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Abstract

The aim of this review is to compile some dispersed literature published about different aspects of the most threatening

bacterial diseases occurring in fish cultured in marine waters worldwide such as vibriosis, bwinter ulcerQ, photobacteriosis,
furunculosis, flexibacteriosis, bwinter diseaseQ, streptococcosis, lactococcosis, BKD, mycobacteriosis and piscirickettsiosis.

Therefore, the geographic distribution of each disease and the main host species affected, together with the biochemical and

antigenic diversity existing in the aetiologic agents are described. In addition, the genetic studies that have been performed to

determine the possible existence of intraspecific heterogeneity or clonal lineages within each pathogen are included. We review

also in brief the classical methods to isolate the microorganisms from their hosts as well as the serological and/or genetic tools

for a rapid diagnosis of the diseases. Finally, the current status in the development of vaccination strategies to prevent these

bacterial diseases is also addressed.

D 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Aquaculture is an emerging industrial sector which

requires continued research with scientific and techni-

cal developments, and innovation. The world aqua-

culture production in 2001 was approximately of 37.9

million tons, which represents around 41% of that

obtained from extensive captures for human consump-
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tion (FAO, 2003). Marine fish culture is dominated by

Atlantic salmon (Salmo salar) led by Norway, then

Chile, United Kingdom, Canada and Ireland. Other

economically important marine fish are gilthead

seabream (Sparus aurata), seabass (Dicentrarchus

labrax) and turbot (Scophthalmus maximus) in coun-

tries such as Greece, Italy, France, Spain and Portugal,

and yellowtail (Seriola quinqueradiata), ayu (Pleco-

glossus altivelis), flounder (Paralichthys olivaceus)

and seabream (Pagrus major) in Japan.

The appearance and development of a fish disease

is the result of the interaction among pathogen, host

and environment. Therefore, only multidisciplinary
(2005) 37–61
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studies involving the characteristics of potential

pathogenic microorganisms for fish, aspects of the

biology of the fish hosts as well as a better under-

standing of the environmental factors affecting such

cultures, will allow the application of adequate

measures to prevent and control the main diseases

limiting the production of marine fishes. Regarding

the infectious diseases caused by bacteria in marine

fish, although pathogenic species have been described

in the majority of the existing taxonomic groups, only

a relatively small number are responsible of important

economic losses in cultured fish worldwide (see
Table 1

Aetiological agents of the economically important bacterial fish diseases

Agent Disease Main

Gram negative

Listonella anguillarum (formerly Vibrio

anguillarum)

Vibriosis Salmo

striped

red se

Vibrio ordalii Vibriosis Salmo

Vibrio salmonicida Vibriosis Atlant

Vibrio vulnificus Vibriosis Eels

Moritella viscosa (formerly Vibrio viscosus) bWinter ulcerQ Atlant

Photobacterium damselae subsp. piscicida

(formerly Pasteurella piscicida)

Photobacteriosis

(Pasteurellosis)

Seabre

striped

Pasteurella skyensis Pasteurellosis Atlant

Aeromonas salmonicida subsp. salmonicida Furunculosis Salmo

Tenacibaculum maritimum (formerly

Flexibacter maritimus)

Flexibacteriosis Turbo

seabas

red se

Pseudomonas anguilliseptica Pseudomonadiasis

bWinter diseaseQ
Seabre

Gram positive

Lactococcus garvieae (formerly

Enterococcus seriolicida)

Streptococcosis or

lactococcosis

Yellow

Streptococcus iniae Streptococcosis Yellow

seabas

Streptococcus parauberis Streptococcosis Turbo

Streptococcus phocae Streptococcosis Atlant

Renibacterium salmoninarum BKD Salmo

Mycobacterium marinum Mycobacteriosis Seaba

Atlant

Piscirickettsia salmonis Piscirickettsiosis Salmo

a Limited protection in turbot.
b Further studies are needed to clarify the serotyping scheme.
c Under development.
d High protection but the duration is dependent on the fish host.
e No data reported.
f Questioned efficacy under field conditions.
Table 1). It is important to point out that diseases

classically considered as typical of fresh water

aquaculture, such as furunculosis (Aeromonas sal-

monicida), bacterial kidney disease (BKD) (Re-

nibacterium salmoninarum) and some types of

streptococcosis, are today important problems also

in marine culture. Clinical signs (external and in-

ternal) caused by each pathogen are dependent on the

host species, fish age and stage of the disease (acute,

cronic, subclinic carrier). In addition, in some cases,

there is no correlation between external and internal

signs. In fact, systemic diseases (i.e., pasteurellosis,
affecting marine fish cultures

marine hosts Major serotypes/

serogroups

Vaccine

availability

PCR-based

diagnostic

methods

nids, turbot, seabass,

bass, eel, ayu, cod,

abream

3 + +

nids 1 + �
ic salmon, cod 1 + �

1 + +

ic salmon 1 + �
am, seabass, sole,

bass, yellowtail

1 + +

ic salmon ND � �
nids turbot 1 (+)a +

t, salmonids, sole,

s, gilthead seabream,

abream, flounder

2b + +

am, eel, turbot, ayu 2 (+)c +

tail, eel 2 (+)d +

tail, flounder,

s, barramundi

2 (+)d +

t 1 + +

ic salmon ND � �
nids 1 + +

ss, turbot,

ic salmon

NDe � +

nids 1 (+)f +
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piscirickettsiosis) with high mortality rates cause

internal signs in the affected fish but they often

present a healthy external appearance. On the con-

trary, other diseases with relatively lower mortality

rates (i.e., flexibacteriosis, bwinter ulcer syndromeQ,
some streptococcosis) cause significant external

lesions, including ulcers, necrosis, exophthalmia

which make fish unmarketable.

The pathogenic agents described in the culture

systems are usually present in wild fish populations.

However, in natural environments, they rarely cause

mortality due to the lack of the stressful conditions

that usually occur in the culture facilities.

Despite the review of bacterial diseases described

here, marine aquaculture currently offers to the

consumers a product of high sanitary quality.
2. Vibriosis

Within the Vibrionaceae, the species causing the

most economically serious diseases in marine culture

are Listonella (Vibrio) anguillarum, Vibrio ordalii, V.

salmonicida and V. vulnificus biotype 2.

L. anguillarum, aetiological agent of classical

vibriosis, possesses a wide distribution causing a

typical haemorrhagic septicaemia in a wide variety of

warm and cold water fish species of economic

importance, including Pacific and Atlantic salmon

(Oncorhynchus spp. and S. salar), rainbow trout

(Oncorhynchus mykiss), turbot (S. maximus), seabass

(D. labrax), seabream (S. aurata), striped bass

(Morone saxatilis), cod (Gadus morhua), Japanese

and European eel (Anguilla japonica and Anguilla

anguilla), and ayu (P. altivelis) (Toranzo and Barja,

1990, 1993; Actis et al., 1999).

Fish affected by this classical vibriosis show

typical signs of a generalized septicaemia with

haemorrhage on the base of fins, exophthalmia and

corneal opacity. Moribund fish are frequently anorexic

with pale gills which reflects a severe anaemia.

Oedematous lesions, predominantly centered on the

hypodermis, are often observed.

Although a total of 23 O serotypes (O1–O23,

European serotype designation) are known to occur

among L. anguillarum isolates (Sbrensen and Larsen,

1986; Pedersen et al., 1999), only serotype O1, O2

and, to a lesser extent, serotype O3 have been
associated with mortalities in farmed and feral fish

throughout the world (Tajima et al., 1985; Toranzo

and Barja, 1990, 1993; Larsen et al., 1994; Toranzo et

al., 1997). The remaining serotypes are considered to

be environmental strains and only on rare occasions

are isolated as responsible for vibriosis in fish.

Whereas serotypes O1 and 02 have a wide distribu-

tion, serotype O3 affects mainly eel and ayu.

In contrast to the serotype O1 which is antigeni-

cally homogeneous, serotypes O2 and O3 display

antigenic heterogeneity and the existence of two

subgroups within each serotype, named respectively

O2a and O2b and O3A and O3B, has been demon-

strated (Olsen and Larsen, 1993; Santos et al., 1995).

Interestingly, whereas subgroup O2a occurs both in

salmonid and non-salmonid fish, subgroup O2b has

only been detected in strictly marine fish. In the case

of serotype O3, the subgroup O3A is recovered from

diseased fish and subgroup O3B comprises only

environmental strains.

Genetic studies have been also performed to study

the intraspecific variability within the major patho-

genic serotypes of L. anguillarum (O1 and O2)

(Pedersen and Larsen, 1993; Skov et al., 1995;

Tiainen et al., 1995; Toranzo et al., 1997). A

homogeneity was detected by rRNA gene restriction

analysis (ribotyping) within the serotype O1 strains

regardless of the geographic area or fish host, and

using pulsed-field gel electrophoresis (PFGE) Scan-

dinavian strains and southern European isolates could

be separated into two clonal lineages. A greater

genetic heterogeneity was demonstrated within L.

anguillarum serotype O2 with 32 distinct ribotypes

being reported. However, a genetic difference bet-

ween north European and south European O2 isolates

could be also detected.

These serological and genetic studies are of

epidemiological value to determine the possible origin

of the L. anguillarum infections, as well as to

implement adequate vaccination programs in one

particular country.

L. anguillarum can be presumptively diagnosed on

basis of standard biochemical tests. However, a

serological confirmation employing serotype-specific

polyclonal antisera is necessary (Toranzo et al., 1987).

Although commercial diagnostic kits based on slide

agglutination or in ELISA test have been developed

for a fast diagnosis of vibriosis, they do not allow the
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distinction of serotypes (Romalde et al., 1995) and

therefore are not useful for epidemiological purposes.

From 1989, several DNA probe-based detection

protocols were developed, but they were not specific

and/or sensitive enough to be used in the diagnosis of

vibriosis in the field. Only recently, a PCR-based

approach was described for the accurate detection of

L. anguillarum in infected fish tissues (Osorio and

Toranzo, 2002). The target gene was rpoN, a gene that

codes for the sigma factor r 54.

Although there are a large number of commercial

L. anguillarum vaccines devised to be used mainly by

bath or injection (Newman, 1993; Toranzo et al.,

1997), the majority of them include in their formula-

tions only serotype O1 or a mixture of serotypes O1

and O2a. To our knowledge, only one licenced

bacterin (GAVA-3) developed by the University of

Santiago (Spain) covers the three antigenic entities of

V. anguillarum responsible of most epizootics (O1,

O2a and O2b) in marine aquaculture (Toranzo et al.,

1997).

In the case of strictly marine fish such as turbot or

seabass, aqueous L. anguillarum bacterins are being

employed by bath exposure for 1–2 g fish. Two

treatments are necessary in the vaccinal bath at

monthly intervals. However, for salmonids cultured

in Nordic countries, different polyvalent oil-based

vaccines including distinct combinations of L. anguil-

larum with other pathogens such as V. ordalii, Vibrio

salmonicida, A. salmonicida, Moritella viscosa and

infectious pancreatic necrosis virus are also available

on the market to be used by the i.p. route (Toranzo et

al., 1997; Greger and Goodrich, 1999).

The species V. ordalii, which has been established

to accommodate strains formerly classified as V.

anguillarum biotype 2 (Schieve and Crosa, 1981),

has been isolated mainly in North America, Japan

and Australia affecting salmonids (Toranzo and

Barja, 1993; Austin and Austin, 1999). Recent

phenotypic and molecular studies performed by our

research group indicated that this species is also

present in Atlantic salmon cultured in Chile (unpub-

lished results). Although this vibriosis can be

categorized as a haemorrhagic septicaemia, V. ordalii

bacteremia develops later than the infections with L.

anguillarum. This explains the lower number of

bacterial cells in the blood of infected fish (Ransom

et al., 1984).
In contrast to L. anguillarum , V. ordalii is

antigenically homogeneous with no serotypes being

detected. Cross-reactions can exist between V. ordalii

and L. anguillarum serotype O2 using polyclonal

antisera, but immunoblot analysis with absorbed

antisera demonstrate that LPS of both species do not

have identical antigenic properties (Mutharia et al.,

1992). In fact, commercial bacterins including as

antigens L. anguillarum serotype O1 and V. ordalii

elicit very poor protection against infections by L.

anguillarum serotype O2 (Toranzo et al., 1997).

Intraspecific genetic studies performed in V. ordalii

shows that three ribotypes were discernible within this

pathogen. However, the genetic homology among the

strains was more than 95% which supports the

clonality of this species (Tiainen et al., 1995).

V. salmonicida is the aetiological agent of the

bHitra diseaseQ or bcold water vibriosisQ, which affects

salmonids and cod cultured in Canada and Nordic

countries of Europe (mainly Norway and UK) (Bruno

et al., 1986; Egidius et al., 1986; Sbrum et al., 1990).

Cold water vibriosis is characterized by severe

anaemia and extensive haemorrhage, especially in

the integument surrounding the internal organs of fish

including the caeca, abdominal fat and kidney. A

generalized septicaemia with large numbers of bac-

teria is usually found in the blood of affected fish.

As the name of the disease indicates, V. salmoni-

cida only grow at temperatures below 15 8C and in

media supplemented with blood. This pathogen is

biochemically and antigenically homogeneous being a

hydrophobic protein, called VS-P1, present in the

surface layer, the dominant antigen in all the strains

(Espelid et al., 1987, Hjelmeland et al., 1988). A

confirmative serological identification of this species

based on the slide agglutination tests using a specific

commercial polyclonal antiserum is usually employed

for routine purposes. Despite the economic impor-

tance of this type of vibriosis in nordic Countries, to

our knowledge, no PCR based approach have been

developed for an accurate detection of this pathogen

in the field.

Epidemiological studies of cold water vibriosis

have been focused only on the plasmid content of V.

salmonicida from salmon and cod (Sbrum et al.,

1990). Although different profiles have been ob-

served, all of them contain a 21–24 Md plasmid. A 61

Md plasmid was only present in the cod isolates
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originating from northern Norway, which could

indicate the existence of a particular subtype within

the cod strains of this species. However, vaccination

experiments demonstrated that there are no major

antigenic differences between different strains of V.

salmonicida that have any impact on protective

immunity (Lillehaug et al., 1990). As stated above,

salmonids in nordic countries are systematically

vaccinated with oil-adjuvanted bacterins containing

at least two pathogenic vibrios L. anguillarum and V.

salmonicida (Toranzo et al., 1997).

Vibrio vulnificus comprises two biotypes. Biotype

1 is an opportunistic human pathogen causing disease

generally associated with handling or ingestion of raw

shellfish, and the biotype 2 strains are virulent for eel

(Tison et al., 1982; Biosca et al., 1991; Dalsgaard et

al., 1998). However, this biotype 2 may also cause in

some occasions infection in human representing a

potential health hazard for fish farmers (Amaro and

Biosca, 1996). Biotype 2 is biochemically homoge-

neous, indole production being the main trait which

distinguishes both biotypes (Amaro et al., 1992;

Biosca et al., 1997). Whereas biotype 1 is antigeni-

cally diverse, biotype 2 strains constitute a homoge-

neous O serogroup regardless of their geographic

origin. It is now considered that this biotype is a new

serotype of V. vulnificus that is adapted to infect eel

and thus nominated serotype E (Biosca et al., 1997).

Therefore, to avoid possible misidentification with

strains of biotype 1, the confirmative identification of

the eel pathogen V. vulnificus serotype E must be

based in the use of an agglutination tests using the

specific antiserum. In addition, the use of a selective

medium for V. vulnificus (VVM) was proved to be

useful for a preliminary differentiation of the eel

pathogen in mixed bacterial populations (Marco-

Noales et al., 2001). Genetic techniques such as

ribotyping, randomly amplified polymorphic DNA

(RAPD) and amplified fragment length polymorphism

(AFLP) have been also described as powerful tools to

discriminate eel-pathogenic strains from clinical and

environmental isolates (Aznar et al., 1993, Arias et al.,

1997).

Several PCR based methods for the diagnosis of

this vibriosis have been developed using as target

sequences the 23S ribosomal gene (23S rDNA) or the

cytolysin gene of V. vulnificus (Arias et al., 1995;

Coleman and Oliver, 1996; Osorio and Toranzo,
2002) allowing the successfully detection of the

pathogen in eel tissues, tank water and sediments.

Until recently, no vaccines had been manufac-

tured to prevent vibriosis caused by the serovar E

of V. vulnificus; however, a specific bacterin named

Vulnivaccine was developed by the University of

Valencia (Spain), which proved to be effective in

field conditions (Fouz et al., 2001). A triple

exposure to the vaccine in a short space of time

(approx. 1 month) by prolonged immersion is

needed to ensure an acceptable level of protection

for a 6 month period. After that, an oral booster

with Vulnivaccine-supplemented food is recommen-

ded to achieve a long lasting protection period

(Esteve-Gassent et al., 2004). However, as no cross-

protection among serotypes exists, it was recently

demonstrated that vaccinated eels with serovar E of

V. vulnificus can be infected by other less frequent

serovars of the pathogen possessing low degree of

virulence which act as secondary pathogens (Fouz

and Amaro, 2003).
3. bWinter ulcerQ

bWinter ulcerQ is a disease affecting sea-farmed

Atlantic salmon reared at cold temperatures and,

therefore, it occurs mainly during the winter season.

The disease is characterised by skin ulcers confined to

scale-covered parts of the body surface and often

diffuse or petechial haemorrhage in internal organs are

also present (Lunder et al., 1995; Benediktsdóttir et

al., 1998; Bruno et al., 1998a). This disease was

observed in the 1990s in Norway (Salte et al., 1994;

Lunder et al., 1995), Iceland (Benediktsdóttir et al.,

1998) and, more recently, in Scotland (Bruno et al.,

1998a; Laidler et al., 1999). Although the fish

mortality is limited, the disease has economic

significance due to lowered quality of affected

salmon.

Although several causes of bwinter ulcerQ were

postulated (Salte et al., 1994), bacteriological studies

demonstrated that a new psychrotrophic Vibrio

species termed Vibrio viscosus (because of its

thread-forming, adherent colonies in conventional

media) is the main causative agent of this condition

(Lunder et al., 2000). Further characterization using

16S rRNA sequencing analysis showed that V.
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viscosus should be reclassified as M. viscosa (Bene-

diktsdóttir et al., 2000).

Interestingly, in association with M. viscosa, other

new psychrotrophic Vibrio species classified as Vibrio

wodanis (closely related to Vibrio logei) (Lunder et

al., 2000) has been isolated from winter ulcers in

Norway, Iceland and Scotland. Experimental infection

in Atlantic salmon with M. viscosa strains induced a

disease similar to bwinter ulcerQ, while inoculation

with V. wodanis isolates have no effect, which

strongly support the important role of M. viscosa as

primary pathogen in the disease (Benediktsdóttir et

al., 1998; Bruno et al., 1998a; Lunder et al., 1995).

However, the possible role of V. wodanis by

suppressing the healing process of skin ulcers infected

primarily by M. viscosa cannot be ruled out.

M. viscosa is rather inert biochemically and often

requires prolonged incubation times on test media

(from 4 to up 10 days). The key biochemical

properties that enable M. viscosa to be distinguished

from other pathogenic vibrios recorded from salmo-

nids, such as V. anguillarum and V. salmonicida, are a

positive lysine decarboxylase and negative citrate,

mannitol and sucrose reactions (Bruno et al., 1998a;

Lunder et al., 2000; Benediktsdóttir et al., 2000).

Although M. viscosa is considered as a phenotypi-

cally and genetically homogeneous species (Lunder et

al., 2000; Benediktsdóttir et al., 2000), using the

highly discriminative fingerprinting method AFLP, M.

viscosa strains grouped into distinct subgroups

according to their geographical origin: one subgroup

contained the isolates from Norway, while the strains

from Iceland grouped into two closely related clusters

corresponding respectively to the south-west and

north Iceland isolates (Benediktsdóttir et al., 2000).

This finding indicates a common clonal origin of M.

viscosa within a particular geographical area. By

contrast, V. wodanis can be defined as a biochemically

and genetically heterogeneous species (Lunder et al.,

2000; Benediktsdóttir et al., 2000), not showing any

signs of clonal spread that is often characteristic of

primary pathogens. This result is consistent with the

lack of capacity of this species to induce disease in the

challenge tests.

An inactivated oil-adjuvanted vaccine against M.

viscosa has been shown to give protection in Atlantic

salmon (Greger and Goodrich, 1999). Today, M.

viscosa has been incorporated in the oil based multi-
valent vaccines employed routinely in the salmon

industry of Norway, Faroe Islands and Iceland.

Interestingly, M. viscosa was also recovered in

scarce occasions from plaice (Pleuronectes platessa)

and rainbow trout suffering skin ulcers (Lunder et al.,

2000; Benediktsdóttir et al., 2000), which indicates

that this species is not necessarily restricted to causing

disease in Atlantic salmon. However, the spread of

this bacterium among fish reared in marine waters

remains to be determined in the future.
4. Photobacteriosis

Photobacteriosis, described also as pasteurellosis, is

caused by the halophilic bacterium Photobacterium

damselae subsp. piscicida (formerly Pasteurella pisci-

cida), which was originally isolated from mortalities

occurring in natural populations of white perch

(Morone americanus) and striped bass in 1963 in

Chesapeake Bay. Since 1969, pasteurellosis has been

one of the most important diseases in Japan, affecting

mainly yellowtail (S. quinqueradiata), and from 1990

it has caused economic losses in the marine culture of

gilthead seabream, seabass and sole (Solea senegal-

ensis and Solea solea) in the Mediterranean countries

of Europe and hybrid striped bass (M. saxatilis�M.

chrysops) in the USA (Toranzo et al., 1991a,b;

Magariños et al., 1996, 2001, 2003; Romalde and

Magariños, 1997; Zorrilla et al., 1999; Romalde et al.,

1999a). Fish pasteurellosis was also known as pseu-

dotuberculosis, because it is characterized by the

presence of white nodules in the internal viscera,

particularly, spleen and kidney. Severe mortalities

occur usually when water temperatures are above 18–

20 8C. Below this temperature, fish can harbour the

pathogen as subclinical infection for long time periods

(Magariños et al., 2001).

Regardless of the geographic origin and source of

isolation, all strains of this pathogen are biochemically

and serologically homogeneous (Magariños et al.,

1992a,b, 1996, Bakopoulos et al., 1997). However,

DNA fingerprinting methods as ribotyping (Magar-

iños et al., 1997), AFLP (Thyssen et al., 2000; Kvitt et

al., 2002) and RAPD (Magariños et al., 2000, 2003;

Hawke et al., 2003) proved to be valuable epidemio-

logical tools since they allowed to detect two clear

separate clonal lineages within Ph. damselae subsp.
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piscicida. Whereas a clonal lineage comprises all

European isolates, the second clonal lineage includes

the Japanese and USA isolates.

Despite the great phenotypic homogeneity exhi-

bited by all Ph. damselae subsp. piscicida strains,

differences in the degree of virulence was observed

depending of their source of isolation. Thus, the LD50

values of the sole and hybrid striped bass isolates was

considerably lower than those exhibited by strains

recovered from other fish hosts (Magariños et al.,

2003; Thune et al., 2003).

Differences in susceptibility to pasteurellosis on

the basis of fish age have been demonstrated in

gilthead seabream, for example fish above 50 g are

resistant to infection. Histological observations and

bin vitroQ killing assays demonstrated that neutro-

philes and macrophages of seabream of this size

efficiently phagocytize and kill the bacteria, while

these cell types are not functional in small fish (Noya

et al., 1995; Skarmeta et al., 1995).

The presumptive identification of the pathogen is

based on standard biochemical tests. In addition,

although Ph. damselae subsp. piscicida is not

included in the API-20 E code index, this miniaturized

system can be also useful for a rapid presumptive

diagnosis of the disease because all strains display a

characteristic profile (2005004) (Magariños et al.,

1992a). A slide agglutination test using specific

antiserum is needed for a confirmative identity of

the microorganism.

The Norwegian company Bionor AS has marketed

kits based not only on direct bacterial agglutination,

but also on ELISA tests which allow a rapid detection

of Ph. damselae subsp. piscicida in fish tissues. The

evaluation of these ELISA kits in the field, demon-

strated that the sensitivity of the magnetic beads-EIA

based method (Aquaeia-Pp) was 100 to 1000 times

higher than the standard ELISA Kit (Aquarapid-Pp)

(Romalde et al., 1999b), which indicates its usefulness

for the detection of asymptomatic fish.

From 1997, a variety of DNA-based protocols have

been also developed for a fast, and specific detection

of the causative agent of pasteurellosis. However, only

a multiplex PCR approach that target the 16S

ribosomal RNA (16S rDNA) and ureC genes allowed

the specific discrimination between Ph. damselae

subsp. piscicida and Ph. damselae subsp. damselae

(Osorio et al., 1999, 2000; Osorio and Toranzo, 2002).
The application of fast, specific and sensitive

serological and molecular tools such as those based

on ELISA or PCR is of crucial importance in the case

of pasteurellosis since it has been demonstrated that

the pathogen can be transmitted vertically through the

ovarian and seminal fluids from apparently healthy

broodstock (Romalde et al., 1999b), and that this

bacterium undergoes a viable but no culturable state

(Magariños et al., 1994) which makes its detection

difficult in the farm environment.

Several commercial vaccines against Ph. damselae

subsp. piscicida are available on the market, but their

efficacy is dependent of the fish species, fish size,

vaccine formulation and use of immunostimulants

(Magariños et al., 1996; Romalde and Magariños,

1997). However, only in the case of the licenced

bacterin (DI vaccine) patented by the University of

Santiago (Spain) and available commercially was its

effectiveness demonstrated in gilthead seabream larvae

of only 50 days old (Magariños et al., 1999). As the

majority of the pasteurellosis outbreaks occur from

larval stages to fingerlings of 10–30 g, a vaccination

programme which comprises a first dip immunization

at the larval stage and a booster vaccination when fish

reach a size of about 1–2 g is recommended to avoid

high economic losses caused by this disease.

Recently, different stable siderophore deficient and

aro-A deletion mutant strains have been constructed

using an allelic replacement technique, which in

experimental trials proved to be useful candidates as

live vaccines for striped bass hybrids (Thune et al.,

2003).
5. Furunculosis

A. salmonicida subsp. salmonicida is the causative

agent of the so-called btypicalQ furunculosis, which

causes economically devastating losses in cultivated

salmonids in fresh and marine waters. It also affects a

variety of non-salmonid fish and shows a widespread

distribution (Toranzo et al., 1991a,b; Toranzo and

Barja, 1992; Austin and Adams, 1996; Bernoth, 1997;

Ellis, 1997; Bricknell et al., 1999; Hiney and Oliver,

1999). The impact of the btypicalQ furunculosis may

even become a limiting factor in the continued survival

among certain threatened populations of fish, such as

the wild Atlantic salmon in some areas of USA and
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Spain. In fact, it has been demonstrated that Atlantic

salmon harbour covert A. salmonicida infections when

they return from ocean migrations (Cipriano et al.,

1996; Barja and Dopazo, 2003). Typical furunculosis

develops as a chronic or acute haemorrhagic septicae-

mia, often with extensive liquefactive necrosis. In the

acute cases, deep ulcerative lesions usually appear. The

atypical strains of A. salmonicida are included within

three subspecies, masoucida, achromogenes and smi-

thia and cause ulcerative diseases in a variety of fish

species such as goldfish (Carassius auratus), carps

(Cyprinus spp.), eel, marine flat fish and salmonids

mainly in Europe and Japan.

Although A. salmonicida subsp. salmonicida can

be isolated in conventional microbiological media, the

appearance of the typical brown pigmented colonies

generally take more than 48 h. For the primary

recovery from fish tissues especially in the case of

carrier fish, a pre-enrichment of the samples in culture

broth is recommended. It has been demonstrated that

the mucus is an useful site for a non-lethal detection of

A. salmonicida from asymptomatic fish (Cipriano et

al., 1994). To recover A. salmonicida from the mucus

samples in which mixed bacterial population usually

occur, the use of the selective medium Coomassie

Brilliant Blue (CBB) agar is recommended (Cipriano

et al., 1992).

A. salmonicida subsp. salmonicida can be defined

as biochemically, antigenically and genetically homo-

geneous with no biotypes, serotypes or genotypes

being detected (Toranzo et al., 1991a,b; Austin and

Austin, 1999; Hiney and Oliver, 1999), which

simplify the identification of the typical pigmented

strains. Using sensitive DNA-based fingerprinting

methodologies such as RAPD analysis, certain genetic

heterogeneity can be determined, but no correlation

between the generated profiles and the country of

origin or host species could be established (Osorio

and Toranzo, 2002). All typical A. salmonicida strains

possess a consistent and distinctive pattern of three or

four cryptic plasmid bands (Toranzo et al., 1983; Bast

et al., 1988), which has been employed for confirma-

tive identification of this pathogen as well as to design

gene-probes or PCR-based methods for rapid diag-

nosis of furunculosis.

For several years, it has been considered that a

correlation exists between virulence and the posses-

sion of a cell-surface protein array, the A-layer, this
was further questioned by the isolation of virulent

strains lacking this A-layer as well as avirulent strains

which retain the A-layer (Toranzo and Barja, 1993).

It is now widely accepted that, although cell-surface

characteristics can play a role in the pathogenesis of

furunculosis, they are not the sole virulent determi-

nants of A. salmonicida. In fact, some of the typical

signs of the disease are due to the combined efect

of two enzymes, a serine protease and a phospholipase

(glycerophospholipid cholesterol acyltransferase,

GCAT) complexed with LPS (GCAT/LPS) (Lee and

Ellis, 1990, 1991).

The slow growth characteristics of this bacterium,

the existence of a viable, but not culturable state, as

well as the high incidence of covert infections of this

pathogen (Austin and Adams, 1996; Enger, 1997),

support the need of culture-independent, molecular

diagnosis protocols. Many DNA probes and PCR

primers have been designed for a rapid and specific

detection of A. salmonicida subsp. salmonicida in

pure cultures and in fish tissues. Most of these

molecular protocols are based on the use of plasmid

sequences, A-layer or 16S rDNA as target genes

(Gustafson et al., 1992; Hbie et al., 1997; Hiney and

Oliver, 1999; Osorio and Toranzo, 2002). Although

the highest specificity in the detection of A. salmoni-

cia is obtained when the PCR assay is directed to the

amplification of the surface A-layer gene (Gustafson

et al., 1992), some cross reactivity was observed with

A. hydrophila strains. Recent studies allowed the

design of new primer sets targeted to the gene fstA

(coding for an outer membrane siderophore-receptor),

which showed a total specificity for A. salmonicida

isolates (Beaz et al., 2003).

Although many furunculosis bacterins have been

developed and commercialized from 1980, to be used

by injection, immersion or oral route (Newman, 1993;

Midtlyng, 1997), their efficacy has been questioned

because of the lack of repetitive results and/or the

short protection period. The best results in terms of

protection have been reported in salmonids with the

mineral oil-adjuvanted vaccines. However, these

bacterins posses several adverse side-effects such us

the induced formation of granulomatous lesions

adherent to the viscera and reduction in weight gain

(Ellis, 1997; Midtlyng and Lillehaugh, 1998). To

avoid these drawbacks, new non-mineral oil-adju-

vanted vaccines have been recently developed and are
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now in the market. Polyvalent vaccines for salmonids

including different Vibrio species and A. salmonicida

as antigens are also available which seems to be more

effective than monovalent furunculosis bacterins. In

addition, the furunculosis vaccines devised for sal-

monids confer also cross-protection against atypical

A. salmonicida strains in marine fish such as halibut

(Hippoglossus hippoglossus) (Gudmundsdóttir et al.,

2003). However, in the case of turbot, the protection

covered by the typical furunculosis vaccines is very

short (about 3 months) even by the i.p. route.

Currently, new vaccines and/or immunization strat-

egies are being investigated to achieve a long-term

protection of turbot against furunculosis.

Different approaches have been used in the

development of live attenuated vaccines against

furunculosis. Although A-layer and O-antigen defi-

cient A. salmonicida vaccines were effective in

providing high levels of fish protection (Thornton et

al., 1991, 1994; Munn, 1994), concern exists about a

possible reversion to virulence of these incompletely

attenuated vaccine strains. However, recombinant

DNA technology allowed the construction of highly

attenuated and stable aroA auxotrophic mutant

strains, using an allelic replacement technique, which

were employed experimentally as safe live vaccines

with high success (Vaughan et al., 1993; Munn, 1994)

although approval has not been given for field use.
6. Marine flexibacteriosis

Tenacibaculum maritimum (formerly, Cytophaga

marina, Flexibacter marinus and F. maritimus) is the

causative agent of flexibacteriosis in marine fish

(Wakabayashi et al., 1986; Bernardet and Grimont,

1989; Sukui et al., 2001). Several other names as

bgliding bacterial diseases of sea fishQ, beroded mouth

syndromeQ and bblack patch necrosisQ were used to

designate the disease caused by this bacterium.

Marine flexibacteriosis is widely distributed in

cultured and wild fish in Europe, Japan, North

America and Australia (McVicar and White, 1979,

1982; Wakabayashi et al., 1986; Pazos et al., 1993;

Chen et al., 1995; Devesa et al., 1989; Handlinger et

al., 1997; Ostland et al., 1999; Santos et al., 1999;

Avendaño-Herrera et al., 2004a). Among the cultured

fish, the disease has been reported in turbot, sole,
gilthead seabream, seabass, red seabream, black

seabream (Acanthopagrus schlegeli), flounder and

salmonids. Although both adults and juveniles may be

affected by marine flexibacteriosis, younger fish

suffer a more severe form of the disease. An increased

prevalence and severity of the disease has been

reported at higher temperatures (above 15 8C). In

addition to water temperature, the disease is influ-

enced by a multiplicity of environmental (stress) and

host-related factors (skin surface condition) (Magar-

iños et al., 1995). In general, the affected fish have

eroded and haemorrhagic mouth, ulcerative skin

lesions, frayed fins and tail rot. A systemic disease

can be also established involving different internal

organs. The loss of epithelial fish surface, typical of

this disease, is also a portal of entry for other bacterial

or parasitic pathogens.

The clinical signs, along with the microscopical

observation of accumulations of long rods in wet

mounts or Gram-stained preparations obtained from

gills or lesions, can be used as a initial step for the

presumptive diagnosis of marine flexibacteriosis. This

preliminary diagnosis must be supported by isolation

of the pathogen in the appropriate medium or by the

use of specific molecular DNA-based methods

applied directly to fish tissues. This bacterium only

grow in specific media since it needs an absolute

requirement of seawater as well as low concentration

of nutrients. Although several media (i.e., Anacker

and Ordal, Marine Agar, Flexibacter maritimus

medium, FMM) have been devised to isolate F.

maritimus, FMM proved to be the most effective for

the recovery of this pathogen from fish tissues (Pazos

et al., 1996). Typical colonies of F. maritimus are

pale-yellow, flat with uneven edges. Although the

bacterium is biochemically homogeneous, at least two

major O-serogroups can be detected which seem to be

related to the host species (Avendaño-Herrera et al.,

2004a). Thus, the majority of sole and gilthead

seabream isolates constitute a serotype different from

those strains isolated from turbot. However, this

antigenic heterogeneity would warrant further inves-

tigation to clarify the value of serotyping as epide-

miological marker in this fish pathogen. Intraspecific

genetic variability within T. maritimum using RAPD-

PCR methodology has been demonstrated regardless

of the oligonucleotide primer employed. These strains

can be separated in two main clusters strongly
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associated with the host and/or serogroups described

(Avendaño-Herrera et al., 2004b).

One of the major problems in the study of this

bacterium is the difficulty of distinguishing it from

other phylogenetically and phenotypically similar

species, particularly those of the genera Flavobacte-

rium and Cytophaga. Therefore, the application of the

PCR methodology is important for accurate identi-

fication of the pathogen. Although different PCR

protocols have been published using the 16S rRNA

gene as target (Toyama et al., 1996; Bader and Shotts,

1998), a comparative evaluation of the specificity and

sensitivity of both methods (Avendaño-Herrera et al.,

2004c) demonstrated that the Toyama PCR protocol

was the most adequate for the accurate detection of T.

maritimum in diagnostic pathology as well as in

epidemiological studies of marine flexibacteriosis.

Until recently, no vaccines were available to

prevent the disease (Bernadet, 1997), but a flexibac-

teriosis vaccine (FM 95) has been patented by the

University of Santiago (Spain) and is the only bacterin

currently in the market to prevent mortalities caused

by F. maritimus in turbot (Santos et al., 1999).

Because this disease affects juvenile and adult turbot,

the vaccine is applied by bath when the fish are 1–2 g

and later by injection when the fish attain 20–30 g.

The percentage of protection by bathing is about 50%,

but when the vaccine is administered by i.p. injection

the protection increases to more than 85%. Polyvalent

formulations to prevent flexibacteriosis and vibriosis

or flexibacteriosis and streptococcosis in turbot are

also available.

The serological diversity cited above indicates that

the vaccine developed for turbot would not be

effective in preventing flexibacteriosis in other marine

fish. Therefore, a new flexibacteriosis bacterin spe-

cific for cultured sole is currently being developed by

our research group, and this has conferred RPS values

higher than 90% in laboratory trials performed by i.p.

injection (Romalde et al., 2005).
7. Pseudomonadiasis

Among the Pseudomonas species recovered from

diseased fish (P. chlororaphis, P. anguilliseptica, P.

fluorescens, P. putida, P. plecoglossicida), Pseudo-

monas anguilliseptica is considered the most signifi-
cant pathogen for cultured fish (Toranzo and Barja,

1993; Austin and Austin, 1999).

P. anguilliseptica was originally described in 1972

as the aetiological agent of bSekiten-bioQ or bred spot

diseaseQ, which caused massive mortalities in pond-

cultured Japanese eel in Japan (Wakabayashi and

Egusa, 1972). Since then, this bacterium has been

recorded in European eel reared in Taiwan, Scotland

and Denmark (Kuo and Kou, 1978; Stewart et al.,

1983). The pathogen was subsequently isolated from

other fish species such as black seabream and ayu in

Japan (Nakai et al., 1985), salmonids in Finland

(Wiklund and Bylund, 1990), wild herring (Clupea

harengus membras) in the Baltic sea (Lönnström et

al., 1994), and from 1995 was considered as

responsible agent of the bwinter disease syndromeQ
characteristic of gilthead seabream cultured in the

Mediterranean area (Berthe et al., 1995; Doménech et

al., 1997). Recently, P. anguilliseptica was also

recovered as an emerging pathogen of turbot and

black spot seabream (Pagellus bogaraveo) cultured in

Spain (López-Romalde et al., 2003a,c).

The disease occurs at low temperatures (below 16

8C) during the winter months. The main clinical

signs of the fish affected by this septicaemia are

abdominal distension and haemorrhagic petechia in

the skin and internal organs, but the lesions in eels

are always more severe than those observed in

gilthead seabream.

P. anguilliseptica grows very slowly and weakly

on conventional media, but shows enhanced growth

on blood agar. P. anguilliseptica seems to be a

biochemically homogeneous pathogen regardless of

the source of isolation (Berthe et al., 1995; Doménech

et al., 1997; López-Romalde et al., 2003a). However,

the study of the serological characteristics indicate the

existence of two major O serotypes related to the fish

host, one characteristic of the eel isolates and another

typical of the gilthead seabream, turbot and black spot

seabream isolates (López-Romalde et al., 2003b,c). In

addition, genetic characterization studies employing

RAPD techniques revealed the presence of two

genetic groups, which were coincident with the two

serological groups (López-Romalde et al., 2003a). In

addition, Japanese workers described, in the case of

eel, that virulence of the strains was related to the

presence of a capsular (K) antigen, which confers

resistance to the bactericidal action of fish serum
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(Nakai, 1985). This information is useful when

developing an adequate vaccine against this disease.

Two PCR protocols, based on the amplification of

the 16S rRNA gene, have been recently described for

a rapid identification of P. anguilliseptica (Blanco et

al., 2002; Romalde et al., 2004). However, only one

(Romalde et al., 2004) showed sufficient sensitivity

for the direct detection of the pathogen in the fish

tissues, and hence becoming a powerful tool for the

diagnosis of fish pseudomonadiasis under field

conditions.

Recent research efforts by our group led to the

development of aqueous and non-mineral oil-adju-

vanted bacterins (including the both major serotypes

detected), which proved to be effective in experimen-

tal trials in gilthead seabream and turbot (Romalde et

al., 2005).
8. Streptococcosis

Streptococcal infection of fish is considered a

reemerging disease affecting a variety of wild and

cultured fish throughout the world (Kitao, 1993;

Bercovier et al., 1997; Romalde and Toranzo, 1999,

2002). Classification of Gram positive cocci based

on DNA–DNA hybridization coupled with 16S

sequencing has shown that at least five different

species are considered of significance as fish

pathogens: Lactococcus garvieae (syn. Enterococcus

seriolicida), Lactococccus piscium, Streptococcus

iniae (syn. S. shiloi), Streptococcus agalactiae

(syn. S. difficile), Streptococcus parauberis and

Vagococcus salmoninarum. Therefore, streptococco-

sis of fish should be regarded as a complex of

similar diseases caused by different genera and

species capable of inducing a central nervous

damage characterised by suppurative exophthalmia

and meningoencephalitis. Whereas bwarm waterQ
streptococcosis (causing mortalities at temperatures

above 15 8C) typically involves L. garvieae, S.

iniae, S. agalactiae and S. parauberis, bcold waterQ
streptococcosis (occurring at temperatures below 15

8C) is caused by Lactococcus piscium and V.

salmoninarum. It is important to report that the

aetiological agents of bwarm waterQ streptococcosis

are considered also as potential zoonotic agents

capable to cause disease in humans.
Among these fish streptococci, L. garvieae, S.

iniae and S. parauberis can be regarded as the main

aetiological agents causing diseases in marine

aquaculture.

L. garvieae infects saltwater fish species such as

yellowtail in Japan and fresh water species like

rainbow trout mainly in Italy, Spain, France and, to

a lesser extent, in UK and Australia (Kusuda et al.,

1991; Eldar et al., 1996, 1999a; Bercovier et al., 1997;

Eldar and Ghittino, 1999; Bark and McGregor, 2001;

Romalde and Toranzo, 2002) Recently, a case of L.

garvieae infection was also reported in wild red sea

wrasse (Coris aygula) (Colorni et al., 2003).

S. iniae is the main aetiological agent of strepto-

coccosis in tilapia (Oreochromis spp.) hybrids in USA

and Israel, and rainbow trout in Israel. However, it

was isolated from marine fish including yellowtail and

flounder in Japan, European seabass and red drum

(Sciaenops ocellatus) in Israel, and barramundi (Latex

calcarifer) in Australia (Perera et al., 1994; Eldar et

al., 1995, 1999b; Eldar and Ghittino, 1999; Nguyen

and Kanai, 1999; Bromage et al., 1999). This species

was also isolated from wild fish from the Gulf of Eilat

(Colorni et al., 2002).

S. parauberis seems to be endemic of cultured

turbot (Toranzo et al., 1994, 1995a; Doménech et al.,

1996).

Gram positive cocci can be isolated on general

purpose media but growth is enhanced on blood agar.

Biochemical characterization can be accomplished by

traditional tube and plate procedures as well as using

commercial miniaturized systems (Eldar et al., 1999a;

Vela et al., 2000; Ravelo et al., 2001). The API-32

Strep proved to be useful for a fast presumptive

identification of some of the aetiological agents of

streptococcosis; however, misidentification of L.

garvieae with L. lactis subsp. lactis or S. iniae with

S. uberis can occur (Weinstein et al., 1997; Ravelo et

al., 2001). Besides this, the identification of some

species remains difficult, based only on phenotypic

traits. Therefore, serological confirmation must be

performed by a slide agglutination test or fluorescent

antibody procedures using the appropriate specific

antisera. Whereas in L. garvieae the existence of two

serogroups associated with the presence (serotype

KG�) or absence (KG+) of a capsule was demon-

strated (Yoshida et al., 1996); in the case of S. iniae,

two serotypes (I and II) with different capsule
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composition were described (Bachrach et al., 2001).

By contrast, no serogroups were detected among the

S. parauberis strains.

Recently, molecular techniques such as ribotyping,

RAPD and PFGE, have been usefully applied in

epidemiological studies to study the heterogeneity

within some of the aetiological agents of fish

streptococcosis. With regard to S. iniae, the ribotyping

allowed to differentiate the American and Israeli fish

strains regardless of the host, demonstrating a lack of

epidemiological links between infections in the two

countries (Eldar et al., 1997a). In the case of L.

garvieae, the RAPD and PFGE methods were able to

differentiate distinct genogroups closely related with

the host of origin (rainbow trout, yellowtail and

catfish) and, in addition, within the rainbow trout

strains, there was evidence of the existence of three

genetically distinct clones associated within the geo-

graphical origin of the isolates (Ravelo et al., 2003;

Vela et al., 2000). The strains of S. paruberis isolated

from turbot in Spain exhibited the same ribopattern;

however, the RAPD analysis showed a higher

discrimination power allowing differentiation of the

isolates on the basis of their farm of origin (Romalde

et al., 1999c).

Molecular techniques to diagnose fish streptococ-

cosis have been applied for two aetiological agents, L.

garvieae and S. iniae (Romalde and Toranzo, 2002),

and specific PCR-based protocols have been pub-

lished for each of these species. Among them, the

techniques based on amplification of 16S rDNA

(Zlotkin et al., 1998a,b) seem to be of choice as a

standard method for diagnosis of these Gram positive

cocci. In the case of S. parauberis, detection can be

performed using the procedures described for mam-

mals by Lämmler et al. (1998), which combines PCR

amplification and endonuclease restriction.

Several attempts have been made to develop

appropriate vaccination programmes for fish strepto-

coccosis. However, considerable variability in the

protection was observed depending on the fish and

bacterial species as well as the route of administration.

All the streptococcosis vaccines rendered good levels

of protection only when they were administered by

intraperitoneal injection. However, the L. garvieae

and S. iniae experimental vaccines conferred high

protection in rainbow trout for only 3–6 months

(Bercovier et al., 1997; Eldar et al., 1997b; Romalde
et al., 2005), but the L. garvieae and S. parauberis

bacterins displayed high levels of long-term protec-

tion in yellowtail and turbot, respectively (Toranzo et

al., 1995b; Romalde et al., 1999d; Ooyama et al.,

1999).

Recent evidence has identified several failures in

both licenced and autogenous rainbow trout lactococ-

cosis vaccines (which caused heavy losses in the

farms). The antigenic composition of these bacterins

corresponded to avirulent non-capsulated strains of L.

garvieae, which gives little protection against a

natural infection with virulent capsulated strains. In

the case of S. iniae vaccines, they must include both

serotypes detected in the pathogen since it was

demonstrated that vaccines formulated only with

serotype I do not protect fish against infection caused

by serotype II (Bachrach et al., 2001).
9. Bacterial kidney disease

Bacterial kidney disease (BKD), caused by the

Gram positive diplobacillus, R. salmoninarum, is a

chronic systemic disease of salmonids, which causes

mortality in cultured fish in fresh and marine environ-

ments (Sanders and Fryer, 1980; Evsenden et al.,

1993; Evelyn, 1993; Fryer and Lannan, 1993; Toranzo

and Barja, 1993; Kaattari and Piganelli, 1997; Wiens

and Kaattary, 1999; OIE, 2000). The pathogen has

also been found in wild fish populations. The disease

has been reported to occur in North America, Japan,

Western Europe and Chile. It is of economic

importance specially with regard to Pacific salmon,

because of its widespread distribution in fresh and

saline waters, its chronic nature which allows the

disease to develop before clinical signs, its vertical

transmission trough sexual products and the ineffi-

ciency of the main therapeutic measures used in

treating fish. In fact, the intracellular occurrence of the

pathogen inside phagocytic fish cells could contribute

to the chronic nature of the disease by protecting it

from circulating antibodies and chemotherapeutic

agents (Bruno and Munro, 1986a; Bandı́n et al.,

1993, 1995).

Overt disease only appears in advanced cases of

infection, when the fish have completed their first year

of life. The gross external signs are exophthalmia,

abdominal distension and pethechial haemorrhage.
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The infection is characterised by a systemic infiltra-

tion of the viscera by the bacterium causing gran-

ulomatous lesions specially in the kidney. Greyish

abscesses tend to multiply resulting in enlargement

and necrosis of the whole kidney, which appears

swollen with irregular greyish areas (Bruno, 1986).

Clinical observations only provide a suspicion of

BKD because other Gram positive bacteria, namely

lactic bacteria, have been demonstrated to produce

similar infections in salmonids.

R. salmoninarum isolates are biochemically and

antigenically homogeneous (Bruno and Munro,

1986b; Kaattari and Piganelli, 1997), which favours

the use of specific antisera in identification proce-

dures. The main common antigen is the heat-stable

p57 protein which is present in the cell surface and is

also released to fish sera and tissues during the

infection (Wiens and Kaattary, 1999). The detection of

this 57 kDa major soluble antigen was the basis to the

development of serological and genetic methods for

disease diagnosis.

R. salmoninarum has been also described as a

highly conserved genospecies (Starliper, 1996; Gray-

son et al., 1999), which makes difficult the differ-

entiation of the isolates from distinct geographic areas

or biological sources. The DNA fingerprinting tech-

nique RAPD applied to strains from USA, Canada

and different countries of Europe, detected a weak

correlation of the RAPD profiles obtained with the

geographic origin of the isolates (Grayson et al.,

2000). Therefore, the epidemiology of BKD remains

unclear.

Although isolation of R. salmoninarum from fish

tissues, followed by serological identification by slide

agglutination or immunofluorescence, is considered a

definitive diagnosis (Romalde et al., 1995), the

bacterium is a fastidious growing organism that

requires prolonged incubation (from 2–3 weeks to

more 2 months in subclinical cases) at 15 8C to

produce colonies (Benediktsdóttir et al., 1991). In

addition, serum or serum substitutes such as charcoal

and specially l-cysteine are requisite growth factors

(Daly and Stevenson, 1993; Bandı́n et al., 1996a), and

different media (i.e., KDM-2, KDM-C, SKDM) have

been proposed to improve its growth or reduce the

development of associated fast growing microorgan-

isms (Evelyn, 1977; Austin and Austin, 1999).

Primary isolation can be enhanced by a heavy
inoculum of a bnurse cultureQ in the centre of a Petri

dish or the addition of sterile spent media to the

culture plates (Evelyn et al., 1990).

Since culture of R. salmominarum is difficult and

time-consuming, several immunodiagnostic assays are

currently used for the detection of the agent in

infected tissues. The most widely used serological

assays are the direct or indirect immunofluorescence

antibody tests and ELISA using polyclonal antisera or

monoclonal antibodies (MAbs) directed against differ-

ent epitopes on p57 antigen (Hsu et al., 1991; Olea et

al., 1993; Pascho et al., 1987,1991; Pascho and

Mulcahy, 1987). However, to obviate the risk of

cross-reaction with other bacteria (Bandı́n et al., 1993;

Brown et al., 1995), the use of MAbs is recommen-

ded. Different commercial ELISA kits such as

Aquarapid-Rs (Bionor A/S, Norway) and K-Dtect or

Kwik-Dtect (Diagxotic, Inc., USA) are available for

the specific detection of the microorganism in fish

tissues. However, the detection limit of these kits is

about 106 bacteria/g of tissue, which indicates that

their sensitivity may not detect carrier fish (Bandı́n et

al., 1996b).

PCR or nested reverse transcriptase PCR (RT-

PCR) based methods using either primers to the

16S ribosomal RNA or the p57 genes proved to be

the most sensitive approaches to detect R. salmoni-

narum in kidney tissue, ovarian fluids and salmonid

eggs as well as in fish lymphocytes (Brown et al.,

1994; Magnússon et al., 1994; McIntosh et al.,

1996; Miriam et al., 1997; Chase and Pascho, 1998;

Cook and Lynch, 1999; Osorio and Toranzo, 2002).

Since it was demonstrated that kidney tissue could

produce some inhibitory effect reducing the sensi-

tivity of the assay, it is suggested the use of

lymphocyte lysates rather than crude tissues in the

PCR technique (McIntosh et al., 1996). In addition,

the nested RT-PCR assays (Magnússon et al., 1994;

Cook and Lynch, 1999) means an important

advancement in R. salmoninarum detection proto-

cols since this molecular approach allows the

detection of viable R. salmoninarum.

Although vaccination trials using classical bacter-

ins, recombinant vaccines or attenuated live vaccines

have been reported, and there is evidence that under

some conditions Renibacterium elicits an immune

response in fish (Newman, 1993; Kaattari and

Piganelli, 1997; Griffiths et al., 1998; Daly et al.,
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2001), the protective ability of a vaccine in field

conditions is questionable because the intracellular

nature and vertical transmission of the pathogen as

well as by the possible immunosuppressive role of the

protein p57 (Wood and Kaattari, 1996). Although a

whole cell R. salmoninarum bacterin in which the p57

protein was eliminated (p57� vaccine) failed to

reliably protect salmonids by the i.p. route, promising

results were obtained when this vaccine was admin-

istered by the oral route (Piganelli et al., 1999).

Recently, a commercial aqueous live vaccine has

been licenced under the name of bRenogenQ (Salonius
et al., 2003). This vaccine is constituted by live cells

of Arthrobacter davidanieli (proposed nomenclature),

a non-pathogenic environmental bacterium which

express an extracellular polysaccharide with antigenic

homology to that of R. salmoninarum. In field trials,

the bRenogenQ conferred a significant long-term

protection of Atlantic salmon against BKD, with

RPS values higher than 70% 24 months after

vaccination.
10. Mycobacteriosis (fish tuberculosis)

Mycobacteriosis in fish (or fish tuberculosis) is a

subacute to chronic wasting disease known to affect

near 200 freshwater and saltwater species. Although

Mycobacterium marinum is considered the primary

causative agent of fish mycobacteriosis, a great

number of Mycobacterium species associated with

tubercle granulomas in cultured, aquarium and wild

fish populations have been described: M. marinum,

M. fortuitum, M. chelonae, M. smegmatis, M.

abscessus, M. neonarum, M. simiae, M. scrofula-

ceum, M. poriferae and M. triplex-like (Hedrick et

al., 1987; Bragg et al., 1990; Colorni, 1992; Colorni

et al., 1996; Lansdell et al., 1993; Bruno et al.,

1998b; Talaat et al., 1999; Chinabut, 1999; Diamant

et al., 2000; Rhodes et al., 2001; Herbst et al., 2001;

dos Santos et al., 2002). All these species can also

cause disease in humans (Falkinham, 1996; Deco-

stere et al., 2004).

Although in cultured fish, mycobacteriosis was

documented in Pacific and Atlantic salmon, pejerrey

(Odonthestes bonariensis), snakehead fish (Chana

striatus), turbot, tilapia, European seabass and red

drum, since 1990 mycobacteriosis caused by M.
marinum represents a significant threat specially for

seabass cultured on the Mediterranean and the Red

Sea coast of Israel (Colorni, 1992; Colorni et al.,

1993, 1996; Diamant et al., 2000). Recently, this

disease is considered a matter of concern in the turbot

culture in Europe (dos Santos et al., 2002).

Among the wild marine fish that have been

reported to suffer mycobacteriosis are cod, halibut,

striped bass and Atlantic mackerel (Scomber scom-

ber) (Chinabut, 1999).

As mycobacteriosis is a chronic disease, it seems

likely that the fish maintained in aquaria will show a

higher incidence of this disease than cultured or wild

species, because aquarium fish are often kept for long

periods of time compared with fish raised for

commercial purposes.

Internal signs of mycobacteriosis vary according to

the fish species but typically include greyish-white

nodules (granulomas) in the spleen, kidney and liver.

External manifestations include scale loss accompa-

nied by haemorrhagic lesions penetrating the muscu-

lature in advanced cases.

Diagnosis of the disease depends on clinical and

histological signs and identification of the bacterial

pathogen. Smears from spleen and kidney tissues

should be made and stained with Ziehl-Neelsen based

stains in order to visualize the acid-fast short bacilli

characteristic of Mycobacterium species. An immu-

nocytochemical method using the avidin–biotin com-

plex was recommended to demonstrate the presence

of small number of mycobacteria in affected tissues

(Gómez et al., 1993). However, for a precise diagnosis

of mycobacterial infection at species level, the

isolation and identification of the microorganisms

using specific media and phenotypical tests devised

for clinical Mycobacterium, including fatty acid and

mycolic acid analysis, are required. In addition,

identification should be confirmed by 16S ribosomal

gene DNA sequencing (Bruno et al., 1998b; Knibb et

al., 1993; Herbst et al., 2001).

Mycobacteriosis remains asymptomatic for long

period, stunts fish growth, is virtually impossible to

eradicate with chemotherapeutic agents and renders

the affected fish unmarketable. The slow and poor

growth exhibited by the majority of the Mycobacte-

rium species requires a reliable DNA-based method

for fast identification of the main pathogenic Myco-

bacterium species in fish tissues, specially in the case
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of latent infections. PCR approaches using the 16S

rDNA as target gene, coupled with restriction enzyme

analysis of the amplified fragment, were already

reported and proved to be highly specific and

sensitive for the detection of mycobacteria not only

in fish tissues but also in the blood (Colorni et al.,

1993; Knibb et al., 1993; Talaat et al., 1997).

Therefore, this methodology can constitute an useful

non-destructive method to screen broodstock.
11. Piscirickettsiosis

Piscirickettsiosis is a septicemic condition of

salmonids (Fryer and Lannan, 1996; Almendras and

Fuentealba, 1997; Larenas et al., 1999; Lannan et al.,

1999; OIE, 2000). The causative agent of the disease

is Piscirickettsia salmonis (Fryer et al., 1992), a non-

motile Gram negative, obligately intracellular bacte-

rium. The disease was described for the first time in

1989 affecting to coho salmon cultured in Chile

(Bravo and Campos, 1989; Branson and Nieto, 1991;

Cvitanich et al., 1991) where mortalities between 30%

and 90% were reported. From 1992, the disease was

also described in Ireland, Norway, Scotland, and both

the west and east coasts of Canada (Rodger and

Drinan, 1993; Grant et al., 1996; Palmer et al., 1997;

Olsen et al., 1997; Jones et al., 1998; OIE, 2000;

Birrell et al., 2003). Although P. salmonis has been

detected in different species of Pacific salmon,

Atlantic salmon and rainbow trout, the most suscep-

tible species seems to be coho salmon. Natural

outbreaks of piscirickettsiosis typically occur a few

weeks after smolts are transferred to the sea (Fryer et

al., 1990; Branson and Nieto, 1991; Cvitanich et al.,

1991). However, the disease has also been observed in

fresh water facilities (Bravo, 1994; Gaggero et al.,

1995).

Although horizontal transmission is one of the

main routes of infection, in certain cases, the existence

of vertical transmission of P. salmonis has been

demonstrated (Larenas et al., 2003). Therefore, to

avoid the possible risk of congenital transmission of

the pathogen, the Chilean salmon farming industry

has implemented the elimination of carrier brood-

stock. Intermediate vectors such as external hema-

tophagous isopods may also play a role in the natural

transmission of piscirickettsiosis.
Reported clinical signs of affected fish by piscir-

ickettsiosis are lethargy, anorexia, darkening of the

skin, respiratory distress and surface swimming. The

first physical evidence of the disease may be the

appearance of small white lesions or shallow haemor-

rhagic ulcers on the skin. However, often the fish die

without any visible clinical signs. The most character-

istic gross internal lesions are off-white to yellow

subcapsular nodules, measuring up 2 cm in diameter,

scattered throughout the liver (Almendras and Fuen-

tealba, 1997; Lannan et al., 1999).

P. salmonis can only be isolated in fish cell

lines, without antibiotics added, commonly em-

ployed in virology (CHSE-214 or EPC) where it

produces a cytophatic effect. Therefore, a prelimi-

nary diagnosis of the disease is normally made by

examination of Gram, Giemsa or acridine orange-

stained kidney or liver imprints, with confirmation

by serological methods such as immunofluorescence

or immunohistochemistry employing specific anti-

serum (Lannan et al., 1991; Alday-Sanz et al.,

1994). Although an ELISA assay is commercially

available (Microteck International Ltd., Canada or

DiagXotics, Inc., USA), there are scarce information

of its efficacy in field samples. In addition, the

identity of the aetiologic agent of piscirickettsiosis

can be confirmed by PCR-assays. Until present, two

different PCR-based protocols have been published

for the fast diagnosis of the disease in infected

tissues. Whereas one of them is based in a nested

PCR assay employing the16SDNA as the target

gene (Mauel et al., 1996), in the other protocol part

of the internal transcribed spacer (ITS) of the

ribosomal RNA operon is amplified (Marschall et

al., 1998). The latter PCR assay was further

employed in phylogenetic studies of strains of P.

salmonis (Mauel et al., 1999; Heath et al., 2000).

Both serological and molecular methods must be

also utilized to confirm the isolation of P. salmonis

in fish cell-lines.

It is noteworthy that although kidney and liver

tissues are the recommended sources for the isolation

of P. salmonis (OIE, 2000), it was recently reported

that the brain might represent an important residence

site of the pathogen, being its bacterial load approx-

imately 100 times higher than the loads observed in

liver and kidney (Skarmeta et al., 2000; Heath et al.,

2000).
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Commercial vaccines against P. salmonis are

available in Chile, but the efficacy of these bacterins

is questioned because the lack of enough protection

data from experimental and field trials (Smith et al.,

1997; Larenas et al., 1999). Recently, a monovalent

recombinant subunit vaccine for P. salmonis has

been constructed which elicited a high protection in

coho salmon in laboratory trials (Kuzyk et al., 2001).

In addition, the live vaccine bRenogenQ developed to

prevent bacterial kidney disease was also effective in

reducing mortality from P. salmonis in Pacific

salmon with significant long-term protection in both

laboratory and field conditions (Salonius et al.,

2003).

Salmonids have not been the only target fish of

Rickettsia-like organisms (RLOs), and several reports

have been published describing rickettsial infections

as the responsible of epizootic outbreaks in non-

salmonid fresh water and marine fish such as species

of tilapia in Taiwan, imported blue-eyed plecostomus

(Panaque suttoni) in USA and juvenile seabass in

Europe (Comps et al., 1996; Lannan et al., 1999;

Steiropoulos et al., 2002; Mauel et al., 2003). In the

majority of the cases, no comparison between these

Rickettsia-like organisms and the P. salmonis isolates

have been conducted, but recent immunohistochem-

istry studies (Steiropoulos et al., 2002) demonstrate

antigenic similarities between the RLOs from Euro-

pean seabass and P. salmonis.
12. Emerging pathologies

Two emerging diseases are affecting cultured

Atlantic salmon, pasteurellosis caused by Pasteurella

skyensis and streptococcosis by Streptococcus phocae.

Different outbreaks of pasteurellosis caused by the

new Pasteurella species, P. skyensis, were reported in

farmed Atlantic salmon in Scotland from 1995 to

1998 (Jones and Cox, 1999; Birkbeck et al., 2002).

The disease occurred between April to October and

cumulative mortalities were around 6% of the affected

population. Diseased fish show significant cataracts

and loss of weight. Internal examination of moribund/

dead fish revealed no feed in the stomach and a

variable pathology, which appeared to progress over

time. This initially consisted of petechia on caecal fat

and peritoneal surfaces, and discrete white focal
lesions through the kidney, spleen and heart. In later

samples, pericarditis, generalized peritonitis with

granulomata formation and the presence of false

membranes in the peritoneal organs and swimblader,

became predominant pathological lesions (Jones and

Cox, 1999).

The aetiological agent, P. skyensis, is an halophilic

bacterium which shows an strictly requirement for

blood. Therefore, primary isolation of the micro-

organism must be done on tripticase soy agar

supplemented with 1.5% salt and 5% defrinated blood.

In this medium, convex, smooth and grey colonies

appears after 48 h incubation at 22 8C. Growth occurs

from 14 to 32 8C, which can explain the stationarity of
the disease. P. skyensis differs from most other

members of Pasteurellaceae in lacking catalase and

nitrate-reducing activities (Birkbeck et al., 2002).

Since 1999 to date, streptococcosis outbreaks

occurred repeatedly during the summer months in

Atlantic salmon farmed in Chile affecting both smolts

and adult fish. The cumulative mortality can reach the

20% of the affected population. Diseased fish show

exophthalmia with accumulation of purulent and

haemorrhagic fluid around eyes, and ventral petechial

haemorrhage. At necropsy, haemorrhage in the

abdominal fat, pericarditis, and enlarger liver (showing

a yellowish colour), spleen, and kidney are common

pathological changes. Recent molecular studies per-

formed by our research group demonstrated that the

causative agent of this streptococcosis belongs to the

species S. phocae (unpublished results).
Acknowledgements

This review was based in part on work supported

by Grants PTR1995-0471-OP, PETRI95-0657.01.OP,

AGL2004-07037 and ACU01-012 from the Minis-

terio de Ciencia y Tecnologı́a (Spain).
References

Actis, L.A., Tolmasky, M.E., Crosa, J.H., 1999. Vibriosis. In: Woo,

P.T.K., Bruno, D.W. (Eds.), Fish Diseases and Disorders, vol. 3.

CAB Intern., Publ., United Kingdom, pp. 523–558.

Alday-Sanz, V., Rodger, H., Turnbull, T., Adams, A., Richards,

R.H., 1994. An immunohistochemical diagnostic test for

rickettsial disease. J. Fish Dis. 17, 189–191.



A.E. Toranzo et al. / Aquaculture 246 (2005) 37–61 53
Almendras, F., Fuentealba, C., 1997. Salmonid rickettsial septice-

mia caused by Piscirickettsia salmonis: a review. Dis. Aquat.

Org. 29, 137–144.

Amaro, C., Biosca, E.G., 1996. Vibrio vulnifucus biotype 2,

pathogenic for eels, is also an opportunistic pathogen for

humans. Appl. Environ. Microbiol. 62, 1454–1457.

Amaro, C., Biosca, E.G., Esteve, C., Fouz, B., Toranzo, A.E., 1992.

Comparative study of phenotypic and virulence properties in

Vibrio vulnificus biotype 1 and 2 obtained from a European eel

farm experiencing mortalities. Dis. Aquat. Org. 13, 29–35.

Arias, C.R., Garay, E., Aznar, R., 1995. Nested PCRmethod for rapid

and sensitive detection of Vibrio vulnificus in fish, sediments, and

water. Appl. Environ. Microbiol. 61, 3476–3478.

Arias, C.R., Verdonck, L., Swings, J., Garay, E., Aznar, R., 1997.

Intraspecific differentiation of Vibrio vulnificus biotypes by

amplified fragment length polymorphism and ribotyping. Appl.

Environ. Microbiol. 63, 2600–2666.

Austin, B., Adams, C., 1996. Fish pathogens. In: Austin, B.,

Altwegg, A., Gosling, P.J., Joseph, S. (Eds.), The Genus

Aeromonas. John Wiley & Sons, Chichester, UK, pp. 197–244.

Austin, B., Austin, D.A., 1999. Bacterial Fish Pathogens. Diseases

of Farmed and Wild Fish. Springer-Praxis Publishing, Ltd.,

United Kingdom.

Avendaño-Herrera, R., Magariños, B., López-Romalde, S., Romalde,
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