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INTRODUCTION

The common octopus Octopus vulgaris Cuvier,
1798 is a cephalopod mollusc that is extremely im -
portant in fisheries and represents an important pro-
tein source in most Mediterranean countries (Estévez
et al. 1996). Since the decline of traditional fisheries,
O. vulgaris has been considered a candidate species
in European aquaculture because of its easy acclima-
tization to farming conditions, ra pid growth and high

market value (Castellanos-Martínez & Gestal 2013).
Octopus on-growing is currently being developed on
an industrial scale in Galicia (Spain) (Castellanos-
Martínez & Gestal 2013), while experimental studies
in Italy have examined reproduction and larvae on-
growing (De Wolf et al. 2011). One of the disadvan-
tages of octopus aquaculture is the increase in the
incidence of diseases caused by bacteria, viruses and
parasites that could be a serious risk to production
(Castellanos-Martínez & Gestal 2013). Despite the
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importance of O. vulgaris, little information is avail-
able on diseases occurring in wild populations of this
species (Farto et al. 2003). Viruses, bacteria and par-
asites have been found associated with skin lesions
in cephalopods (Scimeca 2012).

Bacteria in skin lesions of different Octopus species,
including O. vulgaris, O. joubini and O. bria reus, have
been reported mainly from cultured subjects, but also
from wild individuals (Romalde & Barja 2010). The
main signs observed in diseased octopus are skin ul-
cers, which can result in deep wounds in the head,
mantle or arms (Scimeca 2012). Aeromonas cavieae,
A. hydrophila, Pseudomonas stutzeri and various Vib-
rio species (i.e. V. alginolyticus, V. anguillarum, V.
harveyi and V. parahaemolyticus), have been associ-
ated with these lesions (Romalde & Barja 2010). In ad-
dition, Farto et al. (2003) isolated V. len tus from gills,
branchial-heart and skin lesions of wild common octo-
pus in Spain, confirming its pathogenic potential.

Aggregata spp. (Protozoa: Apicomplexa) coccidian
parasites are considered the dominant epizootiological
agents in wild and cultured octopus stocks in Europe
(Gestal et al. 2002a, 2007). In severe forms, Aggregata
spp. infection spreads from the digestive tract to the
mantle and the gills, affecting the connective tissue
and epithelium of these organs and causing the
 appearance of white cysts associated with host cell
hypertrophy with nuclear displacement, inflamma-
tion, phagocytosis, ulceration, and destruction of the
organ architecture (Gestal et al. 2002b, Castellanos-
Martínez & Gestal 2013). A. octopiana is the only spe-
cies of this genus reported in common octopus (Es-
tévez et al. 1996, Castellanos-Martínez et al. 2013).

Viruses infect most marine organisms, from bac -
teria to invertebrates and vertebrates (Pierce et al.
2010). Cephalopods, including common octopus,
have been found to contain virus-like particles, prob-
ably of the genus Iridovirus, associated with tumours
in the muscle tissue of the arms and, in advanced
stages, on the funnel and the ventral surface of the
mantle (Farley 1978, Hanlon & Forsythe 1990).

The aim of the present study was to investigate the
pathogens associated with skin lesions in cultured
and wild common octopus.

MATERIALS AND METHODS

Animals

Between May 2011 and December 2012, a total of 9
naturally deceased specimens of wild and cultured
adult and sub-adult common octopus exhibiting skin

lesions were examined. Within 30 min after death,
each octopus was stored at 4°C and microbiologically
examined within 24 h.

Six sample animals were cultured specimens (3
fe males and 3 males) obtained from the research
centre for marine species ‘Maricoltura di Rosig-
nano Solvay’ (MRS) in Livorno, Italy; these
included 4 adults (2 males and 2 females), which
were in the final stage of their reproductive cycle,
and 2 sub-adults (1 male and 1 female) at the
beginning of the production season. The remaining
3 specimens were commercial-caught wild speci-
mens and included 2 adult males caught in Viareg-
gio (Lucca, Italy) and 1 adult male caught in
Livorno, Italy.

Post-mortem examination

Each octopus was examined for external clinical
abnormalities and post-mortem lesions. Samples for
parasitological in vestigation were taken and imme-
diately analysed as fresh samples or fixed in 10%
buffered formalin for histological examination. Inoc-
ula for bacteriological investigation were taken and
promptly examined, while samples for virological
investigation were stored at −80°C prior to examina-
tion.

Parasitological investigation

Fresh smears and scrapes of skin, gill, intestine,
kidney and the mesenterium covering of the intestine
and other internal organs were examined microscop-
ically for the presence of parasites. In addition, in
order to investigate the presence of Aggregata spp.
in histological lesions, skin samples were fixed in
10% buffered formalin, dehydrated in a graded
ethanol series, embedded in paraplast (JB-4 Poly-
sciences) and sectioned using a microtome. Sections
(3 µm) were stained with haematoxylin−eosin (Carlo
Erba Reagents) following standard procedures and
ob served under a light microscope.

Bacteriological investigation

Inocula from skin mantle lesions, brain and bran -
chial-heart were taken with a flame-sterilized loop
and plated onto 2% NaCl tryptone soya agar and
blood agar plates. The cultures were incubated at
25°C for 36 h. Developing colonies were examined
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using taxonomical analyses according to Holt et al.
(1994), and biochemical reactions were performed
using API test strips (Biomerieux™).

Strains that were not identified by taxonomical
and biochemical reactions were identified using
16S ribosomal RNA (rRNA) PCR assay. Bacterial
DNA was extracted using a QiaAmp Blood and
Tissue kit (Qiagen). A conventional PCR targeting
the 16S rRNA gene with the universal bacteria
primers 27F and 1525R (5’-GAG TTT GAT CCT
GGC TCA G-3’ and 5’-AAG GAG GTG WTC CAR
CC-3’, respectively) was run as previously de -
scribed (Blackall et al. 2001). The resulting PCR
products were purified using a PCR purification kit
(EuroGOLD Gel Extraction Kit, Euroclone) and
sequenced. These were compared with previously
published sequences deposited in GenBank using
BLAST. The absence of chimeric 16S rRNA se -
quences was confirmed by the use of the ss_DECI-
PHER algorithm (Wright et al. 2012). Se quenced
products of 16S RNA gene PCR were aligned with
sequences of strains deposited in GenBank, and
the phylogenetic trees of 16S RNA genes were
constructed using neighbour joining, maximum
parsimony and maximum likelihood algorithms of
Seaview software (Gouy et al. 2010).

In order to confirm strain identity as Lactococcus
garvieae by GenBank comparison, a specific PCR
based on the 16S-23S rRNA internal transcribed
spacer region of L. garvieae was performed using
primers ITSLg30F (5’-ACT TTA TTA TTC AGT TTT
GAG GGG TCT-3’) and ITSLg319R (5’-TTT AAA
AGA ATT CGC AGC TTT ACA-3’) as previously
described by Dang et al. (2012). A L. garvieae isolate,
obtained from the Italian Reference Centre for the
Study and Diagnosis of Diseases of Fish, Molluscs
and Crustaceans (Istituto Zooprofilattico Sperimen-
tale delle Venezie) was used as a positive control,
while molecular grade water (5 Prime) was used as a
negative control.

Virological investigation

Skin lesions, eyes, branchial-heart and brain of
adult and sub-adult octopuses were homogenised by
mortar with sterile sand, and each sample was sus-
pended 1:10 in Eagle’s minimum essential medium
(EMEM), supplemented with 10% v/v foetal calf
serum (FCS) and 2% v/v of antibiotic-antimycotic
solution (penicillin 100 UI ml−1, streptomycin sul-
phate 10 mg ml−1 and amphotericin B 25 µg ml−1;
Sigma Aldrich).

Tissue homogenates were centrifuged at 3000 × g
(30 min), filtered through 0.45 µm membranes and
incubated overnight at 4°C. Bluegill fry (BF-2),
epithelioma papulosum cyprini (EPC) and striped
snakehead (SSN-1) cell lines were routinely grown in
25 cm2 tissue culture flasks (BD FalconTM) in cell
 culture EMEM supplemented with 10% FCS, 1%
L-glutamine and 1% antibiotic-antimycotic solution
(Sig ma Aldrich) at 25°C. Sample extracts were inocu-
lated at 2 ten-fold dilutions (1:10 and 1:100) onto 1 d
old BF-2, EPC and SSN-1 monolayers grown in
24-well cell culture plates (BD FalconTM). BF-2 and
ECP cell culture plates were incubated at 15°C for
the isolation of birnavirus and reovirus, and at 22°C
for iridovirus isolation. Organ tissue extracts were
inoculated at the same conditions onto SSN-1 cell
culture and incubated at 22°C for the betanodavirus
isolation.

After inoculation, plates were observed daily for
detection of a cytopathic effect (CPE). After 7 d,
supernatants were used to inoculate actively grow-
ing SSN-1, EPC and BF-2 cells, and 2 more 7 d long
passages were done before considering the samples
negative.

Eyes, branchial-heart, brain and skin lesions of
adult and sub-adult octopuses were collected and
analysed by negative staining transmission electron
microscopy (nsTEM). The samples were homo ge -
nised, centrifuged for 30 min at 3000 × g and then at
9000 × g, and ultra-centrifuged at 90 000 × g for
20 min. Finally, the samples were negative stained
with 2% sodium phosphotungstate (pH 6.8) and
observed by TEM (Philips EM 208) at 28 000–36 000×
magnification (Biel & Gelderblom 1999).

The real-time PCR (RT-PCR) for the detection of
betanodavirus amplifies a conserved 69 bp region of
the viral genome localised in the RNA2 strand, cod-
ing for the coat protein (CP) (Panzarin et al. 2010).

Total RNA was extracted from a 140 µl sample
using the Viral RNA Mini Kit (QIAamp®, Qiagen)
following the supplier’s recommendations. The cDNA
was synthesized using random hexamers with the
High Capacity cDNA Reverse Transcription kit
(Applied Biosystems) according to the manufac-
turer’s instructions. Real-time PCR was performed
using the 7900HT Fast Real Time System (Applied
Biosystems) and carried out in 25 µl with TaqMan®

Universal PCR Master Mix kit (Applied Biosystems),
0.75 µl of each primer, 0.75 µl of probe and 5 µl of
cDNA template. The thermal profile consisted of a
cycle at 50°C for 2 min, a 10 min incubation at 95°C
followed by 50 cycles of 15 s denaturation at 95°C,
30 s annealing at 52°C and 1 min elongation at 60°C.
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RESULTS

The prevalent lesions observed in this study
(Table 1) were white skin lesions on the head
(Fig. 1a) and arms of both cultured and wild speci-
mens, including 4 cultured octopuses and 2 octo-
puses caught in Viareggio. A skin lesion with an oval
outline and retracted margins was found on the head
of an adult male caught in Livorno (Fig. 1b). Areas of
discolouration and lesions related to trauma in the
arms (Fig. 1c) of 4 cultured octopuses and absence of
arms in a further cultured subject and an octopus
caught in Viareggio were also observed. A retrobul-
bar lesion with a yellowish fluid material was found
in an adult cultured male (Fig. 1d). Three animals
(2 cultured adult females and 1 adult male caught in
Viareggio) appeared in poor condition with a re -
duced size of digestive glands compared to what is
normally observed in healthy individuals.

Aggregata octopiana lesions were found in skin
and muscular tissues of 2 cultured females at the end
of the  reproductive season. In particular,  histological
examination showed A. oc topiana oocysts in the
internal wall of the mantle (Fig. 2a) surrounded by
 intense infiltrations of haemocytes (Fig. 2b), while in
the skin, only free sporocysts, located superficially
in the thick reticular fibres of collagen, were found
(Fig. 2c,d). Finally, parasitolo gical exa mination showed
intestinal Aggregata cystic lesions in
the caecum of all animals.

Vibrio alginolyticus was identified
from skin and branchial-heart lesion
samples of 2 females deceased at the
end of the reproductive season, col-
lected and maintained as previously
described, and microbiologically exa -
mined respectively 12 and 15 h after
death. V. parahaemolyticus was iso-
lated from skin lesions of the female
examined 12 h after death. Another
Vibrionaceae, isolated from skin and
retrobulbar lesion samples of a male
collected and maintained as previ-
ously described and microbiologically
examined 5 h after death, remained
uniden tified at the species level by
taxonomical and biochemical reac-
tions. The physical and biochemical
characteristics of this species are
reported in Table 2. The sequenced
16S rRNA gene PCR product (1484 bp,
strain MB86-15, GenBank accession
number KJ959592) presented 99.04%

identity with Photo bacterium swingsii 16S rRNA
gene isolate AP067 (GenBank accession number
HE584802.1) and Vibrio sp. V125 16S ribosomal RNA
gene, partial sequence (GenBank accession number
DQ146977.1). Phylogenetic analysis with a reference
genomic sequence of Photobacterium spp. and with
P. swing sii strains isolated by Gomez-Gil et al. (2011)
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Fig. 1. Skin lesions observed in wild and cultured examined
common octopus Octopus vulgaris: (a) white skin lesion on
head; (b) skin lesion with oval outline and retracted margins;
(c) area of discolouration on an arm; (d) retrobulbar lesion 

with yellowish fluid material

Fig. 2. Histological examination for Aggregata octopiana infecting common
octopus Octopus vulgaris: (a) oocysts in internal wall of the mantle; (b) tissue
response characterised by intense infiltration of hemocytes in internal wall of
the mantle; (c) free sporocysts in the thick reticular fibres of skin collagen; (d) 

free sporocyst in skin 
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Fig. 3. (a) Maximum parsimony, (b) neighbour-joining and (c) maxi-
mum likelihood dendrograms, based on almost-complete (1310 bp)
16S rRNA gene sequences, showing the position of strains of MB86-15
among their closest phylogenetic neighbours. Bootstrap values based 

on 1000 replicates are shown at branch nodes
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confirmed the identification of the MB86-15 strain as
P. swingsii (Fig. 3).

Gram-positive lactobacilli were detected from the
same lesions of this male subject. The sequenced 16S
rRNA gene PCR product presented 99.00% identity
with Lactococcus garvieae. Specific PCR on the 16S-
23S rRNA internal transcribed spacer region of
L. gar vieae confirmed the identification of this spe-
cies (Fig. 4).

Betanodavirus species were isolated by cell cultures
from samples of skin lesions and eyes of 2 cultured fe-
males deceased at the end of the reproductive season,
collected and maintained as previously described, mi-
crobiologically examined respectively 12 and 15 h af-
ter death, and stored at −80°C; and from skin lesions
and branchial-heart samples of 2 males caught in
Viareggio, collected and maintained as previously de-
scribed, examined respectively 4 and 6 h after death,
and stored at −80°C. PCR confirmed the presence of
betanodavirus RNA in all of these samples, while
electron microscopic examination showed the pres-
ence of nodavirus-like elements (without envelope,
spherical in shape and 25 nm diameter) only in skin
lesions from a single subject, i.e. a reared adult female
(Fig. 5). Table 1 shows lesions and associated patho-
gens found in each examined common octopus.

DISCUSSION

Few reports have described diseases in octopus,
and almost all are related to cultured animals, which
are subjected to more favourable conditions for the
spread of diseases (Farto et al. 2003). In the present
study, we report the first bacterial, parasitological
and virological investigation of skin lesions in wild
and cultured octopuses. Skin gross lesions described
in common octopus are mainly represented by white
skin lesions and ulcerative lesions (Anderson et al.
2002, Farto et al. 2003). Cephalopods carry a diverse
assemblage of pathogens and symbionts, and appar-
ently ‘healthy’ individuals in the wild appear able to
survive trauma without suffering major infections
(Pierce et al. 2010). Both young and senescent octo-
puses can show white skin lesions (Anderson et al.
2002). However, young octopuses living in good con-
dition and in good water quality can overcome the
negative effects of an injury that may cause such
lesions. In older animals, skin injuries may often
become secondarily infected with Aeromonas, Vibrio
and Staphylococcus bacteria (Anderson et al. 2002).
Accordingly, in the present study bacteria were iso-
lated only from skin lesions of older animals, namely
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Characteristic Reaction

Gram stain −
Motility +
Cytochrome oxidase +
Catalase +
Growth on:
TSA +
MacConkey agar −
Blood agar +
TCBS Green
SIM Motile

No sulphur reduction
OF Fermentative
KIA Glucose fermentative

Lactose not fermentative
O129 10 µg S
O129 150 µg S
Growth in:
0% NaCl −
3% NaCl +
8% NaCl −

Acid production from:
Glucose +
Lactose −

Growth at:
4°C −
22°C +
30°C +
37°C +

Table 2. Physical and biochemical features of the Photobac-
terium swingsii strain isolated from common octopus Octo-
pus vulgaris. TSA: tryptone soya agar; TCBS: thiosulphate
citrate bile salts sucrose agar; SIM: sulphur reduction/indole
production/motility medium; OF: oxidation fermentation; KIA:
Kligler iron agar; O129: vibriostatic agent (S: susceptible)

Fig. 4. Specific PCR products of the 16S-23S rRNA internal
transcribed spacer region of Lactococcus garvieae (K−: neg-
ative control, bio-molecular grade water; K+: positive con-
trol L. garvieae; S: sample) and 100 bp DNA ladder (Thermo 

Scientific) 
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a cultured male and 2 females at the end of the repro-
ductive season.

As reported by Farto et al. (2003), Vibrionaceae
were the most frequently found bacteria associated
with skin lesions, and the species identified here, i.e.
V. alginolyticus and V. parahaemolyticus, have been

previously isolated in common octopus skin lesions
(Hanlon et al. 1984, Hanlon & Forsythe 1990, Farto et
al. 2003). The phenotypic description of strain MB86-
15 reported here is in accord with P. swingsii. Se -
quen cing and phylogenetic analysis of strain MB86-
15 confirm its identity as P. swingsii.

P. swingsii was recently isolated and characterised
by repetitive palindromic PCR (rep-PCR) and phylo-
genetic analysis in cultured oysters in Mexico and
from haemolymph of wild spider crabs in Spain
(Gomez-Gil et al. 2011). Strain MB86-15 presented
the highest identity (99.04) with P. swingsii 16S rRNA
gene isolate AP067 (GenBank accession number
HE584802.1) isolated from farmed Haliotis diversi-
color Reeve, 1846, a strain previously identified as
Vibrio sp. in aquatic animals (GenBank accession
number DQ146977.1). Phylogenetic analysis showed
a bootstrap value of 100% with the strains isolated
from Gomez-Gil et al. (2011) (Fig. 3), confirming the
strain isolated here as P. swingsii. This is the first iso-
lation of P. swingsii in common octopus and the first
isolation of this species in Italy. The isolation of this
bacterial strain from an octopus lesion and previously
from oysters with vibriosis could suggest a patho-
genic role of this strain in these marine animals, but
there is no evidence relating to the pathogenicity of
P. swingsii in the literature. Further studies are
needed to confirm this.

Among the Streptococcaceae, Lactococcus gar vi -
eae is a well-known agent responsible for hyper-
acute and haemorrhagic septicaemia in fish. In
aquatic invertebrate animals, such as the giant fresh-
water prawn, it has been identified in an epizootic
bacterial infection where gross pathological changes
included whitish muscle with yellowish-white spots
and a swollen, yellowish hepatopancreas (Chen et al.
2001, Vendrell et al. 2006). In cephalopods, this spe-
cies has been reported only in the muscle of a wild-
caught squid (Tsai et al. 2012). In the present study,
the identification of this bacterium was confirmed by
sequencing and by specific PCR on the 16S-23S
rRNA internal transcribed spacer region of L. gar -
vieae. This finding is the first identification of L. gar -
vieae from common octopus skin lesions.

Although the presence of a pathogen in skin
lesions does not necessarily mean it has caused a
given disease, V. alginolyticus and V. parahaemolyti-
cus have been found associated with the appearance
of skin lesions in cultured octopus (Romalde & Barja
2010). In the present study, V. alginolyticus infection
was confirmed by isolation of the bacterium in the
same animal not only from skin lesions, but also from
internal organs, i.e. branchial-heart.
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Fig. 5. (a) Nodavirus-like elements observed in the skin of
common octopus Octopus vulgaris (cultured adult female)
by  transmission electron microscopy examination (scale bar
= 50 nm). (b) Betanodavirus real-time PCR results; horizon-
tal line shows detection threshold (K−: negative control, bio-
molecular grade water; K+: positive control beta-nodavirus; 

Ct: threshold cycle)
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One record of bacterial infections in wild octopuses
was reported by Farto et al. (2003) in Spain. Lesions
on the mantle were attributed to the bacteria Cyto -
phaga-like and Pseudomonas, which were isolated
from the damaged tissues, and V. lentus, which was
isolated for the first time from the branchial-heart of
octopus (Castellanos-Martínez & Gestal 2013). In that
case, experimental infections demonstrated that V.
lentus was able to reproduce the skin lesions, colo-
nize the internal organs and induce mortality in
healthy octopus (Farto et al. 2003). It was not possi-
ble, however, to confirm the bacteria reported in the
present study as the cause of death of the animals
examined.

Although cephalopods are susceptible to a number
of parasites (Gestal et al. 1999), Aggregata octopiana
is considered the main epizootiological agent in wild
and cultured octopus stocks (Gestal et al. 2007). This
parasite is described in many areas of the Atlantic
Ocean and the Mediterranean Sea, including the
Tyrrhenian and Adriatic Seas (Licciardo et al. 2005,
Mladineo & Bocina 2007). In severe forms, the infec-
tion usually spreads from the intestinal tract to the
mantle, gill connective and epithelial tissues (Mladi-
neo & Jozi 2005, Mladineo & Bocina 2007, Castellanos-
Mar tínez & Gestal 2013). A. octopiana infections are
usually not fatal, but severely weaken cephalopod
hosts, making them more vulnerable to other biotic
and abiotic stressors (Castellanos-Martínez & Gestal
2013). Indeed, in the present study, A. octopiana was
identified in the intestine and intestinal serosa of all
animals examined here, while histological exami -
nation showed parasitic cystic lesions in skin and
muscular tissues of 2 cultured females also positive
for V. alginolyticus, V. parahaemolyticus and beta-
nodavirus.

The genera Alphanodavirus and Betanodavirus are
members of the family Nodaviridae which in cludes
enveloped and single-stranded RNA viruses (Shetty
et al. 2012). Alphanodaviruses are insect viruses,
while betanodaviruses infect both cold and warm
water fish throughout the world (Shetty et al. 2012).
Another group of nodaviruses, which are neither
classified as alpha- nor betanodaviruses, have been
reported from shrimps (NaveenKumar et al. 2013). In
fish, betanodavirus infection is known as viral nerv-
ous necrosis, fish encephalitis, viral encephalopathy
and retinopathy (Shetty et al. 2012). Betanodavirus
infections have also been reported in marine inverte-
brates (Gomez et al. 2008a,b, 2010, Panzarin et al.
2012), including molluscs, such as the Mediterranean
mussel Mytilus galloprovincialis Lamarck, 1819, the
Japanese carpet shell Ruditapes philippinarum

(Adams & Reeve, 1850) and the Japa nese common
squid Todarodes pacificus (Steenstrup, 1880). Medi-
terranean mussels were found to be sub-clinically
infected with betanodavirus, lo cated in the hepato -
pancreas (Gomez et al. 2008a), while in Japanese
common squid, betanodaviruses were detected in the
brain and in eyes (Gomez et al. 2008a, 2010). Based
on phylogenetic analysis of the T4 variable region
within the RNA2 segment, beta nodaviruses have
been historically divided into 4 genotypes: striped
jack nervous necrosis virus (SJNNV), tiger puffer
nervous necrosis virus (TPNNV), barfin flounder
nervous necrosis virus (BFNNV) and red-spotted
grouper nervous necrosis virus (RGNNV) (Panzarin
et al. 2012). The phylo geny-based analyses of betan-
odaviruses previously reported in molluscs evi-
denced high homology with RGNNV (Gomez et al.
2008a, 2010) or RGNNV/ SJNNV reassortant strains
(Panzarin et al. 2012) circulating in fish in the areas of
the studies. In our study, betanodaviruses were
detected in skin, eyes and branchial-heart of both
reared and wild common octopuses. This is the first
record of betanodaviruses in this marine inverte-
brate. Further phylogeny-based analyses should be
conducted to investigate the relationship of these
betanodaviruses with fish and marine invertebrate
strains detected in the same area.

In conclusion, we aimed to identify bacteria, vi -
ruses and parasites associated with skin lesions in
octopus. The first isolation of L. garvieae and the first
detection of betanodaviruses in octopuses are re -
ported here, and indicate the possibility that this ani-
mal acts as a vector of such fish diseases. Further-
more, the first identification of P. swingsii in Italian
wild and cultured octopus is also reported. However,
further studies are needed to investigate the patho-
genic role of L. garvieae, P. swingsii and betano-
daviruses in the common octopus.
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