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1. INTRODUCTION

Dolphin morbillivirus (DMV) is considered a patho-
gen of concern for free-ranging cetaceans, having
been responsible for outbreaks of lethal disease world -

wide (Van Bressem et al. 2014). In the Mediterranean
Sea, 2 well documented DMV outbreaks, in volving
mainly striped dolphins Stenella coeruleo alba, oc -
curred in 1990−1992 and 2006−2008 (Domin go et al.
1992, Raga et al. 2008).
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ABSTRACT: An unusual mortality event (UME) of striped dolphins Stenella coeruleoalba oc -
curred in the period July to December 2016 along the Italian Ionian coastline. We conducted a
complete postmortem examination on 28 specimens and detected dolphin morbillivirus (DMV), by
means of biomolecular analyses, in the target tissues of 17 animals. Unlike previous outbreaks
occurring in the Mediterranean Sea in 2011 and 2013, we observed typical pathological changes
suggestive of morbilliviral infection in an acute/subacute phase and immunohistochemical reac-
tivity. The same findings were observed in 13 other specimens beached along the Italian coastline
during 2016 with no temporal and geographical relationship with the ongoing epidemic outbreak.
Molecular characterization and phylogenetic analysis showed that DMV sequences detected in
Italy in 2016 clustered with those identified in Portugal and Galicia (Spain), representing a novel
DMV strain of Atlantic origin which entered the Mediterranean Sea and affected a naïve striped
dolphin population. DMV sequences detected in the previous Mediterranean outbreaks exhibited
a marked genetic relatedness and diverged from those detected in cetaceans stranded along the
Galician and Portuguese coasts since 2007.
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A decline in DMV immunity was reported in
striped dolphins in the Western Mediterranean basin
during the inter-epidemic period (Van Bressem et al.
2001, Bento et al. 2016), suggesting that limited viral
circulation and waning protective immunity may
increase the vulnerability of this species to sporadic
and recurrent epidemics. Both outbreaks started
near the Strait of Gibraltar, suggesting the introduc-
tion of the virus to an immunologically naïve popula-
tion, from DMV-infected cetaceans of Atlantic origin
(Van Bressem et al. 2014). In recent years, unusual
mortality events (UMEs) associated with DMV infec-
tion were reported in Spain and Italy (2011−2013)
(Rubio Guerri et al. 2013, Casalone et al. 2014).

Viral strains responsible for Mediterranean out-
breaks exhibited a marked genetic relatedness,
while the epidemiology of the infection changed de -
pending on many factors, such as the herd immunity
and the density of the susceptible population (Casa-
lone et al. 2014, Van Bressem et al. 2014). Indeed, in
contrast with the 1990−1992 and the 2006−2008 epi-
demics, during the last UMEs that occurred in Spain
and Italy (2011−2013), despite high levels of bio -
molecular positivity to DMV, the infected animals
showed milder lesions and pathological changes not
directly attributable to DMV but rather suggestive of
a chronic systemic DMV infection in immunosup-
pressed animals with secondary infections (Van
Bressem et al. 2014). The morbillivirus antigen was
seldom revealed by immunostaining in target tissues.
Mainly juvenile individuals were affected (Rubio
Guerri et al. 2013, Casalone et al. 2014), probably
due to a lack of specific antiviral immunity (Casalone
et al. 2014).

Furthermore, an expansion in the host range of this
virus in the Mediterranean basin, recently detected
in ‘new’ hosts such as fin whales Balaenoptera phy -
salus (Mazzariol et al. 2016) and Cuvier’s beaked
whales Ziphius cavirostris (Centelleghe et al. 2017),
is of great concern and suggests the role of other spe-
cies as potential reservoirs for viral maintenance and
persistence in the marine environment. All of these
observations argue in favor of an endemic DMV cir-
culation in the Western Mediterranean and the likely
occurrence of cyclic outbreaks when the herd immu-
nity decreases (Rubio Guerri et al. 2013).

Genetically, DMV circulating in the Mediterranean
showed a close relationship with viruses circulating
in the adjacent waters of the Central East Atlantic
Ocean (Canary Islands) (Bellière et al. 2011b, Sierra
et al. 2014, Beffagna et al. 2017). Biological and
genetic studies support the hypothesis of contacts
occurring through the Strait of Gibraltar between

populations of striped dolphins of the Western Medi-
terranean Sea and Central East Atlantic Ocean favor-
ing inter-animal transmission of viruses (Sierra et al.
2014). In contrast, phylogenetic analysis of DMV se -
quences from cetaceans stranded along Galician and
Portuguese coasts (NE Atlantic) since 2007 showed
that these sequences diverged from those reported in
the Mediterranean and Canary Islands (Bento et al.
2016). These observations enforced previous data
(Valsecchi et al. 2004, Bourret et al. 2007) that sup-
port the relative isolation between cetacean popula-
tions of the Atlantic coast of Portugal and northern
Spain and those of the Canary Islands and the Medi-
terranean (Bento et al. 2016).

Here, we report the first cetacean UME in the
Mediterranean Sea caused by a DMV strain geneti-
cally related to that recently characterized from dol-
phins stranded along the Portuguese and Galician
coasts and clearly different from the DMV strains
thus far detected in the Mediterranean Sea.

During 2016, the Italian Diagnostic Report on
Stranded Cetaceans reported 256 stranded cetaceans
along Italian coastlines. In the period July−December
2016, a marked rise in the number of cetacean
strandings, i.e. 5 times the 10 yr average recorded for
the same time period, was documented along the
Ionian coast of Italy. Fifty-seven cetaceans were in -
volved, including 51 striped dolphins, 1 bottlenose
dolphin Tursiops truncatus and 5 odontocetes of
undetermined species.

2. MATERIALS AND METHODS

2.1. Samples

A complete postmortem examination was per-
formed according to standardized protocols (Geraci
& Lounsbury 2005) on 28 striped dolphin carcasses
stranded during July−December 2016 along the Ion-
ian coast of Italy (Apulia, Basilicata, Calabria and
Sicily). Age classes were estimated from total body
length, since direct techniques (e.g. counting growth
layers in teeth) were not applied systematically due
to logistic difficulties (Mazzariol et al. 2015).

Target tissue samples were collected and, based on
the degree of postmortem decomposition, stored
frozen at −80°C for microbiological and biomolecular
investigations to identify the main cetacean patho-
gens (DMV, Verna et al. 2017; Brucella sp., OIE 2015;
Toxoplasma gondii, Vitale et al. 2013; herpesvirus,
VanDevanter et al. 1996). Tissues were also pre-
served in 10% neutral-buffered formalin for histo -
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pathology and immunohistochemistry (IHC). The
same protocol was applied to 42 additional carcasses
(Stenella coeruleoalba, n = 27; Tursiops truncatus, n =
9; Risso’s dolphins Grampus griseus, n = 3; sperm
whales Physeter macrocephalus, n = 2; and 1 short-
beaked common dolphin Delphinus delphis) beached
in 2016 along the entire Italian coastline with no tem-
poral relationship with the ongoing epidemic out-
break. The extreme degree of decomposition pre-
cluded such a diagnostic approach on 30 additional
necropsied carcasses in 2016.

2.2. DMV investigations: PCR, histology, IHC,
isolation, sequence analysis

DMV was detected by molecular techniques on tis-
sue samples of major organs including the central
nervous system (CNS), lung, spleen, lymph nodes,
liver, kidney, heart, bladder, skin and muscle accord-
ing to the availability of tissues, using different re -
verse transcription (RT)-PCR methods and confirmed
by a new RT-PCR with degenerate primers targeting
a 287 bp fragment of the N gene (Verna et al. 2017).
When the degree of postmortem decomposition al-
lowed, tissues were processed by conventional histo-
logical techniques and subsequently embedded in
paraffin, sectioned at 4 ± 2 µm and stained with hema-
toxylin and eosin (H&E).

IHC for morbillivirus was performed on brain, lung
and/or lymphoid tissues (including spleen and lymph
nodes), according to the availability of tissues (Uchi -
da et al. 1999). Appropriate positive and negative
controls were included in the analysis. Viral isolation
was attempted from a selection of PCR-positive frozen
tissues, using the Vero.DogSLAMtag cell line (Nielsen
et al. 2008, Peletto et al. 2018).

DMV infection was confirmed by sequencing RT-
PCR products. Molecular characterization and phylo-
genetic analysis were carried out using the protocols
described by Bellière et al. (2011a) to investigate the
evolutionary relationship of the detected strains.
Maximum likelihood phylogenetic analysis was per-
formed using MEGA 7.0 software on an N gene
sequence dataset (176 bp) of DMV isolates, belong-
ing to samples both from the Ionian coastline and the
rest of Italy.

3. RESULTS

DMV was detected by molecular techniques in 17
out of 28 analyzed striped dolphins stranded along

Ionian coast of Italy during July−December 2016, in
samples from CNS (n = 15), lung (n = 16), kidney (n =
13), spleen (n = 11), liver (n = 10), heart (n = 8), lymph
nodes (n = 9), bladder (n = 2), skin (n = 2) and muscle
(n = 2). All infected animals showed positivity in
more than 1 tissue. In 15 cases, we observed positiv-
ity both in the CNS and lungs. Most DMV-infected
striped dolphins were classified as ‘newborn’ (6/17)
or ‘juveniles’ (7/17) and showed minimal post-
mortem decomposition (fresh carcasses or in moder-
ate decomposition). Histological and IHC investi -
gations were performed on 12 out of 17 infected
striped dolphins.

Microscopically, typical pathological changes sug-
gestive of morbilliviral infection in an acute/subacute
phase were observed in 7/12 cases. The main find-
ings observed were mild to moderate non-suppura-
tive meningo-encephalitis with white matter vac-
uolization, syncytia, gliosis and neuronophagia along
with broncho/bronchiolo-interstitial pneumonia with
syncytia and lymphoid cell de pletion. Furthermore,
IHC analysis showed morbilliviral antigen in 6/12
animals, specifically in the brain (n = 5), lungs (n = 2),
spleen (n = 1) and lymph nodes (n = 1). In the brain,
positive multifocal staining was ob served mainly in
neurons, but also in glial cells and rarely in endothe-
lial and meningeal cells (Fig. 1a). In the lungs, multi-
focal immuno positivity was detected in bronchial,
bronchiolar and alveolar epithelia, in histiocytes and
in syncytia; in the lymph nodes and spleen, morbil-
liviral antigens were demonstrated multifocally in
macrophages and lymphoid cells. No other relevant
coinfections were detected.

In addition to the animals involved in the Ionian
outbreak, DMV was detected in 13 specimens (Sten -
ella coeruleoalba, n = 12 and Delphinus delphis, n = 1)
out of 42 animals beached and tested for DMV in
2016 along the entire Italian coastline without any
temporal relationship to the ongoing epidemic out-
break. Micro scopic and IHC findings were similar to
those observed along the Ionian coastline (Italian
Diagnostic Report on Stranded Ce taceans of 2016;
www. salute. gov. it/ imgs/ C _ 17 _ pubblicazioni _ 2597 _
allegato. pdf). Virus isolation attempts failed and no
cytopathic effect was observed.

Phylogenetic analysis performed on 17 DMV iso-
lates, belonging to samples both from the Ionian
coastline (6/17) and the rest of Italy (11/17), showed
that all DMV se quences cluster with those recently
identified in Portugal and Galicia (Bento et al. 2016)
(Fig. 2) and are separated from the Western Mediter-
ranean and Canarian se quences. The same topology
was confirmed by phylogenetic trees that were con-
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structed on P (220 bp), F (429 bp) and H
(295 bp) genes. Se quences >200 bp were sub-
mitted to GenBank (accession numbers
MF472872–MF 472891).

4. DISCUSSION

Since 2016, we have been observing the
introduction of a novel DMV strain along the
Italian coastlines, which is similar to that
recently identified in Portugal and Galicia
(Bento et al. 2016) and was able to cause a
new epidemic outbreak along the Ionian coast
of Italy. Further investigations allowed us to
confirm the circulation of the same strain
along the entire Italian coast with no temporal

or geographical relationship with the ongoing epi-
demic outbreak.

The pathological findings observed were sugges-
tive of an acute/subacute disease that had not been
observed associated with DMV epidemics in the
Mediterranean basin since 2008 (Di Guardo & Maz-
zariol 2016). Mor billiviruses are extremely virulent in
im munologically naïve individuals, particularly juve-
niles lacking natural immunity. The introduction of
new variants in such susceptible populations could
allow for rapid transmission and epidemics.

Based on the biomolecular prevalence data, pre-
liminary serological investigations and in the ab -
sence of mass mortality events, Bento et al. (2016)
suggested an endemic circulation of this viral strain
along NE Atlantic coasts. Our results indicate that
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Fig. 2. Dolphin morbillivirus (DMV) phylogenetic tree constructed by
maximum likelihood analysis (MEGA 7.0) from a 176 nt alignment of
the partial N gene. The tree includes 17 Italian isolates (identified by
large dots) and sequences available in GenBank. Host species (Sc =
Stenella coeruleoalba; Dd = Delphinus delphis; Gm = Globicephala
melas; Bp = Balaenoptera physalus), collection year and accession
numbers are indicated for each sequence. Canine distemper virus
(CDV) was used as the outgroup. Bootstrap values (1000 iterations)
>50 are shown at the internal nodes. The branch length represents
the sequence distance. The scale bar represents the percentage of 

nucleotide differences

Fig. 1. Morbillivirus infection in the cerebellum of Stenella
coeruleoalba. (a) Positive immunohistochemical labeling of
mor billiviral antigen in granular and molecular layers, as
well as in glial cells (dark staining). (b) Immunohistochemi-
cal examination of cerebellum of Stenella coeruleoalba. 

Negative control of morbillivirus
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this DMV strain, presumably new to the Mediterran-
ean basin, most likely entered immunologically naïve
striped dolphins, resulting in a UME.

Our results also suggest that the striped dolphin
population in the Western Mediterranean Sea/
Canary Islands is not as isolated from those in the NE
Atlantic as previously thought (Bento et al. 2016). We
suggest that NE Atlantic cetacean populations in -
fected with the ‘Portuguese-Galician strain’ could
have transmitted the infection to Mediterranean
striped dolphins through occasional contacts in the
Strait of Gibraltar.

Only a few cases were reported indicating the
possible circulation of viruses between the NE
Atlantic and the Mediterranean/Canary Islands.
Specifically, phylogenetic analysis based on P gene
sequences indicates that the ‘Galician Portuguese
strain’ had been previously detected outside of the
NE Atlantic area in 2 striped dolphins stranded,
respectively, in the Canary Islands in 2011 (Gen-
Bank Accession number KJ139454) (Sierra et al.
2014) and in the Mediterranean in 2012
(KC572861). Similarly, Bento et al. (2016) reported
1 animal stranded in Portugal in 2007 infected with
a DMV strain whose se quences (KP835995) clus-
tered with samples from the Mediterranean/Canary
Islands. More recently, a systemic infection pro-
duced by a DMV with a supposed similar NE
Atlantic origin was described in a common dolphin
stranded in Spain near Valencia on June 2016,
indicating a likely transmission of the virus by con-
tacts between NE Atlantic and Mediterranean pop-
ulations of dolphins (Rubio Guerri et al. 2017).

In conclusion, our observations support an active
circulation of a DMV strain of NE Atlantic origin
along the Italian coastlines, most likely since 2016,
diverging from those circulating in the Western
Mediterranean and Canary Islands (Bellière et al.
2011b, Sierra et al. 2014, Beffagna et al. 2017).
The high density and gregarious behavior of
striped dolphins (Reeves et al. 2008) in the Medi-
terranean might be responsible for the propagation
of the virus in Italian waters, and a similar scenario
could not be excluded in other areas of the Medi-
terranean Sea.

Our next steps will be aimed at better understand-
ing the epidemiologic and pathogenetic features of
the infection caused by this DMV strain, including a
full genome comparison with viral isolates recovered
from previous outbreaks, as well as unraveling the
role of other factors potentially modulating the sus-
ceptibility to infection, such as host genotype and
immunological and environmental factors.
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