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The etiology of gill damage varies and can be attri-
buted to vitamin deficiency, toxic metals, poor water
quality, bacteria and parasites (4). The following
bacteria have been associated with gill damage (1):
Bacillus spp., Chryseobacterium scophthalmum,
Escherichia vulneris, Flavobacterium spp., Janthino-
bacterium lividum, Miccrococcus luteus, Mycoplasma
mobile, Myxococcus piscicola, Piscirickettsia salmo-
nis, Planococcus sp., Vibrio spp. Gill damage has been
widely reported in other fish species, however not in
gilthead sea bream so far.

Several bacterial species are known as pathogenic
for gilthead sea bream such as Pseudomonas, Photo-
bacterium damselae spp. piscicida, Aeromonas salmo-
nicida and Vibrio spp. (8). On the other hand bacterial
problems in the Adriatic are mainly due to Vibrio an-
guillarum, Pasteurella piscicida and Myxobacteria
spp. (6).

Stenotrophomonas maltophilia is a bacterium pre-
valent in aquatic environment and can be a potential
opportunistic pathogen in fish, domestic animals and
humans (3). Treatment of S. maltophilia infections
presents a significant challenge since this organism is
typically resistant to the most commonly used anti-
microbial drugs (5).

The present paper describe some of the clinical and
pathological findings of gill disease in gilthead sea
bream cultured on a Croatian marine farm located in
Northern Adriatic, including identification and anti-
bacterial characterization of bacteria isolated from the
affected gills.

Material and methods
Fish were sampled four times as a part of one-year mo-

nitoring program on the marine fish farm located near the
island Cres in the Northern Adriatic. During one sampling
an outbreak of gill disease was recognized in intensively
cultured gilthead sea bream. Gilthead sea bream were held
together with european sea bass (Dicentrarchus labrax),
common sea bream (Pagrus pagrus), sharpsnout sea bream
(Diplodus puntazzo) and common dentex (Dentex dentex).
None of these species were affected. During disease out-
break water temperature was 15.5°C and water quality
parameters (total ammonia, nitrogen, pH, salinity, hetero-
trophic plate count (IDEXX laboratories, Inc.), dissolved
oxygen, chemical oxygen demand and conductivity) were
within acceptable ranges.

Ten fish ranging between 10.0 g and 313.0 g were ran-
domly selected for diagnostic processing. Four of them
demonstrated the external signs on the gills common to the
clinical presentation. Blood was collected by caudal punc-
ture. Haematocrit was measured with StatSpin-mp multi-
purpose centrifuge (Norwood, Massachusets 02062 USA).
Stat Spin micro hematocrit capillary tube reader was used
for haematocrit values. Quantity of serum proteins, refrac-
tion index, and specific gravity of serum was measured with
refract meter (Atago, Japan).

Initial external abnormalities were grossly examined fol-
lowed by sampling of gills for bacteriological analysis and
microscopic examination of skin scrapings and gill cuts
(normal and abnormal areas). After external examination
the abdominal cavity was aseptically opened and spleen,
liver and kidney were sampled for bacteriological analysis.
Samples were plated onto Tryptic soy agar (BBL) supple-
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Summary
This paper describes the first report of gill disease in gilthead sea bream (Sparus aurata L.), cultured in the

Northern Adriatic near the island of Cres in Croatia. The pathological findings of cultured gilthead sea bream
were examined in detail, using prompt clinical and necropsy examination, bacterial and hematological analysis.
Beside yellowish-brown, swollen and clumped gills, there were no other apparent changes in the diseased fish.
Bacterial analysis of these fish revealed the presence of mixed infections. The predominant bacterium from
affected gills was Stenotrophomonas maltophilia. Furthermore Aeromonas salmonicida masoucida/achromogenes
and Empedobacter brevis were also identified. Fish with affected gills had significantly decreased serum
proteins, specific weight and haematocrit compared to fish without changes of the gills.
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mented with 1% NaCl (Kemika). Plates were incubated at
22°C for 2-5 days. Bacterial characterization of the isola-
ted pure cultures was performed by the means of standard
morphological, phenotypic tests. Isolated strains were fur-
ther characterized with the API kits (bioMérieux, France)
and identified with the APILAB Plus identification software
(bioMérieux, France).

The drug sensitivity of the isolated strains was determi-
ned with disc diffusion method on Mueller Hinton agar
(BBL) using the discs obtained from BD-BBL. The follo-
wing antimicrobial discs were tested: ampicillin, chloram-
phenicol, erythromycin, nitrofurantion, norfloxacin, novo-
biocin, oxytetracycline, penicillin, piperacillin, sulfametho-
xazole/trimethoprim, tetracycline and trimethoprim.

All data were expressed as means ± SEM. The signifi-
cance between data was evaluated with Student�s t-test.

Results and discussion
The only external signs observed on individual fish

were brown to yellowish-brown, swollen and clum-
ped areas of gills (fig. 1), whereas diagnostic necropsy

was negative. Microscopically only weak in-
festation with Dactylogyrus spp. was found on
the gills of two gilthead sea breams without
gill damage.

The hematological analysis of gilthead sea
bream showed differences between fish with
and without changes on gills (tab. 1). The
serum protein of affected and unaffected fish
was 2.95 ± 1.18 and 5.76 ± 1.01 respectively,
with significant difference (p £ 0.05). The
refraction index was lower in affected fish
(1.342 ± 0.002) than in unaffected fish (1.346
± 0.002) however not significantly. The speci-
fic gravity was lower in affected fish (1.025
± 0.004) than in unaffected fish (1.038 ± 0.009)
with significant difference (p £ 0.05). The
haematorcrit of affected fish and unaffected
fish was 13.5 ± 3 and 33.67 ± 14.28 respecti-
vely, with significant difference (p £ 0.05).

The bacteria isolated from the gills of the
affected gilthead sea bream were identified as:
Stenotrophomonas maltophilia, Aeromonas

salmonicida masoucida/achromogenes and Empedo-
bacter brevis. In two fishes S. maltophilia and E. bre-
vis were isolated as pure culture, while in the third
case, both S. maltophilia and Aer. salmonicida masou-
cida/achromogenes were isolated as mixed culture.
Bacterial analysis of liver and kidney was negative. In
spleen of two gilthead sea bream without abnormali-
ties Staphylococcus epidermidis was identified, using
API Staph with probability of 97.7%. E. brevis was
isolated in pure culture from the gills of one affected
sea bream and identified by the API 20NE system, with
probability of 83.1%. The average probability of S. mal-
tophilia from the pure culture of gills in one affected
gilthead sea bream using API 20NE and API 20E sys-
tem was 99.9%, and 99.3% respectively. Another
strain of S. maltophilia from the other affected fish
was isolated in mixed culture and identified by the API
20E system, with probability of 65.6%, whereas Aer.
salmonicida was isolated from the same gills using
API 20NE system, with probability of 76.9%.

According to the results of the antibiotic susceptibi-
lity test E. brevis was resistant only to novobiocin and
sulfamethoxazole/trimethoprim, whereas Aer. salmo-
nicida is susceptible to norfloxacin, erythromycin, te-
tracycline and chloramphenicol. Staph. epidermidis
strains were sensitive to sulfamethoxazole/trimetho-
prim, chloramphenicol, oxytetracycline and tetracyc-
line. All tested strains of S. maltophilia, showed the
same drug resistance pattern. They were resistant to
most of drugs and susceptible to sulfamethoxazole/tri-
methoprim.

The etiology of gill damage in gilthead sea bream is
not sufficiently understood and cannot be attributed to
only one bacterial species. At least three different pa-
thogens Stenotrophomonas maltophilia, Aeromonas
salmonicida and Empedobacter brevis contributed to

Fig. 1. Gilthead sea bream affected by gill damage: swollen
and clumped gill areas

Explanations: * � gilthead sea bream affected by gill damage; NA � not
analyzed

Tab. 1. Results of the hematological analysis

.oNelpmaS .torpmureS noitcarfeR
xedni

ytivarg.cepS tircotameaH

*1 8.1 0043.1 120.1 01

*2 8.2 5143.1 620.1 21

*3 6.2 5143.1 520.1 61

*4 6.4 5443.1 030.1 61

.ved.ts±eulavnaeM 81.1±59.2 200.0±243.1 400.0±520.1 00.3±05.31

5 AN AN AN 18

6 4.4 0443.1 0430.1 82

7 4.5 0643.1 9320.1 64

8 2.7 5843.1 0940.1 64

9 0.6 0743.1 0240.1 63

01 8.5 5643.1 0140.1 83

.ved.ts±eulavnaeM 10.1±67.5 200.0±643.1 900.0±830.1 82.41±76.33
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etiology. The most consistent bacterium recovered from
the diseased gills was S. maltophilia, which showed
high antimicrobial resistance. This is in accordance
with findings of other investigators (5). Aeromonas
salmonicida is a common bacterial pathogen of fish,
including gilthead sea bream (8). There was no evi-
dence of systemic infection, and bacteria found in the
gills were not recovered from the internal organs of
affected fish, except for Staphylococcus epidermidis
from spleen (1).

Results of the hematological analysis showed evi-
dence of systemic changes in fish with gill disease.
These results confirmed previous findings (7, 2) that
the hematopoiesis is severely affected in bacterial
diseases.
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