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Diseases of mediterranean fish species:
Problems, research and prospects
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Seabream Sparus aurata and seabass Dicentrarchus labrax still dominate the production of the
Mediterranean fish farming industry, but new species, Mediterranean and otherwise, are constantly
being added to the list. Significant progress has been made in the farming of Atlantic bluefin tuna
(Thunnus thynnus) in Spain, Malta and Croatia. Health management in the domestication of new
species remains a high priority, while knowledge gaps are gradually bridged. The major diseases
which confront farmers vary in prevalence according to the geographic latitude of each country
around the Mediterranean basin, while the methods by which the animals are cultured greatly
influence type and severity of diseases. “Old” pathogens (Lymphocystis and encephalitis viruses,
“Pasteurella” piscicida, Vibrio spp., Amyloodinium ocellatum) still cause serious economic losses,
and once sporadic diseases (caused by Mycobacterium marinum, Streptococcus iniae ,
Lactococcus garvieae, Enteromyxum [formerly Myxidium] leei, Kudoa sp.) are emerging.
Sophisticated biotechnologies have been or are being developed and many microbial pathogens
are identified today on a molecular basis. A direct PCR method for detection and identification of
M. marinum based on the 16S rRNA gene sequence was successfully developed ten years ago
in Israel, and has become established for other bacterial fish pathogens. Randomly Amplified
Polymorphic DNA (RAPD) and Amplified Fragment Length Polymorphism (AFLP), by using the
entire DNA rather than gene sequences, have provided an even higher level of precision in
genotyping. Disease diagnosis can thus be very rapid and accurate, and taxonomic positions
assigned with much greater confidence. At the same time, however, higher precision has made
the need for major taxonomic shifts and re-classifications more frequent. The advent of genetic
engineering has provided the fish industry with recombinant vaccines, based on selected antigens.
Unfortunately, immunocompetence in very young stages is virtually non-existent, the specific
immune response in fish is generally slow to build up and characterized by a short memory.
Circulating antibodies may not be protective, so that high levels of specific antibodies often do
not correlate with protection or disease status. These facts make the fish rely more heavily on the
nonspecific immune system as the initial and primary defense against microbial invasion.
Endogenous peptides with powerful antimicrobial properties (endobiotics) have recently been
detected, purified and characterized in fish. Three members of a novel family of such endobiotics
(“piscidins”), expressed in mast cells of various families of fish in the suborder Percoidei, display
a broad antibacterial spectrum and are effective against protistan ectoparasites such as the
dinoflagellate Amyloodinium ocellatum and the ciliate Cryptocaryon irritans. The factors affecting
modulation of piscidins are being studied. Potentiating the natural, non-specific, non-adaptive
defenses of the host will limit use and dependence on treatment drugs and chemicals (antibiotics
in particular) and is the innovative strategic course that fish health research has taken in the past
few years.
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Mediterranean mariculture:
Traditional and potential candidates
The Mediterranean fish farming industry in the
last quarter of a century has been an
extraordinary success. Today, many countries
around the Mediterranean basin have become
dependent on intensive mariculture as an
alternative to depleted fishing grounds and the
declining profitability of industrial fishing.

The species of fish cultured are basically the
same, with two euryhaline and eurytherm
species, the gilthead seabream Sparus aurata
and European seabass Dicentrarchus labrax,
on top of the production list (Divanach 2002).
In a continuous effort to offer the market a
more varied basket and to counter declining
market prices, culture of several other
Mediterranean species (Pagrus pagrus ,
Pagellus bogaraveo , Pagellus erythrinus ,
Puntazzo puntazzo, Diplodus sargus, Diplodus
vulgaris ,  Sciaena umbrina), a Red Sea
Lessepsian immigrant (Siganus rivulatus) and
an allochthonous species (Pagrus major) has
now reached commercial levels in Cyprus,
Greece, Italy and Spain. Optimization of
rearing conditions for common dentex (Dentex
dentex), cultured in Greece, meagre
(Argyrosomus regius), cultured in France,
Spain and Italy, white grouper (Epinephelus
aeneus), cultured in Israel, and Epinephelus
marginatus, cultured in Italy and Greece, is
being reached. Problems related to low growth
rate, knowledge gaps in the physiology of
reproduction, inadequate artificial larval
feeding, etc. may gradually be solved for
various other Mediterranean species (e.g.,
common sole Solea solea, turbot
Scophthalmus maximus) which are presently
under study. Fast growers that attain large size

(e.g., the amberjack Seriola dumerilii, the
dolphin fish Coryphaena hippurus) are also
very attractive candidates for Mediterranean
mariculture and several attempts at
domestication have been made (Divanach
2002). Significant progress has been made
in farming Atlantic bluefin tuna (Thunnus
thynnus) in Spain, Italy, Malta and Croatia.
While a better understanding of the
physiological requirements of these new
species in captivity is gradually achieved,
health management remains a high priority,
as farmers know by now that the technological
development for the culture of Mediterranean
species has always been faster than progress
of the veterinary aspects.

The major fish diseases which confront
farmers vary in prevalence not only according
to the species raised but also according to the
geographic latitude of each country around the
Mediterranean basin, and the methods by
which the animals are cultured greatly
influence type and severity of diseases. In
addition, the geographic culture range of some
species of fish, presently limited to the
southern regions of Eastern Mediterranean by
their high thermic optimum of growth
(Divanach 2002), may be extended in
controlled, closed recirculating systems.

“Old”, “new”, “emerging” diseases
and diseases of the food-chain
organisms
The development of the technology for
larviculture has brought about an escalation
in the demand for brine shrimp and rotifers.
These tiny organisms are no more immune
from pathogenic agents than the larger
animals for which they serve as food.
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Unfortunately, their diseases are little known
and awareness of them is still low. Several
species of microsporidia and a fungus,
Lagenidium callinectes, have been reported
in Artemia, while a birnavirus and a yeast-like
organism have been held responsible for
mortalities or “crashes” in mass cultured
rotifers Brachionus plicatilis and poor survival
rate of the fish larvae (Comps et al. 1991,
Colorni 1998). No less importantly, these
organisms have occasionally been suspected
of being the carriers of pathogens (Arfarà et
al. 1995, Chang et al. 1999).

“Old” pathogens [Lymphocystis and
encephalitis viruses described either as VNN
(Viral Nervous Necrosis) or VER (Viral/
Vacuolating Encephalopathy and
Retinopathy), Photobacterium damselae
(formerly Pasteurella) ssp. piscicida, various
Vibrio spp. (e.g., V. anguillarum, V. ordalii, V.
alginolyticus), various spp. of gliding bacteria
(especially Flexibacter maritimus),
Cryptocaryon irritans, Amyloodinium
ocellatum] still cause serious economic losses.
Some of them (e.g., C. irritans, A. ocellatum)
seem to have expanded their geographic
range in recent years, appearing in areas such
as the northernmost Adriatic Sea. Opportunist
“borderline” pathogens (Trichodina,
Trichodinella , Cryptobia, etc.) turn up
whenever the culture conditions of the fish
deteriorate.

A number of myxozoans have occasionally
been diagnosed in sea bream and/or sea bass
(e.g., Ceratomyxa, Sphaerospora, Myxobolus,
Polysporoplasma) and mullets (Zschokkella),
whereas Enteromyxum (formerly Myxidium)
leei and Kudoa sp., once sporadic, seem to
be on the rise, while fish pathologists still

debate whether they represent a phenomenon
or a problem (Abela and Breton, 1996a, b;
Agius and Tanti, 1997). Certain bacterial
diseases (caused by Mycobacterium
marinum, Streptococcus iniae, Lactococcus
garvieae, etc.), reported with increasing
frequency, are unlikely to be eradicated even
when the fish are treated or removed from the
system (Diamant and Colorni 2003).

The reasons for a disease to “emerge” are
not fully understood (Austin 1999, Galeotti
2001), but may include:

1)  A change in the environment (usually
negative, attributable to degradation or
pollution) favoring the emergence of a “new”
pathogenic organism.

2)  Lowering of the resistance threshold to
infection in the host due to overcrowding, poor
hygienic conditions, and other stressors, which
favor “amplification” and apparent “surge in
virulence” of an opportunist pathogen.

3)  Introduction of an exotic species, sensitive
to a local pathogen, with disease transfer from
indigenous fish to cultured stocks.

4)  Introduction of an exotic species, carrier
of a pathogen, with disease transfer from
cultured stocks to indigenous fish.

5)  Natural selection by which a change,
brought about, e.g., by withdrawal after a
prolonged use/abuse of an antibiotic, favors
the emergence of a  possibly antibiotic-
resistant “new” pathogenic organism.

6)  The increasing number of laboratories that
standardize the use of often sophisticated
methodologies, with high discriminatory
power, narrowing of taxonomic range, better
reproducibility and confidence of
interpretation.
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Diagnostic technologies: Traditional
methods and molecular tools
For bacteria, commercial miniaturized
identification systems based on a large variety
of strains and biochemical tests are practical,
user-friendly and, if used according to
consistent procedures, provide biochemical
profiles useful for comparisons. The major
drawback with these kits, however, is that they
were developed mainly for human pathogens,
and many bacteria of interest to aquaculture
are not included in the databases. In the case
of at least some groups of bacteria with high
strain variability, the kits lead to inconclusive
identifications, or mislead toward incorrect
identifications, or are quite often in
disagreement when different systems are
compared. In general, despite some recent
improvements, these kits are still of limited
reliability to the fish pathologist.

Sophisticated biotechnologies have been or
are being developed, with more and more
microbial pathogens being identified today on
a molecular basis. This approach overcomes
the problem of fastidious bacteria that do not
grow on general media, slow growing bacteria
that are overwhelmed by fast growing bacteria,
bacteria that “switch” on and off certain
enzymatic systems according to the culture
conditions, thus varying their biosynthetic
capabilities, and bacteria that are not at all
amenable to culture.

In the past, a microbial “species” with its
binomial nomenclature of convenience and
cohorts of “atypical” strains within the genus
has been a strictly empirical entity. Today,
molecular tools have provided a phylogenetic
approach to determining bacterial
identification and taxonomic position by

grouping into clusters closely related
organisms that share a relatively recent
ancestry.

Unfortunately, the definition of species as a
“discrete cluster of strains with a relatively
recent common ancestor” is no less vulnerable
to arbitrary subjectivity, so that the question
remains of how much internal diversity is
permissible in a discrete cluster for it to be
regarded as a single species or subspecies.

A PCR direct method for detection and
identification of Mycobacterium marinum
based on the 16S rRNA gene sequence was
successfully developed ten years ago in Israel
(Knibb et al. 1993), and its use has become
established for several other bacterial fish
pathogens (Hiney & Smith, 1998, Zlotkin et
al., 1998). In recent years, however, it has
become clear that 16S rRNA sequences alone
are often insufficient to detect variation within
bacterial species (Goebel & Stackebrandt
1994, Palys et al. 1997). In mycobacteria, for
example, a difference of less than 5
nucleotides within the complete 16S rRNA
gene (out of 1400-1500 nucleotides) is
supposed to be sufficient to indicate a
genetically unique and distinct taxon (Turenne
et al., 2001). However, M. marinum shares
over 99.8% homology with M. ulcerans, with
only two nucleotide differences (Portaels et
al., 1997, Tønjum et al., 1998), while the
diseases caused in humans differ greatly in
their clinical, histopathological, and
epidemiological aspects (Stinear et al., 2000).

Randomly Amplified Polymorphic DNA
(RAPD) and Amplified Fragment Length
Polymorphism (AFLP) are DNA fingerprinting
techniques which detect DNA restriction
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fragments by means of random PCR
amplification. By using whole-genome
structures rather than single gene sequences,
both techniques have provided a generally
higher level of precision in genotyping. AFLP
(Zabeau & Vos 1993, Vos et al., 1995, Blears
et al., 1998) in particular has become a useful
genetic and epidemiological tool for detecting
strain variation (Janssen et al., 1996), e.g., in
Photobacterium damselae ssp. piscicida (Kvitt
et al., 2002), whereas for Lactococcus
garvieae more discriminative results were
achieved with RAPD (Colorni et al., 2003,
Ravelo et al.,  2003).

Comparison of the 16S rRNA sequence of
Streptococcus iniae isolates from
Mediterranean Sea and Red Sea fish with that
of S. iniae isolates from Israeli freshwater
rainbow trout revealed 6 nucleotide
differences (over a total of approximately 1500
nucleotides), which corresponds to 99.6%
homology. Therefore, despite phenotypic,
biochemical and pathogenetic similarities,
marine and freshwater  isolates appear to be
different strains (Colorni et al ., 2002).
Interestingly, neither the AFLP nor the RAPD
method revealed any polymorphism (Colorni
et al., 2002), despite the fact that both
methods demonstrate high discriminative
properties, the former differentiating among
closely related bacterial strains (Janssen et
al., 1996, Blears et al., 1998), and the latter
among group-A streptococci (Gardiner et al.
1995) and even S. iniae serotypes (Bachrach
et al., 2001). Using Restriction Fragment
Length Polymorphism (RFLP) of whole rRNA
genes (Eldar et al., 1997), showed that Israeli
isolates from tilapia and trout could be
differentiated from U.S. S. iniae isolates from

tilapia, and also showed that the S. iniae ATCC
29178T type strain (originally isolated from skin
lesions of an Amazon River freshwater
dolphin, Inia geoffrensis, held in captivity in
San Francisco, California) (Pier & Madin,
1976) belongs to a ribotype different from
those of the piscine isolates.

These examples show that not all regions of
the DNA are equally useful as targets for
probes and/or PCR primers, the various
molecular methods differ in applicability,
discriminatory power, and reproducibility, and
therefore there is no single “best” method.
Also, great care must be employed to avoid
contamination and false positive/negative
results. In general, however, diagnoses are
rapid and accurate, and taxonomic positions
can be assigned with much greater
confidence. At the same time, higher precision
has made the need for major taxonomic shifts
and re-classifications more frequent. This is
how, for example, Pasteurella piscicida has
become Photobacterium damselae ssp.
piscicida (Gauthier et al., 1995), Myxidium leei
has become Enteromyxum leei (Palenzuela
et al., 2002), and Cryptocaryon irritans
(Phylum Ciliophora), defined for half a century
as the “seawater counterpart” of
Ichthyophthirius multifiliis, was moved from
family Ichthyophthiriidae to the newly
proposed Cryptocaryonidae and re-classified
all the way up to subphylum level (Wright and
Colorni, 2002).

Since quarantine restrictions have rarely been
adopted, certain pathogens have traveled
considerable geographic distances, usually
associated with fingerlings hatched in one
location to be cultured in another, or adults
caught in the wild to be used as broodstock. A
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correct taxonomic assignment of microbial
pathogens is not only of epidemiological
importance, but is often essential in the
development of curative strategies.

Vaccines and immunity
An ideal vaccine should be effective, safe,
easy to administer, and relatively inexpensive
to produce. Often these features are mutually
exclusive, restricting the commercial
development of vaccines for aquaculture.
Experience has taught that a satisfactory level
of protection can be achieved only by
intraperitoneal injection and, in some cases,
by immersion, whereas oral administration has
so far produced disappointing results. The
advent of genetic engineering has provided a
convenient method to readily produce
antigens from microorganisms, especially
from those that are difficult or impossible to
culture. Recombinant vaccines are based on
selected antigens, but are normally less
immunogenic than when they were part of the
pathogen (Ellis, 1999; Bruno & Woo, 2002).
Consequently, most commercial vaccines
contain adjuvants to enhance the efficacy of
the antigen. The continued presence of
macrophages indicates uptake from the
vaccine depot. Adjuvants, however, have
numerous side effects, from sterile abscesses
to local muscle necrosis when injected
intramuscularly, and fibrinous visceral
adhesions and peritonitis when injected
intraperitoneally.

 In marine fish of interest to aquaculture, the
immune system is generally not well
developed histologically before 58-100 d post-
hatching (Manetti et al., 1999; Toranzo et al.,
2003), during which time immunocompetence

is virtually non-existent. Even after the
lymphoid organs have become functionally
mature, the specific immune response is
generally slow to build up and characterized
by a short memory. Only IgM-like antibody
molecules are produced, which are of intrinsic
low avidity and lack affinity maturation (see
Kaattari and Piganelli, 1996). This is why in
fish circulating antibodies may be non-
protective, and even high levels of specific
antibodies often do not correlate with
protection or disease status. In addition,
immune functions are influenced by
environmental temperature. Low
temperatures, in particular for species native
to temperate and warm water habitats,
suppress specific, humoral, and cell-mediated
defense mechanisms and are at least partially
responsible for a pathological condition known
as “winter syndrome” (WS), which affects
gilthead seabream in the Mediterranean area
during the cold season (Bovo et al., 1995,
Padrós et al., 1996).

These shortcomings make the fish rely heavily
on the nonspecific immune system as the
initial and primary defense against microbial
invasion (Iwama and Nakanishi, 1996,
Robinette et al., 1998, Lauth et al., 2002). The
nonspecific immune system is more resistant
to low temperature, offsets specific immune
suppression at low temperature, acts rapidly,
and functions without either high specificity or
memory. It consists of non-specific cellular
defenses (mainly granulocytes, macrophages,
melano-macrophages, non-specific cytotoxic
cells, eosinophilic granular cells or mast cells)
and of non-specific humoral defenses (mainly
lysozyme, complement factors, interferon, C-
reactive protein, transferrin, lectin,
antimicrobial peptides or AMPs).
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Host-defense peptides
As a new sub-discipline of immunology, the
emerging field of antimicrobial research known
as “host-defense peptide” biology seeks to
understand how various life forms defend
themselves by using endogenous, gene
encoded, 10-50 amino acid peptides endowed
with powerful, broad-spectrum antimicrobial
properties. These molecules act rapidly and
nonspecifically, stemming or preventing
colonization of a wide range of potentially
pathogenic microorganisms by affecting
membrane permeability, inhibiting the
synthesis of specific membrane proteins, or
interfering with DNA synthesis (Kelley, 1996;
Schröder, 1999).

Recently detected, purified and characterized
in fish, endogenous antibiotics (“endobiotics”)
are peptides located in the epithelial surfaces
of skin, gills and alimentary tract. (Park et al.,
1997, Cole et al., 1997, 2000, Robinette et
al., 1998, Lauth et al., 2002, Noga et al., 2002).
An important family of endobiotics, originally
detected in hybrid striped bass, are “piscidins”,
22-amino acid peptides expressed in mast
cells of gill, skin and gut and visceral blood
vessels in various families of fish in the
suborder Percoidei, including D. labrax
(Silphaduang & Noga, 2001; Noga &
Silphaduang, 2003, Silphaduang et al .,
unpubl. data). Their three members display a
broad antibacterial spectrum and at least one
of them is effective against protistan
ectoparasites such as the dinoflagellate
Amyloodinium ocellatum and the ciliate
Cryptocaryon irritans. The factors affecting
modulation (up- and down-regulation) of
piscidins are being studied.

Future directions
NATURAL DISEASE RESISTANCE:
Research efforts have focused on finding
molecular genetic markers that are associated
with increased resistance to specific diseases,
the so-called Quantitative Trait Loci (QTL).
Candidates for QTL are microsatellites and
functional genes from the region coding for
the Major Histocompatibility Complex (MHC)
molecules (Midtlyng and Storset 2001).

UP-REGULATION OF ENDOBIOTIC
PEPTIDES: Potentiating the natural, non-
specific, non-adaptive defenses of the host
(such as histone-like polypeptides in  S. aurata
and piscidins in D. labrax) will limit use and
dependence on treatment drugs and
chemicals (antibiotics in particular) and is the
innovative strategic course that fish health
research has taken in the past few years.

Closed recirculation and integrated
systems - organic mariculture
Awareness of the detrimental impact of fish
farm operations on the environment has
increased in recent years, as it has become
clear that, however sophisticated,
technologies with uncontrolled environmental
effects are not sustainable. The economic
success of intensive mariculture in the
Mediterranean Sea has been due, to a large
extent, to the fact that the cost of effluent
treatment has never been included. This age
is coming to a timely end. Stricter policies
regulating effluent discharge are being
enacted, and the need for developing
alternative, environment-friendly, economi-
cally viable culture systems has become more
pressing (Shpigel et al., 1993; Cataudella,
1999; Neori et al., 2000; Blancheton et al.,
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2001). Closed recirculation and integrated
systems, often in combination, are being
studied in several countries, with major efforts
being invested in reducing capital and
operational costs, generally much higher than
in traditional open, flow-through systems.
Although environmental pollution can be
drastically reduced and feasibility of an organic
mariculture looks more promising, new health
management problems related to the nature
of these closed systems have arisen.
Undoubtedly, physico-chemical factors, such
as salinity, organic matter, temperature, solar
radiation, antibiotics, sedimentation, etc., each
play a different role according to the nature of
a particular pathogenic agent. Pathogen host-
specificity in the unnatural conditions of
intensive mariculture is known to break down
(Colorni, 1994). Outside their natural hosts,
certain bacteria are known to enter a starvation
mode and a viable but non-culturable (VBNC)
state, while encysted stages of certain
parasites developed asynchronous
excystment strategies. However, interaction or
competition of pathogens with the bacterial
flora and microfauna in the bottom sediment
of a fish pond or in a biofilter, and in general
their ability to survive and remain infective or
propagate in these man-made ecosystems,
have not yet been properly studied.
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