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The present research reports the first description of Shell Disease Syndrome in European spiny lobsters
Palinurus elephas (Fabricius 1787), which occurred in an experimental aquaculture facility in Sicily (Italy).
Both bacterial characterization and histopathological examination of the exoskeleton at site of lesions
was carried out. Infected specimens showed tail fan erosions, and in one case uropod ulceration and com-
plete loss of periods. Identified species included: Listonella anguillarum 50.5%, Vibrio parahaemolyticus
27.5% and Vibrio alginolyticus 22%. Microscopic evaluation of lesions indicate the presence of inflamma-
tory responses, which include melanization and pseudomembrane formation, similar to those described
for other crustaceans affected by SDS.

� 2010 Elsevier Inc. All rights reserved.
Shell Disease Syndrome (SDS) is one of the most common prob-
lems affecting freshwater and marine crustaceans reared in aqua-
culture farms (Noga et al., 2000; Porter 2004). On the contrary, in
natural populations, the disease is rarely reported and varies from
<2% to 10% of individuals (Vogan et al., 2002). SDS is caused mainly
by chitinolytic bacteria such as Vibrio spp., which are opportunistic
pathogens that colonize the shells of marine crustaceans (Eddy
et al., 2007). Bacterial invasion begins with removal of the non-chi-
tin containing outer layer of the exoskeleton, the epicuticle, and
this may occur (Malloy, 1978) when hosts are subjected to stress
factors: handling, holding in aquaculture facilities, injury from
fighting, abrasion from cages or the presence of large quantities
of organic matter, sewage or sludge in the environment (Musgrove
et al., 2005).

‘‘Winter impoundment shell disease” was the first form of shell
disease, which was well-described by Smolowitz et al. (1992) in
American lobsters (Homarus americanus, H. Milne Edwards,
1837). The lesions consist of round blackened focal erosions in
the carapace that coalesce as the disease worsens, thus increasing
the surface area of infected carapace. The histological characteristic
of impoundment shell disease is the scooped out appearance of the
eroded cuticle (Smolowitz et al., 2005). The histologically observa-
ble response includes cuticular deposition; melanization; inflam-
matory cell infiltration and pseudomembrane formation
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(Smolowitz et al., 1992). The onset of shell disease in American lob-
ster is related to overcrowding, poor water quality, and inadequate
diet associated with winter impoundment (Fischer, 1988; Smolo-
witz et al., 1992).

The majority of studies on SDS are on crustaceans of commer-
cial interest such as H. americanus, Homarus gammarus, Callinectes
sapidus, Chionoectes sp. (Noga et al., 2000; Vogan et al., 2002).
The European spiny lobster Palinurus elephas (Fabricius 1787) is
considered one of the most important commercial species in the
Mediterranean and the northeastern Atlantic (Goñi et al., 2003)
and is of great interest for diversification projects in aquaculture.
The present paper reports the first description of SDS in P. elephas,
which occurred in an experimental aquaculture facility in Sicily
(Italy). Both bacterial characterization and gross/microscopic
examination of the exoskeleton at site of lesions was carried out.
Ten lobsters (wet weight mean: 99.25 ± SD 30.46 g; carapace
length mean: 47.8 ± SD 9.3 mm) caught in the area of Mazara del
Vallo (southwest Sicily, Italy) were transferred to the IAMC-CNR
section of the Messina experimental plant for adaptation to captiv-
ity and feeding trials. After an acclimatization period of one month,
the lobsters were subdivided by sex and reared in two (2 m3) flow-
through tanks, under natural photo-thermoperiod (19 ± 2 �C), and
fed to excess with live mussels. Six months after being caught,
specimen examination revealed erosive lesions on the tail, charac-
teristic of typical crustacean SDS, which ranged from blistering of
the ventral surface to ragged edges of the tail, uropod ulcerations
and in one specimens complete loss of a pereipod. Carapace lesion
prevalence and severity was assessed and categorized for each ani-
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Fig. 1. Gross appearance of shell disease in Palinurus elephas: (A) loss of pereiopod.
(B) Tail fan erosions and uropod ulceration.
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mal following the Shell Disease Index (SD index) developed by Est-
rella (1991, 2000): 0 (no symptoms); 1 (symptoms on 1–10% of the
shell surface); 2 and 3 (symptoms on 11–50% and >50% of the shell
surface). Samples from healthy and infected lobsters were taken on
the 19th, 21st and 34th days after the lesions were first noted. Hae-
molymph of both types of specimens was taken in anaesthetised
lobsters. Anaesthesia was achieved by dipping the specimens in a
tank containing clove oil (Sigma) at a concentration of 50 mg/l.
Lobsters were considered anaesthetised when they became immo-
bilized and lost ability to right themselves when placed on their
back. Anaesthesia was reached in 3–4 min. One drop of haemo-
lymph was spread with a sterile loop onto TCBS agar (Oxoid) with
2% NaCl (final concentration) and onto Marine Agar (Microbial
Diagnostics) plates, which were incubated at 24 �C for 24–48 h
and 7 days, respectively.

Exoskeletal bacterial isolates were obtained by abrasion, after
sterilizing the surface of a small area of the lesion with alcohol,
using a disposable sterile plastic loop. Each scraping was trans-
ferred into 1 ml of sterile saline solution, homogenized and then
spread onto Marine Agar plates (Vogan et al., 2002). Pads of the tail
and appendage lesions were also sampled, inoculated into Marine
Broth (Microbial Diagnostics), and incubated for 24–48 h at 24 �C.
Then, 0.1 ml of bacterial suspension was spread onto TCBS agar,
with addition of 2% NaCl (final concentration) and also onto Marine
Agar plates. All plates were examined for growth after 24 h, 48 h
and 7 days. Bacterial colonies grown were counted and separated,
according to colony morphology and sucrose metabolism (positive/
negative). All data were expressed as Colony-Forming Units/ml
(CFU/ml). All presumptive Vibrio were identified by different tests:
chitinase production, bacterial morphology, Gram stain, motility,
oxidase test, glucose utilisation, susceptibility towards the vibrio-
static agent V-0129 (150 lg – Oxoid) growth in the presence of
NaCl and the API-20 system (Biomerieux), with salt
supplementation.

Shell samples were removed, dissected and immediately put
into Davidson’s seawater fixative for 24 h, then decalcified in a
standard decalcification fluid, dehydrated and embedded in paraf-
fin wax using routine histological methods. The samples were sec-
tioned (�4 lm thick) and stained with haematoxylin and eosin.
Photomicrographs were taken on a light microscope (Leica, HC)
equipped with a digital camera, and observed at 100�
magnification.

The SD index for the infected lobsters was 1 in 8/10 of speci-
mens examined and 2 in 1/10 of the animals. One specimen pre-
sented no symptoms and was rated as 0.

Macroscopically, SD in P. elephas was characterized by ero-
sions on the dorsal and ventral side of the uropods and telson.
Most of the specimens (n = 8) showed lesions confined to the
outer layers of the exoskeleton and characterized by limited ero-
sion and a blistering appearance of the tail, evident at the tips.
Complete loss of a pereiopod and ulceration of uropod tissue
in the animal with SD index 2 was also observed (Fig. 1). The
irregular blackened appearance of the eroded cuticle on the sur-
face of the lesions, indicated the activation of a phenolic oxida-
tion process (melanization).

A total of 198 bacterial strains were isolated and identified from
appendages and the tail fan; these included Listonella (Vibrio)
anguillarum 50.5%, Vibrio parahaemolyticus, 27.5% and Vibrio algino-
lyticus, 22%. Nine of ten lobsters examined were affected by SDS,
but no mortality occurred in these ten samples. Haemolymph col-
lected on different days was always sterile, indicating that bacte-
rial colonization was limited to the exoskeleton. The unaffected
lobster showed lower bacterial abundance on its exoskeleton than
the infected ones. No differences were found in quantitative bacte-
rial assays of exoskeletal lesions in infected lobsters on the 19th,
21st and 34th days after the disease outbreak.
The histological evaluation of tail fan lesions in P. elephas was
determined for each animal on the basis of the depth of erosions
and the presence of characteristic inflammatory responses. Moder-
ate lesions associated with infected uropods consisted of erosions
in the calcified endocuticle, with surface inflammation and an evi-
dent colour change, advancing from the leading edge of the lesion.
Discoloration observed clearly indicates a melanistic inflammatory
response to the infection. More profound erosions were character-
ized by extension of the lesions into the deeper non-calcified layers
of the endocuticle with loss of most of the overlying exoskeleton
and complete invasion into the sub-cuticular connective tissues
of the dorsal and ventral uropod. A thickening of the uncalcified
cuticle/membranous layer (inflammatory membrane isoprolifera-
tion), underlying surface inflammation and melanization, was
noted (Fig. 2).

The localization of lesions on the tail fan observed in P. elephas
has been reported in other spiny lobsters, such as P. argus (Porter
et al., 2001) Jasus edwardsii and P. cignus (Musgrove pers. obs.). This
pattern of SD lesions, characterized by progressive loss of the tail
fan with associated melanization, is defined as tail fan necrosis
(TFN) (Musgrove et al., 2005) and is considered one of the most
common shell diseases among spiny lobsters. The same authors re-
port the main cause of susceptibility of spiny lobster to tail fan
shell disease, as being the structure of uropods and telson. Spiny
lobsters have a thin carapace and are thus to physically inflicted
damage. Furthermore, the same study indicates that the uropods
and telson are not well perfused with haemolymph, possibly limit-
ing any immunological response.



Fig. 2. Micrographs of shell disease lesions in the tail fan of P. elephas. Cross section
of uropods. (A) Erosions in the calcified endocuticle with surface inflammation and
melanistic inflammatory response to infection (indicated by arrow). (B) Deeper
erosions extend into the uncalcified layers of the endocuticle with loss of the outer
layers of the cuticle at the junction of the dorsal and ventral cuticle on the posterior
end of the uropod. A proliferation of the inflammatory membrane (�) (increased
thickness of the uncalcified cuticle/membranous layer) underlying surface inflam-
mation and melanization, has occurred in deep erosions, in order to prevent further
spread of the lesion.

244 M. Mancuso et al. / Journal of Invertebrate Pathology 104 (2010) 242–244
The defence mechanisms against bacterial invasion exhibited
by P. elephas, to combat erosive lesions are similar to those de-
scribed in other forms of shell disease (Smolowitz et al., 1992,
2005). Histological examination of infected animals revealed that
melanization of the eroded cuticle accounted for the generally
brown/black granular appearance of the lesions. In addition, iso-
proliferation of the inflammatory membrane increases the depth
of the protective cuticle barrier preventing the further spread of
the lesion. The formation of an inflammatory cuticle has been re-
ported in a few studies and the physiological mechanism of prolif-
eration is not known (Neville, 1975; Dillaman and Roer, 1980;
Smolowitz et al., 1992, 2005).

Results of bacterial analyses indicate the presence of different
chitinolytic bacterial strains all belonging to the genus Vibrio,
which, due to their chitinolytic and proteolytic enzymes, are often
associated with exoskeleton lesions (Mancuso et al., 2006; Suginta,
2007). Bacteria found in shell lesions are ubiquitous in the marine
environment and are found on the exoskeleton of healthy, as well
as diseased, lobsters (Porter et al., 2001), and become pathogenic
when stressing factors are present.

The present work is the first description of SDS in farmed Euro-
pean spiny lobster. Further studies on this species will bring new,
useful information and are necessary to better understand the out-
break of this syndrome and immune response.
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