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ABSTRACT
Objective: Gilt-head seabream (Sparus aurata) is an important species for Turkish aquaculture and bacterial diseases are one
of the limiting factors for the production of this species. The aim of this study is the identification of the bacterial disease
agents in cultured gilt-head seabream in Turkey and the determination of their antibacterial susceptibilities.
Materials and Methods: In this study, 27 diseased gilt-head seabream samples between 3-130 g, showing various clinical
symptoms, were examined bacteriologically. Bacterial isolates recovered from moribund fish samples were identified by
using standard bacteriological methods and API 20E rapid identification strips. Antibiotic susceptibility tests of 10 different
substances against these isolates were determined by using Kirby-Bauer disc diffusion method.
Results: Vibrio anguillarum, V. scophthalmi, V. logei, V. harveyi, Pseudomonas anguilliseptica, P. stutzeri, Staphylococcus sp. and
Micrococcus luteus isolates were isolated from diseased fish samples as pure and mixed infection. It was detected that API
20E may give erroneous results for fish pathogenic bacteria since they are not included in the database of the kit. Generally,
enrofloxacin, florphenicol and oxytetracycline were found to be the most effective antibiotics against bacterial isolates.
Conclusion: This study is the first report for V. scophthalmi, V. logei, V. harveyi, P. stutzeri and M. luteus infections of gilt-head
seabream in Turkey.
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INTRODUCTION
Gilt-head seabream (Sparus aurata) is one of the most
common species cultured in the Mediterranean basin and
Turkey is among the leading producer countries with a
production of 58.254 tons in 2016 (1,2). Despite the fact
that Turkey has suitable environmental conditions and a
sufficient number of large-scale hatcheries for the production of this fish species, bacterial diseases are the main limiting factor of production. A great majority of the infectious
diseases of gilthead seabream are caused by Gram-negative bacteria, especially Vibrio representatives (3,4).
Previously, various Gram-negative bacteria such
as Vibrio anguillarum (also known as Listonella
anguillarum), V. alginolyticus, V. ordalii, Aeromonas
hydrophila, Photobacterium damselae subsp. piscicida,
Ph. damselae subsp. damselae, Pseudomonas fluorescens
and Flavobacterium sp. were isolated from infected
gilthead seabream cultured in Turkey (5-13). GramAddress for Correspondence: Ozgur Canak
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positive bacteria also caused diseases in this species in
Turkey and Staphylococcus epidermidis and S. hominis
infections were reported (14,15).
Antibacterial substances have been used in the therapy of bacterial fish diseases for more than 60 years. As
the production amount and the number of cultured
fish species has increased, the frequency and diversity
of the fish diseases has also shown an increase and a
greater amount of antibiotics were used in this period
(16). This increase in the use of antibacterial substances has brought about a number of problems. Various
factors such as the incorrect use or dose of antibacterial substances causes the development of resistance
in bacteria. Furthermore, the residue of antibacterial
substances in cultured fish is a threat for human health.
Hence, the use of some antibacterial substances in
aquaculture, such as chloramphenicol, have been
banned or limited (16,17).
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mia in the internal organs were observed (Figures 1e and 1f ). In
3-6 g fish samples examined in farm no 4, distended abdomen
and pale skin color, distended liver with petechial hemorrhages, splenomegaly and liquefaction in the kidney were observed
(Figures 1g and 1h). In 130 g fish samples examined in farm no
5, distended abdomen, pale skin color, loss of scales, hemorrhages on the internal organs, splenomegaly and accumulation
of a bloody fluid in the intestines and peritoneal cavity were observed (Figures 1i and 1j).

The aim of this study is the identification of the bacterial disease
agents in cultured gilt-head seabream in Turkey and the determination of their antibacterial susceptibilities.
MATERIALS AND METHODS
In this study, 27 cultured diseased gilt-head seabream specimens between 3-130 g showing some clinical symptoms of
bacterial diseases supplied from 5 different fish farms (will be
mentioned as Farm No. 1, 2, 3, 4 and 5 in the rest of the article)
located in the Aegean Sea coasts of Turkey were examined bacteriologically between April 2009 and July 2010 (17, 18). After
anesthesia with 2-phenoxyethanol, bacteriological inoculations from the liver, kidney and spleen of the fish samples were
made onto TSA (Tryptic Soy Agar) containing 1.5% NaCl, TCBS
and Marine Agar. Inoculated media were incubated at 22 °C for
72 hours. Bacterial isolate growths from moribund fish samples
were identified based on their biochemical profiles by using
standard laboratory methods (17-19).

A total of 15 bacterial isolates were recovered from the
visceral organs of moribund fish samples. Depending on their
morphological and biochemical properties that are shown
in Table 1, these isolates were identified as V. anguillarum
(n=6), V. scophthalmi (n=3), V. logei (n=1), V. harveyi (n=1), P.
anguilliseptica (n=1), P. stutzeri (n=1), Staphylococcus sp. (n=1)
and Micrococcus luteus (n=1).
As a result of bacterial identification studies carried out after the
bacterial examination of the fish samples, V. anguillarum was recovered as a pure infection in fish samples obtained from fish
farm no 1. Mixed infections of V. anguillarum with V. scophthalmi
in one fish and V. harveyi in another fish sample were detected
in fish farm no 2. In fish farm no 3, mixed infections of V. anguillarum and V. scophthalmi in the first fish sample; V anguillarum
and V. logei in the second fish sample and V. anguillarum and P.
stutzeri in the third fish sample were detected. Moreover, a pure
V. anguillarum infection in one fish sample, mixed infections of
V. anguillarum and Staphylococcus sp. in the second fish sample
and V. anguillarum and M. luteus in the third fish sample were
detected in fish farm no 4. A pure infection of P. anguilliseptica
was detected in fish farm no 5.

API 20E rapid identification strips (Biomerieux, France) were
used as an additional method. Since it is not discriminative for
Gram-positive bacteria, this kit was not used for these isolates
and they were identified by using the results of the standard
laboratory methods only (17). API 20E test strips were used according to the instructions of the manufacturer. Briefly, fresh
cultures of bacteria were suspended in sterile distilled water
containing 0.85% NaCl and well emulsified. Bacterial suspension was added into the wells of the test strip and incubated at
24 °C for 24-48 hours.
Antibacterial susceptibilities of these isolates against 10 different substances were determined by using the Kirby-Bauer disc diffusion method, which was replicated three times
and evaluated according to the CLSI standards (20). Briefly,
fresh cultures of bacterial isolates were suspended in sterile
phosphate buffered saline (PBS) and diluted to a turbidity
equivalent to the McFarland tube No. 0.5 standard solution.
The bacterial suspension (0.1 ml) was spread onto Mueller–
Hinton agar and antibiotic disks were placed (21). Petri dishes
were incubated at 22 °C for 18-24 hours and the sensitivity
zones were measured with a ruler and their arithmetic mean
was calculated.

As a result of the antimicrobial susceptibility tests, generally,
enrofloxacin, oxytetracycline and ciprofloxacin were found to
be the most effective antibiotics against all bacterial isolates.
Florphenicol and sulphametaxozole-trimetoprim were found to
be the most effective antibiotics against Vibrio spp. isolates. Despite being recovered from different fish farms, isolates of the
same species gave similar results in the antimicrobial susceptibility testing. Most of the isolates showed a complete resistance
to ampicillin and streptomycin. Antimicrobial susceptibility test
results of these isolates are shown in Table 2.

RESULTS

DISCUSSION

During the field sampling studies, slow swimming behavior
near the surface of the seawater and loss of appetite was detected in all moribund fish samples. In the 20 g fish samples
examined in farm no 1, hemorrhages at the fin bases and anus,
erosion in the lower jaw and anemia in the internal organs were
observed (Figures 1a and 1b). In the 80 g fish samples examined
in farm no 2, pale skin color, loss of scales, ulcers and lesions on
the skin, hemorrhages at the base of the fins, anemia in the gills
and internal organs and in some samples the accumulation of a
translucent fluid were observed (Figures 1c and 1d). In the 10 g
fish samples examined in farm no 3, loss of scales, erosion in the
lower jaw, fin base hemorrhages, shallow skin lesions and ane-

Gilt-head seabream are commonly cultured in the Mediterranean basin and Turkey is one of leading countries in the production of this species (1,2). Bacterial diseases are one of the
most important limiting factors in fish production (17). Identification of the pathogens involved in the disease conditions of
the gilt-head seabream and taking proper precautions for the
treatment of disease is the key to success in the culture of this
species. This study was carried out for the detection of bacterial
pathogens affecting gilt-head seabream cultured in the Aegean
Sea coasts of Turkey and determination of their antimicrobial
susceptibilities.
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Figure 1. General clinical external and internal symptoms observed in fish samples a & b: Farm no 1 (ulcers on the body are indicated
by arrows), c & d: Farm no 2 (loss of scales and anemia in the internal organs), e & f: Farm no 3 (hemorrhages and ulcers on the body
[indicated by arrows], anemia in the liver), g & h: Farm no 4 (distended abdomen, erosion of the caudal fin and distended liver), i & j:
Farm no 5 (distended abdomen, splenomegaly [indicated by arrows] and fluid accumulation in the intestines).

In the field studies, general clinical symptoms such as pale
skin color, loss of scales, hemorrhages and ulcers on the body
surface and anemia in the internal organs were observed and
showed similarities with previous reports for each particular
bacterial fish pathogen (7,17,18).

that they have recovered Gram-negative bacteria in a great majority (more than 90%), particularly the Vibrio species (70%) (3,4,12).
Similarly, in this study, it was determined that the members of the
genus Vibrio are the main pathogens of this fish species and some
other bacteria are involved in cases of mixed infections.

Previously, various researchers conducted long-term disease
monitoring studies on gilthead seabream and they all reported

Vibriosis is a common bacterial fish disease worldwide that is
caused by various Vibrio species and V. anguillarum is among
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V. logei
n=1

V. harveyi 6
n=1

V. scophthalmi
n=3

P. stutzeri
n=1

P. anguillispetica
n=1

Staphylococcus sp.
n=1

Micrococcus
luteus n=1

Gram
Morphology
Motility
O/F
Oxidase
Catalase
O/129
TCBS
VAM
Arginine
Lysine
Ornithin
Indole
Methyl Red
VP
ß-galactosidase
Gelatinase
Amilase
Aesculine
Haemolysis
Urease
Citrate
Nitrate reduction
H2S
Acid production from
Fructose
Arabinose
Mannitol
Mannose
Xylose
Lactose
Growth at
4 °C
37 °C
40 °C
0% NaCl
3% NaCl
5% NaCl
8% NaCl
API 20E Profile(s)

V. anguillarum
n=6

Table 1. Phenotypic and biochemical properties of bacterial isolates
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+
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+: Positive reaction, -: Negative reaction, B: Bacilli, P: Pleomorphic, GLC: Grape-like clusters, T: Tetrad, O: Oxidative, F: Fermentative, S: Sensitive, R:
Resistant, Y: yellow, G: green, W: Weak reaction, VAM: Vibrio anguillarum medium, α: Alpha-hemolysis, β: Beta-hemolysis,
γ: Gamma-hemolysis
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V. scophthalmi

V. logei

V. harveyi

P. stutzeri

P. anguilliseptica

Staphylococcus sp.

M. luteus

Erythromycin (15 µg)
Enrofloxacin (5 µg)
Oxytetracycline (30 µg)
Ampicillin (10 µg)
Kanamycin (30 µg)
Ciprofloxacin (5 µg)
Flumequine (30 µg)
Florphenicol (30 µg)
Streptomycin (10 µg)
Trimethoprim
sulfamethoxazole (25 µg)

V. anguillarum

Table 2. Antibiotic susceptibilities of bacterial isolates recovered from moribund gilt-head seabream samples (mean zone
diameter in cm)

R (1.4)
I (2.5)
I (2)
R (0)
R (1.6)
I (2.5)
I (2.4)
S (3.6)
R (0)

R (1.5)
S (3)
S (2.9)
I (2.2)
I (2)
S (2.9)
S (3.2)
S (3.1)
R (0)

R (1.1)
I (2)
I (2)
R (0)
R (1.3)
I (1.8)
S (2.6)
S (2.8)
R (0.9)

I (1.9)
I (2)
I (1.8)
R (0)
R (1.5)
I (1.9)
I (2.2)
S (3)
R (1.1)

R (1.3)
S (3.3)
I (2.4)
I (2)
I (2)
S (3.1)
S (3.7)
I (2.3)
R (1.3)

R (0)
I (2.2)
R (1.5)
R (0)
I (1.7)
I (2.3)
I (1.6)
R (0)
R (0)

I (1.7)
S (2.7)
I (2.5)
R (1.2)
R (1.5)
I (2)
I (2.2)
R (0)
R (0)

S (4)
I (1.6)
S (2.8)
S (4.1)
I (2.3)
R (1.4)
R (0)
S (4)
S (2.6)

S (2.8)

S (3)

S (3)

I (2)

S (3.3)

R (0)

S (3.2)

R (0)

R: Resistant, I: Intermediately Sensitive, S: Sensitive

the oldest of known fish pathogens and is reported to affect
more than 48 aquatic species world-wide (17-21). It has been
reported to be involved in the diseases of various cultured marine fish species such as gilt-head seabream, Atlantic salmon,
European sea bass, red porgy and also rainbow trout cultured in
marine and freshwater environment in Turkey (5,6,22-32).

by Matyar et al. (42). This bacterium also caused disease in rainbow trout in freshwater environments (43). In this study, this
organism was recovered from the moribund cultured gilthead
seabream in Turkey for the first time.
As previously reported in long-term disease monitoring studies
of gilt-head seabream (3,4,12), Gram-positive bacteria were also
recovered in this study too. One isolate could only be identified at the genus level as Staphylococcus sp. Previously, Kubilay
and Ulukoy (14) reported a Staphylococcus epidermidis infection
and Korun et al. (15) reported a S. hominis infection in gilthead
seabream cultured in Turkey. Another Gram-positive isolate was
identified as Micrococcus luteus. This organism was reported to
be a pathogen of gilt-head seabream in Spain (3), and in this
study, it was recovered from moribund gilt-head seabream cultured in Turkey for the first time.

V. harveyi was previously recovered from moribund gilthead
seabream in Spain by Balebona et al. (3) and Zorrilla et al. (4).
This bacterium was also recovered from moribund European
seabass in Turkey by Korun and Akayli (33) and Korun and Timur
(25). V. scophthalmi was previously recovered from the tank water in turbot culture (34) and turbot intestinal flora (35), but it
was reported as a non-pathogenic species by Cerda-Cuellar et
al. (36). V. logei was previously recovered from moribund cultured Atlantic salmon in Iceland (37). As stated above among
the Vibrio species isolated from gilt-head seabream in this study,
V. anguillarum was previously reported from this fish species in
Turkey, but V. harveyi, V. scophthalmi and V. logei, were recovered for the first time in mixed infections of gilt-head seabream
cultured in Turkey.
P. anguilliseptica, which causes winter disease, was previously
recovered from moribund cultured gilthead seabream in France
and this bacterium is rarely recovered from gilt-head seabream
in Turkey (38,39). It was also previously reported from cultured
European sea bass in Turkey (11). In this study, this bacterium
was recovered from a chronically infected fish sample in summer, where a great majority of the batch was lost due to this
infection in winter.

API 20E bacterial identification kits were first developed for the
rapid identification of medically important bacteria and later
they were used in the field of fish disease (44), but in many cases, erroneous identification results have been achieved. Since
V. anguillarum is not included in the API database, Santos et al.
(45) reported that 35 of their 53 V. anguillarum strains were misidentified as Aeromonas hydrophila and, furthermore, they have
faced similar problems with other important fish pathogens
such as A. sobria, A. caviea and Y. ruckeri. Austin et al. (46) recorded 117 different API 20E profiles with their 260 V. anguillarum
isolates from various parts of the world. Altun et al. (30) and Balta and Balta (32) reported that their V. anguillarum isolates were
misidentified as V. vulnificus by this kit.

P. stutzeri, a bacterium that is found in freshwater, marine and
soil environments and in wastewater (40,41) was reported
among the most abundant bacteria in Iskenderun Bay, Turkey

Similarly, in this study 3 different API 20E profiles (3247526,
3047127 and 3267126) were recorded with V. anguillarum isolates including a very similar profile as the dominant profile ob-
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tained by Austin et al. (46); 3247527. However, in the API 20E database, our isolates were all misidentified as A. hydrophila. A very
similar profile (3207526), with only one difference in the indole
test result, was also reported by Balta (26) with V. anguillarum
strains isolated from moribund European sea bass cultured in the
Black Sea region of Turkey. When the previously reported API 20E
profiles and the results of this study were evaluated, it was detected that generally citrate, sorbitol and indole test results can
be variable in this kit for V. anguillarum (46). This variability in the
API 20E test results of V. anguillarum strains isolated from various
regions of Turkey was also previously reported (24, 26).

showed ampicillin-resistance and florphenicol was found to be
effective against this bacterium. Similar results were obtained
in this study too. In contrast, Altun et al. (30) reported that some
of their V. anguillarum strains recovered from rainbow trout developed a resistance to many antibiotics including florphenicol
and sulphametaxozol.
Ciprofloxacin and enrofloxacin were found to be effective
against Pseudomonads and moreover, it was detected that P.
anguilliseptica is resistant to 6 of the 10 antimicrobials tested.
The results showed that, enrofloxacin, oxytetracycline and sulphametaxozole-trimetoprim were the most effective antibiotics against Staphylococcus sp. while erythromycin, ampicillin
and florphenicol were effective against Micrococcus luteus.

Previously, Soffientino et al. (47) reported an API 20E profile of
4356525 with a V. carchariae (which is another name for V. harveyi) strain isolated from cultured summer flounder in the USA.
The same API 20E profile was recorded in this study with the V.
harveyi isolates and it was misidentified in the API database as V.
alginolyticus. Also, other fish pathogenic bacteria, Pseudomonas
stutzeri and P. anguilliseptica isolated from moribund gilt-head
seabream in this study were both misidentified as Pseudomonas
fluorescens/putida with this kit. Hence, when using biochemical
tests, more reliable results to identify Vibrios and other fish pathogenic bacteria can be obtained with systemic bacterial identification books (17,48) or specially designed identification keys (19).
Besides biochemical methods, for a more precise identification
of the fish pathogenic bacteria, the use of species-specific molecular or serologic methods would be useful (15,17,18,24,26,30).

CONCLUSION
In conclusion, as the main purpose of aquaculture is to produce fish for human consumption, it is recommended that less
dangerous methods such as probiotics, immunostimulants and
vaccines should be used for health management and prophylaxis in aquaculture instead of antimicrobials. If it is obligatory,
in each epizootic observed in aquaculture, the required tests
should be performed on the bacterial isolates and the most
suitable antibacterial substance should be used while bearing
in mind the banned substances list. Hence, healthier food for
human consumption will be produced and bacterial resistance
will be prevented.

Despite the common use of antibiotics in disease treatment,
these substances are only a small part of a comprehensive
management plan and should not be relied upon exclusively to
solve all health problems in aquaculture (16). Proper culturing
methods should be applied and prophylactic precautions such
as the use of probiotics or vaccination should be taken for the
prevention of disease outbreaks (17).
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Generally, enrofloxacin, oxytetracycline and ciprofloxacin were
found to be the most effective antibiotics against all bacterial
isolates. In particular, florphenicol and sulphametaxozole-trimetoprim were found to be the most effective antibiotics against
11 Vibrio spp. isolates.
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