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Abstract

Aquaculture is the fastest-growing high-protein resource market worldwide. Increased production in aquaculture brings along
epidemics, which negatively affect the profitability and sustainability of production. In particular, vibriosis is responsible for
the important diseases that can cause significant economic losses in cultured shellfish, shrimp, and fish. It may be extremely
damaging to aquaculture industries, and preventative and treatment techniques are typically highly costly. Besides, the
studies are limited for virulence, toxin genes, effects on host cells, and socio-economic effects of species that cause vibriosis in
aquaculture. In addition, Vibrio species includes important pathogens that can especially induce zoonotic diseases, which are
significant for public health. This review emphasizes various updated basic information about aquaculture disease including
the etiology, epidemiology, pathogenesis, clinical signs, pathological findings, diagnosis, transmission, risk factors, and control
measures. The study will also highlight any possible knowledge gaps in the literature, which will serve as a foundation for

future research goals.
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Introduction

Aquaculture is the fastest-growing high-protein resource
market worldwide. It promotes food values and alleviates
hunger in certain developing countries, contributing to global
economic prosperity and social equilibrium. Aquaculture is
described as the development of aquatic organisms along
with finfish and shellfish by communities, individuals, or
companies through strategies such as drugs, feed, regulated
farming, and containment. The aquaculture industry is
also important for the human diets that provide more than
15% of animal protein and other essential micronutrients,
including calcium, iron, vitamin A, and zinc. However,
infections in aquaculture are known to have an economic
and social impact worldwide [1]. It has been reported that
66.7% of infections recorded in groupers Epinephelus spp.
were vibriosis, which affects all stages of development and
can Kill up to half of the fish [2]. Several Vibrionaceae species
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have been connected to health issues in humans and aquatic
animals [1].In 1965, Veron named non-enteric, fermentative,
ram-negative rod-shaped bacteria Vibrionaceae, which
are motile and oxidase-positive using polar flagella. A
new batch has been made to differentiate Vibrionaceae
from Enterobacteriaceae. According to Bergey’s Manual
of Determinative Bacteriology, Vibrioneacae is a member
of the Gammaproteobacteria class that divides into four
main genera including Vibrio, Aeromonas, Photobacterium,
and Plesiomonas. However, two new genera, Listonella and
Shewanella, and a new family Aeromonadaceae have been
established developing sequencing analysis techniques in
recent years [3].

Vibrio Species

Vibrio species have importance in both historical and
contemporary periods. Vibrio cholerae is the causative
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bacteria of Asiatic cholera, which has been a serious problem
for humanity for centuries [4-7]. The bacteria was first
described and named by Italian Filippo Pacini in 1854. After
that German scientist Robert Koch described it as a curved
or comma-shaped bacteria in pure cultures and named them
“Kommabacillus” [8,9].

Several Vibrionaceae speciesareassociated withinfection
in marine animals. In recent studies, V. parahaemolyticus,
V. anguillarum (formerly named Listonella anguillarum), V.
ordalii, V. salmonicida, V. vulnificus, V. alginolyticus, V. harveyi,
V. owensii, and V. campbelli were described as the most
common species affecting aquatic animals. In addition, some
Photobacterium species such as Photobacterium damselae
subsp. piscicida (formerly described by Janssen and Surgalla
in 1968 and known as Pasteurella piscicida), P damselae
subsp. damselae (previously known as V. damselae), and
P. toruni isolated from sand steenbras have been recently
described. Vibrio species can be found in large amounts in
marine coastal waters and most of the aquatic environments
in the world. In addition, it has been found that they are
placed in large amounts in marine creatures such as corals,
fish, mollusks, sea grass, sponges, shrimp, and zooplankton
[10].

Vibriosis

Vibriosis is an important disease that causes by different
Vibrio species and fish losses in the wild and aquaculture.
Vibrio ordalii, which is one of the bacteria in that group, is
a gram-negative bacteria, curved rod with polar flagella.
Vibrio salmonicida, which affects Atlantic salmonids (Salmo
salar) and has cold water vibriosis, is a facultative anaerobe,
motile and club-shaped bacterium. It has active polar flagella
and shows a high degree of pleomorphism between strains
when isolated from fish. Vibrio vulnificus, also known as
Vibrio anguillicida, causes disease in cultivated Japanese eels
(Anguilla japonica) [6,8,10].

Vibrio species geographically can cause a wide range
of infections in wild and aquaculture. They are halophilic
bacteria that can grow in the presence of 0.5-4% salt
concentration. Bacteria are psychrophiles although their
optimum growing temperature is 12-15°C. Among the Vibrio
species that can be excreted with feces in fish, especially V.
salmonicida can be isolated from the sediment in the pond
even after seven months in infected farms. V. salmonicida is
also described as the etiological agent of cold-water vibriosis
affecting aquaculture in Norway. The agent emerged in 1977,
first causing alarge-scale economicloss infection in fish farms
on the Norwegian island of Hitra in 1979. For this reason,
the disease caused by the agent is also called Hitra disease.
After that, the disease caused serious economic losses on the
western and northern coasts of Norway. However, Vibrio-
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borne infections mostly occur in autumn, winter, or early
spring, as well as affecting Atlantic salmonids, rainbow trout,
silverfish, king salmon, and eels [10,11].

Although Vibrio species infect mainly the muscle and
skin of the fish, they can also be isolated from different
tissues. The clinical findings primarily characterize necrosis
and hemorrhages in the tissues where it is localized. Besides,
infected animals can demonstrate extensive anemia and
internal hemorrhages in visceral organs. The bacteria can be
isolated from the blood of newly dead fish. Cataracts, cranial
hemorrhages, and splenomegaly may happen in the infected
small fish. The bacteria are abundant in the connective tissue
of the gill, the digestive tract, and the pyloric stomach of
salmonids [10,11].

The typical non-hemolytic and grayish pigment-free
colonies are defined as Vibrio species on blood agar. The
bacteria can be isolated from the intestinal content of the fish
that is experimentally infected. Hence, besides being isolated
from healthy animals, it is possible to isolate them from
marine sediments after being scattered with feces in infected
animals. Among the Vibrio species, Vibrio salmonicida is
serologically separated from Vibrio anguillarum that grow
at 30°C on tryptic soy broth or brain-heart infusion agar
including 1.0% NaCl. ELISA is used for rapid detection of
the disease. Even though V. vulnificus experimentally infect
mice, it was defined that the strain isolated from eels, which
is called V. vulnificus biogroup 2, causes infection only in eels

[8].

There are many antibiotic options in the treatment
of vibriosis. The treatment strategies primarily use for
aquaculture instead of the natural environment. Florfenicol,
oxanilic acid, and quinolone are common antibiotics used in
the treatment of disease in aquaculture. Marine sediments
both close to and far from aquacultural activities contain
residual antibiotics and may be sensitive to the development
of antibiotic resistance due to heavily used antibiotics. It
is very important to monitor the water and feed quality in
aquaculture, reduce the stress factors, and take effective
biosecurity measures in preventing infection. The study of
vaccine development to protect against vibriosis still needs
further studies [10,11].

Photobacterium Species

The genus of Photobacterium, which was first discovered
by Beijerinck in 1889, is a member of the Vibrionaceae
family in the class Gammaproteobacteria. They are gram-
negative, facultative aerobic, thick, club-shaped, having a
0.8-1.3 pm diameter and 1.8-2.4 pm length, with incubation
at 18-25°C for 48-72h. Although motile by one or three
unsheathed polar flagella, some of them do not. The member
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of Photobacterium species is mostly oxidase and catalase-
positive, nitrite produced from nitrate. Some strains grow
more easily on the media containing amino acids and
sodium chloride (0.5-3.0%, w/v). Although Photobacterium
species produce acid and gas from glucose, they do not
utilize lactose. Involuted forms may occur under adverse
conditions of cultivation and old cultures. While most strains
can grow in seawater-based environments with D-glucose
and NH,Cl, some strains require L-methionine [3,12,13].
Another characteristic of bacteria in these species is that
they produce polyunsaturated fatty acids, such as lipase,
asparaginase, esterase, and antimicrobial components for
adaptation to cold. Hence, they can be used as biosensors for
food monitoring. In addition, they produce some unsaturated
fatty acids that are used in the pharmaceutical industry, food
additives, and supplements. They can also be used in different
areas, such as in the production of detergent, food, biological
drugs, biodiesel, anticancer drugs, and in various enzymes,
such as cold-resistant lipase, esterase, and asparaginase
[14,15].

The common feature of Vibrio species is that their
metabolites mostly show antimicrobial properties. Similarly,
Photobacterium species also exhibit antibacterial properties
via various metabolites (e.g., pyrrothine-homolycin, and
korormicin) against several bacteria, such as Escherichia coli,
Staphylococcus aureus, and V. parahaemolyticus, which are
clinically important pathogens [16].

Genomically, it has been determined that the genetic
structure of Photobacterium species is of importance, which
includes two chromosomes, one big and the other small, in the
large chromosome. In addition, bacteria show the presence of
different plasmids. It has been reported that these plasmids
are associated with properties of conjugation, antibiotic
resistance, and virulence in Photobacterium species, while
some encode toxins [17,18]. It has also been found to be
responsible for hemolysis and virulence in fish and mice.
A different plasmid (Phdp) has been observed to encode
an exotoxin that affects the macrophages and neutrophils
of fish, and this plasmid is also involved in the transfer of
virulent genes and antibiotic resistance (e.g., beta-lactamase
and chloramphenicol resistance) to V. Cholerae [17,19].

Photobacterium Damselea Subsp. Damselae
(Photobacteriosis)

Photobacterium damselea subsp. damselae is a species
of Photobacterium that can cause pathogenesis in fish
and marine mammals. The bacterium was firstly reported
in white sea bass. Extracellular structures secreted by
Photobacterium species have an important place in the
pathogenesis of the infection. The extracellular products
containing proteases, hemolysins, and iron-degrading
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proteins associated with siderophores, enable invasion
and colonization in the hosts besides facilitating nutrient
uptake. Photobacterium damselea subsp. damselae has a
phospholipase toxin with hemolytic and cytotoxic activities.
It also produces a thermostable extracellular cytotoxin
of 69 kDa named damselysin that is a phospholipase D
enzyme, which acts against the structure of sphingomyelin
in the erythrocyte membrane and shows hemolysis activity
in many fish species [20,21]. It has been determined
that the Photobacterium psicicida also causes infections
with high mortality in fish. The polysaccharide capsular
structure causing serum resistance in fish is important in
the pathogenesis for both species, whereas this structure
increases the mortality of the bacteria. The combination of
phospholipase effect, cytotoxicity, and hemolytic activities
cause damage to the infected cells and the development of
the disease by aiding bacterial invasion into the host tissue. P
psicicida produces an apoptosis-inducing exotoxin (AIP56),
which is encoded by a 56kDa plasmid. The exotoxin that
activates apoptosis but inhibits the host immune response,
synthesized by virulent strains increases apoptotic activity,
especially in sea bass. Another important virulence factor is
the production of iron-binding siderophores that can bind to
iron with high affinity in host cells. These siderophores are
similar to the pathogenicity islands of Yersinia species [22].

In addition to the pathogenic character of the bacteria
belonging to the genus Photobacterium, some species are
symbiotic microorganisms that reside outside the host in
marine fish. Although fish provide nutrients and oxygen
to fulfill the vital needs of the bacteria, the host structures
where the bacteria are localized serve as the light-producing
organ. For example, luciferin, which is synthesized by
bacteria, shows luminescence properties, and this helps
animals in their behaviors such as mating, getting away from
prey, and catching prey. At the same time, bacteria that grow
on the host tissue localize both in sea water and in other sea
creatures sharing the same environment. Photobacterium
species can live in various ecological environments, such as
various animal tissues, surfaces of fish, and intestines [23].

Recently, Photobacterium species have been identified in
frozen ready-to-eat seafood. These Photobacterium species
have been reported to be resistant to freezing and posing a
human health hazard [24].

Photobacterium has similar characteristics to Vibrio as
a member of the Vibrionaceae family. There is a controversy
regarding whether some species should be included in
the genus Phobacterium or Vibrio. However, in recent
studies, it has been accepted that V. damselea, which was
previously considered to be in the genus Vibrio, is included
in the genus Photobacterium. P. damselea species is classified
under two subspecies as P damselea subsp. piscicida and P.
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damselea subsp. damselea. Apart from this, P. leiognathi, P.
phosphoreum, and P, profundum are also recently included in
the genus Photobacterium [25].

P. damselea subsp. damselea that can live in high salt
concentrations (12%) cause symptoms, such as latergia,
mucus production, hemorrhagic, and enlarged liver, bleeding
abdominal cavity, and acidity in infected fish. Hence, the
bacterium harms fish farms. Fish pasteurellosis is an
infection caused by the bacterium, which is considered one
of the most dangerous diseases in aquaculture due to its
high mortality and morbidity. While the species of this genus
are widely found in the marine ecosystem and the digestive
system of marine creatures, some species are found as
symbiotic bacteria that provide specialized light production
in marine fish [26].

Immediate delivery of the samples to the laboratory is
essential for the diagnosis of the disease. Pdamselea subsp.
damselea starts to decrease in number after 24 hours when
cultured in Stuart’s transport medium from the samples
collected from fish and loses its viability after 48-72 hours at
4°C. Therefore, sampling should be done on Amies transport
medium. In general, two methods are used in the isolation
of Photobacterium species. One of them is by seeding of sea
water directly into the medium, the other is the cultivation
of fish skin into the medium by enrichment. The sea water
taken by the direct seeding method is spread on various
media, such as marinated agar, TCBS, TSA, luminous agar,
and artificial seawater agar in an amount of 10-100 ml. The
agar plates are incubated at 15-20°C. In cases where a small
number of bacteria are expected, 5-300 ml of sea water is
passed through 0.22-0.45 pm filters to collect bacteria. From
these filters, seeding is carried out on media, such as TCBS,
TSA, blood agar, luminous agar, marine agar, Photobacterium
agar, and artificial sea water agar. Media generally contains
0.5-5% salt. Furthermore, the temperature is an important
factor in multiplication, and 5-25°C is generally the preferred
incubation temperature. Optimal pH varies between 6-9. In
addition to using many sugars other than lactose as a source
of carbon, some species also use amino acids as a source of
carbon. P. damselea subsp. damselea is sensitive to 500 ug
that the vibrio static agent 0/129 used in the distinguishing
of species in the genus Vibrio [27-29].

Although various antibiotics can be used in the treatment
of the disease, antibiotics should be selected based on the
antibiogram results because of the rapid development of
antibiotic resistance and the ability to transfer it between
bacteria. Florfenicol, enrofloxacin, and oxytetracycline can
be used for the treatment of the disease. For protection
from infection, vaccination is generally applied by dipping
the fish (in the larval stage) twice in one month, and oral
inoculation when the weight of the fish reaches 50 mg or
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2 g. Inactive bacterial vaccines can usually be applied by
immersion in water. In addition, recombinant, subunit, and
live vaccines are applied in various forms, such as injection,
oral administration, and dipping for research purposes [30-
32].

Listonella Species

The Listonella genus was differentiated from the Vibrio
species known to affect both culture and natural fisheries
since 1817 by using 5S rRNA gene sequences for phylogenetic
analysis of bacteria in 1985. It has been reported that the
Listonella genus includes L. anguillarum, L. damselae, and
L. pelagia [33]. The species L. damselae was subsequently
reclassified as Photobacterium damselae as a result of 16S
rRNA gene sequence analysis [34].

L. pelagia (V. pelagia) was first isolated from sea water
in 1971. It has been defined as the most frequently isolated
Vibrio species from sea waters in Britain [35]. This species,
which has been defined as non-pathogenic for many years,
has been isolated from epidemics in turbot fish and mussels
in various countries, especially after 2000 [36].

L. anguillarum, which is defined as the most common
bacteria, was isolated from ell in the Baltic sea and named
Vibrio anguillarum [37]. The Listonella genus is examined
as an opportunistic pathogen of various fish and shellfish
in aquatic environments nowadays. L. anguillarum has 23
different O serotypes (01-023), and 01 and 02 are known as
the most virulent serotypes [38]. 01, 02, and O3 serotypes
are frequently detected serotypes in fish mortalities
worldwide [39]. 01 and 02, and 01 serotype are the main
ones responsible for the infection of the perch and trout,
respectively [38]. The most common serotype isolated from
aquatic environments is the 01 in Turkey [40,41].

Listonella spp. is gram-negative, straight or comma-
shaped rod bacteria with peritrichous or monotrichous
flagella, oxidase-positive, chemoorganotrophic, and able
to grow at 25-35°C. They grow best around neutral pH
values (6.5 - 7.0), but they can mostly tolerate a pH of 6 to 9.
These species with halophilic properties can easily grow in
environments containing 1-2% NaCl. There is also a direct
relationship between the salt content in the medium and
the motility of L. anguillarum. The growing is suppressed at
temperatures below 5°C and above 41°C in environments
where includes 7% and over NaCl [10].

Listonella Anguillarum (Vibriosis)

The causative agent is Listonella anguillarum (Vibrio
anguillarum) which is gram-negative, comma-shaped, motile,
facultative anaerobe, club-shaped bacterium non-spore.
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Listonella species are found in large amounts in marine
environments with a high organic load, soft ground, and no
waves. It can grow easily at 25-30°C in media containing
1.5% sodium chloride (NaCl) such as brain-heart infusion,
tryptic soy broth, or agar. It produces round, cream-colored
colonies on the agar surface. L. anguillarum is halophilic
and can survive in different salt concentrations. According
to L. anguillarum sequence analysis, it consists of two
chromosomes, eight genomic regions on chromosome I, and
two genomic regions on chromosome II. Catalase, arginine
dihydrolase, 3-galactosidase, and indole produce but not
H.S, lysine, and ornithine decarboxylase, phenylalanine
deaminase, and urease. L. anguillarum is positive for Voges
Proskauer test but not for the methyl red test. Chitin,
gelatin, DNA, lipid, and starch are degraded but not esculin.
It reduces nitrate and grows in media with 0.3-3% NaCl. It
utulises citrate, tartrate, and malonate. Acid is produced from
arabinose, cellobiose, galactose, glycerol, maltose, mannitol,
sorbitol, sucrose, and trehalose, but not adonitol, dulcitol,
erythritol, inocytol, lactose, melibiose, raffinose, rhamnose,
salicin, and xylose [11].

Listonella anguillarum (V. anguillarum) is an infectious
bacterium that causes significant economic losses in both
aquaculture and larviculture worldwide. It is associated with
fatal hemorrhagic septicemia in many marine and freshwater
fish, especially eels, sole fish, trout, mackerel, cod, salmon
and similar fish species, and bivalves and arthropods. The

infection is enzootic in eels, which also act as the reservoir
of the bacteria [1]. The source of infection is fish excrement,
dead fish, and contaminated feed, and it can spread through
feces and open wounds. It is transmitted through digestion
and skin. Damaged areas on the skin and portals caused
by ectoparasites are important sources of contamination.
Outbreaks are common during summer when the water
temperature is high and the fish’s skin gets damaged due
to heavy metals and parasitic infestations. It is associated
with opportunistic infections when it is taken place in the
intestinal flora [11,42].

Although the incubation period varies based on
virulence, it is 3 days on average. The infection causes
mortality between 40-60%. The infection in peracute cases
could lead to death without any symptoms, especially in eels.
Typically, infected fish demonstrate clinical features such
as lack of appetite, lethargy, swimming close to the water
surface, and balance disorders. The petechiae in the mouth,
gills, abdomen, and anus, ulceration on the skin surface,
hemorrhages, and erosions on the fin tips in infected animals
occur and necrotize over time (Figure 1). Exophthalmus and
corneal opacification may be observed. There are petechial
hemorrhages in the subcutaneous, internal organs and
muscles, inflammation of the intestine, splenomegaly and
necrosis in the spleen, necrosis foci in the kidney and liver,
and distinctly anemia. The gills are pale while the liver
appears to be hyperemic [11,42].

Figure 1: External view of fish with L. anguillarum infection. Large hemorrhagic foci the pelvic, pectoral, and anal fins of
the rainbow trout (A), Haemorrhaging on the fins and around the operculum of rainbow trout caused by L. anguillarum (B)
(permission for the pictures were obtained from Prof. Dr. Ertan Emek Onuk and Assoc. Prof. Dr. Secil Metin).

Nutrient agar containing 1.5-3.5% NaCl, trypticase soy
agar (TSA) containing 1-2% NaCl, thiosulfate citrate bile
salt sucrose agar (TCBS), salt-starch agar, and bromthymol
blue teepole-salt agar can be used for the isolation of the
bacterium. L. anguillarum produces bright yellow colonies
with yellow haloes on Vibrio anguillarum medium (VAM),
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which is the selective media (Figure 2). Identification of
the bacterium can be made easily using the API 20E system
and MALDI-TOF MS. Besides culture-dependent methods,
serological methods and molecular techniques such as
polymerase chain reaction commonly practice in vibriosis
diagnosis. Specific a fluorescently labeled monoclonal
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antibody test is used in the diagnosis of serotypes 1, 2, and
3 and 4, 5, and 7 which are the environmental serotypes. In

addition, multiplex assays based on DNA array technology
have high specificity, sensitivity, and throughput [43-46].

Figure 2: Cream-colored 24-hours pure subculture colonies of L. anguillarum re-isolate on TSA containing 1% NaCl (A), L.
anguillarum isolate on TCBS agar (B), L. anguillarum isolate on blood agar (C), a microscopic image of L. anguillarum to gram
staining (D) (permission for the pictures were obtained from Prof. Dr. Ertan Emek Onuk and Assoc. Prof. Dr. Secil Metin).

Protecting or treating fish living in nature from infection
is practically impossible. However, antibiotics are added
to the feed according to the antibiogram test results of the
cultured fish. Oxytetracycline, sulfamethaxole-metoprine,
erythromycin, and oxanilic acid can be used in the treatment.
Vitamin C, selenium, and probiotics can be specifically
added to feeds to stimulate the non-specific immune system.
Studies have shown that probiotics contribute significantly
to decreasing fish mortality [11,47,48].

It is very difficult to eliminate L. anguillarum, one of the
most persistent infectious agents known, after it settles in
the tanks. Sterilization and disinfection procedures should
be applied after the tanks have been emptied. L. anguillarum
is inactivated for 3 minutes at 44°C and 2 minutes at 47.5°C.
Hence, the pool temperature should be increased to protect
fishes from infection [11].

Concentrated vaccine administration orally or via the
parenteral route for 4 weeks provides protective immunity
to the aquaculture. Vaccination should be done by the
bathing method for fish weighing between 1-4 g and by
injection method for fish weighing greater than 15 g. Sodium
salicylate, sodium carpath, and vitamin E supplements have
been shown to increase absorption in oral vaccines [30-32].

Conclusion

Problems with vibriosis are continuously being faced
in the aquaculture industries due to various factors such
as the vibrio’s variability and adaptive potential, as well as
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its widespread presence in the marine ecosystem. Despite
many studies focusing on the global impact of vibriosis and
the causative agent, the appearance of new Vibrio organisms
or species creates a considerable threat to human and animal
health. Good aquaculture practices, selective use of control
agents, and adequate vaccine systems all contribute to
improving fish welfare, preventing epidemics, and reducing
the destructive economic effects on aquaculture. With the
emerging antimicrobial resistance, it should be focused on
the search for more environmentally friendly approaches
and it should be kept in mind that it is possible to control and
prevent diseases with biosecurity applications.
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