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ABSTRACT: The causes of cetacean stranding and death along the Catalan coast between 2012
and 2019 were systematically investigated. Necropsies and detailed pathological investigations
were performed on 89 well-preserved stranded cetaceans, including 72 striped dolphins Stenella
coeruleoalba, 9 Risso's dolphins Grampus griseus, 5 bottlenose dolphins Tursiops truncatus,
1 common dolphin Delphinus delphis, 1 Cuvier's beaked whale Ziphius cavirostris and 1 fin whale
Balaenoptera physalus. The cause of death was determined for 89.9 % of the stranded cetaceans.
Fisheries interaction was the most frequent cause of death in striped dolphins (27.8 %) and bottle-
nose dolphins (60%). Cetacean morbillivirus (CeMV) was detected on the Catalan coast from
2016 to 2017, causing systemic disease and death in 8 of the 72 (11.1 %) striped dolphins. Chronic
CeMV infection of the central nervous system was observed from 2018-2019 in a further 5 striped
dolphins. Thus, acute and chronic CeMYV disease caused mortality in 18 % of striped dolphins and
14.6 % of all 89 cetaceans. Brucella ceti was isolated in 6 striped dolphins and 1 bottlenose dolphin
with typical brucellosis lesions and in 1 striped dolphin with systemic CeMYV. Sinusitis due to
severe infestation by the nematode parasite Crassicauda grampicola caused the death of 4 out of
6 adult Risso's dolphins. Maternal separation, in some cases complicated with septicemia, was a
frequent cause of death in 13 of 14 calves. Other less common causes of death were encephaloma-
lacia of unknown origin, septicemia, peritonitis due to gastric perforation by parasites and hepati-
tis caused by Sarcocystis spp.
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1. INTRODUCTION creasing in the Mediterranean Sea (Bearzi 2002, Van

Bressem et al. 2009, Di Guardo et al. 2011, Avila et al.

Awareness of the impact of human activities and 2018). Fisheries have caused the death of thousands
natural disease on odontocetes and mysticetes is in- of dolphins (mostly common dolphins Delphinus del-

© The authors 2020. Open Access under Creative Commons by
*Corresponding author: mariano.domingo@uab.cat Attribution Licence. Use, distribution and reproduction are un-
restricted. Authors and original publication must be credited.

Publisher: Inter-Research - www.int-res.com



https://crossmark.crossref.org/dialog/?doi=10.3354/dao03550&amp;domain=pdf&amp;date_stamp=2020-12-17

240 Dis Aquat Org 142: 239-253, 2020

phis, common bottlenose dolphins Tursiops truncatus
and striped dolphins Stenella coeruleoalba) and have
severely reduced populations of these species (Silvani
et al. 1999, Tudela et al. 2005, Hammond et al. 2008,
Bearzi et al. 2012). Collision with vessels is another
important cause of mortality, especially in large
cetaceans such as fin whales Balaenoptera physalus
and sperm whales Physeter macrocephalus (Panigada
et al. 2006, Notarbartolo-Di-Sciara 2014). In addition,
high loads of chemical pollutants detected in the
tissues of several species may reduce their immune
response and impair reproduction (Aguilar & Borrell
1994, Storelli et al. 2007, Law 2014, Pinzone et al.
2015, Schoeman et al. 2020). As a consequence, sev-
eral species are considered vulnerable or severely en-
dangered by the International Union for Conservation
of Nature (IUCN) (Aguilar & Gaspari 2012, Bearzi et
al. 2012, Panigada & Notarbartolo-di-Sciara 2012).

Several infectious and parasitic diseases have been
described in cetaceans in the western Mediterranean
Sea, including cetacean morbillivirus (CeMV), brucel-
losis, mycoses such as aspergillosis and mucor-
mycois, toxoplasmosis and crassicaudiasis (Raga et
al. 1982, Domingo et al. 1990, 1992, Alba et al. 2013).
However, global results of monitoring have not been
published to date, and the relative impact of anthro-
pogenic factors and natural diseases on cetaceans in
this area is unknown.

CeMV has caused 2 major outbreaks of mortality in
the western Mediterranean; in 1990-1992 and 2006—
2007 (Domingo et al. 1990, Van Bressem et al. 1991,
Raga et al. 2008). Although the striped dolphin was
the species most affected by both outbreaks, com-
mon dolphins, common bottlenose dolphins, pilot
whales, minke whales and fin whales also suffered
mortality (Van Bressem et al. 2014). Cases of
encephalitis associated with CeMV were regularly
detected in the 2-3 years following the outbreaks
(Domingo et al. 1995, Soto et al. 2011a). Though the
virus does not seem to be endemic in Mediterranean
cetaceans, it may be periodically introduced into this
area by Atlantic cetaceans crossing the Gibraltar
Strait (Van Bressem et al. 2014).

Early studies in the Mediterranean Sea reported
serological evidence of Brucella spp. infection as early
as 1997-1999 in striped dolphins from the Valencian
coast (Van Bressem et al. 2001). The disease was sub-
sequently detected in cetaceans stranded along the
coasts of Italy, Spain and Croatia (Alba et al. 2013,
Garofolo et al. 2014, Isidoro-Ayza et al. 2014, Cvetni¢
et al. 2016), suggesting that brucellosis is probably
endemic in cetaceans from the Mediterranean Sea
(Pintore et al. 2018).

To better understand the causes of cetacean mor-
tality in the western Mediterranean Sea, our group
has routinely examined all necropsied cetaceans for
CeMV and Brucella spp. infection, as well as for par-
asitic infestation and the presence of anthropogenic
injuries since 1990. Here we report on the results of
necropsy, histopathology and laboratory investiga-
tions performed on 89 cetaceans stranded along the
Catalonian coast (western Mediterranean) between
2012 and 2019.

2. MATERIALS AND METHODS
2.1. Cetaceans and necropsy procedure

Between 2012 and 2019, a total of 89 cetaceans
stranded along the Catalonian coast were necropsied
at the Veterinary School of the Universitat Autonoma
de Barcelona (UAB) by ECVP-certified pathologists,
according to established procedures (Kuiken 1991).
Specimen condition ranged from 1 (recently dead) to
3 (moderately decomposed) (Kuiken 1991). Age class
(calf, juvenile, adult) was estimated using body
length, colour and presence of fetal folds for very
young calves, according to previous works (Bearzi et
al. 1997, 2011, Calzada et al. 1997). Cardiac blood
was collected immediately upon reception of the
cadaver through a cardiac puncture at the central
point of a coronal line from sternum to axillar fold,
using a 20 ml syringe and a 16 G, 1.7 x 133 mm
catheter needle (AngiocathTM). Blood samples were
portioned in vacutainer plain tubes. Blood was cen-
trifuged at 2500 x g and serum samples were
aliquoted in 1 ml cryotubes and frozen at —80°C until
use. Computed tomography (CT) scans were per-
formed on 6 freshly dead striped dolphins at the UAB
Veterinary Teaching Hospital to obtain information
on image diagnosis and as an aid to diagnose pera-
cute underwater entrapment (PUE). Cerebrospinal
fluid (CSF) was collected via a dorsal puncture of the
atlanto-occipital joint after the removal of the dorsal
muscular planes, or, if present, directly from the lat-
eral ventricle after brain extraction. A complete set
of tissue samples was collected for histopathology,
fixed in 10% neutral buffered formalin and pro-
cessed using standard procedures. Diagnosis of fish-
eries interactions and anthropogenic injuries fol-
lowed established criteria (Van Waerebeek et al.
2007, Moore et al. 2013, Bernaldo de Quir6s et al.
2018). Maternal separation was diagnosed in neo-
nates and calves following the exclusion of any other
disease. Parasites were identified morphologically to
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the family or genus level or ascribed to a defined
species if the morphology and location were highly
specific.

2.2. Bacteriological investigation

Samples and swabs from different organs (lung,
liver, spleen, kidney, brain, intestine) were collected
for bacteriological investigation. Homogenates of
tissue samples were inoculated onto Columbia agar
with 5% sheep blood (Difco) and MacConkey agar
(Oxoid) and incubated overnight at 37°C in 5%
CO,. When mycological infection was suspected,
samples were also cultured in Sabouraud dextrose
agar (Oxoid) with chloramphenicol and incubated at
25° C for 7 d. Gram-negative bacteria were pheno-
typically identified using the API20E and API20NE
identification system (bioMérieux). Fungal identifi-
cation was achieved through macroscopic and micro-
scopic studies in accordance with the codes pub-
lished for each genus.

2.3. CeMYV detection

Immunohistochemistry (IHC) to detect CeMV was
performed on samples of lung, diaphragmatic lymph
node and brain following Soto et al. (2011b). Proce-
dures were adapted to the platform Dako Auto-
stainer Plus using buffers and reagents provided by
the manufacturer. Briefly, slides were transferred to a
PT-Link Automatic System (Dako) for deparaffiniza-
tion, rehydration and epitope retrieval (acid buffer at
pH 6 for 20 min at 98°C). A MoAb against the nucle-
oprotein of canine distemper virus (CDV), known to
cross-react with CeMV (VMRD, 1 mg ml™!, IgG2b,
kappa light chain), was incubated for 40 min at room
temperature, diluted 1:5000 in EnVision™ FLEX
buffer. After washing, the rabbit/mouse EnVision
Detection System (Dako) was incubated at room tem-
perature for 40 min at the dilution recommended by
the manufacturer. Slides were then washed and
incubated for 5 min in 3,3'-diaminobenzidine (DAB)
chromogen-hydrogen peroxide (Dako) to reveal
binding, counterstained in Mayer's haematoxylin,
and then automatically dehydrated, cleared and
mounted. A slide of a known CeMV-positive ceta-
cean was used as a positive control. As a negative
control the same tissue was used, but the first anti-
body was omitted.

Conventional RT-PCR for detection of CeMV was
performed on samples of lung, diaphragmatic lymph

node, spleen and brain tissue following estab-
lished protocols of 1-step RT-PCR for a 78 bp frag-
ment of the phosphoprotein (P) gene (Krafft et al.
1995).

2.4. Detection of Brucella infection

Undiluted cetacean serum samples were investi-
gated using the Bengal Rose test (BRT) following
OIE-established (OIE 2019) immediately after col-
lection of the sample from living stranded cetaceans,
or before necropsy on the sera obtained from car-
diac blood. Aliquots of the sera were also retested
by the Laboratorio de Brucellosis del CITA de Aragén
to confirm results. Brucella isolation, considered the
gold standard for brucellosis diagnosis, was attempted
in 21 cases selected according to the following crite-
ria: (1) positivity in the BRT or Brucella-C-ELISA
(data not shown), (2) presence of lesions compatible
with B. ceti infection or (3) systemic CeMYV infection
detected by RT-PCR or IHC. The set of samples and
tissues for Brucella culture included frozen swabs
from a lateral cerebral ventricle, cerebral tissue
around the lateral ventricle, spleen, mesenteric
lymph node, swabs from spondylitis lesions and
cerebrospinal fluid (CSF). Bacterial isolation was
performed as described in previous studies (Isidoro-
Ayza et al. 2014).

3. RESULTS

Between January 2012 and December 2019, a total
of 289 cetaceans from 7 species stranded along the
coast of Catalonia. Thirty-three individuals (11 %)
could not be identified to species level due to the poor
condition of the cadaver. Necropsies and detailed
pathological investigations were performed on 89
(31 %) cetaceans, including 42 females and 47 males,
belonging to 6 species: Stenella coeruleoalba (n = 72),
Grampus griseus (n = 9), Tursiops truncatus (n = 5),
Delphinus delphis (n = 1), Ziphius cavirostris (n = 1)
and Balaenoptera physalus (n = 1). The number of
stranded and necropsied cetaceans by year and spe-
cies is shown in Table 1. Of these 89 individuals, 23
(25.8%) were found alive and died shortly after
stranding or were euthanised due to poor prognosis.
The cause of stranding/death could not be deter-
mined in 9 cases (10.1 %, 7 striped dolphins, 1 Risso's
dolphin, and 1 common dolphin). Neoplastic lesions
were not found in any of the necropsied cetaceans. A
summary of causes of stranding/death for the 89
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Table 1. Cetaceans found stranded along the coast of Catalonia, Spain, and

necropsied between 2012 and 2019

necropsied cetaceans is shown in
Table 2. Individual data, including bio-

2012 2013 2014 2015 2016 2017 2018 2019 Total

metrics and results of pathological

Stranded

Stenella coeruleoalba
Tursiops truncatus 9
Grampus griseus 4
Balaenoptera physalus 1
Physeter macrocephalus
Ziphius cavirostris
Delphinus delphis 1 1
Unidentified species 9 5 2 7 1 1

39 11 14

NS
—_

N = =N W

Total 63 24 21 37 38 38
Necropsied

Stenella coeruleoalba 15 1 6 6 5 16
Tursiops truncatus 3 1
Grampus griseus 1 2 5
Balaenoptera physalus 1

Physeter macrocephalus
Ziphius cavirostris

Delphinus delphis 1
Total 19 3 6 7

34

48

18

investigations, for the necropsied ceta-
ceans are shown in the Supplement at
1 1ea www.int-res.com/articles/suppl/d142
3 33 P239_supp.xlsx.
1 18
1 12
1 4 3.1. Anthropogenic mortality
1 3
2 Evidence of fisheries interaction as
2 33 the cause of death was found in 24
20 289 of 89 (27%) individuals, including 20
striped dolphins (27.8 %, n = 72), 3 bot-
5 72 tlenose dolphins (60%, n = 5) and 1
o Risso's dolphin (11.1%, n = 9). These
! 51) individuals were either reported as
bycatch by fishermen or had abundant
1 1 undigested prey in the forestomach,
1 together with mutilations, sharp cuts
7 89 or net marks. Gas bubble formation, a

Table 2. Cause of death or stranding for 89 cetaceans stranded

between 2012 and 2019 on the Catalonian coast. Sc: Stenella

coeruleoalba; Gg: Grampus griseus; Tt: Tursiops truncatus;

Dd: Delphinus delphis; Bp: Balaenoptera physalus; Zc:
Ziphius cavirostris

Cause of death/stranding Sc Gg Tt Dd Bp Zc Total
Fisheries interaction 20 1 3 24
Maternal separation 8 1 1 10
Systemic CeMV disease 7 7
Systemic CeMV disease + 1 1
brucellosis
CNS CeMV disease 5 5
Brucella meningitis 6 6
Septicaemia 4 2 6
Sinusitis by Crassicauda 4 4
grampicola
CNS Malacia 3 3
Protozoal dermatitis 2 1 3
Trauma (intra- or 1 1 2
interspecific interaction)
Bacterial meningitis 1 1
Pneumothorax 1 1
Hepatic sarcocystosis 1 1
Spondylosis 1 1
Spondylosis by Brucella + 1 1
CNS mucormycosis
Peritonitis 1 1
Meningoencephalitis of 3 3
unknown cause
Unknown 7 1 1 9
Total 72 9 5 1 1 1 89

consequence of PUE (Bernaldo de
Quirés et al. 2018), was observed in a
CT scan of a freshly dead striped dolphin. Wide-
spread gas bubble formation was found in many
organs and tissues in comparison with the CT scan of
another striped dolphin that had died of another
cause (Fig. 1). Gas bubbles were also macroscopically
detected in the mesenteric veins or subcutaneous tis-
sue of a few animals (Fig. 2A). Histologically, gas
bubbles were observed in 10 of the 24 dolphins that
had died as a result of fisheries interactions, espe-
cially in the subcapsular sinus of the diaphragmatic
and mesenteric lymph nodes and in brain tissue and
vessels (Fig. 2B,C). Based on these findings, the
cause of mortality in individuals with gas bubbles
in tissues was classified as human interaction with
associated PUE (Moore et al. 2013, De Quirés et al.
2018).

3.2. CeMV infection

Eight cases of systemic CeMV infection were
observed in striped dolphins between September
2016 and September 2017. During the following
years, 5 additional striped dolphins died of chronic
central nervous system (CNS)-localized CeMV dis-
ease. In these 5 cases, the brain was positive for
CeMV using RT-PCR and IHC, but the other tis-
sues (lungs, lymph nodes and spleen) were nega-
tive (Fig. 3A,B). Thus, CeMV accounted for the
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Fig. 1. Computed tomography (CT) scan of a striped dolphin that died through peracute underwater entrapment (PUE)
(N-375/18) compared with an individual that died of septicemia (N-407/15). (A) Transverse plane of the head of N-375/18 at
the level of the tympanic bullae showing several small gas bubbles in the nervous tissue and meningeal spaces as well as in
the muscular tissue of the head. (B) Transverse plane of N-375/18 at the level of the kidneys showing several gas bubbles in
muscular and renal tissues and in the peritoneal space. (C) Transverse plane of the head of N-407/15 at the level of the tym-
panic bullae for comparison. (D) Transverse plane of N-407/15 at the level of the kidneys for comparison. (E) Coronal plane of
the anterior part of N-375/18 showing subcutaneous emphysema and large gas bubbles in hepatic tissue (vessels). (F) Coronal
plane of the anterior part of N-407/15 for comparison
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death of 14.6% of all necropsied cetaceans, and
18 % of the 72 striped dolphins. Three of the 8 sys-
temic cases presented characteristic interstitial pneu-
monia, lymphoid depletion and encephalitis, with
strong IHC staining for CeMYV, and tested positive
for CeMV using RT-PCR in the target organs. In
an additional 4 systemic CeMV cases, focal or
multifocal granulomatous-necrotizing mycotic ence-
phalitis was the main lesion (Fig. 3C). Aspergillus
fumigatus was cultured and identified phenotypi-
cally in 3 of the 8 systemic-CeMV cases. Culture
could not be attempted in the fourth case, because
the lesion was discovered after fixation and slicing
of the brain. These 4 dolphins did not show char-
acteristic histological CeMYV lesions (bronchointer-
sticial pneumonia, lymphoid depletion, mononu-
clear encephalitis) and were negative for CeMV
using IHC. CeMV infection could only be detected
by RT-PCR in the lungs, diaphragmatic lymph
nodes and CNS. CeMV infection was solely de-
tected in striped dolphins, but only 1 specimen of

Fig. 2. Tissue samples of striped dolphins that died through
peracute underwater entrapment (PUE). (A) subcutaneous
tissue showing gas bubbles (dolphin N-375/18). (B) Diaphrag-
matic lymph node, histological section at low magnification
showing subcapsular sinuses distended by gas bubbles
(N-375/18). H&E. (C) Submacroscopic image of a cerebellar
section showing large vacuoles preferentially located in the
white substance (N-556/12). H&E

another species, a common dolphin, was necropsied
during the period of CeMYV circulation.

3.3. Brucella ceti

Lesions and disease attributable to B. ceti were de-
tected in 6 striped dolphins and 1 bottlenose dolphin.
All 6 striped dolphins had characteristic neurobrucel-
losis histologic lesions (diffuse severe lymphohistio-
cytic meningitis) and turbid CSF, indicative of high
cellularity (Fig. 3D). In addition, B. ceti was cultured
from the brain ventricular swabs of another striped
dolphin (N-319/16) that had systemic CeMV disease,
including lymphohistiocytic encephalitis associated
with CeMV, but no meningitis. Some data from 2 of
these cases (N-275/12 and N-301/12) were previously
published (Isidoro-Ayza et al. 2014). In the 7 striped
dolphins, B. ceti was isolated from brain samples, ven-
tricular swabs or the CSF. The bottlenose dolphin (N-
275/12) had ankylosing spondylitis, together with



Cuvertoret-Sanz et al.: Causes of death in Catalonian coast cetaceans 245

Fig. 3. (A) Striped dolphin with chronic CeMYV of the CNS. IHC for CeMV, low magnification, showing preferent cortical distri-

bution of immunostaining in a laminar pattern. (B) High magnification of (A) showing presence of CeMV antigen in neurons

and cellular processes. DAB immunostaining, hematoxylin counterstained. (C)Striped dolphin cerebellum showing granulo-

matous-necrotizing encephalitis caused by fungal growth as a result of infection by CeMV. Fixed in formalin. (D) Striped dol-

phin Brucella ceti meningitis, cerebrospinal fluid (CSF) obtained by atlanto-occipital puncture. The CSF is turbid, indicating
high cellularity (meningitis)

granulomatous encephalitis caused by a mucormyco-
sis that was probably the cause of death. B. ceti was
successfully isolated from a swab of the dyscospondy-
litic lesion. Biometric and pathological data for ceta-
ceans with a positive Brucella culture are shown in
Table 3. Brucella isolation was attempted retrospec-
tively in frozen samples from 13 additional cases (see
the criteria in section 2.4), but was negative in all
cases. Hence, Brucella lesions and disease were
found in 7 of 89 (7.8 %) cetaceans, and Brucella isola-
tion was successful only in 8 of 21 (38 %) cetaceans in-
vestigated by bacteriologic culture. The BRT was pos-
itive in all 8 cetaceans where B. ceti was successfully
isolated but was also positive in 8 additional striped
dolphins and 2 Risso's dolphins, all of them with a cause
of death unrelated to B. ceti (see the Supplement).

3.4. Cali mortality

Maternal separation and bacterial sepsis were
responsible for the stranding of 13 neonates and
calves (9 striped dolphins, 3 Risso's dolphins, and
1 fin whale). These animals often had different de-
grees of hepatic lipidosis. Sepsis was diagnosed in
3 calves, based on the isolation of abundant bacterial
colonies in several parenchymatous organs. In case
N-298/16, a Risso's dolphin calf, bacterial aggregates
were seen in many capillary vessels in the brain
without associated lesions, and Photobacterium
damselae and Vibrio parahaemolyticus were isolated
from most of the organs tested. A striped dolphin calf
(N-523/17) had bacteria in lung alveolar spaces, with
an increased number of mononuclear cells in alveo-
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Table 3. Biometric and pathological characteristics of cetaceans from which Brucella

ceti was isolated. The BRT was positive for all dolphins, and one dolphin also had

CeMV systemic disease. Tt: Tursiops truncatus; Sc: Stenella coeruleoalba; D: dead; A:
alive; M: males; F: female; P: positive; N: negative

hepatopancreatic ducts, Brachy-
cladiidae, (Mateu et al. 2011,
Fraija-Ferndndez et al. 2016)
were also frequently found,

ID Species Stranded Gender Length CeMV Lesions

causing nodular lesions in the
secretory stomach chambers and

N-275/12 Tt D M 300

N-301/12  Sc A F 184 N
N-260/16  Sc D F 170 N
N-319/16  Sc A F 180 P
N-168/17  Sc A M 193 N
N-274-18  Sc A M 152 N
N-314-19  Sc A F 159 N
N-368-19  Sc A M 175 N

Spondylitis and
Mucormycosis in CNS
Mononuclear meningitis
Mononuclear meningitis,

serous atrophy of fat
CeMV encephalitis
Mononuclear meningitis
Mononuclear meningitis
Mononuclear meningitis
Mononuclear meningitis

inflammation in and around
the hepatopancreatic ducts. In
one pregnant striped dolphin
(N-258/19), these parasitic le-
sions caused the perforation of
the gastric wall, leading to
peritonitis and death. Only one
case of gastritis (forestomach)
due to Anisakidae was ob-

lar lumens and in the subcapsular sinuses of the dia-
phragmatic lymph node. Photobacterium damselae
was isolated from most organs submitted. A Risso's
dolphin calf (N-255/13) that stranded alive died 3 d
later, after being moved to a rescue pool, due to
pneumonia and sepsis caused by Aeromonas dhak-
ensis (Pérez et al. 2015). Some calves had ingested
foreign materials (e.g. sand or invertebrates), but
these materials did not appear to cause lesions
(Lacombe et al. 2020).

3.5. Parasitic lesions

External and internal (in dermis, respiratory and
digestive systems and air sinuses, as well as sub-
peritoneal) parasites were frequently encountered,
but only some of them were associated with signifi-
cant pathogenic effects. Crustacean epibionts (amphi-
pods, copepods and cirripeds) were often found in
small numbers on the skin and in natural body
openings. High numbers of these epibionts were
considered to be evidence of lowered host mobility
and frequently were associated with the detection
of chronic debilitating disease (Aznar et al. 1994,
2005). Larval forms of the cestodes Clistobothrium,
delphini or grimaldii morphotypes (formerly Phyl-
lobothrium delphini, in blubber, and Monorygma
grimaldii, sub-peritoneal) (Klotz et al. 2018) were
common in their customary locations in juvenile and
adult delphinids, and considered apathogenic. Lung
nematodes were also frequently detected in juvenile
and adult individuals, but lesion severity was low,
and they were considered of low pathogenicity. The
trematodes of the secretory stomach, Pholeter gas-
trophilus, (Fraija-Fernandez et al. 2017) and of the

served in a striped dolphin (N-
68/15).

The adult cestode Strobilocephalus triangularis in-
fested the intestine of 4 striped dolphins (N-556/12,
N-009/14, N-168/17 and N-214/19) during the study
period, and at least 2 more cases were recorded
between 1995 and 2012. S. triangularis is easy to
identify morphologically due to its large globous
scolex, which it embeds in the intestinal mucosa
(Mateu et al. 2014). Striking similarities were ob-
served in all 4 cases of S. triangularis infestation. The
parasites were located in a short fragment of intes-
tine, about 15 cm in length and approximately 20—
30 cm from the rectal tonsil. Externally, they were
visualized as an ovoid regular enlargement of the
intestine, without intestinal obstruction. When the
intestine was opened, the globous scolexes pro-
truded as 0.5-1 cm spherical masses in the intestinal
mucosa, with the strobila in the intestinal lumen. At
section, the scolexes were found beneath the intes-
tinal mucosa, in the submucosa, limited by the mus-
cular layers (Fig. 4A,B). The inflammatory response
around the parasite was of low intensity, but some
scolexes showed involution and were associated with
a suppurative reaction.

Four adult Risso's dolphins (3 males and 1 female,
between 290 and 316 cm length) likely stranded fol-
lowing bilateral paraotic sinusitis caused by severe
Crassicauda grampicola infestation, identified by
gross morphology and anatomical location. All dol-
phins stranded alive and died shortly after. The par-
asites infested the lumen of the pterygoid sinuses
bilaterally (Fig. 4C) and perforated the mucosa, re-
maining coiled between the bony surface and the
submucosa of the sinus. This caused severe inflam-
matory changes in the sinus mucosa and submu-
cosa, as well as osteolysis. Mild C. grampicola infec-
tion was also found in 2 additional adult Risso's
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Fig. 4. Parasite lesions in cetaceans. (A) Striped dolphin intestine (colon-rectum) opened longitudinally, showing prominent
nodular scolexes of Strobilocephalus triangularis. The strobila are visible, free in the intestinal lumen. Sample prefixed in
formalin. (B) Transverse section of (A) showing spherical scolexes beneath the intestinal mucosa and over the muscular layers.
One scolex is in involution due to the host inflammatory reaction (arrowhead). (C) A ventro-lateral view of an opened paraotic
sinus from a Risso's dolphin, showing adult forms of Crassicauda grampicola. (D) Bottlenose dolphin skin showing ulcerative
dermatitis associated with tooth rakes. (E) Sagittal plane through abdominal blubber, mammary gland (white arrowheads)
and abdominal musculature of a striped dolphin, showing multinodular inflammatory lesions in the blubber and subcuta-
neous muscles (black arrows). (F) Pyogranulomatous inflammatory infiltrate with a protozoan parasite from a striped

dolphin
dolphins, but it was not considered to be the cause An apicomplexan protozoon identified mor-
of stranding. While one of them died following acci- phologically as Sarcocystis spp. caused fatal hep-

dental capture, the cause of death of the other one atitis in 1 adult striped dolphin (N-029/15), which
was unknown. also had a unilateral pneumothorax. Lesions as-
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sociated with ciliated protozoans were detected
in 2 striped dolphins (N-68/15 and N-511/18) and
1 bottlenose dolphin (N-521/18). Cutaneous lesions,
frequently ulcerated, were commonly found asso-
ciated with tooth-rakes or with perforation by Pen-
nella balaenoptera, a large copepod parasite
(Fraija-Ferndndez et al. 2018) (Fig. 4D). Internal
pyo-granulomatous inflammatory foci associated
with 30 x 40 pm ciliated protozoans (probably
Kyaroikeus spp. or Planilamina spp.) were also ob-
served in blubber and striated muscle close to the
initial skin lesions in these dolphins (Fig. 4EF).
The cause of death, in absence of other significant
lesions or diseases, was tentatively ascribed to the
protozoan.

3.6. Other infectious causes of mortality

Septicemia caused by P. damselae, Moraxella spp.
and Vibrio alginolyticus was detected in 3 adult
striped dolphins. A striped dolphin had a focal menin-
gitis due to Actinobacillus delphinicola. Three adult
striped dolphins, all stranded in 2018, died of menin-
goencephalitis suggestive of viral infection, but the
etiological agent could not be determined. Bacterial
isolation for Brucella was unsuccessful, and CeMV
could not be detected. P. damselae was isolated
in many organs of one of these dolphins, but the
observed lesion was suggestive of a viral cause, and
not bacterial. Investigations for other viruses were
not carried out.

3.7. Other non-infectious causes of mortality

Multifocal necrosis of cortical grey matter (ence-
phalomalacia) of unknown origin was observed in
the brain of 3 adult striped dolphins (2 females,
1 male). The lesions were multifocal, localized in
the cerebral cortical grey matter and were sub-
acute to chronic in nature. Their origin was not evi-
dent using histopathology. Infectious agents or vas-
cular lesions were not observed in or close to the
lesions.

Multifocal fat necrosis of the blubber, detected as
ovoid, irregular, well-delimited brown lesions, was
seen in 5 striped dolphins. The cause of these
lesions could not be established by histologic inves-
tigation, and a direct relationship with the death of
the dolphins could not be established. Finally, 2
striped dolphins had tension pneumothoraces
(Table 2).

4. DISCUSSION

We report on the causes of stranding and death in
89 cetaceans from the Catalonian coast (western
Mediterranean Sea) in the period 2012-2019. Except
for Balaenoptera physalus (n = 1), all cetaceans be-
longed to the suborder Odontoceti. Stenella coerule-
oalba was the most often stranded and necropsied
species, followed by Grampus griseus, Tursiops trun-
catus and Delphinus delphis. Fisheries interactions
represented the most frequent (28 %, N = 89) cause of
stranding, confirming their continued impact on
Mediterranean small cetaceans (Bearzi 2002). The
bottlenose dolphin was the most commonly affected
species, with 60% of the 5 necropsied specimens
showing clear signs of fisheries interactions or re-
ported as bycatch. In addition, our group detected
signs of fisheries interactions in 7 of 8 bottlenose dol-
phins necropsied between 1994 and 2011 in the same
area (M. Domingo et al. unpubl. data). Criteria for
diagnosing fisheries interactions are well established
internationally, and the risk of overestimating their
occurrence in our case series is very low. We provide
evidence that CT scans are a reliable technique for
the diagnosis of PUE, allowing visualization of gas
widely distributed in tissues and cavities, as previ-
ously described (Dennison et al. 2012).

Taken together, these data further confirm that
fisheries interactions are the most serious threat to
the common bottlenose dolphin, as observed in other
areas of the Mediterranean Sea (Bearzi et al. 2012).
Fisheries interactions were also the main cause of
mortality in striped dolphins in our study, with 27.8 %
of the 72 specimens affected. The Mediterranean
common bottlenose dolphin and striped dolphin are
considered ‘Vulnerable' by the IUCN (Aguilar &
Gaspari 2012, Bearzi et al. 2012), with fisheries listed
as one of the main threats to both species. Our results
emphasize the need for specific research on bycatch
in the western Mediterranean Sea, since previous
studies in these and nearby waters (Balearic Islands,
northern Alboran Sea and northern Spain, following
GFCM geographical subareas denomination), mostly
based on fisherman surveys but also involving
onboard observers, did not show such alarming val-
ues (Brotons et al. 2008, Gonzalvo et al. 2008, Macias
Lopez et al. 2012, Revuelta et al. 2018, ACCOBAMS
2019).

Maternal separation and subsequent starvation
were a significant cause of stranding in neonates and
calves. Affected individuals were very young, some
of them still having foetal folds. They were in poor
body condition but did not show any evidence of
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disease and were negative for systemic bacterial
infection. As a result of starvation, some calves had
different degrees of hepatic lipidosis and some had
ingested foreign materials (Lacombe et al. 2020).

CeMV infection and brucellosis were the most sig-
nificant infectious diseases during the period of this
study. A new episode of CeMYV circulation, the fourth
recorded episode, occurred in the western Mediter-
ranean Sea from September 2016 to September 2017,
and accounted for the death of 13 of 72 (18 %) striped
dolphins stranded along the Catalan coast. The first
and most severe recorded episode of CeMV mortal-
ity occurred from 1990 to 1992, killing hundreds of
dolphins (Domingo et al. 1990, 1992, Van Bressem et
al. 1991, Duignan et al. 1992, Aguilar & Raga 1993). It
was followed by a second milder episode of mortality
from 2006 to 2007 (Ferndndez et al. 2008, Raga et al.
2008, Soto et al. 2011b). A third small episode of
CeMV mortality was reported in 7 striped dolphins
(including 2 neonates) stranded along the coast of
Valencia in 2012 (Rubio-Guerri et al. 2013). How-
ever, for unknown reasons, this CeMV episode was
not observed on the Catalonian coast. When com-
pared to previous outbreaks of CeMV-infection (Van
Bressem et al. 2014), the 2016-2017 episode dis-
played different characteristics. Five of the 8 sys-
temic CeMYV cases did not have typical CeMV histo-
logic lesions, nor did they test positive using the
CeMV-IHC test. However, all affected dolphins had
mycotic encephalitis, which, in our experience, has
only been observed in striped dolphins during CeMV
circulation (Domingo et al. 1992, Soto et al. 2011b).
These cases were all positive for CeMV using RT-
PCR. These observations underline the need to in-
clude RT-PCR tests in the surveillance and diagnosis
of CeMV infection, and not rely only on histopathol-
ogy and IHC. After this new episode of CeMYV circu-
lation, chronic CeMYV infection of the CNS has been
detected to date in 5 striped dolphins: 1 in 2017, 3 in
2018 and 1 in 2019. Whole sequencing of CeMV in
these cases is planned, to test the hypothesis that the
chronic form of the disease is similar to subacute
sclerosing panencephalitis (SSPE) in humans or old
dog encephalitis (ODE) in canids.

Brucella infection in cetaceans has a worldwide
distribution (Nymo et al. 2011, Guzmén-Verri et al.
2012). Since the first recognition of B. ceti-associated
disease in cetaceans from the Catalan Mediterran-
ean coast (Isidoro-Ayza et al. 2014) we have modified
our necropsy protocol to include a routine BRT for
the detection of Brucella antibodies and collection of
CSF and organs for specific Brucella bacteriologic
isolation. In our study, B. ceti could only be isolated in

8 of the 21 (38.1 %) selected cases. Our data indicate
that there is a strong correlation between bacterial
isolation and the presence of B. ceti lesions, such as
mononuclear meningitis or spondylitis. At least 7.8 %
of the stranded cetaceans examined during this study
showed signs of disease associated with B. ceti,
mainly neurobrucellosis, confirming the important
role of brucellosis in the mortality of stranded
cetaceans in the western Mediterranean Sea. The
BRT is easy to perform and has been incorporated as
an on-site test by rescue teams attending live
stranded cetaceans. Nevertheless, a positive result in
this test is by no means equivalent to a diagnosis of
active brucellosis. Therefore, a positive BRT alone
should not influence prognostic decisions when
attending live stranded cetaceans.

In the present study there was no clear evidence of
association between CeMYV disease and active Bru-
cella infection, as only one striped dolphin was in-
fected by both pathogens. Although both CeMV and
B. ceti can cause CNS lesions, this dolphin had pre-
dominantly encephalitic lesions, which are more sim-
ilar to those induced by CeMV (Van Bressem et al.
2014) than to Brucella-induced mononuclear menin-
gitis (Gonzdlez-Barrientos et al. 2010). Nevertheless,
the contribution of each agent to CNS lesions in
cases of coinfection may be difficult to discriminate.
CeMV causes immunosuppression and may reacti-
vate latent infections such as Toxoplasma spp. or her-
pesviruses, or facilitate the entry of Aspergillus spp.
(Domingo et al. 1992, Soto et al. 2012, Pintore et al.
2018). Similarly, CeMV immunosuppression could
cause reactivation of chronic, latent Brucella infec-
tions. Possible disease interactions between CeMV
and Brucella need further investigation.

Infestation by C. grampicola (Raga et al. 1982)
likely caused the stranding and death of 4 of 6 adult
Risso's dolphins along the Catalonian coast. Severe
Crassicauda spp. infestation may cause the death of
immature dolphins following sinusitis, osteomyelitis
and sepsis (Dailey & Stroud 1978, Van Bressem et al.
2020). This parasite may also cause inflammation of
the eighth cranial nerve, which dorsally crosses the
sinus wall, resulting in disorientation and stranding
(Morimitsu et al. 1987). Further investigation into the
impact of C. grampicola infestation should include
systematic sampling and histologic examination of
the eighth cranial nerve and detailed inspection of
the skull.

Encephalomalacic changes (necrotic-degenera-
tive lesions in the brain cortex) of unknown origin
were detected in 3 striped dolphins (3.4% of all
cases, 4.2% of the 72 striped dolphins necropsied).
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In domestic mammals, this kind of lesion is caused
by vitamin and/or oligoelement deficient states or
by toxic or hypoxic damage to the brain. A similar
disease has been described in marine mammals
under human care. The diagnosis has often been
based on response to treatments (White 1970, Ge-
raci 1981), but in other instances, thiamine defi-
ciency has been confirmed by biochemical analysis
(Croft et al. 2013). Although infrequent, this condi-
tion deserves more attention, as it has never been
reported before in free-ranging cetaceans. Analysis
of oligoelements and vitamins in frozen tissues of
affected dolphins, and comparison with values in
unaffected dolphins, may help to clarify the etiol-
ogy of this disease.

Lesions and disease of the nervous system were
observed in 30 of 89 (33.7 %) of the cetaceans necrop-
sied during this study. This highlights the importance
of sampling the brain at necropsy and examining it
using histopathology to ensure correct classification
of cause of death. Ingestion of abnormal material
(e.g. sand, rope, plastic) was not uncommon in our
cases (data not shown), but many of the animals
ingesting these materials had encephalitis, meningi-
tis, or encephalomalacia. These lesions may explain
disorientation and ingestion of foreign material,
which would be considered cause of death if only
macroscopic examination was performed (Lacombe
et al. 2020).

A single case of Sarcocystis spp. hepatic infection
was observed in a striped dolphin during the study
period. This is a rare infection in dolphins, with only
one case diagnosed previously in another Mediter-
ranean Sea striped dolphin (Resendes et al. 2002), in-
dicating a low prevalence of the parasite in the west-
ern Mediterranean Sea. Another case was reported
in an Indo-Pacific bottlenose dolphin (Tursiops adun-
cus) kept in captivity in Hong Kong (Calero-Bernal et
al. 2017).

Three striped dolphins had wounds with intrale-
sional ciliated protozoa, which reached distant der-
mis and muscular tissue, causing panniculitis and
myositis. These ciliate protozoa (Kyaroikeus spp. or
Planilamina spp.) are mostly symbionts of the respi-
ratory tract of cetaceans (Sniezek et al. 1995, Ma et
al. 2006), but may invade the dermis through skin
lesions (Schulman & Lipscomb 1999), and extend
locally to blubber, subcutaneous tissue and muscu-

The cestode S. triangularis was found in 4 striped
dolphins during the study period. Described in
many cetacean species worldwide (Felix 2013), in
the Mediterranean Sea it has been reported in S.
coeruleoalba and T. truncatus (Quinhones et al. 2013).
Although it may cause a mild inflammatory reaction,
in our cases it was not associated with any major
disease or dysfunction.

Three adult striped dolphins, all stranded in 2018,
had meningoencephalitis of unknown etiology. The 3
dolphins were negative for Brucella and CeMV. We
did not attempt to detect herpesviruses in these
lesions, but that may have been the culprit (Van Elk
et al. 2016). Targeted investigation for herpesvirus or
massive sequencing of brain tissue could help to elu-
cidate the origin of these lesions.

This is the first systematic pathologic investigation
of the causes of stranding and death in cetaceans
from the Catalonian coast (western Mediterranean)
over an 8 yr period. Our data further emphasize the
role of bycatch, maternal separation, CeMV and B.
ceti infection, as well as Crassicauda grampicola si-
nusitis, as causes of death and stranding in cetaceans
in this area and improve our understanding of the
factors responsible for morbidity and mortality in
these protected species.
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