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Abstract 
White spot syndrome virus (WSV) infection is one of the most virulent pathogenic and devastating 
viruses of the cultured penaeid shrimps. It leads to severe disruption and loss of economy every year. The 
present study was carried out to detect the presence of WSV in Litopenaeus vannamei from cultured 
farms in East Midnapore district, West Bengal for the first time. Out of 8 shrimp samples from different 
places two samples of Litopenaeus vannamei were found to be WSV positive from Rasulpur and Basanti 
areas of the district. The confirmation of WSV was detected through two steps PCR reaction. 
Conventional diagnosis fails to detect early stages of infection, and are also time consuming and less 
sensitive. Whereas Nested PCR or 2nd step PCR is a powerful and sensitive diagnostic tool for 
identification of WSV even at a very early stage (asymptomatic/ carrier stage) of infection. Furthermore 
histopathological studies of gills revealed the presence of developing and fully developed intranuclear 
inclusion bodies, muscles showed infiltration of haemocytes, necrosis, inflammation with degeneration 
and inflammation & extensive necrosis of hepatopancreas and degeneration of tubular lumen; thereby 
confirming the WSV infection among the Litopenaeus vannamei. 
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1. Introduction 
Shrimp farming is one of the most profitable and fastest-growing sectors of the aquaculture 
industry. Litopenaeus vannamei is currently emerging cultured shrimp species in West Bengal. 
Due to its faster growth rate with comparatively low feed conversion rate (FCR) and higher 
survival percentage during the culture attracting the farmers. In India, shrimp culture 
contributing a significant portion towards national income through export earnings. India 
stands as the fifth highest producer of farmed shrimps [1]. The farming systems currently 
employed in India can be broadly divided into six basic categories traditional, improved 
traditional, extensive, improved extensive, semi-intensive and intensive methods [2, 3, 4]. There 
are two distinct seasonal shrimp crops. The first crop starts in February or March and ends in 
May or June. The second crop starts in August or September and ends in November or 
December. Typically the first crop produces a much higher yield than the second crop [5]. 
West Bengal is having huge potential of brackish water area in India, spreading over three 
districts namely East Midnapore, North 24 Parganas and South 24 Parganas. Scientific culture 
of shrimp started in West Bengal during the mid-1980s and by 2010 more than 54,000 hectare 
area are under shrimp culture. The current aquaculture production of shrimp in West Bengal 
increased from 26,800 tons in 2001-2002 to 57,369.77 tons in 2014-2015 [6]. 
Due to the modernization of culture from traditional system pave the way for disease outbreak 
among the shrimps. High stocking density and use of compounded pelleted feed in order to 
achieve higher production rates impose stress on the shrimps, making them susceptible to 
diseases [7]. The diseases may be caused by various etiologic agents such as viruses, bacteria, 
fungi, parasites, algal toxins, nutritional deficiency or the adverse environment. Diseases 
caused due to virus such as WSV is the major challenging problem of shrimp culture across 
India. 
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White spot virus (WSV) is one of the most serious pathogen 
affecting shrimp aquaculture industry, and it has caused 
severe disruption to the industry since the early 1990s [8, 9]. 
The WSV name is derived from the clinical sign that has been 
reported in some susceptible penaeid shrimp hosts, for 
example the presence of white spots associated with calcium 
deposition on the inner surface of cuticle [10] and shrimp 
mortality can reach upto 100% within 3 to 7 days of infection, 
which causes great economic losses to the industry [11]. 
In India, WSV was first reported in 2011 on white leg shrimp 
(Litopenaeus vannamei) from farm located in Bhimavaram, 
West Godavari district, Andhra Pradesh [12].It has a broad host 
range, infecting all cultured shrimp as well as other 
invertebrate aquatic organisms such as crab and crayfish [13]. 
Common characteristics of the disease include presence of 
white spots on the carapace and the body colour of diseased 
shrimp becomes pale or reddish in colour with sever 
mortality. 
The present study is an attempt to study WSV prevalence in 
Litopenaeus vannamei using a combination of molecular and 
histopathological techniques for the first time in East 
Midnapore district of West Bengal. 
 
2. Materials and methods 
2.1 Sample collection 
Healthy and diseased shrimp samples (L. vannamei) were 
collected from different shrimp farms of East Midnapore 
district [Lat. 21o48’57.57”N; Long. 87o43’7.09”E], West 
Bengal, India. Individual shrimp samples fresh or moribund 
were collected within U-V sterilized polypropylene bags were 
brought to the laboratory of Aquatic Animal Health at Faculty 
of Fishery sciences, West Bengal University of Animal and 
Fishery Sciences, West Bengal within 4h of collection in 
insulated ice box. Shrimp samples were examined at site for 
behavioral changes, abnormalities, gross and clinical signs. 
For WSV detection gills and pleopods of shrimps were 
dissected and preserved in 70% ethanol for processed in next 
day. Gills and hepatopancreas from samples are dissected and 
kept in Davidson’s fixative for histopathological examination.  
 
2.2. Genomic DNA preparation 
Genomic DNA was prepared from gill or pleopod tissue of 
each shrimp samples using commercially available kit 
(Genei™, Merck, Bangalore, India). Briefly, 20-30 mg of gill 
or pleopod tissue was taken in 1.5 ml Eppendorf tubes and 
grinded well with 200 µl of DNA extraction buffer (supplied 
in the kit) followed by incubation at 95 °C for 10 min. The 
tubes were then centrifuged at 10,000 rpm for 10 min at room 
temperature. A quantity of 50-100 µl of supernatant 
containing genomic DNA was collected and kept in separate 
tubes for further PCR reaction. 
 
2.3. WSV screening by first step PCR 
The genomic DNA was tested for the presence of WSV in a 
single-first PCR using a commercially available kit (GeNei™, 
Merck, Bangalore, India). The first PCR premix supplied with 
the kit contained external primer, dNTPs, buffer and MgCl2. 
The PCR was carried out in a thermocycler (PTC100; MJ 
research Inc., St. Bruno, Quebec, Canada) with 25µl reaction 
mixture containing 1µl of genomic DNA, 23 µl of first PCR 

premix and 1µlTaq DNA polymerase (GeNei™, Merck). The 
mixture was thoroughly mixed and followed through thermal 
cycle as follows: the initial activation step at 95 °C for 3 min 
followed by 25-28 cycles of 30 sat 95 °C, 30 s at 58 °C and 
30 s at 72 °C and finally last extension step of 5 min at 72 °C. 
PCR products were electrophoresed in 2% agarose gel and 
visualized the DNA bands by staining with ethidium bromide 
(10mg/100 ml). The gel photograph was documented in a gel 
documentation system (Gel doc 1000; BioRad, Hercules, CA, 
USA). 
 
2.4. WSV screening by Nested PCR or 2nd step PCR 
Conventional diagnosis fails to detect early stages of 
infection, and are also time consuming and less sensitive. 
Whereas Nested PCR or 2nd step PCR is a powerful and 
sensitive diagnostic tool for identification of WSV even at a 
very early stage (asymptomatic/ carrier stage) of infection. 
The first PCR product was first centrifuged for 30 seconds at 
10,000 rpm. The first PCR premix supplied with the kit 
contained internal primer, dNTPs, buffer and MgCl2. The 
PCR was carried out in a thermocycler (PTC100; MJ research 
Inc., St. Bruno, Quebec, Canada) with 25 µl reaction mixture 
containing 1µl of genomic DNA, 23 µl of Nested PCR premix 
and 1 µl Taq DNA polymerase (GeNei™, Merck). The 
mixture was thoroughly mixed and followed through thermal 
cycle as follows: the initial activation step at 95 °C for 3 min 
followed by 25-28 cycles of 30 s at 95 °C, 30 s at 58 °C and 
30 s at 72 °C and finally last extension step of 5 min at 72 °C. 
PCR products were electrophoresed in 2% agarose gel and 
visualized the DNA bands by staining with ethidium bromide 
(10 mg/100 ml). The gel photograph was documented in a gel 
documentation system (Gel doc 1000; Bio Rad, Hercules, CA, 
USA). 
 
2.5. Analysis of PCR products by gel electrophoresis 
5 µl of PCR products from the above processes i.e. First & 
Nested PCR were loaded into 2% agarose gel with loading 
buffer and allowed to run at 100-120 volts and stop after 1 
hour. The gel photograph was documented (Gel doc 1000; 
Bio Rad, Hercules, CA, USA) for further analysis. 
 
2.6. Histropathological examination 
Fixed L. vannamei samples in Davidson’s fixative were 
processed and sectioned and stained for histopathological 
studies as per reference [14]. The sections were further 
examined and photomicrographs were taken using a trinocular 
research microscope (Olympus, Model BX51, Japan). 
 
3. Results  
3.1. PCR 
The positive control for WSV showed a band both in first 
PCR (650 bp) and nested PCR (300 bp). Out of 8 samples of 
L. vannamei from different places of East Midnapore district, 
West Bengal, 2 samples were found positive for WSV with 
low infection from two different places i.e. Rasulpur and 
Basanti and others were found to be negative for WSV 
infection. Nested PCR assays showing bands at 300bp 
conforming mild infection of WSV among the two shrimp 
samples (Fig.1).
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Fig 1: Agarose gel showing PCR detection of WSV (L: Ladder, N: 
Negative control, P: Positive control, 1-8: Samples) 

 
3.2. Histopathology 
The gills of WSV infected Litopenaeus vannamei showing; 
the presence of developing and fully developed intranuclear 
inclusion bodies and inflammation of gill lamellae. Also 
necrosis and degeneration of gill lamella were evident. The 

section of the gill from Litopenaeus vannamei infected with 
WSV revealed hypertrophy of the cells with the presence of 
inter-nuclear eosino-basophilic bodies (Fig. 2 a, b). The 
muscle showing WSV intranuclear inclusion bodies, 
infiltration of haemocytes, necrosis and inflammation with 
degeneration of muscle. The degenerated muscle fibers 
clearly separated from the striated muscle fiber forming a 
vacuolar space. The epithelial muscle layers were completely 
damaged compared to rest of the layers (Fig. 2c). The 
transverse section of hepatopancreas showing inflammation 
and extensive necrosis of hepatopancreas cell and 
degeneration of tubular lumen. Hepatopancreas of diseased 
Litopenaeus vannamei infected with WSV showed 
histopathological alteration like degeneration of tubular 
lumen, sloughing of cells with necrosis, extensive fibrosis, 
cell elongation, detachment of hepatopancreatic cells and 
necrosis of connective tissues and hepatopancreas (Fig2. d, e, 
f). 

 

 
 

Fig. 2. Histopathological observation of WSV infected Litopenaeus vannamei: (a) The gills of WSV infected Litopenaeus 
vannamei showing; the presence of developing and fully developed intranuclear inclusion bodies (IB) and inflammation (I) of gill 
lamellae. [H&E stain 200X]. (b) The gills of WSV infected Litopenaeus vannamei showing; infected cells showing intranuclear 
inclusion bodies (IB) (H&E stain 400X]. (c) The muscle of diseased Litopenaeus vannamei showing; WSV intranuclear inclusion 
bodies (IB), infiltration of haemocytes (IH), necrosis (N), inflammation (I) with degeneration (DG) of muscle [H&E stain 100X]. 
(d) Histopathological changes in the transverse section (TS) of hepatopancreas of diseased Litopenaeus vannamei showing; 
inflammation (I) with sloughing of hepatopancreas cell (SHP), degeneration of tubular lumen (DTL), and necrosis of connective 
tissues (NCT) [H&E stain 100X].(e) The transverse section (TS) of hepatopancreas of diseased Litopenaeus vannamei showing; 
inflammation (I) and extensive necrosis of hepatopancreas cell. [H&E stain 100X]. (f) The transverse section (TS) of 
hepatopancreas of diseased Litopenaeus vannamei showing; inflammation (I) and extensive necrosis of hepatopancreas cell and 
degeneration of tubular lumen (DTL). [H&E stain 200X]. 

 
4. Discussion 
During the past three decades shrimp culture has been 
emerging as one of the major industries in the tropical and 
subtropical areas of the world, and it also serves as a major 
source of earning for the poor coastal population [15]. In India, 
commercial shrimp farming started gaining momentum during 
the mid 1980’s. Shrimp production over the past 10 years is 
rapidly increasing and according to the Food and Agriculture 
Organization (FAO) by 2011[16], India has become third 
largest aquaculture shrimp producer. Furthermore, the impact 
of disease due to virus, bacteria, parasites and environmental 
stress plays a significant role in shrimp production. Among all 
diseases WSV is highly pathogenic and seriously affecting the 

shrimp production with massive losses throughout the year. 
Several studies have addressed various aspects of WSV 
during the past one decade [9]. However, WSV epizootic has 
remained the most serious challenge to the shrimp farming 
industry, yet to be resolved. Since there are no therapeutic 
treatments currently available for WSV, the best management 
strategy is to prevent WSV from entering a shrimp farming 
facility [17] or use of optimal shrimp culture conditions. 
In the present study, WSV prevalence was carried out among 
L. vannamei from cultured shrimp farms at different locations 
along East Midnapore district of West Bengal. Out of 8 L. 
vannamei samples from different locations only 2 samples 
were found Positive for WSV with low infection from the 
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location i.e. Rasulpur and Basanti with asymptomatic clinical 
signs and other were found to be Negative for WSV infection. 
The result was confirmed by PCR detection (band at 300bp) 
confirming mild infection of WSV among the two shrimp 
samples (Fig 1). The present results corroborate with the 
previous results [12], they first reported presence of WSV on 
white leg shrimp (Litopenaeus vannamei) from farm located 
in Bhimavaram, West Godavari district, Andhra Pradesh. 
Similar results were also reported WSV from L. vannamei 
from shrimp farms from South Cotabato [18]. Asymptomatic 
positive WSV might be due to the carrier state of infection, 
which is similar to the earlier report from Taiwan [19, 20]. 
Previous studies also reported acute infection of WSV 
associated with mass mortality (100%) and without clinical 
symptoms [21, 22]. Likewise, juvenile and sub-adult shrimp (L. 
vannamei) accompanied with severe mortality due to the high 
virulence of WSV, but were not observed with white spots on 
the carapace [23]. 
Moreover, histopathological studies of the gills of WSV 
infected Litopenaeus vannamei showing; the presence of 
developing and fully developed intranuclear inclusion bodies 
and inflammation of gill lamellae. The muscle showing WSV 
intranuclear inclusion bodies, infiltration of haemocytes, 
necrosis and inflammation with degeneration of muscle. The 
transverse section of hepatopancreas showing inflammation 
and extensive necrosis of hepatopancreas cell and 
degeneration of tubular lumen (Fig 2). The results of the 
present study is similar to the others [24], who reported 
histopathological analysis of gill tissues (tissue 
disorganization, cellular degeneration) from WSV infected 
shrimps from Nellore, AP, India, showing characteristic 
intranuclear eosino-basophilic bodies. Moreover other studies 
[25] also reported destruction of hepatopancreas tissue and 
demolition of cells with nucleus hyper-trophy, cellular 
degeneration, intra-nuclear inclusion bodies, nucleus 
pyknosis, karyorrhexis from WSV infected shrimp tissue from 
Iran.  
The poor management practices in the culture system could 
induce stress in shrimp population and if the virus is latent in 
the population or present in the environment, there may be 
outbreak of the disease. Furthermore, it is alarming that WSV 
infection was detected in L. vannamei, which are supposed to 
be shrimp pathogen free (SPF) as these were imported from 
other countries through different quarantine test. So, this 
study is focused on explicating the risk related to diseases in 
cultured shrimps of West Bengal and this deserves more focus 
towards research on specific diseases and technologies for 
rapid diagnosis. 
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