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Intestinal parasites are commonly reported in free-ranging birds and play an important
role in maintaining a healthy and balanced ecosystem and causing zoonotic diseases.
The aim of this work was to reveal the presence and histological findings of digestive
system parasites in storks, as well as the histopathological changes caused by C. hians
isolated from storks. A total of four storks, an adult black stork and three adult white
storks that were brought to the pathology laboratory were used in the study.
Histopathological findings of the intestines of black and white storks were determined
using hematoxylin and eosin staining. During necropsy, numerous nodules were
observed in the serosa of the intestines of black stork. A parasitic infection was only
observed along the oesophagus. Histopathologically, in the intestines of the black
stork, degeneration, necrosis and desquamation, heterophil and mononuclear cell
infiltrations, parasite sections and parasite eggs, ulcerated areas, and regeneration with
fibrosis were detected. Histopathologically, no parasitic infections were found in the
white storks' oesophagus or proventriculus. Degeneration, necrosis, and desquamation
were observed in the intestinal epithelium of white storks. This study was the first to
define histopathological changes in the intestines of storks and showed severe nodular
inflammation caused by C. hians in Tiirkiye.
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INTRODUCTION

Storks are members of the family Ciconiidae, which is part of the order Ciconiiformes, which
comprises several families. This family contains 19 species of storks divided into six genera, many of
which are migratory. The white stork (Ciconia ciconia Linnaeus, 1758), which is a Palearctic migrant
(Girisgin et al., 2017), is a carnivore that consumes small animals, birds, amphibians, fish, and insects.
The white stork lives in agricultural areas and is mostly associated with wetlands (Tylkowska et al.,
2019). The black stork (Ciconia nigra Linnaeus, 1758), an endangered species of migratory waterbird
(Karaska et al., 2002; Konigova et al., 2015), feeds on frogs, salamanders, amphibians, fish, and
mollusks found in swamps and slow-moving waters (Merino et al., 2001; Liptovszky et al., 2012). This
species is one of the protected animals in our nation. Free-ranging birds play a vital role in maintaining
a healthy and balanced ecosystem (Nasiri et al., 2019). Birds in zoological collections frequently carry
various gastrointestinal parasites (Penczykowski et al., 2016; Moreno Manas et al., 2019). Because high
levels of stress occasionally weaken the host's immune response and confinement increases the risk of
inter- and intraspecific transmission, these parasites frequently cause disease in confined birds (Carrera-
Jativa et al., 2020).

Numerous pathogenic parasites negatively impact humans, domestic animals, captive birds, and
wildlife (including fish, birds, terrestrial mammals, and aquatic mammals) (Otegbade and Morenikeji,
2014). Both wild and domesticated birds are commonly infected by a variety of intestinal parasites that
can be found in a variety of geological settings and climatic conditions, including protozoans,
trematodes, cestodes, acanthocephalans, and nematodes. Because most birds serve as primary and/or
secondary hosts for some parasites, this has an impact on the health of both animals and people (Girisgin
et al.,2017; Nalubamba et al., 2015; Chaudhary and Pandey, 2020).

Helminths are classified as trematodes (flukes), cestodes (tapeworms), and nematodes
(roundworms) (Muller, 2009). Cathaemasia hians, which became a Cathaemasiidae trematode, is a
known parasite of storks (Ciconiformes). However, these species is rarely reported in Europe
(Liptovszky et al., 2012). The gastrointestinal tracts of the white stork (Ciconia ciconia) and the black
stork (Ciconia nigra) both have typical parasites of the Cathaemasia genus (K6nigova et al., 2015). Such
trematodes have the ability to cause permanent changes in the gastrointestinal system tissues of their
target hosts. Physiological digestion is directly affected by severe trematode infections. Therefore,
histopathological changes are crucial for the digestive system of bird hosts. There are few studies
describing how parasite infection causes histopathological abnormalities in the gastrointestinal system
of wild birds. Additionally, wild birds can typically be captured at varied post-mortem times, which
makes it difficult to perform specific histopathological analyses of organs (Kdnigova et al., 2015). An
in-depth and precise diagnosis is made possible by histopathological examination of organs or tissues.
An understanding of pathogen interactions and their effects on the host organism can be gained by
histopathological analysis (Soltysiak et al., 2014). Histopathological changes occurring during certain
parasite invasions are critical for differential diagnosis and frequently confirm the presence of parasitic
infections. The objective of this study was to reveal the presence and histological findings of digestive
system parasites in storks as well as the histopathological changes caused by C. hians isolated from
storks.
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MATERIALS AND METHODS

In this study, a total of four storks were used: an adult black stork and three adult white storks
brought to the Pathology Department of the Veterinary Faculty, Hatay Mustafa Kemal University, for
necropsy between 2016 and 2021. All storks were necropsied, and their digestive systems were
examined macroscopically and histopathologically. After fixation of tissues (especially digestive system
tissues) received from all storks in 10% buffered formalin solution. The samples were routinely treated
and embedded in paraffin. Sections were cut to 5 um thickness and stained with hematoxylin-eosin (HE)
(Luna, 1968; Dértbudak et al., 2019; Colcimen et al.,2020) and examined under a light microscope.
During systemic necropsy, 32 adult trematodes were collected from the oesophagus, and 34 nematodes
were collected from the abdominal and thorax cavities of the black stork, particularly the air sacs.
However, macroscopically, parasites were not observed in white storks. Trematodes and nematodes
were fixed in 70% alcohol. Species of parasites were determined by Isik et al. (Isik et al., 2017) in the
Department of Parasitology, Faculty of Veterinary Medicine, Selcuk University. However, the lesions
and histopathological changes in the gastrointestinal tissues of infected storks were the focus of this
investigation.

RESULTS

The nematodes found in the air sacs and abdominal and thoracic cavities during necropsy were
D. ciconiae (Figure 1A), whereas the trematodes found along the oesophagus were C. hians (Figure 1C).
Numerous whitish-colored nodules of hard consistency were observed in the serosa of the intestines of
black stork. Other than the intestine, no other internal organs were found to have pathological lesions
during necropsy (Figure 1B). The species of trematodes observed in the oesophagus were determined to
be Cathaemasia hians by parasitological examination (Figure 1D).

Histopathologically, in the intestines of the black stork, degeneration, necrosis, and
desquamation of the epithelium were observed, as were heterophil granulocyte and mononuclear cell
infiltration in the propria, as well as various parasite formations and parasite eggs in both the intestinal
lumen and the propria (Figure 2A-B). The ulcerated area formed because of the trematode passage into
the muscular layer from the intestinal mucosa and was regenerated with connective tissue (Figure 2C).
The parasites were particularly found in the muscular layer. Furthermore, parasite eggs were detected in
the propria (Figure 2D). It was observed that the nodules observed macroscopically contained adult
parasites and their eggs under the microscope (Figure 2E-F). No parasitic infections were observed in
the oesophagus and proventriculus of white storks (Figure 3A). The proventriculus of the black stork
showed epithelial degeneration, necrosis, desquamation, and mild mononuclear cell infiltration (Figure
3B). Degeneration, necrosis, and desquamation were observed in the intestinal epithelium of white
storks, as well as mild cell infiltration and fibrosis in the propria (Figure 3C-D). Histopathologically,
neither adult parasites nor parasite eggs were found in the white storks.
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Figure 1. Macroscobic and parasitic examination. A) Dicheilonema ciconiae in the air sacs and thoracic
cavity (arrows). B) Nodules in the intestines (arrow). C) Adult Cathaemasia hians in the oesophagus
(arrow heads). D) C. hians through an optical stereoscope.
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Figure 2. Microscobic findings of black stork. A) Adult trematodes and parasite eggs (arrows) in the
intestinal lumen. B) Degeneration and desquamation in the epithelium, heterophil granulocyte and
mononuclear cell infiltration, and parasite (arrows) in the propria. C) Regeneration with fibrosis in the
mucosa and adult trematodes in the muscular layer. D) Ulcers and severity of adult and eggs of
trematodes. E) Adult C. hians that caused nodules in the muscular layer. F) Adult Cathaemasia hians,
HE.
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Figure 3. Microscobic findings of white storks. A) No trematode in the oesophagus. B) Degeneration
and desquamation in the epithelial layer of the proventriculus. C-D) Only, degeneration, necrosis, and
desquamation in the intestine and no parasites. HE.

DISCUSSION

This study focuses on adult Cathaemasia hians infection in a specific bird host, the black stork,
and the histopathological changes in the infected bird's intestinal tissues. To the best of our knowledge,
there are few studies on both stork and digestive system histopathology. There is a study of
histopathological changes in the upper gastrointestinal system in Slovakia (Konigova et al., 2015) and
a study of histopathological changes in the intestine of white storks in Poland (Michalczyk et al., 2020).
Moreover, infection with C. hians has been described in injured adult black storks and later in juvenile
nesting storks (Ciconia nigra) in Spain (Merino et al., 2001). C. hians was found in a black stork after
colliding with electric cables in southern Portugal (Ramilo et al., 2021). Eight species of helminths,
Stephanoprora (Monilifer) spinulosa, Dictymetra discoidea, Schistocephalus solidus, Echinoparyphium
sp., Chaunocephalus ferox, Tylodelphys clavata, T. excavata, and Syncuaria ciconiae, have been
detected in white storks in Tiirkiye (Girisgin et al.,2017). The species identification of internal parasites
seen in black stork in Tiirkiye was made for the first time by Isik et al. (Isik et al., 2017). However, to
the best of our knowledge, this is the first study conducted on the histopathological findings of parasites
in the intestine of storks in Tiirkiye.

White storks primarily feed in permanent pastures (Carrascal et al., 1993), with arthropods and
earthworms (Alonso et al., 1991), furthermore, they now feed in garbage dumps near cities. On the other
hand, the endangered black stork has maintained its feeding habits based on amphibia and fish, which
are the most common intermediate hosts of C. hians (Merino et al., 2001). As the researchers stated, the
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difference in trematodes obsrved in white and black storks may be related to their dietary choices. This
would explain the severe nodules caused by C. hians in the intestine of the black stork. In addition,
dietary differences may explain differences in prevalence of bird species.

Cathaemasia hians, became a Cathaemasiidae trematode, a well-known species that has
members of the Ciconiidae family as definitive hosts and is commonly found in the oral cavity and
occasionally in the oesophagus of these birds (Merino et al., 2001; Liptovszky et al., 2012; Ramilo et
al., 2021). In the present study, macroscopically, C. hians was not observed in the digestive systems of
white storks, whereas this trematode was found only in the oesophagus of black storks. Contrary to what
the researchers reported, it was not observed in the oral cavity. Despite the presence of C. hians in the
oesophagus, no change in the oesophageal tissue was observed histopathologically. It was considered
that this trematode's main affinity is for the intestines. C. hians can cause irreversible changes in the
digestive tracts of definitive hosts. Massive infections by this parasite can result in serious health
problems when combined with cachexia or lowered host immunity (Koénigova et al., 2015). C. hians
infections of storks have also been reported to be lethal (Sitko and Heneberg, 2015). Some researchers
have reported that nodules in the intestinal walls of post-mortem storks were detected, indicating the
presence of C. hians (Merino et al., 2001; Michalczyk et al., 2020). Furthermore, Michalczyk et al.
(Michalczyk et al., 2020) have indicated that no other pathological changes or internal parasites were
found except for nodular enteritis. In this study, the storks were brought in dead and without injury.
While the cause of death in black storks was thought to be parasites, the cause of death in white storks
had not been found. Similar to the researcher’s findings, there were numerous nodules in the serosa of
the intestines and histopathologically visible ulcers caused by parasites in the intestines. In addition,
trematodes were observed in the muscular layer of the intestines. Similarly, no other pathological
changes were found in the intestine, except for nodular enteritis.

Dicheilonema ciconiae (Nematoda, Diplotriaenoidea) is a helminth found in birds' respiratory
systems that parasitizes fish-eating birds (Syrota et al., 2016). D. ciconiae can be divided into two groups
according to its localization type. The first group comprises parasites of organs related to the external
environment that parasitize the eyes, nasal cavities, and air sacs. The second group consists of nematodes
that parasitize organs that are not associated with the external environment, such as the abdominal and
thoracic cavities, subcutaneous cellular tissue, muscles, joint sac, blood, and lymphatic systems
(Saparov et al., 2013). D. ciconiae was observed in the thorax and abdominal cavity particularly in the
air sacs. It is thought that it passes through the air sacs into the thorax and abdominal cavity. As stated
by the researchers, it belongs to the first group and has been regarded as a parasite of organs associated
with the external environment.

CONCLUSION

In this study, it was the first time that histopathological changes in the digestive system of storks
in Tiirkiye were defined. Despite the modest number of instances in this study, it was believed that it
would be more suitable to report this study, which studies alterations in the digestive systems, as a
research paper because stork deaths were uncommon. The presence of trematode eggs and adults in the
lumen and tissues of the stork's intestine was associated with a severe nodular inflammatory response.
In the case of severe infection by parasites, tissue damage and inflammation lead to malnutrition and
reduced body weight. Even severe infections can leave the host vulnerable and cause death. However,
it remained unclear which parasite was the cause of death in this study, particularly in the afflicted black
stork. Other infectious or poisonous factors were assumed to be the causes of death in white storks.
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