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<Case Report>

Ectopic migration of Dirofilaria immitis in a Eurasian otter (Lutra lutra)
in Korea
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Abstract: An 8-year-old female Eurasian otter (Lutra lutra) reared in a wetland center, died 2 h after sudden onset
of astasia and dyspnea despite medical treatment. Gross examination of internal organs revealed 10 adult filarioid
nematodes in the right ventricle of the heart and three between the left and right cerebral hemispheres. All nematodes
were identified as Dirofilaria immitis by direct microscopy and polymerase chain reaction assay. Histopathological
observation revealed multifocal hemorrhage in the cerebral subarachnoid space and focal necrosis with hemorrhage
in the cerebellar parenchyma. Although rare, veterinarians should consider cerebral dirofilariasis as a differential

diagnosis in unexplained neurological cases.
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Dirofilariasis, caused by Dirofilaria immitis (D. immitis),
exists worldwide, and has been reported from several wild
and domestic canids, felids, and humans in tropical and tem-
perate regions [11]. Mosquitoes are the most important vec-
tors for D. immitis infection [9]. When an infected mosquito
bites a susceptible animal, third-stage D. immitis larvae (L3)
penetrate the host’s skin and reach blood vessels where they
develop until adulthood [9, 11]. Adult heartworms normally
live in the pulmonary artery and right ventricle, but have
been found in a variety of unusual sites, including eye and
brain [10]. Only a few cases of D. immitis infection have
been reported in otters, mostly in the United States of Amer-
ica [12], Venezuela [14], and Korea [7], and little is known
about brain infection by this heartworm. The present case is
the first report on the migration of adult heartworms to the
brain of Eurasian otter (Lutra lutra) in Korea.

On August 7, 2017, an eight-year-old female Eurasian otter
reared in a wetland center in Jeollanam-do, Korea, suddenly
started to show astasia and dyspnea. During physical exami-
nation, the otter was reluctant to move. Because temperature
was high (summer season), the emergency supportive care
provided was based on the premise the animal was having a
heat stroke. However, the otter died within 2 h after the onset
of the clinical signs, and was submitted to the Animal Dis-
ease Diagnostic Division, Animal and Plant Quarantine Agency
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for postmortem examination. After necropsy, representative
tissues were fixed in 10% neutral buffered formalin and
stained with hematoxylin and eosin. Direct microscopy and
polymerase chain reaction were performed to identify the
parasite species collected.

The otter had no external abnormalities. The heart was
enlarged and round, and 10 adult filarioid nematodes were
observed in the right ventricle (Fig. 1A). After cutting the
dura mater for macroscopic examination, three nematodes
were found between the left and right cerebral hemispheres
(Fig. 1B), not invading the brain parenchyma. The lungs
were red and incompletely collapsed and a small amount of
frothy fluid oozed from the cut surface.

Histopathological examination revealed multifocal hemor-
rhage in the subarachnoid space of the cerebrum and focal
necrosis with hemorrhage in the cerebellar parenchyma (Fig.
1C). The lungs showed moderate congestion, edema, and
myointimal proliferation of pulmonary arteries. However, no
microfilaria were observed in the blood vessels of internal
organs.

Thirteen filarioid nematodes observed in the heart and
brain were gently removed from these organs and washed in
normal saline for morphological examination of male and
female characteristics as described in a previous study [6].
For the identification of parasitic species, genomic DNA was
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Fig. 1. Gross and histopathologic results. (A) Nematodes in the right ventricle of the heart and (B) subdural space of the brain (arrow).
(C) Hemorrhage in the cerebellar parenchyma. H&E stain. Scale bar =200 pm.
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Fig. 2. Phylogenetic tree of partial 12S rRNA gene sequences of filariae, nematodes, and polymerase chain reaction-amplified products
in this study. The tree was generated by neighbor-joining analysis with 1,000 bootstrapped replicates. The scale bar indicates 0.02

nucleotide substitutions per site.

extracted from homogenate worms using the QlAamp DNA
Mini Kit (Qiagen, Germany). Multiplex-polymerase chain
reaction (PCR) was performed using 12S rRNA primers pre-
viously designed for D. immitis and Dirofilaria repens (D.
repens) [3]. Each amplicon was purified using QIAEX 11
Quick Purification Kit (Qiagen) and cloned into pGEM-T
Easy Vector System I (Promega, USA). Cloned plasmid DNAs
were cut by EcoRI (New England Biolabs, USA) to confirm
the inserted gene and electrophoresed on an agarose gel
(1.2%). Nucleotide sequences obtained by Macrogen (Korea)
were compared with corresponding 12S rRNA sequences
without the primer region deposited in the National Center
for Biotechnology Information GenBank database (USA) using
the multisequence alignment program of MegAlign (ver. 7.1;
DNASTAR, USA). Phylogenetic trees were generated using
neighbor-joining algorithms. Support for topology was calcu-
lated using 1,000 bootstrap replications.

Among the 13 nematodes examined, 10 from the heart and
three from the brain, nine were females and four were males.
Females were 22.1-24.0 cm and males were 13.2-14.3 cm in
length. Males had a spirally coiled posterior end whereas

females were straight on both ends. The amplicons obtained
by the multiplex-PCR reaction performed for all nematodes
showed an expected size of approximately 500 bp for the
genus Dirofilaria and 204 bp for D. immitis. The consensus
12S rRNA DNA sequence was deposited in GenBank under
accession No. MHO051846. In the phylogenetic tree, MH051846
was clustered with various D. immitis (Fig. 2), and all sequences
analyzed showed 99.8-100% similarity to D. immitis. The
highest similarity (100%) was obtained toward AJ544831,
KF707482, and EU182327.

Based on the pathological features and parasitological find-
ings, this case was diagnosed as a D. immitis infection. The
genus Dirofilaria includes 40 recognized species, but veteri-
nary concern has recently focused on D. immitis and D.
repens. Despite the continuous reports of dirofilariasis, there
is still little information on this disease in wild animals. The
single case of dirofilariasis in a Eurasian otter was reported
in Korea [7], but there is no record on the ectopic migration
of D. immitis in this species worldwide.

Although D. immitis are usually found in the right side of
the heart or in pulmonary arteries, these heartworms have
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been observed in other sites including the venae cavae,
hepatic veins, bronchioles, eye, peritoneal cavity, aorta, fem-
oral arteries, and brain [5]. In the present case, three D. immi-
tis were observed in the subdural space of the brain.
Moreover, this otter showed neurological symptoms such as
astasia and hemorrhage in the subarachnoid space and cere-
bellum. Although there were no D. immitis in the brain
parenchyma, the migration to the brain itself might have led
to the clinical signs displayed by the otter.

The final maturation of juvenile worms to adult heart-
worms occurs in the pulmonary vessels [8]. Live heartworms
can cause villous endarteritis and sclerosis of the intima and
media in the vessels [8]. However, in this case, there were no
lesions in the brain vessels such as endarteritis. Only mild
subdural hemorrhage and focal cerebellar necrosis were
observed. Moreover, the otter showed sudden onset of neuro-
logical symptoms. These results suggest that adult heart-
worms migrated to the brain rather than maturing there.

D. immitis infection can be diagnosed through careful mor-
phological examination of circulating microfilariae, detection
of circulating antigens, histochemical or immuno-histochemical
staining of circulating microfilariae or, more recently, through
molecular approaches [2]. Diagnostic tests using genomic
characteristics are increasingly used to identify Dirofilaria
species infecting hosts. In the present case, infection by D.
immitis was confirmed by direct microscopy and PCR.

Most species of otters live in and/or close to water but they
spend much time on land, where they are exposed to mos-
quito bites. D. immitis is transmitted by culicid mosquito spe-
cies belonging to a wide range of genera including Culex,
Aedes, Ochlerotatus, Anopheles, Armigeres, and Mansonia
[1]. Anopheles sinensis, Aedes vexans nipponii, and Culex
pipiens were referred as potential vectors of D. immitis in
Korea [4].

Dirofilariasis is an important parasitic disease in animals.
Moreover, increasing rates of D. immitis infection have been
associated with climate change [11]. Global warming and its
impact on the spread of vector-borne parasites is a major
concern, and Korea, although located in a temperate zone,
has favorable conditions for the spread of such parasites dur-
ing the hot and humid summer season [13]. Early diagnosis
and control of these pathogens in domestic animals and wild-
life are thus needed.

This case seems to be the first report on the ectopic migra-
tion of D. immitis to the brain of a Eurasian otter in Korea.
Although quite rare, veterinarians should consider cerebral
dirofilariasis as a differential diagnosis in any unexplained
neurological case.
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