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a b s t r a c t

Anisakids from 5 different species of cetacean, Kogia breviceps, Peponocephala electra,
Stenella clymene, Stenella longirostris and Steno bredanensis, were submitted to genetic anal-
ysis. Adults and larvae fixed in ethanol–formalin–acetic acid or in 70% ethanol for periods
ranging from 10 months to 10 years were isolated from 9 cetaceans stranded on Ceará
eywords:
nisakid
nisakis typica

TS region

coast, Northeast Brazil. The 18S rDNA gene, ITS1, and specific Anisakis typica ITS regions
were amplified by PCR. 18S rDNA and ITS1 region confirmed Anisakis sp. morphological
identification but also detected the presence of Aspergillus sp. in longer preserved samples.
All samples were identified as A. typica by ITS species-specific PCR. The study report three
new definitive hosts of A. typica from the Brazilian Atlantic coast by genetic analysis: P.
electra, K. breviceps, and S. clymene.
razilian coast

etacean host

. Introduction

Nematodes of the family Anisakidae are probably
he most prevalent parasites in marine mammals and
ave been associated with gastric lesions. Transmission

s through the consumption of a variety of fish, squid,
nd crustaceans infected with the anisakid larvae. Acci-
ental ingestion of these larvae by humans can cause
he gastrointestinal infection, anisakiasis, and a series of
llergic reactions (Couture et al., 2003; Pellegrini et al.,
005; Choi et al., 2009). Anisakis typica (Diesing, 1860) was

rst identified parasitizing Delphinus delphis in the Central
tlantic Ocean, but has since been recorded in several del-
hinid species, and in Phocoena phocoena (Phocoenidae),
nd Pontoporia blainvillei (Pontoporidae) (Mattiucci et al.,

∗ Corresponding author. Tel.: +55 21 38658168; fax: +55 21 22604282.
E-mail address: alena@ioc.ficoruz.br (A.M. Iñiguez).
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2002; Nadler et al., 2005; Valentini et al., 2006; Mattiucci
and Nascetti, 2008). There are more than 10 interme-
diate/paratenic host species characterized by molecular
markers including Thunnus thynnus and Auxis thazard
(Scombridae), the latter identified only in Brazil. The defini-
tive and intermediate/paratenic hosts of A. typica have
an epipelagic distribution in the Atlantic coast off Brazil,
Uruguay, and Argentina (D’Amelio et al., 2000; Mattiucci
et al., 2002; Pontes et al., 2005), the Atlantic coast off
Florida and Caribbean sea (Mattiucci et al., 2005; Colon-
Llavina et al., 2009), the Atlantic coast off Portugal and
Morocco (Marques et al., 2006), the Somali coast of the
Indian Ocean, the Eastern Mediterranean sea off Crete and
Cyprus (Mattiucci et al., 2002), and the North African cen-

tral Mediterranean coast (Farjallah et al., 2008a,b). More
recently, A. typica infections were confirmed in fish in seas
of China, Thailand, Indonesia, Japan and Taiwan, thereby
extending its geographical range (Zhu et al., 2007; Chen et
al., 2008, Umehara et al., 2010).

dx.doi.org/10.1016/j.vetpar.2011.01.001
http://www.sciencedirect.com/science/journal/03044017
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mailto:alena@ioc.ficoruz.br
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Table 1
Brazilian anisakid samples used in this study, hosts species and their period of preservation.

Host register Host species Host family Stranding place
Beach/municipality

Specimens
evaluated

Life stage Period of preservation
(years)

02C1212/70 Steno bredanensis Delphinidae Iguape, Aquiraz 10 Adult 10.0
02C1512/79 Peponocephala electra Delphinidae Barro Preto, Aquiraz 10 Adult 10.0
02C1512/145 Peponocephala electra Delphinidae Icaraí, Caucaia 10 Adult 7.0
02C0521/149 Kogia breviceps Kogiidae Serviluz, Fortaleza 3 Adult 7.0
02C1152/219 Stenella clymene Delphinidae Praia do Diogo, Beberibe 10 L3–L4 3.6

Caucaia
a Barrin
ru
o Ceará
02C1132/221 Stenella longirostris Delphinidae Icaraí,
02C1131/225 Stenella longirostris Delphinidae Praia d
02C1151/242 Stenella clymene Delphinidae Paracu
02C1512/273 Peponocephala electra Delphinidae Barra d

Until recently, when Anisakis physeteris larvae was
detected in the fish host, A. thazard (Iñiguez et al., 2009), A.
typica was the only anisakid identified in Brazil by means
of genetic markers [multilocus allozyme electrophoresis
(MAE), intergenic transcribed spacer (ITS)-, RFLP and mito-
chondrial cytochrome c-oxidase subunit 2 (mtDNA cox 2)]
(D’Amelio et al., 2000; Mattiucci et al., 2002; Valentini et
al., 2006; Mattiucci and Nascetti, 2007). The study, based
on the ITS region, documented the high prevalence of
the A. typica in Sotalia guianensis and A. thazard off the
Brazilian southeast coast. Recently, we confirmed A. typ-
ica infection in gastric lesions in cetaceans stranded on the
Ceará State coast, in northeast Brazil (Motta et al., 2008).
However, there are no records of human anisakiasis in
Brazil, possibly by the lack of information about the infec-
tion.

In this study anisakid specimens collected from 9
cetaceans belonging to the Delphinidae and Kogiidae
families were genetically analyzed. We established a
methodology for DNA extraction from fixed specimens,
identified all anisakids as A. typica and presented new
definitive host to this specie.

2. Materials and methods

Nematodes were isolated from 9 hosts comprising 5
cetacean species (Table 1) collected from the Ceará coast,
northeast Brazil (Fig. 1.) between 1994 and 2006 (Motta
et al., 2008). Nematodes were isolated from the stomach
compartments in the gastric lumen and gastric mucosa
or the stomach wall mucosa and fixed in either AFA
(ethanol–formalin–acetic acid) or 70% ethanol, and pre-
served for periods ranging from 10 months to 10 years
(Table 1). For morphological identification, nematodes
were cleared with phenol and identified as Anisakis sp.
based on morphological characters through microscopy
(max ×400) using Davey (1971), and Mattiucci et al. (2005).

In the genetic analysis, three protocols of DNA extrac-
tion were applied. In protocol 1, individual parasites
were ground in a mortar with liquid nitrogen and DNA
was extracted using proteinase K (10 mg/ml), SDS 1%,
DTT 1 M treatment (Iñiguez et al., 2002), followed by
phenol/chloroform extraction and ethanol precipitation.

In protocol 2, DNA extraction was accomplished using a
QIAamp® DNA Mini Kit (Qiagen), following the protocol
for genomic DNA isolation from formalin-fixed tissues. In
protocol 3, individual worms were soaked in PBS for up
to 72 h at 4 ◦C with several buffer changes before being
10 Adult 3.0
ha, Icapuí 10 L3–L4 3.0

10 Adult 2.6
, Fortaleza 10 Adult 0.1

ground with liquid nitrogen. Subsequently, DNA extraction
was conducted using QIAamp® DNA Mini Kit (Qiagen) and
the protocol for formalin-fixed tissues, with the following
modifications: samples were digested with 200 �l ATL
buffer and proteinase K for 24 h at 56 ◦C, and DNA was
eluted twice in 60 �l of AE buffer (Leles et al., 2009).
For PCR controls, fish and human DNA were extracted
from muscle of uninfected fish and from human blood by
the DNAzol (Invitrogen) method. DNA was quantified by
spectrophotometer (Gene Quant II, Pharmacia Biotech) by
absorbance at 260 nm.

PCR was conducted of the 5′end of the 18S rDNA gene
(Dorris and Blaxter, 2000) and the ITS1 region, between
the 18S rDNA and 5.8S rDNA genes (Zhu et al., 1999)
of the nematode genome. A. typica specific diagnosis
PCR was also used. The reactions were performed on
50 �l using 10 mM Tris–HCl (pH 8.0) 50 mM KCl, 1.5 mM
MgCl2, 0.2 mM of each dNTP, 400 ng of each primer, 1.5 U
Platinum Taq polymerase (Invitrogen), and 25–50 ng of
genomic DNA. The PCR reactions were subjected to an
initial cycle of 5 min at 96 ◦C, followed by 35 cycles at
96 ◦C for 30 s, 55–60 ◦C for 30 s, and 72 ◦C for 60 s in a pro-
grammable thermal controller (PTC100 60v, MJ Research,
Inc). Products were electrophoresed through 1.5% agarose
gels and visualized by UV light after ethidium bromide
staining. PCR products were directly sequenced using Big
Dye Terminator v3.1 Cycle Sequencing Ready Reaction kit
(Applied Biosystems) in a 3100 Automated DNA Sequencer
as recommended by the suppliers. Pairwise/Blast/NCBI,
ClustalW (Thompson et al., 1994) and BioEdit v7.0.1
(Hall, 1999) software were used for editing and sequence
analysis. To investigate the relationship among A. typ-
ica from definitive and intermediate/paratenic hosts
worldwide, we conducted an analysis of all A. typica ITS
sequences available on GenBank (12/2010). Identical ITS
haplotype sequences from the same host were omitted
and identical ITS haplotype from different hosts was
duplicated. The dataset comprised 27 ITS sequences
(Brazil, 15; China, 3; Indonesia, 3; Philippines, 1; Thai-
land, 1; Japan, 1; Taiwan, 1; Morocco, 1; Florida/USA,
1). The dataset was submitted to FindModel server
(http://www.hiv.lanl.gov/content/sequence/findmodel/fi-
ndmodel.html) and select Jukes-Cantor (JC) plus gamma

as the best fit model. Kimura-2-Parameters (K2P) and
Tajima-Nei (TN) models were also applied. Neighbor-
Joining (NJ) trees were constructed using 2000 bootstrap
replicates, and complete deletion or pairwise deletion
parameter, with MEGA v4 (Tamura et al., 2007). Definitive

http://www.hiv.lanl.gov/content/sequence/findmodel/findmodel.html
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nd intermediate/paratenic hosts and the geographic
ocalization were mapped in the tree.

. Results

All specimens analyzed were identified as Anisakis by

he presence of three typical lips; a long and muscular
sophagus; a long ventricle, sigmoid; unequal spicules;
nd the presence of various pairs of tail papillae (Davey,
971; Mattiucci et al., 2005). A typica was diagnosed
orphologically in 6/9 hosts belonging to four cetacean
raphic localization of Ceará State.

species (Table 2). Male specimens were not evaluated from
Kogia breviceps, compromising the identification at species
level.

We successfully amplified DNA only with protocol 3,
which included extensive incubations in PBS buffer. PCR
results of the 18S rDNA gene yielded 5 positive sam-

ples. However, the sequence analysis determined that
only one sequence from a nematode specimen with short
time of preservation (2.6 years), matched Anisakis sp. Four
sequences belonged to specimens from 3.6 to 10.0 years of
preservation, matched Aspergillus sp. 18S rDNA sequences
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Table 2
Results of morphological and molecular identification and sequences analysis of Anisakis from Brazilian waters.

Parasite ID Life stage Morphological
identification

Molecular target,
18S rDNA

Molecular target, ITS1 Molecular target, A. typica ITS

AQ70 Adult A. typica +/C +/A. typica A. typica
AQ79 Adult A. typica +/C +/A. typica/C A. typica
AQ145 Adult A. typica − − A. typica
AQ149 Adult Anisakis sp. +/C +/A. typica/C A. typica
AQ219 L3–L4 Anisakis sp. +/C − A. typica
AQ221 Adult A. typica − − A. typica
AQ225 L3–L4 Anisakis sp. − +/A. typica A. typica
AQ242 Adult A. typica +/Anisakis sp. +/A. typica A. typica
AQ273 Adult A. typica − +/A. typica A. typica

p.
A3a Adult Anisakis sp. Anisakis s

C, contamination with fungus Aspergillus sp.; −, negative PCR result.
a Anisakis sample used as positive control (Iñiguez et al., 2009).

indicating fungus contamination (Table 2). The ITS1 PCR
results showed 6/9 samples (400 bp) corresponding to
sequences belonging to A. typica. However, two samples
(7.0–10.0 years preservation) co-amplified Aspergillus sp.
ITS1 region (230 bp) (data not shown). A. typica specific
PCR was effective for the identification of all samples,
yielding the expected product of 500 bp. Comparison of
the sequences obtained with those available in GenBank
databases showed all 9 samples exhibit 98% identity to
the A. typica reference sequence AY826721. The sequence
data reported herein have GenBank Accession Number:
FJ161066–FJ161074. Sequence analysis revealed 8 haplo-
types among the 9 sequences from this study, all presented
3 deletions at position C178, C183, and T214, and 6 poly-
morphic sites, C170A, G282C, T346A, G426A, C643T, and
T659C.

All genetic analysis conducted showed the same topol-
ogy tree and similar bootstrap values (data not showed). A
NJ tree using JC plus gamma distribution model (Fig. 2),
revealed two main clusters. One with a high bootstrap
support (88%), comprised only A. typica from interme-
diate/paratenic hosts from Asian coastlines including
Indonesia, Thailand, and China. The second cluster (boot-
strap 64%), contained most of A. typica sequences described,
from marine mammals and fish hosts from Brazil, from fish
of Asian waters (Indonesia, Japan, Philippines, and Taiwan),
a new record of Merluccius polli from Morocco and one from
the definitive host Steno bredanensis of the Florida coast,
USA. A short cluster (bootstrap 64%) contained two A. typ-
ica strains isolated from definitive hosts S. bredanensis and
P. electra from this study.

4. Discussion

The primary methods of helminth parasite preserva-
tion in research and museum collections are ethanol or
AFA fixation, used to preserve morphological characteris-
tics. Because genomic data of this material is valuable for
species identification, taxonomy, phylogeny, as well as dis-
ease diagnosis, methods and molecular techniques applied

to fixed samples are in an ongoing process of development
(Herniou et al., 1998; Li et al., 2000; Dorris et al., 2002;
Magalhaes et al., 2008). DNA extraction protocols used on
ancient DNA studies has been applied on the recovery of
DNA from anisakids specimens fixed on formalin 1% or
A. typica A. typica

ethanol 70% (Valentini et al., 2006; Colon-Llavina et al.,
2009). We evaluated two methodologies for DNA extrac-
tion of Anisakis spp. specimens preserved in either AFA
or 70% ethanol. The phenol–chloroform method and the
QIAamp® DNA Mini Kit (Qiagen) (protocols 1 and 2) failed
to retrieve sufficient DNA to be detected by any of 3 molec-
ular targets used. When we introduced modifications to
the protocol of genomic DNA isolation from ethanol- or
formalin-fixed tissues, the yields of DNA improved. This
may have been a benefit of the initial step of extensive
soaking of samples and of the several buffer changes that
removed ethanol or formalin and also re-hydrated the sam-
ple, as observed by others (Herniou et al., 1998). Moreover,
the prolonged proteinase K digestion time enhanced the
DNA extraction, as has been previously observed (Li et al.,
2000).

Contamination by the fungus Aspergillus sp. detected
when 18S rDNA and ITS PCR were applied seems to have
been related to the time that samples were preserved.
Aspergillus sp. colonization has been observed in decom-
position of human cadavers (Hitosugi et al., 2006). Because
the parasites were removed during necropsy from gastric
lesions of stranded cetaceans, it is likely that the fungus
was co-extracted with nematode. Herniou et al. (1998)
pointed out that enteric parasites are surrounded by poten-
tial sources of contamination associated with the host: the
most recent meal, or microbiological flora and fauna of
the digestive system. More positive and valid results were
obtained when more specific PCR was applied. Therefore, it
was possible to achieve molecular identification of all sam-
ples independent of the time that samples were preserved.
This suggests that the DNA damage caused by an extended
period in ethanol or AFA can be overcome using both an
efficient DNA extraction method and suitable PCR primers.
The primers used to amplify ITS1 region in this study
(NC5F, NC13R, Zhu et al., 1999), which yielded Aspergillus
sp. amplifications, has been largely applied and useful
in nematode genetic analysis. Because their sequences
annealing on the conserved 18S rDNA and 5.8S rDNA genes,
ITS1 amplifications other than nematode ITS1 could be

expected, especially if the sample contains other sources
of DNA (ex: fixed samples from necropsy; fecal samples).

A. typica shows remarkable genetic homogeneity even
among geographically distant populations (Mattiucci et al.,
2002), probably due to the homogenizing effect of genetic
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howed. The definitive and intermediate/paratenic hosts as well as the ge
riangle: Florida coast; black circle: Asian waters; white circle: Morocco co

ow, enhanced by the high dispersion capacity of inter-
ediate/paratenic and definitive hosts. For the species

valuated in this work, the definitive hosts were primar-
ly oceanic dolphins. We conducted an A. typica genetic
nalysis and mapped hosts and geographical origins. The
luster analysis showed interesting patterns, with a cluster
onsisting only of intermediate/paratenic hosts from Asian
oasts, and another with both intermediate/paratenic and
efinitive hosts. The main cluster, showed not only a high
requency of the A. typica/S. guianensis and A. typica/A.

hazard relationship previously reported (Iñiguez et al.,
009), but also revealed the presence of the same A. typ-

ca ITS haplotype in cetaceans off Brazilian and US coasts
nd in some intermediate/paratenic hosts from Asian and
frican coasts. Most cetacean hosts in this study are in sep-
udy and all A. typica ITS sequences available on GenBank (12/2010) using
with MEGA v4). The name or GenBank access number of each sample is

ic location are indicated in the tree. Black triangle: Brazilian coast; white
tstrap percentages after 2000 simulations >60% are shown at internodes.

arate groups, and no intermediate/paratenic hosts were
identified in the groups. The identification of intermedi-
ate/paratenic hosts among this population is crucial to
identifying species that conduct the A. typica incursion
into a novel definitive host species, especially K. breviceps.
These data may be interpreted to describe the flow of A.
typica though diverse ecosystems could contribute infor-
mation on the marine food web structure (Marcogliese,
2002; Lafferty et al., 2006).

We observed A. typica parasitizing all cetaceans studied.

Therefore we identified 3 previously unreported definitive
hosts, by means of genetic markers, P. electra, K. brevi-
ceps, and Stenella clymene. These results not only expand
the A. typica definitive host records to two additional
species of Delphinidae (Table 3), but included Kogiidae
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Table 3
Definitive hosts of Anisakis typica detected by genetic analysis.

Cetaceans Geographic distribution References

Delphinidae
Globicephala macrorhynchus Florida coast, USA Mattiucci et al. (2005)
Peponocephala electra Brazilian Atlantic coast Present study
Sotalia guianensis Brazilian Atlantic coast D’Amelio et al. (2000); Valentini et al. (2006); Iñiguez et al. (2009)
Stenella attenuata Florida coast, Caribbean sea Valentini et al. (2006)
Stenella clymene Brazilian Atlantic coast Present study
Stenella coeruleoalba East Mediterranean sea Mattiucci et al. (2002)
Stenella longirostris Brazilian Atlantic coast Nadler et al. (2005); Colon-Llavina et al. (2009); Present study

ast
Steno bredanensis Caribbean sea, Brazilian Atlantic co
Tursiops truncatus Florida coast, Caribbean sea
Kogiidae
Kogia breviceps Brazilian Atlantic coast

family. The tanglegram of phylogenies of Anisakis spp. and
their cetacean hosts has been proposed by Mattiucci and
Nascetti (2008). This co-phylogeny analysis revealed indi-
vidual host–parasite associations suggesting host–parasite
speciation events for Physeter catodon/A. physeteris; K.
breviceps/Anisakis brevispiculata; and Kogia simus/Anisakis
paggiae. The lack of parallelism of the phylogenies of A. sim-
plex (s.s.) and Balenoptera acutorostrata was detected and
believed to be a possible host-switching event association.
This explanation could be plausible for the host–parasite
association identified in this study, of that A. typica/K. bre-
viceps. However, more reports are necessary to imply this
association on an evolutionary event.

A. typica has been found in co-infections with Anisakis
pegreffii in specimens of Merluccius merluccius from the
Sea of Crete; with A. pegreffii and A. simplex s.s. in Trachu-
rus picturatus specimens, and with A. pegreffii, A. simplex
s.s., and Anisakis ziphidarum in Scomber japonicus speci-
mens from the Atlantic Ocean off Madeira (Mattiucci et al.,
2002). The sperm whales Physeter macrocephalus, K. bre-
viceps, and K. simus are the major hosts of A. physeteris,
A. brevispiculata, and A. paggiae, respectively (Mattiucci et
al., 2001; Mattiucci and Nascetti, 2006). However, based
on morphological data, A. simplex of clade I has been
reported to infect K. breviceps in Mexico (Gonzalez Soliz
et al., 2006), indicating that other anisakids may be found
in this host. K. breviceps inhabits deep waters in tropical
and warm temperate zones all over the world. It feeds pri-
marily on cephalopods and, less often, on deep-sea fishes
and shrimps. The majority of data for this species come
from stranding (Jefferson et al., 2008). This report of A.
typica infecting K. breviceps suggests that this host could
share dietary items with the other cetaceans evaluated
in this study where they co-occur in the Atlantic Ocean.
Genetic markers have been shown to be efficient identifiers
of A. typica definitive hosts. These data provide impor-
tant information regarding the life-history, behavior, and
epizootiological aspects of these parasites (Mattiucci and
Nascetti, 2008). The approach used here provides a basis
for investigation of the anisakid population structure in
cetaceans, as well as their ecology, particularly their life

cycles and transmission patterns.
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ñiguez, A.M., Vicente, A.C., Araujo, A., Ferreira, L.F., Reinhard, K.J., 2002.
Enterobius vermicularis: specific detection by amplification of an inter-
nal region of 5S ribosomal RNA intergenic spacer and trans-splicing
leader RNA analysis. E. vermicularis: specific detection by PCR and SL1
RNA analysis. Exp. Parasitol. 102, 218–222.
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