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Several viruses cause devastating mortality in 
economically crucial shrimp species, including Penaeus 
monodon, Litopenaeus vannamei, and L. stylirostris. In 
this context, the white spot syndrome virus (WSSV) is a 
highly contagious lethal, stress-dependent virus, which 
belongs to the family Nimaviridae, genus Whispovirus, 
and it is responsible for deadly WSSV affecting the shrimp 
industry worldwide. This virus possesses a large, circular, 
and double-stranded DNA genome that varies in sizes 
(292.9–307.2 kb), where different isolates exhibit differing 
levels of virulence. The spread of the infection through 
horizontal transmission may be related to the infected 
shrimp and carriers such as other crustaceans, seabirds, 
aquatic arthropods or other vectors. There are various 
managerial responsibilities including biosecurity measures 
and the implementation of vaccination programs to control 
the spread of WSSV in the aquaculture shrimp sectors. 
There are still many challenges in the management of this 
disease. Probiotics and immunostimulants show promise 
methods for controlling WSSV. Additionally, New strains 
of WSSV are emerging, posing a serious threat to the 
shrimp aquaculture due to their genetic variation and 
differing virulence levels, which all complicate existing 
disease control strategies. This review provides an 
overview of the current knowledge on the biology and 
pathogenesis of white spot disease (WSD), including the 
mechanisms involved in viral replication, host immune 
response, epidemiology and disease progression. 
Moreover, it discusses the various management 
approaches that have been developed for the control and 
prevention of WSD in the shrimp aquaculture industry and 
also highlights the challenges faced in the management of 
WSD and the potential future directions for research in this 
field. 
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Introduction 

As a significant component of the global 

aquaculture industry, shrimp farming 

involves cultivating shrimp in controlled 

environments like ponds and tanks. It 

serves as a critical source of food and 

income for many people worldwide (New 

and Nair, 2012). According to the Food and 

Agriculture Organization (FAO) of the 

United Nations, farmed shrimp accounted 

for approximately 55% of global shrimp 

production in 2018, with the top producing 

countries including China, India, Vietnam, 

Indonesia, and Thailand (Miao and Wang, 

2020). In 2022, global shrimp production 

reached a record high of 9.4 million tonnes. 

Specifically, the production of L. vannamei, 

which is the primary species cultured 

worldwide, experienced significant growth 

and reached nearly 5 million tonnes in the 

same year. Ecuador emerged as the top 

producer of this shrimp variety, with an 

estimated production of 1.3 million tonnes 

in 2022. The shrimp industry has grown 

rapidly in recent decades, driven by 

increasing demand for shrimp in both 

domestic and international markets. 

However, like many forms of aquaculture, 

shrimp farming can have environmental 

impacts, including the depletion of 

mangrove forests, water pollution, and 

disease outbreaks (Páez-Osuna, 2001).  

Global aquaculture of penaeid shrimp 

has grown rapidly in the last two decades 

and its cultivation is carried out even in 

saltwater aquifers, marine areas, freshwater 

and brackish waters. The global shrimp 

production exceeded 6.5 million tons in 

2019 (Lee et al., 2022). The main producers 

accounted for 6.0 million tons of this 

production. The overall global production 

from fishing and shrimp culture reached 8 

million tonnes, indicating a significant 

increase in shrimp culture compared to 

worldwide catch (Kakoolaki et al., 2020) 

(Table 1). 

 

 

Table 1: Top and mid shrimp producers: Quantity (tonnes) and different species in 2019. 

Country 
L. vannamei P. monodon P. chinensis P. japonicus P. indicus Total 

Top producers (>150,000 t) 

Ecuador 1,815,550 84,066 38,583 50,968 - 1,989,167 

China 679,985 - - - - 679,985 

Vietnam 724,268 34,615 - - - 758,883 

Indonesia 697,100 191,300 - - - 888,400 

India 170,073 - - - - 170,073 

Thailand 365,503 17,364 - - - 382,867 

Mexico 577,000 261,000 - - - 838,000 

Total top prod. 5,029,479 588,345 38,583 50968 - 5,707,375 

       

 Mid producers (> 40,000 t<150000t) 

Bangladesh 63,171 - - - 2,098 65,269 

Iran 55,000 - - - - 55,000 

Myanmar - 51,796 - - - 51,796 

Peru 43,481 - - - - 43,481 

Philippines 19,152 45,733 - - - 64,885 

Saudi Arabia 60,800 - - - - 60,800 

Total Mid Prod. 241,604 97,529 - - 2,098 341,231 

Total 5,271,083 685,874 38,583 50,968 2,098 5,600,000 

Source: (FAO Yearbook. Fishery and Aquaculture Statistics 2019/FAO. Rome). 
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Based on the latest statistics from 2022, 

global shrimp production reached 5.6 

million metric tons, marking an 11.5 

percent increase from the previous year. It 

is projected that global shrimp supply could 

reach a record-breaking 6 million metric 

tons in 2023. As a result, the value of the 

global shrimp market is estimated to reach 

25 billion dollars by 2026 (Jiménez-Ortega 

et al., 2025).  

It has been determined that approximately 

75 percent of global shrimp production 

comes from aquaculture which is currently 

almost totally dominated by two species—

P. monodon and L. vannamei (Walker and 

Winton, 2010). Despite these challenges, 

shrimp farming continues to be an 

important source of food and livelihoods 

for many people around the world. With the 

development of more sustainable and 

responsible practices, the industry has the 

potential to continue to grow and contribute 

to global food security (Munasinghe et al., 

2010; Thornber et al., 2020). 

Since 1981, several new viral pathogens 

have emerged in succession, causing 

widespread mortality and threatening the 

economic sustainability of industries in 

Asia and the Americas. White spot 

syndrome virus (WSSV) is one of the 

biggest threats to shrimp aquaculture in 

many countries, especially Asian countries. 

This virus has caused a significant decrease 

in shrimp production, due to which many 

shrimp farmers and hatchery owners had to 

face huge economic losses (Walker and 

Mohan, 2009). Starting from the primary 

account of the outbreak in China and then 

in Taiwan during the years 1991 and 1992, 

the WSSV was recognized to be 

responsible for substantial financial hit in 

shrimp generation industry in several 

countries, particularly in South America 

and South-East Asia ((Flegel et al., 1999; 

Escobedo‐Bonilla et al., 2008; Lin et al., 

2012). The total economic loss from WSD 

since the first outbreak of the disease, is 

estimated at $8–15B and the loss continues 

to upsurge by $1B annually, which is 

approximately 3% of global shrimp 

production (Oakey et al., 2019 Panchal et 

al., 2021).  

Several investigations have been done to 

evaluate disinfectants effect on WSSV 

(Park et al., 2004; Corre Jr et al., 2012). 

Applying immunostimulants and vaccine-

like compounds have also been investigated 

to control WSSV (Witteveldt et al., 2004; 

Afsharnasab et al., 2014; Amar et al., 

2021). To date, there have been no reported 

treatments for WSSV. Therefore, the 

implementation of preventive measures is 

crucial in avoiding the disease, and 

biosecurity actions have proven to be 

effective in reducing the risk of WSD 

outbreaks and preventing the spread of the 

pathogen (Tendencia et al., 2011; Moss et 

al., 2012). 

However, there is currently a lack of 

comprehensive and well-defined 

information regarding the WSSV virus. 

Therefore, the objective of this review 

article is to present a comprehensive 

understanding of the biological and 

management aspects of the WSSV virus. 

By doing so, this article aims to contribute 

to crisis management strategies and address 

the economic implications of this virus 

within the shrimp aquaculture industry. 
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Biology 

Viruses seem to be the most abundant 

biological organisms on the planet (Koonin 

and Dolja, 2013). Shrimp is one of the main 

aquaculture species in the world and 

different viruses affect them, which causes 

serious mortality to economically important 

species, such as P. monodon, L. vannamei 

and L. stylirostris, among others.  

The emergence of many viral diseases 

has caused changes in penaeid shrimp 

aquaculture (Peeler, 2012). White Spot 

Syndrome Virus (WSSV) is  one of the most 

devasting viral diseases affecting the 

shrimp farming industry which have spread 

rapidly across the globe through trading, 

mainly via live animals and potentially also 

commodity products during the last decade 

(Bateman et al., 2012). According to Chou 

et al. (1995) the first report of WSSV 

prevalence was evidenced in northern 

Taiwan causing massive mortality in 

penaeid shrimp. The viral agent was 

detected from Japan's outbreak in late 1993 

(Inouye et al., 1994) and in a few years, this 

new pathogenic agent expanded in shrimp 

farms in several countries swiftly (Flegel, 

1997). 

 

Taxonomy 

The WSSV was known by various names 

until 2005 when the international name of 

the virus was confirmed (Fauquet et al., 

2005). Because of cylindrical morphology 

of WSSV and the histopathological effects  

similar to ‘‘nonoccluded’’ baculoviruses, it 

originally called baculovirus. Hypodermal 

and hematopoietic necrosis baculovirus 

(HHNBV) (Huang et al., 1995), rod-shaped 

nuclear virus of P. japonicus (RV-PJ) 

(Takahashi et al., 1994), Chinese 

baculovirus (CBV), systemic ectodermal 

and mesodermal baculovirus (SEMBV) 

(Vickers et al., 2000), penaeid rod-shaped 

DNA virus (PRDV) (Vickers et al., 2000), 

white spot baculovirus (WSBV) are the 

other names of the White spot Virus that 

was known earlier and now it called as 

white spot syndrome virus (WSSV) 

(Lightner, 2011) and WSD is almost 

indicated as the disease caused by WSSV. 

The WSSV was initially classified as the 

subfamily of Nudibaculoviridae (Dey et al., 

2020), belonging to Baculoviridae. 

Nevertheless, they replaced it by a family 

called Whispoviridae (Jang et al., 2011). It 

was then listed into a new family named 

Nimaviridae covering a genus, 

Whispovirus, which has a single species, 

WSSV (Murphy et al., 1995; Sánchez-

Martínez et al., 2007; Bateman and 

Stentiford, 2017). 

Based on genomic structure and unique 

morphology of WSSV, the taxonomic 

position of the virus was assigned by the 

International Committee of Taxonomy of 

Viruses (ICTV) to Whispovrius as a new 

genus, under the family of Nimaviridae 

(Durand et al., 1997; Mayo, 2002). The 

reason for classifying WSSV in the family 

Nimaviridae was a thread-like polar 

extension at one end of the virus particle 

(Pradeep et al., 2012). 

 

Morphology and Ultrastructure features 

White spot syndrome virus (WSSV) is a 

double-stranded DNA virus with a diameter 

ranging from 80 to 120 nm and a length of 

250 to 380 nm (Durand et al., 1997).  The 

ultrastructure of WSSV has been 

determined through two approaches: (i) 

Transmission electron microscopy (TEM) 
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analysis of isolated nucleocapsids 

confirmed that they consist of stacked loop 

segments. Each loop segment is composed 

of three rows of subunits connected by 

strands, deviating from the typical helical 

structure. (ii) Investigation of the 

morphological characteristics of virus self-

assembly at different stages revealed two 

distinct enveloping morphologies, 

suggesting that the virion undergoes two 

separate envelopment processes. Based on 

these findings, a model for viral membrane 

assembly in WSSV is proposed (Wang et 

al., 2000; Li et al., 2020). Intact enveloped 

virions of WSSV have a length ranging 

from 210 to 380 nm and a maximum width 

of 70 to 167 nm (Reddy et al., 2013). In 

negatively stained electron micrographs, 

some virions exhibit a tail-like and unique 

addendum at one end. The viral envelope is 

approximately 6-7 nm thick and consists of 

a membrane structure containing 35 

different proteins. Among these proteins, 

VP28 and VP26 are the most abundant and 

play crucial roles containing pathogenicity, 

accounting for approximately 60% of the 

envelope composition (Sanchez-Paz, 2010). 

During the investigation of the nucleocapsid 

proteins of WSSV, two important proteins 

were listed: a basic DNA-binding protein 

called VP15, and a giant protein known as 

VP64. These proteins form the stacked ring 

subunits of the nucleocapsid. The virions of 

WSSV have a rod-shaped to oval 

morphology and are characterized by their 

large size, measuring approximately 80-

120 nm in width and 250-380 nm in length 

(Fig. 1). 

 
Figure 2: The general structure (A) and complete genome sequences (B) of shrimp White Spot Syndrome 

Virus. 

 

Additionally, these virions possess a 

trilaminar envelope. (Van Hulten et al., 

2001). Morphologically, the virions have 

three distinct layers and are composed of at 
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least 45 structural proteins(Tsai et al., 

2004). The most important histological sign 

of WSSV infection is the enlargement of 

cell nuclei. WSSV predominantly infects 

tissues derived from the ectodermal 

(cuticular epidermis, foregut and hindgut, 

gills, and nervous tissues) and mesodermal 

(connective tissue lymphoid organ, 

antennal gland, and hemopoietic tissue) 

origins (Wongteerasupaya et al., 1995). 

Genome and structural protein 

The study of the genome and structural 

proteins of White spot syndrome virus 

(WSSV) is essential for understanding the 

biology of this virus and developing 

strategies to control its spread and impact 

on shrimp and other crustacean 

populations. The WSSV genome is a large, 

circular double-stranded DNA molecule 

that is approximately 300 kilobases (kb) in 

length (Oakey and Smith, 2018). It contains 

over 180 open reading frames (ORFs) that 

encode various proteins, including enzymes 

involved in viral replication and proteins 

that interfere with the host immune 

response. Only a small percentage (6%) of 

the WSSV ORFs have putative homologues 

in databases, primarily representing genes 

encoding enzymes for nucleotide 

metabolism, DNA replication, and protein 

modification (Huang et al., 1995; Van 

Hulten et al., 2001). The majority of the 

ORFs remain unassigned, with the 

exception of five that encode structural 

virion proteins. Notable features of the 

WSSV genome include a very elongated 

ORF of 18,234 nucleotides with an 

unidentified role, a collagen-like ORF, and 

nine regions dispersed throughout the 

genome that each contain a variable number 

of 250-base pair tandem repeats (Zhang et 

al., 2004). The genome of White spot 

syndrome virus (WSSV) spans 

approximately 300,000 base pairs (bp) in 

length. WSSV possesses a relatively large 

genome and harbors more than 180 open 

reading frames (ORFs) responsible for 

encoding a diverse array of viral proteins. 

WSSV also produces several structural 

proteins that constitute the virus particle. 

Among these, the major structural proteins 

encompass VP24, VP26, VP28, VP37, and 

VP51 (Verbruggen et al., 2016; Kawato et 

al., 2019b), which collectively form the 

viral capsid. Additionally, the envelope 

protein VP19 and tegument proteins 

including VP39 and VP41 contribute to the 

assembly and release of the virus particle. 

These structural proteins play crucial roles 

in facilitating WSSV's ability to infect host 

cells and induce disease. Specifically, 

VP26, an envelope protein, acts as a matrix-

like linker protein between the viral 

envelope and nucleocapsid, thus playing a 

pivotal role in the envelopment of the 

WSSV virion (Wang et al., 2021). VP28, 

another major structural protein of WSSV, 

has garnered considerable attention from 

researchers and the aquaculture industry. It 

exhibits high immunogenicity and has been 

utilized in the development of WSSV 

vaccines. VP28 is also being investigated as 

a potential tool for the diagnosis and 

surveillance of WSSV in shrimp 

populations (Raguraman et al., 2020). 

 

Replication and metabolism 

White spot syndrome virus (WSSV) 

exhibits a broad host range among decapod 

crustaceans, particularly in shrimp. In the 

absence of clinical signs, the virus 

commonly persists as a low-level infection. 
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However, under certain environmental 

stress factors such as changes in salinity or 

lower temperatures, there can be rapid 

increases in viral load, leading to mass 

mortalities in ponds (Vidal et al., 2001; 

Granja et al., 2006; Reyes et al., 2007). 

There is evidence suggesting that higher 

water temperatures can serve as a crucial 

factor in preventing the onset of disease. 

(Rahman et al., 2006). The most efficient 

replication of WSSV occurs within the 

temperature range of 23-28°C (Guan et al., 

2003; Kakoolaki et al., 2014). 

The replication and metabolism of 

White spot syndrome virus (WSSV) 

involve several distinct steps. Upon entry 

into the host organism, the virus attaches to 

cells in the shrimp's digestive system 

(Verma et al., 2017; Zheng et al., 2019), 

subsequently delivering its genetic material 

into the host cell. Subsequently, the viral 

genetic material commandeers the host 

cell's machinery, compelling it to 

synthesize additional copies of the virus 

(Sanchez-Paz, 2010; Verma et al., 2017). 

With remarkable speed, the virus undergoes 

rapid replication, generating thousands of 

new virus particles within a few hours. As 

the virus disseminates throughout the host's 

body, it impairs tissues and organs, giving 

rise to the characteristic white spots on the 

shrimp's shell (Chen et al., 2016). WSSV is 

a DNA virus, thereby relying on the host 

cell's DNA replication machinery to 

generate new virus particles. The virus is 

also reliant on a range of host cell factors, 

including enzymes and proteins, to 

facilitate completion of its life cycle 

(Sanchez-Paz, 2010; Zheng et al., 2019). In 

terms of metabolism, WSSV is an 

energetically demanding virus, 

necessitating a constant supply of nutrients 

and energy for replication. The virus is 

capable of utilizing a diverse array of 

carbon and nitrogen sources such as 

glucose, amino acids and nucleotides to 

sustain its replication (Alfaro et al., 2021). 

 

Epidemiology and geographical 

distribution 

WSSV is a lethal virus and highly 

contagious that poses a significant threat to 

global shrimp aquaculture in various 

regions worldwide (Flegel, 2006b). The 

virus is particularly prevalent in Asia, with 

notable occurrences reported in countries 

such as China (Xu et al., 2021b), Thailand 

(Flegel, 2006b), and Vietnam (Duc et al., 

2015). Additionally, WSSV has been 

reported in other countries, including India, 

Indonesia, Japan, Malaysia, the Philippines, 

and Taiwan (Flegel, 2006a; Thitamadee et 

al., 2016). The evolutionary history of 

WSSV has long remained a mystery, partly 

due to the limited knowledge of WSSV 

relatives, or nimavirus. However, Kawato 

et al. (2019a) conducted a study revealing 

that WSSV belongs to a diverse family of 

large DNA viruses called Nimaviridae, 

which specifically infect crustaceans. They 

also found that WSSV possesses a unique 

set of host-viral interaction-related genes, 

which contribute to its efficient infection 

and replication within shrimp and other 

crustaceans. These genes play a crucial role 

in the pathogenesis of WSSV and its ability 

to evade the host immune response (Dhar et 

al., 2003). 

White Spot Disease has a significant 

economic impact on the shrimp industry 

due to its ability to cause high mortality 

rates in infected shrimp populations, 
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leading to substantial financial losses for 

farmers (Kakoolaki et al., 2011). Therefore, 

comprehending the geographical 

distribution of WSD is crucial for 

preventing its distribution and controlling 

outbreaks. WSD is commonly observed in 

shrimp farming regions worldwide, 

including Asia, South America, and 

Australia (Oakey et al., 2019). The 

prevalence of the disease can vary 

depending on environmental conditions and 

specific regions. Factors such as water 

temperature (Rahman et al., 2007b; 

Barajas-Sandoval et al., 2023) and salinity 

(Yin et al., 2023), levels can contribute to 

the transmission of the disease. Generally, 

regions characterized by warm-water 

conditions and high shrimp densities are at 

the greatest risk of experiencing outbreaks. 

In the Americas, WSD has been reported 

in several countries, including Mexico 

(Hill, 2002; Galavíz-Silva et al., 2004; 

López‐Téllez et al., 2020), Ecuador 

(Rodriguez et al., 2003), and Brazil 

(Cavalli et al., 2008). A study conducted in 

Mexico in 2018 revealed the presence of 

WSD in imported shrimp broodstock, 

emphasizing the importance of 

implementing biosecurity measures to 

prevent the spread of the WSSV (Hill, 

2002). In Brazil, WSD outbreaks have been 

documented in various regions, prompting 

researchers to study the virus extensively to 

develop effective control measures (Cavalli 

et al., 2008). In 2016, WSD was initially 

identified in shrimp farms located in 

Australia. This outbreak had severe 

consequences, resulting in the widespread 

loss of millions of shrimp and necessitating 

the enforcement of rigorous biosecurity 

measures to impede the transmission of the 

disease (Oakey et al., 2019). In response to 

this crisis, the Australian government has 

engaged in close collaboration with the 

shrimp industry to establish a 

comprehensive national management plan 

specifically designed to address the 

challenges posed by WSD (Loynes, 2017).  

The WSD epidemics originated in China 

and subsequently spread to Taiwan 

between 1991 and 1992 (Flegel, 2012). 

From there, the disease rapidly distributed 

to various Asian countries. By the end of 

the decade, WSD had also reached Korea 

(Park et al., 1998), Japan (Inouye et al., 

1994), SE Asia (Vietnam, Thailand, 

Malaysia, Indonesia) and India (Mohan et 

al., 1998). In particular, Thailand has faced 

substantial economic losses in recent years 

as a result of outbreaks of WSD 

(Chantanachookin et al., 1993). The rapid 

spread of WSD may be attributed to the 

international trade of infected prawns, 

including brood-stock and post-larvae 

(PLs). By 1999, WSD had reached South 

America (Lightner et al., 2012). In Asia, 

countries like Thailand have faced 

significant challenges due to multiple 

outbreaks in recent years. In 2015, an 

outbreak of WSD in Thailand resulted in 

the destruction of millions of shrimp and 

incurred losses exceeding 10 billion baht 

(Yaemkasem et al., 2022). Researchers in 

Thailand have been actively studying WSD 

and working on the development of new 

diagnostic methods. These efforts aim to 

assist shrimp farmers in the early detection 

of white spot disease, enabling them to take 

preventive measures and limit its spread. 

(Sampantamit et al., 2020).  The analysis of 

Thailand isolates collected between 2007 

and 2014 has revealed that the most 
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prevalent genotype (MPG) is similar to 

those found in Saudi Arabia, Madagascar, 

Mozambique, Japan, and India. 

Additionally, in 2001, WSD was reported 

in shrimp farms in the northern part of the 

Persian Gulf, specifically in the Khuzestan 

province of Iran, and subsequently spread 

to other shrimp farming areas within the 

country (Afsharnasab et al., 2014). In 2010, 

the emergence of WSD was observed in 

Saudi Arabia, affecting P. indicus, similar 

to the species affected in Iran. As a result, 

both countries transitioned to the 

cultivation of a new species, specific 

pathogen-free (SPF) L. vannamei, which 

was imported in 2013-2014 (Afsharnasab et 

al., 2016; Alday‐Sanz et al., 2020). 

Between 1996 and 2001, the cumulative 

mortality caused by WSD worldwide 

amounted to one million tonnes. This 

suggests that the source of the white spot 

syndrome virus (WSSV) in Saudi Arabia, 

Madagascar, and Mozambique may be 

linked to Southeast Asia, where 

broodstocks and post-larvae (PLs) were 

supplied for their farms. According to Zeng 

(2021), WSSV isolates from Iran exhibited 

unique sequencing information in variable 

region (VR) 75. Most of the isolates were 

classified into two groups: G.I, 

characterized by a first 8-repeat unit (RU) 

motif (a-L-b-c-M-b-c-d), and G.II, 

characterized by a first 11-RU motif (a-L-

b-c-d-c-Q-f-T-f-c). These findings were 

based on the analysis of the open reading 

frame (ORF) 75, without considering the 

VR14-15 and VR23-24 regions. In contrast 

to Iran, other isolates were categorized into 

four sub-genotypes. Sub-genotype I 

displayed a first 11- repeat unit (RU) motif 

(a-L-b-c-d-c-M-c-e-N-f), sub-genotype IIa 

(Van Hulten et al., 2001) had a 6-RU motif 

(a-L-g-h-N-f-f-P-f-c), sub-genotype IIb had 

a 6-RU motif (a-L-g-h-i-N-f), and sub-

genotype II encompassed other isolates 

with smaller RU motifs (p-f-c or a-L-b-c-d-

c-M-g-h). Based on the ORF23/24 locus 

map (Pereira et al., 2019) PCR 

amplification and sequencing of a 400-bp 

fragment revealed differences between the 

isolates from Indonesia, Iran, and the 

Philippines. These isolates showed 100% 

similarity to the WSSV-TH isolate, with a 

deletion of 13,210 bp compared to WSSV-

TW (Zwart et al., 2010). The source of 

WSD in Iran, including Abadan and 

Khouzestan isolates was reported to 

originate from Southeast Asia (Simrouni et 

al., 2014). Moreover, these isolates 

exhibited a close genetic relationship to a 

cluster of isolates from Vietnam (Table 2), 

characterized by shorter genotypes. 

Additionally, the older samples from India2 

(pre-2005) and isolates from Thailand2 and 

Thailand3 showed genetic similarity to the 

USA genotype (Shekar et al., 2012). Based 

on the VR23/24 analysis, WSSV-VN 

isolates Tv and Kg displayed deletions of 

11,450 bp and 12,166 bp, respectively, 

compared to the WSSV-TW genome. 

Isolate Kg was suggested to be more 

closely related to WSSV-CN and WSSV-

TH rather than WSSV-TW (Table 2). 
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Table 2: The occurrence of WSD in different countries: Concerning attributes. 
Country Year VR Genotype Characteristics or Similar Isolates References 

Thailand 
2007-

2014 

14-15,  

23-24 
5950, 10971 

WSSV. Ja, 95- WSSV. CB, 06- WSSV.In, 

05- WSSV. SA, 2010- WSSV. MA 11- 

WSSV. MZ, 12- 

(Pradeep et al., 2009; Zwart et 
al., 2010; Tang et al., 2013; 

Piamsomboon et al., 2018) 

Thailand 
2007-

2014 

14-15*,  

23-24 
6031*, N/K 

WSSV. TH-S, 96- WSSV.PHI, 99- WSSV. 

INDO, 08- 

(Zwart et al., 2010; 

Piamsomboon et al., 2018) 

Iran unknown ORF75 
Three genotypes: 

S, T and Q 
unique sequences (Dieu et al., 2004; Zeng, 2021) 

Globally unknown ORF75 
Four sub-

genotypes 

I:WSSV-TH, TH-96-II, KX686117-CN, 
KU216744-MX; IIa: WSSV-CN, 

KT995472-CN, KR083866-EG, MX-

F&C&G&H, AF403004-SG, MN-840357-
US, MH090824-EC; IIb: WSSV-TW, 

MG264599-BR, Mx12-1; II: MG432482-

MX, MH883319-IN, KX650068-
IR,KT995470-CN,KX694239-IR 

(Zeng, 2021) 

Japan and 

Cambodia 
<2010 ORF23/24 isolates 

Indian isolate (ACC. No. EU 327499) with 

a deletion of about 10,970 bp compared to 
WSSV-TW. 

(Zwart et al., 2010) 

Japan, Iran 

and 

Cambodia 

<2010 ORF23/24 isolates 
Have the same 5,950 bp deletion present in 

VN-X and VN-S 
(Zwart et al., 2010) 

Iran 2012 ORF94 

IRWSSVBU1 

and 2, 

IRWSSVKH3 

and 6 

WSSV-TW, WSSV-TH, WSSV-CN with 6, 
6, and 12 RUs, respectively and no 

similarities with Saudi Arabia due to 

different RUs (7-13) 

(Simrouni et al., 2014) 

Mexico 2005 ORF23/24 

ACF2, ACF4, 

LC1, LC10, DVI, 

AC1, LG, 

GVE05, JP, 

China (LC1, LC10, DVI) and Korea 

(ACF2, ACF4) 
(Parrilla-Taylor et al., 2018) 

Vietnam 2003-4 
a-ORF94 

b-ORF23/24 

a-WSSV-VN- 
central: S, X. K, 

T and L had a 

deletion 

b- WSSV-VN-

Kg 

a-number of RUs was varied between the 
isolates (7-17). WSSV-VN- central 100% 

identity with WSSV-TW and WSSV-TH. 

WSSV-TH and WSSV-VN-T are highly 
homologous. 

b- Identity with WSSV-CN and WSSV-TH 

rather than WSSV-TW 

(Dieu et al., 2004) 

Vietnam 2004 

a-ORF14/15 

 

 
b-RF14/15, 

23/24 

a-VN-HT 

 

 
b-VN-BR 

a-Maybe recombination between directly 

introduced WSSV-TW and existing 

Vietnamese genotypes. 
b-Identical to WSSV-TH in both the 

ORF23/24 and ORF14/15 loci, suggesting 

perhaps introduced from Thailand. 

(Dieu et al., 2010) 

India 
1990s-

2010s 

36 locus in 6 

PCRs with 

STR 

markers 

1:OTN1-3 (P. 

monodon), 

2:NTN1-4 (L. 

vannamei) 

1: Major genotypes closed to Vietnam 

cluster and finally to USA cluster. 2: Major 

genotypes closed to Ecuador cluster and 
major genotypes of the Thailand and China 

clusters. 

(Oakey et al., 2019) 

India 
2005-

2006 

a-ORF94 

 

 

b-ORF125 

13 genotypes 

 

 

 

a-RUs showed 2-16. The most prevalent 
genotype with 4 RUs (47.1%). No observed 

6 and 13 RUs. 

b-Similarities of tandem repeats in ORF 125 
among WSSV infected carriers (wild 

shrimp Acetes sp., crabs) and cultured 

shrimp (Horizontal transmission) 

(Pradeep et al., 2008) 

China 1998-99 
a-ORF23/24 

b-ORF14/15 

a-WSSV98NB2 

(with three 

genotypes 6, 9 

and 14 RUs), W 

WSSV98SZ3*, 

SSV99GZ*. 

b- 3genotypes:1) 

WSSV98NB2; 
2)WSSV98SZ1,3

,WSSV98NB; 

3)WSSV98SZ2,4 

and WSSV99GZ 

a- compared to WSSV-TW. *identical to 

WSSV-CN (1996). 

b- compared to WSSV-TH-96-II. 

(Tan and Shi, 2011) 
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Host susceptibility 

The susceptibility of shrimp to the WSSV 

is influenced by various factors, including 

both genetic and environmental factors 

(Chen and He, 2019). Genetic factors play 

a significant role in determining the 

susceptibility of shrimp to WSSV. Genetic 

factors play a crucial role in determining 

the susceptibility of shrimp to WSSV. 

Different shrimp species exhibit varying 

levels of resistance to the virus, with certain 

populations demonstrating higher 

resistance compared to others (McLean et 

al., 2020). For instance, certain shrimp 

populations in Asia have shown greater 

resistance to WSSV than populations in 

other regions. Furthermore, a study 

conducted by Robalino et al. (2011) 

identified a specific allele of the PmRab7 

gene that was associated with increased 

resistance to WSSV in shrimp. This finding 

suggests that selective breeding aimed at 

enhancing genetic traits could potentially 

enhance resistance to WSD. 

In addition to genetic factors, 

environmental criteria also play a 

significant role in determining the 

susceptibility of shrimp to WSSV. In 

addition to water quality, temperature, and 

stress levels can all influence the ability of 

shrimp to resist the virus, age, size, and 

nutritional status are other factors that can 

impact susceptibility to WSSV. Typically, 

juvenile and smaller shrimp are more 

susceptible to the virus compared to larger, 

more mature shrimp (Qayoom et al., 2023). 

High stocking densities and inadequate 

nutrition can increase stress levels in 

shrimp, making them more vulnerable to 

WSSV (Apún-Molina et al., 2017).  

Furthermore, malnourished or underfed 

shrimp often exhibit weakened immune 

systems, rendering them more susceptible 

to WSD. Inadequate nutrition can 

compromise the shrimp's ability to fight off 

the virus (Sánchez-Paz et al., 2012). Poor 

water quality and higher or lower 

temperatures can also have detrimental 

effects on the immune system of shrimp, 

making them more vulnerable to WSSV 

(Lehmann et al., 2016). Factors such as low 

dissolved oxygen levels and elevated levels 

of ammonia and nitrite in the water can 

increase stress levels in shrimp, further 

contributing to their susceptibility to 

WSSV (Kakoolaki et al., 2011). 

Water temperature is a crucial 

environmental factor that can influence the 

susceptibility of shrimp to WSSV. Zhang et 

al. (2016) ) reported that water quality and 

temperature have an impact on the 

susceptibility of shrimp to WSSV. In a 

study, You et al. (2010) demonstrated that 

high water temperatures (above 30°C) 

increase the vulnerability of shrimp to 

WSSV. This is because elevated 

temperatures can compromise the shrimp's 

immune system, rendering them more 

susceptible to infections. Furthermore, 

heightened levels of stress can weaken the 

shrimp's immune system, making them 

more prone to WSD. For instance, factors 

such as overcrowding and poor water 

quality can elevate stress levels in shrimp 

result in their vulnerability to WSD (Islam 

et al., 2023).  

Yu et al. (2003) revealed that changes in 

salinity can induce alterations in total 

haemocyte count (THC), phenoloxidase 

(PO) activities and WSD outbreak in the 

kuruma shrimp (Marsupenaeus japonicus), 
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with salinity serving as a significant 

environmental factor that impacts the 

immune responses. Moreover, they 

observed that shrimp maintained at salinity 

levels different from their original habitat 

exhibited weakened immune responses 

(Kakoolaki et al., 2011), rendering them 

more susceptible to WSSV under salinity-

induced stress (Table 3). 

 

 

 

Table 3: Host susceptibility of WSSV. 

Host Region 
Infection 

type 
Infection severity 

Environmental 

stressors 
References 

L. vannamei 

L. stylirostris 

P. setiferus 

P.aztecus 

P.duorarum 

America 

 

trial and 

pond 

 

 

 

Serious mortality in post-larvae 

and juvenile stage 

 

 

different 

 

 

Lightner et al., 

1997 

      

P. monodon, 

P. japonicus 

 

P. monodon 

 

Taiwan 

 

 

India 

trial 

 

 

trial 

• 40% mortality during 14 days 

• 100% mortality within 5-7 days 

in shrimps, survival of two 

species of mud crab (Scylla sp.) 

for 30 days and three species of 

lobsters (Panulirus sp.) and 

Macrobrachium rosenbergii for 

70 days 

ammonia 

 

 

Wang et al., 

1997; Rajendran 

et al., 1999 

 

 

      

F. chinensis    

tem: 30°C, S.: 

35%, pH: 8.0 

become worst 

at tem: 15°C, 

S.: 35%, pH: 

9.0 

Gao et al., 2011 

      

L. vannamei Mexico trial To reduce false-negative PCR 

Tem:29°C for 

48 h before 

collecting 

samples to PCR 

analysis 

Moser et al., 

2012 

      

Macrobrachium 

rosenbergii 
India trial 

Mortality and cannibalism range: 

- in post-larvae= up to 28% and 

28–40%, respectively 

- in juveniles=10–20% and 6.7–

30.0%, respectively 

- in sub-adults= 2.8-6.7%, and up 

to 20%, respectively 

 
Kiran et al., 

2002 

      

Marsupenaeus 

japonicus 
China trial 

Mortality: mild-severe 

 

Salinity 

variations from 

the optimum 

rate (33ppt) 

decrease THC 

and increase 

PO activities. 

Yu et al., 2003 

      

P. indicus Iran 
trial and 

pond 
Mortality: 36 hpi* Tem:25°C 

Salinity: 50 ppt 

Kakoolaki et al., 

2015 

      

L. vannamei Vietnam trial 
Mortality: reduce in the early 

stages of wssv infection 
Tem:33°C 

Rahman et al., 

2007a 
*hpi= hours post incubation. 
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In another experimental study by Rajendran 

et al. (1999), various crustacean species 

were exposed to white spot syndrome virus 

(WSSV) obtained from infected P. 

monodon shrimp. The findings 

demonstrated that all species tested, 

including shrimp, freshwater prawns, crabs, 

and lobsters, were susceptible to the virus. 

The infected shrimp displayed identical 

clinical symptoms and histopathological 

characteristics to naturally infected P. 

monodon. Shrimp injected with WSSV 

experienced a 100% cumulative mortality 

rate within 5-7 days, while those fed 

infected tissue succumbed within 7-9 days. 

Notably, two species of mud crab (Scylla 

sp.) survived the infection for 30 days 

without exhibiting any symptoms, and all 

three species of lobsters (Panulirus sp.) and 

the freshwater prawn (Macrobrachium 

rosenbergii) survived for 70 days without 

clinical signs. However, bioassay and 

histological analyses using healthy P. 

monodon indicated that crabs, prawns, and 

lobsters could potentially serve as 

asymptomatic carriers or reservoir hosts of 

WSSV. These findings shed light on the 

carrier/reservoir capacity of these hosts 

through detailed histological and bioassay 

investigations. 

Kakoolaki et al. (2015) conducted a 

study on shrimp farms in Iran to investigate 

the relationship between water temperature 

and salinity levels and the occurrence of 

white spot syndrome virus (WSSV). The 

researchers discovered a significant 

correlation between the occurrence of 

WSSV and elevated water temperature and 

salinity levels. These findings suggest that 

these environmental factors may contribute 

to the spread of the virus within shrimp 

farms in Iran. The study concluded that 

fluctuations in salinity and a decrease in 

water temperature are crucial factors in the 

occurrence of WSSV and the resulting high 

mortality rates in shrimp culture sites. 

Rahman et al. (2007a) investigated the 

impact of high-water temperature (33°C) at 

different stages of infection with highly 

virulent (WSSV Thai-1) and low virulent 

(WSSV Viet) strains of WSSV in L. 

vannamei juveniles. The researchers 

demonstrated that temperatures exceeding 

33°C effectively reduced mortality and 

inhibited WSSV replication, thereby 

leading to a decrease in infection severity 

depending on the stage of infection. Moser 

et al. (2012) evaluated the influence of 

thermal stress on the replication rate of 

WSSV in shrimps exposed to warm water 

(29±0.5°C) compared to those held in 

cooler water (18±0.5°C). The study aimed 

to enhance virus detection in 

epidemiological programs. The results 

indicated that water temperature exerted a 

significant and profound effect on the 

replication rate of WSSV in L. vannamei. 

Therefore, considering environmental 

temperature as a key management strategy 

for selecting WSSV-free spawning shrimp 

is crucial for the shrimp farming industry in 

all producing countries, based on the 

research findings of these scientists. 

The cumulative mortality in post-larvae 

reached a maximum of 28%, with 

cannibalism accounting for a significant 

loss of up to 68% while the corresponding 

brood stock was introduced to WSSV 

(Kiran et al., 2002). The juveniles exhibited 

mortality rates ranging from 10% to 20% 

and cannibalism rates between 6.7% and 

30.0%, resulting in a maximum loss of 
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50%. Sub-adults displayed mortality rates 

varying from 2.8% to 6.7%, cannibalism of 

up to 20%, and an overall loss of up to 

26.7%. Furthermore, the study observed 

that sub-adults and adults exhibited greater 

tolerance to WSSV infection, as evidenced 

by the mortality patterns.  

Induced the disease in the brood stock, 

and subsequently tested the eggs and larvae 

for WSSV infection. The results showed 

that all stages, except for the eggs, tested 

positive for WSSV infection through 

histopathology, cross infection bioassay, 

and polymerase chain reaction (PCR) 

analysis. Post-larvae and juveniles that 

were experimentally infected exhibited 

high mortality rates and increased 

cannibalism. The cumulative mortality in 

post-larvae reached up to 28%, with 

cannibalism contributing to a maximum 

loss of 68%. Juveniles experienced 

mortality rates of 10-20% and cannibalism 

rates of 6.7-30.0%, resulting in a maximum 

loss of 50%. Sub-adults showed mortality 

ranging from 2.8% to 6.7%, cannibalism of 

up to 20%, and a total loss of up to 26.7%. 

It was observed that sub-adults and adults 

displayed greater tolerance to the infection 

based on the mortality pattern. A nested 

(two-step) PCR analysis successfully 

yielded a 570-bp product specific to WSSV 

in all stages except for the eggs. 

  

Transmission 

Once the WSSV enters a susceptible host, 

it undergoes rapid replication and spreading 

throughout the animal body. The virus 

invades and destroys different tissues and 

organs, resulting in a spectrum of clinical 

manifestations, such as lethargy, loss of 

appetite, and the formation of white spots 

on the carapace (Cheng et al., 2021; Lee et 

al., 2022). The severity of the disease is 

influenced by several factors, including the 

host age and species, the virulence of the 

virus strain, and prevailing environmental 

conditions (Jayasree et al., 2006; Millard et 

al., 2021).  

One of the most important modes of 

transmission (Lee et al., 2023) is through 

the movement of infected animals from one 

area to another . This can occur through the 

trade of live animals, the transport of 

infected animal, or the movement of 

contaminated water (Lightner et al., 1997). 

International trade of live shrimp and 

shrimp products has been identified as the 

primary pathway for the spread of WSSV 

to new areas (Soowannayan and Phanthura, 

2011). The virus can also be transmitted 

through the release of infected wastewater 

or by contaminated equipment, such as nets 

or tanks (Alavandi et al., 2014; Ng et al., 

2018; Xu et al., 2021b). 

To prevent the transmission of WSSV, 

many countries have implemented strict 

regulations and biosecurity measures, such 

as screening for the virus prior to 

importation of live animals or products, and 

disinfection of equipment and facilities (Ng 

et al., 2018; Wan et al., 2023). 

Additionally, oral vaccination and 

improved management practices are being 

developed to reduce the impact of the virus 

on the aquaculture industry (Yogeeswaran 

et al., 2012). However, the effectiveness of 

these measures can be limited by various 

factors, including the lack of a reliable 

diagnostic test and the difficulty in 

controlling the spread of the virus in open 

systems (Peeler and Taylor, 2011; Flegel, 

2019). 
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Managerial measures 

In order to prevent and control the spread of 

the WSSV, various managerial measures 

have been developed and implemented 

(Kakoolaki et al., 2015; Lee et al., 2023). 

These measures can be categorized into 

three main categories: biosecurity 

measures, hygiene measures, and 

management strategies (Lightner et al., 

1997). 

Biosecurity measures are designed to 

prevent the introduction of the virus into 

shrimp farms and to minimize the risk of 

transmission within farms. This can include 

measures such as use of SPF animal stock 

(Alday‐Sanz et al., 2020), screening of 

shrimp entering the site and ponds (Amar et 

al., 2021), quarantine procedures (Lightner, 

2005; Delphino et al., 2022), and strict 

controls on the movement of people and 

equipment onto and off of the farm 

(Munasinghe et al., 2010; Kakoolaki et al., 

2022). Additionally, farms can implement 

measures such as the use of closed systems 

to prevent contact with external sources of 

infection (Lorgen-Ritchie et al., 2023), and 

the use of herbal medicine to reduce the risk 

of contamination (Zhang et al., 2023). 

These measures have been shown to be 

effective in reducing the incidence of WSD 

in shrimp farms (Moss et al., 2012; 

Delphino et al., 2022).  

Hygiene measures are focused on 

reducing the risk of transmission of the 

virus within a farm. This includes measures 

such as maintaining clean and well-

maintained equipment (Widiasa et al., 

2023), and the use of protective clothing 

and equipment by workers (Desrina et al., 

2022). Regular cleaning and disinfection of 

ponds or tanks, equipment and facilities can 

also help to reduce the risk of transmission. 

In addition, farms can implement measures 

such as the use of probiotics to promote 

healthy shrimp (Sharifuzzaman and 

Adhikari, 2013; Sumon et al., 2022). 

Management strategies are designed to 

reduce the impact of the virus on shrimp 

farms. This includes measures such as the 

use of selective breeding to develop 

disease-resistant variants (Islam et al., 

2023), and the implementation of probiotic 

programs (Lightner, 2005). Additionally, 

farms can implement measures such as the 

use of alternative feed sources to reduce 

stress on the shrimp, which can make them 

more un-susceptible to infection (Zhang et 

al., 2023). These measures have been 

shown to be effective in reducing the 

incidence and impact of WSD in shrimp 

farms (Walker and Mohan, 2009). 

 

Disinfections 

Disinfection is an important aspect of 

controlling and managing WSSV in shrimp 

farms. The virus can survive for extended 

periods of time in both water and sediment, 

which makes it difficult to eradicate once it 

has become established in a shrimp farm 

(Islam et al., 2023). Disinfection can help 

to prevent the spread of the virus between 

ponds and farms, and can also help to 

reduce the viral load within individual 

ponds (da Silva et al., 2021).  

   Some effective disinfection compounds 

have been used in shrimp farming include 

potassium permanganate, chlorine (He et 

al., 2024), hydrogen peroxide, and ozone 

(Ghosh, 2023). Chlorine is a commonly 

used disinfectant that is effective against 

WSSV, but it can be corrosive and toxic at 

high concentrations (Islam et al., 2023), 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            15 / 45

http://jifro.ir/article-1-5045-en.html


1538 Hemati et al., Biology, pathogenesis and managerial approaches of White Spot Disease in shrimp ... 

and its efficacy can be reduced by organic 

matter in the water.  

Hydrogen peroxide is another effective 

disinfectant that can be used to treat both 

water and sediment, but it can also be toxic 

at high concentrations and may require 

special equipment to apply (Ghosh, 2023). 

Ozone is a powerful oxidizing agent that 

can be used to disinfect water, but it is 

expensive and can be difficult to apply in 

shrimp farm settings (Widiasa et al., 2023). 

In addition to disinfection, other 

management strategies for controlling 

WSSV in shrimp farms include stocking 

healthy shrimp (Cox et al., 2023), using 

proper water management practices, and 

implementing biosecurity measures to 

prevent the introduction of the virus into the 

farm (Corsin et al., 2001). This includes 

maintaining appropriate water quality 

parameters. Acidic pH is usually hinder 

survival or transmission of WSSV. 

Therefore, it may overcome this 

inactivation through vectors present in the 

environment including microplastic (Shan 

et al., 2023), zooplankton or phytoplankton 

(Cox et al., 2023).   temperature, and 

salinity, as well as ensuring adequate water 

exchange and circulation. Biosecurity 

measures, such as screening new stock for 

the virus and preventing the introduction of 

contaminated water or equipment, can also 

be effective in preventing the spread of 

WSSV within a farm (Lightner, 2005). 

 

Environmental control 

Environmental control is an important 

aspect of managing WSSV in shrimp farms. 

The virus can survive for extended periods 

of time in both water and sediment, making 

it critical to control the aquatic environment 

in and around shrimp farms to prevent the 

spread of the virus. 

Maintaining appropriate water quality 

parameters is an important aspect of 

environmental control for WSSV 

management. Proper water quality can help 

to reduce stress on shrimp and improve 

their immune function, making them less 

susceptible to WSSV infection. This 

includes maintaining appropriate pH, 

temperature, and salinity levels, as well as 

adequate water exchange and circulation to 

prevent the buildup of organic matter that 

can provide a breeding ground for WSSV 

and other pathogens (Flegel, 2012). 

Biosecurity measures are also important 

for environmental control of WSSV. 

Preventing the introduction of the virus into 

a shrimp farm is critical to controlling its 

spread. This can be achieved through 

measures such as screening new stock for 

the virus and implementing strict 

quarantine procedures for new animals. 

Additionally, preventing the introduction of 

contaminated water or equipment can help 

to prevent the spread of the virus within a 

farm (Turkmen and Toksen, 2010). 

The management of sediment in shrimp 

ponds is also an important aspect of 

environmental control for WSSV 

management. The virus can survive for 

extended periods of time in sediment and 

can be transmitted to shrimp populations 

through ingestion of contaminated 

sediment. Managing the sediment in shrimp 

ponds through practices such as regular 

removal and replacement of sediment can 

help to reduce the viral load in the 

environment and prevent the spread of the 

virus (Avnimelech and Ritvo, 2003; 

Jackson et al., 2003). 
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Probiotics 

Probiotics are live microorganisms that can 

provide health benefits to their host, such as 

improving gut health and enhancing 

immune function. The use of probiotics has 

gained attention as an important strategy for 

controlling and managing diseases in 

shrimp farming, including the White Spot 

Syndrome Virus (WSSV). In the case of 

shrimp farming, probiotics are 

administered to the shrimp to improve gut 

health, enhance immune function, and 

reduce the pathogenic load in the gut. This 

can help to reduce the risk of WSSV 

infection, as well as other diseases that can 

affect shrimp (Peraza‐Gómez et al., 2009; 

Abdollahi-Arpanahi et al., 2018; Sumon et 

al., 2022). 

   Several studies have investigated the use 

of probiotics to control WSSV in shrimp. 

For example, one study found that the 

administration of a probiotic mixture 

containing Bacillus spp. to shrimp resulted 

in improved survival rates and reduced 

WSSV infection rates (Sánchez-Ortiz et al., 

2016). Another study found that the 

administration of a probiotic mixture 

containing Lactobacillus spp. to shrimp 

resulted in a significant reduction in WSSV 

mortality rates (Naiel et al., 2021). 

Probiotics can also improve the overall 

health and growth of shrimp, making them 

less susceptible to WSSV infection. One 

study found that the administration of a 

probiotic mixture containing Bacillus spp. 

to shrimp resulted in improved growth 

performance and immune function 

(Zokaeifar et al., 2012). The mechanisms 

by which probiotics confer protection 

against WSSV are not fully understood. 

However, it is believed that probiotics can 

help to maintain a healthy gut microbiome, 

which in turn can enhance the immune 

response of shrimp and reduce the 

pathogenic load in the gut (Scott et al., 

2015; Xu et al., 2021a). 

In conclusion, the use of probiotics is a 

promising approach for controlling and 

managing WSSV in shrimp farming. 

Probiotics can improve the overall health 

and growth of shrimp, making them less 

susceptible to WSSV infection, and can 

also directly reduce the viral load in 

infected shrimp. Further research is needed 

to determine the optimal probiotic strains 

and dosages for WSSV control in different 

shrimp farming systems. 

 

SPF Brood stocks 

One approach to controlling WSSV in 

shrimp farming is to use specific pathogen-

free (SPF) brood stocks. SPF brood stocks 

are shrimp that have been selectively bred 

and raised in a controlled environment to be 

free of specific pathogens, including 

WSSV. By using SPF brood stocks, farmers 

can reduce the risk of introducing WSSV 

into their farms and prevent the spread of 

the disease (Lightner, 2005; Eswaran, 

2022). By using SPF brood stocks, farmers 

can reduce the risk of introducing WSSV 

into their farms. SPF brood stocks are 

selectively bred and raised in a controlled 

environment to be free of specific 

pathogens, including WSSV. This reduces 

the likelihood of introducing WSSV into 

the shrimp farm through brood stock or 

larvae (Kumar and Paul, 2022). The use of 

SPF brood stocks can improve overall 

biosecurity on the shrimp farm. Farmers 

who use SPF brood stocks often have 

stricter biosecurity protocols, such as 
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disinfection of equipment and facilities and 

monitoring and testing for the presence of 

diseases. This can help prevent the spread 

of WSSV within the farm (Lotz, 1997). 

There have been several studies that have 

demonstrated the effectiveness of using 

SPF brood stocks as a managerial measure 

to control WSSV in shrimp farming. For 

example, Ekmaharaj (2018) found that 

using SPF brood stocks resulted in 

significantly lower mortality rates and 

higher survival rates compared to using 

conventional brood stocks that were not 

selected for disease resistance. Another 

study in Bangladesh  similarly found that 

using SPF brood stocks led to a significant 

reduction in WSSV incidence and mortality 

rates compared to using conventional brood 

stocks (Chakrobortty et al., 2020).  Also 

Cock et al. (2017) found that using SPF 

brood stocks resulted in significantly lower 

mortality rates and higher survival rates 

compared to using conventional brood 

stocks in both laboratory and field trials . 

The study also found that the offspring of 

SPF brood stocks had a higher resistance to 

WSSV compared to the offspring of 

conventional brood stocks. 

These studies provide strong evidence 

that using SPF brood stocks is an effective 

measure for controlling diseases, 

particularly WSSV, in shrimp farming. 

However, it is important to note that the 

effectiveness of SPF brood stocks may vary 

depending on factors such as the specific 

pathogen being targeted, the environmental 

conditions, and the management practices 

used by the farmers (Turkmen and Toksen, 

2010). 

 

 

Pathogenesis 

The pathogenesis of WSSV involves a 

complex interplay between the virus and 

the host shrimp, leading to a range of 

clinical signs and symptoms, including 

white spots on the exoskeleton, lethargy, 

and ultimately death. WSSV targets various 

tissues and organs in the shrimp, including 

the lymphoid organ, hepatopancreas, and 

gills, among others. Upon infection, the 

virus replicates rapidly and spreads 

throughout the host, leading to systemic 

infection and ultimately death (Zheng et al., 

2019). The exact mechanisms by which 

WSSV causes disease in shrimp are not 

fully understood. However, several studies 

have shed light on the pathogenesis of the 

virus. For example, it has been shown that 

WSSV can induce apoptosis, or 

programmed cell death, in infected shrimp 

cells, which can lead to tissue damage and 

inflammation. Additionally, the virus can 

trigger an immune response in the shrimp, 

leading to the production of various 

cytokines and immune effectors that can 

help to control the infection. However, 

WSSV has also been shown to be able to 

evade the host's immune response, allowing 

the virus to continue to replicate and spread 

(Wang et al., 2008). Furthermore, WSSV 

produces a range of virulence factors, 

including several enzymes and structural 

proteins, that can aid in virus replication 

and pathogenesis. For example, the WSSV 

envelope protein VP28 has been shown to 

be essential for virus attachment and entry 

into host cells. Meanwhile, the viral protein 

WSSV453 has been shown to be involved 

in suppressing the host's immune response, 

allowing the virus to avoid detection and 
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clearance by the host's immune system 

(Verbruggen et al., 2016). 

 

Clinical signs 

The clinical signs of WSSV infection can 

vary depending on the severity and duration 

of the infection, as well as the species and 

age of the infected shrimp. One of the most 

characteristic clinical signs of WSSV 

infection is the appearance of white spots 

on the exoskeleton because of the altered 

metabolism and physiology of the infected 

shrimp. in acute condition, the shrimp 

mortality of WSSV infection is occurred 

without any clinical sign (Fig. 2). 

Accordingly, white spot with concentric 

circles are not visible to naked eyes 

(Kakoolaki et al., 2011). 

 

 
Figure 2: (a) The mortality of acute WSSV infection is occurred SPF- P. vanemmie 2-3 days after exposure. 

(b) In acute conditions of infection, white spots can be seen as concentric circles with the naked 

eye. (c) Transverse section of WSSV inclusion in heart muscle tissue. (d) Inclusion of WSSV in 

the interstitial tissue of the hepatopancreas. 

 

When WSSV infects shrimp, it replicates 

rapidly and causes widespread damage to 

the host's tissues and organs, including the 

cuticle. The cuticle serves as a protective 

barrier against environmental stressors and 

pathogens, and also plays a role in 

maintaining the shrimp's osmotic balance. 

During WSSV infection, the virus causes 

damage to the underlying tissue of the 

cuticle, leading to the release of calcium 

ions. The increased levels of calcium ions 

in the hemolymph of infected shrimp can 

lead to the formation of calcium carbonate 

crystals, which accumulate in the damaged 

cuticle and become visible as white spots. 

The white spots are typically found on the 

carapace, tail fan, and walking legs of 

infected shrimp. The accumulation of 

calcium carbonate in the cuticle can have 

several negative effects on infected shrimp. 

First, the accumulation of calcium 

carbonate can weaken the cuticle, making it 

more susceptible to further damage and 

infection. Additionally, the white spots can 

affect the camouflage and visual defenses 

of the shrimp, making them more 
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vulnerable to predation (Verbruggen et al., 

2016; Dey et al., 2020). In addition to the 

white spots, infected shrimp may exhibit 

other clinical signs, including lethargy, loss 

of appetite, and reduced movement. The 

hepatopancreas, which is the primary 

digestive organ in shrimp, may also become 

swollen and discolored, and may contain 

necrotic foci. Infected shrimp may also 

display abnormal behavior, such as 

swimming near the surface or lying on the 

bottom of the tank (Karthick et al., 2022). 

As the infection progresses, the clinical 

signs become more severe, and infected 

shrimp may exhibit additional symptoms, 

including opaque or milky hemolymph, 

which is the shrimp's equivalent of blood. 

The gills may become pale or discolored, 

and the shrimp may have difficulty 

breathing. In severe cases, infected shrimp 

may die within a few days of infection 

(Yoganandhan et al., 2003). It is important 

to note that not all infected shrimp will 

display all of these clinical signs, and some 

infected shrimp may not display any 

clinical signs at all. Additionally, some of 

these clinical signs may also be present in 

other shrimp diseases, further highlighting 

the importance of proper diagnosis (Lee et 

al., 2022). 

 

Diagnosis 

Clinical signs of WSSV can vary depending 

on the severity of the infection, the species 

of crustacean affected, and the stage of the 

disease. The most common clinical sign of 

WSSV is the presence of white spots on the 

exoskeleton of the crustacean. These spots 

are caused by the accumulation of viral 

particles in the cuticle, and they appear as 

small white or opaque spots that are about 

0.5 to 2 mm in diameter. As the disease 

progresses, these spots will become more 

numerous and larger, and the crustacean 

may exhibit other symptoms such as 

lethargy, loss of appetite, and discoloration 

of the exoskeleton (Amarakoon et al., 2016; 

Cheng et al., 2021). 

    In addition to the visible white spots, 

crustaceans affected by WSSV may also 

exhibit behavioral changes such as reduced 

activity and hiding in the corners of the 

tank. Infected crustaceans may also show 

signs of respiratory distress, such as rapid 

breathing and gill discoloration. In severe 

cases, crustaceans may exhibit 

hemorrhages in the exoskeleton, and may 

show signs of paralysis or death (Jithendran 

et al., 2009; Ananda Raja and Jithendran, 

2015). According to a study by de Souza 

Valente et al. (2020), infected shrimp may 

also exhibit "empty gut syndrome", where 

the digestive tract of the shrimp appears 

empty or devoid of any food. Additionally, 

infected shrimp may have a milky white 

appearance due to the accumulation of 

excess fluid in the body cavity (Wang et al., 

1999). In some cases, WSSV may also 

cause the gills of infected shrimp to turn 

pale or translucent, which can lead to 

respiratory distress and ultimately death 

(Yoganandhan et al., 2003). 

Consequently, there is still numerous 

discussions on the main portal of pathogen 

entry. The intestine and other tissues are 

exactly sheltered by a non-penetrable 

coating (Fig. 2) of cuticle, a peritrophic 

matrix (PM) (Van Thuong et al., 2016). PM 

is an acellular chitin and glycoprotein layer 

that lies the invertebrate midgut (Erlandson 

et al., 2019). Recent studies indicated that 

the cuticle and peritrophic layers 
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completely serve as firm wall against 

WSSV (Corteel et al., 2009). The shrimp 

antennal gland is a basic gate for entry of 

pathogens such as WSSV.This tissue lacks 

an impermeable cuticle and looks like a 

kidney, linked to a bladder with a 

nephropore and an opening (Fig. 3) without 

protection (De Gryse et al., 2020). 

Therefore, a sudden change in water 

salinity, which is generally performed after 

raining or water replacement with 

remarkable different salinity, 

osmoregulation enforces the kidney like 

organ to absorb water accompanied with 

pathogen (If any) into the shrimp body 

(Van Thuong et al., 2016) to adjust the 

osmolality of hemolymph (Prayitno et al., 

2022). They showed that, the antennal 

gland is the first organ to become infected. 

It is suggested that the time and volume of 

water replacement are critical points for 

WSSV infection.  

 

 
Figure 3: Intestine tissue with cuticle and opening 

in antennal gland-base shows no cuticle. 

 

Prevention of WSSV involves maintaining 

good water quality and minimizing 

stressors on the crustaceans, as stressed 

crustaceans are more susceptible to 

infections (Alapide-Tendencia, 2012). 

Quarantining new crustaceans before 

introducing them into an established tank 

can also help prevent the spread of the 

disease. Biosecurity measures such as 

disinfection of tanks, equipment, and water 

sources can also be effective in preventing 

the introduction and spread of the virus 

(Hasan et al., 2020). 

 

Tissue tropism 

White Spot Syndrome Virus (WSSV) is 

known to display a specific tissue tropism 

in shrimp, which means that the virus tends 

to infect certain types of tissues more 

readily than others.  WSSV has a particular 

affinity for certain types of cells within the 

shrimp, including hemocytes (cells that 

play a role in the shrimp's immune 

response), lymphoid organ cells, and 

cuticular epithelial cells (cells that make up 

the exoskeleton) (Ling et al., 2000). The 

virus can also infect other tissues, including 

the hepatopancreas (a digestive organ in the 

shrimp), muscle, and nerve tissue, although 

the severity of infection in these tissues can 

vary depending on a number of factors, 

including the shrimp's age and size, and the 

virulence of the virus (Pan et al., 2005). 

Tissue tropism can play an important role 

in the pathogenesis and transmission of the 

virus. By targeting specific tissues, the 

virus can more easily establish an infection 

and spread throughout the shrimp's body. 

Also, it is important to note that the virus 

has been found to target specific types of 

cells within these tissues. For example, in 
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the hemocytes, WSSV has been shown to 

target granular cells, which are a type of 

hemocyte that play a role in the shrimp's 

immune response (Jiravanichpaisal et al., 

2006; Desrina et al., 2022). In the lymphoid 

organ cells, WSSV primarily infects the 

cells that make up the lymphoid organ 

sinus, which is a network of channels that 

help to filter and remove foreign particles 

from the shrimp's body (Owens, 2010). In 

the cuticular epithelial cells, WSSV infects 

the cells that are responsible for producing 

and maintaining the exoskeleton. This can 

lead to the characteristic white spots that 

are seen on the shrimp's exoskeleton during 

a WSSV infection (Rodríguez et al., 2003). 

The tissue tropism of WSSV can also help 

to explain some of the clinical signs that are 

seen in infected shrimp. For example, the 

infection of the hepatopancreas can lead to 

a reduction in digestive function, which can 

cause the shrimp to stop eating and lose 

weight. Similarly, the infection of nerve 

tissue can lead to abnormal swimming 

behavior and lethargy (Sun et al., 2013). 

Understanding the tissue tropism of 

WSSV is an important step in developing 

effective treatments and prevention 

strategies for the disease. By targeting the 

tissues and cells that are most susceptible to 

infection, researchers can develop targeted 

therapies and vaccines that can help to 

mitigate the impact of WSSV on the shrimp 

farming industry (Ninawe et al., 2017; 

Premanand et al., 2018; Amar et al., 2021). 

 

Prevalent stressors 

White Spot Syndrome Virus (WSSV) is a 

highly contagious and devastating virus 

that affects shrimp farming globally. It 

causes high mortality rates, resulting in 

significant economic losses to the shrimp 

industry. The prevalence of WSSV in 

shrimp is influenced by several stressors. 

One of the stressors is water quality, which 

has been shown to play a crucial role in the 

prevalence of WSSV in shrimp. Poor water 

quality, including high levels of ammonia, 

nitrite, and nitrate, can increase the 

susceptibility of shrimp to WSSV infection. 

On the other hand, maintaining good water 

quality, including proper pH, dissolved 

oxygen, and temperature levels, can reduce 

the prevalence of WSSV in shrimp (Cavalli 

et al., 2008). Another critical stressor for 

WSSV in shrimp is stocking density. High 

stocking densities can lead to increased 

stress levels in shrimp, making them more 

susceptible to WSSV infection. In addition, 

high stocking densities can also result in 

poor water quality, which can further 

exacerbate the problem. On the other hand, 

lower stocking densities can reduce stress 

levels in shrimp, making them less 

susceptible to WSSV infection. Therefore, 

maintaining optimal stocking densities is 

crucial to reducing the prevalence of WSSV 

in shrimp (Apún-Molina et al., 2017). Feed 

quality and nutrition are also critical 

stressors for WSSV in shrimp. Poor feed 

quality and inadequate nutrition can lead to 

weakened immune systems in shrimp, 

making them more susceptible to WSSV 

infection. On the other hand, providing 

high-quality feed and proper nutrition can 

strengthen the immune systems of shrimp, 

reducing the prevalence of WSSV. 

Therefore, it is essential to maintain proper 

nutrition and feed quality to reduce the 

prevalence of WSSV in shrimp 

(Emerenciano et al., 2022). 
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Other stressors that can affect the 

prevalence of WSSV in shrimp include 

water temperature, salinity, and pH. 

Extreme temperatures and salinity levels 

can stress shrimp, making them more 

susceptible to WSSV infection. Similarly, 

high or low pH levels can also stress shrimp 

and increase their susceptibility to WSSV 

infection. Therefore, maintaining optimal 

water temperature, salinity, and pH levels is 

crucial to reducing the prevalence of WSSV 

in shrimp (Joseph and Philip, 2007; 

Tendencia et al., 2010). 

 

DO depletion 

Dissolved oxygen (DO) depletion is one of 

the most critical stressors for the 

susceptibility of shrimp to White Spot 

Syndrome Virus (WSSV) infection. DO is 

an essential factor for aquatic organisms, 

and the depletion of DO can cause 

significant stress and mortality in shrimp. 

DO depletion can occur due to various 

factors, including high stocking densities, 

poor water quality, and environmental 

stressors, such as high temperatures. Under 

DO-depleted conditions, shrimp are more 

susceptible to WSSV infection, resulting in 

high mortality rates. The susceptibility of 

shrimp to WSSV infection under DO-

depleted conditions is due to the negative 

impact of DO depletion on the immune 

system of shrimp. DO plays a crucial role 

in the immune response of shrimp, and its 

depletion can lead to a weakened immune 

system, making shrimp more vulnerable to 

WSSV infection. Under DO-depleted 

conditions, the immune response of shrimp 

to WSSV infection is compromised, 

resulting in higher mortality rates. 

Therefore, maintaining optimal DO levels 

is essential to reduce the prevalence of 

WSSV in shrimp (Direkbusarakom and 

Danayadol, 1998; Chen and He, 2019). 

Several strategies have been proposed to 

mitigate the negative effects of DO 

depletion on the susceptibility of shrimp to 

WSSV infection. One such strategy is the 

use of aeration systems to increase DO 

levels in shrimp ponds. Aeration systems 

can increase DO levels and improve water 

quality, reducing the susceptibility of 

shrimp to WSSV infection. Proper pond 

management, including regular monitoring 

of DO levels and stocking densities, can 

also help mitigate the negative effects of 

DO depletion on shrimp health and reduce 

the prevalence of WSSV in shrimp (Ruiz-

Velazco et al., 2010; Rahayani and 

Gunawan, 2018). 

In addition to aeration systems, the use 

of probiotics has also been proposed as a 

strategy to mitigate the negative effects of 

DO depletion on the susceptibility of 

shrimp to WSSV infection. Probiotics are 

beneficial microorganisms that can 

improve the health and immune response of 

shrimp. Studies have shown that the use of 

probiotics can improve the survival rate of 

shrimp under DO-depleted conditions and 

reduce the prevalence of WSSV infection 

(Martínez Cruz et al., 2012; Chattaraj et al., 

2022). 

DO depletion is a prevalent stressor for 

the susceptibility of shrimp to WSSV 

infection. Under DO-depleted conditions, 

the immune response of shrimp to WSSV 

infection is compromised, resulting in 

higher mortality rates. Mitigating the 

negative effects of DO depletion on the 

susceptibility of shrimp to WSSV infection 

requires maintaining optimal DO levels 
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through the use of aeration systems, proper 

pond management, and the use of 

probiotics. Further research is needed to 

better understand the interactions between 

DO depletion and WSSV infection in 

shrimp and to develop more effective 

strategies to reduce the prevalence of 

WSSV in shrimp farming (Lehmann et al., 

2016).  

 

Nitrogen compounds 

Nitrogen compounds are prevalent stressors 

for the susceptibility of shrimp to White 

Spot Syndrome Virus (WSSV) infection. 

Nitrogen compounds, including ammonia, 

nitrite, and nitrate, are byproducts of shrimp 

metabolism and are commonly found in 

aquaculture systems. High levels of 

nitrogen compounds can cause stress and 

mortality in shrimp and increase their 

susceptibility to WSSV infection. 

Therefore, maintaining optimal levels of 

nitrogen compounds is crucial to reducing 

the prevalence of WSSV in shrimp 

(Kathyayani et al., 2019). 

Ammonia is one of the most toxic 

nitrogen compounds for shrimp and can 

cause significant stress and mortality at 

high levels. Ammonia toxicity can lead to 

gill damage, respiratory distress, and 

weakened immune systems, making shrimp 

more susceptible to WSSV infection. 

Therefore, maintaining low levels of 

ammonia in shrimp ponds is essential to 

reducing the prevalence of WSSV in 

shrimp. Several strategies, including proper 

feed management, water exchange, and 

biofiltration, can be employed to maintain 

low levels of ammonia in shrimp ponds 

(Fang et al., 2017; Xue et al., 2017). Nitrite 

is another toxic nitrogen compound that can 

cause stress and mortality in shrimp. Nitrite 

toxicity can lead to methemoglobinemia, a 

condition where the blood of shrimp cannot 

transport oxygen efficiently. This can cause 

respiratory distress and weakened immune 

systems, making shrimp more susceptible 

to WSSV infection. Therefore, maintaining 

low levels of nitrite in shrimp ponds is 

crucial to reducing the prevalence of WSSV 

in shrimp. Strategies such as proper feed 

management, water exchange, and 

biofiltration can also be employed to 

maintain low levels of nitrite in shrimp 

ponds. Nitrate is a less toxic nitrogen 

compound than ammonia and nitrite, but 

high levels of nitrate can still cause stress 

and mortality in shrimp. Nitrate toxicity can 

lead to reduced growth rates, reduced 

reproductive performance, and weakened 

immune systems, making shrimp more 

susceptible to WSSV infection. Therefore, 

maintaining low levels of nitrate in shrimp 

ponds is also essential to reducing the 

prevalence of WSSV in shrimp. Strategies 

such as proper feed management, water 

exchange, and biofiltration can also be 

employed to maintain low levels of nitrate 

in shrimp ponds (Yusoff et al., 2011; 

Romano and Zeng, 2013). In addition to the 

direct toxic effects of nitrogen compounds, 

they can also indirectly increase the 

susceptibility of shrimp to WSSV infection 

by causing stress and weakening the 

immune system of shrimp. High levels of 

nitrogen compounds can cause stress in 

shrimp, making them more susceptible to 

WSSV infection. In addition, high levels of 

nitrogen compounds can also lead to the 

proliferation of harmful microorganisms, 

which can further weaken the immune 

system of shrimp. Therefore, maintaining 
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optimal levels of nitrogen compounds is 

crucial to reducing the prevalence of WSSV 

in shrimp (Zhao et al., 2020). 

Several strategies have been proposed to 

mitigate the negative effects of nitrogen 

compounds on the susceptibility of shrimp 

to WSSV infection. One such strategy is the 

use of biofiltration systems, which can 

remove nitrogen compounds from shrimp 

ponds and improve water quality. Proper 

feed management and water exchange can 

also help maintain optimal levels of 

nitrogen compounds in shrimp ponds. In 

addition, the use of probiotics has also been 

proposed as a strategy to improve the 

immune response of shrimp and reduce 

their susceptibility to WSSV infection 

under high nitrogen compound conditions. 

Probiotics can improve the gut microbiota 

of shrimp, leading to strengthened immune 

systems and reduced susceptibility to 

WSSV infection. Therefore, the use of 

probiotics can be an effective strategy to 

reduce the negative impact of nitrogen 

compounds on the susceptibility of shrimp 

to WSSV infection (Kasan et al., 2018). 

 

Salinity changes 

Salinity is an important abiotic factor that 

affects the growth and survival of aquatic 

organisms, including shrimp. Changes in 

salinity can occur naturally or as a result of 

human activities, and can have significant 

impacts on the health and susceptibility of 

shrimp to diseases such as White Spot 

Syndrome Virus (WSSV). Several studies 

have shown that changes in salinity can 

increase the susceptibility of shrimp to 

WSSV. For example, a study by Ramos-

Carreño et al. (2014) found that WSSV-

infected shrimp exposed to low salinity 

levels had higher mortality rates compared 

to those exposed to higher salinity levels. 

Also Tendencia and Verreth (2011) found 

that the virus replicated more rapidly in the 

tissues of shrimps exposed to low salinity 

levels, suggesting that low salinity may 

enhance the pathogenicity of the virus. The 

mechanism by which low salinity increases 

the virulence of WSSV is not fully 

understood. However, it is hypothesized 

that exposure to low salinity may impair the 

immune system of the shrimp, making them 

more susceptible to viral infections.  Pang 

et al. (2019) found that exposure to low 

salinity led to a decrease in the activity of 

various immune-related enzymes in 

shrimp, which may have contributed to the 

higher mortality rates observed in infected 

shrimp. 

Furthermore, changes in salinity can 

also affect the physiological condition of 

shrimps, making them more vulnerable to 

WSSV. The exposure to low salinity levels 

led to a decrease in the activity of 

antioxidant enzymes in shrimp, which can 

increase the production of reactive oxygen 

species (ROS) and oxidative stress. This 

can damage the cells and tissues of the 

shrimp and compromise their immune 

function, making them more susceptible to 

WSSV infection (Mathew et al., 2007; 

Parrilla-Taylor et al., 2013). 

In addition to low salinity, high salinity 

levels can also be a stressor for shrimp and 

can increase their susceptibility to WSSV. 

WSSV-infected shrimp exposed to high 

salinity levels had higher mortality rates 

compared to those exposed to lower salinity 

levels which suggested that exposure to 

high salinity may lead to physiological 

stress in the shrimp, which can impair their 
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immune function and make them more 

susceptible to WSSV infection (Raj et al., 

2012). 

 

Temperature fluctuation 

Temperature is an important abiotic factor 

that affects the growth, reproduction, and 

survival of aquatic organisms, including 

shrimp. Fluctuations in temperature, 

particularly rapid changes or extremes, can 

cause stress in shrimp and increase their 

susceptibility to diseases such as White 

Spot Syndrome Virus (Ren et al., 2021). 

Several studies have shown that 

temperature fluctuations can increase the 

susceptibility of shrimp to WSSV. For 

example, a study by Zhang et al. (2019) 

found that WSSV-infected shrimp exposed 

to rapid temperature fluctuations had higher 

mortality rates compared to those exposed 

to stable temperatures. The study also 

found that the virus replicated more rapidly 

in the tissues of shrimps exposed to rapid 

temperature fluctuations, suggesting that 

temperature fluctuations may enhance the 

pathogenicity of the virus (Jiravanichpaisal 

et al., 2004). The mechanism by which 

temperature fluctuations increase the 

virulence of WSSV is not fully understood. 

However, it is hypothesized that exposure 

to temperature fluctuations may impair the 

immune system of the shrimp, making them 

more susceptible to viral infections (Wang 

et al., 2020). A study by Li et al. (2021) 

found that exposure to rapid temperature 

fluctuations led to a decrease in the activity 

of various immune-related enzymes in 

shrimp, which may have contributed to the 

higher mortality rates observed in infected 

shrimp (Fajardo et al., 2022). 

Furthermore, temperature fluctuations 

can also affect the physiological condition 

of the shrimp, making them more 

vulnerable to WSSV. A study by Estrada-

Cárdenas et al. (2021) found that exposure 

to high temperatures led to a decrease in the 

activity of antioxidant enzymes in shrimp, 

which can increase the production of 

reactive oxygen species (ROS) and 

oxidative stress. This can damage the cells 

and tissues of the shrimp and compromise 

their immune function, making them more 

susceptible to WSSV infection. 

Additionally, temperature fluctuations can 

affect the replication and transmission of 

WSSV. Moser et al. (2012) found that rapid 

temperature fluctuations increased the 

shedding of WSSV in infected shrimp, 

which can lead to the spread of the virus in 

the environment and increase the risk of 

infection in other shrimps. 

 

Confilicts of interest 

The authors declare that this research was 

conducted without any conflict of interest 

with any party. 

 

Reference 

Abdollahi-Arpanahi, D., Soltani, E., 

Jafaryan, H., Soltani, M., Naderi-

Samani, M. and Campa-Córdova, A. 

I., 2018. Efficacy of two commercial 

and indigenous probiotics, Bacillus 

subtilis and Bacillus licheniformis on 

growth performance, immuno-

physiology and resistance response of 

juvenile white shrimp (Litopenaeus 

vannamei). Aquaculture, 496(1), 43-49. 

DOI:10.1016/j.aquaculture.2018.06.082 

Afsharnasab, M., Kakoolaki, S. and 

Afzali, F., 2014. The Status of white 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            26 / 45

http://jifro.ir/article-1-5045-en.html


Iranian Journal of Fisheries Sciences 24(6) 2025                                                   1549 

spot syndrome virus (WSSV) in Islamic 

Republic of Iran. Iranian Journal of 

Fisheries Sciences, 13(4), 1021-1055. 

Afsharnasab, M., Kakoolaki, S. and 

Mohammadidost, M., 2016. Immunity 

enhancement with administration of 

Gracilaria corticata and Saccharomyces 

cerevisiae compared to gamma 

irradiation in expose to WSSV in 

shrimp, in juvenile Litopenaeus 

vannamei: A comparative study. Fish & 

Shellfish Immunology, 56, 21-33. 

DOI:10.1016/j.fsi.2016.06.052 

Alapide-Tendencia, E.V., 2012. The 

relation between farming practices, 

ecosystem, and white spot in syndrome 

virus (WSSV) disease outbreaks in 

Penaeus monodon farms in the 

Philippines. Wageningen University and 

Research, USA.  

 

Alavandi, S.V., Muralidhar, M., 

Ravichandran, P. and Ponniah, A.G., 

2014. Ensuring WSSV free sediment 

and water for prevention of white spot 

disease. CIBA e-publishing series, No. 

25. 33 P. 

Alday‐Sanz, V., Brock, J., Flegel, T. W., 

McIntosh, R., Bondad‐Reantaso, M. 

G., Salazar, M. and Subasinghe, R., 

2020. Facts, truths and myths about SPF 

shrimp in Aquaculture. Reviews in 

Aquaculture, 12(1), 76-84. DOI: 

10.1111/raq.12305 

Alfaro, A.C., Nguyen, T.V., Bayot, B., 

Leon, J. A. R., Domínguez-Borbor, C. 

and Sonnenholzner, S., 2021. 

Metabolic responses of whiteleg shrimp 

to white spot syndrome virus (WSSV). 

Journal of Invertebrate Pathology, 180, 

107545. DOI: 

10.1016/j.jip.2021.107545 

Amar, E.C., Faisan Jr, J.P. and Gapasin, 

R.S., 2021. Field efficacy evaluation of 

a formalin-inactivated white spot 

syndrome virus (WSSV) vaccine for the 

preventive management of WSSV 

infection in shrimp grow-out ponds. 

Aquaculture, 531, 735907. DOI: 

10.1016/j.aquaculture.2020.735907 

Amarakoon, A.G.U., 

Wijegoonawardane, P. and 

Wicraamasinghe, W., 2016. Detection 

and Prevalence of white spot syndrome 

disease (WSSV) in shrimp farms. World 

Scientific News, 56, 239-251. 

Ananda Raja, R. and Jithendran, K. P., 

2015. Aquaculture disease diagnosis and 

health management. Advances in Marine 

and Brackishwater Aquaculture, 247-

255. DOI: 10.1007/978-81-322-2271-

2_23 

Apún-Molina, J.P., Robles-Romo, A., 

Alvarez-Ruiz, P., Santamaria-

Miranda, A., Arjona, O. and Racotta, 

I.S., 2017. Influence of stocking density 

and exposure to white spot syndrome 

virus in biological performance, 

metabolic, immune, and bioenergetics 

response of whiteleg shrimp 

Litopenaeus vannamei. Aquaculture, 

479, 528-537. 

DOI:10.1016/j.aquaculture.2017.06.027 

Avnimelech, Y. and Ritvo, G., 2003. 

Shrimp and fish pond soils: processes 

and management. Aquaculture, 220(1-

4), 549-567. DOI: 10.1016/S0044-

8486(02)00641-5 

Barajas-Sandoval, D., Escobedo-

Fregoso, C. and Peña-Rodríguez, A., 

2023. Temperature and fasting effect on 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            27 / 45

http://jifro.ir/article-1-5045-en.html


1550 Hemati et al., Biology, pathogenesis and managerial approaches of White Spot Disease in shrimp ... 

compensatory growth and 

transcriptomic response in the Pacific 

white shrimp Penaeus vannamei. 

Aquaculture, 574, 739711. 

DOI:10.1016/j.aquaculture.2023.73971

1 

Bateman, K. and Stentiford, G., 2017. A 

taxonomic review of viruses infecting 

crustaceans with an emphasis on wild 

hosts. Journal of Invertebrate 

Pathology, 147, 86-110. 

Bateman, K.S., Munro, J., Uglow, B., 

Small, H.J. and Stentiford, G.D., 2012. 

Susceptibility of juvenile European 

lobster Homarus gammarus to shrimp 

products infected with high and low 

doses of white spot syndrome virus. 

Diseases of Aquatic Organisms, 100(2), 

169-184. DOI: 10.3354/dao02474. 

Cavalli, L. S., Marins, L. F. F., Netto, S. 

A. and Abreu, P.C.O.V.d., 2008. 

Evaluation of white spot syndrome virus 

(WSSV) in wild shrimp after a major 

outbreak in shrimp farms at Laguna, 

Southern Brazil. Atlântica, Rio Grande, 

30(1), 45-52. 

Chakrobortty, D., Ali, M.R., Dey, B.K., 

Gupta, N., Islam, S. S. and Sui, L., 

2020. Viral contamination of tiger 

shrimp Penaeus monodon broodstock in 

Bangladesh. Aquaculture International, 

28, 2161-2172. DOI: 10.1007/s10499-

020-00583-4 

Chantanachookin, C., Boonyaratpalin, 

S., Kasornchandra, J., 

Direkbusarakom, S., 

Ekpanithanpong, U., Supamataya, K., 

Sriurairatana, S. and Flegel, T., 1993. 

Histology and ultrastructure reveal a 

new granulosis-like virus in Penaeus 

monodon affected by yellow-head 

disease. Diseases of Aquatic Organisms, 

17, 145-145. 

Chattaraj, S., Ganguly, A., Mandal, A. 

and Das Mohapatra, P. K., 2022. A 

review of the role of probiotics for the 

control of viral diseases in aquaculture. 

Aquaculture International, 30(5), 2513-

2539. DOI: 10.1007/s10499-022-00915-

6. 

Chen, I., Lee, D.-Y., Huang, Y.-T., Kou, 

G.-H., Wang, H.-C., Chang, G.-D. and 

Lo, C.-F., 2016. Six hours after 

infection, the metabolic changes induced 

by WSSV neutralize the host’s oxidative 

stress defenses. Scientific Reports, 6(1), 

1-14. DOI: 10.1038/srep27732 

Chen, Y.-H. and He, J.-G., 2019. Effects 

of environmental stress on shrimp innate 

immunity and white spot syndrome virus 

infection. Fish & shellfish immunology, 

84,744-755. DOI: 

10.1016/j.fsi.2018.10.069  

Cheng, W., Zhang, H., Wang, P., Wei, Y., 

Li, T., Zhou, Y. and Mao, Y., 2021. 

Clinical signs of naturally white spot 

syndrome virus (WSSV)-infected 

kuruma shrimp Marsupenaeus 

japonicas, based on their physiological 

and behavioural states. Aquaculture, 

533, 736104. DOI: 

10.1016/j.aquaculture.2020.736104 

Chou, H. Y., Huang, C. Y., Wang, C. H., 

Chiang, H. C. and Lo, C. F., 1995. 

Pathogenicity of a baculovirus infection 

causing White Spot Syndrome in 

cultured penaeid shrimp in Taiwan. 

Diseases of Aquatic Organisms, 23, 165-

173. DOI: 10.3354/dao023165 

Cock, J., Salazar, M. and Rye, M., 2017. 

Strategies for managing diseases in non‐

native shrimp populations. Reviews in 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            28 / 45

http://jifro.ir/article-1-5045-en.html


Iranian Journal of Fisheries Sciences 24(6) 2025                                                   1551 

aquaculture, 9(3), 211-226. DOI: 

10.1111/raq.12132 

Corre Jr, V., Faisan Jr, J., Carton-

Kawagoshi, R. J., Elle, B. J., 

Traifalgar, R. F. and Caipang, C. M., 

2012. Evidence of WSSV transmission 

from the rotifer (Brachionus plicatilis) 

to the black tiger shrimp (Penaeus 

monodon) postlarvae and means to 

control rotifer resting eggs using 

industrial disinfectants. Aquaculture, 

Aquarium, Conservation & Legislation, 

5(2), 64-68. 

Corsin, F., Turnbull, J. F., Hao, N. V., 

Mohan, C. V., Phi, T. T., Phuoc, L. H., 

Tinh, N. T. N. and Morgan, K. L., 

2001. Risk factors associated with white 

spot syndrome virus infection in a 

Vietnamese rice-shrimp farming system. 

Diseases of Aquatic Organisms, 47(1), 

1-12. DOI: 10.3354/dao047001 

Corteel, M., Dantas-Lima, J. J., Wille, 

M., Alday-Sanz, V., Pensaert, M. B., 

Sorgeloos, P. and Nauwynck, H. J., 

2009. Molt stage and cuticle damage 

influence white spot syndrome virus 

immersion infection in penaeid shrimp. 

Veterinary Microbiology, 137(3-4), 209-

216. DOI: 

10.1016/j.vetmic.2009.01.018 

Cox, N., De Swaef, E., Corteel, M., Van 

Den Broeck, W., Bossier, P., Dantas-

Lima, J. J. and Nauwynck, H. J., 2023. 

The Way of Water: Unravelling White 

Spot Syndrome Virus (WSSV) 

Transmission Dynamics in Litopenaeus 

vannamei Shrimp. Viruses, 15(9), 1824. 

DOI: 10.3390/v15091824 

da Silva, A. E. M., Brito, L. O., da Silva, 

D. A., de Lima, P. C. M., da Silva 

Farias, R., Galvez, A. O. and da Silva, 

S. M. B. C., 2021. Effect of Brachionus 

plicatilis and Navicula sp. on Pacific 

white shrimp growth performance, 

Vibrio, immunological responses and 

resistance to white spot virus (WSSV) in 

nursery biofloc system. Aquaculture, 

535, 736335. DOI:  

10.1016/j.aquaculture.2020.736335 

De Gryse, G. M., Van Khuong, T., 

Descamps, B., Van Den Broeck, W., 

Vanhove, C., Cornillie, P., Sorgeloos, 

P., Bossier, P. and Nauwynck, H. J., 

2020. The shrimp nephrocomplex serves 

as a major portal of pathogen entry and 

is involved in the molting process. 

Proceedings of the National Academy of 

Sciences, 117(45), 28374-28383. 

de Souza Valente, C., Rodiles, A., Freire 

Marques, M. R. and Merrifield, D. L., 

2020. White spot syndrome virus 

(WSSV) disturbs the intestinal 

microbiota of shrimp (Penaeus 

vannamei) reared in biofloc and clear 

seawater. Applied Microbiology and 

Biotechnology, 104, 8007-8023. DOI: 

10.1007/s00253-020-10816-4 

Delphino, M. K., Laurin, E., 

Patanasatienkul, T., Rahardjo, R. B., 

Hakim, L., Zulfikar, W. G., Burnley, 

H., Hammell, K. L. and Thakur, K., 

2022. Description of biosecurity 

practices on shrimp farms in Java, 

Lampung, and Banyuwangi, Indonesia. 

Aquaculture, 556, 738277. DOI: 

10.1016/j.aquaculture.2022.738277 

Desrina, Prayitno, S. B., Verdegem, M. 

C. J., Verreth, J. A. J. and Vlak, J. M., 

2022. White spot syndrome virus host 

range and impact on transmission. 

Reviews in aquaculture, 14(4), 1843-

1860. DOI: 10.1111/raq.12676 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            29 / 45

http://jifro.ir/article-1-5045-en.html


1552 Hemati et al., Biology, pathogenesis and managerial approaches of White Spot Disease in shrimp ... 

Dey, B.K., Dugassa, G.H., Hinzano, S. M. 

and Bossier, P., 2020. Causative agent, 

diagnosis and management of white spot 

disease in shrimp: a review. Reviews in 

Aquaculture, 12(2), 822-865. DOI: 

10.1111/raq.12352 

Dhar, A. K., Dettori, A., Roux, M. M., 

Klimpel, K. R. and Read, B., 2003. 

Identification of differentially expressed 

genes in shrimp (Penaeus stylirostris) 

infected with White spot syndrome virus 

by cDNA microarrays. Archives of 

Virology, 148, 2381-2396. DOI: 

10.1007/s00705-003-0172-z 

Dieu, B.T.M., Marks, H., Siebenga, J.J., 

Goldbach, R.W., Zuidema, D., Duong, 

T.P. and Vlak, J.M., 2004. Molecular 

epidemiology of white spot syndrome 

virus within Vietnam. Journal of 

General Virology, 85(12), 3607-3618. 

DOI: 10.1099/vir.0.80344-0 

Dieu, B.T.M., Marks, H., Zwart, M.P. 

and Vlak, J.M., 2010. Evaluation of 

white spot syndrome virus variable 

DNA loci as molecular markers of virus 

spread at intermediate spatiotemporal 

scales. Journal of General Virology, 

91(5), 1164-1172. DOI: 

10.1099/vir.0.018028-0 

Direkbusarakom, S. and Danayadol, Y., 

1998. Effect of oxygen depletion on 

some parameters of the immune system 

in black tiger shrimp (Penaeus 

monodon). Advances in Shrimp 

Biotechnology, 147-149. 

Duc, P.M., Hoa, T.T., Phuong, N.T. and 

Bosma, R., 2015. Virus diseases risk-

factors associated with shrimp farming 

practices in rice-shrimp and intensive 

culture systems in Mekong Delta Viet 

Nam. International Journal of Scientific 

and Research Publications, 5(8), 1-6. 

Durand, S., Lightner, D.V., Redman, R. 

M. and Bonami, J. R., 1997. 

Ultrastructure and morphogenesis of 

white spot syndrome baculovirus 

(WSSV). Diseases of Aquatic 

Organisms, 29(3), 205-211. 

Ekmaharaj, S., 2018. Reviving the 

aquaculture of black tiger shrimp in 

Southeast Asia: Perspectives and future 

direction. Fish for the People, 16(3), 2-

9. 

Emerenciano, M.G.C., Rombenso, A. N., 

Vieira, F.D.N., Martins, M.A., 

Coman, G.J., Truong, H.H., Noble, T. 

H. and Simon, C.J., 2022. 

Intensification of penaeid shrimp 

culture: an applied review of advances in 

production systems, nutrition and 

breeding. Animals, 12(3), 236. DOI: 

10.3390/ani12030236 

Erlandson, M.A., Toprak, U. and 

Hegedus, D.D., 2019. Role of the 

peritrophic matrix in insect-pathogen 

interactions. Journal of Insect 

Physiology, 117, 103894. DOI: 

10.1016/j.jinsphys.2019.103894 

Escobedo‐Bonilla, C.M., Alday‐Sanz, V., 

Wille, M., Sorgeloos, P., Pensaert, M. 

and Nauwynck, H., 2008. A review on 

the morphology, molecular 

characterization, morphogenesis and 

pathogenesis of white spot syndrome 

virus. Journal of Fish Diseases, 31(1), 1-

18. DOI: 10.1111/j.1365-

2761.2007.00877.x 

Estrada-Cárdenas, P., Cruz-Moreno, D. 

G., González-Ruiz, R., Peregrino-

Uriarte, A.B., Leyva-Carrillo, L., 

Camacho-Jiménez, L., Quintero-

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            30 / 45

http://jifro.ir/article-1-5045-en.html


Iranian Journal of Fisheries Sciences 24(6) 2025                                                   1553 

Reyes, I. and Yepiz-Plascencia, G., 

2021. Combined hypoxia and high 

temperature affect differentially the 

response of antioxidant enzymes, 

glutathione and hydrogen peroxide in 

the white shrimp Litopenaeus vannamei. 

Comparative Biochemistry and 

Physiology Part A: Molecular & 

Integrative Physiology, 254, 110909. 

DOI: 10.1016/j.cbpa.2021.110909 

Eswaran, S., 2022. Specific Pathogen Free 

(SPF) Shrimps in Aquaculture. In: 

Sudha, N.S. Anisha, P.R. and Pandey, 

A.K. (eds.) Advances in Fisheries 

Biotechnology. Springer Press, 

Singapore. pp 465-470.  

Fajardo, C., Martinez‐Rodriguez, G., 

Costas, B., Mancera, J. M., 

Fernandez‐Boo, S., Rodulfo, H. and 

De Donato, M., 2022. Shrimp immune 

response: A transcriptomic perspective. 

Reviews in Aquaculture, 14(3), 1136-

1149. DOI: 10.1111/raq.12642 

Fang, J., Wang, Y., Fang, W., Li, X., 

Chen, T. and Zhou, J., 2017. Study on 

pathogenicity of WSSV to Pacific white 

shrimp (Litopenaeus vannamei) under 

ammonia stress. South China Fisheries 

Science, 13(4), 52-58. 

Fauquet, C.M., Mayo, M.A., Maniloff, J., 

Desselberger, U. and Ball, L.A. 2005. 

Virus taxonomy: VIIIth report of the 

International Committee on Taxonomy 

of Viruses. Academic Press, United 

States of America. pp 126-211. 

Flegel, T. W., 1997. Major viral diseases of 

the black tiger prawn (Penaeus 

monodon) in Thailand. World Journal of 

Microbiology and Biotechnology, 13(4), 

433-442. 

Flegel, T. W., 2006b. Detection of major 

penaeid shrimp viruses in Asia, a 

historical perspective with emphasis on 

Thailand. Aquaculture, 258(1–4), 1-33. 

DOI: 

10.1016/j.aquaculture.2006.05.013 

Flegel, T.W., 2012. Historic emergence, 

impact and current status of shrimp 

pathogens in Asia. Journal of 

Invertebrate Pathology, 110(2), 166-

173. DOI: 10.1016/j.jip.2012.03.004 

Flegel, T.W., 2019. A future vision for 

disease control in shrimp aquaculture. 

Journal of the World Aquaculture 

Society, 50(2), 249-266. 

Flegel, T., 2006a. Detection of major 

penaeid shrimp viruses in Asia, a 

historical perspective with emphasis on 

Thailand. Aquaculture, 258(1-4), 1-33. 

DOI: 

10.1016/j.aquaculture.2006.05.013 

Flegel, T., Thamavit, V., Pasharawipas, 

T. and Alday-Sanz, V., 1999. Statistical 

correlation between severity of 

hepatopancreatic parvovirus infection 

and stunting of farmed black tiger 

shrimp (Penaeus monodon). 

Aquaculture, 174(3-4), 197-206. DOI: 

10.1016/S0044-8486(98)00507-9  

Galavíz-Silva, L., Molina-Garza, Z. J., 

Alcocer-González, J. M., Rosales-

Encinas, J. L. and Ibarra-Gámez, C., 

2004. White spot syndrome virus 

genetic variants detected in Mexico by a 

new multiplex PCR method. 

Aquaculture, 242(1-4), 53-68. DOI: 

10.1016/j.aquaculture.2004.09.006 

Gao, H., Kong, J., Li, Z., Xiao, G. and 

Meng, X., 2011. Quantitative analysis of 

temperature, salinity and pH on WSSV 

proliferation in Chinese shrimp 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            31 / 45

http://jifro.ir/article-1-5045-en.html


1554 Hemati et al., Biology, pathogenesis and managerial approaches of White Spot Disease in shrimp ... 

Fenneropenaeus chinensis by real-time 

PCR. Aquaculture, 312(1-4), 26-31. 

DOI: 

10.1016/j.aquaculture.2010.12.022 

Ghosh, A. K., 2023. Functionality of 

probiotics on the resistance capacity of 

shrimp against white spot syndrome 

virus (WSSV). Fish & Shellfish 

Immunology, 108942. DOI: 

10.1016/j.fsi.2023.108942 

Granja, C.B., Vidal, O. M., Parra, G. and 

Salazar, M., 2006. Hyperthermia 

reduces viral load of white spot 

syndrome virus in Penaeus vannamei. 

Diseases of Aquatic Organisms, 68(2), 

175-180. DOI: 10.3354/dao068175 

Guan, Y., Yu, Z. and Li, C., 2003. The 

effects of temperature on white spot 

syndrome infections in Marsupenaeus 

japonicus. Journal of Invertebrate 

Pathology, 83, 257-260. 

Hasan, N. A., Haque, M. M., Hinchliffe, 

S. J. and Guilder, J., 2020. A sequential 

assessment of WSD risk factors of 

shrimp farming in Bangladesh: Looking 

for a sustainable farming system. 

Aquaculture, 526, 735348. DOI: 

10.1016/j.aquaculture.2020.735348 

He, R., Zhu, N., Chen, X., Liang, Q., Yao, 

G., Tian, Q., Zhou, F. and Ding, X., 

2024. Experimental evidence of 

effective disinfectant to control the 

transmission of Micropterus salmoides 

rhabdovirus. Journal of Fish Diseases, 

47(2), e13891. DOI: 10.1111/jfd.13891 

Hill, B., 2002. National and international 

impacts of white spot disease of shrimp. 

Bulletin-European Association of Fish 

Pathologists, 22(2), 58-65.  

Huang, J., Yu, J., Song, X. L., Kong, J. 

and Yang, C. H., 1995. Studies on fine 

structure, nucleic acid, polypeptide and 

serology of hypodermal and 

Hematopoietic Necrosis Baculovirus of 

penaeid shrimp. Marine Fisheries 

Research, 16, 11-23.  

Inouye, K., Miwa, s., Oseko, N., Nakano, 

H., Kimura, T., Momoyama, K. and 

Hiraoka.M., 1994. Mass mortality of 

cultured kuruma shrimp Penaeus 

japonicus in Japan in 1993: Electron 

microscopic evidence of the causative 

virus. Fish Pathology, 29, 149-158. 

DOI: 10.3147/jsfp.29.149 

Islam, S.I., Mou, M. J., Sanjida, S. and 

Mahfuj, S., 2023. A review on 

molecular detection techniques of white 

spot syndrome virus: Perspectives of 

problems and solutions in shrimp 

farming. Veterinary Medicine and 

Science, 9(2), 778-801. DOI: 

10.1002/vms3.979 

Jackson, C. J., Preston, N., Burford, M. 

A. and Thompson, P. J., 2003. 

Managing the development of 

sustainable shrimp farming in Australia: 

the role of sedimentation ponds in 

treatment of farm discharge water. 

Aquaculture, 226(1-4), 23-34. DOI: 

10.1016/S0044-8486(03)00464-2 

Jang, I.K., Kim, J.S., Kim, B.R. and 

Meng, X.H., 2011. Comparison of white 

spot syndrome virus quantification of 

fleshy shrimp Fenneropenaeus 

chinensis in outdoor ponds between 

different growing seasons by TaqMan 

real‐time polymerase chain reaction. 

Aquaculture Research, 42(12), 1869-

1877. DOI: 10.1111/j.1365-

2109.2010.02792.x 

Jayasree, L., Janakiram, P. and 

Madhavi, R., 2006. Characterization of 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            32 / 45

http://jifro.ir/article-1-5045-en.html


Iranian Journal of Fisheries Sciences 24(6) 2025                                                   1555 

Vibrio spp. associated with diseased 

shrimp from culture ponds of Andhra 

Pradesh (India). Journal of the World 

Aquaculture Society, 37(4), 523-532. 

DOI: 10.1111/j.1749-

7345.2006.00066.x 

Jiménez-Ortega, L.A., González-Gómez, 

J.P., Quiñónez-Angulo, P., Valdez-

Baro, O. and Heredia, J.B., 2025. 

Global Market of Bioactive and 

Functional Compounds from Marine 

Resources and Wastes. In: Bioactive 

Compounds Extraction from Marine 

Resources and Wastes. Springer Nature 

Singapore Press, Singapore. pp 31-48. 

Jiravanichpaisal, P., Söderhäll, K. and 

Söderhäll, I., 2004. Effect of water 

temperature on the immune response 

and infectivity pattern of white spot 

syndrome virus (WSSV) in freshwater 

crayfish. Fish & Shellfish Immunology, 

17(3), 265-275. DOI: 

10.1016/j.fsi.2004.03.010 

Jiravanichpaisal, P., Sricharoen, S., 

Söderhäll, I. and Söderhäll, K., 2006. 

White spot syndrome virus (WSSV) 

interaction with crayfish haemocytes. 

Fish & Shellfish Immunology, 20(5), 

718-727. DOI: 

10.1016/j.fsi.2005.09.002 

Jithendran, K.P., Poornima, M., 

Balsubramanian, C.P. and 

Kulasekarapandian, S., 2009. Diseases 

of mud crabs in India. Bulletin of the 

Brackishwater Aquaculture 

Development Centre, 20, 28. 

Joseph, A. and Philip, R., 2007. Acute 

salinity stress alters the haemolymph 

metabolic profile of Penaeus monodon 

and reduces immunocompetence to 

white spot syndrome virus infection. 

Aquaculture, 272(1-4), 87-97. DOI: 

10.1016/j.aquaculture.2007.08.047 

Kakoolaki, S., Afsharnasab, M. and 

Sharifpour, I., 2015. The relation 

between temperature and salinity with 

WSSV occurrence in shrimp farms in 

Iran: An article review. Journal of 

Survey in Fisheries Sciences, 31-41. 

Kakoolaki, S., Ebne al-Torab, S.A.M., 

Ghajari, A., Anvar, A. A., Sepahdari, 

A., Ahari, H. and Hoseinzadeh, H., 

2020. Socio-economic impacts of 

Coronavirus (COVID-19) outbreak on 

world shrimp aquaculture sector. 

Iranian Journal of Aquatic Animal 

Health, 6(1), 1-18. DOI: 

10.29252/ijaah.6.1.1 

Kakoolaki, S., Sepahdari, A., 

Mirbakhsh, M., Madani, V., 

Dashtiannasab, A., Pazir, M., Ahari, 

H. and Gharavi, B., 2022. White Spot 

Syndrome Virus (WSSV) risk factors 

associated with managerial shrimp 

farming practices through expert 

opinion in monoculture farms in Iran. 

Journal of Survey in Fisheries Sciences, 

51-63. 

Kakoolaki, S., Sharifpour, I., 

Afsharnasab, M., Sepahdari, A., 

Mehrabi, M. R., Ghaednia, B. and 

Nezamabadi, H., 2014. Effects of 

temperature on hematological and 

histopathological changes and survival 

rate of juvenile Litopenaeus vannamei 

experimentally challenged to White 

Spot Virus. Iranian Journal of Fisheries 

Sciences, 13(1), 91-102. 

Kakoolaki, S., Soltani, M., 

Ebrahimzadeh Mousavi, H.A., 

Sharifpour, I., Mirzargar, S., 

Afsharnasab, M. and Motalebi, A. A., 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            33 / 45

http://jifro.ir/article-1-5045-en.html


1556 Hemati et al., Biology, pathogenesis and managerial approaches of White Spot Disease in shrimp ... 

2011. The effect of different salinities on 

mortality and histopathological changes 

of SPF imported Litopenaeus vannamei, 

experimentally exposed to White Spot 

Virus and a new differential hemocyte 

staining method. Iranian Journal of 

Fisheries Sciences, 10(3), 447-460.  

Karthick, S., Sunil Kumar, K., 

Meiyalagan, V. and Arumugam, M., 

2022. Comparative study on 

immunological responses in Scylla 

serrata and Litopenaeus vannamei upon 

WSSV infection. Aquaculture Research, 

53(6), 2249-2262. DOI: 

10.1111/are.15744 

Kasan, N., Dagang, A. and Abdullah, M. 

2018. Application of biofloc technology 

(BFT) in shrimp aquaculture industry. 

Paper presented at the IOP Conference 

Series: Earth and Environmental 

Science, Bangunan Pejabat TNCPI 

University of Putra, Malaysia. 6-8 

November 2017. 

Kathyayani, S.A., Poornima, M., 

Sukumaran, S., Nagavel, A. and 

Muralidhar, M., 2019. Effect of 

ammonia stress on immune variables of 

Pacific white shrimp Penaeus vannamei 

under varying levels of pH and 

susceptibility to white spot syndrome 

virus. Ecotoxicology and Environmental 

Safety, 184, 109626. DOI: 

10.1016/j.ecoenv.2019.109626  

Kawato, S., Shitara, A., Wang, Y., 

Nozaki, R., Kondo, H. and Hirono, I., 

2019a. Crustacean genome exploration 

reveals the evolutionary origin of white 

spot syndrome virus. Journal of 

Virology, 93(3), e01144-01118. DOI: 

10.1128/JVI.01144-18 

Kiran, R. P., Rajendran, K., Jung, S. and 

Oh, M., 2002. Experimental 

susceptibility of different life‐stages of 

the giant freshwater prawn, 

Macrobrachium rosenbergii (de Man), 

to white spot syndrome virus (WSSV). 

Journal of Fish Diseases, 25(4), 201-

207. DOI: 10.1046/j.1365-

2761.2002.00357.x 

Koonin, E. V. and Dolja, V. V., 2013. A 

virocentric perspective on the evolution 

of life. Current Opinion in Virology, 

3(5), 546-557. 

Kumar, S. and Paul, T. 2022. Biosafety 

and Bio-Security for Sustainable 

Aquaculture Development. In: 

Advances in Fisheries Biotechnology. 

Springer Nature, Singapore. pp 453-463. 

Lee, D., Yu, Y.-B., Choi, J.-H., Jo, A.-H., 

Hong, S.-M., Kang, J.-C. and Kim, J.-

H., 2022. Viral shrimp diseases listed by 

the OIE: A review. Viruses, 14(3), 585. 

Lee, Y., Vijayan, J., Roh, H., Park, J., 

Lee, J.Y., Nguyen, T.L., Kim, H.J., 

Kim, W. S., Dhar, A. K. and Park, C. 

I., 2023. Nucleic acid amplification‐

based methods for diagnosis of shrimp 

viral diseases. Reviews in Aquaculture. 

DOI: 10.1111/raq.12873 

Lehmann, M., Schleder, D., Guertler, C., 

Perazzolo, L. and Vinatea, L., 2016. 

Hypoxia increases susceptibility of 

Pacific white shrimp to whitespot 

syndrome virus (WSSV). Arquivo 

Brasileiro de Medicina Veterinária e 

Zootecnia, 68, 397-403. 

Li, L., Hong, Y., Huo, D. and Cai, P., 

2020. Ultrastructure analysis of white 

spot syndrome virus (WSSV). Archives 

of Virology, 165, 407-412. DOI: 

10.1007/s00705-019-04482-9 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            34 / 45

http://jifro.ir/article-1-5045-en.html


Iranian Journal of Fisheries Sciences 24(6) 2025                                                   1557 

Lightner, D. V., 2005. Biosecurity in 

shrimp farming: pathogen exclusion 

through use of SPF stock and routine 

surveillance. Journal of the World 

Aquaculture Society, 36(3), 229-248. 

Lightner, D. V., Redman, R. M., Poulos, 

B. T., Nunan, L. M., Mari, J. L. and 

Hasson, K. W., 1997. Risk of spread of 

penaeid shrimp viruses in the. Revue 

scientifique et technique/ Office 

International des Epizooties, 16(1), 146-

160. 

Lightner, D., 2011. Virus diseases of 

farmed shrimp in the Western 

Hemisphere (the Americas): A Review. 

Journal of Invertebrate Pathology, 

106(1), 110-130. DOI: 

10.1016/j.jip.2010.09.012 

Lightner, D., Redman, R. M., Pantoja, C. 

R., Tang, K.F.J., Noble, B.L., 

Schofield, P., Mohney, L.L., Nunan, 

L.M. and Navarro, S.A., 2012. Historic 

emergence, impact and current status of 

shrimp pathogens in the Americas. 

Journal of Invertebrate Pathology, 

110(2), 174-183. DOI: 

10.1016/j.jip.2012.03.006 

Lin, S.-J., Hsia, H.-L., Liu, W.-J., Huang, 

J.-Y., Liu, K.-F., Chen, W.-Y., Yeh, 

Y.-C., Huang, Y.-T., Lo, C.-F. and 

Kou, G.-H., 2012. Spawning stress 

triggers WSSV replication in brooders 

via the activation of shrimp STAT. 

Developmental & Comparative 

Immunology, 38(1), 128-135. DOI: 

10.1016/j.dci.2012.04.013  

Ling, L., Jianguo, H., Min, D., Shaoping, 

W. and Tao, Z., 2000. A study on tissue 

tropism of white spot syndrome virus 

(WSSV) by in situ hybridization. Tropic 

Oceanology, 19(4), 86-91. 

López‐Téllez, N. A., Corbalá‐Bermejo, J. 

A., Bustamante‐Unzueta, M. L., Silva‐

Ledesma, L. P., Vidal‐Martínez, V. M. 

and Rodriguez‐Canul, R., 2020. 

History, impact, and status of infectious 

diseases of the Pacific white shrimp 

Penaeus vannamei (Bonne, 1831) 

cultivated in Mexico. Journal of the 

World Aquaculture Society, 51(2), 334-

345. DOI: 10.1111/jwas.12662 

Lorgen-Ritchie, M., Uren Webster, T., 

McMurtrie, J., Bass, D., Tyler, C. R., 

Rowley, A. and Martin, S. A., 2023. 

Microbiomes in the context of 

developing sustainable intensified 

aquaculture. Frontiers in Microbiology, 

14, 1200997. DOI:  

10.3389/fmicb.2023.1200997 

Lotz, J., 1997. Viruses, biosecurity and 

specific pathogen-free stocks in shrimp 

aquaculture. World journal of 

Microbiology and Biotechnology, 13, 

405-413. 

Loynes, K., 2017. White spot disease in 

Australia up to 2017: a chronology. 

Parliamentary Library, 18(1), 1-15. 

Martínez Cruz, P., Ibáñez, A.L., Monroy 

Hermosillo, O.A. and Ramírez Saad, 

H.C., 2012. Use of probiotics in 

aquaculture. International Scholarly 

Research Notices, 2012. 

Mathew, S., Kumar, K. A., Anandan, R., 

Nair, P.V. and Devadasan, K., 2007. 

Changes in tissue defence system in 

white spot syndrome virus (WSSV) 

infected Penaeus monodon. 

Comparative Biochemistry and 

Physiology Part C: Toxicology & 

Pharmacology, 145(3), 315-320. DOI: 

10.1016/j.cbpc.2007.01.001 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            35 / 45

http://jifro.ir/article-1-5045-en.html


1558 Hemati et al., Biology, pathogenesis and managerial approaches of White Spot Disease in shrimp ... 

Mayo, M.A., 2002. A summary of 

taxonomic changes recently approved 

by ICTV. Archives of Virology, 147(8), 

1655-1656. DOI: 

10.1007/s007050200039 

McLean, E., Barrows, F., Craig, S., 

Alfrey, K. and Tran, L., 2020. 

Complete replacement of fishmeal by 

soybean and poultry meals in Pacific 

whiteleg shrimp feeds: Growth and 

tolerance to EMS/AHPND and WSSV 

challenge. Aquaculture, 527, 735383. 

DOI: 

10.1016/j.aquaculture.2020.735383 

Miao, W. and Wang, W., 2020. Trends of 

aquaculture production and trade: Carp, 

tilapia, and shrimp. Asian Fisheries 

Science, 33(S1), 1-10. DOI: 

10.33997/j.afs.2020.33.S1.001 

Millard, R.S., Ellis, R.P., Bateman, K.S., 

Bickley, L.K., Tyler, C.R., van Aerle, 

R. and Santos, E.M., 2021b. How do 

abiotic environmental conditions 

influence shrimp susceptibility to 

disease? A critical analysis focussed on 

White Spot Disease. Journal of 

Invertebrate Pathology, 186, 107369. 

DOI: 10.1016/j.jip.2020.107369 

Mohan, C., Shankar, K., Kulkarni, S. 

and Sudha, P., 1998. Histopathology of 

cultured shrimp showing gross signs of 

yellow head syndrome and white spot 

syndrome during 1994 Indian 

epizootics. Diseases of Aquatic 

Organisms, 34(1), 9-12. 

Moser, J.R., Álvarez, D.A.G., Cano, F. 

M., Garcia, T. E., Molina, D.E.C., 

Clark, G.P., Marques, M.R.F., 

Barajas, F.J. M. and López, J.H., 

2012. Water temperature influences 

viral load and detection of White Spot 

Syndrome Virus (WSSV) in 

Litopenaeus vannamei and wild 

crustaceans. Aquaculture, 326, 9-14. 

DOI:10.1016/j.aquaculture.2011.10.033 

Moss, S.M., Moss, D.R., Arce, S.M., 

Lightner, D.V. and Lotz, J.M., 2012. 

The role of selective breeding and 

biosecurity in the prevention of disease 

in penaeid shrimp aquaculture. Journal 

of Invertebrate Pathology, 110(2), 247-

250. DOI: 10.1016/j.jip.2012.01.013 

Munasinghe, M.N., Stephen, C., 

Abeynayake, P. and 

Abeygunawardena, I.S., 2010. Shrimp 

farming practices in the Puttallam 

district of Sri Lanka: implications for 

disease control, industry sustainability, 

and rural development. Veterinary 

Medicine International, 2010(1), 

679130. DOI: 10.4061/2010/679130 

Murphy, F., Fauquet, C., Bishop, D., 

Ghabrial, S., Jarvis, A., Martelli, G., 

Mayo, M. and Summers, M., 1995. 

Virus taxonomy: sixth report of the 

International Committee on Taxonomy 

of Viruses. Archives of Virology, 10, 

350-354.  

Naiel, M.A., Farag, M.R., Gewida, A.G., 

Elnakeeb, M.A., Amer, M.S. and 

Alagawany, M., 2021. Using lactic acid 

bacteria as an immunostimulants in 

cultured shrimp with special reference to 

Lactobacillus spp. Aquaculture 

International, 29, 219-231.  

New, M.B. and Nair, C.M., 2012. Global 

scale of freshwater prawn farming. 

Aquaculture Research, 43(7), 960-969. 

Ng, L.Y., Ng, C.Y., Mahmoudi, E., Ong, 

C.B. and Mohammad, A.W., 2018. A 

review of the management of inflow 

water, wastewater and water reuse by 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            36 / 45

http://jifro.ir/article-1-5045-en.html


Iranian Journal of Fisheries Sciences 24(6) 2025                                                   1559 

membrane technology for a sustainable 

production in shrimp farming. Journal 

of Water Process Engineering, 23, 27-

44. 

Ninawe, A., Hameed, A.S. and Selvin, J., 

2017. Advancements in diagnosis and 

control measures of viral pathogens in 

aquaculture: an Indian perspective. 

Aquaculture International, 25, 251-264. 

Oakey, H.J. and Smith, C.S., 2018. 

Complete genome sequence of a white 

spot syndrome virus associated with a 

disease incursion in Australia. 

Aquaculture, 484, 152-159. DOI: 

10.1016/j.aquaculture.2017.11.009 

Oakey, J., Smith, C., Underwood, D., 

Afsharnasab, M., Alday-Sanz, V., 

Dhar, A., Sivakumar, S., Hameed, A. 

S., Beattie, K. and Crook, A., 2019. 

Global distribution of white spot 

syndrome virus genotypes determined 

using a novel genotyping assay. 

Archives of Virology, 164(8), 2061-

2082. DOI: 10.1007/s00705-019-04265-

2 

Owens, L., 2010. Insight into the lymphoid 

organ of penaeid prawns: a review. Fish 

& Shellfish Immunology, 29(3), 367-

377. 

Páez-Osuna, F., 2001. The environmental 

impact of shrimp aquaculture: causes, 

effects, and mitigating alternatives. 

Environmental Management, 28, 131-

140.  

Pan, D., He, N., Yang, Z., Liu, H. and Xu, 

X., 2005. Differential gene expression 

profile in hepatopancreas of WSSV-

resistant shrimp (Penaeus japonicus) by 

suppression subtractive hybridization. 

Developmental & Comparative 

Immunology, 29(2), 103-112. DOI: 

10.1016/j.dci.2004.07.001 

Panchal, V., Kumar, S., Hossain, S. N. 

and Vasudevan, D., 2021. Structure 

analysis of thymidylate synthase from 

white spot syndrome virus reveals 

WSSV-specific structural elements. 

International Journal of Biological 

Macromolecules, 167, 1168-1175. DOI: 

10.1016/j.ijbiomac.2020.11.071 

Pang, H., Wang, G., Zhou, S., Wang, J., 

Zhao, J., Hoare, R., Monaghan, S. J., 

Wang, Z. and Sun, C., 2019. Survival 

and immune response of white shrimp 

Litopenaeus vannamei following single 

and concurrent infections with WSSV 

and Vibrio parahaemolyticus. Fish & 

Shellfish Immunology, 92, 712-718. 

DOI: 10.1016/j.fsi.2019.06.039 

Park, J., Lee, Y., Lee, S. and Lee, Y., 

1998. An infectious viral disease of 

penaeid shrimp newly found in Korea. 

Diseases of Aquatic Organisms, 34(1), 

71-75. DOI: 10.3354/dao034071 

Park, J.-H., Seok, S.-H., Cho, S.-a., Baek, 

M.-W., Lee, H.-y., Kim, D.-J., Kim, 

H.-Y., Chang, S.-O. and Park, J.-H., 

2004. Safety and protective effect of a 

disinfectant (STEL water) for white spot 

syndrome viral infection in shrimp. 

Diseases of Aquatic Organisms, 60(3), 

253-257. DOI: 10.3354/dao060253 

Parrilla-Taylor, D.P., Vibanco-Perez, N., 

Durán-Avelar, M.D.J., Gomez-Gil, B., 

Llera-Herrera, R. and Vázquez-

Juárez, R., 2018. Molecular variability 

and genetic structure of white spot 

syndrome virus strains from northwest 

Mexico based on the analysis of 

genomes. FEMS Microbiology Letters, 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            37 / 45

http://jifro.ir/article-1-5045-en.html


1560 Hemati et al., Biology, pathogenesis and managerial approaches of White Spot Disease in shrimp ... 

365(20), 1-9. DOI: 

10.1093/femsle/fny216 

Parrilla-Taylor, D. P., Zenteno-Savín, T. 

and Magallón-Barajas, F. J., 2013. 

Antioxidant enzyme activity in pacific 

whiteleg shrimp (Litopenaeus 

vannamei) in response to infection with 

white spot syndrome virus. Aquaculture, 

380, 41-46. DOI: 

10.1016/j.aquaculture.2012.11.031 

Peeler, E.J. and Taylor, N.G., 2011. The 

application of epidemiology in aquatic 

animal health-opportunities and 

challenges. Veterinary Research, 42(1), 

94.  

Peeler, E.J., 2012. Costs and benefits of 

freedom from shrimp diseases in the 

European Union. Journal of 

Invertebrate Pathology, 110(2), 188-

195. DOI: 10.1016/j.jip.2012.01.014 

Peraza‐Gómez, V., Luna‐González, A., 

Campa‐Córdova, Á. I., López‐Meyer, 

M., Fierro‐Coronado, J. A. and 

Álvarez‐Ruiz, P., 2009. Probiotic 

microorganisms and antiviral plants 

reduce mortality and prevalence of 

WSSV in shrimp (Litopenaeus 

vannamei) cultured under laboratory 

conditions. Aquaculture Research, 

40(13), 1481-1489. DOI: 

10.1111/j.1365-2109.2009.02248.x 

Pereira, J. M., de Souza, E.N., Candido, 

J.R., Dantas, M.D., Nunes, A.R., 

Ribeiro, K., Teixeira, D.I. and Lanza, 

D.C., 2019. Alternative PCR primers for 

genotyping of Brazilian WSSV isolates. 

Journal of Invertebrate Pathology, 162, 

55-63. DOI: 10.1016/j.jip.2019.02.003 

Piamsomboon, P., Chaweepack, T., Han, 

J. E., Tang, K. F. and Wongtavatchai, 

J., 2018. Genetic variation of white spot 

syndrome virus (WSSV) in Pacific white 

shrimp Litopenaeus vannamei (Boone 

1931) culture of Thailand. Aquaculture 

Research, 49(1), 265-272.  

Pradeep, B., Karunasagar, I. and 

Karunasagar, I., 2009. Fitness and 

virulence of different strains of white 

spot syndrome virus. Journal of Fish 

Diseases, 32(9), 801-805. DOI: 

10.1111/j.1365-2761.2009.01053.x 

Pradeep, B., Rai, P., Mohan, S. A., 

Shekhar, M. S. and Karunasagar, I., 

2012. Biology, host range, pathogenesis 

and diagnosis of white spot syndrome 

virus. Indian Journal of Virology, 23, 

161-174. 

Pradeep, B., Shekar, M., Gudkovs, N., 

Karunasagar, I. and Karunasagar, I., 

2008. Genotyping of white spot 

syndrome virus prevalent in shrimp 

farms of India. Diseases of Aquatic 

Organisms, 78(3), 189-198. DOI: 10. 

3354/dao01878 

Prayitno, S.B., Verdegem, M.C., 

Verreth, J.A. and Vlak, J.M., 2022. 

White spot syndrome virus host range 

and impact on transmission. Reviews in 

Aquaculture. DOI: 10.1111/raq.12676 

Premanand, B., Zhong Wee, P. and 

Prabakaran, M., 2018. Baculovirus 

surface display of immunogenic proteins 

for vaccine development. Viruses, 10(6), 

298. DOI: 10.3390/v10060298 

Qayoom, U., Gireesh-Babu, P., Kumar, 

G. and Chaudhari, A., 2023. WSSV 

susceptibility in the early life stages of 

Penaeus vannamei shows relationship 

with bodyweight. Journal of 

Invertebrate Pathology, 198, 107912. 

DOI: 10.1016/j.jip.2023.107912 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            38 / 45

http://jifro.ir/article-1-5045-en.html


Iranian Journal of Fisheries Sciences 24(6) 2025                                                   1561 

Raguraman, V., Ravindran, N., 

Selvaraju, K. and Kasivelu, G., 2020. 

Seaweed polysaccharides as potential 

therapeutic agents against white spot 

syndrome virus (WSSV): a mini review. 

Aquaculture International, 28, 2333-

2343. DOI: 10.1007/s10499-020-00587-

0 

Rahayani, R. D. and Gunawan, A., 2018. 

Proposed Design of an Automatic 

Feeder and Aerator Systems for Shrimps 

Farming. International Journal of 

Materials, Mechanics and 

Manufacturing, 6(4), 277-280. 

Rahman, M. M., Corteel, M., Wille, M., 

Alday-Sanz, V., Pensaert, M. B., 

Sorgeloos, P. and Nauwynck, H. J., 

2007a. The effect of raising water 

temperature to 33 C in Penaeus 

vannamei juveniles at different stages of 

infection with white spot syndrome virus 

(WSSV). Aquaculture, 272(1-4), 240-

245. DOI: 1 

10.1016/j.aquaculture.2007.07.2280 

Rahman, M. M., Corteel, M., Wille, M., 

Alday-Sanz, V., Pensaert, M. B., 

Sorgeloos, P. and Nauwynck, H.J., 

2007b. The effect of raising water 

temperature to 33 degrees C in Penaeus 

vannamei juveniles at different stages of 

infection with white spot syndrome virus 

(WSSV). Aquaculture, 272(1-4), 240-

245. 

DOI:10.1016/j.aquaculture.2007.07.228 

Rahman, M. M., Escobedo-Bonilla, C. 

M., Corteel, M., Dantas-Lima, J. J., 

Wille, M., Sanz, V. A., Pensaert, M. B., 

Sorgeloos, P. and Nauwynck, H. J., 

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(3), 842-849. 

DOI:10.1016/j.aquaculture.2006.09.007 

Raj, S., Vijayan, K., Alavandi, S., 

Balasubramanian, C. and Santiago, 

T., 2012. Effect of temperature and 

salinity on the infectivity pattern of 

white spot syndrome virus (WSSV) in 

giant tiger shrimp Penaeus monodon 

(Fabricius, 1837). Indian Journal of 

Fisheries, 59(3), 109-115. 

Rajendran, K., Vijayan, K., Santiago, T. 

and Krol, R., 1999. Experimental host 

range and histopathology of white spot 

syndrome virus (WSSV) infection in 

shrimp, prawns, crabs and lobsters from 

India. Journal of Fish Diseases, 22(3), 

183-191. DOI: 10.1046/j.1365-

2761.1999.00162.x 

Ramos-Carreño, S., Valencia-Yáñez, R., 

Correa-Sandoval, F., Ruíz-García, N., 

Díaz-Herrera, F. and Giffard-Mena, 

I., 2014. White spot syndrome virus 

(WSSV) infection in shrimp 

(Litopenaeus vannamei) exposed to low 

and high salinity. Archives of Virology, 

159, 2213-2222. DOI: 10.1007/s00705-

014-2052-0 

Reddy, A.D., Jeyasekaran, G. and 

Shakila, R.J., 2013. Morphogenesis, 

pathogenesis, detection and 

transmission risks of white spot 

syndrome virus in shrimps. Fisheries 

and Aquaculture Journal, 1-15. DOI: 

10.4172/2150-3508.1000066 

Ren, X., Wang, Q., Shao, H., Xu, Y., Liu, 

P. and Li, J., 2021. Effects of low 

temperature on shrimp and crab 

physiology, behavior, and growth: a 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            39 / 45

http://jifro.ir/article-1-5045-en.html


1562 Hemati et al., Biology, pathogenesis and managerial approaches of White Spot Disease in shrimp ... 

review. Frontiers in Marine Science, 8, 

746177. DOI: 

10.3389/fmars.2021.746177 

Reyes, A., Salazar, M. and Granja, C., 

2007. Temperature modifies gene 

expression in subcuticular epithelial 

cells of white spot syndrome virus-

infected Litopenaeus vannamei. 

Developmental and Comparative 

Immunology, 31(1), 23-29. DOI: 

10.1016/j.dci.2006.05.003 

Robalino, J., Chapman, R. W., de La 

Vega, E., O'Leary, N. A., Gorbach, D. 

M., Du, Z.Q., Rothschild, M.F., 

Browdy, C.L., Warr, G.W. and 

Labreuche, Y., 2011. Advances in 

genomics and genetics of penaeid 

shrimp. Aquaculture Biotechnology, 21-

42. DOI: 10. 

1002/9780470963159.ch2… 

Rodriguez, J., Bayot, B., Amano, Y., 

Panchana, F., de Blas, I., Alday, V. 

and Calderon, J., 2003. White spot 

syndrome virus infection in cultured 

Penaeus vannamei (Boone) in Ecuador 

with emphasis on histopathology and 

ultrastructure. Journal of Fish Diseases, 

26(8), 439-450. DOI: 10.1046/j.1365-

2761.2003.00483.x 

Romano, N. and Zeng, C., 2013. Toxic 

effects of ammonia, nitrite, and nitrate to 

decapod crustaceans: a review on factors 

influencing their toxicity, physiological 

consequences, and coping mechanisms. 

Reviews in Fisheries Science, 21(1), 1-

21. DOI: 

10.1080/10641262.2012.753404 

Ruiz-Velazco, J.M., Hernández-Llamas, 

A., Gomez-Muñoz, V.M. and 

Magallon, F.J., 2010. Dynamics of 

intensive production of shrimp 

Litopenaeus vannamei affected by white 

spot disease. Aquaculture, 300(1-4), 

113-119. DOI: 

10.1016/j.aquaculture.2009.12.027 

Sampantamit, T., Ho, L., Lachat, C., 

Sutummawong, N., Sorgeloos, P. and 

Goethals, P., 2020. Aquaculture 

production and its environmental 

sustainability in Thailand: Challenges 

and potential solutions. Sustainability, 

12(5), 2010. DOI: 10.3390/su12052010 

Sánchez-Martínez, J.G., Aguirre-

Guzmán, G. and Mejía-Ruíz, H., 2007. 

White Spot Syndrome Virus in cultured 

shrimp: A review. Aquaculture 

Research, 38(13), 1339-1354. DOI: 

10.1111/j.1365-2109.2007.01827.x 

Sánchez-Ortiz, A.C., Angulo, C., Luna-

González, A., Álvarez-Ruiz, P., 

Mazón-Suástegui, J. M. and Campa-

Córdova, Á. I., 2016. Effect of mixed-

Bacillus spp isolated from pustulose ark 

Anadara tuberculosa on growth, 

survival, viral prevalence and immune-

related gene expression in shrimp 

Litopenaeus vannamei. Fish & Shellfish 

Immunology, 59, 95-102. DOI: 

10.1016/j.fsi.2016.10.022 

Sanchez-Paz, A., 2010. White spot 

syndrome virus: an overview on an 

emergent concern. Veterinary Research, 

41(43), 1-43. DOI: 

10.1051/vetres/2010015 

Sánchez-Paz, A., Sotelo-Mundo, R. and 

Muhlia-Almazán, A., 2012. The 

challenges of developing a treatment 

that fully protects shrimp against WSSV 

infection: a perspective. Advances in 

Zoology Research, 1, 1-30.  

Scott, K.P., Jean-Michel, A., Midtvedt, 

T. and van Hemert, S., 2015. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            40 / 45

http://jifro.ir/article-1-5045-en.html


Iranian Journal of Fisheries Sciences 24(6) 2025                                                   1563 

Manipulating the gut microbiota to 

maintain health and treat disease. 

Microbial Ecology in Health and 

Disease, 26(1), 25877. 

Shan, L.-P., Hu, Y., Hu, L., Liu, H.-W., 

Liu, L. and Chen, J., 2023. 

Involvement of Microplastics in the 

Conflict Between Host Immunity 

Defense and Viral Virulence: Promoting 

the Susceptibility of Shrimp to WSSV 

Infection. Environmental Science & 

Technology, 57(31), 11634-11642. DOI: 

10.1021/acs.est.3c01566. 

Sharifuzzaman, S. and Adhikari, S., 

2013. An assessment of biosecurity and 

hazard management practices in the 

larviculture of shrimp (Penaeus 

monodon), Bangladesh. 

Communications in Agricultural and 

Applied Biological Sciences, 78(4), 417-

420. 

Shekar, M., Pradeep, B. and 

Karunasagar, I., 2012. White spot 

syndrome virus: genotypes, 

epidemiology and evolutionary studies. 

Indian Journal of Virology, 23, 175-183. 

Simrouni, M., Mesbah, M., Rajabi 

Memari, H., Seifi Abad Shapoori, M. 

and PurMahdi Boroujeni, M., 2014. 

Sequence analysis of ORF94 in different 

White Spot Syndrome Virus (WSSV) 

isolates of Iran. Iranian Journal of 

Fisheries Sciences, 13(2), 492-502. 

Soowannayan, C. and Phanthura, M., 

2011. Horizontal transmission of white 

spot syndrome virus (WSSV) between 

red claw crayfish (Cherax 

quadricarinatus) and the giant tiger 

shrimp (Penaeus monodon). 

Aquaculture, 319(1-2), 5-10. DOI: 

10.1016/j.aquaculture.2011.06.012 

Sumon, T.A., Hussain, M.A., Sumon, M. 

A.A., Jang, W.J., Abellan, F.G., 

Sharifuzzaman, S., Brown, C.L., Lee, 

E.-W., Kim, C.-H. and Hasan, M.T., 

2022. Functionality and prophylactic 

role of probiotics in shellfish 

aquaculture. Aquaculture Reports, 25, 

101220. DOI: 

10.1016/j.aqrep.2022.101220 

Sun, Y., Li, F. and Xiang, J., 2013. 

Analysis on the dynamic changes of the 

amount of WSSV in Chinese shrimp 

Fenneropenaeus chinensis during 

infection. Aquaculture, 376, 124-132. 

DOI: 

10.1016/j.aquaculture.2012.11.014 

Takahashi, Y., Itami, T., Kondo, M., 

Maeda, M., Fujii, R., Tomonaga, S., 

Supamattaya, K. and Boonyaratpalin, 

S., 1994. Electron Microscopic 

Evidence of Bacilliform Virus Infection 

in Kuruma Shrimp (Penaeus japonicus). 

Fish Pathology, 29(2), 121-125. DOI: 

10.3147/jsfp.29.121 

Tan, Y.-W. and Shi, Z.-l., 2011. 

Genotyping of white spot syndrome 

virus in Chinese cultured shrimp during 

1998–1999. Virological Sinica, 26(2), 

123-130. 

Tang, K.F., Le Groumellec, M. and 

Lightner, D.V., 2013. Novel, closely 

related, white spot syndrome virus 

(WSSV) genotypes from Madagascar, 

Mozambique and the Kingdom of Saudi 

Arabia. Diseases of Aquatic Organisms, 

106(1), 1-6. 

Tendencia, E.A., Bosma, R.H. and 

Verreth, J.A.J., 2011. White spot 

syndrome virus (WSSV) risk factors 

associated with shrimp farming 

practices in polyculture and 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            41 / 45

http://jifro.ir/article-1-5045-en.html


1564 Hemati et al., Biology, pathogenesis and managerial approaches of White Spot Disease in shrimp ... 

monoculture farms in the Philippines. 

Aquaculture, 311(1–4), 87-93. 

DOI:10.1016/j.aquaculture.2010.11.039 

Tendencia, E.A., Bosma, R.H. and 

Verreth, J.A., 2010. WSSV risk factors 

related to water physico-chemical 

properties and microflora in semi-

intensive Penaeus monodon culture 

ponds in the Philippines. Aquaculture, 

302(3-4), 164-168. DOI: 

10.1016/j.aquaculture.2010.03.008 

Tendencia, E. and Verreth, J.A., 2011. 

Temperature fluctuation, low salinity, 

water microflora: risk factors for WSSV 

outbreaks in Penaeus monodon. Israeli 

Journal of Aquaculture-Bamidgeh, 63, 

1-7. 

Thitamadee, S., Prachumwat, A., 

Srisala, J., Jaroenlak, P., Salachan, P. 

V., Sritunyalucksana, K., Flegel, T. 

W. and Itsathitphaisarn, O., 2016. 

Review of current disease threats for 

cultivated penaeid shrimp in Asia. 

Aquaculture, 452, 69-87. DOI: 

10.1016/j.aquaculture.2015.10.028 

Thornber, K., Verner‐Jeffreys, D., 

Hinchliffe, S., Rahman, M. M., Bass, 

D. and Tyler, C.R., 2020. Evaluating 

antimicrobial resistance in the global 

shrimp industry. Reviews in 

aquaculture, 12(2), 966-986. DOI: 

10.1111/raq.12367 

Tsai, J.M., Wang, H. C., Leu, J.H., Hsiao, 

H.H., Wang, A.H., Kou, G.H. and Lo, 

C.F., 2004. Genomic and proteomic 

analysis of thirty-nine structural proteins 

of shrimp white spot syndrome virus. 

Jornal of Virology, 11, 360-370. DOI: 

10.1128/JVI.78.20.11360-11370.2004 

Turkmen, G. and Toksen, E., 2010. 

Biosecurity and major diseases in 

shrimp culture. Paper presented at the 2 

nd International Symposium on 

Sustainable Development, Turkey, 1 

June 2010. 

Van Hulten, M.C., Witteveldt, J., Peters, 

S., Kloosterboer, N., Tarchini, R., 

Fiers, M., Sandbrink, H., Lankhorst, 

R.K. and Vlak, J.M., 2001. The white 

spot syndrome virus DNA genome 

sequence. Virology, 286, 7-22. DOI: 

10.1006/viro.2001.1002 

Van Thuong, K., Van Tuan, V., Li, W., 

Sorgeloos, P., Bossier, P. and 

Nauwynck, H., 2016. Per os infectivity 

of white spot syndrome virus (WSSV) in 

white-legged shrimp (Litopenaeus 

vannamei) and role of peritrophic 

membrane. Veterinary Research, 47(1), 

1-12.  

Verbruggen, B., Bickley, L.K., Van 

Aerle, R., Bateman, K S., Stentiford, 

G. D., Santos, E.M. and Tyler, C. R., 

2016. Molecular mechanisms of white 

spot syndrome virus infection and 

perspectives on treatments. Viruses, 

8(1), 23. DOI: 10.3390/v8010023. 

Verma, A.K., Gupta, S., Singh, S.P. and 

Nagpure, N.S., 2017. An update on 

mechanism of entry of white spot 

syndrome virus into shrimps. Fish & 

Shellfish Immunology, 67, 141-146. 

DOI: 10.1016/j.fsi.2017.06.007 

Vickers, E., J., Webb, R., Young and R., 

P. 2000. Monodon baculovirus from 

Australia: ultrastructural 

observations.Diseases of Aquatic 

Organisms, 39(3), 169-76.  DOI: 

10.3354/dao039169 

Vidal, O.M., Granja, C.B., Aranguren, 

F., Brock, J.A. and Salazar, M., 2001. 

A profound effect of hyperthermia on 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            42 / 45

http://jifro.ir/article-1-5045-en.html


Iranian Journal of Fisheries Sciences 24(6) 2025                                                   1565 

survival of Litopenaeus vannamei 

juveniles infected with White spot 

Syndrome Virus. Journal of the World 

Aquaculture Society, 32(4), 364-372. 

DOI: 10.1111/j.1749-

7345.2001.tb00462.x 

Walker, P. J. and Mohan, C., 2009. Viral 

disease emergence in shrimp 

aquaculture: origins, impact and the 

effectiveness of health management 

strategies. Reviews in Aquaculture, 1(2), 

125-154. DOI: 10.1111/j.1753-

5131.2009.01007.x 

Walker, P.J. and Winton, J.R., 2010. 

Emerging viral diseases of fish and 

shrimp. Veterinary Research, 41(6). 

DOI: 10.1051/vetres/2010022 

Wan, X., Xie, G., Wang, H., Yang, B., 

Yu, W., Gao, X., Li, C., Song, X., Cai, 

C. and Liu, L., 2023. National 

proficiency test for molecular detection 

of white spot syndrome virus in China, 

2021. Aquaculture, 573, 739579. DOI: 

10.1016/j.aquaculture.2023.739579 

Wang, C., Tang, K., Kou, G. and Chen, 

S., 1997. Light and electron microscopic 

evidence of white spot disease in the 

giant tiger shrimp, Penaeus monodon 

(Fabricius), and the kuruma shrimp, 

Penaeus japonicus (Bate), cultured in 

Taiwan. Journal of fish Diseases, 20(5), 

323-331. 

Wang, C.-H., Yang, H.-N., Tang, C.-Y., 

Lu, C.-H., Kou, G.-H. and Lo, C.-F., 

2000. Ultrastructure of white spot 

syndrome virus development in primary 

lymphoid organ cell cultures. Diseases 

of Aquatic Organisms, 41(2), 91-104. 

Wang, L., Zhi, B., Wu, W. and Zhang, 

X., 2008. Requirement for shrimp 

caspase in apoptosis against virus 

infection. Developmental & 

Comparative Immunology, 32(6), 706-

715. DOI:10.1016/j.dci.2007.10.010 

Wang, Y., Hassan, M., Shariff, M., 

Zamri, S. and Chen, X., 1999. 

Histopathology and cytopathology of 

white spot syndrome virus (WSSV) in 

cultured Penaeus monodon from 

peninsular Malaysia with emphasis on 

pathogenesis and the mechanism of 

white spot formation. Diseases of 

Aquatic Organisms, 39(1), 1-11. DOI: 

10.3354/dao039001 

Wang, Y., Zhang, C., Fang, W.-H., Ma, 

H.-Y. and Li, X.-C., 2021. Sp Crus2 

Glycine-Rich Region Contributes 

Largely to the Antiviral Activity of the 

Whole-Protein Molecule by Interacting 

with VP26, a WSSV Structural Protein. 

Marine Drugs, 19(10), 544. DOI: 

10.3390/md19100544 

Wang, Z., Zhou, J., Li, J., Zou, J. and 

Fan, L., 2020. The immune defense 

response of Pacific white shrimp 

(Litopenaeus vannamei) to temperature 

fluctuation. Fish & Shellfish 

Immunology, 103, 103-110. DOI: 

10.1016/j.fsi.2020.04.053 

Widiasa, I., Susanto, H., Ting, Y., 

Suantika, G., Steven, S., Khoiruddin, 

K. and Wenten, I. G., 2023. 

Membrane-based recirculating 

aquaculture system: Opportunities and 

challenges shrimp farming. 

Aquaculture, 740224.  

Witteveldt, J., Cifuentes, C.C., Vlak, J. 

M. and van Hulten, M.C.W., 2004. 

Protection of Penaeus monodon against 

White Spot Syndrome Virus by Oral 

Vaccination. Journal of Virology, 78(4), 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            43 / 45

http://jifro.ir/article-1-5045-en.html


1566 Hemati et al., Biology, pathogenesis and managerial approaches of White Spot Disease in shrimp ... 

2057-2061. DOI:10.1128/jvi.78.4.2057-

2061.2004 

Wongteerasupaya, C., Vickers, J., 

Sriurairatana, S., Nash, G., 

Akarajamorn, A., Boonsaeng, V., 

Panyim, S., Tassanakajon, A., 

Withyachumnarnkul, B. and Flegel, 

T., 1995. A non-occluded, systemic 

baculovirus that occurs in cells of 

ectodermal and mesodermal origin and 

causes high mortality in the black tiger 

prawn Penaeus monodon. Diseases of 

Aquatic Organisms, 21(1), 69-77. 

Xu, L., Yuan, J., Chen, X., Zhang, S., 

Xie, M., Chen, C. and Wu, Z., 2021a. 

Screening of intestinal probiotics and the 

effects of feeding probiotics on the 

digestive enzyme activity, immune, 

intestinal flora and WSSV resistance of 

Procambarus clarkii. Aquaculture, 540, 

736748. DOI: 

10.1016/j.aquaculture.2021.736748 

Xu, T., Shan, X., Li, Y., Yang, T., Teng, 

G., Wu, Q., Wang, C., Tang, K. F., 

Zhang, Q. and Jin, X., 2021b. White 

spot syndrome virus (WSSV) 

prevalence in wild crustaceans in the 

Bohai Sea. Aquaculture, 542, 736810. 

Xue, S., Wei, J., Li, J., Geng, X. and Sun, 

J., 2017. Effects of total ammonia, 

temperature and salinity on the mortality 

and viral replication of WSSV‐infected 

Chinese shrimp (Fenneropenaeus 

chinensis). Aquaculture Research, 

48(1), 236-245. DOI: 10.1111/are.12877 

Yaemkasem, S., Boonyawiwat, V., 

Sukmak, M., Thongratsakul, S. and 

Poolkhet, C., 2022. A longitudinal 

study of risk factors associated with 

white spot disease occurrence in marine 

shrimp farming in Rayong, Thailand. 

PeerJ, 10, e13182. 

Yin, B., Yan, X., Li, S., Liu, D., Liu, J., 

He, J. and Li, C., 2023. WSSV latency 

is maintained by a dynamic balance of 

host immune factors and disturbed by 

exposure to bacterial infection and low 

salinity. Aquaculture, 575, 739747. 

DOI:10.1016/j.aquaculture.2023.73974

7 

Yoganandhan, K., Thirupathi, S. and 

Hameed, A.S., 2003. Biochemical, 

physiological and hematological 

changes in white spot syndrome virus-

infected shrimp, Penaeus indicus. 

Aquaculture, 221(1-4), 1-11. DOI: 

10.1016/S0044-8486(02)00220-X 

Yogeeswaran, A., Velmurugan, S., 

Punitha, S.M. J., Babu, M. M., 

Selvaraj, T., Kumaran, T. and 

Citarasu, T., 2012. Protection of 

Penaeus monodon against white spot 

syndrome virus by inactivated vaccine 

with herbal immunostimulants. Fish & 

Shellfish Immunology, 32(6), 1058-

1067. DOI: 10.1016/j.fsi.2012.02.029 

You, X.-x., Su, Y.-q., Mao, Y., Liu, M., 

Wang, J., Zhang, M. and Wu, C., 

2010. Effect of high water temperature 

on mortality, immune response and viral 

replication of WSSV-infected 

Marsupenaeus japonicus juveniles and 

adults. Aquaculture, 305(1-4), 133-137. 

DOI: 

10.1016/j.aquaculture.2010.04.024 

Yu, Z., Li, C. and Guan, Y., 2003. Effect 

of salinity on the immune responses and 

outbreak of white spot syndrome in the 

shrimp Marsupenaeus japonicus. 

Ophelia, 57(2), 99-106. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

                            44 / 45

http://jifro.ir/article-1-5045-en.html


Iranian Journal of Fisheries Sciences 24(6) 2025                                                   1567 

Yusoff, F.M., Banerjee, S., Khatoon, H. 

and Shariff, M., 2011. Biological 

approaches in management of 

nitrogenous compounds in aquaculture 

systems. Dynamic biochemistry, process 

biotechnology and molecular biology, 

5(1), 21-31. 

Zeng, Y., 2021. Molecular epidemiology of 

white spot syndrome virus in the world. 

Aquaculture, 537, 736509. DOI: 

10.1016/j.aquaculture.2021.736509 

Zhang, J., Li, Z., Wen, G., Wang, Y., 

Luo, L., Zhang, H. and Dong, H., 

2016. Relationship between white spot 

syndrome virus (WSSV) loads and 

characterizations of water quality in 

Litopenaeus vannamei culture ponds 

during the tropical storm. Iranian 

Journal of Veterinary Research, 17(3), 

210. DOI: 10.22099/ijvr.2016.3820 

Zhang, X., Hu, L.-H., Song, D.-W., Hu, 

Y. and Chen, J., 2023. Evaluation on 

prevention and treatment of 

cuminaldehyde in culture of shrimp 

against white spot syndrome virus. 

Aquaculture, 562, 738760. DOI: 

10.1016/j.aquaculture.2022.738760 

Zhang, X., Huang, C., Tang, X., Zhuang, 

Y. and Hew, C.L., 2004. Identification 

of structural proteins from shrimp white 

spot syndrome virus (WSSV) by 2DE‐

MS. Proteins: Structure, Function, and 

Bioinformatics, 55(2), 229-235. DOI: 

10.1002/prot.10640 

Zhao, M., Yao, D., Li, S., Zhang, Y. and 

Aweya, J.J., 2020. Effects of ammonia 

on shrimp physiology and immunity: a 

review. Reviews in Aquaculture, 12(4), 

2194-2211. DOI: 10.1111/raq.12429 

Zheng, S.-c., Xu, J.-y. and Liu, H.-p., 

2019. Cellular entry of white spot 

syndrome virus and antiviral immunity 

mediated by cellular receptors in 

crustaceans. Fish & Shellfish 

Immunology, 93, 580-588. DOI: 

10.1016/j.fsi.2019.08.011 

Zokaeifar, H., Balcázar, J.L., Saad, C. 

R., Kamarudin, M.S., Sijam, K., 

Arshad, A. and Nejat, N., 2012. Effects 

of Bacillus subtilis on the growth 

performance, digestive enzymes, 

immune gene expression and disease 

resistance of white shrimp, Litopenaeus 

vannamei. Fish & Shellfish 

Immunology, 33(4), 683-689. DOI: 

10.1016/j.fsi.2012.05.027 

Zwart, M.P., Dieu, B.T.M., Hemerik, L. 

and Vlak, J. M., 2010. Evolutionary 

trajectory of white spot syndrome virus 

(WSSV) genome shrinkage during 

spread in Asia. PLoS One, 5(10), 

e13400. DOI: 

10.1371/journal.pone.0013400

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

fr
o.

ir
 o

n 
20

26
-0

1-
30

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            45 / 45

http://jifro.ir/article-1-5045-en.html
http://www.tcpdf.org

