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ABSTRACT

Introduction. Hydatid cyst is a zoonotic parasitic disease induced by the larval form of Echinococcus
granulosus, which continues to be a public health problem in many regions of the world, including the Republic
of Moldova, being among the neglected tropical diseases recognized by the World Health Organization.

The aim of this study is the histopathological analysis of the pulmonary hydatid cyst complicated by rupture in
children with the evaluation of the changes in the structural architecture of the hydatid larvocyst and their
correlation with the spectrum of histopathological changes in the fibrous capsule (pericyst) and the pericystic
lung parenchyma involved and responsible for the severity of the inflammation and reparation of pericystic
tissues.

Material and methods. The histopathological study included 11 patients with pulmonary hydatid cyst
complicated by endobronchial rupture and operated at different time periods from the onset of complications. It
was used to examine the elements of the parasitic metacestode, fragments of pericyst (fibrous capsule) and
pericystic lung tissue, taken intraoperatively.

Results. In 4 cases of pulmonary hydatid larvocyst ruptured in the bronchus and operated within 24-48 hours
from the occurrence of the complication, morphological changes characteristic for a parasite in the
evolutionary phase of active fertility were detected, with the presence of partial necrolytic changes of the
lamellar cuticle, with an uneven reduction of the lamellar structures, in places with a characteristic appearance
of homogenization. In 2 cases, the presence of a disintegrated, partially fasciculated hydatid larvocyst with the
presence of a semitransparent liquid was found. In these cases, the lamellar cuticle had a whitish color, and
yellowish necrolytic areas or plaques were observed. In all these cases, the internal surface of the larvocyst was
white-matte in color, with lamellar cuticle residues, and crater-like eruptions observed in some areas. In the
remaining 5 cases of viable pulmonary hydatid cyst complicated by endobronchial rupture hospitalized and
subjected to medical-surgical treatment 72 hours after the onset of the complication, the morphopathological
changes were much more severe. In these cases, the histological examination made it possible to find the
lamellar membrane with homogenization, determining the disordered structure due to intumescence and
necrolytic processes, in some places with attenuation of the lamellar aspect. In some areas, the proliger
membrane had dystrophic, necrolytic and desquamative changes, completely disorganized, in places with large
proteinaceous agglomerations with a varied parasitic cellular component. Aggregations of leukocytes could be
observed from the outside. The 2 cases of hydatid cyst complicated with endobronchial rupture and subjected to
surgical treatment after a period of more than 12 days from the occurrence of the complication showed
characteristic changes of a severe infectious-inflammatory process, including the association of alterative
changes of all parasitic structural elements, with the penetration of the inflammatory cellular infiltrate into the
layers of the parasitic larvocyst and the association of degeneration phenomena. In both cases, the parasitic
larvocyst was considered mortified, the germinal elements of the parasite being in the calcification phase. The
histological explorations made at the level of the periparasitic capsule confirmed the presence of necrotic
lesions within the hyalinization area associated with a perifocal polymorphocellular inflammatory process with
the presence of eosinophils and reticular-epithelial tissue reactions. The lung parenchyma at various distances
showed an interstitial infiltration of various intensity, the presence of an interstitial and peribronchial
sclerogenic reaction. Simultaneously with the described morphopathological changes, mortified parasitic
germinal elements were observed in the tissues of the fibrous capsule, but also some elements capable to
contribute to the recurrence of the disease.

Conclusions:

1. In cases of pulmonary hydatid cyst complicated by endobronchial rupture, the hydatid metocestode is
subjected to some partial necrolytic changes of the lamellar cuticle, with uneven reduction of lamellar
structures, with characteristic signs of homogenization. However, in the early stages of the complication, in
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some areas, the partial viability of the parasitic elements (protoscolexes and daughter vesicles) and the
germinal membrane is found, which partially preserves its properties of remultiplication, these properties being
damaged with the passage of time.

2. Pulmonary hydatid cyst complicated by endobronchial rupture in children is characterized by
granulomatous infiltrative inflammatory processes of the pericystic (adventitial) layer, with the association of
necrotic degeneration changes, with the development of vascular thrombotic syndrome in the pericyst and the
adjacent lung parenchyma and an acute granulocytic inflammatory process with eosinophilic component.

3. In the regions of the pericystic lung parenchyma of the pulmonary hydatid cyst complicated by
endobronchial rupture, signs of pneumopathy are attested, manifested by granulomatous exulcerative bronchitis
and micropapillomatous bronchiolitis, fibrinous and fibrino-leukocytic alveolitis, and the pleural area is
characterized by mesothelial micropolypous inflammatory-proliferative phenomena. These morphopathological
manifestations determine a major risk of developing complications, including the insufficiency of padding
sutures, the persistence of bronchial fistulas, which can cause a long postoperative morbidity.

4, Along with the alterative-necrolytic changes of the parasitic structures and the significant
inflammatory-destructive processes of the pericystic layer, some findings have been documented that indicate
the possibility of the development of secondary parasitic cystic formations located in the pericystic tissues,
which can determine a major risk of development of local recurrences after surgery.
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. Introduction

Hydatid cyst is a zoonotic parasitic disease induced by the larval form of Echinococcus granulosus
(Cestoda class, Taeniidae family) with the predominant involvement of the liver (60% - 80%) and lungs (20% -
30%), although it can be observed in any organ and body part [Aydin Y. et al., 2022, Goussard P. et al., 2022].
This disease continues to be a public health problem in many regions of the world [Salman H. et al., 2023],
including the Republic of Moldova, being among the neglected tropical diseases recognized by the World
Health Organization [Agudelo Higuita N.I. et al., 2016].

According to some statistical data, approximately 10%-20% of hydatid cyst cases are observed in
children. The incidence of postoperative complications is also quite high, especially in cases of hydatid cyst
complicated by rupture, which constitutes 11.7%-29.4% [Hamouri S. et al., 2021, Kocaman O.H. et al., 2022].

The hydatid metacestode is characterized by a high potential to cause a local inflammatory process.
However, the local reaction in cases of hydatid cyst varies from severe granulomatous lesions to the presence of
a non-infiltrated collagenous capsule, derived from the resolution of the inflammation, which correlates with a
stable host-parasite relationship that determines the development of fertile parasitic cysts [Breijo M . et al.,
2008, Basika T., et al., 2012]. And if several mechanisms have been described in the specialized literature to
explain the rupture of the hydatid cyst, such as the degenerative phenomena of the parasitic metocestodes, the
diameter of the bronchial fistula, the intracystic pressure, the fragility of the endocyst membrane, the
multiplication of the force effect and the anatomical characteristics of the lung [Ashour M.H. et al., 2016], then
evolutionary aspects of morphopathological changes in pericystic tissues are not specifically approached in
detail. In this context, there is a need of relevant elucidation studies of the pathological changes that occur in
cases of rupture of the hydatid metacestode, establishing both the evolution of the parasitic agent in conditions
of desemination of the germinal elements, as well as the clinical-evolutionary particularities of the local
inflammatory process, in this context being few studies [Hidalgo C. et al., 2019].

The aim of this study is the histopathological analysis of the pulmonary hydatid cyst complicated by
rupture in children with the evaluation of the changes in the structural architecture of the hydatid larvocyst and
their correlation with the spectrum of histopathological changes in the fibrous capsule (pericyst) and the
pericystic lung parenchyma involved and responsible for the severity of the inflammation and reparation of
pericystic tissues procces.

Il.  Material and methods.

The histopathological study included 11 patients with pulmonary hydatid cyst complicated by
endobronchial rupture and operated at different time periods from the onset of complications. It was used to
examine the elements of the parasitic metacestode, fragments of pericyst (fibrous capsule) and pericystic lung
tissue, taken intraoperatively. After prior fixation of the material in the sol. of 10% formalin, after 6 hours the
macroscopic and microscopic processing of the selected samples (935 tissue samples) was resorted to, using the
histoprocessing and automated staining network "Diapath" with the application of hematoxylin & eosin, van
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Geison, selective Orceina and A&E staining methods. Histological examinations were performed with
conventional microscopy.

I11.  Results.

The macroscopic examination found that the severity of the structural changes of the pulmonary hydatid
metacestode complicated by rupture depended on the evolutionary stage of the parasite, as well as the term of
treatment after the occurrence of this complication.

In 4 cases of pulmonary hydatid larvocyst ruptured in the bronchus and operated within 24-48 hours from
the occurrence of the complication, morphological changes characteristic for a parasite in the evolutionary phase
of active fertility was found, with the presence of partial necrolytic changes of the lamellar cuticle, with the
uneven reduction of the lamellar structures, in places with a characteristic appearance of homogenization (fig.
1A). In some areas, fistulas with alterative changes associated with the disjunction of the lamellar membrane
were observed, in which the presence of fragmented sectors of the proliger membrane and scolexes could be
found. Along with these characteristic changes for all 4 cases, in 2 cases some aspects of remultiplication of
germinal membranes were documented. In all these cases, the predominance of parasitic elements, such as
scolexes and proligerous capsules at different stages of parasitic re-multiplication, was attested. On examination
of the hydatid sand in the drop, a large number of mature scolexes were observed, which could also be found
inside the proligerous capsules.

During the microscopic examination, on various areas of the larvocyst, the presence of characteristic
signs for the active fertilization phase of the germinal membrane was observed, this having various thicknesses,
hypercellularized (fig. 1B), on some areas acellularized, and the presence of some immature scolexes was also
noted, which were at the embryonic stage (fig. 1C).

The periparasitic fibrous capsule had a pseudocartilaginous appearance, elastic-hard, with areas of light
brown color, in some areas with small foci of a pale-yellow coloration (fig. 1D).

Fig. 1. A - the microscopic appearance of the lamellar membrane of the hydatid larvocyst
complicated with disjunction of the lamellar structure: 1 - the alterative zone of the fistula at the
level of the lamellar disjunction; 2 - mortified scolex; 3 - herniated proliger membrane in the area
of the fistula. x 100. Color. H&E. B - the germinal membrane of the parasitic larvocyst in the

DOI: 10.9790/1959-1203035463 www.iosrjournals.org 56 | Page



Clinical Morphopathological Considerations In The Pulmonary Hydatic Cyst Complicated......

In 2 cases, the presence of a disintegrated, partially fasciculated hydatid larvocyst with the presence of a
semitransparent liquid was found. In these cases, the lamellar cuticle had a whitish color, and yellowish
necrolytic areas or plaques were observed. In all these cases, the internal surface of the larvocyst was white-
matte in color, with remnants of lamellar cuticle, and crater-like eruptions were observed in some areas (fig.
2A). In this small subgroup of patients, the histological examinations revealed the presence of some
dystrophynecrolytic changes of the lamellar cuticle, with the presence of a germinal membrane in fertilization
and remultiplication activity, with the presence of proligerous capsules, which contained mature scolexes (fig.
2B). In these cases also, various aspects of herniation of the proligerous membrane in the area of the cuticular
membrane were attested. At these levels, the presence of proligerous capsules at various stages of evolution was
also attested, some with the presence of scolexes at the embryonic stage (fig. 2C).

Fig. 2. A - the internal surface of the pericystic capsule: 1 - lamellar-
cuticular membrane residues of the hydatid larvocyst; 2 - crater-like
eruptions. B - Larvocyst in fertility with the presence of germ capsules with
1-2 mature scolexes. x 75 Color. H&E. C - fascicular areas of the lamellar

In the remaining 5 cases of viable pulmonary hydatid cyst complicated by endobronchial rupture
hospitalized and subjected to medical-surgical treatment 72 hours after the onset of the complication, the
morphopathological changes were much more severe. In these cases, the histological examination found out the
lamellar membrane with homogenization, revealing the disordered structure due to intumescence and necrolytic
processes, in some places with attenuation of the lamellar aspect. In some areas, the proliger membrane had
dystrophic, necrolytic and desquamative changes, completely disorganized, in places with large proteinaceous
agglomerations with a varied parasitic cellular component. Aggregations of leukocytes could be observed from
the outside (fig. 3A). On other fields of view, a fascicularization of the lamellar cuticle was attested, with the
appearance of some fissural aspects, inside with cellular elements of the proliger membrane and lympho-
leukocyte elements. Concomitant with these significant changes in the parasitic structural elements, in one case
the development of daughter cysts was observed in the area of the proliger membrane (fig. 3B) and mortified
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protoscolexes, which were located in the cracks of the cuticular membrane (fig. 3C), as well as in the lumen
with the association of mycotic infection (fig. 3D).

Fig. 3. A — The microscopic aspect of fibrino-cellular adhesive conglomerates at the proliger
membrane with perifocal parasitic cell proliferation (1), the lamellar cuticle with phenomena of
degeneration of the lamellar structures (2); B - aspects of scolex migration: Viable hydatid cyst

with new daughter cysts in the area of the proliger membrane: 1- maternal larvocyst; 2- daughter
cysts developed in the lamellar structure with protrusion in the lumen. Color. H-E. C — scolexes,

The 2 cases of hydatid cyst complicated with endobronchial rupture and subjected to surgical treatment
after a period of more than 12 days from the time of occurrence of the complication showed characteristic
changes of a severe infectious-inflammatory process, including the association of alterative changes of all
parasitic structural elements, with the penetration of the inflammatory cellular infiltrate into the layers of the
parasitic larvocyst and the association of degeneration phenomena. In both cases, the parasitic larvocyst was
considered mortified, the germinal elements of the parasite being in the calcification phase.
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Fig. 4. Histological feature of late-diagnosed hydatid larvocyst complicated by
endobronchial rupture. A — the hydatid larvocyst with focal alterative changes associated
with the penetration of the inflammatory infiltrate into the lamellar cuticle. B — cellular

The histological explorations at the level of the periparasitic capsule confirmed the presence of necrotic
lesions within the hyalinization area associated with perifocal polymorphocellular inflammatory process with
the presence of eosinophils and reticulo-epithelial tissue reactions. The pulmonary parenchyma at various
distances showed an interstitial infiltration of various intensity, the presence of an interstitial and peribronchial
sclerogenic reaction, in various areas associated with the presence of lymphoid follicular structures with active
peribronchial germinal centers and at the level of the interalveolar septa, thus forming a reactive perifocal
lymphoid-follicular lymphocytic chain (fig. 5A). At the capsule level, in some areas, in parallel with the
reticulo-epithelial reactions of the granulomatous inflammation underlying the necrolytic exulcerations, the
presence of polynuclear cellular symplasts of the type of foreign body cells was also attested. It should be noted
that adjacent to these areas the involvement of the vessels was attested, they showed perivascular and wall
inflammatory processes as well as proliferative processes of the endothelium (fig. 5B).

In parallel, damage of the bronchial system with the involvement of bronchioles and small-caliber
bronchi was also attested, these also manifested an exulcerative granulomatous bronchitis with peribronchitis
and hyperplasia of the follicular lymphoid structures on account of the germinal centers (fig. 6A). Regarding the
alveolar parenchyma or the alveolar-interstitial component near the capsule or circumscribed between the
capsule and the lymphoid follicular chain, a macrophage alveolitis was also attested, on some areas being of
protein serous origin (fig. 6B). The interstitium revealed by the interalveolar septa in various areas showed
lesional changes characterized by alveolar atelectatic aspect and polymorphocellular infiltration of various
intensity and interstitial sclerogenic reactions (fig. 6C).
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fibrillary patch with ischemic changes. Among the necrotic-fibrinous masses, mortified protoscolexes
could be observed (fig. 7A). In some areas, the capsular structure had some ischemic-necrotic changes, some
merging with fissural structures from the newly formed fibrillary-fibroblastic connective area. Necrotic-
fibrinous changes were found on the internal surface, the connective component of the fibrous capsule layer
being hyalinized, the surface being covered with fibrinous masses, and in some areas secondary hydatid cystic
formations circumscribed by newly formed cellularized fibrillar-fibroblastic tissue were found (fig. 7B).

In cases of pulmonary hydatid cyst complicated with endobronchial rupture and subjected to surgical
treatment after a period of more than 12 days from the time of occurrence of the complication, the
histopathological examination highlighted the hyalinized tissues of the fibrous capsule, with significant
ischemic-alterative and necrolytic changes, with fascicularization aspects, in some areas manifesting by a
sinusoidal aspect. The sinusoidal structures were lined with granulocytic elements, much more in the
pericapsular area, where they form a granulocytic layer, followed by a fibrinous alveolitis mixed with
granulocytes. The granulocytic component included eosinophilic elements in varying proportions. The vascular
morphopathological changes were presented by the necrosis of the vascular network of the internal area of the
pericyst, with a discrete eosinophilic reaction, blood stasis, with aggregation phenomena and small thrombi, in
some areas fibrinoid necrosis of the vascular wall was observed. In some places, the disjunction with
restructuring into a fistulous fissure was observed at the border between the necrotic and the fibrillary
(fibrocytal-fibroblastic) zone, with pronounced inflammatory changes and eosinophilia (fig. 8A, B). The
visceral pleura showed a mesotheliocyte proliferation and micropolypous appearance.

It should be noted that in these cases, simultaneously with the described morphopathological changes,
mortified parasitic germ elements were observed in the tissues of the fibrous capsule, but also some elements
capable to contribute to the recurrence of the disease (fig. 8C, D).

IV.  Discussions.

The hydatid larvocyst consists of three structural components: the acellular laminar membrane, the
germinal membrane and the hydatid fluid with germinal elements, the metacestode being surrounded by a
fibrous capsule or granulation tissue (pericyst) [Kanan J.H.C., et al., 2006, Murray P.J., Wynn T.A., 2011,
Bektas S., et al., 2016].

The laminar layer of the hydatid metacestode, generated by the metabolic activity of the geminal layer of
the parasite, represents a specialized extracellular matrix, with a very complicated structure, formed by various
layers of mucopolysaccharides and keratin, which contains nano-deposits of calcium inositol hezakisphosphate,
being permeable for macromolecules, representing a very large area for the adsorption of diffusible proteins
[Basika T. et al., 2012, Hidalgo C. et al., 2019, Rheiner M. et al., 2020]. It is evolutionarily adapted to maintain
the integrity and protect the germ layer from the host's immune mechanisms, being involved in the down-
regulation of the local inflammatory response [Siracusano A. et al., 2008, Diaz A. et al., 2011, Diaz A. et al. al.,
2015]. Through the ability to inhibit the proliferation of macrophages and to induce the production of arginase,
it neutralizes the activity of nitric oxide [Amri M. et al., 2009]. Although there are extensive knowledges about
the structure of the hydatid metacestode laminar layer, which acts as a barrier against intermediate host cell-
mediated effector mechanisms, there are major gaps in mucin proteomic activity data, about the ability of the
laminar layer to induce the expression of inhibitory molecules of immunocompetent cells, etc. [Diaz A. et al.,
2023].

The pericyst (fibrous capsule), also called the adventitial layer (Muitton D.A. et al., 2020), is the outer
zone of the hydatid cyst, which develops through the reaction of the host tissue to the parasite and consists
almost entirely of host cells [Golzari S.E.J. et al., 2014, Sakamoto T. et al., 2003]. Echinococcus granulosus
infection of the intermediate host causes a granulomatous tissue reaction [Thomson R.C., 2017]. Cellular
responses are dominated by neutrophils, eosinophils, mononuclear cells, and multinucleated giant cells, whose
action is directed both toward the delimitation and elimination of the persistent foreign body. The characteristics
of granulomatous reactions are determined by special types of activated macrophages, called epithelioid cells
and polynucleated giant cells [Malla N. et al., 2016].

During the development of the hydatid metacestode, several morphopathological changes of the adjacent
lung tissue were found, including: infiltration of inflammatory cells, necrotic changes, destructive processes of
the lung tissue, development of fibrotic tissues, hemorrhage, congestion, calcification, etc. [Wynn T.A. et al.,
2012, Turkoglu E. et al., 2017, Abeb N.D. et al., 2019]. Similar changes were found in our study, the severity of
which directly influences the reparative processes. Fibrosis of the lung tissue can be caused by several factors,
including infections with pathogens, some of which can cause alveolar-epithelial cell damage and apoptosis,
bronchial compression with the subsequent development of atelectasis, stasis phenomena in the alveoli of the
perifocal tissue, pressure changes in the air space with the migration of alveolar macrophages [Bektas S. et al.,
2016, Minan O. et al., 2009, Wynn T.A. Barron L., 2010]. In cases of pulmonary hydatid cyst, especially in
complicated forms, hemorrhages, congestion, bronchopneumonia or organized pneumonia may occur [Nabi
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M.S., et al., 2010]. Some studies have reported that hydatid cysts can cause erosion of blood vessels, which can
lead to congestion and hemorrhage, and compression of adjacent tissues can cause their destruction [Khadidja
H. etal., 2014].

In cases of hydatid cyst, the host-parasite relationship is interactive, the evolution of the disease being
dependent on the balance between the host's immune system mechanisms and the parasite's complex evasion
strategies [Virginio V.G. et al., 2012], which include antigenic variation, suppression and modulation of T cells,
inhibition of effector cells’ chemotaxis, release of antigenic proteins, antioxidant defense, resistance to host
proteolytic enzymes, etc. The understanding of these biological events is of fundamental importance in defining
diagnostic and treatment tactics [Molyneaux P.L. et al., 2013, Seoane P.I. et al., 2016].

It is known that the infection induces an immune imbalance on the tissues of the affected organ with the
severe destruction of the architecture, determined by the inflammatory infiltrates and the development of
fibrosis [Tager A.M. et al., 2008]. This process is caused by the persistent activation of the immune system,
which imposes unfavorable changes on the normal homeostasis of the organ. At the same time, the parasite,
evading the defense forces of the host organism, favors the subsequent chronicity of the infection. In this
context, the aspects of development of local immune responses in organs affected by hydatid cyst remain largely
unknown [Vatankhah A., et al., 2015].

The marked and persistent antigenic action of this parasitic agent is characterized by a major potential of
causing an inflammatory reaction. The local reaction is quite varied, from severe granulomatous changes,
associated with the degeneration of the cysts with their eventual death, to a collagenous capsule, derived from
the resolution of the inflammation, correlated with a stable host-parasite relationship. The peculiarities of the
inflammatory reactions in the pericystic tissues are decisive in the pathogenesis, clinical evolution and
development of some complications of the disease [Breijo M. et al., 2008]. Control of E. granulosus infection is
a complex process involving humoral and cellular components of the immune system, immune defense reactions
against an extracellular pathogen being dependent on the interaction of macrophages with T lymphocytes [Baz
A. etal., 2006, Zhang W. et al., 2008].

V.  Conclusions:

1. In cases of pulmonary hydatid cyst complicated by endobronchial rupture, the hydatid metocestode is
subjected to some partial necrolytic changes of the lamellar cuticle, with uneven reduction of lamellar
structures, with characteristic signs of homogenization. However, in the early stages of the complication, in
some areas, the partial viability of the parasitic elements (protoscolexes and daughter vesicles) and the
germinal membrane is found, which partially preserves its properties of remultiplication, these properties
being damaged with the passage of time.

2. Pulmonary hydatid cyst complicated by endobronchial rupture in children is characterized by
granulomatous infiltrative inflammatory processes of the pericystic (adventitial) layer, with the association
of necrotic degeneration changes, with the development of vascular thrombotic syndrome in the pericyst
and the adjacent lung parenchyma and an acute granulocytic inflammatory process with eosinophilic
component.

3. In the regions of the pericystic lung parenchyma of the pulmonary hydatid cyst complicated by
endobronchial rupture, signs of pneumopathy are attested, manifested by granulomatous exulcerative
bronchitis and micropapillomatous bronchiolitis, fibrinous and fibrino-leukocytic alveolitis, and the pleural
area is characterized by mesothelial micropolypous inflammatory-proliferative phenomena. These
morphopathological manifestations determine a major risk of developing complications, including the
insufficiency of padding sutures, the persistence of bronchial fistulas, which can cause a long postoperative
morbidity.

4. Along with the alterative-necrolytic changes of the parasitic structures and the significant inflammatory-
destructive processes of the pericystic layer, some findings have been documented that indicate the
possibility of the development of secondary parasitic cystic formations located in the pericystic tissues,
which can determine a major risk of development of local recurrences after surgery.
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