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Acase of fatal infection causedby larval forms of Taeniamartis in a ring-tailed lemur (Lemur catta) living in theRome
zoological garden is described. The animal, living in a semi-natural pen with other 15 conspecific individuals and
being fed with fresh fruit and vegetables, yoghurt and eggs, was transported to the Istituto Zooprofilattico of
Rome for post-mortem examination. The anamnesis included, ten days before the death, apathy, lack of appetite,
abdominal distension and diarrhoea. A severe exudative fibrinous-purulent peritonitis with numerous adhesions
between the abdominal wall and the bowel loops was detected. After intestine removal, two free and viable,
4 cm long,whitish, leaf-like parasitic formswere pinpointed.Macroscopic examination of the twoparasites allowed
their identification as larval stages of cestodes, identified via molecular analysis as T. martis metacestodes. This
report represents thefirst record of T.martis infection in thehost species and in a zoological garden and for the path-
ological relevance of the infection.

© 2014 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Taeniamartis (Zeder, 1803) (Cestoda, Cyclophyllidea) is a tapeworm
parasite of Mustelidae, with a widespread distribution in the northern
hemisphere. Its intermediate hosts are mainly arvicoline and murine
rodents. In Europe, adults of this species have been recorded, usually
with low prevalence, in Martes martes (pine marten), Martes foina
(stone marten) and Mustela putorius (European polecat) [1–3], while
Clethrionomys glareolus (bank vole), Microtus agrestis (field vole),
Apodemus sylvaticus (wood mouse) and Ondatra zibethicus (muskrat)
act as intermediate hosts [3–5]. Higher prevalence has been recorded
in M. martes in Spain (5.88%) [3] and in O. zibetichus in Belgium
(22.2%) [5]. In Italy, at present, T. martis has been reported in M. foina
from North-Western (prevalence 33.3%) and Southern Italy [1,6] and
in C. glareolus from Calabria Region (Southern Italy) [7]. A case of
fatal infection with larval forms of T. martis in a ring-tailed lemur
(Lemur catta) from the zoological garden (Bioparco) of Rome is de-
scribed here. The Bioparco is one of the oldest zoological gardens in
Europe, founded in 1911. It is located in the city centre on an area
of 18 ha, housing more than 1000 animals belonging to almost 200
species. The reported case was considered to be interesting as: 1) it
represents the first record of T. martis larval forms in L. catta; 2) it is the
first record of this parasite in a zoological garden, raising the question
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about the possible transmission routes; and 3) the pathological relevance
of the infection, considered responsible for the animal death, maybe due
to the unusual host/parasite association.

The lemur, an 18-year-old male, used to live in a semi-natural pen
with other 15 conspecific individuals and was transported in June
2013 to the Istituto Zooprofilattico Sperimentale delle Regioni Lazio e
Toscana of Rome for post-mortem examination. The ring-tailed lemur
colony was introduced at the Bioparco in 2007, arriving from the zoo of
Ostrava (Czech Republic). Animals are fedwith fresh fruit and vegetables,
yoghurt and eggs. The anamnesis included, ten days before the death, ap-
athy, lack of appetite, abdominal distension anddiarrhoea.Metronidazole
(12.5 mg/kg, P.O. q12 h) and spiramycin (75,000 UI/kg, P.O. q12 h) for
7 days and streptomagma (1 ml, P.O. q12 h) for 10 days were adminis-
tered. After an initial improvement, the animal showed a decrease in
appetite and a tendency to isolate itself from the group until death.

At the post-mortem examination, a severe exudative fibrinous-
purulent peritonitis was observed (Fig. 1a), with numerous fibrous
adhesions between the abdominal wall and the bowel loops and the
haemorrhagic suffusions. Intestine showed a marked wall thickening
and congestion of a 5 cm segment of the colon, with inward large
necrotic-haemorrhagic areas and purulent exudates on the mucosa
(Fig. 1b). The cecum and liver presented constipation and degeneration,
respectively. No macroscopic lesions were detected in other organs.
Two viable parasitic forms approximately 4 cm long, whitish and leaf-
like were observed free in the peritoneal cavity (Fig. 1c). Based on
their morphology, the two parasites were recognised as cestode larval
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Fig. 1. a) Peritoneal cavity: exudative fibrinous-purulent peritonitis with haemorrhagic
suffusions (white arrow) and fibrous adhesions (black arrow); b) Left: colon with thickened
wall and necrotic-haemorrhagic mucosa. Right: constipated cecum; c) Taenia martis larva.
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forms and transferred for molecular identification at the University of
Rome “Tor Vergata”.

Samples of the lung, heart, liver, spleen, kidney, colon and brain were
routinely processed for histopathology. Microscopic examination of colon
showed extensive infiltrates of neutrophils, lymphocytes, plasma cells
and eosinophils in the mucosa, with numerous necrotic-haemorrhagic
foci associated with haemosiderosis. The muscle layers revealed
large areas of fibrous proliferation and disseminated haemorrhages.
Multifocally, inflammatory infiltrates extended from the mucosa to
the peritoneal serosa, where many degenerate neutrophils and few
eosinophils were detected. In absence of any evidence of other causes,
such as a foreign body or a neoplastic lesion, it could be speculated
that these findings were due to the passage of the oncospheres through
the intestinal epithelium of an unsuitable host. No significant micro-
scopic lesions were observed in the other examined organs, besides
hepatocyte degeneration, a light liver cholestasis and small perivascular
haemorrhages in the heart and brain.
Fig. 2.Neighbour-joining tree based on Cox1 sequences showing the genetic relationships amon
GenBank accession numbers of reference strains are in parentheses.
Bacteriological examination of the intestine, liver and peritoneal
exudates did not reveal any bacterial agent, probably due to the admin-
istration of spiramycin.

Genomic DNA from one specimen was extracted using the QIAamp
Mini Kit (Qiagen) according to the manufacturer's protocol. A portion
of the mitochondrial cytochrome oxidase I gene (cox1) was amplified
by PCR using the primers JB3 and JB4.5 [8]. Bands of the predicted
sizes were excised and DNA was purified and directly sequenced on
both strands by the Bio-Fab Research (Rome, Italy). To assign the isolate
to the specie level, the obtained sequence was compared with available
sequences inGenBankdatabase byusing the StandardNucleotide BLAST
search. To test the significance of the result, a phylogenetic analysis was
also performedby comparison of the obtained sequencewith those of ref-
erence strains using the Neighbour joining method (NJ) (bootstrap test
1000 replicates) by MEGA5 [9]. The sequence obtained in this study was
deposited in the GenBank database and is available under the accession
number: KJ459910. Cox1 sequence analyses unambiguously identified
the larva as belonging to T. martis species, the sequence showing the
highest identity (99%) with those of all T. martis isolates available in
GenBank, while significantly lower identity with other tapeworm species
was observed, e.g. Taenia twitchelli (94%), Taenia hydatigena (86%–89%),
Taenia multiceps (86%). A well-defined cluster supported by significant
bootstrap values (98%) and corresponding to T. martis isolates including
sequence obtained from L. catta, was evidenced in the NJ tree (Fig. 2),
thus confirming species assignment.

To the best of our knowledge, this is the first report of T. martis
metacestodes in the host species and in any host living in a zoo. The
ability of tapeworm larval forms to infect a highly diverse range of
host species is well documented in literature. Interestingly, a case of in-
fection by Echinococcus multilocularis metacestodes in a ring-tailed
lemur living in a zoo was recently reported in France [10]. Regarding
T. martis, larval forms of this species were recorded in wild cats [11]
and in 2013 a human infection was reported in Germany [12]. In the
present case, the two larvae were alive and moving at the moment of
their recovery from the L. catta peritoneal cavity. Maybe because of
the unusual host/parasite association, clinical and pathological changes
observed in the lemur were very severe and the peritonitis could have
provoked a state of severe toxaemia, such as to compromise the vital
functions and to determine the lemur death. Regarding the transmis-
sion route in the Bioparco, two main possibilities have to be taken into
consideration: a) the lemur was already infected when the colony was
introduced in the Rome zoological garden in 2007; b) T. martis eggs
arrived in the pen with the fresh vegetables daily fed to the lemurs.
Considering the pathological changes observed, it is unlikely that the
g the isolate from Lemur catta examined in this study and those of other tapeworm species.
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animal lived for 8 years with the two metacestodes in the peritoneal
cavity. On the other hand, T. martis was frequently recorded in
M. foina in Italy. This mustelid is quite common in the country, and
contamination of vegetables with infected faeces must be retained a
plausible hypothesis. A similar explanation was also suggested for the
human case recorded in Germany [12]. Assuming that the parasite
entered the zoological garden as eggs contaminating fresh vegetables,
its zoonosic potential should be taken into consideration. T. martis
metacestodes can infect humans [12] and the possibility of zoonotic
infections via contaminated fresh vegetables cannot be ruled out,
even in an urban context where the cycle of such a parasite is not
expected.
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