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Introduction: Whales, dolphins, and porpoises are susceptible to infections by 
protozoan and metazoan parasites.

Methods: In this study, tissue samples, as well as flatworms and roundworms, 
were collected from a common bottlenose dolphin (Tursiops truncatus), three 
short-beaked common dolphins (Delphinus delphis), two striped dolphins 
(Stenella coeruleoalba), a harbor porpoise (Phocoena phocoena), a long-finned 
pilot whale (Globicephala melas), and a fin whale (Balaenoptera physalus). These 
samples were molecularly analyzed.

Results: In one D. delphis, Toxoplasma gondii was detected in multiple organs, 
including the cerebellum. The cysts of the tapeworms Clistobothrium delphini and 
Clistobothrium grimaldii were identified in G. melas. Flukes collected from D. delphis 
belong to Brachycladium atlanticum, while those removed from S. coeruleoalba 
probably represent a new species. Four species of lungworms were also identified: 
Halocercus delphini in S. coeruleoalba, Halocercus sp. in T. truncatus, Stenurus 
globicephalae in G. melas, and a potentially new Pharurus sp. in P. phocoena.

Conclusion: These findings show, to the best of our knowledge, for the first 
time, the presence of T. gondii DNA in D. delphis. The cerebellum of the animal 
was Toxoplasma-infected, which might be relevant to inadvertent stranding. In 
this study, new genetic markers were sequenced for several helminth parasites 
of marine mammals, possibly including undescribed species.
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Introduction

Cetaceans (Artiodactyla: Cetacea), including whales, dolphins, and porpoises, are 
streamlined aquatic mammals that spend their whole life in water. All of them are carnivorous, 
taking either many small preys by bulk filter-feeding (parvorder Mysticeti: baleen whales) or 
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larger prey by echolocation-assisted hunting (parvorder Odontoceti: 
dolphins, porpoises, toothed whales) (1). Cetaceans include the largest 
animals of all extinct and extant species and range through all oceans 
and into some rivers (1).

Cetaceans living under sea conditions represent an integral part of 
marine ecosystems. Many of their representatives are highly protected, 
or even critically endangered species. This makes it especially 
important to study pathogenic microorganisms (viruses, bacteria, and 
protozoa) as well as parasitic worms they might carry because some of 
these severely impact their health status (2). This is especially true in 
an era of climate change when seawater is becoming increasingly 
contaminated with land-derived microorganisms, such as waterborne 
bacteria and parasites, that reach the marine environment from 
freshwaters on the continental mainland due to flooding (3, 4). The 
most relevant examples of marine or land-derived pathogens affecting 
cetaceans are those that may underlie their frequently enigmatic 
stranding, a phenomenon that represents a global problem but also 
affects the ecosystems of the Mediterranean Sea (5).

At the same time, cetaceans also play a significant role in the 
epidemiology of those pathogens that have high veterinary-medical 
significance from the point of view of a broader range of mammals (6), 
even human beings. The latter is well-exemplified by Toxoplasma 
gondii (7). Although in most countries with maritime boundaries, 
marine mammals are usually not caught or directly used for human 
consumption, they can still participate in the natural transmission 
cycle of zoonotic bacteria (8) and protozoan parasites (9).

Cetaceans of the Mediterranean Sea include at least six endangered 
species, and two others categorized as vulnerable (10). Until the era of 
molecular methods, studies on their pathogenic microbiota were 
frequently based on serological tests, which are also used nowadays 
(11). However, detecting systemic antibodies is not always informative 
on the active status of infection and frequently precludes the organ-
specific evaluation of potential causes. Another shortcoming of 
available data is relevant to groups of protozoan parasites in the 
marine environment that may cause neurological diseases [e.g., 
Acanthamoeba: (12)], but for which marine mammals are seldom if 
ever tested. Last but not least, molecular studies on the helminth fauna 
of cetaceans appear to show an increasing tendency, with potentially 
new species also discovered in the marine environment surrounding 
continental Europe [e.g., (13)]. Despite this, only a minority of worm 
species associated with cetaceans were barcoded, and only some of 
them have broadly accessible sequence data in GenBank (e.g., among 
lung-associated nematodes, only 4 out of the 13 Halocercus spp.).

The present study was initiated to contribute to our knowledge in 
the above context. Tissue samples were obtained from various organs 
of nine individuals of six cetacean species that were found dead in the 
coastal area of the Strait of Gibraltar (southern Spain). These samples 
were examined with polymerase chain reaction (PCR) and sequencing 
for the presence of protozoan parasites known to cause parasitemia and 
neurologic diseases in marine and/or other mammals, such as 
Acanthamoeba and cystogenic coccidia. In addition, the worms 
recovered during pathological examination, representing all three major 
groups (flukes, cestodes, and nematodes), were evaluated taxonomically 
with molecular-phylogenetic analyses.

Materials and methods

Sample collection

Tissue and parasite samples were collected from stranded and dead 
cetaceans [a common bottlenose dolphin (Tursiops truncatus), three 
short-beaked common dolphins (Delphinus delphis), two striped dolphins 
(Stenella coeruleoalba), a harbor porpoise (Phocoena phocoena), a long-
finned pilot whale (Globicephala melas), and a fin whale (Balaenoptera 
physalus)] during official necropsies regularly conducted in Algeciras, 
Spain, between August and December 2022. The necropsies were led by 
the veterinary team of the NGO Seashore Ambiental at the facilities of the 
Center for Management of Marine Environment (CEGMA), which 
belongs to Clearwater Marine Aquarium Sea (CMASEA), Andalusian 
Regional Government (AMAYA), and is responsible for managing and 
coordinating the stranding network in Andalusia through its Marine 
Environment Program.

A sampling protocol and pre-numbered tube sampling system 
were implemented in the fieldwork. All relevant data were recorded 
according to tube numbers, including place and date of finding, the 
name of cetacean species, and any observable information regarding 
age, sex, and general condition of the individual. The organ location 
of parasites and the parasite load were also documented, and pictures 
of lesions and parasites were made on the premises.

Tissue samples were taken from the muscle, lungs, liver, spleen, 
blood, medulla, cerebellum, and encephalon.

Nematodes and flukes were placed into 96% pure ethanol. Because 
of varying degrees of autolysis, their morphological identification was 
not attempted. Native tissue samples (removed with sterile scalpel blades 
or scissors from the middle of the relevant organ) were placed into empty 
2 mL or 9 mL prelabelled screw-cap Sarstedt tubes (Sarstedt, Nümbrecht, 
Germany), depending on the size of the sample. The tissue samples were 
frozen at −20°C until use, but the worms soaked in ethanol were stored 
at room temperature. In this way, 31 tissue and 17 parasite samples were 
collected from 9 cetacean individuals (Supplementary Table S1).

DNA extraction and molecular analyses

DNA was extracted using the QIAamp DNA Mini Kit (QIAGEN, 
Hilden, Germany), following the manufacturer’s instructions. 
Extraction controls (tissue lysis buffer) were processed with each set 
of samples to monitor cross-contamination.

PCR reactions are summarized according to primers and cycling 
conditions in Supplementary Table S2. The reaction components were 
included in a volume of 25 μL, containing 1 U (stock 5 U/μl) 
HotStarTaq Plus DNA Polymerase, 2.5 μL of 10 × CoralLoad reaction 
buffer (including 15 mM MgCl2), 0.5 μL of PCR nucleotide Mix (stock 
10 mM), 0.5 μL of each primer (stock 50 μM), 15.8 μL of ddH2O, and 
5 μL of template DNA. In all PCRs, a non-template reaction mixture 
served as the negative control. The extraction controls and negative 
controls remained PCR-negative in all tests.

Sequencing and phylogenetic analyses

Purification and sequencing of the PCR products were performed 
by Biomi Ltd. (Gödöllő, Hungary). Quality control and trimming of 

Abbreviations: cox1, Cytochrome c oxidase subunit I; ITS, Internal transcribed 

spacer; SSU, Small subunit.
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sequences were performed with the BioEdit program. Obtained 
sequences were compared to GenBank sequences by the nucleotide 
BLASTN program.1 Sequences were submitted to GenBank (Table 1).

Sequences from other studies (retrieved from GenBank) included 
in the phylogenetic analyses had approximately or exactly 100% 
coverage with sequences from this study. Sequence datasets were 
resampled 1,000 times to generate bootstrap values. Phylogenetic 
analyses were conducted with the maximum likelihood method with 
the MEGA version 7.0 software.

Results

Molecular screening and analyses of 
protozoan parasites

All tissue DNA extracts were negative for Acanthamoeba spp. 
However, in the general PCR for cystogenic coccidia (Apicomplexa: 
Sarcocystidae), four samples were positive. These originated from the 
lungs, muscles, cerebrum, and cerebellum of the same short-beaked 
common dolphin. In these organs, Toxoplasma gondii was detected 
with sequencing (Table 1). The amplified part of the small-subunit 18S 
rRNA gene showed 100% identity with several GenBank sequences, 
including the highly pathogenic RH strain (e.g., EF472967 and 
U17349). This was confirmed with Toxoplasma-specific primers of the 
repeat region in its genome. The liver, spleen, and blood samples of the 
same animal were PCR-negative.

Molecular analyses of tapeworms 
(Cestoda: Phyllobothriidae)

Cysts (merocercoids) of cestodes were present in the blubber of 
a long-finned pilot whale (Figure 1A). The ITS2 sequences of the 

1 https://blast.ncbi.nlm.nih.gov

two larvae were only 97.8% identical to each other, suggesting that 
they belonged to different species. The longer part of the cox1 gene 
was also successfully amplified from one of the cysts, and its ITS2 
sequence confirmed its closest relationship with the genus 
Clistobothrium, with 98.6% ITS2 and 89.6% cox1 sequence identity 
to previously reported sequences (KU724058 and KU987913, 
respectively) from cape fur seals (Arctocephalus pusillus). Another, 
shorter (377 bp) part of the cox1 gene showed clustering of this 
isolate as a sister group to members of the family Phyllobothriidae, 
including the genus Clistobothrium, although with low support 
(Supplementary Figure S1).

A 1280 bp-long fragment of the 28S rRNA gene was also 
successfully amplified from both cysts. One of them, the same as 
above, showed 100% sequence identity to Clistobothrium delphini 
from a striped dolphin reported previously from Spain (AY741600). 
The other had 100% sequence identity to Clistobothrium grimaldii 
from A. pusillus sampled in Japan (LC718556). Based on the 28S rRNA 
gene, all three Clistobothrium species included in the phylogenetic 
analysis formed a monophyletic clade, in which the clustering of 
C. delphini and C. grimaldii was well-supported (with 93%: Figure 2). 
The ITS2 or cox1 sequences of these tapeworm species were not 
available in GenBank for comparison.Molecular analyses of flukes 
(Trematoda: Brachycladiidae)

Flukes were collected from two species of dolphins 
(Figure 1B). The fluke found on the peritoneum and in the liver 
of a short-beaked common dolphin was molecularly identified as 
Brachycladium atlanticum, on account of its 100% ITS2 sequence 
identity to this species (FJ211250). The cox1 sequence of 
B. atlanticum was 89.5% identical to that of B. goliath (NC_029757) 
and was hitherto not available, but was submitted from this study 
to GenBank.

In the case of flukes from the pylorus, gallbladder, and hepatic 
ducts of a striped dolphin (n = 3), the cox1 gene sequences 
indicated slight intraspecific genetic variation and only 87–87.5% 
sequence identity to the most closely related species, Brachycladium 
goliath (NC_029757). The ITS2 sequences of these worms were 
identical to each other and most similar to that of B. goliath, 

TABLE 1 Parasite genera and species are shown according to the target gene and GenBank accession numbers of sequences based on which they were 
identified in this study.

Parvorder: 
family

Host species Parasite group (genus 
and/or species)

GenBank accession numbers according to target gene

Large (small) 
subunit: 28S 
(18S) rRNA

Internal transcribed 
spacer: ITS2

Cytochrome c 
oxidase subunit I: 
Cox1

Odontoceti: 

Delphinidae

Short-beaked common 

dolphin (Delphinus delphis)

Toxoplasma gondii (OR881389) – –

Flukes (Brachycladium atlanticum) – OR886409 OR881384

Striped dolphin (Stenella 

coeruleoalba)

Lungworms (Halocercus delphini) – OR900631 OR885546, OR885547

Flukes (Brachycladium sp. Cádiz) – OR886408 OR881381, OR881382, 

OR881383

Common bottlenose 

dolphin (Tursiops truncatus)

Lungworms (Halocercus sp. Cádiz) – – OR885545, OR885548, 

OR885549

Long-finned pilot whale 

(Globicephala melas)

Lungworms (Stenurus globicephalae) – OR900632 OR88550, OR88551

Cestodes (Clistobothrium delphini) OR886384 OR886386 OR885543, OR885544

Cestodes (Clistobothrium grimaldii) OR886385 OR886387 –

Odontoceti: 

Phocoenidae

Harbor porpoise (Phoconea 

phoconea)

Lungworms (Pharurus sp. Cádiz) – – OR885552, OR885552
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FIGURE 1

Pathological findings: (A) Clistobothrium sp. in the blubber of Globicephala melas, (B) Brachycladium sp. in the hepatic ducts of Stenella coeruleoalba, 
and (C) and (D) Halocercus sp. in the respiratory passages of Tursiops truncatus.

FIGURE 2

Phylogenetic tree of tapeworms (Cestoda: Phyllobothriidae, Onchobothriidae, Rhinebothriidae) based on the 28S rRNA gene. In each row of 
sequences, after the helminth species name, the isolation source (host), the country or region of origin, and the GenBank accession number are 
shown. Sequences from this study are indicated with red fonts and bold, maroon accession numbers. The evolutionary history was inferred by using 
the maximum likelihood method based on the general time-reversible model. The tree is drawn to scale, with branch lengths measured in the number 
of substitutions per site. The analysis involved 16 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a 
total of 639 positions in the final dataset.
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meaning 98% identity to the corresponding sequence (KR703279) 
of this species. The phylogenetic analyses of concatenated genes 
confirmed these results, and the species from S. coeruleoalba 
(provisionally called here Brachycladium sp. Cádiz) clustered 
separately from both B. goliath and B. atlanticum, with moderately 
high (78%) support (Figure 3).

Molecular analyses of lungworms 
(Nematoda: Pseudaliidae)

Lungworms were found in the respiratory tracts of four 
cetacean species (Figures  1C,D): S. coeruleoalba, T. truncatus, 
G. melas, and P. phocoena. In S. coeruleoalba, two genetic variants 
of Halocercus delphini were identified, according to their 96.6–
99.2% cox1 sequence identity to a formerly reported sequence of 
this species (OQ200459). In T. truncatus, a different species 
(provisionally named Halocercus sp. Cádiz) showed only 93.9–
94.4% cox1 sequence identity to the most closely related species, 
Halocercus pingi (OQ200469). From the pterygoid sinus of G. melas, 
Stenurus globicephalae was identified, based on its 99.1–99.4% cox1 
sequence identity to this species (OQ200456), and in P. phocoena, 
a Pharurus species (tentatively called Pharurus sp. Cádiz), which 
showed the highest but only 90.2–90.6% cox1 sequence identity to 
Phanurus sunameri (OQ200467).

In the case of the lungworms from S. coeruleoalba and G. melas, 
ITS2 sequences confirmed the above species, with 100% identity to 
H. delphini (syn. Skrjabinalius guevarai: MN747502) and 
S. globicephalae (FJ787303). Based on the clustering of Halocercus sp. 
Cádiz and Pharurus sp. Cádiz sequences in the cox1 phylogenetic tree, 

these are species different from those already reported in GenBank, 
with high (99%) or moderately low (60%) support (Figure 4).

Discussion

Despite the limited sample size in this study, molecular data were 
obtained for the first time on several species of endoparasites that 
infect cetaceans in the Western Mediterranean region. Albeit less 
important in this context, the negative results of this study will also 
likely encourage further investigations with a similar aim. For 
instance, no Acanthamoeba DNA was detected in the central nervous 
system, although (A) these opportunistic parasites occur in the marine 
environment (12), (B) infection can be acquired from contaminated 
water, and (C) several members of the order Artiodactyla (which 
includes infraorder Cetacea) are known to be susceptible to these 
protozoa (14). Similarly, among cystogenic coccidia (Apicomplexa: 
Sarcocystidae), no evidence was found for any Sarcocystis species in 
the muscle or nervous system of marine mammals examined in this 
study, although recently a fatal Sarcocystis infection was reported from 
an Atlantic spotted dolphin (Stenella frontalis) (2).

However, the general PCR for cystogenic coccidia revealed the 
presence of T. gondii DNA in multiple organs of D. delphis. 
Considering that all previous studies reporting Toxoplasma-infection 
of this cetacean were based on immunological (serological) methods 
[in Europe: (15, 16)], to the best of our knowledge, this is the first 
molecular evidence to confirm T. gondii in D. delphis in a worldwide 
context. Disseminated toxoplasmosis was reported to cause stranding 
among cetaceans, both in Europe (17) and in other parts of the globe 
(18). In addition, PCR-positivity of the cerebrum and cerebellum also 

FIGURE 3

Phylogenetic tree of digenetic flukes (Trematoda: Brachycladiidae, Opisthorchiidae, Paragonimidae) based on concatenated cox1 and ITS2 sequences. 
In each row of sequences, after the helminth species name, the isolation source (host), the country or region of origin, and the GenBank accession 
number are shown. Sequences from this study are indicated with red fonts and bold, maroon accession numbers. The evolutionary history was inferred 
by using the maximum likelihood method based on the general time-reversible model. The tree is drawn to scale, with branch lengths measured in the 
number of substitutions per site. The analysis involved eight nucleotide sequences. All positions containing gaps and missing data were eliminated. 
There were a total of 811 positions in the final dataset.
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attests that this condition may have played a role in the stranding of 
the relevant animal, as the latter part of the CNS is particularly 
important in coordination and maintaining balance (19).

Among marine mammals, cetaceans have a higher prevalence of 
infection with T. gondii in the region of Europe than pinnipeds [14.8% 
vs. 2.8%: (11)]. For dolphins, the most likely source of acquiring 
Toxoplasma is probably not direct waterborne exposure [as they drink 
little or no water (6)], but rather via their prey items, most notably fish, 
which are frequent carriers of this protozoan parasite [prevalence in 
Europe: 21.8%: (11)]. Importantly, based on the present results, which 
indicated multi-organ involvement, and according to previous studies 
reporting high seroprevalence of toxoplasmosis in D. delphis (15, 16), 

this dolphin species should rank among highly Toxoplasma-
susceptible dolphins, which hitherto included the common bottlenose 
dolphin, the striped dolphin in the Mediterranean Sea, and many 
other marine ecosystems worldwide (7).

Among phyllobothriidian cestodes, C. delphini and C. grimaldii 
were identified in the blubber of a long-finned pilot whale. These 
tapeworm species are known to occur in this and other cetacean 
species in marine habitats surrounding Spain (20), frequently infecting 
the same host individual simultaneously (21), as also observed here. 
Both cestode species have a relatively broad host range and may reach 
high (exceeding 70%) prevalence among dolphins and whales in the 
Mediterranean and North Atlantic regions (22). In the life cycle of 

FIGURE 4

Phylogenetic tree of roundworms (Nematoda: Pseudaliidae) based on the cox1 gene. In each row of sequences, after the helminth species name, the 
isolation source (host), the country or region of origin, and the GenBank accession number are shown. Sequences from this study are indicated with 
red fonts and bold, maroon accession numbers. The evolutionary history was inferred by using the maximum likelihood method based on the 
Hasegawa–Kishino–Yano model. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis 
involved 35 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 561 positions in the final 
dataset.
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C. delphini, cetaceans are the second intermediate host, and sharks 
play the final host role (23).

This is the first report on the molecular analysis of the ITS2 
sequence of C. delphini and C. grimaldii and of two parts of the cox1 
gene in the case of the former species. As shown here based on 
sequences of two genetic markers (Figure 2; Supplementary Figure S1), 
C. delphini and C. grimaldii are phylogenetically closely related to the 
member(s) of this genus from pinnipeds (24) and form a 
monophyletic clade with other Clistobothrium species, as already 
reported based on shorter 28S rRNA sequences (21), further 
justifying their taxonomic placement in this genus instead of 
Phyllobothrium (25). Together with other members of the family 
Phyllobothriidae, C. delphini belonged to a sister group of the clade 
that includes Proteocephalidae, as previously reported based on other 
nuclear genetic markers (26).

Flukes (Digenea: Brachycladiidae) collected from the 
peritoneum and liver of a short-beaked common dolphin were 
molecularly identified as B. atlanticum, whereas those removed 
from the pylorus, gallbladder, and hepatic ducts of a striped dolphin 
were phylogenetically shown to belong to a different, probably new 
species (Brachycladium sp. Cádiz). The genus Brachycladium 
currently comprises nine species, of which five occur in the Pacific 
Ocean and five in the Atlantic Ocean (B. goliath in both oceans); but 
only B. atlanticum has been reported so far in the Mediterranean 
Sea (27). So far, only two Brachycladium species have been reported 
in the European region: B. atlanticum in both D. delphis and 
S. coeruleoalba (28, 29) and B. goliath in minke whale (Balaenoptera 
acutorostrata) in the Northeast Atlantic (30). Therefore, the findings 
of the present study indicate one more species indigenous to the 
Mediterranean Sea (probably also in marine environments 
surrounding Europe).

The life cycle of Brachycladium spp. is not completely known (30), 
but most likely fish act as second intermediate hosts, similar to some 
other members of the Brachycladiidae associated with pinnipeds 
(31). Although in other, geographically distant marine ecosystems, 
unidentified Brachycladium species were reported (29), to the best of 
our knowledge, this is the first finding of a third species of this genus 
in the Mediterranean region. This potentially new species is 
genetically most closely related to B. goliath, in contrast to 
B. nipponicum, which is closer related to B. atlanticum (29). Regarding 
the clinicopathological significance of these species and others with 
similar tissue tropism, trematodes of dolphins associated with the 
liver are regarded as potential causes of stranding (32).

Among the lungworms (Nematoda: Pseudaliidae) that were 
found in four cetacean species in this study, Halocercus species were 
only identified in two species of dolphins (Delphinidae: Delphininae). 
These mammals play a final host role in the life cycle and probably 
acquire Halocercus infection from fish intermediate hosts (33). 
However, depending on the species, prenatal infection might also 
be possible (34).

Regarding the host range of these lungworms, among the 
Western Mediterranean dolphins analyzed here, H. delphini was 
present in S. coeruleoalba and a potentially new species (Halocercus 
sp. Cádiz) in T. truncatus. Considering other studies involving the 
latter dolphin species in Europe, either H. delphini (20) or no 
Halocercus sp. were found (22). Since the lungworm species reported 
here in T. truncatus was most closely related to H. pingi, it is a species 
different from the one discovered recently in orca (Orcinus orca) in 
Northern Europe (13).

In a geographical context, three Halocercus species were reported 
to occur along the Spanish Atlantic coastline: H. delphini in D. delphis 
and T. truncatus, and H. invaginatus in P. phocoena, as well as an 
unidentified Halocercus sp. in S. coeruleoalba (20). More recently, 
H. delphini was shown to have a broader host range along the 
Mediterranean coastline of Spain, including not only D. delphis and 
T. truncatus but also five Stenella spp., all from Delphininae (35).

Accepting that the genus Halocercus consists of 12 species (36), 
because Skrjabinalius cryptocephalus deserves its own genus and 
Skrjabinalius guevarai is a synonym of H. delphini (37), so far there 
have been five species reported in Europe (38, 39). Since H. pingi 
occurs in the Pacific Ocean (40), this is the first report of a Halocercus 
sp. genetically most closely related to this species in the 
Western Palearctic.

In the present study, from the pterygoid sinus of G. melas 
(Odontoceti: Delphinidae: Globicephalinae), Stenurus globicephalae 
was identified. This parasite–host association was already reported 
along the Spanish Atlantic coast (20), and later this pseudaliid worm 
turned out to have a much broader host range in the Western 
Mediterranean, including six species of five genera from the subfamily 
Globicephalinae (35). In addition, in a P. phocoena from this study, a 
Pharurus species (tentatively called Pharurus sp. Cádiz) was 
demonstrated, which was molecularly and phylogenetically most 
closely related to Phanurus sunameri [OQ200467: (40)]. Considering 
that hitherto nematodes of this genus were not known to infect harbor 
porpoises (41), this is the first report of a lungworm species from this 
cetacean that, based on two genetic markers, aligns with Phanurus 
species and belongs to their phylogenetic group.

Taken together, the phylogenetic relationships of the four 
lungworm species found in this study confirm (A) previously reported 
relative host-specificity of pseudaliid worms, particularly among 
Delphinidae (35), and (B) that Halocercus vs. Stenurus and Pharurus 
species belong to two sister groups (40). In addition, (C) clustering of 
these genera also attests that the family Pseudaliidae is not 
monophyletic unless including Parafilaroides and Perostrongylus, as 
proposed earlier (40). Importantly, pseudaliid lungworms of cetaceans 
(especially if they occur in cranial sinuses) are thought to play a role 
in the stranding of infected animals (42).

Conclusion

In this study, first-time molecular evidence was obtained on the 
organ-specific location of T. gondii in D. delphis. Molecular-
phylogenetic analyses of this study revealed an unexpected diversity 
of helminth parasites in cetaceans of the Western Mediterranean, 
including hitherto not-yet-analyzed genetic markers of long-known 
species (as exemplified by the cestode C. delphini) and possibly even 
undescribed (new) species (among flukes and lungworms in the 
genera Brachycladium and Halocercus, respectively). These results will 
substantially contribute to understanding host–parasite interactions 
and eco-epidemiological risks that might threaten cetacean 
populations in the Mediterranean Sea or Northeast Atlantic region.
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