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Abstract
Two episodes of flexibacteriosis caused by T. maritimum were diagnosed in wild turbot and
farmed tub gurnard in Italy. The two different cases occurred in the facilities of Universtiy of
Camerino during reproduction trials. A group of 10 adult turbot showed haemorrhagic, frayed
fins and eroded mouth two weeks after capture from the North Adriatic Sea. The disease was
controlled by antibiotic therapy. A group of 20 tub gurnard showed eroded mouth, rotten fins
and severe skin ulcerative lesions, after 3 days of transportations from a fish farm to our laboratory
facilities. Mortality reached 90% of the population within 9 days. Traditional bacteriological and
PCR analysis of the isolates in the two episodes allowed the identification of the causative agent
as Tenacibaculum maritimum. Serological characterization of the isolates demonstrated that they
belonged to serotype O3. Histopathological examination showed severe skin necrosis, dermis
congestion associated with heterophilic and macrophagic infiltration. Immunohistochemical
analysis of skin tissue, using specific polyclonal antibody against T. maritimum serotype O3,
allowed the visualisation of positive stained macrophages. These cases, which constitute the
first descriptions of flexibacterioris in cultured tub gurnard and wild turbot in Italy, leads to
consider T. maritimum as a potential risk for the future Italian culture of these two fish species.

* Corresponding author’s E-mail: gianenrico.magi@unicam.it

Introduction
The huge development of seabream and
seabass farming in the Mediterranean basin
over the past 15 yrs has led to an increased
product supply and a subsequent reduction
of profit for the farmers. Due to this situation,
effort is focused on the search for new species
as candidates for mariculture diversification.
Turbot (Scophthalmus maximus) and tub
gurnard (Chelidonichthys lucernus, formerly
Trigla lucerna) are two common fish in the
eastern Atlantic Ocean and the Mediterranean

Sea and could represent profitable
alternatives for Mediterranean aquaculture
since they have high commercial value.
Although turbot farming is common in
European aquaculture, especially in
northwest of Spain, this species is not
currently cultured in the Mediterranean area
even though it occurs naturally. Several
studies have detailed the high potential of
turbot in aquaculture and the optimal water
temperature for productivity is around 16°C
(Nijhof, 1994). Higher temperatures seem to
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be a limiting factor for the culture of this
species in the Mediterranean Sea, especially
during the summer. Recently, reproduction
trials using wild turbot broodstocks
originating from the north Adriatic Sea
indicated that this population are better
adapted to higher temperature (Roncarati et
al., 2003). Studies on tub gurnard indicate that
after further optimization of the different
phases of the biological cycle, there are good
possibilities to breed the species and rear
fingerlings under controlled conditions
(Melotti et al., 1998, 2000). However, there is
a lack of information about the putative
pathologies that can affect its culture.

Tenacibaculum maritimum (formerly Flexibacter
maritimus) is the causative agent of marine
flexibacteriosis or tenacibaculosis, an
important disease affecting a great variety of
wild and cultured marine fish worldwide
(Toranzo et al., 2005). Losses associated with
this disease has been reported in several
cultured marine fish including turbot
(Scophthalmus maximus), atlantic salmon
(Salmo salar), sea bass (Dicentrarchus labrax),
gilthead sea bream (Sparus aurata), common
sole (Solea solea) and senegalese sole (Solea
senegalensis) (Hikida et al., 1979; McVicar &
White, 1979; Devesa et al., 1989; Bernardet et
al., 1990; Alsina & Blanch, 1993; Handlinger
et al., 1997; Cepeda & Santos, 2002; Avendaño-
Herrera et al., 2004, 2005).

The affected fish have eroded and
haemorrhagic mouth, ulcerative skin lesions,
frayed fins and tail rot. The clinical signs,
along with the microscopical observation of
long rods in wet mounts or Gram-stained
preparations obtained from skin lesions, can
be used for presumptive diagnosis of marine

flexibacteriosis. Identification of T. maritimum
is based on isolation of the pathogen in the
appropriate medium and on the study of its
phenotypic characteristics. In addition, an
accurate and rapid identification of the
pathogen could be achieved by the use of PCR
methodology (Toyama et al., 1996; Toranzo et
al., 2005).

In the present work, we report the first cases
of flexibacteriosis in cultured tub gurnard and
in wild turbot in Italy.

Materials and methods
Description of the cases
During 2003 and 2005, an experimental
programme was carried out at the aquaculture
facilities of University of Camerino in order
to study reproduction and first larval rearing
of turbot and tub gurnard. Different stocks of
fish were used during this period. A group of
ten wild adult turbot with average weight of
3 kg were caught in the north Adriatic Sea
with longlines and transported to the
laboratory facilities. At arrival some fish
showed reddening on the ventral skin surface,
probably caused by fishing operations. The
fish were maintained in a 20-m3 tank without
sand and with a recirculating system at a
temperature of 16°C. During the first two
weeks the fish refused the live food
administrated and some of them showed
frayed haemorragic fins and eroded mouth.
The disease was controlled by intramuscular
administration of enrofloxacin at a dose of 10
mg/kg every 3 days for two weeks. No
mortality was recorded.

A group of 20 tub gurnard (average weight
150 g) were transferred from an Italian fish
farm to our laboratory facilities. The fish were
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maintained in a 16-m3 tank without sand and
with a recirculating system at a temperature
of 15°C. After 3 days some fish showed eroded
mouth, rotten fins and severe skin ulcerative
lesions. All the fish received antibiotic therapy
treatment by bath immersion with
oxytetracycline at a dose of 100 mg/l.
Mortality reached 90% of the population
within 9 days.

Scrapings obtained from skin lesions of turbot
were used for microscopic observation and
microbiological analysis. Moribund tub
gurnard individuals were euthanized and
subjected to post-mortem examination.
Samples of skin, gills, spleen, kidney and
brain were employed for bacteriological
analyzed. All samples were inoculated on
Tryptic Soy Agar supplemented with 1% (wt/
vol) NaCl (TSA-1) (Oxoid Ltd., Milan, Italy),
on Columbia sheep blood agar (CBA) (Oxoid
Ltd., Milan, Italy), on Thiosulphate Citrate
Bile Sucrose (TCBS) (Oxoid Ltd, Milan, Italy)
and on Flexibacter maritimus medium (FMM)
(Pazos et al., 1993) and incubated at 22°C for
72 h.

Characterization of the isolates
Pure culture of the isolates obtained on FMM
from turbot and tub gurnard were submitted
to phenotypic investigations as previously
described (Avendaño et al., 2004). The drug
sensitivities of the strains were evaluated by
the disc diffusion method on FMM agar. The
following chemotherapeutic agents
(micrograms per disc) were used: flumequine
(3), nitrofurantoin (300), chloramphenicol
(30), enrofloxacin (5), oxytetracycline (30),
kanamycine (30) and thrimethoprim-
sulfamethoxazole (1.25/23.75).

The serological characterization of the isolates
was performed employing the dot blot assays
as described by Cipriano et al. (1985) with the
antiserum obtained against representative
strains of serotypes within T. maritimum
(Avendaño-Herrera et al., 2004, 2005): the sole
isolate PC503.1 (serotype O1), the turbot
isolate PC424.1 (serotype O2) and the sole
isolate ACC13.1 (serotype O3). DNA
extraction from the isolates was performed
using Insta-Gene Matrix (Bio-Rad, Madrid,
Spain).

Identification of T. maritimum by PCR was
carried out following the protocol of Toyama
et al. (1996), using a T Gradient thermocycler
(Biometra, Goettingen, Germany). The PCR
amplifications were done using the
commercial kit Ready-To-GoTM PCR beads
(Amersham Pharmacia Biotech, Barcelona,
Spain), which included all the reagents
needed for the PCR reactions (buffers,
nucleotides and Taq DNA polymerase), with
the exception of the specific primers and DNA
template. PCR products were electrophoresed
in a 1,5% agarose gel and stained with
ethidium bromide (Bio-Rad). A 50-2000 bp
ladder (Sigma) was used as a molecular mass
marker.

Histological study
For histopathological examination samples of
skin, gills, kidney, liver and spleen were fixed
in 10% phosphate-buffered formalin,
dehydrated in an ethanol series and
embedded in paraffin. Sections (4 μm) were
stained with haematoxylin and eosin (HE) and
Giemsa.

For immunohistochemical analysis (IHC),
skin sections were placed onto pretreated
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slides (Bio-Optica, Milan, Italy) to promote
adhesion and dried overnight at 37°C. After
being dewaxed, sections were placed in citrate
buffer, pH 6.5, and processed in a microwave
oven at 650 W for two cycles of 10 min. each
to enhance their antigenicity. Slides were then
allowed to cool at room temperature for at
least 20 min. before being further processed
for immunostaining by standard procedures.
Sections were incubated overnight in a moist
chamber at 4°C with a polyclonal antiserum
raised against T. maritimum serotype O3. The
antiserum was diluted in a Tris-buffered
solution (TBS) containing 0,1% crystalline

bovine serum albumin (BSA). Antibody
labelling was performed with ABC-
peroxydase (Vectro Laboratories, Inc.,
Burlingame, CA) techniques using a 1:200
diluted biotinylated goat-anti rabbit Ig (Dako,
Glostrup, Denmark) applied for 45 min. at
room temperature as secondary antibody. The
enzymatic reaction was developed with 3-1
diaminobenzydine (DAB) (Sigma Chemical
Co., St. Louis, MO) as chromogen substrate,
by using Meyer’s Haematoxylin as nuclear
counter-stain. As negative controls the
primary antisera were substituted with TBS
or non-immune sera.

Figure 1. (A and B) Turbot with haemorrhagic and eroded mouth and frayed fins; (C) Tub gurnard with
haemorrhagic frayed fins; (D) Gram stained smears from skin lesions of turbot showing the presence of long
rods of Flexibacter-like bacteria (40X).
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Results
Externally, diseased turbot showed eroded
and haemorrhagic mouth, and frayed-
haemorrhagic fins (Figure 1a, b). Similarly, the
diseased tub gurnard showed severe skin
ulcers and rotten and frayed fins (Figure 1c).
Post-mortem examination of tub gurnard
internal organs did not reveal any
macroscopic findings. Microscopic examina-
tions of wet mount and gram stained smears
from external lesions of both fish species
revealed the presence of high quantities of
long rods classified as Flexibacter-like (Figure

1d). In both turbot and tub gurnard pure
culture of bacterial isolates were obtained
from skin samples after 48 h incubation on
FMM plates. The colonies of both isolates
were pale-yellow, flat with uneven edges. The
phenotypic characterization of the isolated
bacteria showed that they were gram-
negative, long slender rods with gliding
motility, negative for flexirubin and hydrogen
sulphide production. In addition the isolates
were positive for nitrate reduction and for
Congo red adsorption. These characteristics
allowed their presumptive identification as
Tenacibaculum maritimum. The isolates from
turbot and from tub gurnard rendered the
same susceptibility pattern to the
chemotherapeutic agents evaluated. Thus,
they were susceptible to all chemoterapeutics
with the exception of kanamycine.

Serological characterization of the isolates by
dot blot assays showed only a strong reaction
with the antiserum raised against the sole
strain serotype O3 (strain ACC13.1)
demonstrating that they belonged to this
serotype (Figure 2a). Identification of the
isolates was confirmed by the PCR assay,
where they rendered the expected fragment
of 1088 bp (Figure 2b).

In tub gurnard histopathological examination
of skin and fin lesions showed severe
epidermis necrosis, dermis congestion
associated with heterophilic and macrophagic
infiltration (Figure 3a). Clusters of bacteria
could be observed in the superficial areas of
the dermis. In addition some dermis areas
appeared detached from the muscle tissue.
Immunohistochemical analysis allowed the
visualization of numerous positively stained
macrophagic cells (Figure 3b).

Figure 2. Dot blot assay using the antiserum raised
against the sole isolate ACC13.1 (serotype O3) (A)
and specific PCR amplification using primers MAR
1 and MAR2 (Toyama et al., 1996) (B) of the new
isolates of T. maritimum. Dots in A: 1, serotype O1
strain (PC503.1); 2, serotype O2 strain (PC424.1);
serotype O3 strain (PC503.1); 4, tub gurnard isolate;
5, turbot isolate. Lanes in B: M, AmpliSize
Molecular Ruler (50-2000-bp ladder, Sigma); 1, T.
maritimum reference strains NCIMB 2154T; 2,
negative control (no DNA), 3, isolate from tub
gurnard; 4, isolate from turbot. Numbers on the left
indicate the position of molecular size marker in
bp. Numbers on the right indicate the size of the
specific amplified products in bp (1088-bp).
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Discussion
Turbot and tub gurnard are considered
potential candidates for marine aquaculture
in Italy due to their high market value.
Although there is plenty of information about
the putative pathologies (including
flexibacteriosis) that can affect turbot in
farming condition, especially from studies
conducted in the last two decades in Spain
(Toranzo et al., 2004, 2005), no data on diseases
of tub gurnard are available. We report here
the first description of flexibacterioris in
cultured tub gurnard and wild turbot in Italy.
The two fish species we considered in this
work are benthic species inhabiting sand,
muddy sand or gravel bottoms. The decreased

immune defence induced by transport, the
abrasion caused by the fishing operation and
the use of tanks without sand in the
experiments could have provoked the two
infectious episodes. A recent study on
pathogenesis of experimental infection by
Flavobacterium psychrophilum (a similar
pathogenic bacteria) in ayu demonstrated that
the portal of entry is via skin micro-lesions of
traumatic origin (Miwa & Nakayasu, 2005).
In turbot, Magariños et al. (1995) showed that
the primary site of infection of T. maritimum
was the body surface.

The T. maritimum isolates in the two episodes
showed identical biochemical characteristics,
which matched previous descriptions of T.
maritmum. The serological assays performed
with the tub gurnard and turbot isolates
demonstrated that they belonged to the
serotype O3. Recently, three O-serotypes have
been described in T. maritimum. The majority
of isolates from sole in north western Spain
and all gilthead seabream isolates belonged
to serotype O1, strains isolated from turbot
were serotype O2, while all strains isolated
from sole in Portugal and southern Spain were
serotype O3 (Avendaño-Herrera et al., 2004,
2005). Interestingly, our turbot isolate did not
belong to serotype O2 like the Spanish strains.
This fact probably indicates a geographical
diversity of the different serotypes rather than
a host specific association. These findings are
an important fact to be taken into
consideration when optimizing vaccine
formulations to be used in different fish
species as a preventive tool. A vaccine specific
for turbot has been developed for this disease,
but it only includes representatives of
serotype O2 (Romalde et al., 2005).

Figure 3. Histopathological analysis of tub gurnard.
(A) Congestion and inflammatory infiltration in
eroded fin (HE; Bar, 50 μm). (B) Macrophages
positive for T. maritimum serotype O3 antibody
(arrows; IHC; Bar, 12,5 μm).
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In summary, we report here the first evidence
of the susceptibility of tub gurnard and turbot
to T. maritimum infection in Italy, which leads
to consider T. maritimum as a potential risk
for the local culture of these fish species.
Antibiotic therapy was only effective when
the drug was intramuscularly administered
and since this route of administration cannot
be routinely used in fish facilities, the
development of an adequate vaccine is
recommended to prevent future outbreaks of
this disease in Mediterranean culture of tub
gurnard and turbot species.
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