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a  b  s  t  r  a  c  t

The  ubiquitous  protozoan  parasites  Giardia  and  Cryptosporidium  have  been  detected  from
many species  of  captive  and  free-living  wildlife,  representing  most  mammalian  orders.
Twenty  species  of  marine  mammals  have  been  reported  to inhabit  Galician  waters  and  the
region  has  one  of  the  highest  rates  of stranding  in Europe.  Evidence  from  stranding,  reported
by-catches  and  sightings,  suggests  that  the  common  dolphin  (Delphinus  delphis)  is  the most
abundant  cetacean  on  the Galician  coast  (Northwest  Spain).  The  objective  of  this  study  was
to  detect  and  molecularly  characterize  isolates  of  Giardia  and  Cryptosporidium  obtained
from  common  dolphins  stranded  in this  area.  Between  2005  and  2012,  sections  of  large
intestine  from  133  common  dolphins  stranded  along  the  Galician  coast  were  collected  by
the personnel  of  the  Galician  Stranding  Network  (Coordinadora  para o Estudo  dos  Mamíferos
Mariños,  CEMMA).  Using  direct immunofluorescence  antibody  test  (IFAT)  and PCR  ampli-
fication  and  sequencing  of the SSU-rDNA,  �-giardin  genes  and  the  ITS1-5.8S-ITS2  region,
Giardia  and Cryptosporidium  were  detected  in 8  (6.0%)  and  12  samples  (9.0%),  respectively.
In  two  samples,  co-infection  by  both  parasites  was  observed.  The  molecular  characteriza-
tion  revealed  the  presence  of  Giardia  duodenalis  assemblages  A (genotypes  A1 and  A2)  and
B and  Cryptosporidium  parvum  in these  samples.  This  constitutes  the  first  study  in which  the

presence  of Giardia  and  Cryptosporidium  has  been  investigated  in  common  dolphins  on the
European  Atlantic  coast,  and  it is  also  the first  report  of  C. parvum  in this  host.  Our  findings
indicate  that  these  animals  could  act  as  reservoir  of these  waterborne  parasites  or  could  be
victims  of  the  contamination  originated  by anthropogenic  activities.
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1. Introduction

Giardia and Cryptosporidium, two ubiquitous proto-

zoan parasites, have been detected from many species of
captive and free-living wildlife, representing most mam-
malian orders. In marine environments, Giardia sp. cysts
were first reported in intestinal contents of ringed seals

dx.doi.org/10.1016/j.vetpar.2014.03.018
http://www.sciencedirect.com/science/journal/03044017
http://www.elsevier.com/locate/vetpar
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vetpar.2014.03.018&domain=pdf
mailto:hipolito.gomez@usc.es
dx.doi.org/10.1016/j.vetpar.2014.03.018


erinary Parasitology 202 (2014) 132–137 133

(
u
1
t
u
w
d
H
m
d
n
C
s
f
t
b
u
a
a
s
R

a
E
c
t
s
e
i
c
c
p
w

e
(

2

2

s
c
t
c
M
t
t
T
f
j
c
i
o
b
D
v

1
7

Fig. 1. Locations of the common dolphins (D. delphis) stranded along
the Galician coast. Grey circles ( ) indicate negative samples, blue tri-
angles ( ) indicate Giardia-positive samples, red circles ( ) indicate
Cryptosporidium-positive samples and yellow circles ( ) indicate co-
A. Reboredo-Fernández et al. / Vet

Phoca hispida) from the western arctic region of Canada
sing a fluorescent monoclonal antibody test (Olson et al.,
997). Although cysts were morphometrically identical to
hose of Giardia sp., no molecular characterization was
ndertaken to identify the species found in this host. Like-
ise, Cryptosporidium infection was first described in a
ugong (Dugong dugon)  in a coastal town of Australia by
ill et al. (1997), who observed by transmission electron
icroscopy numerous forms of Cryptosporidium interme-

iate life stages in small intestine sections, but oocysts were
ot found. This isolate was subsequently characterized as
ryptosporidium hominis (Morgan et al., 2000). Since then,
everal isolates of Giardia and Cryptosporidium obtained
rom different pinniped and cetacean species in a few loca-
ions of North America and in the Antarctic continent have
een described and sometimes characterized at the molec-
lar level, revealing that marine mammals can act not only
s reservoirs for species that infect humans and domestic
nimals, but also harbour new genotypes of both para-
ites (Gaydos et al., 2008; Lasek-Nesselquist et al., 2010;
engifo-Herrera et al., 2011, 2013; Bass et al., 2012).

The Galician coast (Northwest Spain) is an important
rea for cetaceans, not only within Spain but also at the
uropean level. Up to 20 marine mammal  species (16
etaceans and 4 pinnipeds) have been reported to inhabit
his area, which has one of the highest recorded rates of
tranding in Europe (Covelo and Martínez, 2001; López
t al., 2004; Pierce et al., 2010). Evidence from strand-
ng, reported by-catches and sightings, suggests that the
ommon dolphin (Delphinus delphis) is the most abundant
etacean species on the Galician coast, with an estimated
opulation of 7,000–10,000 individuals living in Galician
aters (López et al., 2002, 2004; Pierce et al., 2010).

The aim of the present work was to investigate the pres-
nce of Giardia and Cryptosporidium in common dolphins
D. delphis) stranded on the Galician coast.

. Materials and methods

.1. Sample collection

Between 2005 and 2012, a total number of 133 intestinal
amples from stranded common dolphins (D. delphis) were
ollected in the Northwest of the Iberian Peninsula along
he Galician coast by experienced personnel of the Gali-
ian Stranding Network (Coordinadora para o Estudo dos
amíferos Mariños, CEMMA) (Fig. 1). Animals were iden-

ified to the level of species, measured and sexed. Among
hese samples, 54 corresponded to females and 78 to males.
aking into account the age of the animal, 43 samples were
rom adult individuals (27 females and 16 males); 79 from
uvenile specimens (21 females and 58 males); 10 from
alves (6 females and 4 males) and in one animal was
mpossible to determinate the age. After necropsy, sections
f large intestine were collected and stored at −20 ◦C until
eing processed in the Laboratory of Parasitology of the
epartment of Microbiology and Parasitology of the Uni-

ersity of Santiago de Compostela.

Intestinal contents (2.50 ± 0.48 g) were diluted in
0–20 ml  of phosphate buffered saline (PBS) 0.04 M pH
.2, filtered through a set of two sieves (mesh size 150
infection by both parasites. (For interpretation of the references to colour
in  this figure legend, the reader is referred to the web version of the
article.)

and 45 �m),  shaken with diethyl ether (2:1, v/v) and cen-
trifuged at 1000 × g for 15 min  at 4 ◦C. The resulting two  up
layers were carefully discarded, the sediment was washed
in PBS by centrifugation at 1000 × g for 15 min  at 4 ◦C and
the pellet was resuspended in 500 �l of PBS 0.04 M pH 7.2.

2.2. Detection of Giardia cysts and Cryptosporidium
oocysts by epifluorescence microscopy

Direct immunofluorescence antibody test (IFAT) was
performed on 50 �l of the sediments using the AquaGloTM

G/C Direct test (Waterborne, Inc., New Orleans, LA,
USA), according to the manufacturer’s instructions.
The cysts/oocysts were identified by epifluorescence
microscopy at 400× magnifications on the basis of their
shape, size and the pattern and intensity of immunofluo-
rescence staining.

2.3. Molecular characterization of Giardia spp. and
Cryptosporidium spp.

Nucleic acids were extracted from the remaining 450 �l
of the sediments obtained previously using the QIAamp®

DNA Stool Mini Kit (QIAGEN®, Hilden, Germany) accord-
ing to the manufacturer’s instructions. DNA was  stored at
−20 ◦C until use.

For Giardia,  protocols for the amplification of a ∼170-bp
fragment of the small subunit ribosomal DNA (SSU-rDNA)
gene, of a ∼315-bp fragment encompassing the ITS1-5.8S-

ITS2 region in the ribosomal unit and of a 511-bp of the
�-giardin (bg) gene were used as described previously
(Read et al., 2002; Lalle et al., 2005; Cacciò et al., 2010).
For Cryptosporidium, a two-step nested-PCR technique was
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Table 1
Prevalence of Giardia and Cryptosporidium in common dolphins (D. delphis)
stranded on the Galician coast according to sex and age of the animal.

Giardia (%) Cryptosporidium (%)

Sex (n)
Female (54) 3 (5.5) 4 (7.4)
Male (78)a 5 (6.4) 7 (8.9)
Not determined (1) – 1 (100)

Age (n)
Adult (43) 1 (2.3) 2 (4.6)
Juvenile (79)a 6 (7.6) 8 (10.1)
Calf (10) 1 (10) 1 (10)
Not determined (1) – 1 (100)
134 A. Reboredo-Fernández et al. / Vet

utilized to amplify a 587-bp fragment of the SSU-rDNA gene
(Ryan et al., 2003). Positive and negative controls were
included in all experiments. The PCR products were sub-
jected to electrophoresis on 2% agarose/ethidium bromide
gels.

Positive PCR products were purified using the
QIAquick® PCR Purification Kit (QIAGEN®) and sequenced
in both directions using the ABI PRISM® BigDyeTM Ter-
minator Cycle Sequencing Kit (Applied Byosystems®,
Life TechnologiesTM, Carlsbad, CA, USA) according to the
manufacturer’s instructions. The sequencing reactions
were analysed using the ABI PRISM® 3100 automatic
sequencer (Applied Biosystems®) and sequences were
assembled using the software SeqManTM 7.0.0 (DNASTAR®,
Madison WI,  USA) and BioEdit 7.0.5.3 (©1997–2005 Tom
Hall, Ibis Therapeutics, Carlsbad, CA, USA). The result-
ing sequences were compared with those deposited in
GenBank® (National Center for Biotechnology Informa-
tion, Bethesda, MD,  USA) using the program BLAST®2.2.28
(http://blast.ncbi.nlm.nih.gov/Blast.cgi, National Center for
Biotechnology Information). Phylogenetic and molecular
evolutionary analyses were made using MEGA 5 (Tamura
et al., 2011) on the basis of genetic distances calculated by
the Kimura two-parameter model (Kimura, 1980).

2.4. Statistical analysis

Chi-square or Fisher’s exact test was used to analyse the
data according to sex, age and stranded location along the
coast with the GraphPad Instat® 3.05 statistical software
(©1992–2009 GraphPad Software, Inc., La Jolla, CA, USA).

2.5. Nucleotide sequence accession numbers

The nucleotide sequences of the isolates analysed in this
study have been deposited in the GenBank database under
accession numbers KF835548–KF835560.

3. Results

As a result of the application of IFAT and PCR techniques,
among the 133 intestinal samples of D. delphis,  8 (6.0%)
and 12 (9.0%) samples were positive for Giardia spp. and
Cryptosporidium spp., respectively. Co-infection by both
pathogens was found in two specimens (Table 1). All sam-
ples contained a low number of parasitic forms, between
1 and 5 cysts/oocysts per 50 �l of sediment obtained from
intestinal content (10–50 cysts/oocysts per section of large
intestine).

Giardia spp. cysts were observed by IFAT in two samples,
but the amplification of fragments of the ITS1-5.8S-ITS2
region, �-giardin gene and the SSU-rDNA gene showed
that eight samples were positive for G. duodenalis,  includ-
ing the two IFAT positive samples. Sequencing analysis of
the fragments of the ITS1-5.8S-ITS2 region, showed the
presence of G. duodenalis assemblage A, genotypes A1 and
A2, and assemblage B in 3, 3 and 2 samples, respectively

(Fig. 2). At the �-giardin gene, three sequences were iden-
tical to those deposited in GenBank, corresponding to G.
duodenalis assemblage A, genotype A1 (Supplementary Fig.
1). Nevertheless, inconsistent results were found between
Total 8 (6.0) 12 (9.0)

a Co-infection was found in two juvenile males.

those and the amplification of fragments of the SSU-rDNA
gene, which showed the presence of G. duodenalis assem-
blage A1 in four samples, and G. duodenalis assemblage B
in another sample (Supplementary Fig. 2). Moreover, some
sequences obtained by amplification of a fragment of the
ITS1-5.8S-ITS2 region and the SSU-rDNA gene showed sin-
gle nucleotide polymorphisms (SNPs) with respect to the
sequences deposited in GenBank (Supplementary Fig. 3).

Supplementary Figs. 1–3 related to this article can be
found, in the online version, at http://dx.doi.org/10.1016/
j.vetpar.2014.03.018.

Cryptosporidium spp. oocysts were observed by
immunofluorescence microscopy in 12 samples (9.0%),
and in three of these samples, from a juvenile female,
male calf and adult male, the parasites were identified as
C. parvum by sequencing of a fragment of the SSU-rDNA
gene (Supplementary Fig. 4).

Supplementary Fig. 4 related to this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.vetpar.
2014.03.018.

When the sex or age of the infected animals was consid-
ered, no statistically significant differences were observed
(Giardia sp., P = 1; Cryptosporidium sp., P = 1 and Giardia
sp., P = 0.43; Cryptosporidium sp., P = 0.56, respectively)
(Table 1). Furthermore, the distribution of individuals that
tested positive was proportional along the entire coast and
no statistically significant association was  found between
positive specimens and stranding location (Fig. 1). Thus,
the prevalence of Giardia was 6.9% and 4.9% on the west
and north coast respectively; similarly, the prevalence of
Cryptosporidium was 9.7% on the west coast and 8.2% on
the north coast (Giardia sp., P = 0.73 and Cryptosporidium
sp., P = 1).

4. Discussion

This is the first study in which the presence of Giardia
and Cryptosporidium has been investigated in common dol-
phins (D. delphis) from the European Atlantic coast. Using
IFAT and PCR analysis, Giardia and Cryptosporidium were

detected in 6.0% and 9.0% of the 133 animals stranded along
the Galician coast (NW Spain).

Currently, published data about these protozoan para-
sites in marine mammals are limited. From an initial

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://dx.doi.org/10.1016/j.vetpar.2014.03.018
http://dx.doi.org/10.1016/j.vetpar.2014.03.018
http://dx.doi.org/10.1016/j.vetpar.2014.03.018
http://dx.doi.org/10.1016/j.vetpar.2014.03.018
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Fig. 2. Neighbor-joining tree analysis of a fragment encompassing the ITS1-5.8S-ITS2 region in the ribosomal unit of Giardia showing the phylogenetic
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n  the genus. Analysis was based on genetic distances calculated by the 

alues (>50%) from 1000 replicates. Codes correspond to GenBank access

urvey of emerging zoonoses in marine mammals and
eabirds in the New England area of the Northeast United
tates, Bogomolni et al. (2006) proved that most Giardia
nd Cryptosporidium isolates detected by PCR and fluo-
escence assay were from a minority of marine mammal
pecies. Altieri et al. (2007) reported the first detection
f Giardia sp. related with the post-mortem alterations
n an estuarine dolphin (Sotalia guianensis)  stranded in
eará State, Northeastern Brazil. In a large study that used
olecular techniques to characterize Giardia from sev-

ral species of marine mammals, including three dolphin
pecies (D. delphis,  Grampus griseus and Lagenorhynchus
cutus), a prevalence of 23% was observed. However,
ryptosporidium oocysts were not detected in the 19 ana-

ysed samples (Bogomolni et al., 2008). At the same time,
asek-Nesselquist et al. (2008) carried out a molecular
haracterization of G. duodenalis isolated from marine
nimals and, using a multi-locus sequencing approach,
dentified G. duodenalis assemblages A and B in faecal

aterial of dolphins (assemblages A and B in D. delphis;
ssemblage B in G. griseus and L. acutus).

In  contrast with this finding, Fayer et al. (2008) did
ot detect Giardia or Cryptosporidium in 83 bottlenose
olphins (Tursiops truncatus) captured in the estuarine
aters of the coasts of South Carolina and Florida (USA).
owever, Arias León et al. (2008) detected a systemic Her-
esvirus infection with Cryptosporidium spp. in a young
emale dolphin (Stenella frontalis) that was found stranded
n the Falcón State, Venezuela. More recently, Borges et al.
2011) reported the occurrence of Cryptosporidium spp. in
ntillean manatees (Trichechus manatus) and Amazonian

anatees (Trichechus inunguis) from Brazil.
In the present study, Giardia cysts were observed

y immunofluorescence microscopy only in two
. delphis) stranded along the Galician coast and other species/assemblages
 two-parameter model. Numbers on branches are percentage bootstrap
bers.

samples whereas the amplification of fragments of
the ITS1-5.8S-ITS2 region, the SSU-rDNA and ˇ-giardin
genes identified eight samples as positive for G. duodenalis.
This difference in assay sensitivity have been also observed
by other authors, and it is supported by a blinded trial
which showed that Giardia spp. and Cryptosporidium
spp. were detected 22 times more often by PCR than by
conventional microscopic examination of human faecal
samples (Amar et al., 2004). In contrast, Cryptosporidium
spp. oocysts were observed in 12 samples by IFAT but only
three samples were positive by PCR and were identified
as C. parvum. In a previous study on detection of Cryp-
tosporidium oocysts in mussels by IFAT and PCR methods,
Gómez-Couso et al. (2006a) observed a higher number of
positive samples by IFAT than by PCR. The authors proved
the existence of empty oocysts in the samples, which were
able to bind the monoclonal antibody and were therefore
IFAT positive, but that did not contain DNA for PCR ampli-
fication. The usefulness of PCR as a diagnostic tool for the
detection of Giardia and Cryptosporidium infections, often
characterized by intermittent shedding or by low numbers
of cysts or oocysts in faecal samples, has been proven by
many studies. In addition, the use of molecular techniques
provides data on species/genotypes that can give insights
into possible sources of transmission and contamination
(Appelbee et al., 2010; Rengifo-Herrera et al., 2013).

In this respect, the present work showed the presence of
G. duodenalis assemblages A and B and C. parvum, the latter
being, to the best of our knowledge, the first report of this
species in common dolphins. These findings suggest that
anthropogenic activities can be a source of contamination

for the marine environment and, consequently, highlight
the possible role of dolphins as reservoirs of these zoonotic
parasites. However, it must be stressed that the finding
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of similar genotypes in marine and terrestrial environ-
ments is not per se a conclusive evidence that zoonotic
transmission is occurring between terrestrial and marine
hosts. Indeed, only histological examination of the mucosal
surface can unequivocally provide evidence of infection,
therefore excluding the passive transfer of the parasites in
these animals (Appelbee et al., 2010).

Although these primarily fresh-water parasites have
been described in marine mammals, Cryptosporidium was
detected at a lower frequency than Giardia (Appelbee et al.,
2005, 2010; Dixon et al., 2008; Fayer et al., 2008). Our
results on Cryptosporidium prevalence in common dolphins
are slightly higher than the corresponding values obtained
for Giardia. Previous studies carried out on environmen-
tal samples and mussels, Mytilus galloprovincialis (used as
bioindicators and collected in harvesting areas of bivalve
molluscs along the Galician Coast, where several specimens
of D. delphis used in this study were stranded), showed the
wide contamination by Giardia and Cryptosporidium, and
highlighted a higher concentration of Cryptosporidium spp.
oocysts in mussels (range 25–250 oocysts vs 1–19 cysts
per sample of 6–8 mussels). Moreover, molecular charac-
terization studies identified C. parvum in all contaminated
mussels (Gómez-Couso et al., 2005a,b, 2006b). The authors
suggested that cattle, highly parasitized by C. parvum in this
region, may  have been a source of contamination through
discharge of runoff into shellfish-farming areas.

Giardia and Cryptosporidium infections in dolphins are
intriguing because they do not drink water and feed on fish,
cephalopods and other cold-blooded sea animals (López
et al., 2002). These protozoan parasites can be uptake by
marine invertebrates such us bivalve molluscs (Fayer et al.,
2004; Robertson, 2007; Gómez-Couso and Ares-Mazás,
2012), or even microcrustaceans (Méndez-Hermida et al.,
2006), and then enter in the food chain and infect small
fish and cephalopods which in turn are the prey of the
common dolphins that usually frequent these areas (López
et al., 2002). In this respect, several authors have identified
zoonotic Giardia and Cryptosporidium species/genotypes in
marine fish, including G. duodenalis assemblages A and B
and C. parvum (Reid et al., 2010; Yang et al., 2010; Koinari
et al., 2013).

Several causes of death in marine mammal  stranded
have been described, including disease cause by viral, bac-
terial, protozoal and fungal agents, anthropogenic chemical
pollution, harmful algal blooms, fatal neurological or renal
condition, human interaction (harassment, entanglement
and vessel collision), rock and/or sand ingestion, predatory
attack, failure to thrive or dependent calf and environmen-
tal changes (Bogomolni et al., 2010; Bossart, 2011; Truchon
et al., 2013). Specifically, in Galicia, by-catch is recognized
as a major threat to small cetaceans, as the main prey
species (blue whiting, scad and sardine) are also impor-
tant local fishery resources so dolphins and fishing may
tend to concentrate in the same areas (López et al., 2002).
Given the low parasitic load observed in the samples, it
is unlikely that Giardia and/or Cryptosporidium infections

cause stranding of these marine mammals. Moreover and
because all the studied animals were dead and not studies
have been carried out in lived animals, it is impossible to
know if Giardia and/or Cryptosporidium infections are more
Parasitology 202 (2014) 132–137

prevalent in stranding animals or if certain factors that pre-
dispose dolphins to stranding could also make them more
susceptible to infection with these parasites.

Finally, our results suggest that the population of com-
mon  dolphins that inhabit Galician waters could spread
these protozoan parasites to different locations along the
Galician coast. Also, as dolphins are considered as sentinel
species for oceans and human health (Bossart, 2011), the
results of this study alert us about the contamination of the
marine environment by zoonotic pathogens.
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