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Abstract

Hydatid disease is a severe zoonosis caused by metacestodes (the larval stage of a tapeworm) of the genus Echinococcus.
Considering the complex ultrastructure of the cyst, the cyto-histopathological analysis of the hydatid cyst layers requires the
use of various histochemical staining techniques. This paper is a cyto-histopathological and PCR analysis of the uninfected
and infected pulmonary hydatid cyst membrane structures, conducted between 2009 and 2019 on a total of 2123 lung
samples of cattle 2-18 years old. The open infected hydatid cyst, identified in lungs from cattle, can be considered, from the
cyto-histopathological point of view, as a diffuse granulomatous hydatid proliferation. PCR was a reliable and valuable tool
in the E. granulosus rapid diagnosis.

Rezumat

Hidatidoza este 0 zoonoza severa cauzata de metacestode (stadiul larvar al unei tenii) din genul Echinococcus. Avand in
vedere ultrastructura complexa a chistului, analiza cito-histopatologica a straturilor chistului hidatic necesita utilizarea mai
multor tehnici de colorare histochimica. Aceasta lucrare este o analiza cito-histopatologica si PCR a structurilor membranei
chistului hidatic pulmonar neinfectat si infectat, realizata intre anii 2009 si 2019 pe un total de 2123 probe de pulmon, de la
bovine cu vérsta cuprinsa intre 2 si 18 ani. Chistul hidatic infectat deschis, identificat in plaméani de la bovine, poate fi
considerat, din punct de vedere citohistopatologic, o proliferare hidatici granulomatoasi difuzi. in studiul nostru, tehnica
PCR a fost un instrument de incredere si valoros pentru diagnosticul rapid al E. granulosus.
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Introduction It is necessary to increase the knowledge of the
interaction between the parasite and animal host tissue,
mainly for a better surgical approach. Between the host
tissue and the parasite is a very close interaction
developed from the early stages of the hydatid cyst to
the complete development of all cyst layers (membranes):
the pericyst (the outermost layer of hydatid cyst contains
almost entirely host cells), the middle laminated
membrane and the inner germinal layer [16].

Considering the complex ultrastructure of the cyst,
the cyto-histopathological analysis of the hydatid
cyst layers requires the use of various histochemical
staining techniques. The most often used stain is
haematoxylin and eosin (H&E), a staining method
important for diagnosing pathology, which stains nuclear
components from blue to dark purple and cytoplasm
and most connective tissue fibres in orange, pink or
red [14]. Another staining method is the modified
Masson's trichrome designed to selectively identify
collagenous connective tissue fibres (stained blue),
and to differentiate them from the erythrocytes, fibrin,

Hydatid disease, or Echinococcosis, is a severe
zoonosis with a long history in Europe, which still
produces major outbreaks in certain communities and
numerous debates in today's scientific world [12, 15,
30]. Both human and bovine hydatid diseases are caused
by metacestodes (the larval stage of a tapeworm) of
the genus Echinococcus, found in the small intestines
of carnivores (the definitive hosts) [10, 23]. Humans
are only incidentally infected, for which the main sites
of hydatid cysts are the liver, lung, and brain [23].
In Romania, the incidence of human and bovine
hydatidosis appears to be one of the highest in Europe
[5, 10, 23]. This requires the establishment and
implementation of sustained prevention and control
programs, including the use of new surgical therapeutic
techniques in human hydatidosis [19, 28, 31, 32] and
new prevention programs in bovine hydatidosis [2, 4,
11, 17].
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cytoplasm of cells and muscle (stained red); nuclei
are stained purple-black [22]. One of the most widely
used histochemical methods is the periodic acid-
Schiff (PAS) reaction, used to detect polysaccharides,
mucosubstances, and mucins in tissues. Periodic acid
is a strong oxidising agent used to cleave the vicinal
diols of sugars and yield aldehydes. The Schiff reagent
reacts with aldehydes to give a purple-magenta colour.
In most protocols, PAS is used in combination with
the alcian blue staining to a better distinction of the
neutral mucins (stained bright magenta) from the acid
mucins (stained deep blue) [1, 21].

Polymerase chain reaction (PCR) has been used for
the detection of species and genotypes (strains) of
Echinococcus in various biological samples [7, 25, 26].
The aim of this research was the cyto-histopathological
and PCR analysis of the uninfected and infected
pulmonary hydatid cyst membrane structures in cattle.

Materials and Methods

Biological samples

The results of 2123 cattle aged 2 - 18 years with
pulmonary hydatid disease at the post-mortem inspection
were analysed between 2009 and 2019.

Suspected cystic samples were detached from the cattle
lungs, placed in sterile bags, identified, refrigerated,
and shipped within 3 hours to the Institute for Diagnosis
and Animal Health, Bucharest, Romania for further
examination.

Cytopathological examination

The cytologic diagnosis of echinococcosis consisted in
fine-needle aspiration of lung hydatid cyst, centrifugation
at 1000 rpm for 2 minutes, and the smear sediment
examination under a microscope. Both unstained wet

and Haematoxylin (isotonic solution, 1%) stained
mounts of hydatid fluid sediment were examined.
Histopathological examination

The histopathological examination used a formalin-
fixed paraffin-embedded tissue sample of hydatid cysts.
Paraffin block slides at the desired thickness (4 - 5 um)
were dewaxed and then stained with haematoxylin and
eosin (H&E), modified Masson, Periodic Acid Schiff
(PAS) and PAS-Alcian blue (PAS-AB) methods for
light microscopic examination. The sections were
examined and photographed with an Olympus BX5
microscope to observe histopathological aspects of
interest.

Detection of E. granulosus by polymerase chain
reaction (PCR)

The PCR used samples of pulmonary hydatid cyst
germinal layer. The samples were crushed individually
in the Petri dish with a scalpel blade and a tweezers,
and ~ 100 mg of each sample was loaded into the
lysis tubes, over which 900 pL phosphate buffer
saline (PBS) 1X was added. The contents were
homogenized with the MagNA Lyser Instrument
(Roche Diagnostics, Germany) according to the
manufacturer's recommendations, and subsequently
centrifuged for 1 min at 13,000 rpm for supernatant
expression. DNA extraction used 200 L supernatant
and PureLink Genomic DNA Mini Kit (Invitrogen,
Thermo Fisher Scientific, USA), by following of
manufacturer’s instructions. The preparation of the
reaction mix and its coupling with the previously
extracted DNA were performed with the GoTagDNA
Polymerase (Promega, USA) amplification kit and the
specific EQO/DNA-IM1 primer set [22], in a final
volume of 25 pL/sample (Table I).

Table |

Components of the PCR reaction mix for the detection of E. granulosus

Reagents Volume (pL/sample)
Nuclease-Free Water 8.375
GoTaq Reaction Buffer 5.0
PCR Nucleotide Mix, 10mM each 0.5
upstream primer 20 pmol/pL 0.5
S'-TCATATTTGTTTGAGKATYAGTKC-3'[22]
downstream primer 20 pmol/pL 0.5
5'-GTAAATAAMACTATAAAAGAAAYMAC-3' [22]
GoTag DNA Polymerase (5 U/uL) 0.125
Template DNA 10.0

The thermal cycling protocol had an initial denaturation
step for 2 min at 95°C, 45 cycles of a denaturation
step at 94°C for 45 sec, an annealing step at 50°C for
45 sec, an extension step at 72°C for 1 min, and final
extension at 72°C for 5 min. Soak step at 4°C for an
indefinite time. The amplification products were
separated by agarose gel electrophoresis (1.5%) using
1.2 g agarose, 80 mL 1x tris-acetate-EDTA (TAE)
buffer, and 5 pL of 10 mg ethidium bromide (EtBr)/
mL. As migration buffer 1x TAE buffer + 10 uL EtBr
10 mg/mL was used. 10 uL of sample (amplified DNA)
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was homogenized with 3 pL of loading buffer on a
Parafilm foil. 10 pL of the resulting mixture was
charged into the wells of the agarose gel. The migration
parameters have been set to 100 V, 0.5 A and 35 min.
In the first well molecular size marker EZ Load 100
bp Molecular Ruler (BioRad, USA) was loaded, and
in the next wells the samples and the controls -E, +E,
-C and +C (Figure 1). The positive result shows a 285
base pairs (bp) amplification fragment corresponding to
the partial sequence of the E. granulosus mitochondrial
gene of the cytochrome oxidase COL1 [8].
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Figure 1.
Agarose gel electrophoresis of the PCR product CO1 gene fragment of Echinococcus granulosus at 285 bp in
cattle pulmonary hydatid disease
L: Ladder 100 bp; S1 - S4: positive samples and -E, +E, -C, +C: negative and positive controls

Results and Discussion

In cattle, hydatid cysts grow slowly, usually in several
years [29], but the initial development of the cyst is
achieved in 10 - 14 days and the formation of a
complete fertile cyst with numerous protoscoleces in
at least 10 months [20, 29]. Fertility of hydatid cysts
is an important factor in the life cycle of Echinococcus
species. The fertility rate is influenced by several
environmental, host, and cyst factors [13].

The most important cyst factors are site, size and type
of the cyst. In infections with cattle strain, hydatid

cysts are mainly in the lungs and morphologically
can be unilocular or multilocular, varying greatly in
size and shape [24]. The bacterial infection can lead
to protoscoleces degeneration and sterilization of the
infected hydatid cysts [13], but only a few studies
described the bacterial infections of hydatid cysts
[9, 13, 18].

The cytological and histological exam of uninfected
and infected hydatid cysts (Figures 2, 3 and 4) revealed
quite different morphological patterns (Table I1), but
the protoscoleces were observed in both types of cysts.

Figure 2.
Infected hydatid cyst: 1 — proliger-cuticular membrane; 2 — polymorph cellular population; 3 — necrosis;
4 — multinucleated giant cells; 5 — fibrous capsule around the cysts; 6 — emphysema
Cattle pulmonary hydatid disease. H&E, x600
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Figure 3.

Infected hydatid cyst: proliger-cuticular membrane (thin arrow); proliger-cuticular membrane “spurs” in the
pericystic area (thick arrow); subcuticular lacunar layer that delimits proliger-cuticular and pericystic membranes

(dotted arrow)
Cattle pulmonary hydatid disease. Modified Masson, x100

Figure 4.

Larvae germinal elements intense PAS-positive (arrow)
Cattle pulmonary hydatid disease. PAS, x50

Also, in uninfected hydatid cysts, some vesicular

structures presented structural configurations of pre-

excreting network, germinal-cuticular membrane
protoscoleces (e.g.., rostral apparatus, internal canalicular

system). In the infected hydatid cysts, the structural
destructions are oedematous and necrotic alterations,
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haemorrhages and calcifications. The delimiting layer
structures of the larvae germinal elements alter their
topographic histological rapports, germinal elements

surpass the structural limits of the primary hydatid

cyst and develop new hydatid centres in other layer

structures (e.g., pericystic membrane) [6, 27].
Table 11

Main cytological and histological morphology in cattle pulmonary hydatid disease

Uninfected hydatid cyst

Infected hydatid cyst

e  Larvae germinal elements into the cyst fluid;

e  Consistent PAS-positive staining in the cyst wall;

e  Fibrous capsule around the cysts;

e  Fertile fragments of the proliger membrane;

e  Fragments of acephalocystic proliger membrane;

e  Solitary and conglomerates of proliger daughter-
vesicles;

e Invaginated, partially devaginated and mature
protoscolex with infecting potential;

e  External canalicular excreting network
fragments;

e Rostral fragments;

e  Hooks coming from the rostral apparatus of the
protoscolex;

e  Calcified amorphous masses;

e Hydatid liquid.

The new cystic centres which were developed into the
layer structure and in the proximity of the infected
pulmonary hydatid cysts together with the overlapping
inflammatory process constitute a complex pulmonary
granulomatous hydatid lesion, with the following
characteristics: (1) opened hydatid cyst; (2) inflammatory
process with cellular reactivity, predominantly mono-
nuclear and neutrophilic and eosinophilic granulocytes
reactivity; (3) disorganization of the proliger-cuticular
layer, pericystic layer, and epithelioid-giant and poly-
morph nuclear cell layers architectonics; (4) identification
of free and phagocyted hydatid germinal elements in
the interlayer spaces; (5) the peripheral secondary
hydatids constituted and forming, with epithelioid-
giant cellular and polymorph cellular reactivity.

In our previous study [3], we considered the cattle
pulmonary granulomatous hydatid disease a model of
study for human medicine in videothoracoscopy and
non-invasive and minimal-invasive surgical technique
investigations.

Several DNA methods are available for the identification
of E. granulosus strains in intermediate hosts. The
PCR analyses revealed that all hydatid cysts were of
E. granulosus. Molecular analysis concomitant to
histopathological examinations is useful in the diagnosis
of cattle pulmonary hydatid disease.

Conclusions

The technique used has clarified the differences in
structure and composition between the uninfected
and infected cyst. In the bovine hydatid pulmonary
infection, larvae germinal elements were present into
the cyst fluid of the uninfected and infected hydatids,
and in the lacunar hydatid liquid of the interlayer
spaces of the open infected hydatid cysts. In cattle
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Larvae germinal elements into the cyst fluid;

Consistent PAS-positive staining in the cyst wall;
Fibrous capsule around the cysts;

Larvae germinal elements into the lacunar hydatid liquid
of the interlayer spaces;

Fragmented, discontinuous proliger-cuticular membrane;
Polymorph cellular population with giant cells,
eosinocytes, plasmocytes and/or neutrophilic
granulocytes;

Subcapsular inflammatory cell infiltration, eosinophil
leucocyte accumulation into the cyst lumen and
inflammatory cell infiltration into adjacent organ
parenchyma;

Necrosis and calcification areas in the restant intracystic
spaces and infected hydatid layer structures;
Emphysema.

lungs, the open infected hydatid cyst can be cyto-
histopathologically considered a diffuse granulomatous
hydatid proliferation. The PCR analyses proved to be
a reliable and valuable tool in the E. granulosus rapid
diagnosis. The results obtained in cattle pulmonary
hydatid disease study recommend the cattle as a valuable
animal model for the diagnostic and therapy of the
human infection with E. granulosus.
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