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INTRODUCTION

Listeria monocytogenes is a Gram-positive cocco -
bacillus that causes invasive disease in humans and
animals (Haase et al. 2014); it inhabits both popu-
lated and pristine environments (Zaytseva et al.

2007), being able to survive for a long time in the sea
environment, where it is widespread among inverte-
brate and vertebrate organisms (Beleneva 2011).
Invasive disease has been documented in wild ani-
mals, but no listeriosis outbreaks have been recorded
in aquatic animals (Beleneva 2011), nor has L. mono-
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ABSTRACT: Listeria monocytogenes, Toxoplasma gondii and Brucella spp. can infect a wide
range of species, including humans. In cetaceans, meningoencephalitis has been associated with
T. gondii and Brucella spp. infection, whereas to our knowledge, L. monocytogenes infection has
not previously been reported. Meningoencephalitis and L. monocytogenes, T. gondii and Brucella
spp. were identified by means of both direct and indirect laboratory techniques in an adult female
striped dolphin Stenella coeruleoalba found stranded in January 2015 on the Ligurian Sea coast,
northwestern Italy. The animal was emaciated, and histopathology disclosed severe meningoen-
cephalitis. The nature of the inflammatory response and intra-lesional protozoa were consistent
with a mixed infection by L. monocytogenes, T. gondii and Brucella spp. We believe this is an
unprecedented case of infection by 3 zoonotic pathogens and also the first bacteriologically con-
firmed case report of neurolisteriosis in cetaceans. Cerebral toxoplasmosis and neurobrucellosis
may have led to the animal’s disorientation and stranding, with L. monocytogenes having likely
exacerbated the coinfection leading to the demise of this dolphin.
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cytogenes infection ever been described in ceta -
ceans, although L. ivanovii has been detected in pin-
nipeds (Thornton et al. 1998).

Toxoplasma gondii meningoencephalitis has been
reported in odontocetes (Di Guardo et al. 2010), hav-
ing been also detected in Brucella ceti-coinfected
striped dolphins (González et al. 2002, Alba et al.
2013). Here we describe the first case of neuroliste-
riosis due to L. monocytogenes associated with T.
gondii and Brucella spp. coinfection, in a cetacean
species.

METHODS AND RESULTS

In January 2015, an adult female striped dolphin
Stenella coeruleoalba was found dead on the Lig-
urian coast, northwestern Italy. The animal was 188 cm
long, well-preserved (post mortem condition code 2;
Geraci & Lounsbury 2005) and emaciated. There
was no evidence of interaction with fishing activities,
and the stomach chambers were devoid of ingesta.

Furthermore, the dolphin showed a prominent sub-
cutaneous oedema, along with blubber abscesses
(Fig. 1A−C), multifocal splenic haemorrhage, severe
Monorygma grimaldi infection and 2 Pholeter gas-
trophilus gastric nodules. All thoracic and abdominal
lymph nodes were moderately enlarged and oede-
matous. Tissues were stored at both 4°C and −20°C
for microbiological and biomolecular analyses and
fixed in 10% buffered formalin for histopathology
and immunohistochemistry (IHC).

Microscopically, nonsuppurative meningoence -
phalitis affecting the gray and white matter, mainly
in the pons and thalamus, was observed. Vasculitis
and perivascular cuffs characterized by lymphocytes
and macrophages (Fig. 2A), along with gliosis, were
the most represented lesions, associated with few
microabscesses (Fig. 2B) and malacic areas. Cho -
roiditis with few neutrophils was also apparent
(Fig. 2C). In the cerebral cortex, scattered protozoan
cysts surrounded by glial nodules and mononuclear
cell aggregates were also observed. Presence of
 Toxoplasma gondii cysts was confirmed by IHC (Di
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Fig. 1. Pathologic and immunohistochemical findings in a stranded adult female striped dolphin Stenella coeruleoalba. (A,B)
Subcutaneous tissue with oedema. (C) Blubber with abscess. (D) Brain (thalamus), showing positive immunoreactivity for 

Toxoplasma gondii. A glial nodule close to a protozoan cyst is shown (arrow). Immunohistochemistry; scale bar = 100 µm
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Guardo et al. 2010; Fig. 1D), while IHC labelling for
Listeria monocytogenes and morbillivirus, performed
with polyclonal (Dell’Armelina Rocha et al. 2013) and
monoclonal (Di Guardo et al. 2010) antibodies, re -
spectively, did not demonstrate any antigen. The
liver had multifocal necrosis and moderate chronic
cholangiohepatitis (Fig. 2D). In the spleen (Fig. 2E)
and multiple lymph nodes, we observed lymphocyte
necrosis, follicular hyalinosis, sinusoidal histiocytosis
with plasma cells and rare neutrophils and disperse
karyrrhectic debris.

Pyogranulomatous inflammation was detected in
blubber (Fig. 2F) and adrenal cortex. Furthermore,
lung, kidney, skeletal muscle and intestine showed a
mild, multifocal, chronic inflammation.

Polymerase chain reaction (PCR) (Mazzariol et al.
2012, Vitale et al. 2013) did not detect morbillivirus
genomes and proved positive for T. gondii in brain,
liver and prescapular lymph nodes. Evidence of Bru-
cella spp. infection was obtained from brain, lung,
spleen and blubber abscesses that were positive for
the sequence bcsp31, using a hemi-nested PCR pro-
tocol to increase sensitivity and specificity (Baily et

al. 1992, Bounaadja et al. 2009). Additional evidence
of Brucella spp. infection was obtained by the
National Reference Laboratory for Brucellosis from
the lung that was positive to a TaqMan real-time PCR
based on the multiple-copy Brucella-specific inser-
tion sequence IS711. Each positive amplicon was
confirmed for specificity through sequencing on an
ABI PRISM 310 genetic analyzer.

Anti-T. gondii antibodies (1:320), with no simul -
taneous evidence of anti-morbillivirus antibodies,
were detected in serum (Di Guardo et al. 2010). Fur-
thermore, anti-Brucella spp. antibodies were de -
tected by rapid serum agglutination, using B. abortus
and B. melitensis as antigens (Hernández-Mora et al.
2008, Di Guardo et al. 2010).

Conventional bacteriological assays were per-
formed under aerobic, anaerobic and microaerobic
(5% CO2) conditions on brain, lung, liver, spleen,
mediastinal and prescapular lymph nodes, kidney
and blubber abscesses. Specific bacteriological in -
vestigations following international recommenda-
tions (OIE 2015) were also carried out for Listeria spp.
from the brain, as well as for Salmonella spp. from
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Fig. 2. Main histopathologic findings in a stranded adult female striped dolphin Stenella coeruleoalba. (A) Brain; thalamus.
Perivascular cuffing with lymphocytes and macrophages containing haemosiderin-like pigment (arrows); haematoxylin-eosin
(HE). (B) Brain; pons. Microabscesses with mononuclear cells and neutrophils; HE. (C) Brain; choroid plexus of fourth ventri-
cle. Choroiditis characterized by mononuclear cells, rare neutrophils and focal collagen fibre thickening; HE. (D) Liver.
Parenchymal necrosis, with infiltration of neutrophils and lymphocytes (arrow) and multifocal, chronic colangiohepatitis; HE.
(E) Spleen. Follicular lymphocytic damage, along with intrafollicular hyalinosis (arrow) and hypercellularity (macrophages, 

plasma cells, neutrophils) in sinus areas; HE. (F) Blubber. Diffuse infiltration of neutrophils and macrophages; HE
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the liver and for Brucella spp. from the brain, spleen,
lung, lymph nodes and blubber abscesses. Selective
cultivation of Listeria spp. was performed by means
of an enrichment step in liquid media, followed by
subculture on solid media (Demi-Fraser broth,
Microbiol; Fraser broth, Biolife; Listeria Aesculin
Agar, Liofilchem) (Dell’Armelina Rocha et al. 2013,
OIE 2015); the same approach was performed for Sal-
monella spp. isolation (Selenite Cystine broth, Micro-
biol; MKTTn broth, Liofilchem; BGA and XLD agar,
Oxoid). For Brucella spp. detection, direct isolation
was carried out on Farrell’s and Modified Thayer
Martin’s solid media, while enrichment cultures were
performed on Brucella enrichment broth (Oxoid),
supplemented with foetal horse serum and modified
Brucella selective supplement (Oxoid). Fungal cul-
tures of the lung and brain on Saboraud agar (Micro-
biol) were also performed.

Aeromonas spp., Morganella morganii and Micro-
coccus spp. were isolated from brain, kidney and
lung, respectively. No Salmonella spp., Brucella spp.
(despite multiple attempts) or fungi were recovered.
L. monocytogenes was isolated from the brain, then
confirmed by 16S rDNA sequencing (MicroSeq 500
system, Life Technologies) and further serotyped as
serovar 1/2a (Denka Seiken). This isolate was sub-
typed as ST399, belonging to lineage II, by means of
multi-locus sequence typing (MLST; Haase et al.
2014). A comparison with the MLST database (www.
pasteur. fr/ mlst) showed that strain ST399 had been
previously identified in New Zealand, but no details
were available about the source of the bacterium.

Considering the chemical stress related to organo -
chlorine (OC) xenobiotics in Mediterranean ceta -
ceans, PCBs, HCB and DDTs were measured in
blubber, according to the Environmental Protection
Agency method 8081/8082 with modifications (Mar-
sili & Focardi 1997), and toxicological stress was
evaluated using a theoretical model (Marsili et al.
2004). The results, expressed in ng g−1 lipid weight
basis (PCBs: 784006.7; DDTs: 644495.4; HCB: 1112;
canonical variable value [CAN] = 6.04), confirmed
the presence of hazardous levels of OC pollutants
(CAN >0.47).

DISCUSSION

This is an interesting and unprecedented case of
coinfection by 3 zoonotic pathogens, viz. Listeria
monocytogenes, Brucella spp. and Toxoplasma gondii,
in a striped dolphin, as well as the first case of neuro -
listeriosis in a cetacean species. That the brain tissue

from the dolphin under study was the target of a
mixed bacterial and protozoal infection is addition-
ally supported by the cellular constituents and nature
of the inflammatory infiltrates. Multifocal microab-
scessation and malacic areas in the brainstem are
suggestive of L. monocytogenes infection, while mo -
nonuclear choroiditis is commonly found in neuro-
brucellosis, and meningitis, gliosis and perivascular
cuffs are usually non-specific and may accompany
various pathologies.

Although the transmission pathways of L. monocy-
togenes to the dolphin and in the marine environ-
ment remain unknown, lineage II is known to include
human, environmental, farm and food isolates (Haase
et al. 2014), so that different hypotheses can be
drawn. The presence of Listeria spp. in marine
waters is widely described in the literature (Bou-
m’handi et al. 2007, Zaytseva et al. 2007, Beleneva
2011). The transmission of infection could likely
derive from the consumption of infected or contami-
nated marine organisms (Bou-m’handi et al. 2007,
Beleneva 2011); alternatively, the infection could
originate from human and/or animal faecal contami-
nation, potentially increased by the severe flooding
that occurred on the Ligurian coast in October 2014,
or from the release of contaminated ship waters.
Concurrent Brucella spp. and T. gondii coinfection,
along with the severe stress confirmed by the bur-
dens of different persistent organic pollutants and by
the emaciation, likely acted as predisposing factors
for the development of the L. monocytogenes-associ-
ated brain lesions found in the dolphin under study.
In this respect, while B. ceti frequently behaves as a
primary neurotropic pathogen in striped dolphins
(Hernández-Mora et al. 2008, Alba et al. 2013), the
potential of mixed infections to give rise to more
severe disease patterns in free-ranging cetaceans
should also be emphasized. This is clearly exempli-
fied by the frequent cases of dolphin morbillivirus
(DMV)–T. gondii coinfection among Mediterranean
striped dolphins affected by the dramatic DMV epi-
demic that occurred between 1990 and 1992
(Domingo et al. 1992), as well as by the cases of T.
gondii–Sarcocystis neurona coinfection in wild mar-
ine mammals from the northeastern Pacific region, in
which higher mortality rates and more severe
encephalitic lesions were found in comparison to ani-
mals infected by T. gondii alone (Gibson et al. 2011).

This highlights the risk of neurolisteriosis for
immuno suppressed cetaceans in the marine environ-
ment. On this basis, a systematic screening of
stranded animals for L. monocytogenes would be
necessary, in order to elucidate its pathogenicity,
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along with strain-specific virulence factors, clinical
significance and transmission pathways of infection
among cetaceans. Brucella spp. have not previously
been detected along the Ligurian coast. The occur-
rence of related pathological changes in brain, blub-
ber, liver and spleen (Tryland et al. 2005, Hernández-
Mora et al. 2008, Nymo et al. 2011, Alba et al. 2013),
coupled with the molecular identification of Brucella
spp. in blubber, brain, spleen and lung and with
seropositivity (albeit achieved using B. abortus and
B. melitensis as antigens), suggest that this striped
dolphin displayed a clinico-pathological disease phe-
notype. In this respect, our Brucella spp.-culture-
negative but PCR-positive analyses could be related
to a higher sensitivity of the PCR assay (Tryland et al.
2005), also strengthened by the detection of 2 DNA
targets in the same sample, or to localized and/or
peculiar forms of infection, which may hinder bacter-
ial isolation (Tryland et al. 2005); moreover, given the
detectable immune response, the animal could have
developed a chronic infection phase (Sidor et al.
2013). T. gondii has recently become regarded as
a primary neurotropic pathogen for striped dol-
phins (Di Guardo et al. 2010). The brain alterations
observed around protozoan cysts and the extra-
 cerebral chronic lesions, along with the systemic
molecular identification and T. gondii antibody-spe-
cific titres suggest a subacute to chronic T. gondii in -
fection, a severe immune response impairment and
an important pathogenic role in the protozoal
encephalitis.

In conclusion, cerebral toxoplasmosis (Di Guardo
et al. 2010, Mazzariol et al. 2012) and neurobrucel-
losis (Hernández-Mora et al. 2008, Nymo et al. 2011,
Alba et al. 2013) may have led to the animal’s disori-
entation and stranding, with L. monocytogenes
supra-infection having likely exacerbated the dis-
ease condition, thus leading to the dolphin’s death.
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