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a b s t r a c t

Nematodes of genus Anisakis spp. parasitize a wide range of marine hosts with marine mam-
mals (mainly cetaceans) serving as definitive hosts, while fish, squid and other invertebrates
serve as paratenic or intermediate hosts. Sea turtles can act as accidental or paratenic hosts
for Anisakis spp. larvae, harbouring third-stage larvae unable to complete their life cycle in
an ectothermic vertebrate. Post-mortem examination of 96 loggerhead sea turtles (Caretta
caretta) stranded along the Italian coast of the Mediterranean Sea showed infection by
Anisakis larvae Type I from 4 of 6 locations that were identified as belonging to Anisakis
pegreffii by sequence analyses of the mtDNA cox2. Thirteen turtles (11 males and 2 females)
were infected with A. pegreffii. Larvae were detected through gross necroscopy from 7 tur-
editerranean Sea tles, while in other 6 positive loggerhead sea turtles A. pegreffii larvae were revealed by
histopathology. Pathological changes associated with A. pegreffii larvae in the stomach and
intestine included necrosis and granulomatous response compatible with larvae migration.
The role of the loggerhead sea turtle as an accidental host in the life cycle of this nematode
is also discussed. This study is the first description of pathological changes associated with

turtle.
A. pegreffii in a sea

. Introduction

Nematodes of genus Anisakis spp. parasitize a wide
ange of marine hosts with marine mammals, especially
etaceans, serving as definitive hosts, while fish, squid
nd other invertebrates serve as paratenic or intermedi-

te hosts (Mattiucci and Nascetti, 2008). Eggs of Anisakis
implex are shed by marine mammals into the marine envi-
onment where they then embryonate to second-stage
arvae and are ingested by small crustaceans, such as mem-
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bers of the Euphausia and Thysanoessa genera (Smith, 1971;
Klimpel et al., 2004). When infected crustacea are ingested
by fish or squids, the third-stage larvae of the parasite
encapsulates on the visceral tissues, mainly in the mesen-
teries and liver. A. simplex sensu lato third-stage larvae may
also migrate into the muscle tissue of the fish paratenic
host (Skov et al., 2009). Fourth-stage larvae and adult para-
sites are found in the alimentary tract of marine mammals,
which acquire them via ingestion of infected fish (Smith,

1971; Klimpel et al., 2004). Sea turtles can act as acciden-
tal or paratenic hosts for Anisakis spp. larvae, harbouring
third-stage larvae unable to complete their life cycle in an
ectothermic vertebrate (Glazebrook and Campbell, 1990;
Santoro and Mattiucci, 2008).

dx.doi.org/10.1016/j.vetpar.2010.08.018
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Larval forms of A. simplex s.l. have been reported from
a variety of captive and wild sea turtles around the world,
but the larvae collected have been identified in those hosts
as A. simplex or Anisakis spp. using only light microscopy
(Burke and Rodgers, 1982; Glazebrook and Campbell, 1990;
Piccolo and Manfredi, 2003; Orós et al., 2005; Badillo, 2007;
Innis et al., 2009; Valente et al., 2009). Larval identifica-
tion of Anisakis spp. to the specific level is not possible by
using morphological characters; two larval morphotypes
indicated as Types I and II (sensu Berland, 1961) have been
described. On the other hand, molecular-genetic method-
ologies, widely applied to the species of the genus Anisakis
has demonstrated that larval Anisakis Type I is shared so far
by 6 distinct species, including the species of the A. simplex
complex (i.e. A. simplex sensu stricto, A. simplex C and A. pegr-
effii), A. typica, A. ziphidarum (see Mattiucci and Nascetti,
2008), and A. nascettii Mattiucci et al., 2009. Whereas, the
larval Anisakis Type II is shared so far by three differ-
ent species: A. physeteris, A. brevispiculata (see Mattiucci
et al., 2001), and A. paggiae Mattiucci et al., 2005. These
anisakid species are characterized by different geographi-
cal distribution and definitive host preference (Mattiucci
and Nascetti, 2008; Mattiucci et al., 2009). Among the
genetic molecular markers to be used for the larval identifi-
cation of Anisakis spp. (reviewed in Mattiucci and Nascetti,
2008), the sequence analysis of the mtDNA cox2 gene locus
has been used in this paper for the identification to the
species level of the larvae of Anisakis recovered in log-
gerhead sea turtle (Caretta caretta). Indeed this gene has
been proved to be a useful genetic marker to detect cryp-
tic species of nematodes of the genus Anisakis (Mattiucci et
al., 2009) as well as to study the haplotype polymorphisms
and nucleotide diversity of Anisakis spp. (in preparation).

In this paper, for the first time, we report on the molec-
ular identification of A. pegreffii larvae from loggerhead sea
turtle and we describe their pathological significance in an
accidental host.

2. Materials and methods

2.1. Sample collection

Post-mortem examination was performed on 96 logger-
head sea turtles stranded between July 2006 and April 2009
in 6 locations from the Central Mediterranean of southern
Italy including the Tyrrhenian coast of Campania region
(n = 32; 12 females, 13 males and 7 of unidentified sex), the
Tyrrhenian (n = 18; 9 females, 4 males and 5 of unidentified
sex) and Ionian (n = 23; 10 females, 8 males and 5 of uniden-
tified sex) coasts of Sicily, the Tyrrhenian (n = 4; 2 females
and 2 males) and Ionian coast of Calabria region (n = 16; 9
females and 7 males), and the Ionian coast of Apulia region
(n = 3; 1 female and 2 males) (Fig. 1). Loggerhead sea tur-
tles examined were from 4 sea turtles recovery centres
including Anton Dohrn Zoological Station in Naples (Cam-
pania); Tartanet, Brancaleone (Reggio Calabria) and Isola

Capo Rizzuto (Crotone) recovery centres (Calabria); and
Centro Regionale Recupero Fauna Selvatica e Tartarughe
Marine in Comiso, Sicily. Most (>90%) stranded turtles died
from interactions with fishing activities. All turtles were
frozen until necropsy. The curved carapace length notch-
Fig. 1. Sites of stranding of loggerhead sea turtles, Caretta caretta on the
Central Mediterranean (southern Italy coast) between 2006 and 2009,
including Campania (A), Apulia (B), Calabria (C) and Sicily (D) coasts. (�)
infected; (©) uninfected by Anisakis pegreffii.

to tip (CCL) was measured to the nearest cm, and each turtle
was categorized by age classes using Bolten (1999) criteria:
early juveniles (CCL ≤ 40 cm); late juveniles or sub-adults
(CCL between 40 and 69 cm) and adults (CCL ≥ 70 cm).

Oesophagus, stomach, small and large intestines,
spleen, liver, and coelomic cavity were carefully examined
for macroscopic lesions, and Anisakis specimens were col-
lected, counted and stored at −20 ◦C for molecular analysis.
Tissue samples from the organs with gross lesions were
fixed in 10% neutral buffered formalin, embedded in paraf-
fin, sectioned at 6 �m, and stained with haematoxylin and
eosin. Sections from selected cases were also stained with
Brown and Brenn Gram’s stain and Ziehl–Neelsen methods
to detect bacteria and acid-fast organisms, respectively.

2.2. Molecular identification of Anisakis larvae

All the Anisakis larvae Type I (n = 41), at third-stage,
recovered from the loggerhead sea turtles were identi-
fied by using molecular markers. A 629 bp fragment of
the cytochrome oxidase 2 (cox2) gene was analysed. Total
DNA was extracted from 2 mg of tissue from a single
nematode using the Wizard Genomic DNA Purification
Kit (Promega, Madison, WI) and/or cetyltrithylammonium
bromide (Mattiucci et al., 2009). The cox2 gene from
Anisakis spp. was amplified using the primers 211F 5′-
TTT TCT AGT TAT ATA GAT TGR TTY AT-3′ and 210R
5′-CAC CAA CTC TTA AAA TTA TC-3′ from Nadler and

Hudspeth (2000) spanning the mtDNA nucleotide posi-
tion 10,639–11,248 as defined in Ascaris suum (Genbank
X54253). PCR (polymerase chain reaction) amplification
was carried out in a volume of 50 �l containing 30 pmol of
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ach primer, MgCl2 2.5 mM (Amersham Pharmacia Biotech.
nc., Piscataway, NJ), PCR buffer 1× (Amersham Pharma-
ia Biotech. Inc., Piscataway, NJ), DMSO 0.08 mM, dNTPs
.4 mM (Sigma–Aldrich, St. Louis, MO), 5 U of Taq Poly-
erase (Amersham Pharmacia Biotech. Inc., Piscataway,
J) and 10 ng of total DNA. The mixture was denatured
t 94 ◦C for 3 min, followed by 34 cycles at 94 ◦C for
0 s, 46 ◦C for 1 min and 72 ◦C for 1.5 min, followed by
ost-amplification at 72 ◦C for 10 min. The PCR product
as purified using PEG precipitation and automated DNA

equencing was performed by Macrogen Inc. (Seoul, Korea)
sing primers 210 and 211. The sequences obtained were
ompared to those already obtained for the same gene
or all the Anisakis spp. above reported and previously
eposited by us in GenBank with their accession num-
ers. They are the following: A. simplex s.s. (DQ116426),
. pegreffii (DQ116428), A. simplex C (DQ116429), A.
ypica (DQ116427), A. ziphidarum (DQ116430), A. physe-
eris (DQ116432), A. brevispiculata (DQ116433), A. paggiae
DQ116434) and A. nascettii (DQ116431), as reported in

attiucci et al. (2009). Additionally, the specimens from
oggerhead sea turtles were also compared with other
. pegreffii specimens collected from anchovies (Engraulis
ncrasichoulus) from the Mediterranean Sea (Mattiucci et
l., 2009).

The cox2 sequences were aligned using Clustal W
Thompson et al., 1994). Phylogenetic analysis was per-
ormed by MEGA 4.0 (Tamura et al., 2007), using Maximum
arsimony (MP) and Neighbour-Joining (NJ) based on
-distance values. The reliabilities of the phylogenetic rela-
ionships were evaluated using nonparametric bootstrap
nalysis (Felsenstein, 1985) for the MP and NJ trees. Boot-
trap values ≥70 were considered well supported (Hillis
nd Bull, 1993). The sequences obtained for the specimens
f A. pegreffii here analysed were compared to those already
btained for the same gene for Anisakis spp., in our previous
tudies (Valentini et al., 2006). Sequence at the mtDNA cox2
f Pseudoterranova decipiens (s.s.) from Phoca vitulina was
ncluded as outgroup to root the Anisakis phylogenetic tree.
ucleotide diversity (�) at the mtDNA cox2 level was esti-
ated by DnaSPver.5 software (Librado and Rozsa, 2009).

. Results

.1. Molecular identification of Anisakis larvae

All Anisakis larvae Type I from loggerhead sea turtles,
equenced at the cox2 gene (629 bp) clustered in the same
ell supported clade, in both the Maximum Parsimony

MP) and Neighbour-joining (NJ) analysis (Fig. 2) with
pecimens of the species A. pegreffii, previously sequenced
Valentini et al., 2006; Mattiucci et al., 2009) and deposited
n GenBank. The mtDNA cox2 sequences of Anisakis lar-
ae obtained from loggerhead sea turtles matched the
equence of A. pegreffii previously deposited by us in Gen-
ank with 99% of similarity. Further, the larval A. pegreffii
rom loggerhead sea turtles were clustering in the same
ell supported clade with the A. pegreffii larvae collected

rom anchovies of the Mediterranean Sea in both MP and
J analysis (Fig. 2). At the intraspecific level, nucleotide
iversity found in the sample of A. pegreffii from logger-
itology 174 (2010) 65–71 67

head sea turtles was � = 0.004. Sequence of A. pegreffii from
loggerhead sea turtle is deposited in GenBank under the
Accession number FJ940755. A very low level of genetic
differentiation at the mtDNAcox2 level (p-distance was on
overage = 0.008), has been found between the sample of A.
pegreffii from loggerhead sea turtles and the sample of A.
pegreffii so far sequenced from the Mediterranean Sea.

3.2. Sampling data

Ninety-one of turtles were immature (juveniles and
sub-adults) and 5 were adults. Forty-three were females, 36
were males and 17 were of unknown sex. Of the 13 turtles
infected with A. pegreffii, 11 were males and 2 were females.
Infected chelonians ranged in CCL from 22 to 57 cm. Lar-
vae of A. pegreffii were found in turtles from all locations
except from Tyrrhenian coasts of Calabria and Sicily. Preva-
lence (P) of infection was as following: 1 of 3 from the
Ionian Sea of Apulia coast, 3 of 16 (P = 18.7%) from Ionian
Sea of Calabria coast, 4 of 23 (P = 17.3%) from Ionian Sea of
Sicily and 5 of 32 (P = 15.6%) from Tyrrhenian Sea of Campa-
nia coast. Anisakid specimens have been deposited in the
U.S. National Parasite Collection, Beltsville (registration no.
USNPC 101631).

3.3. Gross and histopathological findings

A total of 41 larvae were macroscopically found in 7 tur-
tles with an intensity of infection ranging from 1 to 21.
The larvae were found free in the coelomic cavity (in a sin-
gle turtle), free in the stomach (in 7 turtles) or intestine
(in 3 turtles), embedded in the wall of stomach (in 4 tur-
tles), or encapsulated on surface of liver (in 4 turtles). Six
other infections were revealed by histological examination
of gastrointestinal tissues.

At gross examination, haemorrhagic foci and ulcers
ranging approximately from 1 to 4 cm in diameter were
found on thickened gastric mucosal surface of all infected
turtles. These lesions were associated with occasional
worms embedded in the ulcerous areas, while others had
migrated from the gastric lumen to the serosa. A single tur-
tle had multifocal ulcerative lesions with caseous material
on the mucosa of upper intestine associated with Anisakis
larvae in the sub-mucosa.

Microscopically, the gastric mucosa was hyperplas-
tic with focal accumulation of heterophils and rare
macrophages. Larvae surrounded by a connective tissue
capsule with occasional necrotic debris and multinucleated
giant cells were within mucosa, sub-mucosa and mus-
cularis (Fig. 3). Older lesions were characterized by the
accumulation of necrotic material, degenerate heterophils
and cellular debris occasionally mixed with bacterial
colonies. Some coiled larvae were observed encapsu-
lated on liver surface and appeared as round to ovoid
white in colour measuring approximately 0.5 cm in diam-
eter. Mechanical compression of the liver parenchyma by

Anisakis larvae was not evident, and there were no gross
pathological changes.

In cross-section, at level of the nematode intestine,
the larvae had a diameter measuring approximately
500 �m × 300 �m with a thin cuticle, approximately
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Fig. 2. Cox2 derived Maximum Parsimony (MP) inferred by MEGA 4.0 consensus tree inferred by MEGA 4 for the specimens of Anisakis pegreffii from
loggerhead sea turtle, Caretta caretta (CC) sequenced for the mtDNA cox2 (629 bp). The MP tree was obtained by the bootstrap method with heuristic

tes. Sequ
= 1000,
es from
roup.
search. They were 213 polymorphic sites, 178 parsimony-informative si
code AE71, AE65, AE72, AE70, AE75, AE77. Number of bootstrap replicates
NJ values are reported above and below the nodes, respectively. Sequenc
deposited in Genbank. Pseudoterranova decipiens s.s. was used as the outg

10 �m thick, lacking lateral alae. Polymyarian muscle cells,
separated into 4 bundles by the chords, had 2 wing-like
distal lobes. The intestine was circular with an amor-
phous lumen. The excretory cells were banana-shaped and

located ventrally to intestine (Fig. 3).

Diffuse yellow granulomatous 0.2 mm lesions, were
found on the capsule and parenchyma of the liver of 2 tur-
tles. On histology, these lesions were characterized by foci
of necrotic debris mixed with bacteria and surrounded by
ences of A. pegreffii from Engraulis encrasichoulus are reported with the
bootstrap percentages of the clades ≥70 are shown at the nodes: MP and
the other Anisakis spp. are those analysed in Mattiucci et al. (2009) and

multinucleated giant cells; bacteria were acid-fast nega-
tive. One turtle had infection with A. pegreffii larvae and
the other did not.
4. Discussion

The identification of the larval nematodes recovered
from the examined loggerhead sea turtles, as belonging to
the species A. pegreffii was very well supported by both
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Fig. 3. Granulomatous reaction by Anisakis pegreffii larvae in the gas-
tric wall of a sub-adult loggerhead sea turtle Caretta caretta. Transverse
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al., 1993; Laurent and Lescure, 1994). Possibly, if infection
ections of the larvae are well visible surrounded by connective tissue
apsule, necrotic debris and multinucleated giant cells. Hematoxylin and
osin. Bar = 350 �m.

he MP and NJ analysis of the mtDNA cox2 sequences.
he tree topologies were in agreement in showing that
hey were included in the same clade formed by the spec-
mens of A. pegreffii previously sequenced for the same
ene.

This study indicates that the sequences analysis at the
tDNA cox2 gene are useful markers (barcodes) for distin-

uishing Anisakis spp. as well as other anisakid nematodes
Mattiucci et al., 2010). Further, at the intraspecific level,
very low level of genetic differentiation at mitochondrial

evel has been found between the sample of A. pegreffii from
oggerhead sea turtles and the sample of A. pegreffii so far
equenced from fish and cetaceans of the Mediterranean
ea; similar values are those reported for conspecific pop-
lations of anisakid nematodes (Mattiucci and Nascetti,
008). Indeed, higher level of differentiation, at the same
itochondrial gene level, are those observed at the inter-

pecific level between Anisakis spp. (Mattiucci and Nascetti,
006). The mtDNA cox2 gene revealed to be highly poly-
orphic in Anisakis spp. (Valentini et al., 2006; Mattiucci

t al., 2009, unpublished data). The nucleotide diversity
alue so far observed, at the mitochondrial level, in the
ample of A. pegreffii from loggerhead sea turtles is at
he same level as that observed in the A. pegreffii popu-
ations so far sequenced from the Mediterranean Sea (on
verage, � = 0.005). On the other hand, nucleotide diver-
ity value so far estimated at mtDNA cox2 level in the
editerranean population of A. pegreffii is generally lower
ith respect to that observed in other populations of the

ame species from the austral region (on average, � = 0.016)
our unpublished data, in preparation). The last finding

eems to be in accordance with the genetic diversity esti-
ates observed in the same populations of A. pegreffii

reviously based on allozyme level (Mattiucci and Nascetti,
007).
itology 174 (2010) 65–71 69

A. pegreffii, first described from the digestive tract of a
Mediterranean monk seal (Monachus monachus), captured
in eastern Sardinia (Italy) (Campana-Rouget and Biocca,
1955), is the main sibling species within A. simplex com-
plex present in fish and squids from the Mediterranean
Sea (see Mattiucci et al., 1997; Mattiucci and Nascetti,
2008). In the Mediterranean Sea, its definitive hosts include
dolphins, such as Tursiops truncatus, Stenella coeruleoalba,
and as intermediate/paratenic hosts, 18 fish species and 1
squid species have been reported by Mattiucci and Nascetti
(2008). The finding of A. pegreffii in the stranded indi-
viduals of loggerhead sea turtles along the Italian coast
is in accordance with the geographical distribution of
this anisakid species so far documented by Mattiucci and
Nascetti (2008). On the other hand, the absence of other
species of the genus Anisakis, such as, for instance, A. sim-
plex s.s., which is a species mainly distributed in the North
Atlantic Sea, seems so far to suggest that these individu-
als of loggerhead sea turtles were from a Mediterranean
population. Indeed, Anisakis spp. have been proved to used
as a good biological tags in suggesting the possible origin
and migratory routes of their intermediate/paratenic hosts
(Mattiucci et al., 2007).

In sea turtles, A. simplex (s.l.) larvae have been previ-
ously found in captive green sea turtles (Chelonia mydas)
in Australia (Burke and Rodgers, 1982; Glazebrook and
Campbell, 1990), in free-ranging Atlantic loggerhead sea
turtles in Canary Islands of Spain (Orós et al., 2005) and
Portugal (Valente et al., 2009), and in free-ranging Kemp’s
ridley sea turtles (Lepidochelys kempii) from MA (USA)
(Innis et al., 2009). In the Mediterranean Sea, Piccolo and
Manfredi (2003) and Badillo (2007) from the Adriatic Sea
and from the coast of the Valencian Community of Spain
found one of 14 and one of 44 loggerhead sea turtles
parasitized with 10 Anisakis larvae respectively. Preva-
lence of infection in loggerhead sea turtles ranged from
7.1% (Piccolo and Manfredi, 2003) to 35.7% (Valente et
al., 2009). Common site of infection was the gastrointesti-
nal tract, however larvae were also found in liver, spleen,
lungs and coelomic cavity (Glazebrook and Campbell,
1990; Piccolo and Manfredi, 2003; Orós et al., 2005; this
study).

In captive green turtles, the apparent source of infection
with Anisakis spp. were fresh sardines (Harengula ovalis)
and members of Atherinidae family on which cheloni-
ans were fed (Burke and Rodgers, 1982; Glazebrook and
Campbell, 1990). In free-ranging turtles the source of infec-
tion is unknown. In the present study, fish belonging to
the families Engraulididae (such as E. encrasichoulus) as
well as unidentified fish species and benthic invertebrates
were in the stomach contents of infected chelonians. E.
encrasichoulus has been found as parasitized by A. pegref-
fii in Mediterranean basin waters (Mattiucci and Nascetti,
2008). However, loggerhead sea turtles seem unable to
catch fast-swimming animals as pelagic fish, which would
be consumed only if already impaired or dead (Plotkin et
by A. pegreffii in the examined turtles was acquired by prey-
ing on infected fish, it is likely that loggerhead sea turtles
became infected by feeding on fish as discarded by-catch
(see Tomás et al., 2001).
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Granulomatous hepatic serositis associated with
Anisakis larvae was reported in 10 of 88 loggerhead sea
turtles from Canary Islands (Orós et al., 2005). Hepatic
lesions described by Orós et al. (2005) were similar to
those here found in 2 turtles, but we could not link hepatic
lesions to anisakids. In fish which represents the natural
paratenic hosts for Anisakis spp., larvae are coiled inside
a connective tissue capsule on the serosa of pyloric ceca,
liver and large intestine. Tissue alterations including
mechanical compression and displacement of internal
organs and granulomatous reactions and necrosis of liver
are evident in massive infestations of fish hosts (Smith,
1971; Hauck and May, 1977; Klimpel et al., 2004). In
marine mammal definitive hosts Anisakis spp. have been
associated with gastric ulcers and haemorrhages (Geraci
and Aubin, 1987; Raga et al., 2009).

A. pegreffii may be considered as pathogenic and acci-
dental parasite in sea turtles. Probably, when an infected
host is ingested by a loggerhead sea turtle, Anisakis lar-
vae “change” the turtle for a fish, then they migrate from
the gastrointestinal tract to organs of the coelomic cavity.
Because definitive hosts of A. pegreffii are cetaceans and
these do not feed on sea turtles, it is plausible to affirm
that the loggerhead sea turtle physiologically functions as
a paratenic hosts, but ecologically represents a dead end.
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