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ARTICLE INFO ABSTRACT

Avrticle History: Vibriosis, caused by various Vibrio species, poses a major threat to
Received: April 18, 2025 Egyptian mariculture, particularly affecting Sparus aurata, Mugil capito, and
Accepted: June 16, 2025  Litopenaeus vannamei. This study, conducted in November 2023, aimed to
Online: June 30, 2025 identify and characterize the Vibrio species involved using biochemical and
molecular methods. Vibrio spp. were isolated from 45% of the samples

examined, with the highest prevalence in S. aurata (58.33%), followed by M.
capito (43.33%) and L. vannamei (33.33%). Three species were identified: V.
alginolyticus, V. cholerae, and V. mimicus. All S. aurata isolates were V.
alginolyticus, while M. capito showed a mixture of all three. In shrimp, V.
alginolyticus and V. cholerae were found. Antibiotic susceptibility testing
revealed general sensitivity to most drugs tested, although V. alginolyticus
showed resistance to penicillin. These findings support the need for targeted
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Molecular diagnosis diagnostics and biosecurity to manage Vibriosis in aquaculture.
INTRODUCTION

Marine and brackish water aquaculture are experiencing significant expansion
throughout the Mediterranean basin, driven by Egypt's rising need for high-quality
protein, which has propelled its aquaculture development over the past forty years
(Soliman & Yacout, 2016).

Egypt ranks ninth globally and first in Africa in fish production from aquaculture
(Da Silva, 2016). Like other marine aquaculture initiatives in the Mediterranean, Egypt
has emphasized the cultivation of the economically significant gilthead seabream (Sparus
aurata) and thinlip mullet (Mugil capito). Egypt commenced shrimp aquaculture in 1985
(Sadek et al., 2002) due to the significant contribution of shrimp farming to global food
security and economic development (Bardera et al., 2021). Since then, the sector has
steadily expanded, with numerous large-scale projects focusing on building a resilient
shrimp farming industry (Elgendy et al., 2015). Today, aquaculture accounts for about
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2% of Egypt’s total shrimp production, reaching approximately 123 metric tons (FAO,
2018). The species’ adaptability to varying salinities and temperatures (Bondad-
Reantaso et al., 2012; FAO, 2019) makes it well-suited to Egypt’s environmental
conditions. However, the rapid expansion of the gilthead seabream, thinlip mullet and
shrimp farming has not been matched by effective health management strategies, leaving
the industry vulnerable to risks from introduced and endemic pathogens.

The increasing occurrence of infectious diseases in the farmed gilthead seabream,
thinlip mullet, and shrimp is frequently associated with several detrimental factors, such
as inadequate water quality, the buildup of organic waste, ineffective management
practices, and unusual behaviors like cannibalism, particularly in shrimp and the wild
sourcing of the thinlip mullet seeds (Eissa et al., 2015; Elgendy et al., 2015).
Collectively, these elements diminish the host's immune defence mechanisms,
heightening their vulnerability to pathogens. Vibrio species are prevalent in aquatic
environments and are known to act as opportunistic pathogens, potentially causing illness
when environmental conditions worsen and the host's immune system is weakened by
physical or environmental stressors (Chien et al., 2002).

Vibrio species are halophilic, Gram-negative, facultatively anaerobic bacteria that are
typically located in seawater and brackish environments, with certain species also
flourishing in freshwater (Stephen, 2022). Notably, V. alginolyticus, prevalent in Egypt
(Austin & Austin, 2007), and V. mimicus are significant pathogens in aquaculture,
affecting marine fish and shellfish (Raja et al., 2017). Pathogenic Vibrio species,
including V. cholerae, V. vulnificus, and V. parahaemolyticus, have the potential to infect
humans, presenting a spectrum of severity (Baker-Austin et al., 2018). In aquaculture,
the application of antimicrobials is common for infection management; however, this
practice presents significant challenges, such as the emergence of antibiotic-resistant
bacteria and possible public health risks associated with residuals (BondadReantaso et
al., 2023). This study sought to determine the effect of Vibrio species on mariculture of
gilthead seabream, thinlip mullet, and whiteleg shrimp within earthen pond-based
mariculture in Egypt. The study encompassed the phenotypic, genotypic, and molecular
characterization of isolated pathogens, as well as an assessment of their antibiotic
susceptibility, yielding important data for public health in Egypt.

MATERIALS AND METHODS

Fish and shrimp sampling

In November 2023, a total of 180 live aquatic specimens comprising the gilthead
seabream (Sparus aurata), thinlip mullet (Mugil capito), and whiteleg shrimp
(Litopenaeus vannamei) were randomly sampled from aquaculture farms in North-East
Egypt (Table 1). Each specimen was individually enclosed in a sealed plastic bag
containing a mixture of water and oxygen to preserve optimal transport conditions. The
specimens were swiftly conveyed to the Animal Health Research Institute in Ismailia
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Governorate. Upon arrival, all fish and shrimp underwent thorough clinical examination
to detect any external abnormalities or pathological signs.

Table 1. Examined cultured fish species and shrimp, number, average length and body
weight

Number of
Fish species & Shrimp | examined fish & Avgrage body | Average length
. weight  (g) (cm)
shrimp
Gilthead seabream 60 142 + 30 15 + 2
(Sparus aurata)
Thl.h|lp mullet (Mugil 60 310+ 7 35+ 2
capito)
Whiteleg shrimp | ¢ 17+3 13+2
(Litopenaeus vannamei)

Isolation and identification of bacteria

Following Eissa et al. (2019), samples from Sparus aurata and Mugil capito were
aseptically obtained from the gills, skin ulcers, liver, kidneys, and spleen of examined
fish, regardless of their condition alive, moribund, or recently deceased. Similarly, for
Litopenaeus vannamei, internal samples from the hepatopancreas and musculature were
aseptically collected after external washing with water, surface sterilization with alcohol,
and burning of the carapace, as detailed by Fadel and El-Lamie (2019). The obtained
samples were inoculated into alkaline peptone water (APW) with 3% NaCl and incubated
at 37°C for 24 hours. After enrichment, the cultures were streaked over thiosulfate citrate
bile salts sucrose (TCBS) agar and incubated under the same conditions. Colonies
exhibiting yellow or green pigmentation were chosen, purified, and analyzed
morphologically and biochemically following the methodology of Buller (2004).
Biochemically identified isolates were further validated by molecular approaches to
detect both Vibrio species and their corresponding virulence genes, adhering to the
protocol established by Ibrahim et al. (2018).
Molecular analysis

Molecular analysis was conducted based on morphological and biochemical
identification. DNA was extracted from samples using the QlAamp DNA Mini kit
(Qiagen, Germany, GmbH), with modifications to the manufacturer's instructions. The
quality of DNA was evaluated using electrophoresis in a 0.8% agarose gel with ethidium
bromide staining. PCR was conducted using the GeneAmp® PCR System 2720 thermal
cycler (Thermo Fisher Scientific, Bremen, Germany) with the DreamTaq Green PCR
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Master Mix (2X) (Thermo Scientific™, Bremen, Germany), resulting in a total reaction
volume of 25uL. Oligonucleotide primers specific to the genes were utilized as outlined
in Table (1). Each reaction included 0.25uM of each primer and 30ng of DNA. The
cycling parameters are detailed in Table (2). The PCR product was analyzed using a 1.5%
agarose gel with ethidium bromide and visualized under UV light. The resulting
amplicons were sent to Colors Laboratory in Cairo, Egypt for PCR purification and
sequencing.

Initial analyses of the obtained sequences were conducted to determine their
identity with GenBank accessions utilizing the NCBI nucleotide BLAST® tool (Altschul
et al., 1997). All sequences were aligned using the ClustalW program integrated within
BioEdit® 7.0.5.3. The initial tree(s) for the heuristic search were generated automatically
through the application of neighbor-Joining and BioNJ algorithms to a matrix of pairwise
distances estimated via the Maximum Composite Likelihood (MCL) method, followed by
the selection of the topology with the highest log likelihood value. The trees were
accurately scaled, with branch lengths quantified in terms of substitutions per site.
Phylogenetic analyses utilized MEGA X software (Kumar et al., 2018). Table (2) shows
primers sequences, target genes, amplicon sizes and cycling conditions used in molecular
analysis.

Table 2. Primers sequences, target genes, amplicon sizes and cycling conditions

Target gene Primers sequences Amplifie | Primary Amplification (35 cycles) Final Reference
d extensio
5-3 segment | Denaturatio | Secondary | Annealing | Extension | p
(bp) n denaturatio
n
V. cholerae | AAG ACC TCA ACT GGC | 248 94°C 94°C 57°C 72°C 72°C Tarr et al.
sodB GGT A (2007)
5 min. 30 sec. 30 sec. 30 sec. 7 min.
GAA GTG TTA GTG ATC
GCC AGAGT
V. cholerae |CC GGG TTG TGG GAA TGC | 536 94°C 94°C 59°C 72°C 72°C De Menezes
CtxAB TCC AAG et al.(2014)
5 min. 30 sec. 40 sec. 45 sec. 10 min.
GCC ATA CTA ATT GCG
GCA ATC GCATG
V. CGAGTACAGTCACTTGAAA | 737 94°C 94°C 50°C 72°C 72°C Abu-Elala
alginolyticus GCC et al.(2016)
collagenase 5 min. 30 sec. 40 sec. 40 sec. 10 min.
CACAACAGAACTCGCGTTA
CcC
V. CCATCTGTCCCTTTTCCTGC | 373 94°C 94°C 54°C 72°C 72°C Mustapha
alginolyticus et al. (2013)
tdh CCAAATACATTTTACTTGG 5 min. 30 sec. 40 sec. 40 sec. 10 min.
blaTEM ATCAGCAATAAACCAGC 516 94°C 94°C 54°C 72°C 72°C Colom et al.
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CCCCGAAGAACGTTTTC 5 min. 30 sec. 40 sec. 45 sec. 10 min. | (2003)
V. mimicus | CAT TCG GTT CTT TCG CTG | 121 94°C 94°C 57°C 72°C 72°C Tarr et al.
sodB AT (2007)
5 min. 30 sec. 40 sec. 30 sec 7 min.

GAA GTG TTA GTG ATT
GCT AGA GAT

Antibiotic sensitivity test

Antibiotic susceptibility testing (AST) of Vibrio alginolyticus, V. cholerae, and V.
mimicus isolates was conducted with the disk diffusion method (Kirby-Bauer test),
adhering to the protocol established by Balouiri et al. (2016). The isolates were evaluated
against a selection of antibiotics: Gentamicin (10 pg), Ampicillin (10 pg), Ciprofloxacin
(5 pg), Trimethoprim-Sulfamethoxazole (25 ng), Tetracycline (30 pg), Piperacillin (ng),
and Chloramphenicol (30 pg). Colonies cultivated on TCBS agar at 37°C for 24 hours
were suspended in sterile saline to achieve a 0.5 McFarland standard concentration. The
bacterial suspension was uniformly distributed on Mueller-Hinton agar plates with sterile
cotton swabs, followed by the application of antibiotic disks. Plates were incubated at
37°C for 24 hours, and the diameters of the inhibitory zones were measured. Results were
classified as sensitive (S), intermediate (I), or resistant (R) in accordance with CLSI
(2018).

RESULTS

1. Clinical picture

In the present study, naturally infected cultured gilthead seabream (Sparus
aurata), thinlip mullet (Mugil capito), and whiteleg shrimp (Litopenaeus vannamei)
exhibited a variety of clinical abnormalities in November, coinciding with non-gradual
and irregular water temperature fluctuations ranging from 25.5 to 18.0°C. S. aurata
showed signs including exophthalmia, abdominal distension, and hemorrhages near the
pectoral fins (Fig. 1), along with internal lesions such as gill congestion, hepatic
hemorrhages, congested kidneys and spleen, and engorged ovarian blood vessels (Fig. 2).
M. capito commonly displayed hemorrhages on the body surface, especially around the
eyes and pectoral fins, along with ocular opacity, fin erosion, and sharply demarcated
deep ulcers (Fig. 3). The gills, liver, spleen, and kidneys exhibited congestion and
hemorrhage (Fig. 4). In L. vannamei, external manifestations included black spots on the
cuticle, carapace, telson, uropods, pleopods, and discolored gills (Fig. 5). Some
individuals showed reddish or black discoloration on the uropods and carapace (Fig. 6a),
and in certain cases, the hepatopancreas appeared congested and friable (Fig. 6b).
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Fig. 1. Seabream (Sparus aurata) exhibit: a and b- Swollen abdomens, and hemorrhages
near the pectoral fins

Fig. 2. Seabream (Sparus aurata L) show: a and b- Congested gills, hemorrhagic liver
patches, congested kidneys, spleen, and ovarian blood vessels
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Fig. 3. Thinlip mullet (Mugil capito) shows: a and b- Deep ulcers with defined margins,
fin erosions and, ocular opacity. c- Body surface hemorrhages, particularly near the eyes
and pectoral fins
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Fig. 4. Thinlip mullet (Mugil capito) shows: a and b- Hemorrhagic and congested gills,
liver, spleen, and kidneys

Fig. 5. White Shrimp (Litopenaeus vannamei) show: a, b and c- Black spots on their
cuticles, carapaces, telsons, uropods, pleopods, and gills exhibited black colorations
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Fig. 6. White shrimp ( Litopenaeus vannamei) showing: a- Black or reddish discoloration
on their uropods and carapaces. b- Congested and tender hepatopancreas
2. Bacterial examination

The predominant Vibrio species identified in naturally infected gilthead seabream
(Sparus aurata), thinlip mullet (Mugil capito), and whiteleg shrimp (Litopenaeus
vannamei) were V. alginolyticus, V. cholerae, and V. mimicus. The identification of these
species was achieved through the analysis of distinct colony morphology, followed by
confirmation via biochemical profiling (Table 3).
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Table 3. Biochemical and cultural characteristics of isolated Vibrio from examined
cultured fish and shrimp

Test Vibrio cholerae Vibrio Vibrio mimicus
alginolyticus

Growth on TCBS Yellow Yellow Green
Gram-stain -ve -ve -ve
Shape Curved rod Curved rod Curved rod
Motility + + +
Catalase + + +
Oxidase + + +
H2S on triple sugar -

iron (TSI) K/A A/A K/IA
Citrate + - -
Indole + + +
Methyl red - + -
Vogaus Proskauer - + -
Urease production - - -

Growth on 0% Nacl + - +

Growth on 3 % Nacl + + +

Growth on 6.5 % Nacl - + -

-ve: Negative; +ve: Positive. H2S (TSI) = generation of H2S from triple sugar iron, A/A = Acid/Acid, K/A
= Alkaline/Acid.

3. Molecular analysis
3.1.Results of molecular identification of different species of Vibrio isolates and their
virulence genes
A Dbacteriological examination was performed on 180 live, moribund, or freshly

dead specimens of fish and shrimp, specifically including the gilthead seabream (Sparus
aurata), thinlip mullet (Mugil capito), and whiteleg shrimp (Litopenaeus vannamei). A
total of 81 colonies exhibited traits indicative of Vibrio species, particularly V.
alginolyticus, V. cholerae, and V. mimicus. Polymerase Chain Reaction (PCR) analysis
was conducted to verify the presence of Vibrio species and their associated virulence
genes. The positive isolates that were identified underwent classification by species, and
a representative isolate was chosen for sequencing.
3.1.1. Molecular identification of Vibrio alginolyticus

Fig. (7) shows the existence of the collagenase gene in four chosen isolates of Vibrio
alginolyticus, while Fig. (8) displays the existence of the tdh virulence gene in three
of the four selected V. alginoltyticus positive strains.
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Fig. 7. Molecular detection of collagenase (737 bp) gene of Vibrio alginolyticus by PCR.
Lane L: 100-1000 bp DNA ladder; Lane P: positive control; Lane N: negative control;
Lanes1-4: V. alginolyticus shows aband of 737 bp

Fig. 8. Identification of the Vibrio alginolyticus virulence gene tdh (373 bp) using PCR.
Lane L: 100- 600 bp DNA ladder; Lane P: positive control; Lane N: negative control.

Lanes 1, 2, and 3: tdh gene-positive strains exhibiting bands at 373 bp; Lane 4: tdh gene-
negative strain
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3.1.2. Molecular identification of Vibrio cholerae

Fig. (9) demonstrates that the sodB gene was present in three out of four selected
Vibrio cholerae isolates, and Fig. (10) validates the existence of the ctxAB virulence gene
in one of the three positive V. cholerae isolates.

Fig. 9. PCR used for identifying the sodB gene of Vibrio cholerae, which is at 248 bp.
Lane L: 100-1000 bp DNA ladder; Lane P: positive control; Lane N represents the
negative control, while lanes 1-3 show bands at 248 bp for V. cholerae

Fig. 10. Identification of the Vibrio cholerae ctxAB virulence gene (536 bp) using PCR.
Lane L: 100- 600 bp DNA ladder; Lane P: positive control; Lane N, the negative control
is shown, while Lane 2 exhibits the V. cholerae band at 536 bp.
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3.1.3. Molecular identification of Vibrio mimicus
Fig. (11) demonstrates that the sodB gene was present in one of the three selected
Vibrio mimicus isolates.

-

Fig. 11. The identification of the Vibrio mimicus sodB gene (121 bp.) using PCR. Lane L:
100-1000 bp DNA ladder; Lane P: positive control; Lane N represents the negative
control, while Lane 2 exhibits the V. mimicus band at 121 bp

3.2. Result of molecular detection of antimicrobial resistance genes
Fig. (12) shows all the four selected isolates of Vibrio alginolyticus had B-lactam
resistance gene (blaTEM).
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600 516 bp

Fig. 12. The presence of the Vibrio alginoltyticus blaTEM resistence gene (516 bp) using
PCR. In Lane N, the negative control is shown, while Lane 1-4. exhibits the
alginoltyticus blaTEM resistence gene band at 516 bp
3.3. Gene sequencing and phylogenetic analysis

The molecular characterization of the pathogenic bacterial isolates involved
sequencing the sodB gene for Vibrio cholerae and Vibrio mimicus, as well as the
collagenase gene for Vibrio alginolyticus. BLAST analysis of the obtained sequences
confirmed that the isolates were firmly grouped within the Vibrio genus. The similarity
index of the sodB gene sequences from isolates obtained from the thinlip mullet and the
whiteleg shrimp confirmed their identity as V. cholerae (Fig. 13), while the sodB gene
sequences from the thinlip mullet isolates were identified as V. mimicus (Fig. 14).
Similarly, the collagenase gene sequences from the thinlip mullet, whiteleg shrimp, and
gilthead seabream confirmed the identity of these isolates as V. alginolyticus (Fig. 15).

The sodB gene sequences of V. cholerae isolates from the thinlip mullet and
whiteleg shrimp exhibited 100% nucleotide identity with reference V. cholerae strains.
The sodB gene sequence of V. mimicus from the thinlip mullet also showed 100% identity
with known V. mimicus strains. Furthermore, the collagenase gene sequences of V.
alginolyticus isolates from the three species—the thinlip mullet, whiteleg shrimp, and
gilthead seabream—were determined to be 100% identical to the established sequences of
V. alginolyticus. The nucleotide sequences acquired in this study have not been submitted
to the NCBI GenBank database as of now.
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V. cholerae Thinlip Mullet EGY (this study)
V. cholerae Whiteleg shrimp EGY (this study)
Vibrio cholerae strain M820
Vibrio cholerae IDH-03329
Vibrio cholerae strain 42855TDYG534232
Vibrio cholerae strain CNRVC 190243
Vibrio cholerae 0395
Vibrio cholerae V060002
Vibrio cholerae strain A19
Vibrio cholerae MJ-1236
Vibrio cholerae strain 2012EL-2176
Vibrio cholerae man9
Vibrio cholerae strain Sudan 2019 18
Vibrio cholerae strain MS84A
Vibrio cholerae strain CTMA 1964
Vibrio cholerae strain E1162
Vibrio cholerae C&706
Vibrio cholerae strain CTMA 1831
Vibrio cholerae strain CTMA 1846
Vibrio cholerae strain VC1374
Vibrio cholerae IDH-02387
Vibrio cholerae strain M810
Vibrio cholerae strain CTMA 2005
Vibrio cholerae IDH-03506
Vibrio cholerae C&706
Vibrio vulnificus strain 2142-77
Aeromonas hydrophila subsp. hydrophila ATCC 7966
Vibrio alginolyticus strain E110
Vibrio mimicus strain NCTC11435
Vibrio parahaemolyticus strain ATCC 17802

i00

1.00

Fig. 13. Phylogenetic tree derived from SodB gene sequences of Vibrio cholerae isolates
collected from thinlip mullet and whiteleg shrimp in this research. The phylogenetic tree
was generated with the neighbor-joining method, incorporating additional species as
outgroups
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Vibrio mimicus strain FDAARGOS 112

Vibrio mimicus strain F9458

Vibrio mimicus strain 2011V-1073

Vibrio mimicus strain SCCFO01

100

Vibrio mimicus strain 07-2442

V. mimicus Thinlip Mullet EGY (this study)

Vibrio mimicus strain 06-2455

Vibrio mimicus sodB gene

Vibrio mimicus strain CMFRINM-01 superoxide dismutase (sodB) gene

— Vibrio parahaemolyticus strain ATCC 17802

Aeromonas hydrophila subsp. hydrophila ATCC 7966
Vibrio alginolyticus strain E110

Vibrio mimicus strain NCTC 11435
|: Vibrio cholerae C6706
Vibrio vulnificus strain 2142-77

&0.00

Fig. 14. A phylogenetic tree constructed from the SodB gene sequences of Vibrio
mimicus isolates sourced from the thinlip mullet. The tree was constructed utilizing the
neighbor-joining method, incorporating additional species as well
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Vibrio alginolyticus strain VAZ collagenase gene

Vibrio alginolyticus strain ATCC 33787

Vibrio alginolyticus YZ03-03

V. alginolyticus Whiteleg shrimp EGY((this study)

V. alginolyticus Thinlip Mullet EGY (this study)

V. alginolyticus Sparus aurata EGY(this study)

Vibrio alginolyticus strain K08KS

Vibrio alginolyticus strain K05K4

Vibrio alginolyticus strain K083

Vibrio alginolyticus strain KO9K1

Vibrio alginolyticus strain KO1M1

Vibrio alginolyticus strain CAB14

Vibrio alginolyticus strain SXV3

Vibrio alginolyticus strain 2-1

Vibrio alginolyticus strain FJV2

Vibrio alginolyticus strain FA2

Vibrio alginolyticus strain 20220413 2

Vibrio alginolyticus strain 1B

100 Vibrio alginolyticus strain WWH1 collagenase gene

— Vibrio alginolyticus strain V208

Vibrio alginolyticus strain 2015AW-0011

Vibrio alginolyticus HLBS-07

Vibrio alginolyticus strain FDAARGOS 110

Vibrio alginolyticus strain 2013V-1302

Vibrio alginolyticus strain HY9901

Vibrio diabolicus strain FA3

Vibrio diabolicus strain SF42

Vibrio alginolyticus strain HO50815-1 collagenase gene

W _alginolyticus gene for collagenase

—i Vibrio alginolyticus strain IR-V.a-2020 collagenase gene

Vibrio alginolyticus ColA (cold) gene

Vibrio alginolyticus strain CAB21

Vibrio alginolyticus strain ZLV3

Vibrio alginolyticus strain AUSMDU00064140

Vibrio alginolyticus strain ZJ-T

Vibrio alginolyticus strain E06333

Vibrio alginolyticus strain FDAARGOS 114

Vibrio alginolyticus strain HYV1

Vibrio alginolyticus strain 2010V-1102

Vibrio vulnificus strain 2142-77

—— Vibrio cholerae strain RFB16

— Vibrio parahaemolyticus strain ATCC 17802

__|——Aer0m0nas hydrophila subsp. hydrophila ATCC 7966
Vibrio mimicus strain NCTC11435

1.00

Fig. 15. phylogenetic tree derived from the collagenase gene sequences of Vibrio
alginolyticus isolates obtained from the thinlip mullet, whiteleg shrimp, and gilthead
seabream. The phylogenetic tree was generated employing the neighbor-joining method,
incorporating additional species as outgroups for comparative analysis
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4. Prevalence of Vibrio isolates from naturally infected cultured fish and
shrimp

The present investigation carried out in November 2023 revealed that Vibrio
spp. were isolated from 45% of the analyzed samples of cultured Sparus aurata , Mugil
capito, and Litopenaeus vannamei. The highest prevalence was observed in Sparus
aurata at 58.33%, followed by Mugil capito at 43.33% and Litopenaeus vannamei at
33.33% (Table 4). In the analysis of Mugil capito isolates, Vibrio alginolyticus emerged
as the predominant species, accounting for 57.14% of the detections, while V. cholerae
and V. mimicus were identified at prevalence of 28.57% and 14.28%, respectively.
Interestingly, all Vibrio-positive Sparus aurata samples were infected with V.
alginolyticus, indicating a strong association between this species and seabream
infections. In contrast, Litopenaeus vannamei samples showed a mixed infection pattern,
with 60% of isolates identified as V. alginolyticus and 40% as V. cholerae (Table 5).
Table 4. Prevalence of Vibrio spp. isolated from naturally infected cultured fishes and
shrimp

Number of In_fe(?ted fish & shrimp with
Fish spp. & Shrimp examined fish & | YIPrio spp.
shrimp (No.) No. %
Mugil capito 60 35 58.33
Sparus aurata 60 26 43.33
Litopenaeus vannamei 60 20 33.33
Total 180 81 45
Table 5. Vibrio spp. isolated from naturally infected cultured fishes and shrimp
No. of | Vibrio species Positive cases
Fish  species & Infected .ﬂSh
Shrim & shrimp
P (Positive cases No. %
for Vibrio spp.)
V.alginolyticus
- . 20 57.14
Thinlip Mullet (Mugil 35
capito) V. cholerae 10 28.57
V. mimicus 5 14.28
V. alginolyticus
Seabream (Sparus 26 26 100
aurata)
White shrimp V. alginolyticus 12 60
(Litopenaeus 20
vannamei) V. cholerae 8 40
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4.1. Prevalence of Vibrio species isolates from different organs of naturally
infected cultured fish and shrimp

Fig. (16) illustrates the isolation of Vibrio spp. from different internal organs and

tissues of naturally infected cultured Sparus aurata and Mugil capito. The liver exhibited

the highest prevalence (38.46 and 37.14%,), followed by the kidneys (26.92 and 25.71%)

and spleen (19.32 and 17.14%). Lower prevalence rates were observed in the gills (11.54

and 8.75%) and skin/ulcers (3.84 and 11.43%), respectively (Fig. 16). In Litopenaeus

vannamei, Vibrio spp. were isolated from the hepatopancreas and musculature, with
corresponding prevalence rates of 75 and 25% (Fig. 17).

40 A

35 A

30 A

25 1

W Sparus aurata
20 -
B Mugil capito

15 -

10 -

Liver Kidneys Spleen Gills Skin/Ulcer

Fig. 16. Prevalence of Vibrio spp. isolates from different organs and tissues of naturally
infected cultured Sparus aurata L. and Mugil capito

Vibrio spp. %

Hepatopancreas Musculature

Fig. 17. Litopenaeus vannamei shrimp Vibrio spp. prevalence in the hepatopancreas and
musculature
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5.  Antibiotic sensitivity test

Isolates of Vibrio alginolyticus, V. cholerae, and V. mimicus isolated from the gilthead
seabream (Sparus aurata), thinlip mullet (Mugil capito), and whiteleg shrimp (Litopenaeus
vannamei) were evaluated for their antibiotic susceptibility profiles, as presented in Table (6).
Table 6. Effect of different antibiotics on Vibrio spp. isolates from naturally infected
cultured fish and shrimp

Antimicrobial Antibiotics Code | Doses of | Vibrio | Vibrio Vibrio
Class antibiotic | cholera | alginolyti | mimicu
(19) e cus S
Aminoglycosides | Gentamicin CN 10 ug S S S
Tetracyclines Tetracycline T 30 ug S S S
Phenicols Chloramphenicol | C 30 ug S S S
Beta lactams Ampicillin AM | 10 ug S S S
Penicillin P 10 ug S R S
Folate  pathway | Trimethoprim- SXT |30ug S S S
inhibitors Sulfamethoxazole
Fluoroquinolone Ciprofloxacin CIP | 5ug S S S
S: Sensitive I: Intermadiate R: Resistant
DISCUSSION

Infectious disease outbreaks remain a significant challenge for the aquaculture sector,
resulting in substantial economic losses attributed to morbidity and mortality (Rohani et
al., 2022). Vibriosis stands out as one of the most prevalent and damaging bacterial
infections, particularly affecting farmed shrimp, fish, and shellfish. This phenomenon is
notably prevalent in hatcheries and grow-out systems, where the juvenile stages exhibit
heightened vulnerability. The occurrence and intensity of Vibriosis are affected by
various factors, including the origin of the cultured species, environmental conditions like
water quality, farm management practices, and the pathogenicity of the Vibrio strains
involved (Ina-Salwany et al., 2019).

During the present investigation, cultured Sparus aurata, Mugil capito, and
Litopenaeus vannamei naturally infected with Vibrio spp. exhibited a range of
characteristic clinical signs. S. aurata presented with exophthalmia, abdominal
distension, and hemorrhages around the pectoral fins, along with internal findings such as
congested gills, hepatic hemorrhagic patches, and congestion of the kidneys, spleen, and
ovarian blood vessels. Similarly, M. capito commonly displayed surface hemorrhages,
especially near the eyes and pectoral fins, in addition to ocular opacity, fin erosion, and
well-defined deep ulcers. Internally, the gills, liver, spleen, and kidneys also showed
marked congestion and hemorrhages. The clinical observations align with the findings of
El-Hady et al. (2015), EI-Bouhy et al. (2016) and Ismail et al. (2024a). Pathogenesis
generally begins with bacterial adhesion to host tissues, facilitated by various virulence
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factors, followed by proliferation and systemic dissemination via the bloodstream
(Manchanayake et al., 2023).

In this study, some Litopenaeus vannamei shrimp displayed black spots on their
cuticles, carapaces, telsons, uropods, pleopods, and gills, with some exhibiting black or
reddish discoloration on the uropods and carapaces. The hepatopancreas exhibited
congestion and tenderness in specific instances. The findings align with earlier studies
conducted by El Zlitne et al. (2022), Ismail et al. (2024b) and Shimaa et al. (2024).
Prolonged exposure to adverse environmental conditions diminishes the immune
defences of shrimp, consequently heightening their vulnerability to bacterial infections
(Elgendy et al., 2015). Vibrio species utilize various virulence factors, including
extracellular enzymes and specific fitness genes, to enhance their ability to infect and
cause disease (Gennari et al., 2012). The observed shell discoloration aligns with
descriptions of shell disease syndrome, commonly referred to as “brown spot” or “black
spot disease.” This condition typically begins when damage to the exoskeleton allows
opportunistic pathogens to invade (Radhakrishnan & Kizhakudan, 2019). Melanization
on the outer shells of crustaceans is a well-documented immune response in both marine
and freshwater species (Cuéllar-Anjel et al., 2014).

Fluctuations in water temperature, ranging erratically from 25.5 to 18.0°C, may have
significantly increased fish susceptibility to opportunistic bacterial infections, particularly
those caused by Vibrio species. Sudden thermal changes are known stressors in aquatic
systems, capable of compromising immune function and disrupting mucosal barriers—
the primary defense against invading pathogens (Bowden, 2008; Scharsack et al., 2022).
Vibrio spp. are opportunistic pathogens that can rapidly exploit host vulnerability under
environmental stressors such as thermal shock or unstable temperatures (Austin &
Austin, 2016; Lages et al., 2019). Moreover, temperature fluctuations may directly
enhance the virulence and proliferation of Vibrio spp., thereby increasing their
pathogenicity. Accordingly, the irregular temperature patterns observed during the study
likely created favorable conditions for bacterial colonization and disease development.

Bacteriological analysis identified the predominant Vibrio species in naturally
infected Sparus aurata (gilthead seabream), Mugil capito, and Litopenaeus vannamei
(whiteleg shrimp) as V. alginolyticus, V. cholerae, and V. mimicus. These species were
Gram-negative, motile, halophilic, curved rods and tested positive for catalase and
oxidase. Colony morphology on TCBS agar aided differentiation: V. mimicus colonies
appeared smooth and green (sucrose-negative), while V. cholerae and V. alginolyticus
colonies were smooth and yellow (sucrose-positive).

Biochemical tests revealed that V. cholerae isolates were indole and citrate positive
but negative for methyl red, VVoges-Proskauer, and urease, with alkaline/acid reactions in
TSI. V. alginolyticus tested positive for indole, methyl red, and VVoges-Proskauer, but
negative for citrate and urease, showing an acid/acid TSI reaction. V. mimicus was
negative for all these biochemical tests and showed an alkaline/acid reaction in TSI.



3554 Mansour et al., 2025

These findings are consistent with previous studies (Ibrahim et al., 2018; EIl Sayed et
al., 2021; Hernandez-Robles et al., 2021; Gobarah et al., 2022, 2023; Mansour & El-
Shaer, 2023; Hend et al., 2024; Ismail et al., 2024a; Shimaa et al., 2024).

PCR was used to confirm species identification and assess virulence gene profiles.
The sodB gene was amplified in three out of four V. cholerae isolates (248 bp), with one
also carrying the ctxAB gene (536 bp). All four V. alginolyticus isolates amplified the
collagenase gene (737 bp), and three also carried the tdh gene (373 bp). One of three V.
mimicus isolates tested positive for sodB (121 bp). These results align with previous work
identifying Vibrio spp. in various aquatic organisms using PCR (Abd El Tawab et al.,
2018; Ibrahim et al., 2018; Sadat et al., 2020; Gobarah et al., 2022; Zobayda et al.,
2023; Ismail et al., 2024a; Shimaa et al., 2024).

Resistance gene analysis revealed the presence of the blaTEM gene (516 bp) in all
four tested V. alginolyticus isolates, supporting findings by Gobarah et al. (2023), who
observed widespread blaTEM detection in Vibrio spp. from infected fish. Similarly,
Silvester et al. (2019) reported high blaTEM prevalence in isolates from estuarine water,
seafood, and shrimp farms. This highlights the growing issue of antimicrobial resistance
in aquaculture and the urgent need for prudent antibiotic use.

Molecular identification was confirmed through phylogenetic analysis and gene
sequencing. sodB gene sequences from Mugil capito and Litopenaeus vannamei matched
V. cholerae, while the sodB gene from Mugil capito matched V. mimicus, confirming
their taxonomic classification. Likewise, the collagenase gene sequences from V.
alginolyticus isolates showed complete identity with reference strains, suggesting its
predominance and potential host adaptation in Egyptian mariculture. Although these
sequences matched known Vibrio species, they have not yet been submitted to public
databases, underscoring the need for ongoing molecular surveillance and data sharing.

In samples collected in November 2023, Vibrio spp. were identified in 45% of
naturally infected Sparus aurata, Mugil capito, and Litopenaeus vannamei. Prevalence
rates were 58.33% in S. aurata, 43.33% in M. capito, and 33.33% in L. vannamei. In M.
capito, V. alginolyticus was most prevalent (57.14%), followed by V. cholerae (28.57%)
and V. mimicus (14.28%). All S. aurata samples tested positive for V. alginolyticus. In L.
vannamei, 60% were positive for V. alginolyticus, and 40% for V. cholerae. These
findings align with previous studies (Abdel-Aziz et al., 2013; EI-Bouhy et al., 2016;
Ismail et al., 2024a).

Findings for shrimp also align with Yu et al. (2023), who reported V. alginolyticus in
28.6% of shrimp, 55.1% of breeding water, and 56% of biological feeds. Elgendy et al.
(2015) identified multiple Vibrio spp. during a severe outbreak in Penaeus indicus. El
Zlitne et al. (2022) reported V. parahaemolyticus and V. alginolyticus in clinically
affected L. vannamei shrimp from earthen ponds.
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Differences in Vibrio species prevalence across studies may result from varying
sample sizes, host susceptibility, environmental factors (e.g., salinity), and sources of
larvae or water (Al-Taee et al., 2017; Gobarah et al., 2022).

The liver exhibited the highest prevalence of Vibrio spp. in both S. aurata (38.46%)
and M. capito (37.14%), followed by the kidneys (26.92%, 25.71%), spleen (19.32%,
17.14%), qgills (11.54%, 8.75%), and skin/ulcers (3.84%, 11.43%). These findings mirror
previous research (Abdel-Aziz et al., 2013; Abd EIl Tawab et al., 2018), which found the
liver and kidneys to be primary infection sites due to their roles in detoxification and
immune defense.

In L. vannamei, Vibrio spp. were detected in the hepatopancreas (75%) and muscles
(25%). This agrees with Shanmugasundaram et al. (2015) and Shimaa et al. (2024),
who observed multiple Vibrio spp. in the hepatopancreas of infected shrimp. As a major
site of metabolism and immunity, the hepatopancreas is a key target for bacterial
infection (Zhao et al., 2017).

Antibiotic susceptibility testing showed that all isolates were sensitive to gentamicin,
tetracycline, ampicillin,  chloramphenicol, trimethoprim-sulfamethoxazole, and
ciprofloxacin. However, V. alginolyticus showed resistance to piperacillin, a B-lactamase
inhibitor. This is consistent with findings from Sadat et al. (2020) and Gobarah et al.
(2023), who noted similar resistance profiles, particularly to ampicillin and penicillin.
Differences in resistance patterns may be influenced by antibiotic usage practices across
aquaculture facilities.

CONCLUSION

In conclusion, this study reveals that Vibrio alginolyticus, V. cholerae, and V.
mimicus are the main pathogens affecting Sparus aurata, Mugil capito, and Litopenaeus
vannamei, with V. alginolyticus being the most prevalent. Infections were tissue-specific,
primarily targeting the liver and kidneys in fish, and the hepatopancreas and musculature
in shrimp. Most isolates were susceptible to Gentamicin, Tetracycline, and Ciprofloxacin,
though V. alginolyticus showed resistance to Piperacillin. These findings point to the
increasing challenge of antibiotic resistance in aquaculture, highlighting the necessity for
proactive monitoring and sustainable health management.
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