
55

INTRODUCTION

Coenurosis is a zoonotic parasitic disease caused by the in-
fections of metacestode of some Taenia species tapeworm, i.e., 
T. multiceps, T. brauni, T. serialis and T. glomeratus [1]. In particu-
lar, Coenurus cerebralis, the larval stage of T. multiceps mainly in-
vades the central nervous system of sheep and goats, causing 
significant economic losses in their production [2]. Coenurus 
cerebralis penetrates the brain of the intermediate host, form-
ing cysts, and the location and size of the cysts determine 
pathogenicity of coenurosis [3]. In addition, coenurosis is a 
zoonotic disease that can cause serious neurological problems 
in humans due to accidental infection [4]. In contrast, T. seria-
lis, T. brauni and T. glomeratus infect with the soft/subcutaneous 
connective tissue, musculoskeletal system and visceral organs 
[5].

Identification of C. cerebralis is based on a combination of 
clinical symptoms, epidemiological events, hosts, anatomical 
location and morphological features [6]. Coenurosis is wide-

spread throughout the world, including in Europe and the 
United States, Central Asia, especially in Africa and Southeast 
Asia, causing economic losses to the animal husbandry indus-
try in many parts of the world [7,8]. However, in Korea, there 
have been no reports on the metacestode, Coenurus cerebralis, 
and adult of T. multiceps. Therefore, we intended to describe a 
case of cerebral coenurosis, which was detected in a long-tailed 
goral, N. caudatus, from Hwacheon-gun, Gangwon-do, Korea.

CASE RECORD

On October 5, 2019, a long-tailed goral was rescued at Hwa-
cheon-gun, Gangwon-do (latitude 38.122320; longitude: 
127.510020) and was brought to the Gangwon Wildlife Medi-
cal Rescue Center at Kangwon National University. At the time 
of rescue, the goral tilted his head to one side and did not 
move. It also showed typical clinical neurological signs such as 
failure to hold the head straight, torticollis, dullness, lethargy 
and disorientation. Based on the neurological symptoms of 
the goral, routine preliminary clinical tests, and radiographic 
examinations such as radiographs, computed tomography 
(CT), and magnetic resonance imaging (MRI) were performed. 
Goral was judged to be 10 years old based on the horn rings 
[9]. Gingival ulceration was detected by physical examination, 
and no other abnormalities were detected.
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Abstract: We intended to describe a case of cerebral coenurosis in a long-tailed goral, Naemorhedus caudatus, from 
Hwacheon-gun, Gangwon-do (Province), in the Korea. The goral, a 10-year-old male, was suffering from neurological 
symptoms, such as turning the circle to one side without lifting the head straight, and died at 30 days after admission to 
the wildlife medical rescue center in Chuncheon-si, Gangwon-do. A fluid-filled cyst was detected in the left cerebral hemi-
sphere by computed tomography and magnetic resonance imaging. The cyst removed from the deceased goral was 
transparent, about 3×3 cm in size, contained a clear fluid and approximately 320 protoscolices invaginating from the in-
ternal germinal layer. The protoscolex had 4 suckers and a rostellum with 28 hooklets arranged in 2 rows. By the present 
study, a case of cerebral coenurosis was first confirmed in a long-tailed goral, N. caudatus, from Gangwon-do, in Korea. 
The residents frequently exposed in the sylvatic environment should be careful the accidental infections of zoonotic meta-
cestode of Taenia multiceps, Coenurus cerebralis, in Korea.
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Radiographs of the goral revealed osteolysis of the mandi-
ble, fracture of the right 13th rib, and severe pneumonia (Fig. 
1A, B). Based on the radiographic findings, the goral was 
judged to have met a traffic accident (TA), and accordingly 
treatment was initiated, but the neurological symptoms per-

sisted. CT and MRI of the brain were performed using stan-
dard procedures because the neurological symptoms did not 
improve despite treatment. The goral was positioned in sternal 
recumbency for CT and MRI examinations. CT scanning was 
performed using a Somatom Emotion 6 (Siemens, Erlangen, 
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Fig. 1. Radiographs of the rescued goral. (A) osteolysis of the mandible (circle) and (B) fracture of the right 13th rib (square). CT and MRI 
of the brain. (C) Transverse CT shows a parasitic cyst located in the left cerebral hemisphere. (D) Sagittal MRI of the brain (T2-weighted). 
(E) Transverse T1 and (F) T2 weighted MRI. Note an enhanced rim on the periphery of the cyst in C, D, and F. white arrows indicate a 
protoscolex clusters.
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Germany). MRI was performed by a 1.5 T unit (Vantage Elan™, 
Toshiba, Tokyo, Japan), using a combination of the 16 chan-
nel flexible coil (16-channel Flex SPEEDER Large®, Toshiba, 
Tokyo, Japan) and spine coil (Octave SPEEDER Spine®, Toshi-
ba, Tokyo, Japan). In the CT images, the parasitic cyst (3.1×3.1 
cm) was seen as a spherical structure with hypodensity in the 
left cerebral hemisphere (Fig. 1C). Faint hyperdense structures 
were also observed at the peripheral margin of the cyst, which 
were invaginated on the cyst wall (Fig. 1C). MRI of the head 
demonstrated the presence of a cystic structure in the brain pa-
renchyma of the left cerebral hemisphere (Fig. 1D-F). The cyst 
was irregular, round shaped and clearly distinguished from the 
brain parenchyma. The cyst appeared hypointense in the T1 
weighted (T1W) image (Fig. 1E) and hyperintense in the T2 
weighted (T2W) image (Fig. 1D, F). In the T2W image, hy-
podense structures were found at the peripheral edge of the 
cyst inner wall (Fig. 1D, F), but not in the T1W image. Two 
days after MRI scan, the goral’s clinical signs became severe 
with heavier breathing, shortness of breath, and eventually the 
goral died.

A post-mortem examination of the goral, which died due to 
worsening of symptoms, was performed. Examination of gross 

pathological lesions was performed. In that status, the cyst po-
sition was recorded and the size was measured using a caliper. 
When the skull was excised for the brain examination, a large 
amount of clear liquid flowed out. The cyst was transparent 
3×3 cm in size and was visible to the naked eye. In addition, 
the cyst detected in the left cerebral hemisphere was large, 
white and translucent with numerous protoscolices on the in-
ner wall (Fig. 2A). When the cyst was evacuated from the 
brain, the affected part formed a large hollow from being un-
der pressure for a long time. The cyst was ruptured in a petri 
dish and protoscolices were counted using a stereo micro-
scope. The rice-shaped protoscolex attached to the internal lay-
er of the cyst was isolated and observed under light micro-
scope. The cyst contained a translucent fluid and approximate-
ly 320 protoscolices invaginating from the internal layer. Bud-
ding of numerous protoscolices from the internal layer of the 
cyst was seen as white clusters (Fig. 2B). The protoscolex had 4 
suckers and a rostellum with hooks arranged in 2 rows (Fig. 
2C). The rostellum was arranged in 2 rows of large and small 
hooks with a total of 28 hooks (Fig. 2D). The average size of 
the large and small hooks was 157.5±2.6 µm and 108.7±2.7 
µm, respectively.

Fig. 2. Photographs of the Coenurus cerebralis cyst and protoscolex. (A) Coenurus cerebralis cyst in the left cerebral hemisphere. Multi-
ple protoscolices can be seen as white spots on the inner surface of the cyst (arrows). (B) A ruptured cyst of Coenurus cerebralis re-
moved from the brain of goral. (C) Protoscolex consisting of 4 suckers and a rostellum with hooks. (D) Two rows of large and small 
hooks with a total of 28 hooks.
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DISCUSSION

Coenurus cerebralis is a metacestode of T. multiceps that infects 
the small intestine of carnivores [10,11]. The important inter-
mediate hosts for T. multiceps are small ruminants such as 
sheep and goats [12], where oncospheres that infiltrate the 
brain or spinal cord develop into mature coenurus cysts in the 
central nervous system [13]. Most of the cysts of T. multiceps 
are detected on one side of the cerebral hemisphere, some-
times in the cerebellum [7]. In this study the cyst was found in 
the left cerebral hemisphere of a goral. A goral with neurologi-
cal symptoms was rescued and died during treatment. As a re-
sult of postmortem examination, a parasitic cyst was found in 
the brain and identified as a larva of T. multiceps based on the 
following.

The characteristic clinical signs reported in animals infected 
with Coenurus cerebralis are dullness, depression, deviation of 
the head, circling, anorexia, head tilt and uncontrolled move-
ment [7]. Until recently, interpretations of clinical signs and 
the sites of infection were one of the best ways to diagnose 
Coenurus cerebralis infection in small ruminants [14,15]. In this 
study, the clinical signs of the goral were similar to those re-
ported in previous studies.

Other diagnostic methods such as CT and MRI have also 
been used to diagnose. CT was used in the diagnosis of coenu-
rosis in humans and other animals. Several scholars have re-
ported that the cyst appears to be a hypoattenuating structure 
with a mass effect in the CT images [10]. The MRI images of 
the brain parenchyma infected with Coenurus cerebralis appear 
hypointense in the T1W image and hyperintense in the T2W 
image [12]. CT and MRI are diagnostic methods that can accu-
rately determine the exact location and size of the cyst. This in-
formation is essential for the surgical removal of the parasitic 
cysts [10]. In our case, hypointense cyst was detected in the left 
cerebral hemisphere on CT examination. In the T1W image, 
the cyst appeared hypointense, while in the T2W image it ap-
peared hyperintense. In addition, the hypodense structures 
seen at the edge of the cyst inner wall on the CT and MRI im-
ages of gorals were determined to be protoscolices of C. cere-

bralis through post-mortem examination. To the best of our 
knowledge, in previous reported cases, protoscolices were fre-
quently observed on CT, but not on MRI. However, protoscoli-
ces were observed in both MRI and CT in this study.

  The Coenurus cerebralis cyst is readily recognized as a large, 
fluid filled cyst with numerous protoscolices attached to the 

inner wall [16]. The diameter of the cyst was wide, ranging be-
tween 0.8 and 9.0 cm [17,18]. The number of protoscolices 
ranged between 40 and 550 per cyst [4]. Each protoscolex con-
tained 26–28 hooks arranged in 2 rows of large and small 
hooks. The average total length of the large and small hooks 
was 157.7±0.5 µm and 115±0.6 µm, respectively [15]. In our 
case, the diameter of the cyst (3×3 cm), and the number of 
protoscolex (320), and the number and size of the hooks 
(28/157.5×108.7 µm) were all within the range recorded for 
Coenurus cerebralis infection caused by T. multiceps.

In conclusion, this is the first case report of goral coenurosis 
in Korea. Coenurosis is fatal in small ruminants and is an im-
portant public health parasitic disease as a zoonotic disease. In 
this study, the route of coenurosis infection in gorals has not 
been accurately identified, so continuous attention is required 
for several hosts.
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