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Aquaculture is one of the most rapidly devel-
oping sectors of global food production, con-
tributing significantly to socio-economic 
development by providing food security and 
export earnings from high-value products. The 
importance of the industry to the expanding 
world population is underscored by the grow-
ing gap between supply and demand for sea-
food. However, rapid growth in aquaculture 
has been accompanied by increasing prob-
lems with disease, and disease is now seen 
as a very significant threat to sustainable pro-
duction and trade. During the past decade, 
disease has devastated prawn farming in Asia 
and Latin America, with annual losses of up to 
US$3 billion. Devastating losses have also hit 
the salmon farming industries of Europe and 
North America, the diverse fish farming indus-
tries of Japan, Taiwan and China, and shell-
fish production in Asia and Europe. Disease in 
aquaculture is the result of ecological distur-
bances that disrupt the natural balance be-
tween pathogens and their host. Farming is 
often conducted in unnatural habitats which 
provide opportunities for exposure to new 
pathogens. Culture conditions may be poten-
tially stressful, causing existing infections to 
become more severe and precipitate disease 
outbreaks. Stocking densities are often high, 

increasing the risk of disease transmission 
and spread. There is also a growing trade in 
live aquatic animals, inevitably resulting in 
trans-boundary spread of disease and subsequent 
imposition of trade barriers. Solutions to the 
growing disease menace lie in improved 
methods for rapid disease diagnosis and 
pathogen detection, increased regulation of 
trans-boundary movement of live aquatic ani-
mals, closed-cycle breeding and selection for 
disease resistance, and improved education 
and training for both health professionals and 
farmers. 

Introduction 
Aquaculture is one of the most rapidly expanding 
sectors of global food production. From a rela-
tively low base in the early 1970s, 30 years of 
technological development, species diversification, 
commercial investment and government support 
have fuelled industry growth at an average annual 
rate of 8.9%. In the year 2000, annual aquaculture 
production reached 45.7 MMT with a total market 
value of US$56.5 billion, representing 32.2% of 
total fisheries landings and 12.6% of total aquatic 
and terrestrial meat production (Tacon 2003). 
Aquaculture is an important source of affordable, 
high quality, animal protein, especially in the poor 
communities of developing and low-income food-
deficient countries (LIFDCs). Fifty-seven LIFDCs 
accounted for 83.9% of global aquaculture produc-
tion in 2000 and, during the past decade, have sus-
tained an annual growth rate over seven times 
greater than in developing countries (Tacon 2003). 
The levelling of capture fishery production and 
growing demands for seafood will drive continued 
expansion of the aquaculture industry well into 
this century.  

The phenomenal growth in aquaculture produc-
tion, while beneficial to many poor communities, 
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has generated changes on a massive scale — 
changes in land-use, changes in the ecology of 
aquatic animals, and changes in the patterns of 
trade. A major consequence of these sociological, 
ecological and geo-economic changes has been the 
emergence and spread of disease. Because of dis-
ease, aquaculture remains a relatively inefficient 
and unreliable farming activity, very often operat-
ing with poor growth and/or survival rates from 
seed to harvest, and frequent production failures. 
Disease is now recognised as one of the most im-
portant constraints to efficient and sustainable 
aquaculture production, impacting on food security, 
socio-economic development, profitability and 
trade (Subasinghe and Phillips 2002). 

Ecological balance and disease 
emergence 
There is now a growing understanding of the fac-
tors that cause the emergence of new or quiescent 
infectious diseases that comes from an apprecia-
tion of pathogens as an integral part of the ecosys-
tem (Morse 1993, 1995; Brown 1999). The natural 
biological cycle involves a stable association with 
one or more hosts, providing the pathogen with a 
medium for efficient replication and progressive 
transmission of the infection. As infection pro-
ceeds, the pathogen encounters minor variations in 
its natural environment, including individual varia-
tions in host genetics and the immunological re-
sponse to infection. These challenges are met with 
compensatory changes by the pathogen, either 
through ongoing competitive selection of the most 
suitable mutants or through inherent capacity of 
pathogens for evasive behaviour. In this way, the 
pathogen achieves a dynamic equilibrium that sus-
tains a natural ecological balance with its host(s). 
This equilibrium does not a priori require the in-
duction of pathology or disease. Many pathogens 
infecting humans, animals, plants or fish do not 
normally cause disease. Indeed, the absence of pa-
thology or mortality frequently provides the 
pathogen a better opportunity for replication and 
efficient transmission. Covert infections without 
disease commonly occur for pathogens that have 
established a stable ecological niche (Hyatt et al. 
2004). 

New diseases of humans, food animals or wildlife 
usually emerge as a consequence of a shift in the 
environment of the pathogen that changes this 
natural balance and leads to significant changes in 
the biology of infection (Morse 1993; Daszak et 

al. 2001; Hyatt et al. 2004). Such disturbances are 
usually the result of changes in human activity that 
have an impact on the ecosystem. Human social 
and industrial activities that, over the centuries, 
have been implicated in disease emergence include 
increased urbanisation, the globalisation of trade, 
cultural and behavioural changes, the population 
of new environments, and the establishment and 
growth of new industries or industrial practices 
(Brown 1997; Mayer 2000). Changes of this nature 
can allow the pathogen, through necessity or op-
portunity, to occupy a new niche in which the eco-
logical balance is temporarily lost (Hyatt et al. 
2004). 

Large-scale aquaculture is such a change in human 
activity that has provided opportunities for the 
emergence of an increasing array of diseases. 
Aquaculture practices remove animals from their 
natural freshwater, offshore or estuarine environ-
ments and place them in high density in sea cages 
or in terrestrial ponds. This process exposes them 
to pathogens which they may not naturally encoun-
ter, imposes stresses that may compromise their 
ability to contain infection, and provides ideal 
conditions for the rapid transmission of infectious 
agents and disease. Aquaculture has also led to a 
large and growing trade in live aquatic animals, 
inevitably resulting in trans-boundary spread of 
disease (Lightner 1996; Renault 1996; Yoshimitzu 
1996). 

Impacts of disease 
Disease affects all sectors of aquaculture, but the 
most dramatic impacts have been seen in prawn 
farming. Prawn farming is based primarily in de-
veloping countries of Asia and Latin America 
which account for more than 90% of global pro-
duction. The industry has grown rapidly from a 
negligible base in the early 1970s to reach a total 
production volume of 1.48 million metric tonnes 
(MMT) in 2002 (Tacon 2003). Accompanying this 
expansion has been a change in land use on a mas-
sive scale. Projected from estimates in 1999, about 
2 million ha of coastal land globally are now oc-
cupied by prawn ponds — an area corresponding 
to the entire coastal zone of New South Wales or 
two-thirds the entire coastline of France and ex-
tending 10 km inland (www.greenpeace.org; 
www.foodmarket exchange.com). Predictably, 
ecological change on this scale has been a catalyst 
for the emergence and spread of major epizootics 
of infectious disease. In 1996, a study by C.G. 
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Lundin commissioned by the World Bank esti-
mated annual disease-related losses in prawn farm-
ing globally to be about US$3000 million or 40% 
of the production capacity of the industry (Israng-
kura and Sae-Hae 2002). In China, reported losses 
of US$420 million were reported to have occurred 
in a single season in 1993 (Wei 2002). In Thai-
land, annual losses peaked at US$650 million in 
1994, falling marginally to US$600 million in 
1997 (T.W. Felgel, pers. comm.; Chanratchakool 
et al. 2001). Although there was substantial recov-
ery with the adoption of improved disease man-
agement practices, Thai production was again in 
severe decline by 2002. In India, major disease 
problems have afflicted the industry since 1984. In 
2002, losses in India were evaluated at more than 
US$250 million, representing about 60% of the 
value of national production (K.K. Vijayan, pers. 
comm.). In Indonesia, disease losses were valued 
at more than US$300 million in 1999 (Rukyani 
2001). 

Despite the diverse nature of the prawn farming 
industry in Asia with respect to the size of farms 
and the socio-economic status of farmers, most 
holdings are small farms (<1 ha) operated by low-
income families. Lost production due to disease is 
directly detracting from incomes, job security and 
food security of these small farmers, as well as 
from workers in hatcheries, farms, feed mills and 
processing plants. As prawn aquaculture services 
seafood markets in the USA, Europe and Japan, 
disease also directly affects export revenue, with a 
flow-on of impact on socio-economic development 
in the sustaining rural communities. 

The prawn farming sector has also seen significant 
environmental impacts of disease. Farms experi-
encing multiple successive disease outbreaks are 
often abandoned by well-resourced farmers in fa-
vour of new developments elsewhere. Poorer 
farmers in some Asian countries commonly obtain 
finance to convert traditional rice fields to poten-
tially more profitable prawn ponds. Successive 
crop failures result in unrecoverable debt, with-
drawal of support from banks and the abandon-
ment of both prawn and rice farming activities. 
The high prevalence of disease in local prawn 
stocks in Asia has also driven a major shift in pro-
duction to exotic species, imported from the 
Americas. The white Pacific shrimp (Litopenaeus 
vanammei), which is native to the west coast of the 
Americas from Mexico to Peru, has been bred in 
captivity for many generations from stocks that are 
free of most known pathogens. Since 1998–99, L. 

vannamei has been used for large-scale commer-
cial production in Asia, rapidly becoming a major 
production species and replacing the giant tiger 
prawn (Penaeus monodon) which is native to 
many parts of Asia (Briggs et al. 2004). The white 
Pacific shrimp is now bred in hatcheries and cul-
tured on-farm in Taiwan, the Chinese mainland, 
Thailand, Vietnam, Indonesia and elsewhere in the 
region. It has been estimated that mainland China 
alone produced 300 000 t of L. vannamei in 2003, 
representing 71% of total production. Throughout 
Asia, 38% of total production (487 000 t) was es-
timated to be from this exotic species. The trade in 
SPF L. vannamei from the USA to Asia continues 
at an estimated rate of 28 000 broodstock per 
month, translating to a possible 3 billion post-
larvae (Briggs et al. 2004). This may well repre-
sent the largest trans-continental translocation of a 
single species in history. 

The farming of L. vannamei in Asia is recognised 
to have had a positive impact on the reliability of 
production and a flow-on of socio-economic bene-
fits to poor rural communities. However, the use of 
translocated broodstock, unscreened or inade-
quately tested for pathogens, is already known to 
have led to the spread of disease from the Ameri-
cas to Asia. Taura syndrome virus (TSV), which 
first emerged in Ecuador in 1992 and subsequently 
caused losses estimated at about US$1.3 billion in 
the Americas (Brock 1997), is now enzootic in L. 
vannamei in Asia (Tu et al. 1999; Yu and Song 
2000). There is also evidence of adaptation to TSV 
infection of local crustaceans, including the major 
enzootic production species, Penaeus monodon. 
The longer-term impact on disease in Asia and 
environmental consequences of this mass move-
ment of stock are not yet fully appreciated.  

It is now widely recognised that trans-boundary 
movement of live aquatic animals is the major 
cause of the spread of aquatic pathogens and dis-
eases. International trade in aquaculture seed and 
the movement of stock within national borders are 
intrinsic to the structure of the industry in many 
parts of the world. Pathogens are often present at 
very low levels in apparently healthy animals, es-
caping detection. Disease may only emerge follow-
ing translocation when the pathogens are activated 
by stressful conditions of transportation or culture. 
To prevent the spread of pathogens there has been 
an increasing reliance on trade restrictions, often 
implemented without reference to the internation-
ally agreed procedures and protocols instituted in 
the Sanitary and Phyto-Sanitary (SPS) Agreement 
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of the World Trade Organization that are intended 
to promote free trade. 

Although less dramatic in impact, other aquacul-
ture sectors also face serious disease issues. The 
salmon-farming industries of Europe and North 
America suffered serious losses following the 
emergence and spread of infectious salmon anae-
mia (ISA) in 1984. By 1999, the ISA epizootic was 
estimated to have cost the industries of Norway, 
Scotland and Canada in the order of US$60 mil-
lion (Anon. 1999; Hastings et al. 1999). Fish farm-
ing in Asia is plagued by production losses caused 
primarily by epizootic ulcerative syndrome (EUS) 
and highly pathogenic nodavirus and iridovirus 
infections. Studies conducted in Bangladesh, India, 
Vietnam, Philippines and Indonesia indicated that 
EUS (or red spot disease) is widespread and im-
pacting significantly on small-scale farmer income 
and food supply. In Thailand, it is estimated that 
economic loss due to EUS has totalled US$100 
million since 1993 (Anon. NACA Disease Library 
www.enaca.org.). In Bangladesh, fish prices at 
market fell by 60–75% following the first EUS 
outbreak in 1989, and 89% of farmers surveyed in 
1998 considered EUS a major production problem 
(Lilley et al. 2002). In Vietnam, EUS is considered 
the major constraint to improving output from 
freshwater culture, primarily carp and tilapia (Van 
et al. 2002). A study of small-scale sea bass and 
grouper farmers in Thailand indicated that, on av-
erage, they faced 30–40% mortality per crop 
(Kanchanakhan et al. 2002). Widespread disease 
problems are also facing the rapidly-growing shell-
fish industry in East and South-east Asia. It has 
been estimated that, in China alone, the annual 
economic loss due to disease in aquaculture is 
US$1.2 billion (Wei 2002). 

A case study of  
disease emergence and spread 
White spot syndrome virus (WSSV) is the most 
devastating of prawn pathogens, responsible for 
direct production losses likely to total more than 
US$10 billion over the past decade. WSSV is not a 
natural pathogen of prawns. The disease first 
emerged in 1992 from an unknown source in east-
ern China, apparently as a unique event, and it has 
since spread to most prawn farming regions of the 
world. The WSSV original outbreak occurred in a 
few ponds of kuruma prawns (Marsupenaeus ja-
ponicus) at Zhangpu in Fujian Province (Zhan et 
al. 1998; Lo et al. in press), and subsequently 

spread inland and along the coast as ponds were 
stocked with infected seed. During 1993, there was 
a rapid and progressive spread of the disease in 
other cultured prawn species along the Chinese 
coast to Shandong, Hebei and other provinces 
(Zheng, pers. comm.). In 1992, the disease was 
also first reported in northern Taiwan in domesti-
cated kuruma prawns introduced from the 
mainland (Chou et al. 1995; Wang et al. 1996, Lo 
et al. in press). From March 1993, WSSV ap-
peared in cultured kuruma prawns in Japan (Na-
kano et al. 1994). Initially, the disease affected all 
farms in five Prefectures that had imported juve-
niles from China. The disease then spread to other 
farms in Japan. In 1993, WSSV was also detected 
on the southern and western coasts of Korea (Park 
et al. 1998). 

The first recorded observation of white spot syn-
drome outside East Asia appears to have been in 
India in early 1993, but the outbreak was not re-
garded as serious at the time (Rajendran and 
Vijayan 2000). The first serious epizootic com-
menced in November–December 1994 in Nellore, 
Andhra Pradesh on the east coast of the sub-
continent (Mohan et al. 1998). On the Indian west 
coast, the first recorded outbreak commenced in 
the North Canara district of Karnataka in July 
1995 (Karunsagar et al. 1997). The initial out-
breaks have subsequently spread to all farming 
regions of India. In Thailand, WSSV was first de-
tected in laboratory-reared giant tiger prawns dur-
ing a transmission trial for yellow head virus in 
late 1993. White spot disease was not reported in 
farmed prawns in Thailand until late 1994 (Flegel 
1997). The disease was first observed in the south 
but subsequently spread to all prawn farming re-
gions of the country.  

WSSV has also now been reported in most prawn-
farming economies of Asia including Indonesia, 
Malaysia, Sri Lanka, Myanmar, Bangladesh and 
Vietnam. Despite the proximity to the infected in-
dustries of other Asian countries, the Philippines 
remained free of WSSV until 1999, probably due 
to restrictions on the importation of broodstock, 
nauplii and post-larvae. Australian prawn farms 
are free of WSSV infection but it is considered a 
major exotic disease threat. The absence of WSSV 
in Australian prawns has been attributed to the 
prohibition on importation of live crustaceans and 
uncooked bait prawns. 

The first recorded outbreak of white spot syn-
drome in the Western hemisphere occurred in a 
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single pond in Texas, USA, in November 1995. A 
nearby prawn reprocessing plant that imported 
heads-on frozen prawn from Asia was assumed to 
be the source (Lightner et al. 1997). In 1996 and 
1997, WSSV was detected and associated with 
severe mortalities in crayfish at the National Zoo 
in Washington DC. The crayfish had been fed rou-
tinely with imported frozen prawn. In 1997, 
WSSV was detected in captive prawns in a re-
search facility in Texas. In 1997 and 1998, WSSV 
was detected in wild prawn stocks from South 
Carolina and in bait prawns in Texas. 

The major epizootic of white spot disease in the 
Western Hemisphere commenced on the Pacific 
coast of Central America in 1999. The first report 
was from samples collected in Nicaragua, Hondu-
ras and Guatemala in mid-January following mor-
talities in some ponds. Subsequently, the disease 
was reported in Panama in March, Ecuador in May 
and had reached Peru by October (Alday de Gra-
indorge 2000a). It is now enzootic in all prawn 
farming regions on the Pacific coast from Mexico 
to Peru. Retrospective testing has indicated that 
WSSV was present in samples collected in Ecua-
dor from 1996 to 1998, prior to the first disease 
outbreaks (Alday de Graindorge 2000b). It is likely 
that the virus existed as a covert infection in 
healthy wild prawns well before disease occurred 
on farms. The concurrence of the initial wide-
spread outbreaks with the aftermath of Hurricane 
Mitch suggest the widespread environmental dis-
turbance may have precipitated the American epi-
zootic. The route by which WSSV was introduced 
to Latin America remains unclear. 

Conclusion 
The devastating white spot pandemic and other 
major disease outbreaks impacting on food secu-
rity have been catalysts for profound changes in 
the structure and operation of the aquaculture in-
dustry, and have led governments to address more 
seriously the issue of aquatic animal disease man-
agement. The messages have been clear. Disease 
emergence and spread are not simply unfortunate 
natural disasters that are beyond our control. They 
are a predictable consequence of the massive so-
ciological, ecological and geo-economic changes 
that have accompanied the development of this 
new industry. As aquaculture continues to expand, 
evolve and diversify, new diseases will emerge 
and, if we are not adequately prepared, the conse-
quences will be devastating for food security, 

socio-economic development and trade. The vast 
potential for aquaculture development in Africa 
remains relatively untapped, but will surely be the 
source of new disease challenges. To meet the 
challenge of containing disease and ensuring effi-
cient and sustainable aquaculture production, we 
must continue to improve our understanding of 
aquatic animal pathogens and our diagnostic capa-
bilities, improve disease surveillance and emer-
gency response capabilities, improve the 
regulation of trans-boundary movement of aquatic 
animals and other high-risk commodities, and de-
velop improved technologies for low-cost, chemi-
cal-free treatments and disease resistance. To 
ensure food security at the level of small-scale 
farmers, we must also improve education and 
training in practical disease management practices 
that are effective and affordable at the subsistence 
level. 
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