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Abstract

Cuvier's beaked whale (CBW) (Ziphius cavirostris) is a cosmopolitan species known for its remarkable diving capabilities
and is widely distributed across most seas and oceans, including the waters surrounding the Canary Islands. This spe-
cies frequently exhibits a high prevalence of parasitism by the nematode Crassicauda spp., which affects the kidney,
urinary tract, and arterial walls via larval migration, and is considered one of the primary natural causes of mortality
among CBWs in the Canary archipelago. Despite its significance, molecular identification of this parasite in the Canary
Islands has not been systematically conducted until now. To address this gap, 51 CBW's stranded in the Canary
Islands between 1999 and 2023 were necropsied, and 11 adult nematodes were collected from the kidneys of 11
CBWs. Morphological identification and molecular analyses targeting the mitochondrial COXT gene and the ITS-2
region were performed, with phylogenetic relationships within the genus Crassicauda assessed. Adult parasitism

was observed in 86% of the examined animals. Morphological examination identified the species as Crassicauda cf.
anthonyi, which was corroborated by molecular analyses as Crassicauda anthonyi. Renal nodular lesions associated
with parasitism were characterized by granulomatous inflammation of varying severity, with intralesional nema-
todes, fibrosis, necrosis, and multifocal mineralization. Crassicauda anthonyi demonstrates a high prevalence and host
specificity, contributing to significant renal pathology in stranded CBWs. This study provides parasite morphologi-

cal data and molecular identification of C. anthonyi in the Canary Islands, enhances understanding of its prevalence,
and expands both the taxonomy and genetic sequence database for the Crassicauda genus.
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Introduction

Nematodes of the genus Crassicauda Leiper & Atkin-
son, 1914 (Order Spirurida) are highly ubiquitous and
pathogenic in cetaceans. To date, fourteen different spe-
cies of Crassicauda have been described. These nema-
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in the affected organs [2, 4, 6, 7]. Certain Crassicauda
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species demonstrate a preference for specific cetacean
hosts. For instance, C. grampicola exhibits a higher speci-
ficity for Risso’s dolphin (Grampus griseus), infecting the
pterygoid sacs, vestibulocochlear nerve, and skull [8—10].
Crassicauda boopis is predominantly found in the kid-
neys of fin whales (Balaenoptera physalus) [3, 6, 11, 12],
while C. anthonyi is primarily associated with the kidneys
of Cuvier’s beaked whales (CBWS) (Ziphius cavirostris)
[13-17]. Among these species, C. boopis and C. antho-
nyi are considered particularly pathogenic due to their
large size and the migration of their larvae through the
circulatory system, which leads to extensive tissue dam-
age [4, 12].

All Crassicauda species likely share a similar life cycle.
Adult nematodes are thought to excrete eggs via the
host’s urine. The eggs are subsequently ingested by inter-
mediate hosts, potentially including cephalopods, that
harbor the infective larvae for the final cetacean hosts.
However, the possibility of transplacental transmission
cannot be ruled out [3, 4, 6, 11, 12, 15, 18].

In histological examinations of mesenteric arteries
from CBWs stranded in the Canary Islands, Diaz-Del-
gado et al. [4] observed nematode larvae in the vascular
lumen or in subintimal spaces in affected areas. Molecu-
lar analysis of two adult nematodes recovered from the
kidney of the same CBWs revealed the highest similarity
to C. magna based on the 18 S ribosomal gene. However,
many authors suggest that species identification yields
better results when amplifying other genes. In fact, only
two species of adult Crassicauda have been molecu-
larly identified in CBWs worldwide based on COXI
and ITS2: Crassicauda giliakiana and Crassicauda
anthonyi [3, 6, 14, 15]. Notably, between 1986 and 1998
C. anthonyi was morphologically identified in CBWs
from the Canary Islands [19]. Renal crassicaudiasis in
CBWs can induce granulomatous inflammation in the
kidneys, leading to varying degrees of renal impairment.
In severe cases, these infections can result in chronic kid-
ney disease, disseminated intravascular coagulation, and
multi-organ failure [4]. In addition, the larval migration
through the blood vessels can cause significant vascular
lesions, further compromising the health of the affected
animals [4, 6, 14]. In the Canary Islands, infections by
Crassicauda sp. linked with serious renal and arterial
pathological lesions have been frequently detected in
stranded CBWs [4, 20, 21], though the nematodes have
not been consistently identified to species level using
molecular techniques.

This study presents morphological data and the molec-
ular identification of adult nematodes found in the
kidneys of CBWss, along with the construction of phylo-
genetic trees to clarify the species-level classification and
evolutionary relationships of these nematodes.
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Material and methods

Stranding epidemiology data, post-mortem

and histopathology examination

Standard necropsies were performed on fifty-one
CBWs stranded in the Canary Islands between 1999
and 2023, following established and standardized pro-
tocols [20-22]. Necropsies are routinely performed
by the veterinary staff on stranded dead animals on
the coasts of the Canary Islands and are diagnosed by
routine pathological and cause-of-death analyses of
stranded cetaceans, performed at the Division of His-
tology and Animal Pathology of the Instituto de Sani-
dad Animal y Seguridad Alimentaria (IUSA), within
the Faculty of Veterinary Medicine of the Universidad
de Las Palmas de Gran Canaria, Spain. Biological data
relating to stranding (stranding type and locality) and
species (species identification, age category, sex, and
body condition) were systematically collected. The
locality of each stranding was represented on a geo-
graphical map [23]. Age categorization was determined
based on total body length and the macroscopic and
histological development of the gonads, classifying
individuals as fetus, neonate, calf, subadult/juvenile,
or adult. Body condition was assessed into several cat-
egories (good, moderate, poor, and very poor) based on
anatomical parameters. These included the prominence
of spinous and transverse processes of the vertebrae,
the visibility of the ribs, the mass of the epaxial mus-
culature, and the width of fat deposits [24]. Five codes
of conservation condition were established: Code 1
(extremely fresh carcass, as an animal that has recently
died or been euthanized), Code 2 (fresh carcass), Code
3 (moderate decomposition), Code 4 (advanced decom-
position), and Code 5 (mummified or skeletal remains)
[20-22]. Kidney parasite burden was assessed based on
adult nematode counts, where fewer than 10 individu-
als indicated a mild grade, 10-20 a moderate grade, and
more than 20 a severe grade.

During the necropsy, all kidneys were thoroughly
examined and photographed. Representative samples
were collected for subsequent histopathological analy-
sis. Tissue samples fixed in formalin were sectioned and
processed using routine procedures, embedded in par-
affin, and sectioned at 5 pum. The sections were stained
with haematoxylin—eosin (HE) for examination under a
light microscope (Olympus BX51, Tokyo, Japan), and a
digital camera (Olympus DP21, Tokyo, Japan) was used
for imaging. The material used in this study is deposited
in the Marine Mammal Tissue Bank, maintained by the
Division of Histology and Animal Pathology at the Insti-
tuto de Sanidad Animal y Seguridad Alimentaria (IUSA),
within the Veterinary School at the Universidad de Las
Palmas de Gran Canaria, Spain.
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Morphological characterization of adult nematodes

For morphological analysis, fourteen adult nematodes
collected from the kidneys of eleven CBWs (CET593,
CET620, CET624, CET645, CET719, CET720, CET770,
CET914, CET1242, CET1256, CET1268) were analyzed
(Table 1). One adult parasite was selected from each ani-
mal, except for CET1268, from which three additional
nematodes were analyzed. Since parasites were not sys-
tematically collected during necropsy, no nematodes
from the remaining animals were available for exami-
nation. The nematodes were preserved in 70% alcohol,
cleared using a lactophenol solution, and examined
on a slide. The caudal portion of fourteen nematodes
were obtained and measured, of which 8 were males
and 6 were females. For detailed observation, a stereo
microscope (Motic SMZ-161) and an optical micro-
scope (Motic BA310E) equipped with a monitor were
employed. Motic®Images Plus 2.0 ML software and a
Moticam digital camera were used to capture images and
measure parasites in mm and pm. Identification of
the nematodes was based on measurements and taxo-
nomic keys [11, 25]. The parasite specimens were stored
and conserved in 70% ethanol and are deposited in the
Marine Mammal Tissue Bank, maintained by the Divi-
sion of Histology and Animal Pathology at the Instituto
de Sanidad Animal y Seguridad Alimentaria (IUSA),
within the Veterinary School at the Universidad de Las
Palmas de Gran Canaria, Spain.

Molecular and phylogenic analysis

Eleven adult parasites, one from each CBW -distinct
from those used for morphological analysis- were
selected for DNA extraction. The specimens consisted
of five females and six males, which had been previously
preserved in 70% ethanol. A simple heat-alkaline (NaOH)
method was employed for the extraction. Specifically, a
1 cm section was excised from each parasite (including
cephalic, middle, and caudal regions) and processed in
triplicate, adhering to the protocol by [15, 26]. Each sec-
tion was placed in 1 mL of 50 mM NaOH and heated at
95 °C for 1 h. Following this, the samples were centrifu-
gated at 15,000 rpm for 5 min, and 100 pL of the super-
natant was collected, which was then used directly as a
template for PCR, following methods outlined by Kum-
agai et al. [15]. DNA was successfully extracted from all
parasite sections.

PCR amplification employed primers targeting the
mitochondrial cytochrome c oxidase subunit 1 (COX1I)
gene. The specific primers used were COXI-F (JB3); 5'—
TTTTTTGGGCATCCTGAGGTTTAT-3" and COXI-
R (JB4.5); 5 -TAAAGAAAGAACATAATGAAAATG
-3’). Additionally, primers designed for the internal

Page 3 of 13

transcribed spacer 2 (I7S2) region of ribosomal DNA
were also used, namely crassicauda-5.8S-F; 5 -TACTCT
TAGCGGTGGATCAC-3" and crassicauda-28S-R; 5 —
AATCACGACTGAGCTGAGGT-3") [3].

Amplification of COXI and ITS2 regions was carried
out according to previously published protocols [3, 15],
with adaptations to fit our laboratory conditions. Briefly,
for COX1 amplification, DNA templates (2 pL) were com-
bined in a reaction mixture containing 1.25 mM of each
buffer (10xand MgCl2), 0.25 pM of each PCR primer,
0.25 mM deoxynucleotide triphosphate, and 0.125 U/uL
of Tag DNA polymerase (Roche Applied Science), and
diethylpyrocarbonate (DEPC)-treated water, reaching a
total reaction volume of 10.5 pL. For the amplification
of the ITS2 region, DNA templates (4 puL) were used in
a reaction mixture comprising 0.5 mM of each buffer
(10xand MgCl2), 0.5 uM of each PCR primer, 0.5 mM
deoxynucleotide triphosphate, 0.25 U/uL of Taq DNA
polymerase (Roche Applied Science), and DEPC-treated
water to a total reaction volume of 21 L.

Both COX1I and ITS2 PCRs were performed under
identical thermal cycling conditions: an initial dena-
turation at 94° for 5 min, followed by 40 cycles consist-
ing of denaturation at 94°C for 40 s, annealing at 50°C
for 30 s, and strand extension at 72 °C for 30 s. After the
cycling program, the reaction mixtures were incubated
at 72° for an additional 5 min. Genetic material from a
parasitized kidney tissue sample from a previously tested
animal (animal no. 770) was used as a positive control.
Both positive and negative controls were included in the
amplification process for each gene. Horizontal gel elec-
trophoresis was performed using 2% agarose gel contain-
ing GelRed® (Biotium, Inc., CA, United States) to analyze
5 pL of the obtained amplicons.

Purification of the PCR products for the COXI gene
was carried out using the Real Clean Spin kit (REAL®,
Durviz, S.L., Valencia, Spain) in preparation for bidirec-
tional sequencing using the Sanger method (Secugen
S.L., Madrid, Spain). This involved the use of two aliquots
of 10 pL of the purified amplicon (at a concentration of
10 ng/ pL) along with 1 pL (5 pM) of each primer, respec-
tively. A BLAST search (BLAST: Basic Local Align-
ment Search Tool, 2021) was conducted to confirm the
identity of the PCR amplicons by comparing them with
similar sequences available in GenBank. Both forward
and reverse sequences obtained for each Crassicauda
sp. (excluding primers) amplicon were aligned using the
ClustalW algorithm within MEGA11 software (Pennsyl-
vania, PA, United States) [27, 28] to generate a consensus
sequence of each parasite from its respective animal.

Fort the ITS2 region, the amplicons were sent to Secu-
gen S.L., Madrid, Spain for sequencing using the Oxford
Nanopore technology (ONT) due to the repetitive nature
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Table 1 Life history data of stranded Cuvier's beaked whales (Ziphius cavirostris) and parasitological analysis (morphological and

molecular)

CaseNo ID Code Sex Age BC Locality cc PGO MA PGME
1 CET86 F A Good TF 4 Yes No No

2 CET103 M S/J Good Fv 3 Yes No No

3 CET108 F A Good TF 4 Yes No No

4 CET113 F S/J Poor TF 3 No No No

5 CET181 M S/J ND Fv 2 Yes No No

6 CET182 M S/J ND Fv 2 Yes No No

7 CET183 M S/) ND Fv 2 Yes No No

8 CET184 M S/J ND Fv 2 Yes No No

9 CET186 M S/J ND FvV 3 Yes No No

10 CET187 M A ND Lz 4 Yes No No

Il CET188 M A ND Lz 4 Yes No No

12 CET189 F A ND Fv 5 Yes No No

13 CET208 F S/J Good LG 4 Yes No No

14 CET236 F C Good LGra 3 No No No

15 CET263 M S/J Poor L.z 5 Yes No No

16 CET264 F A Good Fv 5 Yes No No

17 CET265 M A Good FvV 5 Yes No No

18 CET294 F A Good Fv 5 Yes No No

19 CET304 F C Poor Fv 4 No No No

20 CET322 M A ND GC 5 No No No

21 CET352 ND S/) Poor TF 4 No No No

22 CET471* F S/J Good Fv 2 Yes No No

23 CET503* F A ND GC 5 No No No

24 CET576* F A Good Lz 2 Yes No No

25 CET579*% M S/) Moderate TF 4 Yes No No

26 CET591* F A ND TF 4 Yes No No

27 CET593*% M A Good GC 5 Yes CA593 CA593
28 CET620* M A ND GC 5 Yes CA620 CA620
29 CET624* F A Good LGra 3 Yes CA624 CA624
30 CET645% M S/J Fair Lz 3 Yes CA645 CA645
31 CETo46* M A Good Fv 4 Yes No No

32 CET680 F N Fair GC 5 No No No

33 CET688* F A ND GC 5 Yes No No

34 CET712* F S/J Good Fv 5 Yes No No

35 CET719* F A Fair Lz 4 Yes CA719 CA719
36 CET720 ND A ND FvV 5 Yes CA720 CA720
37 CET770 M A Good TF 3 Yes CA770 CA770
38 CET771 F A Good TF 2 Yes No No

39 CET818 M S/J ND GC 4 Yes No No

40 CET833 ND S/J Poor TF 4 Yes No No

41 CET855 M A ND GC 4 Yes No No

42 CET914 F S/J Very Poor Lz 2 Yes CA914 CA914
43 CET998 F A ND Lz 4 Yes No No

44 CET1027 M S/J Fair TF 2 Yes No No

45 CET1048 M S/J Poor GC 2 Yes No No

46 CET1074 M A Fair TF 2 Yes No No

47 CET1242 F A ND GC 4 Yes CA1252 CA1252
48 CET1256 F A Poor EH 5 Yes CA1256 CA1256
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Table 1 (continued)

CaseNo ID Code Sex Age BC Locality cc PGO MA PGME
49 CET1268 M A Good GC 2 Yes CA1258 CA1258
50 CET1290 F A ND TF 4 Yes No No

51 CET1311 M S/J Good LZ 4 Yes No No

Sex: Female (F), Male (M). Age: Adult (A), Subadults/Juveniles (S/J), Calf (C), Neonate (N). Body condition (BC). Locality: Gran Canaria (GC), Tenerife (TF), Fuerteventura
(FV), Lanzarote (LZ), La Graciosa (LGr), El Hierro (EH). Conservation Code (CC): Code 1 (extremely fresh carcass), Code 2 (fresh carcass), Code 3 (moderate
decomposition), Code 4 (advanced decomposition), and Code 5 (mummified or skeletal remains). Not determined (ND). Parasite grossly observed during necropsy
(PGO). Morphological analysis of collected parasites during necropsy (MA). Parasitic genetic material extracted for molecular analysis (PGME). “Animals analyzed in

Diaz-Delgado et al. [4]

of the sequence. The purified product from the amplifica-
tion reaction was ligand-tagged with the SQKNBD114.24
kit and sequenced with Oxford Nanopore technology,
MinIlON FLO-MIN114 R10.4.1. The reads were reana-
lyzed with stringent quality parameters and filtered based
on size (800—1100 nt) and quality (q>20). In all analyzed
samples, a single consensus sequence was obtained for
each one, except for sample CA770, which exhibited two
distinct sequences with read counts of 1902 and 598,
respectively, although the consensus sequence with a
higher number of reads of 1902 was selected as the most
similar to the rest of the consensus sequences by BLAST
analysis. The consensus sequences generated using
Amplicon Sorter software were compared to the NCBI
standard database with BLAST software. Alignment of
the consensus sequences was performed using Multialig-
ment software.

Phylogenetic analysis was performed using the partial
COX1 gene and complete ITS2 gene sequences, employ-
ing the Maximum Likelihood (ML) method with 1,000
bootstrap replicates in MEGA 11 [27, 28]. The analysis
utilized the best-fitting evolutionary models determined
by the software, specifically the Tamura-nei model for the
COX1 gene and Tamura 3-parameter model for the ITS2
gene. To ensure the reliability of the phylogenetic tree,
a member of the same order, Spirurida, was included as
the root of the tree. Nucleotide sequences for the par-
tial COX1 gene from four parasite samples (PP905224-
PP905227) and for the complete ITS2 gene from six
parasite samples (PP906995-PP907000) have been depos-
ited in GenBank.

Results

Stranding epidemiology data, post-mortem

and histopathology examination

Necropsies were performed on fifty-one animals, of
which 47% (n=24) were females, 47% (n=24) were
males, and in 6% (n=3) the sex could not be deter-
mined. Regarding age, 45% (n=23) were adults, 41%
(n=21) were subadults/juveniles, 4% (n=2) calves, 2%
(n=1) neonates, and 8% (n=4) had an undetermined
age. The body condition was categorized as good in

35% (n=18), fair in 12% (n=6), poor in 14% (n=7),
very poor in 2% (n=1), and could not be assessed in
37% (n=19). Life history data of stranding are pro-
vided in Table 1. The highest number of strandings
(35/51) occurred in the eastern islands (Gran Canaria,
Fuerteventura, Lanzarote and La Graciosa), compared
to the western islands (Tenerife, La Gomera, El Hierro
and La Palma) (Fig. 1).

During necropsy, adult nematodes were detected in
the kidneys of 86% (44/51) of the examined CBWs, and
were collected from eleven individuals for morphological
and molecular analysis (Table 1). Nematodes were con-
sistently observed in adult and subadult/juvenile animals
(Table 2). In contrast, neonates and calves (3/51) were
the only age group of CBWs without evidence of Crassi-
cauda sp. infection.

No adult parasites were recorded in the kidneys in 8%
of the examined animals (4/51). However, in three indi-
viduals, the advanced carcass decomposition may have
hindered the detection of existing parasites, while in one
animal (no. 113), a comprehensive examination was not
possible because the kidneys could not be evaluated due
to the absence of the posterior third of its body. None-
theless, significant arterial lesions consistent with larval
migration were observed in most of these cases (Fig. 2a
and b).

Among the 44 animals with adult parasites in their
kidneys, parasite burden was classified as severe in 52%
of cases (n=23), moderate in 43% (n=19), and mild in
5% (n=2). Macroscopically, subcapsular hemorrhages
were observed in 9 cases, as well as severe interrenicular
hemorrhages in two cases. Adult nematodes were found
in the collecting tubules and ureters bilaterally (Fig. 3a
and b), along with granulomas that entirely replaced the
reniculi, containing intralesional nematodes (Fig. 3c).
Additionally, hydroureter and hydronephrosis were
observed in two animals (CET103 and CET1268).

Histopathological examination revealed lesions pri-
marily characterized by granulomatous nephritis of
varying severity, with intralesional nematode parasites
(Fig. 4a), renicular atrophy, multifocal calcifications, glo-
merular sclerosis, fibrosis, and hemorrhages (Fig. 4b).
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Fig. 1 Map of the geographical distribution of Cuvier's beaked whales stranded in the Canary Islands between 1999 to 2023. Stranding sites

for each beaked whale is identified by its case number

Table 2 Age-related prevalence of parasitized Cuvier’s beaked
whales (Ziphius cavirostris) (n=44)

Total prevalence of
parasitized animals by age

(n=44)
Adults 24/44 (55%)
Subadults/Juveniles 20/44 (45%)
Calfs 0/2
Neonates 0/1

Additionally, hyaline cylinders were present in most ani-
mals at the medullary level.

Morphological characterization of adult nematodes

Among the CBWs harboring adult kidney nematodes,
samples were collected from only eleven individuals.
Fourteen adult nematodes were analyzed, one from each
CBW, and three additional nematodes from CET1268.
Adult nematodes were identified as Crassicauda sp. based
on the morphologic and morphometric characteristics of
the posterior ends [1]. The caudal end of 8 males and 6
females were measured. The total length of neither males
nor females could be determined; however, two long frag-
ments measuring 32 cm (from a male) and 64 cm (from
a female) were recorded. Females exhibit a narrow-
ing at the caudal end, where the vulva opens posteriorly
(Fig. 3a). The total width in females was measured cranial
to the constriction at the posterior end, ranging from 3.2

to 4.0 mm. The eggs (n=10) were oval-shaped, contained
larvae, and had thick shells, with an average length of
58 um and an average width of 37 pm. The lengths ranged
from 47 to 63.9 um, and the widths ranged from 35 to
43.9 um (Inset Fig. 5a). Males characteristically had a spi-
ral or hook-like posterior end with a rounded tip. Width
measurements were taken cranial to this hook, ranging
from 2.0 to 2.8 mm. The spicules were notably small and
uniform in length (216.2-168.2 pm), with a variable num-
ber of asymmetrical papillae (Fig. 5b), ranging from 9 to
10 papillae per individual, with 4 to 5 on each side. Based
on these morphological characteristics, it is suggested
that the species involved is Crassicauda cf. anthonyi.

Molecular and phylogenic analysis

DNA extraction was performed in triplicate on three
fragments (cephalic, medial, and caudal) from the cau-
dal end of each of the 11 adult nematodes collected
from the 11 CBWs. In total, DNA was extracted from
33 fragments. The concentrations of each fragment were
measured, and the highest quality fragments from each
nematode were selected and subjected to PCR amplifica-
tion. In addition, samples were subjected to horizontal gel
electrophoresis. As a result, DNA amplification was suc-
cessful in 6 parasites from 6 out of 11 animals (Table 3).
For the COXI gene, PCR effectively amplified parasites
from four animals, yielding sequences of good quality
(GenBank accession numbers PP905224- PP905227) with
lengths ranging from 375-395 bp (Table 3).
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Fig. 2 Macroscopic findings in the abdominal and thoracic aorta during necropsy (a-b). a Abdominal aorta of CBW CET1027, showing

an abundantly multifocal rough surface with localized tracts in the vascular tunica intima. These tracts vary in direction from straight

to zigzag-shaped, differing in size and shape, and forming large, raised yellowish-white areas (asterisk). b Thoracic aorta of CBW CET1311, exhibiting
tortuous endothelial proliferations and yellowish-white tracts (asterisk) compatible with parasitic migration pathways caused by larval forms

and overlying areas
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Fig. 3 Renal gross findings during necropsy (a—c). a Severe adult nematode parasitism accompanied by interrenal hemorrhages in the left
kidney and ureter dilation in CET1268. b Moderate presence of adult nematodes in the right ureter (asterisk) of CET1311. ¢ Renal granuloma
with intralesional nematodes, which completely replace the reniculi (asterisk) in CET720

Fig. 4 Histopathology of two re (a-b).a Gran
nematodes (multifocal granulomatous interstitial nephritis) in CET1242. HE stain, x 4. b Renal cortex showing marked congestion, multifocal
hemorrhages, moderate multifocal interstitial fibrosis, and glomerular sclerosis (asterisk) in CET1268. HE stain, x 10
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Performing a BLAST search, 96-97% homology was
found with other available C. anthonyi sequences and
with a query cover of 99%. Phylogenetic analysis of the
mitochondrial COX1 gene revealed that the adult renal
parasites from CBWs from our study clustered with C.
anthonyi, consistent with all corresponding sequences
in GenBank, except for sequence MK621821 (listed
as C. anthonyi in GenBank), which grouped within
the C. grampicola cluster (Fig. 6). For the ITS2 region,
sequences were obtained from 6 parasites from 6 out
of 11 animals, with alignment lengths ranging from
895-904 pb (GenBank accession numbers PP906995-
PP907000) (Table 3). BLAST analysis of the obtained
sequences showed a query cover of 90-99% and a
sequence similarity of 92.93-93.6% with C. giliakiana,
whereas C. antonyi exhibited a query cover of 43-61%
and a sequence similarity of 99.24-99.64%. This could
be explained by the longer sequences than those pub-
lished. Consequently, the specimens collected from the

Fig. 5 Microscopic view of the caudal end in female and male Crassicauda cf. anthonyi (a-b). a Microscopic view of the caudal end of a female

showing posterior narrowing, x 1.25. Inset: Oval-shaped, larvated egg, x 10. b Microscopic view of the caudal end of a male with details
of the papillae (arrow) and spicules (asterisk), x4

six animals were identified as C. anthonyi based on the
ITS?2 region, with this identification further supported
by phylogenetic analysis. The resulting phylogeny closely
mirrored that of the COXI gene analysis (Fig. 7) and was
consistent with phylogenetic trees from previous studies.
Notably, the bootstrap values obtained through the ML
method were higher than those derived from the COX1
analysis, reinforcing prior findings that the ribosomal
DNA region provides greater reliability for phylogenetic
tree construction.

Discussion

Over a 24-year period, 51 Cuvier’s beaked whales were
necropsied in the Canary Islands. A consistent finding dur-
ing necropsies was the presence of large nematodes in the
kidneys and urinary tract, identified as Crassicauda sp.,
which have been implicated in renal parasitosis and associ-
ated with severe arterial lesions [4, 17, 20, 21]. This pathol-
ogy has been documented globally in CBWs [3, 13-16],

Table 3 Data of Crassicauda anthonyi nematodes recovered from Cuvier's beaked whales (Ziphius cavirostris) stranded in the Canary

Islands
Nematode ID CETID Species name Sex Portion sample COX1 gene ID ITS2 gene ID
CA719 CET 719 Crassicauda anthonyi Female Cephalic PP905224 PP906995
(375 bp) (902 bp)
CA720 CET 720 Crassicauda anthonyi Male Cephalic - PP906996
(895 bp)
CA770 CET 770 Crassicauda anthonyi Female - PP905225 PP906997
(394 bp) (902 bp)
CA914 CET914 Crassicauda anthonyi Female Middle PP905226 PP906998
(395 bp) (899 bp)
CA1242 CET 1242 Crassicauda anthonyi Female Cephalic - PP906999
(904 bp)
CA1256 CET 1256 Crassicauda anthonyi Female Cephalic PP905227 PP907000
(394 bp) (900 bp)

bp base pairs
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LC700441 C.giliakiana M.stejnegeri Japan 2014. Partial sequence
LC057237 C.giliakiana W.scintillans Japan 2005. Partial sequence
LC700436 C.giliakiana M.stejnegeri Japan 2020. Partial sequence
LC700443 C.giliakiana B.bairdii Japan 2005. Partial sequence
LC057241 C.giliakiana B.bairdii Japan 2015. Partial sequence
77 LC701532 C.giliakiana W.scintillans Japan 2018. Partial sequence
LC700433 C.giliakiana M.stejnegeri Japan 2021. Partial sequence
LC700434 C.giliakiana B.bairdii Japan 2020. Partial sequence
LC700435 C.giliakiana M.stejnegeri Japan 2020. Partial sequence
LC597810 C.giliakiana D.leucas Japan 2015. Partial sequence

LC700438 C.giliakiana Z.cavirostris Japan 2019. Partial sequence

—

86 LC700432 C.giliakiana Z.cavirostris Japan 2021. Partial sequence
LC700439 Crassicauda sp. M.gingkodens Japan 2019. Partial sequence

94 —— MK621838 Crassicauda sp. T.truncatus Italy 2013. Partial sequence

L—— MK621837 Crassicauda sp. S.coeruleoalba ltaly 2012. Partial sequence
LC057238 C.giliakiana L3 W.scintillans Japan 2005. Partial sequence

N 87 —— MK621826 C.boopis B.physalus Italy 2011. Partial sequence

—— MKG621823 Crassicauda sp. B.physalus ltaly. Partial sequence

MK621832 Crassicauda sp. B.physalus Italy 2011. Partial sequence

95 MK621821 C.anthonyi Z.cavirostris Italy 2012. Partial sequence
{ MK621836 C.grampicola G.griseus Italy 2012. Partial sequence
OM307052 C.fuelleborni N.phocaenoides China. Partial sequence
9 —— MZ222136 Crassicauda sp. China 2019. Complete sequence
97 —— 0Q834322 C.magna China. Complete sequence
95 —— CET 914 Z.cavirostris Canary Island Lanzarote 2018 *

L— MK621822 C.anthonyi Z.cavirostris Italy 2012. Partial sequence

CET 1256 Z.cavirostris Canary Island EI Hierro 2022 sk

L—s2 —— CET 719 Z.cavirostris Canary Island Lanzarote 2014 k
57—
L— CET 770 Z.cavirostris Canary Island Tenerife 2015 sk

—— LC700440 C.anthonyi Z.cavirostris Japan 2016. Partial sequence

82 —— LC700431 C.anthonyi Z.cavirostris Japan 2021. Partial secuence

KY634870 S.lupi L.culpaeus Peru 2016. Partial sequence

100 _,— OP476448.1 Spirocerca sp. L.culpaeus Chile. Partial sequence

78 L KY284626 Setaria digitata Buffalo China. Complete sequence

Fig. 6 Phylogenetic analysis based on the COXT gene. Analysis was performed by MEGAT1 using the maximum likelihood method (ML) with 1,000
bootstrap replicates and included Spirocerca lupi, Spirocerca sp. and Setaria digitata as outgroup. *Sequences obtained in this study
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58 MK631889 C.anthonyi Z.cavirostris Italy 2012. Partial sequence
{ MK631888 C.anthonyi Z.cavirostris Italy 2012. Partial sequence
—— MZ363790 C.anthonyi Z.cavirostris Brazil 2020. Partial sequence
P MZz363789 C.anthonyi Z.cavirostris Brazil 2012. Partial sequence
[T CET 719 Z.cavirostris Canary Island Lanzarote 2014 sk
—— CET 1242 Z.cavirostris Canary Island Tenerife 2022 &

—— CET 914 Z.cavirostris Canary Island Lanzarote 2018 %k

91 L CET 1256 Z.cavirostris Canary Island El Hierro 2022 3k
_[ CET 720 Z.cavirostris Canary Island Fuerteventura 2014 5k
61 LC700456 C.anthonyi Z.cavirostris Japan 2021. Partial sequence

——— LC700451 C.anthonyi Z.cavirostris Japan 2016. Partial sequence
52

L CET 770 Z.cavirostris Canary Island Tenerife 2015 3k
LC700453 C.giliakiana Z.cavirostris Japan 2019. Complete sequence
LC700455 C.giliakiana Z.cavirostris Japan 2021. Complete sequence

LC700452 Crassicauda sp. M.gingkodens Japan 2019. Partial sequence

L1 99 L LC700450 Crassicauda sp. M.densirostris Japan 2015. Partial sequence
79
LC700454 C.giliakiana M.stejnegeri Japan 2021. Partial sequence

LC700448 C.giliakiana B.bairdii Japan 2005. Complete sequence

LC700449 C.giliakiana M.stejnegeri Japan 2020. Complete sequence

72 LC700446 C.giliakiana M.stejnegeri Japan 2020. Complete sequence
LC700447 C.giliakiana M.stejnegeri Japan 2020. Complete sequence

62 LC700445 C.giliakiana M.stejnegeri Japan 2005. Complete sequence
LC700444 C.giliakiana W.scintillans Japan 2008. Complete sequence

] —— MK631897 C.boopis B.physalus Italy 2011. Partial sequence

—— MK631890 Crassicauda sp. B.physalus Italy 2013. Partial sequence

—— MK631892 C.boopis B.physalus Italy 2011. Partial sequence

MK631898 C.boopis B.physalus Italy 2011. Partial sequence
99
—— MK631895 C.boopis B.physalus Italy 2011. Partial sequence

MK631893 C.boopis B.physalus Italy 2011. Partial sequence

MK631896 C.boopis B.physalus Italy 2011. Partial sequence

® MK631894 C.boopis B.physalus Italy 2011. Partial sequence
MK631899 Crassicauda sp. B.physalus Italy 2011. Partial sequence
MK631903 C.grampicola G.griseus ltaly 2012. Partial sequence
MK631902 C.grampicola G.griseus ltaly 2012. Partial sequence

MK631901 C.grampicola G.griseus ltaly 2012. Partial sequence

MK631904 Crassicauda sp. S.coeruleoalba Italy 2012. Partial sequence

r LC594465 D.nasuta G.gallus BD 2016/2018 Partial and Complete Sequence

99 L LC594501 C.hamulosa G.gallus BD 2016/2018. Partial and Complete Secuence

Fig. 7 Phylogenetic analysis based on the ITS2 gene. Analysis was performed by MEGA11 using the maximum likelihood method (ML) with 1,000
bootstrap replicates and included Dispharynx nasuta and Cheilospirura hamulosa as outgroup. *Sequences obtained in this study
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with the first reported case involving a True’s beaked whale
(Mesoplodon mirus) along the Atlantic coast of France
[25]. In this study, evidence of lesions at the targeted site
of Crassicauda sp. infection, the kidneys, was observed.
Macroscopically, the lesions were predominantly charac-
terized by granulomas containing intralesional nematodes,
which replaced the reniculi, along with hemorrhages and
the presence of nematodes in the collecting tubules and
ureters. Microscopically, the findings included granuloma-
tous nephritis with fibrosis, hemorrhages, calcifications,
and renal atrophy associated with intralesional nematodes,
consistent with previous reports [3, 4, 14, 29]. Notably, no
renal parasitism or related lesions were detected in the
calves or neonates examined in this study. In contrast,
a high prevalence of parasitism was observed in adults
and subadult/juvenile individuals. The absence of Cras-
sicauda sp. infection in younger animals may reflect the
increased risk of infection as animals mature and consume
infected cephalopods, putative intermediate hosts for this
parasite. However, the small sample size of this age group
(n=3) may also account for this finding. Lambertsen [18]
previously suggested the possibility of maternal or fetal
transmission in the case of C. boopis; however, further
research with a larger sample size is needed to investi-
gate the potential presence of Crassicauda spp. in young
CBWs and to evaluate this hypothesis. Additionally, arte-
rial lesions of varying severity were observed in all adult
and subadult/juvenile animals harboring adult nematodes
in the kidneys. These lesions were not further examined
in the present study, as they had already been investigated
by Diaz-Delgado et al. [4] in a subset of animals (13/51)
included in this study, where larval forms were detected
within the arterial lumen or walls in 2 out of 13 cases. It is
hypothesized that Crassicauda sp. in CBWs follows a life
cycle similar to other Crassicauda spp. that parasitize the
kidney, such as C. boopis in mysticetes. In this cycle, larvae
may initially reach the intestine, where they form nodules
and penetrate the mucosal and submucosal layers, eventu-
ally migrating through the mesenteric arteries to the aorta
and renal arteries [3, 18]. Notably, the intestines were not
examined in any of the studies.

Previous research in the Canary Islands had not focused
on identifying the specific species responsible for renal
parasitosis in CBWs. For the morphological analysis, 14
caudal ends from nematodes collected from the kidneys of
11 CBWs were examined. In total, 8 caudal ends from adult
male nematodes and 6 from adult female nematodes were
analyzed. Additionally, egg measurements were averaged.
Based on the morphometric characteristics of the nema-
todes, the species involved was suggested to be Crassicauda
¢f anthonyi. aligning with existing literature [11, 25]. For the
molecular analysis, DNA was extracted from 11 nematodes
collected from the 11 CBWs in which adult parasites were
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available. DNA amplification was successful in 4 nematodes
for the COXI gene and in 6 nematodes for the ITS2 gene.
Agarose gel electrophoresis was performed and the ampli-
fied products were sequenced. Consensus sequences for
both genes were obtained from 4 parasite samples cor-
responding to animals CET 719, CET 770, CET 914, and
CET 1268. Comparison of our sequences with published
data confirmed the molecular identification of the species
as Crassicauda anthonyi. In the case of the ITS2 region,
BLAST analysis revealed a lower query coverage with other
published C. anthonyi sequences compared to C. giliakiana
sequences. However, homology was higher with C. antho-
nyi. This discrepancy may be attributed to the shorter length
of previously published /7S2 sequences (393—549 bp) com-
pared to those obtained in this study (895-904 bp). Phylo-
genetic analysis further corroborate this findings, as the
sequences clustered with the C. anthonyi clade, in agree-
ment with the results obtained in previous reports [3, 14,
15]. Notably, phylogenetic analysis using the ITS2 region
yielded a higher bootstrap value when employing the ML
model compared to the COX1I region. Similar observations
have been reported in earlier studies [15], suggesting that
the ITS2 region may be more reliable for phylogenetic inves-
tigations of the Crassicauda genus. However, sequencing
the ITS2 region presented challenges due to its high degree
of homogeneity, which made it difficult to obtain complete
amplicon sequences using Sanger sequencing. To overcome
this limitation, Oxford Nanopore technology was employed
as an alternative sequencing approach.

Phylogenetic studies indicate that C. anthonyi is a dis-
tinct species closely related to C. giliakiana. Both species
share morphological similarities and inhabit the kidneys
of odontocetes [15, 25, 30, 31]. Crassicauda giliakiana
has been reported in members of the family Ziphiidae,
including Mesoplodon stejnegeri, Berardius bairdii, and
Ziphius cavirostris [15], as well as in Delphinapterus leu-
cas [32]. In contrast, C. anthonyi has been documented
exclusively in CBWSs across various geographic regions
[13-16], supporting the hypothesis that C. anthonyi
exhibits a strong host specificity for CBWs.

The 18S ribosomal gene (amplified using primers
930F and 1200 R) from two adult kidney nematodes in
one animal from our study was previously sequenced
by Diaz-Delgado et al. [4]. In that study, the closest
species identified was C. magna. However, previous
research has shown that the 18S region is highly con-
served among Crassicauda species, making it useful
for genus-level identification but not for species-level
identification [3]. Based on the findings of the present
research, one of the parasites responsible for these renal
parasitosis in stranded CBWs in the Canary Islands is
C. anthonyi. To strengthen this conclusion, further
research on renal crassicaudiasis caused is essential.
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Routine species identification in stranded CBWs should
be prioritized, along with a more comprehensive exam-
ination of the arteries and intestines to detect and char-
acterize larval stages through detailed morphological
and molecular analyses. This would improve our under-
standing of renal and arterial crassicaudiasis in this
species, recognizing it as a severe pathology with sig-
nificant implications for whale health and survival [4].

These results provide morphological data and the
molecular identification of the nematodes responsible
for renal crassicaudiasis in CBWs in the Canary Islands,
molecularly confirming Crassicauda anthonyi as the
causative species. This study contributes to a better
understanding of this parasitosis and expands the avail-
able sequence data for the Crassicauda genus in genetic
database. However, comprehensive studies focusing on
the detection and identification of larvae in CBWSs in
the region are still needed to further enhance knowl-
edge of the parasite’s life cycle.

Acknowledgements

The authors would like to thank to members of the Cetacean Stranding
Network of the Canary Islands and to the Research National Project “Embolic
Pathology (gas/fat) in cetaceans,’ which is supported by the Ministerio de Cien-
cia e Innovacién and the Ministerio de Ciencia, Innovacién y Universidades.

Authors’ contributions

ZS5.G, AF, JFG. and ES. drafted the work and participate in the acquisition,
analysis and interpretation of data. A.F. design the work and conception. A.C.
analysis and interpretation of molecular data. All authors revised the final ver-
sion of the manuscript.

Funding

Open Access funding provided thanks to the CRUE-CSIC agreement with
Springer Nature. This research was integrated in the Research National Project
"Embolic Pathology (gas/fat) in cetaceans," which is supported by the Minis-
terio de Ciencia e Innovacion (CGL2015/71498P; CGL2012- 39681; CGL2009-
13052; CGL2009-08125; CGL 2009/12663) and the Ministerio de Ciencia,
Innovacion y Universidades (PGC2018-101226-B- 100) was funded by the
Canarian Agency for Research, Innovation, and Information Society (ACIISI) of
the Regional Ministry of Universities, Science and Innovation and Culture and
by European Social Fund Plus (ESF +) Integrated Operational Programme of
the Canary Islands 2021-2027, axis 3 priority theme 74 (85%) for the funding.

Data availability

All data generated or analyzed during this study are presented in this article.
Additionally, the sequences generated in this study are publicly available

in the GenBank database. The accession numbers for the COX1 region
sequences are as follows: PP905224 (CA719), PP905225 (CA770), PP905226
(CA914), and PP905227 (CA1256). For the ITS2 region sequences, the acces-
sion numbers are: PP906995 (CA719), PP906996 (CA720), PP906997 (CA770),
PP906998 (CA914), PP906999 (CA1242), and PP907000 (CA1256).

Declarations

Ethics approval and consent to participate

In accordance with current Spanish legislation (Real Decreto 53/2013), this study
did not require ethical review or approval. The research exclusively involved dead
stranded animals and did not include any experimentation on live animals.

Consent for publication
Not applicable.

Page 12 of 13

Competing interests
The authors declare no competing interests.

Received: 23 December 2024 Accepted: 10 February 2025
Published online: 06 March 2025

References

1. Delyamure SL (1955) Helminthofauna of marine mammals (ecology and
phylogeny); Skrjabn K, Izdatel'stvo Akiademii Nauk SSSR: Moscow, Russia.

2. Jabbar A, Beveridge I, Bryant MS. Morphological and molecular observa-
tions on the status of Crassicauda magna, a parasite of the subcutaneous
tissues of the pygmy sperm whale, with a re-evaluation of the systematic
relationships of the genus Crassicauda. Parasitol Res. 2015;114:835-41.
https://doi.org/10.1007/500436-014-4245-6.

3. Marcer F, Negrisolo E, Franzo G, Tessarin C, Pietrobelli M, Marchiori E.
Morphological and molecular characterization of adults and larvae of
Crassicauda spp. (nematoda: spirurida) from Mediterranean fin whales
Balaenoptera physalus (Linnaeus, 1758). Int J Parasitol Parasites Wildl.
2019,9:258-65. https://doi.org/10.1016/j.ijppaw.2019.06.004.

4. Diaz-Delgado J, Ferndndez A, Xuriach A, Sierra E, Bernaldo de Quirds Y,
Mompeo B, Pérez L, Andrada M, Marigo J, Catéo-Dias JL, et al. Verminous
arteritis due to Crassicauda sp. in Cuvier’s beaked whales (Ziphius cavirostris).
Vet Pathol. 2016;53:1233-40. https://doi.org/10.1177/0300985816642228.

5. Sudrez-Gonzalez Z, Gonzalez JF, Arbelo M, Sierra E, Castro-Alonso A,
Herndndez JN, Martin V, Fraija-Ferndndez N, Ferndndez A (2024) Parasitic
Infections in Stranded Whales and Dolphins in Canary Islands (2018-
2022): An Update. Animals, 3377, https://doi.org/10.3390/ani14233377.

6. Lambertsen RH. Crassicaudosis: a parasitic disease threatening the
health and population recovery of large baleen whales. Rev Sci Tech.
1992;11:1131-41. https://doi.org/10.20506/rst.11.4.656

7. Van Bressem M-F, Reyes JC, Félix F, Echegaray M, Siciliano S, Di Beneditto
AP, Flach L, Viddi F, Avila IC, Herrera JC, et al. A preliminary overview of
skin and skeletal diseases and traumata in small cetaceans from South
American waters. Lat Am J Aquat Mamm. 2007;6:7-42. https://doi.org/10.
5597/1ajam00108.

8. Morimitsu T, Koono M, Hirai T, Kurita T. Degeneration of the octavus nerve
observed in a stranded Risso's dolphin (Grampus griseus). Infested with
Crassicauda grampicola Japan Cetol. 2010;7-12. https://doi.org/10.5181/
cetology.0.20_7.

9. Raga JA. Redescription of Crassicauda grampicola Johnston et Mawson,
1941, (Nematoda: Spirurida) a parasite of Grampus griseus (Cuvier, 1812)
(Cetacea: Delphinidae). Vie et Milieu Life Environ. 1987;37(3-4):215-9.

10. Zucca P, Di Guardo G, Pozzi Mucelli R, Scaravelli D, Francese M. Use of
computer tomography for imaging of Crassicauda grampicola in a Risso's
dolphin (Grampus griseus). J Zoo Wildl Med. 2004;35:391-4. https://doi.
0rg/10.1638/02-098.

11. Lambertsen RH. Taxonomy and distribution of a Crassicauda species
(Nematoda: Spirurida) infecting the kidney of the common fin whale
(Balaenoptera physalus Linné, 1758). J Parasitol. 1985;71:485-8. https://doi.
0rg/10.2307/3281543.

12. Lempereur L, Delobelle M, Doom M, Haelters J, Levy E, Losson B, Jauniaux
T. Crassicauda boopis in a fin whale (Balaenoptera physalus) ship-struck in
the eastern north Atlantic ocean. Parasitol Open. 2017,3:1-6. https://doi.
0rg/10.1017/pa0.2017.10.

13. Coldn-Llavina MM, Mignucci-Giannoni AA, Mattiucci S, Paoletti M,
Nascetti G, Williams EH. Additional records of metazoan parasites from
caribbean marine mammals, including genetically identified anisakid
nematodes. Parasitol Res. 2009;105:1239-52. https://doi.org/10.1007/
500436-009-1544-4.

14. Febronio AMB, Boos GS, Batista RLG, Amorim DB, Guimaraes JP, Bianchi
MV, Mariani DB, Koproski L, Mari C, Parente JEV, et al. Crassicaudiasis in
three geographically and chronologically distant Cuvier's beaked whales
(Ziphius cavirostris) stranded off Brazil. Int J Parasitol Parasites Wildl.
2021;16:262-9. https://doi.org/10.1016/j.ijppaw.2021.10.010.

15. Kumagai T, Shiozaki A, Tajima Y. Molecular characterization of the parasitic
nematode genus Crassicauda; larvae parasitic on the firefly squid and
adults on beaked whales off the coast of Japan. Int J Parasitol Parasites
Wildl. 2023;20:56-62. https://doi.org/10.1016/}ijppaw.2023.01.001.


https://doi.org/10.1007/s00436-014-4245-6
https://doi.org/10.1016/j.ijppaw.2019.06.004
https://doi.org/10.1177/0300985816642228
https://doi.org/10.3390/ani14233377
https://doi.org/10.20506/rst.11.4.656
https://doi.org/10.5597/lajam00108
https://doi.org/10.5597/lajam00108
https://doi.org/10.5181/cetology.0.20_7
https://doi.org/10.5181/cetology.0.20_7
https://doi.org/10.1638/02-098
https://doi.org/10.1638/02-098
https://doi.org/10.2307/3281543
https://doi.org/10.2307/3281543
https://doi.org/10.1017/pao.2017.10
https://doi.org/10.1017/pao.2017.10
https://doi.org/10.1007/s00436-009-1544-4
https://doi.org/10.1007/s00436-009-1544-4
https://doi.org/10.1016/j.ijppaw.2021.10.010
https://doi.org/10.1016/j.ijppaw.2023.01.001

Suarez-Gonzalez et al. BMC Veterinary Research (2025) 21:148 Page 13 of 13

16. Oliveira JB, Morales JA, Gonzalez-Barrientos RC, Herndndez-Gamboa J,Herman-  Publisher’s Note
dez-Mora G. Parasites of cetaceans stranded on the pacific coast of Costa Rica. Springer Nature remains neutral with regard to jurisdictional claims in pub-
Vet Parasitol. 2011;182:319-28. https//doi.org/10.1016/j.vetpar2011.05.014. lished maps and institutional affiliations.

17. Sudrez-Gonzélez Z, Sierra E, Colom-Rivero A, Suadrez-Santana C, Arbelo M,
Gonzélezalez JF, Herndndez JN, Grandia R, Ferndndez A (2024 Identifica-
tion of Crassicauda anthonyi in renal lesions of Cuvier's beaked whales
(Ziphius cavirostris) stranded in Canary Island. In Proceedings of the
35th Annual Conference of the European Cetacean Society (ECS 2024).
Catania:2024.

18. Lambertsen RH. Disease of the common fin whale (Balaenop-
tera physalus): Crassicaudiosis of the urinary system. J Mammal.
1986,67(2):353-66. https://doi.org/10.2307/1380889.

19. Manfredi MT, Veneziani |, Garippa G, Mignone W, Platto S (2005) Parasite
Infestations in Stranded Cetaceans [Italy; Canary Islands]. Obiettivi e Doc
Vet, 26.

20. Diaz-Delgado J, Fernandez A, Sierra E, Sacchini S, Andrada M, Vela Al,
Quesada-Canales O, Paz Y, Zucca D, Groch K, et al. Pathologic Findings
and Causes of Death of Stranded Cetaceans in the Canary Islands (2006-
2012). PloS One. 2018;13(10):20204444. https://doi.org/10.1371/journal.
pone.0204444.

21. Arbelo M, De Los Monteros AE, Herrdez P, Andrada M, Sierra E, Rod-
riguez F, Jepson PD, Ferndndez A. Pathology and causes of death of
stranded cetaceans in the Canary Islands (1999-2005). Dis Aquat Organ.
2013;103:87-99. https://doi.org/10.3354/dac02558.

22. sseldijk LL, Brownlow AC, Mazzariol S (2019) European best practice on
cetacean post mortem investigation and tissue sampling. In Proceedings
of the Joint ASCOBANS/ACCOBAMS 2019, 25th Meeting of the Advisory
Committee, Stralsund, Germany, 17-19 September 2019.

23. Google Maps. Map of the geographical distribution of Cuvier's beaked
whales stranded in the Canary Islands between 1999 to 2023. Stranding
sites for each beaked whale is identified by its case number, 7:70000000.
2024. Available from: https://www.google.com/maps/d/viewer?mid=
1fbpk6iQS2-KBUGAWYOjF7PZ7N_AVyYJs&ll=28.597114656234297%2C-16.
013108876502603&z=8. Accessed 27 Jan 2024.

24, Joblon MJ, Pokras MA, Morse B, Harry CT, Rose KS, Sharp SM, Niemeyer
ME, Patchett KM, Sharp WB, Moore MJ. Body condition scoring system for
delphinids based on short-beaked common dolphins (Delphinus delphis).
J Mar Anim Ecol. 2014;7:5-13.

25. Chabaud Alain G. Description de Crassicauda anthonyi n sp, nématode
parasite rénal de Mesoplodon mirus True. Bulletin Du Muséum National
d'histoire Naturelle. 1962;34(5):397-403.

26. Kumagai T, Furushima-Shimogawara R, Ohmae H, Wang T-P, Lu S, Chen
R, Wen L, Ohta N. Detection of early and single infections of Schistosoma
Jjaponicum in the intermediate host snail, Oncomelania hupensis, by pcr
and loop-mediated isothermal amplification (LAMP). Assay Am J Trop
Med Hyg. 2010;83:542. https//doi.org/10.4269/ajtmh.2010.10-0016.

27. Kumar S, Stecher G, Li M, Knyaz C, Tamura K. MEGA X: Molecular evo-
lutionary genetics analysis across computing platforms. Mol Biol Evol.
2018;35:1547-9. https://doi.org/10.1093/molbev/msy096.

28. Tamura K, Stecher G, Kumar S. MEGA11: Molecular evolutionary genetics
analysis version 11. Mol Biol Evol. 2021,38:3022-7. https://doi.org/10.
1093/molbev/msab120.

29. Jerdy H, Werneck M, Barbosa L, Hauser-Davis RA, De-Oliveira-Nogueira
CH, Da Silveira LS. First Report on Phyllobothrium delphini Infection and
Crassicauda sp. parasitism resulting in osseous metaplasia in a Cuvier’s
beaked whale (Ziphius cavirostris) from the Brazilian Region. Int J Parasitol
Parasites Wildl. 2022;17:60-4.

30. Kikuchi' S, Kazuno'Y, Kiryu M, Nakajima M. Morphology of Crassicauda
giliakiana (Nematoda: Spirurida) from a Cuvier's beaked whale Ziphius
cavirostris. Japanese J Parasitol. 1995;44(3):228-37.

31. Skrjabin KI, Andreewa NK. Un Nouveau nématode: Crassicauda giliakiana
n. sp. trouvé dans les reins de Delphinoptera leucos. Ann Parasitol Hum
Comparée. 1934;12:15-28. https://doi.org/10.1051/parasite/1934121015.

32. Burek-Huntington KA, Dushane JL, Goertz CEC, Measures LN, Romero CH,
Raverty SA. Morbidity and mortality in stranded cook inlet beluga whales
Delphinapterus leucas. Dis Aquat Organ. 2015;114:45-60. https://doi.org/
10.3354/da002839.


https://doi.org/10.1016/j.vetpar.2011.05.014
https://doi.org/10.2307/1380889
https://doi.org/10.1371/journal.pone.0204444
https://doi.org/10.1371/journal.pone.0204444
https://doi.org/10.3354/dao02558
https://www.google.com/maps/d/viewer?mid=1fbpk6iQS2-KBUGAwyojF7Pz7N_AVyJs&ll=28.597114656234297%2C-16.013108876502603&z=8
https://www.google.com/maps/d/viewer?mid=1fbpk6iQS2-KBUGAwyojF7Pz7N_AVyJs&ll=28.597114656234297%2C-16.013108876502603&z=8
https://www.google.com/maps/d/viewer?mid=1fbpk6iQS2-KBUGAwyojF7Pz7N_AVyJs&ll=28.597114656234297%2C-16.013108876502603&z=8
https://doi.org/10.4269/ajtmh.2010.10-0016
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1093/molbev/msab120
https://doi.org/10.1051/parasite/1934121015
https://doi.org/10.3354/dao02839
https://doi.org/10.3354/dao02839

	Morphological and molecular characterization of Crassicauda anthonyi in Cuvier’s beaked whales from the Canary Islands
	Abstract 
	Introduction
	Material and methods
	Stranding epidemiology data, post-mortem and histopathology examination
	Morphological characterization of adult nematodes
	Molecular and phylogenic analysis

	Results
	Stranding epidemiology data, post-mortem and histopathology examination
	Morphological characterization of adult nematodes

	Molecular and phylogenic analysis

	Discussion
	Acknowledgements
	References


