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ABSTRACT:  Spargana of Spirometra erinacei infect many vertebrate species, but severe disease
from sparganosis has been reported from few host species. Information on the effects of this
common, introduced tapeworm of cats on Australian frogs is lacking. Our survey to detect
significant diseases in free-ranging amphibians in eastern Australia between 1993 and 2000
revealed that infection with spargana (plerocercoids) of S. erinacei occurred in 12/243 (4.9%) sick
frogs. Infections occurred in skeletal muscle and subcutis, especially the thighs, of large adults of
Litoria caerulea, Litoria aurea, Litoria gracilenta, and Litoria peronii. Three frogs were also
infected in the coelomic cavity. Heavy burdens in seven frogs were associated with poor body
condition and debilitating lesions, whereas lighter infections in five sick frogs were considered
likely to be incidental to other diseases. In severe infections, a large proportion of thigh muscle was
replaced with spargana and various amounts of fibrosis, and some frogs also had myonecrosis,
granulomatous inflammation, hemorrhage, and skin ulceration. Concurrent infections were
common. Our findings suggest sparganosis is one of a few currently recognized serious diseases

affecting free-ranging frogs in Australia.
Key words:
spargana, Spirometra erinacei.

INTRODUCTION

The adult stage of the cestode Spirom-
etra erinacei inhabits the small intestine of
carnivores such as the cat, dog, fox, and
dingo (Bowman et al., 2002). The procer-
coid stage occurs in copepods, and the
plerocercoid stage (spargana) is found in
amphibians, reptiles, and mammals that
ingest infected copepods or other verte-
brates infected with spargana. Tadpoles
are an important host that can transmit
spargana to other intermediate hosts
(Sandars, 1953). Spirometra erinacei was
probably introduced recently to Australia,
given that eutherian carnivores are the
definitive hosts, and it is the most
prevalent helminth of feral cats in eastern
Australia (Dickman, 1996). Along with the
protozoan Toxoplasma gondii, S. erinacei
is considered an important cat-vectored
pathogen that warrants further study to
understand its current impact on native
wildlife (Dickman, 1996).

Spirometra erinacei is also present in
southeast Asia and is a public health
problem, usually occurring as subcutane-

Amphibian, cestode, Litoria, Ophidascaris pyrrhus, parasite, pathology,

ous or intramuscular sparganosis in hu-
mans (Mastura et al., 1996). Routes of
infection include ingestion of incompletely
cooked tadpoles and frogs, drinking water
contaminated with infected copepods, and
through using infected frog flesh as a
poultice (Mastura et al., 1996).

There are a few reports of severe disease
from sparganosis in Australian vertebrates.
Infections in Australian snakes occur in
subcutaneous areas, intercostal muscles, or
the coelomic cavity. Heavy infections can
cause inappetence and weight loss, and are
treated by surgical removal and antibiotics
(McCracken, 1994). Marsupials and mono-
tremes may be infected with S. erinacei,
and disease has been reported in echidnas,
antechinus, and northern quolls (Bever-
idge, 1978; Whittington et al., 1992; Oak-
wood and Spratt, 2000). Proliferative spar-
ganosis has caused severe disease in
domestic dogs (Beveridge et al., 1998).

Subclinical S. erinacei infections have
been reported in free-ranging amphibians
examined by necropsy. In a recent survey of
Australian amphibians, spargana were found
in 10/875 (1%) Bufo marinus, 2/6 (33%)
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Litoria peronii, 1/15 (7%) Litoria caerulea,
and 7/163 (6%) Litoria inermis (Diane
Barton, unpubl.). Of 1,000 B. marinus
surveyed from Ingham, Queensland, 37
(3.7%) were found with infections (Bennett,
1978). Spargana have also been reported in
wild adults of Litoria aurea, Litoria nasuta,
and Litoria rubella, and experimental infec-
tions were produced in adults of Litoria
latopalmata and Limnodynastes tasmanien-
sis and tadpoles of L. latopalmata, L.
caerulea, and Limnodynastes tasmaniensis
(Sandars, 1953; Bennett, 1978; Sastrawan,
1978; Barton, 1994). Sandars (1953) reports
that about one quarter of the population of
L. caerulea in the Brisbane area was
infected with spargana. However, severe
sparganosis and its pathology has not been
described in amphibians.

In our survey of 243 sick and dead wild
frogs from eastern Australia, spargana were
found in 12 frogs from New South Wales and
Queensland. Seven frogs had heavy infec-
tions that appeared to be causing clinical
disease. Here we describe the pathology of
severe sparganosis in amphibians with
details of concurrent parasites and diseases.

MATERIALS AND METHODS

Between October 1993 and December
2000, 243 sick and dead wild amphibians
collected opportunistically from eastern Aus-
tralia were examined by necropsy. Dead frogs
found by herpetologists were preserved in
either 10% formalin or 70% ethanol or were
frozen. Sick frogs were identified by their
unusual behavior or by the presence of lesions
(e.g., ulcers, lumps) and were either eutha-
nized and preserved, or were sent by courier
to the laboratory. Frogs were euthanized by
bathing in 0.2% MS222 (tricaine methane
sulphonate; Ruth Consolidated Industries,
Annandale, New South Wales, Australia).
Frogs received fresh were weighed. Parasites
were collected and organs were placed in 10%
buffered neutral formalin and prepared for
histology. Small frogs (i.e., <15 mm) were not
dissected, but were cut in half and sectioned for
histology. Tissues were dehydrated, embedded
in paraffin, sectioned at 6 pm, and stained with
hematoxylin and eosin or Gram’s stain.

In frogs with sparganosis, parasite burden
was estimated by reflecting the skin and
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counting the number of spargana grossly
visible in the subcutis and superficial muscles,
then counting any that were free within the
coelomic cavity. A total count of spargana
infecting each frog was not attempted, as this
would involve dissection or dissolution of all
muscle bundles, which is incompatible with
performing histopathology. Live spargana
were relaxed in distilled water, then preserved
in 70% ethanol or frozen at —80 C. As
identification of spargana using morphologic
features is unreliable, the identity of speci-
mens was confirmed by DNA sequencing of
part of the cytochrome ¢ oxidase subunit 1
gene from five spargana from Cases 3, 7, and
8, and the results were reported in Zhu et al.
(2002).

RESULTS

Spargana were found in 12/243 (4.9%)
sick wild frogs. Infected frogs were
collected between southern New South
Wales and northern Queensland (Ta-
ble 1). Proportions infected in positive
species were 1/2 Litoria gracilenta, 1/12
Litoria peronii, 2/8 L. aurea, and 8/73 L.
caerulea. These were relatively large
individuals—the snout-vent lengths of
the L. caerulea were about 100 mm
(Table 1). Other diseases found in the
frogs surveyed were described in Berger
(2001) and Berger et al. (2004).

Spargana appeared as white flattened
flexible structures with transverse wrin-
kles. They were approximately 3 mm in
width, 1 mm thick, and of variable length,
up to about 50 mm when removed from
the host tissue. Histologically they had
features typical of cestodes, including
calcareous corpuscles, a thick cuticle, and
no digestive tract.

All infected frogs had spargana in the
muscle and subcutis of the thighs (Figs. 1—
3), and nine were infected in additional
locations such as subcutis and muscle of
the ventral abdomen (eight frogs), dorsal
subcutis especially around the urostyle
(seven frogs), lumbar musculature (three
frogs), coelomic cavity (three frogs), and
muscle and subcutis of the forelimbs (two
frogs; Table 1). Worms were curled within
fibrous capsules or thin membranes, or
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occurred free in body spaces or between
muscle fibers.

Four frogs diagnosed with other severe
diseases as the major cause of illness had
between three and seven spargana visible,
which were considered incidental findings
(Cases 1-4). One frog (Case 5) had an
intermediate burden of at least 11 sparga-
na, which was of uncertain significance to
the frog’s morbidity. In two of the three
frogs where spargana were found histo-
logically, there was a moderate granulo-
matous response and in one of these the
spargana were degenerate.

Seven frogs had heavy infections with
over 16 spargana each in sites easily visible
at the gross examination (Cases 6-12). In
these frogs, the severe sparganosis ap-
peared to be the primary cause of illness
based on the associated pathology and
intensity of infection, although many had
coinfections. In early stages of disease, the
main clinical signs were behavioral chang-
es, with frogs typically remaining station-
ary and in the same unprotected site for
about a week. As the disease advanced
frogs became moribund. Six frogs were in
poor body condition or were emaciated,
with negligible fat bodies. Subcutaneous
lumps over thighs and caudal belly were
readily observed in most cases. Three
frogs had dermal ulcers associated with
spargana in underlying skeletal muscles.
Histologic examination revealed spargana
encapsulated within thin, membranous
capsules or thicker fibrotic capsules. Un-
encapsulated spargana occurred free be-
tween muscle fibers, in subcutaneous
spaces, and in the coelomic cavity. In
many frogs, there was negligible cellular
reaction (Fig. 4), although in three frogs
there was granulomatous inflammation
within capsules and in interstitial areas of
muscle. Inflammation that was present in
the muscle of some frogs appeared to be
stimulated by the presence of opportunis-
tic bacterial or protozoal infections. Coag-
ulative necrosis of individual muscle fibers
or more extensive myonecrosis occurred
in three frogs. In heavily infected frogs,
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spargana replaced muscle fibers, which
appeared to have dissolved.

Sequencing of the cytochrome ¢ oxidase
genes of spargana from three frogs (from
Queensland and New South Wales) con-
firmed they were S. erinacei but they
differed at 2% of nucleotide positions
from S. erinacei found in dogs, foxes, cats,
and a tiger snake from Victoria, and from a
python from Queensland (Zhu et al.,
2002).

DISCUSSION

Spirometra erinacei is the only species
of pseudophyllidean cestode known to
occur in Australia, and was confirmed in
these frogs by polymerase chain reaction
(PCR; Zhu et al., 2002). The different
genotype found in the frogs may reflect
the limited and geographically scattered
sampling, rather than indicating a distinct
frog genotype with a novel definitive host.
As infected frogs came mostly from
populated areas, the source may be a
domestic animal or fox. This report of S.
erinacei in an adult of L. gracilenta is a
new host record.

For the 10 frogs in which spargana were
examined histologically, infection was usu-
ally associated with fibrosis, but a cellular
reaction was observed in only five frogs.
Degenerate spargana were rarely seen,
contrasting with an earlier survey in
Australian cane toads (B. marinus) in
which a marked inflammatory response
resulted in degeneration of most encapsu-
lated spargana (Bennett, 1978). As cane
toads, which inhabit Central and South
America, were introduced to Australia,
perhaps they have better natural immunity
than native frogs that were previously
naive. Immunodiffusion and immunoelec-
trophoretic tests in the toads revealed
antibodies against components of the
spargana (Bennett, 1978). We did not test
antibodies in the frogs described here.

Proteases occur in the region of the
tegument of spargana of S. erinacei which
are thought to assist in penetration of the
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FIGcure 1.

An adult of Litoria caerulea (Case 8) with subcutaneous lumps due to spargana on the ventral

abdomen and thighs and on the left tarsus. Bar=30 mm.

intestinal wall of intermediate hosts (Kwa,
1972). These proteases may also help the
spargana move through frog muscles and
could contribute to pathogenesis.
Concurrent diseases in three of the
severely infected frogs may have contrib-
uted to their illness, either as secondary or
predisposing problems. The ophthalmitis

in the L. gracilenta (Case 10) may have
interfered with its ability to catch prey.
The nematode infections and bacterial
hepatitis in the L. caerulea (Case 8) may
have also been significant. The severe
bacterial infection of the L. aurea (Case 6)
appeared to be acute and was presumably
secondary to the invasion of spargana.

Ventral surface of a thin
Litoria gracilenta (Case 10) with massive enlarge-

FIGURE 2.

ment of the thighs due to a heavy burden with
spargana occurring free under the skin. Bar=12 mm.

adult of

Ficure 3. Ventral surface of the hind leg of an
adult of Litoria caerulea (Case 8) with encysted

spargana in the muscles. Bar=15 mm.
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Ficure 4. Histologic section of an encysted
sparganum of Spirometra erinacei in the thigh
muscle of a Litoria aurea (Case 6) without associated
tissue reaction. The cestode appears to have replaced
muscle mass and there is degeneration and dissolu-
tion of the adjacent muscle. HE stain. Bar=380 pm.

Ophidascaris pyrrhus in the L. caerulea
(Case 9) is a significant finding, as it is the
first reported adult ascaridoid infection in
an identified frog species (Barton, 1994;
Sprent, 1988). This nematode undergoes
extensive growth and development in
subcutaneous tissues of lizards (the usual
intermediate host), before being eaten by
an elapid snake (the definitive host). It is
possible that frogs are a significant inter-
mediate host of O. pyrrhus in areas of
high rainfall.

Heavy burdens in these mature, large
frogs may have been a result of high levels
of exposure to procercoids in water or to
plerocercoids in smaller prey. Severe
concurrent infections in three frogs (Cases
6, 8, and 10) could suggest immunosup-
pression secondary to another problem or
high intensities of spargana may cause
immune depression. In general, parasites
are unevenly distributed between hosts,
with most hosts harboring few or no
parasites and a few hosts harboring many
parasites. This phenomenon is known as
overdispersion or aggregation (Poulin,
1998) and could be due to host differenc-
es, and to spatial and temporal changes in
exposure. As almost all parasite popula-
tions fit this type of distribution; when
heavily infected hosts are not found this is
assumed to be due to parasite-induced
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host mortality (Poulin, 1998). Only light
infections with spargana were detected in
previous surveys of healthy Australian
frogs and 20 of 20 infected frogs had
between one and seven worms in thigh
muscles (Diane Barton, unpubl. data),
whereas heavy infections were found in
seven of 12 infected frogs when we
targeted sick or dead animals. Frogs with
heavy burdens were significantly more
likely to be sick (lower 95% confidence
limit=4, Fisher’s exact test P<<0.001). This
supports our pathologic findings that
spargana are pathogenic to free-ranging
frogs.

Although the pathology of severe spar-
ganosis had not previously been described
in amphibians, there are some reports of
detrimental effects. Experimental at-
tempts to study the immune reactions in
L. tasmaniensis failed due to inconsistent
infection rates and frequent deaths of
infected frogs and tadpoles, thought to
be due to the combined stress of parasit-
ism and captivity (Bennett, 1978). Growth
of experimentally infected L. latopalmata
tadpoles was inhibited (Sandars, 1953). In
a survey of 948 Malaysian frogs, 11.8%
were found infected with spargana, 57%
of which had bleeding and/or swelling at
infection sites (Mastura et al., 1996).

It is important to differentiate infection
and clinical disease in frogs infected with
S. erinacei. We consider that the severe
infections in seven (58%) of the infected
frogs caused debilitation of these animals.
We suggest that the criteria used to
classify sparganosis in frogs as severe
include 1) significant clinical signs such
as weakness, reluctance to move, loss of
body condition, and debilitation; 2) evi-
dence of significant local tissue damage
seen as myonecrosis, granulomatous in-
flammation, hemorrhage, skin ulceration,
and/or severe muscle loss and replace-
ment with spargana and various amounts
of fibrosis; and 3) sufficient spargana to
cause debilitation. This last criterion is
difficult to quantify and would vary with
frog size; however, from our study a
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burden with at least 16 obvious spargana
clearly caused severe disease, and also
perhaps the intermediate infection of 11
superficial spargana. In addition, frogs
with severe sparganosis were more likely
to be infected in numerous sites, rather
than just the thighs. Transmission exper-
iments are needed to characterize this
disease and would provide a more accu-
rate, and perhaps lower, estimate of
minimum pathogenic burdens.

Although outbreaks of severe spargano-
sis were not found in this study, this was
the second most common infectious dis-
ease found in amphibian populations in
Australia, after chytridiomycosis (Berger,
2001). The impact of this disease on
amphibian populations remains unknown.
Spirometra erinacei has a broad host range
and may potentially infect all anuran
species. The presence of infection or
definitive hosts in habitats of threatened
species could require intervention. Exam-
ples of diseases that have been introduced
with eutherians and had severe effects on
Australian wildlife include toxoplasmosis
(Dickman, 1996) and sarcoptic mange
(Skerratt et al., 2004).
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