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Abstract

An investigation on the bacteria associated with white spot syndrome virus (WSSV) infection in mud crabs, Scylla
tranquebarica was carried out. Luminescent bacteria were recovered from the haemolymph and hepatopancreas samples of 15
of the 19 mud crabs affected by WSSV, obtained from the crab fattening farms in Tamil Nadu and Andhra Pradesh. All the 15
bacteria were phenotypically identified as Vibrio harveyi, however only nine of these isolates were confirmed as V. harveyi
based on 16S rRNA gene targeted PCR. Further these nine V. harveyi isolates were subjected to BOX-PCR analysis, and the
phylogenetic analysis of the isolates based on the banding pattern in BOX-PCR indicated high degree of genetic heterogenecity
among these bacteria. All the nine isolates produced hemolysins, protease and phospholipase. A majority of V. harveyi isolates
were found to be resistant to amoxicillin, ciprofloxacin, oxytetracycline, nitrofurantoin, streptomycin, chloromphenicol,
nalidixic acid and norfloxacin. The study has revealed for the first time, that multiple antibiotic resistant V. harveyi are
important bacteria associated with WSSV infected mud crabs.
© 2011 Universal Research Publications. All rights reserved
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INTRODUCTION

Mud crab farming is a recent activity and is practiced in
Bangladesh, China, Indonesia, Malaysia, Singapore, Taiwan,
Philippines and Vietnam. In India, crab farming is being
mainly carried out in West Bengal, Orissa, Andhra Pradesh,
Tamilnadu, Kerala, Karnataka, Goa, Maharashtra and
Andaman islands. The mud crabs belonging to the genus
Scylla are large portunids with high commercial value in
terms of domestic markets and export by virtue of their
delicacy. In spite of intensive research on several aspects of
aquaculture of this species for the past two decades [1], little
attention has been given to the causes of disease and
mortalities of cultured crab populations [2]. The diseases of
mud crabs (Scylla spp) have been reviewed recently [3].
Although as many as 30 viruses have been documented to
cause infections in crabs [4], most publications on viral
infections in mud crab diseases pertain to WSSV. Natural
WSSV infections have been reported in wild-caught and
farmed mud crabs of various life stages in many countries of

Asiatic region [5, 6]. Recently, an icosahedral 150 nm virus
causing a disease characterised by muscle necrosis and a
reovirus designated as mud crab reovirus (MCRYV) with signs
of ‘sleeping disease’ associated with high mortality in
cultured mud crabs, S. serrata was reported from China [7].
A number of bacterial diseases such as shell disease,
filamentous bacterial disease, luminescent bacterial disease
etc. have also been reported in mud crabs [8]. It is possible
that the intensification of mud crab culture is likely to result
in increased occurrence of diseases, as experienced with
shrimp farming, with white spot syndrome virus being an
important agent [9]. The foregoing overview of diseases of
mud crabs indicates that they suffer morbidity and mortality
due to viral and bacterial infections affecting productions. In
the objective of this study was to understand the kinds and
the role of bacteria in the morbidity of mud crabs farmed in
the South Indian states of Andhra Pradesh and Tamil Nadu,
affected by white spot syndrome virus.
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MATERIALS AND METHODS

Isolation of Vibrio harveyi:

Nineteen moribund mud crabs (Scylla tranquebarica)
infected with white spot syndrome virus (WSSV) were
collected from different culture farms in Tamil Nadu and
Andhra Pradesh of culture duration ranging from 90-170 days
with history of chronic mortalities. Crabs were dissected out
aseptically and hepatopancreas and haemolymph samples
were inoculated on to Zobell’s marine Agar (ZMA)
(Himedia, India) and thiosulphate citrate bile salt sucrose
(TCBS) (Himedia, India) agar plates and incubated at 30°C
for 24 h. Bacterial isolates were identified using a battery of
phenotypic tests such as salt tolerance, aminoacid
decarboxylation, fermentation of sugars, susceptibility to
vibriostatic agent 0O/129 (2,4-diamino-6, 7-diisopropyl-
pteridine) etc. [10, 11].

Confirmation of Vibrio harveyi isolates by PCR:
Chromosomal DNA from pure cultures of V. harveyi was
extracted according to the method described earlier [12].
Confirmation of V harveyi isolates was carried out by gene
specific PCR as described by Oakey et al. (2003) [13]. PCR
was carried out with the 16S rDNA gene specific primers
VH-1 (5’AAC GAG TTA TCT GAA CCT TC 3’) and VH- 2
(5°GCA GCT ATT AAC TAC ACT ACC 3’) as the forward
and reverse primers, which have been reported to be highly
specific. The PCR reaction was carried out in 25 pl reaction
mix containing 2.5ul of 10x PCR reaction buffer, 3mM

magnesium chloride, 10pmol each primer, 200 UM each
dNTPs, 1 U of Taq polymerase and 50-100ng template
DNA. The volume of reaction mix was made-up to 25 pl with
addition of MilliQ-water. The PCR reaction was carried out
using Master cycler gradient thermocycler (Eppendorf,
Germany), and the thermo- cycling conditions included
denaturation at 94°C for 5 min, followed by 40 cycles at
94°C for one min, 65°C for one min and 72 °C for one min,
and a final extension at 72°C for 5 min.

Molecular typing of Vibrio harveyi by BOX PCR:
BOX-PCR was carried out to assess the genetic relationship
of V. harveyi isolates recovered from mudcrabs from various
farms as described earlier using a single oligonucleotide
primer (5'-CTACGGCAAGG CGACGCTGACG-3") [14].
BOX PCR was performed in a 25 pl reaction volume,
containing 2.5ul of 10x PCR reaction buffer, 2 mM MgCl,,

20 pmol primer, 125 UM each dNTPs, 2 U of Tag
polymerase and 50 ng of template DNA. The thermo-cycling
conditions included denaturation at 95°C for 7 min, followed
by 30 cycles of 94 °C for one min, 53°C for one min, 65°C
for 8 min and a final 16 min extension at 65°C. Phylogenetic
analysis of the bacterial isolates based on the fingerprints
produced on agarose gel after BOX-PCR was carried out by
using finger printing software version 2 (Bio Rad, USA).
Virulence traits of V. harveyi isolates:

Ability to produce haemolysins, phospholipases and
proteases has been recognized as virulence mechanism of V.
harveyi [15] and hence, the isolates obtained in this study

were tested for the production of these traits in vitro.
Haemolytic activity of V. harveyi was tested on blood agar
base (Himedia,India) supplemented with 5% sheep blood and
1% sodium chloride. Bacterial isolates were streaked onto
the medium, incubated at 30°C, and the production of
haemolysis was observed after 24 hours of incubation.
Protease, phospholipase and lipase activity of V. harveyi were
determined according to the procedures described previously
[16]. Bacteria were streaked onto nutrient agar plates
supplemented with 1% casein, 1% egg yolk and 1% Tween
80 respectively and incubated for 24 hours at 30°C. Presence
of lytic halo zone around the colony was considered as
positive for the production of protease, phospholipase and
lipase respectively. Eight different antibiotics were tested in
the present study to evaluate the antibiotic sensitivity pattern
of V. harveyi isolates by disk diffusion test according
protocols described previously [17].

RESULTS AND DISCUSSION

Luminescent bacteria were isolated on ZMA and
TCBS from the haemolymph and hepatopancreas samples of
15 WSSV infected (confirmed by PCR [18], data not shown)
cultured mud crabs (S. tranquebarica), inclusive of four out
of six from Andhra Pradesh and eleven of the thirteen
samples from Tamil Nadu. All the 15 isolates were motile,
fermented glucose, oxidase positive, arginine dehydrolase
negative, lysine decarboxylase and ornithine decarboxylase

positive and were sensitive to 150 (g of vibriostatic agent,
0/129. Based on these biochemical characteristics, along
with their ability to produce luminescence, the isolates were
designated to belong to V. harveyi [11]. Luminescent bacteria
(LB) are ubiquitous and abundant in the marine environment
including the surface and gut of marine animals and
aquaculture ecosystems (19, 20), and V. harveyi has been
recognized as a significant pathogen of marine vertebrates
and invertebrates [15]. However so far, it is yet unclear
whether Vibrio spp. are opportunistic or primary pathogens in
crabs. Several studies on V. harveyi as the causative
bacterium of vibriosis in different aquatic animals such as
penaeid shrimp, finfish, oysters etc have been documented
[21-23].

Vibrio spp can act as primary pathogens of shrimp in
pond waters with decrease in the diversity of the Vibrio
community associated with a dominance of few potentially
virulent Vibrio species prior to outbreaks of vibriosis [24,
25] and primary disease caused by highly virulent strains has
also been reported [24]. Most outbreaks of shrimp vibriosis
occur either in combination with physical stress factors or
following primary infections with other pathogens [26, 27].
WSSV - Vibrio co-infections in shrimp ponds and a
cumulative effect on mortality of shrimp by dual infection
under experimental conditions have been documented [28]. It
has been indicated that a primary WSSV infection may
weaken shrimp, increasing their susceptibility to bacterial
infections [26]. V. harveyi were the predominant species
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Figure 1. Confirmation of V. harveyi isolates by 16S rRNA
gene specific PCR: Lane M: 100bp DNA ladder (Fermentas)
and Lane 1: V. harveyi ATCC 25919, Lanes: Vh1-9

recovered from 15 WSSV infected 19 mud crab samples
processed. Mud crabs suffered chronic mortalities due to such
dual infection in the farms with a cumulative mortality
ranging from 60-75%, and the farmers resorted to harvesting
the remaining stock. To our best of knowledge, this is the
first report on the association of V. harveyi in mud crabs,
Scylla tranquebarica affected with WSSV, leading to chronic
mortalities.

The identification of vibrios is labour-intensive,
requiring many biochemical and/or physiological tests [29].
Taxonomically, V. harveyi is closely related to V. campbellii
and V. alginolyticus [30]. Complex identification keys using
large numbers of phenotypic characteristics have been
proposed [31, 32]. Use of such large number of tests is not
feasible for routine diagnostic laboratories because of the
time and costs involved. In aquaculture, the differentiation
becomes a concern as all these species are natural inhabitants
of marine waters. Hence, in the present study, 16Sr RNA
gene targeted PCR was used for confirmation of V. harveyi
among the luminescent bacterial isolates recovered from
crabs. Nine isolates which produced 413 bp amplification
products (Fig.1) by this 16S rRNA gene specific PCR were
confirmed as V. harveyi.

Molecular typing of nine V. harveyi isolates by
BOX-PCR generated four to eight bands ranging in size from
300 to 2000bp. BOX-PCR analysis by UPGMA Dice
coefficient method showed two major clusters at about 35
percent hierarchical level (fig 2). The first cluster grouped
four isolates including the reference strain (ATCC 25919)
along with the two isolates from Kovalam (South Chennai)
and one isolate from Kakinada (Andhra Pradesh). The second
cluster comprised of six isolates, one from Kakinada (Andhra
Pradesh) and five from Tamilnadu (Marakkanam and
Tuticorin).

We observed that the antibiogram of V. harveyi
showed mixed patterns of resistance to the eight antibiotics
tested in this study. All the isolates were resistant to
amoxicillin. Out of the nine isolates of V. harveyi, eight were
resistant to all tested antibiotics such as ciprofloxacin,
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Figure 2. Phylogenetic analysis of V. harveyi isolates based
on Box PCR fingerprints

oxytetracycline and nitrofurantoin, streptomycin, norfloxacin,
chloromphenicol and seven isolates were resistant to nalidixic
acid. Resistance of shrimp pathogenic bacteria to commonly
used antibiotics such as erythromycin, kanamycin, pencicillin
G and streptomycin has been reported earlier [35].

All the isolates were found to be actively hemolytic
and also produced protease and phospholipases. Virulence of
V. harveyi has been reported to be associated with their
ability to produce extra cellular products (ECPs) such as
proteases, phospholipases, hemolysins or cytotoxins [15].
The production of virulence factors varies with the isolates
and has been proposed to be governed by mobile genetic
elements and bacteriophages [34]. The present study has
revealed that luminescent multiple antibiotic resistant V.
harveyi is an important secondary bacterial pathogen in mud
crabs affected primarily by white spot disease, resulting in the
morbidity and mortality of mud crabs.

Acknowledgements

The authors are thankful to Dr. A. G. Ponniah,
Director, Central Institute of Brackishwater Aquaculture
(CIBA), Chennai for providing facilities.

REFERENCES

1. Kathirvel M, Kulasekarapandian S Balasubramanian CP
(2004) Mud crab culture in India. Bull Cent Inst
Brackishwater Aquaculture pp 17- 60.

2. Poornima M, Kathirvel M, Kulasekharapandian S,
Santiago TC, Kalaimani N, Jithendran KP, AlavandiSV,

3

International Journal of Research in Biological Sciences 2012;2 (1): 1-5


http://210.218.222.43:8080/dispNomenSpecies.jsp?species=Vibrio%20campbellii

10.

11.

12.

13.

14.

Saraswathi R (2008) Occurrence of white spot syndrome
virus in cultured mud crab Scylla tranquebarica. In:
International Conference on Emerging infectious
diseases of animals and biotechnological applications
organized by Tamil Nadu University of Veterinary and
Animal Sciences, Chennai and Virginia University of
Animal Medicine, USA. July 28- 29, pp 94.

Jithendran KP, Poornima M, Balasubramanian CP,
Kulasekarapandian, S (2010) Diseases of mud crabs
(Scylla Sp.): An overview. Indian J Fish 57: 55-63.
Bonami J, Zhang S (2011). Viral Diseases in
commercially exploited crabs: A Review. J Invert Pathol
106: 6-17.

Lo CF, Ho CH, Peng SE, Chen CH, Hsu HC, Chiu YL,
Chang CF, Liu KF, Su MS, Wang CH, Kou GH (1996)
White spot syndrome baculovirus (WSBV) detected in
cultured and captured shrimp, crabs and other
arthropods. Dis Aquat Org 27: 215- 225.

Otta SK, Shubha G, Joseph B, Chakraborty A,
Karunasagar 1, Karunasagar 1 (1999) Polymerase chain
reaction (PCR) detection of white spot syndrome virus
(WSSV) in cultured and wild crustaceans in India. Dis
Aquat Org 38: 67-70.

Weng SP, Guo ZX, Sun JJ, Chan SM, He JG (2007) A
reovirus disease in cultured mud crab, Scylla serrata in
southern China. J Fish Dis 30: 133-139.

Lavilla-Pitogo CR, de la Pena LD (2004) Diseases in
farmed mud crabs Scylla spp: Diagnosis, Prevention and
Control. SEAFDEC Aquaculture Department, Iloilo,
Philippines, 89p.

Somboonna N, Mangkalanan S, Udompetcharaporn A,
Krittanai C, Sritunyalucksana K, Flegel TW (2010). Mud
crab susceptibility to disease from white spot syndrome
virus is species-dependent. BMC Res Notes, 3:315.
Smibert RM, Krieg NR (1991) Phenotypic
characterization. In: Manual of methods for general and
molecular biology. In: Gerhardt P, Murray RGE,
Costilow RN, Nester EW, Woods WA, Kreig NR (Ed)
American Soceity for Microbilogy Washington DC USA
pp 607-657.

Alsina M, Blanch AR (1994) A set of keys for
biochemical identification of environmental Vibrio
species. J Appl Bacteriol 76:79-85.

Sambrook J, FritschEF, ManiatisT (1989) Molecular
Cloning: A Laboratory Manual. 2" ed. Cold Spring
Harbor Laboratory, Cold Spring Harbor Laboratory
Press, NY.

Oakey HJ, LevyN, Bourne DG, Cullen B, Thomas A
(2003) The use of PCR to aid in the Rapid identification
of Vibrio harveyi isolates. J Appl Microbiol 95: 1293-
1303.

Versalovic J, Koeuth T, Lupski JR (1991) Distribution of
repetitive DNA sequences in eubacteria and application
to fingerprinting of bacterial genomes. Nucleic Acids
Res 19: 6823-6831.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Austin B, Zhang XH (2006) Vibrio harveyi a significant
pathogen of marine vertebrates and invertebrates. Lett
Appl Microbiol 43: 119-124.

West PA, Colwell RR (1984) Identification and
classification of Vibrionaceae an Overview. New York:
John Willey.

Bauer AW, Kirby WMM, Sherris JC, Tuck M (1996)
Antibiotic susceptibility testing by a standardized single
disc method. Am J Clin Pathol 45: 493-496.

OIE, 2006. White spot disease. In: Manual of Diagnostic
Tests for Aquatic Animals, pp. 379-391.

Ramaiah N, Chandramohan D (1993) Ecological and
laboratory studies on the role of luminous bacteria and
their luminescence in coastal pollution surveillance.
Marine Poll Bull 26: 190-201.

Abraham TJ, Palaniappan R (2004) Distribution of
luminous bacteria in semi intensive penaeid shrimp
hatcheries of Tamil Nadu, India. Aquaculture 232:81-90.
Pass DA, Dybadahl R, Manion MM (1987)
Investigations into the causes of mortality in the pearl
oyster, Pinctata Maxima (Jamson), in Western Australia.
Aquaculture, 65: 149-169.

Yii K-C, Yang TI, Lee K-K (1997) Isolation and
characterization of Vibrio carchariae, a causative agent
of gastroenteritis in the groupers, Epinephelus coioides.
Curr Microbiol 35, 109-115.

Jayasree L, Janakiram P, Madhavi R (2006)
Characterization of Vibrio sp. associated with diseased
shrimp from culture ponds of Andhra Pradesh (India). J
World Aquacult Soc 37: 523-532.

Sung HH, Hsu SF, Chen CK, Ting YY, Chao WL (2001)
Relationships between disease outbreak in cultured tiger
shrimp (Penaeus monodon) and the composition of
Vibrio communities in pond water and shrimp
hepatopancreas during cultivation. Aquaculture 192:101-
110.

Lavilla-Pitogo CR, Leano EM, Paner MG (1998)
Mortalities of pond-cultured juvenile shrimp Penaeus
monodon associated with dominance of luminescent
vibrios in the rearing environment. Aquaculture 164:337-
349.

Selvin JL, LiptonAP (2003) Vibrio alginolyticus
associated with white spot disease of Penaeus monodon.
Dis Aquat Org 57:147-150.

Liu CH, Chen JC (2004) Effect of ammonia on the
immune response of white shrimp Litopenaeus vannamei
and its susceptibility to Vibrio alginolyticus. Fish
Shellfish Immunol 6: 321-134.

Phuoc L H, Corteel M, Thanh NC, Nauwynck H,
Pensaert M, Alday-Sanz V, den Broeck WV, Sorgeloos
P, Bossier P (2009) Effect of dose and challenge routes
of Vibrio spp on co-infection with white spot syndrome
virus in Penaeus vannamei. Aquaculture 290:61-68.
Vandenberghe J, Thompson FL, Gomez-Gil B, Swings J
(2003) Phenotypic Diversity amongst Vibrio isolates

4]

International Journal of Research in Biological Sciences 2012;2 (1): 1-5



30.

31.

from marine aquaculture systems. Aquaculture 219: 9-
20.

Dorsch M, Lane D, Stackebrandt E (1992) Towards a
phylogeny of the genus vibrio based on 16S rRNA
sequences. Int J Syst Bacteriol 42:58-63.

Castro D, Pujalte M, Lopez-CortesL, Garay E, Borrego J
(2002) Vibrios isolated from the cultured Manila crab
(Ruditapes Philippinarum): Numerical taxonomy and
antibacterial properties. J Appl Microbiol 93: 438-447.
Alcaide E (2003) Numerical taxonomy of vibrionaceae
isolated from cultured amberjack (Seriola dumerili) and

32.

33.

surrounding water. Curr Microbiol 46: 184-189.
Baticados MCL, Lavilla-Pitogo CR, Crus-Lacierda EP,
de La Pena, and Sunaz NA (1990) Studies on the
chemical control of luminous bacteria Vibrio harveyi and
Vibrio splendidus isolated from disease Penaeus
monodon larvae and rearing water. Dis Aquat Org 9:133-
139.

Munro J, Oakey HJ, Bromage E, Owens L (2003)
Experimental ~ bacteriophage-mediated virulence in
strains of Vibrio harveyi. Dis Aquatic Org 54:187-194.

Source of support: Nil; Conflict of interest: None declared

International Journal of Research in Biological Sciences 2012;2 (1): 1-5



