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ABSTRACT

In the shrimp (P. monodon) culture, various diseases, white spot syndrome virus (WSSV) in particular, has become a serious constraint in
Bangladesh. Under the study, 72 culture sites from four different locations of Bagerhat (Kochua, Rampal, and Fakirhat) and Khulna
(Paikgacha) district were investigated from January to June 2011. Throughout the study period, 20 factors regarding farm management and
water quality were keenly considered inferring the association of WSSV outbreak and the farms either claimed infected or not were
confirmed by PCR test. Study revealed significant correlation with some factors like accessibility of cattle into the farms (r=0.630, p=0.01),
and farms linked up with surrounding water bodies/farms (r=0.754, p<0.01) within a cluster (Spearman’s rho correlation coefficient test).
Pearson Correlation coefficient for salinity found to have significant correlation with the risk of WSSV infection (r= -0.727, p=0.01),
followed by temperature (0.624, p<0.01) and the average depth (-0.618, p=0.01). However, feeding kept 30.6% farms away from the
outbreak followed by sludge removal (26.39% farms). Uses of river water directly into the farms showed 38.9% risk of being attacked which
was nil and 1.4% for the underground and rainwater respectively. March to June found to be the disease prone months and out of the four
locations, Fakirhat found to be less infected due to better management. Therefore, to cope with the risk of WSSV infection, proper farm
management practice, virus free PL (post larvae), awareness buildup at the farmer level and switch into community based farm management
can be broadly brought into practice.
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INTRODUCTION

A major portion of the world shrimp culture
production comes from South East Asia.
However, in recent years, the production of
cultured shrimp has markedly decreased
because of serious viral disease outbreaks;
especially  the increased severity of
widespread White Spot Syndrome Virus
(WSSV) infection became the most serious
threat to stable aquaculture production.
Features of this WSSV were that the
diseased prawns were often showing
obviously White spots on their carapace and
that the high mortality was occurred from
80% to 100% in only few days after
infection (Nakano et al., 1994; Chou et al,,
1995). A recent major outbreak of WSSV
infection in  China, Japan, Taiwan,
Bangladesh, Thailand, and India (Otta et al.,
2003; Zhan and Wang, 1998; Pongmaneerat
et al., 2001; ASCC, 1996), led to higher farm
losses, has raised significant concerns in
aquaculture around the world (Islam et al.,
2007). In Bangladesh, farmed shrimp
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production reduced down to 87,972 metric
Ton in the year of 2009-10 from 1,02,854
metric Ton in the year of 2008-09; and till
2012, the production rate, however; raised
slightly, due to horizontal spreading and
substitution by giant freshwater prawn,
Macrobrachium rosenbergii. (DoF, 2011).

Treatment of such viral diseases found to be
less efficient than the prevention to avoid
outbreaks (Igbal et al., 2011; Menasveta,
2002). However, several studies have been
carried out to investigate the effect of
disinfectants on WSSV infection (Chang et
al., 1998; Maeda et al 1998;
Balasubramanian et al., 2000) along with the
use of vaccines and immunostimulant to
control WSSV outbreak (Citarasu et al,
2006; Satoh et al, 2008; Sajeevan et al,
2009). However, in the context to the
culture practice of Bangladesh, vaccines and
immunostimulants can hardly withstand the
disease outbreak as most of the farms are
being  managed almost traditionally.
Therefore, bio-security measures have been
suggested by some scientists to exclude the
pathogen or reduce the risk (Lotz, 1997,
Mohan et al., 2005). Most of the research
carried along the line, dealt on the carrier
organism(Lo et al., 1996; Suppamataya et al.,
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1998; Otta et al., 1999; Corsin et al., 2001,
Hossain et al., 2001; Yan et al., 2004; Liu et
al., 2000), transmission (Suppamataya et al.,
1998; Corsin et al., 2001; Peng et al., 1998),
effect of water physicochemical parameters
(Vidal et al., 2001; Granja et al., 2003; Guan
et al., 2003; Rahman et al., 2006; Reyes et al.,
2007), and genetics (Wongteerasupaya et al.,
2003; Dieu et al, 2004; Musthaq et al,
2000).

Only few studies reported the association of
risk factors related to pond culture. In some
research, WSSV infection has been found
positively correlated with proximity of the
pond to the sea and negatively to ponds
closely located within a given cluster
(Mohan et al, 2008). Sludge removal,
ploughing, liming, complete system dry-out
between culture cycles, water filtration
through 300 pm mesh screen and
phosphorus application through fertilization
were reported to reduce the risk of WSSV
infection (Corsin et al., 2001; Velasco et al.,
2002; Mohan et al, 2008) in Philippines.
Corsin et al. (2001) found no association
between stocking density and WSSV
infection.

In Bangladesh, every year WSSV grounds
for catastrophic loss to the shrimp (P.
monodon) industry by mass mortality of
shrimp (P. monodon) since poor information
available on the etiology of the disease in
this region. Therefore, epidemiological
approach thought to be the right one for
understanding this contagious disease due to
different factors of culture area and
management practices affecting WSSV
infection. Hence, this study hypothesized
that factors related to farm site and farm
management affect the occurrence of
WSSV. Therefore, by developing a well-
structured questionnaire these risk factors
could be identified, using the
epidemiological approach.

MATERIALS AND METHODS

Study area

A total number of 72 shrimp (P. monodon)
farm/farms (both affected and unaffected)
have been investigated randomly from four
spots vzz. Paikgacha, Kochua, Rampal and
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Fakirhat of Bagerhat district. Sampling was
carried out from January to June, 2011. This
period of time considered the most crucial
period in WSSV infection and proliferation
in this region for decades. Investigation of
the farm/farms catried out according to the
following design (Table 1).

Data collection

Each sampling consists of the data regarding
water quality parameters, general aqua-
ecology and management practices, etc.
attained by a pre-tested well-structured
questionnaire comprised of several groups
of variables viz., pond preparation, water
management, culture practices and bio-
security measures, etc. Along with the
interviews, 25 no’s of shrimp (P. monodon)
samples were collected randomly from each
of the farms, for investigation of WSSV
pathogen by PCR until the characteristic
white spherical spots appear on the carapace
and telson ensuring WSSV infection visually
in the farmed shrimp (P. monodon) drawing a
firm conclusion  regarding ~ WSSV
association. Water samples collected and
tested on the spot using a water test kit
(HACH FF-2 with digital tritator) between
8.00 to 10.00 A.M. consists of temperature,
salinity, pH, dissolved oxygen, total
alkalinity and total ammonia.

WSSV identification using PCR

Collected shrimp (P. monodon) samples from
the sites were then subjected to PCR test in
the shrimp (P. monodon) health management
laboratory of Bangladesh Fisheries Research
Institute using Genie’s kit. DNA extraction
and amplification were done by the supplied
protocol of the respected kit.

Statistical analysis

All  date were analyzed wusing SPSS
(Windows Evaluation Ver. 14.0, released
September 5, 2005). For the categorical data,
nonparametric correlation test, spearman’s
rho has been performed inferring the degree
of WSSV association whereas, for the
parametric  data, Pearson correlation
coefficient has been considered. Values for
WSSV infection taken 1 and 2 for WSSV
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positive and negative, for PL (post larvae)
source 1, 2 and 3 stands for wild, hatchery
and mix sources of PL, simultaneously for
water source, 1, 2, 3 and 4 stands for the
river, canal, underground and rain-fedwater.
A positive correlation coefficient indicates
that an increase in the corresponding
variable will increase the risk of WSSV
occurrence. On the contrary, a negative
correlation  coefficient implies that an
increase in the level of the respective
variable will reduce the risk.

RESULTS

The presence of WSSV in the shrimp (P.
monodon) was confirmed by Polymerase
Chain Reaction (PCR test). The test was
performed until the symptoms of the
disease (Opaque white spherical spot in
cephalothorax, abdomen and telson mainly)
could be reckoned wvisibly through
appearance of spherical opaque spots in
cephalothorax, abdomen and telson. PCR
test obtained no presence of WSSV in the
month of January and February (Fig 1. A
and B) but in early March 2 farmns (in case of
2 and 3 no. samples ) in Rampal Upazila
showed WSSV positive result at 300 bp for
nested PCR (Fig 1. C).In the same month,
among the rest of the farms 5, 6, 9, 10 and
12 showed WSSV positive both at 600 and
300 bp for the first step and nested PCR
respectively, along with identical opaque
white spherical spots as external sign (Fig 1.
Cand D).

Only the WSSV data for January and
February differ significantly compared to
other months (Table 3) alike the data of
Fakirhat in comparison with other areas
(Table 4). Regarding the parametric and
non-parametric data analysis, six water
quality parameters of the eight parametric
data, collected throughout the crucial period
of disease occurrence from the four
sampling sites were analyzed by Pearson
correlation test using SPSS (Table 5).
Salinity and Temperature found to have
significant correlation (r= -.727 and .624,
p=0.01) with WSSV infection followed by
the average depth (r= -.618, p=0.01). Study
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depicted, increase of average temperature
from 21° C at January to 33° C at June,
number of infectedfarm/farm reached from
nil to 10 (Figure 2) .

On the other hand, for the categorical data,
Spearman’s rho test was performed to infer
the level of significance (Table 6). Sharing
same water in several ponds/farms (Linked
up with other farms) showed significant
influences (r=.754, p=0.01) in WSSV
infection followed by infection due to the
accessibility of cattle or other animals into
the farms (r= .630, p=0.01).

Among the farms investigated, 43.1% found
to be infected by WSSV where the
accessibility of cattle was frequently
compared to the farms free from cattle
grazing (4.2%) (Fig. 2).

Removal of sludge (black soil) was also
found to have influences on WSSV
infection. Sludge removed farms were found
to be infected at 15.28% whereas farms that
did not remove sludge were found to be
infected at 31.94% (Fig. 3)

Liming prior to the beginning of culture
found to have influence reducing the risk of
WSSV infection up to 36.11%, whereas the
risk rose up to 29.17% in the farms that did
not apply lime during as well as at the
beginning of culture (Fig. 4)

Feeding, however, is an important issue in
any cultural practice, farmers in the study
area found to be reluctant in feeding
showed 38.9% risk of being infected by
WSSV, which can be reduced to 8.3% by
providing supplementary feed (Fig. 5)
Another important factor found to be the
source of PL. Risk of WSSV infection to the
hatchery PL was up to 6.94% which could
be up to 16.67% and 23.61% of the PL of
wild source and a mix of wild and hatchery
source respectively (Fig. 0)

The most interesting thing found in the
study was the source of water. WSSV risk
was found up to 38.9% and 6.9% for the
farms having water directly from the rivers
and canals, which were just nil, and 1.4% of
the underground and rain fed water
respectively (Fig. 7)

DISCUSSION
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As an invertebrate, shrimp (P. nonodon) lacks
the key components of the vertebrate
adaptive immune response (e.g
immunoglobulins, major-histocompatibility-
complex (MHC) antigens, T-cell receptors)
that provide a versatile mechanism for
natural ~ protection and allow for
conventional vaccination against viruses
(Arala-Chaves  and  Sequeira,  2000).
Therefore, strategies for health management
in shrimp (P. monodon) aquaculture are
primarily based on the principles of
pathogen exclusion and the avoidance of
environmental conditions that induce stress,
stimulate viral replication or facilitate disease
transmission (Walker and Mohan, 2009).
Studies revealed that rapid changes in the
temperature due to heavy rain increase viral
proliferation.

Temperature fluctuation and low
temperature are identified as risk factors for
WSSV infection, while an increase in
temperature can be a risk factor for an
outbreak in  pond-cultured  P.monodon
(Tendencia et al., 2010). As the temperature
raises high to 33-35° C in the month of
April, May, and June, the number of
infected farms increased also. This may be
attributed to sudden rain in those months
that reduce the temperature rapidly, as most
of the farm found to have too low water
depth to resist abrupt change in water
temperature. According to Tendencia et al.
(2010a) climate is one of the vital WSSV risk
factors. Igbal et al. (2011) reported that the
prevalence of WSSV is higher in the months
of May to September in Bangladesh. Low
atmospheric  temperature, consequently
affects the water temperature that is
considered an important WSSV risk factor.
Exposure to low water temperature could
lead to WSSV infection in pond cultured P.
monodon (Tendencia et al., 2010b), owing to
the increase in viral replication and the
decrease in the immune response of shrimp
(P. monodon) at low temperature (Vidal et al.,
2001; Reyes et al., 2007).

Salinity had been another factor
having significant association with WSSV
outbreak. Several studies in captivity
reported that fluctuation in salinity and
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temperature could weaken the shrimp’s
immune  system  and  affect  viral
proliferation. Yu et al, (2003) reported
weaker immune response in Marsupenaeus
japonicus as the deviation from the original
salinity becomes greater. However, the
current study revealed that most of the
farms could not withstand against salinity
fluctuation due to the lower water depth at
sudden rain. Therefore, after successive
raining in the aforementioned months,
number of WSSV infected farms increased
as the harboring salinity falls suddenly.
Effective pathogen exclusion
practices require attention to all points in
the shrimp (P. monodon) production cycle,
from spawning to harvest, at which viruses
may be encountered or recycled into the
environment (Fegan & Clifford 2001).
According to the study, there is a significant
correlation between accessibility of cattle
into the shrimp (P. monodon) farms and
WSSV proliferation. Accessibility of cattle
into the farms poses increased risk of viral
infection up to 43.1%, which is quite
alarming. Moreover, sharing of the same
water and common flow-through system is
found to be another threat in the study area,
having significant impact on WSSV
outbreak. Mohan et al. (2008) reported that
WSSV infection is negatively correlated to
ponds closely located within a given cluster.
May be that the water that is allowed to
enter into the pond is mixed with discharge
of the farm itself or other farms, that would
contaminate the water. This argument also
holds for having the same receiving water
source as a risk factor. Contamination of
water can also come from the sludge
removed from the pond bottom. However,
according to Tendencia et al. (2011),
biosecurity measures did not prevent WSSV
occurrence. Biosecurity measures aim to
exclude pathogens and carrier organisms
from the cultural environment; e.g., farmers
installed birds scare and crab fence to
prevent the entry of birds and crabs. But,
these bio-security measures often do not
reach their purpose. Birds still fly over the
strings that are supposed to scare them,
might defecate above the pond and their
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feces contaminated with WSSV  particles
could infect the cultured shrimp (P.
monodon). Crab fence, usually made of nets,
is installed on the pond dike to prevent the
entry of crabs; however, crabs could still
enter the pond by creeping through the net
or by making holes through the dike.
Farmers should optimize their biosecurity
measures. Limited access to farm, footbaths,
tire baths, and hand disinfection were
strictly implemented by farm management.
These measures concern humans as carriers.
However, the question is whether human
can actually carry WSSV particles that could
infect the cultured shrimp (P. monodon). This
question is not just anecdotic; no scientific
evidence proves that humans can transmit
WSSV or particles carrying WSSV, although
Corsin et al. (2005) found that sharing of
personnel between ponds is associated with
WSSV. Stocking of WSSV negative fry
could prevent the entry of WSSV into the
culture system, but shrimp (P. monodon) once
inside the pond can be infected in several
ways.

In agreement with Tendencia et al.
(2011), sludge removal also found to be a
risk factor of WSSV infection in the shrimp
(P. monodon) farms. Sludge is made up of
accumulated organic matter such as excess
feed and feces. Organic matter harbors
microorganisms that could be pathogenic to
shrimp (P. monodon). In most instances,
sludge removed from the pond bottom was
placed on the dike. This might allow
harmful microorganisms present in the
sludge to be washed back into the pond.
The amount of sludge that accumulates at
the pond bottom was affected by stocking
density, which also was another risk factor.
The higher the stocking density the more
organic matter due to feces and uneaten
feed may accumulate on the pond bottom.

Feeding live molluscs to shrimp (P.
monodon) poses a risk for WSSV infection,
which might be transmitted in two ways to
the system. Molluscs either being filter
feeders can serve as WSSV carriers or
molluscs could ingest WSSV particles from
the soil and the water column, which could
be transferred to the shrimp (P. monodon) by
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feeding. Feeding commercial pellets as a risk
factor in polyculture farms might be a
consequence of sludge accumulation at the
pond bottom due to improper pond
preparation in the farms (Tendencia et al.,
2011). In the current study, feeding showed
a negative correlation with WSSV infection.
Farmers provide feed to the farms are likely
to have 30% less chance of being infected
by WSSV.

Source of post-larvae (PL) also
found to have an impact on viral infection
in the shrimp (P. monodon) farming area of
the country because WSSV is highly
infective not only for marine penaeid
shrimp (P. monodon) (Rodriguez et al. 2003),
but also infect many other crustaceans and
marine crabs (Hameed ¢f @/, 2003). There
are reports that freshwater species such as
the crayfish Pacifastacusleninsculus
(Jiravanichpaisal et al, 2001) and
Macrobrachium rosenbergii (Chakraborty et al.,
2002) are also susceptible to infection. WSSV
genomic DNA can be vertically transmitted
to Artemia cysts, but it is lost during
hatching (Li et al., 2003).

Study revealed that farmers using
hatchery produced PL was capable of
reducing the risk of infection by nearly
about 10% than farmers using wild PL in
farms. Because as mentioned previuosly,
water from different sources could be
contaminated with virus particles, and
posing a risk of WSSV infection into culture
system. Direct rain fed ponds and farmers
using underground water, found to be less
susceptible to viral infection. Evaporation
process for rainwater and different filtration
stages of underground water might have an
impact reducing the association of WSSV in
the farming system. Further study is
required to confirm the risk factors
responsible for a massive infection of WSSV
in the shrimp (P. monodon) industry.
Therefore, water or pond bottom quality
and immune response of shrimp (P.
monodon) could be considered as the risk
factors for WSSV infection. Rapid changes
in salinity and temperature can be
minimized by ensuring proper depth in the
culture pond/farm. Intensive study is
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required to confirm the optimum water
depth, minimizing the abrupt changes in
salinity and temperature due to sudden
rainfall. Some WSSV risk factors such as
feeding live molluscs should be avoided.
Proper liming and feeding can be
maintained to ensure good health condition
of the shrimp (P. monodon). Sludge removed
from the pond should be disposed of in a
place where washing back into the system is
prevented. The effect of other risk factors
can be mitigated by the implementation of
the identified protective factors.

CONCLUSION

Shrimp (P. monodon) export is the second
largest source of earning foreign currency in
Bangladesh. However, in recent years, the
production of cultured shrimp (P. monodon)
has markedly decreased because of serious
viral disease outbreaks. Especially, the
increased severity of widespread White Spot
Syndrome Virus (WSSV) infection, the most
serious  threat to stable aquaculture
production. Several studies to control the
disease have been done. However, tank
experiments identified WSSV risk factors
related to the physicochemical properties of

Table 1. Study area and sampling design
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the water, a few studies reported pond level
WSSV risk factors. In this study, initiative
taken to find out the risk factor associated
with WSSV outbreak in the shrimp (P.
monodon) farms, which will be helpful in
reducing the risk of massive disease
outbreak. Study revealed that proper
pond/farm preparation, stocking of SPF
(Specific ~ Pathogen  Free) PL  and
maintaining optimum water depth (not less
than 3 feet) can withstand against the
invasion of the viral pathogen into the
culture area. Flow-through system within
the farms along with cattle grazing in the
culture area also found to have fatal impact
on viral spreading from which some
management an approaches can help to
overcome the problem with ease. In a word,
it can be said that proper farm management
could have adequate impact on preventing
mass mortality due to WSSV infection, as
there is no sustainable treatment has been
developed yet. Therefore, proper initiatives
to be taken to grow awareness among the
farmers that can play vital roles in
minimizing the loss through WSSV
outbreak of shrimp sector.

SI. No. Sampling spot Type of water body No. of sampling/month

01 Paikgacha

02 Kochua .

03 Rampal Local Shrimp Farms 3

04 Fakirhat

Total 12 farm/monthX6 months=72

Table 2. List of different types of data
considered

S1. No. Categorical Data Parametric Data
1 Month Tem

2 Region DO

3 Pond Drying Salinity

4 Ploughing Ph

5 Sludge Removal Ammonia

6 Water Source Alkalinity

7 Water Sharing Stocking Density
8 Linked With Farms Avg. Depth

9 Cattle Accessibility

10 Pl Soutrce

11 Liming

12 Feeding
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Table 3. Descriptive Statistics of month wise

WSSV infection
Month Mean Std. Deviation Mean Difference Sig.
February 2.00 .000 .000 1.000
March 1.42 515 .583" .005
January April 1.33 492 667" .001
May 1.25 452 750" .000
June 1.17 .389 .833" .000
Januaty 2.00 .000 .000 1.000
March 1.42 515 .583" .005
February April 1.33 492 667" .001
May 1.25 452 750" .000
June 1.17 .389 .833" .000
Januaty 2.00 .000 -.583" .005
February 2.00 .000 -.583" .005
March April 1.33 492 .083 994
May 1.25 452 167 .889
June 1.17 .389 .250 .592
Januaty 2.00 .000 -.667" .001
February 2.00 .000 -.667" .001
April March 1.42 515 -.083 994
May 1.25 452 .083 994
June 1.17 .389 167 .889
January 2.00 .000 -.750" .000
February 2.00 .000 -.750" .000
May March 1.42 515 -.167 .889
April 1.33 .492 -.083 994
June 1.17 .389 .083 994
Januaty 2.00 .000 -.833" .000
February 2.00 .000 -.833" .000
June March 1.42 .515 -.250 .592
April 1.33 492 -.167 .889
May 1.25 452 -.083 994
*. The mean difference is significant at the 0.01 level. Dependent Variable: WSSV Infection
Table 4. Descriptive Statistics of area wise
WSSV infection
Upazilla Mean Std. Deviation Diz[eerzlrllce Sig.
Kochua 1.389 0.502 0.000 1.000
Rampal Fakirhat 1.944 0.236 -.556* 0.002
Paikgacha 1.389 0.502 0.000 1.000
Rampal 1.389 0.502 0.000 1.000
Kochua Fakirhat 1.944 0.236 -.556%* 0.002
Paikgacha 1.389 0.502 0.000 1.000
Rampal 1.389 0.502 .556* 0.002
Fakirhat Kochua 1.389 0.502 .556* 0.002
Paikgacha 1.389 0.502 .556* 0.002
Rampal 1.389 0.502 0.000 1.000
Paikgacha Kochua 1.389 0.502 0.000 1.000
Fakirhat 1.944 0.236 -.556* 0.002

*. The mean difference is significant at the 0.01 level.
Dependent Variable: WSSV Infection
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Table 5. Pearson correlation coefficient for parametric data
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Ammon  Alkalinit Avg, Stocking
Tem DO Salinity pH ia y Depth Density
Pearson WSSV .624(* - . « o
Correlation  Infection *) .070 727(<%) -.261(%) 175 -256(%)  -.618(%F) .043
Sig. (1-tailed) 000 280 .000 013 071 015 .000 359
N 72 72 72 72 72 72 72 72
** Correlation is significant at the 0.01 level (1-tailed).
* Correlation is significant at the 0.05 level (1-tailed).
Table 6. Spearman’s rho correlation coefficient for non-parametric data.
WSSV Pond Ploughi Sludg Linke Water Wate Accessibi Feedi Liming
Infecti Dryin ng e d Shari r lity of ng
on g Remo  with ng Sour  Cattle
val ce
Spearm  Correlat  1.000 - - =179 754 308(* 416 .630(**) - -
an's ion 273( 276(+ *¥) %) *k 219(  3020%
rho Coeffici *) ) *) )
WSSV ent
Infecti  Sig. (1- .010 .009 .067 .000 .004 .000  .000 .032 .005
on tailed)
N 72 72 72 72 72 72 72 72 72 72

* Correlation is significant at the 0.05 level (1-tailed).
** Correlation is significant at the 0.01 level (1-tailed).

PvNv bl 6 5 4 3 2 t PyNvbl 6 5 4 3 2 1

PvNv b € 5 4 3 2  PyNvbl 6 5 4 3 2 1

1000
600
300
200
100

bF Py Nv 12 110 ¢ 8 7 biPvNv 12 1110 8 8 7 mm

1000
600
300
200
100

bf Pv Nv 12 1110 ¢ 8 7 bl PvNv 12 11109 8 7

1000
600
300
200
100

Figure 1. Electrophoretic pattern of PCR product (mm: molecular marker; 1~12: samples for
1% step PCR; bl: reagent control; Nv: negative; Pv: positive; 1'~12": samples for nested (2™
step) PCR; bl nested reagent control; Nv'": nested negative control; Pv": nested positive

control).
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WSSV Infection

Fig 7. Percentages of WSSV infection and source of water

Feeding
yes no occasionally
40.0% —
30.0% —
IS
4]
bt % —
g 200% 38.9%
o
30.6%
10.0% —
11.1% 11.1%
0.0% T T T T T T
positive negative positive negative positive negative
WSSV Infection
Fig 5. Percentages of WSSV infection and feeding
Source of PL
wild hatchery mixed
25.0% —
20.0% —
% 15.0% —
o
= 25.0%)
2 23.61%
10.0% -
16.67%
12.5%)
6.94%)
0.0% T T T T T T
positive negative positive negative positive negative
WSSV Infection
Fig 6.Percentages of WSSV infection and source of PL
WaterSource
river canal underground rainfed
40.0% —
30.0% —
=
(<5}
2
S 200%7 [sso%
23.6%
10.0% —|
[15.3%|
[12.5%
0.0% T T . : . 1.4% ] 1.4% il :
positive negative positive negative positive negative positive negative




Islam et al. Annals of Veterinary and Animal Science 2014

http://naturepub.org/index.php/journal/navas

REFERENCES

1.

Arala-Chaves M, Sequeira T (2000). Is
there any kind of adaptive immunity in
invertebrates?  Aquaculture. 191:247—
258.

Balasubramanian G, Sudhakaran R,
Musthaq Syed, Sarathi M, Sahul
Hameed AS (20006). Studies on the
inactivation of white spot syndrome
virus (WSSV) of shrimp (P. monodon)
by physical and chemical treatment,
and antiviral seaweeds tested in marine
and freshwater animal models. J. Fish
Dis. 29: 569-572.

Chakraborty A, Otta SK, Kumar BJS,
Hossain MS, Karunasagar 1,
Venugopal MN & Karunasagar 1
(2002). Prevalence of white spot
syndrome virus in wild crustaceans
along the coast of India. Current
Science 82:1392-1397.

Chang PS, Chen LJ, Wang YC (1998).
The effect of ultraviolet irradiation,
heat, pH, ozone, salinity and chemical
disinfectants on the infectivity of
white spot syndrome baculovirus.
Aquaculture. 166:1-17.

Chou HY, Huang CY, Wang CH,
Chiang HC, Lo CF (1995).
Pathogeneicity of a  baculovirus
infection causing Whitespot Syndrome
in cultured penaeid shrimp in Taiwan.
Dis. Aquat. Org. 23:165-173.

Citarasu T, Sivaram V, Immanuel G,
Rout N, Murugan V (20006). Influence
of selected Indian immunostimulant
herbs against white spot syndrome
virus (WSSV) infection in black tiger
shrimp (P. monodon), Penacusmonodon
with reference to haematological,
biochemical ~and  immunological
changes. Fish Shellfish Immunol.
21:372-384.

Corsin F, Turnbull JF, Hao NV,
Mohan CV, Phi TT, Phuoc LH, Tinh
NTN, Morgan KL (2001). Risk factors
associated with white spot syndrome
virus infection in a Vietnamese rice-
shrimp (P. monodon) farming system.
Diseases of Aquatic Organisms 47:1—
12.

10.

11.

12.

13.

14.

15.

Page 49 of 13

Dieu BTM, Marks H, Joukje Siebenga
JJR, Goldbach RW, Zuidema D,
Duong TP, Vlak JM (2004). Molecular
epidemiology of white spot syndrome
virus within Vietnam. J. Gen. Virol.
85:3607-3618.

DoF  (Department of Fisheries)
(2011). JatioMatshaS optah 2010.
Ministry of Fisheries and Livestock.
Government of the Peoples Republic
of Bangladesh, pp. 102-107.

Fegan DF, Clifford HC (2001). Health
management for viral diseases in
shrimp (P. monodon) farms. In: Browdy
CL, Jory DE (eds) The New Wave:
Proceedings of the Special Session on
Sustainable ~ Shrimp  (P.  monodon)
Farming, Aquaculture 2001, pp. 168—
198. The World Aquaculture Society,
Baton Rouge.

Guan Y, Yu Z, Li C (2003). The effect of
temperature on white spot syndrome
infections in Marsupenaeusjaponicus. J.
Inv. Pathol. 83:257-260.

Hameed ASS, Balasubramanian G,
Musthaq SS, Yoganandhan K (2003).
Experimental infection of twenty
species of Indian marine crabs with
white spot syndrome virus (WSSV).
Diseases of Aguatic Organisms 57:157-161.
Hossain MS, Chakraborty A, Joseph
B, Otta SK, Karunasagar I,
Karunasagar I (2001). Detection of
new hosts for white spot syndrome
virus of shrimp (P. monodon) using
nested polymerase chain reaction.
Aquaculture 198:1-11.

Islam M N, Hossain M A and Ahsan
M N (2007). Development of a PCR
Based Protocol for WSSV Screening
for Major Crustaceans Inhabiting in
Cultured Shrimp (P. monodon) Farm.
Int. J. Sustain. Crop Prod. 2(4): 9-17
Igbal MM, Kabir MA, Alan CB,
Mamun MAA, Hossain MM (2011).
Seasonal status of white spot
syndrome virus in broodstocks, nauplii
and postlarvae of black tiger shrimp
(Penaecus monodon) in Bangladesh.
International Journal of Natural
Sciences, 1(3):56-61.



Islam et al. Annals of Veterinary and Animal Science 2014
http://naturepub.org/index.php/journal/navas

16.

17.

18.

19.

20.

21.

22.

23.

24,

Jiravanichpaisal P, Bangyeekhun E,
Soderhall K, Soderhall I (2001).
Experimental infection of white spot
syndrome virus in freshwater cray fish
Pacifastacus leniusculus. Diseases of
Aquatic Organisms 47:151-157.

Li Q, Zhang J, Chen Y & Yang
F(2003). White spot syndrome virus
(WSSV) infectivity for Artemia at

dijerent developmental stages.
Diseases of Aquatic Organisms
57:261-264.

Liu B, Yu Z, Song X, Guan Y, Jian X,
He J (2006). The effect of acute
salinity change on white spot
syndrome  (WSS)  outbreaks in
Fenneropenaeuschinensis.
Aquaculture 253: 163-170.

Lo CF, Ho CH, Peng SE, Chen CH,
Hsu HC, Chiu YL, Chang CF, Liu KF,
Su MS, Wang CH, Kou GH (1990).
White spot syndrome baculovirus
(WSBV) detected in cultured and
captured shrimp (P. monodon), crabs
and other arthropods. Diseases of
Aquatic Organisms 27: 215-225

Lotz JM (1997). Special topic review:
viruses, biosecurity and = specific-
pathogen-free stocks in shrimp (P.
monodon)  aquaculture.  World  J.
Microbiol. Biotechnol. 13:405-413.
Maeda M, Itami T, Furumoto A,
Hennig O, Imamura T, Kondo M,
Hirono I, Aoki T, Takahashi Y (1998).
Detection of penaeid rod-shaped
DNA virus (PRDV) in wild caught
shrimp  (P. monodon) and  other
crustaceans. Fish Pathol. 33:373-380.
Menasveta P (2002). Improved
growout  systems  for  disease
prevention and environmental
sustainability in Asia. Rev. Fish. Sci.
10:391-402.

Mohan CV, Corsin F, Padiyar A
(2005). Disease prevention focus: farm
level biosecurity and white spot
disease of shrimp (P. monodon) . Aquac.
Health Int. 3:16-20.

Mohan CV, Phillips MJ, Bhat BV,
Umesh NR, Padiyar PA (2008). Farm-
level plans and husbandry measures

25.

26.

27.

28.

29.

30.

31.

Page 50 of 13

for aquatic animal disease
emergencies. Rev. Sci. Tech. Off. int.
Epiz. 27: 161-173

Nakano H, Koube H, Umezawa S,
Momoyama K, Hiraoka M, Inouye K
and Oseko N (1994). Mass mortalities
of cultured kuruma shrimp, Penaeus
japonicus, in  Japan in 1993
Epizootiological survey and infection
trials. Fish Pathol. 29:135-139.

Otta SK, Karunasagar I, Karunasagar
1 (2003). Detection of
monodonbaculovirus and whitespot
syndrome virus in apparently healthy
Penaeusmonodonpostlarvae from
India by polymerase chain
reaction.Aquaculture. 220: 59—-67

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

Peng SE, Lo CF, Liu KF, Kou GH
(1998). The transition from pre-patent
to patent infection of white spot
syndrome virus (WSSV) in
Penacusmonodon triggered by
pereiopod excision. Fish Patholoy 33:
395-400.

Rahman MM, Escobedo-Bonilla CM,
Corteel M, Dantas LJJ, Wille M, Alday
SV, Pensaert MB, Sorgeloos P,
Nauwynck HJ (2006). Effect of high
water temperature (33 °C) on the
clinical and virological outcome of
experimental infections with white
spot syndrome virus (WSSV) in
specific pathogen-free (SPF)
Litopenaeus vannamei. Aquaculture
261:842-849.

Reyes A, Salazar M, Granja C (2007).
Temperature modifies gene expression
in subcuticular epithelial cells of white

spot syndrome virus-infected
Litopenaeus vannamei.
Developmental and  Comparative
Immunology. 31: 23-29.

Rodriguez J, Bayot B, AmanoY,

Panchana F, De BI, Alday V, Calderon



Islam et al. Annals of Veterinary and Animal Science 2014
http://naturepub.org/index.php/journal/navas

32.

33.

34.

35.

36.

37.

J (2003). White spot syndrome virus
infection in  cultured  Penaeus
vannamei (Boone) in Ecuador with
emphasis on histopathology and ultra
structure. Journal of Fish Diseases
26:439-450.

Sajeevan TP, Philip R, Singh ISB,
(2009). Dose/frequency: A critical
factor in the administration of glucan
as immunostimulant to Indian white
shrimp (P. monodon) Fenneropenaeus
indicus. Aquaculture 287:248-252.
Satoh J, Nishizawa T, Yoshimizu M
(2008). Protection against white spot
syndrome virus (WSSV) infection in
kuruma shrimp (P. monodon) orally
vaccinated with WSSV rVP26 and
rVP28. Diseases of  Aquatic
Organisms 82:89-96.

Suppamataya, K, Hoffman RW,
Boonyaratpalin S, Kanchanaphum P
(1998). Experimental transmission of
white spot syndrome virus (WSSV)
from black tiger shrimp (P. monodon)
Penacusmonodon to the sand crab
Portunuspelagicus, mud crab Scylla
serrata and krill Acetes sp. Diseases of
Aquatic Organisms 32:79-85.
Musthaq SS, Sudhakaran R, Ishaq
Ahmed VP, Balasubramanian G,
SahulHameed AS (20006). Variability in
the tandem repetitive DNA sequences
of white spot syndrome virus (WSSV)
genome and suitability of VP28 gene
to detect different isolates of WSSV
from India. Aquaculture 256:34—41.
Tendencia EA, Bosma RH and
Verreth JAJ (2010). WSSV risk factors
related to water physico-chemical
properties and microflora in semi-
intensive Penaeusmonodon culture
ponds in the Philippines. Aquaculture.
167:164-168.

Tendencia EA, Bosma RH, Usero RC,
Verreth JA] (2010a). Effect of rainfall
and atmospheric temperature on the
prevalence of whitespot syndrome
virus  (WSSV) in pond cultured
Penacus monodon. Aquac. Res. 41:
594-597.

38.

39.

40.

41.

42.

43.

Page 51 of 13

Tendencia EA, Bosma RH and
Verreth JAJ (2011). White spot
syndrome virus (WSSV) risk factors
associated with shrimp (P. monodon)
farming practices in polyculture and
monoculture farms in the Philippines.
Aquaculture. 311: 87-93.

Velasco M, Freire G, Aria A, Quiroz
M (2002). Shrimp (P.  monodon)
production results in experimental
ponds in Ecuador with presence of
WSSV: Three lucky strikes or three
indications of hope for the shrimp (P.
monodon) industry? In: Cruz-Suarez,
L.E., RicqueMarie, D., Tapia-Salazar,
M., Gaxiola-Cortés, M.G., Simoes, N.
(Eds.), Avances en NuticionAcuicola
VL Memoria del VI
SimposiumInternacional de
NuticiénAcuicola.3 al 6 de Septiembre
del 2002.Cancun, Quintana Roo,
Mexico.

Vidal OM, Granja CB, Aranguren F,
Brock JA, Salazar M (2001). A
profound effect of hyperthermia on
survival of Littopenaeus vannamei
juveniles infected with white spot
syndrome virus. J. World Aquac. Soc.
32:364-372.

Wongteerasupaya C, Pungchai P,
Withyachumnarnkul B, Boonsaeng V,
Panyim S, Flegel TW, Walker PJ
(2003). High wvariation in repetitive
DNA fragment length for white spot
syndrome virus (WSSV) isolates in
Thailand.  Diseases of  Aquatic
Organisms.54: 253-257.

Yan DC, Dong SL, Huang J, Yu XM,
Feng MY, Liu XY (2004).White spot
syndrome virus (WSSV) detected by
PCR in rotifers and rotifer resting eggs
from shrimp (P. monodon)  pond
sediments. Dis. Aquat. Organ. 59:69—
73.

Yu, Z, Li C, Guan Y (2003). Effect of
salinity on the immune responses and
outbreak of white spot syndrome in
the shrimp (P. monodon) Marsupenaeus
japonicus. Ophelia 57:99-106.



