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ABSTRACT. Vibriosis is a serious disease affecting marine water fishes. The present study was applied on 320
marine fishes of four equal different species (Sparus auratus, Mugil cephalus, Mugil seheli and Tilapia zillii) each
80. Fishes were collected seasonally and randomly from Lake Temsah in Ismailia governorate from September
2015 to August 2016. The signs and lesions of severe septicemia, hemorrhages and ulcerations were observed
among the examined fishes. Isolated bacteria were observed as yellow and green pigmented colonies on TCBS
media, and as creamy colored colonies on TSA media with 2.5% NaCl concentration. The causative agent was
identified as vibrio sp. Concerning gene expression, most isolates were molecularly identified using the pvsA gene
primers giving a product size of 338-bp size and 348-bp for V. alginolyticus and V. parahemolyticus respective-
ly. The highest prevalence of vibriosis was recorded in T. zillii (63.75%), M.seheli (37.5%) then M.cephalus and
Sparus auratus (28.75%) while the total prevalence was (39.69%). The highest seasonal prevalence was recorded
in summer (81.25%) followed by spring (35%) then autumn (23.75%) and winter (18.75%). The highest prev-
alence of organ specifity was in liver, kidneys then spleen and gills. The histopathological studies showed acti-
vation of melanomacrophage centers, degeneration, necrosis and congestion in liver, kidney, spleen, and gills.
Keywords: Marine fishes, Vibriosis, pvsA gene, Histopathological exam.
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INTRODUCTION

gypt depends on fish as one of the essential

sources of the national profit, stimulating local
market economies and essential source of foreign
exchange. Furthermore, marine waters are the main
sources for water needed for mariculture and luckily,
Egypt has more than one marine resources such as the
Red and Mediterranean Sea (Sadek, 2000).

The universal trend of commercial aquaculture is
towards condensation of culture practice in the target
to increase productivity per unit area (Elgendy et al.,
2015 and Kolkovski, et al. 2011).

One of the common genera in aquatic habitat,
particularly in marine, is genus vibrio, several
species of it are pathogenic for freshwater
especially where organic loads are high (Alicia et
al., 2005).

One of the most frequent diseases occurring in marine
aquaculture, is vibriosis caused by many vibrio species
(Alcaide, 2003). It is a serious epizootic disease
affecting both wild and farmed marine fish species
worldwide, and has become a limiting factor for the
development of intensive aquaculture industry. Several
factors have been proposed to influence the survival,
persistence and ability of vibrios to cause infection
(Lipp et al., 2002).

The present study was conducted to investigate
the prevalence of different vibrio spp. among
some marine fishes in relation to clinical picture,
conventional and advanced diagnosis using pvsA
gene along with histopathological examination.

MATERIALS AND METHODS

1- Fishes:

A total number of 320 marine fishes of four equal
various species, average body weights 100+5 for
Sparus auratus and Mugil cephalus and 50+5 for
Mugil seheli and Tilapia zilli, each were 80 were
represented as (Sparus auratus, Mugil cephalus,
Mugil seheli and Tilapia zillii). They were collected
seasonally and randomly. They were examined
freshly from Lake Temsah in Ismailia governorate,
Egypt from September 2015 to August 2016
and subjected to full clinical, postmortem and
bacteriological examinations.

2- Bacterial examination:
a-Isolation:

The bacterial isolates were taken from ulcers, gills,
liver, kidneys and spleen of naturally alive and
freshly dead infected Sparus auratus, Mugil cephalus,
M. seheli and Tilapia zillii. They were streaked on
TCBS agar and incubated at 27°C +1°C for 24-48 hr.
Suspected colonies were subcultured on TSA (2.5%
NaCl) and subjected to microscopic and biochemical
analysis according to Farmer et al., (1992).

b-Phenotypic Identification:
b.1) Morphological and biochemical examination:

The pure colonies were identified morphologically
according to Cruickshank et al., (1982) and
biochemically according to Thompson et al., (2004).
They were identified using the traditional biochemical
tests only on Gram negative, catalase positive and
Oxidase positive. These tests were accomplished by
API20E strips (BioMerieux, France).

b.2) Molecular characterization of Vibrio alginolyticus
& Vibrio parahemolyticus using pvsA gene:

b.2.1) Genomic DNA Extraction:

Genomic DNA was extracted from V. alginolyticus
and V. parahemolyticus strains using boiling
technique according to (Devi et al. 2009).

b.2.2) Oligonucleotide primers:

Four primer sequences, two sense (F) and two
antisense (R), were used for identification of
both strains. The primers were designed from the
published pvsA gene sequences (accession no.
DQ201184.2 and AB082123.1) for V.alginolyticus
and V.parahemolyticus strains respectively using
the web-based software Primer3Plus (Untergasser et
al., 2007). Primers sequences and characteristics are
shown in Table 1.

b.2.3) PCR and agarose gel electrophoresis:

The PCR reaction mixture was contained 5.5pl
genomic DNA,12.5ul PCR master mix,lul of
forward primer,1pul of reverse primer in a total
volume of 25ul. Reaction cycles were performed
using TC-25/H thermal cycler , the cycle conditions
as a follow: pre- denaturation at 94°c for 3 min then
followed by 35 cycles of denaturation at 94°c for 30
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Table 1: V. alginolyticus and V. parahemolyticus pvsA gene Primers sequence and characteristics.

Primer Reference gene Location Sequence Tm(°C) Gc% Product size
name for location (np)
VA 1F  DQ201184.2 10391-10410 CAG TAA CCG CCT TAC CGT GT 60.1 55
VA IR 10709-10728 CAC TCC AGC GTG TCG ACTTA 60 55 338 bp
VP 1F  AB082123.1 721-740 TTC CCT GTC GTA GCA AAACC 60.1 50
VP IR 1049-1068 AAA TTC GCT GTG GCA AACTC 60.3 45 348 bp

sec, annealing at 60°c for 30 sec; and extension at 72°c
for 3 min. in order to confirm the amplification of the
target sequences the PCR products were electrophoresed
on 1% agarose gel stained with ethidium bromide,
the resulting fragments were visualized by UV
transillumination (Slime lineTM series).

3-Experimental infection:

A total of 60 apparently healthy Tilapia zillii,
weighting 30 + 5g were selected for detection of the
pathogenicity of the most common bacterial isolates.
Fish were classified into duplicate three groups each
contained 10. The inocula processed for isolated
bacteria as I/P and I/M injections were prepared
according to Austin & Austin, (2007). Fish were
noticed daily for 14 days. one group was consistently
inoculated I/P and the other group was inoculated I/'M
with the bacterial suspension of Vibrio alginolyticus
in a dose of 0.2 ml of (3 X 107 CFU). The control
groups were injected I/P and I/M with 0.2 ml of
sterile tryptic soya broth.

4-Histopathological examination:

Specimens were collected freshly from liver, kidney,
spleen and gills of naturally infected fishes. Fixed in
10% phosphate buffered formalin and processed by
traditional method, sectioned at Smicron thickness.
They were stained with H&E stain then examined
microscopically according to Roberts, (2001).

RESULTS
A-Clinical examination of naturally infected fishes:

The clinical examination of naturally infected fishes
was recorded in Plate (1).

B-Results of bacteriological examinations:

The colonies were creamy color on tryptic soya

7 ~ g
Plate 1: A. Naturally infected M.cephalus showing
severe hemorrhage on the abdomen, pectoral and tail
fin. B. Severe hemorrhagic gills & kidneys and enlarged
spleen. C. Naturally infected M.seheli showing severe
external hemorrhage on external body and detached
scales. D. pale gills and liver in advanced case. E. Nat-
urally infected S.auratus showing hemorrhagic gills,
liver and kidneys. F. Hemorrhage under the dorsal fin.
G. Naturally infected 7.zillii showing severe abdominal
distention and turbid eye. H. Hemorrhagic kidneys and
enlarged spleen.

medium with a range of (2-3 mm in diameter) while
on TCBS medium, they were yellow and green
colored colonies with yellow pigmentation. Also,
sensitive to vibriostate O/129(150 pg). Isolates were
Gram- negative, comma or rod shaped scattered
in arrangement and motile. The result of the
conventional and commercial systems using API20E
for biochemical tests declared the results in (Table 2).

C-Molecular characterization of V.alginolyticus &
V.parahemolyticus using pvsA gene:

Fig 1 shows the amplification of 338 bp PCR
amplicon representing pvsA gene in Valginolyticus
strain using VAIF and VAIR primer pair. While, Fig
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Plate 2: Histopathological changes induced by Vibrio
spp- in Tilapia zilli fish., H&E. X 400 (a) Liver showing
congestion of central vein & hepatic sinusoids and pres-
ence of distinct fat globules (arrow). (b) kidney showing
massive hemorrhage and degenerative changes of renal
tubules epithelium (arrow). (C) Spleen showing hyper-
plasia of melano-macrophage centers, congestion of
blood vessels & sinusoids and depletion of white pulps
(arrows). (d) Gills showing focal congestion, leukocytic
infiltration (white arrows), atrophy of secondary lamel-
lae and vacuolar degeneration of lamellar epithelium
(black arrows).

Figure 1. Showing 338- bp PCR amplicon representing
pvsA gene in V.alginolyticus, Lane 1: 100 bpDNA ladder.

2 shows the amplification of 348 bpPCR amplicon
representing pvsA gene in V.parahemolyticus strain

using VP1F and VP1R primer pair.

D-Prevalence of vibriosis among naturally infected

examined marine fishes:

1) Total and Seasonal prevalence of vibriosis

Figure 2. Showing 348- bp PCR amplicon repre-
senting pvsA gene in V.parahemolyticus, Lane 1: 100
bpDNA ladder.

40 ® No.of Infected fish

30 %

No.of infected fish
w
=)
)

Winter
Season

Summer Autumn Spring

Figure 3. Showing the total prevalence of Vibriosis

among the examined marine fishes.

Pre. of vibrio of infected marine fish

® No.of infected fish
20 + u%

No. of infected fish
-
=)

Tilapia Mugil Mugil Sparus
zilli Seheli  cephalus auratus
Fish species

Figure 4. Showing the prevalence of Vibriosis in infect-
ed marine fishes.

among naturally infected marine fishes: results are

summarized in figures 3 and 4

2) Prevalence of vibrio spp. isolates in different
organs of examined fishes:

Results are shown in figure 5.
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Figure S. Showing numbers and percentages of vibrio iso-
lates from (liver, kidney, spleen & gills) of examined fish.

No. %
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E-Experimental infection:
Results of histopathological examination

Results are expressed in (plates 2,3.4,5) for Tilapia zilli,
Mugil cephalus, M.seheli and Sparus auratus respectively.

3

Plate 3. Histopathological changes induced by Vibrio
spp. in M. cephalus fish . H&E X400. (a) liver showing
severe congestion of blood vessels and activation of mela-
no-macrophage centers. (b) kidney showing severe con-
gestion and extensive degeneration (arrows) & necrosis of
renal tubules along with focal hemorrhage. (c) Spleen of
showing congestion of blood vessels, activation of mela-
no-macrophage centers and mild depletion of white pulp.
(d) Gills showing congestion of blood vessel, hyperplasia
of primary & secondary lamellae and severe mucinous
degeneration (arrows).

Discussion:

Regarding to clinical signs, it was revealed that
darkness of external body surfaces & hemorrhages at
abdominal and anal regions, swollen abdomen, turbid
eyes, ulcer and detached scales in 7. zillii. Also, there
was redness all over the external body surface and

n

Plate 4. Histopathological changes induced by Vibrio
spp. in M.seheli fish. H&E X400. (a) liver showing
severe congestion, vacuolar degeneration of hepato-
cytes and mild focal necrosis also observed (arrows).
(b) kidney showing focal inter-tubular hemorrhage
admixed with leukocytic infiltration (white arrows) and
mild degeneration of renal tubules with focal hyperpla-
sia of melano-macrophage centers. (c) Spleen showing
depletion and necrosis of lymphoid follicles (arrows)
and hyperplasia of melano-macrophage centers (MMC).
(d) Gills showing severe congestion , loss of secondary
lamellae and mild leukocytic infiltration ( arrows).

Plate 5. Histopathological changes induced by Vibrio
spp. in Sparus auratus fish. H&E X 400(a) Liver show-
ing severe congestion of blood vessels and mild to mod-
erate vacuolation of hepatocytes (arrows). (b) kidney
showing severe vacuolar degeneration of renal tubules
(black arrows), focal leukocytic infiltration (white
arrows) and hyperplasia of melano-macrophage centers.
(c) Spleen showing hyperplasia of melano-macrophage
centers, congestion of sinusoids and mild degeneration
of white pulp (d) Gills showing focal hemorrhage, leu-
kocytic infiltration, degeneration and necrosis of sec-
ondary lamellae (arrows).
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pectoral fin, hemorrhage with detached scales in
some areas in M.seheli. Other cases showing external
hemorrhages and gill hemorrhages in M.cephalus.
Besides, there was hemorrahage under the dorsal fin,
turbid eye, hemorrhagic gills and pale gills in severe
cases. These results agree with the findings of Alicia
et al., (2005) and Eissa et al., (2013). These signs
may be attributed to the adhesion ability which is
an important factor in bacterial pathogenicity since
it precedes penetration of the microorganisms in the
host tissues promoted by the production of toxins
according to Lee, (1995).

Regarding the postmortem lesions in cases suffering
from vibriosis, we noticed that in naturally infected
S. auratus, there was slight congestion in gills and
liver while in severe cases; there was pale liver
and gills. Some cases showing congestion in the
body cavity and kidneys with yellow serous mucus
in the intestines. In naturally infected T zillii there
was pale liver & gills, and in other cases revealed
congested and hemorrhagic kidneys and inflamed
intestines filled with mucus and enlarged gall
bladder. Otherwise, in naturally infected M.seheli
there was pale liver with hemorrhagic spots and pale
gills. Some cases in M.cephalus showed hemorrhagic
gills and enlarged spleen. These results agreed nearly
with Golomazou et al., (2006), Robert et al., (2012)
and Eissa et al., (2013).This may be attributed to
the manner of infection in fish consist of three main
steps: (i) the bacterium penetrates the host tissues
by chemotactic motility; (ii) bacterium deploys iron-
sequestering systems within the host tissues the,
e.g., siderophores, to “steal” iron from the host; and
(iii) the bacterium damages the fish by means of
extracellular products, e.g., hemolysins and proteases
according to Larsen and Boesen ,(2001).

The master factor that permits vibrios to survive
and can cause infection within their host is their
iron-sequestering systems (Tolmasky et al.,
1988). These systems center upon the production
of iron-scavenging compounds which known as
siderophores and the consequent transport of the
ferric-siderophore complex back into the cell cytosol
(Crosa, 1997and Actis et al., 1999).

So, according to researchers Anzaldi and Skaar,
(2010) and Kustusch et al., (2011) who found that

there are iron-scavenging compounds siderophores
known as vibrioferrin in vibrio species, these
siderophores are the base of iron-sequestering
systems in these bacteria helping them to uptake
of iron from tissues of the hosts to their cytsol.
So, it could be investigated that bacteria used iron
into infected fishes and that lead to decrease their
concentration in the different organs.

In this study, the isolated bacteria were gram —ve
motile, fermentative catalase and oxidase positive,
VP, H2S, URE -ve and there were yellow and
green colonies and code number on API20E strips
was 0146125 & 4047125 for V. alginolyticus and
401604 for V. parahemolyticus while Buller, (2004)
described V. anguillarum isolated from fish as
Gram-negative, motile and fermentative in O/F test.
Isolates were positive for oxidase, catalase and Voges
proskauer. On the other hand, it was negative in
respect to H2S and urease tests. It grows well on
TCBS producing yellow colonies.

According to Tomotaka et al., (2003), several genes
are expected to be involved in the biosynthesis
and transport of vibrioferrin have been identified
in the surrounding genomic regions of the pvuA
gene. One of these genes called pvsA gene which
constitute an operon that is expressed under iron-
limiting conditions. In this study concerning gene
expression most isolates were molecularly identified
using the pvsA gene primers giving a product size of
338-bp size and 348-bp for V. alginolyticus and V.
parahemolyticus respectively.

In the present study, the seasonal prevalence of
vibriosis was found that the highest was recorded in
summer (81.25%) followed by spring (35%) then
autumn (23.75%) and winter (18.75%). The seasonal
prevalence among examined fishes revealed that;
in T zillii was (95%) in summer followed by spring
(75%) then autumn (50%) and winter (40%), In M.
seheli was (80%) in summer followed by spring
(30%) then (25%) autumn and winter (15%), In S.
auratus was (70%) in summer followed by spring
(20%) then (10%) autumn and winter (15%), in
M.cephalus was (80%) in summer followed by 20,10
and 5% for spring ,autumn and winter respectively.
These results nearly agreed with Eissa et al., (2013)
who found that the highest seasonal prevalence

JHELLENIC VET MED SOC 2019, 70(1)
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was recorded in summer followed by spring then
autumn and winter. Also, it was found that seasonal
prevalence of Vibrio alginolyticus in S. auratus and
T. zillii high in summer followed by in spring then
autumn and at the last the winter. Also, these result
in agreement with Lee et al., (2006) and Ming et al.,
(2011) who all confirmed that the temperature is the
main predisposing factor of vibriosis and help in its
development.

Owing to prevalence of vibriosis in the examined
fishes, the highest prevalence was recorded in
Tzillii (63.75%) followed by M.seheli (37.5%) then
S.auratus and M.cephalus (28.75%) .Which nearly
similar to Enany et al., (2011) who reported that
V.alginolyticus was isolated from M.capito with
percentage 37.5%. These results agree with Wafeek
et al., (2007) who isolated V.alginolyticus from
Grey mullet fish (M.cephalus) collected from Sharm
El-Sheikh with high percent (39%). This may be
attributed to the high immune response in S.auratus
and M.cephalus rather than T.zilli.

Regarding to total prevalence, it was found in
examined species (39.69%) which is slightly higher
than which recorded by Eissa et al., (2013) who
revealed that the total prevalence of vibriosis among
naturally infected marine fishes (36%).The result
is lower than that obtained by Adebayo-Tayo et al.,
(2011) who recorded (44.2%) of examined seafood
samples obtained from Oron creek infected with
vibrio spp. Also, it was lower than which obtained
by Balebona et al., (1998) who reported (67.8%) in
three fish farms with intensive culture of gilt-head
seabream, S.aurata L. in southwestern Spain infected
with vibrios. That attributed to number of fish, age,
site of collection and water temperature.

Regarding to prevalence of vibriosis in different
organs of examined fishes, It was shown that the
highest prevalence of vibriosis in liver (38.22%)
followed by kidneys (33.12%) then spleen (17.83%)
and gills (10.8%) which are similar to Eissa et
al., (2013) who recorded the same arrangement in
V.alginolyticus. These results can be explained that,
the liver and kidneys are the common target organs

of infection. Similarly to El-Bassiony, (2001) who
reported that liver was the highest organ (4 isolates)
followed with kidney and spleen about (3 isolates)
And not agreed with Wafeek et al., (2007) who
approved that the distribution of V.alginolyticus in
different organs was higher in mouth, gills, liver,
kidneys and spleen.

Concerning to challenge test, the mortality rate
increased in 7. zillii that mostly high in the first three
days post inoculation in the two inoculation methods
(I/P ,I/M) then decreased continuously reached
the total mortality rate 80% and 70% respectively
The re-isolation and identification of inoculated
bacteria from the challenged Tilapia proved that,
it was corresponded to the same tested strain for
challenge the infected fish revealed the same clinical
and postmortem changes nearly as Vibriosis. Infected
fish revealed ulcers, hemorrhages all over the body
and dorsal fin. Besides, pale liver and gills, enlarged
gall bladder and congested kidneys which agreed
with Sakata and Hattori (1988) who found that
experimental moribund tilapia revealed signs of a
hemorrhagic septicemia as the same as the natural
disease. This proved that the injected V. alginolyticus
strain was mostly virulent.

Concerning the histopathological results induced
by vibriosis in examined fishes, severe congestion,
hemorrhages and degenerative changes were
observed in most types of fish and this could be
attributed to the severity of isolated strains. Our
results come in agreement with Roberts, (2001a),
El-Bassiony, (2001) and Stephens et al., (2006).

CONCLUSION

1-Seasonal prevalence of vibrio spp. was highest in
summer followed by spring, autumn and winter.
2-PCR vyielded amplification for V.alginolyticus and
V.parahemolyticus strains isolated from some marine
fish representing pvsA gene and is considered as an
important tool for diagnosis.

CONFLICT OF INTEREST
The authors declare no conflict of interest. Bl

JHELLENIC VET MED SOC 2019, 70(1)
TIEKE 2019, 70(1)



1346

L.LAM. EISSA, S.N. ABOU-ELGHEIT, A.A. DESSUKI, A. A.I. HASSANIN, L. T. MOSTAFA

REFERENCES

-Actis, L. A.; Tolmasky, M. E. and Crosa, J. H. (1999): Vibriosis. In: Woo,
P.T.K., Bruno, D.W. (Eds.), Fish Diseases and Disorders, vol. 3. CAB
Intern., Publ., United Kingdom, pp. 523— 558.

-Adebayo-Tayo, B. C.; Okonko, I. O.; John, M. O.; Odu, N. N.; Nwanze,
J. C. and Ezediokpu, M. N. (2011): Occurrence of Potentially
Pathogenic Vibrio Species in Sea Foods Obtained from Oron Creek.
Advances in Biological Research 5 (6): 356-365.

-Alcaide E., (2003): Numerical taxonomy of Vibrionaceae isolated from
cultured amberjack (Serioladumerili) and surrounding water, Curr.
Microbiol.46:184-189.

-Alicia, E.; Toranzo, T.; Magarinos, B. & Romalde, J. L. (2005): A review
of the main bacterial fish diseases in mariculture systems. Aquac.,
246: 37-61.

-Anzaldi, L.L., and Skaar, E.P. (2010): Overcoming the heme paradox:
heme toxicity and tolerance in bacterial pathogens. Infect Immun78:
4977-4989.

-Austin B. and Austin D. A. (2007): Bacterial fish pathogens Diseases of
farmed and wild fish B. Fourth Edition. ISBN 978-1-4020-6068-7;
Springer Dordrecht Berlin Heidelberg New York.

-Balebona, M.C; Zorrilla, I.; Morinigo,A . and Borrego, J.J. (1998): survey
o bacterial pathologies affecting farmed gilt-head seabream (sparusau-
ratal.) in southwestern Spain from 1990 to 1996. Aquaculture,
166;19-35.

-Buller, N.B. (2004): bacteria from fish and other Aquatic Animals:
Apractical Identification Manual. CABI Publishing, Cambridge.

-Crosa, J. H. (1997): Signal transduction and transcriptional and post tran-
scriptional control of iron-regulated genes in bacteria. Microbiol. Mol.
Biol. Rev.61:319-336.

-Cruickshank, R.; Duguid, J. P.; Marmion, B. P. & Swain, R.H. (1982):
Medical Microbiology, 12th Ed., Vol. 11: The Practice of medical
microbiology. Churchill living stone, Edinburg, London.

-Devi R, Surendran P, Chakraborty K (2009): Antibiotic resistance
and plasmid profiling of Vibrio parahaemolyticus isolated from
shrimp farms along the southwest coast of India. World J Microbiol
Biotechnol 25:2005-2012.

-Eissa IA.M., Derwa H.I., Maather El-Lamei, Amina Desuki, Mona S.
Zaki, Hasna El-Sheshtawy (2013): Iron in water and some marine
fishes in relation to vibriosis at Lake Temsah Life Science Journal
2013;10(3) http://www.lifesciencesite.comeissavet29@yahoo.com

-El-Bassiony (2001): Study on vibriosis in some cultured fish in Egypt.
PhD., Fish Dis. &Hyg., Fac. Vet. Med., Alex. Uni.

-Elgendy,M.Y., M. Abdelsalam , M. Moustafa , A.M. Kenawy and A.
Seida, (2015) Caligus elongates and photobacterium damselae subsp
pisicida concomitant infections affecting broodstock European sea-
bass, Dicentrarchus labrax , with special reference to histopatho-
logical responses. J. Aquacult. Res. Dev., Vol.6.10.4172/2155-
9546.1000346.

-Enany M. EL; Ibrahim H. M.; Abou El Atta, M. ElL.; El Adawy, M. M.
(2011): Bacteriological and histopathological studies on some bacteri-
al pathogens causing diseases In cultured Mugil capito fish in Ismailia
Governorate.

-Farmer III, J.J. and Hickman Brenner, F.W. (1992): The genera Vibrio
and Photobacterium In: Balows, A, TruEper, H.G.,Dworkin,
M., Harder, W.,& Schleifer, K.H.(Eds.). (1992), The Prokaryotes Vol.IT
(pp-2952-3011). New York, NY: Springer Verlag, 2nd ed.

-Golomazou, E.; Athanassopoulou, F.; Vagianou, S.; Sabatakou,
O. Tsantilas, H.; Rigos, G. &kokkokiris, L. (2006): Diseases of
White Sea Bream (DiplodussargusL.) Reared in Experimental and
Commercial Conditions in Greece Turk. J. Vet. Anim. Scin., 30: 389-
396.

-Kolkovski,S, Kolkovski J . Int. Aquafeed (2011): 14(2), 28-31.

-Kustusch, J. R.; Kuehl, J. C. and Crosa. H. G (2011): Power plays: iron
transport and energy transduction in pathogenic vibrios. Biometals.
24(3): 559-566.

-Larsen, M.H., Boesen, H.T., (2001): Role of flagellum and chemotactic
motility of Vibrio anguillarum for phagocytosis by and intracellular
serviva in fish macrophages. FEMS Microbiol. Lett. 203, 149-152.

-Lee, K.K. (1995): Pathogenesis studies on Vibrio alginolyticus in the
grouper, Epinephelus malabaricus Bloch et Schneider. Microbial
Pathogenesis.19, 39-48.

-Lee, J. K.; Jung, D.W.; Yoon, K.S.; Yoon, S.K. &Kwak, N. S. (2006):
Effect of diluent salt concentration and pH on the Enumeration of
Vibrio parahaemolyticus by direct plating on selective agar. Food Sci.
Biotechnol. 15: 866-870.

-Lipp E.K., Huq. A., Colwell. R.R., (2002): Effects of global climate on
infectious disease:

The cholera model, Clin. Microbiol. Rev.15:757-770.

-Ming-Xia Chen, He-Yang Li, Gang Li, and Tian-Ling Zheng ((2011:
Distribution of Vibrio alginolyticus like species in Shenzhen coastal
waters, China, Braz J Microbiol. 42(3): 884-896.

-Roberts RJ. “Fish pathology” 3rd Edition, (2001): Bailliere tindall,
London England.

-Roberts, R.J. (2001a): Fish pathology, 3rd ed. W.B. Saunders,
Philadelphia, PA.

-Robert, B., Moeller, Jr. (2012):”Bacterial fish Diseases” California
Animal Health and Food Safety Laboratory System University of
California.

-Sadek, S. (2000): Sea bream culture in Egypt; status, constraints and
potential. Fish Physiol. Bioch., 22: 171-178.

-Sakata, T., Hattori, M., (1988): Characteristics of Vibrio vulnificus iso-
lated from diseased tilapia (Saratherodon niloticus). Fish Pathol.23,
33-40.

-Stephens, F. J., Raidal, S. R., Buller, N. and Jones, B. (2006): Infection
with Photobacterium damselae subspecies damselae and Vibrio har-
veyi in snapper, Pagrus auratus with bloat. Austrilian Veterinary J,
84(5): 173-177.

-Thompson JR, Randa MA, Marcelino LA, Tomita-Mitchell A, Lim E,
Polz MF (2004): Diversity and dynamics of a north Atlantic coastal
Vibrio community. Appl. Environ. Microbiol., 70: 4103-4110.

-Tolmasky ME, Actis LA, Crosa JH. (1988): Genetic analysis of the iron
uptake region of the Vibrio anguillarum plasmid pJM1: molecular
cloning of genetic determinants encoding a novel trans activator of
siderophore biosynthesis. J Bacteriol.1988;170:1913-1919.

-Tomotaka Tanabe, Tatsuya Funahashi, Hiroshi Nakao, Shin-Ichi Miyoshi,
Sumio Shinoda, and Shigeo Yamamoto (2003): Identification and
Characterization of Genes Required for Biosynthesis and Transport of
the Siderophore Vibrioferrin in Vibrio parahaemolyticus. Faculty of
Pharmaceutical Sciences, Okayama University, Okayama 700-8530,
Japan.

-Untergasser, A., H. Nijveen, X. Rao, T. Bisseling and R. Geurts (2007):
Primer3Plus, an enhanced webinterface to Primer3. Nucl. Acids Res.,
35: W71-W74. DOI: 10.1093/nar/gkm306.

-Wafeek M, Abou El Atta, M. and Ebrahem, G. (2007): Heavy metals and
bacterial distribution in different organs of Grey mullet (Mugil ceph-
alus) cultured in different environmental conditions. Egypt J. Aquat.
Biolo &Fish, Vol. 11, No3; 1125-1144.

JHELLENIC VET MED SOC 2019, 70(1)
TIEKE 2019, 70(1)


http://www.tcpdf.org

