
Introduction

Aquaculture is represented as one of most important 
functional food-delivering divisions that provide the total 
populace with a protein of animal origin that compensates 
the food shortage globally, tilapia is considered the second 
largest group produced from aquaculture after cyprinids. 
Among various tilapia species, the Nile tilapia represent the 
main cultured type due to its economical price, palatability, 
and the easy cultivation in rivers, pond or dams [32]. 
Recently, the excessive use of water resources particularly the 
freshwater ones created several limitations in aquaculture 
development. Therefore, seawater is the immediate alternative 
sources for rearing and husbandry of several marine species 
including T. zillii. Aquaculture diseases are the most serious 
issues confronting fish industries during fish rearing and 

husbandry. Like different creatures,, fish are subjected 
to various threaten pathogens, particularly prompted by 
coexisting of bacterial pathogens [39]. Vibriosis is recognized 
as one of the most prominent diseases frequently affecting a 
wide variety of cultured species all over the world [26, 6], and 
it recognized by specific receptors belong to the pathogen 
recognition receptor system [3]. 

V. alginolyticus a ubiquitous organism has been isolated 
from cultured O. niloticus [41], several marine organisms 
[7, 18], and associated with large scale losses of several fish 
species  [22]. The pliancy of Vibrio genomes, besides the 
recurrent events of horizontal gene transfer [19] revealed 
some difficulties in the identification of Vibrio from the 
aquatic environment. Hence, recent phenotypic and genomic 
techniques have been bloomed for rapid identification of 
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Vibrio spp, not only for its economic importance but also 
for its public health concern [40]. Polymerase chain reaction 
(PCR) as a reliable recent technique has the ability to amplify 
certain DNA molecule among a high concentration of 
non-target molecules with high specificity and sensitivity 
[17,14]. The most popular targeting genes are 16S rRNA and 
housekeeping genes [12]. Although several studies briefly 
elucidate the incidence of V. alginolyticus among different 
marine species since it was halophilic and strongly correlated 
with high salinity. Little was known about their pathogenicity, 
prevalence and molecular characterization in freshwater 
fishes. Therefore, the current work aimed to investigate the 
pathogenicity, prevalence as well as the antibiotic sensitivity 
of V. alginolyticus in cultured O. niloticus and T. zillii. In 
addition, the genetic typing of the isolated strains was 
performed using PCR.

Material and methods

FISH SAMPLING

In order to investigate the prevalence of V. alginolyticus, 
140 fish of two different species (70 T. zillii and 70 O. niloticus) 
with average body weight 60± 10 g were collected randomly 
along the parallel pelagic road of Temsah lake and private 
brackish water farms, respectively at Ismailia governorate, 
Egypt, from June to August 2017. Fish specimens were 
rapidly transferred alive in strong plastic bags supplied with 
compressed air to the bacteriological lab at the Faculty of 
Veterinary Medicine, Suez Canal University for further 
investigations.

CLINICAL AND POSTMORTEM EXAMINATIONS

Fish were examined for any abnormal lesions and internal 
lesions according to the methods described by Austin and 
Austin [8].

BACTERIOLOGICAL EXAMINATION

Sampling was carried out under complete aseptic 
conditions from the internal organs (liver, kidney, spleen 
and heart from each fish), then the collected samples were 
inoculated in Tryptic soy broth and incubated at 29 °C for 
24 h. A loopful of the incubated broth was streaked on 
thiosulfate citrate bile salt sucrose agar (TCBS) as well as 
on blood agar for detection of hemolysis, then the streaked 
plates were incubated at 29 °C for 24 h. Bacterial isolates were 
distinguished morphologically utilizing Gram’s stain and in 
addition biochemically utilizing methods depicted by Quinn, 
Markey [34].

GENETIC TYPING OF V. ALGINOLYTICUS

DNA of purified bacteria was extracted using QIAamp 
DNA Mini Kit (Invitrogen, USA). To verify that the isolated 
strains are belong to V. alginolyticus, two sets of primers 
targeting 16S rRNA gene were selected according to Tarr, 
Patel [37]. The oligonucleotide primers used in this study are 
illustrated in (Table I). PCR reaction mixtures of 50 μl were 
amplified in MJ MiniTM Gradient Thermocycler apparatus 
(Biometra) using a commercial kit of Green Master Mix 
(NZYtech). A reaction with no template DNA used as 
negative control, while positive controls were references 
strains kindly supplied by Animal Health Research Institute 
in Dokki, Cairo, Egypt.  All samples were exposed to initial 
denaturation at 94 °C for 5 min, followed by 35 cycles 
of denaturing at 94 °C for 30 s, annealing 50 °C for 45 s, 
and acquiring the signal at 72 °C for 45 s. 10 min of final 
extension at 72 °C was adopted. Amplified products were 
screened by 2% (w/v) agarose gel electrophoresis for 1 h at 80 
V in 1X TAE buffer (0.04 M Tris,0.0001 M EDTA, pH 8.0), 
visualized using 15 µl of DNA gel stain (Sigma-Aldrich) and 
photographed under UV transilluminator. A 100 bp ladder 
(SOL BIODYNE) was used as a molecular mass marker.

ANTIBIOTIC SUSCEPTIBILITY TEST

The sensitivity to five commercially available antibacterial 
agents (Oxoid) including; ciprofloxacin, nalidixic acid, 
sulfamethoxazole-trimethoprim, erythromycin, and 
florfenicol was performed using a disc diffusion technique. 
The diameter of inhibition zone was estimated by millimeter 
and expressed as sensitive, intermediate, and resistant 
according to National Committee for Clinical Laboratory 
Standard of Antimicrobial Susceptibility NCCLS [31].

EXPERIMENTAL INFECTION (PATHOGENICITY TEST)
 
Acclimation period 

A total of 40 apparently healthy fish represented as (20 
O. niloticus weighing 60 ± 10 g and 20 T. zillii weighing 
40 ± 5) were obtained from Fish Research Center, Suez 
Canal University and from a private fish farm at Ismailia 
governorate with no history of disease. The fish have been 
adapted for 2 weeks into four identical glass units of 100 L 
holding capacity. The glass units (n= 2) that contribute O. 
niloticus were supplied with chlorine-free freshwater, while 
others contributing T. zillii were supplied with aerated 
seawater with salinity averaged 30 ± 2 g/L. Dissolved oxygen 
was maintained at 6 ± 2 mg/L using electrical air pumping 
compressors (RINA, Italy), while the temperature was 
adjusted thermostatically at 25 ºC ± 1 ºC using heaters (Type 

Gene                                                              Primer      Sequence  (5’–3’) Product length Reference
16S rRNA                                                               V.16S-700 F CGGTGAAATGCGTAGAGAT 663 bp [37]                       

V.16S-1325 R TTACTAGCGATTCCGAGTTC

Table I: Oligonucleotide primers used in PCR
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CMI, Germany). Water pH was maintained at 7.5 and 12 
hours light/12 hours dark photoperiod was embraced. To 
maintain ammonia level within a permissible limit, the fecal 
matter and other wastes were siphoned off, and 50% of the 
water was changed daily meanwhile the trial. The fish were 
given commercial pellets (Skretting, Egypt) of 30-35% crude 
protein until visual satiety.

 Challenge test

It was performed according to the universal directive on 
the protection of animals used for scientific purposes. Fish of 
such species were randomly assigned into two groups each 
contributes one-glass units of 100 L holding capacity and 10 
fish stocking density. Fish of the first group were injected I/P 
with phosphate buffer saline (negative control), while those of 
the other group were inoculated with 0.1 ml of V. alginolyticus 
at concentration1×108 CFU/ml according to Younes, Fares 
[41] and Hussain [23]. Bacterial counts were performed by 
means of Helber count chamber and confirmed using plate 
count technique. The cumulative mortalities were noticed 
for 10 days after the challenge. Dead fish were collected, 
investigated aseptically to clarify the etiology of death. To 
ensure Koch’s postulates, mortalities were only considered 
when V. alginolyticus was retrieved from challenged fish. Any 
survivors at the end of the experiments were euthanized, and 
examined for detection of V. alginolyticus.  Fish were kept up 
as per the National and International Institutional Guidelines 
for the Care and Use of Animals for Scientific purposes and 
morally endorsed from the supported establishment (Suez 
Canal University).

Results

CLINICAL EXAMINATION 

In the present study, most of the naturally infected fish 
showed exophthalmia (Fig 1A), corneal opacity and distended 
abdomen (Fig 1B). Scattered wide irregular hemorrhagic 
spots mainly at the base of pectoral and anal fins, and at the 
trunk region were also noticed (Fig 1C).

POSTMORTEM EXAMINATION

The necropsy finding revealed the presence of 
hemorrhagic livers, distended gall bladders, engorged 
spleens, and congested kidneys (Fig 2A). The intestine 
appeared hemorrhagic and filled with yellow serous fluid 
(Fig 2B).

BACTERIOLOGICAL EXAMINATION

All isolates were Gram-negative, motile curved bacilli 
grow on tryptic soy agar (TSA) and TCBS media supplemented 
with 2% NaCl at 29 ºC for 24 h. The colonies were circular 
whitish yellow in color and exhibited a swarming activity 
on TSA, whereas on TCBS they displayed yellow colored 
colonies. Biochemically as showed (Table II), all isolates 
were oxidase and catalase positive, fermentable, sensitive to 
novobiocin. They were positive in respect to, indole, methyl 
red, Voges-Proskauer (VP), and citrate utilization test, while 
they were negative for arginine hydrolysis and hydrogen 
sulfide (H2S) production. Their metabolism is aerobic 
or facultative anaerobic and they ferment carbohydrates 
with the production of acid but no gas. The results of the 
bacteriological examination revealed that the prevalence of V. 
alginolyticus was 48.6% and 35.7 % in T. zillii and O. niloticus, 
respectively as showed (Table III). The highest prevalence 
was recorded in liver (39.3%), followed by the kidney (30%), 
spleen (21.3%), and heart (9.3%) as showed (Table IV).

GENETIC TYPING OF V. ALGINOLYTICUS

All retrieved strains were positive for 16S rRNA conserved 
gene of V. alginolyticus with specific amplicon size 663bp as 
illustrated in (Fig 3).

ANTIBIOTIC SUSCEPTIBILITY TEST

All evaluated strains were highly sensitive to ciprofloxacin 
(97.3%) and florfenicol (94.7%), moderately sensitive 
to nalidixic acid (78.7%), and were highly resistant to 
erythromycin (97.3%) and sulfamethoxazole-trimethoprim 
(72%) as showed (Table V).

Figure 1: Naturally infected fish with V. alginolyticus (A) O. niloticus 
showing exophthalmia (B) T. zillii showing corneal opacity and 
abdominal distension (c) O. niloticus showing scattered wide irregular 
hemorrhagic spots at the base of pectoral and anal fins, and at the 
trunk region.

Figure 2: Naturally infected fish with V. alginolyticus (A) O. niloticus 
showing hemorrhagic liver, engorged spleen, and congested kidney 
(B) T. zillii showing diffused hemorrhagic intestine with yellow serous 
fluid.
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Prevalence of V. 
alginolyticus (%)

No. of infected fish with V. 
alginolyticusNo. of Examined FishFish species

48.6 3470T. zillii
35.7 2570O. niloticus
42.1 59140Total

Table III: Prevalence of V. a1ginolyticus among naturally infected T. zillii and O. niloticus 

Prevalence of isolates among different organs

Total No. of isolatesFish species Heart SpleenKidneyLiver

%No%No%No%No

9.4 8201730.626403485T. zillii
9.2 6231529.2 1938.52565O. niloticus
9.3 1421.3 32304539.3 59150Total

Table IV: Prevalence of V. alginolyticus in different internal organs of naturally infected T. zillii and O. niloticus 

 

Antimicrobial agents
Sensitive Intermediate Resistant

No % No % No %
Ciprofloxacin 146 97.3 4 2.7 - -

Florfenicol 142 94.7 8 5.3 - -
Nalidixic acid - - 118 78.7 32 21.3
Erythromycin - - 4 2.7 146 97.3

Sulfamethoxazole-trimethoprim - - 42 28 108 72

Table V: Antimicrobial susceptibility of V. alginolyticus strains isolated from naturally infested T. zillii  and O. niloticus

Test Vibrio alginolyticus
Gram reaction

Motility
Shape

Oxidase
Catalase

Growth on 
TCBS
TSA
O/F

Growth on
 0 %  NaCl
0.5% NaCl
2% NaCl
5% NaCl
7% NaCl

10% NaCl
Indole
M.R
V.P

Citrate utilization
Arginine hydrolysis

H2S production
Novobiocin

-
+

Curved rods
+
+

  Yellow colonies
  Whitish yellow

F

-
+
+
+
+
+
+
+
+
+
-
-
S

- (Negative); + (Positive); F (fermentative); S (Sensitive).

Table II: Phenotypic and biochemical characteristics of V. alginolyticus strains isolated from T. zillii and O. niloticus
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EXPERIMENTAL INFECTION (PATHOGENICITY TEST)

The cumulative mortality of the experimentally infected 
fish was evaluated for 10 days after inoculation (Fig 4). Fish 
injected with physiological saline did not demonstrate any 
mortalities or pathological lesions, while those inoculated with 
0.1 ml of V. alginolyticus at concentration of 1×108 CFU/ml 
showed nearly the same clinical signs and postmortem lesions 
found in naturally infected fish. Experimentally infected T. zillii 
produced higher mortalities in a shorter time than O. niloticus 
under the same conditions. In fact, all infected T. zillii died 
within 5 days post inoculation, while the infected O. niloticus 
dead within 10 days after inoculation.

Discussion

Vibrio alginolyticus  is viewed as a standout amongst the 
most compromising pathogens causing high mortalities and 
huge economic crises in fish producing sectors worldwide 
[30]. In the present study, exophthalmia, corneal opacity, 
distended abdomen, and scattered hemorrhagic spots were 
the most prominent lesions, in agreement with those observed 
by [39, 20, 35]. The necropsy findings were nearly similar to 
those obtained by [20, 36]. Signs of hemorrhagic septicemia 
observed in the current study were mainly attributed to V. 
alginolyticus serum proteases [13], hemolytic toxins [27-21], 
or due to the production of multiple virulent extracellular 
products including proteases, haemolysin, and siderophores 
which thought to be associated with the virulence of the 
bacteria [4]. The hydrolytic and haemolytic components of V. 
alginolyticus ECPs were exceedingly poisonous and in charge 
of the obtrusive and proliferative procedures of the bacteria 
[9]. The destruction of crucial blood elements induced by V. 
alginolyticus could be the fundamental cause of mortality [27]. 

Regarding the phenotypic characters of V. alginolticus, 
our results were inconsistency with those reported by [29], 
and biochemically they were comparable to those obtained by 
[36, 42]. In the present work, the results of the bacteriological 
examination revealed that the prevalence of V. alginolyticus 
among examined species were relatively low compared to 
those reported by [41] who reported that the prevalence of V. 
alginolyticus was 75% in O. niloticus. The variation in bacterial 
prevalence among such population may relate to the differences 
in the degree of water salinity, host susceptibility, number 
of samples investigated, and other different environmental 
conditions. 

The prevalence pattern among various species in the current 
study reflected higher dominance at higher salinity zone, with a 
noteworthy relationship with the saltiness. Thus, was attributed 
to the great salt tolerance capacity of V. alginolyticus together 
with osmoregularity [28]. The main predisposing factor 
in different outbreaks was the elevated water temperature. 
The adverse effect of the elevated temperature could initiate 
a stressful situation, which subsequently reduces the fish 
resistance and increase their suitability for infection [24]. The 
outbreaks were mainly associated with a temperature higher 
than 15 ºC, pH more than 8, oxygen saturation less than 70% 
[25]. The chemotactic effect exerted on V. alginolyticus and 
their ability to adhere to external body surface was significantly 
increased at a higher temperature, which thereby enhanced 
the entry of that pathogen into the host [10]. Similarly, [8] 
declared that Vibrios outbreak frequently occurred when the 
temperature reading above 15 °C.

Concerning the prevalence of V. alginolyticus in the 
different internal organs of infected species, our results were in 
agreement with those obtained by [15, 16] who declared that 
Vibrio was the most prominent species isolated mainly from 
the liver, kidney, and spleen of diseased fish. These findings 
affirmed that both liver and kidney are the principal target 

Figure 3: Electrophoretic pattern of 16S rRNA PCR assay of V. alginolyti-
cus strains isolated from fish. Lane 1, molecular weight ladder; lane 2, 
a positive control; lanes 3-5, the specific DNA product amplified from 
V. alginolyticus strains isolated from T. zillii; lane 6, the specific DNA 
product amplified from V. alginolyticus strains isolated from O. niloticus; 
lane 7, a negative control.

Figure 4: Cumulative mortality of T. zillii (•) and O. niloticus (•) subjected 
to intraperitoneal injection with 0.1 ml of V. alginolyticus at concentra-
tion 1×108 CFU/ml.
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organs of disease. From the pathophysiological point of view, 
this tissue inclination may be related to certain virulence tool 
owned by bacteria, which enhance their septicemic existence 
into the detoxification organ (liver) and a main immune 
worrier (kidney). 

Utilizing traditional techniques as an instrument for 
pathogen recognition may fall shorten when a bacterium 
show uncommon phenotypic profiles, besides they require 
long time to peruse. Based on these arguments, molecular-
based techniques were recently used to recognize most of the 
threatening pathogens in aquaculture [11]. Concerning the 
genetic typing of the isolated V. alginolyticus strains, PCR was 
used for detection of 16S rRNA gene which is conserved in V. 
alginolyticus, in order to confirm their diagnosis, in agreement 
with this obtained by [2].

Concerning the antibiotic susceptibility, the current study 
revealed that all examined strains showed different patterns of 
sensitivity to ciprofloxacin, florfenicol, and nalidixic acid, while 
they were resistant to erythromycin and sulpha-trimethoprim. 
These results were nearly agree with those obtained by [38]. 
The resistance of V. alginolyticus to erythromycin and sulfa may 
be attributed to the presence of ermB and sul2 genes among 
evaluated strains, which still required further investigation. 
Alternatively, it may due to the rhythmic existence of such 
antibiotics in waters of the sampling localities because of 
agricultural/municipal drainage, which may contain antibiotic 
wastes of the same types [1].

Regarding the challenge trial, all infected fish species showed 
nearly the same clinical signs and postmortem lesions found in 
naturally infected one. Most of experimentally infected fish died 
within 5-10 days post inoculation. The rapid onset of T. zillii 
death, was attributed to the lethal and toxic effect of bacterial 
toxins and their extracellular products, which in turn induce 
tissue and cell damage [21]. On the other side, the mortality 
rate in O. niloticus was relatively low (70%) in compare to T. 
zillii, and extended for up to 10 days. These results reflected 
the role of water salinity on the disease occurrence, which may 
be clarified by the typical inhabitants of Vibrio spp in seawater, 
sediment, and also in the alimentary tract of marine fish [33]. 
The results were in accordance with those obtained by [5] who 
reported that mortality rate of experimentally infected fish 
with V. alginolyticus was 50% within 10 days after injection. 

In conclusion, V. alginolyticus is highly pathogenic to 
freshwater and saltwater fish and considered a critical sanitary 
problem to their culture. Combination of both phenotypic and 
genotypic characterization is a reliable and vulnerable tool 
for diagnosis of V. alginolyticus. The massive increase in the 
antibiotic resistance phenomena among various threatening 
pathogens recently becomes a critical point of public health 
concern, so monitoring the antibiotic sensitivity of such isolate 
was vital to select the most effective antibiotic.

Conflict of interest

The authors pronounce that they have no huge contending 
budgetary, expert or individual interests that may have affected 
the execution or introduction of the work.

References

1. -  ABDEL-AZIZ M., EISSA A.E., HANNA M., OKADA M. 
A. : Identifying some pathogenic Vibrio/Photobacterium 
species during mass mortalities of cultured gilthead 
seabream (Sparus aurata) and European seabass 
(Dicentrarchus labrax) from some Egyptian coastal 
provinces. IJVSM, 2013, 1, 87-95.

2. -  ABDELLRAZEQ G.S., KHALIEL S.A. : Molecular 
characterization and antimicrobial susceptibility of 
Vibrios isolated from healthy and diseased aquacultured 
freshwater fishes. Glob. Vet., 2014, 13, 397-407.

3. -  ABOUELMAATTI R.R., ALGAMMAL A.M., LI X., 
MA J., ABDELNABY E.A., ELFEIL W.M. : Cloning and 
analysis of Nile tilapia Toll-like receptors type-3 mRNA. 
Centr. Eur. J. Immunol., 2013, 38, 277-282.

4. -  AGUIRRE‐GUZMÁN G., MEJIA RUÍZ H., ASCENCIO 
F. : A review of extracellular virulence product of Vibrio 
species important in diseases of cultivated shrimp. 
Aquacult. Res., 2004, 35, 1395-1404.

5. -  AL-SUNAIHER A.E., IBRAHIM A.S., AL-SALAMAH 
A.A. : Association of Vibrio species with disease incidence 
in some cultured fishes in the Kingdom of Saudi Arabia. 
World Appl. Sci. J., 2010, 8, 653-660.

6. -  ALCAIDE E. : Numerical taxonomy of Vibrionaceae 
isolated from cultured amberjack (Seriola dumerili) and 
surrounding water. Curr. Microbiol., 2003, 46, 0184-0189.

7. -  AUSTIN B. : Vibrios as causal agents of zoonoses. Vet. 
Microbiol., 2010, 140, 310-317.

8. -  AUSTIN B., AUSTIN D. : Characteristics of the pathogens: 
Gram-negative bacteria. Bacterial Fish Pathogens: 
Diseases of Farmed and Wild Fish, 2007, 81-150.

9. -  BALEBONA M.C., ANDREU M.J., BORDAS M.A., 
ZORRILLA I., MORIÑIGO M.A., BORREGO J.J. : 
Pathogenicity of Vibrio alginolyticusfor cultured gilthead 
seabream (Sparus aurata L.). Appl. Environ. Microbiol., 
1998, 64, 4269-4275.

10. -  BORDAS M.A., BALEBONA M.C., RODRIGUEZ-
MAROTO J.M., BORREGO J.J., MORIÑIGO, M.A. : 
Chemotaxis of pathogenic vibrio strains towards mucus 
surfaces of gilthead seabream (Sparus aurata L.). Appl. 
Environ. Microbiol., 1998, 64, 1573-1575.

11. -  CEPEDA C., SANTOS Y. : Rapid and low-level toxic PCR-
based method for routine identification of Flavobacterium 
psychrophilum. Int. MicrobioL., 2000, 3, 235-238.

12. -  CHATTERJEE S., HALDAR S. : Vibrio related diseases 
in aquaculture and development of rapid and accurate 
identification methods. J. Mar.Sci. Res. Develop. S, 2012, 1.

13. -  CHEN F.R., LIU P.C., LEE K.K. : Purification and partial 
characterization of a toxic serine protease produced by 
pathogenic Vibrio alginolyticus. Microbios, 1999, 98, 95-
111.



Revue  Méd. Vét., 2019, 170, 4-6, 80-86

EL-SAYED (M.E.) AND COLLABORATORS86

14. -  EID H.I., ALGAMMAL A.M., NASEF S.A., ELFEIL 
W.K., MANSOUR G.H. : Genetic variation among avian 
pathogenic E. coli strains isolated from broiler chickens. 
AJAVA., 2016, 11, 350- 356.

15. -  EISSA I.A.M., DERWA H.I., EL-LAMEI M., DESUKI A., 
ZAKI S.M., EL-SHESHTAWY, H. : Iron in water and some 
marine fishes in relation to vibriosis at Lake Temsah. Life 
Sci. J., 2013, 10, 2520-2528.

16. -  EL-SHARABY S.M.A., ABD-ELGABER M., TARABEES 
R., KHALIL R.H., ALI M.N., EL-BALLAL S. : 
Bacteriological and histopathological studies on vibrio 
species isolated from naturally infected freshwater fish in 
delta region, Egypt. Adv. Anim. Vet. Sci, 2018, 6, 17-26.

17. -  ELFEIL W.M., ALGAMMAL A.M., ABOUELMAATTI 
R.R., GERDOUH A., ABDELDAIM M.  : Molecular 
characterization and analysis of TLR-1 in rabbit tissues. 
Cent. Eur. J. Immunol., 2016, 41, 236.

18. -  FRANS I., MICHIELS C.W., BOSSIER P., WILLEMS K.A., 
LIEVENS B., REDIERS, H. : Vibrio anguillarum as a fish 
pathogen: virulence factors, diagnosis and prevention. J. 
Fish Dis., 2011, 34, 643-661.

19. -  FRASER C., HANAGE W.P., SPRATT B.G. : Recombination 
and the nature of bacterial speciation. Science, 2007, 315, 
476-480.

20. -  GOLOMAZOU E., ATHANASSOPOULOU F., 
VAGIANOU S., SABATAKOU O., TSANTILAS 
H., RIGOS G., KOKKOKIRIS L.  : Diseases of white 
seabream (Diplodus sargus L.) reared in experimental and 
commercial conditions in Greece. Turk. J. Vet. Anim. Sci., 
2006, 30, 389-396.

21. -  GÓMEZ-LEÓN J., VILLAMIL L., LEMOS M. L., NOVOA 
B., FIGUERAS A.  : Isolation of Vibrio alginolyticus and 
Vibrio splendidus from aquacultured carpet shell clam 
(Ruditapes decussatus) larvae associated with mass 
mortalities. Appl. Environ. Microbiol., 2005, 71, 98-104.

22. -  HAENEN O.L.M., VAN ZANTEN E., JANSEN R., 
ROOZENBURG I., ENGELSMA M.Y., DIJKSTRA A., 
BOERS S.A., VOORBERGEN-LAARMAN M., MÖLLER 
A.V.M. : Vibrio vulnificus outbreaks in Dutch eel farms 
since 1996: strain diversity and impact. Dis. Aquat. Organ., 
2014, 108, 201-209.

23. -  HUSSAIN R. : Studies on some bacterial infections 
affecting certain marine fishes in the Arabian Gulf of 
Kingdom of Saudi Arabia. Thesis, M.V.Sc., Fac. Vet.And 
Anim. Res. King Faisal Univ., 2002.

24. -  LE MOULLAC G., SOYEZ C., SAULNIER D., ANSQUER 
D., AVARRE J. C., LEVY P. : Effect of hypoxic stress on 
the immune response and the resistance to vibriosis of the 
shrimp Penaeus stylirostris. Fish Shellfish Immunol., 1998, 
8, 621-629.

25. -  LEE J. K., JUNG D. W., YOON K., YOON S. K., KWAK 
N. S. :  Effect of diluent salt concentration and ph on the 
enumeration of vibrio parahaemolyticus by direct plating 
on selective agar. Food Sci. Biotechnol., 2006, 15, 866-870.

26. -  LEE K., LIU P., CHUANG W. : Pathogenesis of 
gastroenteritis caused by Vibrio carchariae in cultured 
marine fish. Mar. Biotechnol., 2002, 4, 267-277.                   . 

27. -  LI J., ZHOU L., WOO N. : Invasion route and pathogenic 
mechanisms of Vibrio alginolyticus to silver seabream 
Sparus sarba. J. Aquat. Anim. Health., 2003, 15, 302-313.

28. -  MUSTAPHA S., MUSTAPHA E.M., NOZHA C. : Vibrio 
alginolyticus: an emerging pathogen of foodborne 
diseases. Int. J. Sci. Technol, 2013, 2, 302-309.

29. -  MOOKERJEE S., BATABYAL P., SARKAR M.H., PALIT 
A. : Seasonal prevalence of enteropathogenic Vibrio and 
their phages in the riverine estuarine ecosystem of South 
Bengal. PloS one, 2015, 10, e0137338.

30. -  NAGIB T.M. : Application of some recent technique 
in diagnosis of some fishes bacterial diseases and its 
control. M.V.Sc. Theses in Microbiology. Department of 
Bacteriology - Immunology- Mycology. Fac. Vet. Med. 
Zagazig Uni., 2011.

31. -  NCCLS : CLSI documents GP 18- Laboratory design; 
Approved guideline, 2nd ed., (Wayne, PA.). 2007.

32. -  PAKINGKING R., PALMA P., USERO R. : Quantitative 
and qualitative analyses of the bacterial microbiota of 
tilapia (Oreochromis niloticus) cultured in earthen ponds 
in the Philippines. World J. Microbiol. Biotechnol., 2015, 
31, 265-275.

33. -  PEDERSEN K., DALSGAARD I., LARSEN J.L. : Vibrio 
damsela associated with diseased fish in Denmark. Appl. 
Environ. Microbiol., 1997, 63, 3711-3715.

34. -  QUINN P.J., MARKEY B. K., LEONARD F.C., 
HARTIGAN P., FANNING S., FITZPATRICK E.I.  : 
Veterinary Microbiology and Microbial Disease. First 
Published Blackwell Science Company, Iowa. 2002, State 
University Press.

35. -  ROBERT B., MOELLER J. : Bacterial fish diseases 
California animal health and food safety laboratory 
system university of California., 2012.

36. -  ROBERTS R.J. : Fish pathology, 3rd edn. W.B. Saunders, 
Philadelphia, PA. 2001.

37. -  TARR C. L., PATEL J. S., PUHR N. D., SOWERS E. G., 
BOPP C. A., STROCKBINE N. A. : Identification of Vibrio 
isolates by a multiplex PCR assay and rpoB sequence 
determination. J. Clin. Microbiol., 2007, 45, 134-140.

38. -  THAKUR A.B., VAIDYA R., SURYAWANSHI S. : 
Pathogenicity and antibiotic susceptibility of Vibrio 
species isolated from moribund shrimps. 2003.

39. -  TORANZO A.E., MAGARINOS B., ROMALDE J.L. : A 
review of the main bacterial fish diseases in mariculture 
systems. Aquaculture, 2005, 246, 37-61.

40. -  VAN BELKUM A., STRUELENS M., DE VISSER A., 
VERBRUGH H., TIBAYRENC M. : Role of genomic 
typing in taxonomy, evolutionary genetics, and microbial 
epidemiology. Clin. Microbiol. Rev., 2001, 14, 547-560.

41. -  YOUNES A.M., FARES M.O., GAAFAR A.Y., MOHAMED 
L.A. : Isolation of Vibrio alginolyticus and Vibrio vulnificus 
strains from cultured Oreochromis niloticus around Qarun 
Lake, Egypt. Glob. Vet., 2016, 16, 1-5.

42. -  ZORRILLA I., CHABRILLON M., ARIJO S., DIAZ-
ROSALES P., MARTINEZ-MANZANARES E., 
BALEBONA M. C., MORINIGO M.A. : Bacteria recovered 
from diseased cultured gilthead seabream (Sparus aurata 
L.) in southwestern Spain. Aquaculture, 2003, 218, 11-20.


