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Introduction

Fish diseases of bacterial origin have been one
of the most important factors of economic loss
since the beginning of marine fish culture
(Balebona et al., 1998). Bacteria of the genus
Vibrio are ubiquitous in marine and estuarine
aquatic ecosystems in which finfishes and
shellfishes occur naturally and are farmed (Denner
et al., 2002; Heidelberg et al., 2002). Several Vibrio spp.
form part of the natural biota of fish and shellfish
(Ruangpan and Kitao, 1991; Otta et al., 1999) and
these bacteria behave as opportunistic fish
pathogens in marine environments.  The onset of
vibriosis is generally associated with deteriorating
culture conditions or physical damage to the
cultured fish (Colorni et al., 1981).  Susceptibility
to Vibrio infections can be caused by a number of
environmental and host factors causing fish to be

stressed (Anderson, 1990). Environmental factors
such as rapid changes in water characteristics
including temperature, salinity, organic content and
low oxygen levels (Anderson, 1990; Newman,
1993) are associated with vibriosis outbreaks in
fish farms.  The principal bacteria identified in
epidemic diseases of marine finfishes and shellfishes
are Vibrio anguillarum, V. alginolyticus,

V. fluvialis, V. furnissii, V. harveyi,

V. parahaemolyticus and V. vulnificus  (Buck,
1990; Lightner et al.,1992).

Vibrio parahaemolyticus is one of the major
Vibrio species associated with vibriosis in marine
shellfish (Lee et al., 2003). To date, there are several
reports on the pathogenecity of
V. parahaemolyticus in marine finfish.
V. parahaemolyticus has been isolated from skin
ulcers in red seabream and other marine fishes in
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Japan (Kusuda et al., 1979; Hatai et al., 1981).
Wong and Leong (1986) reported
V. parahaemolyticus as a predominant species
associated with vibriosis in the kidney or spleen of
Lates calcarifer. Liao et al. (2004) reported
V.  parahaemolyticus as one of the secondary
invaders along with other vibrios in cobia culture
in Taiwan. These bacteria are also important in
public health and many of them are capable of
producing gastrointestinal disorders in humans who
have ingested contaminated fish and shellfish
(Nolan et al., 1984).

According to Bergey’s manual of systematic
bacteriology (Brenner et al., 2005), members of
the genus Vibrio (Family:Vibrionaceae) are Gram
negative, usually motile rods having a facultative
fermentative metabolism. They are generally able
to grow on marine agar and on the selective medium
thiosulfate-citrate bile salt-sucrose agar (TCBS),
and are mostly oxidase positive.  We made an
attempt for phenotypic characterisation and to
study the antibiotic sensitivity of
V. parahaemolyticus strains isolated from diseased
groupers (Epinephelus spp.). The study formed part
of the research work on identification of specific
cell wall antigens of V. parahaemolyticus so as to
develop an indirect enzyme linked immunosorbant
assay (ELISA) technique for rapid detection of
V. parahaemolyticus.

Materials and methods

Test strains:  Diseased groupers (Epinephelus

malabaricus and E. tauvina) from different disease
incidences were screened for vibrios using
thiosulfate citrate bile salt sucrose (TCBS) agar,
(Difco) agar supplemented with 2% NaCl. The
isolations were done from kidney and blood of the
diseased fish. Out of the presumptive vibrio isolates
obtained on TCBS agar, the sucrose non-fermenting
isolates (16 numbers) were tested for sensitivity to
10 ì g as well as 150 μg 0/129 vibriostatic discs.
The isolates which were resistant to 10 μg and
sensitive to 150 μg discs were further tested for
detailed phenotypic characteristics by performing
a series of biochemical tests for identification up
to species level as per Alsina and Blanch (1994)
and Brenner et al. (2005). The phenotypic and

biochemical reactions were compared with that of
a type strain of V. parahaemolyticus (MTCC 451)
procured from the Microbial Type Culture
Collections of the Institute of Microbial
Technology (IMTECH), Chandigarh.

Phenotypic characterisation of the test isolates :

The strains were characterized based on  their
growth on selective media (TCBS agar, Difco),
colony characteristics, Gram staining, motility and
a series of biochemical tests, such as  amino acid
decarboxylase test,  sugar fermentation test,  growth
in salt tryptone broth to study halophilism, growth
at 42°C, cytochrome oxidase test, nitrate reduction
test, catalase test, methyl red and Voges Proskaeur
test, indole production, triple sugar iron agar (TSI)
and Kligler iron agar (KIA) reactions, oxidation/
fermentation (O/F) test, urease test, citrate utilization
test, O-nitrophenyl β-D galactopyranosidase ONPG
(â-galactosidase) test and gelatinase test (Holding
and Collee,1971; West and Colwell, 1984). All
media used for the test were supplemented with
2% NaCl (W/V).  The isolates were then identified
to species level according to Alsina and Blanch
(1994) and Brenner et al. (2005).

Kanagawa reaction to test haemolytic activity

(β – haemolysis): The Kanagawa reaction was
performed on Wagatsuma agar (Wagatsuma, 1967).
Haemolytic activity of the  bacterial strains were
tested by spot inoculating the strains onto each
freshly prepared and dried  Wagatsuma agar (Hi-
Media, India) containing a suspension of
mammalian/fish red blood cells. The plates were
incubated for 18 + 2 h at 37°C and observed for
presence of zone of haemolysis around the colony.

Antibiotic susceptibility testing: The nine
V. parahaemolyticus strains giving typical
reactions were tested for antibiotic susceptibility
on Mueller Hinton agar (Hi-Media, India)
supplemented with 2% NaCl, as per Kirby-Bauer
disk diffusion method (Bauer et al., 1996). The
isolates were tested using the antibiotic discs (Hi-
Media, Mumbai) for their susceptibility to a set of
ten antibiotics viz., streptomycin, sulphadiazine,
gentamycin, nitrofurantoin,  kanamycin,
chloramphenicol, nalidixic acid, neomycin,
amoxycillin and  oxytetracycline. The results were
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recorded on the basis of the diameter of the
inhibition zone from the zone size interpretative
chart supplied by the manufacturer. Organisms with
“intermediate” levels of resistance were included
in the percentage of resistant organisms for final
analysis.

Results

Phenotypic characteristics of the test strains:

Table 1 summarises the phenotypic characteristics
of the vibrio isolates used in the study. Out of the
suspected 10 isolates tested, 9 strains gave typical
reactions of V. parahaemolyticus as per Alsina and
Blanch (1994) and Brenner et al. (2005). The type
strain of V. parahaemolyticus (MTCC 451) also
gave identical reactions. One strain (V18) did not
grow at 8% salt level and also gave negative
reaction for fermentation of arabinose and positive
reaction for cellobiose.

Kanagawa reaction (β – haemolysis): All the
test strains and the MTCC reference strain of
V. parahaemolyticus gave negative reaction for
haemolytic activity on Wagatsuma agar indicating
that they were all Kanagawa negative.

Antibiotic sensitivity: The antibiotic sensitivity
pattern to individual antibiotics are summarised in
Table 2. All the strains tested were resistant to
sulphadiazine and amoxycillin.   About 78% of
the V. parahaemolyticus strains from diseased
groupers were found resistant to gentamycin, while
89% of the strains were resistant to kanamycin and
oxytetracycline. Among the various antibiotics
tested, chloramphenicol was found to be sensitive
to 89% of the strains. Streptomycin and nalidixic
acid were found sensitive to 67% while neomycin
was sensitive to 44% of the strains.

Discussion

Bacterial disease is one of the major problems
affecting production, development and expansion
of aquaculture.  The control of disease is
particularly difficult because fish are often farmed
in systems where production is dependent on
natural environmental conditions. Most of the
bacterial diseases are associated with changes or
deterioration of the aquatic environment.

Identification of the causative agents is important
to ensure successful control measures. Traditionally,
the diagnosis of infectious diseases has been
accomplished by the isolation of the infecting
microorganism in pure culture. Classical methods
of microbial isolation and identification have been
invaluable in the study of bacterial, viral and fungal
infections, even though these methods offer
disadvantages for the rapid diagnosis of infectious
diseases.

All the test strains used in the present study
were originally isolated from diseased groupers
(Epinephelus spp.).  Out of the sixteen non-sucrose
fermenting vibrio isolates, 10 presumptive
V. parahaemolyticus strains which were  found
resistant  to 10 μg and sensitive to 150 μg 0/129
vibriostatic discs were further tested for detailed
phenotypic characteristics. The phenotypic
variability of isolates from the environment and
from fish makes it difficult to distinguish accurately
between V. parahaemolyticus and other members
of the genus, particularly V. alginolyticus,
V. harveyi and V. mimicus by means of biochemical
tests. V. parahaemolyticus and V. alginolyticus are
very closely related (Wachsmuth et al., 1980). One
of the major difficulties in biochemical
identification of V. parahaemolyticus is the
variability in some of the activities such as
fermentation of sugars like sucrose, arabinose and
cellobiose (Karunasagar et al., 1997). However in
the present study, except V18 all other strains gave
typical reactions as per Brenner et al. (2005). The
type strain of V. parahaemolyticus (MTCC 451)
used in the present study also gave similar
biochemical and phenotypic characteristics.

All the test strains and the MTCC reference
strain of V. parahaemolyticus gave negative
reaction for haemolytic activity on Wagatsuma agar
indicating that they were Kanagawa negative.
However, all the strains used tested positive for
urease production. In the Kanagawa reaction test
for the presence of specific β- haemolysis on
Wagatsuma agar, a positive reaction correlates with
the human pathogenecity of the organism. Even
though most of the environmental strains of
V. parahaemolyticus are typically not human
pathogens, they cause disease in fish and shellfish
(Chen and Hanna, 1992; Montilla et al., 1994).
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Table 1.  Phenotypic characteristics of Vibrio parahaemolyticus strains

Biochemical tests Test strains

V8 V9 V10 V21 V23 V24 V97 V98 E45 V18 MTCC
451

Gram reaction - - - - - - - - - - -
Cell morphology short short short short short short short short short short short

rod rod rod rod rod rod rod rod rod rod rod

Growth on TCBS G G G G G G G G G G G
Luminescence - - - - - - - - - - -
Swarming on solid media - - - - - - - - - - -

Motility + + + + + + + + + + +
0/129 sensitivity :
10μg R R R R R R R R R R R
150μg S S S S S S S S S S S

Decarboxylase tests:
Arginine - - - - - - - - - - -
Lysine + + + + + + + + + + +
Ornithine + + + + + + + + + + +

Growth in % NaCl:
0 - - - - - - - - - - -
3 + + + + + + + + + + +
6 + + + + + + + + + + +
8 + + + + + + + + + - +
10 - - - - - - - - - - -

Catalase + + + + + + + + + + +
Oxidase + + + + + + + + + + +
ONPG - - - - - - - - - - -
Voges Proskauer - - - - - - - - - - -

Methyl Red + + + + + + + + + + +
O/F test F F F F F F F F F F F
Growth at 42°C + + + + + + + + + + +

Acid from :
Sucrose - - - - - - - - - - -
Arabinose + + + + + + + + + - +
Cellobiose - - - - - - - - - + -
Inositol - - - - - - - - - - -
Dextrose + + + + + + + + + + +
Salicin - - - - - - - - - - -
Lactose - - - - - - - - - - -
Mannitol + + + + + + + + + + +

Enzyme production:

Gelatinase + + + + + + + + + + +
Urease + + + + + + + + + + +

Nitrate reduction + + + + + + + + + + +

Simmons Citrate + + + + + + + + + + +
KIA K/A K/A K/A K/A K/A K/A K/A K/A K/A K/A K/A
TSI K/A K/A K/A K/A K/A K/A K/A K/A K/A K/A K/A
Gas production - - - - - - - - - - -
Indole production + + + + + + + + + + +
H

2
S  production - - - - - - - - - - -

+ : Positive reaction;  - : negative reaction;  G : green colony;  R : resistant;  S : sensitive;  F : fermentative;   K :
alkaline;  A : acidic
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The antibiogram of the isolates indicated the
sensitivity pattern of the strains to commonly used/
conventional antibiotics which in turn, may be
useful in determining the therapeutants. All the
strains tested were resistant to sulphadiazine and
amoxycillin. Only streptomycin, chloramphenicol
and nalidixic acid were sensitive to more than
50% of the V. parahaemolyticus strains tested.
Because of the widespread use of antibiotics, the
resistance profile of the microorganisms are
changing, as evidenced by the increasing resistance
among bacterial population from aquatic and other
environments (Shahul Hameed et al., 2003).
Environmental contamination with antibiotics
contributes to the maintenance and spread of
antibiotic resistance genes (Goni-Urriza et al., 2000).
One mechanism that allows the perpetuation of
such genes is the spread of resistance plasmids
between unrelated bacteria in natural environments
(Kruse and Sorum, 1994). Although vibrios are
widespread in aquatic ecosystems and have been
designated as an emerging threat to human health,
little is known about their antibiotic resistance
profiles.
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