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Mycotic aneurysm caused by Graphium species in a dog
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ABSTRACT. A 10-year-old castrated male mixed-breed dog exhibited vomiting, lethargy and anorexia. An abdominal ultrasound examination
revealed a focal dilation of the abdominal aorta. The dog died 2 days after examination, and necropsy revealed a ruptured aneurysm at the
abdominal aorta between the kidneys. Histological examination revealed severe granulomatous and necrotizing pan-arteritis with fungal
organisms. Graphium species was identified through DNA sequence analysis of the PCR product from formalin-fixed paraffin-embedded
samples. To our knowledge, this is the first report of aortic aneurysm caused by Graphium species in a dog.
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Aneurysm is a localized dilation of the vessels or heart,
and occurs in usually large-sized elastic arteries. Aortic an-
eurysm results from high blood pressure and a weakening
of the vessel wall caused by atherosclerosis, cystic medial
degeneration, trauma, infection or arterial dissection [7, 13].
Abdominal aortic aneurysm may cause sudden death due
to an aortic rupture. However, aortic aneurysm caused by a
fungal infection is rare in humans and animals. The present
report describes a canine case of mycotic aneurysm caused
by Graphium species in the abdominal aorta.

A 10-year-old castrated male mixed-breed dog was
presented to the Japan Small Animal Medical Center with
a l-week history of vomiting, lethargy and anorexia. An
abdominal ultrasound examination revealed a focal dila-
tion of the abdominal aorta (5.0 cm in diameter and 7 cm in
length). The dilation involved both renal arteries and cranial
mesenteric arteries. The left side of the dilated vascular wall
was severely thickened. Thoracic radiography and echocar-
diography as well as physical examination did not reveal any
other abnormalities. The dog died two days after examina-
tion.

At necropsy, a large amount of hemorrhagic ascites and
a ruptured aneurysm were observed in the peritoneal cavity
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(Fig. 1). The wall of the aneurysm was unevenly thickened
with hemorrhagic areas (Fig. 2). Other visceral organs were
normal at gross examination. Tissues from the heart, lung,
stomach, intestines, liver, pancreas, spleen, kidneys and
adrenal glands were fixed in 10% neutral-buffered formalin,
routinely embedded in paraffin and then sectioned at 4 um.
Sections were stained with hematoxylin and eosin (HE),
Masson’s trichrome, periodic acid-Schiff (PAS), elastica
van Gieson (EVG) and Gomori-Grocott methenamine silver
(GMS). Examination for HE-stained sections revealed se-
vere granulomatous and necrotizing pan-arteritis with fungal
organisms. The vascular wall was necrotized, and hemor-
rhage was observed (Fig. 3). Inflammatory cells, mainly
macrophages and lymphocytes, infiltrated in the tunica
media and the tunica externa severely (Figs. 4 and 5a). The
vascular endothelium was detached (Fig. 5b), and fibrosis
was observed in the tunica media (Fig. 5¢). Fungal infection
was confined to the tunica intima of the aneurysm (Fig. 6a),
and fungi were not observed in the tunica adventitia or any
other organs examined. Ruptured elastic fibers accompanied
by collagenous fibroplasia were observed on EVG-stained
sections. The fungal organisms were positively stained both
on PAS and GMS sections (Figs. 6b and 7). The organisms
showed septate hyphae with slightly uneven widths (2—4
um), irregularly branching and thin walled with focal bul-
bous dilation.

Immunohistochemistry (IHC) was performed for selected
sections using a universal immunoenzyme polymer method,
the Histofine Simple Stain MAX-PO kit (Nichirei Co., To-
kyo, Japan). Mouse monoclonal antibodies against Aspergil-
lus spp. (clone WF-AF-1; 1:2048, Dako, Carpinteria, CA,
U.S.A.) and Rhizomucor spp. (clone WSSA-RA-1; 1:256,
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Dako) were used as primary antibodies. The sections were
pre-treated with 0.1% actinase at 37°C for 20 min. Primary
antibodies were applied at room temperature for 60 min. The
sections were counterstained with hematoxylin. Bovine or
human tissues infected with Aspergillus spp. or Zygomycetes
were used as positive controls. The results of IHC revealed
that intralesional fungal organisms were negative for each
primary antibody.

Total DNA was extracted from the formalin-fixed
paraffin-embedded tissue of the aneurysm. The tissue was
mechanically lysed using ceramic beads, and DNA was ex-
tracted using a DEXPAT kit (Takara Bio INC., Otsu, Japan).
The internal transcribed spacer (ITS) region, including 5.8S
of ribosomal RNA gene (5.8S-ITS2 rDNA), was amplified
by PCR with a primer set of ITS3 and ITS4 [19]. The PCR
product was directly sequenced using a DNA sequencing
kit (BigDye Terminator v3.1 Cycle Sequencing Kit, Ap-
plied Biosystems, Tokyo, Japan) and a sequencer (3,130 x 1
Genetic Analyzer, Applied Biosystems). A homology search
for the sequences was conducted using the BLAST of the
National Center for Biotechnology Information (NCBI,
Bethesda, MD, U.S.A.), and a 100% homology was obtained
by partial sequencing of 5.8S-ITS2 rRNA gene of Graphium
penicillioides (Accession No. FJ914670.1) and G. basitrun-
catum (Accession No. HQ857746.1). The present sequence
was submitted to the DNA Data Bank of Japan with the ac-
cession number LC007972. The morphology of the fungus
was in conformity with that of Graphium species as previ-
ously reported, namely hyphae which were broad, septate
and thin-walled with a focal bulbous dilation [§]. Based on
the results of the histopathological examination and homol-
ogy search, the fungus was identified as Graphium species.

From the above-mentioned findings, a diagnosis of my-
cotic aneurysm of the abdominal aorta was made. Mycotic
aneurysms are etiologically divided into two major types:
1) infected aneurysms and 2) infections of a preexisting an-
eurysm. Infected aneurysms are further classified into four
subtypes based on the route of infection [1, 5]. The first type
is derived from infectious endocarditis [16], the second one
is a contiguous infection from a surrounding lesion [6, 9],
the third one is a direct infection of an organism into the
arterial wall [11], and the last one is a bacteremic seeding

from another infection site, such as trauma [3]. Common
pathogenic organisms that cause infectious aneurysm in
humans are Salmonella, Staphylococcus, Streptococcus and
Aspergillus species [12, 14]. In dogs, there have been sev-
eral reports of infectious aneurysm caused by a nematode,
Spirocera lupi [17, 18]. In addition, there was another case
report on mycotic aneurysm in a dog caused by an unidenti-
fied fungus [4]. In this case, the morphology of the fungus
was consistent with that of Candida species. In the present
case, the aneurysm was located at the abdominal aorta, and
fungal infection was confined to the vascular intima. There-
fore, the fungal infection may have occurred as a result of
hematogenous dissemination from another infection site.
Fungal organisms might enter the bloodstream via the in-
jured integument, as well as the respiratory system or diges-
tive system. However, no significant lesions were observed
in such systems by gross or histological examination. The
dog had been neutered in the past; thus, the surgical incision
might be a possible site of infection. We suspected that the
dog was latently infected with Graphium species through
an accident in the past, which caused the mycotic aneurysm
after the primary infection site had been healed.

Graphium species belong to the Ascomycota, which are
found in soil or plants. Many species included in the genus
Graphium are known as plant pathogens [15]. However,
there have been two human cases and one dog case of infec-
tion with Graphium species previously reported [2, 8, 10].
In these cases, the fungal infection was systemic and was
related to compromised immune system. However, in the
present case, immunological abnormality was not detected.

The present dog died from a ruptured aortic aneurysm.
Severe fungal infection limited to the vascular intima of the
aorta was observed (Fig. 6a). The morphology of the fungus
was in conformity with that of Graphium species as previ-
ously reported, namely hyphae which were broad, septate
and thin-walled with a focal bulbous dilation [8]. In addition,
DNA sequence analysis identified the fungi as Graphium
species. To our knowledge, this is the first report of an aortic
aneurysm caused by Graphium species. The restricted distri-
bution of the fungi to the vascular intima indicates that the
organism reached the site via the blood stream.

Fig. 1.

Gross appearance of the abdominal aorta. A focal dilation of the aorta includes the renal arteries (arrowheads). The wall of the aneurysmal

lesion is ruptured (arrow). AA, abdominal aorta; LK, left kidney. Bar, 2 cm.

Fig. 2.

1 cm.
Fig. 3.
Fig. 4.
Fig. 5.

Cross section of the aneurysmal lesion (formalin-fixed). The vascular wall is unevenly thickened (asterisk) with hemorrhagic areas. Bar,

Low magnification of the aneurysm. Necrotized and hemorrhagic areas are in the vascular wall. HE. Bar, 5 mm.
Higher magnification of the area encircled in Fig. 3. Macrophages and lymphocytes infiltrate in the tunica externa. HE. Bar, 100 gm.
(a) The inflammatory cells infiltrate mildly in the tunica intima and severely in the tunica media. (b) The vascular endothelium is

detached, and the tunica intima is necrotized. (c) The fibrosis observed in the tunica media. Figures (b) and (c) are higher magnification of the
tunica intima and media. TI, tunica intima; TM, tunica media; asterisk, vascular lumen. HE. Bars, 400 um (a) and 100 gm (b), (c).

Fig. 6.

(a) The serial section of Fig. 5a. Abundant fungal organisms are confined to the vascular intima (arrowhead). (b) Higher magnification of

the area encircled in (a). Fungal organisms are observed in the inflammatory and necrotizing lesion. Asterisk, vascular lumen. PAS. Bars, 400

um (a) and 100 um (b).
Fig. 7.
dilation. GMS. Bar, 10 ym.

The hyphae of the fungal organisms are septate with slightly uneven widths (2-4 um), irregularly branching and thin walled with bulbous
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