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Abstract
The present study aimed to determine the major cause of the high mortality affecting farmed gilthead seabream 
(Sparus aurata) and controlling this disease condition. Fifteen diseased S. aurata were sampled from a private fish 
farm located at Eldeba Triangle, Damietta, fish showed external skin hemorrhages, and ulceration. Bacterial isolates 
retrieved from the diseased fish were identified biochemically as Pseudomonas putida and then confirmed by 
phylogenetic analysis of the 16 S rRNA gene sequence. P. putida was also isolated from three batches of tilapia-
trash feed given to S. aurata. Biofilm and hemolytic assay indicated that all P. putida isolates produced biofilm, but 
61.11% can haemolyse red blood cells. Based on the antibiotic susceptibility test results, P. putida was sensitive 
to florfenicol with minimum inhibitory concentrations ranging between 0.25 and 1.0 µg mL− 1, but all isolates 
were resistant to ampicillin and sulfamethoxazole-trimethoprim. Pathogenicity test revealed that P. putida isolate 
(recovered from the tilapia-trash feed) was virulent for S. aurata with LD50 equal to 4.67 × 107 colony forming unit 
(CFU) fish− 1. After intraperitoneal (IP) challenge, fish treated with 10 mg kg− 1 of florfenicol showed 16.7% mortality, 
while no mortality was recorded for the fish group that received 20 mg kg− 1. The non-treated fish group showed 
46.7% mortality after bacterial challenge. HPLC analysis of serum florfenicol levels reached 1.07 and 2.52 µg mL− 1 
at the 5th -day post-drug administration in the fish groups received 10 and 20 mg kg− 1, respectively. In conclusion, 
P. putida was responsible for the high mortality affecting cultured S. aurata, in-feed administration of florfenicol 
(20 mg kg− 1) effectively protected the challenged fish.
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Introduction
Aquaculture is one of the fastest-growing animal produc-
tion sector worldwide [1]. The global aquaculture finfish 
production reached 87.5 million tons in 2020 [2]. Now-
adays, the expansion in aquaculture is an urgent need, 
especially with the current complex economic situation 
of the world, accompanied by increased food prices [3]. 
Aquaculture represents the golden solution for this prob-
lem as fish protein is much lower in price than red meat 
and poultry; however, fish had the lowest feed conversion 
ratio among other farm animals. Aquaculture is also the 
most sustainable and eco-friendly animal protein source; 
each 10  kg of cultured fish produces the same CO2 
amount required for producing only one kg of red meat 
[4].

Gilthead seabream (Sparus aurata) is one of the most 
cultivated marine fish species in the Mediterranean 
region; and it occupies the thirty-three level among cul-
tured fish species at the global scale [5]; world produc-
tion reached 258,754 tons in 2019. Turkey, Greece, and 
Egypt are the top three producers; they produced 38.54%, 
21.43%, and 13.87% of its total global production [6]. S. 
aurata was the first cultured marine fish species in Egypt; 
commercial production started in 1976 [7], the Egyptian 
production reached 35,880 tons in 2019 [8].

Bacterial diseases are the major challenge facing 
cultured freshwater and marine fish species result-
ing in massive loss in fish productivity [9]. Many bacte-
rial pathogens were isolated from cultured seabream 
[10–15]. Among these pathogens, the genus Pseudo-
monas, a Gram-negative Gammaproteobacteria, was 
first described in 1894 and it comprises more than 191 
described species [16]. Pseudomonas species are widely 
distributed in the aquatic environment and can colonize 
many niches like water and soil of fishponds. P. putida 
was isolated from diseased rainbow trout (Oncorhyn-
chus mykiss), Oreochromis niloticus, European sea bass 
(Dicentracchus labrax), and Liza ramada [17–21].

Antibiotics are generally used to control and treat the 
bacterial infection in fish farms. Florfenicol is a broad-
spectrum bacteriostatic fluorinated synthetic analog of 
thiamphenicol [22]. It is active against many bacterial 
pathogens by binding to the peptidyl transferase site at 
the 70  S sub-ribosomal unit and inhibits bacterial pro-
tein biosynthesis [23]. Florfenicol was approved for use in 
aquaculture by the Food and Drug Administration Orga-
nization (FDA) in 2005 and is currently one of the most 
extensively used antibiotics for treating bacterial fish dis-
eases [24].

The present study aimed to isolate and identify the 
pathogenic P. putida responsible for the mass mortality 
in the studied gilthead seabream (S. aurata). Addition-
ally, this study investigated the suitability of florfenicol 

as an effective treatment for S. aurata against P. putida 
infection.

Materials and methods
Fish sampling and clinical examination
Clinically diseased gilthead seabream (S. aurata) samples 
were collected alive from a local fish farm at Eldeba Tri-
angle, Damietta, Egypt. This farm used tilapia as trash 
feed to feed the cultured gilthead seabream. Freshly 
dead and moribund S. aurata fingerlings were inspected 
for any external disease signs, and fish were dissected 
to record any internal lesions according to the method 
described by Austin and Austin [25].

Fifteen clinically diseased S. aurata were collected 
alive; fish samples were placed separately in a sterile plas-
tic bag. Three trash feed (tilapia) samples were collected, 
each representing a separate feed patch. Each feed sam-
ple contained 100 g of chopped tilapia. Diseased fish and 
tilapia-trash feed samples were stored in the car refrig-
erator (− 8  °C) and then immediately transported to the 
laboratory as mentioned by El-Bahar et al. [26].

Bacteriological assay
Swaps from the liver and the posterior kidney of each dis-
eased S. aurata fingerlings were added to the tryptic soy 
broth, Oxoid, UK, TSB tubes were incubated at 37 °C for 
24  h. Marine agar plates were streaked from the corre-
sponding broth tube and incubated at 37 °C for 48 h.

The recovered bacterial isolates were identified by 
the Vitek 2 Compact system, bioMérieux, France, as 
described by Ali et al. [27] using the Gram-negative bac-
terial identification card. The biochemical profile of each 
isolate was automatically monitored and then reported 
by the system.

Isolation of P. putida from tilapia-trash feed
Three trash fish (tilapia) patches were screened for P. 
putida. Briefly, 20  g of tilapia was homogenized in 100 
mL peptone water at 10,000 x g for 10 min, and 10 mL 
from the homogenate was centrifuged at 2000 x g for 
2 min. Five-hundred µL from the supernatant was added 
to 5 mL of Pseudomonas selective broth, HiMedia, India, 
supplemented with Cetrimide - Nalidixic acid (CN) sup-
plement, and then broth tubes were incubated at 37  °C 
for 48  h. Pseudomonas selective agar plates with (CN) 
supplement (HiMedia), India were streaked from the 
broth tube and then were incubated at 37 °C for 48 h. The 
recovered colonies were biochemically identified by Vitek 
2 Compact system.

Molecular identification
Genomic DNA extraction
Bacterial genomic DNA was extracted using a G-spin™ 
total DNA extraction kit, Intron, Korea, as Ali et al. 
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[28] described with few modifications. Briefly, 24-hour 
Tryptic soy broth (TSB) was centrifuged at 6000 x g for 
10  min, 200 µL of CL buffer was added to the bacterial 
pellet, and then the tube was vortexed for one minute, 
followed by the addition of 20 µL of Proteinase K and 5 µl 
of RNase. Tubes were incubated at 56  °C for 30 min till 
complete lyses.

Amplification of 16 S rRNA gene
The 16  S rRNA gene amplification was performed 
according to Fujiyoshi et al. [29] using the universal bac-
terial primers 27  F (5′- A G A G T T T G A T C C T G G C T C A 
G-3’) and 1492R (5′- G G T T A C C T T G T T A C G A C T T-3′), 
Intron, Korea. Polymerase Chain Reaction (PCR) reac-
tion mixture consists of 1.25 µL of each primer, three 
µl of genomic DNA, 12.5  µl of 2X master mix (i-Star-
MAXTM II, Intron), and 7.0 µL of nuclease-free water. 
Each cycle started with the initial denaturation at 98 ºC 
for 2 min, followed by 35 cycles of denaturation at 95 °C 
for 1.0 min, annealing at 60 ◦C for 1.0 min, and elonga-
tion at 68 °C for 3.0 min; finally, PCR run was ended with 
a final extension step at 72 °C for 10 min. The amplicon 
was detected by electrophoresis of PCR products in 1.5% 
w/v agarose gel supplemented with 0.5  µg/ml ethidium 
bromide, as mentioned by Lee et al. [30].

Sequencing
Twenty-five microliters of PCR product were purified 
using the MEGA quick spin™ total fragment DNA puri-
fication kit, Intron, according to the manufacturer’s 
instructions. Automated DNA sequencer system 3130, 
Applied Biosystems, USA, was used for forward sequenc-
ing of the purified PCR product.

Phylogenetic analysis
Phylogenetic analysis was performed for two bacte-
rial isolate sequences (one from infected S. aurata “KT 
2440” and the other from the trash fish used for fish feed-
ing “PP”). Basic Local Alignment Search Tool (BLAST®) 
software was used to determine the obtained sequence 
identity to the GenBank data [31]. MEGA 9 program 
was used to draw the optimal phylogenetic tree using the 
neighbors-joining method [32].

Hemolytic assay
The hemolytic activity of P. putida products was assayed 
against S. aurata red blood cells (RBCs) according to the 
method described by Evans et al. [33] with some modi-
fications. The overnight broth culture of P. putida was 
filtrated with a sterile syringe filter (0.45  μm) and then 
re-filtered with a polytetrafluoroethylene (PTFE) syringe 
filter (0.22  μm). One mL of blood was collected from 
the caudal vessels of healthy S. aurata; blood was cen-
trifugated at 5000 x g for 5  min. The sedimented RBCs 

were washed three times with sterile 8.8% sodium chlo-
ride (pH:7.4) and then diluted as 1 RBCs to 50 phosphate 
buffers saline V/V. Ten µL from the culture filtrate was 
added to 190 µL diluted RBCs in a microtiter plate (in 
triplicates), followed by incubation at 27 °C for 12 h. The 
appearance of sedimented RBCs as a button shape with 
clear supernatant indicated a negative result.

Biofilm production assay
All the recovered P. putida isolates were assayed for 
biofilm production using the crystal violet colorimetric 
assay method described by Corte et al. [34]. Overnight 
bacterial growth on TSB was harvested by centrifugation. 
Bacterial cells were washed twice with sterile phosphate 
buffer saline and resuspended, then adjusted to 1.0 × 106 
CFU mL − 1. In a microtiter plate, 25 µL from each iso-
late was loaded in three successive wells, and then 175 
µL from sterile tryptic soy broth was added. The plate 
surface was covered with an adhesive tab and then incu-
bated at 27 °C for 24 h. The broth was carefully removed 
from each well using a multichannel pipette and then 
washed twice with PBS. The microtiter plate was dried 
for 15 min in the incubator, immersed in 1% crystal violet 
for 15 min, washed with distilled water twice, and loaded 
with absolute methanol. The development of a violet 
color indicated a positive result.

Antibiogram tests
Agar disc diffusion
The agar disk diffusion test was performed for all the 
recovered P. putida isolates (n = 18) according to the 
method described by Ali et al. [35]. Susceptibility for flo-
rfenicol (10 µg), ampicillin (10 µg), erythromycin (15 µg), 
sulfamethoxazole-trimethoprim (25  µg), ciprofloxacin 
(5  µg), doxycycline (30  µg), and tylosin (15  µg), Oxoid, 
UK. Muller-Hinton agar plates (Oxoid, Uk) were incu-
bated at 37  °C for 48  h due to the slow growth rate of 
the tested isolates. The inhibition zone (mm) was mea-
sured to the nearest mm and interpreted according to the 
breakpoints mentioned [36].

Broth dilution test (minimum inhibitory concentration)
MIC for florfenicol and ciprofloxacin was determined, 
as described by Ali et al. [37] where 12.8  mg of antibi-
otic was added to 1.0 mL of distilled water for prepar-
ing the antibiotic-standard solution (1280  µg/100 µL). 
Double-fold serial dilution was performed for 15 suc-
cessive dilutions. P. putida overnight cultured broth was 
adjusted to 0.5 McFarland standard and then diluted to 
0.5% with sterile broth. Afterward, tetrazolium chloride 
was added to achieve a final concentration of 0.0001%. 
Precisely, 4.9 mL from the seeded broth was loaded into 
each sterile screw-capped tube, followed by the addition 
of 100 µL from the prepared antibiotic solution to the 
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corresponding test tubes in final concentrations of 265, 
128, 64, 32, 16, 8, 4, 2, 1, 0.5, 0.25, 0.125, 0.0625, 0.03125, 
and 0.015625 µg mL− 1, respectively. The last tube was left 
antibiotic-free as a negative control. Tubes were incu-
bated at 37 °C for 24 h. The MIC is the lowest antibiotic 
concentration that stopped bacterial growth and pre-
served the broth color unchanged, and red-colored broth 
indicated bacterial growth.

Experimental fish and the infectivity test
Healthy S. aurata fingerlings were transported to the 
wet laboratory, NIOF, Alexandria, Egypt, under the opti-
mum condition, as mentioned by Fang et al. [38]; con-
tinuous aeration was maintained during transportation 
using pure oxygenation. In the wet laboratory, fish were 
observed for 15 days during the acclimatization period. 
Five fishes were randomly selected and dissected for bac-
terial isolation using the same procedure used for dis-
eased fish and were completely free from any bacterial 
infections.

The infectivity test for P. putida isolated from tilapia-
trash-feed was performed according to Saleh et al. [39] 
to study the ability to induce disease in healthy fish. A 
single bacterial colony was picked up from the Pseudo-
monas selective agar plate and then incubated on brain 
heart infusion broth at 37  °C for 12 h. Bacterial growth 
was harvested from the broth by centrifugation, the opti-
cal density was adjusted to second McFarland standard 
then and then diluted to 5 × 106, 5 × 107, and 5 × 108 CFU 
mL− 1 as described by Ali et al. [35]. Gilthead seabream 
fingerlings (21–25  g) were randomly divided into four 
equal groups in triplicate aquaria (each replicate aquar-
ium contained ten fish). Each replicate was maintained in 
a separate glass aquarium (100 L) containing seawater at 
24 ± 1 °C, tricaine methane sulfonate (Syncaine®), Syndel, 
USA was used as fish anesthetic at a dose of 25 mg.L− 1. 
Fish in each group were intraperitoneally injected (IP) 
with bacterial doses of 0.0 (control), 5 × 106, 5 × 107, and 
5 × 108 CFU mL− 1 [35]. Afterward, fish in experimental 
groups were observed twice daily for seven days to deter-
mine the fish mortality rate; dead fish was considered 
only after the re-isolation of P. putida, and the lethal dose 
(LD50) was calculated as described by Reed and Munch 
[40].

After the end of the study, the remaining fish were 
euthanized using Tricaine methane sulfonate (Syncaine®), 
Syndel, USA at a dose of 500 mg L− 1. Fish left in the anes-
thetic solution for 5 min after complete cessation of oper-
cular movement then left in the refrigerator for 2-hours 
then burned.

During the fish acclimation period and the experi-
mental running, physico-chemical water characteris-
tics were regularly monitored. Water temperature and 
dissolved oxygen (YSI Professional Series Instrument, 

USA), pH values (pH/temperature branch meter, Italy), 
and salinity (Portable Refractometer, Operating Instruc-
tions, GG-201/211) were measured in site. Total ammo-
nia-nitrogen (TAN), unionized ammonia (UN), and 
nitrite were assayed according to Boyd [41]. The water 
temperature was 29.6 ± 0.4 ◦C, dissolved oxygen was 
5.18 ± 0.28  mg/L, the pH degree was 8.42 ± 0.28, salin-
ity level was 25 ± 1  g/L, TAN was 0.31, UA was 0.053, 
and nitrite was 0.001; These parameters are within the 
acceptable range suitable for fish culture [42].

The florfenicol-fish treatment trial
The treatment trial was carried out to determine the effi-
cacy of florfenicol (Nuflor, MERK, USA) in protecting 
S. aurata fingerlings against P. putida infection. Accli-
mated S. aurata fingerlings (21–25  g) were randomly 
divided into four groups with three replicates per each 
(10 fish/100-L aquarium). Fish in the first and the second 
groups received florfenicol-medicated chopped tilapia at 
a dose of 10 and 20 mg kg− 1 treated fish biomass, respec-
tively. Fish in the third and fourth groups received non-
medicated chopped tilapia. Florfenicol was added and 
thoroughly mixed with chopped tilapia 30 min before S. 
aurata feeding; the drug dose calculation was based on 
(3%) daily feeding rate of biomass. Fish in all groups were 
IP infected with P. putida (6.3 × 107 CFU fish − 1), while 
fish in the fourth group were IP injected with saline solu-
tion and kept as a negative control. Blood samples were 
collected from the caudal vessels (6 fish/group) at 24-h 
post-drug administration and then daily to avoid non-
specific mortality that may result from blood sampling.

HPLC determination of florfenicol in treated fish serum
Blood samples
Blood samples were collected from the caudal vessels one 
hour before experimental infection (24  h after the first 
and 24 h after the last dose). Serum samples were sepa-
rated by centrifugation at 2000 x g for 5 min, then pre-
served at − 18 °C until analysis.

Samples preparation for analysis
Serum samples were deproteinized using 60% perchloric 
acid to serum (1:20 V/V). Deproteinized serum samples 
were centrifuged at 6000 x g for 10  min, and then the 
supernatant was filtered with 0.22 μm PTFE syringe filter.

Chromatographic reagents and conditions
Florfenicol analytical standard (99.7% Sigma-Aldrich, 
HPLC grade methanol), bi-distilled water, and acetoni-
trile were used for preparing the standard solution and 
mobile phase. Florfenicol concentration was assayed in 
Nexera X2 HPLC system, Shimadzu, Japan, equipped 
with UV detector and Zorbax C18 column, Agilent, 
USA, (4.6  mm internal diameter × 250  mm length and 
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5 μm particle size). The assay method was performed as 
described by Yang et al. [43] at 225 nm using acetonitrile-
water (35:65 v/v) as mobile phase at 0.6 mL min-1 flow 
rate and 50 µL inoculum volume.

Statistical analysis
The data obtained in fish experiments were tested for dis-
tribution normality and variance homogeneity according 
to Kolmogorov-Smirnov and Bartlett’s tests, respectively. 
Data of fish mortality after bacterial IP infection doses 
were subjected to one-way ANOVA. On the other hand, 
two-way ANOVA was used to determine the effects of 
florfenicol application dose and sampling time affected 
florfenicol residues in fish sera. Tukey’s HSD was used as 
a post-hoc test to confirm the differences among means 
at P < 0.5. All statistical analyses were performed using 
the SPSS software version 26 (SPSS, Richmond, VA, 
USA) as described in Dytham [44].

Results
Clinical inspection
Skin hemorrhages are the most prominent clinical sign 
appeared on the diseased fish. The liver and posterior 
kidney were congested in naturally infected fish. The 
stomach and intestine were empty with inflamed gastric 
walls (Fig. 1, a & b).

Biochemical identification of bacterial isolates
In the initial bacterial isolation, eighteen bacterial isolates 
were retrieved; fifteen isolates were from the diseased S. 
aurata, and the other three were from tilapia-trash-feed. 
P. putida grew as white colonies with an opaque center 
about 1–2 mm in diameter on marine agar. On Pseudo-
monas selective agar, the colonies were more prominent. 
All isolates were identified biochemically as P. putida 
with 99% probability, the biochemical profile was shown 
in Table 1.

Molecular identification
Bacterial isolates phylogenetically identified as P. putida 
with high similarity to GenBank data. The phylogenetic 
tree is shown in Fig.  2. The 16  S rRNA gene sequence 
was deposited in GenBank under the accession numbers 
(OP604345 and OP602322) for isolate KT 2440 & PP 
recovered from diseased S. aurata and tilapia, respec-
tively. The alignment of both isolate sequences showed 
66.3 − 98.1% homology to previously deposited P. putida 
sequences in GenBank. Isolate (KT 2440) retrieved from 
diseased S. aurata was closely related to the follow-
ing strains: RCPN Table  2020, NB2011, SB35, S23, and 
20-MO00641-0 contig00114 isolated from diseased fish 
in Iran, China, India, India, and Germany, respectively. 
Regarding isolate (PP) recovered from trash-feed (tila-
pia), it was closely related to GenBank strains named; 
LT-TA2 and AB1816 isolated from sturgeon fish and 

Fig. 1 (a) Skin ulcers surrounded with hyperemia (blue circle) in naturally infected Sparus aurata. (b) Congested liver with the presence of petechial 
hemorrhage (white Asterix), congested partially empty stomach (white arrow) and severely congested gills (yellow Asterix)
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cage-cultured fish. PP isolate was also related to P. putida 
strain FO27 and MRP-M2-3 isolated from water.

Biofilm production and hemolytic assay
All eighteen P. putida isolates can produce biofilm, but 
only eleven bacterial isolates secreted hemolysin (Fig. S3, 
a – b, Supplementary data).

Antibiogram tests
Agar disc diffusion test
Tested P. putida isolates showed a multidrug resis-
tance profile, as represented in Table  2; Fig.  S4a 
(Supplementary data). All isolates were sensitive to 
florfenicol, followed by ciprofloxacin (72.22%), then 

doxycycline (44.4%). All isolates resist ampicillin and 
sulfamethoxazole-trimethoprim.

The broth dilution test
The broth dilution test confirmed the high sensitivity of 
all P. putida isolates to florfenicol with minimum inhibi-
tory concentration ranging between 0.25 and 1  µg. mL 
− 1. MIC of ciprofloxacin against 13 tested isolates ranged 
from 0.0625 to 2 µg. mL − 1, as shown in Table 2; Fig. S4b 
(Supplementary data).

The infectivity test
The calculated LD50 of P. putida for S. aurata fingerlings 
was 6.3 × 107 CFU fish− 1, the cumulative mortality at the 
7th day post-infection is represented in Table 3.

The florfenicol-fish treatment trial
The challenge test indicated the efficacy of florfenicol in 
protecting S. aurata fingerlings against P. putida infec-
tion. Challenged fish treated with 10  mg kg− 1 of flor-
fenicol showed 16.7% mortality, while no mortality was 
recorded for the group that received 20 mg kg− 1, but the 
non-treated group showed 46.7% mortality after IP bac-
terial challenge (Table 4).

Table 1 Biochemical profile of P. putida isolates
Biochemical reactions Results Biochemical 

reactions
Re-
sults

Ala-Phe-Pro-Arylamidase - Saccharose /
Sucrose

-

Adonitol - D-Tagatose -
L- Pyrrolydonyl- Arylamidase - D-Trehalose -
L-Arabitol - Sodium Citrate +
D-Cellobiose - Malonate +
β–Galactosidase - 5-Keto-D-Gluco-

nate
-

H2S production - L-Lactate 
alkalinization

+

β-N-Acetyl –Glucosaminidase - α –Glucosidase -
Glutamyl Arylamidase pNA - Succinate 

Alkalinization
+

D-Glucose + β -N-Acetyl –Galac-
tosaminidase

-

γ –Glutamyl –Transferase + α –Galactosidase -
Glucose Fermentation - Phosphatase -
β –Glucosidase - Glycine 

Arylamidase
-

D-Maltose - Ornithine 
Decarboxylase

-

D-Mannitol - Lysine 
Decarboxylase

-

D-Mannose + L-Histidine 
Assimilation

+

β –Xylosidase - Courmarate +
β -alanine arylamidase pNA - β –Glucuronidase -
L-Proline Arylamidase + O/129 Resistance 

(Comp. Vibrio)
+

Lipase - Glu-Gly-Arg- Aryl-
amidase

-

Palatinose - L-Malate 
Assimilation

+

Tyrosine Arylamidase + Ellman -
Urease - L-Lactate 

Assimilation
+

D-Sorbitol -
Probability 99%
Number of isolates 18

Fig. 2 The phylogenetic tree for 16  S-rRNA gene partial sequences for 
Pseudomonas putida. a) P. putida (KT2440) isolate recovered from diseased 
Sparus aurata. b) P. putida (PP) isolate retrieved from trash fish (Tilapia)
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Florfenicol level in treated fish serum
Serum florfenicol concentrations for treated fish groups 
are presented in Table 5. Serum florfenicol levels reached 
1.07 and 2.52 µg mL− 1 at the 5th day post-drug adminis-
tration in the group received 10 and 20 mg kg− 1 of trash 
fish, respectively.

Discussion
Trash fish are small fish that do not have commercial 
value for human consumption; trash fish is acciden-
tally caught from the sea or collected after harvesting 
the main cultured fish crop (particularly tilapia). Trash 
fish is mainly used as a natural feed for cultured marine 

fishes (45–46). Fish farmers preferred to use the trash 
fish over the formulated fish feed for two reasons; trash 
fish is more palatable and rabidly consumed than the for-
mulated fish feed. Trash fish has much lower prices (1/15 
to 1/20 of formulated marine fish feed price), particu-
larly under the present shortage in grain supply and high 
prices due to the Russian Ukrainian ware (47–48). Unfor-
tunately, feeding cultured fish on trash fish is associated 
with many health hazards, including deterioration of 
farm water quality through the decomposition of uneaten 
food with ammonia liberation and increasing the micro-
bial load (49–50).

In the present study, P. putida was isolated from all 
tilapia-trash-feed samples used in feeding cultured S. 
aurata. Following our results, many researchers proved 
the role of trash fish as a source of bacterial and viral fish 
pathogens. Kim et al. [51] isolated Streptococcus iniae, 
S. parauberis, and iridovirus from the trash fish used in 
cultured flounder feeding. Similarly, Gomez et al. [52] 
detected red-spotted grouper nervous necrosis virus in 
17.22% of trash fish and mollusk samples used for feeding 
cultured marine fish. Kim [53] concluded that the low-
value fish used as feed is a source of Vibrio harveyi infec-
tion in cultured rockfish, Sebastes schlegeli. Nurliyana et 

Table 2 Antibiogram test results for P. putida isolates
Antibiotic SB mm NSI NSI % ZD (mm) MICB

(µg. mL− 1)
MIC
(µg. mL− 1)

Florfenicol ≥ 19 18 100 19–25 ≤ 8 0.25–1.0
Ampicillin ≥ 18 0 0 - - ND
Erythromycin ≥ 18 2 11.11 18 - ND
Sulfamethoxazole - Trimethoprim ≥ 19 0 0 0–10.5 - ND
Ciprofloxacin ≥ 21 13 72.22 22–28 ≤ 1 0.0625–1.0
Doxycycline ≥ 16 8 44.44 17–20 - ND
Tylosin ≥ 18 5 27.77 19–21 - ND
SB: Susceptibility breakpoint zone diameter in mm, NSI: Number of susceptible isolates, NSI%: Percent of susceptible isolates, ZD: Zone diameter range for P. putida 
isolates in mm MICB: Minimum inhibitory concentration susceptibility breakpoint in µg.ml− 1, MIC: Minimum inhibitory concentration ranges of P. putida isolates, 
ND: Not determined

Table 3 Experimental design and mortality rate in S. aurata 
fingerlings IP challenged with P. putida isolated from tilapia-trach-
feed. (mean ± SE, n = 3)
Groups Inoculum con-

centration (CFU/
Fish)

Fish 
No./ 
group

Dead 
fish 
No.

Fish mor-
tality (%)

1 (Control) Normal saline 30 0 0.0 ± 0.00 c
2 5 × 106 30 2 6.7 ± 3.33 bc
3 5 × 107 30 6 20.0 ± 5.77 

b
4 5 × 108 30 18 60.0 ± 5.77 a
Control: non-infected non-treated

Means in the same column having different letters are significantly differed at 
P < 0.05.

Table 4 Protective effect of florfenicol for S. aurata fingerlings 
IP challenged with 6.3 × 107 CFU fish− 1 of P. putida isolate. 
(mean ± SE, n = 3)
Groups Fish No./ 

group
Florfenicol 
dose

Dead 
fish No.

Fish mor-
tality (%)

1 30 10 mg. kg− 1 5 16.7 ± 3.33 
b

2 30 20 mg. kg− 1 0 0.0 ± 0.00 c
3 (+ ve Control) 30 0 14 46.7 ± 3.33 a
4 (-ve Control) 30 0 0 0.0 ± 0.00 c
+ve Control: infected but non-treated; -ve Control: non-infected and 
non-treated

Means in the same column having different letters are significantly differed at 
P < 0.05

Table 5 Florfenicol concentrations in serum of S. aurata 
fingerlings at the 5th day post-administration. (mean ± SE, n = 3)
Sampling time post-
drug administration

Florfenicol concentration in fish serum
(µg mL− 1)
Group 1
(10 mg kg− 1 trash fish)

Group 2
(20 mg kg− 1 
trash fish)

48-h 0.74 ± 0.058 b, x 1.60 ± 0.155 cd, y
72-h 0.84 ± 0.062 ab, x 1.78 ± 0.073 c, y
96-h 0.87 ± 0.057 ab, x 2.21 ± 0.079 b, y
120-h 1.07 ± 0.078 a, x 2.52 ± 0.113 a, y
Two-way ANOVA P value
Florfenicol (F) level 0.0001
Sampling time (h) 0.0001
F level x Sampling time 0.001
Means having different letters (a – d for columns and x – y for rows) are 
significantly differed at P < 0.05
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al. [54] also reported that Vibrio sp. could be transmitted 
to cultured fish through the newly introduced fish, water, 
or trash fish. The present study provides additional evi-
dence indicating that feeding cultured fish on trash fish 
(tilapia) is a possible source of infectious diseases.

In the present study, eighteen P. putida were biochemi-
cally identified with 99% probability, 15 isolates were 
retrieved from the clinically diseased fish, and three iso-
lates from tilapia-trash-feed. This pathogen is the lead-
ing cause of the present infection affecting S. aurata. The 
phylogenetic analysis of the 16 S rRNA gene sequence for 
KT 2440 and PP isolates has confirmed the biochemical 
identification results. The KT 2440 sequence was closely 
related to P. putida isolated from diseased fish.

The virulence test has confirmed the ability of P. putida 
isolate (recovered from tilapia) to infect S. aurata fin-
gerlings (satisfy Koch’s postulates), which categorically 
ensures the responsibility of P. putida for this infection. 
Accordingly, P. putida was previously reported from a 
wide range of diseased freshwater fish, such as rainbow 
trout and tilapia (17–18 & 20). Infection was recorded in 
some marine fishes like D. labrax and L. ramada (19 & 
21), but this is the first report documented that S. aurata 
infection with P. putida and proved this experimentally.

This report points to the critical role of tilapia-trash-
feed as a reservoir for bacterial pathogens that can 
transmit serious diseases to cultured marine fish fed on 
diseased or contaminated trash fish. Our results indi-
cated the capability of P. putida to withstand high water 
salinity as it can grow on marine agar containing 19 ppt 
sodium chloride. He et al. [55]. , indicated the capacity of 
this pathogen to withstand high water salinity of up to 50 
ppt.

P. putida isolate was virulent for S. aurata fingerlings 
with LD50 equal to 6.3 × 107 CFU Fish− 1; this dose was 
higher than that estimated by Altinok et al. [17] for rain-
bow trout (5 × 106 CFU Fish− 1), this difference could be 
due to strain pathogenicity, fish species, and rearing con-
ditions among others.

In the present study, all retrieved P. putida isolates can 
produce biofilm, which was in harmony with previous 
findings [56–58]. Biofilm is one of the most important 
virulence factors for pathogenic bacteria [59]; however, 
biofilm-producing bacteria tolerate antibiotics, over-
come the innate and adaptive immune response, and 
resist phagocytosis. Biofilm activates the expression of 
virulence genes, toxins, and extracellular polymeric sub-
stance components [60].

Furthermore, 61.11% of the regained P. putida iso-
lates can secrete hemolysin and induce hemolysis for S. 
aurata RBCs. Hemolysin is a potent pore-forming toxin 
that affects the cytoskeleton and metabolism of many 
cells like epithelial cells, endothelial cells, erythrocytes, 
monocytes, and keratinocytes. Hemolysin induces pore 

formation in the cell membrane, allowing the free flow 
and leakage of intracellular contents such as electrolytes, 
proteins, and sugars (61–62). Hemolysin affects host 
defense through its leucocytolytic activity. Hemolysin 
damages the host tissues by direct pore formation action 
or indirectly by stimulating the inflammatory mediators, 
signal pathways, and iron scavenging [63].

Skin hemorrhages, hyperemia, and congestion of inter-
nal organs were the most prominent disease features. 
Bacterial virulence factors such as hemolysin production 
and biofilm formation are responsible for disease signs 
and lesions. Many researchers [18–20], , have described 
nearly similar disease characteristics in many fish species 
infected with P. putida. Virulence factors are the key to 
understanding bacterial pathogenesis in fishes; they are 
responsible for the clinical features and disease severity 
[9, 26].

In the present study P. putida expressed multi-drug 
resistance profile, it was resistant to ampicillin, erythro-
mycin and tylosin. Multidrug resistance has increased 
globally, representing a significant public health threat. 
Multidrug resistant bacterial pathogens from animal 
sources are considered dangerous for human health, so 
routine antimicrobial susceptibility testing is essential for 
identifying the most appropriate antibiotics for the treat-
ment of such infections [67, 68].

All P. putida isolates were highly sensitive to florfenicol 
with MIC equals (0.25–1.0  µg mL− 1). Florfenicol is the 
most recent member of phenicol antibiotic; so, the bac-
terial resistance is still unfamiliar. Florfenicol is effective 
against many bacterial pathogens affecting animals and 
fish; so, it is one of the limited antibiotics approved by 
the FDA for use in aquaculture [22]. The treatment trial 
proved the practical efficacy of florfenicol in protecting S. 
aurata fingerlings against P. putida infection. This result 
agrees with previous investigations stating that florfenicol 
is the most effective treatment for many bacterial infec-
tions in aquaculture as streptococcosis, pasteurellosis, 
vibriosis, and motile Aeromonas septicemia [24, 64–66].

In the present study, florfenicol completely protects 
fish against P. putida infection when used at 20 mg. kg− 1 
trash biomass. Serum florfenicol concentration reached 
1.43 and 2.58 µg. mL− 1 at 24 and 120 h, respectively, in 
fish received 20 mg kg− 1 trash biomass, which explained 
drug effectiveness when the serum drug concentration 
exceeded the MIC of all P. putida isolates (0.25–1.0  µg 
mL− 1). Florfenicol at a dose of 10 mg. kg− 1 trash biomass 
effectively lowered the mortality rate to 15%, meanwhile, 
no mortality was found in fish receiving 20 mg florfenicol 
per kg of trash biomass. Di Salvo et al. [69] and Abdel-
hamed et al. [70] reported that florfenicol is effective 
against bacterial fish diseases when used at 10  mg kg− 1 
trash biomass and serum drug concentration should 
exceed MIC.
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Conclusion
P. putida is the main cause of disease affecting the studied 
S. aurata fingerlings. It could suggest that contaminated 
tilapia-trash-feed is the primary source of P. putida infec-
tion in S. aurata fingerlings fed on it. In-feed administra-
tion of florfenicol at a dose of 20 mg kg− 1 trash biomass 
effectively protected the challenged S. aurata fingerlings 
against the experimental infection with P. putida.
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