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Introduction
Since its beginnings in the early 1970s, shrimp farming has expanded dramatically to become
the most valuable sector of the world’s aquaculture industry, with over 50 countries now having
significant export trade in farmed shrimp and their products.  It has become a multi-billion
dollar global industry which has generated many hundreds of thousands of new jobs (direct and
indirect) and significant foreign currency earnings to the major benefit of the national econo-
mies of some developing countries.

been reported in most of the shrimp farming
countries of Asia as shown in Table 1.  In 1995,
the disease was detected for the first time in
the Americas (in Texas, USA) and during 1999
and 2000 the disease flared up in all shrimp
farming countries on the Pacific coast from
Mexico to Peru (Table 1).  At least 22 coun-
tries are now affected by WSD.

To some extent there has been a “gold rush”
rate of development which has involved rapid
transformation of coastal areas, particularly
mangroves, by large companies at one end of
the scale to peasant farmers at the other.  How-
ever, the bubble has burst in some countries
due to the effects of virus diseases, particu-
larly white spot disease (WSD), with major
economic and social consequences at local and
national levels.  Indeed, WSD provides the
world’s most dramatic example of emergence,
spread and detrimental impact of a disease
in aquaculture and one which has had signifi-
cant international trade repercussions.

Emergence and spread
The disease is believed to have first emerged
in 1991, or early 1992, in a shrimp farm in Tai-
wan and was observed later in 1992 in main-
land China.  Thereafter, the disease spread
rapidly along the coast of mainland China and
in 1993 it appeared in Japan, Korea and In-
dia.  In 1994, the disease broke out in Thai-
land and subsequently spread to all shrimp
farming regions of the country.  It has since
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Table 1. Countries affected by WSD
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Characteristics of the disease
WSD in shrimp is characterised by white spots
in the cuticle of heavily-infected animals and
a high and rapid mortality which may reach
100% within 3-7 days after onset.  In many
cases, there is an explosive epidemic in shrimp
production ponds.  All shrimp species so far
examined have been found to be susceptible
to WSD virus and the host range extends
widely into other marine and freshwater crus-
tacean species (Table 2), some of which have
also been found to develop the characteristic
white spots seen in farmed shrimp.  Several
species of crabs in the wild have been found
infected with the virus without displaying any
of the clinical signs and may act as a continual
reservoir of infection.  This persistence in wild
crabs, and possibly other crustacean species,
in the vicinity of shrimp farms may make the
disease difficult, if not impossible, to eradi-
cate from affected coastal areas.  It has been
found that captured brood shrimp are often
infected without clinical signs of disease, in-
dicating that infection may be life-long in wild
populations.  There is also some evidence for
vertical transmission in at least one shrimp
species (P. japonicus), either via infected eggs
or contamination of larvae during spawning.

Socio-economic impact
Economic losses due to WSD have been con-
siderable.  For example, it has been estimated
that the losses in China in 1993 alone totalled
more than $US 400 million and in Thailand
in 1996  production worth over $US 500 mil-
lion. was lost  As in Asia, the socio-economic
effects of the disease in the Americas have
been dramatic, particularly in Ecuador where
production fell from 160,000 tonnes at the start
of 1999 to 40,000 tonnes by the end of 2000

due to the disease.  Economic losses reached
$US 280 million in 1999, rising to $US 575
million in 2000 with over 150,000 jobs lost in
the sector in 1999 alone, since when some es-
timates put the total overall (direct and indi-
rect) job losses to be at over 500,000 with vir-
tually all the country’s shrimp farms affected
by the disease and well over half the shrimp
ponds put out of production.  So serious has
been this impact to the national economy that
a Presidential Decree of a State of Emergency
was issued and authority given for the Na-
tional Stability Fund to be used to assist the
industry.  In neighbouring Peru, between
August 1999 and April 2000 the production
area in use fell from 3,500 to 500 and the ex-
port trade fell from $US 50 million to $US 3
million : the total economic loss to date is es-
timated at more than $US100 million.

Impact on imports
The source of WSD introductions into affected
countries has not been identified with cer-
tainty in most cases, but imports of nauplii,
post-larvae or live brood shrimp for hatcher-
ies, and/or dead shrimp for processing, are
thought to have been the most likely routes.
Some of the main factors (P. Walker, pers.
comm.) believed to be responsible for the
rapid international spread of the disease by
live shrimp are:

Translocation of infected brood shrimp and
post-larvae
Highly virulent agent with a wide range of
potential hosts and vectors.
Vertical transmission and latency of the
virus.
Use of unprocessed shrimp meal in feed.
Poor early understanding of the disease by
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Table 2. Species affected by WSD

researchers and farmers.
Absence of adequate detection methods
(e.g. PCR) until WSD had spread through-
out Asia

Furthermore, Lightner et al. (1997) proposed
the following factors to be the likely causes
of the transfer of WSD virus via dead shrimp
imports:

Processing of imported shrimp at coastal
sites (release of untreated effluent).
Disposal of solid waste (heads, shells, etc) in
land-fill sites (scavenging seagulls, etc).
Use of imported shrimp as fish bait
Use of imported shrimp as “fresh feed” for
other aquatic species.
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Table 2 continued...
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The ease of WSD virus transfer to live shrimp
from dead shrimp was recently confirmed
experimentally by Soto et al. (2001) who also
calculated the viral loads and transmission
coefficients for different parts of the shrimp
carcass.

Belief that WSD has been introduced by such
means has inevitably led some countries to
react by introducing stricter control on im-
ports of live and dead shrimps, in some cases
even prohibiting shrimp products from coun-
tries known to be affected by WSD or which
cannot demonstrate freedom from the disease.
For example, Ecuador has introduced new
import restrictions for live brood shrimp,
nauplii and post-larvae.  Imports from coun-
tries outside the Americas has been prohib-
ited and nauplii and post-larvae are only al-
lowed from hatcheries in the Americas which
have been inspected by a team of experts from
Ecuador and can be certified free from WSD.
In April 1999, Mexico applied a requirement
that any imported crustacean product from
Texas, USA, must be certified free of WSD vi-
rus (and yellowhead disease virus also).
Shrimp and crab producers in the USA were
thereafter unable to export shrimp to their
usual processing plants in Mexico.  The fact
that Mexico also harvest wild shrimp in the
Gulf of Mexico, where there is evidence that
WSD infections are established, caused some
suspicion that the new requirement was re-
ally a disguised a non-tariff barrier to trade.
In Australia, there were recent concerns that
WSD had been imported following the detec-
tion of the virus (by PCR testing) in samples
of prawns and crabs as an aquaculture re-
search centre in Darwin which had been us-
ing fresh, raw prawns (from S E Asia ?) as part

of the feed regime.  Subsequently, PCR tests
on a batch of imported frozen prawns proved
positive and bioassays demonstrated the pres-
ence of infectious, virulent WSD virus.  These
incidents confirmed the risk of introduction
of WSD virus via such imports and led the
Australian federal authorities to apply stricter
conditions for import of uncooked prawns.
Currently, consignments of imported whole
and unpeeled headless prawns must stay in
quarantine bond until tested by PCR for WSD
virus.  Batches which are found positive must
be re-exported, destroyed or further processed
at a secure processing facility approved for
that purpose by the Australian authorities.
These are interim measures pending comple-
tion of a full import risk analysis for prawns
and prawn products which is being carried
out to provide rigorous scientific justification
as required under international rules and
standards for import controls.

International rules and standards for
import controls
Whilst quarantine and health certification re-
quirements for imports are widely accepted
as a valid part of national defence against in-
troduction of aquatic animal diseases, in to-
day’s world they must be developed within
the context of international standards ad-
dressing this problem and not used simply as
a justification for a barrier to competing trade.

The right of a country to restrict trade when
necessary to protect human, animal or plant
life or health was always recognised under the
General Agreement on Tariffs and Trade
(GATT) provided that the measures were not
applied in a manner which unjustifiably dis-
criminated between countries with the same
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health conditions and were not applied as a
disguised restriction on trade.  The same prin-
ciple is now applied under the rules of the
World Trade Organisation (WTO) which re-
placed GATT in 1995 following the conclusion
of the “Uruguay Round” of multilateral trade
negotiations at which 125 countries signed up
to the “Agreement on the Application of Sani-
tary and Phytosanitary Measures”, otherwise
known as the SPS Agreement (WTO, 1994).
One of the main aims of the SPS Agreement
is to preserve the sovereign right of national
governments to establish the level of animal
health protection which they consider appro-
priate, whilst ensuring that this right is not
used for trade protection purposes.

The Agreement defines “animal” as includ-
ing fish and encourages governments to adopt
harmonised sanitary measures for animal
health based on the standards, guidelines and
recommendations issued by the Office Inter-
national des Epizooties (OIE) as the World
Organisation for Animal Health.  The OIE
currently provides the only international
standards recognised under the SPS Agree-
ment for health certification of fish and shell-
fish, and their products, intended for inter-
national trade.

However, the Agreement does allow WTO
member countries to introduce or maintain
sanitary or phytosanitary measures which
result in a higher level of health protection
than would be achieved by measures based
on the international standards, guidelines or
recommendations of OIE, provided there is
sufficient scientific justification.  If a country
does introduce measures beyond those of the
OIE standards, they may be challenged
through the WTO by other countries whose

export trade is adversely affected and the
WTO may then require the importing coun-
try to present its scientific justification.  Such
justification will almost certainly only be con-
vincing if it stems from a full import risk
analysis to demonstrate that the additional
level of protection is based on sound science
and reasoning.  This type of analysis is a com-
plex, time consuming and expensive exercise
and is not guaranteed to succeed in convinc-
ing the adjudication panel in the WTO that
the import restrictions are justified.  If ruled
against, the country may find exporting coun-
tries which have lost trade as a result of the
import restrictions will seek compensation
through WTO permission to apply punitive
tariffs to products it imports from the offend-
ing country.  Staying within the OIE stand-
ards, including those for health certification
of live and/or dead animals prior to export,
is regarded as being consistent with the SPS
Agreement and should therefore not be vul-
nerable to such challenge.

OIE standards for international trade in
aquatic animals and products
The OIE standards applicable to international
trade in aquatic animals and products are laid
down in the International Aquatic Animal
Health Code (currently, 4th edition published
in 2001) (OIE, 2001) and in the Diagnostic
Manual for Aquatic Animal Diseases (cur-
rently, 3rd edition published in 2000) (OIE,
2000).  The purpose of the Code is “to assist

Veterinary Administrations and/or other Compe-

tent Authorities in OIE Member Countries in the

preparation of veterinary health certificates for

international trade, based on a uniform approach

to health control in aquatic animal populations

using standardised methods for the diagnosis of
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important diseases”.  Certification is a prereq-
uisite for controlling and preventing the
spread of aquatic animal diseases through
international trade in live aquatic animals and
their products but such certification must be
based on standard methods and high ethical
standards.  The OIE defines an international
aquatic animal health certificate as “a certifi-

cate issued by a member of the personnel of the

Competent Authority of the exporting country,

certifying the state of health of the aquatic ani-

mals, and a declaration that the aquatic animals

originate from a source subjected to official health

surveillance according to the procedures described

in the Manual”.

It is important that international aquatic ani-
mal certificates and international sanitary cer-
tificates are kept as simple as possible and are
clearly worded so as to avoid any misunder-
standing of the requirements of importing
countries.  The OIE considers it is unneces-
sary, and against the principles of facilitating
international trade, to seek guarantees of free-
dom from ubiquitous infections that are
prevalent in the importing country.  There
may be exceptions to this general rule, for
example, where programmes exist in the im-
porting country for the control or eradication
of specific diseases, or where it is considered
to be important to avoid the introduction of
new strains of pathogens.

Does WSD virus pose a threat to European
crustaceans ?
Shrimp farming is currently very limited in
the EU but interest is increasing, particularly
in the use of intensive re-circulation rearing
systems and some pilot operations have
started.  Because of its unusually large host

range, concerns have been expressed about
the potential risk WSD virus poses to both
cultivated and wild populations of European
native crustaceans should be introduced.  This
concern has been compounded by recent pub-
lished studies (Corbel et al., 2001) which have
demonstrated the susceptibility of 5 native
marine crustacean species (the crabs
Liocarcinus depurator, L. puber and Cancer

pagurus, the lobster Scyllarus arctus and the
shrimp Palaemon adspersus) and 2 freshwater
crayfish species (Astacus leptodactylus and
Orconectes limosus) by feeding with previously
frozen shrimp infected with WSD virus or by
inoculation of haemolymph from previously
frozen shrimp infected with WSD virus.
Mortalities ranged from 60% to 100%.  The
authors give a warning of the high potential
for the spread of this disease in Community
waters and emphasise that this justifies a rig-
orous monitoring of imported shrimp, includ-
ing frozen consignments, to prevent introduc-
tion of the virus and subsequent losses of cul-
tivated and natural populations of crusta-
ceans.

Conclusions
WSD has had more impact at national and
international levels than any other disease in
aquaculture.  In socio-economic terms, the
damage has been considerable, with global
production losses running into many $US bil-
lions in value and job losses totalling hun-
dreds of thousands, to the extent that the he
national economies of some developing coun-
tries have been significantly affected by the
disease outbreaks. The wide geographical dis-
tribution of the disease is generally perceived
to be due to indiscriminate international
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transfers of live shrimp (nauplii, post-larvae
and brood animals) for aquaculture opera-
tions and possibly, to some extent, also to in-
ternational trade in dead shrimp for process-
ing after importation.  This perception has led
to some countries placing stringent health
conditions on shrimp imports (both live and
dead).  However, some of these measures run
the risk of being seen as non-tariff trade bar-
riers, whether scientifically justified or not.  In
countries of the EU, there are currently no
such restrictions on shrimp imports with re-
spect to WSD but recent research findings
have demonstrated the high susceptibility of
several native crustacean species, both marine
and freshwater.  This has raised fears that
importation of shrimp (including frozen shell-
on commodity) could lead to introduction of
the WSD virus into European native crusta-
cean populations of commercial and ecologi-
cal importance, with potentially serious con-
sequences.  However, it has to be said that
elsewhere in the world where WSD virus in-
fections have been detected in wild crustacean
populations there has been little evidence for
clinical disease development and no evidence
for population decline so far, but further re-
search is needed in this area.
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