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INTRODUCTION

The Spirorchiidae Stunkard, 1921, a family of blood
flukes within the superfamily Schistosomatoidea (Pla -
ty helminthes: Digenea), parasitize the cardiovascular
system of marine and freshwater turtles. The Spir o r -
ch iidae comprises 21 genera, 10 of which exclusively
parasitize sea turtles (Platt 2002, Orélis-Ribeiro et al.
2014, Roberts et al. 2016a,b). Spirorchiids produce
vast numbers of eggs which penetrate the gut wall,

migrate into the intestinal lumen and are eliminated
into the external environment with the host’s feces
(Smith 1972). However, many eggs become lodged in
tissues, leading to a granulomatous response and re-
sulting in a disease presentation analogous to that of
schistosomiasis in mammals (Smith 1972). These in-
fections are considered the most important parasitic
cause of stranding and mortality of sea turtles world-
wide; however, incidental findings of infection with
no associated clinical signs are also common (Santoro
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et al. 2007, Flint et al. 2010, Stacy et al. 2010a, Chen et
al. 2012, Werneck et al. 2015a,b, Work et al. 2015).
Most reports of marine spirorchiids are restricted to
the tropics and sub-tropics, with a prevalence ranging
from 30 to 100% depending on the turtle species and
geographical area (Santoro et al. 2006, Flint et al. 2010,
Stacy et al. 2010a, Chen et al. 2012, Werneck et al.
2015a,b). Despite the large diversity of spirorchiid spe-
cies which cause infection and occur in co- infections
in turtles globally, there are only 2 old records in the
Mediterranean involving a single species, Hapa lo trema
mistroides Monticelli, 1896, in the loggerhead Caretta
caretta (Linnaeus) from the Gulf of Naples (Monticelli
1896) and in loggerhead and green turtle Chelonia
mydas (Linnaeus) from Egypt (Looss 1899). Recently,
Amphiorchis sp. Price, 1934 infecting vermetid gas-
tropods and captive hatched neonates of loggerhead
was found from the Oceanographic Aquarium in Va-
lencia (Spain), and it was supposed that the infection
came from mature turtles taken from the western
Mediterranean (Cribb et al. 2017).

The most common spirorchiid infections recorded
globally are caused by members of either or both
Hapalotrema Looss, 1899 and Learedius Price, 1934
(Work et al. 2005, Santoro et al. 2006, 2007, Flint et al.
2010, Stacy et al. 2010a, Chen et al. 2012, Werneck et
al. 2015a,b). Diagnosis of infections with these para-
sites has, to date, relied largely on fecal examination
for eggs or on morphology of adult worms retrieved
during necropsy (Greiner 2013). However, morpho-
logical features often overlap between spirorchiid
species, making accurate taxonomic-based diagnosis
a challenge, especially now that a number of studies
have highlighted the occurrence of cryptic species
within the genus Hapalotrema (Stacy 2008, Chap-
man et al. 2015). Chapman et al. (2015) illustrated in
a recent molecular study that Learedius learedi Price,
1934 nested unequivocally among species of Hapa lo -
trema, forming a Hapalotrema/Learedius group and
bringing into question the acceptance of the genus
Learedius. This highlighted the importance of phylo-
genetically accurate molecular characterization of
spirorchiid species associated with disease, the need
for DNA-based tests for diagnostics and understand-
ing transmission, especially as marine spirorchiid life
cycles are still poorly known (Smith 1972, Stacy 2008,
Stacy et al. 2010b, Cribb et al. 2017).

This study describes the first fatal confirmed case of
spirorchiidiasis in a free-ranging Mediterranean log-
gerhead turtle and, owing to the complexities of taxo-
nomic identification of these parasites, provides the
first molecular characterization and phylogenetic
analysis of H. mistroides from the Mediterranean Sea.

MATERIALS AND METHODS

Necropsy and case description

On June 16, 2015, a loggerhead female weighing
26.8 kg and measuring 66.5 cm of curved carapace
length was found stranded alive at Santa Marinella
(42° 02’ 49’’ N, 11° 52’ 21’’ E), Civitavecchia, on the
coast of Latium (central western Italy) and hospital-
ized at the Sea Turtle Rescue Center of the Staz i one
Zoologica Anthon Dohrn of Naples. The turtle was in
a poor condition, lethargic and exhibited diminished
tail and cloacal reflexes. Radiograph and ultrasound
examinations of the coelomic cavity showed im -
paction of the large intestine and rectum obstruction
by dry fecal balls (the largest was ap proximately
18 cm in diameter) containing mollusk shells, sea
urchin, and crab fragments. The turtle received symp-
tomatic treatment for 20 d and then emergency sur-
gery was performed to remove the obstruction, but
she died the following day. The treatment consisted
of fluid and antibiotic therapies, enema with saline
solution and 10% mineral oil to remove fecal balls,
metoclopramide to stimulate the intestinal motility,
and supplementation with iron and vitamins.

At necropsy, the brain, heart, blood vessels, trachea,
lungs, urinary bladder, liver, gallbladder, kidneys,
pancreas, oviducts, esophagus, stomach, intestine and
body cavity were examined separately for helminths
with a dissecting microscope (Greiner et al. 1980, Sny-
der & Clopton 2005). Worms were washed in saline
solution and preserved in 70% ethanol; digeneans
were stained with red carmine, dehydrated using a
graded alcohol series, cleared in methyl salicylate
and mounted on slides in Canada balsam for mor-
phological identification. Specimens of Hapalo trema
mistroides were identified following the identifica-
tion key proposed by Platt & Blair (1998).

Standard sedimentation methods were used to de -
tect parasite eggs from feces (Greiner 2013). Samples
for histological examination of all organs and tissues
examined for parasites were fixed in 10% neutral
phosphate-buffered formalin and processed by rou-
tine methods into paraffin blocks which were cut into
3 µm thick sections and stained with hemato xy lin
and eosin. Histologically, the severity of lesions as -
sociated with spirorchiid infection was scored for
each examined tissue as follows: 0 (absent), 1 (mild: 1
to several small, scattered granulomas per low power
[×20] field, each centered on ≤5 spirorchiid eggs), 2
(moderate: 1 to several granulomas centered on >5 to
10 spirorchiid eggs per ×20 field, with some efface-
ment of tissue architecture by granulomas), or 3
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(severe: numerous smaller granulomas, each centered
on >5 eggs, or large, often coalescing granulomas
and/or sheets of inflammatory cells centered on ≥10
to hundreds of eggs, both with extensive effacement
of tissue architecture) (Flint et al. 2010).

Molecular analyses

Genomic DNA was extracted from a single individ-
ual of H. mistroides obtained from the described
necropsy using the Qiagen DNeasy blood and tissue
kit following the manufacturer’s instructions. Using
primers and methods described by Chapman et al.
(2015), a short ITS2 fragment was chosen for charac-
terization of H. mistroides alongside a fragment of
the 28S rDNA using primers and protocols developed
by Olson et al. (2003). Both markers were used as a
barcode sequence for the Italian specimen of H. mis-
troides, as published reference sequences for riboso-
mal gene fragments are available for comparison for
this species and several other members of the Spir -
orchiidae compared to typical mitochondrial cox1
barcodes. Also, the 28S fragment has been shown to
aid in accurately resolving phylogenetic relationships
within the Digenea, and the ITS2 region has been
suggested to resolve fine-scale species differences
(Olson et al. 2003, Orélis-Ribeiro et al. 2014, Chap-
man et al. 2015). The PCR reaction was performed
using 12.5 µl of DreamTaq™ PCR master mix (2×
DreamTaq buffer, 0.4 mM of each dNTP, 4 mM
MgCl2), 1 to 2 ng µl−1 DNA and 10 mM of each primer
with a final reaction of 25 µl with PCR-grade water;
the sample was then run on a Veriti 96-well (Applied
Biosystems™) PCR machine. The resultant amplicon
was visualized on a 1% agarose gel stained with Gel -
Red (Bioline) using only 5 µl of PCR product, and the
remaining 20 µl PCR products were sequenced at the
Natural History Museum, London, using fluorescent
dye terminator sequencing kits (Applied Biosystems™)
and run on an Applied Biosystems 3730KL automated
sequencer. Resultant forward and reverse sequences
were assembled and edited using Bioedit (Hall 1999),
and BLASTn (http://blast. ncbi. nlm. nih. gov/) searches
were performed on consensus sequences to provide
an initial identification of the parasite. For both the
ITS2 and 28S, phylogenetic analysis was performed
using representative DNA sequences from the same
species of Spirorchiidae blood flukes from sea turtles
where possible including Hapalotrema, Learedius
and Carettacola Manter & Larson 1950 (Chapman et
al. 2015). There were subtle differences between the
numbers of ITS2 and 28S sequences available for dif-

ferent species, and where possible, the majority if not
all ITS2 or 28S sequences for a particular species
were used for analysis. Three species of Schistoso-
matidae including Schistosoma edwardiense, Schisto -
somatium douthitti and Gigantobilharzia huronensis
were used as outgroups, as they represent a para-
phyletic sister group to the marine spororchiids (Orélis-
Ribeiro et al. 2014). Alignments were performed using
MUSCLE (www.ebi.ac.uk), and as in Chapman et al.
(2015), subsequent phylogenetic analysis was per-
formed using maximum likelihood (ML) in MEGA6
(Tamura et al. 2013). The ITS2 ML analysis was per-
formed under the conditions of the Kimura 2-parame-
ter model, and the 28S analysis was performed under
the conditions of the GTR+G model; in both cases,
models identified in MEGA6 based on the lowest
Bayesian information criterion relative to the other
models tested for and nodal support values were esti-
mated using 1000 bootstrap replicates. To measure
diversity and divergence between H. mistroides and
other species of Hapalotrema, uncorrected p-distance
was also calculated using MEGA6 (Tamura et al. 2013)
to ensure that H. mistroides could be delineated as a
separate species.

RESULTS

Necropsy and associated pathology

Post-mortem examination of the turtle revealed
cachexia, absence of fat reserves, ascites, gelatinous
consistency, atrophy and discoloration of the pectoral
muscles. The spleen was congested, and the serosa
of the small intestine and pancreas was focally thick-
ened with diffuse presence of black spots up 2 mm in
diameter showing extensive transmural granuloma-
tous lesions (Fig. 1); black raised foci about 1 mm in
diameter were also observed on the intestinal mucosal
surface.

Three adult cardiovascular flukes identified as Ha -
palotrema mistroides were found only from the spleen.
Specimens possessed 8 pre-ovarian and 12 post-
ovarian testes and a genital pore located in the ante-
rior half of the body. A voucher specimen of H.
mistro ides is deposited in the Natural History
Museum in London (NHMUK.2017.1.6.1.). Hapalo -
trema eggs (Fig. 2A,B) found in the intestinal lumen
were 450.6 by 42 µm (n = 10), brown and fusiform,
with 2 long hooked polar processes (Fig. 2A). Live
miracidia (mean length 84.7 by 31 µm, n = 10) were
present in the central oval portion of the eggs
(Fig. 2A). Other parasites found were 3 individuals of
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Orchidasma amphiorchis Braun, 1899 (Digenea) and
a single Rhy ti dodes gelatinosus Rudolphi, 1819 (Dige-
nea), both from the intestinal lumen.

Hapalotrema egg granulomas were found in the
pancreas (Fig. 2B), intestine (Fig. 2C), liver, lungs,
kidneys, urinary bladder and spleen (Fig. 2D). Sever-
ity of lesions was classified as severe in all above
cited organs except the liver and urinary bladder,
where lesions were classified as mild, although the
largest and the highest density of egg granulomas
were observed in the pancreas, spleen and intestine.
The pancreatic lobes showed large multicentric and
coalescent granulomas replete with Hapalotrema eggs
effacing the ducts and parenchyma of pancreatic
glands (Fig. 2B). A core of hypereosinophilic debris
was present and surrounded by histiocytic infiltrates
and multinucleated giant cells. The intestinal serosa
was markedly thickened, showing the vascular lumen
of smaller vessels partially or totally obliterated by
egg emboli (Fig. 2C). Egg granulomas were observed
throughout the whole intestinal wall but were larger
in the muscularis externa and serosa, where they
caused significant disorganization of the normal archi-
tecture including that of intestinal ganglia. The brain
showed extensive areas of encephalomalacia, with
medial hypertrophy of arteriolar walls and lympho-
cytic and heterophil infiltrates (Fig. 2E). Spir or chiid
egg embolisms were found histologically from lungs,
kidneys, pancreas, spleen and intestine.

Molecular analyses

The initial BLASTn searches based on the resultant
ITS2 (Acc: KY499798) and 28S sequences (Acc:

KY499799) indicated that Italian H. mistroides was
most similar to H. mistroides from Florida (USA) (Acc:
GU937893 and KU892016, respectively). The ITS2
phylogenetic analysis to identify the taxonomic posi-
tion of H. mistroides was performed on an alignment
approximately 270 bp in length containing 11 se-
quences representing 7 spirorchiid species primarily
from the USA and Australia and produced a well-
supported phylogeny with nodal bootstraps greater
than 50. The overall topology of ML phylogeny was
identical to that presented in Chapman et al. (2015) in
relation to the position and relationship of species
(Fig. 3). The Italian and the Floridian H. mistroides
fell out together, forming well-supported sister taxa,
and showed to be a sister species to H. postorchis. The
28S phylogenetic analysis, based on a final alignment
of 636 bp in length consisting of 12 sequences repre-
senting 8 spirorchiid species, showed the same overall
topology as the ITS2 analysis except for the position
of Spirorchiidae sp. Spirorch83. In the ITS2 phylo -
geny, it fell within a discrete clade containing H. mis-
troides and H. postorchis but appeared basal to the
Hapalotrema/ Learedius group. The 28S ML ana lysis
appeared to have higher nodal support bootstrap val-
ues compared to the ITS2 and confirmed the identity
of H. mistroides from Italy as well as its taxonomic po-
sition as a sister species to H. postorchis (Fig. 3). Com-
parisons of uncorrected p-distance showed there to
be only a 1.4% difference in the ITS2 and a 0.2% dif-
ference in the 28S between the Italian and Floridian
H. mistroides. However, when p-distances for both H.
mistroides isolates were compared to H. postorchis,
the ITS2 appeared 4.2 to 5.6% different and the 28S
appeared 2.4 to 2.6% different, indicating distinct
species based on the divergence range of ribosomal
gene fragments between species of marine trema-
todes as described in McNamara et al. (2014).

DISCUSSION

Hapalotrema mistroides has been shown to be
pathogenic in the Atlantic, with a single study show-
ing the parasite to be in 85% of stranded loggerhead
turtles examined and to be associated with the most
severe endarteritis pathologies, regardless of the pres-
ence or absence of co-infections with other spir or -
chiid species (Stacy et al. 2010a). Flint et al. (2010), in
a 4 yr stranding survey of green turtles in Australia,
found a wide range of digestive disorders in cluding
impaction caused by torsion, obstruction by dry fecal
balls and intestinal constrictions in 11.8% of reported
diseases, contributing to 5.1% of deaths. The etiol-
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Fig. 1. Duodenum of infected loggerhead, showing miliary 
trematode egg granulomas (black spots) on serosa
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ogy was not indicated, but gastrointestinal disorders
occurred with moderate to severe infection with
unidentified spirorchiids in 60% of cases. We hypo -
thesize that digestive disorders found here might be
associated with severe damage to the pancreas and
intestinal ganglia, both caused by spirorchiid egg
granulomas. Granulomas may result in alteration of

the secretion of pancreatic enzymes and intestinal
ganglia, responsible for digestive functions and intes-
tinal peristalsis, respectively. Massive Hapalotrema
egg emboli and encephalitis were the most probable
contributions to the death of the turtle.

In loggerhead and green turtles from the coast of
Egypt, Looss (1899) reported gross changes in the

105

Fig. 2. (A) Eggs compatible in morphology with those of
 Hapalotrema mistroides from the feces of the infected log-
gerhead; note the miracidium in the lower egg. (B) Pancreas:
large coalescent granulomas replete with trematode eggs
effacing ducts and parenchyma of pancreatic glands and
surrounding a core of hypereosinophilic debris (necrosis) in
upper left. (C) Intestine: vascular trematode egg-associated
embolism in intestinal serosa; note the near-complete ob-
struction of the vessel lumen. (D) Spleen: multiple trematode
egg-induced granulomas surrounded by multinucleate gi-
ant cells and histiocytes. (E) Brain: lymphocytic and hetero -

phil infiltration
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vascular intima and endothelium associated with the
attachment of Hapalotrema specimens. However,
since then, all other parasitological and pathological
studies in sea turtles from the Mediterranean Sea or
adjacent Atlantic areas failed to reveal any cardio-
vascular fluke infection (Sey 1977, Aznar et al. 1998,
Manfredi et al. 1998, Valente et al. 2009, Santoro et
al. 2010a,b, Orós et al. 2016). This suggests that spi r -
orchiid infections occur just occasionally in the Medi-
terranean Sea or may persist in low intensity.

The occasional finding of H. mistroides in Mediter-
ranean waters could be related to the lower water
temperature relative to the tropical areas, resulting
in slower transmission cycles of the parasite and thus
reducing the possibility of infection for sea turtles.
Experimental studies on freshwater turtles have indi-
cated that many aspects of spirorchiid development
are temperature dependent. For example, it was
demonstrated that the eggs of the freshwater Spir -
orchis elegans placed at refrigeration temperature
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Fig. 3. Maximum likelihood phylogenetic reconstruction of the position of Mediterranean Hapalotrema mistroides from Italy in
relation to other spirorchiid species based on partial (A) ITS2 and (B) 28S fragments. Nodal supports are bootstrap values 

based on 1000 replicates; only values >50 are shown
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(from 3 to 6°C) for 76 d did not hatch but did not lose
viability (Goodchild & Kirk 1960, Smith 1972). Flint et
al. (2010) also suggested that the increase of severity
of spirorchiidiasis in Australian green turtles during
warmer seasons could be directly related to in creased
cercarial emergence, an increased availability of mol-
lusc intermediate hosts and the fact that warmer tem-
peratures stimulate greater egg production in worms
already infecting turtles. However, this re mains highly
theoretical, as there are poor published data on the
life cycle of marine spirorchiids (Stacy et al. 2010b,
Cribb et al. 2017). It is more likely that the life cycle
of H. mistroides is not maintained in the locality due
perhaps to the absence of the intermediate host in
the Mediterranean Sea, and the loggerhead turtle
studied here could have been infected in another
area of the globe. In addition, given the confirmed
movement of sea turtles between the Mediterranean
and the Atlantic coast of the USA (Bowen & Karl 2007,
Shamblin et al. 2014) where other species of spirorchi-
ids are documented (Stacy 2008), it would not be sur-
prising if other species of spir or chiids are found in
sea turtles in the Mediterranean Sea.

The phylogenetic analysis of the ITS2 region showed
the same tree topology as that illustrated in Chapman
et al. (2015), which was supported and verified by the
original 28S analysis performed in this study. Both
analyses confirmed the Italian and Floridian (USA)
H. mistroides to be the same species, only divergent
by 0.2% in the 28S and up to 1.4% in the ITS2. Al -
though the molecular data presented in this study are
limited, they indicate a low level of divergence be -
tween the Italian and Floridian populations. Distribu-
tion of the parasites is intimately linked with that of
their definitive host, and genetic studies have shown
that there is movement between populations of log-
gerhead from the Pacific, Indian and Atlantic oceans,
illustrating the wide migratory range and cosmopoli-
tan distribution of loggerhead turtles, which could ac -
count for the low level of divergence in the parasite
populations (Bowen & Karl 2007, Shamblin et al.
2014). The small genetic differences between H. mis-
troides from Italy and Florida are noteworthy given
that differences were also found between specimens
of H. postorchis collected from Atlantic and Pacific
regions (Chapman et al. 2015). H. mistroides resolves
as a unique paraphyletic sister species to H. pos-
torchis, further confirming it as a valid species and
providing further support to the accuracy of the
 species identification made in this current study.
However, detailed comparative genetic analysis of H.
mistroides populations from the Atlantic and the
Medi terranean from more extensive sampling of

 parasites and using more molecular markers will be
needed to disentangle the origin of H. mistroides and
its true relationship with H. postorchis.

The case here described clearly indicates that these
flukes should be considered in the differential diag-
nosis of Mediterranean sea turtle diseases, although
it appears that the risk of spirorchiid infection in the
Mediterranean Sea is low. Detection of spirorchiids
and associated lesions requires a targeted ap proach
that includes dissection of the cardiovascular system,
detailed examination of vascular compartments and
examination of all tissues (both grossly and histologi-
cally) as well as fecal examination (Snyder & Clopton
2005, Stacy 2008, Greiner 2013). Integration of detailed
health assessment and parasite detection and identifi-
cation methods is required to gain a better understand-
ing of these parasites and their significance in endan-
gered Mediterranean loggerhead turtles.
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