchosis are intestinal parasitic diseases, caused by the mul-
ticellular helminthes - Ascaris lumbricoides and Taeniarhynchus saginatus. A. lumbricoides is the larg-
est nematode found in the human intestines with the female organism reaching lengths between 20 and 40
centimeters. T. saginatus is a hermaphroditic cestode reaching lengths from 6 up to 10 meters.

Aim: The aim of the current study was to prepare histological tissue sections of both intestinal parasites and
to present their specific microscopic structure using different staining techniques.

MATERIALS AND METHODS: Two museum preparations of the adult worms, fixed in a 10% formalin
solution were used. Histological tissue sections were prepared and stained with the hemalaun-eosin tech-
nique, Heidenhein’s azan, van Gieson’s trichrome and acid orcein after Taenzer-Unna stains.

RESULTS: The morphology and positioning of the internal organs of the intestinal parasites were clearly
visualized by the hemalaun-eosin technique, while the additional stains allowed the differentiation of some
specific morphological elements like the fine structure of the cuticle of A. lumbricoides, cestodal eggs’ mor-
phology, etc.

CONCLUSION: Although the routine diagnostic procedures for intestinal parasites are more efficient, the
histological samples stained with different techniques can provide useful information in the ongoing edu-
cation of the specialists in human and veterinarian parasitology and biology.

Keywords: Ascaris lumbricoides, Taeniarhynchus saginatus, histological sample preparation, hemalaun-
eosin, van Gieson, azan
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parasitizing in the human intestinal tract. The fe-
male organism reaches lengths from 20 up to 40 cen-
timeters and has a conically pointed posterior end.
The males reach size between 15 and 20 centimeters
and have a ventrolaterally curved, hook-like posteri-
or end (1-3). Taeniarhynchosis is caused by Taenia-
rhynchus saginatus (commonly known as beef tape-
worm), taxonomically classified in the Taeniidae
tamily, order Cyclophyllidea, class Cestoda, phylum
Plathelminthes. Macroscopically, the strobila is seg-
mented and composed of a scolex, colon and multi-
ple hermaphroditic proglottids. The colon constant-
ly generates new proglottids, replacing the ones that
detach from the taenia body via apolysis and are shed
with the stool. All proglottids are dorsoventrally flat-
tened and bilaterally symmetrical, the proximal ones
are squared while the distal ones are more elongat-
ed. The proximal proglottids possess both male and
female rudimentary reproductive organs which de-
velop fully in the intermediate segments. The main
feature of the distal proglottids is the fully devel-
oped uterus packed with thousands of fertilized eggs,
while the other organs have undergone atrophy. The
high number of the uterine bilateral branches is a
major species determinant, which allows its imme-
diate differentiation from Taenia solium (pork tape-
worm) (2-4).

AIM

The aim of the current study was to prepare his-
tological tissue sections from the mature worms us-
ing different staining techniques to present their gen-
eral anatomy, as well as the histological structure of
the separate tissues and organs.

MATERIALS AND METHODS

For the histological preparations museum
specimens of A. lumbricoides and T. saginatus were
used. The helminths were evacuated from two pa-
tients after etiological treatment and the specimens
were fixed and conserved via immersion in a 10%
formol solution (about 3% - 4% formaldehyde). Six
fragments of the mature A. lumbricoides were ex-
cised as well as several distal proglottids of T. sagi-
natus. All samples were embedded in paraffin. The
A. lumbricoides segments were sectioned transverse-
ly to the longitudinal axis while the T. saginatus pro-
glottids were cut longitudinally. The calcium depos-

its in the proglottids did not compromise the sec-
tioning procedure, so no decalcification was neces-
sary. The 4-6um thick paraffin sections were mount-
ed on microscopy slides and stained with four differ-
ent staining protocols used routinely in histological
and histo-pathological laboratories: (i) routine he-
malaun-eosin staining (HE) with Gill’s acidic hema-
laun IIT and Eosin Y; (ii) a modified van Gieson’s pro-
tocol (vQG), using Gill’s acidic hemalaun III, instead
of Weigert’s ferric hemalaun; (iii) Heidenhein’s azan
(aH) and (iv) Taenzer-Unna’s acetic orcein (Or) (5,6).

All the samples were scanned with an EC Plan-
Neofluar 40x/0.75 objective on a motorized light mi-
croscope “Axio Imager Z2” (Carl Zeiss GmbH, Jena,
Germany) and high definition (0.16 pm/px) digital
images of the entire sections were prepared.

RESULTS

Ascaris lumbricoides: The cross-sections from
A. lumbricoides revealed the ultrastructure of the
parasite on two levels. The anterior sections were
identified by the centered foregut (esophagus) (Fig.
1) and the intermediate sections confirmed that the
worm was a mature female specimen (Fig. 2).

Fig. 1. Overview of cross-sectional histological organiza-
tion of anterior end of A. lumbricoides. A synthetic image
created by combining segments of the differently stained
sections: a. van Gieson’s trichrome (vG), b. hemalaun-eo-
sin (HE), c. acid orcein after Taenzer-Una (Or), I-cuticle,
2-lateral chords, 3-myocytes, 4-esophagus. Obj. 40x/0.75
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Fig. 2. Overview of cross-sectional histological organiza-
tion of an intermediate section of A.lumbricoides. A syn-
thetic image created by combining segments of the differ-
ently stained sections: a. Haidenhein’s azan (aH), b. HE;1-
cuticle, 2-lateral chords, 3-myocytes, 4-intestine, 5-ova-
ries, 6-uterus, 7-ova, 8-ventral nerve. Obj. 40x/0.75

The fine structure of the cuticle (1, Fig. 1 and 1,
Fig. 2) is clearly presented in all staining protocols. In
the hemalaun-eosin stained samples it has a basophil-
ic appearance (b, Fig. 1 and Fig. 2). All four sublayers
of the cuticle are clearly visible with the top showing
the most prominent basophily. The epicuticle’s reac-
tion is probably due to the high content of glycopro-
teins and sulfated proteoglycans (7). The high collag-
enous content of the cuticle is evident from its intense
fuchsin positive staining in the sections processed
with van Gieson’s protocol (a, Fig. 1), and the intense
aniline blue positive appearance in the azan-stained
sections (a, Fig. 2). The cuticlins are the second major
class of proteins in the nematode cuticle (8). They are
highly cross-linked mainly via tyrosine and disul-
fide bonding (7,8). The latter can explain the highly
positive orcein staining of the cuticle (c, Fig. 1) (9,10).
The radial striations of the cortical zone and the four

sheets of spiral fibers in the outer basal zone are most
prominent in the orcein and azan stains. In the azan-
stained sections, the spiral fibers in the outer basal
sublayer of the cuticle are highly azocarmine posi-
tive (1, Fig. 2). Subjacent to the cuticle is the dense,
tleshy hypodermis (subcuticle). The lateral chords (2,
Fig. 1 and 2, Fig. 2) are surrounded by the hypoder-
mis and show a paler staining. The sections stained
with van Gieson’s trichrome revealed a clear contrast
between the collagen-rich cuticle and the subjacent
layers. The hypodermis overlays longitudinally and
transversally oriented myocytes. The detailed view
of the cross-sections reveals the U-shaped myocytes
(3, Fig. 1 and Fig. 2) with visible striations and pe-
ripherally positioned nuclei (11,12). The cuticle, hy-
podermis and muscle layer comprise the body cav-
ity, which is filled with mesenchyme-derived tissue,
which supports the internal organs. The anterior
cross-sections revealed a flattened foregut (esopha-
gus) (4, Fig. 1). In the intermediate sections we ob-
served an asymmetrical, rounded intestine (4, Fig. 2)
with multiple invaginations. The entire gastrointesti-
nal tract is comprised of columnar epithelium with a
visible apical brush border and a collagenous lamina
basalis underlying the epithelial cells. The female re-
productive system is presented by the elongated tube-
shaped ovaries, oviducts and uterus. The ovaries (5,
Fig. 2) are comprised of polygonal eosinophilic cells
with clearly visible nuclei, which when observed un-
der a higher magnification are seen to possess nucle-
oli. The posterior cross sections revealed an asym-
metrical elongated uterus (6, Fig. 2) with a large lu-
men and smaller, rounded oviducts both possessing
an inner lining of simple columnar epithelium un-
derlined with a basal lamina. We observed multi-
ple undeveloped, polymorphic ova in the uterine lu-
men (7, Fig. 2). The medial sections allowed obser-
vation of the ventral nerve of the parasite (8, Fig. 2).
While the overall structure was relatively well pre-
served, there were signs of differently advanced au-
tolysis in the sample due to the fixing of the whole
specimen for museum preservation. Since the cuticle
of the nematodes is highly impenetrable this proba-
bly slowed down the fixative’s diffusion and allowed
for post mortem autolysis to develop in the body cav-
ity and the reproductive organs. For further use this
can be easily countered via slow fixing at 4°C.

34

Scripta Scientifica Vox Studentium, 2017;1(1):32-36
Medical University of Varna



Kristian Yeremiev, Tatyana Cvetkova, Stoyan Pavlov et al.

Taeniarhynchus saginatus: In this study, we pre-
pared longitudinal tangential sections from several
distal proglottids (Fig. 3).

ate host (13). Besides hemalaun, azocarmine also re-
vealed affinity towards the corpuscles, while the ace-
tic orcein barely visualized them. The detailed imag-

Fig. 3. Overview of histological organization of longitudinal sections of distal proglottids of T. saginatus. A synthetic im-
age created by combining segments of the differently stained sections: a. Or, b. HE, c. vG, d. aH, I-tegument, 2-myocytes,
3-uterus, 4-uterine branches, 5- calcareous corpuscles. Obj.40x/0.75

The thick eosinophilic syncytial outer layer of
the tegument and the columnar epitheloid subtegu-
mental cells are clearly discernable via the HE, vG
and azan staining (1, Fig. 3). Underneath the tegu-
ment, the outer parenchymal layer is found, overlay-
ing several muscular layers, comprised of transver-
sally and longitudinally oriented myocytes (2, Fig. 3).
These muscle layers determine the separate proglot-
tids” active movements. Like all cestodes, T. sagina-
tus does not possess a digestive system and acquires
the necessary nutrients with the surface of the tegu-
ment. As aforementioned, the distal proglottids are
sexually matured and as such, most of their internal
organs are atrophied, leaving the most prominent
structure - the gravid uterus (3, Fig. 3). Its large, bilat-
erally branched cavity is lined with simple columnar
epithelium. The tangential sections show us an over-
view of the uterine morphology, while the longitu-
dinal ones allow us to count the central branches (4,
Fig. 3). These bilateral branches are a distinct struc-
tural characteristic and a major species determinant,
allowing the differentiation of T. saginatus (with 12-
32 uterine branches) from T. sollium (between 8 and
12). The space between the separate organs is com-
prised of parenchyma, in which multiple small, cir-
cular, basophilic masses are observed. These masses
are termed calcareous corpuscles and are comprised
of concentric layers of calcium carbonate (CaCO,) (5,
Fig. 3). The calcareous corpuscles’ purpose is still de-
bated, but they are hypothesized to serve as calcium
deposits, aiming to prolong the lifespan of the cysti-
cerci, disseminated in the tissues of the intermedi-

es were able to reveal on both posterior and distal end
of the gravid proglottide, the formation of the region
where the proglottid detachment, a process termed
apolysis, will take place (6, Fig. 3).

All of the implemented staining techniques
showed excellent results regarding the cestodal ova
(Fig. 4).

\‘ i | ’“1‘ I ¥ ':‘_'.. ! ,. E
Fig. 4. Ova of T. saginatus in uterus. a. HE, b. vG, c. Or,
d. aH, I-shell, 2-oncospheres, Obj. 40x/0.75

The characteristic radially striated, double-lay-
ered shell (1, Fig. 4) which holds the oncosphere, is
composed of keratin and stains very intensely with
acetic orcein and azocarmine in the azan proto-
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col (d, Fig. 4). Regarding the oncospheres (2, Fig. 4),
hemalaun-eosin, van Gieson’s trichrome stain and
Heidenhein’s azan stain showed good results, while
Taenzer-Unna’s acetic orcein (c, Fig. 4) left the em-
bryos unstained, giving the appearance of an empty
shell. The specific structure of the cestodal eggs un-
fortunately cannot be used for the clinically impor-
tant parasite genus differentiation (4,14).

CONCLUSION

The museum formalin-preserved samples
proved to be a useful source for the preparation of
histological slides for the demonstration of the in-
ternal structure of both round- and tapeworms.
The slow fixative diffusion and the consequent au-
tolysis can be easily prevented by keeping the speci-
men at a 4°C temperature during the first few weeks
of the specimen fixation. The histological samples
and the unique detailed overview images obtained
with the motorized Axio Imager Z2 microscope al-
lowed a thorough observation on the parasites” in-
ternal morphology, giving a detailed overview of
their anatomy, as well as some insights in the sepa-
rate structures’ cytological and histological charac-
teristics. Although more efficient tests for intestinal
parasites are implemented in the routine diagnostic
practice, the histological examination can be help-
ful regarding the parasites’ internal morphology es-
pecially when genus specific characteristics like the
number of uterine branches are present. The derived
images present a substantial enrichment of the edu-
cational image collection of Medical University-Var-
na and can be used in the ongoing education of par-
asitology residents, human and veterinarian medi-
cine students and medical laboratory assistants. To
our knowledge, this is the first documented exper-
iment describing the application of Taenzer-Unna’s
acetic orcein stain on tissue sections from intestinal
helminthes.
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