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ARTICLE INFO ABSTRACT
Keywords: Dolphins are marine mammals that often live in coastal habitats. Common causes of severe
Hypertrophic pulmonary osteopathy skeletal disorders among wild dolphins are congenital vertebral anomalities, collisions with sea

Halocercus delphini
Common dolphin
Delphinus delphis

vessels, trauma, hunting-related injury, infectious diseases, environmental pollution, and tumors.

A free-ranging male, 3-year-old common dolphin (Delphinus delphis) was found dead in the
coast of Asturias in northern Spain. Postmortem examination revealed lordosis in the caudal
vertebral column, while X-ray imaging and computer tomography showed well-organized pali-
sade-like periosteal proliferation, appearing as florid-like accretions, along the spinous apophysis
of 26 lumbar-caudal vertebrae. The transverse apophysis was affected on only a few caudal
vertebrae. The cortical layer remained intact. Histology of vertebra tissue showed periosteal
proliferation of cancellous bone. The animal was diagnosed with hypertrophic osteopathy. The
lungs showed diffuse parasitic granulomatous bronchointerstitial pneumonia caused by Hal-
ocercus delphini, consolidation of the pulmonary tissue, congestion, and alveolar edema. The
animal was also afflicted by parasitic granulomatous gastritis caused by Anisakis simplex sensu lato
and tattoo skin disease.

The dolphin suffered from hypertrophic osteopathy associated with pulmonary Halocercus
delphini infestation. This syndrome, known as hypertrophic pulmonary osteopathy, has been
described in diverse terrestrial mammals, including domestic animals, wildlife and humans, but
not in dolphins. This case reports the first description of hypertrophic osteopathy associated to a
pulmonary disorder in dolphin, and it provides insights into factors that can induce column
malformation in dolphins, suggesting the importance of taking thoracic lesions into account
during differential diagnosis.
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1. Introduction

Necropsy in stranded cetaceans is relevant for the detection and recognition of potential sanitary risks or other hazards [1].
Dolphins are marine mammals that often live in coastal habitats, where they face dangers due to heavy boat traffic, habitat destruction
as well as contamination from industrial and agricultural pollutants. Dolphins in the wild can present vertebral column lesions, which
include scoliosis, defined as lateral curvature of the vertebral column; lordosis, defined as concave curvature of the vertebral column;
kyphosis, defined as convex curvature of the vertebral column; kyphoscoliosis, defined as backward, lateral curvature of the vertebral
column; and lordoscoliosis, in which lordosis and scoliosis co-occur [2-4]. Dolphins can also present with spondylitic changes, lumpy
dorsal masses, vertebral fractures and joint dislocations [2-4].

The causes of vertebral column deformities and lesions can be difficult to determine. The most frequent causes include congenital
vertebral anomalities, collisions with sea vessels, trauma, hunting-related injury, infectious diseases, environmental pollution, and
tumors [2,3,5-7].

Here we describe a free-ranging common dolphin (Delphinus delphis) in which skeletal disorder is associated with pulmonary
Halocercus delphini infestation.

2. Material and methods

In Asturias (northern Spain) a cetacean passive surveillance program has been carried out since 2018 by the Government of the
Principality of Asturias. As part of that program, well-preserved subjects - either stranded or found dead - are collected and necropsied

A

Fig. 1. Gross appearance of hypertrophic osteopathy in a free-ranging common dolphin (Delphinus delphis). (A) Lordosis was observed in the caudal
vertebral column (arrow), as were tattoo skin lesions (yellow circles). (B) Prominent congestion in the periosteal and associated musculature
(arrows) was observed in the caudal vertebral column. (C) Lumbar and caudal vertebrae after cleaning, showing different degrees of irregular
periosteal thickening in the spinous and transverse apophysis. The asterisk marks a normal vertebra. From left to right: 12th lumbar vertebra, 5ht
caudal vertebra, 18th lumbar vertebra and 6th caudal vertebra. (For interpretation of the references to colour in this figure legend, the reader is
referred to the Web version of this article.)
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to identify their cause of death. A free-ranging male common dolphin was found dead in January 2022 on the coast of Asturias
(Cantabrian Sea). After the detection of the dead animal in the beach, a complete postmortem examination of the carcass was con-
ducted at SERIDA (Government of the Principality of Asturias, Spain) in less than 24 hours. The animal was well-preserved, weighed
30.9 kg and appeared to be in poor health and body condition. The total length of the dolphin, from the mouth to the caudal fin, was
149.5 cm, and the chest circumference was 77 cm. Tissues were taken for evaluation using standard methods in histopathology.
Briefly, they were fixed in 10% neutral buffered formalin and dehydrated through graded alcohols and xylol before being embedded in
paraffin wax. Sections 4 pm were cut from each sample and stained with hematoxylin and eosin. A dental histological study was also
performed in order to determine the age of the dolphin [8,9]. Additionally, analysis by X-ray imaging (Vet-Ray, Sedecal, Madrid,
Spain) and computer tomography (Optima 540 Tang-3, General Electric, Madrid, Spain) were conducted.

3. Results
Postmortem examination revealed lordosis in the caudal vertebral column, which appeared to be rigid from the caudal of the dorsal

fin to the peduncle (Fig. 1A). Gross bone examination showed irregular periosteal thickening of the last lumbar vertebrae and caudal
vertebrae, as well as prominent congestion of periosteal and associated musculature (Fig. 1B). After manual cleaning with a scalpel

Fig. 2. Imaging of hypertrophic osteopathy in a free-ranging common dolphin (Delphinus delphis). (A) X-ray imaging of three normal vertebrae. (B)
X-ray imaging of three vertebrae with hypertrophic osteopathy. New periosteal bone formation was observed along the spinous apophysis. (C)
Computer tomography of the vertebral column. Numerous vertebrae (inside the yellow circle) showed irregular bony periosteal proliferations along
the length of the column. (D) Computer tomography of a vertebra with hypertrophic osteopathy, manifesting as florid-like accretions affecting
mainly the spinous apophysis. Periosteal proliferation was observed over the intact cortical layer in the transverse apophysis (arrow). Inset, scan of a
normal vertebra. (E) Three-dimensional reconstruction of vertebra showing extensive new periosteal bone growth, particularly on the spinous
apophysis. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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followed by chemical cleaning with sodium perborate, further analysis of the bone revealed new periosteal bone formation along the
spinous apophysis of 26 lumbar-caudal vertebrae (Fig. 1C). The transverse apophysis, in contrast, was affected on only a few caudal
vertebrae.

X-ray imaging and computer tomography revealed well-organized, palisade-like periosteal proliferation (hyperostosis), which
appeared as florid-like accretions (Fig. 2A-E). The cortical layer remained intact (Fig. 2D). None of the joint spaces was affected.
Microscopically, periosteal proliferation of cancellous bone was observed in the vertebrae, with a clear distinction with the compact
bone (Fig. 3A-C). On the basis of these findings, the animal was diagnosed with hypertrophic osteopathy. Other pathologies were
excluded during differential diagnosis. For example, we excluded bone neoplasms because lesions were distributed across several
vertebrae, neoplastic cells were not observed and because the cortical layer showed no signs of erosion. We also excluded osteitis based
on the lack of inflammation events (i.e., either presence of inflammatory infiltrate or other events such as necrosis).

The lungs showed congestion, alveolar edema, consolidation of the pulmonary tissue and diffuse parasitic granulomatous bron-
chointerstitial pneumonia (Fig. 4A). Firm, white-gray foci with diameters of approximately 0.5 cm were present throughout the lung
tissue (Fig. 4B). The lumen of bronchi and bronchioli contained numerous parasites, which were identified based on morphology as
Halocercus delphini [10] (Fig. 4C). The inflammatory infiltrate consisted mainly of lymphocytes, plasma cells, macrophages, and eo-
sinophils, with occasional neutrophils and multinucleated giant cells (Fig. 4D). Gram staining of lung tissue was negative.

The stomachs were empty of food and the saccular forestomach was completely occupied by nematodes morphologically identified
as Anisakis simplex sensu lato [11] (Fig. 5A). Histology indicated severe parasitic granulomatous gastritis and myositis in the forest-
omach (Fig. 5B). Parasitic granulomas consisted mainly of lymphocytes, macrophages, epithelioid cells and multinucleated giant cells
(Fig. 5C). A gastric ulcer extended into the deep muscle, in association with loss of the stratified squamous epithelium and the presence
of nematodes (Fig. 5A-B). The mesentery contained encapsulated and necrotic forms of A. simplex sensu lato with diameters of 1 cm.

We further diagnosed the animal with tattoo skin disease on the basis of irregular, dark gray-black marks with a stippled pattern
over the animal’s entire body (Figs. 1A-5D). The affected skin showed mild thickening of the stratum corneum, hydropic keratinocyte
degeneration of intermedium cells in the core of the lesion and eosinophilic intracytoplasmic inclusion bodies in infected stratum
intermedium cells (Fig. 5D).

The animal also showed non-purulent tracheitis that was accompanied by congestion, as well as congestion of the kidneys, liver or
brain. No other gross or microscopic abnormalities were observed. Dental histology indicated an age of 3 years.

4. Discussion and conclusions

Here we report hypertrophic osteopathy in a dolphin concurrent with parasitic granulomatous inflammatory disease involving the
thoracic cavity. This syndrome is known as hypertrophic pulmonary osteopathy and it has been described in a wide variety of
terrestrial mammals, including domestic animals (most often dogs), wildlife and humans [12-14]. It usually affects the forelimbs and
hindlimbs, compromising the motor skills [12-14]. Similarly to terrestrial mammals, the motor region (lumbar and caudal vertebral
column) in the dolphin was affected. Lung diseases are common among wild and captive populations of cetaceans [1], but the present
case appears to be the first time that they have been linked with bone lesions. In a similar way that occurs in terrestrial mammals, few
animals with pulmonary disorders would develope hyperthrophic osteopathy [12,13].

Although pulmonary and the bone related lesions could have been two independent pathologies happening concurrently in the
present dolphin, hypertrophic osteopathy is linked to thoracic disorders [12-16]. Diverse thoracic lesions have been associated with
hypertrophic osteopathy. Often these lesions are primary or secondary pulmonary neoplasms, but they can also be granulomatous
pleuritis or lymphadenitis of bronchial or mediastinal lymph nodes, chronic bronchitis, bacterial endocarditis, Dirofilaria immitis
infestation, esophageal granulomas, and Spirocerca lupi infestation [12,13,15,16]. The pathogenesis of the syndrome is poorly un-
derstood. It may involve hypoxia, arteriovenous shunting, humoral processes and neurogenic processes, such as vagus nerve-mediated
reflex vasodilation in the limbs [13]. Through these or other processes, peripheral blood flow increases and the periosteum

Fig. 3. Histology of hypertrophic osteopathy in vertebrae in a free-ranging common dolphin (Delphinus delphis). (A) Histology of the transverse
apophysis of a normal vertebra. Asterisk marks the compact bone. Hematoxylin-eosin stain. (B) Periosteal proliferation of cancellous bone was
observed in the transverse apophysis of vertebrae, with a clear distinction with the compact bone (asterisk). Hematoxylin-eosin stain. (C) Histology
of the spinous apophysis of a vertebra with proliferation of cancellous bone. Hematoxylin-eosin stain. Histology was performed after verte-
bral cleaning.
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Fig. 4. Pathology findings in the lungs of a free-ranging common dolphin (Delphinus delphis) with hypertrophic osteopathy. (A) Diffuse parasitic
bronchointerstitial pneumonia caused by Halocercus delphini (arrow) was observed. (B) Firm white-gray foci approximately 0.5 cm in diameter
(arrows) were observed in tissues fixed in 10% formalin. (C) Parasitic granulomatous bronchointerstitial pneumonia was observed after hematoxyin-
eosin staining, and at least seven Halocercus delphini within a bronchiolus were identified. Hematoxylin-eosin stain. (D) Higher magnification of the
tissue in panel (C) shows an inflammatory infiltrate mainly formed by lymphocytes, macrophages and plasma cells (arrows). Hematoxylin-
eosin stain.

proliferates. The excess peripheral blood flow appears to be poorly oxygenated, passing through arteriovenous shunts and bypassing
the capillary bed. This results in local passive congestion, poor tissue oxygenation, proliferation of connective tissue and finally
production of osteophytes, which spread out from the cortex [12].

The severe and diffuse pulmonary Halocercus delphini infestation in the present case may be associated with hypertrophic oste-
opathy. It is unclear whether the vertebral column lesion in our dolphin made swimming or feeding difficult or shortened its lifespan,
since the effects of such lesions can vary depending on their severity and comorbidities [2]. Vertebral column lesions have been
associated with body stiffness and weight loss, which may help explain why our dolphin appeared to be underdeveloped for its age [8],
and why it presented two pathologies (parasitic gastritis and tattoo skin disease) suggestive of immunodeficiency or weakness [17].
However, we cannot exclude that the animal had a preexisting column malformation that may have favored osteopathy. In this regard,
the primary cause of the death of this dolphin could not be determined, although we hypothesize that starvation and weakness may
have caused the death of the animal.

In conclusion, this case reports the first description of hypertrophic osteopathy associated to a pulmonary disorder in dolphin. It
also provides insights into factors that can induce column malformation in dolphins, and it suggests the importance of taking thoracic
lesions into account during differential diagnosis.
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Fig. 5. Pathology findings in the stomach (A-C) and skin (D) of a free-ranging common dolphin (Delphinus delphis) with hypertrophic osteopathy.
(A) The saccular forestomach was occupied completely by nematodes, identified as Anisakis simplex sensu lato, and an ulcer (arrow) was observed.
(B) The saccular forestomach tissue after hematoxylin-eosin staining showed signs of parasitic granulomatous gastritis and myositis, as well as an
ulcer with loss of the stratified squamous epithelial layer (arrowhead) and intralesional nematodes (arrow). (C) Parasitic granulomatous gastritis:
detail of a parasitic granuloma made up of lymphocytes, macrophages, epithelioid cells and multinucleated giant cells (arrows). Hematoxyin-eosin
stain. (D) Skin, stratum intermedium. Tattoo skin disease: hydropic keratinocyte degeneration was observed, as well as eosinophilic intra-
cytoplasmic inclusion bodies (arrow) within infected cells. Hematoxyin-eosin stain. Inset, gross appearance of tattoo skin lesion.
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