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ABSTRACT

Vibrio spp. are responsible for high mortality and severe economic loss in prawn industry in all the prawn producing countries.
The incidence of high antibiotic resistance is reported in hatcheries. For the present study, 23 isolates of Vibrio species from
the larvae, larval rearing water, Artemia and Artemia rearing water from the hatchery system of Macrobrachium rosenbergii
were used. The isolates were characterised and nine different species were identified viz., V. harveyi, V. parahaemolyticus,
V. damsela, V. splendidus, V. anguillarum, V. alginolyticus, V. fluvialis, V. vulnificus and V. campbelli. Fifteen commonly used
antibiotics in the hatchery system were tested against the isolated Vibrio species. The results showed that all the isolates
(100%) were resistant to ampicillin, erythromycin, doxycycline hydrochloride and sensitive to amikacin, chloramphenicol,

cefaclor, gentamycin and streptomycin.

Keywords : Antimicrobial resistance, Hatchery, Macrobrachium rosenbergii, Vibrio

The giant freshwater prawn, Macrobrachium
rosenbergii is an important species cultured in many
countries because of its high commercial value (New,
1982). Each step of Macrobrachium larval development
is characterised by different type of associated microbiota,
which is introduced in to the system by different ways
such as seawater (in eggs and yolk-sac larvae) and live
feed (Artemia and rotifers). Bacterial disease represents
the most serious problem to the development of prawn
farming industry caused by opportunistic bacteria
belonging to the genera Vibrio sp., Aeromonas sp.,
Alcaligens sp., Moraxella sp. and Pseudomonas sp. High
mortality and severe economic loss are caused by Vibrio sp.
in prawn farming in all the prawn producing countries
(Jayakumar and Ramasamy, 1994; Ramasamy 2000).
Several species including Vibrio harveyi, V. anguillarum,
V. damsela, V. parahaemolyticus, V. vulnificus, V. fluvialis,
V. alginolyticus, V. mimicus, V. furnissi, V. cholera and
V. ordalli are known to induce severe infections in shrimp
aquaculture environment (Srinivasan and Ramasamy,
2009). Usual approaches to control bacterial growth
in intensive rearing of larvae are based on preventive
measures by way of maintaining a clean environment, by
seawater treatment processes (filtration, UV-irradiation,
ozonisation, disinfectants). Disinfection of eggs (Salvesen
and Vadstein, 1995), treatment with hydrogen peroxide
(Giménez et al., 2006) or ultraviolet radiation for partial
decontamination (Munro et al., 1995) have been proposed
but would be difficult to implement at industrial scale.

Complete elimination of bacteria from the organisms and
culture system is not possible. The use of antibiotics in
prawn hatcheries has become widespread, although by no
means universal. Earlier, studies have revealed that certain
bacterial species are controlled by antibiotics (Hameed
and Rao, 1994; Abraham et al., 1997). The most common
way to resolve the vibriosis problem is by the use of
antibiotics. A wide range of antimicrobial compounds viz.,
oxytetracycline, ciprofloxacin, nitrofurantoin, furazolidone
and chloramphenicol are being used in the hatcheries and
farms of freshwater prawn and marine shrimp in India to
control bacterial population (Karunasagar et al, 1994;
Abraham et al., 1997, Hameed and Balasubramanian,
2000). Continuous and improper use of antibiotics in
aquaculture favours the selection of resistant isolates and
the dissemination of resistance genes within bacterial
populations in the environment, reflecting the pattern of
drug use (Tendencia and de la Pena, 2002). Many cases
of multiple antimicrobial resistances have been reported
from shrimp farms in countries where the activity is well
developed, such as China (Dang et al., 2006), Korea
(Kang et al, 2005) and Chile (Miranda and Rojas,
2007). Moreover, the use of huge amount of antibiotics
or chemicals is unacceptable as it is unfavourable to
the environment (Park et al., 2000, Nakai and Park
2002; Serrano, 2005). The situation is aggravated by the
emergence of antibiotic-resistant strains (Karunasagaret
al., 1994) and the ability of Vibrio sp. to form biofilms
(Karunasagaret al., 1996). Hence, the present study was
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initiated to assess the occurrence and antibiotic resistance
profile of Vibrio spp. in hatchery system of the freshwater
prawn M. rosenbergii.

Bacteria (presumptive Vibrio spp.) were isolated
from the larvae of Macrobrachium rosenbergii, hatchery
tank water (seawater and mixedwater), Artemia nauplii
and Artemia rearing water from freshwater prawn
hatcheries, located at Kovalam, Bay of Bengal, India and
at Vandalur, Chengelpet near Chennai, India. The bacteria
were isolated on the selective medium Thiosulphate
Citrate Bile Salt Sucrose Agar (TCBS Agar). Presumptive
Vibrio isolates were picked from TCBS agar plates
according to the colour of the colony (indicating sucrose
fermentation) as well as colony morphology and size.
The isolated colonies were then purified by streaking on
Nutrient Agar plates (with 2% NaCl) and the purified
colonies were transferred to NB broth (with 2% NaCl),
cultured at 32 °C for 18 h and then stored at —20 °C, after
the addition of 30% (v/v) glycerol until further studies.
They were characterised and identified based on standard
biochemical and morphological tests (Alsina and Blanch,
1994).

Commercially available antibiotic discs (Hi-media,
Mumbeai, India) were used to test the susceptibility patterns.
The antibiotic discs tested include amikacin (Ak) 30ug,
ampicillin (A) 10pg, azithromycin (At) 15pg, cefaclor
(Cj) 30ug, cephotaxime (Ce) 30ug, chloramphenicol (C)
30ug, ciprofloxacin (Cf) 30pg, doxycycline hydrochloride
(Do) 30pg, erythromycin (E) 15pg, furazolidone (F)50ug,
gentamicin (G) 10pg, kanamycin (K) 30ug, nalidixic acid
(Na) 30pg, neomycin (N) 30pug and streptomycin (S)
10pg. The assay was carried out as per Molitoris ef al.
(1985). Pure isolated colonies of bacteria were suspended
in 0.85% sterile saline and the turbidity was adjusted to
match with 0.5 McFarland standard. The inoculum was
spread over Mueller-Hinton agar (Himedia, Mumbai)
medium and the antibiotic discs were placed on the
surface of the agar plates. The plates were incubated at
32°C and the zones of inhibition were recorded after 24
and 48 h. The susceptibility of the bacterial isolates
to various antibiotics were determined based on the
reference range. Multiple antibiotic resistance (MAR)
index of the isolates against the tested antibiotics
was calculated according to Sarter et al. (2007) as:
MAR index=X/(Y*Z), where X =total number ofantibiotic
resistance case; Y = total number of antibiotics used in the
study and Z = total number of isolates tested. MAR index
greater than 0.2 implies that the strain of such bacteria
originate from an environment where several antibiotics are
used (high risk) and MAR index values less than or equal
to 0.2 indicates that those isolates are from environments
where these antibiotics are seldom used (low risk).
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A total of 23 isolates of Vibrio spp. were collected
from the larvae of Macrobrachium, hatchery tank
water, Artemia nauplii and Artemia rearing water. The
present study revealed the occurrence of nine different
species of vibrios viz., V. parahaemolyticus (4 isolates),
V. splendidus (4 isolates), V. fluvialis (3 isolates),
V. alginolyticus (3 isolates), V. anguillarum (3 isolates),
V. harveyi (2 isolates), V. damsela (2 isolates), V. vulnificus
(1 isolate) and V. campbelli (1 isolate). All the isolates
were rod shaped, motile, Gram negative, halophilic and
oxidase as well as catalase positive. All the 23 isolates
fermented D-glucose without gas production and reduced
nitrate. Results of carbohydrate fermentation showed
that V. anguillarum was lactose negative and positive
to carbohydrates such as maltose, galactose, fructose,
and sucrose. V. parahaemolyticus isolates were positive
to maltose and negative to sucrose as well as galactose.
None of the Vibrio isolates produced acid from inositol,
inulin, raffinose, melibiose, xylose, lactose and rhamnose.
Similar observations were reported by Abraham and
Palaniappan (2004).

The 23 different Vibrio spp. used in the present
study were isolated from the larvae of Macrobrachium
(8 isolates), seawater (2 isolates), hatchery tank water
(21isolates), Artemia nauplii (3 isolates) and Artemia rearing
water (7 isolates). From M. rosenbergii larvae, 5 species
of vibrios viz., V. parahaemolyticus, V. alginolyticus,
V. damsela, V. anguillarum and V. vulnificus were isolated
with V. parahaemolyticus being the predominant species.
Abraham et al. (2001) reported V. harveyi to be the
dominant flora invariably in penaeid shrimp hatchery
components. Lavilla-pitago et al. (1990) reported the
presence of luminous V. splendidus biotype 1 in shrimp
hatcheries.

In the present study, V. splendidus and V. harveyi
were isolated from the larval rearing hatchery tank water,
where as V. parahaemolyticus and V. fluvialis were
recorded from source seawater. Lavilla-Pitogo e al. (1990)
reported that V. harveyi has been recovered from nearshore
seawater. V. parahaemolyticus is abundant in the seawater
column and sediments during summer (Kumazawa et al.,
1991; Ruangpan and Kitao, 1991). The untreated effluents
from shrimp farms/hatcheries are drained off into the
coastal areas and these may be one of the primary sources
contributing to the increased concentration of Vibrio sp. in
the coastal area of Bay of Bengal, India.

In the present study, V. parahaemolyticus, V. damsela
and V. splendidus were isolated and identified from
the nauplii of Artemia. V. splendidus, V. anguillarum,
V. fluvialis and V. campbelli were identified in the Artemia
rearing water. Pseudomonas sp. (34%), Moraxella sp.
(2%), Cytophaga sp. (6%) besides Vibrio sp. (43%) were
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reported in the Artemia (Tanasomwang and Muroga
1990; Verdoncket al., 1991; Hameedet al., 2000; Torres
and Partida 2001). Lavilla-Pitogo et al. (1992) recorded
luminous bacteria upto 0.005% and 0.17% of the total
vibrio count (TVC) in Artemia nauplii and rearing water.
Abraham and Palaniappan (2004) reported the occurrence
of luminescent bacterium V. harveyi in Artemia rearing
water and Artemia nauplii.

In the present study, all the isolates of Vibrio were
sensitive to amikacin, chloramphenicol, gentamicin and
streptomycin whereas they showed resistance to ampicillin
(100%), erythromycin (100%), doxycycline hydrochloride
(100%), cefaclor (100%), cephotaxime (91%), kanamycin
(47%), furazolidone (30%), ciprofloxacin (26%), nalidixic
acid (21%), neomycin (21%) and azithromycin (8%)
(Table 1 and 2). Similar observation was reported by
Hameed and Balasubramanian (2000) that 90% of the
bacterial isolates from the larvae and post-larvac of
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freshwater prawn showed resistance to erythromycin,
oxytetracycline and furazolidone. V. harveyi isolated from
different shrimp farming facilities and from unfarmed
waters in Asia were resistant to ampicillin (Teo et al.,
1999). Roque et al. (2001) reported that 100% of the
11 isolates from seawater were resistant to ampicillin.
Oxytetracycline is a commonly used antibiotics in
aquaculture but only 57% of the Vibrio isolates showed
any sensitivity to this antibiotic and only 29% of them
were highly sensitive (Roque ef al., 2001). Karunasagar
et al. (1994) observed that luminous V. harveyi developed
resistance to drugs such as streptomycin, chloramphenicol
and cotrimazole. Baticodos et al. (1990) also reported
the occurrence of antibiotic resistance to erythromycin,
kanamycin, penicillin and streptomycin in luminous
strains of V. harveyi and V. splendidus isolated from
shrimp larvae. The continuous use of antibiotics and their
persistence tends to lead to the development of antibiotic

Table 1. Resistance profile of Vibrio spp. isolated from freshwater prawn hatchery

Source of isolation Isolate Species identified Resistant Susceptible

code
Larvae LARI1 V. parahaemolyticus A:Do:E:Ce:F Ak:C:G:S:Cj:At: Cf: K:Na:N
Larvae LAR2 V. alginolyticus A:Do:E:Ce:K:Na:N Ak:C:G:S:Cj:At: CE:F
Larvae LAR3 V. alginolyticus A:Do:E:Ce:K:Na:Cf Ak:C:G:S:Cj:At: F:N
Larvae LAR4 V. damsela A:Do:E:Ce:K:Na:N:Cf Ak:C:G:S:Cj:At: F
Larvae LARS V. vulnificus A:Do:E:Ce:K:N:Cf Ak:C:G:S:Cj:At: F:Na
Larvae LAR6 V. anguillarum A:Do:E:Ce:K:F:N Ak:C:G:S:Cj:At: Cf:Na
Larvae LAR7 V. alginolyticus A:Do:E:Ce Ak:C:G:S:Cj:At: Cf:F:K:Na:N
Larvae LARS V. parahaemolyticus A:Do:E:Ce:F Ak:C:G:S:Cj:At: Cf:K:Na:N
Sea water SWALI V. parahaemolyticus A:Do:E:Ce:K:F Ak:C:G:S:Cj:At: Cf:Na:N
Sea water SWA2 V. fluvialis A:Do:E:Ce:F:Cf:At:Cj Ak:C:G:S: K:Na:N
Mixed water MWAI1 V. splendidus A:Do:E:Ce:F Ak:C:G:S:Cj:At: Cf:K:Na:N
Mixed water MWA2 V. harveyi A:Do:E:Ce Ak:C:G:S:Cj:At: Cf:F:K:Na:N
Mixed water MWA3 V. harveyi A:Do:E:Ce Ak:C:G:S:Cj:At: Cf:F:K:Na:N
Artemia ART1 V. parahaemolyticus A:Do:E:Ce:K:Cf Ak:C:G:S:Cj:At: F:Na:N
Artemia ART2 V. damsela A:Do:E:Ce Ak:C:G:S:Cj:At: Cf:F:K:Na:N
Artemia ART3 V. splendidus A:Do:E:Ce:K Ak:C:G:S:Cj:At: Cf:F:Na:N
Artemia rearing water ARW1 V. splendidus A:Do:E:Ce:K Ak:C:G:S:Cj:At: Cf:F:Na:N
Artemia rearing water ARW?2 V. anguillarum A:Do:E:Ce:Cf Ak:C:G:S:Cj:At:F:K:Na:N
Artemia rearing water ARW3 V. anguillarum A:Do:E:F:Na:N Ak:C:G:S:Cj:At: Ce:Cf:K
Artemia rearing water ARW4 V. fluvialis A:Do:E:Ce Ak:C:G:S:Cj:At: Cf:F:K:Na:N
Artemia rearing water ARWS V. splendidus A: Do:E :Ce: Ak:C:G:S:Cj:At: Cf:F:K:Na:N
Artemia rearing water ARW6 V fluvialis A: Do:E: Ce:K Ak:C:G:S:Cj:At: Cf:F:Na:N
Artemia rearing water ARW7 V. campbelli A: Do:E:At:K:Na Ak:C:G:S:Cj: Cf:Ce:F:N

Amikacin (Ak) 30 ug, Ampicillin (A) 10 pg, Azithromycin (At) 15 pg, Cefaclor (Cj) 30 pg, Cephotaxime (Ce) 30 ng, Chloramphenicol
(C) 30 pg, Ciprofloxacin (Cf) 30 pg, Doxycycline hydrochloride (Do) 30 pg, Erythromycin (E) 15 pg, Furazolidone (F) 50 ng,
Gentamicin (G) 10 pg, Kanamycin (K) 30 pg, Nalidixic acid (Na) 30 pg, Neomycin (N) 30 pg and Streptomycin (S) 10 pg
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Table 2. Percentage of resistance/sensitivity of Vibrio spp.
isolated from Macrobrachium rosenbergii hatchery against
various antibiotics tested

Antibiotics (ug) Resistant (%) Sensitive (%)

Amikacin (30) 0 100
Ampicillin (10) 100 0
Azithromycin (15) 8 92
Cefaclor (30) 4 96
Cephotaxime (30) 92 8
Chloramphenicol (30) 0 100
Ciprofloxacin (30) 26 74
Doxycycline hydrochloride (30) 100 0
Erythromycin (15) 100 0
Furazolidone (50) 30 60
Gentamicin (10) 0 100
Kanamycin (30) 47 53
Nalidixic acid (30) 21 79
Neomycin (30) 21 79
Streptomycin (10) 0 100

resistant strains, which may complicate disease treatment.
Antibiotic use reduces natural microbial activity, which
leads to waste accumulation and reduced degradation and
nutrient recycling (Kautsky et al., 2000). Terrestrial bacteria
entering into the seawater with antibiotic resistant plasmids
may also contribute to the prevalence of resistance genes

in the marine environment (Chandrasekaran et al., 1998).

Multiple antibiotic resistance (MAR index) values
recorded for V. anguillarum (0.46), V. alginolyticus (0.4), V.
damsela (0.4), V. campbelli (0.24), V. fluvialis (0.37),
Vvulnificus(0.46), V. parahaemolyticus(0.36), V.splendidus
(0.31) and V. harveyi (0.26) were higher than 0.2
(Table 3). MAR index values reported by Lee et al.
(2009) also indicated that the hatchery water source,
M. rosenbergii post-larvae and sediment tanks were at
high-risk exposure to the 15 tested antibiotics. Use of
oxytetracycline has caused increased bacterial resistance
in shrimp farms (Nash et al., 1992). Increased resistance
to chloramphenicol has emerged through misuse of

Table 3. Multiple antibiotic resistance (MAR) values of
Vibrio spp. isolated from Macrobrachium rosenbergii hatchery

Vibrio sp. isolates MAR Index
V. harveyi 0.26

V. parahaemolyticus 0.36

V. damsela 0.4

V. splendidus 0.31

V. anguillarum 0.4

V. aiginolyticus 0.4

V. fluvialis 0.37

V. vulnificus 0.46

V. campbelli 0.24
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antibiotics in shrimp hatcheries in Ecuador and Philippines
(Baticados and Paclibare 1992). Leano et al. (1999)
reported that Vibrio sp. and Aeromonas sp. from shrimps
were resistant to streptomycin but sensitive to oxolinic
acid. Similarly, in Thai shrimp farms, the use of
oxytetracycline as a prophylactic antibiotic rather than
for treatment resulted in reduced sensitivity of
Gram-negative bacteria especially Vibrio sp. (Nash
et al, 1992). In Mexico, for instance, the most commonly
used antibiotics in shrimp farms are oxytetracycline,
florfenicol, trimethoprim- sulfamethoxazole and more
recently, sarafloxacin and enrofloxacin administered by
mixing through balanced feed or applied directly
in water (Roque et al, 2001). Luminous bacteria
developed resistance to broad-spectrum antibiotics in
certain shrimp culture systems of West Bengal
(Sengupta et al., 2003). Tendenica and de la Pena (2001)
have compared antibiotic resistance in bacterial isolates
from pond water, pond sediment and cultured shrimp
and reported that the incidence of resistance to
oxytetracycline was the highest followed by furazolidone,
oxolinic acid and chloramphenicol. The isolates of
Vibrio spp. were resistant to most of the antibiotics
tested, which may be due to the source water that is
contaminated with antibiotic residues. This was supported
by the MAR values obtained in this study, which showed
that Vibrio spp. is widely exposed to the tested
antibiotics. In order to minimise the use of antibiotics,
application of probiotics is suggested in both
grow-out culture ponds and hatcheries (Garrieques and
Areval 1995; Rengpipat et al., 1998; Moriarty, 1998).
Application  of probiotics and prebiotics as
immunostimulants is an interesting prospect for
replacement of antibiotics in the aquaculture industry and
could be a useful tool in the rearing of delicate early stages
of certain marine species (Daniels ef al., 2010).

Acknowledgements

The first author thank the University of Madras for
the financial support through the award of Dr. Gnanam
Endownment Award.

References

Abraham, T. J., and Palaniappan, R. 2004.Distribution of
luminous bacteria in semi-intensive penaeid shrimp
hatcheries of Tamil Nadu, India. Aquaculture, 232: 81-90.

Abraham, T. J., Palaniappan, R. and Dhevendaran, K. 1997.
Epibiotic infestation of luminous bacteria in penaeid
shrimp Penaeus indicus (H. Milne Edwards) larvae. Ind. J.
Mar. Sci., 26: 209-211.

Abraham, T. J., Shanmugam, S. A., Uma, A., Palaniappan,
R. and Dhevendaran, K. 2001. Biocontrol of shrimp
bacterial pathogensusingpenaeidlarvaassociatedbacterium,
Aeromonas sp. J. Aqua. Trop., 16 (1): 11-22.



Antimicrobial resistance profile of Vibrio species from prawn hatchery

Alsina, M. and Blanch, A. R. 1994. Improvement and update of a
set of keys for biochemical identification of Vibrio species.
J. Appl. Microbiol., 77(6): 719-721.

Baticados, M. C. L. and Paclibare, J. O. 1992. The use of
chemotherapeutic agents in aquaculture in the Philippines.
In: Shariff, I. M., Subasinghe, R. P., Arthur, J. R. (Eds.),
Diseases in Asian aquaculture. Fish health Section, Asian
Fisheries Society, Manila, Philippines. p. 531-546.

Baticados, M. C. L., Lavilla-Pitogo, C. R., Cruz-Lacicerda,
E.R., de la Pena, L. D. and Sunaz, N. A. 1990. Studies on
the chemical control of luminous bacteria Vibrio harveyi
and V. splendidus isolated from diseased Penaeus monodon
larvae and rearing water. Dis. Aquat. Org., 9: 133-139

Chandrasekaran, S., Venkatesh, B. and Lalithakumari, D.
1998.Transfer and expression of a multiple antibiotic
resistanceplasmidinmarinebacteria. Curr: Microbiol.,37(5):
347-351.

Dang, H., Zhang, X., Song, L., Chang, Y. and Yang, G. 2006.
Molecular characterisations of oxytetracycline resistant
bacteria and their resistance genes from mariculture waters
of China. Mar. Poll. Bull., 52: 1494—-1503.

Daniels, C. L., Merrifield, D. L., Boothroyd, D. P., Davies,
S. J., Factor, J. R., and Arnold, K. E. 2010. Effect of
dietary Bacillus spp. and mannan oligosaccharides (MOS)
on European lobster (Homarus gammarus L.) larvae
growth performance, gut morphology and gut microbiota.
Aquaculture, 304: 49-57.

Garriques, D. and Areval, G. 1995. An evaluation of the
production and use of a live bacterial isolate to
manipulatethemicrobialflorainthecommercialproductionof
Penaeus vannamei post-larvae in Equador. In: Browd,
C. L. and Hopkins, J. S. (Eds), Proceedings of special
session on shrimp farming. World Aquaculture Society,
Baton Rouge, Louisiana, USA, p. 53-59.

Giménez, G., Padrds, F., Roque, A., Estévez, A. and Furones,
D. 2006. Bacterial load reduction of live prey for fish
larval feeding using Ox-Aquaculturer. Aquacult. Res., 37:
1130-1139.

Hameed, A. S. S. and Balasubramanian, G. 2000. Antibiotic
resistance in bacteria isolated from Artemia nauplii and
efficacy of formaldehyde to control bacterial load.
Aquaculture, 183: 195-205.

Hameed, A. S. S. and Rao, P. V.1994. Studies on the chemical
control of a Vibrio campbellii- like bacterium affecting
hatchery reared Penaeus indicus. Aquaculture, 127: 1-9

Hameed, A. S. S., Rahaman, K. H., Alagan, A. and
Yoganandhan, K. 2003. Antibiotic resistance in bacteria
isolated from hatchery reared larvae and post-larvae of
Macrobrachium rosenbergii. Aquaculture, 217: 39-48.

Jayakumar, R. and Ramasamy, P. 1994. Prevalence, biotyping
and resistotyping of Pseudomonas sp. and Vibrio sp.
isolated from Penaeus indicus of Ennore Estuary, Madras,
India. In: Chou, L. M., Munro, A. D., Lam. T. J., Chen,

151

T. W, Cheong, L. K. K., Ding, J. K., Hooi, K. R., Khoo,
H. W.,, Phang, V. E., Shim, K. F. and Tan, C. H. (Eds.),
Proceedings of third Asian Fisheries Forum, Singapore,
Asian, Fisheries Socies, Mamila, Philippines, p. 335-338.

Kang, H. Y., Jeong, Y. S., Oh, J. Y., Tae, S. H., Choi, C. H.
and Moon, D. C. 2005. Characterisation of antimicrobial
resistance and class 1 integrons found in Escherichia coli
isolates from humans and animals in Korea. J. Antimicrob.
Chemother., 55: 639-644.

Karunasagar, ., Otta, S. K., Karunasagar, I. and Joshua, K. 1996.
Applications of Vibrio vaccine in shrimp culture. Fishing
Chimes, 16: 49

Karunasagar, 1., Pai, R., Malathi, G. R. and Karunasagar, I.
1994. Mass mortality of Penaeus monodon larvae due to
antibiotic-resistant Vibrio harveyi infection. Aquaculture,
128:203-209.

Kautsky, N., Ronback, P., Tedengren, M. and Troell, M. 2000.
Ecosystem perspectives on management of disease in
shrimp pond farming. Aquaculture, 191: 145-161.

Kumazawa, N. H., Nakagahi, E., Yonekawa, Y., Ikura, K. and
Moremoto, N. 1991. Ecological cycle of thermostable
direct hemolysis  producing strains of  Vibrio
parahaemolyticus on brackishwater area with special
reference to molluscs and attached microalga. J. Vet. Sci.,
53 (2): 213-217.

Lavilla Pitogo, C. R., Albright, L. J., Paner, M. G. and Sunaz,
N. A. 1992. Studies on the sources of luminescent Vibrio
harveyi in Penaeus monodon hatcheries. In: Shariff, M.,
Subasinghe, R. P. and Arthur, J. R. (Eds.), Diseases in
Asian aquaculture, Fish Health Section, Asian Fisheries
Society, Manila, Philippines, p. 157-164.

Lavilla Pitogo, C. R., Baticados, M. C. L., Cruz Lacierda,
E. R., and de la Pena, L. O. 1990. Occurrence of luminous
bacterial disease of Penaeus monodon larvae in the
Philippines. Aquaculture, 91: 1-13.

Leano, E. M., Inglis, V. B. M. and Mac Rae, 1. H. 1999.
Antibiotic resistance of Vibrio sp. and Aeromonas sp.
isolated from fish and shrimp tissues and rearing water in
Panay Island, Philippines, UPV. J. Nat. Sci., 3: 25-28

Miranda, C. D. and Rojas, R. 2007. Occurrence of
florfenicol resistance in bacteria associated with
two Chilean salmon farms with different history of antibacterial
usage. Aquaculture, 266 (1-4): 39—46.

Molitoris, E., Joseph, S. W., Krichevksy, M. L, Sindhuhardja, W.
and Colwell, R. R. 1985. Characterisation and distribution
of Vibrio alginolyticus and Vibrio parahaemolyticus
isolated in Indonesia. Appl. Env. Microbiol., 50:
1388-1394.

Moriarty, D. J. W.1998. Control of luminous Vibrio species in
aquaculture ponds. Aquaculture,164: 351-358.

Munro, P. D., Barbour, A., and Birkbeck, T. H. 1995. Comparison of
the growth and survival of larval turbot in the absence of
culturable bacteria with those in the presence of Vibrio



A. Krishnika and P. Ramasamy

anguillarum, Vibrio alginolyticus or a marine Aeromonas
sp. Appl. Env. Microbiol., 61: 4425-4428.

Nakai, T. and Park, S. C. 2002. Bacteriophage therapy of
infectious diseases in aquaculture. Res. Microbiol.,153:
13-18.

Nash, G., Nithimathachoke, C., Tungmandi, C., Arkarjamorn,
A., Prathanpipat, P. and Ruamthaveesub, P. 1992.
Vibriosis and its control in pond-reared Penaeus monodon in
Thailand. In: Shariff, M., Subasinghe, R. P., Arthur,
J. R. (Eds.), Diseases in Asian aquaculture I. Fish Health
Section, Asian Fisheries Society, Manila, Philippines,
p. 143-155.

New, M. B. 1982. Giant prawn farming - Developments in
aquaculture and fisheries science, Vol. 10, Elsevier
Scientific Publishing Co., Amsterdam, 532 pp.

Park, S. C., Shimamura, 1., Fukunaga, M., Mori, K. 1. and
Nakai, T. 2000. Isolation of bacteriophages specific to a
fish pathogen, Pseudomonas plecoglossicida as a candidate
for disease control. Appl. Env. Microbiol., 66: 1416-1422.

Ramasamy, P. 2000. Current status of viral diseases in
prawns in India: Some preventive and control measures.
In: Aquaculture: Feed and health, Biotech Consortium
India Ltd. (BCIL) Publications, p. 95-118.

Rengpipat, S., Phianphak, W., Piyatiratitivorakul, S. and
Menasveta, P. 1998. Effects of probiotic bacterium on
black tiger shrimp Penaeus monodon survival and growth.
Aquaculture, 167: 301-313.

Roque, A., Molina-Aja, A., Bola'n-Meji'a, C. and Gomez-Gil,
B. 2001. In vitro susceptibility to 15 antibiotics of vibrios
isolated from penaeid shrimp in North-western Mexico.
Int. J. Antimicrob. Agents, 17: 383-387.

Ruangpan, L. and Kitao, T. 1991. Vibrio bacteria isolated from
black tiger shrimp Penaeus monodon Fabricus. J. Fish.
Dis., 14: 383-388.

Salvesen, 1. and Vadstein, O. 1995. Surface disinfection of eggs
from marine fish: evaluation of four chemicals. Aquacult.
Int., 3: 1-18.

Sarter, S., Nguyen, H. N. K., Hung, L. T., Lazard, J. and Montet,
D. 2007. Antibiotic resistance in Gram-negative bacteria
isolated from farmed catfish. Food Control, 18:1391-1396.

15.02.2012
16.05.2013

Date of Receipt
Date of Acceptance :

152

Sengupta, T., Samal, D. and Jawahar Abraham, T. 2003. Antibiotic
susceptibility of luminous bacteria from shrimp farm
environs of West Bengal. Indian J. Mar. Sci., 32: 334-336.

Serrano, P. H. 2005. Responsible use of antibiotics in aquaculture. F40
Fisheries Technical Paper, 469: 97 pp.

Srinivasan, P. and Ramasamy, P. 2009. Occurrence,
distribution and antibiotic resistance patterns of
Vibrio species associated with viral diseased shrimps
of south Indian aquaculture environment. Int. J. Agri.
Sci., 1(2): 1-10.

Lee, S. W., Najiah, M., Wendy, W., Zahrol, A. and Nadirah,
M. 2009. Multiple antibiotic resistance and heavy metal
resistance profile of bacteria isolated from giant freshwater
prawn (Macrobrachium rosenbergii) hatchery. Agricult.
Sci. China, 8(6): 740-745.

Tanasomwang, V. and Muroga, K. 1990. Intestinal microflora
of marine fishes at their larval and juvenile stages
In: Hirano, R. and Hanyu, 1. (Eds.), Proceedings of the
second Asian Fisheries Forum. Asian Fisheries Society,
Manila, Philippines, p. 647-680.

Tendencia, E. A. and de la Pena, L. D. 2001. Antibiotic
resistance of bacteria from shrimp ponds. Aquaculture,
195 (3-4): 193-204.

Tendencia, E. A. and de la Pena, L. D. 2002. Level and
percentage recovery of resistance to oxytetracycline and
oxolic acid of bacteria from shrimp ponds. Aquaculture,
213: 1-13.

Teo, J. W. P, Tan, T. M. C. and Poh, C. L. 2002. Genetic
determinants of tetracycline resistance in Vibrio harveyi.
Antimicrob. Agents Chemother., 46: 1038-1045.

Torres, M. A. L. and Partida, M. L. L. 2001. Bacteria isolated
on TCBS media associated with hatched Artemia cysts of
commercial brands. Aquaculture, 194: 11-20.

Verdonck, L., Dehasque, M., Swings, J., Sorgeloos, P. and Leger,
R. 1991.The microbial environment of rotifer (Brachionus
plicatilis) and Artemia production systems. In: Lavens,
Sorgeloos, P., Jaspers, F., Ollevier, F. (Eds), Fish and
crustacean larviculture Symposium. European Aquaculture
Society, Special Publication No.15, Khent, Belgium,
398 pp.



