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Abstracts: Clinical examinations of fish in several cultured fish farms located in different provinces of Saudi
Arabia  revealed  the  presence of some signs and symptoms similar to those reported for vibriosis. A total of
370  naturally  diseased  live  fishes  including, Nile tilapia (Oreochromis niloticus L), marine tilapia
(Oreochromis spilurus L), grey mullet (Mugil cephalus L), sea bass (Dicentrachus labrax L) rabbit fish
(Siganus rivulatus L) and catfish (Carus gariepinus L), were collected from 17 freshwater and marine farms
located in different regions of Saudi Arabia. The bacteriological analysis of the diseased fishes resulted in
recovery of 62 Vibrio spp. The isolates were identified as Grimontia (=Vibrio) hollisae (54.5%), Vibrio.
fluvialis (20.5%), Photobacterium (=Vibrio) damselae (12.6%), V. alginolyticus (6.8%) and V. vulnificus (4.5%).
The incidence of vibrios infection varied among fish type with highest incidence rate in O. spilarus (30% of the
total examined fishes) and lowest one in O. niloticus (12.8%). In addition, the incidence of Vibrio species
infection among naturally infected fishes varied remarkably from province to another. The pathogenicty of the
isolated vibrios to Nile tilapia (O. niloticus) was confirmed using an experimental pathogenicity test. The
susceptibility test of the isolated Vibrio spp to different antibiotics indicated the occurrence of some Vibrio
isolates with multiple antibiotic resistance. To best of our knowledge, this is the first report about isolation of
vibrios from infected cultured fish in Saudi Arabia.

Key words: Vibrio spp.  Cultured fishes  Fish pathogens  Nile tilapiaia  Vibriosis

INTRODUCTION food sources, treated inlet water and less frequently

Aquaculture is an emerging industrial sector which Bacterial infections are considered to be a major cause of
requires continued research with scientific and technical mortality in fish hatcheries and bacteria most frequently
developments and innovation. The world aquaculture associated with disease in farmed fish and shellfish are
production in 2001 was approximately of 37.9 million tons, species within the family Vibrionaceae. The genus Vibrio
which represents around 41% of that obtained from and closely associated genera within the Vibrionaceae
extensive captures for human consumption [1, 2]. now comprise a group of over 80 easily cultured, Gram
However, bacterial disease outbreaks represent a negative, heterotrophic bacteria commonly isolated from
significant constraint on the production of cultured fish marine and freshwater environments, members of which
and shellfish [3-5]. The aquatic environment contains a are fast growing opportunists that typically dominate the
plethora of obligate and opportunistic bacterial pathogens bacterial flora of plankton and the intestinal microbiota of
as well as beneficial and neutral bacterial strains. In fish [8, 9]. Several Vibrio species are well recognized for
hatchery facilities, the environmental conditions and their ability to cause fish disease, in addition, mortality
sometimes  poor  management practices can cause stress caused by vibrios in reared fish and shellfish is very
to the fish being cultured and thus make them more common during early larval stages and can occur
susceptible to microbial infection [4-6]. Bacteria are suddenly, leading sometimes to death of the entire
introduced to the fish farm through natural or artificial population  [8,  10,   11].   Due   to   recent   progress   and

through vertical transmission from broodstock [5, 7].
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development of fish aquaculture in Saudi Arabia, this Susceptibility to  Antibiotics:  Antibiotic  susceptibility
work was  performed  to investigate the existence of of the isolated Vibrio spp was determined by the agar
Vibrio species and their ability to cause infection in disc diffusion assay [15]. Bacterial suspensions prepared
cultured fish in Saudi Arabia, accordingly therapeutic in sterile saline solution (0.85%) matching an optical
recommendations and guidance for disease control and density of 0.5  McFarland,  standard  corresponding to
prevention could be provided. 10  cfu/ml and diluted 1:100 in physiological saline were

MATERIALS AND METHODS USA). Each antibiotic was run in duplicate on freshly

Fish  Samples  Collection:  A  total  of  370  live  fishes  of tested antibiotics were: amoxycillin (10 µg),
40-250 gram weight with disease signs were collected from oxytetracycline (30 µg), ampicillin (10 µg), penicillin (5 IU),
17 freshwater and marine farms located in different chloramphenicol (10 µg), sulphonamide (25 µg), cloistin
provinces,  Saudi  Arabia,  over  the period of April, 2003 (25 µg), tetracycline  (30  µg),  lincomycin  (10  µg),
to July, 2004. Samples included: 250 Nile tilapia fishes trimthoprime (25 µg), nalidixic acid (30 µ g), nitrofurantoin
(Oreochromis niloticus L), 40 marine tilapia (Oreochromis (100 µg) and oxolinic acid (2 µg). Antibiotics discs were
spilurus L), 10 grey mullet (Mugil cephalus L), 38 sea purchased from Bio-Rad laboratory (Marnes-la-Coquette,
bass  Dicentrachus  labrax  L  and  12  rabbit  fish France). Reference strain of Escherichia coli ATCC 25922
(Siganus rivulatus L) and 20 catfish (Clarus gariepinus was used as control organism
L). In addition, 216 live healthy Nile tilapia of 70 ± 10 gram
weight were collected for using in the "experimental Experimental Infections of Isolated Vibrio  spp:  In order
infections assay". Live fishes samples were transported
to the laboratory within few hours, where they were
subjected to clinical and microbiological examinations. In
the laboratory, the samples were subjected to clinical
postmortal examinations after disinfection of the skin with
70% ethyl alcohol according to the methods previously
described [10,12] and the clinical signs and postmortem
findings of the sampled fish were recorded.

Bacterial Isolationand Identification: The fish were killed
by physical destruction of the brain and the number of
incidental organisms was reduced by washing the fish
skin with 70% ethanol before opening the ventral surface
with sterile scissors to expose the body cavity. In order to
prepare  the  samples  for bacterial isolation, initially
pieces approximately 20 g flesh samples were incised
aseptically using a sterile scalpel. These samples were
then homogenized in 100 ml of sterile saline solution
containing alkaline peptone solution (pH 8.6) sterilized
mortar and pestle. The homogenate obtained from this
process was then incubated overnight at 25 °C. Following
incubation, one milliliter aliquots of the homogenate
solutions  were  serially  diluted (10 to 10 ). Aliquots of1 7

0.1 ml of the serial dilutions were inoculated onto
thiosulfate citrate bile sucrose salt Agar (TCBS) and
vibrio Agar (VA), (Becton-Dickinson, NJ, USA) in
duplicate by the spread plate method and the plates were
incubated at 25°C for 72-96 h. The putative Vibrio
colonies; yellow–greenish-blue in color, on TCBS agar
media were picked and subjected to bacterial identification
using routine biochemical tests and API-20E strip
(BioMereuix, Durham, NC, USA), [13, 14].

8

inoculated by lawn onto Muller- Hinton agar (Difco, KS,

prepared agar plates and incubated for 24 h at 25°C. The

to confirm the pathogenicity of the isolated Vibrio spp.,
an experimental challenge test was conducted according
to the method reported by Aly et al. [16]. A random
selection  of  216  apparently  healthy  Nile  tilapia fishes
O. niloticus L (average body weight of 70±5 g,) were
distributed  in  36  glass  aquaria (60×70×50) containing
150 L of water, stocked at a density of six fish per
aquarium. They were acclimatized in the aquaria for two
weeks and fed on the basal diet twice a day. The aquaria
were supplied with dechlorinated tap water that was
partially renewed daily and continuous aeration was
provided by using an air pump. No signs of disease or
mortalities were observed at this time during the period of
experiment. Fish were divided into twelve groups (each in
a three replicates). Bacterial suspensions of five different
Vibrio species (isolated in this study) were prepared by
growing cultures in tryptic soy Broth (TSB) overnight at
room temperature, collecting the cells by centrifugation
(3000×g, 5–10 min) and washing 3× in sterile saline
solution. Bacterial concentrations were determined by
measuring the optical density at 490 nm (OD490) and
comparing values to a standard curve made by plotting
optical density (OD490) versus plate counts on tryptic
soya plates. Fish from Group 1-5 were inoculated intra-
muscularly (IM) with 0.2 ml of each of the prepared
bacterial suspension. Fish from group 6-10 were
inoculated intra peritoneal (IP) with 0.5 ml of same
bacterial suspension. Group 11 and 12 were inoculated
with 0.2 ml and 0.5 ml sterile saline solution (IM and IP,
respectively) and these two Groups served as negative
controls. All fish Groups were observed daily for 10 days
and mortality rate were recorded.
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RESULTS Bacterial  Isolation  and  Identification:  During  the

Clinical and Postmortem Examination: Clinical belonging   to    the    genus    Vibrio   were   detected  in
examination of naturally infected fishes collected from 62 samples out of 370 total collected diseased fishes.
different fish farms in Saudi Arabia revealed the presence Bacterial  colonies  grown  on  TCBS  medium were
of disease symptoms on some fish represented by skin yellow-green big, smooth and convex or bit flat, Gram
darkness and scales detachment, small and large area of negative, motile rods, oxidase positive and sensitive to
hemorrhages distributed over many parts of the body vibriostatic agent O/129. Biochemical testes and API 20E
particularly at fins base, mouth region, abdomen area identified  the  isolates  as  five  different  Vibrio spp.
(ecchymosis), which varied in its severity from fish to fish. (Table 1), including Photobacterium damselae subsp.
Furthermore, abdominal swellings and anal protrusion and Damselae (=Vibrio damsela), (n=8), Vibrio fluvialis
congestion were also observed on some samples. It was (n=19), Vibrio vulnificus (n=2), Vibrio alginolyticus (n=3)
noticed that one or both eyes were congested and and Grimontia hollisae (=Vibrio hollisae), (n=30).
exophthalmed  with different degree of intensity,
moreover, the presence of cataract (cloudiness) in one or Diseases Incidence of Fish with Vibrio spp: Vibrio spp.
both eyes of some fishes was also recorded. Postmortem
examination revealed that symptoms varied remarkably
among fish samples. Some fishes showed varied degrees
of congestion and enlargement of internal organs
especially liver, spleen and kidney. In addition to
congestion of intestines and accumulation of yellow or
bloody fluids in the abdominal cavity.

course of the present study, pathogenic bacteria

was detected in 16.8% of the total examined fish. The
occurrence frequency of different Vibrio spp varied
among the selected fishes (Table 2). S. rivulatus showed
highest infection with Vibrio spp. (50% of the total
examined   fishes),  followed    by   O.   spilarus  (30%),
M. cephalus (20%), D. labrax (18%), C. gariepinus (15%)
and   O.    niloticus,   respectively.   Grimontia   (=Vibrio)

Table 1: Biochemical characteristics of the isolated Vibrio spp. (n=62)
Percentage of isolates positive to the test (%)
----------------------------------------------------------------------------------------------------------------------------------------------------------

Test P. damselae (n=19) V. fluvialis (n=8) V. vulnificus (n=19) G. hollisae (n=30) V. alginolyticus (n=5)
Grow with 0% NaCl 0 0 0 0 0
Grow with 3% NaCl 100 100 100 100 100
Grow with 6% NaCl 100 100 100 100 100
Grow with 10% NaCl 100 58 58 53 100
Grow with 12% NaCl 25 0 0 13 0
Motility 100 100 100 100 100
Cytochrom Oxidase 100 100 100 100 100
Citrate Utilization 0 74 0 50 0
H S production 0 0 0 0 02

Urease 0 0 0 0 0
Tryptophan Deaminase 0 0 0 0 0
Indol production 0 0 0 100 100
Voges-Proskauer 88 0 0 0 67
Gelatin hydrolysis 0 74 0 100 67
Ortho-N galactosidase 0 36.1 0 100 0
Arginin Dihydrolysis 100 95 0 100 0
Lysine Decarboxylase 38 0 0 0 100
Ornithin Decarboxyalse 0 0 0 50 67
Fermentation of: Glucose 100 95 0 100 100
Mannitol 0 100 0 0 0
Inositol 0 0 0 0 0
Sorbitol 0 21 0 0 0
Rhaminose 0 0 0 0 0
Sucrose 0 0 0 0 100
Melibiose 0 10.5 0 0 0
Amygdalin 0 0 0 100 0
Arabinose 0 80 0 0 0
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Table 2: Incidence and distribution of Vibrio spp among the examined infected fishes

Total No. of Percentage of incidence

Fish P. damselae V.fluvialis V. vulnificus V. alginolyticus G.hollisae Vibrio spp. of Vibrio spp (%)

O. niloticus (n=250) 6 9 2 3 12 32 12.8

O. spilarus (n=40) - - - - 12 12 30.0

M. cephalus (n=10) 2 - - - - 2 20.0

D. labrax (n=18) - 7 - - - 7 18.4

S. rivulatus (12) - - - - 6 6 50.0

C. gariepinus (20) - 3 - - 3 15.0

Total = 370 8 19 2 3 30 62 16.8

Table 3: Incidence of Vibrio spp. among the examined infected fishes collected from different farms located in different provinces, Saudi Arabia

Number of Number of Number of fishes Infection incidence

Region fish farms examined fishes infected with Vibrio percentage (%)

Central Province 8 196 30 15.3

Eastern Province 3 58 6 10.3

Western Province 5 106 24 22.6

Southern Province 1 10 2 20.0

Total 17 370 62 16.8

Fig. 1: Percentage of antibiotics resistant of different isolated Vibrio spp.

hollisae    had      the      highest      species     occurrence Antibiotics Susceptibility: Antibiotic susceptibility of
of  the  isolated  vibrios  (48.9  % of the total isolated isolated strains indicated that a significant variation of
Vibrio spp.), followed by V.fluvialis (30.6%), different Vibrio spp sensitivity to different antibiotics.
Photobacterium (=Vibrio) damselae (12.9%), Most isolates were relatively highly sensitive to
V.alginolyticus (4.8%) and V. vulnificus (3.2%), chloramphenicol, trimthoprime, colistin and tetracycline
respectively.  The  results   also   revealed   different with resistant isolates in the range of 14.5% to 33.9% of
vibrios existence ratios in different fish organs with the total isolates. They exhibited moderate sensitivity to
highest rate in kidney (n=24/62), followed by spleen nalidixic acid and oxolinic acid, oxytetracycline, with
(n=20/64) and liver (n=18/62), respectively. Regarding the resistant isolates in the range of 45.2% to 67.7% of the
farms location, it was found that fish farms located in the total isolates. However, the strains sensitivity was
western provinces of Saudi Arabia showed the highest relatively weak to nitrofurantoin, ampicillin, lincomycin,
infection (22.6%) while that located in the eastern sulphonamides, penicillin and amoxicillin with resistant
province had the lowest infection rate with Vibrio spp. isolates in the range of 70.9% to 83.9% of all the isolates
(10.3%), (Table 3). (Table 4; Figure 1).
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Table 4: Antibiotics susceptibility of different isolated Vibrio spp. isolates

Percentage of resistant isolates (%)
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

Antibiotic P. damselae V. fluvialis G. hollisae V. vulnificus V. alginolyticus

Trim 50.0 31.6 20.0 100.0 66.7
Tetra 37.5 63.2 6.7 100.0 66.7
Sulph 100.0 89.0 70.0 100.0 100.0
Peni 100.0 79.0 80.0 100.0 100.0
Oxytet 50.0 79.0 66.7 100.0 33.3
Oxoli 75.0 47.4 46.7 0.0 100.0
Nitro 75.0 57.9 80.0 0.0 100.0
Nalidix 25.0 36.8 63.3 0.0 33.3
Linc 62.5 79.0 83.3 100.0 66.7
Colist 62.5 26.3 26.7 0.0 66.7
Chlo 37.5 26.3 0.0 0.0 33.3
Amp 62.5 84.2 70.0 100.0 33.3
Amo 87.5 89.5 80.0 100.0 66.7

Table 5: Experimental infections of Nile tilapia (O. niloticus L) by the isolated Vibrio spp. Fishes were inoculated intra-muscularly (I/M) and intra peritoneal
(I/P) with 0.2 ml and 0.5 ml of each of the prepared bacterial suspension, respectively. Control fishes were inoculated with 0.2 ml and 0.5 ml sterile
saline solution (IM and IP)

No. of dead fish (mortality) during 10 days after inoculation*

-------------------------------------------------------------------------------------------
Isolate 1 2 3 4 5 6 6 7 8 9 10 Total dead fish The Cumulative (%) mortality

P.damselae I/P 1 1 16.7
I/M 0 0.0

V.fluvialis I/P 0 0.0
I/M 2 1 3 50.0

G.hollisae I/P 2 1 1 1 5 83.3
I/M 1 2 3 50.0

V.vulnificus I/P 4 1 5 83.3
I/M 2 1 1 4 66.7

V. alginolyticus I/P 3 1 4 66.7
I/M 1 1 2 33.3

Control I/P 0 0.0
I/M o 0.0

Total 27 37.5

 The number of dead fish is the means of three repeat*

Experimental Infections Assay: Table 5 shows the results DISCUSSION
of the experimental pathogenicity of the isolated vibrios
to Nile tilapia (O. niloticus L) fishes which revealed that Fish aquaculture is a growing industry in Saudi
the tested  strains were pathogenic to Nile tilapia fishes. Arabia;  however  microbial  infections frequently
It   also   indicated   high   virulence   of   V.   fluvialis  and constrain  the  development  of  such  valuable  industry.
V. vulnificus with mortality rates of 75% and 66.66% In this study, clinical examination of fish in several
respectively, with mortality of some fish after only one cultured fish farms located  in  different  provinces  of
day  of  injection,  followed  by  V.  alginolyticus,  (50%), Saudi  Arabia, revealed the presence of some clinical
G. hollisae (25%) and P. damselae (16.7%), respectively. symptoms similar to those reported for vibriosis diseases
Moribund fishes in the challenge-tested groups exhibited including, eye damage/exophthalmia, hemorrhaging in the
the same clinical sign as naturally infected fish. Pure mouth, gill damage, hemorrhaging at the base of the fins,
cultures of the inoculated strains were re-isolated from distended abdomen, hemorrhaging on the surfaces and
liver and kidney of moribund fish. There were no mortality muscles,   ulcers   and   hemorrhaging   around   the  vent
or disease symptoms in the control fish [2, 8, 17].
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Bacteriological analysis of the naturally infected Due  to  the  economical  importance  of  cultured Nile
fishes resulted in the isolation of five different Vibrio
species. Vibrios were detect in 16.6% of the examined
fishes including Photobacterium damselae subsp.
Damselae (former, V. damsela), V. fluvialis, Grimontia
hollisae   (former,   V.    hollisae),    V.    vulnificus    and
V. alginolyticus. All of the isolates showed phenotypic
and biochemical characteristics typical of the genus
Vibrio, being Gram-negative rod-shaped bacteria that are
fermentative, catalase and oxidase positive, motile by
polar flagella, sensitive to the vibriostatic agent, O/129
and have a requirement for sodium chloride which are in
agreement with that reported for Vibrio spp. [18, 19, 20].
S. rivulatus showed highest infection with Vibrio spp.
followed  by   O.    spilarus,    M.    cephalus,   D.  labrax,
C. gariepinus and O. niloticus, respectively. Al-Harbi and
Uddin have reported the isolation of different Vibrio spp.
from healthy  cultured  O. niloticus in Saudi Arabia [21].
It was also found that the incidence of vibrios infection
varied among farms located in different provinces which
may indicate difference management practices (inadequate
nutrition, overcrowding and overfeeding) in different
farms which can cause stress to the fish being cultured
and thus make them more susceptible to microbial
infection  [4,  5,  6,  22].  G.  hollisae had the highest
species   percentage   of   the  total  isolated Vibrio  spp.,
by   V.   fluvialis,   P.   damselae,  V.   alginolyticus   and
V. vulnificus, respectively.

G. hollisae is considered as low risk fish pathogens,
however, there is limited information pointing to a role for
G. hollisae in fish pathology. Specifically, the organism
has been recovered from amberjack (Seriola dumerili)
with  vibriosis,  i.e.  haemorrhagic  septicaemia   [20,   23].
V. fluvialis (30.6%) has been implicated as the cause of
limp lobster disease of the American lobster, Homarus
americanus  and  pustule  disease   of  abalone  [24,  25].
P.  damselae  subsp. Damselae (12.9%) was recovered
from wide  range  marine  animals,  including  sharks,
turbot (Scophthalmus maximus), yellowtail (Seriola
quinqueradiata) and red-banded sea bream (Pagrus
auriga) [17, 20]. V. alginolyticus (4.8%) has caused large-
scale  mortalities  in  silver  sea  bream  (Sparus sarba),
gilt-head sea bream (S. aurata), cultured black sea bream
(Mylio macrocephalus) and Dicentrachus labrax in
several countries [26, 27, 28]. V. vulnificus which
represent 3.2%, of the isolated vibrios in this study is
considered as high risk fish pathogens organisms [8, 20].
The organism was recognized as a serious pathogen and
caused substantial mortality of farmed eel and ovate
pompano in several countries [17, 26, 29, 30].

tilapia  (O.  niloticus  L)  in  Saudi  Arabia,  it  has been
used in  the  experimental   assay   test.   We  confirmed
the  pathogenicity  of  the  all  the  isolated  Vibrio spp. to
O.  niloticus   using   a  challenge  test.  V.  fluvialis  and
V.  vulnificus  showed highest virulence with fish
mortality   of  75%    and    66.7%   respectively   followed
by    V.    alginolyticus   (50%),   G.hollisae    (25%)   and
P. damselae (16.7%) respectively. It was found that
intrapeurtinal  injection  of  bacterial  suspension  was
more  effective  than intramuscular or a subcutaneous
injection  to induce  the  disease  which   is   in  contrast
to  the results  reported  by  Aly et al. where
intramuscular was more effective [16]. It is worth
mentioned that  evolution  of   the   fish  disease
symptoms and the degree of its severity includes complex
series of factors, including bacterial virulence, fish
immunity, fish genetic factors and the physiological
status, as  well  as  the  environmental stress conditions
[3, 4, 5]. The antibiotics susceptibility of the isolated
Vibrio spp. indicated the emergence of multi antibiotics
resistant strains. The impact of the intensive use of
antimicrobial agents worldwide for prophylactic and
therapeutic purposes has been associated with the
increase of bacterial resistance in the exposed microbial
environment  [31]. Currently, multiple antibiotics
resistance has been reported in wide range fish pathogens
[31, 32, 33]. Reservoirs of antibiotic resistance can interact
between different ecological systems and potential
transfer of resistant bacteria or resistant genes from
animals  to  humans  may occur through the food chain
[29, 34, 35].

In   conclusion    several    vibrios    were   isolated
from   diseased    cultured   fish   in   Saudi  Arabia; hence
it   may   contribute   to   the   occurrence   of  infection
and  sporadic  epidemics  in  fish  farms  in Saudi Arabia
cultured fish firm. There was a significant variation of
Vibrio species incidence fish farms located in different
provinces of Saudi Arabia; moreover, emergence of many
multi antibiotics resistant vibrios in the infected fish was
recorded. Therefore, intensive research programs are
required with the continued long-term observation and
study of the pollution of the freshwater or marine
environment as preventive measures to protect the health
of fish and human consumers. This is the first report
about isolation of vibrios from infected cultured fish in
Saudi Arabia which may lead to development of better
management strategies in the cultured fishes in Saudi
Arabia
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