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Abstract

This study was done to detect the epidemiology of the white spot
syndrome virus and how to diagnose it by molecular tools. 200
cultured Litopenaus vannamei samples were collected seasonally
and randomly from different localities in Egypt such as Damietta and
Port Said governorates. Infected shrimp exhibited white spot lesions
on the carapace and the external surface. Some cases revealed a
generalized pink body color and red coloration of appendages
(telson). The overall incidence of white spot disease among collected
Litopenaeus vannamei was 11.5% and the seasonal prevalence was
0, 0, 6, and 40% in winter, spring, summer, and autumn respectively.
Molecular diagnosis by conventional PCR with primers particularly
for WSSV VP28 revealed an expected amplified result at 677 bp
fragments using agarose gel electrophoresis. Confirmation of
diagnosis was done by histopathological studies, which
demonstrated nuclear basophilic inclusion bodies in the subcuticular
cells and vacuolation, degeneration with disarrangement in the
hepatopancreas of infected shrimp. The current findings call for
creating WSSV prevention strategies in white-leg shrimp, especially
in seasons with moderate temperatures.
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Introduction: the rise due to its health benefits,
Aquatic foods provide essential which include high-quality protein,
macronutrients and micronutrients, vitamins, minerals, and vital amino

including vitamins and minerals acids (Watts, 2024). White leg
(FAO, 2024). Shrimp demand is on shrimp (Litopenaeus vannamei) was
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the most produced species in 2020
with 5.8 million tons. Litopenaeus
vannamei production represented
about 51.7% of world production of
the major crustacean species in 2020
(FAO, 2022). The majority of
vannamei shrimp represents 83% of
all  penaeid shrimp  culture
internationally (4miin et al., 2023).
In Asia, Litopenaeus vannamei is
favored for growing over Penaeus
monodon because of the availability
of SPF brood stock, , its low protein
requirements and growing costs, its
adaptability to a broad range of
salinities and temperatures, its
special flavor, and its nutritive value
(El-Saadony et al, 2022). In
penaeid shrimps, viruses are the
primary agents responsible for a
disease such as WSSV
(Arulmoorthy et al., 2020). The
most lethal infection is known to be
WSSV, which causes white spot
disease (WSD), exhibiting a high
and rapid mortality rate as reported
by OIE (OIE, 2023). WSD is a
severe  disease  resulting in
significant financial losses on
shrimp farmers and the overall
shrimp sector as the virus completes
its life cycle within 3—-10 days and
shrimp farms are susceptible to crop
death (Talukder et al., 2021). As
white spot disease is the most lethal
disease, cause high and rapid
mortality and financial losses in
shrimp sector in Egypt. So, this
study targeted to record the
prevalence & clinical picture of the
disease among cultured L. vannamei
in Port said and Damietta

governorates and using molecular
and histopathological techniques for
its diagnosis.

Material and Methods:

Samples

Two hundred cultured shrimp
namely, Litopenaeus vannamei were
collected randomly and seasonally
from Port Said and Damietta
governorates shrimp farms. They
were collected between October
2021 and the end of September
2022. Shrimp samples (cuticle,
hepatopancreas) used for molecular
detection of WSSV and
histopathological examination.

Clinical and Postmortem
examinations
The clinical and postmortem

examination of collected shrimp
were performed according to
Lightner and Redman (1998) and
Hafez et al. (2019) respectively.
Extraction of DNA

Extraction of the entire genomic
DNA of WSSV was done according
to the manufacturer instructions of
(QIAGEN, QlAamp DNA mini kit
(50) cat.No.51104,Germany).

PCR amplification of viral DNA
The following is the specific, unique
sequence of WSSV primers, as
reported by van Hulten et al. (2001):
VP28 vp28F 5' CGA CAT CTT AAT
AAC CAA GCA ACG 3" VP28
vp28R 5" AAAAGC ACG ATT TAT
TTA CTC GG 3' Primers were
designed to target the entire ORFs of
WSSV VP28 structural proteins at
(677 bp) length.
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The PCR reaction mixture contained
2.5 pl genomic DNA, 12.5 ul PCR
master mix, 2 pl of forward primer,
2 wul of reverse primer, and 6 pul PCR
water in a total volume of 25 ul. The
reaction cycle was performed using
an Eppendorf thermal cycler. The
cycle conditions were  pre-
denaturation at 95 °C for 3 minutes,
followed by 30 cycles of
denaturation at 95 °C for 30 seconds,
annealing at 65 °C for 30 seconds,
extension at 72 °C for 30 seconds,
and a final extension at 72 °C for 2

minutes (Poulos and Lightner,
2006).

Gel electrophoresis and the
identification of amplified
products

In a flask, 1.5 g of agarose was
mixed with 100 ml of 1x TAE
electrophoresis buffer to make a
1.5% agarose. To color the sample, 5
pl of ethidium bromide was added.
The agarose was then dissolved after
heating in the microwave. A comb
was put into the electrophoresis bed,
and agarose was then added to it.
The agarose should be poured with
extreme caution to prevent the
formation of bubbles. After the gel
solidified within 15 minutes and
turned cloudy, we removed the comb
to create 6 or 10 wells for sample

application. The electrophoresis
apparatus was filled with the
electrophoresis buffer. The

electrophoresis bed was put in the
electrophoresis apparatus, followed
by the application of 5 pul of ladder in
the first well and 5 pl of PCR
product to the rest of the wells. The

power supply was turned on once
electrodes were connected to it. It
was adjusted for 100 minutes at 80
volts. The gel was taken from its bed
and transferred to a UV
transilluminator (UVP, USA) for the
detection of specific DNA bands to
confirm the amplification of the
target sequence (Aly et al., 2018).
Extracted DNA was also subjected
to (The Tsingke Sequencing
Company, Kunming, China) for
more identification using the same
primer.

Histopathological examination
Specimens were freshly taken from
cuticle and hepatopancreas of
Litopenaeus vannamei that showed
white spots on their surface. They
were prepared for histopathological
examination and stained using H&E
in accordance with Bell and
Lightner (1988).

Statistical evaluation

IBM SPSS Statistics version 27
(IBM Corp., Armonk, NY, USA)
was used for the analysis. Frequency
and percentage were used to express
qualitative data by One way of
variance (ANOVA). P-value <0.001
was considered significant.

Results

Prevalence of white spot syndrome
Figure (1) show the total and
seasonal  prevalence.  Statistical
analysis revealed significant
differences between infection in
different seasons (P <0.001).
Clinical and postmortem
examinations

Most of the affected Litopenaeus
vannamei with WSSV  showed
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congregation around pond edges,
listless, swimming near water's
surface and white spot deposits all
over the external surface (didn’t
disappear by scraping them against
hard object, ranged from pinpoint
dots to spots of 3mm diameter which
sometimes coalesce to form large
circular patches) (Fig 2-a). Some
cases revealed generalized pink
coloration of body surface and red
coloration of appendages (telson)
(Fig 2-b). Internally, hepatopancreas
were enlarged and had a brittle
texture with a yellowish-white hue.
Cuticle was easily detached and
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branchiostegites was swollen with
fluid accumulation.

Molecular identification of WSSV
Conventional PCR utilizing
particular primers for the VP28 gene
produced an amplified product of
expected molecular size 677 bp, as
shown in figure (3).
Histopathological findings
Samples of shrimp revealed white
deposits on their bodies, as well as
obvious basophilic intranuclear
inclusion bodies in the cuticular and
subcuticular cells (Fig.4-a).
Meanwhile, hepatopancreas showed
vacuolation, degeneration  with
disarrangement (Fig.4-b).

spring
total

Figure

1: Total and seasonal prevalence of white spot syndrome.
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Figure 2: Litopenaeus vannamei shows (a) white deposits on external surface
(arrow). (b) generalized pink coloration of body surface (blue arrow) and red
coloration of appendages (Telson) (white arrow).

Figure 3: PCR production on Agarose electrophoresis for white spot virus
strain. M, molecular weight marker, lanes: 1,2,3,4 and 5: Negative WSSV
samples, lanes 6: Positive samples and lane 7: Negative control.
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Figure 4: Infected Litop;naeus vannamei shows (a) Sub cuticle with
intranuclear inclusion bodies (head arrow) H&E, X40. (b) hepatopancreas
vacuolations (v), degeneration (head arrows), and disarrangement. H&E, X10.

Discussion chromatophore extension in the

The rapid increase in the shrimp
industry and intensification of
farming methods have coincided
with the appearance of deadly
diseases caused by complicated
interactions  between the host,
pathogen, and environment. White
Spot Syndrome Virus affects a wide
variety of hosts, including all types
of farmed shrimp and other aquatic
invertebrates like crabs and crayfish
(Ahmad et al., 2017).

In this study, Verbruggen et al.
(2016) found that Litopenaeus

vannamei infected with WSSV
exhibited abnormal behavioral
changes, potentially due to

metabolic changes during virus
replication. They congregate around
the pond edges, stop feeding, are
listless, and swim near the water
surface; these are in agreement with
Escobedo-Bonilla et al. (2008) and
Varner and Hasson (2008), who
stated that moribund Penaeus
monodon can also have

early stages of WSSV infection,
which causes little to no "white
patches"” to be visible on the body.
As WSD becomes more severe, the
cuticle becomes loosened and
distinctive in various sizes; white
spots (calcium deposits) appear
along the inner surface of the
carapace; red coloration of the body
surface and appendages; a soft shell
cuticle that can be separated easily;
and circular white spots on the
cuticle of the carapace and
abdominal segment, which range
from minute to large spots that may
coalesce together. The WSSV
infection, which causes white
patches due to the accumulation of
calcium salts within the cuticle, may
be responsible for these clinical
signs. Dashtiannasab (2020) and
Wiradana et al. (2019) noted that an
acute infection typically exhibits
occlusions or white patches with a
diameter of 0.5-2 mm on the
carapace surface, along with
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discoloration, pale hepatopancreas,
and lesions with white patches on
the exoskeleton. These recorded
signs, along with PM lesions, serve
as distinctive features that aid in the
identification of WSSV infection.
White spot syndrome virus (WSSV)
had at least 39 structural proteins
(Sdnchez-Martinez et al., 2007).
Peng et al. (2022) stated that VP28
is the major spike protein in the
WSSV and is essential for its
attachment. Park et al. (2013)
reviewed the conservation of VP-
encoding DNA sequences among
isolates from various geographic
origins. In our study, we used the
antigenic spike protein VP28 for the
detection of WSSV. As a result, we
used primers targeting partial
products of VP28 according to van
Hulten et al. (2001), which provides
a practical diagnostic PCR
methodology applicable to shrimp of
different regional origins.

The PCR detection approach
involves amplifying the target
WSSV genome in shrimp samples
using primer sets targeting the VP28
gene in a single-tube reaction. The
results of PCR revealed that WSSV
yielded an amplification product at
an expected 677 bp in contrast to
negative findings in non-infected
tissues, indicating this gene's
existence in infected shrimp tissues.
This result was agreed with El
Shahidy et al. (2015).

The total seasonal prevalence was
11.5%. This result was higher than
that of Kalaria et al. (2022), who
found the prevalence of WSSV

infection as 5.5% in 91 Litopenaeus
vannamei samples collected from
shrimp farms in Karnataka, India,
located in Uttara Kannada, Dakshina
Kannada, and Udupi districts.
Meanwhile, it is lower than that
obtained by Rathipriya et al. (2019),
who stated that the prevalence of
white spot syndrome virus in the
Litopenaeus vannamei shrimp farms
in  Nagapattinam district, Tamil
Nadu, India, was 49.12% (84/171)
and that of Otta et al. (2014), who
found it at 73.33% in the same
species of shrimp collected from
several farms in India with minimum
biosecurity. Also, it's less than what
Thamizhvanan et al. (2019) found
when they looked for viral and other
pathogen infections in white leg
shrimp  (Litopenaeus vannamei)
from grow-out ponds in Tamil Nadu
and Andhra Pradesh states on the
east coast of India. They found that
11.7% (28/240) of the shrimp had
WSSV (white spot syndrome virus)
infection. In addition, Dutta et al.
(2015) recorded that the total
prevalence of WSSV infection in
wild P. monodon was the highest
(56.2%) in Chennai, Tamil Nadu,
followed by Digha, West Bengal
(10.9%), Visakhapatnam, Andhra
Pradesh (0.6%), and Chilika, Orissa
(0%).

In the current study, there were no
infections in the spring and winter
seasons (zero%), followed by the
summer season (6%) and autumn
season (40%). De la Luz Vazquez-
Sauceda et al. (2016) reported that
in four sampling sites, the study
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area’s temperature showed a
monthly increase based on the
season, with the coldest months
being December and January and the
hottest months being May through
August. In November, wild shrimp
tested positive for WSSV using
PCR. All other shrimp samples were
negative for the virus. Therefore, the
temperature directly influences the
presence of this virus. Viral
positives were acquired at 26 °C.
Similar to this, water temperatures
between 26 and 34 °C were
associated with WSSV outbreaks in
the farmed shrimp  Penaeus
monodon. Moser et al. (2012)
showed the temperature range from
27 °C to 30 °C is the optimum for
WSSV (white spot syndrome virus).
Infected Litopenaeus vannamei
shrimp had reduced mortality or
been completely prevented at higher
(32-33 °C) or lower (<15 °C) water
temperatures compared to the
optimal temperature range. Reduced
replication, apoptosis, and changed
WSSV gene expression are some of
the hypothesized processes that
account for these findings. In the
acute stage of infection before
clinical signs appear, increasing
water temperature from 27-29 °C to
31-33 °C can stop virus replication
and death of infected shrimp by
WSSV (Rakhshaninejad et al.,
2023). It has been noted that major
WSSV epizootics are less likely to
happen during warm seasons, and
management techniques that raise
pond temperature may present a
chance to control this infection.

Also, it has been suggested that cold
temperatures may protect shrimp
from WSSV, most likely by
lowering viral replication (Sanchez-
Paz, 2010).

Regarding the results of
histopathological examination,
infected hepatopancreas showed
vacuolation and degeneration with
disarrangement; these results were
similar to those recorded by Hasan
et al. (2024), who recorded that
hepatopancreas of shrimp infected
with WSSV showed signs of
necrotic and degraded
hepatopancreas, as well as dispersed
cellular disintegration.
Hepatopancreatic epithelial tissue
and tubules also showed signs of
degeneration, and Tong et al. (2023)
observed vacuolation of
hepatopancreas tissue. Megahed
(2019) observed that the cuticular
epithelium showed nuclear
hypertrophy of the nucleus and large
basophilic intranuclear inclusion
bodies, which is similar to our result
that there are obvious basophilic
intranuclear inclusion bodies in the
cuticular and subcuticular cells.
Conclusion:

From the present study, it could be
concluded that WSD threaten
shrimp cultures. Egyptian shrimp
farms could pose a serious risk and
have a detrimental effect on the
production sector due to infection
with WSSV which cause mortalities.
Histopathological studies and gross
lesions may help in the primary
diagnosis of WSSV in Litopenaeus
vannamei. PCR provide a definitive
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diagnosis for WSSV in Litopenaeus
vannamei. The ongoing worldwide
trade may contribute to the spread of
viral  strains among  nations,
including Egypt, particularly when
there is no certification and no
enforcement of laws governing the
transfer of free stocks. The current
findings call for the creation of
WSSV prevention strategies in
white leg shrimp, especially in
seasons with moderate temperature.
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