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ABSTRACT:     It is well known that the majority of invasive aquatic species have been established in new habitats
as a result of intentional importation for aquaculture or recreational purposes. This includes shrimp and other
crustaceans. As a result of unexpected difficulties that arose from some of these importations, the International
Council for Exploration of the Seas (ICES) proposed a set of precautionary guidelines to follow to reduce
risks associated with translocations. Briefly, these include preparation of a proposal to the ICES indicating the
purpose and area of transfer and detailed biology of the transfer species, and preparation of a detailed impact
analysis including environmental disease and socioeconomic issues. In the event that a decision is made to
proceed with the introduction, a number of precautionary actions are recommended. For fish, it is
recommended that eggs or fry be imported to strict quarantine (including disinfected effluents) and monitored
until reared to broodstock size for freedom from disease, before a preliminary phase of limited distribution
of their offspring to aquaculture facilities. If broodstock are imported, it is recommended that they be
destroyed after spawning (for detailed pathogen assay) and that the offspring be raised and used similarly to
the above. After one year of trouble-free, limited field tests, wider use or introduction to open waters may be
initiated. For species that are part of commercial practice, abbreviated guidelines are recommended that
include export and quarantine procedures. These guidelines are appropriate for vertebrate species (from fish
to mammals), but not for shrimp, other crustaceans and arthropods in general, especially with respect to
viral pathogens. This is because grossly healthy arthropods tend to carry cryptic viruses (possibly unknown)
that can jump to endemic arthropod species and cause massive mortalities. This phenomenon has resulted in
3 major shrimp epizootics that have caused economic losses in the order of several billion US$ since the early
1990’s. To avoid future repetition of this scenario, it is strongly recommended that the ICES guidelines be
specifically modified for crustacean introductions to include, during the quarantine period, mandatory co-
habitation studies with economically or ecologically important native crustaceans.
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INTRODUCTION

I contend that the greatest risk for spread of diseases
lies by far with the careless, cross-boundary movement
of living animals or fry destined directly for aquaculture
facilities. In support of this, Food and Agricultural
Organization (FAO) statistics (http://www.fao.org/
waicent/ faoinfo/ fishery/ statist / fisoft/ dias/ statisti.htm)
show that about 65% of exotic species introductions
have been intentional, and that 69% of these (39% of
the total) have been for aquaculture. The vast majority
of introduced species (82%) have been finfish, followed
distantly by mollusks (9%) and crustaceans (6%). All
the translocated animals would have had the potential
to carry pathogens. The most ominous would be viral
and parasitic diseases that would otherwise have very
little chance of being translocated.

Because of growing perception of environmental

and disease threats associated with translocation of
living marine animals and plants, the International
Council for the Exploration of the Seas (ICES) in 1973
and 1994 introduced guidelines for reducing the risk
of pathogen introduction. Briefly, they recommended
that an imported broodstock population should be
established in an approved quarantine facility. The
progeny, but not the original import, should be
transplanted into the natural environment or farms,
only if no diseases or parasites became evident during
the quarantine period. The quarantine period would
provide opportunity for observation, and its duration
would be at least one complete life cycle, regardless of
the stage at which the shrimp had been introduced. All
effluents from the quarantine facilities would be
disinfected in an approved manner, killing all living
organisms. If evidence of disease was obtained during
the quarantine period, the introduced animals and
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their offspring would be destroyed immediately and
the facility sterilized.

In addition to the ICES code, signatories to the
GATT and WTO are bound by the Agreement on the
Application of Sanitary and Phytosanitary Measures
(the “SPS Agreement”). The SPS Agreement applies to
all sanitary and phytosanitary measures that may,
directly or indirectly, affect international trade,
including trade in live organisms. It permits sanitary
and phytosanitary measures necessary to protect
human, animal or plant life or health, but only if they
are based on scientific principles. They cannot be
maintained without sufficient scientific evidence, and
must not arbitrarily or unjustifiably discriminate
between members where identical or similar conditions
prevail. In particular, it states that measures cannot be
applied in a manner that would constitute a disguised
restriction on international trade.

The risk of introducing exotic pathogens can be
reduced significantly by using specific pathogen-free
(SPF) stocks. However, in addition to possible
deficiencies in SPF technology, other disease problems
may develop from unknown pathogens in the imported
populations. As we will see, this can be a particular
problem with shrimp and other crustaceans.

Another approach with viral diseases is to develop
resistant shrimp strains or to use shrimp species that
are “specific pathogen resistant” (SPR), regardless of
their pathogen status. However, “resistant” shrimp may
sometimes carry the relevant virus as a persistent
infection and be capable of introducing it in naïve
populations. Even if a virus of the same name is already
present in a native population, new strains may be
introduced with SPR stocks and their prevalence might
be maintained or increased. In addition, stress during
farming can trigger increased viral replication in shrimp,
resulting in disease outbreaks. There is also a danger
that an exotic virus could mutate into a more pathogenic
strain. This is particularly important for Taura syndrome
virus (TSV) and yellow head virus (YHV), since they are
RNA viruses known to mutate and evolve rapidly1.

In the following paragraphs, I will try to outline why
shrimp, other crustaceans and arthropods in general
are much more dangerous than vertebrates for
translocation. This is because they differ fundamentally
from vertebrates in their mode of interaction with
viruses. This difference results in the tendency for
crustaceans to carry life-long, persistent infections
without any gross or histological signs of infection.
Past failure to appreciate this fact has resulted in 3
major shrimp epizootics that have collectively caused
many billion dollars (US) economic loss since the
beginning of large-scale shrimp cultivation in the early
1980’s. I will give a brief review of the nature of shrimp-
virus interactions, a summary of the 3 epizootics and

some suggestions of how to avoid similar future
occurrences.

The Shrimp Response to Viral PathogensThe Shrimp Response to Viral PathogensThe Shrimp Response to Viral PathogensThe Shrimp Response to Viral PathogensThe Shrimp Response to Viral Pathogens
Little has been done on the mechanistic response

of arthropods to viral pathogens. Interest has changed
dramatically due to urgency in solving problems with
massive losses in penaeid shrimp cultivation due to
viral pathogens. Results of laboratory experiments in
the past decade indicate that shrimp and other
arthropods respond to viruses in a manner
fundamentally different from vertebrates (Table 1) and
are capable of a specific, adaptive response that cannot
be explained by current knowledge and understanding
of their cellular and humoral defenses. A hallmark of
the arthropod response is specific tolerance to single
and multiple viral infections without gross or
histological signs of disease2-5. The concept of viral
accommodation was introduced in 1998 as a simple
testable hypothesis to explain this tolerance6. Key
elements of the hypothesis were an unknown
mechanism for specific host memory of pathogens and
a role for this memory in dampening viral-triggered
apoptosis.

Recent field and laboratory research results with
shrimp7-9 and insects10, 11 support the predictions of
the viral accommodation hypothesis and suggest that
memory is provided by the viral pathogens themselves
in persistent infections that reduce the severity of
disease. The well-known phenomenon of defective
interfering viral particles (DIP) probably plays an
important role in this process, but it cannot explain
cross protection that has recently been described for

Table 1. General characteristics of shrimp and vertebrate
responses to viral pathogens. The table contrasts
dominant features and does not address “exceptions
to the general rule”. The purpose is to point out
broad features of difference that would have to be
accounted for in any models proposed to explain
the shrimp response to viral pathogens.

ShrimpShrimpShrimpShrimpShrimp VVVVVererererertebratestebratestebratestebratestebrates

No response against pathogen Response against pathogen
Survivors usually infected – Survivors usually not
i.e. pathogen persists infected –  i.e., pathogen

cleared
Infectious for others Not infectious for others
Tolerance to viruses normal Tolerance to viruses rare
No antibodies found in serum Antibodies found in serum
Multiple active infections Multiple active infections
normal rare
Extremely heavy viral Moderate viral production
production
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heterologous viral infections in shrimp12 and insect
cells10. Homologous and heterologous reduction in
disease severity as a result of persistent viral infections
may be a key process that has evolved from host-viral
interaction in the arthropod line.

Other recent publications have shown that prior
exposure of shrimp to inactivated viral particles or
envelope proteins may protect them from lethal viral
challenge for a short period of time13-15. By contrast,
persistently infected shrimp appear to maintain
protection as long as they remain infected16. Since
treatment with inactivated viruses or coat proteins
runs out relatively quickly, it should not be called
vaccination and compared to long-term protective,
antibody-based, immunological memory, such as that
gained by vaccination in vertebrates. There is no
evidence that shrimp or other arthropods have a
comparable defense system17. Rather, the evidence in
hand suggests that “memory” when it exists, is provided
by continuous presence of the pathogen (i.e., “the virus
is the memory”). This being the case, one would expect
protection to be limited by the range of interfering
particles produced. In other words, it would be expected
to have specificity, as has earlier been proposed18.
However, heterologous protection remains
unexplained.

Whatever the mechanism and whatever reason, it
is indisputable that shrimp, other crustaceans and
arthropods (including insect cell lines) can carry
persistent viral infections without signs of disease. The
following examples will show that failure to appreciate
this fact has resulted in widespread shrimp epizootics.

Infectious Hypodermal and Hematopoietic NecrosisInfectious Hypodermal and Hematopoietic NecrosisInfectious Hypodermal and Hematopoietic NecrosisInfectious Hypodermal and Hematopoietic NecrosisInfectious Hypodermal and Hematopoietic Necrosis
Virus (IHHNV)Virus (IHHNV)Virus (IHHNV)Virus (IHHNV)Virus (IHHNV)

IHHNV was first discovered in blue shrimp Penaeus
stylirostris and white shrimp P. vannamei (also called
Litopenaeus stylitrostris and L. vannamei) in the Americas
in the early 1980’s19,20, where it was believed to have
been introduced by importation of live experimental
stocks of the black tiger shrimp Penaeus monodon from
Asia21-23. It is important to understand that IHHNV was
unknown before this jump from P. monodon. It was
unknown because it generally produces no adverse
effects in P. monodon, including no gross or histological
signs of disease24. Often it can be detected only by using
polymerase chain reaction (PCR) assays. Although
IHHNV has been reported to occur in several species
of wild and cultured penaeid shrimp throughout the
world22, it has been reported to cause acute epizootics
and mass mortality only in P. stylirostris, especially in
juveniles and sub-adults 22. By contrast, it does not
cause mortality in P. vannamei, but rather reduced,
irregular growth and cuticular deformities, gross signs
collectively referred to as “runt-deformity syndrome”

(RDS)25-28. In spite of no mortality, commercial losses
from RDS can be high29. P. stylirostris and P. vannamei
that survive IHHNV epizootics may carry the virus for
life and pass it on by vertical and horizontal
transmission22, 30. The infected adult carriers show no
signs of disease or mortalities. Vertically infected larvae
and early postlarvae of P. stylirostris do not become
diseased, but massive mortalities may occur in juveniles
at approximately 35 days or more. As stated previously,
P. monodon is relatively unaffected by IHHNV while P.
indicus and P. merguiensis (also called Fenneropenaeus
indicus and F. merguiensis) appear to non-susceptible22,

27, 31.
 This was the first example of a very costly epizootic

caused by an unknown virus that jumped from one
grossly healthy shrimp species to another.
Unfortunately, the lesson went unheeded and
subsequent epizootics by new viruses also occurred
via grossly normal broodstock and fry.

TTTTTaura Syndraura Syndraura Syndraura Syndraura Syndrome Vome Vome Vome Vome Viririririrus (TSV)us (TSV)us (TSV)us (TSV)us (TSV)
Taura syndrome (TS) was first described as a shrimp

disease in Ecuador in 199232. Both toxic and infectious
aetiologies were considered. An infectious agent was
subsequently described in 1995 and named Taura
Syndrome virus or TSV33, 34. However, the authors of
the original Taura syndrome report disputed that TSV
was the cause of TS and recommend that TSV be called
instead infectious cuticular epithelial necrosis virus
(ICENV)35. The history of the dispute has been
reviewed36, 37. Here, the virus will be referred to as TSV.

TSV is a cytoplasmic, non-enveloped icosahedral
virus, 32 nm in diameter. It has a buoyant density of
1.338 g/ml and its genome consists of a linear, positive-
sense ssRNA of approximately 10.2 kb. It has recently
been classified in the family Dicistroviridae together
with cricket paralysis viruses38, 39.

TSV was a serious cause of shrimp mortality for
reared P vannamei in the Americas, where it spread
principally through regional and international transfer
of live postlarvae and broodstock37. More recently, it
has been reported from P vannamei reared in Taiwan
after importation of live shrimp stocks from the
Americas40, 41. It has also now been reported from
Thailand42, 43. Although TSV infects a number of penaeid
species44, it has caused serious commercial losses only
for juvenile to adult stages of P. vannamei.

The disease caused by TSV has three distinct phases
(acute, transition and chronic), although only the acute
and transition phases show distinguishable gross
signs44. Gross signs for moribund P. vannamei in the
acute phase include overall pale reddish coloration
and distinctly red tail fans and pleopods (i.e, “red tail”
disease), where focal necrosis of the cuticular epithelium
can be seen with a 10x hand lens. These shrimp also
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show gross signs of soft shells and empty guts and
usually die during molting. The transition phase in TSV
epizootics shows gross signs of random, multi-focal,
irregularly shaped melanized cuticular areas that mark
resolving TSV lesions. Affected shrimp may or may not
have soft cuticles and red-coloration and may behave
and feed normally33, 34, 44. If shrimp with these black
lesions survive the next molt, the lesions disappear and
they appear grossly normal, despite the continuing
presence of the virus, especially in the lymphoid
organ45,46. Thus, TSV survivors can grow through to
adults as infected but grossly normal animals and can
produce infected PL that also appear to be normal.

The cultivation of exotic Penaeus vannamei in Asia
began in earnest in Taiwan in the late 1990’s. Success
with imported SPF stocks from the Americas led to
rapid adoption and a rapid rise in demand for PL. This
resulted in careless importation of grossly normal but
infected shrimp from the Americas and subsequent
outbreaks of TSV40. A similar scenario in Thailand in
2001-2002 led to the first TSV outbreaks in late 2002,
probably originating from shrimp imported live for
aquaculture from Taiwan and China42, 47.

White Spot Syndrome Virus (WSSV)White Spot Syndrome Virus (WSSV)White Spot Syndrome Virus (WSSV)White Spot Syndrome Virus (WSSV)White Spot Syndrome Virus (WSSV)
Although WSSV initially caused serious shrimp

production losses only in Asia48, it must now be
considered the single most serious shrimp pathogen
worldwide. It was first reported from farmed Penaeus
japonicus in Japan in 199349-53 and called penaeid rod-
shaped DNA virus (PRDV) or rod-shaped nuclear virus
of P. japonicus (RV-PJ)49, 50, 52, 54, 55. Similar rod-shaped
viruses from elsewhere in Asia were called by various
names48, but Lightner44 grouped them in a single white
spot syndrome virus (WSSV) complex. WSSV is now
included in a new virus family called Nimaviridae and
a new genus Whispoviridae38, 56. Captured broodstock
and fry used to stock rearing ponds are known to carry
WSSV, as are numerous other crustaceans and perhaps
even aquatic insect larvae, but massive mortality usually
occurs with juvenile shrimp in rearing ponds, probably
precipitated by environmental factors18.

In Thailand, outbreaks of WSSV in shrimp culture
ponds initially occurred in 199457, 58 and caused a peak
estimated lost production of 70,000 metric tons in
1996. The total, cumulative lost production for all
Asian countries since 1993 must now amount to more
than 1 million tons, while the world loss, including
those from the USA, Central America and South America
must be very much higher. The same or very closely
related variants appear to be the cause of all these
losses58-60.

The WSSV outbreaks in Japan were the first widely
reported, but they actually followed Chinese outbreaks
and apparently resulted from the import of grossly

normal, living post larvae from China directly to
aquaculture facilities in Japan51. No one knows how the
virus spread throughout Asia after that, but the common
practice of moving grossly normal broodstock and PL
freely amongst countries was probably the most rapid
and effective means of spread. Almost certainly WSSV
was spread from Thailand to Malaysia and India in this
manner. In addition, WSSV was not reported from the
Philippines until 200061, probably because of an effective
Philippine government ban on importation of
broodstock and post larvae. Anecdotal evidence
suggests that the Philippine outbreaks in the late 1990’s
originated from illegal import of post larvae from China.
As in Asia, a good part of WSSV spread in the Americas
probably resulted from international transport of live
shrimp for aquaculture62.

It is curious that WSSV had not been reported from
China prior to the catastrophic disease outbreaks in
1993, in spite of the fact that shrimp aquaculture had
been practiced there for many years. The nature of the
outbreaks was reminiscent of the initial IHHNV
outbreaks for P. stylirostris in the Americas, suggesting
that they may have originated from importation of a
distant, exotic aquaculture species carrying a previously
unknown pathogen. Whatever the original source, it is
clear that the majority of the subsequent geographical
spread was via grossly normal broodstock and PL.

Lessons UnlearnedLessons UnlearnedLessons UnlearnedLessons UnlearnedLessons Unlearned
Experience with these 3 large-scale epizootics in

shrimp has shown that spread of disease usually resulted
from translocation of grossly normal broodstock or
PL. At the initial phase of all 3 cases, the causal agent
was unknown and appropriate diagnostic tools were
developed only after the fact. With IHHNV, the original
source of the virus has been identified, but for TSV and
WSSV, it remains to be determined. However, good
guesses might be a jump from a carelessly imported
exotic crustacean to P. monodon for the case of WSSV
in China/Taiwan and a jump of a native crustacean
pathogen to exotic P. vannamei in the case of TSV in the
Americas. In any case, the take-home lesson is that
grossly normal shrimp are capable of carrying one or
more unknown viral pathogens without gross or
histological signs of disease. Despite this knowledge
and the availability of appropriate diagnostic tools,
TSV was transferred to both China/Taiwan and Thailand.
Obviously, forewarning and existing mechanisms to
prevent the transfers failed.

The consequence of TSV transfer to Thailand has
been the development of Thai genetic variants that
differ from those in the USA and China42 and have been
found in native species, in addition to the exotic P.
vannamei. Since virulence differs amongst American
genetic variants63, 64, 43, we might expect the same to be
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true of those developing in Thailand. The long-term
consequences for native species is unknown. In
addition to this, a new problem called monodon slow
growth syndrome (MSGS) began to occur widely in
Thailand in 20022. The rapid, country-wide occurrence
of the problem, its tendency to be related to PL batch
and the lack of association with known pathogens
suggested the possible occurrence of a new infectious
agent (MSGA)2. No conclusions can yet be made
regarding this speculation, but concurrence of the
problem with large-scale import and cultivation of P.
vannamei opens the possibility for yet another new,
cryptically introduced virus.

RecommendationsRecommendationsRecommendationsRecommendationsRecommendations
Given the propensity of shrimp, crustaceans and

other arthropods to carry cryptic viral infections, it is
reasonable to suggest that ICES guidelines be modified
and closely followed to guard against the possibility of
introducing new viral pathogens. It is not sufficient to
certify the exotic animals as free (SPF) for a list of
known pathogens with available diagnostic tests. There
is additional danger from previously unknown viruses
or variants of known viruses for which no assay methods
exist.

Given the experience with IHHNV in P. monodon, it
would seem prudent to add to the ICES guidelines a
special requirement for shrimp and other crustaceans.
This would be the requirement that native species of
shrimp and other economically important crustaceans
be included as co-habitants in the quarantine phase of
the importation process. This would guard against the
unintentional transfer of any well-tolerated, unknown
pathogen from the exotic host to local species that
might be more vulnerable and more seriously affected.
Doing this would have avoided the release of IHHNV
in the Americas, WSSV in Japan and TSV in Taiwan.
However, to make the guidelines work, standard
protocols for inspection, disease diagnosis, and
certification of shipments of live marine animals would
be required, and the infrastructure for this in Asia is not
always in place. Most effective would be increased
awareness of the potential threats among aquaculture
practitioners themselves and their cooperation in
guarding against it.

Outright import bans on all crustaceans might be
an effective exclusion measure, but it would
unreasonably deprive aquaculturists of potentially good
alternative species for cultivation. A better approach
would be promotion of joint-venture operations with
developers of domesticated or genetically improved
stocks to establish local breeding centers via the
modified ICES protocol. Once safely established, the
costly process of continuous importation and screening
of stocks could be avoided.

REFERENCES

1. Steinhauer, D A, and Holland, J J (1987) Rapid evolution of
RNA viruses, Ann Rev Microbiol 4141414141, 409-33

2. Chayaburakul, K, Nash, G, Pratanpipat, P, Sriurairatana, S,
and Withyachumnarnkul, B (2004) Multiple pathogens found
in growth-retarded black tiger shrimp Penaeus monodon
cultivated in Thailand, Dis Aquat Org 6060606060, 89-96

3. Flegel, T W, Nielsen, L, Thamavit, V, Kongtim, S, and
Pasharawipas, T (2004) Presence of multiple viruses in non-
diseased, cultivated shrimp at harvest, Aquaculture 240240240240240, 55-
68

4. Manivannan, S, Otta, S K, Karunasagar, I, and Karunasagar,
I (2002) Multiple viral infection in Penaeus monodon shrimp
postlarvae in an Indian hatchery, Dis Aquat Org 4848484848, 233-6

5. Otta, S K, Karunasagar, I, and Karunasagar, I (2003) Detection
of monodon baculovirus and white spot syndrome virus in
apparently healthy Penaeus monodon postlarvae from India
by polymerase chain reaction, Aquaculture 220220220220220, 59-67

6. Flegel, T W, and Pasharawipas, T (1998) Active viral
accommodation: a new concept for crustacean response to
viral pathogens. In Advances in Shrimp Biotechnology (Flegel,
T W, ed) pp. 245-50, National Center for Genetic Engineering
and Biotechnology, Bangkok

7. Sahtout, A H, Hassan, M D, and Shariff, M (2001) DNA
fragmentation, an indicator of apoptosis, in cultured black
tiger shrimp Penaeus monodon infected with white spot
syndrome virus (WSSV), Dis Aquat Org 4444444444, 155-9.

8. Khanobdee, K, Soowannayan, C, Flegel, T W, Ubol, S, and
Withyachumnarnkul, B (2002) Evidence for apoptosis
correlated with mortality in the giant black tiger shrimp
Penaeus monodon infected with yellow head virus, Dis Aquat
Org 4848484848, 79-90.

9. Wongprasert, K, Khanobdee, K, Glunukarn, S, Meeratana,
P, and Withyachumnarnkul, B (2003) Time-course and levels
of apoptosis in various tissues of black tiger shrimp Penaeus
monodon infected with white spot syndrome virus, Dis Aquat
Org 5555555555, 3-10

10. Burivong, P, Pattanakitsakul, S-N, Thongrungkiat, S, Malasit,
P, and Flegel, T W (2004) Markedly reduced severity of
Dengue virus infection in mosquito cell cultures persistently
infected with Aedes albopictus densovirus (AalDNV), Virology
329329329329329, 261-9

11. Roekring, S, Flegel, T W, Kittayapong, P, and Malasit, P
Challenging successive mosquito generations with a
densonucleosis virus yields progressive survival improvement
but persistent, innocuous infections, Dev Comp Immunol 3030303030,
878-92

12. Tang, K F J, Durand, S V, White, B L, Redman, R M, Mohney,
L L, and Lightner, D V (2003) Induced resistance to white
spot syndrome virus infection in Penaeus stylirostris through
pre-infection with infectious hypodermal and hematopoietic
necrosis virus - a preliminary study, Aquaculture 216216216216216, 19-29

13. Namikoshi, A, Wu, J L, Yamashita, T, Nishizawa, T, Nishioka,
T, Arimoto, M, and Muroga, K (2004) Vaccination trials
with Penaeus japonicus to induce resistance to white spot
syndrome virus., Aquaculture 229229229229229, 25-36

14. 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, J Virol 7878787878, 2057-61

15. Witteveldt, J, Vlak, J M, and van Hulten, M C W (2004)
Protection of Penaeus monodon against white spot syndrome
virus using a WSSV subunit vaccine, Fish Shellfish Immunol
1616161616, 571-9

16. Venegas, C A, Nonaka, L, Mushiake, K, Nishizawa, T, and
Muroga, K (2000) Quasi-immune response of Penaeus



220                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               ScienceAsia ScienceAsia ScienceAsia ScienceAsia ScienceAsia 32 (2006)32 (2006)32 (2006)32 (2006)32 (2006)

japonicus to penaeid rod-shaped DNA virus (PRDV), Dis
Aquat Org 4242424242, 83-9.

17. Sritunyalucksana, K, and Söderhäll, K (2000) The proPO
and clotting system in crustaceans, Aquaculture 191191191191191, 53-69

18. Flegel, T W (2001) The shrimp response to viral pathogens.
In The new wave. Proceedings of the special session on sustainable
shrimp aquaculture, World Aquaculture 2001 , Orlando (Browdy,
C L, and Jory, D E, eds) pp. 190-214, World Aquaculture
Society, Boca Raton

19. Lightner, D V, Redman, R M, and Bell, T A (1983) Infectious
hypodermal and hematopoietic necrosis, a newly recognized
virus disease of penaeid shrimp, J Invertebr Pathol 4242424242, 62-70.

20. Lightner, D V, Redman, R M, and Bell, T A (1983) Detection
of IHHN virus in Penaeus stylirostris and P. vannamei imported
into Hawaii, J World Mariculture Soc 1414141414, 212-25

21. Lightner, D V, and Redman, R M (1991) Hosts, geographic
range and diagnostic procedures for the penaeid virus
diseases of concern to shrimp culturists in the Americas. In
Frontiers of shrimp research (DeLoach , P, Dugherty, W J, and
Davidson, M A, eds) pp. 173-96, Elsevier, Amsterdam,
Netherlands

22. Lightner, D V (1996) Epizootiology, distribution and the
impact on international trade of two penaeid shrimp viruses
in the Americas, Rev Sci Tech 1515151515, 579-601.

23. Lightner, D V (1999) The penaeid shrimp viruses TSV, IHHNV,
WSSV and YHV: current status in the Americas, available
diagnostic methods, and management strategies, J Appl
Aquacult 99999, 27-52

24. Chayaburakul, K, Withyachumnarnkul, B, Sriurairattana, S,
Lightner, D V, and Nelson, K T (2005) Different responses to
infectious hypodermal and hematopoietic necrosis virus
(IHHNV) in Penaeus monodon and P. vannamei, Dis Aquat Org
6767676767, 191-200

25. Bell, T A, and Lightner, D V (1984) IHHN virus: Infectivity
and pathogenicity studies in Penaeus stylirostris and Penaeus
vannamei, Aquaculture 3838383838, 185-94

26. Bell, T A, and Lightner, D V (1987) IHHN disease of Penaeus
stylirostris: effects of shrimp size on disease expression, J
Fish Dis 1010101010, 165-70

27. Brock, J A, and Main, K (1994) A guide to the common problems
and diseases of cultured Penaeus vannamei, World Aquaculture
Society, Baton Rouge, LA

28. Kalagayan, G, Godin, D, Kanna, R, Hagino, G, Sweeney, J,
Wyban, J, and Brock, J (1991) IHHN virus as an etiological
factor in runt-deformity syndrome of juvenile Penaeus
vannamei cultured in Hawaii, J World Aquacul Soc 2222222222, 235-43

29. Carpenter, N, and Brock, J A (1992) Growth and survival of
virus-infected and SPF Penaeus vannamei on a shrimp farm
in Hawaii. In Diseases of Cultured Penaeid Shrimp in Asia and
The United States (Fulks, W, and Main, K L, eds) pp. 285-93,
Oceanic Institute, Honolulu, HI

30. Motte, E, Yugcha, E, Luzardo, J, Castro, F, Leclercq, G,
Rodriguez, J, Miranda, P, et al. (2003) Prevention of IHHNV
vertical transmission in the white shrimp Litopenaeus vannamei,
Aquaculture 219219219219219, 57-70

31. Lightner, D V (1993) Diseases of cultured penaeid shrimp Vol.
Volume 1, Crustacean Aquaculture, CRC Press, Boca Raton,
FL

32. Jimenez, R (1992) Sindrome de Taura (Resumen), Acuacultura
del Ecuador, 1-16

33. Hasson, K W, Lightner, D V, Poulos, B T, Redman, R M,
White, B L, Brock, J A, and Bonami, J R (1995) Taura
Syndrome in Penaeus vannamei: Demonstration of a viral
etiology, Dis Aquat Org 2323232323, 115-26

34. Lightner, D V, Redman, R M, Hasson, K W, and Pantoja, C R

(1995) Taura syndrome in Penaeus vannamei (Crustacea:
Decapoda): gross signs, histopathology and ultrastructure,
Dis Aquat Org 2121212121, 53-9

35. Intriago, P, Jimenez, R, Machuca, M, Barniol, R, Krauss, E,
and Salvador, X (1997) Experiments on toxicosis as the
cause of Taura syndrome in Penaeus vannamei (Crustacea:
Decapoda) in Ecuador. In Diseases in Asian Aquaculture III
(Flegel, T W, and MacRae, I H, eds) pp. 365-79, Fish Health
Section, Asian Fisheries Society, Manila

36. Brock, J A, Gose, R, Lightner, D V, and Hasson, K W (1995)
An overview on Taura syndrome, an important disease of
farmed Penaeus vannamei. In Swimming Through Troubled Water,
Proceedings of the Special Session on Shrimp Farming (Browdy,
C L, and Hopkins, J S, eds) pp. 84-94, World Aquaculture
Society, Baton Rouge, LA

37. Brock, J A, Gose, R B, Lightner, D V, and Hasson, K W
(1997) Recent developments and an overview of Taura
Syndrome of farmed shrimp in the Americas. In Diseases in
Asian Aquaculture III (Flegel, T W, and MacRae, I H, eds) pp.
267-83, Fish Health Section, Asian Fisheries Society, Manila,
Philippines

38. Fauquet, C M, Mayo, M A, Maniloff, J, Desselberger, U, and
Ball, L A (2004) VIIIth Report of the International Committee on
Taxonomy of Viruses, Elsevier, Amsterdam

39. Mayo, M A (2005) Changes to virus taxonomy 2004, Archiv
of Virol 150150150150150, 189-98

40. Tu, C, Huang, H T, Chuang, S H, Hsu, J P, Kuo, S T, Li, N J,
Hsu, T L, et al. (1999) Taura syndrome in Pacific white
shrimp Penaeus vannamei cultured in Taiwan, Dis Aquat Org
3838383838, 159-61

41. Robles-Sikisaka, R, Garcia, D K, Hasson, K W, Brovont, K E,
Cleveland, K D, Klimpel, K R, and Dhar, A K (2002) Genetic
variation and immunohistochemical differences among
geographic isolates of Taura syndrome virus of penaeid
shrimp, J Gen Virol 8383838383, 3123-30

42. Nielsen, L, Sang-oum, W, Cheevadhanarak, S, and Flegel, T
W (2005) Taura syndrome virus (TSV) in Thailand and its
relationship to TSV in China and the Americas, Dis Aquat
Org 6363636363, 101-6

43. Tang, K F J, and Lightner, D V (2005) Phylogenetic analysis
of Taura syndrome virus isolates collected between 1993
and 2004 and virulence comparison between two isolates
representing different genetic variants, Virus Research 112112112112112,
69-76

44. Lightner, D V (1996) A handbook of pathology and diagnostic
procedures for diseases of penaeid shrimp, World Aquaculture
Society, Baton Rouge, LA

45. Hasson, K W, Lightner, D V, Mohney, L L, Redman, R M,
Poulos, B T, and White, B M (1999) Taura syndrome virus
(TSV) lesion development and the disease cycle in the Pacific
white shrimp Penaeus vannamei, Dis Aquat Org 3636363636, 81-93

46. Hasson, K W, Lightner, D V, Mohney, L L, Redman, R M, and
White, B M (1999) Role of lymphoid organ spheroids in
chronic Taura syndrome virus (TSV) infections in Penaeus
vannamei, Dis Aquat Org 3838383838, 93-105

47. Flegel, T W, Nielsen, L, and Sang-oum, W (2003) Outbreaks
of Taura syndrome virus (TSV) with exotic Penaeus vannamei
cultivated in Thailand. In JSPS-NRCT international
symposium on comprehensive disease control in aquaculture
coping with food safety (Anon., ed) pp. 16-22, Faculty of
Fisheries, Kasetsart University, Bangkok, Rayong, Thailand

48. Flegel, T, and Alday-Sanz, V (1998) The crisis in Asian
shrimp aquaculture: current status and future needs, J Appl
Icthyol 1414141414, 269-73

49. Inouye, K, Miwa, S, Oseko, N, Nakano, H, Kimura, T,



ScienceAsia ScienceAsia ScienceAsia ScienceAsia ScienceAsia 32 (2006)32 (2006)32 (2006)32 (2006)32 (2006)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          221

Momoyama, K, and Hiraoka, M (1994) Mass mortalities of
cultured kuruma shrimp Penaeus japonicus in Japan in 1993:
Electron microscopic evidence of the causative virus, Fish
Pathol 2929292929, 149-58

50. Inouye, K, Yamano, K, Ikeda, N, Kimura, T, Nakano, H,
Momoyama, K, Kobayashi, J, et al. (1996) The penaeid rod-
shaped DNA virus (PRDV), which causes penaeid acute
viremia (PAV), Fish Pathol 3131313131, 39-45

51. Nakano, H, Koube, H, Umezawa, S, Momoyama, K, Hiraoka,
M, Inouye, K, and Oseko, N (1994) Mass mortalities of
cultured kuruma shrimp, Penaeus japonicus, in Japan in 1993:
Epizootiological survey and infection trials, Fish Pathol 2929292929,
135-9

52. Momoyama, K, Hiraoka, M, Inouye, K, Kimura, T, and
Nakano, H (1995) Diagnostic techniques of the rod-shaped
nuclear virus infection in the kuruma shrimp, Penaeus
japonicus, Fish Pathol 3030303030, 263-9

53. Momoyama, K, Hiraoka, M, Nakano, H, Koube, H, Inouye,
K, and Oseko, N (1994) Mass mortalities of cultured kuruma
shrimp, Penaeus japonicus, in Japan in 1993: histopathological
study, Fish Pathol 2929292929, 141-8

54. Takahashi, Y, Itami, T, Maeda, M, Suzuki, N, Kasornchandra,
J, Supamattaya, K, Khongpradit, R, et al. (1996) Polymerase
chain reaction (PCR) amplification of bacilliform virus (RV-
PS) DNA in Penaeus japonicus Bate and systemic ectodermal
and mesodermal baculovirus (SEMBV) DNA in Penaeus
monodon Fabricius, J Fish Dis 1919191919, 399-403

55. Kimura, T, Yamano, K, Nakano, H, Momoyama, K, Hiraoka,
M, and Inouye, K (1996) Detection of penaeid rod-shaped
DNA virus (PRDV) by PCR, Fish Pathol 3131313131, 93-8

56. Mayo, M A (2002) A summary of taxonomic changes
recently approved by ICTV, Arch Virol 147147147147147, 1655-6

57. Wongteerasupaya, C, Vickers, J E, Sriurairatana, S, Nash, G
L, Akarajamorn, A, Bonsaeng, V, Panyim, S, et al. (1995) A
non-occluded, systemic baculovirus that occurs in the cells
of ectodermal and mesodermal origin and causes high
mortality in the black tiger prawn, Penaeus monodon, Dis
Aquat Org 2121212121, 69-77

58. Wongteerasupaya, C, Wongwisansri, S, Boonsaeng, V,
Panyim, S, Pratanpipat, P, Nash, G L, Withyachumnarnkul,
B, et al. (1996) DNA fragment of Penaeus monodon
baculovirus PmNOBII gives positive in situ hybridization
with viral infections in six penaeid shrimp species, Aquaculture
143143143143143, 23-32

59. Nadala, E C, and Loh, P C (1998) A comparative study of
three different isolates of white spot virus, Dis Aquat Org 3333333333,
231-4.

60. Lo, C F, Hsu, H C, Tsai, M F, Ho, C H, Peng, S E, Kou, G H,
and Lightner, D V (1999) Specific genomic DNA fragment
analysis of different geographical clinical samples of shrimp
white spot syndrome virus, Dis Aquat Org 3535353535, 175-85

61. Magbanua, F O, Natividad, K T, Migo, V P, Alfafara, C G, de
la Pena, F O, Miranda, R O, Albaladejo, J D, et al. (2000)
White spot syndrome virus (WSSV) in cultured Penaeus
monodon in the Philippines, Dis Aquat Org 4242424242, 77-82.

62. 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 Americas by the international movement
of live and frozen shrimp, Rev Sci Tech Off Int Epiz 1616161616, 146-
60.

63. Erickson, H S, Zarain-Herzberg, M, and Lightner, D V (2002)
Detection of Taura syndrome virus (TSV) strain differences
using selected diagnostic methods: diagnostic implications
in penaeid shrimp, Dis Aquat Org 5252525252, 1-10

64. Erickson, H S, Poulos, B T, Tang, K F J, Bradley-Dunlop, D,

and Lightner, D V (2005) Taura syndrome virus from Belize
represents a unique variant, Dis Aquat Org 6464646464, 91-8



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


