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The White Spot Syndrome Virus: Emerging Savior or
killer of Crustaceans’ Future Generations?
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ABSTRACT

Emerging viruses pose enormous challenge to humanity. The sole member of the Nimaviridae family, in the genus whispovirus,
the white spot syndrome virus, has spread to all around the world, and its infection cycle devastated shrimp aquaculture,
menacing significatively the world market of food production. The comprehension of the mechanisms and factors involved
in the emergence of novel viruses allow us to prevent and control the surge of new virus, and consequentially ensure our
health and well-being, wherever avoiding human or animal disease acquisition, and particularly, to preserve food production

from shrimp farming.
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utrient production is an essential activity of modern

civilization that aims to constantly maintain food

security, as defined by the World Food Summitin 1996
(1). Marine aquaculture systems have an important role in the
global food supply chain (2), and demands extraordinary care
to be protected from a variety of adverse factors, including
infection and diseases by harmful microbial agents, mainly
expressed in confined and altered environments as it happens
in farming of aquatic metazoa organisms (3). Particularly
referring to shrimp farming, a viral disease erupted in 1992-
1993, in Asia, devastating marine shrimp production in
captivity (4,5), rapidly expanding to other continents, imposing
surmount economic losses in various countries dedicated to
high density shrimp farming (5,6).

According to Santos et al. (2013), a crustaceans’ disease
etiologically linked to the White Spot Syndrome Virus
(WSSV) has impacted the global economy, mainly on shrimp
farming, with a loss of one billion dollar by year (7). In Brazil,
the initial reports of the WSSV infection of farming shrimps,
Litopenaeus vanamei, was reported in 2005, causing huge
impact in the local economy, in the Laguna area of Santa
Catarina State, with shrimp mortality reaching 80 %, and
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loosing approximately 3 million dollars at that time. Also,
other Brazilian regions, in the coastal northeast, representing
the most productive areas of shrimps in captivity, were also
heavily affected (8).

The etiological agent of the White Spot Syndrome was
initially misunderstood as a baculovirus, as it is encompassed
in the group of “the nuclear arthropod large DNA viruses”
(9-11). The WSSV is presently classified by the International
Committee on Taxonomy of Viruses as a member of the
Nimarividae family, genus Whispovirus, considered to be
the largest virion infecting the animal phyla (11). The virus
isolation was firstly reported by Inouye et al. (1994) from,
kuruma shrimp, Penaeus japonicus, in 1993, from farm ponds
in western Japan (4), even though, the characteristic disease
was previously reported from shrimp farms in Taiwan and
Korea (12,13).

WSSV infected shrimps develop 2-6 mm white spots in
the inner side of the cuticle, and body’s red discoloration.
Clinically, in experimental conditions, the disease can be
asymptomatic, progressing to the anorexic state and the
final death, that usually takes place 36 hours post-infection
(4,12,13). The main pathological features of the white spot
syndrome in Penaeus japonicus refer to epithelial cells’
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degenerative lesions of the cuticular epidermis and stomach,
as also of the connective tissues and lymphoid organs (11,13).
Virions display an outer envelope lipoprotein, and a protein
tegument linking the envelope to the nucleocapsid, exhibiting
a robust and long oval shape morphology, measuring 353+55
nm and 179£22 nm, by cryogenic electron microscopy
technique. Viral particles were described with and without tail-
like structures. The nucleocapsid, assembled by 14 capsomere
units, generates a ring-like structure proposed to conforms a
helix or stacked-ring structure linked by filaments, that in any
case, packs the double circular DNA strain of 305-307 kbps
(14,15).

In the infectious cycle, the per os infectivity factor (PIF)
complex plays a major role in the initial process of virion
internalization in the host cell (11,16). Either way, the
viral envelope protein 28 (VP28) attaches to the host cells’
membrane proteins, and complemented by the interaction ofthe
virion tegument protein 24 (VP24) to multiple cell receptors,
among them, the transmembrane polymeric immunoglobulin
receptor (pIgR) as also the Na'™-K" -ATPase alpha subunit
(PvATP1A), the virion envelope fuses to the cytoplasmic cell
membrane. The pIgR and PvATP1A are extensively expressed
in shrimp cells, allowing WSSV infection of the epidermis,
gills, foregut, hindgut, lymphoid organ, muscle, heart, and
gonads. The binding of VP24 to the plgR or PvATP1A
promotes the clathrin-dependent or the caveolin-mediated
virion endocytosis and/or micropinocytosis associated to the
AP-2 protein (17,18). The endocytosed virion is coupled to
the cell’s calmodulin which triggers the mTORCI signaling
pathway, ultimately promoting viral protein translation (19).
Previously, the viral envelope is merged to the endosome
membrane, to traffic the capsid to the nucleopore, mediated
by cellular microtubules, and transported by Cglmportin al/
B1 to the nuclear compartment (20), where the viral DNA
is driven-pressure ejected from the viral capsid (21). The
WSSV genome is composed of more than 180 open reading
frames (ORFs), most of them coding at least for 59 structural
proteins, of them, 35 are assembled in the envelope and
tegument, and 9 proteins constitute the nucleocapsid (22,23).
Despite these early findings, the complete genome of a WSSV
Korean isolate yielded 515 ORFs, among them 90 ORFs had
any homology to known proteins in the current databases. The
other 425 ORFs correspond to translated products of enzymes
participating in the metabolism of nucleotides, genome
replication and transcription besides main structural proteins
(23). Marks et al. (2006) experiments results suggest that the
viral DNA immediate early genes’ transcription operates via
the host cell RNA polymerase II transcription machinery (24).
Non-structural proteins transcribed from the immediate early
genes are mostly transcription factors, essential for viral DNA
replication, which modulates the expression of both viral
and host cell genes. Early and late genes, regulated by the
immediate early gene products, express structural proteins,
which are transported to the cell’s nuclear compartment for
virion assembly (25). The opposite poles of the oval form
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nucleocapsids exhibit a portal cap and a closed base. The portal
cap works as a complex molecular motor that translocate the
viral genome into the capsid, whilst the closed base is open
during DNA ejection, which suggested by electron microscopy,
an image of filaments at this capsid pole, of both ejected DNA
and DNA associated proteins. Mature capsids, containing the
DNA genome, are surrounded by the tegument and envelope.
All processes of virion morphogenesis take place in the host
cell nuclear compartment, and the virion progeny are released
by cell lysis (14,20).

Naturally, crustaceans display a diversity of antiviral
mechanisms. Commonly, host cell pattern recognition
receptors recognize the WSSV through their expressed
pathogen associated molecular patterns leading to the
activation of the crustacean immune system, the cellular and
humoral response, eventually activating the transcription of
antimicrobial genes. So, innumerous antimicrobial peptides
exert antiviral activity by intercalating themselves in the
viral envelope, which disturb the integrity and function of
the envelope viral proteins involved in the attachment and
interaction with host cell membrane proteins and virus cell
receptors, as also other mechanisms during the stages of virus
cell infection (26-29). Other host cell mechanisms look for
defense against viral infection as the RNA interference (30-
33), the circular RNA named the Quaking RNA-binding
protein (34,35), or Heat Shock Protein 70 (36), the C3 like
complement factor (37), among others. Nevertheless, virus
encoded factors counteract host cell immune mechanisms or
utilize the antiviral factors for its own benefit to accomplish
the infection process (38).

The emergence of new viruses is subjected to many factors
considering that the hijacked host cell biochemical machinery
is utilized by the virus molecules to guide the synthesis of
its own molecules including the genome replication and
transcription to yield the viral structural and non-structural
proteins, including key enzymes, as also necessary molecular
modifications to assemble new progeny virions (14-27). During
this process, host cell via different pathways counter acts the
viral infection mechanism (28-37). Successful virus infection
and progeny release from host cell is usually accompanied by
virus genome mutations caused by the cell’s selective pressure,
and also inherent errors of virus and cell’s polymerases
mechanisms to generate virus genome and transcripts, as also
the failure of the enzyme’s repair mechanisms (38,39).

Besides the mechanisms of host cell virus interaction,
environment factors play a significative role in the evolution
of viruses (40). Crustacean’s production in captivity involves
different scenarios, as the density of cultivated species, quality
of water determined by animal’s excreta as the pH, salinity,
turbidity and so on. All these external pressure factors demand
crustaceans’ adaptation to the new environment, which could
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lead to the selection of adapted ones, and death of unfit animals
(41-43).

Some researchers have found possible WSSV ancestrals, such
as endogenous nimaviruses integrated in different species of
crustaceans. One of these endogenous viral elements were
found in the genome of the marine white leg shrimp, Penaus
vannamei. So, 43 WSSV genes sequences are closely related
to the endogenous nimavirus, which encodes the dUTPase and
nucleocapsid proteins (44). Other work detected an endogenous
nimavirus in the Jamaican bromeliad crab, Metopaulias
depressus, sharing 68 putative ORFs with the WSSV genome,
that code for non-structural proteins participating in the
mechanisms of replication and nucleotide metabolism, and
also code for structural proteins of the nucleocapsid, tegument
and envelope (45). Also, from the genome of the isopod
crustacean Armadillidium vulgare, gene fragments coding for
peptides of 42 and 43 aminoacids were detected with 73 % to
74 % homology to peptides of the WSSV envelope (46,47).
The search in the crustacean genome database, of 14 species,
revealed five novel nimavirus genomes, encompassing 28 core
genes, including proteins of unknown function, homologs of 5
baculovirus PIF and a sulfhydryl oxidase which denotes that
nimavirus and baculovirus share the same phylogenic origin
(48). Most recently, Hirono’s group proposed the existence 2
major WSSV phylotypes that time diverged, estimated by the
Bayesian statistical analysis, between 1970 and early 1980,
concluding that the phylotype I and the ancestor nimavirus
were etiologically involved in the 1990s pandemic, and the
phylotype II was restricted to Asia and Australia. In addition,
2 cross-phylotype recombinants have been detected (49).

Based on the hypothesis that host cells, under environmental
stress, work as epigenetic factors (3,50,51) that wake-up
endogenous genic segments, and promote the genomic
organization of these endogenous elements, that are capable to
assembly in mature viral particles, enabling the new progeny
virions to leave the host cell in a “instinct” to survive and to
keep essential genes for future generations (52). Therefore, the
novel exogenous virus continues the exercise of infecting new
host cells to maintain the existence of “running genes”, now
as viral genes. It is interesting to note that since the emergence
of WSSV, the mortality in the elapsed time was fast and very
high, reaching 100 % (4,5,13,14), besides the initially very
virulent isolates of WSSV had bigger genome than the less
virulent and recent ones (53-55), possibly explained by the
deletion of unnecessary genes which would optimize the
virus’ mechanisms in its infection cycle. Certainly, the host
cell and WSSV interactions will, time by time, attenuate
the virus pathogenicity. Let’s say in a colloquial form, “the
rude virus is educated by the cell biochemical machinery
to behave”, instead of a “disastrous virus that destroys of
all host cells”. It becames more “cautious and intelligent”,
it replicates, producing millions of new progeny virus and

dispose of host cell to maintain its genes, until the time it is
safe to endogenize itself and keep the genes useful for the host
organism. All biochemical tools for all processes of genome
organization, virion assembly and budding or cell lysis as also,
the mechanisms of viral genome endogenization, are available
by the host cell molecular paraphernalia (56-58).

Both RNA and DNA viruses have endogenous relatives
(58,59). There are evidences suggesting that inhospitable
cell’s microenvironment triggers virus evasion, and it would
explain the emergence of new viruses and catastrophic
epidemics (48,49,60).

1. FAO: Rome Declaration on World Food Security and World
Food Summit Plan of Action. World Food Summit. Rome,
Italy, FAO, November 13—17, 1996.

2. Falconer L, Cutajar K, Krupandan A, Capuzzo E, Corner
RA, Ellis T, Jeffery K, Mikkelsen E, Moore H, O’Beirn FX,
O’Donohoe P, Ruane NM, Shilland R, Tett P, Telfer TC.
Planning and licensing for marine aquaculture. Rev Aquac.
2023;15(4):1374-1404. doi: 10.1111/raq.12783.

3. Wikumpriya GC, Prabhatha MWS, Lee J, Kim CH. Epigenetic
Modulations for Prevention of Infectious Diseases in Shrimp
Aquaculture. Genes (Basel). 2023;14(9):1682. doi: 10.3390/
genes14091682.

4. Inouye K, Miwa S, Oseko N, Nakano H, Kimura T, Momoyama
K, Hiraoka M. Mass mortalities of cultured kuruma shrimp
Penaeus japonicus in Japan in 1993: electron microscopic
evidence of the causative virus. Gyobyo Kenkyu (Fish Pathol),
1994; 29, 149-158.

5. Cox N, De Swaef E, Corteel M, Van Den Broeck W, Bossier P,
Nauwynck HJ, Dantas-Lima JJ. Experimental Infection Models
and Their Usefulness for White Spot Syndrome Virus (WSSV)
Research in Shrimp. Viruses. 2024;16(5):813. doi: 10.3390/
v16050813.

6. Kibenge FS. Emerging viruses in aquaculture. Curr Opin Virol.
2019;34:97-103. doi: 10.1016/j.coviro.2018.12.008.

7. Dos Santos R, Varela APM, Cibulski S, Lima F, Spilki F,
Heinzelmann L, Luz R, Abreu P, Roehe P, Cavalli L. A brief
history of white spot syndrome virus and its epidemiology in
Brazil. Virus Reviews and Research. 2013;18. 1-. 10.17525/vrr.
v18il-2.63.

8. Neves SR de A, Martins PCC. Surgimento das doencas virais
na Carcinicultura Brasileira: impactos e estratégias da gestdao
de saude / Emergence of viral diseases in Brazilian shrimp
farming: impacts and strategies health management. Braz J
Develop. 2021;7(6):61925-44.

9.  Chen X, Chen P, Wu D, Huang H, Chi X. A new baculovirus of
cultured shrimps. Sci China C Life Sci. 1997;40(6):630-5. doi:
10.1007/BF02882693.

10. Nadala EC Jr, Tapay LM, Loh PC. Characterization of a non-
occluded baculovirus-like agent pathogenic to penaeid shrimp.
Dis Aquat Organ. 1998;33(3):221-9. doi: 10.3354/da0033221.

JOURNAL OF PATHOLOGY AND INFECTIOUS DISEASES ¢ Vol 6 ¢ Issue 1 * 2025 3



Elida Cleyse Gomes da Mata Kanzaki, et al.: The White Spot Syndrome Virus: emerging savior or killer of crustaceans’ future generations?

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

van Oers MM, Herniou EA, Jehle JA, Krell PJ, Abd-Alla AMM,
Ribeiro BM, Theilmann DA, Hu Z, Harrison RL. Correction
to: Developments in the classification and nomenclature of
arthropod-infecting large DNA viruses that contain pif genes.
Arch Virol. 2023;168(10):255. doi: 10.1007/s00705-023-
05857-9. Erratum for: Arch Virol. 2023;168(7):182. doi:
10.1007/500705-023-05793-8.

Wang HC, Hirono I, Maningas MBB, Somboonwiwat K,
Stentiford G, Ictv Report Consortium. ICTV Virus Taxonomy
Profile: Nimaviridae. J Gen Virol. 2019;100(7):1053-1054. doi:
10.1099/jgv.0.001248.

Park JH, Lee YS, Lee S, Lee Y. An infectious viral disease
of penaeid shrimp newly found in Korea. Dis Aquat Organ.
1998;34(1):71-5. doi: 10.3354/dao034071.

Cox N, De Swaef E, Corteel M, Van Den Broeck W, Bossier P,
Dantas-Lima JJ, Nauwynck HJ. The Way of Water: Unravelling
White Spot Syndrome Virus (WSSV) Transmission Dynamics
in Litopenaeus vannamei Shrimp. Viruses. 2023;15(9):1824.
doi: 10.3390/v15091824.

Huang HJ, Tang SL, Chang YC, Wang HC, Ng TH, Garmann
RF, Chen YW, Huang JY, Kumar R, Chang SH, Wu SR, Chao
CY, Matoba K, Kenji I, Gelbart WM, Ko TP, Wang HA, Lo CF,
Chen LL, Wang HC. Multiple Nucleocapsid Structural Forms
of Shrimp White Spot Syndrome Virus Suggests a Novel Viral
Morphogenetic Pathway. Int J Mol Sci. 2023;24(8):7525. doi:
10.3390/ijms24087525.

Li L, Hong Y, Huo D, Cai P. Ultrastructure analysis of white
spot syndrome virus (WSSV). Arch Virol. 2020;165(2):407-
412. doi: 10.1007/s00705-019-04482-9.

Wang X, Chen C, Zhang N, Chen Q, Zhang F, Liu X, Li F, Shi
ZL, Vlak JM, Wang M, Hu Z. Functional Peroral Infectivity
Complex of White Spot Syndrome Virus of Shrimp. J Virol.
2022;96(24):e0117322. doi: 10.1128/jvi.01173-22.

Niu GJ, Wang S, Xu JD, Yang MC, Sun JJ, He ZH, Zhao XF,
Wang JX. The polymeric immunoglobulin receptor-like protein
from Marsupenaeus japonicus is a receptor for white spot
syndrome virus infection. PLoS Pathog. 2019;15(2):¢1007558.
doi: 10.1371/journal.ppat.1007558.

Zhou J, Zhang H, Wu G, Zhang Y, Aweya JJ, Tayyab M,
Zhu J, Zhang Y, Yao D. The Na'-K*-ATPase alpha subunit
is an entry receptor for white spot syndrome virus. mBio.
2025;16(3):¢0378724. doi: 10.1128/mbio.03787-24.

Hong PP, LiC, NiuGJ, Zhao XF, Wang JX. White spot syndrome
virus directly activates mTORCI1 signaling to facilitate its
replication via polymeric immunoglobulin receptor-mediated
infection in shrimp. PLoS Pathog. 2022;18(9):e1010808. doi:
10.1371/journal.ppat.1010808.

Li DL, Yang MH, Liu LK, Meng C, Li MQ, Liu HP. Invasion
and Propagation of White Spot Syndrome Virus: Hijacking
of the Cytoskeleton, Intracellular Transport Machinery, and
Nuclear Import Transporters. J Virol. 2022;96(12):¢0220521.
doi: 10.1128/jvi.02205-21.

Sun M, Liu M, Shan H, Li K, Wang P, Guo H, Zhao Y, Wang
R, Tao Y, Yang L, Zhang Y, Su X, Liu Y, Li C, Lin J, Chen
XL, Zhang YZ, Shen QT. Ring-stacked capsids of white spot
syndrome virus and structural transitions with genome ejection.

JOURNAL OF PATHOLOGY AND INFECTIOUS DISEASES ¢ Vol 6 ¢ Issue 1

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Sci Adv. 2023;9(8):eadd2796. doi: 10.1126/sciadv.add2796.

Tan Yw, Shi ZI. Proteomic analyses of the shrimp white spot
syndrome virus. Virol Sin. 2008; 23, 157-166. https://doi.
org/10.1007/s12250-008-2924-0.

Marks H, Vorst O, van Houwelingen AMML, van Hulten
MCW, Vlak JM. Gene-expression profiling of White spot
syndrome virus in vivo. J Gen Virol. 2005;86(Pt 7):2081-2100.
doi: 10.1099/vir.0.80895-0.

Chai CY, Yoon J, Lee YS, Kim YB, Choi TJ. Analysis of
the complete nucleotide sequence of a white spot syndrome
virus isolated from Pacific white shrimp. J Microbiol.
2013;51(5):695-9. doi: 10.1007/s12275-013-3171-0.

Marks H, Ren XY, Sandbrink H, van Hulten MC, Vlak JM.
In silico identification of putative promoter motifs of White
Spot Syndrome Virus. BMC Bioinformatics. 2006;7:309. doi:
10.1186/1471-2105-7-309.

Chen Y, Wu G, Wang C, Zhang H, Zhu J, Zhang Y, Lin Z, Yao
D. Comparative Transcriptome Analysis Reveals That WSSV
IE1 Protein Plays a Crucial Role in DNA Replication Control.
Int J Mol Sci. 2022;23(15):8176. doi: 10.3390/ijms23158176.

Nupan B, Phongdara A, Saengsakda M, Leu JH, Lo CF. Shrimp
Pm-fortilin inhibits the expression of early and late genes of
white spot syndrome virus (WSSV) in an insect cell model.
Dev Comp Immunol. 2011;35(4):469-75. doi: 10.1016/j.
dci.2010.11.016.

Shashikumar A, Desai PV. Susceptibility of testicular cell
cultures of crab, Scylla serrata (Forskal) to white spot syndrome
virus. Cytotechnology. 2013;65(2):253-62. doi: 10.1007/
$10616-012-9482-x.

Liu LK, Liu MJ, Li DL, Liu HP. Recent insights into anti-WSSV
immunity in crayfish. Dev Comp Immunol. 2021;116:103947.
doi: 10.1016/j.dci.2020.103947.

Bin Hafeez A, Jiang X, Bergen PJ, Zhu Y. Antimicrobial
Peptides: An Update on Classifications and Databases. Int J Mol
Sci. 2021;22(21):11691. doi: 10.3390/ijms222111691.

Urmi UL, Vijay AK, Kuppusamy R, Islam S, Willcox MDP.
A review of the antiviral activity of cationic antimicrobial
peptides.  Peptides.  2023;166:171024.  doi:  10.1016/j.
peptides.2023.171024.

Hong SJ, Kim KH. RNA interference targeting WSSV
ribonucleotide reductase 2 provides long-term protection
against infection in Litopenaeus vannamei. Dis Aquat Organ.
2024;159:71-78. doi: 10.3354/dao03805.

Limkul S, Phiwthong T, Wanvimonsuk S, Seabkongseng T,
Aunkam P, Jaree P, Luangtrakul W, Mahanil K, Teamtisong
K, Tittabutr P, Teaumroong N, Sarnow P, Wang HC,
Somboonwiwat K, Boonchuen P. Viral circular RNA-encoded
protein, ceVP28, divulges an antiviral response in invertebrates.
Proc Natl Acad Sci U S A. 2025;122(8):2321707122. doi:
10.1073/pnas.2321707122.

Phiwthong T, Limkul S, Aunkam P, Seabkongseng T,
Teaumroong N, Tittabutr P, Boonchuen P. Quaking RNA-
Binding protein (QKI) mediates circular RNA biogenesis in
Litopenaeus vannamei during WSSV infection. Fish Shellfish
Immunol. 2025;159:110178. doi: 10.1016/j.£51.2025.110178.

» 2025



Elida Cleyse Gomes da Mata Kanzaki, et al.: The White Spot Syndrome Virus: emerging savior or killer of crustaceans’ future generations?

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

JOURNAL OF PATHOLOGY AND INFECTIOUS DISEASES * Vol 6 ¢ Issue 1 ¢ 2025

Janewanthanakul S, Supungul P, Tang S, Tassanakajon A.
Heat shock protein 70 from Litopenaeus vannamei (LvHSP70)
is involved in the innate immune response against white spot
syndrome virus (WSSV) infection. Dev Comp Immunol.
2020;102:103476. doi: 10.1016/j.dci.2019.103476.

Liu Y, Song Q, Li D, Zou R, Zhang Y, Hao S, Geng X, Sun J.
A novel complement C3 like gene (Lv-C3L) from Litopenaeus
vannamei with bacteriolytic and hemolytic activities and its
role in antiviral immune response. Fish Shellfish Immunol.
2019;91:376-387. doi: 10.1016/;.f51.2019.05.045.

Li C, Weng S, He J. WSSV-host interaction: Host response and
immune evasion. Fish Shellfish Immunol. 2019;84:558-571.
doi: 10.1016/j.£51.2018.10.043.

Hill T, Unckless RL. Recurrent evolution of high virulence in
isolated populations of a DNA virus. Elife. 2020;9:e58931. doi:
10.7554/eLife.58931.

Jones JE, Le Sage V, Lakdawala SS. Viral and host heterogeneity
and their effects on the viral life cycle. Nat Rev Microbiol.
2021;19(4):272-282. doi: 10.1038/541579-020-00449-9.

Poss M. Virus dynamics and evolution: bridging scales
and disciplines. Viruses. 2011;3(8):1432-8. doi: 10.3390/
v3081432.

Peng SE, Lo CF, Lin SC, Chen LL, Chang YS, Liu KF, Su MS,
Ko GH. Performance of WSSV-infected and WSSV-negative
Penaeus monodon postlarvae in culture ponds. Dis Aquat
Organ. 2001;46(3):165-72. doi: 10.3354/dao046165.

Min JG, Kim YC, Kim KI. Role of Filter-Feeding Bivalves in
the Bioaccumulation and Transmission of White Spot Syndrome
Virus (WSSV) in Shrimp Aquaculture Systems. Pathogens.
2024;13(12):1103. doi: 10.3390/pathogens13121103.

Bao W, Tang KFJ, Alcivar-Warren A. The Complete Genome
of an Endogenous Nimavirus (Nimav-1_LVa) From the Pacific
Whiteleg Shrimp Penaeus(Litopenaeus) Vannamei. Genes
(Basel). 2020;11(1):94. doi: 10.3390/genes11010094.

Rozenberg A, Brand P, Rivera N, Leese F, Schubart CD.
Characterization of fossilized relatives of the White Spot
Syndrome Virus in genomes of decapod crustaceans. BMC
Evol Biol. 2015;15:142. doi: 10.1186/s12862-015-0380-7.

Thézé J, Leclercq S, Moumen B, Cordaux R, Gilbert C.
Remarkable diversity of endogenous viruses in a crustacean
genome. Genome Biol Evol. 2014;6(8):2129-40. doi: 10.1093/
gbe/evul63.

Li H, Zhu Y, Xie X, Yang F. Identification of a novel
envelope protein (VP187) gene from shrimp white spot
syndrome virus. Virus Res. 2006;115(1):76-84. doi: 10.1016/j.
virusres.2005.07.007.

Kawato S, Shitara A, Wang Y, Nozaki R, Kondo H, Hirono L.
Crustacean Genome Exploration Reveals the Evolutionary Origin
of White Spot Syndrome Virus. J Virol. 2019;93(3):e01144-18.
doi: 10.1128/JVI.01144-18.

Kawato S, Omine R, Teruya S, Kubo H, Yasumoto S, Kondo
M, Takahashi Y, Nozaki R, Kondo H, Hirono I. Evolutionary
genomics of white spot syndrome virus. Fish Sci. 2023; 89:

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

769-783. https://doi.org/10.1007/s12562-023-01715-4.

Perera BPU, Silvestre F. Environmental Epigenomes.
Epigenomes. 2023;7(3):21. doi: 10.3390/epigenomes7030021.

Zhang X, HuC, Chen T, Li P, Tan Y, Ren C, Wang Y, Jiang X,
Ma B, Yin J, Huang Y, Liu L, Li H, Luo P. DNA methylation
regulates growth traits by influencing metabolic pathways in
Pacific white shrimp (Litopenaeus vannamei). BMC Genomics.
2025;26(1):511. doi: 10.1186/s12864-025-11688-6.

Kanzaki LIB. HTLV-1: A real pathogen or a runaway guest of
a diseased cell? J Biosci. 2018;43(4):785-795.

Li F, Gao M, Xu L, Yang F. Comparative genomic analysis of
three white spot syndrome virus isolates of different virulence.
Virus Genes. 2017;53(2):249-258. doi: 10.1007/s11262-016-
1421-z.

Puttirungroj P, Kawato S, Mwamburi SM, Furukawa M,
Oomine R, Koiwai K, Kondo H, Hirono I. Comparative
genomics highlights the virulence and evolutionary trajectory
of white spot syndrome virus. J Gen Virol. 2024;105(11). doi:
10.1099/j2v.0.002042.

Zwart MP, Dieu BT, Hemerik L, Vlak JM. Evolutionary
trajectory of white spot syndrome virus (WSSV) genome
shrinkage during spread in Asia. PLoS One. 2010 Oct
14;5(10):€13400. doi: 10.1371/journal.pone.0013400.

Kawato S, Nozaki R, Kondo H, Hirono I. Integrase-associated
niche differentiation of endogenous large DNA viruses in
crustaceans. Microbiol Spectr. 2024;12(1):¢0055923. doi:
10.1128/spectrum.00559-23.

da Mata Kanzaki ECG, Kanzaki I. Viral Genome Integration
into the Host Cell Genome: A Double Edged-Sword. Discov
Med. 2021;32(167):141-148.

Déjosez M, Marin A, Hughes GM, Morales AE, Godoy-Parejo
C, Gray JL, Qin Y, Singh AA, Xu H, Juste J, Ibaiiez C, White
KM, Rosales R, Francoeur NJ, Sebra RP, Alcock D, Volkert TL,
Puechmaille SJ, Pastusiak A, Frost SDW, Hiller M, Young RA,
Teeling EC, Garcia-Sastre A, Zwaka TP. Bat pluripotent stem
cells reveal unusual entanglement between host and viruses. Cell.
2023;186(5):957-974.€28. doi: 10.1016/j.cell.2023.01.011.

Moniruzzaman M, Aylward FO. Endogenous DNA viruses
take center stage in eukaryotic genome evolution. Proc Natl
Acad Sci U S A. 2023;120(21):¢2305212120. doi: 10.1073/
pnas.2305212120.

Kreiling JA. Dysregulation of endogenous retroviruses triggers
aging and senescence. Nat Aging. 2024;4(12):1670-1672. doi:
10.1038/543587-024-00759-0.

How to cite this article: Elida Cleyse Gomes da Mata
Kanzakil, Isamu Kanzaki. The White Spot Syndrome
Virus: emerging savior or killer of crustaceans’ future
generations?. J Pathol Infect Dis 2025;6(1): 1-5.

DOI: https://doi.org/10.33309/2639-8893.060101



