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Preface

The Asian Interchange Program was founded at The Oceanic Institute in 1989.
The program's goal is to facilitate the exchange of applied aquaculture informa-
tion and technology between the United States and Asia. This is accomplished,
in large part, through the organization of international workshops and distribu-
tion of workshop proceedings to information networks throughout the United
States and Asia.

This is the third workshop proceedings issued by the Asian Interchange
Program. Previous volumes dealt with the culture of cold-tolerant shrimp in
Asia, and the culture of rotifers and microalgae in Asia and the United States.
For our third year, we chose to focus on the infectious and noninfectious diseases
of cultured shrimp in Asia and the United States. Not only is this a timely topic
in many Asian countries where shrimp disease problems have been mounting
over the past five years, but it also ties in with recent efforts by the Gulf Coast
Research Laboratory Consortium to develop and maintain specific pathogen-free
stocks for shrimp farmers in the United States.

The Workshop

This year, participants traveled from Japan, Malaysia, the Philippines, the
People's Republic of China, South Korea, Taiwan, Thailand and the United
States mainland  Arizona, Horida, Mississippi and Texas! to attend the workshop
in Honolulu, Hawaii from April 27 - 30, 1992  see photo!. Everyone presented a
paper during the four morning sessions. Afternoons, by contrast, were spent in
discussion groups, where participants had the opportunity to share information
and ideas with their colleagues on a variety of disease-related issues.
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Preface

The Proceedings

The volume is divided into three parts: the introduction, contributed papers and
discussion group summaries. The introduction and discussion group summaries
were written by Wendy Fulks and edited by Kevan Main.

The papers are grouped into six sections: Country Situations, Viral Diseases,
Bacterial Diseases, Diagnostic Procedures, Specific Pathogen-Free Stocks, and
Research, Regulations and Health Management. The 21 papers represent a wide
range of perspectives � shrimp farmers in every country face unique problems.
For example, growing conditions  e.g., temperature, water quality and soil
conditions! vary between regions; also, different species may be grown and
different pathogens may be encountered. Importantly, regulations governing
culture practices, such as the use of drugs, and their enforcement are also
different in every country. The range of viewpoints presented in this volume are
those of researchers, farmers and/or extension agents from eight different
countries.

Even with all of these differences, several common themes recurred in both the
papers and the discussion group sessions. One of those issues was the spread
of pathogens  especially viruses! via the uncontrolled movement of shrimp
stocks. The transfer of stocks whose disease status is unknown may pose a threat
to wild shrimp populations and could also harm shrimp culture ventures.
Resolution of this problem will not be easy, and will most likely involve more
widespread adoption of quarantine regulations and increased usage of specific
pathogen-free  SPF! stocks. Everyone agreed that international cooperation is
necessary to define and implement feasible, effective quarantine regulations.
Furthermore, each country must determine which pathogens to target for
exclusion, and there will probably be a different exclusion list for every species
grown.

A quarantine system, however, is useless in the absence of standardized
diagnostic techniques. Experts need to agree about which techniques are best
for a given pathogen, and health inspectors and, eventually, hatcheries, will
need to be certified. Furthermore, better  more reliable, more sensitive, easier,
quicker and less expensive! diagnostic methods need to be developed and
transferred to field diagnosticians.

Another common theme was the need for improved husbandry techniques. Since
many serious diseases of cultured penaeids are caused by opportunistic organ-
isms, disease losses can be prevented by providing optimal conditions for growth
and by carefully monitoring the health of animals throughout the rearing cycle.
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TMs is especially true in semi-intensive and intensive culture conditions. In the
area of drug use, most participants agreed that a number of compounds,
including antibiotics and so-called "probiotics," are being used irresponsibly in
many shrimp farming areas. The prophylactic use of antibiotics in hatcheries can
foster the spread of antibiotic-resistant bacterial strains and may also weaken
larvae in the long run. Also, extreme care must be taken when using drugs
during growout to ensure that no residues remain in shrimp that are sold for
consumption.

Environmental awareness was another important issue that was raLaek several
times during the workshop. Almost nothing is kern about how shrimp farms
affect their surroundings. In areas where there is a high concentration of farms,
an answer is needed to the question, "How many shrimp farrrN can the
ecosystem support over the long term!" In turn, we also need to know how
fluctuations in the natural environment may affect the health of cultured shrimp.
The dynamics involved are quite complex, and answers will not be immediately
forthcoming.

Internationa0y, shrimp culture is recognized as a valuable industry; if it is to
prosper, the problems of disease diagnosis, prevention and treatment must be
dealt with immediately. Progress has been made toward resolving some of the
vital issues mentioned above, and some of that progress is detailed in this book.
For example, advances in disease diagnosis are described herein, as are recom-
mended husbandry practices to prevent and treat diseases of cultured shrimp.
SPF stocks of Penaeus vannurnei are now being used throughout the United States,
and awareness of the need for quarantine measures is increasing. In an effort to
safeguard the future of shrimp farming, researchers in Asia and the United States
are increasing our knowledge of known shrimp diseases, and identifying and
characterizing new diseases and disease agents. It is hoped that this volume will
further the efforts of both researchers and producers by making available the
latest information and technology related to the diseases of cultured penaeid
shrimp.
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Introduction

Worldwide, almost 700,000 MT of cul-
tured shrimp were produced in 1991�
28% of all the shrimp sold that year
 Rosenberry, 1991!. More than 80% of
that record total represents shrimp
grown in Asia, and production in Asia
and in the western hemisphere is ex-
pected to increase again in 1992  Rosen-
berry, 1991!.

A practical way to increase production
is to adopt more intensive culture
methods, and this is exactly what is
happening in many shrimp producing
nations, especially those in which suit-
able land is expensive or scarce. In-
creasing the density at which shrimp
are cultured, however, increases the
amount of stress the animals experi-
ence, making them more likely to suffer
from disease. Another concern result-
ing from the expansion of penaeid
aquaculture is the transfer of patho-
gens, especially viruses, between cul-
ture locales and species, As the global
shrimp culture grows, so will the im-
portance of recognizing, treating and
preventing disease in culture facilities.

For the purposes of this paper, disease
is defined as "any departure from nor-
mal structure or function" and includes
infectious diseases caused by microbial
pathogens or parasites, and noninfec-
tious diseases  genetic and environ-
mentally induced abnormalities!  see
Sinderrnann, 1990!.

Shrimp CUIture in Asia and
the United States

In Asia, the largest producers of farm-
raised shrimp  in order of importance!
are the People's Republic of China,
Indonesia, Thailand, India, the Philip-
pines, Vietnam and Taiwan. In fact,
China, Indonesia and Thailand are the
three largest producers in the world
 Rosenberry, 1991!.

Eighty percent of the shrimp grown in
China are Penaeus chirrensis  also known
as P. Orientalis!, but P. rrrerguiensis, P.
penicillatus and P. morrodon are cultured
on a large scale as well. Relatively small
numbers of P. japonicrrs and P. semisul-
catus are also grown in China  Liu,
1990!. Penaeus rnonodorr, a fast-growing,
hearty species, dominates production
in the remaining Asian countries, but
P. rriergrriensis, P. irrdicus and P, japmi-
crrs figure prominently in some locales
 Rosenberry, 1991!. Most of the shrimp
culture in Asia would probably be clas-
sified as extensive or semi-intensive,
yielding between 500 and 5,000
kg/ha/crop.

The United States has a small, young
shrimp culture industry. Almost all of
the farm-raised shrimp are P. vanrrarrrei,
which are grown either semi-inten-
sively or intensively in South Carolina,
Texas and Hawaii. The United States is
the second largest consumer of shrimp,
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however, importing much of its supply
from farms in Asia.

Pe@acid Shrimp Diseases
Several detailed reviews of the litera-
ture pertaining to diseases of penaeid
shrimp have been published, including
those by Couch �978!, Ruangpan
 W8!, Lightner �983, '1985!, Proven-
zano �9&3!, Saticados �988!, Sinder-
mann and Lightner �988!, Johnson
�989!, Lightner and Redman �991!
and Sell �991!. Nearly 30 diseases and
disease syndromes of cultured
penaeids, with both infectious and
noninfectious etiologies, have been de-
scribed  Sindermann and Lightner,
1988! but many are poorly understood.
The most important pathogens of cul-
tured shrimp are viruses, bacteria,
fungi and protozoa.

Viruses

"Viral diseases and associated mortali-
ties are emerging as one of the most
important problems in penaeid shrimp
culture"  Sindermann, 1990!. Viruses
in crustaceans were first reported in the
rnid-1960s, and to date, none have been
adequately characterized  Sindermann,
1990!, Thus far, 12 viruses have been
identified from penaeid shrimp  Light-
ner et al., this volume!, and six fatal
viral diseases of penaeids have been
reported. Infections in larvae and juve-
niles are most cornrnon. Some viruses
are specifK to one or only a few species
«shrimp, while others appear to be
capable of infecting aH penaeids.

Viral disease outbreaks in populations
in which a virus has remained latent
can result from stress; common stres-
sors are overcrowding, abnormal tem-
peratures, and low dissolved oxygen
levels. Prevention of viral diseases con-
sists of quarantining all introduced
stock to virus-free facilities, and disin-
fection of infected facilities. There are
no known treatments for viral diseases;
moreover, diagnosing some viral infec-
tions is currently an expensive, time-
consuming task undertaken only by
highly trained persons.

Rickettsia

Rickettsia are rod-shaped microorgan-
isms known to cause diseases in a
variety of taxa. Rickettsia or rickettsia-
like organisms have been found in P,
vannamei  Krol et al., 1991!, P. margi-
rtafus and P. merguiensis. Penaeus mono-
dort and P. siylirosfris have been
experimentally infected  Brock, pers.
comm.!, Tetracycline may be an effec-
tive treatment  Brock, pers. comm.!.
Rickettsia are not, however, usually
considered serious pathogens of cul-
tured penaeids.

Bacteria

Another important category of patho-
gens is bacteria. A group of Gram-nega-
tive, rod-shaped bacteria, most of
which belong to the genus Vibrio, is
associated with serious disease out-
breaks in cultured populations of
shrimp � mortalities of up to 10096
have been reported  Lightner, 1983;
Lightner et al., 1984!. One disease
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caused by these bacteria is called vi-
briosis  a type of bacterial septicemia!,
and infections can be chronic, subacute
or acute. There are a number of patho-
genic species and strains, and their
virulence can vary markedly. All spe-
cies of shrimp can be infected. Al-
though bacteria have frequently been
associated with mortalities, most bacte-
rial infections are of secondary bacterial
etiology and result from extreme
stresses and opporturustic pathogens.
A number of chemicals and antibiotics
have been used to treat shrimp vi-
briosis, including EDTA, furanace,
furazolidone  NF-l80!, erythromycin,
terramycin and chloramphenicol.

Chitinolytic bacteria may invade exist-
ing breaks in the epicuticle, enlarging
wounds through the secretion of ex-
tracellular enzymes  bacterial necrosis
and shell disease!, and filamentous
bacteria  usually Leucothrix rnucor! may
attach to setae and gill lamellae. The
latter can affect respiration, and their
presence is considered indicative of
stressful culture conditions.

Fungi

Fungal diseases are also common in
shrimp. In many cases, infection results
from opportunistic invasions of shrimp
that have been injured or exposed to
stressful conditions. Fungi can cause

~ mass mortalities, especially in hatcher-
ies, where the disease larval mycos5
has proven to be quite deadly. Larval
mycosis' is usually caused by either
Lagenidium callinectes, Sirolpidium sp. or
Haliphthoros sp., and mortalities can

reach 100% within 48 h after the onset
of infection. Treflan~ and malachite
green are commonly used to treat fun-
gal infections in hatcheries.

Another important fungal pathogen is
Fusarium solatti, the most common eti-
ological agent of Fusarium disease or
black gill disease. All penaeids can
contract Fusarium disease, but some,
like P. japotticus, seem to be particularly
sensitive and suffer a high rate of mor-
tality when infected.

Protozoa

All shrimp are susceptible to fouling by
epicommensal protozoa. These organ-
isrns are naturally present in the culture
environment, Protozoa may attach to
the gills, appendages and bodies of
cultured penaeids. A number of genera
may be encountered, including Zoo-
thamnivrn, Epistylis, Vorticella, Acineta
and Iagenophrys. Late larval through
adult stages can all be affected, and
high-density cultures are probably
more susceptible to serious infesta-
tions. Extensive colonization of gills
may interfere with respiration, result-
ing in mortalities.

Microsporida, internal parasitic proto-
zoa, are responsible for the abnormality
known as cotton shrimp or milky
shrixnp. Thus far, rnicrosporidosis has
not been a major problem in cultured
shrimp, presumably because these
pathogens require either an intermedi-
ate, or, more likely, a "conditioning"
host to complete their life cycle. This
disease is more apt to occur in extensive



p culture situations, where inter-
mediate hosts such as fish may be
present in the culture envirorunent.

P. vsnnamei, P. stylirostris and P. setif-
ees, and gut-and-nerve syndrome of P.
Japoti Kks.

Finally, gregarines are common inhabi-
tants of penaeid intestinal tracts, Bell
and Ughtner �991! reported that popu-
lations with a high prevalence of grega-
rine infestation sometimes exhibit
reduced feeding and growth rates, in-
creased surface fouling, and/or slight to
moderate increases in mortality.

NutNional, Toxic and
Environmental Diseases

A few of the most common diseases in
this category are vitamin C deficiency,
also known as black death; black gill
disease, a result of exposure to toxic
levels of substances such as heavy met-
als, ozone, or arnrnonia  not to be con-
fused with the black gill disease caused
by infection with the fungus FMsariiim
sp.!; and gas bubble disease, caused
by supersaturation of culture water
with atmospheric gases. All species of
penaeids are presumably susceptible to
these diseases, though some may be
more sensitive than others to subopti-
mal environmental conditions or cer-
tain toxins.

Diseases of Unknown Etiology

In addition to the previously men-
tioned diseases and disease syn-
dromes, there are a number of
conditions reported from cultured
penaeids for which no cause has been
discovered. Examples include black
spermatophore disease, affecting male

The Status of Penaeid
Diseases ln Asia

Penaeus monodon

As the most important species of cul-
tured shrimp in the world, P, rrirmodori
has been a frequent subject of disease
investigations � pathologists have
been studying P. remod0ii for years.
Naturally distributed throughout the
IndoWest Pacific region from 30'E to
155'K longitude and from 35'N to 35'S
latitude, P. eonodon is most abundant
in the tropical waters of Indonesia,
Malaysia and the Philippines. It has
become an important culture species in
countries within its range, especially
Indonesia, Thailand, India, the Philip-
pines, Vietnam and Taiwan. Penaegs
monodon is normally considered to be
exceptionally hearty, but increasing
culture densities and environmental
degradation have contributed to dis-
ease problems. Serious diseases of vi-
ral, bacterial, fungal, protozoan,
rickettsial and unknown etiologies have
been reported.

Infectious and Parasitic Diseases,
From an economic standpoint, the most
important viral pathogen of P, ~odour
may be Pensees rnoriodori-type bacu-
lovirus  MBV; Lightner and Redman,
1981!. This baculovirus affects all life
stages and has been implicated in mass
mortalities, especiaHy in shrimp that-
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are cultured at high densities or ex-
posed to some other stressor. Accord-
ing to Saticados �988!, MBV has been
detected in P. monodon from Taiwan,
the Philippines, Malaysia, French Poly-
nesia, Hawaii, Kenya, Mexico, Singa-
pore and Indonesia  Table 1, also see
Colorni, 1990!. Ruangpan �978, cited
in. Anderson et al., 1987! reported an
instance of 50% mortality in pond-
reared P. monodon at a farm in Thailand
 also see Fegan et al,, 1991!, and An-
derson et al. �987! stated that MBV is
likely to be normally present in all
cultured pond populations of P. mono-
don in Malaysia at low endemic levels.

Infectious hypodermal and hemato-
poietic necrosis virus  IHHNV! has also
been found in cultured P. monodon.
Lightner �983! reported 80 - 90% cu-
mulative mortalities within two weeks
of onset of IHI~ disease in 0.05- to
1-g P. mon odon. Postlarvae and juve-
niles are considered particularly sus-
ceptible, and P. monodon infected with
IHI&lV have been reported from Ecua-
dor, Guam, Tahiti, the Philippines, Ha-
waii, Singapore, Israel, Panama and

Costa Rica  Baticados, 19N; also see
Colorni, 1990!. Furthermore, IHICNV
has been found in southeast Asian cul-
ture facilities that use only captive, wild
P. monodon broodstock, suggesting that
this region is within the natural geo-
graphic range of the virus and that P.
numodon may be a natural host species
 Lightner and Redman, 1991!.

Hepatopancreatic parvo-like virus
 HPV! is yet another viral pathogen of
P. monodon. It has been reported from
Malaysia  Lightner and Redman, 1985!,
Israel  Colorni, 1990!, the Philippines
and Kenya  Baticados, 19N!. HPV-in-
fected P, rrurnodon exhibit poor growth
rates, anorexia, reduced preening activ-
ity, increased surface fouling, and oc-
casional opacity of tail musculature. A
reo-like virus  REO! has also been
found in P. monodon in Malaysia  An-
derson et al., 1987!.

There are no treatments for the diseases
caused by MBV, II~K, HPV or REO.
The only recourse is to prevent con-
tamination of virus-free stock and fac6i-
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approval is reqviref for drugs and chemicais used on shrimp grown for human consumption.

ties by destroying infected animals and
fluarantining all imported stock.

A number of bacterial pathogens have
been reported for P. tiumodori  Table 2!.
«angpan �982! and the Philippine
Council for Agriculture and Resources
Research Development  PCARRD!
�985, both cited in Baticados, 1988!
reported that vibriosis affects proto-
~ai stages and causes heavy mortali-
ties � up to SNAB � in P. moriokm
»tcheries. Anderson et al. �988! in-
vestigated several cases of vibriosis in

juvenile P. monodon cultured in Malay-
sian brackishwater ponds. Anderson et
al. �988! isolated bacteria of the genus
Vibrio from the hemolymph, and also
found Pseudomonas sp. and other Gram-
negative bacteria. They noted that vi-
briosis in juvenile shrimp has been
treated successfully by adding antibiot-
ics to the diet; for the semi-intensive
ponds studied, however, chemother-
apy was not an economical option.
Mortalities were reduced after the farm-
ers began to reprove excess detritus
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from dried ponds followed by applica-
tions of CaO at the rate of 0.5 kg/m .

Chitinoclastic bacteria were responsible
for exoskeletal lesions in pond-cultured
P. rrt0rtodon  Lio Po and Pitogo, 1990;
Baticados, 1988; Chen, 1990! and a
bacterial disease of larvae and young
postlarvae termed "necrosis of append-
ages" has been shown to cause mortali-
ties in hatcheries in the Philippines,
Indonesia, Malaysia, Singapore, Thai-
land and Taiwan  Baticados, 1988!. Ba-
ticados �988! discussed a disease
caused by luminous bacteria that had
caused significant problems in hatcher-
ies in the Philippines, Indonesia, Ma-
laysia and Thailand. Filamentous
bacteria of the genus Leucothrix some-
times attach to the cuticles of cultured

P. remodort. Finally, Liu �989! studied
the histopathology of bacterial induced
hepatopancreatitis of cultured P. mono-
don in Taiwan.

With respect to the treatment of bacte-
rial diseases in Asia, a number of drugs
have been tested in the Philippines to
combat larval necrosis, including eryth-
romycin phosphate, streptomycin-
bipenicillin, tetracycline chlorhydrate,
sulfarnethazin, furanace and chloram-
phenicol. Rigid sanitary practices, such
as the chlorination of culture water,

removal of wastes and sediments from
the tank bottom, and increasing the rate
of water exchange have effectively re-
duced mortalities from luminous bacte-

ria. And finally, filamentous bacterial
disease is controlled in the Philippines
with Cutrine4'-Plus, a copper com-
pound, given upon onset of the disease

at 0,1 rng Cu/l for 24h or 0.25-0.5 mg
Cu/L for 4 - 8 h  Baticados, 1988; light-
ner, 1983!.

Anderson et al. �987! reported on a
disease syndrome of P. morrodon in Ma-
laysia in which rickettsia were believed
to be the primary pathogens. MBV and
a reo-like virus were also detected in

the diseased shrimp, and Gram-nega-
tive bacteria were implicated as secon-
dary pathogens. Interestingly, this
disease syndrome did not affect the P.
merguiensis or P. indices inhabiting the
same ponds.

One of the most serious fungal dis-
eases, larval mycosis, affects all cul-
tured penaeids, P. moron being no
exception. Lagenidiurrt caltinectes is the
most common agent, causing heavy
mortalities in larvae and postlarvae in
the Philippines, Thailand and Indone-
sia  Baticados, 1988!. Simtpidium sp.
and Hatiphthoros sp. have also been
reported to cause larval mycosis  Table
3!. If the incidence rate is low, Baticados
�988! reports, lagenidium spp, infec-
tions can be managed by removing
sediments and dead larvae, increasing
+rater exchange, and reducing stocking
densities. In addition, malachite green,
Treflan~  trifluralin!, Formalin and de-
tergent have been used to combat the
disease, and potassium permanganate
is considered to be a useful disinfectant
 Baticados, 1988!. Water management
techniques and Treflan~ are used in the
Philippines to combat SiroIpidiurrt sp.,
and Hatiphfhoros sp. infections are
treated with furanace, malachite green,
Formalin and potassium permanga-



Formalin and potassium perrnanga-
nate, HnaHy, detergent, calcium hypo-
chlorite and Resiguard+ are used to
disinfed systems in which Haliphthoms
sp. has been a problem  Baticados,
19M!.

Adult P. monodom are sometimes in-
fected by Fusariam sp., the agent re-
sponsible for black giH disease in
penaeid shrimp. According to a report
by Ruangpan �982; cited in Baticados,
1988!. about 50% of a sample popula-
tion of cultured P. morudon suffered

disease, which resulted in
4u'ge losses. Liao et al. �977!, however,
observed that Fasarium sp. was rare in
cultured p. m~kpn in Taiwan. Other
~gi renown to infect P. moeodon are
Hyp~yces sp,, $aprotegnia parasitica
and 4ptokgaia marma  Baticados, 1988!.

The following epicommensal ciliates
have been reported to infect P. mcmo-
don: Epistylis sp., Vorticetla sp., Zoothum-
nium sp., Ephelota gemmipara and
Aorta sp.  Baticados, 1988; Liao et al.,
1977; Gacutan et al,, '1977!  Table 4!.
Kpistylis sp. is quite corrunon in the
Philippines and Taiwan, whereas
Zoothamnium sp. is prevalent in Thai-
land, Indonesia, Malaysia and Taiwan,
and on juveniles and adults in the
Philippines. Ephetota gemmipara is less
common, but, nevertheless, caused
heavy mortalities at a SEAFDEC hatch-
ery in 1976  Gacutan et al., 1977!.
Ruangpan �986! concluded that the
most important pathogenic protozoa
for P. monody and P. merguiensis larvae
were the peritrichs Zoothameium sp.
and Epistylis sp. In the Fhilippines,
Zoothamnium sp. and Epistytis sp. at-
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tacking juvenile P. monody are control-
led with chloroquine diphosphate or a
Formalin bath  Table 4!.

Gregarines, internal parasitic protozoa
that use bivalves as either intermediate
or "conditioning" hosts, together with
luminous bacteria, were reported to
infect P. morrodon postlarvae, resulting
in mass mortalities within two days. In
Thailand, two species of gregarines
were found in the guts of 94% of the P.
monody from a private farm  Baticados,
1988!. Microsporidians also infect P.
monodon. The disease was observed in
fernale broodstock that manifested
white ovaries and were subsequently
found to be sterile  Baticados, 1988!.

Nutritional, Toxic and Envimnmental
Diseases. Like all cultured shrimp, P.
monodon will suffer poor growth and,
perhaps, mortality if exposed to exces-
sive levels of toxins or if deprived of
essential nutrients. The follovring dis-
eases and disease syndromes were
summarized by Baticados �988!  Table
5!.

Chronic soft-shell syndrome. Affecting
both juveniles and adults, chronic soft-
shell syndrome is a major cause of
decreased production in ponds in the
Philippines. It is caused by nutritional
deficiencies, pesticides in the water and
poor water and soil conditions. This
syndrome also afflicts pond- and tank-
reared shrimp in Indonesia, Malaysia
and Thailand,

Red disease. This disease has caused
heavy mortalities  Liao et al., 1977; Liao

and Chao, 1983; Liao, 1984!. It affects
juveniles and adults in Taiwan, the
Philippines, Thailand and Malaysia.
Gradual mortalities in one case reached

98%. It may be caused by microbial
toxins in either rancid diets or in organi-
cally rich pond detritus.

Fatty infiltration of the hepatopan-
creas. This condition has been observed
in P. remodon in Texas, Mexico and
Hawaii. Juveniles and adults, especially
extensively cultured ones, had exces-
sive deposits of lipid in their hepa-
topancreatic tubule epithelium. The
condition may be due to improper die-
tary lipid levels, improper caloric-lipid
balance, or dietary toxins.

Blue disease. First observed. in brood-
stock in Tahiti where it caused mass
mortalities in 1978-79, blue disease has
also been diagnosed in P. mormfort cul-
tured in Indonesia, Malaysia, Taiwan
and Thailand. Blue P, monody have
low levels of astaxanthin; hence, this
disease is thought to be mainly due to
a nutritional deficiency. A viral etiol-
ogy, however, has not been dis-
counted. Blue disease is controlled at

Aquacop in the Philippines by using
low densities, high-quality feeds and
frequent water exchange in broodstock
ponds and tanks.

Cramped tails. Reported in Taiwan, the
Philippines and Indonesia, this condi-
tion is seen in juveniles and adults.
Afflicted animals have a flexed, rigid
abdomen. The cause is probably a sud-
den increase in temperature, such as
that experienced by shrimp when they



are handled on warm days  also see
Liao et al., 1977!.

Hernocytic enteritis. In the PhiTippines,
blooms of blue-green algae belonging
to the family Oscillatoriaceae caused
hemocytic enteritis in primarily young
Iuveniles as weH as subadult prawns
 Lightner, 1985!.

Heavy trtetai poisoning. Exposure to
excessive levels of mercury, copper,
cadmium and zinc have caused disease
in cultured P. monody, and cadmium
and copper poisoning were suspected
o cause mortalities in hatcheries in
Taiwan in 198Q-81  Kou et al., 1984!.

Bl ck gill disease. This morphological
c ndition can be caused by a number
of biotic and abiotic agents, including
v+ 4 bacterial, fun~ and protozoan

~~ "s. vitamin C deficiency, and

contamination with toxic pollutants like
cadmium, copper, potassium perman-
ganate, ozone, ammonia, and nitrate
 Lightner, 1985!. This condition has
been observed in Thailand, the Philip-
pines, Indonesia, Malaysia and Tai-
wan.

Muscle necrosis. Associated with
stress, muscle necrosis is prevalent in
high-density cultures. The chronic and
infected form of the disease when it
affects the distal portion of the abdo-
men is termed tail rot  Lightner, 1985!.
If large portions of the abdomen are
affected, mortalities can result  Light-
ner, 1985!. This is apparently a corn-
mon problem in Indonesia, Malaysia,
Taiwan, Thailand and the Philippines.

Gas bubble disease. This occurs as a
result of supersaturation of sea water
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with atmospheric gases  Lightner,
1983!.

Finally, Nash et al. �98S! described the
pathological changes occurring in P.
monodon cultured in acidic, brackishwa-
ter ponds. The gills of the shrimp were
brown, and upon doser examination,
were found to be clogged with ferric
hydroxide precipitate. Hypoxia and
stress resulted, causing low yields.

Diseases of Unknown Etiology. Some
of the previously mentioned diseases
have uncertain etiologies. In addition
to these, at least six diseases of un-
known etiology have been reported to
afflict P. monody specifically  Table 6!:
red discoloration  Liao et al., 1~
larval black spot syndrome, spongy
tissue syndrome, one-month mortality
syndrome, and yellowhead shrimp
 Flegel et al., this volume!.

Red discoloration occurred in Taiwan
where pond-reared shrimp gradually
turned yellowish green, red and then
pale. Heavy mortalities accompanied
the symptoms, which also included
loss of appetite and difficulty with res-

piration. Penates penicitlatus and P.
semisuicatus present in the same ponds
did not become sick. After an effort was
made to use only fresh fish as a feed
ingredient, the disease did not recur;
hence, red discoloration may be a nu-
tritional disease, or it may have resulted
from a toxin that was present in spoiled
and rotting fish flesh.

Larval black spot syndrome was re-
ported from Aquastar hatcheries in
Thailand  Flegel et al., this volume!.
Zoea-1 or zoea-2 are occasionally found
with a black lump of unidentified ma-
terial at the junction of the stomach,
hepatopancreas and midgut. The effect
of this disease on larval survival is
unknown,

The presence of very spongy muscle,
nerve, and other tissues has been ob-
served in P. monodon postlarvae,
growout shrimp and broodstock in
Thailand  Hegel et al., this volume!. No
other information is available on
spongy tissue syndrome. Hegel and his
coworkers also described one-month
xnortality syndrome, a growout disease
characterized by sudden mortality four
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ease prevention. Meanwhile, Taiwan
continues to recover from the 1988 dis-
aster. Some farmers are stocking P.
monodort at lower densities, while oth-
ers have switched to different species.

Economic Impact of Disease. No one
has estimated the extent to which dis-
ease affects the P. monodom culture in-
dustry in Asia. At best, isolated
incidences of mortality have been at-
tributed to certain diseases or disease

syndromes. For example, Anderson et
al. �988! reported that vibriosis caused
70 - 95% reductions in the expected
harvests for three farms in Johore, Ma-
laysia, during 1986 and 1987. While the
1988 collapse of the Taiwanese shrimp
industry could not be attributed en-
tirely to disease, the cost of the crisis in
its entirety was approximately US$376
million  given that exports worth US$
470 million in 1987 decreased by 80% in
1988 [Liao, 1989]!.

Penaevs chinensis

The Chinese have been culturing
shrimp for centuries, and, in the 1980s,
China became an important player in
the global shrimp market. Approxi-
mately 80% of the shrimp grown in the
People's Republic of China are P.
chi~sis. Penaeus chinensis  also known
as P. orientalis! is a temperate species
with a small natural distribution. The
main fishing grounds are in the Bohai
Bay in northern China's Yellow Sea,
but the species extends to the mouth of
the Pearl River in southern China and
is also relatively abundant along the
western coast of the Korean peninsula.

In addition to the farms and hatcheries
in China, there are several P. chinensis
hatcheries and farms in South Korea,
and the species is being investigated for
production in Taiwan. The majority of
production is extensive or semi-inten-
sive, and high growth rates have been
reported for this species  Main and
Fulks, 1990!.

Infectious and Parasitic Diseases. To
date, the only viral disease agent re-
ported to infect cultured P. chinensis is
hepatopancreatic parvo-like virus
 HPV, see Table 7!  Lightner and Red-
man, 1985!. HPV-positive P. chinertsis
have been found from South Korea and
China. Wang and Ma �990! reported
on a disease affecting shrimp in China
whose gross pathology was similar to
the baculoviral midgut gland necrosis
virus  HMNV! that afflicts P. japotticus,
but no viral pathogens were isolated
from diseased individuals.

The usual bacterial pathogens have
been reported to infect P, chirtensis in
China and South Korea, and in both
countries, antibiotics are sometimes
added to the feed to combat bacterial
infections  Table 7!  Main and Fulks,
1990!. Vibrio spp. and Pseudomonas sp.
can cause serious mortalities in hatch-
eries, as well as during growout  Liu,
1990; Wang and Ma, 1990!. Liu �990!
reported that infections are more seri-
ous in southern China where tempera-
tures are higher, and that copper
sulfate has been successfully used to
control vibriosis in P. chinensis hatcher-
ies. Treatment with 1 - 2 pprn chloram-
phenicol is also effective  Wang and



~, 1990!. In addition, filamentous bac-
t«ia, Leuarthrix sp. and Thiofhrix sp.,
are sometimes found adhering to the
surfaces of eggs and larvae, but keeping
the culture water dean can prevent this
 Wang and Ma, 1990!.

As far as fungal infections are con-
cerned, P. chinensis eggs and larvae
may suffer from larval mycosis, caused
~y Lugenidiuer sp. or Sirolpidium sp.

 Table 7!. According to Wang and Ma
�990!, in China these pathogens "do
very serious damage and can destroy
all the shrimp fry produced during the
breeding season,fin some hatcheries]."
Preven.tive measures include carefully
chsmfechng female broodstock, and
regular treatment of the rearing water
with 6 - 10 ppb malachite green. In-
fected larvae are treated with nystatin,
a "fairly effective" cure. Formalin �0
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Table 8. Nutritional, toxic and environmental diseases reported from cultured Penance chi~is,

ppm! is used to disinfect rearing tanks
in South Korea to prevent both fungal
and protozoan infections  Main and
Fulks, '1990!.

D. Chen  this volume! listed three mi-
crosporidians that occasionally infect
cultured P. chiriensis in China, causing
cotton shrimp disease. They are Pteisto-
phora sp., Thetohania sp. and Nosema sp.
 Table 7!.

Kpicommensal ciliates also cause prob-
lems in China, and to a lesser degree
in South Korea  Main and Fulks, 1990!.
In China, 38 species of ciliates have
been identified from cultured P. chinen-

Wang and Ma �990! discussed para-
sitic ciliate disease, caused by a new
Strain Of ParanophryS CarCirli, an en-
doparasitic ciliate  Table 7!. In China,
the disease is found in larvae and over-
wintering adults. Parasitic ciliate dis-
ease often causes 10' mortality in
infected tanks. While no effective treat-

ments have been found, the disease can
be prevented if tanks are disinfected
with 25 ppm Formalin prior to use.

sis. Zoothamnium sp., Carchesiurn sp.,
Vorticella sp. and Fpishjtis sp. are the
most common  Wang and Ma, 1990!.
Serious infestations are prevented by
keeping the culture water clean and
supplying a good diet. In addition to
disinfection with Formalin, the Koreans
treat protozoan infestations by chang-
ing 90% of the water in affected tanks.
Finally, Wang and Ma �990! made a
brief reference to another disease

caused by a protozoan pathogen, "flag-
ellate adhesive disease."

Nutritional, Toxic and Environmental
Diseases. The diseases in this category
reported for P. chinerisis are bubble
disease, deformity disease  Wang and
Ma, 1990!, body cramp, muscle ne-
crosis and floating head syndrome  D.
Chen, this volume!  Table 8!. The latter
disease occurs on hot summer days in
high-density growout ponds that have
insufficient phytoplankton blooms and
poor water quality. Severe mortalities
can result; the cause is probably an
insufficient supply of dissolved oxy-
gen.



Diseases of Unknown Etiology. Al-
though they did not mention them by
name, Wang and Ma �990! said that
there are some diseases of P. chinensis
for which no cause is known. Also, Liu
et al. {1989! reported on red leg disease
of P, chmensis and P. penicillafus. It was
reportedly rampant in the Fujian Prov-
ince of southern China, and may be
caused by a bacterium. Other diseases
in this category are white-black spot
disease, white spot disease, and soft
shell syndrome  see D. Chen, this vol-
ume!. Finally, P. chinensis cultured in
China sometimes suffer from a poorly
understood condition that has been
caHed black gGI disease which may or
may not be the same as either Fusarium
disease or the toxic disease bearing the
same name  Meng and Yu, 1982!  Table
9!.

«o<ornic Impact of Disease. The eco-
nomic impact of disease on cultured p.

inensis is unknown.

japonicus, and in Taiwan, that species
comprised 30% of production  Rosen-
berry, 1991!. Although the species is
relatively expensive to culture due to a
high protein requirement and its need
for a dean, sandy substrate, P. j aponicus
nonetheless fetch a high price, tolerate
low temperatures, and can survive long
journeys out of water.

Infectious and Parasitic Diseases. Lar-

val and postlarval P. japonicus are sus-
ceptible to a severe epizootic viral
disease, baculoviral midgut gland ne-
crosis virus  BMNV! disease  Table 10!
 Sano et al., 1981, 1983, 1984, 1985;
Momoyama and Sano, 1989; Lightner,
1988!. Mortalities of up to 90'%%d have
been reported in some hatcheries  Sano
et al., 1984!. Known since approxi-
mately 1971, BMNV infections occur
orally or by exposure to water-borne
pathogens, resulting in drastically high
mortality within the first week of an
outbreak.

~~ftaeosj aponicus

PNtaess jspori~ is a colorful shrunp
grown primarily in Japan, Taiwan, and
South Korea for consumption in Japan
In Japan, 9>o%%d of the shrimp give
weight! produced in 1991 were P.

Prevention consists of rinsing and
transferring eggs to a disinfected tank
immediately after spawning. Accord-
ing to Momoyarna and Sano �989!,
"rinsing eggs with sea water has now
been carried out on an industrial scale
in Japan since 1985 and, to date, BMN
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Table 10. infectious diseases and disease agents of cultured Penaeus japonicus.

has never occurred in the hatcheries

where it has been practised"  also see
Sano and Mornoyama, this volume;
Momoyama, this volume!.

A reo-like virus  REO! was first discov-
ered by Tsing and Bonami �987! in
juvenile P. japmicus in France. Reo-like
viruses have also been reported in Ha-
waii, among P. j aponicus imported from
Japan  lightner et al., 1985; Ughtner
and Redman, 1991!. Tsing et al. �985!
suggested that infection by RKO may

be associated with gut-and-nerve syn-
drome  GNS!, an idiopathic condition,
which was found in chronically iQ
populations of P. japmicus cultured in
Hawaii  Lightner and Redman, 1991!.

Two serious bacterial diseases have
been reported in P. japonicus grown in
Japan, vibriosis and bacterial gill dis-
ease  Table 10!, The former has caused
remarkably high mortality, especially in
the summer and autumn seasons. The
pathogen is apparently an unidentified



species of the Vibrio genus, and affected
shrimp manifest brown pigmentation
in the lymphoid organ and the gill as
well as cloudiness in the muscular tis-
sue of the 3rd to 6th abdominal seg-
ment Pakahashi et aL, 1985; Sano and
Fukuda, 1987!, During growout, Japa-
nese farmers treat vibriosis in P. japonj-
css by including oxytetracyciine in the
feed at the rate of 50 mg/kg shrimp
weight per day. By law, however, treat-
ments must end 25 days before harvest-
ing if the shrimp are to be used for
human consumption  Sano and
Fukuda, 1987; also see Main and Fulks,
1990; Shigueno, 1975; Davy, 1991!.

Shigueno �97S! reported that an un-
identified bacterium is responsible for
bacterial gm disease. This condition is
prevalent in high density culture tanks
and is most commonly seen in the
spring. Losses from bacterial gill dis-
ease are not as high as from vibriosis,
and treatment consists of bathing the
shrimp in 2- 3 ppm furazolidone for 2
to 4 consecutive nights. Bacterial gill
disease may be the same as gill rot
disease, which was reported by Sano
and Fukuda �987! to inflict heavy
losses on the Japanese P. japmicus in-
dustry  see Table '10!.

»cterial infections have also been
P. japonicus cultured in South

Korea and Taiwan, and Lcscefhrix sp.
attach to cultured p. jupogjcgs in Japan
and South Korea  Davy, 1991; Main
a«Fulks, 1990!.

According to Lightner �953!, P. japmi-
particuiarly susceptible to Fmar-

ium sotani, the etiological agent of
Fusarium disease or black gill disease
 Table 10!. It has recently been discov-
ered that F. monjtiforme can also cause
Fusarium disease  Rhoobunjongde et
al., 1991!. No effective chemotherapies
are in use for P. japonicus infected with
Fssarium sp. While mortalities may ap-
proach 100%, Shigueno  cited in Main
and Fulks, 1990! reported in 1990 that
Fusarium disease was rare in P. japotri-
cus cultured in Japan. Rearing at lower
densities may prevent the disease
 Lightner, 1983; also see Momoyama,
1987 and Bian and Egusa, 1981!.

Finally, epicommensal ciliates have
been observed in P. japonicus raised in
Taiwan, South Korea and Japan  Main
and Futks, 1990!  Table 10!.

Nutritional, Toxic and Environmental
Diseases. Penates japonicus is suscep-
tible to those diseases with nutritional,
toxic and environmental etiologies,
such as gas bubble disease and muscle
necrosis, that affect other species of
shrimp.

Diseases of Unknown Etiology. Black
spot disease and gut-and-nerve syn-
drome  GNS! are two diseases of P.
japonicus for which etiological agents
have not been discovered  Table 11!.
The latter is known from France and

Hawaii where shrimp exhibited ano-
rexia, lethargy, poor feed conversion,
epibiotic fouling and muscle opacity
 Brock, pers. comm.!. Black spot d.is-
ease is poorly described, and affected
P. japmicus cultured in Taiwan  Main
and Fulks, 1990!.
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Table 12. Disease-related losses of Penaeusjaponicus in Japan in 1984  Fisheries

Penaeus rnerguiensis

Econoxnic impact of Disease, In 1984,
70.2 MT of P. japmicus worth Y 466.1
mNion were lost in Japan due to dis-
ease  Sano and Fukuda, 1987!. The
greatest losses were attributed to vi-
briosis �0.8 MT! and unknown dis-
eases �7.3 MT!  see Table 12!.
Fusarium disease, BMN, and gill rot
disease were the other major diseases
impacting Japan's cultured P. j aponicus
industry in 1984.

This species ranges from the Arabian
Gulf and Pakistan through the Malay
Archipelago and South China Sea to
Australia  Dore and Frimodt, 1987!.
Penaeus merguiensis is an important cul-
ture species in Indonesia, Vietnam,
Thailand and the Philippines  Rosen-
berry, 1991!.

Infectious and Parasitic Diseases.

There are few references to the viral

diseases of P. merguiensis in the litera-
ture, although the species is known to
be susceptible to MBV  observed in
Singapore and Malaysia! and HPV  ob-
served in Singapore and Australia!
 Lightner, 1985; Roubal et al., 1989!
 Table 13!. Lightner and Redman �985!
stated that in juvenile P. merguiensis,
HPV has caused cumulative mortalities

of up to 50%. An unidentified bacu-
lovirus was also isolated from a wild
specimen in Australia  Doubrovsky et
al., 1988!.

No references to the bacterial ox fungal
diseases of P. merguiensis were found in
the literature. Presumably, this species
is susceptible to the same bacteria and
pathogenic fungi infections that affect
other shrimps. P. rnerguiensis is, how-
ever, one of four penaeid species to be



diagnosed with rickettsial infections
 Lightner et al., 1985!.

Ruangpan �986! studied the patho-
genic protozoa affecting cultured P.
monlion and P. merguiensis in Thailand.
She discovered that in P. merguiensis
"cotton" or "milky disease" produced
by the microsporidian, Thebheria sp.,
caused losses up to 55%. Furthermore,
two epicommensal protozoans were
identi6ed as important pathogens, E '-
shjlis sp. and Zoothetmium sp.  Table

ns, p-

13!.

Diseases of Unknown Mology. Little
information was found regarding P.
merguiensis diseases that have un-
known ot uncertain etiologies. Liu
�990!, however, did report that P. mer-

', along with P. chinensis and P.
penicillaRs, cultured in China suffer
from red leg disease. This disease may
be caused by a bacterium.

Kconomic Impact of »sease ~e
nomic impact of disease on cultured P.
mcrguiensts is unknown.

Nutritional, Toxic and Knvtro tal
lseases. P. merguiensis is susceptible

and
to those diseases with nutritionalo, toxic
an environmental etiologies, such as
gas bubble disease and muscle ne-
crosis, that affect other speci f
s rnp.

r species of

Penaeus penicillatus

penaeus prnici7tatus is a minor ~
species. Grown only in the south«n
provinces of China and in Taiw~ '
culture techniques are sirrular « tho
of P. monodon and P. cd nensis. P. P
latus reportedly has a low protei«e
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Table 14. Disease agents of cultured Penaeus penicillatus.

Nutritional, Toxic and
Environmental Diseases

quirement and an unusually favorable
head to taB ratio  Liao and Chien, 1990!.

Infectious and Parasitic Diseases

Very Bttle has been published about the
diseases of cultured P. penicillatus. In
Main and Fulks �990! it was reported
that cultured P. penicillatus in Taiwan
have been diagnosed with the follow-
ing: MBV, bacterial infections of the
hepatopancreas and epicommensal cili-
ates and bacteria  Table 14!.

P. penicithfus is susceptible to those
diseases with nutritional, toxic and en-
vironmental etiologies that affect other
species of shrimp.

Diseases of Unknown Etiology

The only diseases of uncertain or un-
known etiology observed in P. penicil-
tafus are black spot disease and red leg
disease. The former afflicts pond cul-
tured P. penicitlafus and P. japonicus in
Taiwan  Main and Fulks, 1990!. A bac-
terium is suspected to cause red leg
disease, a serious problem in P, chinen-
sis and P. penicillatus grown in China's
Fujian Province  Liu et al., 1989!.

Economic Impact of Disease

The economic impact of disease on
cultured P. penicilhtus is unknown.
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The Status of Penaeid
Diseases in the United

States

PsosBus vannamei

Pensees vsnnamei is the dominant
penaeid cultured in the western hemi-
sphere. Seventeen percent of the
shrimp produced worldwide in 1991
.as P. vennamei  Rosenberry, 1991!.
Tlie natural distribution of this species
extends from the Pacific coast of south-
ern Mexico to peru; Ecuador is the
largest producer of farm-raised P. van-
namei. Because it has outperformed na-
tive shrimps, p. vannamei is grown in
t"e United States, where, in 1991 there
were 22 farms and 3 hatcheries operat-

ing in Texas South Carolina and Ha-
waii  Rosenberry, 1991!.

Infectious and Parasitic Diseases. At
least four viruses infect cultured P.
vetnamei: Baculovirgs penaei  BP!, infec-
tious hypoderinal and hematopoietic
necrosis virus  IHHNV!, REO and HPV
 Table 15!. BP causes high, acute mor-
talities  Lightner, 198S; Overstreet et
al., 1988!, but the effects of IHHNV on
P. vannamei are more subtle, often re-
sulting in lower growth rates and an
uneven size distribution. IHHNV may
be the etiological agent of runt<ef orm-
Ity syndrome  RDS! in P. vannamei
 Kalagayan et al., 1991!. A reo-like virus
has only been reported once in P. van-
namei cultured in the United States, and
then it was found concurrently with
shrimp experimentally infected with BP
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 Krol et al., 1990!. HPV, by contrast,
has only been found in cultured P.
vanriamei from Brazil, Ecuador and
Mexico  Lightner et al., 1990, Lightner,
pers. comm!. Viral diseases are consid-
ered to be a serious threat to the shrimp
culture industry in the United States;
hence, intense efforts are underway to
ensure that P. vunnarnei cultured in the
United States are free of all detectable

viruses  see Wyban, this volume!.

Penaeus vannamei are susceptible to all
the common bacterial diseases. Vi-

briosis and filamentous bacteria, for
example, are commonly encountered
on farms and in hatcheries. In addition,
infection of cultured P. vannamei with
an acid-fast bacterium was described by
Krol et al �989!. Outbreaks of filamen-
tous bacteria are treated at The Oceanic
Institute hatchery by increasing the rate
of water exchange and "fine tuning"
fe e ding schedules  Wyb an and
Sweeny, 1991!  Table 15!.

Larval mycosis has caused severe mor-
talities in P. vannamei hatcheries. At The

Oceanic Institute, the agent responsible
has been identified as Sirvlpiditcrn sp.,
and mortalities can be as high as 100%.
The disease is now controlled by the
addition of 0.1 ppm Trefian~ once per
day. The incidence of larval mycosis
can also be reduced by periodically
disinfecting reservoirs and water lines
 Wyban and Sweeny, 1991!  Table 15!.

Outbreaks of epicorrunensal protozo-
ans are prevented at The Oceanic Insti-
tute's P. vannamei hatchery by 1!
completely drying out the hatchery be-

tween rearing cydes, and 2! water fil-
tration  Table 15!. Formalin was re-
cently approved by the U.S. Food and
Drug Administration for controlling
epicommensal protozoans m cultured
shrimp  Code of Federal Regulations,
1991!.

Nutritional, Toxic and Knvlronmental
Diseases

Lightner and Redrnan �982! studied
the histopathology of aflatoxicosis in
juvenile P. vannamei and P. stylirostris,
and found the penaeids to be remark-
ably resistant to aflatoxin. Aflatoxin is
created by fungi and is occasionally
present in the ingredients used to make
fish and shrimp feeds. Periaeus vminaeei
are, however, susceptible to gas bubble
disease, body cramp and other shrimp
diseases having nutritional, toxic or en-
vironmental etiologies.

Diseases of Unknown Ktiology. There
are two noteworthy disease syndromes
that fan into this category: Z-l syn-
drome and Texas necrotizing hepa-
topancreatitis  alias "Texas pond
mortality syndrome"!. The former was
first encountered in 1987 at The Oce-
anic Institute's hatchery where high
mortality rates at the zoea-1 stage were
coupled with severe deformities  Wy-
ban and Sweeny, 1991!. While the de-
finitive agent is unknown, the disease
was effectively prevented by the addi-
tion of the chelating agent EDTA to the
rearing water, prompting speculation
that heavy metals may have been re-
sponsible.



Texas necrotizing hepatopancreatitis
has thus far been observed only in P.
rsoeumw' cultured in Texas. The disease
is chsri~ized by in@eases in mortal-
ity and morbidity, poor growth, soft
sheUs, empty intestinal tracts, thin
tails, lethargy, surface fouling and ele-
vated food conversion ratios in pond-
cultured shrimp  Bell et al., submitted!.
While the disease is poorly understood
and probably has an environmental
component, Vibrio or Vibrio-like bacteria
have been identified from diseased
shrimp during epizootics, and re-
searchers have found several other po-
tentially pathogenic microbes in
diseased individuals. Texas necrotizing
hepatopancreatitis has been treated
with oxytetracydine with promising re-
sults  Bell et al., submitted!.

Economdc Impact of Disease
The economic impact of disease on P.
vennenei culture is unknown.

Current and Future Avenoes
of Research

Shrimp pathologists around the world
are currently engaged in research to

treat
osis, an

eatrnent of diseases in cultured
penaeids. This section will discuss
some of the most current advances in
penaeid disease research.

Oisease Prevention

tices, instituting quarantine proce.
dures, stocking only speciflic pathogen
free  SPF! shrimp, and vaccinabon
Preventive culture practices are neces.
sary to exclude or reduce the number
of pathogens present in the cuitiu
environment and to minimize the stress
experienced by the animals. Examples
include disinfecting tanks and drying
ponds between cymes, optimizing feed-
ing regimes, providing high-quality
feeds, etc. An example of research in
this area is the work of LeBlanc and
Overstreet �991a and b!. The authors
tested the means by which culture fa-
cilities could be disinfected to prevent
Baculovirus penaei  BP! infections. They
found that 48 h desiccation inactivated

BP in hepato pancreatic tissue  LeBlanc
and Overstreet, 1991a! and conduded
that desk@ation may be, in many cases,
the most practical means of preventing
BP infections in aquaculture facilities.
BP was also inactivated by treatment
with chlorine at concentrations of 200
mg/L for 1 h or 1,600 mg/L fot 20 s
 LeBlanc and Overstreet, 199lb!.

Another disease prevention tool is
quarantming imported stocks a
ing only stock that has been cert ed
SPF. p number of viruses have already
been introduced into previously
11 ttclean areas via infected i p
these introductions ale regarded as
rious setbacks to the global shrimp ~
ture industry.

There are a number of wa to
the occurr

ys prevent
e occurrence and spread of disease

among cultured penaeid shrimp, in-
duding adopting bett culer ture prac-

Finailinally, it is theoretically p ~
prevent the onset of some dis ~
vibriosis for example � by "u
tion. EvEven though marine invertebra
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have nonspecific immune systems, a
number of bacterial vaccines have been

developed and tested on shrimp  e.g..
Giorgetti, 1990; Itami and Takahashi,
1991; Laramore, this volume!, with
mixed results. Vaccination is an expen-
sive prospect, however, and one prob-
lem that must be solved is the efficient

delivery of the vaccine to a cultured
population  Dunn et al., 1990!.

Diagnostic Techniques

In recent years, a number of researchers
have brought attention to the need for
better diagnosfic techniques for shrimp
viruses  Lewis, 1986; Lightner et al.,
1983b, 1990; Bell et al., 1990a; Thurman
et al., 1990; Baticados et al., 1991!.
Commonly, health experts employ
light microscopy to detect characteristic
signs of viral infection  e.g., occlusion
bodies! in stained preparations of tis-
sues. Electron microscopy is important
in some applications as well. In addi-
tion to the problems of cost, time, and
accessibility, these techniques, practi-
cally employed, are not sensitive
enough to detect latent infections, ne-
cessitafing the use of enhancement and
bioassays. Enhancement is accom-
plished by stressing a suspect popula-
tion of shrimp to trigger any latent viral
infections into patency. To conduct a
bioassay, one feeds the suspect shrimp
to a specific pathogen-free  SPF! labo-
ratory population of an extremely sen-
sitive species, stresses the population,
and subsequently tests for the presence
or absence of the virus. Bioassays are
extremely labor- and time-intensive;
furthermore, SPF shrimp are increas-

ingly difficult to find, and they must be
maintained.

Ideally, new diagnostic methods
should be rapid, simple, inexpensive,
more sensitive than existing tech-
niques, and easily standardized  Light-
ner et al., 1990!. Lightner et al. �990!
state that "methods using tissue cul-
ture, serologic methods, and gene
probe diagnostic techniques that have
become common place in human and
veterinary medicine are being devel-
oped for penaeid shrimp"  also see
Lightner et al., this volume!. An exam-
ple of one of these "high-tech" ap-
proaches ta penaeid viral detection is
the use of the enzyme-linked immu-
nosorbent assay  ELISA! method to de-
tect BP in Permeus duorarurrr  Lewis,
1986; Lightner et al., this volume!. Fur-
thermore, the first documented pri-
mary cell cultures for shrimp were
described by Chen et al., 1986.

Improvements have also been made in
the standard techniques. For example,
Bell et al. �990a! recently develaped a
nonlethal biopsy procedure for D.IHNV
that involves the excision of the first
pereiopod, followed by standard histo-
logical examination of the appendage
nerve cord. Animals tested by this
method need not be sacrificed and re-
main available for use as broodstock.
Thurman et al. �990! tested the efficacy
of fluorescent microscopy with wet-
mount tissue squashes stained with
phloxine to detect baculoviral occlusion
bodies. They achieved good results and
concluded that the time required to
diagnose baculoviral infections could



be reduced using the new technique
 also see Sano et al., 1985 and Mo-
moyama, 1988!.

In the meantime, new diseases con-
tinue to be discovered. Owens et al.
�991! recently found evidence for a
new shrimp virus, lymphoidal parvo-
like virus  LOPV! in farmed P. trronodotr,
P. eerguietrsis and P. escalates. The
virus appears to be closely related to
IHEQW.

Drugs/Chemotherapy

"Chemotherapy should be consid-
ered as an emergency or last-resort
measure. Although chemicals may
reduce the incidence of pathogens or
contxol the abundance of facuhative
organirrms, they also may have nega-
tive effects on desirable pond biota
and on the flora of biological filters.
Some chemicals may be hazardous ta
the user or leave undesirable or
haxmful residues in the cultured ani-
mals"  Meyer, 1991!.

When preventative measures fail, it
may be necessary to treat diseases with
antibiotics or chemicals. A number of

treatments are currently being used in
many Asian countries, where the use
of compounds like saponin, Formalin,
malachite green, Treflan4, chloram-
phenicol, oxytetracydine and furanace
is commonplace. Such therapy is most
practically applied in hatcheries, where
dense groups of animals are present in
small volumes of water. It is simply not
cost-effective to cornbat diseases en-
countered in extensive and semi-mten-
sive ponds with antibiotics or other
expensive drugs.

In the United States, Cutrine-Plus~ is
approved for use as an algicide, and
Formalin may be used to cornbat epi-
comnensal protozoans. Since these are
the only forrnaHy approved substances
for the prevention or treatment of dis-
eases on U.S. shrimp farms, efforts are
u.nderway to develop new drugs and to
obtain regulatory approval for those
which have been shown to be safe. The

following statement by Meyer �991!
represents the views of many U.S.
aquaculturists  also see Sinderrnann,
1986!:

"An urgent need exists for regulatory
approval of therapeutic drugs for use
in combating diseases in aquaculture
... increased federal support and

eater cooperation and involvement
regulatory agencies are vital if

producers are to be able to control the
economic losses presently caused by
diseases. Without such support, the
aquaculture industry in the United
States wN fail to achieve its full po-
tential and be unable to compete in
the world market"  Meyer, 1991!,

ConclusionS

According to Meyer �991!, "Disease
problems constitute the largest single
cause of economic losses in aquacul-
ture." Whether this holds true for

shrimp culture remains to be seen;
since, as this paper has shown, few
estimates of the economic impact of
shrimp diseases are available. Clearly,
diseases can cause serious problems in
the culture of all shrimp species, wher-
ever they are are grown. In the future,
it wiH be important to have accurate
estimates of the economic damage
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wrought by the various diseases in
order to effectively manage them. Such
estimates will, in essence, help define
the problem so that it can then be
solved. Accurate estimates will depend
upon accurate diagnoses. Identification
of the causes of diseases for which no
etiological agents have been found wiD
enhance efforts to define and manage
"the disease problem" as well.

In addition to documenting their dis-
ease situation, it may in the best inter-
est of shrimp producing nations to
institute quarantine regulations wher-
ever they have not already been
adopted. Such regulations will slow the
spread of viruses and other pathogens
from their natural geographic ranges
and host species.

There is also an indisputable need for
more research into all aspects of
penaeid diseases. Penaeid culture gen-
erates billions of dollars every year and
diseases can seriously impact produc-
tion levels. Key research areas involve
preventing infectious and noninfec-
tious diseases, developing better
 quicker, less expensive, more sensi-
tive! diagnostic techniques and finding
safe, effective treatments for infectious
diseases.

Finally, in some areas, shrimp farmers
need to be better educated about mat-

ters related to disease. For example, the
panel investigating the 1988 culture cri-
sis in Taiwan concluded that rapid
growth in the P. rttortodort industry in
Taiwan encouraged inexperienced per-
sons to try to make quick, easy money

growing shrimp. Too many farmers
had little or no training in culture prac-
tices that prevent disease. In addition
to prevention, shrimp farmers should
also be educated about how to recog-
nize and quickly respond to those dis-
eases for which sophisticated
equipment and/or training is not
needed. A farmer would probably be
unable to diagnose a viral disease, for
example, but he or she could be trained
to recognize and respond to vitamin C
deficiency, gas bubble disease, infesta-
tions of filamentous bacteria, etc.
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and mortality among cultured Asian
shrimp include viruses, b'icteria, fungi
and protozoa. Although it has been
said that viruses and bacteria are, by
far, the most important causative
agents, emerging trends and recent lit-
erature show that mycosis and parasi-
tosis also play significant roles in
mortality and morbidity of both larval
and growout shrimp {Boonyaratpalin,
1990; Hegel et al., 1992!.

Viruses

Baculovlruses

Six diseases of baculoviral etiology have
been described in Asia. Rod-shaped,
enveloped, DNA viruses approxi-
mately 70 nrn by 300 nm in size are the
members of the Peereus monodon bacu-

lovinis group. This group consists of
Penaeus irumodon baculovirus  MBV!,
Penaeus moriodon baculovirus-type
 MBV-type!, baculovirus midgut gland
necrosis virus  BlvPPQ and baculovirus
midgut gland necrosis-type virus
 BMNV-type!. MBV is infectious to a
wide range of cultured Asian penaeid
species, including Penaeus esculentus, P.
kerathurus, P. rnerguiensis, P. nmnodon,
P, peniciltatus and P. semisukatus  Light-
ner and Redman, 1991!. Plebejus
baculovirus  PBV!, a inonodon-type
baculovirus, has been reported from P.
pkbejus in Australia by Paynter et al.
�985!. Although BMNV is reported to
cause serious epizootics among hatch-
ery-reared P. japmicus in southern Ja-
pan  Sano and Fukuda, 1987!, this virus
"as not been reported in P. japonicus

cultured outside Japan  Lightner and
Redman, 1991!. Kuruma shrimp, P.
japonicus, have been successfully in-
fected with BMNV by Momoyama and
Sano �988! in Japan. However, BMN-
type agents have been reported from
Australia, Indonesia, Japan and the
Philippines.

MBV-type baculoviruses appear to be
extensively distributed and have be-
come established in cultured shrimp
populations in almost every country in
Asia. Recent surveys by Dana and
Sukenda �990!, M,D. Hassan  unpub-
lished data! and Natividad and Light-
ner �992! suggest that MBV-type
baculoviruses are widely spread among
shrimp culture enterprises in Indone-
sia, Malaysia and the Philippines, re-
spectively.

Shrimp baculoviruses cause high mor-
talities in cultured penaeids. BMNV
generally infects larvae and early
postlarvae, while MBV-type bacu-
loviruses cause mortalities in late

postlarvae and juvenile shrimp  Brock
and Lightner, 1990!. Baculoviruses in-
fect hepatopancreatic and midgut epi-
thelial cells, which are of endothelial
origin, and replicate within the nuclei.
MBV and MBV-type viruses form single
or multiple spherical inclusion bodies,
causing hypertrophied nuclei, but
BMNV and BMNV-type viruses are
nonoccluded. Infected cells undergo
necrosis and slough into the gut lumen.
I'ree and occluded viruses are shed in

the feces  Chen et al., 1989! and during
spawning  Sano et al., 1985!, causing
transmission through ingestion  Over-
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street et al., 1988!. The unregulated
transfer of subclinically infected wild-
caught spawners and larvae appears
to be the primary mode of entry of
shrimp baculoviruses to hatcheries
and culture facilities  Brock, 1991!. A
recent transmission experiment con-
ducted by Paynter et al. �992!
showed that exposure of one day-old
postlarvae to postlarval homogenates
with MBV-type virus resulted in de-
velopment of inclusion bodies after
two days. The number of inclusion
bodies reached a peak by eight days,
a second peak in 16 days and disap-
peared in 23 days.

The importance of MBV to Asian
shrimp culture has been well docu-
mented. It has caused heavy mortalities
of all stages of P. rnonodon in the Phil-
ippines  Baticados, 1988; Natividad and
Lightner, 1992! and is considered par-
tially responsible for the collapse of the
shrimp culture industry in Taiwan in
late 1980s  Lin, 1989!. The prevalence
of MBV among juverule shrimp in Ma-
laysia was about 30% in the late 1980s
 Anderson, 1988!, but it is now almost
100%  M.D. Hassan, pers. conun.!. The
disease is more pronounced under in-
tensive and semi-intensive culture

practices, where heavily stocked
shrimp live under environmental, nu-
tritional, behavioral and other stres-
sors. The occurrence of MBV has little

or no consequence to shrimp grown
under extensive conditions  Nash et al.,
'l988b!. The diagnosis, control and
management of baculoviral infections
in Asian shrimp culture are well docu-
mented by Brock �991!.

Parvo-like Viruses

These isometric DNA viruses, includ-

ing hepatopancreatic parvo-like virus
 HPV! and infectious hypodermal and
hematopoietic necrosis virus  II~/,
are the known parvo-like viruses of
cultured Asian marine shrimp. HPV is
22 - 24 nm in diameter and occurs

within intranuciear inclusion bodies in
hepatopancreatic and epigastric caecal
epithelium  Brock, 1991!. The geo-
graphical distribution of HPV is similar
to that of MBV, and HPV is found in
P, esculentus, P. indices, P, chinensis, P.
rnerguiensis, P. monodon, P. penicillatus,
P. semisutcatus and P. vurtnarnei  Light-
ner and Redrnan, 1991!. The main route
of entry of HPV into shrimp farms is
believed to be via postlarvae. Although
HPV has been documented from nine

species of penaeids, its significance in
causing epizootics and economic losses
is not fully understood.

IHHNV is 20 � 22 nm in diameter and

considered highly contagious and in-
fectious to many penaeid species
 Brock, 1991!. BIHIM has been recog-
nized from P. japonicus, P. chinensis, P.
rnonodon and P. semisulcatms cultured in

Malaysia, Philippines, Singapore, Sri
Lanka and Taiwan  Lightner and Red-
man, 1991!. Anderson �988! observed
a few foci of IHI~V-like nuclear inclu-

sions in two P. rnonodon juveniles from
a farm in Sabah in Malaysia. However,
the etiological and economic signifi-
cance of IHHNV in Asia remains un-

clear. The diagnosis, control and
management of parvo-hke viruses are
described by Brock �991!.
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geo.like viruses {REO! of Penaeid
shrimp are nonenveloped, icosahedral
cytoplasmic agents with an average size
of pg run. Within Asia, REO have only
been recorded from P. eonod'on in Ma-
~ in conjunction with MBV, a rick-
ettsia and Gram-negative bacteria
 Anderson et al., 1987!. However, their
status as pathogens of penaeid shrimp
reneins to be established. Brock �991!
rnenhoned that the establishment of
rapid, sensitive diagnostic methods for
RKO and determination of the distribu-
tion of REO in cultured shrimp stocks
is important in understanding more
about the control and management of
these pathogens.

Bacteria

Perhaps as a consequence of the large
number of Vibrio species in the normal
shrimp microflora, opportunistic Vt'brio
spp. are the most common bacterial
pathogens of cultured shrimp. Vibrio
spp. appear to establish lethal infec-
tions following primary infections with
other pathogens, environmental stress,
nutritional ixnbalance and/or predis-
posing lesions  Lightner, 1988!. Ac-
cording to Lightner et al. {1992!, some
more recently occurring disease syn-
dromes of penaeid shrimp are caused
by Vibrio spp. that behave more like
true pathogens than opportunistic in-
vaders. Involvement of other Gram-
~egative bacteria and Cytophaga-type
filamentous bacteria in serious disease
outbreaks of cultured shrimp in Asia
"as rarely been documented.

Significant larval mortalities associated
with luminescent vibriosis, caused by
Vibrio harveyi and V. splendidus, were
reported from P. monodoii and P, mer-
guiensis hatcheries in Indonesia  Su-
naryanto and Mariam, 1986!, the
PMippines  Baticados et al., 1991! and
in Thailand  Tansutaparut and Ruang-
pan, 1987!. Lavilla-Pitogo et al. �992!
found that the main source of lumines-
cent bacteria in P. eonodon is the
midgut contents of the mother, which
are shed into the water almost simulta-
neously with the eggs during spawn-
ing. Lavilla-Pitogo et al. {1990! reported
that near-shore sea water could be a
major source of V. harveyi and V.
splendidms for shrimp hatcheries in the
Philippines. Baticados et al. �991!
tested 24 antibacterials against V.
harveyi and V. splerrdidus in P. monodon
larvae and showed that only chloram-
phenicol, sodium nifurstyrenate and
the ni trof ur ans cause r easo nable
growth inhibition of the bacteria. Based
on their results, they concluded that
the most reliable and effective way of
controlling luminous vibriosis in.
penaeid shrimp hatcheries is through
rigorous water renewal and by exclud-
ing luminous vibrios from the culture
water.

Miscellaneous Vibriosis and Other
Bacteria

Takahashi et al. �985a! and Egusa et al.
{1988! reported serious Vibrio sp. epizo-
otics in postlarval and juvenile P. japoni-
cus in Japan. This condition, which
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existed since 1981, is characterized by
cloudiness of the hepatopancreas in
postlarvae, and cloudiness of muscle
and brown spots in the gills and lyrn-
phoid organ in juveniles  Takahashi et
al., 1984; 1985a!. The serious epizootic
in P. j aponicus has been controlled with
oxytetracycline-medicated feed at 50�
100 mg/kg body weight/day for four to
six days  Takahashi et al., 1985b!. In
vitro vaccination of juvenile P. japonicus
with Formalin-killed Vibrio sp. has been
shown to provide some protection
against subsequent challenge by live
Vibrio sp.  Itami et al., 1989!.

In Malaysia, Anderson et al. �988!
experienced heavy mortalities in almost
market-size �5 - 33 g! P, monodon asso-
ciated with multifocal necrosis, herno-
cytic inflammation and nodule
formation in the lymphoid organ,
heart, gills, hepatopancreas, antennal
gland, cuticular epidermis and subcu-
tis, and in other connective tissues.
Some hemocyte nodules contained
Gram-negative bacteria within the
granulomas, or within intracytoplasmic
vacuoles. From the hemolymph of such
shrimp, V. alginolyticus, V. paru-
haemolyticus and Pseudomonas sp, were
isolated. According to Lightner et al.
�992!, this condition could be the same
or related to "red disease" in Pe@acus

monodon. Anderson et al. �988! recorn-
mended decreasing shrimp density by
partial harvesting and increasing water
exchange toward the end of the pro-
duction cycle to prevent mortalities.
They further suggested that proper
draining and drying of ponds and ap-
plication of CaO at 0.5 kg/m to the

pond bottom could be effective in con-
trolling the condition.

Anderson �988!, in addition to Vibrio
spp., isolated Pseudceumas sp., Mor-
axella sp. and AIcaligenese sp. from the
hemolyrnph of affected shrimp in Ma-
laysia and considered them secondary
invaders.

Filamentous Bacteria

Leucothrix mucor and similar filamen-

tous, bacterial, ectocommensal fouling
organisms have been reported to cause
mortalities in all stages of shrimp under
poor water conditions, Baticados �988!
mentioned that L. mucor in larval

shrimp in the Philippines has been
successfully controlled by vigilant
water management, while postlarvae
and adults have been effectively treated
with Cutrine+-Plus, a copper compound,
at 0.1 mg Cu/L for 24h or 0.25-0.5 mg
Cu/L for 4- 8 h. Anderson �988! found
that L. mucor is a common secondary
invader in Penaeus rrtonodon postlarvae
affected by MBV in Malaysian shrimp
hatcheries, causing 100% mortality
overnight. He suggested that early di-
agnosis is essential to minimize losses.

Rickettsias and Chlarnydias

The true taxonomic position of these
small, coccoid to rod-shaped, intracel-
lular Gram-negative microorganisms is
not fully understood. The presence of
these organisms in diseased Asian
penaeid shrimps has only been reported
from Singapore  Chong and Loh, 1984!
and Malaysia  Anderson et al., 1987!.
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Fungi

FUsarium Oisease

Protozoa

Although switching from P. monohm to
p, merguiensis culture has been sug-
gested to control rickettsial infections
 Anderson et al., 1987!, detailed knowl-
edge on the distribution, pathogenicity
and the diagnosis of these organisms in
shrimp has yet to be ascertained.

Larval mycosis, caused by 7agenidiue
sp., Sirolpidise sp. and Hdiphthorvs
sp., and subadult and adult mycosis
caused by Fusariam sp., are the two
major funsal diseases of cultured shrimp
reported in Asia.

Boonyaratpalin �990! stated that larval
mycosis commonly occurs in zoea and
mysis stages, causing mortalities up to
100% within two days. We affected
larvae show extensive, nonseptate,
highly branched fungal mycelia
throughout the body and appendages.
In heavy infections, the larval tissues
turn pale and yellowish-green. The
fungi that cause this condition are
Lagenidiute sp. and Sirolpidircm sp. An-
derson �988! noted that larval mycosis
causes 100% mortality of larvae within
24 h in Malaysia. He also noted that
larval mycosis is generally followed by
bacterial necrosis, and that there is a
close association between antibiotic use
and larval mycosis. Antibiotics remove
bacterial epibiont competitors, produc-
ing an increase in fungal pathogenicity.

Larval rnycosis involving >g~id<~N
calli~teg, L sp., Halipkt4710s philip

pirmtsis and Sirolpidiue sp. has been
reported from larval shrimp in the Phil-
ippines by Baticados  '1988!. Baticados
�988! recommended using Treflana, a
5-ppm bath for 1 h for spawners before
spawning, and/or treatment of eggs
 before stocking in hatchery tanks! with
20-ppm tide detergent for 2 h. Boon-
yaratpalin �990! recommends daily pro-
phyl <tie treatment of penaeid larvae with
Treflan+ at 0.01 - 0.05 ppm. A number of
other fungicides have also been tested
against Lagerridium sp. and H. philip-
pineesis  Lio-Po and Sanvictores, 1986!.
Although the losses due to larval my-
cosis seem to be substantial, data on
economic losses in Asian shrimp cul-
ture are not available  Brock, 1991!.

The causative agent of this disease,
Fusariurrt solani, has been reported from
P. japonicus in japan  Ishikawa, 1968;
Egusa and Veda, 1972! and P. iieruxhm
in the PhiTippines  Saticados, 1.988!. Fusar-
iurn sotni affects all stages of shrimp,
causing locornotory difficulties as a result
of its mycelial gnat&. The fungus also
causes blackening and destruction of giR
tissue  hence, the name "black gill dis-
ease"!, resulting in heavy mortalities
 Sian and Egusa, 1981; Baticados, 1988!.
Chemotherapy and chemoprophyiaxis of
I'usarium disease is not weil documented
and needs further research.

Protozoan parasites, both facultative
and obligate, have been frequently re-
ported to cause significant economic
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losses in Asian shrimp culture. Two
major groups, peritrichus ciliates and
other epibionts that colonize cuticular
surfaces, and systemic Microsporidia
have been recognized,

Peritrichus Ciliates and Other
Epibionts

All species and life stages of penaeids
are susceptible to epibiotic fouling by
one or more protozoa. They include
Zoothamnium sp., Epistytis sp., Carche-
siiim sp., Vorticella sp. and, less com-
monly, Acineta sp. and Euphelota sp.
 Anderson, 1988; Boonyaratpalin, 1990;
Nash, 1990; Brock, 1991!. They are found
on unhatched Artemia cysts, and in
tank and pond-bottom sediments. The
presence of protozoan epibionts on cu-
ticular surfaces of various stages of
penaeid shrimp, in small numbers, is a
common phenomenon in shrimp
hatcheries and growout facilities. How-
ever, an abundance of these organisms
indicates heavy bacterial loading, or-
garuc pollution, nutritional and/or en-
vironrnental stress in shrimp, and
inadequate hygiene. Under such condi-
tions, heavy infections could cause dif-
ficulty in molting and hypoxia in larval
shrimp leading to death. Formalin, 1$
- 20 ppm for 30 min to 1 h, prevents
infection without adverse effects  Boon-
yaratpalin, 1990!.

Systemic Microsporidia

Microsporidian infections in Asian
penaeid shrimps have been reported
from Malaysia  Anderson, 1988; Ander-
son et a1., 1989!, the Philippines  Bah-

cados and Enriques, 1982 [cited by An-
derson et al., 1989]! and from Thailand
 Donyadol et al. [cited by Flegel et al.,
1992]!. In the Philippines and Thailand,
microsporidians with eight capsules
were found in adult P. merguiensis and
were identified as Agama.mrna  - Ttmto-
hania! sp. Anderson et al. �989! re-
ported a microsporidian belonging to
the genus Ameson infecting the hepa-
topancreas of pond-reared adult P.
monodori. More recently, F1egel et al.
�992! identified a microsporidian  Aga-
masoma peru''! from pond-reared P.
momodon in Thailand that caused mor-

talities up to 24%. The artificial infec-
tion of P. monodon by feeding and
injection of tissue homogenates with
spores were carried out with limited
success  Flegel et al., 1992!. Future re-
search on the mode of infection and
transmission of microsporidians is rec-
ornmended.

Noninfectious Diseases

A few noninfectious diseases and can-
ditions of environmental and nutri-
tional origin have been documented in
Asian shrimp culture. The following
section briefly outlines the most impor-
tant of those.

Chronic Soft-shell Syndrome

This has been repeatedly found in P.
monody in the Philippines  Baticados et
al., 1986; Baticados et. al., 1987!. The
syndrome, characterized by a persist- l
ently soft exoskeleton for severa
weeks, results from a nutritional defi-
ciency, exposposure to chemical pesticides,



~r pond soil and water conditions,
dequate management practices

 Saticados et al., 2987!. Histopathologi-
~ and tustochemical studies revealed
that the multi-layered exoskeleton of
soft. shelled shrimp is significantly thin-
ner than that of hard-shelled shrimp.
purtherrnore, the calcium content of the
hepatopancreas of soft-shejied shrimp

lower than that of normal shrimp
�aticados et al., 2987!, Saticados �988!
and Sautista and Iaticados �989! men-
tioned that the syndrome can be con-
trolled by adequate nutrition and by
maintaining good water and soil quality.

Blue Disease

This has been reported from Malaysia
 M. Shariff, pers. comm.!, the Philip-
pines  Baticados, 1988! and Thailand
 Nash, 2990! and is characterized by
bluish discoloration of the exoskeleton.
Affected shrimp often become soft, thin
and lethargic and eventually die. The
etiology of the condition is believed to
be nutritional  inadequate astaxanthin!
and reduced stocking density, im-
proved diet quality and frequent water
exchange have been recommended for
controlling it.

Pathological Conditions Related to
Acid-sulfate Soils

>rown discoloration of the gills, soft
»e"s and decreased survival were
arrtong the problems affecting P. ttt0rt0-
~ adults cultured in ponds with po-

acid-sulfate soils in Malaysia.
H tology and ult~d 4 st dy

veaied that lamella ferric hydroxide

accumulation and associated gill
changes, which led to hypoxic damage
in other tissues, were probably respon-
sible for many of the clinical abnormali-
ties observed  Nash et al., 1988a!.

Other Diseases of Relative
importance

Red disease of P. monodon caused by
aflatoxin has been detected in the Phil-
ippines by Baticados �988! and de la
Cruz �989!, and gas bubble disease and
cramped tail syndrome in P. rttcttodon
in the Philippines, which are of uncer-
tain etiologies, have also been reported.
Detailed information on these diseases
is limited, and their economic impact on
Asian shrimp culture is not understood.
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Jn 10 years, more than 2D shrimp dis-
eases were identified, most of which
had already been described in the lit-
erature  Sindermann and Lightner,
1988!. However, new diseases continue
to emerge. Standard treatment and pre-
vention techniques for shrimp diseases
oannot be applied to some newly dis-
covered diseases, such as white-black
spot dhease, because their etiology is
unhuman  Xu and Liu, 1988!.

Disease is a serious problem, and the
situation in China is rather grim, This
paper wil provide an overview of the
shrimp dhole situation, and discuss
treatments and preventives used on
shrimp farms in China.

Diseases and Disease

Syndrome s
The most common and important dis-
eases and disease syndromes of cul-
tured penaeid shrimp in China will be
listed according to their etiology; infec-
tious diseases, noninfectious diseases
and diaries whose etkQp is unlrmmm.
Some important diseases that remain
to be investigated are not included.

Infectious Diseases

Hepatopancreatic Parvo-like Virus,
HFV

Lightner and Redman �985! first re-
ported that hepatopancreatic parvo-like
virus had been found in P. chinensis. At
the same time, Wang et al. �985! con-
firmed this observation. Gross signs of
HPV infection include atrophy of the
hepatopancreas, poor growth rate, ano-

rexia and reduced preening activity.
Mortahty is higher if shrimp have both
HPV and either Vibrio disease, black
gill syndrome or epicommensal foul-

Intranuclear inclusion bodies in hyper-
trophied nuclei of hepatopancreatic tu-
bule epithelial cells and the presence of
virus particles in the intranuciear inclu-
sion bodies of affected hepatopancrea-
tocytes have been observed in cultured
penaeid shrimp and in wild shrimp
from the Huanghai Sea  Wang et al.,
1985!. Viral diseases have not been
taken seriously in China because their
impact is subtle and it is difficult to
distinguish their symptoms from other
diseases. Thus far, few works have
dealt with the viral diseases of penaeid
shrimp in China.

Vibrio Disease of Larval Shrimp
Septicemic vibriosis is the most serious
and ubiquitous disease of larval shrimp
in China. Most pathogenic strains ap-
pear to be Vibrio parahaemolyHms, V.
Ntginolyticus, other V. spp. and other
related bacteria. Affected shrimp ap-
pear turbid, exhibit reduced motility,
reduced phototaxis, empty guts, in.�
creased surface fouling and a tendency
to sink Microscopic examination shows
an abundance of bacteria. In serious
cases, mortality can reach 100% within
one or two days  Meng and Yu, 1982a!.

Application of 1 - 1.5 ppm cMoram-
phenicol, 2 - 3 ppm terramycin or 1
ppm furacin to the tank water is effec-
tive both as a treatment and to prevent
this disease. Live animal feeds such as
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severe outbreaks. The disc
frequently in growout ponds in wh ~
the top layer of bottom mud has not
been removed prior to stocking or
when the density of shrimp is too high.

Application of 2% mashed garlic and
0.2% terramycin  or 0. 1% chlora-
phenicol! to the feed for 7 to 14 days,
in conjunction with the addition of 1-
2 ppm calcium hypochlorite in the
pond water, is an effective means of
treatment  Meng et al., 1989; Hong and
Chen, 1991; Wu et al., 1991c; Xu et al.,
In press!.

Red-leg disease is the most harmful d
'q itous shrimp disease in China,

tality can be as high as 95% during

Artemia nauplii are believed to be the
principal means of transnussion of
pathogenic Vibrio spp.; therefore, aH
animal feeds should be thoroughly ster-
ilized before feeding. Certain microal-
gal feeds, however, have an inhibitory
effect on pathogenic Vibrio; hence, the
application of selected microalgae to
the shrimp rearing system not only
serves as supplemental feed, but also
helps to control the Vibrio population.
Therefore, it is possible to prevent Vi-
brio disease in larvae with ecological
measures  Chen et al., 1989; Chen et
al., In press!.

Red-leg Disease
The important pathogenic species are
V. parahaemolyticus, V. alginolyficus, V.
anguillarum, V. campbellii, other V. spp.,
Proteus riulgaris and related bacteria.
Gross signs of affected shrimp include
anorexia, lethargy and expansion of red
chromatophores on the periopods and
p eopods, giving these appendages a1

reddish coloration. Affected shrimp often
swim in shadow water, and dead shrimp
are frequently found along the pond side.

Pathogenic strains are frequently iso-
lated from the hepatopancreas, which
becomes discolored and soft. Hemocyte
numbers may be drastically reduced,
and hemolymph appears turbid and
clots slowly or not at all. GiHs become
yellow or pink, and affected shrimp
usually have empty, reddish guts.

Eyeball Necrosis Disease
Zheng �986! described eyebaH necrosis
disease of penaeid shrimp and deter-
rnined that it was caused by Vibrio
cholerae  non-01!. Affected shrimp float
motionless, lying prone and ro Hing
over at the surface of the water from
time to time. The eyes of affected shrimp
swell, and the cornea turns from black
to brown. then festers and falls away,
causing mortality within a few da
usa ri urrr sp. is occasionally isolated

from the eyes of affected shrimmp.

Adding 0.2% terramycin or 0.1+
chloramphenicol to the feed and
treating the pond water with mala-
chite egreen and formalin can prevent
this disease  Zheng, 1986!,

Brown Spot Disease
Brown spot disease is caused by cNtin-
degrading bacteria and a variety of re-
lated bacteria that enter through she"
wounds. ~...is is a ubiquitous disease,
especially in overwintering shrimp. Ibe
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~~d part of the body can become
~darily infected with Vibrio sp. or

sp Over titne, the ovaries may
atrophy and turn red, and Fusariurn sp.
~n cause tumors which invade the
mu~ tissue. In China, brown spot

ase is treated with 25 ppm formalin
for 24 h  Meng and Yu, 1980; Wu et al.,
1991c!.

Flarnentags Bacterial Disease
The species of filamentous bacteria
identi6ed in China indude leruvthrix
~Ncor and Thiothrix sp.  Wu et al.,
1991c!. 'Ibis disease is frequently found
in larvae and juvenile shrimp. If the
water quality is poor, both filamentous
bacteria and fouling ciliates adhere to
the gills, and mortality is caused by
difficulty in respiration and molting.
Application of 10 ppm teaseed cake to
promote molting, and a high rate of
water exchange are effective means of
prevention and treatment  Meng and
Yu, 1983; Wu et al., 1991c!.

Larval Mycosis
The etiologic agents of larval mycosis
reported in China are Lagenidiuin sp.
and Sielpidium sp. Lagetiidium sp. has

veside that is missing in
itolpaf<iini sp. Larval mycosis is ubiq-

in larval rearing systems through-
. In serious cases, cumulative

mortality reaches 100% in one to two
d s'ys if treatment is not provided in

e- The following have been reported
s effective in the prevention of larval
mycosis: 1G - 40 ppb rnethylene blue, 2
pP galinut  a traditional type of Chi-
n e medicine! or 0.008 - O.O1 ppm

inalachite green  Wu et al., 1988; Meng
and Yu, 1982a!.

Fusarlum Disease
This disease occurs principally in over-
wintering shrimp. The etiologic agents
reported in China are Fusarium salami,
F. oxysporum, F. tricirictum and F. gram-
ineariim. Conidiospores enter through
wounds and produce hyphae that extend
into rnusde tissue, creating tumor-like
swellings. Mortality is the inevitable re-
sult � there is no cure for Fusarium
disease.

Gills are most susceptible to infection
by barium spp.; hyphae and conidia
fill the giQs of infected shrimp. Appli-
cation of mycostatin can reduce the
mortality rate in the early stages of
infection, but it is also necessary to
remove diseased shrimp early  Yu et
aL, 1989; Hong et al., 1988; Meng and
Yu, 1983!.

Cotton Shrimp Disease
Cotton shrimp disease is caused by
microsporidians, including Pleistophora
sp., Thelohariia sp. and Nosema sp.
 Meng and Yu, 1983; Wu et al., 199lc!,
Nosema sp. was also found in wild
peeress chiiiensis taken from the coastal
waters of Qingdao  Hao and Mou, 1984!.
Shrimp tissue infected with microspor-
idians turns white and becomes soft. In
general, the mortality rate is low. There
are no treatments, only prevention. For
example, one should remove all dis-
eased shrimp and sterilize the pond
bottom to prevent cotton shrimp disease.
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Parasitic Ciliate Disease

Paranophrys carcini Leglise is a marine
facultative parasite that inhabits decay-
ing organic rnatter and occasionally in-
fects shrimp through wounds. The
optimum temperature for propagation
of this ciliate is 10'C.

In the early stages of the infection, the
ciliate can only be found in the wounds
of the shrimp. In later stages, it can
infect hemolyrnph and damage other
or pns, even the giRs. Shrimp exhibit
reduced hemocyte numbers, and hemo-
lymph becomes turbid and doesn't clot.

Parasitic ciliate disease only occurs in
overwintering shrimp in northern China,
where mortality due to the disease can
exceed 90%. To prevent this disease,
damage to the shrimp should be avoided,
diseased or dead shrimp should be re-
moved quickly, and live animal feeds
should be treated with fresh water.
Formalin and malachite green are also
effective preventives  Meng et al., 1988!.

Parasitic Nematopsis and Cephalolobtcs
Diseases

Parasitic Nerrratopsis sinai~~'s and Cepha-
lolobus perMeus have been found in diges-
tive tracts of penaeid shrimp in China
 Meng and Yu, 1980; Wu et al., 1991b!.

Epicomrnensal Ciliate Disease
Heavy fouling by epicornmensal proto-
zoa on the surfaces of gills and append-
ages may cause mortalities. Thirty-eight
species of epicommensal ciliates be-
longing to nine genera  Zoothamnium,
Epistylis, Vor6ceVa, Raxb~h, Myschis-
ton, Pseudamrchesium,?nt rustylum, Vagm-

km' and Cothumia! have been observed
on penaeid shrimp in China  Song,
1986!. Zoothamnium, Vorticella and Epi-
stylis are most common, and the most
serious fouling organisms affecting
penaeid shrimp. The following treat-
ments can remove ciliates from gill fila-
ments and body surfaces of penaeid
shrimp  Meng and Yu, 1983; Zheng et
al., 1987; Wu et al., 1991c!:

~ Exchange a great deal of water;

~ Teaseed cake at 10 pprn in pond
water;

~ Potassium permanganate at 5 ppm;
and

~ Formalin at 25 ppm for 24 h.

Miscellaneous Fooling Organisms
This large group of surface fouling or-
ganisms includes a variety of bacteria,
algae and other protozoa. Licmophora
ehrenbery, L. panafoxa, Synedra tabulata,
Nitzschia sp., Amphom sp., Belanws sp.,
Entenmorphra sp., Ectocarpus sp. and
Cladophora sp. have all been found at-
tached to the gills or body surfaces of
penaeid shrimp  Wu and Zeng, 1988;
Wu et al., 1991a!. Acineta polymorpha, A,
tuberosa and Ephelota sp. also cause foul-
ing diseases  Meng and Yu, 1980; Wu
et al, 1991a!.

Some treatments used to combat 6la-

mentous bacterial disease and epicom-
rnensal ciliate disease can also control

fouling organisms listed in this section.



t4oninfectious Diseases

Black GIII SyndromeMek species of penaeid shrimp in
China are susceptible to black gill syn-
drome, which may be caused by toxins
or biotic agents in the water that harm
the gills. In serious cases, most of the
giM lamellae are affected and necrosis of
the gNs may be apparent. It is notewor-
thy that black giM syndrome is always
accompanied by infection by Vibrio spp.,
FMssriee spp., Zootharrtnhun spp., lageno-
phry spp. or HPV, and eventually re-
sults in high levels of mortality.
Therefore, to prevent the disease,
comprehensive and appropriate rneas-
ures must be considered in advance
 Meng and Yu, 1982b!.

Gas-bubble Disease
Gas-bubble disease may occasionaMy
occur in hatcheries as a result of
supersaturation of sea water with at-
mospheric gases. Prevention is accom-
plished by controlling the level of
dissolved gases at aM times  Meng and
Yu, 1982a; Wu et al., 1991c!.

Muscle Necrosis
Musde necrosis usuaMy occurs in grow
out ponds during summer months and
is caused by overcrowding, low o!
gen, sudden changes in temperature or
salinity and other unstable conditions
Keeping pond water dean and using
moderate stocking densities may pr~
vent muscle necrosis and secondary
bacterial and fungal infections  Meng
and Yu, 1983; Wu et al., 1991c!.

Floating Head Syndrome
Floating head syndrome of penaeid
shrimp always occurs in high-density
growout ponds with poor phytoplank-
ton blooms, poor water quality and
polluted bottom conditions, during cahn,
sweltering summer days. Shrimp usually
float at the surface of the water in the
early morning due to lack of oxygen.
Floating head syndrome results in se-
vere mortalities at some shrimp farms
if it is not treated in time. The following
are effective means of prevention:

~ Raising the shrimp at moderate
densities;

Body Cramp Syndrome
FuMy or partially cramped shrimp can
be found in growout ponds during
summer months when both air and
water temperatures are hi~'n4 es-- � ' >>y

when the air is warmer th th
voidance of handling during the hot-

test hours and timely exchan of
in e summer months are suggested
means of prevention  Meng and Yu,
19Q; Wu et al., 1991c!.

~ judicious application of feed

~ EMangmg water; and

~ Using chemxA and physical
ures to increase the level of ~
solved oxygen.

Diseases of Unknown BiologV

White-b4ck Spot Disease
Thee cause of this disease is
but itusu occurs in warmer sea~~'
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~ Always keep pond water dean,
pay dose attention to water tem-
perature, water color, salinity, dis-
solved oxygen, etc. and modify
these parameters when neces-
sary;

~ Change pond water in a timel
fashion;

a'ey

~ Ponds should be deeper than 1.
-2.0 m;

eeper than 1.5

Shrimp growout ponds aho can be
considered ecosystems in which cul-
tured shrimp and astodated ormrartssms,
including Bve aturnal and rmtmalgal
feeds, related microorganisms and a
variety of pathway.ns, live together and
are conditioned to one another. Disease
sitttations at certain shrimp farms are
doeely associated with culture patterns.
Noninfectious diseases of penaeid
shrimp can be prevented by controlling
some environmental factors or improv-
ing nutrition. To prevent infectious dis-
eases, ecological control measures must
be instituted instead of chemical ones.
The most important ecological meas-
ures are:

~ Dry the bottom of growout
ponds during the winter after
harvest, then remove the surface
layer;

~ Sterilize the ponds with calcium
hypochlorite or teaseed cake be-
fore stocking;

~ Select healthy larvae for stocking.

~ Raise shrimp at moderate denst
ties in growout ponds.

e Give appropriate quantities of feeds
to avoid deterioration of the bot-
tom environment;

~ Sterilize or treat animal feeds be-
fore use to avoid transmission of
pathogenic Vibrio spp.;

~ Give medicated feeds only during
hot seasons or disease outbreaks;

~ Control the transfer of pathogens
at all times; and

~ Study the ecology of pathogens
and apply ecological control m-
stead of chemical control.
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Diseases of commercially cultured Penaeus monodon tn Thailand are reviewed with emphasis on
recent research results. The major causes of economic loss in growout ponds can be ultimately
attributed to environmental stress resulting from poor management practices or external factors.
The most common virus infection reported is &tMeus trtottodon baculovirus  MBV!, but this is
well tolerated by P. rrtortodott under unstressful rearing conditions, Two new viruses of unknown
impact are described in normal broodstock specimens of P. monodon captured from the Andaman
sea One is a nonenveloped, polyhedral particle  diameter 40 ntn! that occurred in the cytoplasm
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opportunistic and have not caused extensive economic loss. However, Lagenid'rutn sp. is infectious
in the hatchery and can sometimes cause heavy losses if it is not controlled with trifluralin �0
ppb!. With respect to environmental factors, preliminary results from insecticide tests showed
that the synthetic pyrethroid, cypermethrin, was extremely toxic to P. mottodon. It was acutely
toxic, causing significant mortality in growout shrimp at 1 ng/L, and in larvae  zoea! at 10 pg/L,
In light of this, the effect of insecticides on crustaceans is briefly reviewed. Other environmental
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General

introduction Management Practices and
Environmental Stress

This paper is an overview of the impact
of diseases on the cultivation of Penates
eoedoit in Thailand. However, it
would be pointless to simply repeat
much of the information that has al-
ready been published in recent excel-
lent reviews by Sindermann and
Lightner �988! and by Brock �991!,
and wherever appropriate, we wN re-
fer to these works. There is also a recent
publication in Thai  Limsuwan, 1991!
that has a good section on diseases and
their control. The emphasis here will be
on recent investigations in Thailand,
some of which have not yet been pub-
lished.

We will also present some abnormal
phenomena that we have observed in
P. mammon but have, as yet, been un-
able to explain.

As an overall liinitation, we caution the
reader that the context of this article
applies to the authors' experiences with
shrimp farming on the "semi-inten-
sive" scale in earthen ponds in southern
Thailand. According to our definition,
semi-intensive ponds are piscicide-
treated ponds stocked with hatchery-
raised larvae at 15 - 80 larvae/m and
supplied with dry commercial feeds as
a major part of their diet. In the BPN
 Aquastar! system, the average pond is
approximately 1.5-m deep and 1 ha in
area, with an average water exchange
 over the whole cultivation cyde! of
approximately 30%.

At recent meetings in Kuala Lumpur
 New et al., 1990! and Korea  Work-
shop on Fish Health Management in
the Asia-Pacific Region, 8 - 15 October
1990, Pusan, Korea!, there was consen-
sus among disease experts that many
of the disease problems encountered in
aquaculture can be avoided by good
management practices. We strongly
concur with this opinion. The two ma-
jor causes of problems encountered by
shrimp farmers in Thailand are poor
manage men t and e nv ir onmental
stress. Management problems are usu-
ally solved through assistance from
government extension workers  e.g.,
from the Department of Fisheries! or
from the technical sales staff of the
various feed companies. Environ-
rnental problems, however, often can-
not be solved, especially when they
result from natural phenomena  e.g.,
red tides!. Where they could conceiv-
ably be solved, major changes in social
behavior and legislation would be re-
quired, and it is difficult to imagine any
improvement for some time to come.
Even so, a move has been made in that
direction in Thailand. In February
1992, legislation was passed requiring
all shrimp farms to be registered and all
farms over 50 rai  approximately 8 ha!
to provide a minimum of 10% of the
farm area  the area of the discharge
canal can be included! for the treatment
of discharge water. The BOD limit of
the outlet water has been set at 10 mg/L
by this legislation.
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In principle, we agree with such legis-
lation since it is desirable for the stable
future of the whole industry that the
carrying capacity of the environment in
each farming area be determined and
that the water resources be managed in
such a way that conflicts between vari-
ous users  including nonaquaculturists!
are avoided. To formulate such legisla-
tion, data from sound environmental
studies are required, and these studies
should be carried out as quickly as
possible. The hasty drafting of laws in
the absence of such data can result in
the setting of arbitrary liinits, such as
the 10-ppm BOD limit for discharge
water in Thailand. If such limits are not
necessary or realistic, they can be daN-
aging to the growth and competitive-
ness of the industry.

Serious environmental problems have
developed in some shrimp farming ar-
eas in Thailand because of the unre-
strained construction and operation of
ponds. In the most extreme situations,
single canals extending several km
from the sea are used for both pond
supply and discharge. In such situ-
ations, water quality deteriorates pro-
gressively from the seaside inwards,
and, consequently, farmers at the end
of the line can face serious disease
problems as a direct result of poor
water quality. Sometimes, farms are
located near industrial areas, so resid-
ual wastes from factory discharges may
also be significant underlying causes of
disease  Menasveta, 1987; Summonok,
1990!. The problems faced are not al-
ways on the side of the shrimp farmers.
There have been extreme examples of

shrimp fariners discharging saline wa-
ters into freshwater canals. In a few
cases, this has led to physical dashes
with rice farmers and police interven-
tion.

The most significant poor management
activity in Thailand is stocking ponds
beyond their carrying capacity. In the
standard Aquastar pond, farmers are
stocking 15 - 80 larvae/m. BPN
Aquaculture recommends stocking a
maximum of 30 larvae/in for such
pond systems, but suggests that stock-
ing 25 larvae/m would be optimal. This
optimal number was arrived at through
discussions with experts of long practi-
cal experience in shrimp farming.
Through experience, they found that
such stocking levels aHowed for stable,
long-term productivity from these
ponds. They found that higher stocking
densities increased the risk of failure in
the long term, although short-term
gains could be higher under ideal con-
ditions.

Unfortunately, many Thai farmers have
adopted the goal of higher short-term
gains, and average stocking densities
have risen to the current level of ap-
proxirnately 50 - 60/m, contrary to the
advice of almost aH disease experts.
This practice has been adopted almost
universally, regardless of the con-
straints  environmental and infrastruc-
tural! that vary from pond to pond.
Thus, it is entirely predictable that
many farmers reach a point in the cul-
tivation cycle where they eventually
face disease problems that either re-



quire extreme treatment measures or,
more often, are untreatable.

lnfefious Versus Opportunistic
Diseases

In the few years we have been working
with P. raoirohm, we have been im-
pressed by the hardiness of the animal
and its high level of resistance to dis-
ease under good cultivation conditions.
Under these conditions, there is a
rather low level of mortality from dis-
eases caused by infectious agents  i.e.,
agents that can surmount the defenses
of a healthy animal!. Such agents in-
duce viruses and. parasites, and they
usuaHy cause relatively low financial
loss; i.e., survival for good ponds  har-
vested shrimp/stocked larvae x 100%!
is usually 70 - 80%, including losses
from causes other than infectious
agents  e.g., physical injury, predation,
etc.!. Thus, we believe that studying
the infectious agents and formulating
control or elimination strategies could
raise the average survival by 1Ã6. Bet-
ter growth rates and feeding efficiency
could also accrue, and, altogether,
these factors could significantly im-
prove production efficiency.

In contrast to the viruses and parasites,
we consider aH of the bacterial and
fungal diseases that we have encoun-
tered in growout ponds in Thailand to
be opportunistic infections. We exclude
rickettsia, which has not yet been
found in Thailand, from this generali-
zation. Our conclusion is based on the
experience that these infections can al-
ways be directly or indirectly attributed

to an extended period of stress, which
led to general weakening and a lower-
ing of normal defenses. This applies
equaHy to secondary infections via viral
lesions, which can be exacerbated by
stress to such an extent that bacterial
infection can fo5ow  see next section!.
Mortality from secondary infections
usually causes the greatest losses in
shrimp rearing. In some cases, the situ-
ation can be so severe that an entire
crop is lost or must be terminated pre-
maturely. Often in these situations,
massive mortality begins before assis-
tance is sought, and it is too late to
devise a treatment that will improve
survival.

With respect to the hatchery, we cur-
rently reserve judgment as far as the
infectivity of bacteria is concerned, but
we can confirm that oomycete diseases
are definitely infectious for healthy,
unstressed larvae.

Viruses

Lightner et al. �990! and Brock �991!
have reviewed information on shrimp
viruses, and only information relevant
to Thailand will be included here. Only
P~ triotrodoti baculovirus  MBV! has
been widely reported in Thailand.
Other viruses are either uncorrunon or
do not cau.se high losses. Alternatively,
they may be overlooked when they
occur. Below is a summary of recent
information on viruses we have found.
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MBV

We recently published a summary of
our work with this virus infection in P.
monodon in southern Thailand  Fegan et
al., 1991!. Although the disease is well
tolerated in P. monody as lang as rear-
ing conditions are optimal, its elimina-
tion from the hatchery will improve
production. A recent publication by
Liao et al. �990! shows that the inci-
dence of MBV in the hatchery can be
substantiaHy reduced by using clean
sea water to wash the eggs or nauplii
before they are transferred to rearing
tanks, We are accumulating data to
determine whether washing signifi-
cantly improves the overall, long-term
survival in a hatchery, but initial results
concur with those of Liao et al. �990!.

Our procedure is as fallows: after har-
vest from the hatching tank, several
million nauplii are transferred by net to
a 500-L fiberglass tank filled with dean,
filtered sea water. The tank is fitted
with an overflow filter consisting of a
perforated pvc cylinder  approx. 25 cm
dia. x 90 cm long!, dosed at one end,
with an outlet line  approx. 7.5 cm dia.!
at the other, and covered with 150-
mesh nylon screening. The larvae are
washed for 3 h at a rate of 500 L/h  total
of three tank changes!, before transfer
to the rearing tanks.

In an effort to further control and un-

derstand this disease, we have been
trying to develop a DNA dot hybridiza-
tion probe for the rapid, on-site detec-
tion of MBV. Vickers et al. �990!
reported preliminary steps towards

preparation of such a probe but, accord-
ing the most recent issue of the Asian
Shrimp Culture Council  ASCC! news-
letter  issue t8, fourth quarter 1991!,
Dr. S.N. Chen has already developed
such a kit. As a byproduct of the DNA
probe effort, we now have excellent
electron micrographs of MBV virions
 Figs. 1-3!, and these may help in the
comparative characterization of MBV
from various geographical locations.

Upon examining the negatively stained
viral acdusion  VO! polyhedra of MBV
 Figs. 1-3!, we were struck by the large
size of the polyhedron subunits  about
20 nm! and how they could appear to
be "empty" and "full"  Fig. 1a, b; Fig.
2a, b; Fig. 3b, d, f!, rather like nega-
tively stained parvovirus  densovirus!
virions  Tijssen and Arella, 1991!. The
VO polyhedra appeared to arise by the
association of these globular polyhe-
dron units  Fig. 2d-f; Fig. 3b, c, e! rather
than the coalescence of fibers, as occurs
in the insect baculoviruses  Adams and
McClintock, 1991!.

It is possible that the polyhedra from
these MBV preparations are paracrys-
taQine arrays af parvovirus partides
with embedded baculovirus virions,
and that what we see is the result of a
dual infection, perhaps even involving
interdependent replication of a par-
vovirus and a baculovirus. Further in-

vestigation of this possibility may be
warranted. For example, the polyhe-
dral subunits are close in size and shape
to parvovirus virions  Adams, 1991!.
There are also reports of mixed or mii-
tiple infections with insect palyhedrosis
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Figure 1. Negatively stained  molybdophosphate! preparations of M8V virions viewed with the electron
microscope.  a! Fully enveloped virIons  bar = 100 nm!.  b! Fully enveloped virions accompanied by
unknown filaments  bar = 100 nm!.  c! Unenveioped vidon with extruded filament  bar = 150 nm!.  d!
Emptynucl~pslds showlngcapsafboth ends  bar= 150nm!.  e! Unenveloped nucleocapsldshowing
extruded filament adjacent to narrvwer filament of unknown origin  bar = 60 nm!.  f! Nuciereapsid
showing spiral arrangement of protein subunits  bar = 80 nm!.



Shri Diseases in Thailand

Figure 2. Negati vely stained  molybdophosphate! preparations of MB V virions viewed with the electron
microscope.  a! Complete and unenvetoped v'rrions. Arrowindicates partially tom envelope  bar = 100
nm!.  b! Virions ~ith tom envelopes  bar = 120 nm!.  c! Low magnification of many virions with ruptured
envelopes. Note also the bundles of unknown filaments  bar = 300 nm!.  d-f! Transmission electron
micrographs of MBV occlusion bodies. Note the presence of inserted filaments at the fracture line" in
 e!  bars = 120, 120and 80nm, respectively!.
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Figure 3. Negatively stained  mol>4ahph~phate! preparations of MBV vin'ons showing details of the
polyhedron component of the occlusion bodies. Arrows indicate particles that appear "empty"  bars: a
= 100 nm; b = 100 nm; c = 75 nm; d = 100 nm; e = 60 nm!.
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Figure 4. Light lnicroscope photographs of abnormal lymphoid organs from healthy broodstock of
Penaeus monition.  a! Low magnification view of an H&E-stained tissue section showing normal tubules
separated by abnormal, solid clumps of cells with enlarged nuclei. These abnormal areas have a more
basophilic staining reaction than the normal tubule tissue  bar= 50@m!,  b! Higher magnification of the
same tissue showing deeply basophiltc inclusions in the abnormal cells  bar = 72.5 p,m!,  c! High
magnification of the basophilic inclusion bodies showing clearly that they are cytoplasmic  bar = 5 pm!.
 d! Toluidine blue-stained, thin section of cells with hypertrophic nuclei next to tubule cells with nuclei
of normal size. Arrows indicate differentiaily stained areas next to "normal" nuclei  bar = 12.5 p.m!.  e!
As in  d!, except that a tubule lumen is visage to the left  bar = 12.5 pm!.  f! As in  d! but a higher
magnNcation clearly showing the hypeitrophied nuclei and inclusion bodi es that are cytoplasmic and
have a vanaNeappearance  bar= 5 ~!.
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Figure 5. Transmission electron micrograph of an abnormal lymphoid organ from healthy broodstock of
Penaeus moredon. The cells with small indented nuclei in the lower part of the photograph are from a
region of tissue that appears normal with the light microscope. In the upper part of the picture are round,
hypertrophied nuclei typical of the areas that appear basophilicin HBE preparatI'ons  bar = 4 pm!.
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Fi'gure 6. Transmission electron mL"rographs of an abnorma/ lymphoid organ from healthy broodsfock
of Peraeus moredon. The cells shown were from fubules that appeared normaiin H&E preparations,
but here show cytoplasmic virogenic areas adjacent fo the nuclei.  a-b! Cells showing two virogenic
areas each  bars in bofh = 2 pm!.  c! High magnification of the lowest nucleus in  b!, clearly showing
fwo virogenic areas next to the nucleus. Note the muitiiameilar membrane structures  bar = 0.6 gm!.
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Figure 7. High magnification of a virogenic area from the cytoplasm of the cell in Figure Gc clearly
showing unenveiopecf virions approximately 40 nmin diameter  bar = 300 nm!.
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Figure 8. Low' magniflcatfon of abnormal lymphoid organ tissue from healthy broodstock of Penaeus
tnoredon. Note the hypertrophied nuclei and the variety of different types of cytoplasmicinclusions that
resemble secondary phagosomes  bar = 4 p,m!,



Shri Diseases in Thailand 71

Figure 9. High magnification of a portion of Figure 8 showing two hypertrophied nuclei and a variety of
inclusions in a single cell  bar = 1.2 pm!.
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Figure 10 High magnification of hypertrophied nuclei showi ng  a! what may beincorqoletely synthesized
viral material adjacent  bar = 1.2 pm!.  b! High magnification of the 'viral" materia/in  a!  bar = 0.3 pm!.
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Although we could not relate the ab-
normal organs to a disease condition in
the broodstock, we are concerned that
the virus may be carried by the brood-
stock in a chronic infection, be passed
on to the larvae, and cause problems
later in the production cycle  e.g., see
section below on yellow-head shrimp!.
More work is required to characterize
the virus and to determine whether it
has any impact on production.

HPV

In a preliniir~y vitamin C trial similar
to that described in the previous sec-
tion, five of eleven animals examined
histologically showed distinctive baso-
philic  HkE staining! and Feulgen-posi-
tive inclusion bodies in the nuclei of

cells in the hepatopancreatic epithelium
 especially E cells!. These resembled
typical inclusions of hepatopancreatic
parvo-like virus  HPV!  Sindermann
and Lightner, 1988; Brock, 1991!. As
with the trial described above, these
shrimp were normal for growth, exter-
nal appearance, and behavior, and
would not have been subjected to dis-
ease examination. Inclusions were

IHHNV

phology of our material differs mark-
edly from that reported from Australia.
For example, the inclusions in our ma-
terial are cytoplasmic rather than nu-
clear and the virions are much larger
�p nm in our specimens as opposed to
about 20 nm in the Australian speci-
mens!. Thus, it appears that different
viruses may give rise to superficiaHy
similar staining reactions in lymphoid
organ tissue sections, and that a careful
examination may be necessary to dis-
tinguish between them.

As to the nature of the virus in our Thai
specimens, we may assume that it is an
RNA virus because of its cytoplasmic
location, but it is difficult to relate it to
other undassified viruses reported for
crustaceans  Bonami and Lightner,
1991!. If size is any indicator, it may be
a picornavirus or a reovirus.

ough infecfious hematopoietic and
hyp «~~ necrosis virus  IHI~Q!
as been reported from P. mongg~

 Sindermann and Lightner, 1988;
~" 1991!, we have found no sign of

it  Cowdry A bodies! in specimens of
diseased pond shrimp in the past four
years. However, in one recently com-
pleted set of vitamin C feeding trials
 proprietary company study!, healthy
shrimp were fixed and examined his-
tologically at the end of the trial, and
some of the animals �5/49! were found
to have typical Cowdry A bodies in the
antennal gland only. The incidence ap-
peared to be higher in animals that had
been given vitamin C polyphosphates,
but the number of animals examined
histologically for each group was too
small to make statistical comparisons.
We will repeat this trial with test ani-
mals receiving vitamin C polyphos-
phate at 500 ppm in feed  five times the
maximum dose in the previous trial!
and control animals receiving no sup-
plementary vitamin C. We will include
sufficient numbers of animals to allow
statistical analysis.





Shri Diseases in Thailand
75

Table 1. Antibiotic sensitivity of bacteria isolated from disease d / enaeus rrioirrooron in Thailand.

Oxy. Er!/, Poly. B. Chior. Sulf
30 18 300 u 30 1,2

0/1 1/G/G 0/1/0 0/0/1 0/0/1
G/3 8/2/0 2/0/8 0/0/10 0/0/1
1/0 5/0/G 4/G/1 GIG/5 0/0/5
0/1 2/0/0 0/0/2 0/0/2 0/OI2
3/0 1/4/0 5/G/0 0/0/5 0/0/5
2/1 2/2/0 1/1/2 0/0/4 0/0/4

2/3/4 13/5/1 4/'1/14 0/0/19 0/0/1
/9/10 32/13/1 16/3/27 0/0/46 0/0/

/0 1/1/0 0/0/2

/0 2/1/0 1/2/0
2/0/0 2/0/0
0/0/3 0/G/3

Numbers indicate the number of strains Resistant/intermediate/Sensitive, based on standard tables  Becton
Dickinson, Antimicrobial susceptibility testing: a system for standardization, 1985! for diameter of inhibition
zones in Mueller-Hinton agar  NaCl 2.5%! around paper discs impregnated with the quantities of antibioticsindicated  itg/disk except for polymixin B given as units!. Also given is the number of strains with multiple
resistance  i.e., resistance to more than one antibiotk!  y/total! and the subtotal for all the Vibrio isolates.
Note: V. Vibrio; algin. - aigino/yricus; angui. = angxi//orxm; harv. = hannah; mari = roorinus; para.-panr/xrrmolyfims; vul. = ou/ni~s; Aer. = Arroaronas; P, shig. = Pfrisiomonos s/rigrsoidrs; oep. - ampicillin;
strep. = streptomycin; oxy. = oxytetracycline; ery, erythromycin; poly. B polymyxin B; chlor. =chloramphenicol; suf./tri. = sulfamethoxazole 23.75/trimethoprtrn1.25; nitro. nitrofurantoin; nali. nahdixic
acid.

shrimp in Thailand, showing that the
incidence of multiple antibiotic resis-
tance was rather high. A similar pattern
of sensitivity/resistance was found for
the luminous hatchery pathogens V.
harveyi and V. splendidus in the Philip-
pines  Baticados et al., 1990!. Dixon et
al. �990! have also found a high inci-
dence of antibiotic resistance in Aero-
morMs species in tropical fish from
Singapore.

In addition to mortality caused by bac-
teria, there are bacterial infections that
cause black discoloration of the shrimp
carapace and erosion of the append-
ages and the telson. These imperfec-
tions can reduce the sale value of the
shrimp, and they are described in the

referenCes given in the introductiOrl tO
this paper. These superficial imperfec-
tions are usually sloughed off with the
molted exoskeleton and, again, their
presence in significant quantity is an
indication of underlying stress that is
interfering with the regular molt cycle,

One syndroine that has been reported
for shrimp in Thailand by Limsuwan
�98S, 1991! is caUed "sien dMm" in Thai,
which translates to "black splint" in
English. The gross appearance of the
lesions is tough, black filaments up to
2 mm or more in width that arise just
under the carapace in the tail muscle
segments and penetrate inwards, usu-
ally through the connective tissue be-
tween body segments, producing finer



branch filaments in a rootlike fashion
as they progress inwards. These fila-
rnents are very ugly, persist after
cooking and make the shrimp unmar-
ketable.

According to Limsuwan �988!, this dis-
figuration is caused by V. mdriificus, and
according to Ruangpan and Sa~ui
�988!, infection +mured only during
periods when the salinity in the rearing
ponds dropped below 10 ppt. Although
lesions could be found in shrimp from
ponds at higher salinities, the authors
reported that pond histories showed an
earlier period of exposure to 10 ppt or
less. They proposed that infections oc-
curred during the low salinity period
but were overlooked. Progression after
the salinity was restored to higher lev-
els eventuaHy resulted in the gross
symptoms. According to Limsuwan
�991!, this disease can be treated with
oxytetracycline at 2 - 3 g/kg feed for 7
to M days.

Another symptom we have observed is
black lymphoid organs  Oki organs! in
some pond-reared shrimp. Histological
examination revealed that the animals
have extensive bacterial septicemia
caused by V6bio species  unpublished!.

Possible alternative treatments to anti-
biotics include the prophylactic use of
vaccines  Itami et al., 1989; Song and
Sung, 1990; Adams, 1991; Sung et al.,
1991!, immunostimulants  Robertsen et
al., 1990; Raa et al., 1992; Nikl et al., In
press! and probiofics  Asian Shrimp
Culture Council Newsletter, issue 48,
fourth quarter, 1991!. Any of these ap-
proaches would be superior to the use
of antibiotics, but some have not yet
been tested with shrimp and those that
have are stiH in the experimental phase.

Vibriosis ln the Hatchery

Although we believe that vibriosis in
growout shrimp arises as a secondary
or tertiary phenomenon through stress,
we are stiH uncertain whether Vibrio
spp. can be infectious in the hatchery.
Mere are many reports that they can,
but the great sensitivity of the larvae to
nutritional and environmental changes
and toxic substances, makes it difficult
to eliminate them as the underlying
cause of infection. The species causing
difficulfies are the same as those given
for growout ponds above, but special
attention is often paid to the luminous
species V. harpeyi and V. splendidus  Ba-
ticados et al., 1990!.

TIie types and doses of antibiotics com-
monly used in shrimp ponds in Thai-
land have been reviewed by Tonguthai
and Chanratchakool �992!. Recom-
mended withdrawal periods are some-

es shorter than those used in more
temperate countries such as Japan
 Aoki, 1992!, and it would be better if
the periods were given in degree days.

After reading the publication by Adams
�991! on the exposure of P. monrxton to
a bath of kiHed Vibrio ceHs, we won-
dered whether shrimp  including lar-
vae! were continuously invaded by
whole bacterial cells at a fixed rate. If
so, high total numbers of bacterial cells
in the bathing water would easily
swamp the larval hemocytes, and even
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if only a small fraction of the total count
consisted of pathogenic Vibrio cells, the
results would be disastrous. To test this
possibility, we made daily bacterial
counts  marine TSA plate counts and
marine TCBS counts! in eight hatchery
tanks over 15 days and recorded per-
cent changes in larval survival during
the following 24-h period after the
count. The results are shown in Figures
11 and 12. We found no correlation
between survival and total count, Vibrio
count or a combined index of the two
counts  i.e., total count x Vibrio count!.
From this preliminary test, we feel that
the hypothesis is flawed or that other
factors in the rearing are more critical
to larval survival.

Treatment of Vibrio infections in Thai
hatcheries usually consists of adding
antibiotics directly to the rearing water.
The antibiotics used are similar to those
employed in growout ponds, although
the quantities are usually lower. Even
chloramphenicol  officially banned for
use by the Thai government! is readily
available. Because of uncertainty with
respect to potency, we test all new lots
of antibiotics for safety levels with lar-
vae and for antibacterial activity. In
Thai facilities such as ours, use is con-
trolled by qualified personnel and is
permutted only when necessary, and
only after isolation of a disease organ-
ism followed by sensitivity testing and
determination of the minimum lethal
dose. We also prohibit the use of
chloramphenicol. In other facilities, an-
tibiotics are used indiscriminately
 often for routine "prophylaxis"! by
unqualified operators, who use them at

low doses to "slow down the bacteria
but not harm the weak larvae." This is
a forinula for rapid developinent of
resistant strains.

Other Bacteria

Although Vibrio spp. are the most com-
mon cause of problems in the hatchery,
we have also had difficulties with Aem
novas sp. during periods of concomi-
tantly high salinity  around 3S ppt! and
high temperature  around 34'C!. The
problems disappeared when conditions
returned to optimum �0 ppt and
30 C!.

At some intervals during hatchery op-
eration, we have found zoea with abun-
dant quantities of sessile bacteria
attached to their fine feeding append-
ages. We have not further isolated or
characterized these bacteria. They are
fouling organisins that can be seen eas-
ily with the phase contrast microscope
 Fig. 13!, and they are a good early
indicator of a problem in the hatchery
tank. If the underlying cause is not
removed, massive inortalities can fol-
low within one or two days. Underly-
ing causes can be nutritional
deficiencies, toxicity, lack of water ex-
change, etc.

Fouling by filamentous bacteria in the
hatchery and in grow out ponds occurs
in Thailand as reported elsewhere  Sin-
dermann and Lightner, 1988; Brock,
1991!. The occurrence of these organ-
isms on the shrimp is associated with
poor water quality  especiaHy high or-
ganic nutrient content! concomitant
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Percent Drop in Survival

Figure 11. Retatfonshp between log10 of the daily hrtal bacterial count  TSA marine agar! and the"Vfbrto" count  TCBS agar!, to the drop in survival of shrimp larvae dun'ng the succeeding 24-h period.The counts  tnplicate spread plates! were earn'ed out daily over a period of 15 days for 8 production
tanks. TCBS counts of 0 were converted to 1 and are shown on the graph as 0,
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Figure 12, Aelatenshjp bett veen a combined index of TSA count and TCBS count to the drop in larva Isurvivtl during the fokwving 24-h period. The data is the same as in Figure 1 1, except that the counts
were combined to obtain an index calculated as  log of the TSA count! x  log of the TCBS count + 1!.
TCBS counts of 0 were converted to 1, giving tog = 0.
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with reduced molting frequency. The
best treatment is to improve the water
quality  water exchange! and this often
induces molting.

We have not yet found an example of
loss caused by these fungi in growout
shrimp.

Other Fungi

Fungi Fusarium sp. infections have been re-
ported to afflict pond-reared shrimp in
Thailand  Sindermann and Lightner,
1988; Brock, 1991; Limsuwan, 1991!,
but losses have been low and the infec-

tions are clearly precipitated by unfa-
vorable rearing conditions. The
problems resolve when these condi-
tions are improved.

Oomycetes

We sometimes have difficulties with

Lagenidium sp. in the hatchery, but not
with other oomycetes reported to infect
shrimp  Sindermann and Lightner,
1988; Brock, 1991!. The source of the
outbreaks has not been determined,
but when they occur they can be han-
dled easily by the administrahon of
trifluralin  Treflan! at 10 ppb directly to
the rearing water every four hours for
as long as the problem persists. How-
ever, the report by Gil-Turnes et al,
�989! suggests that it may be possible
to use a probiotic bacterium to solve the
problem of oomycete infections. They
found that embryos of Palaemon macro-
dachjlus were protected from Lagenidiilm
sp. infections by a species of Altennonas
commensal on the embryo surface.

Parasites

External Parasites

The external parasites most commonly
encountered in Thailand are stalked

protozoans such as Zoothamnium sp.,
Episfylis sp., Vorticella sp. and Acineta
sp.  Sindermann and Lightner, 1988;
Brock, 1991!. As with the filamentous
bacteria, they are fouling organisms
related to poor water quality and re-

Figure t3. Fresh mount of zoea larvae showing unidentified foviing bacteria on the feeding appendages
of Penaeus tnonodon.  a! Fouled appendages  bar = 25 lim!.  b! Normal appendages  bar = 25 pm!. !.
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duced molting frequency and treat-
ments are similar.

We have found only malachite green at
0.95 ppm to be useful against these
organisms for early larval stages. Effec-
tive doses for postlarvae and older
stages are harmful to earlier larval
stages; the earlier the stage, the more
harmful the treatment. Compounds we
have tested include Formkn, chlora-
mine T, bemalkonium chloride and
pavidone iodine.

Internal Parasites

The only internal parasite that has
caused significant losses in cultivated
penaeids in southeastern Thailand is
the inicrosporidian, Appnasoma penaei
 Hegel et al., 1992!, The parasite causes
infections in both Penaem mergiiierisis
and P. monody, but it is especially
prevalent in P. merguiensis, which
seems to have a high incidence of in-
fection at all times, in reared and cap-
tured animals. By contrast, high levels
of infection in P. monody seem to be
related to high rainfall. For both spe-
cies, high levels of infection seem to
occur only in farms on the southwest
Gulf of Thailand in the area of Songk-
hla. They have not been reported from
the southeastern Gulf in shrimp farms
around Chantaburi, even though rain-
fall there is seasonally very high. The
most likely reason for the difference is
absence of the unknown intermediate
host on the southeastern coast.

We would like to have a chemotherapy
for this infection; hence, we have been

trying to test a number of coccidiostatic
drugs that are commonly used with
poultry. The problem with this pro-
gram is that we have not found a
method of artificial infection and so we

are limited by the availability of animals
of suitable infection state from ponds
or from the wild. As a result, the work

is progressing slowly.

In the meantime, one Ph.D. student at
Matudol University in Bangkok has iso-
lated and purified sporal DNA of Ag-
masoma penaei from both P. merguiensis
and P. morwdon, and he has identified
sequences that we believe will be useful
in preparing a DNA probe to help trace
the life cycle. He is also comparing the
variable region of ribosomal DNA from
the two isolates to help determine
whether the infections are caused by a
single species of parasite.

Environmental Factors

Pesticides

In May 1990, we were informed that
rice farmers in Thailand sometimes use
compounds to eradicate freshwater
crabs that attack rice seedlings. Since
shrimp farms are often located in rice-
growing areas, we became concerned
that these compounds might possibly
harm farmed shrimp.

From a local vendor in Songkhla prov-
ince, we obtained two retail products
sold to kill crabs in rice fields. One of
these carried the following statement
on the label, "absolutely guaranteed to
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Table 2. Effect of a single addition of cyperrnethrin  ligfL! on
survival of P. monodon postlarvae in a 24-hour test in 1-L beak-
ers. Control animals showed no mortality.

Concentration % Mortality Time

pp~ppbrpptr

10,000 10 ppm  IO mi
5.000 5 ppm �0 mi
1,000 I ppm  IO ml

500-1 500-1 ppb �h
0.5 - 0.01 500 - 10 pptr �h

0.005 5 pptr �4 h
0,001 or less ~lptr or less none 24 h

100

100

100

100

100

100

kill crabs in rice fields." Both of these
products contained well known insec-
ticides as active ingredients. One con-
tained methyl-parathion; the other,
cypermethrin. The methyl-parathion
was recommended for use as a 1-ppt
 active ingredient! mixture with cooked
rice bait, while the cyperrnethrin prepa-
ration was recommended for use as a
spray solution containing 200 ppm of
active ingredient. We immediately car-
ried out aquarium trials with postlarvae
of P. rrionodon and found that these
compounds were extremely toxic.

We wondered whether such com-
pounds might be causaUy related to the
recent occurrence in Thailand of unex-
plained mortality that is commonly re-
ferred to as "one month death
syndrome." This syndrome refers to
the sudden catastrophic death of juve-
nile shrimp of approximately 1 - 3 g
about one month after stocking in
growout ponds  see section below!. To
date, no specific cause for this syn-
drome has been found, but many Thai
scientists suggest that it results from

one or more unknown environmental
stressors that leads to death from a
variety of secondary infections.

Cypermethrin
The first test with cypermethrin was
conducted using 20 postlarvae in 1-L
beakers with various concentrations of
active ingredient, from 10 ppm to
0.0001 ppb. Survival over 24 h was
recorded to obtain some idea of the
range of toxicity. The results are shown
in Table 2. Cl'nical symptoms for the
affected animals were restlessness,
swirling with uncontrolled movement,
swimming to the surface followed by
sinking to the bottom of the tank, mus-
cle cramps and death. These behavioral
changes suggested involvement of the
nervous system in the cause of death.

The results showed that cypermethrin
was extreinely toxic for larvae of P.
monody. Because of this, a second test
was conducted to determine the effect of
sublethal concentrahons of this insec-
ticide  i.e., active ingredient concentra-



Table 3. Survival of P. monodorr juveniles  i - 3 g fresh
weight! upon exposure to sublethal concentrations of cyper-
niethrln  ng/L! for 10 days in 20-L aquaria, Trials were car-
ried oul in triplicate but the control consisted of only one lank.

tions af 1 pptr or less! on juvenile
shrimp.

In this 10-day trial, 1- to 3-g juvenile
shrimp  the size reached approximately
1 month after stocking in growout
ponds! were kept in 20-L aquaria con-
taining 20 animals each. Concentra-
tions of cyperrnethrin used were 1.0,
0.5 and 0.1 pptr of active ingredient,
these sublethal concentrations being
based on the results of the first trial.

Water in the test aquaria was changed
every two days for new water contain-
ing the same concentration of insecti-
cide that was used at the start of the

test. The aquaria were abserved for
mortalities, and surviving shrimp at the
end of the experiment were preserved
in Davidson's fixative. These speci-
mens were later prepared for standard
histological examination  Bell and
Lightner, 1988!. The results for mortal-
ity are shown in Table 3.

Because the control tank was not repli-
cated, we could not test the statistical
significance of our results. However,
there is a strong indication of sil ufieant

mortality within 10 days at 1 pptr for
this insecticide.

Within the last three months, we have
also tested cypermethrin with zoeal
stages and found that it gave significant
toxicity �0% mortality in 12 h! at 10
pg/L. Electron micrographs of mori-
bund animals from these tests are
shown in Fig. 14. They show extensive
cellular damage and appear to have
distinctively enlarged nuclei with tubu-
lar inclusions. These are preliminary
results and the tests are being repeated.
If the results are repeatable, these tu-
bular nuclei may serve as a marker for
detecting mortality caused by cyper-
methrin poisoning.

Methyl-parathion
The first test with methyl-parathion
was conducted using 20 postlarvae in
1-L beakers with various concentrations
of active ingredient from 5 ppm to 1
ppb. Survival aver 24 h was recorded
to obtain some idea of the range of
toxicity. The results are shown in Table
4. Clinical symptoms far the affected
animals were the same as for cyper-
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Figure t4. Transmission electron micrographs of moribund zoea I of Penaeus monodon e~ed to 10
py'L of cypermethrin for 24 h in a recent preliminary test.  a! Low magnification showing generalized
cei/ular damage. Note the col/apse of the microviili in the gut  bar = 4 p.m!.  b! Higher magnification of
cells in a more advanced state of degeneration, Note that the enlarged nuclei aimost comp/etely fill the
cells  bar = 1.2@m!.  c! High magnification of a nucleus from  b!, showing details of the tubularinclusions
 bar = 0.3 p,m!.
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Table 4. Effect of a single addition of methyl-parathion
on survival of Penaeus monodon postlarvae in a 24-h
test in 1-L beakers. Control animals showed no mortality.

lity Time

results for the various treatments in this
experiment  as with cypermethrin
above!. However, there is a strong in-
dication of significant mortality within
10 days at 5 ppb for this insecticide.
This is three times less than the concen-
tration that caused 100% mortality.

Histological examination of the surviv-
ing juvenile shrimp from both insecti-
cide treatments showed multiple
anomalies, including enlarged, vacuo-
lated ventral nerve ganglia, and general
necrosis of the hepatopancreas and the
skeletal muscles. These characteristics
were shared by some of the animals

Table 5. Survival of P. rrNsnoaon juveniles  t - 3 g fresh weight!
exposed to sublethai concentrations of methyl-parathion for ten
days in 20-L aquaria. Trials were conducted in duplicate and in
parallel to the triplicate cypermethrin tests above; the control con-
sisted of the same single tank used for the cyperinethrin tests.

rnethrin above, and also suggested in-
volvement of the nervous system in the
cause of death.

Methyl-parathion was 3,000 times less
toxic than cypermethrin in this acute
toxicity test. Based on the results of this
trial, a 10-day exposure test was con-
ducted using the same protocol and the
same control tank as for the cyper-
methrin test described above. The re-
sults are shown in Table 5.

Because the control tank was not repli-
cated, we could not test the statistical
significance of the differences in the

100

100

100

100

'100

100

none

�

�

�

<4

<9

�4

24
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from the control tank. We found no
specific indicators for insecticide or
type of insecticide poisoning at the light
microscope level. No preparations of
the juveniles were made for the elec-
tron microscope. Obviously, more de-
tailed studies with more extensive

histological work are required.

Brief Review of Insecticide Studies

Table 6 gives a summary of pesticide
toxicity data for crustaceans taken from
the literature.

An early study by Eisler �969! ex-
amined the acute toxicities of seven

organochloride insecticides, including
DDT, and five organophosphorus in-
secticides, including methyl-parathion,
against three different decapod crusta-
ceans. DDT was the most toxic of the
organochloride insecticides �4-h LCso
3 - 12 ppb and 96-h LCso 0.6 - 6 ppb,
depending upon species!, while methyl-
parathion was the most toxic of the
organophosphorous compounds �4-h
LC50 11 - 23 ppb and 96-h LC50 2 - 7
ppb, depending upon species!. He also
showed that temperature and salinity
could alter the effect of these insecti-
cides. In general, an increase in tem-
perature resulted in increased
sensitivity. With respect to changes in
salinity, sensitivity to three organochlo-
rides decreased with increasing salinity
over the range of 12 - 36 ppt while it
increased for two organophosphorous
compounds over the same range.

A more recent study on the freshwater
shrimp, Parafya compressa improvisa

 Hatakeyama and Sugaya, 1989!, gave
48-h LCM values for three organophos-
phorous insecticides in the range of 1-
8 ppb as compared to generally much
higher values  up to 60 ppb in some
cases! for the crustaceans usually em-
ployed in toxicity tests  e.g., cladocer-
ans such as Daphnia magna and Moina
macmcopa!. Together with the earher
study by Eisler �969!, it is dear that
sensitivities for individual species can
vary by up to 10 tiines or more. Thus,
specific tests are required wherever in-
forrnation is desired for a particular
species.

In a rather extensive study, Kuhn et al.
�989! reported on the toxicity and "no
observed effect concentration"  NOEC!
for 73 potential water pollutants to-
wards Daphnia magna. This included
not only insecticides but also a long list
of other organic compounds and heavy
metals. Among the chemicals tested,
the insecticide, ethyl-parathion, was
the most potent, giving an NOEC �1-
day reproduction test! of 2 ng/L. This
was followed by bis  tri-n-butyltin! ox-
ide at 160 ng/L, cadmium at 600 ng/L
and perchloro-cyclopentadiene at 9
kg/L. No synthetic pyrethroid com-
pounds were included in the chemicals
tested, but other reports  see below!
indicate that these compounds are up
to three logs more potent against crus-
taceans than parathion-containing in-
secticides. This would translate into
possible NOEC values in the range of
pg/L.

A report by Armstrong et al. �976! on
the toxicity of the insecticide methoxy-



Table 6. SOme in4eCtldde toxkNes rted fOr CeStaceans

LCso or EDso

Ih  fL
Reference

Inaerdlci& Type Teat Crrtlanhrn

ORGANO' RIDE

Ahjrilrr

P,F-DDT

rong et al.,

ORGhNO PHOSPHORUS

Benthiocarb Mysidopsis bahia

Mysidopsis bahia

Mysidopsis bahia

Mysid scca 330  96!

Mysidacea 46  96!

Mysidacea 0.035  96!

Schimmel et al.,
1983

Cripe et al., 1989
Carbophenothion
 Trithlon!
CMorpyrifos  Dursban,
Lorsban!
Dichiorvos  DDVP,
Vapona!

Schirnrnel et al.,
1983

Eisler, 1969Crangon septemspinosa Decapod a 18 �4!

Palaemonetes vrdgans
Pagurus longicarpus
Cnrngon septemspinosa
Palae~metes vulgaris
P urus ion

Decapod a
Decapoda
Decapod a
Decapoda

oda

390 �4!
150 �4!
307 �4!
500 �4!
300 24

Eisler, 1969

Eisler, 1969

Eisler, 1969

Eisler, 1969

Eisler 196I9

Diaoxathon  Delrrav!

Crangon septernspinosa
Palaemonetes vrdgaris
Pagurus bngicarpus
Crangrm septernspinosu
Pabaernonetes vulgans
Pagurus longicarpus
Cnrngon septenmpnosa
Palaemonetes vulgeris
Pagurus longinrrpus
Crangon septenrspinosa
Palaerrronedes vulgaris
Pagurus longicarpus
Crangon septemspi nasa
Pahemnetes vulgaris
Pagurus kmgicarpus
Crangon septemspinosa
Palaemonetes vulgaris
Pagurus longicarpm
Crangon septemspinosa
Palaemonetes vulgaris
Pagurus longicarpus
Cancer magister

Decapoda
Decapoda
Decapoda
Decapoda
Decapoda
Decapoda
Decapod a
Decapoda
Decapod a
Decapod a
Decapoda
Decapod a
Decapoda
Decapoda
Decapod a
Decapoda
Decapoda
Decapod a
Decapoda
Decapod a
Decapoda
Decapoda

30 �4!
! 2,000 �4!
300 �4!
3 �4!
12 �4!
7 �4!
68 �4!
! 107 �4!
70 �4!
2.8 �4!
10,3 �4!
27 �4!
110 �4!
> 6,500 �4!
470 �4!
14 �4!
62 �4!
38 �4!
9 �4!
16 �4!
9 �4!
0.42 - 130  96!

Eisler,

Eisler,

Eisler,
Eisler,

Eisler,

Eisler,

Eisler,

Eisler,

Eisler,

Eisler,

Eisler,

Eisler,

Eisler,

Eisler,

Eisler,

Eisler,

Eisler,

Eisler,

Eisler,

Eisler,

Eisler,

Arrnst
1976

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969

1969
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Table 6. Continued.

LCso or EDso

in~
Test OrganismInsectlckte Type Referenos

Cladocera 2 �8! Hatakeyama and
Sugaya, 1989
Hatakeyarna and
Sugaya, 1989
Hatakeyama and
Sugaya, 1989
Kuhn, et al,, 1%9

Hatakeyama and
Sugaya, 1989

9 �8!Gadocera

Decapoda 6 �8!Paratyr compressa
r nrprovrsa

Daphnia magna
Daphnia magna

Clad ocera

Cladocera

Ethyl-parathion
Fenitrothion
Accothion, Folithion,
umithion!

2* �4!

>50 �8!

Pagurus longr'carpus
Paratya cvmpressa
r nr provtsa

Daphnia magna

Decapoda 40 �4!
Decapoda 1.2 �8!

Fenthion  Baytex,
entex, Tiguvon!

Cladocera > 50 �8!

Qadocera 35,3 �8!

Decapoda 1 �8!Paratya compressa
r m provisa
Crangon septemspinosa
Palaemonetes vulgaris
Paguras longicarpus
Mysidopsis bahia
Crangon septemspi nosa
Prdaemonetes vulgaris
Pagurrrs longicarpus
Mysidopsis bahia

Malathion  Cythion! Decapoda
Decapod a
Decapod a
Mysid acea
Decapod a
Decapod a
Decapod a
Mysidacea

246 �4!
131 �4!
118 �4!
5.3  96}

11 �4!
15 �4!

23 �4!
0.78  96!

Methyl-parathion

Perraerrs duorarum Decapoda 1,2  96!

1,000 �8!
13 �4!
131 �4!
40 �4!

Decapoda
Decapod a
Decapod a
Decapoda

Mevinphos  Phosdrin!

PYRE' ROH3

AC 222,705 or
Flucythri nate

Mysidopsis bahia

Perraeus duoraram

Schimrnel et al.,
1983

Schimmel et al.,
1983

Mysidacea 0,008  96!

Decapoda 0.22  96!

Shri Disease in Thailand

Dlaxi non  Spectracide, Daphnia magrra
Donx Out!

Moina improvisa vulgaris Gadocera 37.8 �8!

Oziotelphrrsa senex sener
Crangvn septemspinosa
Palaemorretes vrdgaris
Pagurus tongicarpus

Hatakeyarna and
Sugaya, 1989
Eisler, 1969

Hatakeyama and
Sugaya, 1989
Hatakeyarna and
Sugaya, 1989
Hatakeyama and
Sugaya, 1989
Hatakeyama and
Sugaya, 1989
Eisler, 1969

Eisler, 1969

Eisler, 1969

Cripe et al., l989
Eiskr, 1969

Eisler, 1969

Eisler, 1969

Schirnrnel et al.,
1983

Schimmel et al.,
1983

Reddy et al., 1986a
Eisler, 1969

Eisler, 1969

Eiskr, 1969



LCso or EDso
Ih  

Inaectidde Type
Reference

Cypermethrin Mysidacea

Decapod a
Gadocera

Decapoda
Decapoda
Decapoda
Decapod a
Decapoda
Gadocera

Fenvalerate

CARBAMhTE

Carbaryl  Sevin! Daphnia magna

Moina ma'nor

Gadocera 12 �8!

Cladocera 200 �8!

Decapoda 20 �8!

Gadocera 90 �8!

Hatakeyama and
Sugaya, 1989
Hatakeyama and
Sugaya, 1989
Hatakeyama and
Sugaya, 1989
Hatakeyarna and
Sugaya, 1989

Moina mmooopa Cladocera 220 �8! Hatakeyama and
Sugaya, 1989
Hatakeyama and
Su a a 1989

Decapoda 8 �8!

Tftbie 6. Continued.

Homarus eneruxna

Daphnia magna
Crangon sepfemspnosa
Pai~mnonetes pugio
Penaeus duorarum

Uca pugilator
Homarus americana
Daphnia magna

Daphnia g deata mendotae
Ceriod~e'a lacusfris
Diapfomus oregonensis
Atfysidopsis bahia
Penaeus duorarum

Nitarra spinipes
Palaemonetes pugio
Crangon septemspinosa
Mysidopsis bahia
Penaeus duorarum

Penance aztecus

Menippe mercenaria
Nitocra spini pcs
Uca pugilafor

Paratya comprise
imp rmnsa

BMPC �~- Daphnia mapra
hutylphenyl N-
methyl~amate!

Ciadocera

Cladorma

Gadocera

Mysidacea
Decapoda

?

Decapoda
Decapoda
Mysidacea
Decapoda
Decapoda
Decapoda

?

Decapoda

0.019  96!
0.005  96!
0.056  96!
G.01  96!
1.0-5.0 �4!
0.01  96!
0.016  96!
0.036  96!
0,2  �!
0.14  96!
0.3 �4!
0,8 - 2.5 �8!
0.16 - 0.29 �8!
0,21 �8!
0.12 �4!
0.008  96!
0.84  96!
0.38  96!
<0.003  96!
0.13  96!
0.02  96!
0.22  96!
0.34  96!
0.02  96!
0.15  96!
2.2  96!

Cripe et al., 1989
Hill, 1985

Clark et al., 1989
Schimmel et al., 1983
Day, 1989
McLeese et al�1980
Clark et al., 1989
Clark et al., 1989

Clark et al., 1989

McLeese et al., 1980
Day, 1989
Day, 1989
Day, 1989
Day, 1989
Day, 1989
Schirnmel et al., 1983
Schimmel et al., 1983
Clark et al., 1989

Clark et al., 1989
McLeese et al., 1980
Schimmel et al,, 1983
Schimmel et al., 1983
Clark et al., 1989

Clark et al., 1989
Clark et al., 1989
Clark et al,, 1989
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chlor to the Dungeness crab, Cancer
magister, showed that toxicity was in-
versely related to age after hatching,
and that it increased with length of
exposure. The 24-h LC50 values were
�.92, 12.0 and ! 920 pg/L for zoea,
juveniles and adults, respectively. The
96-h LC50 values were 0.42, 5.1 and 130
p,g/L, respectively, for the same stages.
Since most reports of insecticide toxic-
ity to crustaceans deal with adult
stages, aquaculturists working at the
hatchery stages or rearing should be
aware that larval stages may be many
times more sensitive than adult stages.

Vogt �987! has shown that histological
diagnosis of crustacean midgut glands
 hepatopancreas! can be used to assess
the effect of low levels of insecticides.
At a concentration of 1 ppm of an
insecticide preparation containing di-
rnethoate as the active ingredient, there
was no mortality in four days but darn-
age to the midgut gland was evident at
both the light microscope and electron
microscope levels. Vogt points out that
pesticide behavior and biological im-
pact in the environment are compli-
cated by transfer rates, chemical and
biochemical transformations and health
of an animal. As yet, there is no dear
histological indicator to specifically in-
dicate insecticide toxicity in pond-
reared animals, as opposed to toxicity
from other compounds  e.g., algal tox-
ins, rancid feed, etc.!  Sindermann and
Lightner, 1988; Brock, '1991!.

Animal health is related to nutrition,
and poor nutritional status in crusta-
ceans has been shown to increase the

sensitivity of crustaceans to insecti-
cides. For example, Cripe et al. �989!
showed that low food availability in-
creased the sensitivity of Mysidopsis ba-
hia to various insecticides. This has
implications not only for those facing
real situations in hatcheries and
growout ponds but also for those con-
ducting toxicity test protocols.

Ware �986! defines organophosphate
insecticides as chemically unstable
compounds containing phosphorous
and derived from phosphoric acid.
They are generally the most toxic of all
pesticides to vertebrate animals, and
they are related to "nerve gases" by
chemical structure and mode of action
 i.e., they inhibit the action of acetyl
choline esterase or ACH-esterase!. Al-
though they are more acutely toxic to
vertebrates than organochlorides, they
have the advantage of being less per-
sistent; this is part of the reason for
their popularity in agriculture. One of
this family of compounds, dichlorvos,
or DDVP, is used widely for treatment
of sea lice in salmon. From Table 6, it
can be seen that dichlorvos has an LCso
of 18 - 390 lrg/L �8 - 390 ppb! and that
these concentrations are approximately
5,000 to 200,000 times higher than the
LCso concentration of the most potent
of the synthetic pyrethroid com-
pounds. However, the generally lower
toxicity of the organophosphates does
not mean that they can be disregarded.
These compounds are used in consid-
erable quantity in agriculture. Methyl-
parathion alone was imported into
Thailand to the amount of 1,452 MT
 active ingredient! in 1989 Thus, these



compounds also have the potential to
cause damage in shrimp culture if they
contarrunate the aquatic environment.

Metabolic and physiological studies of
parathion and methyl-parathion action
in crustaceans have shown that it is not
limited to inhibition of ACHwsterase
activity. Reddy et al. �986a, b; 1988!
have reported wide-ranging effects in-
duding evidence of tissue damage and
alteration in enzyme activities. Their
most interesting observation was that
methyl-parathion at subiethal exposure
�00 p.g/L for 48 h! could lead to the
accumulation of lactic acid in musde
tissues through inhibition of aerobic
metabolism. aliis may relate to the fact
that we have found sporadic occur-
rences of idiopathic musde necrosis
 MN! in samples of shrimp from some
farmers' ponds  unpublished!; this
syndrome has been linked to lactic acid
accumulation in crustacean rnusde as a
result of unknown environmental
stress factors  Nash et al., 1987!. It is
possible that organophosphate insecti-
cides, although not entirely responsible
for the syndrome, may, at very low,
sublethal concentrations, aggravate it
in an additive or synergistic way.

ln detailed studies on the mechanism
of parathion action on musde of the
crab Carcass sp., Bradbury �973a, b!
found that "parathion does not activate
musde by a transient depolarization,
but it does significantly depress reticu-
lar calcium uptake. Jn addition, para-
thion greatly modifies actomyosin
superprecipitation, and fme-structural
studies show great disruption of reticu-

lar organization, suggestive of massive
calcium loss from the reticulum into the
myoplasm"  Bradbury, 'l973b!. In tests
on actomyosin superprecipitation in
the presence of various mixhires of
ATP, Ca" and parathion, he found
that any preparation containing para-
thion showed a massive increase in
superprecipitation. Thus, there were
two quite different effects from the
insectidde. One was destruction of the
sarcoplasmic reticulum and mitochon-
dria causing release of vesicular calcium
and the other was a direct action on
actomyosin. The concentration of para-
thion used to obtain maximal contrac-
ture tension in these studies was 100
pm, about 25 times less than the recom-
mended dosage for general agricultural
use. It is possible that methyl-parathion
or other organophosphorous insecti-
cides have similar methods of action.

In mammals, parathion is metabolized
to nontoxic compounds via the inter-
mediate paraoxon, which is an even
more potent ACH-esterase inhibitor
than the parent compound  Elmamlouk
and Giessner, 1976!. However, it has
been shown  Klmalouk and Giessner,
1976! that hepatopancreatic tissue of
the lobster cannot convert parathion to
paraoxon or p-nitrophenol, suggesting
that lobster, and perhaps other crusta-
ceans, may not be capable of transform-
ing parathion and methyl-parathion to
nontoxic compounds. This could help
to explain why they are so much more
toxic to crustaceans than mammals.

Most of the steps in the environmental
degradative pathway for methyl-para-
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thion are biotic transformations. In a

laboratory model flow-through system,
Bourquin et al. �979! showed that
methyl-parathion was rapidly and irre-
versibly bound to sediments, and that
it was not chemically or biologicaHy
degraded in the absence of sediments,
even under various sterile and nonster-

ile conditions. Degradation was fastest
with nonsterile sediments, and the
principal transformation product was
amino methyl-parathion. The calcu-
lated half-life for methyl-parathion in
the system used was 40 � 50 h.

Using another model ecosystem with
parathion, Yu and Sanborn �975! gave
a half-life of 15 to 16 days in water and
showed a gradual transforination from
the insecticide to unextractable polar
degradation products �5% of the total
added radioactivity over the 38-day ex-
periment!. They suggested that the in-
secticide would not present a threat
from environmental accumulation.
They quoted sources indicating that the
residual amount of 0.3 ppb �.3 g/L! in
water at the end of their 38-day experi-
ment was 10 times less than that rec-

ommended as an acceptable residue for
water. However, upon reference to Ta-
ble 6, it is not certain that such a level
would be harmless to crustaceans, if the
period of exposure were long.

In condusion, it is clear that the aquatic
contamination from the organophos-
phate pesticides used in agriculture
probably presents a much lower threat
to reared crustaceans than do synthetic
pyrethroid insecticides.

Cypermethrin is a fourth generation
derivative of the natural insecticide,
pyrethrum, a mixture of four related
compounds extracted from Chrysaiithe-
miim  family Compositae, the sun-
flower family!  Ware, 1986!. These
natural compounds are good house-
hold insecticides because of quick
knock-down and relatively rapid de-
coinposition  e.g., instability to sun-
light!. The first synthetic pyrethroid
insecticide, allethrin, was manufac-
tured in 1949 but it, like several others
to follow, was not successfully used as
an agricultural chemical. The first suc-
cessful agricultural compounds in the
group  introduced in 1972 and 1973,
respectively! were the fourth genera-
tion chemicals fenvalerate and per-
rnethrin. These were applied in the
field at approximately 100- 200 g  active
ingredient!/ha and were active against
a wide variety of insects. They have
been followed by much more potent
compounds such as cyperxnethrin
which are applied at only 10 - 20 g/ha
 Ware, 1986!.

Since cypermethrin is one of the
crabicides used by Thai farmers, and
since it showed the highest toxicity in
our preliininary tests with Penaeus
monodon, we have concentrated our
search of the literature on this com-

pound. The effects of synthetic pyre-
throids on freshwater zooplankton
have been reviewed by Day �989!. He
reported the range of acute toxicities for
ciadocerans and copepods as 0.12- 5.0
pg/L, while reduced reproduction and
filtration rates could be observed at
concentrations as low as 0.01 pg/L.



Qark et al. �989! have reviewed the
effect of pyrethroids on marine inverte-
brates and fish; data from their study
are in Table 6. They are amongst the
most toxic insecticides for crustaceans.
With whatever species or test condi-
tions, LC50 values reported for 24- to
96-h tests are in the range of ng/L. For
example, the most toxic compound
listed is cypermethrin with an LCso
value  96-h test! of 5 ng/L for Mysidop-
sis. Our test with P. mouton  above!,
however, indicated that the tiger prawn
is even more sensitive to cypermethrin,
since 5 ng gave 100% mortality for
larval shrimp in 24 h, and since 1�iay
exposure to 1 ng/L � pptr! gave ap-
proximately 50% mortality with juve-
niles. These lethal concentrations
contrast with all of the other insecti-
cides in Table 6 for which LCso values
are in the range of pg or mg/L  i.e.,
concentrations several logs higher are
required to obtain the same level of
mortality!.

To obtain 50% mortality with fish  in-
cluding fry!, concentrations of pyre-
throids in the range of hundreds of pg
oz even in mg/L are sometimes re-
quired, but there are exceptions
 Schimmef et al., 1983; Gark et al.,
1989!. Oysters appear to be very insen-
sitive, with LC50 values in the range of
1- 2 mg/L. They also showed very high
bioconcentration factors  BCF! up to
4,700 for fenvalerate  Clark et al., 1989!.
Finally, blue-green and green algae
were shown in laboratory studies to be
unaffected by concentrations of fen-

mgvalerate and cypermethrin up to 5 m /L
 i.e., 5,000 pg!, a concentration that is

in the range of one million times higher
than that which can harm crustaceans
 Megharaj et al., 1987!. Growth inhib-
iting effects were not seen until concen-
trations exceeded 10 rng/L. Thus, jt is
possible that natural shrimp feeds or
feed components derived from fish,
algae or plants may contain sufficient
residues to cause difficulties.

To understand the reason for the ex-
traordinary potency of pyrethroid in-
secticides towards crustaceans, it is
necessary to examine their mode of
action. Chalmers and Osborne �986!
reported that like DDT, symptoms of
pyrethroid poisoning in insects include
excitation, ataxia and convulsions that
correlate with repetitive discharges in
many areas of the nervous system.
They also noted that some DDT-resis-
tant insect strains show cross-resistance
to pyrethroids, and they, therefore,
suggest that the chemicals may share a
common mode of action. However,
Gammon and Sander �985! reported
that Type I pyrethroids cause repetitive
firing of neurons while Type II pyre-
throids rarely do and that the two
classes of compounds may therefore
have different physiological targets.
Their data suggests that Type I pyre-
throids act on sites where calcium con-

trols sodium inactivation, while Type I
compounds may involve interaction
with the GABA  gama amino butyric
acid! receptor complex. Different pyre-
throids may have different specificitie-
sThe also state that "there is growing
evidence that Type If. syndrome in-
volves effects on one or more neuro-

transmitter-modulated channels as we"
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as affecting voltage-sensitive  axonal!
joxi channels.

Rashatwar and Matsumura �985!
showed direct inhibitory effects of py-
rethroids on calmodulin. Since cal-

modulin plays a vital role in a wide
variety of physiological reactions de-
pendent upon calcium, it may mean
that the mode of action of pyrethroids
will turn out to be quite coxnplex. I:or
exaxnple, Mulla et al. �982! reported a
rather unusual phenomenon during
cypermethrin application to control
mosquitoes in the field. Even 14 days
after application of the insecticide, the
larval population prevailed at a high
level, but no pupae oa~red. This hints
at a rather specific effect on a target
associated with morphogenesis, a proc-
ess that is regulated by neurosecretory
hormones. If calmodulin plays a central
role in this neurohormonal process,
pyrethroids would be very disruptive.

Although pyrethroids are known to be
extremely toxic to crustaceans in labo-
ratory tests, several factors must be
taken into consideration in assessing
their impact in the environment. One
important factor is persistence  gov-
erned by rates of degradation and xne-
tabolism! and another is sorption  Clark
et al., 1989!. In the study by Schimmel
et al. �983! the sedixnent half-lives for
the pyrethroids AC 222,705  flucythri-
nate!, fenvalerate and perxnethrin were
16, 31 and 2.5 days, respectively. Those
for the organophosphorous insecticides
methyl-parathion, benthiocarb and
chlorpyrifos were 1.2, 6.4 and 24 days,
~espectively. Agnihorti et al. �986! also

report persistence of permethrin,
cypermethrin, fenvalerate and del-
tamethrin in sediments beyond 30
days; although, 75 - 95% was lost from
the water column within 24 h of appli-
cation. Perhaps most alarming from the
point of view of feed formulators is the
report by Joia et al. �985! of cyper-
methrin and fenvalerate residues in
wheat and its milled fractions. Half-
lives in stored grain ranged from 69 to
385 weeks depending upon the mois-
ture content and storage temperature.
Reduction in residues through bread
baking were low �9 - 84% cyper-
xnethrin and 87 - 88% fenvalerate re-

mained after cooking!. This means that
any residues in shrimp feed ingredients
would probably pass processing condi-
tions and remain relatively undimin-
ished in finished pellets, where they
would pose a significant threat to
reared shrimp.

In their laboratory study on sediment-
sorbed fenvalerate and cypermethrin,
Clark et al. �989! concluded that "di-
rect contact with, or ingestion of, con-
taminated sediment did not appear to
enhance the toxicity of fenvalerate or
cypermethrin to mysids, grass shrixnp
or pink shrimp" and that "sediment
sorbed chemicals were not acutely toxic
... until concentrations in sediment
were increased to the point where par-
titioning into overlying water resulted
in acutely lethal concentrations." Thus,
they suggested that "chemical parti-
tioning between contaminated sedi-
xnents and overlying water may be
modeled to predict acute lethal effects
on marine crustaceans for habitats with
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well-defmed physicochemical and hy-
drodynaauc characteristics." This in-
formation indicates that the threat of
pyrethroid residues to aquaculture may
be reduced by sorption.

A preparation of pyrethrum called Py-
Sal 25 has recently been introduced in
Great Britain for the treatment of sea
lice on salmon, by Vetrepharm of
Hampshire. The product is marketed
under license from Norsk Pyrethrum of
Norway  Fish Farming Intl. vol. 17 no.
6: 2!. Although the preparation is pur-
ported to cause little environmental
damage, it would be useful to deter-
mine if this product affects shrimp.

Toxic Algae

Limsuwan �991! has reported that
dinoflagellates, blue-green algae and
some diatoms can cause problems in
shrimp growout ponds. He states that
some effects are indirect  e.g., the ef-
fects of Oscillatoria sp., Trichodesmiue
sp. and Noctiluca sp.! in that difficulties
arise from low oxygen and high ammo-
nia after an algal crash. In other cases,
such as the dinoflagellates, toxins act
directly on the shrimp.

In southern Thailand, we have had
dif6culties during some periods  but
not others! when dinoflagellates are
present in ponds in significant numbers
 unpublished!, and it is difficult to
make conclusions without detailed test-
ing with specific isolates. However
Noctilucaoctiluca scmtihms  Suvapepun, 1989!
and Protogonyaulax spp.  Fukuyo et al.,
1989! have been reported in the Gulf of

Thailand, and these organisms are con
sidered to be toxic to some marine

animals. We have exposed postlarvae
to ¹ scintilans in high-density beaker
trials at our hatchery laboratory and
found no indication of acute toxicity.
However, reports concerning the pos-
sible dependence on commensal
bacteria for toxin production in dino-
flagellates  Kodama et al., 1989; Tam-
plin, 1990! may explain the variation in
observed effect of dinoflageilates.

Within the last few months, Dr. Piam-
sak Menasvata  Dept. Marine Science,
Chulalongkorn University, Bangkok!
informed me that his group has isolated
from shrimp ponds a strain of Atexan-
drium  = Gonyaluax! that rapidly causes
100% mortality to postlarvae of Penaeus
wotan at levels of under 100 cells/L.

With respect to other algal species,
Limsuwan �991! reports that Rhizoso-
lenia red tides can cause problems in
growout ponds through physical irrita-
tion of the gills, but we have also found
indications of toxicity. During one "red
tide" dominated by this diatom, farm-
ers reported a drop in feeding activity
of pond-reared shrimp, but no signifi-
cant mortality. In preliminary beaker
trials at our hatchery site  unpublished!
with supernatant liquid from heavy
suspensions of the alga, we found
acute toxicity to mysis larvae  '100<
mortality in 2 h! at dilutions of 1/1000.
This warrants more rigid tests.

By contrast to RhizosoMiu, we have
found the cyanobacterium, Trichrxl~s
miiim erythraeum, is not acutely toxic in
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similar beaker trials; but we concur
with Limsuwan �991! that it can pro-
duce low oxygen tensions. On one oc-
casion during a "red tide" dominated
by T. erythraem, we were called to a
shrimp farm where the inlet canal was
covered with a thick, tan-colored scum

of this alga mixed with copious quanti-
ties of a large  up to 500-p.m dia.! for-
aging protozoan of the family
Chilodonellidae. The farmers closed
the inlet gates when the scum ap-
peared, and the water in the canal
became stationary. As a consequence,
a situation of low dissolved oxygen
occurred beginning in the late after-
noon, resulting in the death of fish and
crustaceans in the canal  unpublished! ~
This could probably even occur during
mid-day, if a bloom were in the declin-
ing phase with large quantities of dead
algal biomass in the water. In addition
to alarm caused by the scum, the alga
produced a noticeable red color
through the release of copious quanti-
ties of phycocyanin and phycoerythrin
when it died, which further alarmed
farmers.

Crvde Oil

With increasing frequency, we have
found small �.5 - 1.0 cm dia.! to large
�.0 - 6.0 cm dia.! lumps of what appear
to be crude oil washed up on the beach
in front of our hatchery. Inspection of
another site 30 km south on the same
coast revealed similar lumps, so the
phenomenon was spread over a wide
area and the quantity of oil that caused
this deposition must have been large.

We have tested samples of this material
 three tests in triplicate! for toxicity to
the larvae by stirring the oil � g/L! in
normal sea water at 60'C for 1 h fol-
lowed by separation and miHipore fil-
tration �.45 ~! of the dear water
"extract." This water is acutely toxic to
postlarvae �00% mortality at no dilu-
tion and 30% mortality at 1/1000 dilu-
tion in 24 h! when compared to no
mortality in controls  unpublished!. We
could not remove the toxicity by treat-
ment with up to 5 g/L of activated
charcoal  unpublished!. We are now
monitoring the beach for oil to deter-
mine whether its presence correlates
with production difficulties in the
hatchery.

We do not know the source of the oil.

It could originate from passing ships or
from undersea well heads approxi-
mately 200-km offshore in the Gulf of
Thailand.

Waste Water and Pond Bottoms

In Thailand, it is customary at the end
of a cultivation to "cheef lane," that is,
to flush out the loose material on the

pond bottom with water jets and/or
pumps. Farmers believe the residue in
the pond bottom will jeopardize the
next crop because of the high amount
of organic residue remaining from
shrimp feces and uneaten food. The
problem with this practice is that it
harms the water quality in the receiving
canal, which may be the source of inlet
water for another farmer. Because of
the environmental damage, the govern-



ment has prohibited this activity, but
enfonwment is difficult.

To determine whether bottom removal
is neceseey, we sought the assistance
of Dr. Claude E. Boyd of Auburn Uni-
versity to measure the residual organic
matter at the end of harvest in ponds
stocked with 25 larvae/m . It was in the
range of 0.5- to 1.0.g organic carbon/kg
dry weight of residue. Dr. Boyd con-
cluded that most of the loose material
in the center of the pond was clay that
had been lifted by the paddle wheels,
or sand and clay that had settled out
from the inlet water  high suspended
solids content in the monsoon season
and average water exchange of
30%/day!.

Based on these results, Dr. Boyd rec-
ommended tilling the dampened pond
bottoms after harvest to promote maxi-
mum microbial degradation of the re-
maining organic matter. He also
recommended tilling only in the center
of the pond to avoid disturbing the
scoured areas under the paddle wheels.
This wouM reduce the quantity of clay
lifted by the paddle wheels during the
next cultivation cycle. These recom-
mendations have been tested and
found to be workable, so flushing the
pond at the end of the harvest is not
necessary. However, we have not
tested ponds that are stocked at higher
densities and subjected to higher feed
inputs.

Mysteries

Larval Black Spot Syndrome

At unpredictable intervals in our hatch-
ery, we find that zoea 1 or zoea 2 larvae
carry a dense black lump of material at
the junction of the stomach, hepa-
topancreas and midgut  Fig.15a, b!. Ex-
amination of this material in squash
mounts with the light microscope re-
veals it to be amorphous in nature.
Sometim.es the material loosens and is
passed in the feces. We have not stud-
ied this phenomenon enough to con-
clude whether it reduces survival.
During preparation of specimens for
examination with the electron micro-
scope, these black inclusions were dis-
solved by the solvents.

Lymphoid Organ Rod-shaped,
Cytoplasmic, Enveloped Virus

During inspections of normal brood-
stock lymphoid organs for viral mate-
rial, we found one strange cell in
abnormal lymphoid tissue  Fig. 16!.
The cytoplasm of this cell contained
what looked like enveloped baculovirus
vlrlons.

Spongy hluscie Syndrome

Histological examination of normal
broodstock, pond-reared shrimp and
postlarvae  PL20 and older! sometimes
reveals the presence of spongy muscle,
nerve and other tissues  Fig. 17!. We do
not know the cause or significance of
this abnormal phenomenon.
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Figure 15. Two mystery syndromes foundin Penaeus monadon in Thailand.  a-b! Fresh mount and
squash mount, respectively, of black amorphous material found lodged at the j unction of the stomach,
hepatopancreas and midgut of zoea 1 and zoea 2 larvae  bars = 125 p.m and 50 pm, respectively!.  cN!
H&E preparation of small blisters located on the fine appendages of P. monodon j uveni!es. The animals
were removed from a "One month mortality syndrome" pond  see text!. The blisters were filled with
hemoiymph  bars = 125 ijm and 50 gm, respechveiy!.
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Figure 16. Unknown virus fourxf in the cytoplasm next to the hypertrophied nucleus of an abnormal
lymphoid organ cell, This was found by chance during examination of the abnormal tissues described
in the section on lymphoid organ virus  ters: a = 2.4 pm; b = 0.3 pm!.
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Figure 17. Photomicrographs of spongy muscle and nerve tissue from a normal broodstock specimen
 H8E preparation!. The animal was fixed for a general examination after it had been used for egg
production in the hatchery. lt showed no outward signs of disease,  a-b! Low and high magnifeatfons
of spongy nerve tissue  bars = 125 pm and 25 ijm, respectively!.  c-d! Transverse and longitudinal
sections of spongy muscle tissue  bars = 25 pm and 12.5 iLm, respectively!.
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Brown Muscle Syndrome  idiopathic
Muscle Necrosis or IMN!

During some harvests of P. monodon, up
to approximately 5% of the shrimp are
found to have gross, patchy brown
discolorations of the muscle tissue in
the tail region. The color remains after
cooking, rendering the shrimp unmar-
ketable. Since there are no external
signs of the abnormality, it is discov-
ered only after deheading at the frozen
storage plant.

Histological examination of the animals
with the light microscope  H&E stain-
ing! reveals massive hemocytic aggre-
gation. and melanization in areas of
muscle necrosis  Figs. 18 and 19!. A
general breakdown of the sarcoplasm
and muscle fibers can be seen. The
picture closely resembles idiopathic
muscle necrosis  IMN! reported for
Macrobrachiarn rosenbergii by Nash et al.
�987!, except for the absence of melani-
zation in M. rosenbergii.

According to Nash et al. �987!, this
disease arises from stress, leading to
excess lactic acid accumulation, fol-
lowed by tissue damage and hemocytic
aggregation, They found that reducbon
in stocking densities eliminated the
problem.  See earlier comments on the
organophosphate insecticide methyl-
parathion!.

Electron micrographs  Figs. 20 - 22!
have provided evidence of viral ele-
ments in the cytoplasm of hemocytes
between the muscle fibers; these ele-
ments are somewhat similar to those

described above in the lymphoid organ.
There are cytoplasmic virogenic stro-
mata and what appear to be unen-
veloped virions approximately 45 nm in
diameter. In contrast to the lymphoid
organ, however, there are also
paracrystalline arrays of what may be
proteinaceous material  Fig. 20! in some
of the cells. It remains to be established
whether the virus is responsible for the
brown muscle syndrome and whether
there is anything more than a superfi-
cial relationship between the virus in
the muscle and in the lymphoid organ.

One Month Mortality Syndrome

One month to six weeks after stocking
larvae in growout ponds, moderate to
massive mortality can occur. This is
characterized by a sudden reduction of
feed intake and the appearance in the
feeding nets of very lethargic shrimp
that otherwise appear normal. Anecdo-
tal information suggests that the phe-
nomenon is related to transparencies in
excess of 40 cm and the presence of
floating plaques of benthic blue-green
algae  "ki dat"! that rise from the pond
bottom during the day, die on the
surface and fall back to the bottom of
the pond if they cannot be removed.

For this syndrome, Dr. Chalore Limsu-
wan �989! coined the phrase "one
month mortality syndrome"  "roak tai
dean"! and the term is now widely used
by farmers in an indiscriminate way, so
it is difficult to know the real incidence
of the phenomenon. Our Technical
Services Division for the month of Janu-
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Figure f8. Photographs of gross symptoms of mela@ized muscle tissue from acblescent Penaeus
monodon.
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Figure f 9. Photographs with the light microscope from an adolescent shrimp specimen with melanized
muscle tissue,  a! Low magnification of disintegrating muscle tissue with H8 E staining  bar = 40 ljm!.
 b! High-dry view of area where hemocytes are aggregating between disintegrating muscle fibers  bar
= 10p.m!,  c! Toluidine blue-stained thin section showing large numbers of granulocytes  bar = 10 pm!,
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Figure ZO. Electron micrographs of tissue from an adolescent shrimp with brown muscle syndrome.  a!
Low magnification showing disintegrating sarcoplasm and muscle filaments  bar = 3 pm!. Note the
lymphocyte in the lower lett comer of the micrograph.  b! High magnifI'cation of the cytoplasm of the
lynplxxyte noted in the preceding micrograph, showing a virogenic stroma  asterisk! virilis  curved
arrows! and paracrystalline arrays  open arrow!  bar= 0.4 pm!.
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Figure 21. High magnifications of a virogenic stroma and vinons  approximately 45 p,m in diameter! in
the cytoplasm of a lymphocyte horn tissue samples of melanized muscle. Compare the appearance of
the viral material with that from the lymphoid organ shown in Figures 8 and T.  Barin a = 0,4 pm, and
in b= 0.2@m!.
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Figure 22. Electron micrographs showing a lymphocyte from melanized muscle tissue of an aclolescent
shrimp.  a! A lymphocyte with what appears to be a paracrystalline inclusion in the early stages of
formation  bar = 1.2 ljm!,  b! Higher magnification of the paracrysfalli ne array showing what appear to
be viri ons. Ith not clear if they are enveioperl  bar = 0.2 pm!.
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aqr 1992, reported six out of 83 problem
ponds �%! with this syndrome.

Histological examination of moribund
shrimp from one month mortality syn-
drome  OIS! ponds around Thai-
land revealed a variety of infections,
but MBV and bacterial septicemia are
most often reported. The consensus of
participants at a recent meeting con-
vened by the Faculty of Veterinary Sci-
ence at Chulalongkorn University in
Bangkok gune 1989! was that the dis-
eases were a secondary result of un-
known environmental stressors.

In one detailed study of five OMMS
ponds  unpublished!, we histologicaliy
examined 25 randomly selected animals
in one day from feeding nets and found
that 92% �3/25! had small blisters on
smaH appendages  Fig. 13c, d! and
what appeared to be a genera1 edema.
Other abnormalities were necrotic an-
tennal glands �8/25, or 72%!, bacterial
septicemia �/25, or 20%! and MBV
�9/25, or 76%!. In a separate samp1e of
five animals taken during the same
interval from Chantaburi on the oppo-
site coast of the Gulf of Thailand, three
animals showed similar blisters, one
had a necrotic antennal gland and three
had MBV. From our earlier work
 Fegan et al., 1991!, we did not believe
that MBV could be the cause of mortal-
ity. However, the blisters and antennal
gland necrosis were new, and we be-
lieve that these features should be fur-
ther investigated to deterinine the
causes.

Limsuwan �991! proposed that OMMS
can be avoided by maintaining a stable
algal bloom of green/blue-green algae
 ideal! or diatoms  less ideal! so that the
transparency of the water remains at 20
- 40 cm. If this cannot be done, he
recommends the use of oxytetracycline
at 2 - 3 g/kg feed for five to seven days
in mild cases, and 4 - 5 g/kg feed for
five to seven days in severe cases, as
the only efficacious treatment.

As an alternative treatment, we have
recently begun testing the dye Aqua-
shade for temporary relief when algal
blooms crash or when they are slow to
build up. Our working hypothesis is
that benthic bIue-green algae are either
directly or indirectly toxic to the shrimp
and that Aquashade will prevent or
limit their growth and reduce or elimi-
nate the incidence of floating plaques.
To date, we have insufficient data to
determine if this treatment is successful.

Yellow-head Shrimp

Since early 1990, there have been re-
ports m Thailand of a phenoinenon
called "yellow-head" shrimp  Limsu-
wan, 1991!. In affected ponds, the
shrimp begin by growing very fast and
eating more than normal. They then
abrupt1y stop eating, and within one or
two days, a few animals are found
moribund or dead near the edge of the
pond. By the fol1owing day, the nuin-
ber of dead shrimp increases to 100 or
more, and within the succeeding day
all of the shrimp die. The affected ani-
mals present a swollen cephalothorax
in the region of the hepatopancreas,
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Conclusions

and this has a yellowish appearance
when viewed through the carapace.
Upon removal of the carapace, the
hepatopancreas is abnormally light-yel-
low in color.

Histological examination  HkE stain-
ing! of affected shrimp with the light
microscope reveals massive changes in
the lymphoid organ  LO! with inclu-
sions siinilar to those described above
 Figs. 23 and 24 !. However, all regions
of the LO are affected, even tubules still
with open lumens. In addition, other
tissues are affected, including intersti-
tial tissues of the hepatopancreas, the
antennal gland and hematopoietic tissue.

This may be an infectious outbreak of
the virus revealed in the chronically
infected broodstock described in the
previous section on the lymphoid or-
gan virus. If this syndrome is indeed
caused by a virus, it will be the first
dangerous viral disease reported for P.
monodorr in Thailand, and urgent action
is required to understand the
epidemiology and limit its spread.

There are more answers than questions
when it comes to disease problems of
P. monodon. Obviously, many microbial
diseases are still inadequately charac-
terized and many others remain to be
discovered. Much basic work remains
to be done on mechanisms of patho-
genicity, sources of infection, life cy-
cles, etc. At the same time, we lack a
set of simple, nondestructive, quantita-
tive measures of shrimp health that

could be used easily on a farm to detect
problems early. Perhaps studies on
crustacean and shrimp immunity  e.g.,
types of hemocytes, enzyme activities,
hemolymph factors! will give us some
of the needed tools. Work is underway
on rapid diagnostic techniques for vari-
ous diseases to help dose the windows
of infection.

Although they will never replace good
management practice as the best pre-
vention for disease, we should urgently
pursue potential benefits from the use
of irnmunostimulants, probiotics and
"vaccines" as desired preventives to
replace antibiotics.

Environmental diseases caused by pol-
lutants such as insecticides should be a
top priority. Rapid and simple detec-
tion methods are available for some of

these compounds  e.g., EnzyTech de-
tection tickets! but the levels of sensi-
tivity are too low to be of use for
shrimp.

Since most of the diseases discussed
herein are either induced or exacer-
bated by pond management activities,
more attention needs to be focused on

the total dynamics of pond biota inter-
actions and how they influence the
heAth of the shrimp. Computer models
may derive some first principles. In-
cluded in the total management picture
is the urgent need to determine the
capacity of the environment to cycle the
waste from shrimp ponds. Once this
capacity is exceeded, the desired goal
of long-term production wiQ be un-
achieveable We have the tools at hand,



Figure Z3. Light ni:ro.~oe photographs of HftE'-stained sections of lymphoid cvyan tissue from a''yeNow-head" shrimp.  a! Low magnification shoeing v auolated cells and hypertrophic nuclei accom-
panied by densely staining, basopNlic cytoplasmic inclusions marked by curved arrows  bar = 10 pm!. b! Higher magnification  bar = 5pm!.
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Figure 24. Light microscope phofographs of H&Esfained sections from the shnrnpin Figure 23. Tissues
other than those of the lymphoid organ contain cells with densely sfaining cytopiasrnicinclusions  DCl!.
 a! Outer rim of the hepatopancreas showing norma/ tubule epithelial cells but showing DCi  curved
arrows! in the interstitial tissue  bar = 10 pm!.  b! High magnification of interstitial tissue from the
hepatopancreas showing DCl  curved arrows!  bar = 5 pm!.  c! Section of the midgut showing rema/
columnar epithelial cells to the extreme left but showing DCl  curved arrows!i n the underlying connective
tissue  bar = 5 pm!.  d! Cardiac tissue section showing DCI  curved arrows!  bar = 5 pm!.  e!
Lyrnphopoietic tissue showing DCl  curved arrows!  bar = 5 pm!.
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Penueus monodori, the grass prawn, is an economically important prawn species in Taiwan.
Production increased steadily from 1968, when artificial propagation techniques were
established, through 1987. ln the late 1980s, Taiwan became the world leader in cultured prawn
production, with a peak production, for P. monodoir alone, of 95,000 MT in 1987. A year later,
however, an unexpected mass mortality occurred, displacing not only many prawn farms but
also several sub-businesses in the prawn culture industry. The collapse of the industry was
attributed to both pathogenic and nonpathogenic factors. This review describes some grass
prawn diseases and disease syndromes reported in Taiwan from 1977 to 1991, including the
pathogenic factors that most likely precipitated the 1988 crisis, and the treatments being used.

Introduction

Pe@acus monody, the grass prawn, is
one of the most valuable indigenous
aquatic species in Taiwan. Its culture
history in Taiwan spans only a little
more than two decades, beginning in
196S when this species was first artifi-
cially propagated  Liao et al., 1969! and
the first hatchery was established.
Grass prawn culture soon became very
popular because of the species' many

favorable characteristics. Penueus eumo-
don exhibits the highest growth rate of
aH cultured penaeids  Liao and Chao,
1983!. It is eurythermal and euryhaline.
It is omnivorous rather than carnivo-
rous and, therefore, requires a lower
amount of protein in its feed  Liao and
Liu, 1989!. This translates into lower
production costs. Grass prawns also
require simple culture facilities such as
clay bottom ponds for growout; hence,
investment costs, especially the con-
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Tabfe 1. Prehdion and export of Pe~i

struction budget and maintenance
costs, are relatively low  Liao, 1989!.

These and other factors contributed to
the rapid growth of P. irionodon culture
in Taiwan, especially in the late 1980s
when Taiwan became the world leader
in cultured prawn production. Peak
production figures were registered in
1987 when production volume for P.
monodon alone climbed to 95,000 Mf
 Liao, 1989!  Table 1!. In 1988, however,
mass mortality struck Taiwanese P.
iiionodon farms. Production dropped by
70%, resulting in substantial losses to
many farms and other businesses such

as feed manufacturers, harvesters, and
food processors.

A combination of pathogenic and non-
pathogenic factors were attributed to
the collapse of the industry. Of these,
the pathogenic factors were prominent.
No major problems were encountered
under the traditional polyculture and
extensive culture systems, with the ex-
ception of natural disasters and the
presence of predators and competitors.
As the culture systems shifted to semi-
intensive and intensive styles, stockin~
densities were raised to 40 - 60 ind./m
and formulated feeds were used. Water
quality and the general culture environ-
ment became harder to manage, and
the culture species became more sus-
ceptible to diseases. Eventually, a vari-
ety of diseases, such as fouling by
protozoan epicommensals and ectozoic
algae, black gill disease, gill decay, tel-
son damage, body cramp, and red dis-
coloration were reported to afflict the
prawn  Liao et al., 1977; Chen and
Hwang, 1979; Liao, 198S; Liao et al.,
1985!.

As long as culture conditions are opti-
inal, P. monodort appears to tolerate
light to moderate infections  Lightner
et al., 1987!. However, poor manage-
ment of the culture environment by
farmers has, in inany cases, most likely
caused outbreaks predisposed by stres-
sors, such as poor water quality, dete-
riorating environmental conditions and
poor nutrition.

From 1977 to 1984, the study of prawn
diseases was a minor concern in Tai-
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wan. Since 1985, however, diseases
have become a major issue, especially
after the 1988 crisis. Scientists and
prawn farmers have been doing their
best to restore the industry by looking
into the factors that caused the crisis.
This review deals with the diseases and

disease syndromes of P. monodorr re-
ported in Taiwan from 1977 to 1991,
with emphasis on developments after
the 1988 crisis, and the various meas-
ures that are being taken or proposed
to recover from these diseases,

Diseases and Disease
Syndromes

Epicommensal Infestations

Pathogens and Symptoms
Kpicommensal organisms are appar-
ently ubiquitous in prawn culture facili-
ties  Lightner, 1985!. All life stages may
be affected, but the most serious losses
are encountered in juvenile and adult
stages, when the gi's of the host be-
come heavily fouled by epicommensal
organisms such as filamentous bacteria,
pexitrich protozoans and pinnate dia-
toms, resulting in various forms of gill
disease  Lightner, 1985!. Among the
more serious epicommensal diseases of
cultured prawns, those caused by pro-
tozoans cause the most harm to grass
prawns  Liao et al., 1977, 1985; Cheng
and Liu, 1986!. If there is too much
organic matter in the pond, large num-
bers of protozoa readily attach to the
body surfaces, appendages, or gills
 Hgs. 1-3!.

Prawns infected by epicornmensals are
characterized by rough body surfaces,
gill diseases or both Protozoan epicom-
rnensals have not been observed grow-
ing internally in the gills or in other
tissues  Fig. 4! but, when abundant on
the body surfaces, appendages or gills,
can cause difficulties in locomotion,
feeding, molting, and respiration, re-
sulting in mortalities  Couch, 1978;
Johnson, 1978; Lightner, l983, 1985;
Chen et al., 1989b!

The most commonly reported protozo-
ans include the peritrich ciliates
Zoothamnium spp. and Epistytis spp.
and the suctorian Acirieta spp.
Shigueno �975!, Johnson �978!, Liao
et al. �977, 1985!, Chen �978!, Tareen
�982!, Liao and Chao �983!, Lightner
�983, 1985!, and Liao �984! reported
that Epistylis spp. infect prawn culture
ponds, in general. Tung et al. �991!
studied P. rnonodon diseases in south-
ern Taiwan and found that the rate of

epicommensal infection was 6. 9%, with
the infection rate of Zoofhamrriurrr sp. at
80'%%d .Whe n thi sspecie sattache s t oP.
monodon, the prawn turns blackish-
brown and its body surfaces become
fouled, movement is impaired, activity
is reduced and, in serious cases, heavy
mortalities result  Johnson et al, 1973;
Johnson, 1978; Liao et al., 1985; Light-
ner, 1985; Cheng and Liu, 1986; Chang
and Su, 1990!. Table 2 lists the corn-
monly reported epicommensal proto-
zoans in Taiwan and proposed
prevention or control methods.
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Table 2. Epicommensal protozoan diseases of Penaevs monodon in Taiwan and

Treatment

Prawns are first screened for infections,
and the culture environment is im-
proved before chemical treatment is
used. If the infection is not serious, the
water is replaced, stimulating molting.
After the prawns have molted, the
water is changed again once or twice.

If the infection is serious, 10 - 15 ppm
teaseed cake containing 10% saponin is
applied to the whole pond to stimulate
molting. After the prawns have molted,
the water is replaced two to three times
to eliminate the protozoans  Liao et al.,
1977!.
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Formalin can also be used. Adult
prawns are treated with a 25 - 30 ppm
bath for one day gohnson et al., 1973;
Chang and Su, 1990!; larvae are given
a 15-ppm bath for one day; and juve-
niles receive 15 - 20 ppm for 10- 12 h
 Liao et al., 1985!. Prawns are not fed
during Forinalin treatment and the
water is drained after 24 h to remove
any traces of the chemical. After treat-
ing with Formalin for one or two days,
benzalkonium chloride  IKC! is ap-
plied at a rate of 0.5 - 1.0 ppm for one
day to prevent secondary infection. If
the pond bottom deteriorates and has
a high organic content, i.e., high nutri-
ent load and heavy siltation, 100 � 120
kg/1,000 m zeolite  silicate hydrated
alkalialuminum! is applied to iin prove
the pond condition and to inhibit the
growth of protozoans  Chang, 1989!.

Yellow Gill Disease

Pathogens and Symptoms
Diseased prawns appear normal exter-
nally except for a slightly darker ap-
pearance and the presence of light to
dark yeUow inflamed lesions in the gills
 Fig, 5!. If the infection is not serious,
prawn activity and feeding is narmal;
otherwise, activity and feeding is re-
duced. Microscopic observation of the
gill filaments of diseased prawns has
revealed the presence of diatoms  Fig.
6!. Prawns may become so infested by
diatorns for an extended period that
molting may be seriously impaired or
be incomplete, resulting in mortalities
due to hypoxia.

Treatment

Strict water quality management is ob-
served, including more frequent water
exchange to maintain transparency at
30- 40 cm.

Nematode Parasitic Disease

Pathogens and Symptoms
Thy'.mr sp. is the etiolagical agent of
nematode parasitic disease. Tissues in-
fected by this parasite include the gills.
Diseased prawns have dark body sur-
faces and melanized hemocytic giU le-
sions. The nematode attaches to the
gills and body surfaces, impairing molt-
ing and feeding. However, the disease
is not serious; only a few mortalities
have been recorded. Increases in the
population of nematodes may occur
because of deterioration of the condi-
tion of the pand, i.e., high organic
matter content.

Two nematode parasites, Thymascaris
sp.  Fig, 7! and Spirocamallanus perei rai,
can be transmitted to prawns either
directly or indirectly by copepod eggs
or fresh diets  from infected fish which
may serve as an intermediate host for
the parasites!  Overstreet, 1973;
Johnson, 1978; Liao et al., 1985; Chang
and Su, 1990!.

Treatment

One-half to two-thirds of the pond
water is replaced and 150 kg/1,000 m
zeolite is applied to improve the pond
bottom. A one-day 25- to 30-ppm For-
malin bath or a 12-h 0.5- to 1-ppm
copper sulfate bath can also be used
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 Liao et al., 1985!. After harvesting, the
bottom silt is purged and 50-ppm so-
dium hypochlorite is applied for two
weeks to kill the nematode eggs. Also,
certain fishes are excluded from the
ponds as they may serve as hosts for
the parasites.

Ectozoic Algal Growth

Fathogens and Symptoms
Ectozoic algal growth occurs when few
phytoplankton are present in the cul-
ture pond. Pond transparency is clear.
The algae  e.g., Enteromorpha sp.! grow
and attach to the shells of prawns  Fig.
8!. Serious infestations inay result in
the formation of grass-like material on
the body surfaces of the prawns. In-
fected prawns are lethargic or immo-
bile, often observed lying by the side of
the pond  Liao et al., 1977; Liao, 1984!.
Feeding is decreased or even absent.
Dark pond sediments adhere to the
shells because molting is impaired, af-
fecting prawn movement. Large popu-
lations of algae also decrease dissolved
oxygen levels at night, which harms the
prawns  Liao et al., 1977, 1985; Bati-
cados, 1988; Chang, 1989!.

Treatment

Attention is given to water quahty man-
agement by maintaining pond water
transparency at 30 - 40 cm. If pond
water is clean, it is fertilized with am-
monium sulf'ate:calcium superphos-
phate:urea = 6:1:0.5, 10 kg/1,000 m .
When prawns are infected with ecto-
zoic algae, 10- to 20-ppm teaseed cake
containing 10% saponin is applied for

one-day to stimulate molting. If the
infestation is serious, copper sulfate at
0.3 � 0.5 ppm is used, one-day dipping,
to kill the algae. When the copper sul-
fate begins to take effect, water is ex-
changed more frequently.

Body Cramp

Pathogens and Symptoms
Body cramp usually occurs in the sum-
mer, when both air and water tempera-
tures are high  Liao et al., 1977!,
Prawns exhibit a dorsal flexure of the
abdomen that cannot be straightened,
i.e., the whole body or certain parts
appear cramped and curved, resulting
in mortalities. This condition may occur
when the temperatures of the upper
and lower layers of the pond water and
those of the air and pond water vary
significantly, particularly during suin-
mer harvests or when prawns suddenly
jump out of the water. In both in-
stances, there is a rapid contraction of
the prawn muscle. Affected prawns
usually do not recover  Liao et al., 1977;
Cheng and Liu, 1986; Chen and Lee,
1989!  Fig. 9!. This condition is some-
times observed duri ng h ot nigh ts,
when a strong light is aimed at the
pond, causing the prawns to jump and,
thus, cramp. Besides temperature, poor
nutrition, which affects neural trans-
rnission, may also contribute to body
cramp  Chang, 1989!.

Treatment

It is important to provide a nutritionally
balanced fresh diet at frequent inter-
vals. Harvesting and handling are
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avoided during hot weather. Also, dur-
ing hot periods, mechanical aeration is
increased to maintain uniform water
temperature.

Gregarine Disease

Pathogens and Symptoms
Gregarines are common inhabitants of
the guts of wild and pond-reared
prawns Oohnson, 197S; Overstreet,
1973; Couch, 1983; Lightner, 1985!. In
an investigation conducted by the
authors on cultured prawn diseases in
southern Taiwan in 1989, 80% of P.
monodon were infected with gregarines
 Fig. 10!.

The gregarine Cephafotobus sp. is di-
vided into large and small types; the
large type is further divided into cylin-
drical and calabash shapes. Most of the
large types have two or three segments,
each of which has a nucleus, The last
segment has a sucker that attaches to
the gastric sieves  Fig. 11! of the poste-
rior chamber of P. mortodon's stomach.
The minimum body length of infected
prawns was 1.5 � 1.7 cm, while the
maximum was 9.8 - 10.2 cm. Seriously
infected prawns were 2.5- to 5.~
long; P. monod0tt over 10.5-crn long
appeared not to be affected by this
disease  Chang and Su, 1991!. Statisti-
cal analysis, investigation of culture
ponds and histological observations of
infected tissue showed that gregarine
infections did not affect the growth of
P. monodon  Fig. 12!  Chang and Su,
1991!. Lightner �985! reported that gre-
garines appear not to cause significant

disease in penaeid prawns even when
present in such large numbers as to
occlude the midgut or hindgut lumen.
Johnson �97S! also reported that ab-
sorption of food by the protozoa is
perhaps detrimental, but does minor
damage to the host prawn.

Treatment

Gregarines need a moHusc host to com-
plete their life cycle; hence, one way to
control the disease is to exclude this
mollusc Oohnson, 1978; Baticados,
1988!.

Black Gilt Oisease

Pathogens and Symptoms
Penaeus monodon suffering from black
gill disease have brown or dark gills
 Fig. 13!. Seriously infected prawns ex-
hibit soft shells, slow locomotion, de-
creased appetite and heavy surface
fouling, resulting in mortalities. Table
3 lists some of the factors causing this
disease. In Taiwan, black gill disease is
caused by:

~ Poor pond bottom conditions due
to the culture system practiced,
i.e., high prawn density and too
much excrement in the pond, re-
sidual food or an overly long cul-
ture period, which cause organic
matter to accumulate on the bot-
tom  Chen and Hwang, 1979; Liao
et al., '1985!;

~ Extended exposure to toxic pollut-
ants such as cadmium, copper,
potassium permanganate, zinc,
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ozone, ammonia and nitrite
 Lightner, 1985! Baticados, 1988;
Chen and Lee, 1989!;

~ Infestation of blue-green algae,
e.g., Oscillatoriu sp.  Fig. 14!,
Spirulina sp. and Schizothrix sp.
 Lightner, 1985!, which hinders
water fl ow through the gill, stirnu-
lates the gill epithelial cells to pro-
liferate, and causes soil particles to
accumulate in the gills  Chang,
1989!, and

~ Filamentous bacteria  Leumthrix
mucor! and epizootic infection  Fig.
15!, which generally occur in sea
water, in conjunction with heavy
siltation, resulting in mortalities
due to hypoxia or impaired molt-

ing  Sindermann, 1977; Lightner,
1983, 1985; Baticados, 1988; Chen
and Lee, 1989!. The same condi-
tion also occurs when numerous
epizoa attaches to the gill  Bati-
cados, 1988; Chang and Su, 1990!.

Treatment

If the disease is caused by poor bottom
conditions and algal attachment, the
pond water is changed and zeolite at
100 kg/1,000 rn applied. If the disease
is caused by epizoa and filamentous
bacteria, Formalin at 25 to 30 ppm, one-
day dipping, is applied. After Formalin
treatment, water is replaced once or
twice. Malachite green at 0,5 � 0.8 ppm
or methylene blue at 8 � 10 ppm, one-
day dipping, are also used  Liao et al.,
1985!. Malachite green and methylene
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blue may remain in prawn tissue for up
to one month; therefore, prawns
treated with these chemicals are not
harvested until about one month after
treatinent has been halted because the

prawns can be carcinogenic.

Red Gill Disease

Pathogens and Symptoms
In the early stages of the infection, the
gills appear light red. External body
color, feeding and activity are normal.
As the infection worsens, the gill be-
comes dark red,  Fig. 16! and the
prawns stop feeding, choosing instead
to lie on the pond side where they can
be easily caught by hand. The prawns
gradually weaken further and eventu-
ally die. Mortalities occur about two to
three weeks after the onset of disease.

Red gill disease is caused by poor cul-
ture conditions, i.e., poor water quality
and low oxygen levels. Microscopic ob-
servation shows that the dark-red gill
filaments are filled with red-radiation

line like capillaries  Fig. 17!. Vibrio para-
haernolyticus and V. ariguilfarum were
sometimes isolated from the gill tissue
and hemolymph of diseased individu-
als  Liao et al., 1985!, but V. damsela and
V. harveyi have also been reported to
cause this disease  Huang, 1989!.
Broodstock are susceptible to red gill
disease.

Treatment

To treat this disease, the culture envi-

ronrnent is improved, prawns are
moved to other ponds, or the water is

changed frequently. At regular inter-
vals of every 3 to 4 weeks, 50% BKC,
50% hyamine  benzethonium chloride!
at 1 - 2 pprn  Liao et al., 1985! or 20%
furazolidone at 10 � 20 ppm, one-day
dipping, is used to prevent the spread
of the bacteria. If the disease is caused

by poor bottom conditions, zeolite at
100 kg/1,000 m is also applied.

Red Discoloration

Fathogens and Symptoms
In the early stages of the infection, the
prawn body changes from dark green
to yellow green. Prawn behavior and
activity are normal. As the infection
gradually becomes serious, the body
turns light red, red, and finally, dark
red  Fig, 18! When the infection is
serious, this disease syndrome may be
accompanied by red giH disease, Dis-
eased prawns have respiratory difficul-
ties and the amount of fluid in the
cephalothorax increases and becomes
smelly; also, the hepatopancreas be-
comes pale  Liao et al., 1977; Sinder-
mann, 1977; Cheng and Liu, 1986!, The
value of affected prawns may be low if
marketed at this time, and when trans-
ported, the prawns often die. If red
discoloration and red gill disease occur
at the same time, heavy mortalities can
result.

According to Liao et al. �977!, red
discoloration is caused by rancid and
spoiled diets or pond detritus that is
rich in organic matter, It is not a bacte-
rial infection. Cheng and Liu �986!
reported that this disease occurs when
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the water quality is poor, when there is
a high organic matter content and
when the reduction layer of the pond
bottom is thick. Significant his-
topathological changes do not accorn-
pany the disease. Lightner and
Redman �985! suggested that when
the hepatopancreas atrophied and ne-
crosis occurred, stored 8-carotene and
other carotenoids were released into

the hemolyrnph, spreading into the
whole body.

Treatment

A fresh diet with a high protein content
is given at increased rates  Liao et al.,
1977!. The culture environment is im-
proved and water exchange is more
frequent  Cheng and Liu, 1986!, and
50% BKC or 50% hyamine at 1 - 2 ppm
are used regularly.

Shell Oisease

Pathogens and Symptoms
The exoskeletons of diseased individu-

als have black spots  Fig. 19! at random
locations. In general, the cephalo-
thorax, abdominal segments and
uropod are easily infected. The black
spots gradually cover the' entire exo-
skeleton, with melanin accumulating
around the spots. Diseased individuals
lose their smoothness; this decreases
their market value. Liao et al. �985!
reported that stressors such as exces-
sive handling during transfers, crowd-
ing and injuries sustained from other
prawns after molting result in external
lesions that are secondarily infected
with chitinolytic bacteria.

Cheng and Liu �986! reported that
shell disease occurs from April to Octo-
ber. In addition to environmental

stress, Vibrio spp. can also cause this
disease. According to Sindermann
�977!, Lightner �983, 1985! and Chen
et al. �989b!, many kinds of production
of lipoprotein, chitinolytic bacteria and
Vibrio sp., Aeromonas sp., Spirillium sp.
and Flaeobacterium sp. are associated
with shell disease.

Treatment

At the early stages of infection,
exoskeletal breaks are not yet evident.
The water is changed two or three
times, or teaseed cake containing 10%
saponin at 20 ppm, one-day dipping,
 to stimulate molting! are used to treat
this disease. I'ormalin at 20 ppm and
malachite green at 0.3 ppm, at the same
time, dipping for one day  Liao et al.,
1985!, are also applied, When infection
is serious, BKC at 0.5 - 1 ppm is ap-
plied, one-day dipping, and reapplied
two or three times once every five to
seven days. If a bacterial infection is
diagnosed, oxytetracycline or tetracy-
cline at 40 - 60 ppm or furacin, nitro-
furans, and furanace at 1 ppm with
dipping is applied  Chen et al., 1989b!.

Tait Rot

Pathogens and Symptoms
Tail rot has the same manifestations as

shell disease, i.e., it is caused by envi-
ronmental stress, like high density, ex-
cessive use of drugs or poor water
quality; injuries due to collisions with
other prawns; or tail injuries due to
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incomplete molting. If secondary infec-
tion with chitinolytic and other types of
bacteria occurs, necrosis of the tail de-
velops, resulting in tail rot  Liao et al.,
1985!. The early stage of infection is
characterized by swelling of the tail,
especiaQy near the margins; feeding
and movement are still normal. In seri-
ous infections, tail extremities have ne-
crosis with some portions tom into
shreds  Fig. 20!. If the shredding is
two-thirds of the tail, prawn mobility is
impaired and mortalities result.

Treatments

Following diagnosis, the culture envi-
ronment is ameliorated first. Water
changes are made or the pond bottom
is improved to reduce stress. BKC at 1
ppm or furazolidone at 10 - 20 ppm,
one-day dipping, is applied  Liao et al.,
1985!, If epicommensals are detected,
Formalin at 20 ppm and malachite
green at 0.3 ppm are applied concur-
rently, one-day dipping.

Penaeus Manodon Baculovirus
 MBV! Oisease

Pathogens and Symptoms
ected prawns have no significant

external signs of disease; they may,
however, exhibit decreased feeding
rates, slow growth, double  two-lay-
ered! shell and have an atrophied
hepatopancreas  Fig. 21!. Hispathologi-
cal observations indicate that the hepa-
topancreatic tissue is not significantly
dainaged, but there are eosinophilic
intranuclear occlusion bodies in the

glandular epithelial cells  Chen et al.,
1989c,d!  Fig. 22!.

This type of virus spreads very quickly,
resulting in high larval mortalities.
Damage to adults is less severe. In
serious infections, the virus ruptures
hepatopancreatic cells, allowing occlu-
sion bodies to pass through the midgut
and to be excreted in the feces  Figs. 23
and 24!. At this stage, the prawn is
weak, exhibiting reduced feeding and
activity. The body surfaces and gills are
easily fouled with diatorns, epicom-
mensal protozoa and filamentous bac-
teria, making the prawn susceptible to
more serious harm  Anderson and
Shariff, 1987; Cheng and Liu, 1986;
Chang, 1989; Chen and Chang, 1989;
Chen and Lee, 1989; Chen et al., 1989b;
Lightner and Redman, 1981!.

Chen et al. �989a,d! reported that in
Taiwan, MBV infected P. monodon, P.
penictllatus and Metapenaeus ensis; P.
monody contracted the most serious
infections  infection rate: 1984-1986,
18%; 1987-1988, 80%!, According to
Liao et al. �990!, the MBV infection rate
in female broodstock taken from the
coastal waters of Taiwan was only 33%
in 1987. The infection rate jumped to
100% in October and December of 1988
and October 1989. The average over the
entire year was 85%. MBV prevalence
among imported female broodstock
was only 40%  Fig. 25!. Results of a
number of MBV studies are shown in
Table 4.



Shrim Diseases in Taiwan 129



Liao et aI.

Figure 25. Monthly changes in the MBV infection rate in spawners of Penaeus monodon caught fromthe caasta/ waters of Taiwan or iepavtert from Southeast Auan countries. The numbers in the figurei/xticate sanpie sizes.

Treatments

There is no treatment for MBV disease,
but it does not affect healthy prawns.
The disease agent is a virus that is latent
even through the adult stages. If the
prawn is unhealthy, or if a stress such
as crowding is present, disease may
occur. Therefore, good management is
necessary. A density of 30 ind./m is
maintained, feeding is controlled, a
fresh diet is provided and the protein
and vitamin C content in artificial feed
are increased. If MBV emm with bac-
terial infection, BKC at 1 ppm or 20%

ping, is applied. The treatment is re-
peated five to seven days later, two to
three times. Oxytetracycline and other
antibiotics can also be used, 50 - 100
g/MT prawn weight, mixed in the feed
for 1 week. The drugs are added to the
feed, e.g., oysters or chicken eggs, us-
ing a blender for uniform mixing, then
the mixture is exposed to air to dry.
According to Liao et al. �990!, when
culturing larvae, the eggs or nauplii
should be washed with clean water to
reduce the infection rate of MBV  Table
5!.
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Table 4. MBV infection in Penaeus monoaon cultured in Taiwan.

Table 5. MBV infection rate  %! in Penaeus monodon larvae reared from fertilized eggs or

TreatmentsgB

B CA

Fertilized eggs to Ptk in indoor tank; PIA - PL38 in outdoor tanks.
2At From M BV-free spawner, B: From spawner infected with MB V; fertilized eggs and nauplii were not washed.
C: From spawner infected with MBV; fertilized eggs and nauplii were washed. D: From spawner infected with
MBV; fertilized eggs were washed. E: From spawner infected with MBV; nauplii were washed.

0 0 0
0.5

1.5

3.0

0 0
5.0

11.0

31.0

49.O

0 0 0
0,5

0.5

2.0

0 0 0
0.5

1.0

1.5

0 0 0 0
1,5

2.0
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Bacterial Diseases

Table 6. Bacterial diseases of Penaeus rr

Many kinds ot' bacteria may cause dis-
ease in P. numodorr., especially in post-
larvae and juveniles Oohnson, 1978;
Lightner, 2983!. Only a few kinds of
bacteria, however, cause primary infec-
tion. Most incidences result from envi-
ronmental factors or stress; then
secondary bacterial infection can cause
heavy mortalities. Bacterial diseases of
Perseus monodon are either body surface
or internal infections. Tail rot and sheH
disease are external infections. The
main internal infections occur in the

hepatopancreas, hemolymph, gastric
cavity, heart, muscle and gills; hepa-
topancreas and hemolymph infections
are more serious, resulting in granu-
lomatosis of the whole body  Cheng
and Liu, 1986; Chang. 1989; Chen and
Lee, 1989; Chen et al., 1989b; Huang,
1989; Liu,1990!. The most common bac-
terial diseases in Taiwan are listed in
Table 6,

Pathogens and Symptoms
Diseased prawns are covered with
mud-like material and are lethargic and
moribund, lying on the pond side and
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occasionally surfacing quickly to the
water surface. After a short period of
time, they die. In serious infections, aH
the prawns in a pond stop eating, re-
sulting in heavy mortalities. Externally,
the diseased prawn has no significant
symptoms, but has a double shell in the
cephalothorax region, and the hepa-
topancreas atrophies  Figs. 26 and 27!
or swells  Figs. 28 and 29! and granu-
lomas or necrosis occur within hepa-
topancreatic cells. Diseased prawns are
lethargic and have difficulty molting. If
teaseed cake containing 10% saponin or
frequent water changes are applied to
stimulate molting, they may cause in-
complete molting or molting that re-
sults in a soft shell, causing heavy
mortalities.

Treatment

Zeolite �00 kg/1,000 m ! is used to
improve the condition of the pond bot-
torn, but little pond water is replaced.
If water is to be changed, the change
should be gradual. BKC at 1 ppm or
20% furazolidone at 10 ppm, one-day
dipping, may be used; treatments are
repeated every five to seven days, two
or three times, Chen et al. �989b! rec-
omrnended the use of furacin or

furanace, 1 ppm; or chloramphenicol,
1 - 10 ppm; oxytetracycline, 60 � 250
pprn, 1- or 2- days dipping, or addition
of 500 - 1,000 rng of oxytetracycline or
100 - 500 mglkg of the prawn diet
NF-180. Increasing the amount of fresh
feed in the diet and adding high doses
of vitamin C may increase the resis-
tance of prawns to the disease.

Other Diseases

This section briefly describes some
common diseases, such as associated
isopods  Liao et al., 1985!, muscle ne-
crosis  Liao et al., 1985; Lightner, 1985;
Baticados, 1988; Chen and Lee, 1989!,
chronic soft-shell syndrome  Baticados,
1988; Chen and Lee, 1989!, blue disease
 Chen and Lee, 1989!, siderosis  Cheng
and Liu, 1986! and gas-bubble disease
 Chen and Lee, 1989!. The pathogens
and symptoms are as follows:

Associated isopods. Isopods attach to
the prawn's gills, often on just one
side; the attachment site appears swol-
len.

Muscle necrosis. Either the whole

body, or a part of it turns white; muscle
color is white and translucent. This

disease may be caused by chronic stres-
sors or a sudden injury.

Chronic soft-shell syndrome. The dis-
eased prawn's shell is soft and thin;
this makes it weak. Death results from

impaired molting or cannibalism. This
disease may be due to a nutritional
deficiency, such as inadequate amounts
of calcium and phosphate. The disease
is controlled through proper formula-
tion of artificial feeds and an improved
culture environment.

Slue-disease. Sick individuals are pale
or light blue. We call affected prawns
"sky prawns." Blue disease is caused
by a nutritional deficiency or poor
water quality, The disease may be con-
trolled by proper nutrition and man-
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and Other Diseases in Cultured Giant Tiger

Prawns  Penaeus monodon! in the Philippines

Jose M. Natividad

BFAR-IDRC Fish Heallh Project
Bureau of Fi!faces and A~ Resources

4th Boor Estuar BuiMing, 880 Quezon Avenue
Quezon City, Philippines

Donald V.Lightner
Department of Veterinary Scieni~

Uti varsity of Artma
Tucson, AZ 8572l, U.SA

Penaeus morrodon baculovirus  MBV! was the most prevalent disease in hatchery-reared and
pond-cultured Prnaeus monodoii in the Philippines. The incidence of MBV increased with
increasing age. Furtherinore, MBV was diagnosed in P, monodon in all sampling areas  provinces!
every month throughout the sampling period, There was a low correlation between the
occurrence of MBV and time  month!; therefore, MBV epizootics are basically hatchery and/or
pond management problems and do not relate to certain places or seasons.

A presumed type C bacutovirus and red disease were also consistently diagnosed in MBV-infected
P. moexbii. This presumed type C baculovirus is the first case record in the Philippines. The
following diseases were also diagnosed: fouling with the protozoans Zaothtimnium sp. and
Rrticetla sp., larval mycosis, gill necrosis and hepatopancreatic vibriosis, A Few cases of blue
shrimp syndrome, filamentous bacterial disease and bacterial ententis were also recorded,

Introduction

Maintaining a healthy shrimp popula-
tion in a culture system requires a basic
understanding of the etiology of the
diseases that occur in the system. Un-

fortunately, limited infortnation is avail-
able on shrimp diseases in the Philip-
pines and Asia as a whole. This has
frequently resulted in misdiagnosis and
subsequent mistreatment and rampant
abuse of antibiotics and other therapeu-
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tants. The indiscriminate use of an-
tibacterial drugs has resulted in the
development of resistant strains of bac-
teria, making the problems even worse.
The classical example of this problem is
the emergence of some resistant strains
of luminous bacteria  Vibrio haruey'! in
some parts of the Phihppines where
chloramphemcol, pem91in, ev~omy-
cin, kanamycin, oxytetracycline, and
sulfa drugs are used regularly.

Because it is so common in hatcheries

and growout ponds in the Philippines,
Penaeus rnonodon baculovirus  MBV! is
of considerable importance. Histologi-
caliy, the disease is characterized by
prominent, multiple, eosinophilic
 HdzE stain! occlusion bodies within
hypertrophied nuclei of the midgut or
hepatopancreatic tubule epithelial cells.
MBV can cause 70% cumulative mortal-

ity among juvenile and adult popula-
tions; hence, infection by this virus is
nonselective as far as the life stages of
the hosts are concerned  Lightner et
al., 1983a; Sinderrnann and Lightner,
198S!.

MBV was originally diagnosed in 1977
by Lightner and Redman �981! in a
population of laboratory-reared, juve-
nile P. monodon. Ironically, these MBV-
infected P. monodon were obtained from

a quarantined population in Mexico,
but the postlarvae originated in Taiwan
 Lightner and Redman, 1981; Lightner
et al., 1983a!, The first case of MBV in
the Philippines was reported in 1981 by
Lightner et al. �983a! from a popula-
tion of postlarval  PL5! P. rnonodon.

Some of the most important diseases of
cultured and wild penaeid shriinp are
discussed in the works of Johnson
�97S!, Overstreet �978! and Lightner
�983, 1985!. Thorough reviews of im-
portant viral, bacterial, fungal, parasitic
and other diseases of cultured penaeid
shrimp are presented by Lightner �975!,
Lightner et al. �984a, 1984b!, Sinder-
mann and Lightner �988! and Lightner
et al. �989a!. Overstreet �978! has
performed extensive studies on the para-
sitic and microbial diseases of wild
shrimp in the Gulf of Mexico, while
Fontaine �985! did similar studies in
the West Galveston Bay, Texas.

Lightner and Redman �985a! and Light-
ner et al. �987a! have identified several
important viral and microbial shrimp
diseases in Southeast Asia. Similar stud-
ies were also conducted in Malaysia by
Anderson �988! and Nash et al. �988!.

Research Objectives

Knowing the host and geographic dis-
tributions of diseases of cultured

penaeid shrimp is important in terms
of the interregional movement of shrimp
stocks. The Philippines is composed of
about 7,200 islands, and stocks are
moved between islands regularly. Map-
ping the geographic distribution of
penaeid shrimp diseases in the Philip-
pines may help us predict and/or pre-
vent some shrimp diseases on a
regional scale.

This study was designed to document
the incidence and geographic distribu-
tion of MBV and other diseases of
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hatchery-reared and pond-cultured P.
monodon populations in the Philippines,
and to generate baseline information
for the study of their epizootiology.
This epizootiological data will be a valu-
able tool in formulating rational meas-
ures for the prevention and control of
MBV and other shrimp diseases.

Specifically, the objectives of this study
were:

~ To determine the seasonal occur-
rence of MBV in P. monodon in the
Philippines;

~ To assess the geographic distribu-
tion of MBV and other P. monekn
diseases in the Philippines;

~ To determine the relationship of
age as a host factor in the preva-
lence of MBV; and

~ To identify other diseases of P.
moriodon and analyze their associa-
tion with MBV-infected popula-
tions.

All data in this study came from diag-
nostic cases received at the BFAR-IDRC

Fish Health Laboratory in Quezon City,
Metro Manila or from samples collected
during routine field trips.

There are three methods currently used
to diagnose MBV infection in P. mono-
doti: 1! direct examination, 2! enhance-
ment of infection and 3! bioassay. The
newest technique for diagnosing MBV
employs an epifluorescent light micro-
scope to examine phloxine-stained ma-

terial  Thurman et al., 'l990!. The rou-
tine examination by histological  Bell
and Lihhtee, 1988! and wet mount
methods  Lightner et al., 1983a; Sinder-
mann and Lightner, 1988! were used
throughout this study because of their
simpliaty and speed.

Literature Review

Most diseases of cultured penaeid
shrimp in the Philippines are associ-
ated with high-density culture, e.g.,
100,000-450,000 postlarvae/ha. Under
these crowded conditions, disease has
become one of the major problems of
the industry.

Generally, there are three factors that
affect penaeid shrimp health: physical
factors  e,g., me9mnical injuries!, chemi-
cal factors  e.g., toxins! and biological
factors  e.g., viruses, protozoans, bac-
teria, and fungi!. These three elements
cause two major categories of disease�
noninfectious diseases, which can be
caused by physical, nutritional and
chemical agents, and infectious diseases,
which are caused by biological agents.

Of the six penaeid shrimp viruses,
three are known to infect P. monodon in
the Philippines � MBV, hepatopan-
creatic parvo-like virus  HPV! and infec-
tious hypodermal and hematopoietic
necrosis virus  IHE~!. MBV is wide-
spread in P. rnonodon hatcheries, where
it causes moderate to high cumulative
mortalities in postlarval populations
and poor growth in pond-cultured
stocks.
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Another important penaeid virus is
HPV. Its target organ is the hepatopan-
creas. This virus was first described by
Lightner and Red man �985b! from P.
chinensis postlarvae, P. meqpcietisis juve-
niles, P. semmlcatus juveniles and P.
mormfott from the People's Repubhc of
China, Singapore, Kuwait and the Phil-
ippines. Microscopically, pathogno-
monic signs of HPV infection are single
basophilic  HIVE stain!, Feulgen-posi-
tive inclusion bodies in hypertrophied
nuclei of epithelial cells of hepatopan-
creatic tubules.

B6ibPP is probably the most investi-
gated shrimp virus. It was most re-
cently reported in the Philippines in
1989 from a populatio~ of P. rnonodon
from Asturias, Cebu by Lightner  un-
published diagnostic case!. IHHN
disease was first recognized as virus-
caused in a population of blue shrimp,
P. stylimstris, and white shrimp, P,
veittamei  Lightner et al., 1984a! at the
University of Arizona's shrimp culture
facility on Oahu, Hawaii.

Infectivity and pathogenicity studies
 Bell and Lightner, 1984; 1987! showed
that the target organs for IHHI'Pl are
tissues of ectodermal origin  e.g., epi-
dermis, hypodermal epithelium of the
foregut and midgut, nerve cord and the
nerve cord ganglia! and tissues of
mesodermal origin  e.g., heinatopoietic
organs, antennal gland tubule epithe-
lium, mandibular organ, connective
tissue and striated muscles!. Micro-
scopically, IRWIN virus can be demon-
strated by the presence of promiiient
eosinophilic  H8zE stain!, usually Feul-

gen-negative inclusion bodies in hyper-
trophied nuclei with marginated chro-
matin  following fixation in Davidson's
AFA or Bouin's!. IFIHIM infects post-
larvae and juveniles and may cause 80
to 90% cumulative mortality.

REO, the most recent addition to the
list of penaeid viruses, was discovered
from a population of juvenile P. japmi-
cus in France by Tsing and Bonami in
1984  Lightner et aL, 1989a!. This virus
is best diagnosed by transmission elec-
tron microscopy because this procedure
can distinctly demonstrate the eosino-
philic to magenta staining  HkE! cyto-
plasmic inclusion bodies, which cannot
be seen well by light microscopy  Sin-
dermann and Lightner, 1988!. A cyto-
plasmic reo-like virus was also described
from a population of P. monodoti with
rickettsia-associated disease, although
histologically, the virus did not appear
to cause any tissue damage  Anderson,
1988!,

Bacterial diseases of penaeid shrimp are
also considered to be major problems
in both hatchery-reared and imported
stocks. Bacterial infections in penaeid
shrimp can manifest themselves as pits
in the cuticle, sometimes called shell
disease," or as localized infections
within the body, which may lead to
septicemia  Lightner, 1983!. In the Phil-
ippines, the most serious bacterial dis-
ease is "luminous bacterial disease"
 Pitogo et al., 1990!. Although the etio-
logic agents of this disease are known
� Vibrio harueyi and V. splendicus � the
exact epizootiology and pathology of
this disease remain unknown. These
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bacteria have been isolated from
shrimp eggs and larvae, and from sea
water and pond sediments, where they
characteristically glow in the dark.

Studies on other penaeid Vibrio infec-
tions have been performed by Lewis
�973!, Lewis and Lawrence �9N!, Taka-
hashi et al. �985!, Egusa et al. �988!
and Itami et al. �989!. A septicemic
form of bacterial disease was described
by Lightner and Lewis �975! from
hatchery-reared white shrimp, P. setif-
erus. Most penaeid bacterial infections
involve motile, Gram-negative and oxi-
dase-positive bacteria such as V.
at gin oly tie us, V. pa ra haernoly tie us,
Pseudomonas sp., Aeromonas sp. and Fla-
vobacteriurn sp.  Lewis, 1973; Lightner,
1975; Lightner, 1983; Lightner et al.,
1985!.

Bacterial epicommensals are also very
conunon in the estuarine environment
and have been known to cause prob-
lems in pond-reared penaeids  McKee
and Lightner, 1982!. An example is
Leucothrix mucor, which normally at-
taches to the gills of the host shrimp,
impairing respiration and resulting in
death  Lightner et al., 1975!. Other
bacterial epicommensals have also been
descried Oohnson, 1978; Lightner, 1983,
1985; Sindermann and Lightner, 1988!.

The most important fungal pathogens
causing mortalities in penaeid shrimp
are Fusariurn sotani and Lagenidiurn sp,
 Lightner and Fontaine, 1975; Hose et
al., 1984; Bland et al., 1976!. In the
Philippines, Iagenidium sp. was isolated
from a larval population of P. monodon

 Lio-Po et al., 1982!. Other fungi found
in the Philippines include Halipthoros
phitippinensis  Lio-Po et al., 1985! and
Sirolpidium sp. Most fungal diseases
affect eggs, larvae and postlarvae. The
ability of Lagenidiurn sp. and Sirtotpidr'urn
sp. to exist as free-living saprophytes
and their wide host distribution sug-
gest that they may have a worldwide
distribution  Lightner, 1985!.

Noninfectious diseases are also com-

mon problems in pond-reared shrimp
and in hatcheries. Examples include
gas-bubble disease  Lightner et al.,
1974; Suplee and Lightner, 1976!, and
intoxication with pollutants such as
cadmium  Nimmo et al., 1977! and afla-
toxin  Wiseman et al., 1982!. Substances
toxic for shrimp are also produced by
some marine organisms such as blue-
green algae  Lightner, 1978; 1982!.

Materials and Methods

Sample Sources

All P. rnonodon examined came from
two major sources. One group was
obtained from regular sampling sites
including preselected hatcheries and
growout ponds from 11 locations in the
Philippines  Fig. 1!. The second. source
was comprised of samples submitted to
the BFAR-IDRC Fish Health Laboratory
in Quezon City, Metro Manila, by hatch-
ery and growout pond operators.

When shrimp in a particular sampling
area were experiencing mortalities or
any form of disease at the time of the
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Figure 1. Map af the Philip@'nes shoiNrng the
aevaas of Penaeus mceocke sarrpfes. � =
Pangasinarr; 2 Zamba/ee; 3 Bataan; 4
Bvhean; 5 Metro ManNa; 6 ~ Cade; 7 =
Batangas; e - Ovezon; 9 = Imk; 10= Cebu; 11
~ Cotsbeto; 12 ~ Other pmvincee which Inc/ude
Carnannea /Vorte, Parnpanga, Mindoro!,

sampling, selective sampling was done
to include abnormal animals such as
those exhibiting discoloration or other
types of morbidity. No dead shrimp
were collected if the time of death could
not be ascertained. Farm history re-
cords were obtained using Farm His-
tory Sheets  Fig. 2.!

Processing Samples

All samples were iminediately fixed in
Davidson's fixative  Bell and Lightner,
1988! either by direct immersion  in the
case of postlarvae! or both intrahepa-

topancreahc and intramuscular injec-
tion of the fixative  in the case of juve-
niles and adults!. For larger shrimp, a slit
was made in the cuticle, extending
from the sixth abdominal segment to
the base of the rostrum, enhancing the
entry of the fixative into the specimen.

Postlarvae were fixed for 24 h, while
juveniles and adults were fixed for 48
h. After fixation, shrimp were stored in
50% alcohol until they were processed
for routine histology  Bell and Lightner,
1988; Humason, 1967! and examined
using light microscopy. The "gut-gill
panorama" technique developed by
Bell and Lightner �988! was adopted
in the preparation for embedding the
tissue samples. The tissues were pre-
pared for light microscopy using the
routine paraffin technique  Luna, 1968;
Humason, 1967! and stained with
modified Mayer's Hematoxylin and
Phloxine/Eosine stain  HkK!  Bell and
Lightner, 1988!. In cases where the
farmers wanted immediate results, the
samples were examined for MBV infec-
tions using a "wet mount" technique
 Lightner et. al., 1983a!, which is locally
called 'MBV Rapid Test."

Method of NlBV Diagnosis

Diagnosis of MBV infection was accom-
plished by histological demonstration
of prominently hypertrophied nuclei,
with spherical eosinophilic occlusion
bodies in the hepatopancreatic cells and
anterior midgut of the shrimp  Lightner
and Redman, 1981; Lightner et al.,
1%8a!. In some samples where the "wet
mount" technique was used, h4BV was
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Figure 2, Farm history record sheet used to collect backgroundinformation from the hatchery''arm where
Penaeus monodon samples were collected.

Statistical Analysis

Diagnosis of other diseases was also
accomplished by routine histopathol-
ogy. Some protozoan and fungal infec-
tions were diagnosed using the wet
mount method.

detected by the presence of intensely
green  due to the 0.1% aqueous mala-
chite green stain! occlusion bodies that
were distinct from the secretory gran-
ules and lipid droplets present in the
tissue squash.

The statistical methods used in this
study were mainly correlation analyses
such as the correlation of MBV preva-
lence with variables such as age, geo-
graphic distribution and monthly
distribution, and correlation analysis
between the occurrence of MBV and
other diseases. All analyses were done
using NCSS  Version 4.1 developed by
Dr. Jerry L. Hintze, Kaysville, UT!.
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Table 1. incidence of Penaeus monodon diseases
and disease-causing organisms diagnosed between
October, 1989 and December, 1990.

P ~MB V 100

where:

Pr = Prevalence

Results

Estimation of MBV prevalence was com-
puted using the formula below:

MBVp - No. of MBV-positive sam-
ples, and

n = Total number of samples

Eleven major types of organisms/dis-
eases were diagnosed between Octo-
ber, 1989 and December, 1990 in P.
monodon. MBV was the most prevalent
disease agent, accounting for 249 cases
�6.9%! out of the total of 372 cases
 Table 1!.

Overall Prevalence of MBV. Out of a
total of 372 cases from 12 major prawn-
farming provinces in the Philippines,
249 were diagnosed positive for MBV.
Overall, the prevalence of MBV was
66.9%. However, there was a very low
correlation  r = 0.4! between the num-
ber of MBV cases and provinces where
the cases were documented  Table 2!.

In terms of the total number of P,
tnonodorr samples examined, 5,085 were
MBV-positive and 4,025 were MBV-
negative; hence, the overall prevalence
of MBV infections in terms of the total
number of shrimp examined was 55.8%.
There was a low correlation  r = 0.3!
between the number of MBV-infected
animals and their location  Fig. 3!.

Prevalence of MBV in Different Post-
Iarval Stages. There was a high corre-
lation  r 0.92! between host age and
occurrence of MBV. The occurrence of
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Table 2. Overall incidence of MBV in Penaeus mortodort based on the total number of

cases examined from October, t 989 to December, 1990.

~Includes the provinces of Camarines Norte, Negros, Pampanga, Mindoro and some unknown sources

s 4 5 s r s p t0 n 'lr
Provlncw

MBV in the different life stages of P.
mottodott in terms of the total number of

cases received is shown in Table 3. With

the exception of one MBV-positive PL3,
all PLl to PL6 samples were negative
for MBV  Fig. 4!.

Distribution of MSV. All the diagnos-
tic cases carne from 12 major provinces
in the Philippines. Nine of these prov-
inces were from Luzon Islands, two
were from the Visayan Islands and one
from Mindanao Island.

Among the provinces with less than ten
cases of MBV, samples from Bulacan
and Cotabato had 100% MBV preva-
lences; 4/4 and 5/5, respectively. Among
the provinces with more than ten docu-
mented cases of MBV, Quezon had the
highest rate of MBV infection; 80.6%
�5/31!. The provinces of Bataan and
Batangas were second and third, re-

Figure 3. Overalllnc/dence of MSV from October,
1989 to Oecernber, 1990 based on the total num-
ber of Penaeus ttKeadon samples from 12 pro v-
inces where the samples were collected,
indicating that MBV was distributed throughout
the country. � = Pangaslnan; 2= Zambales; 3=
Bataan; 4 = Bulacan; 5 = Metro Manila; S =
Cavite; 7 = Batangas; 8 = Quezon; 9 = lloiio; 10
= Cabu; 11 = Ootabato; 12 Other provinces
whichinciude Camarines Norte, Parrpanga, Min-
doro!.
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Table 3. Prevalence of MBV ln different postlarval stages of Panaevs monodon based on
the total number of cases from October, 1989 to Oecember, 1990.

PL Stage No. of Cases MBV+  %! MBV-

66,9 120372 249

spectively, where S0% �2/15! and
67.7% �5/96! of the total number of
cases were positive for MBV  Fig. 3!.

�1/61! and 78.7% �22/155! of the total
number of animals examined had
MBV. Metro Manila had the lowest
MBV incidence rate; 14.7% �6/245!.

In terms of the percentage MBV-posi-
tive animals, the province of lloilo had
the highest prevalence, 84.2%
�76/209!, followed by the provinces of
Bulacan and Cavite where 83.6%

Monthly Incidence of MBV. The cor-
relation between the mcidence of MBV
and tilne  month! was very low  r =
0.3!. In terms of the total number of
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Table 4. Monthly prevalence of MBV in Penaeus monodon based on the total number of
cases examined from October, 1989 to December, 1 990.

of Cae
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P6 silo rva! Stages

Figure 4. Prevalence of M8Vin the different postlarval stages of Penaeus monodon based on the total
number of samples examined from October, 1989 to December, f990. There is a high correlation
between the age of the samples and the prevalence of M8V, Furthermore, note that the 33 9% incidence
of M8V in PL3 constituted on y one case.
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Rgvre 5. Monthly incidence of MBV based on the
total number of Penaeus remxhm sample ex-
amined from October, 1989 to Da~e; 1990.
Tlrere ls a Iow correlation behamrnthe Incidence
of MBV and months, Indicating that MBV sets
prevalent in aN months,

cases received, the month of September
had the highest occurrence of MBV at
82.9% �4/41!, while the month of May
was second with 78.3% �8/23!. No-
vember had the lowest MBV preva-
lence, 44.896 �3/29!  Table 4! and
October actually had the highest preva-
lence �00%!; however, only one case
was documented during this period.

Based on the total number of animals
examined, the prevalence of MBV was
high in September �1.1%; 587/826!,
and July �1%; 431/706!. MBV appeared
to be least common in November; it
was found in only 34.7% �67/481! of
the animals sampled. However, there
was a very low correlation  r 0.2!
between the number of MBV-infected
shrimp and their monthly prevalence
 Fig. 5!.

Figunr 6. Incidence of other Penaeus mono'
diseases d/agnosed from October, 1989 to De-
cember, 1990 based on the total number of sam-
ples examined, Note that these values do not
Include MBV.  BVC = Type C becuioÃrus; Zoo =
Zootharnnium; Vor = Vorticeifa, LM = Lanai my-
cosis; BSS = Btve shrimp syndrome; GN = giN
necrosis; FB Filamentous hactena; BE 8ac-
tedal enteritis; HV = Hepatoparrcreatic vkriosis;
RD Red disease.

Other Diseases. Ten major diseases or
pathogens were diagnosed from 122
samples  Figs. 6, 7!. There was a high
correlation  r = 0.99! between the oc-
currence of these diseases and MBV
 Table 5!. One of the most significant
findings was the discovery of a type C
baculovirus  a nonoccluded baculo-
virus! from a population of postlarval
P. morrow+. This virus was diagnosed
as a inixed infection with MBV in post-
larvae, and is the first type C bacu-
lovirus reported in P. rriotuxforr from the
Philippines.

Discussion

MBV was the most prevalent disease of
P. monodorr, accounting for 249 disease
cases �6.9%!. These figures are alarm-
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ing to both hatchery and growout farm-
ers.

The prevalence and distribution of MBV
in P. monodom populations is a function
of a complex interaction of several vari-
ables, induding age, feeding habits and
the extent of cannibalism. On the other
hand, understanding MBV and its mode
of transmission, virulence, persistence
in the environment and ultrastructure
are necessary to the understanding of
this host-pathogen relationship.

Host age is one of the most important
variables in the study of baculoviruses
 Martin et al., 1987; Watanabe, 1987!.
In this study, the prevalence of MBV
was higher among the older stages of
postlarval P. rrrortodon, whereas younger
animals  e.g., PL1 to PL7! were not as
susceptible to MBV infection. This find-
ing is consistent with the results of
previous work conducted by the
authors in which a susceptibility study
to MBV was perforined on the different
larval and postlarval stages of P. mono-
don. However, these findings disagree
with those of Momoyama and Sano
�989! who studied BMNV infection in
kuruma shrimp  P, japonicus!. The
authors found a strong negative corre-
lation between BMNV infection and

host age, indicating that the infectivity
of BMNV in P. japrmicus decreases with
age.

Another important finding of this study
was the association of other viral, pro-
tozoan, bacterial and fungal infections
with MBV in P. monodon postlarvae. It
is possible that these co-infecting mi-

croorganisms exerted synergistic effects
with MBV, acting as biological stressors
and enhancing the overall susceptibility
of the host to infection. In fact, surface
and gill fouling by epiconunensals such
as Leucothrix mucor and Zoothamnium

sp. are suspected to compromise the
respiratory system of MBV-infected P.
mmiodori, causing significant mortalities
 Lightner et al., 1983a!. This kind of
relationship has also been demonstrated
in silkworm larvae. Individuals ex-
posed to Pseudomorius sp. were more
susceptible to viral infections  Watan-
abe, 1987!.

There was a very low correlatio~ be-
tween the prevalence of MBV and the
geographic origin of the samples. In
addition, there was no significant sta-
tistical correlation between the occur-
rence of MBV and time of year. This is
in contrast to findings that the distribu-
tion of several insect baculoviruses is

influenced by geography and season
due to the migration patterns of insects
 Tanada and Fuxa, 1987; Weiser, 1987!.
Hatchery-reared or pond-cultured tropi-
cal aquatic aninials such as Pe@acus mono-
don are confined to tanks and ponds
and are subjected to very limited sea-
sonal variation.

In Australia, Lester and Paynter �989!
reported an MBV-like virus from popu-
lations of P. plebejus, P. moriodon and P.
mergm'ensis, Until serological studies
can be made comparing this bacu-
lovirus to MBV, it can not be ascer-
tained if this is a new strain of MBV or

a distinct species  Lightner et al., 'l989a!.
It is, therefore, imperative to examine
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Table 5, Other diseases of Penaeus rnonodon based on the total number of cases rece,v~
from October, 1989 to December, 1990.

the problems underlying the preva-
lence of MBV at the hatchery and pond
levels relative to existing hatchery and
pond management practices and biotic
factors. Lightner et al. �983a! con-

eluded that MBV is enzootic in South-

east Asia and cited as proof the high
prevalence of MBV in the regions
where farms use wild P. monodon

broodstock in the mass production of

Figure 7. Photomicrograph of the dNerent pathologica/ conditions and disease-causing organisms in
Penaeus monodon populations.
f. Penaeus monodon bacu/ovirus  MBV!. The pathognomonic signs of MBV infection are the multiple,
intranuc/ear sphenca/ occlusion bodies  arrows! within the hypettrophied nuc/ei of the he/I/opancr'ea«
tissues of P. monodon post/arva, H&E staining.  Bar= 20 pm!.
2. Type C bacu/ovirus. Histologicai section of the hepatapancreas of P. monodon post/arva showing
the hypertrophied nuclei  anow! of the hepatopancraatic tubule epithe/ia/ cells. Note the absence of
vira/occ/us/ons, which is the main charactenstic of this type of bacu/ovirus, H& E stains  Bar= 20iim!.
~ HP necros/s. Histological section of the hepatopancreatic tissue of P, rnonodon post/arva showing
/arge masses of necrotic areas surrounded by hemocytes  arrow!. This patho/ogica/ condition is
probabp similar to vibnosis. H& E staining.  Bar = 100iim!.
4 Red disease. Histological section of the hepatopancreas of juvenile p. rnonodon with advanced red
disaase. Note the extensive hemocytic encapsulation and me/anized areas which contain masses of
necrotic t/ssue debns  arrows!. H&E staining.  Bar = 200 pm!.

Bacterial enteritis. esto/ogica/ section of the anterior midgut of an infected P. morx>50n post/arva
necrot/c areas and hemocytic infiltration in the affected area  arrow!. This patho/ogica/

is believed to be caused by bacteria. H& E staining.  Bar = 50 li.m!
8 F//amentous bacfena/ disease, Histo/ogica/ section of the gil/ fi/aments of P. monodon juvenile

w/ngheavyinfection of filamentous bactena, possib/y Leucothrix mucor  snows!. H&E staining.  Bsr
=20pmJ
~ Gi//necrosis, H/sto/ogica/section ofa necrotic and melanized gilifroma p. mc~n pcs//anat  arrow!
H&Eshining,  Bar= ~>m!
8- ~oothamnium sp. This protozoan causes extensive damage to the gi//s and appendagesininfected

md<on postlarva/, juvenile or adult populations, H8 E staining.  Bar = 20 pm!,
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postlarvae. MBV is present in most
hatcheries and growout ponds in
Southeast Asian countries such as Ma-
laysia  Lightner et al., 1985; Anderson,
1988; Johnson and Lightner, 1988!, Sin-
gapore  Brock et al., 1983; Lightner et
al., 1985!, Taiwan  Lightner et al.,
19Na, 1987a; Johnson and Lightner,
1988; Lightner and Redrnan, 1991;
Chen et al., 1989a!, Indonesia  Nash et
al�1988; Lightner et al., 1992!, Thai-
land  Natividad, BFAR diagnostic data
from imported postlarvae! and the
Philippines  Lightner, 1983; Johnson
and Lightner, 1988; Lightner et al.,1992!. MBV-infected spawners may
continuously excrete feces contami-
nated with free MBV virions and occlu-
sion bodies during spawning. These
virions and occlusion bodies could eas-
ily remrun associated with the shrimp
larvae and infect them when they begin
feeding.

In hatchery-reared P. monodorr postlar-
val populations, MBV acts as a density-
dependent disease that infects more
hosts as host density is increased. The
rate of MBV infection in postlarval P.
irs~dorr populations may be related to
crowding stress  Lightner et al., 1983a;
Sindermann and Lightner, 1988!. In
high-density stocking, MBV infection is
easily enhanced through cannibalism.
The designs of most hatcheries in the
Philippines should also be reviewed.
The fine mist generated by vigorous
aeration systems in most hatcheries
may facilitate the aerosol spread of
MBV. Aerosol contamination between
aquaria several meters apart has been
demonstrated using the experimentally

introduced spore-forming bacterium Ba-
ci7lus sphaenacs  Ligh tner, pers. comin.!.

At present, there are no known treat-
ments with which to cure MBV, nor are
there any that can eliminate MBV froin
the culture environment. Most farmers
in the Visayan region have reported
some degree of success from incorpo-
rating 1,000 rng vitamin C/kg of feed
given to pond-cultured P. monodon with
chronic MBV infections. Although
there have been no studies to substan-
tiate this claim, it is possible that in-
creased dietary vitamin C increases
hemocyte count and activity, and im-
proves the collagen integrity of the
animals, thus improving their general
resistance to diseases such as MBV.
Support for this theory was provided
by Pristavko and 13ovzhenok �974!
with larvae of the codling moth  M-
pevresia pwnonella! that were fed differ-
ent concentrations of vitamin C. When
the amount of vitamin C was de-
creased, the hemocyte count of the
larvae decreased and their susceptibil-
ity to Beauveria bassiana increased.

Among the other P. monokm diseases
diagnosed, the most important was a
nonoccluded  Type C! baculovirus
that was found in seven cases �.9%!,
ostly froin the provinces of Zambales,

Pangasinan and Quezon. Pathologi-
caUy, the presumed type C baculovirus
was diagnosed by the presence of hy-
pertrophied nuclei, with marginated
chromatin, a laterally displaced or dis-
associated nucleolus within infected
hepatopancreatic tubule epithelial cells,
but without occlusion bodies  Lightner
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et al., 1989a; Momoyama and Sano,
1989; Sano et al., 1985!. This presumed
type C baculovirus is the first reported
in P. rrtoriodori in the Philippines. It is
possible that type C baculovirus may
also be present in P. rrtonodori from
Australia and Indonesia  Lightner, un-
published data!. The only extensively
studied type C baculovirus in penaeid
shrimp is baculoviral midgut gland ne-
crosis virus  BMNV!, which is common
in P. japonicus hatcheries and ponds in
Japan  Lightner, 1985; Sano et al., 1981;
Sano et al., 1985; Sindermann and
Lightner, 1988; Lightner et al., 1989a;
Momoyama and Sano, 1989!.

Some of the frequently diagnosed dis-
eases in this study include gill and body
surface fouling caused by two protozo-
ans, Zoothamnt'um sp. and Vorticella
sp., and by an unidentified form of
filamentous bacteria. However, elevated
levels of these organisms result from
water management problems; hence,
they are usually regarded as noninfec-
tious epicommensals. These organisms
are common in hatcheries and ponds
and are apparently ubiquitous in shrimp
culture facilities  Lightner, 1985; An-
derson, 1988!. This study showed that
postlarvae, juveniles and adults are all
potential targets of these epicommen-
sals. Epicommensal organisms can cause
gill obstruction, leading to impaired
respiration and, in severe cases, infec-
tions result in heavy mortalities due to
hypoxia and impaired locomotion and
molting  Sinderrnann and Lightner,
1988; Anderson, 1988!, One filamen-
tous bacteria, Leucothrix macor, has
been known to cause extensive fouling

of host shrimp gills, blocking the diffu-
sion of gases across the gill cuticle
 Lightner et al., 1975; Couch, 1978!.

Larval mycosis was diagnosed  via wet
mount method! in 18 samples �.9%!.
Although the etiological agents were
not identified, diagnosis of mycosis in
infected postlarvae was based on the
characteristic branching fungal hyphae
protruding from body surfaces, espe-
cially the appendages, cephalothorax
and abdominal regions. Penaeid dis-
eases of fungal etiology are very com-
mon in the Philippines  Hatai et al.,
1980; Lio-Po et al., 1978; 1982; 1985!.
Although the fungal diseases of penaeids
are believed to be ubiquitous in shrimp
facilities  Lightner, 1985!, fungal infec-
tions associated with Hali phthoros philip-
pinensis have been reported to cause
serious mortalities in hatcheries only in
the Philippines  Hatai et al., 1980!. An-
derson �988! claimed that there is a
close association between antibiotic use

and the occurrence of larval mycosis in
Malaysia. He speculated that this may
be due to the removal of bacterial
epibiont competitors. Although Ander-
son's theory has not been proven ex-
perimentally, it is supported by the
observations of one hatchery operator
in Batangas province  Mr. Willy Espejo
of SS Marine Resources Corp.! where
the use of oxytetracyciine to treat lutni-
nous bacterial disease in P. moriadort

mysis preceded a high incidence of
serious 1arval mycosis infections.

Fourteen cases �.8%! of giII necrosis
were diagnosed in the P, iramodon sam-
pled. It is believed that this disease is
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of bacterial etiology. It is grossly char-
acterized by brownish discoloration of
the gills and disintegration of the cara-
pace. Histologically, the disease is char-
acterized by the presence of multifocal
inelanized cuticular lesions in the gill
filaments.

8acterlal enteritis was diagnosed in six
cases �.6%!. It is characterized by sep-
tic lesions of the midgut epithelial cells
and is normally accompanied by mild
to severe necrosis and sloughing of the
midgut epithelial lining. This disease is
similar to hemocytic enteritis described
by Lightner �983! and Sindermann and
Lightner �988!. Because hemocytic en-
teritis is often associated with certain
types of filamentous blue-green algae,
midgut lesions are believed to be caused
by endotoxins derived from the algae
 Lightner et al., 1987a!.

Septic, multifocal necrosis and mas-
sive hemocytic inflammation of the
hepatopancreatic tissues similar to HP
vibriosis was another disease we found
that may have a bacterial etiology �4
cases!. Vibrio sp. is the etiologic agent
of vibriosis and this disease syndrome
is one of the most studied penaeid
shrimp diseases  Lewis and Lawrence,
1983; Takahashi et al., l985; Takahashi
et al., 1985; Sindermann and Lightner,
1988; Itami et al., 1989!. Similar types
of lesions were also described by Egusa
et al. �988! from kuruma prawns  P.

j aponicus!.

The pathological signs described for
vibriosis in P. japonicus  Egusa et al�
1988! did not include the associated

hepatopancreatic atrophy and gross
signs of red coloration that characterize
red disease  Lightner and Redman,
1989a!. Four cases of red disease were
diagnosed in this study; all were also
infected with MBV. This disease is char-
acterized by the presence of multifocal
necrosis, often accompanied by massive
hemocytic inflammation and marked at-
rophy of the hepatopancreas.

Although red disease is common in
pond-cultured P. monodon populations
in Taiwan and the Philippines, its eti-
ology remains unknown. Lightner and
Redman �985! suggested that the red
coloration of affected P. moriodon is
caused by the deposition of beta caro-
tene and other carotenoids into the
hernolymph. This author, however, has
seen reddish shrimp that were pathologi-
cally negative for red disease, Interest-
ingly, the aforementioned shrimp
exhibited normal hepatopancreatic tis-
sue, having no apparent morphological
signs of hepatopancreatic atrophy.

Under these circumstances, it is possi-
ble that the red discoloration exhibited
by some shrimp could be attributed to
several factors, including season  Light-
ner and Redman, 1985a!, feed type, a
nutritional deficiency, and stressful en-
vironmental parameters such as highly
acidic water. The latter has been dem-
onstrated in samples from farms in
Binmaley, Pangasinan and Calatagan,
Batangas, where the pH of pond water
in the farms were 4.5 and 4 9, respec-
tively. Although these observations
may have been circumstantial, the rela-
tionship between environmental pa-
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This paper reviews the status of cultured Rrtaeus japonicus and P. chinensis, and describes the
diseases known to affect cultured shrimp in Korea.

Introduction

The Status of Penaeid

Shrimp Culture In Korea

Culture Areas
Artificial Seed Production

The primary species of shrimp grown
in Korea are the fleshy prawn, Penaeas
chineesis, on the western coast of the
Korean Peninsula, and the kuruma

From 1983 to the present, 33,565,000 P.
japonicirs and 23,790,000 P. chinensis
postlarvae were produced by NFRDA

Public institutes and private companies
first attempted to culture penaeid
shrimp in the late 1970s, but commer-
cial-scale culture was not successful in
Korea until the early 1980s. Since that
time, the development of semi-inten-
sive shrimp culture in Korea has been
accompanied by disease outbreaks. Un-
fortunately, few studies have been con-
ducted on shrimp diseases and there is
an urgent need for more research.

prawn, P. japorricus, along the southern
coast. There are approximately 30
shrimp farms in Korea. Fifteen are con-
centrated near Chungnam province on
the Yellow Sea; these are responsible
for more than 80% of total production
of cultured shrimp.

Penaeid shrimp seed are produced at
three government institutes under the
purview of the National Fisheries Re-
search and Developxnent Agency
 NFRDA!. Penaeus j aponicus postlarvae
have been produced and released at the
Koje hatchery on the southern coast,
and P. chirtensis seed are cultured and
released at Puan and Poryong hatcher-
ies on the western coast  Fig. 1.!.
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for stock enhancement and to sell  Ta-
ble 1!. Private shrimp culture enter-
prises, by comparison, produced 160
million P. japonicus and P. chinensis
postlarvae in 1991 alone gable 2!.

RYMre 1, Penaeid shriny cu/lure areasin Korea.

The total amount of shrimp harvested
in 1990 was 3,775 MT; 312 MT from the
culture fishery and 3,463 MT from the
capture fishery. Production from Ko-
rea's culture fishery was still very low
compared to the capture fishery � less
than 10% of the total production  Table
3!.

Diseases of Cultured
Penaeid Shrimp In Korea

Several diseases afQict cultured penaeid
shrimp in Korea; sometimes they cause
serious damage. In general, little is
known about penaeid shrimp diseases
in Korea; therefore, few details regard-
ing the overall status of diseases, diag-
nostic procedures and treatments are
available at this time. The foUowing
diseases have been found in Korea.
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Table 2. Production of Penaeusj aponicus and P. chinensis seed in private compan/es

Viral Diseases

Vibrio Disease

HPV. Hepatopancreatic parvo-like vi-
rus  HPV! is known to infect P. chinensis
 Lightner and Redman, 1985!. Symp-
toms of HPV infection are poor growth
rate, decreased feed consumption, slow
movement and a propensity to aggre-
gate in areas near the tank edge. Af-
fected shrimp can also exhibit white
patches on their abdomens. The means
to prevent and treat HPV disease are
unknown.

Histopathological observations funded
by The Oceanic Institute's Asian Inter-
change Program in 1991 confumed the
presence of HPV-infected P. chinensis
postiarvae at a government hatchery.
This research will continue this year.

BMN. Baculoviral midgut gland ne-
crosis  BMN! affects P. j aporricus larvae,
causing mass mortalities as a result of

the destruction of the epidermai cells of
the midgut and hepatopancreas  Sano
et al., 1984; Lightner et al., 1989!.

BMN-infected mysis and postlarvae
stop feeding an.d swim with an abnor-
mal posture near the surface of the
water. Using histopathological meth-
ods, BMN was diagnosed in P. japomicus
larvae in Korea in 1991.

Vibrio disease has been observed in
penaeid shrimp ranging in size from 1
g to adult. The most serious losses are
incurred during growout.

Table 4 contains information on six
strains of Vibrio sp. isolated from cul-
tured P. japonicus that exhibited signs
of disease  Kirn and Chun, 1990!. A
bacterium was isolated from the heart,
lymphoid organ and muscle of shrimp
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T~ 4 S~~ ~ zx strains of ~ sp. isolated from cultured kuruma prawns, PenasNIs

Leocothrix Disease

Lmcothtix mscor may be managed with
antibiotics or copper compounds
 Lightner and Supplee, 1976!.

Ciliate Disease

Zoothamnium sp. and Epistylis sp. also
infest cultured penaeid shrimp. Serious
outbreaks are prevented by keeping the Fyore 2. S ~ r~ mme VI no . ~

J8poNcus.

from farms in Namhae and Anhung
betvreen August and October, 1989.
The strains were then submitted for
morphological, biochemical and physi-
ological characterization  Rg. 2, Tables
5-7!.

Several workers have reported effective
therapy of bacterial diseases using an-
tibiotics. OxytetracycBne is frequently
used to treat Vibrio disease of penaeid
shrimp in Korea.

Lmcothnx moor attaches to living and
nonliving solid substrates, and it rap-
idly adheres to the body surfaces of
penaeid shrimp. Affected individuals
are duH in appearance and covered
with muddy debris; if mortality occurs,
it is usuaHy due to hypoxia.

culture water clean and by providing a
high-quahty diet. Formalin is report-
edly effective in controlling these or-
ganisms on shrimp farms.
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Note  +!: weak or delayed positive,

Problems and

Countermeasures

Coastal Pollution
Other Needs

Pollution of coastal water with effluent
from factories and with domestic sew-

age have caused a decline in the popu-
lations of plankton that were once
available as feed for shrimp. Red tides
are also more frequent as a result of
agricultural runoff, especiaHy during
the rainy season. These factors have
triggered shrimp diseases.

~~onal center for shrimp disease
g osis and control, with field units
several provinces, is needed. Also

Govemfppnt $upppp

the diagnostic capabilities for shrimp
quarantine and research facilities need
to be upgraded, particularly techniques
for virus detection and isolation.

The foHowing measures would help
control the incidence of disease among
cultured penaeid shrimp in Korea:

~ Train professionals to conduct in-
tensive research on shrimp dis-
eases;

~ Prevent infectious diseases through
an early warning system for
shrimp farms; and

~ Increased international exchange
of information on topics such as



, 1~; Muroga et al., 1979; fatahashi et al., 1985; 4Kvsuda et al., 1979; Ueki et
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shrimp culture and the prevention
and treatment of disease.
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Baculoviral midgut gland necrosis  BMN! is a superacute viral disease, causing severe mortalities
in kuruma shrimp larvae, &rureus japonicus, With the goal of implementing realistic prophylactic
measures, we developed diagnostic techniques for BMN, investigated the host range of BMNV,
and tested the efficacy of a variety af chemical and physical agents as BMN virucides. The
methods we developed can facilitate diagnosis in hatcheries. Washing fertilized eggs is the most
effective prophylactic technique. ln addition to P, japonicus, BMNV can infect P. rnanodort, P.
chinertsis and P. semisutcatus but not Metapenaeus ensis or Brrtunus trituberculatus.

Introduction

The OIE  Office Internationale des Epi-
zooties! has dealt with fish disease mat-
ters since 1960 through the Fish
Diseases Commission  FDC!, which
produces an annual report on the main
developments regarding current dis-
eases, new pathogens, and diagnostic
and. control methods usecl worldwide.

The FDC has created a separate section
for fish diseases in the Animal Health

Code. This is currently being revised
and will contain eight pathogens  six
viral agents and two bacterial agents!;

all will be placed on List B. List B
contains 89 corrununicable arumal dis-
eases considered to be of socioeconomic
and/or public health importance within
host countries, and are significant in
the international trade of animals and
animal products. Recently, the FDC has
expanded to encompass diseases of
molluscs and crustacea  De Kinkeline et
al., 1990!. Consequently, eleven patho-
gens were placed on List B, including
Penaeus monody baculovirus  MBV!,
Bacui~rus perrrrei  BP! and baculoviral
midgut gland necrosis  BMN! virus.
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This indicates the importance of bacu-
lm~es to penaeid shrimp culture.

List B agents cause no serious socio-
economic problems for terrestrial
homeotherms, nor are they a public
health con~sequence. However, the bacu-
lm~ particles released from victims
of BMN, both moribund aninmls and
latently infected adults, undoubtedly
constitute an "aquatic biohazard."
"Aquatic biohazard" may be dered as
a hazard for aquatic animals such as
fish and shellflsh caused by aquatic
pathogens in List B  Sano, 1992! as
opposed to the pathogens in List A that
are dangerous for humans andtor ter-
restrial homeothermal animals.

Examples of aquatic biohazards include
IPN  infectious pancreatic necrosis!,
VHS  viral hemorrhagic sepflcemia!,
and EHN  epizootic hematopoietic ne-
crosis!. Aquatic pathogens, in general,
have the potential to spread widely and
rapidly, and furthermore, to be trans-
mitted intergenericaHy. The resulting
diseases prevail as enzootic or pan-
zootic and cause serious socioeconomic
consequences. The goal of our studies
on BMN is the extermination of this
shrimp disease. Toward that aim, we
have studied three aspects: diagnosis
of BMN, the host range of BMNV, and
countermeasures for BMN. This paper
describes our results.

Diagnostic Techniques
for 8MN

BMN is a superacute communicable
disease of kuruma shrimp in Japan

 Sano et al., 1981!. The most important
factor allowing for the prompt imple-
mentation of prophylactic measures for
BMN is rapid, simple and accurate di-
agnosis, applicable m situ on shrimp
seed production farms, if possible. The
following two diagnostic techniques we
have developed meet these criteria.

Fluorescent Antibody Diagnosis- The
principle of this technique depends on
visualizing the specific fluorescence to
the antigen of the baculovirus in the
affected midgut gland smear or in the
intestinal epithelium. The fluorescent
antibody  FA! staining of the smear or
the organ reveals that the number of
juveniles showing ubiquitously visib/e
fluorescence tends to increase with time
after inoculation with the virus. Visible
fluorescence in the nuclei of the epi-
thelial cells was recognized at 18 h
postinoculation  Sano et al., 1985!.

Dark Field Microscopic Diagnosis.
This diagnosis confirms nuclear hyper-
trophy of the midgut gland epithelial
cells, which is pathognornic for BMN
virus infection, in fresh squash prepa-
rations under dark field illuinination
equipped with a wet-type condenser-
Two to four days postinoculation at 25
- 3G'C incubation temperature were
considered to be satisfactory during the
infectivity trial  Momoyama and Sano,
1988!.

Host Range of 8MNV

To determine the host range of BMNV,
susceptibility trials were perforined on
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the larval stages of five species of crus-
taceans: giant tiger prawn  Penueus mono-
don!, fleshy prawn  P. chinensis!, green
tiger prawn  P. semisukatus!, greasy-
back shrimp  Metapenaeus ensis!, and
blue crab  Portunus trituberculates!.
BMNV was inoculated in accordance
with the water-borne method  Momo-
yama and Sano, 1988!. Giant tiger
prawns developed severe infections  mor-
tality!, both the fleshy prawns and green
tiger prawns had temporary infections
 no mortality!, and both the greasyback
shrimp and blue crabs were not in-
fected with BMNV. Hence, the host
range of BMN includes Penaeus mono-
don, P. chinensis and P. semisulcattcs.

Countermeasures for BMN

In order to establish realistic counter-
measures for BMN, the virucidal effects
of chemical and physical agents were
studied. The results obtained are as

follows.

Virucidal Effects of Chemicals on
BMNV. BMNV is inactivated by expo-
sure for 10 min at 25'C with the follow-
ing chemicals and concentrations:
5-pprn active principle concentrations
of chlorine; 25-ppm active principle
concentration of iodine; 100-ppm ben-
zalkonium chloride; 100-ppm ben-
zethonium chloride; 0.5% Formalin;
and 30% ethanol. Also, the virus is
inactivated with the following treat-
ments: ethyl ether for 18 h, at 4'C; 25%
NaCl solution within 10 h and 12.5%

NaCl solution within 24 h  Momoyama,
1989a; 1989c!.

Virucidal Effect of Physical Factors on
SMNV. BMNV is inactivated with ul-

traviolet irradiation of 4.1 x 10 pW x
stem; summer sunlight exposure for 3
h at about 30'C; heating at 45'C for 120
min, at 50 and SS'C for 30 min, and at
60'C for 5 min; drying within 1.5 h at
about 30'C  Momoyama, 1989b!.

Sterilizing Effects of Egg-washing on
BMNV. A prophylactic effect can be
achieved by pouring enough sea water
over the fertilized eggs of the shrimp or
by soaking the eggs several times in an
egg-washing tank. As a result of applymg
this measure iver situ at a hatchery in
Yamaguchi Prefecture, the incidence
of BMN has dwindled year by year
since 1985  Table 1!. Figure 1 illustrates
the collecting procedure for the fertil-
ized eggs of shrimp.

Discussion and ConClusions

The two diagnostic methods we devel-
oped are simple, rapid and inexpen-
sive, facilitating the diagnosis of BMN
at hatcheries or in the field. Using these
techniques, the virucidal effects of
chemical and physical agents for BMNV
were elucidated, and the host range of
BMNV was determined. Furthermore,

a preventive method for BMN, egg-
washing, was developed and success-
fully prevented BMN in hatcheries
where it has been implemented. As
shown in Table 1, BMN has not oc-
curred since 1987. Consequently, we
determined that it was unnecessary to
develop highly sensitive diagnostics
such as a baculoviral DNA probe.



Figure 1. General procedure for collecting and washing shrimp eggs prior to incubation. �! Broodstock
spawn at night in spawning tank The nerrf day the spawner is removed, aerafionis halted, and the eggs
sink while fhe upper portion of sea water is drained. �! The eggs are collected in a collection tank by
means of a bottom drain prpe with gentle ffowingsas ester, �! The eggs are ooilected with an outer 100
pm mesh net alter they are first fi tered though the inner 360 gm mesh net. �! The eggs are washed
with stenle sea water or by changing the waterin the egg washing tank several times. The temperature
of the rinsing water and the water in the egg washing tank shoukf be the same as thatin the spawning
tank �! The eggs are incubated r'n a rearing tank with 40 - 50 cm-deep sea water that has been
thermo-control/ed and ferti ized.
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Table 1. Incidence of BMN In a kuruma shrimp hatchery in Yarna-
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Infection Route and Eradication of R.naeus

monodon Baculovirus  MBV! in Larval Giant
Tiger Prawns, Penaeus monodon

Chen, S.N., P.S. Chang and G.H. Kou
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Our experiments showed that uraeus monodon baculovirus  MBV! was transmitted orally. MSV
may be eliminated from hatcheries by using MBV-negative broodstock or by washing nauplii
or fertilized eggs several times in clean sea water, Formalin and iodophore,

Introduction Chen et al., 1989 acerb; Lester et al.,
1987; Lightner and Redman, 1981;
Lightner, 1983, 1988; Lightner et al.,
l983, 1985, 1987, 1988!. The most seri-
ous infections were found in cultured
giant tiger shrimp, P. monodon  Chen et
al., 1989c; Lightner, 1988!.

Of the six pathogenic viruses identi-
fied from penaeid shrimp, Penaeus
monodort baculovirus  MBV!  Fig. 1!, a
nuclear polyhedrosis virus, is consid-
ered one of the most potentially seri-
ous pathogens to the larval stages of
shrimp.

MBV has been found in shrimp from
the Indo-Pacific and Pacific Coasts of
Asia, Australia, Africa, and southern
Europe and in North and South Amer-
ica  Anderson et al., 1987, Brock et al.,
1983; Chen et al., 1989a; Lightner, 1983,
'1988; Lightner et al., 1983, 1987!. This
virus infects a number of species of
shrimp, including P. varrnarnei, P. rrgmo-
don, P. esculerrtus, P. semi'setcatls, P.

peniciltu4s, P. kerathurus, P. plebejus and
Metapenaem crisis  Srock et al., 1983;

Kpizootiological studies on MBV in P.
monodon revealed an incidence rate
higher than 50% in postlarvae, juve-
niles and broodstock obtained from Tai-

wan  Chen et al., 1989c! and
Southeastern Asia  Chen et al, 1990!.
Results obtained from a pathogenicity
study showed that environmental
stressors may significantly increase
mortality in MBV- infected larvae in
hatcheries  Chen et al., 1989c!. A hatch-
ery experiment also showed that MBV
may initiate mortality and growth retar-
dation in MBV-positive postlarvae
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open sea in southeastern Asia and im-
ported into Taiwan.

 Chen et al., 1989c; Chang and Chen,
1992!. For this reason, MBV may result
in variable larval production. To obtain
a better quality of postlarval P. rnotio-
don, MBV should be eradicated from
hatcheries.

For the broodstock, MHV infection was
confirmed by the presence of occlusion
bodies in shrimp feces. These were
detected with the aid of 0.1% aqueous
malachite green, 1% Gram's or
Giemsa's staining solution and Olym-
pus IM inverted and BH-2 light micro-
scopes. Experimental larvae were
maintained in hatchery ponds, with
the exception of those used in Experi-
ment 6. Each pond contained approxi-
mately 30 MT of 28- to 30-ppt sea water.
Rearing temperatures ranged from 28
to 33'C,

The present paper attempts to describe
the pathway of MBV infection, In addi-
tion, procedures for the eradication of
MBV are also suggested.

Materials ancl Methods

To investigate the infection route of
Penaeus monodon-type baculovirus
 MBV! in P. monody, nauplii and fer-
tilized eggs derived from either MBV-
positive or MBV-negative broodstock
were used  Table 1!. All experimental
broodstock were collected from the

Experiment 6 was conducted in plastic
tanks. Each tank contained 5 - 10 MT

of sea water and salinities and tempera-

Figure 1a. Section of hepatopancreas of Penaeus monodon infected by Penaeus morodon baculovirus
 MHV!. Note. Round occlusion bodies  arrows!.
Figure 1b. MBV particles.
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tures similar to those described above.

Approximately 7,000- l0,000 nauplii or
fertiii rwd eggs per ton were placed into
each tank.

sea water with salinity of 28 � 30 ppt,
200 - 300 ppm Formalin and 20- 30 pp m
iodophore, as described in Figure 2.

ResUIts and Discussion

Pathway of MBV Infection

The eradication of MBV infection was
achieved by the short-term washing of
nauplii and fertilized eggs using filtered

 A! NauplH

Running fodophore Runnirg
so pprn ~ 588 wntnr ~in plankton not X-2min 30 s 30 5 1-2min poAds

 B! FerNtzed Eggs

Running ladoprere
CO/Act tlrtHired Sol ~ ~ 2OO pprn 2O ~ ~ HetCherr
ding 1 -2m' 30 s 1 - 2 min ponds

Fig+a 2. Procedures for the eradfcatfan of MBVin P. mone~ hatcheries. Nate: ln a hatchery, na~lii
are much easier to collect than fertilized eggs, Ftritihermare, fertilized eggs are much more sensitive to
Formalin than rM qo/ii are.

MBV infections in the hepatopancreata
of developing stages of P. monody lar-
vae from zoea 1 to PL 40 were studied
using tissue squashes and his-
topathological staining with 0.1% aque-
ous malachite green and hematoxylin
and eosin  HRE!, respectively, as de-
scnbed by Lightner �983!. For each
stage, 5 - 32 randomly selected larvae
were examined, and their MBV status
was recorded.

To detect the mode of MBV transrnis-
sion, nauplii derived from MBV-free
broodstock were reared  in a similar
tank} with the excrement from MBV-
positive shrimp. The MBV status of
these shrimp in the later stages was
determined using the technique de-
scribed above.

During the course of larval rearing,
aeration was continuous and the alga
Sketettmema costatum was provided, as
were artificial feeds  shrimp flake,
plankton powder and micro-encapsu-
lated feed, rotifers or brine shrimp lar-
vae!, to ensure a sufficient feed supply
and complete growth of the experimen-
tal larvae. Feed debris and shrimp ex-
crement were removed daily, and
one-third of the sea water in each tank

was exchanged at two-day intervals.

Penaeus mottodort larvae produced from
either MBV-positive or MBV-negative
broodstock were examined his-

topathologically. The results in Table 1
and Figure 3  Experiments 1 and 3!
show that larvae produced from unin-
fected broodstock had no signs of infec-
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tion while reared in the hatchery at 28
- 33'C. However, when these larvae
were moved to a nursery pond, MBV-
positive individuals were found  Table
1 and Rg. 3, Experiments 1 and 3!.
When nauplii or fertilized eggs derived
fram MBV-infected broodstock were

blared in the hatchery, MBV-positive
shrimp were discovered at the mysis or
postlarval  PL! stage, respectively ga-
ble 1 and Fig. 3, Experiment 2!.

MBV-infected PL2 were also found
when nauplii produced fram MBV-
positive broodstock were reared in
plastic tanks  Table 1, Experiment 6c!.
However, larvae produced from MBV-
free broodstock reared in plastic tanks
containing filtered water revealed na
sign of infection up to the PL40 stage
 Experiments 6a and b!.

When nauplli produced from MBV-free
broodstock were exposed to MBV-posi-
tive feces, MBV was detected at the
mysis stage  Table 1 and Fig. 3, Experi-
ment 5!.

Although no one has found evidence
of vertical transmission of MBV in
shrimp larvae, the present study shows
that MBV may be transmitted by oral
ingestion of occluded or free MBV
virions. Baculoviruses were also found
to be transmitted orally in P. daorsrmm
 Couch, 1974! and P. japonicus  Mo-
moyama, 1981; Momoyama and Sano,
1989!.

The above experiments also suggest
that oral ingestion of feces from MBV-
positive shrimp is the main source of

MBV infection. If this is true, eradica-
tion of MBV at the hatchery level may
be feasible; hence, experiments were
conducted to determine the best means
of eliminating MBV from P. monokm
hatcheries.

Eradication of MBV Infection

To eradicate MBV infection in larval
shrimp, various washing procedures
were tested. When nauplii and fertil-
ized eggs obtained from MBV-infected
broodstock were treated as described in

Figure 2, no MBV-positive larvae were
found in the hatchery pond  Table 1
and Fig. 3, Experiment 4!. One day
after the larvae were moved from the
hatchery to the nursery pond, how-
ever, MBV was diagnosed in some of
the larvae. In contrast, MBV was not
detected in the nauplii derived from
MBV-free broodstock.

These results also support the hypothe-
sis that MBV was transmitted by oral
ingestion of MBV virions. Furthermore,
they reveal that in a controlled environ-
ment, MBV can be eliminated by wash-
ing nauplii or fertilized eggs thoroughly
with filtered sea water, 200 - 300 ppm
Formalin and 20 - 50 ppm iodophore.

Our results also showed that washing
with filtered sea water alone may onl
reduce the rate of MBV infection rate in
larval shrimp  Experiment 7!. Since it is
easier to collect nauplii than fertiii'~md
eggs, and because the latter are much
more sensitive to the chemicals em-
ployed, commercial hatcheries should
treat nauplii instead of fertilized eggs.
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In conclusion, there are two ways to
eliminate MBV from hatcheries,
thereby significantly improving the
quality of P. rrtortodort larvae:

~ Use only MBV-free broodstock,
and

~ Wash fertilized eggs or nauplii
with filtered sea water, Formalin
and iodophore.

Studies on baculoviral midgut gland
necrosis  BMN! virus in P. japotticus also
showed that viral infection may be
eradicated by eliminating broodstock
excrement followed by washing fertil-
ized eggs with clean sea water  Mo-
moyama, 1991!.

Pathogenic studies showed that in P.
rrroru/don, MBV infection may initiate
damage or loss of hepatopancreatic tu-
bule and midgut tissue leading to dys-
function of these organs or tissues
 Chen et al., 1989b; Lightner et al.,
1983!. Consequently, molting was de-
layed so that the MBV-infected postlar-
vae were irregular in body size  Chang
et al., 1992!. It was also noted that larval
shrimp infected with MBV contain
fewer hepatopancreatocytes than juve-
nile or adult shrimp; destruction of
these cells may cause a serious disease
or mortality. In comparison with con-
trol shrimp, MBV-infected larvae
showed relatively high mortality rates
 Chang et al., 1992; Chen et al., 1989c!.

Our recent study also confirmed that
juvenile and adult P. monokm are more
resistant to MBV than larval shrimp

 Chang, 1992!. These results, when
considered in light of the high inci-
dence rate of MBV among cultured
shrimp in the worM  Chen et al., 1989c,
1990; Lightner et al., 1985! suggest that
the eradication of MBV in hatchery-
reared larvae and the production of
MBV-free larvae are important. We
have also reached the conclusion that
to produce shrimp larvae of superior
quality, a broodstock quarantine sys-
tem for MBV infection shouM be estab-

lished, and the development of
eradication measures for MBV should
be emphasized.
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Viral Diseases of Cultured

Penaeid Shrimp in Japan
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About 900 miHion juveniies of approximately 20 crustacean species are produced for sea farming
and pond culture every year in Japan. Pnme jspoaicws, the kuruma shrimp, is the most
important species, coinprising apprmimately 90% of aH juveniles and nearly 1N% of pond
cultured crustaceans produced annually. Two viral diseases, baculoviral midgut gland necrosis
 SMN! of P. japmicus and Prnaeus motiodoa baculovirus  MBV! infection of P. moraxfos, the grass
shrimp, have been recorded from these species in Japan. BMN is a severe infectious disease
causing high mortalities in hatcheries. MBV, by contrast, has been detected only once in
postlarvae that were produced for experimental purposes from spawners imported from Taiwan.
The research conducted in Japan on BMN and MBV is reviewed in this paper.

Introduction fleshy shrimp and P. lett'sulcatus, the
western king shrimp, are also produced
for sea farming in certain regions.

The annual production of pond~-
tured P. japorricss from 19N to 1990 was
almost 3,000 h4T, and about 200 million

Since the adoption of the 200-mile eco-
nomic zone system in many nations,
sea farming is now strongly encour-
aged to increase production of coastal
fisheries resources in Japan. Every year
about 700 million juvenile crustaceans
belonging to approximately 20 species
are produced at public sea farming cen-
ters for stocking into coastal waters
gapan Sea Farrrung Association, 1990!.
The main species produced are Penaeus
japirra~, the kuruma shrimp  84%!,
Portents trifubereuhrtus, the blue crab
�%!, and Metapenaeus ensis, the greasy-
back shrimp P%!  Table 1!. Three other
penaeid shrimp, Peruieus semisulcatus,
the green tiger shrimp, P. chirtensis, the

Although juveniles of many crustacean
species are produced for sea farming,
P. j apmicus is the only species reared to
edible size in ponds in Japan. Since
1988, the number of seed P. j~icus
imported from Taiwan for pond culture
has increased substantially. Other
penaeid shrimp, including non-native
species, have never been cultured nor
have they been imported, except for
very rare experimental cases.



Table 1. Crustacean species and number of juveniles produced for sea farming and poncl

P JApl&KlL% ]Uvenijes are produced an
nuaHy at public and private hatcheries
for pond culture.

Because it is the major crustacean spe-
cies used for sea farming and pond
culture in Japan, research on crustacean
diseases has focused on P. jsptmicus. To
date, two viruses have been recorded
in crustaceans in Japan. One is bacu-
loviral midgut gland necrosis virus
 BMNV! in P. jsponicus  Sano et al.,
1981!; the other is Pensee tttonodorr bacu-
lovirus  MBV! in P. monocle  Fukuda
et al�1988!. For many years, BMNV
caused serious losses during the pro-
duction of juvenile P. japorricus.

MBV, first detected in Japan, is thought
to have originated in a foreign country.
After the initial discovery, MBV was
never found again in Japan, probably
because it is not infectious to postlarval
P. japeiacs, and very few P. mortar'4ott
are cultured in Japan. One reason only

two penaeid shrimp viruses have been
found in Japan may be that japan rarely
imports live shrimp from foreign na-
tions. Another factor is the lack of
comprehensive viral disease surveys.
The current practice of importing large
numbers of seed P. japmicus without
screening for viruses, however, will
allow foreign viruses to spread easily in
Japan. IHHN virus is the most danger-
ous of the potential viral introductions
and also the most likely to be imported.
It is highly pathogenic to P. japonicus
 Lightner, 1985! and it exists in Taiwan
 Lightner et al�1987!, from which
many seed P. japmricus are imported.

Research on penaeid shrimp viruses in
Japan has dealt almost entirely with
BMN  Momoyama, 1991! � only one
paper was published on MBV  Fukuda
et al., 1988!. %his paper summarizes the
results of the studies on BMN of P.
jspmicrrs and MBV infection of P. mono-
km in Japan.





in fresh squash preparations using a
dark Beld microscope with a wet-type
condenser. Infected nuclei are dearly
seen in white agamet the dark back-
ground due to the Increased reflected
and diffracted rays produced by the
numerous virus particles in the nuclei
PvhrMyama, 1983!. Because this methyl
has the advantages of simplicity, rapid-
ity, precision and low cost, it is the only
diagrxebc method used in shrimp hatch-
eries.

Fluoreieent antibody diagnosis is used
to detect BMN-specifM. virus antigen in
smears or sectioned preparations of the
midgut. Sano et aL �985! demonstrated
BMNV infection in postlarvae 18 h after
inoculation by detecting Quorescence in
the nuclei of the midgut epithelial cells.
The method was also used to demon-
strat» the presence of BMNV in the
midguts of spawners latently infected
with the virus  Momoyama, 1988!.

Source of Infection

Epizootiological investigations have in-
dicated that spawmers with latent BMNV
infections may be the main source of
infection in hatchery epizootics. Histo-
logical examinations revealed nuclear
hypertrophy of the midgut epithelial
cells in three out of 70 spawners exam-
ined. Fluorescent antibody techniques
revealed the presence of BM¹pea6e
virus antigen in the hypertrophied nu-
clei of the spawners  Moirnqrama, 1988!.

Furthermore, histological examination
of the midguts of young P. japonicus
that had recovered from BMN and were

then cultured at a farm showed a high
rate �1.4%! of BMNV infection  Mo-
moyama, 1988!. Regular or frequent
BMN outbreaks on farms where BMN

survivors are cultured suggest that
these shrimp are a source of infection.
to larvae.

A Method of Experimental Infection

Since there is no cell line avaHable far

penaeid shrimp virus culture, a rehable
method to experimentally infect larval
J'. japmicus with BMNV has been de-
veloped to faciTitate studies on BMN.
Water-borne inoculation using the 61-
trate of diseased postlarvae stored at
-80'C is one means of infection, The
virulence of material frozen at -80'C
persists at almost the same level for at
least seven years  Momoyama, 1989a!.
Demonstration of infection in test ani-
rnals is accomplished by dark 6eld rni-
croscopy four days postinoculation
 Table 2!  Momoyama and Sano, 1988!.

Susceptible Stages

The relationship between age and sus-
ceptility to BMNV was studied using
the infection method described above.

Fertilized eggs and nauplii were refrac-
tory to the virus, showing no evidence
of infection on the 6nal day of the
infection challenge. The zoea, mysis
larvae, PL2  two david postlarvae!
and PL4 were "highly susceptible" to
infection with BMNV, exhibiting higher
mortality and lower growth rates com-
pared to control shrimp. PL6 were clas-
si&ed as "susceptible;" they grew only
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Table 2. A method for experimentally Infecting larval P. ~onlcus
with BMNV.

infection Cycle of BMNV

slightly slower than controls. PL8 and
PL10, by contrast, were refractory, ex-
hibiting no mortality and no loss of
growth, although some animals devel-
oped slight infections  Sano et al., 1985;
Momayama and Sano, 1989!.

The route of infection with baculo-
viruses in shrimp is considered to be by
oral ingestion of virus-contaminated
seclliments or by cannibalism of dis-
eased shrimp  Couch, 1978; Lightner et
al., 1983!. Overstreet et al. �988! estab-
lished experimental infections in larval
and postlarval P. vematrw', the whiteleg
shrimp, with Baadovirus penaei  BP! by
feeding virus-laden rotifers or brine
shrimp. In the infection trials using P.
jape6rrs and BMNV, food was not added
to the water thus, the animals could not
feed during the inoculation period. How-
ever, peristaltic movements, which are
frequently observed in the esophageal
region of shrimp, suggest the intake of
sea water containing BMNV particles
through the mouth. This hypothesis is
supported by the observation that azo-
carmine G accumulated in the stomach
and intestinal lumen of shrimp placed
in sea water containing this dye  Mo-
moyama and Sano, 1989!. If the con-
centration of the virus in the water is

high enough, virus-laden food may not
be necessary to establish baculoviral
infections.

Based on the results obtained in the
epizootiological and water-borne sus-
ceptibility studies, the foiowing infection
cycle was proposed  Fig. 1!  Momoyama,
1991!. Some survivors recover from
BMNV disease and reach maturity
without entirely eliminating the virus
from the body  A!. BMNV grows in the
nuclei of the midgut epithelial cells of
these broodstock  B!. Then the virus
particles are excreted into the environ-
mental water with feces and collapsing
cells after being released into the lumen
of the midgut tubules from the necrotic
epithelial cells  C!. Shrimp older than
nauplius become infected with the vi-
rus by orally ingesting it  D!. If the
shrimp are between the zoea and PL6
stages  E!, even if a few shrimp live
normally by defeating the virus attack
 F!, most shrimp become diseased  G!
and some will die  H!. If the shrimp are
older than PL6  I!, most shrimp live
normally with a slight infection 0!.
Some of the recovered shrimp  K! as
well as the slightly infected shrixnp  I',



J! grow up to be the source of the next
infection  L!, completing the cycle  M!.
Some instances of BMNoutbreks were
caused by contamination &om other
rearing tanke in the hatchery  N!.

inactivatian and Survival of BMNV

Inactivation of BMNV by chemical and
physical factors, and survival time of
the virus in sea water at different tem-
peratures were examined by means of
water-borne infectivity experiments.
BMNV was inactivated by 1@min expo-
sure at 25'C to any of the following
dhhhxtants: S-ppm chlorine; 25-ppm
iodine; 100.ppm benzalkonium chlo-
ride and benzethonium chloride; 30%
ethyl akoho4 and O.S% farmajin  Mo-
moyama, 1989b!. The virus was also
inactivated with the following chemical

treatments: ethyl ether for 18 h at 4'C;
NaCl, 25% solution within 10 h and
12.5% within 24 h; pH 1.0 within 10
min, pH 1.5 and 2.0 within 30 min, pH
2.5 within 60 min, and pH 3.0 and 4.0
within 180 min  Momoyama, 1989c!.

With regards to physical factors, BMI<f
was inactivated by: ultraviolet irradia-
tion of 4.1 x 1' pW x s/cm; summer
sunlight exposure for 3 h; heating at
45'C within 120 min, 50 and 55'C
within 30 min, and 60'C within 5 min
 Momoyama, 1989d!. In sea water,
BMNV could not survive longer than 4
d at 30 C, 7 d at 25 C, 12 d at 20'C,
and 20 d at 15'C  Momoyama, 1989a!.

BMNV appears to be much more sen-
sitive to chemicals and physical stresses
than insect baculm~s  Aruga, 1979!,
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Table 1. Isolation of bacteria from hepatopancreata of mor-

Meth04s

Results

in Taiwan. Out of 274 isolates, 201 were
vibrios  Table 'I!. Vibrio harveyi, V. dam-
sel, V. nereis, V. znclnificus, V. tubiashii,
V. anglillarum and V. purahaemolytims
were most abundant in the hepatopan-
creata of cultured P. irxm0don.

Pathogenicity Study

Because V. harveyi and V. riereis were
among the most abundant bacterial spe-
cies, they were suspected of being asso-
ciated with disease outbreaks. Iherefore,
these two bacteria were used in a patho-
genicity study using artificial inocula-
tion techniques. Immersion and
insulation techniques were employed to
induce disease in experimental shrimp.

For the immersion experiment, shrimp
weighing 10 g each were immersed in
2.8 x 10 colony forming units
 C.F.U.!/ml of V. haroeyi solution for 3
min. Ten similar-sized shrimp were im-
mersed in 0.85% NaCl for 3 min as a
control.

For the inoculation experiments, 0.02
ml of V. hathi or V. nereis  concentra-
tion 2.8 x 10' or 1.3 x 10 C.F.U./ml,
respectively! was injected with a G26
needle intramuscularly via the junction
between the first and second abdomi-
nal segments. Similarly, 0.01 rnl of each
bacterial solution was injected into the
hernocoel of experimental shrimp at the
abdominal surface of the fifth segment.
Forty shrimp were used in this study;
there were ten shrimp in each group.
Additionally, two groups of ten shrimp
inoculated with 0.02 ml of 0.85% NaCl
via muscle or hemocoel, were used as
controls.

Significant mortality was obtained in
the experimental groups gable 3!. Vi-
brio harveyi or V. nereis injected at a
concentration of 1.3 x 10 C.F.U.lml or
more initiated significant mortality in
experimental shrimp within four days
after intramuscular or hemocoel injec-
tion. Cumulative mortality after hemo-
coel and intramuscular injection of V.
harveyi is presented in Tables 4 and 5.
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Table 2. lsola5m of Yibrfo sp. from hepatopancreata of mor-
bid Paelevs momon during i 988-t 990.

Table 3. Mortality in experimental and control groups afler hem
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romps were inoculated with 0.02 ml of bacteriaat the concentration indicated.





shrimp were fixed in Davidson's fixa-
tive as described by Bell and Lightner
�988!. Vibrio tiareeyi was recovered
from all experimental shrimp; the his-
topathological changes were as fol-
laws.

Gills: Histopathological changes in
gills were observed seven days after
intramuscular or hemocoel inoculation
of V. haraeyi. However, significant giU
abnormalities were observed among
the shriinp immersed in V. harveyi sus-
pension for four days.

The main pathological changes in the
gills were swelling of secondary gill
filament  Fig. 1! with an increase in the
number of densely stained granules
Pig. 2!. The invasion of bacteria was
observed inside the secondary gill fila-
rnent, which inay initiate necrosis of
the tissue  Rg. 3!. Abnormal hemocytes
and eosingranulocytes and damaged
lymphoid tissue in the base of secon-
dary gill filaments are common syn-
drornes resulting from bacterial
invasion of shrimp gill tissue.

Lymphoid organ: Seven days after bac-
terial infection, either the Oka organ
 Fig. 4! or lymphoid tissues in the gills
 Fii. 5!, submuscuiar layer of the stom-
ach  Fig. 6!, or subcuticuiar structures
were seriously affected. Necrotic lym-
phoid nodules with mass aggregations
of bacteria were found in the infected
tissues of morbid shrimp  Figs. 46!.

Stomach and midgut: Four days after
inoculation of bacteria, the stomach
and midgut exhibited signs of disease.

Large numbers of densely stained
hemocytes and bacteria were found in
the spongy connective tissue of the
stomach  Figs. 7-8!.

Heart: Histopathological changes in the
heart tissue of infected shrimp were
only observed in a few cases. Densely
stained hemocytes, macrohernocytes
and bacteria were found in the abnor-
mal hearts  Figs. 9-'11!.

Muscle: Muscle necrosis and hemocyte
encapsulated nodules were found at
the injection sites  Fig. 12!.

Heyatopancreata: The hepatopancreas
was affected most severely after either
immersion or injection of V. harveyi.
Four days after infection, hepatopan-
creata became reddish and sinuses ex-
panded significantly  Fig. 13!.
Multiplication of bacteria in hepatopan-
creatocytes was also observed in the
histopathological sections  Fig. 14!.
Bacteria were also found in the basal
membrane, sinus, and lumen; this
could lead to degeneration or lysis of
hepatopancreatocytes  Figs. 16-18!.
Densely stained hemocytes and bacte-
ria were also found in the infected
hepatopancreata 7 to 10 days after in-
fection  Figs. '15-18!. Hemocytes or bac-
teria aggregated in the necrotic areas of
hepatopancreatocytes or in the hepa-
topancreatic lumen, where fibrella
structures or granuloma-like structures
were formed  Figs. 18-21!. Fourteen to
21 days after infection with bacteria, the
number of necrotic areas or granuloma-
like structures in hepatopancreata in-
creased significantly.
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Figures 1-3. Histopathoiogical changes in the gills of Penaeus monodon seven days after artificial
infection with Vibrio harveyi. Figure t. Swelling of secondary gill filament. Note: dilation of basal
membrane from epithelial layer  arrows!. Figures 2-3. Densely stained granulocytes  arrows! and
bactem  Fig. 3; white arrow! in secondary gill filaments. G: Gill.
Figure 4. Invasion of V. harveyi into the lymphoid organ of P. monodon. Arrowsindicate necrotic lumen,
non-tailed arrows indicate normal lumen.
Figures 5-6. Lymphoid tissuesin gill  Fig. 5! and stomach  Fig. 6! of P, monodon invaded by V. harveyi.



202 Chen, Huan and Kou

Figures T-8. Hemocytes  Fig. 7! and bacteria  Fig, 8! aggregatein the loose connective tissue ofintestine
 Fig. 7! and intestinal cavity  Fig. 8!.
Figures 9-11. Histopathoiogical observations of heait of P. morodon infected by V. harveyi. Note:
presence of hemocyte encapsulated nodule  Fig. 9, arrow!, and necrotic area with aggregated bacteria
 Fig 11! . Figure 10 shows phagocytosis in hemocytes.
Figure 12, Hemocyte encapsulated nodule in muscle of bacteria atinfection site  arrow!.
Figures 13-14. Histopatholoyical changes of P. monodon hepatopancreata after artificial infection with
V. harveyi, Note: &pension of sinus  Fig. 13, arrows! and invasion of bacteria via hepatopancreatic
lumens into hepatopancreatocyte  Fig. 14, arrows!.
Figure 15. Denseiy stained hemocytes in hepatopancreata of V. harveyi-infected P. monodon.
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Figures 16-21. Various pathological changesin hepatopancreata of P. rnoredon infected by V. harveyi.
Note: aggregation of densely stained hemocyfes.
Figures 16-18, Obtained from a morbid shrimp; most hepatopancreatocytes have been damaged.
Figures 19-21. Obtained from live, active shrImp. Note: Formation of granuioma-like structure,
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Discussion

After a survey of the diseases of cul-
tured P. monodon in Taiwan, Lightner
�988! reported that the major bacteria
isolated from morbid shrimp were Vi-
brio spp., Pseudomonas sp. and Flavo-
bacterium sp. Our results also showed
that Vibrio spp. are the dominant
pathogenic bacteria in cultured giant
tiger prawns in Taiwan. The results
further suggest that Vibrio spp. play a
major role in the initiation of mortality
in cultured giant tiger prawns in Tai-
wan.

Lightner et al. �988! also reported that
V. alginolyticus, V. angaillarum and V.
parahmrmlyticus were the main species
isolated from morbid shrimp collected
in 1986. However, our results showed
that V. harveyi, V. damsela, V. nereis, V.
fubiashii, V. anguillarum and V, para-
haemolyficus were the major species
found in morbid shrimp collected from
1988 to 1990.

Although several factors may be in-
volved in a mass mortality of cultured
shrimp, our results, the epizootiologi-
cal study incorporated with a patho-
genicity test and histopathological
observations, suggest that V. nereis and
V. harveyi are the important Vibrio spe-
cies contributing to the occurrence of
mass mortality of cultured giant tiger
prawns in Taiwan. Vibrio harveyi was
also reported to significantly affect the
survival of giant tiger prawn larvae in
a hatchery in the Philippines  Pitogo,
1988!.

In a pathogenicity study performed on
Penaeus japonicus, Egusa et al. �988!
reported that 72 h after inoculation of
Vibrio sp., the lymphoid tissues in vari-
ous organs were seriously affected, but
very little necrosis was found in lym-
phoid tissue. However, in our study of
P. monodon, hemocyte encapsulated
nodules as well as necrosis of internal

organs were frequently found in in-
fected shrimp. More hemocyte encap-
sulated nodules were found over time.

Serious hepatopancreatic necrosis may
extend from the proximal area to the
distal area of the organ. This suggests
that the route of invasion may be from
the stomach to the primary duct and
the secondary duct, extending to the
hepatopancreatic lumen. We also
found that bacteria could multiply in
the cells of various tissues.

This is the first report of the initiation
of pathogenicity in P. mormon artifi-
cially exposed to Vibrio spp. Our results
may have important implications for
further studies of the bacterial diseases
of cultured P. monodon, especially in
areas such as immunology and chemo-
therapy. Work is in progress on the
development of bacterial vaccines for
cultured giant tiger prawns; those re-
sults will be presented elsewhere.
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The constraint of diseases on the pro-
ductivity and economic viability of
shrimp farming is one negative out-
come of intensi6cation  Lightner, 1983,
1988; Nash, 1990; Overstreet, 1990; Wy-
ban and Sweeney, 1991!, Where
shrimp are cultured semi-intensively to
intensively, epidemic snd endemic dis-
eases that result in mortality that
appreW or exceed 50% are common-
place, In one Asian country within the
past five years, the shrimp farming
industry, with an annual production
valued at several hundred million dol-
lars, virtually collapsed due to diseases
 Un, 1989! of apparently complex and,
possibly, unclear cause. Furthermore,
in most farming regions there is little
indication that in the inunediate future
one can expect to see a signkBcant re-
docthn in disease-related losses on in-
tensively managed shrimp farms,

Why is the shrimp farming industry in
many areas faced with significant dis-
ease problems? Several contributing
factors are:

' The widespread use of wildmught
~p. or offspnng derived from
wild~ught shrimp, for stocking
hatcheries and farms. The natural
suite of pathogens present in the
wild stocks are continually intro-
duced into hatcheries and farms.

~ The lack of uniform standards for
p betweenwidely divergent geograpNcal re-

gions  see Sindermann, tNs
urne!. As Lightner �990! h

asocumented, the extensjvreive move-

ment of live shrimp wittun
between shrimp farming regions
has resulted in the transfer of pu-
tative shrimp pathogens, rn~
the shrimp viruses. Thus. cultured
shrimp populabons have been ex-
posed to "new" pathogens, some
of which may be capable of caus-
mg sigzuficant diseases rn these
new hosts.

o Although evaluation of stoclc q~
jty is routine in many region .
there are no uniform standards
for assessing animal quality  i-e-
for pathogen and nonpathoge'n-
related health! when stocks
transferred between the different
culture phases  maturation-hatch-
ery, hatchery-nursery, nursery-
growout!.

~ The lack of uniform standards and
routine monitoring protocols to as-
sure nutritional quality of shrimp
diets once the feeds are in the
farmer's hands.

~ Failure to apply routine monitor-
ing protocols to assess pond water
quality conditions in shrimp
ponds.

~ Overstocking of shrimp ponds
relative to the ability of the system
to successfully support growth of
a high biomass of shrimp.

The virtual indiscriminate use of
drug additives in shrimp ciiiture
setbngs withifi some regions  Lin,
1989!.
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While it is quite apparent that diagnos-
tic xnethods by themselves will not
solve the disease problems facin.g
shrimp farming, it is also obvious that
methods of detecting biotic and abi-
otic agents will contribute to the proc-
ess of implementing practical control
strategies for many diseases faced by
the shrimp farming industry today.

Historically, interest in the diseases of
marine shrimp and pathogen detection
xnethods preceded the developxnent of
shrixnp aquaculture  Overstreet, 1973;
Couch, 1978!. At least in part, this was
due to a considerable concern over the
potential impact of disease on commer-
cial shrimp fisheries. The development
of shrimp farxning has served to boost
the interest in the diagnosis and control
of shrixnp diseases with economic con-
siderations.

The purpose of this paper is to review
the present methods used to detect the
known biotic and abiotic agents associ-
ated with shrimp diseases, and to dis-
cuss selected issues concerning disease
diagnosis as this pertains to shrimp
farming.

Table 1. Causal factors associated with dis-

eases of cultured penaeid shrimp.

Disease Causation and

General Issues Concerning
Diagnostics

A variety of biotic and abiotic agents are
associated as causal factors with shrimp
diseases  Table 1!. Interactions involv-
ing multiple factors  Overstreet, 1990!,
as illustrated in Table 2, are postu-
lated, but studies to quantify these
relationships have yet to be conducted
or published. Nevertheless, knowledge
gained through studies of diseases in
terrestrial animal farming systems
confirm that interactions are com-
monplace between causal factors
 Martin et al., 1987!, and that under-
standing contributing factors may
lead to improved, more practical meth-
ods for disease control. Thus, it be-
hooves the shrimp farming industry to
recognize and understand complex
etiologic associations for the diseases of
farmed shrimp.

One interesting feature of penaeid
shrimp is the rather common occur-
rence of multiple biotic agents  putative
pathogens! within a given host or
population unit. Some examples of this
phenomenon are presented in Table 3.
An impact of multiple pathogens on
shrimp diisease diagnosis is to compli-
cate recognition of the most important
causal agent for the disease. Dluminat-
ing these relationships in the context of
the disease workings is important be-
cause without this knowledge, a patho-
gen of minor significance xnay be falsely
attributed to be the cause of a major
dinical disease outbreak.



us, hypodermal and hematopo<etic necrosis virus, LOVV lymphoid org&Hate: MWV-
vauo0aNon virus

An approach used to clarify associa-
tions between biotic agents and clinical
diseases is determination of infection
prevalence in population samples, or
quantitative estimates of the abundance
of putative pathogens  severity index
estimates! within target tissues of
shrimp with disease signs. Often, the
numbers of a particular pathogen can-
not be determined directly, and
structural changes  lesions!, usually
microscopic  i.e., viral inclusion bodies,
hernocytic nodules surrounding bacte-

rial colonies, etc.! considered as diag-
nostic indicators for the agent, may be
counted to derive a severity estimate.
Several examples of the application of
infection prevalence or lesion severity
estimates are listed in Table 4.

The detection of specific biotic agents
in samples of shrimp tissues can be an
intermediate step or an end point in a
diagnostic process, depending on the
purpose of the ex~ation  see Table
5 for a list of some reasons to perform

NotetRF Saadednoptsaf, HFY ~hepatopanaeNcparvo-likevirus,h4BV prrraeasmonafonbaculovirus,
BIO - m4lhe virus, and GNS - But and nerve syndrome.
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Viruses

diagnostic tests for shrimp diseases!. It
may also be illustrahve to note that the
agent recognized by a diagnostician is
often the one he/she has been trained
to see.

Current Detection Methods

for Biotic Agents

It is well documented that penaeid
shrimp are hosts for a variety of intra-
cellular prokaryotic agents, of which
the most varied, widespread and sig-
nificant as pathogens are the viruses.

Lightner gn press! lists 'll types of
viruses that have been demonstrated
from tissues of penaeid shrimp. Some
of these viruses are reported to be the
direct etiological agents of economically
significant diseases in specific shrimp
species. Although the detection meth-

ods for viral agents of shrimp have
recently been reviewed comprehen-
sively by Lightner and Redman �991!,
a few points concerning these methods
are discussed here.

Techniques currently used to demon-
strate viral infections of penaeid shrimp
include epidemiological features and
grossly discernible structural changes,
wet-mount microscopy with or without
staining, histopathology, eledron mi-
croscopy, specific antibody methods, a
DNA probe and i' vibo culture on a fish

Table 5. Some applications for diagnostic
procedures developed for agents/diseases
of farmed shrimp.
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Table 6. Some light microscopy methods
for rapkt detection of penaeid baculovirai
infections in fresh tissue mounts  hepa-
topancreas or midgut feces!.

ceil line. The majority of the penaeid
virus infections are currently detected
by light microscopy demonstration of
structural changes  i.e., unique inclu-
sion bodies within cells of specific
target organs! characteristic for infec-
tion by the viral agent. While, for the
rriost part, these detection methods
allow for the recognition of the pres-
ence of viral disease because the
abundance of the agent is probably
quite high in the specific target tis-
sue s!, these test methods may lack the
sensitivity to detect latent or pre-patent
carrier state infections. Furthermore,
available methods for detecting shrimp
viruses do not allow the diagnostician
to discriminate between antigenicaHy
distinct strains, or discern virulence
differences between geographically
diverse populations of a particular
virus.

For the majority of the hepatopancrea-
tic baculoviruses, patent infection can
be demonstrated rapidly in wet-mount
impression smears of hepatopancreas
tissues or fecal strands. The use of
selected staining procedures has been
reported to improve the visibility of the
diagnostic viral occlusion  inclusion!
bodies in hepatopancreas tissue prepa-
rations  Table 6!. For baculoviral midgut
gland necrosis virus  BMNV! infection
of Penaeus j apcrricrrs, rapid demonstra-
tion of the pathognomonic hypertrophic
nuclei of virus-infected hepatopancreas
epitheliuin is reported using dark field
optics  Momoyarna and Sano, 1988!.
Additionally, direct demonstration of
baculoviral antigens by a fluorescent
antibody method is applied in shrimp
hatcheries in Japan for the definitive
diagnosis of BMNV  Sano et al., 1984!.

An enzyme-linked irnmunosorbent as-
say  ELISA! technique was also re-
ported for detection of penaeid
baculoviruses  Lewis, 1986!. The author
indicated that detection of 10-ng viral
protein/100 ii.L was possible using this
EUSA method. However, further re-
ports on the application of this conven-
ient and useful technique have not
been forthcoming.

Histopathology diagnosis is presently
the most reliable measure for IHHNV
and HPV infections  Lightner, 1988;
Brock and Lightner, 1990; Lightner and
Redman, 1991!. Bell et al. �990! de-
scribed the application of a nonlethal
biopsy/histopathology technique for
detection of subclinical HQ&4V infec-
tion of adult P. vrirrnrrrrrrei. More recently,
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Table T. Examples of chemical enhancement of the prevalenoe of BP infection in the

DNA probes have been developed for
IHHN and BP viruses  see Lightner et
al., this volume!.

While molecular and cell culture proce-
dures are under developinent, methods
that rely on conventional technology
have been devised by researchers to
improve the sensitivity of existing meth-
ods for detection of shrimp viruses.
These procedures, applied for the dem-
onstration of specific viral agents, in-
vade virus infection enhancement and
amplification, conspecific shrimp chal-
lenge bioassay, indicator shrimp  use of
a different shrimp species! challenge
bioassay and iri vitro growth in fish cell
culture systems.

For shrimp viruses, enhancement and
amplification methods are applied to
detect latent or carrier state infections.

Characteristically, this has been done
in groups of shrimp introduced from
distant geographic locations or targeted
for transfer onto farins using specific
pathogen-free  SPF! shrimp stocks.

Enhancement strategies generally in-
volve prolonged holding of the test

population in an isolation or quarantine
facility with or without intentional
crowding of the shrimp  Lightnet and
Redman, 1991!. Also available, as an
experimental approach, is infection en-
hancement through sublethal exposure
to selected pesticides or heavy metals.
An example of the effect of chemical
enhancement on the prevalence of pat-
ent BP infection in Penaeus dtiorarum is
given in Table 7.

Lightner et al. �985! reported the ap-
plication of indicator shrimp bioassay
with the highly sensitive species P.
sfylirostris to detect IHHN virus in
carrier state-infected P. vannarriei
populations. An example of a field
application of an indicator shrimp
IHHNV bioassay is given in Table 8.
Results were negative for IHHNV infec-
tion by direct histological examination
of tissues from P, mmrurmei that were
stocked as SPF juveniles into ponds
that had previously supported IHH&W-
infected populations; but histological
examination yielded IIiHNV-positive
results when P. stylirostris were exam-
ined after growout in similar ponds on
this site.



8. An example of ttte use of P. styNestds indioator shrimp as a bioassay applied for

Y
saatplad for hlstapathologieal exaadnatton when the ponds were harvested.

live BMNV in tissue suspensions. This
procedure differed from that of Over-
street et al. �988! in that susceptible
larval stages were subjected to bacu-
lovirus infection by the water-borne
route rather than through bioencapsu-
lation in live feeds.

Lewis et al. �992! applied a novel tech-
nique to estimate the efficacy of shrimp
bacuiovirus decontamination methods
in shrimp farms by measuring, after
exposure to various disinfection treat-
ments, the viability in an insect ceH
culture asSay syatern of an oCCIuded
insect baculovirus  Autognapha catijor-
tria! impregnated onto filter paper
StrIPS.

Similarlimilarly, Momoyama and Sano �988!
reported transmission and spread of
BMNV in larval P. juponims via water-
borne exposure to extracts of tissues
containing infective BMNV. These
StudieS demOnStrated that a COnSpeCifIC
P. japcmicus larval bioassay syst
could be u

y system
be used to assess the presence of

Conspectfic shrimp bioassay systems
for virus detection were developed to
detect Hve virus in samples of shrimp
tissue or other substrates, For example,
Overstreet et al. �988! described an
experimental detection procedure for
live BP in tissue samples. Artemis nau-
plii were incubated with tissue suspen-
d iona from samples of unknown
infective BP status. The nauplii were
subsequently fed to mysis stage P. eee-
Ilsrari, and after variouS inCubation pe-
riods, samples of hepatopancreas tissue
were exmdned microscoplcaHy for pat-
ent BP infection, 1%ese researchers
later applied this test method to assess
BP viability following exposure to a
variety of physical and chemical agents
selected for their potential use in the
eradication of this virus from hrimoms p
culture ponds and faculties  LeBlanc
and Overstreet, 1991a, b!.

Lu et aL �991! screened tissues of
d sk' .p for viruses using a vari-

ety of fish cell lines. ln tissue extracts
from P. BAJliNstrks and P. zPNrIrrgrrrei,
these investigators successfully isolated
a new rhabdmrirus on an estabbshed
fish ceQ line, epithelioma papulosurn
cyprini  EPC!.

AU of the abovee examples represent
creative approaches that research
have a lied topp e o the problem of virus

ers
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Rickettsia

detection in shrimp tissues or shrimp
farms. While there have been soxne
gains reported in developing shrimp
cell cultures for isolating shrixnp viruses
 Chen and Kou, 1989!, these systems
are not ready to be used for the routine
detection of penaeid viruses. Thus, the
need remains current for the use of
shrixnp bioassays and the other tech-
niques foi' detecting shrimp viruses.

Detection is problematical for the reo-
like viruses because these agents re-
quire direct visualization with a
transmission electron microscope. His-
topathological structural findings, the
magenta-staining cytoplasmic inclusion
bodies within hepatopancreas epithe-
lium  Lightner and Redman, 1991! at-
tributed to reo-like virus infection in
shrimp, are subcellular lesions of un-
known sensitivity and speci6city for
the detection of these viruses. Thus,
determination that a group of shrimp
are free of a penaeid reo-like virus
cannot be presently assured in a tixnely
or reliably sensitive fashion  see Lotz,
this volume!.

A similar enigma exists for a galaxy of
viral agents that have recently been
identified associated with histopatho-
logical lesions in the lymphoid argan of
shrimp  Owens et al., 1991; Lightner,
In press; Hegel et al., this volume!. The
cellular changes  foci of hyperplasia
and hypertrophy with cytoplasmic
vacuolation and various forms of inclu-
sion bodies! of the lymphoid organ,
which are suggestive of viral infection,
have been frequently encountered
�rock, unpubl.! in clinicaUy normal

and abnormal cultured shrimp  P. vart-
rurmei, P. stylimshxs, P. manodorx, P.
chixtartsis, P. japonicus!, The histological
changes that signal the presence of an
infection of the lymphoid organ are
easy to recognize microscopically. Pre-
cise xnicroscopic descriptions of subtle
differences in these structural changes
are now being documented, but they
may not allow diagnosis of specific
viruses, due largely to the nonspecific
nature of the shrunp host's response in
the lymphoid organ to viral invasian.
Thus, ultrastructural studies wi11 be
necessary to distinguish which virus or
viruses may be present, or not present
in pathological lymphoid organ tissues.
Culture of the penaeid rhabdovirus in
EPC cells is an effective approach for
detecting this lymphoid organ agent
 Lu et al., 1991!. Further complicating
the issue is the dearth of inforxnation
concerning the lymphoid viruses as
agents of disease. In this volume, de-
tailed information is presented about
several recently recognized lymphaid
organ viruses of P. monodori cultured in
Thailand  see Flegel et al., this volume!.

The continued focus on developing im-
proved diagnostic methodologies for
penaeid viruses is a clear priority need.
A reliable irx vitro ceH culture system is
a top issue, as well as continued efforts
ta evolve highly sensitive molecular
methods for detection of viral antigens
or nucleic acid.

Rickettsia-like and chlamydia-like agents
are known from farmed shrimp in some
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regions in Asia and the Americas  Chong
and Loh, 1984; Lightner et al., 1985;
Anderson et al., 1987; Brock, 19N; Krol
et aL, 1991; Lightner, In press!. Eco-
nomically significant syndromes of
pond-reared P. rrsmdon  Anderson et
aL, 1987! and pond-reared P. tamrMmei
 Lightner, In press! have been attrib-
uted to infection by rickettsia-hke agents.

The penaeid rickettsia-like agents have
not been cultured iri vitro on arti6cial
media or in cell culture systems. Nor
have molecular methods been developed
for the identification of these agents in
shrimp tissues. Histopathological meth-
ods are used to detect penaeid rick-
ettsia-like agents, but the sensitivity of
this procedure is limited. to recognifion
of moderate to heavy infections for the
agents that form microcolonies within
the cytoplasm of specific target tissues,
or by the chamteristic cellular pathologic
response, such as that which occurs in
shrimp affected by the Texas necrotiz-
ing hepatopancreatitis syndrome. When
the abundance of rickettsia-like organ-
isms is low, histopathological determi-
nation is uncertain, and detection by
transmission electron microscopy ex-
amination is the current method sug-
gested for these infections  Krol et al.,
1991!. Special stains for bacteria, in-
cluding tissue Gram stain or Giemsa
methods, enhance the visibility of the
penaeid rickettsia-like agents in his-
topathological preparations, and also in
smears from infected tissues. Giemsa-

stained impression smears of selected
target tissues may have potential as a
clinical technique for rapid detection of
penaeid rickettsia-like organisms.

As a future research priority in penaeid
diagnostics, development of immu-
nologic reagents are needed for rapid
detection of early or subdinical infec-
tions by the rickettsia-like agents of
farmed shrimp.

Bacteria

Bacteria are associated with endemic to
epidemic diseases of cultured shrimp
 Sano and Fukuda, 1987; Liu, 1989!. On
the basis of morphological appearance,
several forms of bacterial infection are
recognized in farmed shrimp. These
include filamentous and nonfilamen-

tous cuticle fouling  Lightner et al.,
1975!; shell disease  Cipriani et al.,
1980! and colonization of internal or-
gans by bacteria that range from focal
lesions to fulminating septicemia
 Lightner, 1988!. In many farming re-
gions, diseases attributed to infection
by Vibrio spp. are considered to be the
most common and significant infec-
tious problems impacting shrimp farm-
ing Oohnson, 1978; Lightner, 1983,
l985, 1988; Takahashi et al., 1985; An-
derson et al., 1988; Baticados, 1988;

Nash, 1988, 1990; Boonyaratpalin,
1990; Lavilla-Pitogo, 1990; Lin, 1989;
Mohney et al., 1991!.

Vibriosis is reported to be caused by a
variety of Vibrio spp., but other Gram-
negative genera have also been impli-
cated as causative agents of septic
syndromes of penaeid shrimp  Light-
ner, 19N!. Other classes of biotic agents
 viruses, rickettsia, fungi and/or proto-
zoa!; multiple species of bacteria recov-
ered from moribund shrimp in a given
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episode; nutritional deficiency  i.e., vi-
tamin C deficiency!; toxic syndromes
 i.e., hemocytic enteritis!; crowding;
transfer; or handling may be concur-
rent features in shrimp populations af-
fected by vibriosis. Thus, precise and
timely etiologic diagnoses can be prob-
lematical as the recovery or demonstra-
tion of bacterial infection may not, in
some cases, provide a comprehensive
etiologic diagnosis. Moreover, subdini-
cal nutritional deficiency and environ-
mental conditions are suspected, but
unproven, factors that may precede
and lead to outbreaks of bacterial dis-
ease in cultured shrimp populations.

The presence of bacteria in disease epi-
sodes can be demonstrated rapidly by
microscopic inspection of wet-mounts
of whole larvae or tissue biopsy speci-
mens  Lightner and Lewis, 1975; Light-
ner, 1983, 1988; Nash, 1990!. Also,
bacterial agents and host inflammation
can be visually confirmed in his-
topathological preparations  Brock and
Lightner, 1990!. Standard microbiolagi-
cal methods are applied to detect bac-
terial agents in shrimp tissues  Lightner
and Lewis, 1975; Lightner, 1983, 1985,
1988; Dempsey and Kitting, 1987;
Lavilla-Pitogo, 1990!. The majority of
bacteria associated with shrimp dis-
eases are nonfastidious and are identi-

fied, following in vitro isolation an
artificial media, on the basis of their
morphology, staining characteristics
and biochemical test reactions  Light-
ner, 1983, 19SS; Nash, 1990!. Several of
the pathogenic vibrios are biolumines-
cent. This aids recognition of this group
of organisms, both in culture settings

as well as once the organism is isolated
on agar media  Pitogo, 19SS; Mohney
et al., 1991!.

The filamentous bacterium Leucothrir

rrrrrcor is a fastidious organism and re-
quires a specialized media for i' vitr0
culture  Lightner et al., 1975!. Acid-fast
bacterial infections are identified in his-

tological preparations by special stains
that demonstrate the acid-fast nature of
the bacterial cell wall  Lightner and
Redrnan, 1986; Krol et al., 1989!.

Antibiotic sensitivity profiles are often
determined for bacteria isolated from

outbreaks of shrimp diseases to help
shrimp culturists select the most appro-
priate drug for treatment. Standard
procedures such as the Kirby-Bauer
Method are characteristically used to
make these determinations.

The development of specific immu-
nalogic reagents for detecting the com-
mon bacterial pathogens of shrimp
would aid the speed and sensitivity of
identification of these bacterial patho-
gens in cases of shrimp disease.

Fungi

Fungi are impartant pathogens of cul-
tured shrimp. Of primary concern are
members of several phycomycete fami-
lies  lagenidium sp., Sirolpidium sp. and
Haliphthoros sp. are encountered mast
often! and the imperfect fungus genus,
Fusariurrr spp., in particular, Fusariirm
solani  Egusa and Ueda, 'l972; Lightner
and Fontaine, 1973; Lightner, 1981!.
The disease of penaeids associated with



attack by the phycomycete fungi,
termed larval mycosis, is a clinical prob-
lern limited to larval through postlarval
stages. On the other hand, Fusarium
disease ls a eh@% issue primarily of
intensively cultured, older populations
of certain sensitive penaeid species
 i.e., P, japoniars and P. stylirostris!
 Egusa and Veda, 1972; Hose et al.,
1984!.

E6agnceis of larval mycosis is through
microscopic demonstration of the vege-
tative hyphae, which are invariably
abundant throughout larvae that have
died or are dying from the disease.
Identification of the fungus to genus
can be determined directiy in wet-
mount preparations of infected larvae
if the specialLzed sporangia, which dif-
fer between genera, can be found.

Firsariuni solani infection results in large,
variable sized, irregular shaped, heav-
ily melanized ulcerated to nodular cu-
ticular lesions  Hose et al., 1984!. In
susceptible penaeid species and the ap-
propriate aged shrimp, clinical diagno-
sis of Fusarium disease can be made on
the basis of the gross lesions. Confir-
mation through demonstration of
branching, nonseptate mycelia and the
canoe-shaped macroconidia, charac-
teristic for the genus Fusariutn, can
often be made by microscopic exarr6na-
tion of wet-mount impression smears
of lesion material  Lightner et ai., 1979!.
However, species identification of the
fungus usuaoy requires in vitr0 culture
and isolation of the agent. Confirma-
tion of the identification by submission
of a representative isolate to a labora-

tory that roubnely idenbfies members
of the genus Fasarium is recommended.

Both the phycomycete fungi and Fusar-
iran spp. can be readily isolated in vitro
from chnical material on standard my-
cobiological media  Baticados et al.,
1977; Colorni, 1989!. Saboraud Dex-
trose Agar or PYG  peptone-yeast ex-
tract-glucose! Agar supplemented with
2.5% NaQ and penicillin-streptomycin
are suitabLe for recovery of the agents
of larval mycosis. Saboraud Dextrose
Agar or Potato Dextrose Agar supple-
mented with 2.S% NaC1 and penicillin-
streptomycin are acceptable media for
in vitro culture of Fusarism sp. from
shrimp tissues.

Protozoa

Protozoa from several distinct orders
are reported as pathogens of penaeid
shrimp. Commonly encountered in
shrimp farm environments are the ses-
sile protozoans and others that colonize
the cuticle surfaces, inc1uding the
peritrichs Zoothamnium sp., Epistylis
sp., Vortirslla sp. and Iagenophrys sp.;
the suctorians Acineta sp. and Ephebta
sp.; various flagellates and an apos-
tome ciliate  Overstreet, 1973, 1990;
Couch, 1978, 1983; Johnson, 1978;
Lightner, 1983, 1985!.

Other groups include the gregarine
genera Nematopsis and Qyhalolobgs
 Lotz and Overstreet, 1990!; the mi-
crosporidan genera Agetasoma, Ameson
and Pleistophora  Lightner, 1988!, one
or more presently unclassified sporo-
zoans considered to belong to the Or-





quits possible that the significance of
abio6c factors in shrimp disease causa-
tion is underestimated  Brock, 1991!.

Nutritional Syndrt:eneaQiseases

Nutritional syndromes/diseases of
farmed shrimp are pririmily problems
encountered in groups of shrimp cul-
tured indoors, in tanks that have a
minimum of natural productivity
and/or in intensive rearing conditions
with a high biomass or standing crop
of shrimp. Deficiency diseases/syn-
dromes are much less likely to occur in
extensively farmed shrimp. In part, this
reflects contribution of natural produc-
tivity to the diet. Hence, as with the
infectious diseases, the importance of
dietary deficiencies closely parallels in-
tensification of shrimp farming.

Nutritional diseases are not reported
for shrimp larvae. This likely reflects
our inability to recognize the early
stages of deficiency diseases in larval
populations, rather than the absolute
absence of nutrient deficiency syn-
dromes in hatchery populations. Once
larvae lose condition, they rapidly fall
prey to bacterial attack. Thus, it is pos-
sible that some bacterial disease out-
breaks in penaeid hatcheries have their
genesis as a deficiency problem. Hard
data to support this speculation is pres-
ently lacking, however.

In growout farms, poor quality diet
may result in reduced growth and in-
creased feed conversion rate  FCR!.
These symptoms are vague, and may
be caused by non-nutritional factors.

Experimental growth trials carl evaluate
the competency of a diet to support
shrimp growth to determine if reduced
growth rate is diet-related. These trials
are time-consuming and must be car-
ried out with proper controls, but, if
done correctly, will clearly identify or
elinunate feed quality as the cause for
the problem. Vogt et al. �985, 1986!
advocate histological or transmission
electron microscope evaluation of the
hepatopancreas for early recognition of
dietary deficiency states in cultured
shrimp. However, inonitoring proto-
cols such as those described by Vogt
and co-authors are not apparently in
wide use.

Four diseases are attributed to nutri-
tional deficiency or nutrient imbalance
of growout cultured penaeid shrimp,
black death or ascorbic acid deficiency,
body cramp, blue syndrome and soft-
shell syndrome. The etiologic agents
attributed to these diseases/syndrornes
are ascorbic acid deficiency  Lightner et
al., 1977!; tissue cation imbalance, par-
ticularly hypokalemia  low K'! with
hypercalcemia  high Ca"!  Lightner et
al., 1989!; dietary deficiency of carote-
noid pigments such as astaxanthin
 Menasveta et al., 1990! and, possibly,
low vitamin A  Lightner, In press!; and
dietary imbalance of Ca'' and P, or
exposure to certain pesticides, includ-
ing Aquatin, Gustathion A, Rotenone
or Saponin  Baticados et al., 1986!.

At present, presumptive diagnoses for
the described nutritional diseases of
farmed shrimp are made by demonstra-
tion of a compatible history and the
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gross and microscopic structural changes
 Table 9! that characterize shrimp suf-
fering from prolonged exposure to diets
lacking in the speci6c nutrient s!. De-
velopment and regular use of analytical
protocols for monitoring selected nutri-
ents in shrimp tissues or processed
feeds would be helpful, along with
quality control programs.

Toxicoses

Clinical syndromes and diseases are
recognized in farmed shrimp to be
caused by exposure to water-borne or
orally ingested toxic substances. In
hatchery systems, suspected toxic syn-
dromes are, at best, poorly understood.
For example, incidence of protozoea P.
vemamei larvae with appendage de-
formities can be reduced by treatment
of culture water with EDTA  Brock,
1991!. While it is easy to recognize,
microscopically, larvae with appendage
deformities, the exact cause s! for these
lesions are not clearly known, but are
presumed, largely on the basis of a

favorable response to pretreatment of
water with EDTA, to be due to the
presence of "toxic" substances in the
water.

Some poisons such DDT and PCBs are
accumulated in the hepatopancreas of
shrimp. Couch �978! mdicated shrimp
exposed to 0.20-ppb DDT concentrated
the chemical to 40 ppm. Thus, hepa-
topancreas tissue analysis for selected
chemicals should provide a useful ap-
proach to detection of pesticides in
suspected poisonings of farmed
shrimp. Couch �978! reported no his-
topathological changes in shrimp
acutely poisoned with DDT, Dieldrin,
Mirex and PCBs. Vogt �987! reported
histopathological changes in the hepa-
topancreas of P. monody, prior to the
onset of behavioral impacts, after ex-
posed to 1-ppm dimethoate. Thus, his-
topathological examination has been
suggested to be of some utility for
diagnosing pesticide poisoning in cul-
tured shrimp. However, the sensitivity
and specificity, and, thus, usefulness of



histopathologicsl methods are likely to
be low for the detection of most pesti-
cide polsonings in shrimp,

~FK4s of diseases or syndromes of
keavrn or suspected toxic cause are
derived by demonstration of a compat-
ible history, presence of characteristic
structural changes, and, for selected
agents, Mentification by analytical
chemistry methods of the injurious
agent in shrimp tissues, feeds or the
culture envtrorunent. 1be more com-
mon toxic conditions of farmed shrimp
and the current means for their recog-
nition are listed in Table 10.

ture or pH extremes; low dissolved
oxygen; exposure to an abrupt, large
change in sa1inity and dissolved gas
supersaturation.

Diagnoses of diseases resulting from
environmental factors are approached
by interpretation of enviranmental
monitoring findings, a compatible his-
tory, and specie structural changes
found in affected groups of shrimp.
The salient features for several physical
and chemical factors relevant to shrimp
disease causation are listed in Table 11.

Human Factors

Environmental Extremes

Physical and chemic' factors in the
shrimp culture environment can be the
direct or contributing causes of diseases
of cultured shrimp. The more impor-
tant of these factors include tempera-

Individuals formulate and implement
husbandry procedures on shrimp
farms. Decisions on stocking density,
brands or types of feeds, feeding rates,
tion and environmental parameter
monitoring, water use, techniques ap-
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'Table 11. Diagnostic findings for some shrimp diseasestsyndromes caused by environ-
mental factors.

the error can be frequent or sporadic;
with other factors being equal, this will
influence the pattern of occurrence of
vibriosis in hatchery tanks.

Shrimp production loss due to em-
ployee and nonemployee theft is an-
other aspect for consideration. A
common pattern of presentation is

plied in transfers of shrimp stocks, etc.
are tremendously important � mis-
judgments have the potential to sigrufi-
cantly impact shrimp health and
hatchery or farm productivity. Also,
workers may make errors in carrying
out procedures set up by hatchery/farm
management. Implementation errors
can directly influence disease occur-
rence, and survival or growth of
shrimp. For example, on the manage-
ment side, the farm manager who pur-
chases a batch of processed feed that is
months old because the cost has been
reduced, may be buying a lot of trouble
for the shrimp ponds. Importantly, it
may be a month or more before shrimp
fed the ration display clinical evidence
of de6ciency. On the worker side, if
Artemia nauplii harvested from hatch-
ing tanks are not properly rinsed, high
numbers of Vibrio spp. can be inocu-
lated into larval rearing tanks, and,
within a few days, larval vibriosis may
occur. Depending on circumstances,

Human decisional and implementation
errors and the "disease" events they
lead to may be separated in time by
days to weeks. 'Ihis titne lag compVi-
cates recognition of cause and effect
relationships between failures of hus-
bandry procedures and disease out-
breaks or other impacts on production.
For example, during nursery transfers,
prolonged out-of-water exposure of
harvested juvenile shrimp may result
in high post-stocking mortality, but low
survival of the population may go un-
recoyuzed for several months until the
pond is harvested.
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Conclusions

Diseases are a major factor impacting
the productivity of marine shrimp
farming in regions where semi-inten-
sive to intensive farming practices pre-
vail. The causes of shrimp diseases are
numerous. Possibly, and more often
than is realized, disease outbreaks in
farmed shrimp are the outcome of an
interaction of multiple etiologic factors.
In this regard, diseases of farmed
shrimp parallel disease problems in in-
tensive fish or land-based animal hus-
bandry.

The diagnostic process can be thought
of as comprised of two interactive cate-
gories; 1! agent detection, and 2! priori-
tization of agents as to their relative
contribution to a given case or outbreak
of disease. Obviously, if detection
methods applied in a given case can
only recognize certain types of deter-
minants, the interpretation of the im-
portance of these agents may be
skewed, and, in some instances, mis-
leading.

The detection methods for agents of
shrimp diseases are similar to those
used in other animal husbandry sys-
tems. However, molecular methods

have only recently been developed for
identifying biotic agents associated
with diseases of farmed shrimp. These
techniques will likely become increas-
ingly available in the years to come. The
lack of shrimp cell culture systems for
isolating viruses has lead to the appli-
cation of a range of shrimp bioassay
techniques as interim methods for the
study and/or the detection of shrimp
viruses. Clearly, a priority research
need is the development of shrimp cell
culture systems.

Abiotic determinants have received less
attention than their biotic counterparts
in the study of shrimp diseases. Nev-
ertheless, there are several significant
clinical syndromes that have been
linked to nutritional, environmental or
toxic causes. It is possible that these
represent the "tip of the iceberg" and
the significance may be underestimated
for the role of abiotic agents as subciini-



cal, contributing factors in disease out-
breaks on shrimp farms, 'I%ere is dearly
a need to routinely inciarporate nutri-
tional and environmental parameter as-
sessment when investigating outbreaks
of shrimp diseases, particularly on in-
tensive shrimp farms.
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Disease Diagnosis for Shrimp Viruses of
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Twenty years have elapsed since the 6rst shrimp virus, Baculotxrus penaei  BP!, was described
from Gulf of Mexico penaeids. Today, a dozen or more penaeid viruses are recoguzed, and all
except BP have been discovered" within the past 12 years. Many of these viruses were found
because of their adverse effects on cultured shrimp. Despite the considerable economic
importance of penaeid viruses to the world's aquaculture industry, relatively little is known
about these pathogens. There are probably a number of geographic strains of viruses such as
infectious hypodermal and hematopoietic necrosis virus  IHHNV!, hepatopancreatic parvo-like
virus  HPV!, and the baculoviruses, Penaeus monodon baculovirus  MBV!, BP, and baculoviral
midgut gland necrosis virus  BMNV!. However, until recently, no tools were available with
which to investigate this question.

Likewise, until recently, the diagnostic methods available to shrimp pathologists were traditional
procedures  which used light microscopy, histopathoiogy, electron microscopy, direct serological
methods, enhancement, and bioassays! that have been employed in other areas of animal and
human pathology. Only recently have advanced biomedical methods been applied to the study
of penaeid viruses and to the development of improved diagnostic procedures. Monoclonal
antibodies for IHHNV and genomic probes for IHHbK and BP have been developed. These
antibodies and genomic probes are the first of their kind developed as research tools and
diagnostic reagents in crustacean aquaculture.

~hddressee for correspondence,
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At this time, nearly a dozen viral dis-
eases of cultured and wQd marine
penaeid shrimp are known. Knowl-
edge of these viruses and the diseases
they cause ranges from "extremely
scanty" to "considerable." Some of the
penaeid viruses have been described
~ olely on the basis of the diseases or
disease syndromes in which they were
found, on their location in ho t Hs
and

s ce
an on their morphological charac-
teristics. Many of the biochemical char-
acteristics of a few of the penaeid

mmses have been deterrruned, perrrut
ting the taxonomic placement or tenta-
tive placement of these agents  Tables
1 and 2!  Couch, 1981, 1991; Mathews,
1982; Johnson and Lightner, 1988;
Brock and Lightner, 1990; Lightner and
Redman, 1991, 1992; and Adams and
Borutmi, 1991!. Including the viruses in
penaeids, more than 30 viral diseases
are now known to occur in the Class
Crustacea  Johnson, 1983, 1984;
Bonami and Lightner, 1991; Adams and
Iionarru, 1991; Lightner and Redma
1 n,992!. Major groups of viruses repre
sented in the crustacea include the Re
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oviridae, Picornaviridae, Parvoviridae,
Togaviridae, BaculoviYidae, Paramyxo-
viridae, Rhabdoviridae and Iridoviridae
 Adams and Bonami, 1991!. Hence, as
the culture of penaeid shrimp in-
creases, the discovery of other viral
diseases from these groups  and possi-
bly others! seems a virtual certainty.

Consistent with this prediction is the
recent recognition that yet another dis-
ease syndrome of cultured penaeid
shrimp, "yellow-head syndrome," is
caused by a virus. The name of the
disease syndrome reflects a consistently
present clinical sign of a disease that
has caused serious losses of cultured
Penaeus monody in Thailand. Yellow-
head syndrome has been demonstrated
experimentally to have a viral etiology
in studies in which the disease was
transmitted by injection of healthy
shrimp with 0.22-pm filtrates of tissue
homogenates prepared from affected
shrimp  T. Flegel, Aquaculture Re-
search Centre, Songkhla, Thailand,
pers. comm., June 1992!. However, no

details are yet available on the nature
of the "yellow-head syndrome" virus.

Several of the penaeid shrimp viruses
infect several host species g able 3! and
have a vast geographic distribution. For
example, BP is present in wild and
cultured penaeid shrimp on both coasts
of the Americas and in Hawaii. It seems
inconceivable that the same virus type
or strain could be on both sides of the

American continents and in a native
wild penaeid in Hawaii. Similar com-
rnents may be made about the host and
geographic ranges of HFV and MBV in
the Western Pacific and Indian Ocean.
Hence, it is very likely that each of the
known penaeid virus types is, in real-
ity, composed of several distinct strains
which may vary in their virulence at-
tributes and in other ways. The devel-
opment of molecular or serological
methods for detection and differentia-
tion of geographical strains of viruses
like the BP group will advance the
understanding and management capa-
bilities for these pathogens.



+ i + ~ very serious disease due to virus reported in one or more life stages of species.+ + Sgnlarant diSeaae SOmetimeS due tO viruS repOrted in One Or mOre life StageS Of SpecieS.
4
+ ~ Inreciions by virus known to occur in species, but with Insignificant effects.> l ~ esperlrnentai infections achieved, but with Insignificant effects.assification according to Holthuis fl980!

The current diagnostic methods for the
penaeid viral diseases have recently
been reviewed  Lightner and Redman,
1992!, and these methods have gener-
aHy been dependent upon: 1! gross and
dinical signs, and 2! light microscopic
demonstration of unique cytopathol-
ogy as demonstrated by direct micros-
copy of tissue impression smears, or by
histopathology. Diagnosis of infection
caused by a few of the viruses, most
notably the togavirus and the reo-hke

viruSeS, >s diffiCult, at beSt. ~»ng ~gh
microscopy These are diagnosed with
certainty only with transxnission
electron microscopy  TH4i!. Direct his-
topathology of Davidson's AFA-pre-
served tissues has been the method of
choice for acute and most subacute
forms of IBID disease  Bell and Light-
ner, 1988; Lightner and Redman, 1992!.
However, for detection of asyrnpto-
mabc IF6iNV infections, enhancement
and bioassay techniques were devel-
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oped  Lightner et al., 1983b; Brock et
al., 1983; Bell and Lightner, 1984, 1987;
Lightner and Redman, 1992!.

The purpose of the enhancement tech-
nique is to increase the prevalence
and/or severity of infection within a
captive population to increase the
chances of a positive diagnosis in popu-
lations from which direct samples
might otherwise provide a negative di-
agnosis. In the application of the en-
hancement technique for IHHI'A', a
population of postlarval shrimp  P.
stylirostris or P. vannamei! are reared
under relatively crowded and stressful
conditions to about PL60. Samples for
histopathology are taken at intervals
throughout the 30- to 60-day enhance-
ment period, and if IHIP/ is present,
its prevalence and/or severity of infec-
tion will be increased to diagnosable
levels. Enhancement has, at best, only
limited usefulness as a diagnostic
method for demonstration of IHI~P

infection in subadult or adult P. styli-
rostris or P. vannamei that are asympto-
matic carriers of the virus.

Infection by IFB~K in asymptomatic
carriers was made possible initially by
use of a bioassay-based diagnostic
method  Lightner et al., 1983b, 1987;
Lightner and Redman, 1992!. In the
bioassay procedure, potential carriers
of IHHIM are bioassayed with sensi-
tive "indicator" shrimp, which are typi-
cally 0.05- to 2-g juvenile P. stylirostris.
The "indicator" shrimp are most effec-
tively exposed to the "test" shrimp in
a bioassay for IHHNV by feeding
minced, pooled carcasses or gnatho-

thoracies of the "test" shrimp to the
"mdicator" shrimp over a 14-day pe-
riod. If IHI~P is present in the "test"
shr'mp, the indicator shrimp typicaUy
dispiay readily diagnosable II.694 dis-
ease in histopathological samples taken
on or after day 14 of a typical 28-day
bioassay.

The present diagnostic procedures for
the penaeid viral diseases are largely
dependent upon history, clinical signs,
direct light microscopy of tissue or fecal
squashes, or on histopathology  Table
4!. Electron microscopy is important in
some diagnostic applications. Tech-
niques like enhancement and bioas-
says, when coupled to histopathology,
add to the sensitivity of these proce-
dures. The practical application of these
procedures is sometimes difficult; how-
ever, and their sensitivity is often very
limited. Examination of relatively small
samples is one important limitation; the
length of time and the amount of spe-
cialized equipment required to carry
out routine histopathology and/or elec-
tron microscopy are other factors limit-
ing their practical usefulness. Also, the
cost of histopathology and electron mi-
croscopy, and of maintaining isolation
labs for enhancement and bioassay add
to the list of reasons why better, more
rapid, more sensitive diagnostic proce-
dures are needed.

Diagnostic procedures using tissue cul-
ture, serologic methods, and DNA
probes, which have become state of the
art in human and veterinary medicine,
are being developed for some penaeid
shrimp diseases  Table 4!. This paper is
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a summary of recent efforts in our
laboratory to apply biotechnological
techniques using gene probes and
monocional antibodies to develop new
diagnostic methods and research tools
for penaeid shrimp viruses.

acterization studies. Infection in this
batch of broodstock was confirmed by
direct histological examination of
Davidson's preserved specimens and
by bioassay tests using O.> to O.l-g P.
stylimsfris as the indicator for IM.BA'
 Lightner et al., 1983b, 19m'; Bonarni et
al., 1990!. Using procedures outlined in
Bonami et al. �990!, IHHNV was puri-
fied from homogenates of the gnathot-
horacies of the IHHNV-infected P.
vstiifmfifa in a Series Of StepS in WhiCh

Characterization of IHHNV

A single batch of adult P. vffrinlerfei, the
progeny of cultured broodstock, was
used as the source of If9~l for char-

'Deflnlt4ms snd key nAnmces for «ach virus:
no known or publlshoi appHcatton of technique.
applkation of technktue known or published.

++ ~ appQcatlon of technktue consklered by authors of present paper to provide reasonable diagnosac
sensitivity.

+ t + technktue rovkles best avaatble diagnosUc sensitivity.
C co available kits under consideration by a manufacturer of diagnostic kits.
Ughtner and Redman, 1992; Ughtner, unpuMshed.
Owens et al�1991
Motnoyama, 1983, 1988, 1%9a, b, c, d; Momoyama and Sano, 1988, 1989

1991; Ughtner and Redman, 1992; Johnson, 1990; Overstreet et al., 1988
Adams and sonaml, 1991; Tsing and Ronamt, 1987; Anderson et al., 1987; Hash et al., 1988; Krol et al., 1990

sAdams and Ronaml, 1991
sonaml et al., in presa
Note; 8F ~ bright iield examination of issue impression smears and wet mounts, LM light microscopy,
RM electron mkToacopy, RUSA - enayme-linked lmmunosorbent assay, Fhbs - polyclonal antibodies,
hMe - monoclonal antibodies.
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differential centrifugation of homoge-
nized tissue was followed by sucrose
and CsCI density gradient centrifuga-
tion. IHHNV  full virions! formed a
discrete band at a density of 1.405 g/ml
in the final CsC1 gradient. The virus
was pelleted and utilized for sub-
sequent studies in which we deter-
mined the virion size, the polypeptide
composition of its capsid, and its nu-
cleic acid type.

IHHNV was found to be most like
members of the Parvoviridae in its char-
acteristics. E9~F is a nonenveloped
icosahedral particie averaging 22 run in
diameter  Rg. 1!; having a mean buoy-
ant density of 1.405 gtml in CsCl den-
sity gradient centrifugation; having a
linear, single-stranded DNA  ssDNA!,
genome approximately 4.1 kbp in size,
with the majority of its ssDNA strands
being minus  -! strands that are incor-
porated into the capsids separately
from the complementary plus  +!
strands; and having four polypeptides,
VP1 to VP4, with molecular weights of
74, 47, 39 and 37.5 K-daltons  Fig. 6!,
respectively, making up its capsld
 Bonami et al., 1990; Mari et al., In
prep. [aj!.

Infectivity studies, using semipurified
 from sucrose gradients! and purified
 from CsCI gradients! II~K injected
into juvenile P. stylimstris, confirmed
that the 22-nm particles isolated from
infected shrimp are the cause of IHHN
disease. Further confirmation that
IHI~ is caused by the 22-run virus
particle was obtained by immunizing
mice with highly purified preparations

 from CsC1 gradients! of IHHIA', and,
subsequently, testing the resultant anti-
IHHNV serum with tissues from
known IHHNV-infected and known
uninfected P. stytimstris. The hyperim-
munized sera from these mice provided
a dear distinction between IHI~F-in-
fected and uninfected shrimp in fluo-
rescent antibody  FAB! tests. This
serologic test, the infectivity trials run
with purified virus, and subsequent
tests with a gene probe for IHE~Q
DNA  discussed later in this review!
confirmed that the virus isolated and
characterized was indeed IHIP.

These findings contradict Lightner's
earlier opinion on the taxonomic place-
ment of IEGER JV  Lightner, 1988!, and
findings reported by Lu et al. �989! and
Loh et al. �990!, in which the authors
reported that IHHl'A' was a picor-
navirus or even a rhabdovirus  Lu et
al., 1991!. Inspection of the data pre-
sented in the papers by Lu et al. �989!
and Loh et al. �990! revealed that the
virus-like particles they isolated were
12 nm in diameter  not 19 nm as the
authors reported!, are morphologically
identical to penaeid hemocyanin  van
Bruggen, 1986!, and that the chemical
characteristics reported for the pre-
sumed virus particles  Lu et al., 1989!
are those expected for hemocyanin
 Bonami et al., 1990!. These same
authors claimed  Loh et al., 1990! to
have cultured IHHNV in a fish cell line.
However, subsequent studies showed
that the virus grown in the EPC fish
cells was a rhabdovirus  Lu et al., '1991!.
Likewise, infectivity studies run with
both the 12-nm particle  Lu et aL, 1989;
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Figure 1. Transmission electron micrograph of purified IHHNV prepared from Penaeus vannamei by
density gradient uitracentrifugation. 2% PTA staining. Bar = 20 nm.
Figure 2. Immunoblot of purified IHHNV reacted with monoclonai antibodies, Spots 1-6 are IgM class
monocional antibodies; spot 7is a mouse MAb made to a nonviral antigen; and spot 8is a pool of MAbs
1-6. All single and pooled MAbs, except the MAb in spot 7, show a strong reaction with IHHNV.
Figure 3. IVestern blot of puNied IHHNV reacted with L-5 MAb. Lane 1 contains molecular' weight
markers  placed with transfer for reference!; lanes 2 and 3 contain IHHNV polypeptides V1-VP4
 arrowheads! that are demonstrated by their reaction to the L-5 MAb.

Figure 4. Lane 1: A silver-stained gel of IHHNV pofypeptides. IHHNV has four polypeptides, VP1, VP2,
VP3 and VP4  arrowheads!. Lane 2 contains molecular weight markers.
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a
b
C

Figure 5. IHHIV V DIVA  lanes 2 and 3! compared to molecular weight markers  lane 1!. Bend a  located
at about 6.5-7 kbp! corresponds to partially associated + and - ssDNA; band b  estimated at 4 kbp! is
dsDNA; and diffuse band c  located at 2.6 - 1.5 kbp! is ssDIVA. Ethidium brorniab stain �.5 arm/!
incorporated in the gei.

Figure 6. IHHNV DIVA following treatment with RNase A  lane 4!, Mung Bean nuclease  lane 3!, heat
treatment � min at 95 C and chilled quick/y in an ice bath; lane 2!, and separation by agarose gel
electrophoresis. Bands visfb/ein lanes 1 and 5 are molecular weight markers, lane 2is ssDNA, lane 3
is dsDIVA, and lane 3 shows no degradatfon by RIVase. Ethidium bromide stain �.5 g'mi! inaxporated
in the gel.

Figure 7. Dot blot hybridization with the DIG-labeled BS4.5 probe of Log di/utions of IHHN V, ihfected,
uninfected homogenized shrim tissues, Labeled rows are: +C = positive control; -C = negative control;
7A, BA, 3A and 92-7 = + for IHHNV; and 29-1  both rows! is a Log dilution of purified IHHN V preparation
from 10' to 10 . The first position in 7A and 3A contain no samp/e.
Figure 8. Hybridization of the DIG-labeled probe BS4.5 after Southern transfer from the agarase gel to
IHHNV DNA bands  left two lanes; arrow indicates band c of ssDNA ! and with restriction digests of
itself  8931! and with other smaller IHHNV DNA inserts  BA401, Ba402, DR22, and BG45!.



Loh et al., 1990! and with the rhab-
dovirus were reported as "inconclu-
sive" in the challenged juvenile P.
styfieettfa. Hence, this series of contra-
dictoqr reIirete by Lu et al. �989 and
1991! and Loh et al. �990! Indicate that
tNs group ls not worldng with IHHIA/.

Mono:lonal Antibodies to
lHHNV

To Initiate production of murine mono-
clonal anHbxBes  MAbs! to IHH'&,
highly purified virus was prepared ac-
cording to previously described meth-
ods  Bonami et al., 1990!. SpecScaily,
IHIP% was purSed from infected P.
sfiJI/rostr/s collected from a commercial
shrimp farm in Hawaii. Crude shrimp
homolenate was ciarSed by a series of
low<peed centrlfugations and the virus
was pelieted ot 145,000 g. The virus
suspension was treated with activated
charcoal, filtered on a Celite-23S bed,
extracted with freon, and the virus
again pelleted at 14S,000 g, The virus
suspension was further purified on a 15
- 40% sucrose gradient followed by a 25
- 45% CsCI gradient. Fractions corre-
sponding to a density of 1.405 g/ml
contained Intact virions as confirmed
by transmission electron microsc
 TXM!. BALB/c8yJ strain mice  Thecroscopy

jackson Laboratory, Inc., Bar Harbor,
Maine! were iminunized intraperi-
toneaQy with purSed IHHIW  erstinjection in Freund's Complete Adju-
vant!. Three days after a anal intrave-
nous immunization, the mouse with
the highest titer was euthanized and its
spleen removed. Spleen cells were
maintained in culture in a conditioned

medium designed to promote activated
B-lymphocyte growth  Kowalski et al.,
1990!. Spleen cells were fused with
SP2/0 myeloma cells after days 0, 1, 5,
and 8 in culture. Cultures containing
grcnving colonies were assayed for the
presence of virus-specific antibody by
indirect enzyme-linked irnmunosor-
bent assay  ELISA!.

LISA test~
Pl,tes were i~b ted overMght at 4 C
with crude supernatant fluids from
~JV-infected or uninfected shrimp.
After washing with phosphate-bu8ered
saline with Tween-20 PBS-Tween!, wells
were blocked with PBS-Tween contain-
ing 10% nonfat dry milk. Supernatant
fluid from hybridorna cultures was
added tothe wells for1h at37 C. Goat
anti-mouse IgG, IgM, light chain anti-
body conjugated to horseradish peroxi-
dase, and the substrate-color reagent
ABTS �,2-azino-bis-�-ethyl benzthia-
zoline-6-sulforuc acid!! were used to
develop the reactions. The optical den-
sities were read at 405 nm in a BT 2000
Microkinetics plate reader  Fisher!. Hy-
bridomas found by ELISA to display
high specificity and good intensity in
their reaction to IHHNV-infected
shriinp tissues  and a very faint or no
reaction to uninfected shrimp tissues!
were subcloned three or more time

sy limiting dilution to obtain mono-
clonal cultures. The clones from these
y 'domas provided six "working"

clones. The six MAbs selected were
subsequently characterized and all
were found to be of the mu-kappa
 lgM! isotype  Table 5!  Poulos et al., In
prep ! ~
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Table 5. Characterization of

Optical density at 405 nm.
Mhb obtained from hybridoma tissue culture supernatant fiuid.

s Case itig7-l02; hotnogenate of IHHNV-infected p. styh'rosttis, con9rmed by histology; collected in f987 and
stored at -70'C.
s Case 883-2448; hornogenate of uninfected P, styffrostris, confirmed by histology; collected in 1983 and stored
at -70'C.

were found to react strongly with puri-
fied IHI~F in immunoblots and in
Western blots  Poulos et al., In prep.!
 Figs. 2 and 3!.

To further characterize these MAbs,
they were assayed with purified
IHHNV in immunoblots and in West-

ern blot assays. Irnmunoblots were pro-
duced by dotting purified IHHNV onto
nitrocellulose membranes. Western

blots were prepared by electro-transfer
of SDS-PAGE gel bands onto nitrocel-
lulose membranes. The membranes

were baked at 37'C for 2 � 4 h, blocked
for 1 h with PBS-Tween containing 10%
nonfat dry milk, and baked again for 30
min. The membranes were incubated
with hybridorna supernatant fluid,
which was semipurified and concen-
trated by ultrafiltration for 2 h at 37'C.
After washing in PBS-Tween, the rnern-
branes were incubated with goat anti-
IgG, IgM, light chain antibody
conjugated to horseradish peroxidase
 HRP! for 1 h at 37'C. After washing in
PBS-Tween, the reaction was amplified
using the BLAST HRP Blotting Am-
plification System from NEN-DuPont
Corp, Color development was achieved
using 4 CN/HN2 �-chloro-1-naphthol
/hydrogen peroxide!. 'Ihe six IgM MAb

The six MAbs were used successfully
in indirect ELISA to distinguish be-
tween BIHNV-infected and uninfected
shrimp of known disease status in ar-
chived samples  samples that had been
stored at -70'C for more than one year!
 Table 6!. However, with fresh bssue
samples of known IHI&1V status  from
history, histopathologp or bioassay!,
more variable results were obtainei8. It

was determined that fresh clinical speci-
mens of uninfected shrimp may elicit a
nonspecific response of variable in-
tensity in the indirect EL1SA. This
finding indicates that there are sub-
stances in fresh, crude, shrimp ex-
tracts that bind with murine antibodies

non-specifically, but that are not found
in archived samples after long-term fro-
zen storage  Poulos et al., In prep.!.



Tabie 6, Cotnpatfson of otinkal resuits using dNerent diagnostic tnethods for the detection

' EUSA assay was run using MAb to lHHNV; Histology was read for presence of Cowdry A inclusion  CAI!~es; DNA hybridization was performed with IF694V clone 8Q3t.Mari et. aL Of the 5%iNV SenOrne and the uae of prObeS in diagnOSis. ManuSCript in preparatiOn [a].Partially purified vtrions from infected shrimp.
+ ~ re@tive in~ of posittve colorimetric reactions. 1he number of + 's indicates positive reaction intensity-negative colorimetric reaction.
NT not tested.
Nh ~ not apphcable.

Preliminary studies into the nature of
the substance s! in fresh shrimp tissues
that binds munne antibodies suggest
that the substance s! may be lectins,
which are an unportant component of
the "immune" or defense mechanism
of crustacea  Olafsen, 1986; 1988!. Lect-
ins are large, giycoprotein molecules
that bind to specific polysaccharides on
other gbjmproteins. Normal and IHI~-
4nmune mouse sera were found to pro-

duce a positive EUSA reaction when
assayed against uninfected shrimp ho-
mogenates using a secondary antibody
that detects all classes of mouse immu-
noglobulin, but not when using a sec-
ondary antibody specific only for the
gamma chain of mouse IgG; this activ-
ity may be due to the binding of shrimp
lectins on the carbohydrate side-chains
of the IgM molecule  Poulos et al., In
prep.! P'able 7!.
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Sma I site of the pUC 18 vector. Trans-
forrnation was done according to stand-
ard methods  Seidxnan, 1989! using
competent E. coli-DH5 cells  Mari et al.,
In prep. [a]!.

About 5,000 transformed F. coh  white
colonies; unaltered colonies are blue in
this cioning system! colonies were iso"
lated, and, of these, 500 colonies were
randomly selected for further analysis.
Alkaline lysis minipreps  Birnboim,
1983! were used for screening trans-
formed plasmids isalated from the
white E. ooti colonies. After digestion
with different restrNion enzymes, the
size of the II~if dsDNA inserts was
found in a large proportion of the trans-
formed colonies to be less than 1 kbp;
only 5% of them exhibited a size greater
than 1 kbp; and only one done, BQ31,
had an insert of 4.5 - 4.7 kbp. Because
the insert size of the clone BQ31 corre-
sponded apparently to a full-size
IHHl'R genome, it was chosen for in-
itial investigation. Other ciones with
inserts 2 kbp ar larger were also se-
lected for further studies. These ciones
had inserts of 2.3, 2.0, 3.2 and 2.2 kbp,
and were designated as BG45, BA401,
BA402, and DR22, respectively. After
digestion with different restriction en-
zymes, the size of the insert of BQ31
was estimated to be 4.5 -4.7 kbp, which

larger than the TKM-estimated size
of the IHHI'4V genome, 4.1 kbp. This
was confirmed by agarose gel electro-
phoresis: the B band of the viral dsDNA
migrates a little farther than does the
BamHI/Sacl-digested insert of BQ31
 w"ich is coded as BS4.5!.

DNA inserts selected as potential
probes for IHHIM detection were la-
beled using the nonradioactive Genius I
IGt  Boehringer Mannheim, Inc.!, which
contams digoxygenin-11-dUTP as the
DNA label and uses an ELISA-based
system for final detection. To verify that
selected inserts were derived from
IHEBWF DNA, Southern transfer  Ma-
niatis et al., 1982! and dot-blot techniques
were performed on nitrocellulose mem-
branes BA85  Schleicher k Schuell,
lnc.!. A Southern blot of the IHIP/
DNA  showing the three different
bands A, B and C! was probed with
DIG-11-dUTP-labeled BS4.5. Figure 8
shows dearly the hybridization of the
probe with the most visible  band C,
ssDNA! of the three bands. This con-
firrns that the cloned DNA corresponds
to at least a part of the viral genome of
59ihPF  Mari et al., In prep. [a]!.

The specificity of the probe BS4.5 was
further investigated by reacting the
probe with a variety of insect and
shrimp parvoviruses. BS4.5 was re-
acted with dot-blots prepared from ex-
tracted insect parvovirus DNA; with
purified IHHNV DNA; purified
IHIP/ virions; homogenized tissues
fram known MHIM-infected shrimp;
healthy shrimp; and purified HPV  =
hepatopancreatic parvo-like virus
[Lightner and Redman, 1985a]!; and
tissues  hepatapancreas! of HPV-in-
fected shrimp. The results  Fig. 7 and
Table 8! indicate dearly that this probe
has a high degree of specificity for
IHI-INV  no cross hybridization with
the shrimp DNA from healthy animals
or with HPV!. The detection limit in
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Table 8, Results of assays vrith the DNA probe BS4.5 for IHHNV against a variety of insect

these dot-blot assays with Log dilutions
of IHHNV DNA was estimated to be

about 0.1 pg of MEilM DNA.

The BS4.5 probe was tested in sita on
paraf6n sections af IEB~Y-infected and
healthy shrimp. Infected and uninfected
P. stytirtostns and P. vunttamei were fixed
in Davidson's fixative, embedded, and
sectioned at 5 pm using standard histo-
logical procedures  BeH and Lightner,
1988!. Some sections were stained with
HkE for use as a histological reference
 Fig, 9!. Others were used for in sita
hybridization using DIG-11dUTP-labeled
probes. No reaction was found in un-
infected tissues. Conversely, a strong
positive reaction was obtained in in-
fected shrimp sections  Figs. 10-12!.
Known target tissues for IHI-INV were
positive at the ceHular level, and exhib-
ited labeled virus-containing areas in
both the cytoplasm and nucleus of
many cell types  Figs. 10-12!.

EspeciaHy significant in the in situ hy-
bridization tests is the intense reaction
of the Cowdry type A inclusion bodies,
which are the principal diagnostic his-
tological characteristic of II&iN disease
 Figs. %12!. Histopathology of parallel
HRE-stained sections from the same
infected and uninfected tissues  Fig. 9!
was in agreement with the previously
published data on the disease  Lightner
et al., 1983a; Bonami and Lightner,
1991; Lightner and Redrnan, 1991,
1992!. Perhaps more important was the
recognition by the probe of IIBINV-in-
fected tissues that were not detected as
readily in routine H6iE-stained sec-
tions. The fact that the IHI-iNV probes
tested react only with IHHIA'-infected
tissues, and not with insect parvovirus
DNA, and, moreover, not with HPV-
infected tissues, underlines their high
specificity to IHHI'A'. 'Bus definitively
resolves the controversy of the real
causative agent of IHI~ disease, in
which another research group has con-
tended that IHI~K might be a picor-
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y~% W. M ' ~  i !
that ls diagnae5c for IHHNV infection. Section is of the gws of a Juvenile PenaeUs stylirostris. H8 F stain.
Bsr~ tope

  ! i i i .Ai
stained dark pvrp/e by the genorrsc pebe BS4.5 to IHHNV. No stain. Bar = 10 pm,
F'gnat 11 and 12. Hetolot ice! secticvwsof giNs and antennal gland from a P. stylirMris withe very heavy
IHHNV infection. Many focal casions are dsvnonetrated by the 8$4.5 probe that consists of CAls  anode!,
cykphsmic masses of IHHNV, and virus-centalnfng celidebns from necrotic cells  arrowheads!. No stain.
BsIs = 20@m.
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navirus or a rhabdovirus  Lu et al.,
1989; Loh et al., 199G; Lu et al., 1991!.

Baculoviros  BP and MBV! Gene
Probes

BP is an important virus of the Arneri-
can penaeids P. zennamei and P. styli-
rostris, while MBV is its counterpart in
Asian, African and Australian penaeid
shrimp  Tables 1-3!. The diagnostic pro-
cedures for detection of acute or sub-
acute BP and MBV infections are simple
and straightforward  Table 4!. How-
ever, the current diagnostic procedures
for BP and MBV do not provide diag-
nosis of latent carriers of these viruses,
nor do they provide the needed re-
search tools to determine how many
virus types make up each of the BP and
MBV groups. Furthermore, important
research and disease management
questions  i.e., latency, transovarial
versus horizontal transmission, etc.!
cannot be answered with the available
methods for detecting these viruses.
Hence, the development of specific
DNA probes for these viruses has been
initiated by our laboratory. Because BP
is of more immediate interest to the
shrimp culture industry of the Ameri-
cas, most of our work has been concen-
trated it, and the results of that work
will be reported here. The status of our
work with MBV will be reported else-
where  Mari et al., In prep. [bj!.

IF Virus

BP DNA was obtained from virions
purified from BP-infected juvenile P.
vannamei obtamed from pond-reared
stock in Hawaii. Methods used for BP

purification and DNA extraction have
been described previously  Bruce et al.,
1991; Mari et al., In prep. [b]!. Confir-
mation of the purity of purified BP
preparations was determined by UV
spectrophotometer and TEM ex'uiuna-
tion of 2% FI'A-stained samples of BP
from CsC1 fractions after density gradi-
ent centrifugation.

Following extraction of DNA from pu-
rified BP virions, the dsDNA was di-
gested with the restriction enzyme
BamHI, and the resultant fragments
were separated using agarose electro-
phoresis. Bands of the BamHI-digested
DNA were extracted from the gel and
ligated into the Sari6il-digested and
dephosphorylated vector pUC 18. The
recombinant plasmids were then used
to transform E. coli DH5 cells. Trans-
formed cells were frozen back to create
a library of BP DNA, and initial screen-
ing of the recombinant plasmids in the
transformed cells was performed to be-
gin restriction enzyme mapping of the
BP DNA inserts. The larger BP DNA
inserts were selected as potential gene
probes, labeled with the Amersharn
nonradioactive enhanced chemilumines-
cence kit, and tested against known
BP-infected shrimp sainples and known
negative controls. One 3. %kbp insert of
BP DNA  HQ-15! was selected as a
promising BP gene probe. HQ-15 reacts
well with the BP positive controls
tested, and it does not display a reac-
tion against negative control or unin-
fected shrimp tissues. These findings
were verified using the same piece of
DNA as a probe but labeling it with the
Boehringer Maru&eim Genius I system,



Ta5e 9, SiNlmary Of vaults oi train whiCh the BP probe HQ-15 waS teSted with va6ous
~pica,

Sphd&df m&6mph moor

lAerSro,
IN' ~ pooled mh of ehrimp HP homogeoetee of wSd p. oeoMmi, p, stylirortrr'r and P. califorrricnsis from
Mba Oar ~ SP errrehedrel Oerhreioo bodice, HF ~ hepetapanCreee.

Samples of shrimp with known BP
infections and with unknown BP status
from different geographical regions
were tested in cRniciii trials with the
probe HQ-15 to determine the useful-
ness of the probe as a diagnostic re-
agent and to investigate the possible
use of the probe to detect potentially
different geographical strains of BP
 Table 9!. In preliminary trials, the
probe displayed a positive reaction
against DNA extracted from ail BP
components  i.e., purified BP DNA,
purified nucleocapsids, purified poly-
hedra, and supernatant from a ho-
mogenized preparation! of the
BP-infected P. tgiinena from Hawaii,
from which the probe was made  case

no. 91-7 in Table 9!. In the ciir6cal tests,
the HQ-15 probe displayed a positive
reaction against Ecuadorian-derived, BP-
infected, larval and juvenile P. ven-
rienei, and with feces collected from
infected P. emrlmei from Ecuador. The
probe exhibited no reaction against
polyhedra purified from Bp-infected
wild P. aiztecus from the Gulf of Mexico;
with presumed BP-infected P. vennamei
from Brazil; or with a pooled mix of
shrimp hepatopancreas horriogenates
of wild P. variriamei, P. sfylirostris and
P. calijbrriierisis from Mexico. As ex-
pected, HQ-15 did not hybridize with
IHMA'. However, HQ-15 did react
with a sample of P. shjlirvstris from a
population that had been reared in
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Guam and which had no prior history
of BP. Additionally, the probe exhibited
no reaction against known, unin-
fected, homogenized hepatopancreas
preparations, which served as negative
controls gable 9!.

The initial results with the probe HQ-15
suggest that there may be differences
in Atlantic and Pacific strains of BP,
which are distinguished by this particu-
lar probe. Results also suggest that the
probe may detect latent BP infections
in populations like the Guam-reared P.
stylirostris population, which had no
prior history of patent BP infections.

Acknowledgments

Grant support for the shrimp disease
studies reported was from the U.S.
Department of Agriculture's Gulf Coast
Research Laboratory Manne Shrimp
Farming Consortium; Sea Grant, U.S.
Department of Commerce; and Grou-
pement de Cooperation Scientifique sur
les Bases Biologiques de 1'Acluaculture.

Literature Cited

Adams, J.R. and J.R. Bonami  Eds.!. 1991.
Atlas of Invertebrate Viruses. CRC Press,
Boca Raton, FL.

Anderson, I,G., M. Shariff, G. Nash and M.
Nash. 1987. Mortalities of juvenile
shrimp, Pe@acus monodon, associated
with Penaeus monodon baculovirus, cyto-
plasmic reo-like virus, rickettsia and bacte-
rial infections, from Malaysian brackish
water ponds. Asian Fisheries Science. 1:
47M.

Bell, T.A. and D.V. Lightner. 1984. IHHN
virus: Infectivity and pathogenicity studies
in Penarus stylirostrts and Pertaras oannamei.
Aquaculture. 38: 185-194.

Bell, T.A. and D.V. Lightner. 1987. IHHN
disease of Pesaeas stylitestris: effects of
shrimp size on disease expression. J, Fish
Dis. 10: 165-170.

Bell, T.A. and D.V. Lightner. 1988, A Hand-
book of Normal Shrimp Histologv. Special
Publication No. 1, World Aquacufture Soci-
ety, Baton Rouge, LA. 114 p.

Blrnboirn, H.C. 1983, A rapid alkaline extrac-
tion method for the isolation of plasmid
DNA. Method Enzymol. 100: 243-2h.

Bonarni, J.R. and D.V. Lightner. 1991. Un-
classified viruses of crustacea. In: J,R.
Adams and J.R. Bonami  Eds.!, Atlas of
Invertebrate Viruses. CRC Press, Boca Ra-
ton, FL.

Bonami, J.R., M, Brehelin, J. Mari, B. Trum-
per and D,V, Lightner. 1990. Puri6cation
and characterization of IHHN virus of
penaeid shrimps. J. General Virology. 71:
265'7-2664.

Bonami, J.R., J. Mari, B.T. Poulos and D.V.
Lightner. In press. Isolahon, punficahon
and characterization of a toga-like virus as-
sociated with histopathological changes of
the lymphoid organ of penaeid shrimp. Dis.
Aquat. Org.

Brock, J.A., D,V. Lightner and T.A. Bell.
1983. A review of four virus  BP, MBV,
BMN, and IHHNV! diseases of penaeid
shrimp with particular reference to clinical
significance, diagnosis and control in
shrimp aquaculture. Pmc. 71st Intl. Coun-
cil for the Exploration of the Sea, C.M.
1983/ Gen: 10/1-18.

Brock, J.A., L. K. Nakagawa, H. Van Cam-
pen, T. Hayashi and S. Teruya. 1986. A
record of Baculosiras penari from Prnaeus
murginatus Randall in Hawaii. J. Fish Dis.
9: 353-355,

Brock J.A. and D.V. Lightner, 1990. Diseases
of Crustacea. Diseases caused by microor-
ganisms, In: O. Kinne  ed.!, Diawses of
Marine Animals, Vol, 3. John Wiley k Sons,
N Y. pp. 245-349.

Bruce, L.D., B.B. Trumper and D.V. Lightner.
1991. Methods for viral isolation and DNA
extraction for a penaeid shrimp baculovirus.
J. Virological Methods. 34: 245-254.

Couch, J.A. 1974a, Free and occluded virus
similar to Baculovirus in hepatopancreas of
pink shrimp. Nature, 247: 229-231.

Couch, J.A, 1974b. An enzootic nuclear poly-
hedfosis virus of pink shrimp: ultrastruc-
ture, prevalence, and enhancement. J.
Invertebr. Pathol. 24: 311-331.



Couch, J.A. 1981. Virus diseases of inverte-
brates other than insects. In: E.W. Davidson
 Ed.!, Patholens of invertebrate h6crakaai
Diseases, Ailanheld, Osmun Publishers, To-
towa, New Jersey. pp. 125-160.

Couch, J.A. 1991. Baculovirmxs of inverte-
brates other than Insects. I to J.R. Adams and
J,R. Bonami  Eds.!, Atlas of Invertebrate
Viruses. CRC Press, Boca Raton, FL.

Hoithuis, L.B. 1980. Shrhnps and Prawns of the
WorkL FAO Species Catalog. Vol. 1. Food
and Agricuihare Oqpnization of the United
Nations, Rome. 271 p.

johnson, P.T. 1983. Diseases caused by viruses,
rh9aNsiae, bacteria, and fungi. pp. 1-78, Is:
A.J. Provenzano, Jr.  Ed.!, The Biologv of
Crustacea, Vol. 6. Academic Press, N.V.

Johnson, P.T. 1984. Viral diseases of marine
invertebrates. HeigoI6nder Meeresunters.
37: 65-98.

Johnson, P.T, and D.V. Lightner. 1988. The
rod-shaped nuclear viruses of crustaceans:

t-infecting species. Dis. Aquat. Org. 4:
141.

Johnson, S.K., 1.990. Handbook of Shrimp Dis-
eases. Sea Grant Publ. No. TAMU-SG-90-
601, Texas AkM Univ. 25 p.

Kowaiski, M., K. Hannig, G. Klock, P. Gess-
nsr, U. 7immermann, G.A. Neg and D.W
Sammons. 1990. Eiectrofused manunaiian
cells analyzed by fice-flow electrophoresis.
Bio Techniques. 9: 332-341.

Krol, R,M., W. Hawkins and R.M. Over-
sttert. 1990. Reo-Iike virus in white shrimp
Perseus sasnenei  Crustacea: Decapoda!:
co-occurrence with Ba.uiooirus pnaai in
experimental infections. Dis. Aquat. Org.
8: 45-49.

Laster, R.J,G., A. Doubrovsky, J.L. Paynter,
S.K, Sambhi and J.G. Atherton. 1987, Light
and electron microscope evidence of bacu-
Iovirus infection in the prawn Pesaeas plde-
jas. Dls. Aquat. Org. 3: 217-219.

Lightner, D.V. 1988. Diseases of Penaeid
Shrimp. In: C.J. Sindermann and D.V,
Lightner  Eds.!, Disease Diagnosis and Con-
trol in North Amencan Maine Aouacuitun..
Second Edition, Eisevier Scientific Publish-
ing Co., Amsterdam. pp. 8-133.

Lightner, D.V,, R.M. Re@man and T.A. Bell.
1983a. Infectious hypodermal and he-
matopoietic necrosis  IHHN!, a newly rec-
ognized virus disease of penaeid shrimp. J.
Invertebr. Pathol. 42: 62-X.

Lightner, D,V�R,M. Redman, T.A. Bell and
J,A. Brock, 1983b. Detection of IHHN virus
in Perseus styIinufris and P, nasmunei im-

to Hawaii, J. World Mariculture
Soc. 14: 212-225.

Lightner, D.V., R.M. Redman and T.A, Bell.
1983c, Observations on the geographic dis-
tribution, pathogenesis and morphology of
the baculovtrus from Perseus mando» Fab-
ricius. Aquaculture. 32: 209-233.

Lighlner, D.V. and R.M. Redman. 1985a. A
arvo-like virus disease of penaeid shrimp,
. Invertebr. Pathoi. 45: 47-53

Lightner, D.V., R.M. Redman, R.R. Williams,
L.L Mohney, J.P.M. Gerx, T.A. Bell and
J.A. Brock. 1985. Recent advances in

naeid virus disease investigations. J,
orid Marie. Soc. 16: 267-274.

Lightner, D.V., L.L. Mohney, R,R. Williams
and R.M. Redman, 1987, Glycerol tolerance
of IHHN virus of penaeid shrimp, J. World
Aquacult. Soc. 18: 196-197.

Lightner, D.V. and R.M. Redman. 1991. Hosts,
ographic range and diagnostic procedures

or the penaeid virus diseases of concern to
shrimp culturists in the Americas. Irc P.
DeLoach, W.J. Dougherty, and M.A. David-
son  Eds.! Frontiers of Shrimp Research.
Elsevier, Amsterdam. pp. 173-196.

tner, D.V. and R.M. Redman. 1992. Geo-
graphic distribution, hosts, and diagnostic
procedures for the penaeid virus diseases of
concern to shrimp culturists in the Ameri-
cas. Irc A,W. Fast and L.J. Lester  Eds.!
Culture of Marine Shrimp: Pnnclpies and
Practices. Elsevier, pp. 573-592.

Loh, P.C., Y. Lu and J.A. Brock 1990. Gmwth of
the penaeid shrimp virus infectious hypoder-
mal and hematopaietic nezm~is virus in a 6sh
cell line. J. V ' Methods. 28: 273-280.

Lu, Y�P,C. Loh an J.A. Brock. 1989. Isolation,
purification and characterization of infec-
tious hypodermal and hematopoietic ne-
crosis virus  IHHNV! from penaeid shrimp,
J. Virological Methods. 26: 339-344,

Lu, Y., E.C.B. Nadala, J.A. Brock and P.C. Loh.
1991. A new virus isolate from infectious
hypodermal and hematopoietic necrosis vi-
rus  IHHNV!-infected penaeid shrimps. J.
Virological Methods. 31: 189-196.

Maniatis, T., E.F. Fritsch and J, Sambrook.
1982. Molecular cioning. A laboratory man-
ual, C.S.H., 545 p.

Mari, J., J.R. Bonami and D. Lightner. In prepa-
ration  a!. Structure and cloning of the
genome of IHHNV, an unusual parvovirus
pathogenic for penaeid shrimp. Diagnosis of
the disease using a highly specific probe.

Mari, J., J.R. Bonarni, B.T. Poulos and D.V.
Lightner. In preparation  b!. Partial charac-



Biotech iri Disease Dia nosis

terlzation and cionlng of the genome of the
PmSNPV  MBV ~ monodon baculovirus!
from Penaeus monakm.

Mathews, R.E.F, 1982. Classification and nomen-
clahue of viruses. In~ogy. 17: 1-199.

Momoyama, K. 1983. Studies on baculoviral
mid-gut gland necrosis of Kuruma shrimp
 Peimus jsponicus!-III, Presumptive diagnos-
tic techniques. Fish Pathol. 17: 263-268.

Momoyama, K. 'l9N. Infection source of bacu-
Ioviral mid-gut gland necrosis  BMN! in
mass production of Kuruma shrimp larvae,
Penaeus jaiponicus, Fish Pathol, 23; 105-110.

Mornoyama, K. 1989a. Virucidal effect of some
disinfectants on baculoviral mid-gut gland
necnasls virus  BMN!. Fish Pathol, 24; 4749,

Momoyama, K. 1989b. Tolerance of baculoviral
mid-gut gland necrosis virus  BMNV! to
ether, NaCI concentration and pH. Fish
PathoL 24: 175-177.

Momoyama, K. 1989c. Survival of baculoviral
mid-gut gland necrosis virus  BMNV! in
infected tissues and sea water. Fish Pathol.
24. 179-181.

Momoyama, K. 1989d. Inactivation of bacu-
loviral mid-gut gland necrosis  BMN! virus
by ultraviolet irradiation, sunlight exp'
sure, heating and drying, Fish Pathol. 24:
115-11S.

Momoyama, K, and T. Sana. 1988. A method
of experimental infection of Kuruma shrimp
larvae, Penaeus japorucus Bate, with baculovi-
ral midgut gland necrosis  BMN! virus. J
Fish Dis. 11: M5-111,

Momoyama, K. and T. Sano. 1989. Develop-
mental stages of Kuruma shrimp, Penaeus
jsponicus Bate, susceptible to baculoviral
mid-gut gland necrosis  BMN! virus. J, Fish
Dis. 12: 585-589.

Nash, M., G. Nash, I.G. Anderson and M,
Shariff. 1988, A reo-like virus observed in

the tiger prawn, Penueus inotmkm Fabricius,
from Malaysia. J. Fish Dis. 11: 531435.

Olafsen, J,A. 1986. Invertebrate lectins: bio-
chemical heterogeneity as a possible key to
their biological function. Chapter S. In: M.
Brehelin  Ed.!. Immunity in Invertebrates.
Cells, Molecules, and Defense Reactions,
Springer-Verlag, Berlin. pp. 94-111.

Olafsen, J.A. 1988. Role of lectins in invertebrate
humoral defense. In: W.S. Rsher  Ed.!. Dis-
ease processes in marine Bivalve Molluscs.
Am. Fisheries Soc. Sp, Publ. 18; 189-205.

Overstreet, R.M., K.C. Stuck, R.A, Krol and
W,E. Hawkins. 1988. Experimental infec-
tions with BacuIorirus penaei in the white
shrimp Penaeus iMnnamei as a bioassay, J.
World Aquacult. Soc. 'I9; 175-187.

Owens, L., S. De Beer and J. Smith. 1991.
Lymphoidal parvo-like virus in Australian
prawns. Dis. Aquat. Org. 11: 129-134.

Poulos, B.T., B. Trumper, J,R. Bonami and D.V.
Lightner, In preparation. Monodonal anti-
bodies to IHHNV of penaeid shrimp.

Sano, T., T. Nishirnura, K. Oguma, K. Mo-
moyama and N. Takeno. 1981. Baculovirus
infection of cultured Kuruma shrimp
Penaeus jsponicus in Japan. Fish Pathol. 15:
185-191.

Seidman, C.E. 1989, Introduction of plasmid
DNA into cells. In: F.M. Ausubel, R. Brent,
R.E. Kingston, D.D. Moore, J,G. Seidman,
J.A, Smith, and K. Struhl  Eds.!. Current
Protocols in Molecular Biology. Vol. 1. John
Wiley k Sons, N.Y. pp. 1.8.1-1.8.8.

Tsing, A, and J.R. Bonami. 1987. A new viral
disease of the shrimp, Penaeusj aponicus Bate.
J Fish Dis 10 139141

van Bruggen, E.F.J. 1986. Electron micrciscopy
of hemocyanins 1942-1986, Micron and Mi-
croscopica Acta. 17: 167-173.



Contributed Papers

SPF Stocks



Selective Breeding of Specific Pathogen-Free
 SPF! Shrimp for High Health

and Increased Growth

Jams A. @+an
The Oceanic Institute

Ma4apuu Point
Waimanalo, Hawai 96795, U.SA

World shrimp farming depends on seed that is either gathered from the wild or produced in
hatcheries by wildwaught spawners. This approach is inherently unreliable. In contrast, great
success has been achieved through selective breeding in meat production technologies such as
poultry, cattle and swine. It is likely that shrimp farming's future will inciu de selective breeding
and domestication. Shrimp diseases have had a devastating effect on shrimp farming in both
the United States and around the world. In other meat production industries, modern growers
rely on certified virus-free stock to avoid virus-caused diseases. Continued expansion of the
global shrimp industry will require reliable supplies of virus-free shrimp.

Based on these assumptions, the U,S. Marine Shrimp Farming Program initiated a project in
1989 to develop reliable supplies of speafic pathogen-free  SPF! P. arnnmnei for the U.S. industry.
The project includes a selective breeding program to improve the quality of the SPF stocks, This
paper describes our approach and initial results in developing a selective breeding program for
improving the SPF stock production performance.

Introduction

ln the last several years, shrimp dis-
eases have had a devastating effect on
U.S. and world shrimp farming. Dis-
eases increase risk, deterring invest-

World shrimp farmers produced over
633,000 h4T of penaeid shrimp in 1990
 Rosenberry, 1991!, Worth more than
$2.5 billion, farmed shrimp supplied
over 25% of the world's demand.
Nearly all of this production was de-
rived from seed either gathered from
the wild or produced from wild-caught
spawners. Because of the inherent in-
stability of this approach and the tre-

mendous success of breeding programs
in other meat production technologies,
shrimp farming's future will likely in-
dude selective breeding and domestica-
tion. Shrimp farmers will use improved
stocks, bred for optimal performance in
culture.



ment and commseial development. In
addition, exotic diseases carried by non-
native shrimp are perceived as environ-
mental risks that, in the U.S., could
preclude the use of ~native shrimp
with the best commercial potential  such
as Pemus oenenci and P. monody!.
Many of these problems are caused by
viruses, for which there are no thera-
peutic cures  Kalagayan et al., 1991;
Lightner, In press!. In other meat pro-
dvcthn industries such as poultry, cat-
tle and swine, modern growers rely on
certified virus-free stocks to avoid vi-
ruacaused disease. Similarly, sustain-
able development of the gloM shrimp
industry wN require reliable supplies
of virus-free shrimp.

Building on these assumptions, the U.S.
Marine Shrimp Farming Program
 USh4SFP! initiated a project in 1989 to
develop specific pathogen-free  SPF! P.
tennnmsi. The goal of the USMSFP is to
stimulate expansion of the shrimp
farming industry in the United States.
Therefore, the purpose of its SPF pro-
gram 4' to establish reliable supplies of
SPF P. omnensi for the U.S. industry.
Following establishment of SPF shrimp
stocks, the USMSFP planned to initiate
a selective breeding program to im-
prove the production quality of the SPF
shrimp.

The establishment and performance of
the SPF stock has been described by
Wyban et al. �992!. This paper de-
scribes our approach and initial results
in developing a selective breeding pro-
gram for improving the SPF stock pro-
duction performance.

In 1990, a coQaboration with Dr. James
Lannan, Oregon State University, was
undertaken to develop a management
plan for the SPF stock  Lannan and
Wyban, 1990!. Recogni'kg the genetic
implications of breeding the small
closed population of SPF shrimp, the
plan was designed to avoid inbreeding
and conserve the genetic integrity of
the SPF stock. As the success of the SPF
program emerged, opportunities to ex-
pand the brood stock management pro-
gram into a breeding program for
domestication and improvement of the
SPF stock of P. aarrnumei increased.

A breeding advisory group was con-
vened at The Oceanic Institute  Ol! in
July 1991. The group included breeding
experts from the poultry, swine and
salmon industries who were brought to
Hawaii to help plan the breeding pro-
gram for SPF shrimp. The establish-
ment of founding stocks, quarantine
and screening protocols, nuclear herd
management, facility requirements,
breeding strategies and commercial op-
portunities for the SPF breeding pro-
gram were discussed. The breeding
advisory group included: Drs. James
Lannan, Oregon State University; Txy-
gve Gjedrem, Institute of Aquaculture
Research, Norway; Fred Shultz, Ani-
mal Breeding Consultant, California;
and Mr. Andrew Coates, Pig Improve-
ment Company, Kentucky.

Following several days of formal pres-
entations and lively discussions, the
breeding experts provided detailed rec-
ommendations on developing a breed-
ing program for SPF shrimp. This
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manuscript is a synthesis of the recom-
mendations provided by the ad~iexy
group. It also describes progress to date
toward establishing a selective breed-
ing program for SPF P. vannenei.

Goals of the SPF Breeding Program

The goal of the breeding program is to
develop a faster-growing cultured
shrimp  P. canna'! through selective
brewing.

The speMc objectives of the SPF breed-
ing program are:

~ To maintain the SPF status of stocks;

~ To avoid inbreeding; and

~ To improve shrimp growth and
survival to market size �0 g!.

Establishing the Founder SPF Stcek

Building on the SPF concept developed
for livestock industries, the SPF shrimp
program was initiated in 1989  Wyban
et al., 1992!. Since P. 6ennamei is the
principal shrimp species cultured in the
United States and the rest of the West-
em Hemisphere  Rosenberry, 1991!, it
was chosen as the target species for the
progfarxL

The de6nition of what constitutes an
SPF shrimp population follows the
guidelines developed by the Interna-
tional Council for the Exploration of the
Sea for working with exotic species
 ICES, 1988!. Only diseas~using mi-
crc4es that can be reliably diagnosed

Tabis 1. A worldng list of excfudabie paiho

and physically excluded from a facility
are considered. Diagnosable microbes
that cause economically siyd6cant dis-
ease in P. vmmamei and that can be
excluded from a facility  <yeM patho-
gens! are listed in TaMe 1.

Development of a historical record
through ongoing screening is neces-
sary to insure SPF status. Thmughout
this manuscript, broedstock shrimp that
have passed through this rigorous proc-
ess are referred to as "SPF brexhtcek."
When SPF bnxxhtock are transferred

to a commercial facility, they and the
nauplii and postlarvae derived from
those broodstock are referred to as
"high health" shrimp, because their
SPF status is no longer certain, and a
new historical record for that facility
must be established.

In June 1989, postlarval P. amenti
were imported from a hatchery in Mex-
ico. Following preliminary SPF diagno-
sis by histology, these shrimp were
shipped to Hawaii and maintained in



~srtine Iioa~y confirmed that
these shrimp were ~94flee and re-
p
dicatad they were also free af the other
excludable pathogens. They were then
~hipped to OI's SPF shrimp quarantine
facility  Ol-Keahuolu! on the island of
Hawaii. Postlarvae produced from
these -tentative" SPF broodstock were
diagnosed as SPF, thus con6rrning the
stock's full SPF status. This founding
group of SPF P. rarrrrrsrrlci is referred to
~ s Kona Populathn 1.

AcMitlon of New Genetic Material

The original population of SPF shrimp
probably represents a narrow genetic
samplhg af the species. To avoid det-
rirnental founder effects, the breeding
program was advised to start with the
widest possible sampling af the species
 Shultz, 19B6; Gall, 1990!. However,
rigorous screening of new stock addi-
tions must be employed to protect the
valuable SPF status of the first popula-
tion.

Numerous attempts to acquire addi-
tional samples of SPF postiarvae from
the wild to expand the gene pool of the
SPF stock have been unsuccessful.
IHHN virus is now widespread in wild

range  Lightner et al., 1990; Pantoja-
Moraies and Lightner, 1991; Lotz et aL,
1991!. A new approach to developing
SPF populations involving nondestruc-
tive individual broodstock screening
dures is
using gene probe diagnostic proce-
ures is currently being tested  Light-

ner, tNs volume!.

A genetic diversity analysis comparing
P. emursmei within its natural range to
Kona Population 1 was recorrunended
 Larrnan, 1980! and has been initiated.
Researchers from Tufts University and
Worchester Polytechnical Institute are
using molecular techniques  both nu-
clear and mitochondrial DNA! for this
purpose, Similar techniques have been
used in other marine invertebrates
 Brown and Paynter, 1991!. In addition
to providing measures of diversity
within the SPF population s!, the mo-
lecular techniques used for diversity
analysis may also yield "marker genes"
that can be used in the brmding pro-
gram, if they can be correlated with
growth,

A comparison of genebc variation in a
farmed population of P. rammrmei with
three natural populations across the
species range using allozyme tech-
niques found very low levels of vari-
ation and heterozygosity in all four
stocks, and very low levels of differen-
tiation between the wild populations
 Sunden and Davis, 1991!. The authors
concluded that allele frequencies
among populations throughout the
species range have little variation.
However, traits of economic  breedin !
un

l
portance may be under different Se-

ective pressures across the ran dge, an
differentiation between populations or
locales could be significant.

Breeding Program Design
In rnainta' 'maintaining captive broodstocks,
there are two goals that impose conflkt-
ing requirements for management. The
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fxrst goal requires procedures that avoid
detrimental inbreeding of the captive
broodstock. The second goal requires
genetic manipulation to improve pro-
duction performance. To preclude con-
flict, the SPF breeding program consists
af two levels: multiple discrete popula-
tions and multiple maternal lineage
families within each population  Fig. 1!.
A similar two-level broodstock manage-
ment program is used in Norway to
breed Atlantic Salmon  Refstie, 1990!.

Previous selective breeding efforts for
reproductive quality indicated that P.
xenmrxtrei responds to selection, and re-
productive quality can be improved by
selective breeding  Wyban et al., sub-
mitted!. Realized heritability estimated
for several quantitative variables in-
cluding naupliitspawn, spawmng fre-
quency and hatch rate were compared
in two selected families against nonse-
lected controls. Two different full-sib

famiTies from the two outstanding re-
productive females with the highest
hatch rates, matingtspawning fre-
quency, and lifetime nauplii produc-
tion were reared to adult size. Two
independent experiments were con-
ducted comparing the selected families
against nonselected controls. Selected
females far out-produced the nonse-
lected controls in both experiments,
indicating that P. mnmmxti will respond
to selection for a quantitative character.

Because much of the fundamental
knowledge about inheritance of eco-
nomic traits in shrimp is unknown, a
number of foundation experiments
were recommended. Best opportunities

to improve shrimp perfc~~ by se
lective ~~ng will be verified by sys
tematic, scientific xnethods to optimize
the effectiveness of the breeding pro
gram to ixnprove economically impor
tant traits for shrimp culture.

The objectives of these foundation ex-
periments are;

~ To determine male and female
contributions to the quantitative
traits, growth and survival;

~ To estixnate +fiance components
 additive and nonadditive genetic
variation, and nongenetic vari-
ation! and phenotypic, genetic
and environmental correlations.

If there is additive genetic variance for
Ipmvth rate, individual selection will be
applied. Responses from each genera-
tion will add to previous gains � as
steps in a stairway. If there is heterosis
for growth, it will be utiIized to add to
the effects of individual selection.
While crossbreeding must be repeated
each generation, it has the advantage
that one's competitors cannot duplKate
the specific crosses.

A "sub-line" system wiD be used in the
breeding program. A population  re-
sulting from one ixnportation! will be
subdivided into multiple, genetically
isolated, maternal lineage families. The
system is based on the theory that
because of inbreeding, genetic variance
 V! within a family will go to zero as
the inbreeding coefficient  F! goes to 1.
As the variance between families in-
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Conclusions

weeks. Figure 3 illustrates growth of
three families spawned on the same
day  same age! and grown under iden-
tical conditions. The difference in
gnmrth among the three families indi-
cates there is signi6cant diversity for
growth among the famiTies in Popula-
tion 1.

As of April 1992, seven families that
reached selection size �0 weeks in
growout! have been harvested. 'Iheir
relative production performance is plot-
ted in Figure 4. Families were ranked
by mean size at 20 weeks and coeffi-
cient of variation  CV!, food conversion
ratio  FCR!, and survival were also plot-
ted using the same family ranking.
These seven families were not aU reared

F/gun< 4. Growth pefamance at seven SPF
famNes tanked by size at 20 weeks «i ymmet.
Ua'ttg the same rante'ng, coeds/snt ot win'aton
 CVJ in indiMdo4 size, feed canwrsian ratio
 FCR! and svnmel are atso ksted,

simultaneously  as in Fig. 3!, so envi-
ronmental differences  temperature!
could have contributed some of the
variation in growth. Nonetheless, the
substantial variability in growth axnong
these families suggests there may be
sufficient genetic variation to improve
P. mmnamei growth rate by selective
breeding. In addition, the signi6cant
negative correlations of CV  p  .Ol!
and FCR  p <.05! with growth suggest
that the best family in terms of growth
is also the best in other production
criteria.

The breeding of SPF shrimp for high
health and improved growth is only
beginning. Based on these prelimi-
nary results and knowledge of the suc-
cess enjoyed by breeders of other
meat animals, significant opportuni-
ties to improve shrimp performance
and advance the industry are wait-
ing.

~ A single population of SPF P. rsiti-
ennei has been established in Hawaii
and is called Kona Population l.

~ A breeding program designed to
protect their SPF status, avoid un-
necessary inbreeding, and improve
growth and survival through se-
lective breeding has been estab-
lished.

~ Kona Population 1 has been sub-
divided into 12 full-sib families.
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~ Significant variation in growth
among families was observed.

a A strong correlation between
growth to market size and size
uruformity and feed conversion ef-
ficiency was observed.
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Developing Specific Pathogen-Free  SPF!
Animal Populations for Aquaculture: A Case

Study for IHHN Virus of Penaeid Shrimp

Jefhey M. Latz
Gulf ~ Reaeart& Laba3tory

P.O. Bax 7000, 703 E. Beach Hvd.
Ocean Springs, 1%s.issippi, U.SA

To secure specific pathogen-free  SPF! broodstock for integration into nuclear breeding
operations, the utmost care must be used to detect paihogens and to prevent the introduction
of psthogens. Confidence in the SPF status of a founder population increases with the
development of a lengthy history of negative diagnostic results and increases with the variety
snd sensitivity of the diagnostic methods employed. The relatively sinall number of mumats
needed and the finite time frame makes founder population acquisition easier than securing
SPF seed. Wild stocks can be sources of SPF animals; however, aquaculture activities have spread
pathogens to wild stocks, diminishing the supply of wild SPF animals. The procedures employed
to secure SPF populations from wild stocks can, in principle, be extended to extract SPF
individuals from contaminated populations.

Introduction

Since the discovery and subsequent
description of infectious hypodermal
and hematopoietic necrosis virus
 IHHNV!  Lightner et al., 1983a!, the
virus has been a major force in deter-
mining the activities and directions of
the U.S. shrimp farming industry. In
fact, the widespread use of Penaeus
vannamei rather than the faster growing
P. stytirostris is largely because P. mn-
namei is more resistant to IHRN-in-
duced mortality.

BIF&JV is a parvovirus  Bonami et al.,
1990! and its course of infection in P.
stylirostris has been weil documented
 Bell and Lightner, 1984; 1987!. Juve-
niles with acute IHI-IN disease exhibit

reduced feeding, mottling of the cuti-
cle, unusual swimming behavior, and,
ultimately, 80 - 95% mortality. The in-
fection in P. vannamei, on the other
hand, induces no clear signs of disease
and no dramatic increase in mortality.
Hence, P, vennaeei was considered an
asymptomatic carrier of the virus  Ught-
ner et al., 1983b!,
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However, recently there has been evi-
dence that IHKA' infections can cause
disease «yndromes in P. mnemrei un-
der gipical aquaculture conditions. In
1989, an extensive epizootic of 56ihPl'
infection in P. rianrtamei occurred
throughout the U.S. shrimp farming
industry as well as elsewhere in the
Western Hemisphere. At the same time,
there was an increase in reports of
nmting, deformities and demised pro-
duction on farms. In 1991, Kalagayan
et aL linked 99PW to runt-deformity
syndrome  RDS! by demonstrabng the
presence af RDS in IHHlA'-infected
animals but not in IHHl'Ã-free ani-
mals. Although the precise relationship
between IHHl'& and RDS has yet to be
detailed, it is dear that IHFiMF can
have a severe negative impact on cul-
tured P. mnnsssei. Concemitant with
the demonstration that IHI-INV can
cause serious diseases m aquacultured
penaeids, concern over the possible

release of the exotic virus into U.S.
coastal waters grew.

These two factors resulted in an effort
within the United States to control the
spread of IFB~l. The Gulf Coast Re-
search Laboratory Consortium  GCRLC!
is responsible for this effort. The GCRLC
was formed in 1984 to accelerate the
development of marine shrimp farming
in the United States through research
and technology transfer. It is comprised
of six institutions working cooperatively
 Fig. 1! and is funded by the United
States Department of Agriculture.

In 1989, the six institutions comprising
the GCRLC undertook to disinfect
contaminated facilities at member in-
stitutions  four of the six had been
contaminated with IHI-BA'!, and re-
stock them with IHIP' -free P. risrt-
namei. A source of IHHNV-free P.
vannmtrei had been located in Mexico by
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researchers at the University of Ari-
zona. The strategy was to relocate
IHIP/-free postlarvae to an isolation
facility, grow them to broodstock, and
produce postlarvae. The IHHNV-free
postlarvae could then be provided to
member institutions. In the summer of
1989, the sources of IKKV-free ani-
mals in Mexico were infected with
IFBihW, Lightner et al.  In press! have
documented the introduction and
spread of IHHNV throughout the
aquaculture industry in the northern
half of Mexico. In addition, Pantoja-
Morales and Lightner �991! have con-
firmed the introduction of IEIIiNV into
the wBd stocks of P. vmvurmei, P. styli-
rostris and P. cali jornietisis of the Gulf of
California. Lightner  pers. comm.! has
also determined the existence of
IHHNV in wild P. eetmamei and P.

Rgute 2. A49p Of O'Ndco, Censed Alnmhs, and
northern South Ameem showing the distnbution
of Penaeua vannarnei and Penaeus styliroatris,
The two speaes have co-extensive distribusans
ii the ales shown.

occidcntalis from the coast of Ecuador.
Finally, Lotz et al. �991! also found
99~1 in wild P. vatitiltiei and P.
stylimst tis postiarvae in the Gulf of Cali-
fornia and throughout the Pacific
coastal waters of Central America  Figs.
2 and 3!.

No aniinals whose status relative to
If9~F is unknown are allowed into
clean facilities. Hence, a domestic sup-
ply of certified IHI~F-free animals
was needed. The shrimp would need
to be subjected. to acute quality control
measures, and a lengthy history of ag-
gressive and repeated diagnostic test-
ing for IHHNV would need to be
developed. Eventually, a plan was de-
veloped for obtaining and maintaining
a central supply of 96&Pif-free animals
that would be protected from IHI~P

Figure 3, The distdrution of IHHNV and 8P ii
penaeid sINNP. The viruses have co-extenafve
disttkefiam Shaded eIIss taipreavg the oaois-
rtsnoe of IHHNV snd 8P. Unahaded at@as npny-
sent regions whkh have not been surveyed.
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~ s weU as other pathogens and from the
dangers of genetic inbreeding. The plan
has been initiated by the GCRLC, and
the resulting program may be viewed
as the initial phase in the domestication
of P. ismnumi.

Founder Populations

The nudeus of the protected stocks is
kept in strict isolation and mattuiged
under ~ protoccll to malnt84l suRdent
genetic diversity and allow for the ju-
didous selection of desirable produc-
tion traits, The operation of the nudear
breeling fadhty is detailed in Nyban
 this volume! and wN not be dealt with
further here. Instead, I will focus on the
efforts of the GCRLC to secure SPF
populations for the start or enhance-
ment of stocks in the nuclear breeding
facUity. Populations destined to be in-
mq',orated into the nudear breeding fa-
cility are referred to as founder
populations.

The goal of any founder population
acquisition is to provide spedfic patho-
gen-free shrimp that can increase the
genetic diversity of the stock held at the
nuclear breeding facility. Therefore, it
would be desirable to secure several
founder populations of shrimp from
distinct geographic locations through-
out the natural range of P. ttsnnamei.
The more animals that are obtained
from more sites, the greater the in-
crease in genetic diversity at the nuclear
breeding facility. However, one must
also consider what can actually be ac-
quired and subsequently maintained.
Attention to the resources available, the

biology of the shrimp, and the experi-
ences of animal breeding prograins in
poultry, salmon, and swine caused us
to seek approximately 12 separate rnale-
female crosses from each of three to ten
sites. Therefore, the total number of
animals needed  if collected from ten
sites! is 240 �20 males and 120 fe-
males!. Once these animals are in place,
no more importations are necessary.

The small number of animals to be
secured and the finite number of foun-
der populations necessary to accom-
phsh the goal sets this type of activity
apart from the more extensive and con-
tinuous import of animals for general
seed acquisition or production. Supply-
ing animals to found a nuclear breeding
facility entails low volume, but necessi-
tates high confidence in assuring that
pathogens of interest are absent from
all 240 animals,

Founder Population
Acquisition

The initial step in securing founder
populations is to determine which
pathogens and potential pathogens
should be exduded. The next step is to
locate potential sources of founder
populations, and the third step is col-
iectmg the potential founder popula-
tions The fourth step is to ensure the

ndidate founder populations are free
of all pathogens that are to be excluded.

Pathogens to be Exctoded

It is essential to ite~
thpa ogens to be excluded from the
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founder populations. Goals such as
"disease-free" are too general to be
useful. No animal populations can be
maintained free of disease; the term
"disease" includes maladies of unknown
and unforeseen causes. It is not possi-
ble to exdude agents that are unknown.
Because new agents are being described
from penaeid shrimp regularly, it is
probably unavoidable that a new agent
will eventually be detected in estab-
lished nuclear breeding stocks.

Further, no animal population can be
maintained free of a pathogen that is
undetectable or ef'fectively undetectable.
For example, the reo-like viruses pres-
ently are only detectable with the aid of
a transmission electron microscope. To
undertake the development of reo-free
shrimp stocks would be premature. Nev-
ertheless, it is of paramount importance
that all pathogens in the stock be known,
including those that may not actually
be on the list of pathogens to be ex-
cluded. As the nudear breeding stocks
become more valuable to an industry,
expensive measures may be justified to
rid these stocks of a new agent.

Known obligate parasites of unknown
effect should be excluded if possible.
Pn this paper, "parasite" is defined as
any organism that uses another organ-
ism as its habitat. This includes bacteria
and viruses!. In general, it is not good
practice to leave a parasite off the ex-
clusion list simply because its effect is
unknown; such an agent may become
a problem in the future. A parasite that
turns out to be a problem in a nuclear
breeding stock is much more serious

than the same agent in a farm pond
The investment in the nuclear breeding
stock is too great to risk not excluding
poorly understood parasites.

It is important that all pathogens on the
exdusion list can be exduded from the
populations. Attempting to exclude or-
ganisrns such as V brio sp., facultative
parasites of shrimp and hutrutns that
are ubiquitous in shrimp growout
ponds and tanks, would be futile.
However, it might be possible to ex-
dude a serotype of a particular species
of Vibrio, e.g., one of the human patho-
genic Vibrio chalet biovars.

On the other hand, some pathogens
can be easily excluded from a popula-
tion while in quarantine. For example,
tetraphyHdean cestode larvae are com-
mon in wild penaeids. The definitive
hosts for these animals are elasmo-
branch fish; skates, for exatnple. Since
shrimp ponds do not have skates in
them, the life cycle is not completed
and the parasite is eliminated. Grega-
rines, which often use bivalves as inter-
mediate hosts, are a potentially serious
problem. While some intermediate
hosts may be found in shrimp ponds,
our experience with the gregarine ¹
matopsis penaI from penaeid shrimp
in the Gulf of Mexico suggests that the
shrimp lose their infections several
days after relocation to a quarantine
tank.

The actual list of pathogens to be ex-
cluded also depends upon the species
of focus and the geographic area under
consideration for stock acquisition.



With the extensive movement of
shrimp species around the world for
aquaculture purposes, the geographic
range of a parhzdar pathogen may be
lese iinportant than the species of shrimp
under consideration.

Pathogens Ot Penaeus vannamei

ln this section, I will outline the patho-
gens considered for the exclusion list by
the GCRLC. More detailed accounts of
the pathogens may be found in Light-
ner �983! or Sindermann and Lightner
�988!. Although viral pathogens are
our primary concern, we considered
many other disease agents. Despite our
attention to numerous agents, how-
ever, prospective founder populations
were Invariably destroyed as a result of
contammation with one of two viriuies,
IHK'& or Bacalovims penaei  BP!.

Viruses. The main group of organisms
targeted for exclusion from the founder
populations are the viruses. Viruses are
the most widespread of the serious
pathogens of P. eermamri, and there are
no proven therapeutics to eliminate vi-
ruses from infected animals. The initial
focus was on IHHICT and 8P because
these are serious pathogens and they
were hkely to be encountered fre-
quently. They were, in fact, the inost
common pathogens encountered. We
also considered the other known bacu-
lovinLses  occluded and nonocciuded!
and the parvo-like ~~s to be unac-
ceptable. However, with the possible
exception of HPV  hepatopancreatic
parvo-like virus!, it was unlikely that
we would find other known bacu-

he~ca or parvo-like viruses in P.
mepramei. The reo-like viruses  Krol et
al., 1990! were not placed on the exclu-
sion list because no reasonable diagnos-
tic methods exist.

Bacteria. Most shrimp bacterial prob-
lems are caused by secondary invasion
by free-living bacteria. Targeting these
for exclusion would be fruitless. Fur-
thermore, it is extremely difficult to
distinguish between bacterial infections
acquired in quarantine from those ac-
quired in nature. Were bacteria to
become a problem, it is likely that we
could have eliminated them during
quarantine by the judicious use of
antibiotics.

The only bacterial agents we consid-
ered as potential primary parasites of
shrimp are the rickettsia-like organ-
isms. We therefore screened animals
for hepatopancreatic granulomas that
might have indicated an infection with
rickettsia-like organisms  Krol et al.,
1991!. Founder populations containing
rickettsia-like organisms would have
been destroyed.

Fungi. Although fungi  e.g., Fusarium
solano! are of concern in shrimp culture,
they are not considered prim uy patho-
gens of shrimp  Lightner, 1988! and were,
therefore, not to be excluded. However,
the presence of a fungus in a sample may
have precluded its incorporation into the
nudger breeding stock as it may have
portended other stress-related problems.

Protozoa. The fouling protozoan cili-
ates  peritrichs such as ZoofhamniMm
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sp., suctorians such as Aci~ sp., and
apostoxnes such as Hyalophysa sp.! were
not listed for exclusion. However, a
heavy infestation could indicate stress
in the quarantine facility and might
have precluded the inclusion of a sam-
ple into the nuclear stocks for general
health considerations.

Microsporans  e.g., Amesotx sp., Agma-
mna sp., Pleistaphom sp. and Thelohania
sp.! were placed on the exclusion list,
However, they occur at low prevalence
in wild populations, and infected indi-
viduals are easily detected and re-
moved from a population during
quarantine. In addition, there is some
evidence that a piscine primer host may
be necessary to allow transmission
from one shrimp host to another
 iversen and Kelley, 1976!. Microspo-
rans, therefore, could have been elimi-
nated froxn a contaxxunated population
during the quarantine period because
transxnission would have been pre-
vented by the absence of fish. The
removal of affected individuals would

have prevented pathogens from leav-
ing the quarantine facility.

Gregarine protozoans may be of con-
cem in soxne aquaculture settings. How-
ever, they are apparently elixninated
spontaneously from shrimp during the
quarantine phase. The exclusion of in-
termediate hosts from quarantine facili-
ties prevents transmission. Therefore,
gregarines were not placed on the ex-
clusion list.

Helxninths. We did not consider that
helminths  cestodes, trematodes, and

nematodes! needed to be excluded. The
exclusion of intermediate hosts from
the quarantine and nuclear breeding
facilities would prevent transxxussion
and eliminate most helxninths.

Crustaceans. Crustaceans were not
placed on the list. Crustaceans such as
bopyrid isopods could have been elimi-
nated by removal of infected individu-
als. These parasites also utilize an
intermediate host  e.g., copepods!,
making transmission more difficult in
quarantine.

Locating Potential Sites for
Acqoisition

Once a list of pathogens to be excluded
was developed, the process of screen-
ing possible sources of founder popu-
lations began. The two options were
culture fadlities and wild populations.
Culture facilities are often contaminated
with IHI~P as well as BP throughout
the range of culture of P. mtnamei.
Therefore, we surveyed wild popula-
tions for the presence of the two agents
of primary interest.

Detection of Viruses

All anixxxals were screened for viruses

by means of standard histological ex-
amination  BeU and Lightner, 19%!.
IHHNV was detected by the presence
of Cowdry Type A intranuciear inclu-
sions in several tissues of ectoderinal or

me.+dermal origin Lightner et aL, 1983a!.
BP was deb~ by the preside of in-
tranuclear polyhedral occlusion bodies in
ceUs of the hepatopancreas  Couch, 1974!.
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'Ihe sampling protocol premed that
initially a site be screened by collecting
a smail grab saxnple of arum;xls froxn the
area, fbdng the animals for histological
examination while still in the field, and
subsequently examining thein for the
preset ef IHHIM and BP. If a sample
was not positive after the examination
of ten to 20 animals, then a large batch
of live animals was to be obtained and
placed into quarantine. In practice,
havrever, the grab samples and the live
samples were taken simultaneously
wherever possible. Therefore, samples
for examination were a combination of
direct samples of wild postlarvae and
adults, and a large number of wild
pox4arvae held in quarantine for 30 to
60 days.

Ne used pastlarvae instead of juveniles
or adults for several xeasons. Rrst, post-
larvae are easier to handle and xnaintain
in quarantine, allowing us to screen a
larger number of animals. Second, be-
cause animals xnust be sacrificed for
emmination, we needed a large enough
sample to insure that we would have
animals left over. Third, postlarvae or
young juveniles often show diagnostic
signs of the two ~LLses better than
older juveniles or adults  Bell and Light-
ner, 1987; LeBlanc and Overstreet, 1990!.

If IHHIM was not detected after 60
days in quarantine, a bioassay diagno-
sis for IHHIM was performed. An
IHI~P bioassay diagnosis consists of
feeding a sample of P. exxxnunxsi that is
suspected of carrying IHI~P to the
more susceptible P. sglimstns Lightner
et al,, 1983b!. After nine to 30 days, any

infected P. stytitostns will show xnortal-
ity and the Cowdry Type A intranuclear
inclusions characteristic of IHIiNV infec-
tion.

Assuming axuinals were negative for
IHHIM after a "stylirostris-bioassay,"
the next step was to ship the remaining
animaLs to a quarantine facility in Ha-
waii for further examination and cl ear-
ing. From there, introduction into the
nuclear breeding facility was to begin.

Direct integration of the founder popu-
lation into the nuclear breeding facility
is an option. However, in general, it is
more prudent to grow the new popu-
lation into broodstock and introduce
tested offspring as families into the
nuclear breeding facility,

The absence of a pathogen froxn a po-
tential founder population can only be
assured "to-the-best-of-our-abili-

ties." Thus, for certification, it is nec-
essary to specify the methods of
detection used, the number of times the
diagnosis was applied, the number of
axumals to which the diagnosis was
applied, and the length of quarantine.
Confidence in the absence of a patho-
gen increases with increased sensitivity
of the diagnostic techniques, greater
number of tests perforxned, greater
number of animals checked, and
longer periods of quarantine.

QUarantine Facilities and
Procedures

The primary means of assuring that a
pathogen is not present in a founder
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population is to develop a lengthy his-
tory of negative diagnostic test results.
Quarantine is the crucial step in devel-
oping an appropriate history.

Quarantine serves three functions. An
individual may have been infected with
the pathogen of interest only recently,
and, therefore, may not have devel-
oped the signs of infection. In this case,
the quarantine period should provide
the time necessary for the shrimp to
develop signs of infection. Second,
some infectious agents such as BP are
more likely to be found if an infected
host is stressed  Couch, 1974!. Quaran-
tine is usually stressful and can provide
such a stimulus. Third, the quarantine
procedure can amplify a disease agent
within the quarantined sample. Infec-
tious agents present in a small number
of arumals wiH eventually be transmit-
ted to uninfected individuals. The para-
site becomes more prevalent and can be
detected by examining fewer individu-
als.

The danger in quarantine is, of course,
that the quarantined populations are
open to exposure and subsequent infec-
tion with important pathogens. The use
of quarantine requires extremely tight
quality control and precautions to pre-
vent contamination of samples.

Quarantine Facilities

The quarantine facility and procedures
used at the Gulf Coast Research Labo-

ratory  GCRL! in Ocean Springs, Mis-
sissippi, U.S.A., will be examined. The
two main goals of the quarantine facili-

ties are preventing the contamination
of samples with pathogens from sur-
rounding areas and anim &, and pre-
venting the contamination of
surrounding grounds and waters with
exotic species and their pathogens.

The quarantine facilities at GCRL con-
sist of a large greenhouse �5 m x 9 m!
sited on a concrete slab with an 8- cm

high lip completely surrounding the
slab  Fig. 4!. The greenhouse contains
15 2,000-L circular tanks. Each 2,000-L
tank has an in-tank biofilter and can be

drained individually into effluent PVC
drain pipes. The effluent pipes empty
into septic tanks equipped with chlori-
nators. From the chlorinating septic
tank, the effluent can be pumped to the
municipal sewer line. Contamination
between tanks is prevented by opera-
tional procedures and the quality of the
maintenance crew. The crew is weH

trained in isolation, sanitation, and dis-
infection procedures.

The other facility used for quarantine is
a 3 m x 5 m isolation room that can

accommodate four 650-L circular tanks.

Each tank is separated from the others
by shower curtains and each tank has
its own in-tank biofilter. The tanks are

not drained during the holding period
and the water is chlorinated at the end

of the holding period. Each tank has its
own maintenance equipment: ther-
mometer, nets, beakers, etc. The room
has a center floor drain that empties
into an outside septic tank equipped
with a chlorinator. From the chlorinat-

ing septic tank, the effluent can be
pumped to the municipal sewer line.
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Cross contamination is prevented by
operational procedures,

Quarantine Procedures

To minimize the risk of releasing exotic
organisms during quarantine activities,
all effluent water is disinfected. Disin-
fection is accomplished with 100- to 200-

Figure 4. Hoor plan of the greenhouse quarantine facility at the Gulf Coast Research Laboratory.

We employ sentinel tanks containing
uninfected animals whenever possible.
For example, we presently use sentinel
tanks and aquaria containing IEGiNV-
free P. stylirostris as a check against
contamination. The sentinel tanks are
treated as the other quarantine tanks
and are subjected to the routine proce-
dures employed for the other quar~-
tine tanks.

ppm chlorine for 1 - 24 h prior to
discharge into the municipal sewer
lines that terminate at a landfill. All
dead animals, molts, feces, etc. are
disinfected with chlorine- or iodine-
containing disinfectants ar by autociav-
ing. Surfaces are cleaned with chlorine-
or iodine-containing disinfectants.

To ensure that infectious diseases are
not introduced into the quarantine fa-
cilities or transferred between tanks,
we established routine sanitary work
practices. These include restricted ac-
cess, the use of foot baths at the en-
trances to all doors, regular cleaning
and disinfecting of equipment and
rooms, disinfection of shrimp waste
and debris, and dean food preparation
areas.
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Most introductions and transfers of

pathogens occur as a result of the trans-
port of shrimp or shrimp parts. There-
fore, special attention is paid to prevent
the transfer of tank contents from one

to another; similarly, equipment is seg-
regated by tank with no overlap in use.
Dry feed is kept away from shrimp and
shrimp debris. Each tank has its own
nets, and nets are disinfected after each
use and allowed to dry completely be-
tween daily deanings. Surgical gloves
are used during routine tank cleaning,
and gloves are disinfected and dis-
carded after each tank is cleaned. Natu-

ral water is used in the facility; it is
routinely settled, filtered and disin-
fected with chlorine.

The SPF Status of Wild
Penaeus vannamei

The geographic range of P. vunnamei
extends from the northern Gulf of Cali-

fornia to the northern portion of Peru
 Fig. 2!. Through the efforts of the
GCRLC, the status of wild P. aNtnumei
has been documented along most of its
range  Lotz et al., 1990; Lightner et al.,
In press!. The most widespread of the
agents of interest is, unfortunately, the
virus of most crucial interest: E6&W.

Figure 3 shows the distribution of
IHIP/ in wild penaeids throughout
the Pacific Coast of the Americas. The

highest density of II-IHN virus is in the
Gulf of California, where all of the
specimens in a sample of wild, adult P,
stYlirostris were found to be IHI~K-
positive. It is significant that this area
has one of the highest densities of P.

stylimstris anywhere throughout its
range. The range of P. stylirostris is
coextensive with that of P. vunnarnei.

The Gulf of Panama also appears to
have high levels of IIiHNV, but lower
than the Gulf of California. This area

yielded fixed-in-the-field samples of P.
vannamei postlarvae with IHHNV infec-
tions, The lowest density of IHHIAT
appeared to be in the northern portion
of Central America. No positive fixed-
in-the-field samples were found from
Guatemala, Nicaragua, or northern
Costa Rica; however, virus was de-
tected in samples from Nicaragua and
El Salvador after 30 to 60 days of quar-
antine. Southern Mexico has not been

surveyed; its status is unknown, The
waters surrounding Ecuador have
yielded evidence that IHHNV is pre-
sent in wild populations, but surveying
has not been as extensive as that in

Central America and Northern Mexico.

The survey of shrimp of the Pacific
Ocean revealed the presence of numer-
ous parasites in addition to the viruses.
Peritrich and apostome ciliates were
common on the gills. Gregarines were
seen in the intestines. Finally, nema-
tode, cestode, and trematode larvae
were observed in the hepatopan-
creases, musdes and nerve cords of
infected shrimp.

Acquiring SPF Stock From
Contaminated Sources

Acquiring SPF animals from geo-
graphic areas free of the pathogens of
interest is simply a matter of collecting
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samples and subjecting them to the
process of certification. However, if no
pathogen-free sites are found, acquir-
ing SPF animals is more complicated.

The data acquired from the survey
throughout P, vannamei's geographic
distribution revealed that no area was

unaffected by IHHNV. Since the wide-
spread outbreak of IHHNV in 1989, no
IHHI'PV-free potential founder popula-
tions have been found, despite exten-
sive efforts and the quarantining of
numerous samples of wild postlarvae.
Therefore, our original objective of lo-
cating BVPFl-free geographic sites
had to be reformulated. Instead of seek-

ing IHHNV-free populations of
shrimp, we now wish to secure a cer-
tain number of IHHhAl-free individuals

from populations of shrimp which are
known to carry the virus.

When we conducted our survey using
quarantine, it was desirable to collect
as large a sample of shrimp as possi-
ble in order to be certain that the

region was free of the virus. Our
target for sampling postlarvae under
the initial survey objective was to
quarantine 10,000 to 20,000 animals
for each sample. If one of those 10,000
to 20,000 animals was infected, then,
in time, a large proportion would
become infected and the virus would

be easily detected after 60 days of
quarantine. Presently, there is no way
to select individual postlarvae from a
contaminated sample. Consequently,
if one animal in a sample is positive
for the virus, the whole sample is
destroyed.

Our inability to detect virus from some
areas prior to 60 days in quarantine
suggests that only a few animals were
carrying the virus. If only a few animals
from a given wild population carry the
virus, a small sample containing 1,000
to 5,000 shrimp may be virus-free. If the
prevalence of an agent in the wild is
known, securing animals free of the
agent is a statistical sampling problem.
What is the optimum sample size to be
certain no infected animals are present
in a given samplers

The above problem is related to the
problem fish inspectors face determin-
ing how many fish to examine from a
particular batch to have a certain degree
of confidence that they will find the
pathogen. The American Fisheries So-
ciety "blue book" provides a table that
recommends how many fish should be
examined  Amos, 1985!. For example,
if a parasite is present in 10% of fish
and the lot being evaluated contains
4,000 Gsh, 27 should be examined in
order to be at least 95% confident that
the pathogen will be detected, if pre-
sent. The answer to the fish inspectors'
problem is determined from the hyper-
geometric statistical distribution and
applies to sampling small target popu-
lations.

When the target population is very
large  e.g., a wild population of
shrimp! then the related binomial dis-
tribution applies. Table 1 provides the
maximum sample sizes that ensure at
least a 50% chance that no animals in
the sample are infected with the patho-
gen of interest. Once the maximum
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Table 1. Sample size that ensures a Mio chance of a parasite

0.5 x 0.5 = 0.25 �5%!

and, therefore,

100% - 25% 75%.

acceptable sample size is determined,
how many separately packaged sam-
ples should be obtained to be 95%
certain at least one sample is free of
infection?

If there is a 50% chance  probability =
0.5! that an infected animal is present
in a sample, the probability that it is
present in both of two such samples is

Hence, there is a 75% chance that the
pathogen of interest is absent from
either one or both samples. If three
such samples are collected, the chances
are that 87.5% of the time one of the

three samples will have no infected
individuals. Through this process, it is
clear that if a parasite infects 50% of the
packaged samples, one should coQect
five separately packaged samples to
ensure that at least 95%  actually 96.8%!

of the time an area is sampled, one of
the five samples will be free of infected
individuals. The likelihood of finding
uncontaminated packages increases as
more packages are collected.

Once the size of the sample and the
number of samples to be collected is
determined, then the collection of ani-
mals and the lengthy procedure of
quarantine and subsequent develop-
ment of the crifical SPF history begins.
Because shrimp wiD be selected from
contaminated areas, the development
of SPF histories is critical.

The ability to select animals from the
wild rests on the assumption that not
ail animals from a contaminated wild

population carry the pathogen. In prin-
cipal, obtaining SPF individuals from
contaminated culture facilities is the

same as obtaining them from wild
sources. However, the likelihood that
there are specific pathogen-free indi-
viduals in a facility is reduced because
the animals in culture are at higher
densities than in nature. Hence, the
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Introduction the culture of the freshwater prawn,
Macrobrachium m ~bergii. On the main
farm site, there are 142 1-acre �.46-ha!
earthen ponds and one 0.5-acre �.23-
ha! concrete-sided round pond. There
are also 10 0.25-acre �.11-ha! brood-
stock ponds at an adjacent area 0.5

Amorient Aquafarm, Inc. is a 175-acre
�9.6-ha! shranp and prawn farm lo-
cated on the North Shore of Oahu,
Hawaii. The farm was constructed in

1977 and was originally designed for

In late 1982, Amorient Aquafarm initiated work with &naeus vannamei at their maturation and
hatchery site located in Kahuku on the island of Oahu, Hawaii. From 1983 to 1989, laboratory
tests detected no known virus diseases or other obligate pathogens in shrimp cultured on the
Amorient farm. In early 1989, however, infectious hypodermal and hematopoietic necrosis virus
 IHHNV! was discovered in stocks of P. vannamei at the farm. The effect of IHHNV infection
on shrimp production was dramatic and was expressed as a marked decrease in growth that is
characteristic of runt-deformity syndrome  RDS! of P, vannamei, In the IHHNV-infected RDS
groups, the coefficient of variation in size  CV! increased from 10 - 20% to 40%, and pond yields
decreased accordingly. In mid-1990, Bacubmrus penaei  BP! infections were also found at low
prevalence and severity levels in samples of shrimp examined from Amorient ponds; h~r,
no negative impact on production could be attributed to the BP infection. In January 1992, the
farm was stocked with the progeny of SPF P. vannaniei broodstock. This report considers the
resulting disappearance of RDS and the production and yield improvements obtained when
IHHNV-free shrimp were again cultured on the Amorient farm.
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miles from the main farm site. The

maturation/hatchery facility is located
at a third site dose to the broodstock

pond area.

In December 1990, The Oceanic Insti-
tute provided Pl generation, Mexican-
derived, specific pathogen-free  SPF! P.
vunnamei broodstock to Amorient

Aquafarm from which SPF postlarvae
were produced and stocked into
growout ponds.On the basis of initial success in repro-

duction, spawning, production of post-
larvae and favorable results in growout MgteI jgls apd Meth !
with P. vunnamei, the decision was
made to engage 80% of the Kahuku Comparison between non-SPF-derived
farm in shrimp culture. Over the next and SPF shrimp pond production and
The term "high health" animals is preferred by Wyban  this volume! when referring to animals that have

been removed from an SPF quarantine facility.

In late 1982, 78 adult, wild-caught
Penaetfs vannamei were shipped from
Ecuador and introduced in quarantine
at the Amorient Aquafarm matura-
tion/hatchery site in Kahuku, Oahu,
Hawaii. The intent of the introduction

was for the Amorient staff in Hawaii to

develop appropriate technology and
gain experience in shrimp maturation
and larval rearing, and to eventually
transfer this knowledge to the com-
pany's 1,000-acre �55-ha! commercial
shrimp farm in Ecuador.

In mid-1986, a subpopulation of adult
P. trumodon obtained from the Aquacul-
ture Development Program, State of
Hawaii, were stocked into the Amori-
ent Aquafarm maturation facility. This
group of shrimp originated as offspring
from a wild-caught spawner collected
in waters off Sabah, Malaysia. After
introduction to Hawaii and repetitive
direct histopathology and shrimp bio-
assay evaluation during the 18 months
of quarantine following introduction, a
small group of adult shrimp was trans-
ferred to the Amorient Company.

several years, shrimp production was
rather consistent, ranging between
2,400 and 3,000 lbs/acre/yr �,400- 3,000
kg/ha/yr!. Starting in late 1986, P. mono-
don were also stocked for growout, but
by early 1988 culture of this species was
limited due to poor pond performance
relative to P. vannamei under the envi-

roninental conditions and husbandry
practices in use at that time oo. the
Amorient farm.

In mid-1987, an outbreak of infectious
hypodermal and hematopoietic ne-
crosis virus  II~V! disease occurred
on a shrimp farm near Amorient Aqua-
farm. The origin of the I'D JV in this
outbreak is not determined. However,
by late 1988, IHHNV was detected in
samples of F6 generation shrimp col-
lected from the Amorient matura-

tion/hatchery area, and by mid-1990,
the virus was widespread in growout
ponds on the farm. Also, in August
1990, Bacutovirus penaei  BP! infection
was found in shrimp sampled from the
Amorient farm.
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Table 1. A summary of the tHHNV and BP histopathology results for Penaeus vannamei

processing and slide preparation fol-
lowed standard procedures. Tissue sec-
tions were stained with hematoxylin
and eosin  Luna, 1968!.

Results and Discussion

growth performance was done by de-
termination of the total weight of
shrimp harvested from ponds, percent
survival, weekly growth rate, feed con-
version ratio, and size distribution
 mean, standard deviation and coeffi-
cient of variation! for shrimp weight
from random samples  minimum N =
100! of different populations.

From 1983 onwards, diagnostic exami-
nation for the detection of known

penaeid viruses and other obligate
pathogens were periodically conducted
on the offspring of P. vannamei and P,
rnonodon cultured at the Amorient site,
and on stocks produced from the Am-
orient maturation/hatchery facility that
were distributed to other locations in

Hawaii.

For disease monitoring, shrimp were
sampled at various sizes/ages, indud-
ing postlarvae  PL6-12!, 0.5- to 1.5-g
nursed juveniles, 4- to 1Dg subadults
from growout ponds, and �5-g
broodstock. Specimens were either fro-
zen for the P. sglirostris bioassay test
 Lightner et al., 1985! or killed by injec-
tion and immersion in Davidson's fixa-

tive  Huma son, 1979! for
histopathology evaluation. Histological

Prior to restocking the ponds in 1991
with the progeny of SPF broodstock,
the ponds were dried for two weeks,
and 800 lbs of agricultural limestone
was spread over the pond bottoms. The
bottom gravel of the round pond was
dried and then partially fiUed to cover
the substrate, which was treated with
10 mg/L of chlorine overnight before
the pond was refilled.

In the growout trials, a 25% protein,
locally produced pellet was fed to
shrimp stocked into earthen ponds,
and a 45% protein, imported pelleted
ration was provided to the shrimp in
the round pond.

The histopathology examination results
for P. vannamei sampled from the Am-
orient farm and maturation/hatchery
areas for the period from 1987 through
1991 are listed in Table 1. In addition,
P. stylirostris bioassay trials were con-
ducted on shrimp that originated from
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However, IHHN virus infection was
detected histologicaily in samples of
postlarvae collected from the Amorient
hatchery in early 1989  Fig. 1!. As the
year progressed, the frequency of
IHHN virus-positive groups increased,

In late 1990, The Oceanic Institute pro-
vided several groups of SPF nauplii
 Mexico stock! to Amorient Aquafarm.
The postlarvae produced with these
nauplii tested negative by histological

Figure t. Peroentage of IHHNV-positiveindiMduais within gmqps of postlamae tested for IHHNV.

the Amorient population up to mid-
1987. For example, between January
and May 1987, indicator shrimp bioas-
say tests were carried out on tissue
samples from three groups  N = 50! of
Amorient subadult to adult P. emnamei.

Prior to 1989, infections by either BP or
IHI~ viruses were not detected in

bioassays or by direct histopathology
evaluation of shrimp from the Amori-
ent farm. Direct histopathology tests
conducted on juvenile through adult  N
= 30! P. mottokm sampled from several
ponds in August 1987 were also negative
for known obligate shrimp pathogens.

and by May of that year, IHHI'W was
detected in 100% of the postlarval
groups sampled. Within IHHNV-posi-
tive groups, the average number of
individuals with histologicaliy diagnos-
able IHHNV infection increased

through 1989 and 1990. Average preva-
lence of infection in early 1990 was
26.2%, but during the summer of 1990,
prevalence of infection increased to an
average of 43.1%. Coincidentally,
broodstock were replaced every four to
six months, and the increased preva-
lence of infection may have reflected
higher levels of IHI~V infection in the
older broodstock.
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criteria for IHHNV infection, whereas
postlarvae produced in sister tanks us-
ing nauplii from IHHNV-infected
broodstock  Amorient's Ecuador stock!
continued to test positive for IHHNV
 Fig. 1!. At no point during this period
did any of the postlarval populations
 N = 71! harvested from the hatchery
test positive for BP.

Unfortunately, histogram assessments
were not carried out for shrimp cul-
tured on the Amorient farm before

IHHNV was detected, from 1982
through 1988. RDS was not apparent in
early 1989; this is demonstrated by ran-
dom histograms of populations from
1-acre earthen ponds in which the size
coefficient of variation  CV! was only
1794  Fig. 2a!. However, a nursery har-
vest at that time contained an unusu-

ally high number of "small" juveniles
� a large percentage weighed 0,3 g or
less  Fig 3a!. As time passed, on aver-
age, the CV slowly increased, peaking
at 46% in late 1990  Fig. 2b!. The in-
creasing CV was also apparent in suc-
cessive crops harvested from the
intensive, 0.5-acre round pond  Figs.
4a, b!. As a result of RDS, the average
harvest size decreased from 11.9 g to
8.5 g in the 2 growout trials conducted
during this period.

In late December 1990, Amorient Aqua-
farm received SPF P. mmnamei brood-

stock. These shrimp were founder-
generation stock collected by the U.S.
Shrimp Consortium as postlarvae in
Mexico and grown to broodstock at the
quarantine facility of The Oceanic Insti-
tute in Hawaii.
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Improved production was noted imme-
diately with the progeny of the SPF
broodstock. Note, for example, the size
distributions from two consecutive

nursery harvests depicted in Figures 3b
and 3c. Both ponds were stocked at a
similar density and reared for the same
number of days. Figure 3b represents
non-SPF postlarvae; many of the har-
vested shrimp were 0.25 g or less.
Figure 3c gives the data for the SPF
animals; their average size at harvest
was approximately 1 g,

We also observed a dramatic reduction

of RDS in the earthen semi-intensive

ponds and in the intensive round
pond, Figure 2c is a size histogram for
an earthen pond stocked with SPF P.
vannamei. The CV for this pond was
19'/o. Figure 4c contains similar data for
a population harvested from the round
pond � the CV was 9%.

The production data for the growout
ponds discussed above are in Tables 2
and 3. For the IHHNV-infected shrimp,
there was a general decrease in growth
rate, mean harvest size and

lbs/acre/crop. However, once the SPF
shrimp were stocked, there was less
size variability and production im-
proved.

As indicated by the data, one benefit of
the SPF broodstock was a reduction in

the level of RDS in growout and nurs-
ery. This was extremely important from
a marketing point of view. Using three
successive round pond harvests as an
example  Table 3!, the SPF crop yielded
a 62.5'%%d higher return than the non-SPF

harvests. In the non-SPF harvest on

Nov. 16, 1990, 8% of the shrimp were
below marketable size and 53'%%d were

under 8.5 g; these animals commanded
a low price. In comparison, 100% of the
SPF crop was sellable, and only 3%
weighed less than 9.5 g. Similar results
were obtained for the earthen ponds.

IHHN virus was detected histologically
in samples collected from ponds on the
Amorient farm in 1989  Table 1!. In
1989, the average prevalence of
IHHNV-infected P. vannamei was 61'%%d,
but increased to 89'%%d in 1990. Since SPF

shrimp have been stocked at Amorient,
IHHN virus infection has not been de-

tected his tologically in P. vannamei sam-
pled  N = 270! from ponds on the site.
However, more study is required be-
fore the status of IHHN virus in the

earthen ponds of the Amorient farm
will be understood.

Furthermore, the prevalence of BP in-
fection declined from 20'%%d to 4'%%d in

pond-reared shrimp between 1990 and
1991. In laboratory experiments, Le-
Blanc and Overstreet �991! demon-
strated that BP is inactivated by
desiccation. Perhaps the two-week dry-
ing period between crops partially in-
activated infectious BP in the pond
sediments, Further study is required to
clarify this issue.

In summary, stocking the progeny of
SPF broodstock on an IHHNV-contami-

nated farm where RDS was a serious

problem resulted in the virtual elimina-
tiori of RDS and improved production
and profitability.
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non-SPF versus SPF shrlm
Price Value �!PoundsCount Size  g! 4 Shrimp Percent

IHMEP1-positive round pond crop � July 27, 1990
UnseUable   4 6 2

374Total

IHHN-positive round pond crop � Nov
UnseUable   4 32
71-1'10 4-6 67

392Total

SPF round pond crop � Mar. 15, 1991
308

149

5,152

10,507
4 210

4.00

4.25

4.50

4.75

5.25

77

35

1,145

2,212

802

2 1
27

52

19

4 271Total

Table 3. Marketi im act of usi

71-110 4-6 23
51-70 6.5 - 8.5 47

46-50 9.0 - 9.5 20

41-45 10.0 - 11.0 45

3640 11.5 - 12.5 63

31M 13.0 - 14.5 83

2~ 15.0 - 17.5 55

21-25 18.0 - 21.5+ 32

51-70 6.5 - 8.5 1N

4680 9,0- 9.5 33

41M 10.0 - 11.0 69

3640 11.5 - 12,5 48

31M 13.0 - 14.5 23

2&30 15.0 - 17.5 11

21-25 18.0 - 21,5+ 1

51-70 6.5 - 8.5 3

46-50 9.0 - 9.5 1

4145 10.0 - 11.0 38

36-40 11.5 - 12.5 74

31-35 13.0-14.5 27

6

13 5
12

17

22

15 9

16, 1990
8

17

28

8

18

12

6

3

1

75

227

496

189

458

649

841

561

342

248

531

876

248

562

374

184

90

27

0.00

3,75

4.00

4.25

4.50

4.75

5.25

6.25

O.N

3.75

4.00

4.25

4.50

4.75

5.25

5.75

6.25

0

851

1,984

803

2,061

3,�3
4,415

3,226

2 137

0

1,991

3,504

1,054

2,529

1,776

966

517

169
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more than 4.5 MTlhalcrop. These in-
consistent yields have resulted from
low survival and growth rates. The low
growth rates have been impacted by
runt-deformity syndrome  RDS!,
which has been causally linked with
IHHNV  Kalagayan et al., 1991!, but the
low survival rates remain unexplained.
In an attempt to achieve more consis-
tent yields, a cooperative research
agreement to utilize high-health stocks
of shrimp was entered into with the
Gulf Coast Research Laboratory Con-
sortium  GCRLC! in September 1990.

The GCRLC supplied Harlingen
Shrimp Farms with enough specific
pathogen-free  SPF! broodstock to pro-
duce postlarvae for commercial-scale
comparisons with selected farm stocks
 " Texas broodstock source," or 'VBS"!,
that were IHHNV positive. SPF brood-
stock, by definition, are free of IHHNV,
hepatopancreatic parvo-like virus,
Baculovirus penaei, microsporidians, gre-
garines, nematodes and cestodes.
Ponds stocked with postlarvae pro-
duced from the SPF broodstock  here-
after referred to as "high-health"
animals! outperformed the offspring of
the TBS in terms of survival, overall
yield and decreased size variation.

Methods and Materials

The hatchery at Harlingen Shrimp
Farm is housed within a 3,600-m con-
crete building and includes a water
treatment facility, two maturation
rooms, broodstock holding and accli-
anation areas and over 500 tons of larval

rearing capacity. The maturation area

consists of two light- and temperature-
controlled rooms, each containing 12
8-ton circular fiberglass tanks. The
tanks are plumbed in groups of four;
each group has a biofilter. In prepara-
tion for receiving SPF broodstock, one
of these four tank systems was physi-
cally isolated from the rest of the tanks
with a plastic curtain. A new biofilter
was installed, and the whole area was
carefully sterilized, A protocol for re-
ceiving and isolating the SPF brood-
stock and their progeny was developed
in conjunction. with Dr. Paul Frelier and
the Gulf Coast Research Laboratory
Consortium  Frelier, pers. comm!, The
protocol was strictly followed, Stand-
ard maturation methodologies utilizing
unilateral eyestalk ablation were used
with both groups of broodstock. Nau-
plii produced from the SPF broodstock
were isolated from the TBS nauplii, and
initially were reared in an isolated part
of the larval rearing area.

The larval rearing area consisted of
rows of fiberglass tanks that drain into
trenches for harvesting. One of these
rows of tanks was physically isolated
from the others with a plastic curtain.
Identical, standard hatchery methods
were used for both groups, except that
the high-health postlarvae were in-
itially stocked at lower densities be-
cause fewer broodstock were sourced

for nauplii. The high-health nauplii
were initially isolated from the TBS
nauplii. After several million postlarvae
were produced in isolation, the larval
rearing area was no longer physically
segregated. The nauplii produced koan
the two broodstock groups were segre-
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Table 1. Comparison of the average growth rate, feed conversion ratio  FCR!, survival and

'Data not available.

gated into separate tanks whenever
possible; however, a number of mixed
tanks were stocked to maximize tank

space and optimize production. After
six weeks of completely isolated pro-
duction, the two broodstock groups
were mixed in mass spawning tanks for
several days.

Eleven ponds of varying sizes, totaling
50 ha, were stocked with either high-
health postlarvae or TBS postlarvae
 Table 1!. Although the hauling tank
and transfer baskets were sanitized

with chlorine prior to stocking with
high-health postlarvae, no attempt was
made to use segregated equipment or
supplies in the management of the
growout ponds. Management strate-
gies were applied according to stocking
density. For example, aeration rates
ranged from no aeration at the stocking
density of 18 postlarvae/m to nearly 15
hp/ha for the smaller ponds stocked at
75 postlarvae/m. The average daily

water exchange rates ranged from ten
to 45% per pond, depen.ding on the
biomass estimate. All ponds were fed
two to three times per day using 45'%%d
protein crumbles until shrimp reached
1 g; thereafter, 30% protein prawn pel-
lets were used. Feeding rates were cal-
culated using a standard feed curve
based on percent biomass, and were
adjusted according to observed con-
sumption rates monitored with feed
trays. Ponds were evaluated on a
weekly basis. Each week, 100 to 200
shrimp from each pond were sampled
using cast nets. The average weight
was determined, and shrimp were in-
spected for state of health and vigor,
signs of stress, feeding activity, de-
formities, size variation and shell le-
sions, Samples of stocked postlarvae,
30 day-old juveniles and adults nearing
harvest were collected and fixed in

Davidson's solution for disease testing.
All samples were examined at Texas
A&M University, where diagnoses for
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Table 2. Average number of nauplii produced per sourced fernale and percentage of total

listed in Table 2 represent only the
results from 9,000-L tanks. The size,
vigor and appearance of the high-
health and TBS postlarvae were similar.

IHIP and other disease agents were
made by direct histology. The size dis-
tribution in each pond was determined
by individually weighing samples of
shrimp and by examining final process-
ing packout reports.

Results

The SPF and TBS broodstock per-
formed similarly in terms of percent
females mated per day; however, the
SPF broodstock averaged more nauplii
per spawn.

Not all of the nauplii produced from the
SPF females were segregated in larval
rearing. Overall, 36 million pastlarvae
were produced from segregated SPF
nauplii. Survival from nauplii to post-
larvae was better in the high-health
postlarvae  Table 3!. The survival rates

Over 85 million nauplii were produced
by 140 female, SPF broodstock from
March through June, 1991. The per-
centage of females mated per day and
the average number of nauplii per
spawn for both broodstock groups are
listed in Table 2. The average number
of nauplii per spawn takes into account
all females that were mated and placed
into spawning tanks  sourced!,

Approximately 11.5 million high-health
postlarvae were segregated in growaut
ponds. The results from eleven ponds
stacked with either high-health or TBS
pastlarvae will be discussed here  Table
1!. Growth rates did not differ greatly
between the high-health and TBS
ponds. Average time from PL5 to 1 g
average weight was 32 d for high-health
animals and 38 d in the TBS ponds.
Furthermore, growth from 1 g to har-
vest weight averaged .87 g/wk and .84
g/wk in high-health and TBS ponds,
respectively  Table 1!.

A dramatic difference, however, was
observed in the degree of size variation
observed in the high-health and TBS
groups. A typical TBS pond population
averaging 1 g in size contained some
shrimp that were less than 0.1 g and
others that weighed more than 3 g, A
typical high-health population, by con-
trast, had a size distribution ranging
only from 0.5 g to 1.5 g, This difference
became mare pronaunced as the
growout period progressed � the size
distribution in TBS ponds increased
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~TBS or mixed.

Discussion

weekly, whereas the high-health popu-
lations maintained a tight size distribu-
tion throughout the culture period. As
a result, a much more uniform product
was harvested from the high-health
ponds  Fig, 1a, b!.

The level of rostral or tail deformities

detected during weekly samples and
at harvest typically ranged from 15 to
25% in TBS ponds, but was less than
3% in the high-health animals  Table
1!.

Survival rates were higher in high-
health ponds as compared to the TBS
ponds. Average survival from PLS to
harvest for high-health animals was
51%; the best pond had 72% survival at
harvest. Average survival for the TBS
animals was only 40%; the best pond
had a 46% survival rate. Feed conver-

sion rates  FCRs! were also much better
in SPF ponds  Table 1!.

The SPF broodstock and their high-
health offspring outperformed the TBS
broodstock and their progeny in the
hatchery; however, the differences be-

tween the two groups were even more
pronounced during growout.

The SPF broodstock produced more
nauplii per spawning female than the
TBS broodstock; however, the SPF
broodstock were much larger, and
there is a positive correlation between
broodstock size and spawn size. The
percentage of females mating and
spawning per day was good for both
groups and did not appear to be differ-
ent. The sourcing pressure on the SPF
broodstock was slightly more intensive
due to fewer females producing.

Overall survival of the high-health nau-
plii was higher than that of the TBS
nauplii, The greatest difference was in
April, when survival of the high-health
and TBS nauplii was 72% and 59%,
respectively  Table 3!. At that time,
however, the high-health tanks were
stocked at lower densities, and in our
hatchery, lower densities in larval rear-
ing often translate into increased sur-
vival. In May, the two groups were
similar in terms of survival from nau-

plius to postlarva, but in June and July,
when densities were similar, the high-
health tanks yielded better survivals
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Figure 1a. Comparison of size distribution at harvest for four ponds,

than TBS tanks. Finally, the appearance
of postlarvae was similar between the
two groups.

Additional comparisons between the
high-health and TBS nauplii and post-
larvae were conducted at two universi-

ties. Individual families of nauplii were
sent to the University of Houston Clear-
lake for comparison of resistance to
Baculovirus penaei  BP!. The experiment,
which was designed to compare differ-

ences between broodstock groups and
between families within broodstock
groups, entailed feeding BP-laden
Artemia to mysis larvae and monitoring
mortality. No differences in resistance
to BP were detected  Lester, pers.
comm.!.

Four groups of postlarvae from each
broodstock source were sent to Texas

A&M University for a replicated experi-
ment conducted in a controlled envi-
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Figure tb. Corrparison of size dl'stribution at harvest for four ponds.

ronment tank system  CastiHe et al.,
1992!. This comparison evaluated post-
larval performance for 30 and 60 days,
beginning with PL6. Survivals were
similar; however, high-health postlar-
vae posted significantly better growth
rates and also had a significantly
smaller size variation than the TBS

postlarvae,

The differences between high-health
and TBS animals were more evident in

growout. Initial sampling revealed a
uniform size distribution in high-
health ponds and a wide size variation
in the TBS ponds. These differences
increased as growout progressed  Fig.
1a, b!. The uniform size distribution of
the high-health animals allowed for
more accurate average weight and to-
tal biomass estimates and resulted in

more efficient feed management, as
revealed by the FCRs  Table 1!. Feed is
the largest operational cost in produc-
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ing shrimp � the lower the FCR, the
better the profit margin.

The more uniform size distribution was
also advantageous at harvest. Shrimp
buyers prefer a uniform product; runts
are regarded as liabiTities, The uniform
distribution of the high-health animals
benefited fresh or heads-on marketing
where grading is more labor intensive.
Batches that could be sold either as
whole shrimp at pondside, or as "bulk-
ungraded" at market, had lower han-
dling and processing costs,

The average survival rate of high-health
animals was better than that of the TBS
shrimp  Table 1!. Historically, our farm
site has experienced wide ranges in
pond survival rates, which are still
largely unexplained. The high-health
shrimp ponds also exhibited a wide
range of survival rates �5% to 72340!.
There is increasing evidence that the
low survival rates at our farm are due
to unknown factors related to the
growout ponds and are not the direct
result of postlarval quality. The higher
average survivals of the high-health
animals simply indicates that that they
have a greater capacity to tolerate these
unknown factors. In addition, the
growth rates of high-health shrimp
were slightly higher than the TBS ani-
mals.

The average growth rate in the SPF
ponds, .87 g/wk after 1 g, was lower
than anticipated. This may have been

due to underfeeding resulting from
higher-than-expected survivals.

In summary, with better survival, more
uniform size, easier management re-
sulting in lower FCRs and more mar-
keting options, the high-health animals
performed better than the TBS prog-
eny.
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Shrimp Culture Technologies Inc.: Research to
Improve Shrimp Genetics and Health

Rolhnd Lalamole

Shrimp Culture Technologies Inc.
Harbor Branch Oceanographic Institution

5600 Old Dixie Hwy., R. Pierce, Rorida 34964, U.SA.

Abstract

Introduction ~ Stability testing of a concentrated,
live, packaged algae for use in
hatcheries;Shrimp Culture Technologies Inc,  SCTI!

is a company newly formed by Shrimp
Culture Inc. to improve the genetics of
cultured shrimp through selective
breeding. Selection will be imposed
upon a pool of shrimp that has been
certified as specific pathogen-free  SPF!.

~ The use of probiotics to control
bacterial infections in larval cul-

ture tanks; and

~ Experiments toward the develop-
ment of polyploid shrimp.

Other areas of research are: Broodstock

i Efficacy testing and licensing of a
water-administered Vibrio vaccine

for larvae, and the testing of an
injectable vaccine for broodstock;

A selection program, under the direc-
tion of Dr. James Lester, University of
Houston, Clear Lake, Texas, was insti-
tuted at Agromarina de Panama in

This paper presents the results of three pastlarvae vaccine studies and a broodstock vaccination
study. Vaccines were administered to postlarvae and evaluated in nursery and growout ponds.
Survival in the nurseries and direct-stocked growout ponds improved by an average of 19% and
33%, respectively. Vaccinated animals that were harvested from the nursery ponds and placed
in growout did not have a higher survival rate than the control group; however, survival was
more than 80% in both the vaccinated pond and in the nonvaccinated control pond. The results
of the vaccination of broodstock were disappointing with respect to survival; however, improved
production in the first two months suggests that research should be continued. The results of
a survey for infectious hypodermal and hematopoietic necrosis virus  IHHNV! on six shrimp
farms in Honduras are also presented.
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Table 1, Penaeus vannamei vaccination studies.

tAverage of four replications.
Average of two replications, Difference tn survival is not significantly different, Increase in yield due to larger

size shrimp at harvest.
Studies conducted in the dry season under adverse growing conditions.
Conducted in the Ministry of Agricultural Development of Panama's research ponds.

published report, Dr. Bill MacGrath,
Shrimp Culture Inc.!.

There is little doubt in my mind that
within the next decade the larger, more
progressive shrimp farms will be stock-
ing ponds with postlarvae produced
from selected SPF broodstock.

Vaccine � Postlarvae

1988. Progeny from the selected ani-
mals produced an average increase in
weight of 7.4% at harvest, when com-
pared to the progeny of the nonselected
maturation animals. In addition, the
uniformity of size was enhanced. Un-
fortunately, poachers drained and har-
vested the pond containing the second
generation animals reserved for brood-
stock. The infectious hypodermal and
hematopoietic necrosis virus  IHIP/
status of the animals in this selection

program is unknown.

The Oceanic Institute, located in Hawaii,
reported improved growth rates and
uniformity of size in selected SPF ani-
mals  see Wyban, this volume!. Also,
postlarvae purchased from Laguna Ma-
dre's hatchery in Texas and shipped to
Honduras outproduced nonselected ani-
mals during the dry season of 1990  Un-

Efficacy testing of a killed Vibrio bac-
terin, grown on agar plates, was con-
ducted in Panama in 1989/90  Table 1!.
Survival increased in nursery pond
evaluations, conducted over a 36-day
period, from 64.8% to 77.4%  average
of four replications!. Yields increased
from 567 lbs/acre to 699 lbs/acre. Stock-

ing density was 600,000/acre.
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Growout evaluations were conducted

on four 10-acre ponds  two vaccinated
and two controls!, stocked with juve-
niles from the nursery trial, Survival
was excellent in both cases; 83% for the
vaccinated ponds, 85% for the controls.
However, the yields from the vacci-
nated ponds were higher than the con-
trol yields; 1021 lbs/acre vs. 869 lbs/acre.
The higher yields were due to a 17%
increase in the size of the harvested

shrimp.

The reason for the size difference is not

readily apparent. Some have suggested
the possibility of less stress from micro-
bial assault or, perhaps, nonspecific
protection against one or more viruses
 neither group was tested!. While the
difference was significant, there were
only two replications.

A third study was conducted in ponds
at the experimental station of the Min-
istry for Agricultural Development
 MIDA! in Aquadulce, Panama. The
ponds were direct stocked at

35,000/acre. Survival increased from
50.8% to 67.6%, and yields increased
from 372 lbslacre to 519 lbs/acre  aver-
age of four replications!, Harvest was
after 114 days.

Tests are currently underway in Ecua-
dor and Honduras evaluating a vaccine
produced from a broth culture using
three strains of Vibrio. Antigens pro-
duced in broth culture are less expen-
sive than those produced on solid
media.

Vaccine � Maturation

Two prototypes of an injectable Vibrio
vaccine emulsified in an oil-based adju-
vant were tested against unvaccinated
controls, Six tanks were tested for each

treatment in this three-month study.
Evaluation was for survival and nau-

pliar production. Only females were
vaccinated  see Table 2!. Survivals for
the "RED" vaccine, "BLUE" vaccine,
and "YAH'E" control groups were 68%,
72% and 84%, respectively  Fig. 1!.
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IHHNV Survey

Naupliar production per treatment
group was 27.2 million, 29.8 million
and 27.8 million, respectively. These
differences are not significant.

It was interesting to note that both
vaccines outproduced the nonvacci-
nated control the first month: Red, 7.1
mullion; Blue, 8.9 million; and the Con-
trol, 4.8 million. Production was essen-
tially the same the second month; 15.1
million, 14.8 million, and 16.2 million,
respectively, but dropped slightly be-
low the control the third month: 5.1

million, 6.1 million, and 6,8 million,
respectively; although, the difference,
again, was not significant  Fig. 2!.

If naupliar production is corrected for
survival, that is, number of females
remaining in the tanks after removing
mortalities, the vaccinated groups out-
produced the nonvaccinated group
slightly  Fig. 3!. The average produc-
tion of nauplii per female over the
three-month period was: Red, 679,000;
Blue, 725,000; and Control, 556,000.

Figure f. Number of vaccinated female brood-
stock surviving aNer one, @No end three months
in production,

Higher mortality in the treated groups
may have resulted from the trauma of
vaccination  no sham injection was
made on the controls!. It is also possible
that the greater number of females han-
dled during the first month could have
increased mortality in the more produc-
tive tanks. In any case, the early in-
creases in production dictate that
additional research be conducted.

At the request of the US/AID shrimp
program in Honduras, six Honduran
shrimp farms were surveyed for IHHN
virus. All farms tested positive for
IHHNV. The rate of infection ranged
from 20% to near 100%  Fig. 4!. The
shrimp selected for the survey were
juveniles weighing approximately 3 g.
A severity index  scores from one to
four based on the prevalence of Cow-
dry A inclusion bodies found in suscep-
tible tissue! was positively correlated
with the percentage of animals in-
fected.

Figure 2, Number of nauplii produced per treat-
ment at the end of the first, second, and third
months. "Slue" and "Red" indicate two different

vaccine formulations.
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This survey was conducted in the dry
season  April 92!. Pond harvest data
was not available at the time this report
was prepared. During the dry season,
growth rates are normally depressed,
declining rapidly after about 7 or S g,
and virtually stopping at 12 - 13 g.
Deformities were less than 5% in all the

ponds sampled. Attempts will be made
to obtain data on stunting and deform-
ities following harvest.

It is interesting to note that wild-caught
postlarvae were stocked into virgin
ponds  ponds not previously stocked!
on farm No. 12S. Yet, this farm had an
88% incidence rate and a severity score
of one, indicating that IHHNV came in
with the wild postlarvae.

An additional, more extensive survey,
was made on farm No. 132, testing
animals closer to harvest. A compari-
son was made between survival at har-

vest, severity of infection, and the
percentage of wild postlarvae in the
population. There was no correlation
between the percentage of wild ani-
mals in the population or severity of

Figure 3. Average number of nauplii produced
per female after adjusting for survi val.

infection, to survival. Pond 19 was free
of detectable IHHNV but had a lower

survival rate �9%! than pond 21 �8%!.
The latter had the highest severity score
of the six ponds studied, but was also
among the highest in survival  Fig. 5!.
No records were available on runt-de-

formity syndrome  RDS!.

In practice, I have been unable to cor-
relate RDS with E~l on extensive

and semi-intensive farms in Latin

America. I also believe there is evidence

that RDS is not the result of a single
agent or stress, at least in Latin Ameri-
can ponds. This is not to say that we
should not strive to produce SPF
broodstock. Common sense dictates

that virus-free animals are desirable.

However, very little is understood
about the mode of infection and sus-

ceptibility of P. varrnamei to IHI-IN'If.
One farmer asked, "If SPF postlarvae
were available, and I went to the ex-
pense of stocking them, what would
prevent wild stock from entering my

Figure 4. The percentage of IHHNV-positive ju-
venile shrimp and the r elative seventy ofinfection
based on the number of inclusions observed for
six farms i n Honduras,





Drugs and Chemotherapeutants for Shrimp
Diseases: Their Present Status in the

United States, with an Overview of

Research and Approval Processes

m~sA.~

Unifier.ity of Arizona
DepartnmC of Veterinary Scient

Tucson, Arizona 85721, U.SA

Diseases are playing an increasingly important role in the culture of shrimp. Controlling diseases
has been, and wiH continue to be, essential to the expansion of the industry. At present, only
one compound has been approved by either the Environmental Protection Agency  KPA! or the
Food and Drug Administration  FDA! for use in shrimp culture within the United States. This
paper summarizes the present status of drug research and the basic requirements for drug
approval in the United States.

Introduction substantially. Although data is lacking
to quantify this increase, a rise in the
volume of shrimp disease-related litera-
ture, along with more conferences,
workshops and higher diagnostician
caseloads are all indicators of the in-

creased importance of shrimp diseases.

As most researchers in the field of

shrimp pathology are quite aware, in-
ternational shrimp culture is in a strong
growth phase. The 1991 world produc-
tion of shrimp was approximately 2.4
million MT, with 28% coming from
aquaculture. By comparison, the total
world production in 1983 was approxi-
mately 1.8 miHion MI, but only 7% was
contributed by aquaculture  Rosen-
berry, 1991, 1992; Food and Agriculture
Organization, 1989!. Kith increased
production, the prevalence of infec-
tious and noninfectious diseases in cul-

tured shrimp has also increased

Many shrimp diseases fall into the po-
tentially treatable category, primarily
those with bacterial, protozoan and
fungal etiologies. Further discussion in
this paper will focus on treatable dis-
eases. The actual mechanics of drug
therapy will not be discussed here;
readers should refer to Bell �992! for
that information,



312 Bell

Drugs Approved in the
United States

In the United States, the process for
approving food animal drugs and
chemotherapeutants is extremely
complicated, time-consuming and ex-
pensive. Approval process details will
be discussed later; the process is so
complex that only five drugs/chemo-
therapeutants are approved for use in
aquaculture in general, only one of
which can be used in shrimp cul-
ture.

The one chemotherapeutant for
which the approval process has been
completed for shrimp use in the
United States is Aquatrine4  more
commonly referred to as Cutrine4-
Plus, Applied Biochemists Inc., Mil-
waukee, Wisconsin!. Aquatrine4, a
chelated copper sulfate compound, is
registered and approved by the U.S.
Environmental Protection Agency
 EPA! for use in fish and shrimp ponds,
tanks and raceways. It is registered for
use as an algaecide against common
algal species such as Chara, Spirogyra,
Ctadophora, Microcystis, Spirulina, En-
teromorpha, Oscittatoria and other algae.
Its label also permits use against the
filamentous bacteria Leiicothrix. Fish

or shrimp in water treated with Aqua-
trine4 can be harvested immediately
after treatment. Depending upon the
SpeCifiC CirCumStanCeS, Aquatrine4
can be applied at levels up to 1.0 ppm
for up to approximately 24 h. Aqua-
trine4 is nOntOxiC at the reCOm-

mended dose rates; therefore, shrimp

may be left in the water during treat-
ment and will coincidentally be cleared
of any att~ed algae or filamentous
bacteria. There is at least one generic
copy of Aquatrine4; however, its use in
shrimp ponds, tanks or raceways
within the United States would be con-

sidered illegal,

In May 1991, public notification was
officially made, via the Federal Register,
that the data package submitted for the
use of Formalin on shrimp had been
accepted by the U.S. Food and Drug
Administration  FDA!. Such notifica-
tion permits any commercial company
to submit a New Animal Drug Applica-
tion  NADA! for approved use of For-
malin in shrimp culture. It is our
understanding that Argent Chemical
Laboratories Inc.  Redman, Washing-
ton! submitted a NADA in January
1992; an FDA decision is expected
within six months from the submission

date. At least one other company may
be preparing a Formalin NADA pack-
age for the FDA.

Besides Aquatrine4 and Formalin, no
other compounds have formal FDA or
EPA approval for use on cultured
shrimp within the United States. There
are, however, several compounds pres-
ently considered by FDA as "low regu-
latory priority chemicals." This means
that FDA has reviewed all relevant lit-

erature and data on the use of these

compounds and has decided that their
use poses minimal risk if the following
conditions are met  Guest, 1992!:
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~ The compounds are used only for
indicated conditions;

~ The compounds are used only at
prescribed rates;

~ The compounds are used accord-
ing to good management pradices;

~ The compound is of appropriate
grade; and

~ There is not likely to be an adverse
effect on the environment,

Unfortunately, these compounds are
seldom effective in combating shrimp
diseases. This list indudes  Geyer, 1992!:

~ Sodium sulfite  improves hatcha-
bility of fish eggs � not used with
shrimp!;

~ Sodium chloride  osmoregulatory
aide and parasiticide � not used
with shrimp!;

~ Sodium bicarbonate  anesthetic in
fish � not used with shrimp!;

~ Acetic add  parasiticide � rarely
used in shrimp culture!; and

~ Carbon dioxide gas  fiish anes-
thetic � rarely used with shrimp!.

The FDA is reviewing a long list of
compounds that may eventually be
placed in this category. They have also
reserved the right to remove com-
pounds from this list as new informa-

tion becomes available indicating the
compound's lack of safety and effec-
tiveness  Geyer, 1992!,

Groups Involved In
Research and Approval

Process

The entire drug approval process has
traditionally been monetarily sup-
ported by the pharmaceutical firm
manufacturing the drug for which ap-
proval is being sought. Unfortunately,
even an investment in drug research to
assist a large industry  relative to
shrimp! like farm-raised catfish seldom
holds the potential for required profit
marglrls.

Therein lies our dilemma; an industry
in a significant growth phase and with
the genuine need for chemotherapeu-
tants, but still too small to provide
sufficient incentive for pharmaceutical
firms to invest in aquaculture drug re-
search. Fortunately, a few drug compa-
nies are either investing in aquaculture
drug research based on the perceived
potential of aquaculture in the United
States, or they are investing in drug
research in the United States with a

worldwide market in mind.

The majority of existing shrimp drug
work is being supported by public funds.
In particular, support is being provided
by the U.S. Department of Agriculture
 USDA! through two separate agen-
cies. The Regional Aquaculture Cen-
ters, and more specifically, the Center
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for Tropical and Subtropical Aquacul-
ture  CTSA!, has provided funding for
the past five years. CTSA normally
funds projects within Hawaii and the
Pacific Basin protectorates.

The USDA also supports minor animal
drug work  including aquaculture!
through the Interregional Project No. 4
 IR-4! program. The IR4, through its
four regional offices and via USDA
funds, helps groups other than phar-
maceutical firms obtain minor use ap-
provals for new animal drugs. h6nor
use is defined as that intended for use
on minor animal species  anything
other than the major species: cattle,
swine, chickens, turkeys, horses, dogs
and cats! or that intended for use on
minor diseases of major species.

There are several groups involved in
drug research for aquaculture species.
Only three groups are involved in for-
mal shrimp drug research in the United
States: the Gulf Coast Research Labo-
ratory  GCRL! in Mississippi, Texas
A8zM University's College of Veteri-
nary Medicine  TAlvfU!, and the Uni-
versity of Arizona's Department of
Veterinary Science  UA!.

The GCRL group has concentrated on
research not necessarily intended to
support applications for drug approval,
such as chronic toxicity studies and
preliminary drug screening. They have
also been involved in the initial screen-
ing of previously untested compounds.
Much of their work is most applicable
as supplemental data to NADAs.

The UA group, on the other hand, has
concentrated its efforts on research
aimed specifically at fulfilling NADA
requirements. FDA-required work con-
ducted by the UA group indudes: in
vita efficacy trials  minimum inhibitory
concentration, or MIC testing!, in vivo
safety trials, in vino efficacy trials, effi-
cacy field trials, medicated feed manu-
facturing stability trials, and human
safety trials  shrimp tissue residue tri-
als!. In addition, the UA group has
conducted studies that were prereq-
uisite to the FDA-required studies or
that would be considered supplemental
studies. The prerequisite and supple-
mental studies include: palatability,
pharmacokinetic and feed manufactur-
ing studies. The UA group played a
major role in the data package genera-
tion for both Aquatrine+ and Formalin.
The UA group involved in drug studies
comprises two aquaculture pathobiolo-
gists, one aquatic toxicologist, one mi-
crobiologist and several technicians and
graduate students.

The TAMU group has only recently
become involved in formal drug testing
studies. They have been assisting
and/or coordinating the UA efficacy
field trials for the past two years and
will be doing the same for at least the
next two years. They have also been
involved in protocol development for
field trials. The T/dufU group comprises
primarily a certified veterinary patholo-
gist  specializing in aquaculture spe-
cies!, several advanced degree
veterinarians and technicians.
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Present Drug Research to
Support Ultimate Approval

Several shrimp-use compounds are at
various stages of investigation. The ma-
jority of the research is aimed specifi-
cally at FDA or EPA approval for use in
shrimp culture. A few of the com-
pounds listed have been dropped from
further consideration. The list of prom-
ising compounds includes:

~ Oxytetracyciine;

~ Romet-30

~ Sarafine  sarafloxacin!;

~ BaytriP  enrofloxadn!;

~ Florfenicol;

~ Unnamed fluoroquinolones from
Parke-Davis; and

~ Treflan.  trifluralin!.

Oxytetracycline approval studies have
been underway for approximately 15
years. The original funding was pro-
vided the National Marine Fisheries

Service  Corliss et al., 1977; Corliss,
1979! and later by Pfizer  the manufac-
turer! and Marine Culture Enterprises
 a business partnership between the
Coca-Cola Co. and the F.H. Prince

Co.!. The initial funding and work con-
ducted by the UA ceased in approxi-
mately 1986. Work began again in
approximately 1988, with funding from
the CTSA; this work continues  Bell et

al., submitted; Mohney et al., In press;
Williams et al., In press!. This latter
period of work has fotmsed on efficacy
field trials and has been conducted by
TAMU and UA. PFizer officially spon-
sored the studies, but provided only
minimal support, Pfizer's support has
been primarily in the areas of medi-
cated feed assays, protocol review and
joint meetings with FDA. Future work
on efficacy field trials will also be par-
tially funded by another USDA-funded
agency, the U.S. Marine Shrimp Farm-
ing Program  operating under the Gulf
Coast Research Laboratory Consortium!.

The potentiated sulfonamide Romet-
30 has been the subject of required
FDA studies since approximately 1988.
CTSA began funding preliminary MIC
and larval toxicity studies in 1988
 Mohney et al., In press; Williams et al.,
In press! and continues to fund other
Romet-30' studies. Since approxi-
mately 1990, Hoffmann-LaRoche has
also provided financial support, specifi-
cally in the areas of larval toxicity,
juvenile pharmacokinetics, field bioavail-
ability and field feed manufacturing
studies. Hoffmann-LaRoche has indi-

cated an interest in continuing penaeid
shrimp studies in the areas of juve-
nile/adult palatability, toxicity and resi-
due, The work on Romet-30 has almost

exclusively been conducted by the UA,
A portion of upcoming work, clinical
efficacy trials, may be supported by the
Marine Shrimp Farming Program,
which will provide funds to TAMU.
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Sarafin4, generically referred to as
sarafloxacin, is a fluoroquinolone com-
pound. CTSA began funding prelimi-
nary MIC and larval toxicity studies in
1988  Mohney et al., In press; Williams
et al., In press! and continues to finance
other Sarafin4 studies. Since approxi-
mately 1990, Abbott Labs has also pro-
vided financial support, specifically in
the areas of larval and juvenile toxicity
trials, juvenile/adult palatability and ex-
ploratory residue studies. Abbott initi-
ated FDA Investigational New Animal
Drug Application  INADA! submission
for Sarafin4 and has agreed to fund
continuing penaeid shrimp studies in
the areas of infectivity model develop-
ment and testing. The work on Sarafin4
has been conducted solely by the UA.
Abbott Labs has expressed interest in
having the UA test a similar fluoroqui-
nolone in a like fashion.

Another fluoroquinolone compound,
Baytril4, generically referred to as en-
rofloxacin, was investigated preliminar-
ily by the UA with funding by CTSA
that was received in 1989-90. The work

completed to date included preliminary
MIC trials and in viv0 larval toxicity
trials  Mohney et al., In press; Williams
et al., In press!. The manufacturer of
the compound, Mobay  Shawnee Mis-
sion, Kansas!, was approached for spon-
sorship and possible monetary support
of future work; they declined any major
participation, but agreed to provide the
UA with research quantities of the
drug. The UA has approached the IRX
 Western Region! for possible sponsor-
ship and funding, and verbal approval

has been granted. The IRA  Eastern
Region! is presently sponsoring and
funding Baytril4 studies on trout.

Florfenicol  a cMoramphenicol analog
manufactured by Schering-Plough,
Kenilworth, New Jersey! was tested
preliminarily. All work on the com-
pound was conducted in 1988-89 by the
UA and funded by CTSA. Preliminary
tests induded in vitro MIC studies and

iri vivo larval toxicity studies. The re-
sults of these studies were presented to
Mobay in a request for sponsorship and
potential funding of future studies.
Schering-Plough declined to provide
sponsorship or funding for future
work. Further florfenicol work was

dropped from the list of CTSA-funded
work; however, IR-4 may be ap-
proached for financial support and
sponsorship. It is our understanding
that Schering-Plough has been concen-
trating their efforts on acquiring Japa-
nese approval for use of florfenicol in
yellowtail  Seriola qumquemdiafa! culture.

Several fluoroquinolones produced by
Parke-Davis  Ann Arbor, Michigan! were
tested by the UA. These compounds
are not commerciaHy available for any
animal use and, thus, were only iden-
tified by a code number. Both MIC and
larval toxicity studies were conducted
 Mohney et al., In press; Williams et al.,
In press! and two of the compounds
provided the highest estimated Mar-
gins of Safety of any drugs tested to
date. This work was funded by the
CTSA, but ceased early in 1991. Parke-
Davis has been approached for spon-
sorship and funding, but has declined
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in both regards. One of the compounds
has since been licensed to Upjohn, Inc.
 Kalamazoo, Michigan!; a similar re-
quest for sponsorship and assistance
has been presented to Upjohn and a
response is pending.

Treflan+ is a commercially available
product manufactured by Elanco  Indi-
anapolis, Indiana!. It is Elanco's formu-
lation of trifluralin that is traditionally
used in agriculture as a pre-emergent
herbicide. Over the years, it has been
found by the aquaculture industry to be
an effective and safe fungistatic /fungi-
cidal compound used against Ugeni-
dium caltinectes and Simlpidium sp. Both
of these organisms cause the ubiqui-
tous disease known as larval mycosis.
Elanco has been approached to sponsor
and fund research to verify empirical
findings, but has declined the offer.
CTSA has begun �992! to fund UA
research in this area and the IRA  West-
ern Region! has agreed to sponsor and
provide additional funds for the re-
search. A formal argument for the clas-
sification of trifluralin as a pesticide
 and, thus, under the jurisdiction of
EPA! as opposed to a drug  and, thus,
under the jurisdiction of FDA! has been
submitted to FDA. FDA has verbally
informed the UA and IR-4 that the use

of trifluralin in shrimp culture is, in
their opinion, consistent with that of a
pesticide and not a drug. Preliminary
work is now underway to seek EPA
approval for Treflan~ use in shrimp
culture.

As was noted earlier, total drug devel-
opment in the United States is ex-
tremely complex and expensive. The
costs can be substantiaIly reduced if
application processes and requisite test-
ing can be abbreviated. One of the
easiest means to achieve this is to seek

a "label extension" for a product al-
ready approved for other species, in
particular, other aquatic species. This
procedure aHows for the referencing, in
the application for shrimp use, of infor-
mation generated for the original species.
Such data would most often indude en-

vironmental and animal safety data. Be-
cause nearly all, if not all, new animal
drug development costs are either
dearly outside the limits of public fund-
ing and/or are unattractive to the phar-
maceutical firms, the UA group has
decided to pursue compounds for
which only a label extension is re-
quired. Unfortunately, the drugs in this
category may not be the safest and/or
most efficacious drugs available. How-
ever, several available approved drugs
of moderate efficacy/safety are of more
use to a farmer than no drugs, even if
they have excellent efficacy/safety.

Need For Approved
Therapeutants

The need for approved chemothera-
peutants in shrimp culture seems obvi-
ous. The prevalence of diseases and
concomitant mortalities appears to be
increasing exponentially relative to the
growth of the industry.
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Research Studies

The use of drugs and chemotherapeu-
tants within shrimp culture falls under
the jurisdiction of the local, state, pro-
vincial and/or federal government in
which it is being conducted. Unfortu-
nately, there is no uniform set of inter-
national codes governing the use of
such compounds. Some governments
cannot control their use, and this is
where shrimp culture has flourished.
In countries like the United States,
where shrimp culture is inherently
marginal due to basic environmental
and climatic constraints, strict proce-
dures for the approval of drugs has
hindered the growth of the shrimp
culture industry.

Within the United States, shrimp pro-
duced with only FDA-approved drugs
and chemicals are perceived by the
consumer to be of higher quality. Pro-
viding shrimp culturists with a useful
set of tools with which to combat dis-
eases will discourage the illegal use of
chemotherapeutants.

Approval Requirements

There are two requirements for FDA or
EPA approval for the use of drugs or
chemotherapeutants in aquaculture, sci-
enti6c research and administrative tasks.

The studies required by the FDA are
outlined below. These basic studies are
dictated by common sense � the use
of chemotherapeutants in any situation,

be it in aquaculture or with humims,
can be allowed only when there is
requisite information in four basic ar-
eas.

~ Efficacy. Does the compound
achieve the desired results?

~ Anhmnal Safety. Can the results be
attained without further jeopard-
izing the health of the patient,
whether it be a shrimp, a cow or
a human?

~ Human Safety. Does its use pose
potential dangers to humans
 other than the patient in the case
of human medicine� In the treat-
ment of food animals, will there be
unsafe drug residues in the edible
portion of the animal when a per-
son consumes the product? In any
situation, does the use of the com-
pound pose a danger to the person
administering it to the patient?

~ Environmental Safety. Does the
therapeutant harm the environ-
ment? In the case of aquaculture,
when a drug is administered to the
cultured species, does it eventu-
ally make its way into the environ-
ment at harmful levels?

For terrestrial animals, there are rela-
tively well-defined protocols for gener-
ating information in each of the four
areas noted above. Extrapolation from
terrestrial animals to shrimp has not
been simple, however. The following is
a brief summary review of such proce-
dures as they apply to shrimp.
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Efficacy or Effectiveness
One of the first steps in establishing the
effectiveness of a prospective com-
pound is to test it against potential
pathogens to demonstrate that they are
sensitive to the drug. This is accom-
plished by determining, via in vitro
testing, the Minimum Inhibitory Con-
centrations, or MICs, for the
drug/pathogen combinations.

To accomplish this, a "standardized
test battery" of shrimp disease-associ-
ated isolates was assembled  Mohney
et al., 1992!. The test battery comprises
18 gram-negative isolates representative
of the numerous geographic regions,
shrimp genera, bacterial genera and an-
tibiotic profiles. It also includes two
reference bacteria, Escherichia coti and
Pseudomonas aeuroginosa, from the
American Type-Culture Collection. In
our studies, we use the standardized
test battery to determine an MIC profile
for each prospective compound as the
first screening test. Acceptable MICs
are normally less than 2.0 ppm.

Assuming the drug is determined to be
safe  see Animal Safety Section below!,
the same drug must be established as
being effective at approximately the
same dose levels in in vino trials. These

latter trials entail the use of dose-titra-

tion studies where the disease is inten-

tionally induced  with the pathogen!,
followed by administration of the drug
at varying levels. If the drug is effective,
there should be a positive relationship
between the level of drug administered
and the level of disease reduction. These

latter procedures have yet to be devel-
oped for shrimp, primarily due to the
lock of truly obligate bsiWrial patho-
gens.

Safety When Used on Test Animal
The lowest dose toxic to the test animal

must be established. Toxicity is not just
the lowest level causing mortality;
rather, toxicity is the level that causes
death and any other deleterious effect
 e.g., lethargy, poor growth, aesthetic
considerations, etc.!. Mesc values are
normally established by means of one
or more of the following stand-
ardizedprocedures: Lethal Concentra-
tion  LC!, Lethal Dose  LV!, Effective
Concentration  EC! or Effective Dose
 ED!.

As one might expect, the toxicity test-
ing procedures established for cattle are
not directly applicable to shrimp.
Therefore, a standardized protocol for
the irutial testing of any prospective
drug against shrimp has been devel-
oped  Wilhams et al., 1992!. The proce-
dure calls for an initial 48-h EC trial to

be run on protozoea III - mysis I  Z3/Mz!
larvae. This trial is actually begun 24 h
before the protozoea stage metamor-
phoses into the mysis stage and contin-
ues for 24 h into the mysis stage.
Assuming these EC values are accept-
able  a Therapeutic Index greater than
4.0!, additional larval toxicity studies
are conducted. These include a 24-h EC

trial during the first 24 h of the nauplius
stage, followed by a 48-h KC trial for
the first 48 h of each of the remaining
larval stages  protozoea, mysis and post-
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larvae!. All larval toxicity trials are con-
ducted at a commercial shrimp hatch-
ery or a commercial-sized research
hatchery. A complete set of stand-
ardized test containers and supportive
equipment and supplies are brought to
the hatchery; the host hatchery need
only provide larvae, algae, electricity
and a work area of approximately 2 - 3
m.

A combination of the toxic level and the

efficacious level yields the Margin of
Safety  difference between values! or
Therapeutic Index  ratio between val-
ues!. This index is the relationship be-
tween the highest level of drug required
to inhibit the growth of the pathogen
and the lowest level toxic to the shrimp.
A five-fold Margin of Safety is generally
required before our group investigates
a prospective compound further.

Hulrian Safety
If it is assumed, from the previous tests,
that the drug is nontoxic to shrimp at
levels that are effective against the tar-
get pathogens, it must then be further
assumed that effective levels will be

achieved in the shrimp muscle. Of
greatest concern to the consumer is the
question, "How long are these effective
levels retained within the muscle of the

shrimp?" It is expected that no com-
pound considered for use in shrimp
culture would be retained within the

shrimp tissues indefinitely. The drug
should be degraded and excreted via
the shrimp's metabolism and the com-
pound's inherent half-life. Typically, a
culturist must halt treatments of a given

drug for a spedfied period af time
before marketing the product for hu-
man consumption. That period of time,
known as the "withdrawal period," is
the amount of time a given drug per-
sists in the edible flesh of treated

shrimp at detectable levels.

The studies used to establish the with-

drawal period are referred to as residue
or depletion studies. They are time-
consuming and expensive, requiring a
significant amount of detailed labora-
tory analyses. An extremely rigid set of
analytical guidelines, referred to as
Good Laboratory Practices  or GLP!
must be followed for the analytical data
to be acceptable. A laboratory must be
certified by the FDA as being able to
conduct GLP; hence, there are very few
GLP labs in the United States. Typi-
cally, the majority of these data are
generated by the pharmaceutical com-
pany making the compound.

In the past, our activities in this area
included feeding medicated feeds  up-
take! and holding shrimp after medica-
tion  depletion!. Samples of shrimp
collected during uptake and depletion
were typically frozen and shipped on dry
ice to the drug manufacturer for analy-
ses of drug levels in the edible portion.

The most important aspect of any prod-
uct is its inherent safety to the end user
or consumer. In response to the U,S,
consumer, the FDA appears to have
become more sensitive to the issues of

contamination in food products. The
recent formation of the FDA's Office of

Seafood, which is responsible for en-



val of Shri Chemothe eutante in the U.S,

suring the final purity of domestic and
imported products, is indicative of this
concern for consumer safety. Hence,
this aspect of the drug approval process
may be most important, and surely is
the most expensive step.

Environmental Safety
The FDA is primarily concerned with
reviewing information to support the
premise that the prospective drug does
not harm the environment. A data

package for an aquatic animal should
include information that demonstrates

rapid degradation within the cultured
animal, short half-life within the cul-
ture system, a low effluent volume, a
highly diluted effluent, a further dilu-
tion of the effluent once it enters natu-

ral water systems, etc.

Although, to our knowledge, the FDA
is only concerned with the prospective
drug harming the environment as a
direct toxicant, there are other factors
that should be of equal concern to
shrimp culturists. Probably highest on
this list is the direct or indirect effects

on the microbial flora inside and out-

side of the shrimp facility. The use of
antimicrobials, especially at suboptimal
levels, can unnaturaGy shift the bacte-
rial composition toward a resistant spe-
cies. Theoretically, each successive use
of the compound could increase the
proportion of drug-resistant microbes.
Such changes would be considered a
direct aquaculture-specific impact.

The environment can also be indirectly
affected, As the number of drug-resis-
tant microbes increases, the chances for
this characteristic to be transferred to

previously drug-sensitive bacteria  re-
lated or unrelated to the original! in-
creases. Drug resistance may be
transferred via genome or extraMro-
mosomal plasmid exchange. The effec-
tiveness of that particular drug can thus
be further reduced.

Administrative Procedures

Unfortunately, the scientific studies in-
volved in the new animal drug clear-
ance are not the only requirements.
Administrative tasks can be more diffi-

cult than the science. The following is
a brief summary of various types of
FDA applications and procedures that
need to be followed to acquire drug
approval in the United States.

Protocol Review

Prior to undertaking any experiments
required for ultimate drug approval,
FDA strongly recommends  but does
not require! that you submit protocols
for their review. Their rationale is that

it will be much easier for you to change
a protocol on paper than to repeat an
experiment because of inadequate or
inappropriate procedures. It is often
prudent for investigators to follow pro-
tocol review submissions with a visit to

FDA to discuss the protocols.

By law, the FDA must respond to
nearly every type of submission within
a set period of time; unfortunately,
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from the investigators point of view,
these time frames are quite liberal  up
to 180 days! and the response does not
have to be definitive. For example, 180
days after you have submitted an
INADA, FDA may respond by telling
you that a particular required. item was
not included with your application.
Again, frequent contacts with FDA fol-
lowing a submission, either by phone
or in person, may hasten the process.

Investigational New Animal Drug
Application 9NADA!
An approved INADA allows for the use
of an unapproved drug; however,
INADAs are intended to be used for a
specific purpose and with several re-
strictions:

~ Meaningful Data. Use of the pro-
spective drug under the authority
of an INADA will only be permit-
ted when such use will generate
data applicable to the submission
of a New Animal Drug Applica-
tion  NADA!. Therefore, the drug
can only be used under conditions
specified in the INADA protocols.
For the INADA to be approved,
these protocols must be reviewed
either prior to INADA submission
or during the INADA review,

~ Human Safety. Use of the com-
pound should present virtually no
hazard to consumers. Reasonable
information must be available to

indicate that rapid depletion of the
drug does or will occur in treated
animals.

~ Environmental Safety. The use of
the compound should cause mini-
rnum impact on the environment,
Information must be presented
that supports the rapid natural or
induced  artificial! degradation,
innocuous nature and/or minimal

effluent of the prospective drug.

~ Investigators. INADAs may be sub-
mitted by any quaiified researcher
or entity; however, FDA is now
encouraging producer groups,
state agencies, universities, re-
gional aquaculture centers and
other such organizations to submit
the INADA instead of every indi-
vidual desiring to use the drug.
Such entities can supervise the use
of the drug and aGow only those
individuals agreeing to follow pro-
tocol to use the compound, thus
mmimizing the chances of gener-
ating meaningful data.

New Animal Drug Application
 NADA!
NADAs provide for the submission of
required data in support of a request to
gain the approval of a new drug for use
with animals. As noted before, the
submission, excluding the actual cost
of scientific investigations, can be ex-
tremely high and time-consuming.
Typically, NADAs are submitted by
the pharmaceutical firm manufactur-
ing the drug; often a specialized divi-
sion within the firm handles this task.
As noted previously, the NADA must
contain supportive data in four spe-
cific areas:
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cultured and wild stocks due to acci-
dental introduction of nonindigenous
patho gens.

Precautions During the Initial
Phases of an Introduction

Precautions for introducing non-native
species should begin long before any
actual movement of animals, The spe-
cies proposed for introduction should
be subjected to a detailed risk assess-
ment based on these areas of concern:

~ A review of genetic information
about the species, especially from
viewpoints of selective forces in
the new environment and poten-
tial hybridization with native
stocks if escapes occur.

~ A review of ecological charac-
teristics of the species especially
from viewpoints of competi-
tion/predation or colonization po-
tential in recipient waters if
escapes occur.

~ An examination made of disease
problems in natural populations of
the species proposed for importa-
tion, and the history of disease
outbreaks or unexplained mortali-
ties encountered during any pre-
vious culture attempts should be
reviewed.

~ Examinations for the presence and
effects of pathogens of shrimp,
which concentrates on viruses-
but not to the exdusion of other

pathogen groups, If viral patho-

gens are found in natural popula-
tions, pathogen-free stocks will be
sought for introduction. Addition-
aHy, the potential infectivity of
each pathogen to other shrimp
species should be determined
dearly, as should carrier state re-
lationships and possible viral syn-
ergisms. The search for viral
pathogens should indude carrier
state bioassays and stress en-
hancement tests  Lightner et al.,
1985!.

If a decision based on adequate scien-
tific information is made to introduce a
non-native species of shrimp, then an
adequate facjTiity must exist in the re-
cipient country � a fail-safe quarantine
system immune to accidents that could
lead to escapes, into which the im-
ported animals can be received and
maintained throughout one entire life
cyde and preferably longer. 'IMs, ide-
ally, should be a facility created ex-
pressly for the purpose of quarantine,
and not merely a converted commercial
hatchery, or  even worse! a collection
of assorted tanks in the basement or on

the grounds of a university marine
laboratory.

Precautions During Culture
of Non-native Shrimp

Once the quarantine period has been
completed and close continuous exami-
nation of at least one entire life cyde
has not disclosed the presence of
pathogens, the F> generation of the
introduced species can become a possi-
ble base for aquaculture production in
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the recipient country. Seven additional
precautions apply to shrimp culture
generally, but to the introduced species
in particular:

~ If feasible, the facility rearing the
introduced species should be spa-
tially isolated from facilities rear-
ing other species, preferably for
several generations of the
stocked species, and any un-
usual mortalities should be ex-

amined carefully.

~ If other species are being produced
in the same facility, they should be
kept completely isolated from the
introduced species, which may be
susceptible to pathogens carried
by but not lethal to the other spe-
cies. This isolation means no

exchange of species, staff, equip-
ment or water.

Figure 1. Some gross indications of stress in shrimp.

~ A routine disease monitoring pro-
gram should be developed, based
principally on gross observations,
histopathology, stress enhance-
ment tests and carrier bioassays.
This activity should be augmented
by a stress monitoring program
based on the kinds of gross signs
shown in Figure 1. A competent
virologist should be available on
retainer, to confront perceived
emergencies,

~ Introducing a non-native species
must be considered as a single
circumscribed event, designed to
create a broodstock population.
Successful completion of the pro-
posed steps does not imply that
subsequent importations of that
species can be made without con-
trols or restrictions, particularly in-
sofar as disease risks are
concerned.
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~ Batches of shrimp of unknown
origin or uncertain disease history
should never, at any life stage, be
brought into the culture facility.

A Proposed Code of
Practice for introdUcing

Non-rlative Shrimp

~ Detailed records shouM be main-

tained on the source, performance
and disposition of every batch of
shrimp that enters or is hatched in
the culture facility.

PROPOSED STEPS TO REDUCE DANGERS OF DISEASE
IN THE INTRODUCTION OF NON-INDIGENOUS SPECIES

INTRO
LOTS
WATE
DI SEA

CLOSED
IN RECIPIENT

INTAIN AND
UDY CLOSED
STEM POPULATION

OD STOCK
YSTEM

Figure 2. An iIIustration of some major features of the ICES Code of Practice Concerning Introductions
of Non-indigerous Species  from Sindennann, 1986!.

~ Every effort should be made to
achieve and maintain specific
pathogen-free status for the cul-
ture operation. A classification
system for shrimp hatcheries
should be developed that is com-
parable to the one used to classify
and certify salmonid hatcheries in
the United States.

How does all this come together' It
does so in a code of uniform practices
for introduced spedes, modified and
expanded for shrimp from the ICES
 International Council for the Explora-
tion of the Sea! Code of Practice
Regarding Introductions of Non-in-
digenous Marine Organisms  I'ig. 2!. I
offer this adaptation for your examina-
tion and comments. I know that some

will say  as others have already said!
that the code is too extreme or too

idealistic � that producers can't live with
it. Such a code may mean the difference
between viability and failure of shrimp
culture enterprises and, if ignored, it
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may also result in actions that can affect
productivity of native wild stocks.

Several clarifications need to be stated

early:

~ The proposed code applies to intro-
ductions planned for either inten-
sive, semi-intensive, or extensive
culture, since experience has shown
that escapes from any coastal cul-
ture facility are inevitable,

~ Some of the guidelines may seem
overly restrictive, but introducing
a new species is a pre-emptive and
often irreversible ecological step;
therefore, the decision-making
process governing introductions is
critical. Some details of the pro-
posed code follow.

Recommended procedure for all spe-
cies of shrimp before reaching a deci-
sion regarding new introductions.

 a! Individuals, companies, govern-
mental entities and research

groups contemplating any new
introduction should assemble

and present to appropriate state
and federal agencies, at an early
planning stage, information on
the species, stage in the life
cycle to be introduced, area of
origin, proposed place of intro-
duction, and objectives of the
introduction, with detailed in-
formation on its environmental

requirements, epifauna, dis-
eases, associated organisms and

potential competition with
species in the recipient envi-
ronment.

 b! Appropriate governmental
authorities, state and federal
 including fishery management
agencies!, should examine the
information on the "candidate

for admission" to assess: the

rationale and justification for
the introduction, its relation-
ship with other members of the
ecosystem, and the role played
by parasites and diseases. In-
adequate information should be
grounds for rejection of the ap-
plication.

 c! The probable effects  genetic,
disease and ecological! of the
introduced species in the new
area should be assessed care-

fully, including examination of
the effects of any previous in-
troductions of this or similar

species in other areas.

 d! The appropriate governmental
entities should consider all data

and the possible outcome of the
introduction, and reach a deci-

sion to approve or disapprove
the proposed introduction.

 a! A broodstock population
should be established in an ap-
proved fail-safe quarantine fa-
cility. The progeny of the

If the introduction is approved, the
following actions should be taken:
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introduced species may be
transplanted to the natural en-
vironment if no diseases or

parasites become evident during
the quarantine period, but not
the original import. '&e quar-
antine period wiH provide op-
portunity for observation for
diseases and parasites. Duration
of the quarantine period should
be at least one complete life cyde,
regardless of the stage at which
the shrimp were introduced.

Any unusual mortalities at any
life cycle stage in native stocks of
the country of origin or in quar-
antine, or low average hatchery
survival rates � - 10%!, should
be considered as possibly in-
duced by hitherto unidentified
viral infections, and moribund
specimens should be examined
closely for occlusion bodies or
ultramicroscopic viral arrays.

Diagnostic procedures for sus-
pected viral diseases should be
extended to include carrier

state bioassays with susceptible
species and stress enhancement
 overcrowding! tests  Lightner
et al., 1985!.

 c!

If evidence of disease is ob-

tained during the quarantine

 d! All effluents from quarantine
facilities must be sterilized in an

approved manner, which meara
killing all living organisms in
the effluents.

period, the introduced animals
and their offspring should be
immediately destroyed, the fa-
cility sterilized, and the approval
for introduction withdrawn.

 f! Every effort should be made, in
the United States and elsewhere,
to develop and use certified
specific pathogen-free brood-
stocks and certified hatcheries,
modeled on the highly success-
ful Conwy  Wales! program for
molluscan shellfish.

After an introduction has been effected,
a continuing study should be made of
the introduced species in its new envi-
ronment, and progress reports should
be submitted to the authorizing govern-
mental agencies annually.

Discussion and Conclusions

A code of uniform practices such as this
one is a necessary first step, but it must
be followed quickly by protocol devel-
opment � by detailed procedural in-
strudions. We need detailed protocols
for everything related to new introduc-
tions � inspection, certification and
quarantine. Additionally, we need to
develop protocols for repeated intro-
ductions of species that have become
part of established commercial practice
� a reduced program of continuous
disease monitoring and inspection. We
also need to develop protocols for spe-
cies that have been introduced pre-
viously and then reintroduced after
passing through culture facilities in a
third country � where new pathogens
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may have been acquired. These and
other protocols give the necessary form
and substance to any proposed pro-
gram to reduce risks from introduced
diseases.

A code of uniform practices and the
development of detailed protocols are
not enough, however. We need a regu-
latory framework to ensure compliance
with the codes and protocols~nd this
is not easy, since the last thing that any
aquaculturist wants is more regulations.

All of this activity takes place on a
national level, but to be reaDy effective,
such a code must achieve international

acceptance, since shrimp culture is truly
global, with a pathogen transfer net-
work that ahnost defies description  al-
though Lightner has made an excellent
attempt in his recent [1990] paper!. The
best vehicle to faciTitate communication

is not dear either, although it could be
proposed as an early initiative of the
newly formed North Pacific Marine Sci-
ence Organization  a Pacific counterpart
of the Atlantic-oriented ICES!  Ste-
wart, 1991!, Alternatively, FAO,
through its various regional fisheries
commissions, could form a nucleus for
the network that would be required � as
could the OIE  International Office of
Epizootics! through its four regional
groups.

This final step of international accep-
tance is a difficult one. In the North

Atlantic, where the celebrated ICES
Code has existed for almost 20 years,
some movement toward acceptance of
the Code has been seen in many mem-

ber countries. I know of no comparable
activity in the Pacific, except for a work-
shop on exotic aquatic organisms held
in Australia in 1988.

There is some reason for optimism,
however. Even in the absence of a

strong legal structure to control intro-
ductions, the risks from exotic patho-
gens can still be reduced significantly
by the ready availability and utilization
of specific pathogen-free  SPF! stocks.
The desirability and utility of SPF seed
sources seem dear, and we have sev-
eral examples  salmonid culture in the
United States and bivalve mollusc cul-

ture in Britain! of the effectiveness of
the approach. Every effort should be
made to develop and use SPF technol-
ogy, induding provision of certified
broodstock as well as postlarvae. Pana-
ceas are rare, however, and SPF stocks
are not always as advertised. Probably
the best recent example of this melan-
choly conclusion is the spread of cray-
fish plague in Britain since 1981,
principally because of shipments of an
infected introduced crayfish species from
a supposedly "disease-free" hatchery
 Thompson, 1990!. The shipments were
carrying the plague fungus, Aphunomy-
ces astaci.

In addition to possible deficiencies in
SPF technology, other disease prob-
lems may develop from unknown or
unrecognized pathogens in the imported
populations � pathogens that have not
been described in the technical litera-

ture, but that may have the potential for
outbreaks in stressed populations or in
susceptible native species of the recipi-
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ent country. An excellent recent exam-
ple is the introduction and dissemina-
tion of the protozoan pathogen,
Perkirisus karlssoni, together with its
host, the bay scallop, Argopecten irradi-
rirts, in waters off eastern Canada�
after three generations in quarantine,
during which time the pathogen was not
recognized, except as an "idiopathic
granuloma"  McGladdery et al., 1991!.
So the risks from unknown pathogens
are never zero � and this may be espe-
cially true for shrimp, in which new
disease agents are being discovered
with distressing frequency.

In conclusion, it is obvious from the
present status and stature of disease
problems in shrimp culture that precau-
tions must be taken to reduce the spread
of pathogens. Regulatory measures con-
stitute one approach to risk reduction,
but development and use of SPF stocks
offer a complementary approach. In my
opinion, to make a significant impact
on disease risks from introductions of

shrimp, we need a combination of read-
ily available SPF stocks and acceptance
of national and international uniform

codes of practice when we move those
stocks, or any non-native stocks.

The forces encouraging the chaos of
indiscriminate introductions can be over-

come, and a rational conservative sys-
tem can be assembled to ensure that

shrimp introductions will be made ac-
cording to agreed-upon uniform proto-
cols, preferably from certified SPF
sources. With such a system in place,
risks from introduced pathogens can
eventually be reduced to manageable
levels.
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Issues Related to Regulation of Penaeid Shrimp
Diseases in Texas, U.S.A.

Sterling K. Johnsy
Extension Fish Dime Specialist

DepartmiW of WiklNe and Fisheries fences
Texas A 8 M Urger.ity, College Station, Texas 77843, U.S.A.

Regulation of exotic shellfish has been stated in Texas regulatory code for almost two decades.
Requirements and implementation of the regulation was rather orthodox, Those involved in
shrimp aquaculture and other interests, however, had to address perceptions and issues arising
from the influence of a number of factors. An abbreviated analysis of influences and impacts is
offered, as well as suggestions for those who must address the general issue of disease regulation
for penaeid shrimps.

Introduction of government. Regulation, therefore,
comes from either national, state or
local government,Regulation by government has become

more prevalent in the world and espe-
cially in the United States. Texas has
had a part in this and to some degree
provides an example of how people
have approached regulations related to
penaeid shrimp diseases,

Because this is a discussion of regula-
tion, it will be helpful to briefly explain
the form of government that is present
in the United States. The United States

is a federal union composed of na-
tional, state, and local governments. Its
constitution specifies the authoritative
power that each segment of govern-
ment possesses. The people control
that authority through their elected
representatives in the different places

Protection for the common good has
always been a function of government.
The continual problems are: who de-
fines and determines the common

good? How will protection be
achieved? As governments enlarge and
societies become more complex,
authority to formulate and enforce
regulation is normally delegated to
more remote places in bureaucracy. As
regulators approach a "setting in
stone" of regulation, they often find
that the political process is not inclusive
of enough suitable viewpoints. They
must make extra effort to obtain peo-
ple's input in order to avoid unbal-
anced results.
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Issues are what people believe to be
important at a particular time. The im-
portance of a particular issue varies as
time takes its course and according to
a variety of influences. Shrimp disease
regulation could be described as a sin-
gle issue from the perspective of valid-
ity or current response. I have chosen
instead to accept the issue's existence
as fact and consider the issues that
relate to its present state of develop-
ment in the state of Texas. The view-

point is that of an extension specialist
whose role is education and service in

the area of aquatic animal health. That
role includes no exercise of regulatory
authority.

This paper will give a brief background
on important aspects of development
and status of shrimp disease regulation
in Texas, speak to the key influences
and impacts, and mention some gen-
eral and particular helps. In regard to
the particular helps, they are addressed
primarily to the principal component of
this conference's participants � the
research scientist.

Development and Status

Shrimp Aquaculture in Texas

Interest in marine aquaculture in-
creased in Texas in the early 1970s. By
the 1980s, several marine facilities were
established. The emphasis on shrimp
aquaculture in Texas was partly due to
the existing and well-developed shrimp
fishery, with its established processing
and marketing channels. During the

developmental phase, a number of na-
tive and exotic  nonindigenous! species
were cultured. Of the species used, one
emerged as the commercial species of
choice: Penaeus vannamei.

In 1991, Texans cultured shrimp inten-
sively in more than 350 ha of ponds
distributed among less than ten farms,
These were clustered mid-way up the
coast near Palacios, Texas and in the
southern-most county of the state near
BrownsvNe, There were two small in-

land efforts. Two hatcheries existed,
with a production capacity of 60 to 80
million postlarvae per month. The esti-
mate for imported seed last year was
40% of total stock. One or two more

hatcheries are planned for 1992-93.

Regulatory Authority

For regulations to exist, there must be
some seat of authority. Regulations that
relate directly to shrimp disease in
Texas are found within the statutes of

the natural resource agency, the Texas
Parks and Wildlife Department
 TPWD!. They relate to the use of non-
indigenous species  now called harmful
or potentially harmful species!. The
Texas Department of Agriculture and a
commission on animal health do not
presently regulate shrimp disease. The
former does issue a fish farming li-
cense, which is necessary for general
operation.

On a federal or national level, regula-
tion is still rather indirect. The U.S. Fish
and Wildlife Service  USFWS!. a re-
source agency of the Department of the
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Interior could, in certain instances, as-
sure compliance to state regulations
based on a legislated act  Lacey Act!.
That agency also requires an import
license for wildlife, including shrimp
introduction. A simple health certificate
or statement of health for port-of-entry
check is a requirement of the U.S.
Department of Agriculture.

Environmental Concerns

Disease is only one of several environ-
mental concerns. This is important for
disease specialists to recognize because
regulation of disease, especially if intro-
ductions are at issue, is often inter-
woven with regulation of other
concerns. The development and status
of other concerns influence the exist-

ence of disease regulation. Regulation
in Texas reflects more the concern for

the natural environment than for

aquaculture.

Regulation Relating to the Control
of Shrimp Disease

Regulation of exotic shellfish imports
was added to the Texas Regulatory
Code in 1973. The licensed producer
was to fulfiG certain requirements in
accordance with the permit issued.
Later, when it was recognized that ex-
amination of nauplii for viruses was not
practical, new rules were adopted.

The crawfish industry convinced the
resource agency to exdude crawfish
from this regulation. They did this by
showing the need to import animals on
a regular basis from neighboring states

and noting that the movements would
occur within the natural range of the
species. Subsequently, introductions
and distributions of Australian crawfish

without disease inspections have been
a common occurrence.

Shrimp farmers took the opportunity
early in the development of regulation
to influence how regulations were to be
implemented. The decision for imple-
mentation was to examine subsamples
af each batch of imported stock for
diseases. The examination was to fol-

low a set of general guidelines and the
inspector would be someone approved
by the agency.

Current rules indude the stipulations
that imported nauplii must be quaran-
tined and examined monthly as they
reach postlarval sizes, and that hatch-
eries from which the nauplii come must
be certified as free of disease. Regular
shipments of postlarvae and lar'ger ani-
mals are inspected on a shipment-by-
shipment basis and held in quarantine
until they are declared dean by the
regulatory agency.

The focus of the regulation relating to
introduction of exotic shrimps and their
diseases is the protection of the natural
resource, in particular, the shrimp fish-
ery, which is valued at $500 million.
The regulations emphasize prevention
of escape of exotic species and inspec-
tion of exotics for disease.

Key items of regulation intended to
control escapes are: an acceptable de-
sign capable of stopping effluent, a
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Impacts

screen barrier between stocks and dis-

charge capable of containing any life
stage, dikes around farms within a 100
year Hood plain, and adequate security
to prevent removal by people.

What are some important influences to
the development of shrimp disease
regulation in Texas? I will discuss first
the nature of the influence and then its

impact.

Societal, Agricultural and Fisheries
Development

Will development of shrimp culture
regulations proceed too fast? Will un-
necessary regulations emerge under
pressure from strange places, as regu-
lators say, "better safe than sorry." Or,
because of stalemates, will there be too
little too late? The general state and
pace of development of our society,
agriculture, and fisheries, impacts
everything, induding regulation,

Impact: It is difficult to obtain a dear
reading on regulatory expectations
when change is rapid and structures
are slow to develop, Regulatory con-
cepts and stipulations may be in writ-
ing but implementation is vague.

Early disease regulations for exotics in
Texas were drafted primarily with the
intent to control oyster diseases and to
have a mechanism  i.e., permit! to keep
track of where animals were coming
and going  Terry Leary, GCSMC, per-
sonal communication!. Shrimp were

induded, but expectations were stated
on the permit and on a case-by-case
basis. Expected beneficiaries and haz-
ards were not dearly defined,

Governmental Mandates

The basic mission of an agency is re-
flected in the regulation it directs. For
example, agriculture agencies tend to
support regulatory disease programs
that would enhance or safeguard the
production and marketing of an agri-
cultural commodity. Natural resource
agencies focus more on protection or
conservation of natural systems.

Most government agencies that control
aquaculture were not instituted to serve
aquaculture. Yet, government agencies
will, under pressure from without and
within, tend toward an expansion of
their roles to include things such as
aquaculture if financial resources are
available and when efforts can be justi-
fied. When conflicts arise, however,
they generaHy retreat to the mandates
that originally established their role and
the will of the clientele they were origi-
nally intended to serve. This is no small
problem for aquaculture.

A call for action often follows a per-
ceived need for regulation or a concern
about how to implement existing regu-
lation. But an agency's effort toward
aquaculture  including regulatory!
often suffers in terms of its priority and
the conviction and darity of delivery.
This is because societal leadership relies
on agencies or agency groups whose
fundamental mandates make them
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more or less inappropriate for particu-
lar regulatory applications.

This is one of the reasons that private
production interests and their repre-
sentatives do not give hearty support
to government initiatives concerning
regulation, even when they are told
that they will be beneficiaries. Private
production interests tend to favor a
suppression of regulation by govern-
ment. In the United States, there are
fewer regulations in states with large
aquaculture industries. Consumer and
environmental groups, in contrast,
tend to favor adoption of regulation.

Impact: There is essentially no regula-
tion of disease in Texas by the national
government. This is not to imply that
there needs to be. National government
does little to reinforce state regulatory
laws concerning aquatic animal dis-
ease. The U.S. Fish and Wildlife Serv-

ice is active in control of movements of

endangered species, but shrimps are
not considered endangered. National
guidelines and policies are undevel-
oped in regard to aquatic animal intro-
ductions. Only recently has legislative
mandate developed to deal with harm-
ful nonindigenous species. The legisla-
tion is so targeted toward a single
species that its regulatory mandate may
be too weak to form the basis for devel-

opment of meaningful regulation from
the national level,

The state government of Texas has fo-
cused on regulation of aquatic animal
disease through its natural resource
agency  TPWD!. Due to an emerging

environmental awareness, an environ-
mentally conscious Texan perceives the
introduction by release of nonindi-
genous animals or their diseases as very
detrimental. Concern is also expressed
by those who are dependent on exploi-
tation of natural shrimp stocks. The
agency's mandate is to protect the natu-
ral resource, so the focus is on protec-
tion against organisms perceived as
biological pollutants.

Research

The desire for reliable information in an

expanding industry is great. Knowl-
edge of disease is popular. Mystique is
often king in shrimp culture where
biologists vie for attention and disease
is a subject by which sweeping state-
ments have the ability to gain attention.
Disease also is often an easy answer for
failure � and failure is common in the

rush to adapt new and unproven tech-
nologies.

Research brings us information based
on accepted scientific methods. Accu-
rately documented and presented, it
will hopefully pass the scrutiny of
peers. Scientific information is sup-
posed to eclipse expert opinion as "the
best information available" and be a

notch above "rumor has it."

Impact: Research has had a consider-
able impact on the regulatory level of
decision making in Texas and other
places. During the past few years, gov-
ernment agency personnel wanted to
know whether or not the time was right
to take prudent action by regulatory
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control. They also wanted to know
which endpoints to establish for dis-
eases considered to have significant
harmful effect. For certain viral diseases

of shrimp, research had stated that
danger existed and caution was
needed. Warnings had been made by
respected scientists, at least from the
theoretical and predictive point of
view. Texas regulation of shrimp dis-
ease, at last reading, does show an
indusion of what research has said on
the matter. It has an implementation
design that is workable for aquacultur-
ists even though the regulations are
based primarily on protection of natural
resources.

Perception

Perception = how things are seen or
understood; reality = how they really
are. Science as a method helps us to
gain a better grasp of reality. And peo-
ple who do science have their own
perception. And, obviously, much of
what I am saying is my own perception.

Regulation is based on the gifts  good
and bad! of research, but only to a
degree. Environmental problems in our
society gain response more on the basis
of public perception than scientific re-
ality. In the area of shrimp disease, the
perception of the public, managers and
regulators of what scientific data says
may be somewhat different from what
it said. Yet it is that perception that has
had more force in bringing issues to the
regulatory table. Once there, defenders
of reality usually have a chance to fend
for themselves.

Impact: I have no opinion polls that can
document the history of the influence
of perception on Texas regulation. I
have by experience, however, seen its
importance time and again and have
spent a considerable amount of time
relating research results to decision-
makers to help them do their best.

Political Process

People and groups have particular
views concerning what is important for
the common good. If they are active
and yet open to compromise, their ef-
forts will serve the progress of all.

Impact: Several groups have engaged
in the political process of formulating
Texas disease regulations and the way
they are implemented. The Texas
Aquaculture Association has been the
primary advocate group for aquacul-
ture. The Texas Shrimp Association
 shrimp fishermen, or "shrimpers"!
has been the primary group advocating
protection of the fishery resource. En-
vironmental and conservation groups
have had some influence, usually in
support of the shrimpers' positions.
Those opposed to the use of nonindi-
genous species have not failed to wave
the banner of virus danger before a
public already sensitized by media to
the perception of harmful effects of
human viruses.

The shrimpers have had an important
influence on bringing regulation to the
table because they represent the largest
fishery, with a value many times that
of shrimp aquaculture. Authority has
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been rather considerate to aquaculture
in Texas in this regard. It has respected
and involved the aquaculture position
even when aquaculture was compara-
tively weak in force and organization.
Several state agencies made efforts to
be responsive even when those agen-
cies had limited staffing and resources
devoted to aquaculture. TPhi%3 facili-
tated common forums for shrimpers
and aquaculturists and met with
aquaculturists on multiple occasions for
input.

Producer Actions

In respect to regulation, shrimp grow-
ers are expected to comply and make
attempts to provide a good example.
They are not expected to engage in
illegal actions or to otherwise greatly
offend the perception of what the pub-
lic considers acceptable. If they do what
is noncompliant or offensive, it can
result from malice, accident, ignorance
or somewhere in between.

Impact: On the whole, Texas aquacul-
turists have presented a good example.
Most of what is good and workable in
our regulations are a result of sensible
and accurate inputs from this group,
whose membership is highly regarded
by public officials. Mistakes, however,
have fueled the need for tighter con-
trols, especially in regards to escape-
ment. Escapes of small proportion are
anticipated in time, but toward the end
of the 1991 growing season, several
hundred pounds of juvenile shrimp
were released into natural waters in

South Texas. Public awareness was

roused throughout the state and new
and more restrictive regulations were
printed, as adopted in the Texas Regis-
ter in March 1992. Environmental activ-

ists have targeted the responsible farms
and are searching for some way to find
fault in comphance so that someone can
be brought to justice. Cameron County
has filed charges against a number of
people, partnerships and corporations
with production units at the release
site.

Helps

Regulation is praiseworthy in many
respects, but it is greatly weakened if
from the view of the complier or others
it is vague, politically motivated, inef-
fective, or unpredictable. Time, effort
and expense of producers and others
are often wasted at adversarial forums

where the focus is merely a defense of
self interest. It would be much better

for all if the mind-set and environment

were conducive to conflict resolution..

Much anxiety could be avoided on the
subject of regulation if the need for
good endpoints is seen and efforts
structured so that endpoints could be
properly established.

Endpoints

Endpoints are the descriptors used to
determine the fulfillment of objectives.
They are expressed by measures in the
form of criteria  fixed standards! or
guidelines  broad performance stand-
ards!, Guidelines are more appropriate
measures for shrimp disease regulation
because they better reflect the reality of
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industry, the dynamics of biology and
the use of professional judgmen.t. They
have a flexibility that is concurrent with
changing but definable circumstances,
There has been a tendency in shrimp
disease regulatory efforts to focus on
the criterion of presence or absence of
a virus agent. This is because avoidance
is a favored management strategy for
aquatic animal viruses, and because
unique biological characteristics favor a
technological approach based on host
specificity.

Regulation is shaky and unclear to a
great extent because of the lack of ac-
ceptable endpoints. Good and better
endpoints are needed if shrimp disease
is to be regulated. Also needed is agree-
ment on the commonly derived objec-
tives that state what people want. They
form the basis for endpoint selection.
Common objectives are reached by
communication, political process, con-
sideration of valid information, scien-
tific input, and other means. Time and
effort must be devoted to derivation of

common objectives so that good end-
points can be selected.

Regulatory endpoints should be effects-
based because if there is no effect, there
is no problem. In practice, however, we
often have regulations before we have
data that determines harmful effects.

Prediction is very important to the proc-
ess of endpoint selection, but predic-
tion is dangerous if accepted wholly
and without question. This generally
happens when science becomes regula-
tion. Supporters of shrimp aquacul-
ture, in. my view, have spent much time

 and money! considering well-founded
but predictive approaches. The consid-
eration of the distinctive realities of the

diverse problems are ignored in most
cases. It is worthwhile again to note
that both scientific and unscientific fac-

tors influence the selection of end-

points and objectives.

Common Sense

In a technological society, the use of
common sense is often bypassed. Dis-
ease regulation should recognize the
often vast differences in species biol-
ogy, regional settings, and types of
culture systems. It should recognize the
true complexity of problems associated
with disease and that natural systems
have, at any point in time, a unique
dynamism.

A recognition of actions of scale is also
helpful when considerations are given
to protecting systems of nature or
aquaculture. Can, for example, a small
producer respond to requirements that
present unbearable economic hard-
ship?

Level of Implementation of
Regulations

Certainly the global nature of shrimp
disease introduction will necessitate in-

ternational cooperation. From where
will implementation of regulations be
directed once there is basic agreement
on common. objectives and discernment
of recognizable differences from the
global to local level? I think, for effec-
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tiveness sake, it should be directed
from the lowest level possible.

Helps From Scientists in
Reaching Regulatory

Endpoints

Wise Use of Limited Resources for
Research

There are few people researching
shrimp disease. More people, along
with more support, of course, are
needed. As a specialist responsible for
transmitting research-based knowl-
edge, my opinion is that we need
"more of this and more of that" instead

of "a little of this and a little of that."

Some research needs to be repeated; in
some cases, several times.

It is fortunate that many researchers
have a strong degree of solidarity with
what would be called aquaculture re-
search. Those that say they are in
aquaculture because of the research
money usually do not have enough
acquaintance with aquaculture to make
wise choices on research direction. This

is not to say that there is less need for
viewpoints and active involvements
from as broad a base as possible.

Balancing Reductionist and Holistic
Approaches

Reductionist or "bottom-up" ap-
proaches try to rely on the simplest

laboratory data. They are helpful in
prediction and diagnosis but give a
view that is remote from real world

situations. Holistic or "top-down" ap-
proaches give a doser view of reality by
direct measurements of problem im-
pacts  i.e., field data basis!. They are
not as predictive or diagnostic. Both
approaches, however, are needed for
proper determination of endpoints
used in regulatory controls.

Honesty in Recommendation of
Technology-based Standards

As specialists, we have a basic respon-
sibility to explain to decision-makers
the array of' possible strategies available
to reach solutions on regulatory issues
of shrimp disease. This includes the use
of proper endpoints. We must, to the
best of our ability, communicate the
actual strengths and weaknesses of
each, and not be afraid to take stands
against those that are ill-founded or
unscientific. And if the field of choices

is bleak and there are areas with little

or no answers, then we must say so.
This is one of the best things that we
can do. To say that more research is
required may not be appreciated, but it
may be just the kind of help that is
needed.

Appreciation of Impact of Perception

It has been surprising to me to find that
researchers have been just about as
clumsy in respecting the value of per-
ceptions as anyone else. Perception,
however, does steer the ship. It fuels
the development of issues. Poor per-



ception does not do much for direction
or choice of action, Who will speak for
science and what wiH they says Why
do some respected aquaculture spokes-
persons give credence to what could be
nothing more than rumor in conversa-
tions with managers, regulators and
the public7

Careful attention by specialists to por-
tray repeatedly and with conviction
what is accurate will do much to aid the

process toward good regulation. One
only has to look to recent struggles in
quelling divergent and confused per-
ceptions of the U.S. public about infec-
tious viruses  HIV! to see the need for
accurate information.

I have seen perception along with
"facts" aired in a vehement and adver-

sarial manner in regulatory hearings on
shrimp introductions in attempts to
sway opinion. Social science gives little
help in those sessions. This says some-
thing for the need of more social scien-
tists to be involved in aquaculture,
especially in social settings beset with
factions.

Appreciation of Various Roles

We are often asked to make contribu-

tions from a scientific perspective. Most
of us welcome the chance to help in
new and different ways. The call for
contribution often comes from unfamil-

iar people beyond our ranks as disease
specialists. It comes because we were
perceived to have certain competence
� an attribute which we may confirm
by self-perception. Someone else with

similar competence may have a role
that better 6ts the need. If this is the

case, and we are aware of it, then we
as professionals should redirect the re-
quest of our inquirer. Also, we usually
have a perspective on problems that
allows us to identify others in auxiliary
roles who could be very supportive. We
should identify them to our inquirer
and get them involved, Appreciation of
roles can help to reach appropriate end-
points for regulation.

Resource Person to Coalitions

We must not be afraid to engage as
resource persons in coalitions, I'actions
are present and a few resource people.
Coalitions are formed in order to re-
solve conflicts, often in time of crises
and often because of the need for, or
the reaction to, regulation. If we are
involved, we can do much good, and
personal risk is minimized if we stay on
track in our role. It is important to
remember to stay within one's role in
conflict resolution. Our position is
often flattering, and momentary aban-
donment of role can mean that credibil-

ity will be lost in an instant.

Summary
Shrimp aquaculture and knowledge of
shrimp disease have developed during
the past two decades. It is difficult for
government to provide proper regula-
tory response for this new and expand-
ing development because of the
necessity to cope with a variety of im-
pacts. These include societal develop-
ment, insufficient government
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Increasing demand for marine shrimp will pressure shrimp producers to intensify their culture
techniques to increase production. Intensive shrimp production systems will invariably encounter
health and disease obstacles. This paper describes general preventive health recommendations and
approaches that can be used to develop a preventive health program for amrine shrimp.
Specifically, the text demonstrates how preventive health measures can be applied to specific
shrimp diseases.

lntloductiori

The profile of shrimp farming is shift-
ing from extensive culture systems �0
- 500 kg/ha/yr! to semi-intensive �00-
5,000 kg/ha/yr! and intensive �,000-
10,000 kg/ha/yr! farxning  Brock, 1991a!,
Unfortunately, diseases have accompa-
nied the expansion and intensification

Etiologic Agents

A variety of biotic and abiotic agents
cause shrimp diseases  Lightner, 1983,
1988; Brock, 1991b!. The important viral

The modern era of shrimp culture be-
gan in the late 1970s and early 1980s.
Technologies to enhance productivity
combined with the lucrative Japanese
and North American markets provided
the necessary economic returns to es-
tablish a viable industry. Today, the
world shrimp industry produces 28%
of the shrimp placed on world markets.
In 1991, the world's shrimp farmers
produced an estimated 690,100 MT of
shrimp from approximately one million
ha of ponds  Rosenberry, 1991!.

of shrimp farming. Sano and Fukuda
�987! reported that the annual losses
related to disease in 1984 totaled 70.2

MT, 3.4% of the entire production from
kuruma shrimp hatcheries and farms in
Japan. Lightner  ln press! reported that
in most of the major shrimp farming
regions of the world, hatchery and farm
production losses due to diseases are
increasing. In Taiwan, diseases contrib-
uted to the near collapse of the industry
 Lin, 1989!. Indeed, a discerrung shrimp
farmer must be knowledgeable in the
area of diseases and preventive medi-
dne, This paper summarizes preventive
health measures and demonstrates how

they can be applied on shrimp farms.
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diseases of penaeid shrimp are listed in
Table 1, and the principal bacterial,
fungal and parasitic diseases of shrimp
in Table 2. An important consideration
is the dynamic interplay between hus-
bandry practices, stress, and the causal
agents in many disease outbreaks. These
interactions increase the difficulty of an
accurate diagnosis and proper control.
Infectious agents, environmental factors
 soil and water, chemicals, biotoxins
and pesticides!, host characteristics, and
husbandry practices all contribute to the
causation~mplex of shrimp diseases.

Preventive Health Principles

The production of healthy animals is
the goal of any commercial enterprise.
The goal of a preventive health pro-
gram is to minimize loss due to clinical
and subdinical disease and to maximize

reproduction and quality of shrimp.
Providing conditions to insure the good
health of cultured shrimp indudes the
period from hatching to marketing. Ad-
ditionally, as production methods are
intensified, and the efficiency of con-
version of feed to meat product is in-



Shri Health Mana emant

temper tur chang 15. Isolate or destroy diseased shrimp.

creased, stresses are introduced that
increase the potential for disease.

Preventing disease is much more eco-
nomical than providing expensive
treatments following a disease out-
break. There is not a single, ideal, uni-
versal preventive program that can be
applied by every producer. Specific
considerations must be taken into ac-

count for individual enterprises; how-
ever, there are some general preventive
recommendations that can be made in-

cluding  after Fraser, 1986!:

1. Provide adequate and dean water.

2. Provide adequate space.

3. Provide adequate and properly bal-
anced feed.

5. Always use sanitary procedures.

6. Remove feces as often as practica-
ble, remove dead fish, prevent the
accumulation of other organic mat-
ter such as uneaten feed and the

accumulation of a biofouling com-
munity; i.e., algae and slime.

7. Follow an "all-in, all-out" concept
when feasible.

8. Thoroughly clean and disinfect be-
tween crops.

9. Separate age  size! groups as much
as is practical. Avoid mixing spe-

cies. Polyculture practices are an
exception.

10. Avoid unnecessary handling.

11. Immunize against diseases common
to the geographic area if feasible.

12. Control internal and external para-
sites.

13. Provide diligent surveillance to rec-
ognize early signs of disease.

14. All new incoming shrimp should
be quarantined &om resident stock,
Movement of shrimp should be re-
stricted from a suspected or un-
known disease status area.

Detention time should be at least as

long as the incubation period of the
suspected disease.

16. Provide adequate nursing for dis-
eased shrimp.

17. Begin treatment of diseased animals
as soon as possible after disease is
diagnosed.

Developing a preventive health pro-
gram entails assessing the current
needs and objectives of the producer,
the current management and hus-
bandry practices, the current health
and disease problems, education of the
producer if appropriate, and the future
anticipated needs. The basic principles
used to protect the producer, as well as
customers, are 1! begin by establishing



healthy, disease-free animals; 2! estab-
lish barriers to prevent disease from
entering the farm; 3! surveillance and
monitoring for the presence of disease;
4! have disease-fighting programs in
place and initiate prompt action when
disease does occur; and 5! continuous
effort to upgrade the overall health
status of the program.

Application of Preventive
Health Principles to Shrimp

Diseases

Options for prevention and control of
shrimp diseases have evolved from tra-
ditional veterinary and animal hus-
bandry methodology. For diseases of
biotic origin, quararttine and restriction
of movement, disinfection and sterili-
zation, enhanced species resistance,
disruption of the parasite/pathogen
life cycle, chemoprophylaxis and che-
motherapy, enhancement of host's
defenses, and stock management prac-
tices have been applied on a commer-
cial ot experimental basis. For diseases
of abiotic origin, removal of the oppor-
tunity for exposure, feed supplementa-
tion, altering or improving stock

management practices, and utilization
of resistant species have been used
 Brock, 1991a!. Table 3 summarizes these
various methods.

Biotic Agents

Barrier Rearing and Restricting
Movement

An example of preventing disease by
utiljzing the principles of restricting
movement  quarantine! and barrier
rearing would apply for the infectious
hypodermal and hematopoietic necrosis
virus  IHHMif!. IHIP/ is a parvo-like
virus that is highly contagious to all
species of penaeid shrimp tested  Bonami
et al., l990; Lightner, 198S!. IHE~F is
widely distributed in cultured penaeids,
but its range in wild shrimp has not
been fully determined  Brock, 1991a!.

For P. stylirostris and P. agneamei,
IHI~I/' is extremely threatening. In
juvenile through adult P. shjlirostris,
IHIP/ occurs as a rapidly disseminat-
ing disease characterized by high mor-
bidity and mortality  Bell and Lightner,
1987a; Brock, 1991a!. In P. oannamei,
infection by IHHNV during early devel-
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opmental stages results in a disease
characterized by poor growth, various
cuticle and appendage deformities, and
reduced survival during later stages of
culture  Kalagayan et al., 1991!. This
phenomenon has been termed "runt-
deformity syndrome." Larval stages of
both P. stylirostris and P. mnnamei are
commonly infected; however, B6&W
is not associated with clinical disease in

these younger life stages. IFB~P in-
fections are persistent in shrimp, so
once a group of shrimp becomes in-
fected, the virus remains in the popu-
lation and is transmitted between

generations  Brock, 1991a!, Several re-
ports have indicated that IHFINV has
probably been widely disseminated as
a result of the movement of live shrimp
associated with aquaculture practices
 Lightner, 1983; Brock et a1�1983; Col-
orni et al., 1987!.

Improved diagnostics have contributed
to the prevention and control of II-IHNV.
Specific pathogen-free  SPF! stock are
showing promise as a means to prevent
IHHNV. The Gulf Coast Research

Laboratory Marine Shrimp Consortium
at The Oceanic Institute has SPF P.

vannamei derived from a founder popu-
lation of postlarvae from a commercial
hatchery in Northern Mexico and in-
troduced into Hawaii in 1989  Brock,
1991a!. Strict enforcement of rigorous
quarantine protocols and routine sur-
veillance  viz., barriers and restriction
of movement! have kept these shrimp
free of IHF-PW to date.

Disinfection

Bacterial infections result in severe eco-

nomic losses in shrimp hatcheries
 Nash, 1988; Brock, 1991a!. Bacterial
disease in hatcheries can be associated

with sudden, high mortality and almost
complete loss of production. The types
of bacteria associated with these infec-

tions are facultative pathogens that res-
ervoir in the water, larval feeds or the
hatchery environment  Lightner, 1983,
1985; Brock, 1991a!. Disease occurs
when bacterial populations increase,
and high densities of potentially patho-
genic species dominate the hatchery
tank microflora. Unfortunately, antibi-
otics have been indiscriminately used
in shrimp hatcheries as a quick control
measure instead of changing poor hus-
bandry practices. Besides being costly,
the routine use of antibiotics has led to

the emergence of antibiotic-resistant
bacteria as well as posing health risks
to hatchery workers  Brown, 1989!.

Successful prevention of bacterial dis-
eases can be achieved by a properly
balanced culture medium coupled with
an "all-in, all-out" practice that allows
for routine disinfection and sanitation

of equipment, pipes, and tanks be-
tween uses  Brock, 1991a!.

Disruption of Pathogen/Parasite Life
Cyde
The Microsporida are protozoa that have
been associated with the disease "cotton

shrimp." Microsporida are common
parasites of wild shrimp  Lightner, 1988!
and have been identified from penaeid
shrimp in the Eastern and %western



hemispheres  Anderson et al., 1989;
Lighter, 1988!. Wild-caught adults
stocked into maturation systems can be
infected. Moderate to heavy Microspor-
ida infections are diagnosed by the
gross appearance of involved organs
which appear fuzzy or "cotton-like."
Even though Microsporida infection of
cultured shrimp is not common, infec-
tions of growout shrimp populations
result in reduced survival and eco-

nomic loss related to rejection of the
product at the packing plant.

The life cycle of these protozoa is com-
plex; shrimp serve as an intermediate
host and a predatory fish is the final
host. Vertical or horizontal transmis-

sion does not occur  Lightner, 1988!.
Prevention of microsporidosis involves
disruption of the parasite's life cycle.
This can be achieved by screening to
exdude infected shrimp from the farm,
or by removing the predatory fish that
serves as the final host from ponds
 Brock, 1991a!. Shrimp with microspori-
dosis should not be transported; infected
shrimp should be destroyed.

Chemoprophylaxis
The strategic and responsible use of
chemical products can be important in
a preventive health program, In shrimp
hatcheries, larval mycosis is a ubiqui-
tous problem that can lead to devastat-
ing losses if not properly controlled.
Motile zoospores are responsible for
disseminating larval mycosis infec-
tions. These fungi are saprophytes and
are thought to reservoir in the hatchery
water system and possibly in the brood-

stock shrimp. Lagenidium sp. is nor-
mally associated with disease outbreaks
in the nauplii and protozoea stages,
while Simlpidiani sp, infection is com-
mon in the late protozoea to mysis
stages. Older shrimp are rarely infected
because their thicker cuticle inhibits

penetration of the zoospore germ-tube
 Brock, 1991a!.

The use of trifluralin  Treflan ! is very
efficacious in the prevention of larval
mycosis. Trifluralin is a herbicide that
effectively destroys the motility of the
fungal zoospores and prevents wide-
spread infection  Bell and Lightner,
1987b; Brock, 1991a, 1991b!. In addi-
tion, proper disinfection of hatchery
equipment helps reduce the presence
of the fungal reservoir in the environ-
ment  Baticados, 1988!.

Chemotherapy
Chemotherapy has been used to suc-
cessfully control rickettsial infections in
shrimp. A pleomorphic, intracellular
infectious agent has been associated
with a serious disease syndrome of
pond-cultured P. vannarnei in localized
geographic areas of Texas. This disease
has been termed "Texas necrotizing
hepatopancreatitis syndrome"  TNHPS,
formerly known as "Texas pond mor-
tality syndrome"!  Bell and Frelier,
1991!. The presence of the infecting
organism can be verified by histologic
demonstration of the characteristic mi-

crocolonies in the hepatopancreas of P.
vunnamei using special stains or electron
microscopy. The use of oxytetracycline-
medicated feed has been reported to be
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effective in controlling ThlHPS  Bell,
1991; Bell and Frelier, 1991!.

Resistant Species/Strain
Fusarium disease is a fungal disease
that can be a serious affliction of subadult

to adult cultured penaeid shrimp. The
causative agents are Fusarium soli and
possibly other Fusarium spp. F. solarti is
a ubiquitous organism with a world-
wide distribution. It is a saprophytic
fungus and can be abundant in culture
systems where excess decaying organic
matter is present or where culture prac-
tices are conducive to cuticular wound-

ing. F. solani invades dead or damaged
tissue such as cuticular wounds. Any
site is susceptible, but gals, append-
ages and uropads are most often in-
volved  Brock, 1991b!. There is a strong
correlation between species and age
and susceptibility to infection  Light-
ner, 1988!, Among Asian penaeids, P.
japonicus is highly susceptible  Light-
ner, 1988; Brock, 1991b!. Practical pre-
vention measures recommended in

culture systems where Fusarium disease
is a problem include using a resistant
species of shrimp such as P. monodon,
reducing organic matter, and reducing
wound-creating husbandry practices
 Brock, 1991a!.

Enhanced Host's Defenses

Increased understanding of the im-
mune response and mechanisms of re-
sistance to disease by marine shrimp
has led to the development of immuno-
prophylaxis regimens for certain bacte-
rial diseases. In juvenile and adult
shrimp, the bacteria that invade shrimp

tissues are predominately gram-nega-
tive, oxidase-positive rods belonging to
the genus Vibrio  Brock, 1991a!. Sep-
ticemic vibriosis and locaBzed internal

Vibrio sp. infections are associated with
different dinical signs. Gross signs in-
dude opaque abdominal musculature,
anorexia, and darker pigmentation. In
larval and early postlarval shrimp,
signs of vibriosis indude melanization
and necrosis of appendage tips  Light-
ner, 1988!.

Studies have shown that immunization

protected shrimp from experimental
challenge to bacterial pathogens  itami
et al., 1989!. Further, Lewis and
Lawrence �985! reported that vaccinat-
ing penaeids with a killed Vibrio sp.
bacterin resulted in improved protec-
tion against vibriosis in pond-raised
shrimp. Vaccinating to enhance the
shrimp's defenses against bacterial dis-
eases may become a practical preven-
tive health technique for shrimp
farmers in the future.

Stock Management Practices
It is generally understood that consci-
entious and responsible husbandry
practices are essential for successful
production. Proper stock management
practices have a major impact on low-
ering stressor pressure. Several dis-
eases associated with biotic agents can
be prevented by adhering to sound
stock management practices. For exam-
ple, bacterial fouling is a frequent prob-
lem in penaeid hatcheries. It is a disease
condition that results from the heavy
colonization of cuticular surfaces by



noninvasive bacteria. All age classes of
shrimp can be affected, but the disease
is commonly associated with larval and
postlarval mortality. At low densities,
bacterial colonization causes no appar-
ent harm to the shrimp. When nutri-
ents are plentiful in the culture water,
multiphcation of bacteria is stimulated
and the microbial numbers increase to

levels where physiological function is
impaired. When fouling organisms
heavily colonize the gill lamellae, respi-
ration is compromised  Lightner, 1988;
Brock, 1991a!.

Therapeutic antibiotic or chemical treat-
ment may be indicated in certain cases
of bacterial fouling to lower bacterial
numbers; however, successful preven-
tion is closely related to the proper
management of the predisposing con-
ditions. These include improved water
quality, increased water exchange, lower
stocking density, and dose surveillance
to miniixuze overfeeding  Brock, 1991a!.

Abiotic Agents

Remove From Exposure
Formulated feeds subjected to storage
under humid tropical conditions are
commonly infested with the fungus
Aspergillus jhvus. This mold species
produces several classes of aflatoxins.
Of these, AF Bi is one of the most
potent naturally occurring hepatocar-
cinogens. Aflatoxicosis is not consid-
ered a significant disease of cultured
penaeids. However, mortalities were
induced in a population of juvenile P.
vannamei after feeding diets containing

50- to 300-ppm aflatoxin B for 28 days
 Wiseman et al., 1982!. The point is that
the mechanism for aflatoxicosis to be-

come an important disease in shrimp is
in place, because penaeids reared in
intensive and semi-intensive systems
are fed diets that are typically formu-
lated with ingredients that occasionally
contain aflatoxins. Aflatoxin could also

be produced in feeds improperly stoi'ed
under the warm and humid conditions

typical of the regions where penaeids
are cultured  Lightner, 1988!.

Practical preventive measures would
include removing the opportunity for
exposure by proper handling and stor-
age of feeds, and the raw ingredients.
Feeds and feed ingredients that appear
moldy should be avoided.

Feed Supplementation
Supplementing feed for potential defi-
ciencies is a common technique. Vita-
min C deficiency, or "black death
disease" can affect all penaeid species
and is known to affect juvenile to
subadult shrimp cultured intensively in
tanks. Black death disease results from

a low level of vitamin C in the diet

 Lightner, 1988!. Shrimp with clinical
vitamin C deficiency may experience a
1 - 5% daily mortality. More typically,
exposure to other stressors triggers mas-
sive losses  Lightner, 1988; Brock, 1991b!.
The extent of the disease in cultured

crustacean populations is unknown.
Therefore, subclinical vitamin C defi-
ciency may be quite common in inten-
sive culture establishments,
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Control and prevention of black death
disease is achieved by proper diet for-
mulation to supplement sufficient vita-
min C required for metabolic needs.
Shrimp tissue content of 0.03 mg ascor-
bic acid/g is recommended  Lightner,
1988; Brock, 1991b!.

Stock Management Practices
As previously mentioned under the
biotic agents of disease, stock manage-
ment strategies that promote an overall
decrease in culture-related stressors

will greatly increase production effi-
ciency. Again, some of these strategies
include adequate and unpolluted water
supply, proper stocking densities, ade-
quate and a properly formulated feed,
undue temperature changes, and dili-
gent sanitation at all times.

Resistant Species/Strains
In temperate regions, seasonally cold
temperatures are often a limiting abiotic
factor for farming shrimp. The commer-
cial aquaculture community has ex-
pressed an interest in identifying a
shrimp that could be cultured in the
United States during periods when P.
vannamei culture is temperature limited.
Data suggest that P. chinensis is a cold-
resistant species, Besides its good growth
at low temperatures, P. chinensis is easy
to culture, has broad salinity tolerance
and could be readily marketed in the
United States, Europe and Japan  Main
and Fulks, 1990!. Future research in the
area of penaeid genetics may yield va-
rieties of shrimp that are resistant to a
broader range of disc~musing agents.

Summary
Preventive health is not just the routine
application of disease prevention pro-
cedures; it encompasses a way of think-
ing, philosophy, and goals. Preventive
health programs must be customized
for each farm. Successful preventive
health systems require input from
many areas, induding nutrition, envi-
ronment, health and physiology, dis-
ease  microbiology and pathology!,
epidemiology, genetics, management,
and economics.

Meticulous planning and constant sur-
veillance are required to decrease the
danger of disease. The routine day-to-
day data that is generated by system
monitoring should be stored in an or-
derly fashion to allow for easy and
frequent analysis. Such analysis of data
can provide advanced warning of dis-
ease problems in many instances. The
application of computer software pro-
grams to aid in preventive health is in
its infancy. Without question, computer
programs will become increasingly useful
to help monitor and prevent disease,
thereby increasing the efficiency and
production of shrimp farms in the fu-
ture.

The aquatic environment, as well as the
physiology of marine shrimp, offer dis-
tinctive challenges for the producer and
health professional. However, these
challenges can be met with innovative
application of traditional veterinary
preventive health principles.



LeaMaster

Literature Cited

Anderson, I.G., M, Shariff, M. Nash and G.
Nash. 1989. A hepatopancreatic mi-
crosporidian in pond-reared tiger shrimp,
Penaeus monodon, from Malaysia. J. Inver-
tebr. Pathol, 53: 278-280.

Baticados, M.C,L, 1988. Dise~s of prawns in
the Philippines. SEAFDEC Asian Aquacul-
ture. 10: 1-8.

Bell, T.A. and D.V. Lightner. 1987a, IHHN
disease of Penaeus stylirostris: effects of
shrimp size on disease expression. J. Fish
Dis. 10: 165-170.

Bell, T.A. and D.V. Lightner. 1987b. An outline
of penaeid shrimp culture methods indud-
ing infectious disease problems and priority
drug treatments. Vet. Hum. Toxicol.  Suppl.
1!. 29: 3743.

Bell, T.A. and P.F. Frelier. 1991. The treatment
of Texas Pond Mortality Syndrome  TPMS!
with oxytetracycline medicated feeds. 1990
field trial results, World Aquaculture '91.
San Juan, Puerto Rico  Abstract!. p. 18.

Bell, T.A, 1991. Overview of diseases and drug
needs for major aquaculture species: shrimp.
Vet. Hum. Toxicol,  Suppl. 1!. 33: 19-23,

Bonami, J.R., T. Bronwen, J. Mari, M, Brehelin
and D.V. Lightner. 1990. Purification and
characterization of the infectious hypoder-
mal and hematopoietic necrosis virus of
penaeid shrimps. J. Gen. Virol. 71: 2657-2664.

Brock, J.A., D.V. Lightner and T.A. Bell. 1983.
A review of four virus  BP, MBV, BMN and
IHHNV! diseases of penaeid shrimp with
particular reference to clinical significance,
diagnosis, and control in shrimp aquaculture.
Int. Council for the Exploration of the Sea,
C.M. 1983/Gen; 10/Mini-Symposium.

Brock, J,A, 1991a. An overview of infectious
diseases of cultured penaeid shrimp with an
emphasis on those caused by obligate patho-
gens. U.S. Marine Shrimp Farming Prograin
Shrimp Breeding Workshop. July 16-18,
1992. The Oceanic Institute, Waimanalo, HI.

Brock, J.A. 1991b. An overview of diseases of
cultured crustaceans in the Asia Pacific re-
gion. Report on a Regional Study and Work-
shop on Fish Disease and Fish Health
Management, Asian Development Bank Ag-
riculture Department Report Series No. 1.
June 1991, pp. 347-395,

Brown, J.H. 1989. Antibiotics: Their use and
abuse in aquacultuie. World Aquaculture.
20: 3443,

Colorni, A,, T. Samocha and B. Colorni. 1987.
Pathogenic viruses introduced into Israeli

mariculture systems by imported penaeid
shrimp. Bamidgeh. 39: 21-228.

Fraser, C.M. 1986. Management, husbandry,
nutrition, introduction. In: C.M. Fraser  Ed.!.
The Merck Veterinary Manual. Merck k Co.,
lnc., Rahway, N.J., U.S.A. pp. 1022-1025.

Itami, T�J. Takahashi and Y, Nakamura. 1989.
Efficacy of vaccination against vibriosis in
cultured kuruma praw ns, Penaeus j aponims.
J. Aquatic Animal Health. 1: 238-242.

Kalagayan, H., D. G odin, R. Karma, G,
Hagino, J, Sweeney, J. Wyban and J. Brock,
1991. IHHN virus as an etiological factor in
runtAeformity syndrome  RDS! of juvenile
Penaeus uannamei cultured in Hawaii. J.
World Aquacult. Soc. 22: 235-243.

Lewis, D.H. and A.L. Lawrence. 1985. Immu-
noprophylaxis to Vibrio sp. in pond reared
shrimp. In: G.L. Rogers, R. Day and A. Lim,
 Eds.!. Proceedings of the First International
Conference on Warm Water Aquaculture-
Crustacea. Brigham Young University, Laic,
HI. pp. 304-307.

Lightner, D,V. 1983. Diseases of cultured penaeid
shrimp. In: J.P, McVey  Ed.!. CRC Handbook
of Mariculture. Vol. I, Crustacean Aquacul-
ture. CRC Press, Boca Raton, FL. pp. 289-320.

Lightner, D,V, 1985. A review of the diseases
of cultured penaeid shrimps and prawns
with emphasis on recent discoveries and
developments. In: Y. Taki, J.H. Primavera
and J.A. Uobrera  Eds.!. Ptceeedings of the .
First International Conference on the Cultuie
of Penaeid Prawns/Shrimps. Aquaculture
Dept., SEAFDEC, Iloilo, Philippines. pp.
79-103.

Lightner, D.V. 1988. Diseases of cultuted penaeid
shrimps and prawns. In: C.J. Sindermann and
D.V. Lightner  Eds.!. Disease Diagnosis and
Control in North American Marine Aquacul-
tuie, 2nd ed. Elsevier, New York. pp. 8-127.

Lightner, D.V. In Press. Diseases of cultured
penaeid shrimp. In: J.P. McVey  Ed.!, CRC
Handbook of Mariculture. Crustacean
Aquaculture. CRC Press, Boca Raton, Florida.

Lin, C.K. 1989. Prawn culture in Taiwan. What
went wrongl World Aquaculture. 20: 19.

Main, K.L. and W. Fulks. 1990. The Culture of
Cold-tolerant Shrimp: Proceedings of an
Asia-U.S. Workshop on Shrimp Culture.
The Oceanic Institute, Waimanalo, Hawaii,
U.S.A. 215 p,

Nash, G. 1988. Diseases of shrimp and prawns.
Fish Farming International. 15: 30-31.

Rosenberry, B. 1991. Five billion shrimp cock-
tails to go! World Shrimp Farming. Novem-
ber 1, 1991. pp, 1-19.



Shri Health Mana ement

Sano, T. and H. Fukuda. 1987. Principal mi- Wiseman, M.O., R.L. Price, D.V. Lightner and
crobial diseases of mariculture in Japan. R.R. Williams. 1982. Toxicity of aflatoxin B
Aquaculture. 67: 59. to penaeid shrimp. Appl. Environ. Micro-

biol. 44: 1479-1481.





~ I I Il II r l I

Discussion Group
Summaries







Discussion Grou Summaries

possible quarantining of transported
stocks and the certification of stocks

and hatcheries as SPF,

In Discussion Group F, participants
prioritized both the overall concerns
and the research concerns that were

raised during Discussion Group A. The
need for SPF stocks and more diagnos-
tic techniques were identified as two of
the most important issues for re-
searchers and farmers alike.

Discussion Group A:
Country-by-Country

Concerns

To begin the discussion group sessions,
participants were asked, simply, what
their primary concerns were with re-
gard to diseases of cultured shrimp. As
one might imagine, responses were
varied, reflecting each individual's
home country and experience, in addi-
tion to their role as scientists, farmers
or extension agents.

Central and South America

Because the majority of his experience
has been with the shrimp culture in-
dustry in Central and South America,
Rolland Laramore focused on the situ-

ation there. Topping his list was the
problem of poor growth during dry
seasons. Noting that several factors
probably contribute to the phenome-
non, Dr. Laramore was optimistic that
genetic selection of robust and disease-
resistant strains of Penueus uannamei

could alleviate some of the problems,

Other key avenues of research men-
tioned were developing bacterial vac-
cines for nauplii, postlarvae and
broodstock, and "probiotics", benefi-
cial bacteria that displace or offset
pathogens.

Japan

In Japan, P, japonicus is the dominant
species of cultured shrimp. Kazuo Mo-
moyama noted that the most economi-
cally important diseases of P. japonicas
in Japan are caused by Vibrio spp. and
Fusariam sp. Vibrio diseases have be-
come increasingly important in recent
years; they are estimated to cause 20%
mortality during growout. In particu-
lar, there is a new, highly pathogenic
Vibrio strain called "V>brio sp. PJ" that
is the subject of much concern in Japan.
While there are two antibiotics sold in

Japan to combat Vibrio diseases, their
beneficial effects are only temporary.

Among penaeids, P. j aponicus is known
to be particularly susceptible to Fusar-
ium disease, especially under intensive
culture conditions. Reducing shrimp
densities is the only effective means of
controlling this fungus. Baculoviral
midgut gland necrosis virus  BMNV!
used to be a major problem, but, as a
result of effective preventive measures,
it is now relatively rare.

In more general terms, Tokuo Sano
discussed the need for a dean culture

environment to discourage facultative
pathogens and the problems associated
with developing bacterial vaccines,
while Kazuo Momoyama aired con-
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cerns about the international transport
of shrimp stocks and feeds.

Malaysia

Speaking on behalf of both Malaysia
and Asia in general, Mohd. Shariff
called for more ecological studies of
shrimp culture situations � studies
that would enable researchers to moni-

tor changes in potential pathogens. He
further noted that chemotherapeutants
are not necessarily the best means of
combating shrimp diseases � not only
can they harm the environment, but
they are not always effective. There-
fore, immunological studies should re-
ceive a high priority. Finally, Dr. Shariff
called for the standardization of shrimp
research methodologies. Perhaps a
manual similar to the American Fisher-

ies Society "Blue Book" could be issued
for shrimp disease workers, Such a
project would benefit from cooperation
between the Asian Fisheries Society
and the American Fisheries Society.

People's Republic of China

In what was to become a common

theme, Dou Chen joined Mohd. Shariff
in cautioning against the use of
chemotherapeutants in shrimp culture.
Stating that the most serious diseases
of cultured shrimp in China are those
caused by Vibrio spp., Prof. Chen listed
several disadvantages to using antibiot-
ics, including the possibility of promot-
ing fungal diseases and fostering
resistant strains of bacteria. For exam-
ple, as a result of overuse/abuse,
oxytetracycline is now completely use-

less. Since not all bacteria are harmful,
Prof. Chen believes that the best way
to control the potentially pathogenic
species is by ecological or biological
control.

Although there is concern about vi-
ruses in China, viral diseases are not as
economically significant as those
caused by bacteria. Anxiety is increas-
ing, however, over a number of dis-
eases of unknown etiology, induding
black-white spot disease  see D. Chen,
this volume!. Finally, epicommensal
diseases also significantly impact
shrimp culture in China.

Philippines

Josd Natividad was another who spoke
out against the indiscriminate use of
antibiotics in shrimp culture. He also
shared his concerns about the current

widespread use of probiotics and other
drugs in the Philippines. Because the
impact of probiotics is largely un-
known, and because great quantities of
probiotics, as well as other drugs, are
present on the farms, Dr. Natividad
called for some sort of government
control or clearance process for probi-
otics and other compounds that are
now unregulated. Secondly, Dr. Na-
tividad said that he needed field diag-
nostic techniques to help him quickly
assess production problems. Finally,
some diseases that affect the market-

ability of shrimp, most notably "black
meat disease" and "tail rot disease",
have resulted in rejection of shipments,
alarming shrimp farmers.
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South Korea

Most shrimp culture in South Korea is
extensive; as a result, relatively few
disease problems have been encoun-
tered. Myoung Ae Park did, however,
list some disease agents that had been
encountered in farms and hatcheries in

Korea: BMNV  in larval P. japonicas!,
hepatopancreatic parvo-like virus
 HPV; in P. chmensis! and Vibrio spp.
Ms, Park pointed out that better water
quality management can aHeviate some
disease-related problems.

Taiwan

When it comes to shrimp diseases, Tai-
wanese farmers and researchers have,
unfortunately, gained a great deal of
knowledge through experience. Ac-
cording to S.N. Chen, the most impor-
tant problem is environmental impact.
How does shrimp culture impact the
surrou.nding environment, and, in
turn, how do environmental changes
affect cultured shrimp? Vibriosis is also
a key concern, and while progress is
being made in the area of vaccines,
delivery technology has been problem-
atic. Shrimp viruses also need to re-
ceive more attention, as does the
problem of drug residues in harvested
shrimp in some Asian countries.

As noted by Cheng-Fang Chang, inten-
sification is responsible for many of the
problems encountered on shrimp
farms. In intensive systems, epicom-
mensal diseases are important; water
quality management is key to control-
ling fouling organisms. Interestingly,

Mr, Chang also listed gregarines as a
major concern. While their affect on
shrimp performance is unknown, a re-
cent survey in Taiwan found that 80%
of cultured P. monodon were infected

with these intestinal parasites  see Liao
et al., this volume!. Finally, Mr. Chang
reminded the group that the relation-
ship between the culture environment
and diseases should not be ignored.

Thailand

Timothy Flegel called for rapid diagnos-
tic techniques that can be used in the
field. Noting that such techniques are
needed for abiotic as well as biotic

diseases, Dr. Flegel recounted some of
his experiences with pesticides that
were toxic to shrimp at levels in the
range of pg/L. A second concern is the
need for better preventives, including
vaccines, probiotics and management
techniques. Finally, Dr. Flegel advo-
cated using specific pathogen-free
 SPF! broodstock as a way to simulta-
neously improve the disease situation
and breed better strains of shrimp.

United States

Recognizing that many diseases can be
avoided by improved husbandry tech-
niques, a number of the experts from
the United States called for studies to

address issues such as sustainability,
the ramifications of intensification, site
selection/environmental planning,
feeds, preventive health maintenance,
and the impact of certain culture prac-
tices on the environment. Carl Sinder-

mann challenged reseaichers to help
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farmers "manage around pathogens,"
wMe James Wyban said the shrimp
culture industry had a great deal to
learn from other meat production in-
dustries such as the cattle, poultry and
swine industries.

The two commercial representatives,
Nick Carpenter and Fritz Jaenike, were
among several participants who shared
concerns about the spread of viral dis-
eases. The movement of stocks threat-

ens efforts to estabhsh disease-free

facilities and may also impact popula-
tions of wild shrimp. In a related topic,
SPF technology was mentioned by sev-
eral members of the U.S. contingent as
a means of improving the shrimp in-
dustry's image, increasing production,
and beginning the process of domesti-
cation.

Bacterial diseases, however, were also
listed as concerns by three U.S. partici-
pants, For example, Donald Lightner
pointed out that farmers need to have
effective, government-approved
chemotherapeutants, and Nick Car-
penter wondered whether vaccines
could be a realistic solution to the prob-
lem of bacterial diseases, Finally, Carl
Sindermann strongly encouraged re-
searchers studying shrimp diseases to
quantify the economic impact of dis-
ease using standardized measures, This
is the only way researchers are going to
receive needed support, said Dr. Sin-
dermann; scientists need to convince
the shrimp industry, governments and
funding agencies that their work is
economically significant. He encour-
aged consultation with economists and

experts in population management and
epidemiology, and the uniform statisti-
cal treatment of data.

Discussion Group B:
Prevention and Treatment of

Diseases in Growout

Although the varied means by which
viral, bacterial and protozoan diseases
are prevented and treated was the topic
of this session, most of the discussion
centered around two issues: preventing
viral diseases, and poor performance of
animals in growout in many areas, pos-
sibly as a result of 10 - 15 years of
culture activities.

Virus Prevention

As evidenced in Discussion Group A,
viruses are not the only important
pathogens of penaeid shrimp. The rela-
tive importance of viruses to cultured
shrimp depends on a number of fac-
tors, including the type of shrimp cul-
tured, the type of viral and nonviral
pathogens present, the stressors pre-
sent in the culture environment, and
how heavily infected a given shrimp
population is. There are environmental
and regulatory issues as well. If a cer-
tain viral pathogen is absent from a
given area, it is important to exclude
that virus from nearby culture facilities.

In many cases, the best way to prevent
viral diseases is to use certified SPF

broodstock. An SPF program for
Penaeus vannamei has already been im-
plemented in the United States  see
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Wyban, this volume!. Maintaining SPF
P, monodon in Southeast Asia may
prove much more difficult, however.
Steve Psinakis, a shrimp farmer from
the Philippines that participated in the
workshop, asked about the possibility
of breeding disease-resistant strains,
thereby eliminating the need to keep
animals isolated from some pathogens,

What about the problem of introducing
the progeny of SPF broodstock  hereaf-
ter referred to as high-health animals!
into ponds that once held virus-in-
fected shrimp? How do these animals
perform? Do they become infected with
viruses during the growout cycle? Pre-
liminary results from several shrimp
farms in the United States indicate that,
in these situations, the incidence of
viral disease is greatly reduced, signifi-
cantly improving production. Factors to
consider are the treatment of the pond
bottom prior to stocking, and the na-
ture of the virus es! of interest. For
example, it is likely that occluded vi-
ruses such as MBV will be more difficult

to eliminate from ponds than nonoc-
cluded viruses.

In Hawaii, growout ponds were dried
for 10 to 14 days and treated with 800
lbs CaCO3/acre prior to being stocked
with high-health postlarval P. van-
namei. Bacutovirus penaei  BP! and infec-
tious hypodermal and hematopoietic
necrosis virus  IHHb&! were the vi-
ruses of concern. Shrimp yields were

very good, and the incidence of runt-
deformity syndrome was greatly re-
duced. Some of the shrimp, however,
did test positive for BP  see Carpenter
and Brock, this volume!.

In Taiwan, growout ponds are rou-
tinely dried between harvests and then
treated with chlorine �0 - 20 ppm for
48 h!. These levels of chlorine are effec-
tive against some viruses and other
pathogens; however, they probably
also harm the natural environment.

The results of a number of studies were

discussed with regard to eliminating
pathogenic viruses, For example, a
treatment of 0,1 ppm iodine for 6 - 7 s
eliminated 99.9% of the trout virus,
IHN, from water  Batts et al., 1991!.
Studies on BP were performed at the
Gulf Coast Research Laboratory  Le
Blanc and Overstreet, 1991a, b!. BP-in-
fected hepatopancreases were sub-
jected to a variety of treatments:
desiccation, calcium hypochlorite,
heating, pH extremes, etc. Though the
results are not directly transferable to
treating pond bottoms, the researchers
found that BP could be inactivated

rather easily using several methods.
Finally, it was mentioned that the mi-
crobial activity in the pond bottom
could be a significant factor in destroy-
ing infective viruses in the sediment,
In a related question, participants dis-
cussed the best means to test sediments

for the presence of viruses. Bioassay
studies are presently being used in
Mississippi for BP. Gene probe and



Discussion Grou SunNna ries

PCR  polymerase chain reaction! tech-
nology may also be applied to this
problem in the future.

The impact of Shrimp Farming on
Postlarval Quality

During the course of the discussion,
Steve Psinakis, a shrimp farmer from
the Philippines, submitted the follow-
ing hypothesis for discussion: "In
many places around the world over the
past 10 - 15 years, shrimp farming
activities have done something to re-
duce the quality of both wild-caught
and hatchery-reared postlarvae, Farms
are experiencing higher feed conver-
sion ratios, lower growth rates and
lower survivals, and the problem is
getting worse. The animals seem much
more sensitive to perturbations than
they used to be." As evidence to sup-
port his hypothesis, Mr. Psinakis noted.
that despite improved culture tech-
niques and better trained staff, produc-
tion declines year by year.
Furthermore, the phenomenon has
been observed in ponds of varying ages
using both wild seed and hatchery-
raised seed from wild-caught spawn-
ers. Other participants related
experiences that seemed to support the
above hypothesis. For example, P, van-
namei was once considered asympto-
matic for the IHI~ virus; now it is
dearly not asymptomatic. Is this a re-
sult of deteriorating stocks? Also, while
postlarval quality problems have not
been observed in Panama over the past
15 years, farms in Guayaquil, Ecuador,

have experienced lower production in
recent years, and increased incidence
of disease. Problems are worse in areas

with a high density of farms.

What specific activities might be re-
sponsible for harming wild stocks of
penaeids? Two possibilities were dis-
cussed, the use of chemotherapeutants,
and the release of hatchery-reared post-
larvae into the natural environment.

Chemotherapy in the hatchery allows
animals that are naturaHy weak and
susceptible to disease to survive,
thereby selecting for shrimp that are
less fit. These animals typically perform
poorly in growout. Most hatchery man-
agers, moreover, have no incentive to
produce animaIs that will perform well
in growout, they profit by producing
large numbers of healthy-appearing
postlarvae. This makes it difficult to
obtain animals that will remain healthy
during growout,

In a related problem, it is a common
perception in. many parts of Asia that
countless numbers of diseased, hatch-
ery-reared postlarvae are regularly re-
leased into coastal areas. If some of

these shrimp survive and reproduce,
these artificially selected animals may
alter the composition of the gene pool
of the wild population. Secondly, be-
cause of the widespread practice of
transporting stocks without regard to
their disease status, viruses have been
introduced to previously "clean" cul-
ture facilities. Furthermore, we are
learning that a number of wild shrimp
populations now carry pathogenic vi-
ruses  see Lotz, this volume!, possibly
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as a consequence of nearby shrimp
culture activities. The impact of these
viruses on natural stocks is unknown.

The above hypothesis has not been
proven � it has not even been tested.
Because there are so many interrelated
factors, finding answers will be diffi-
cult. Clearly, though, more emphasis
should be placed on determining the
capacity of a given culture area to sup-
port shrimp. Also, precautions should
be taken to avoid new viral introduc-

hons, and chemotherapeutants should
be used more judiciously, Finally, the
practice of releasing cultured animals
into the natural environment should
involve consideration of animal health

and genetic diversity.

Discussion Group C:
Prevention and Treatment of

Diseases in Hatcheries

A key conclusion from Discussion
Group B was that the performance of
shrimp in growout depends greatly on
the treatment the animals receive in the
hatchery. There are a number of differ-
ent "hatchery philosophies" whereby
the water and the animals are managed
to encourage growth and prevent dis-
ease. In general, hatchery diseases are
prevented and treated by

~ Managing the culture water;

~ Adding chemicals to the culture
water  or, more rarely, to the
feed!;

~ Monitoring the culture environ-
ment; or

~ Managing the animals.

Prevention

Viruses. No one in the group reported
using specific water management tech-
niques to prevent viral diseases. Many
culturists, however, pretreat culture
water, either with chemicals such as
chlorine or iodine, or by other means
such as ozonation or ultraviolet radia-

tion  Table 1!. Often culture water is
filtered beforehand to increase the ef-

fectiveness of these other sterilization

methods.

In some places, cultured shrimp are
routinely monitored for the presence of
viruses. Such measures, depending on
the sensitivity of the assay used, could
help prevent the spread of a virus from
infected tanks to uninfected tanks. Ani-

mal management, however, is the best
way to prevent viral diseases. Simply
put, stocking with high-health postlar-
vae is the most effective means of keep-
ing viruses out of the hatchery.
Secondarily, eggs and/or nauplii can be
rinsed or chemically treated to remove
external virus partides. This has effec-
tively prevented BMN outbreaks in Ja-
pan, and is also used to lower the
incidence of MBV in P. monodon hatch-

eries and BP outbreaks in commercial
shrimp hatcheries in South and Central
America. Finally, many hatcheries
these days are using batch methods;
drying out their system in between
cycles. While this is quite effective for
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Monitoring Animal
management

OtherChemicalsPotential Water
pathogens management

Begin with
hish health
arumals, rinse
or treat shrimp
eggs at3d/ or
nauplii

Use batch
techniques
with dry-outs
in between.

Periodic
diagnostic
screening,
broodstock
history

Viruses None.

Rinse shrimp
nauplii and
eggs, optimize
stocking
density.

Daily
monitoring
with agar

lates, e.g.,
CBS counts

with water and
larval
homogenates.

Bacteria increase
exchange rate,
use microalgae
and other
means to
condition
water, optimize
temperature.

Rinse shrimp
naupiii and
eggs-

Observe water
with
microscope.

Protozoa fncrease
exchange rate,
optimize
temperature,

Observation
with
microsco e.

Fungi

~Preventive methods appearing in this table are used either singly or in combination in hatcheries producing
P. vannamei, P. mosokm, P. chinessis or P. japonicus. Some may be effective only for speci6c agents or shrimp
speCie, and some may not be effective at all.
Sano and Momoyama, this volume; Liao et al., this volume.

The prophylactic use of antibiotics was strongly discouraged by most of the workshop participants.

The chemical pretreatments used to
prevent bacterial problems include
those listed above for preventing vi-
ruses. Additionally, a number of differ-
ent chemicals may be added to the
culture water to inhibit bacterial

growth, including malachite green,
EDTA and antibiotics.

preventing bacterial problems, it may
also destroy viruses,

Bacteria. Increasing the rate of water
exchange can prevent the build-up of
high levels of bacteria in a hatchery
system. It is also important to maintain
optimum temperatures  Table 1!, Fur-
thermore, many believe that healthy
microalgae blooms can inhibit the
growth of potentially pathogenic bacte-
ria.

Most of the participants were strongly
against the prophylactic use of antibiot-
ics because of the dangers of selecting

Table $. Preventing diseases in hatcheries in the Americas and Asia .

Pretreatment of
water with
ozone~
chlorine,
iodine, UV
 filtration will
enhance
effectiveness of
above!.
Disinfection
with chemicals
listed aboye,
antibiotics,
malachite
green,
vaccines,
EDTA � ppm
in Taiwan, 10
R m in the

ifippines!.
Formalin,
malachite
green, copper
sulfate, EVI'A.

Treflan,
malachite

n EDTA

Rinse Artemis
nauplii, use
batch
techniques
with dry-outs
in between,
optimize
nutrition, add
microalgae that
have inhibitory
effects.

Rinse Artemia
nauplii,
optimize
nutrition.

Optimize
nutrition.
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for and disseminating antibiotic-resis-
tant strains of bacteria, and because it
may be detrimental to the shrimp in the
long run. However, antibiotics are used
regularly in P. monodon hatcheries in
the Philippines, Taiwan and elsewhere
to prevent bacterial diseases. S.N.
Chen noted that much effort is being
expended in Taiwan looking for alter-
natives to antibiotics. In general, hatch-
eries that do not use antibiotics produce
animals that perform very well during
growout, but production is reduced in
these hatcheries. Timothy Flegel added
that oxytetracycline  OTC! is used suc-
cessfully to improve production in P.
rnonodon hatcheries in Thailand, even
though most of the bacterial strains
isolated from diseased shrimp are resis-
tant to OTC. He also noted that the
addition of very small amounts of OTC
improves the hatching rate of P. mono-
don eggs. He hypothesized that OTC
was having some other effect; one that
was unrelated to its antibiotic activity.

Penaeus vannarnei, in contrast to P. mono-
don, appears to be much more tolerant
of high levels of bacteria. Whereas an-
tibiotics are sometimes used prophylac-
tically in Central and South America,
their use is not ubiquitous. Antibiotics
cannot legally be used either to prevent
or to treat bacterial diseases in the

United States, and the commercial rep-
resentatives present indicated that, un-
der most circumstances, they would
not consider using antibiotics prophy-
lactically even if such use were legal.

In the People's Republic of China,
where the use of antibiotics is not regu-

lated, P. chinensis hatcheries do not
routinely add antibiotics to the culture
water. Finally, in Japan, the use of
antibiotics is strictly regulated. Prefec-
tural extension agents instruct farmers
on the proper usage of antibiotics  only
a few of which have government ap-
proval! and antibiotics are not used
prophylactically.

Many hatchery managers have pinned
their hopes on vaccines to prevent bac-
terial diseases, While bacterial vaccines

for penaeid shrimp are not now widely
available, several researchers at the
workshop had developed and tested
vaccines that could eventually be useful
in hatcheries  e.g,, see Laramore, this
volume!.

There are a number of ways to monitor
hatcheries for bacteria, including doing
total plate counts or TCBS counts of
water and/or larval homogenates  Table
1!. This is usually only practiced rou-
tinely in areas where there is a high
density of farms and/or the water avail-
able is not of optimal quality. The wide-
spread practice of rinsing or treating
shrimp eggs andlor nauplii to remove
bacteria before stocking falls under the
category "animal management". Simi-
larly, Arternia nauplii, a common feed
in shrimp hatcheries, are routinely
rinsed before use to minimize the

spread of bacteria.

Employing batch techniques can also
help minimize bacterial problems  Ta-
ble 1!. And, since bacteria are ordinarily
considered facultative pathogens of
shrimp, another good way to prevent
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infection is to minimize stress. This can

be accomplished, in part, by providing
adequate quantities of high-quality feed
and by optimizing stocking density.
Finally, there is some evidence  see D.
Chen, this volume! that certain species
of microalgae inhibit the growth of Vi-
brio spp. and other potential pathogens
� adding these microalgae to the cul-
ture water should, therefore, lower the
density of these bacterial species in the
tanks.

Protozoa. Many of the methods used to
prevent bacterial diseases also apply to
diseases caused by protozoa  Table 1!.
In addition, chemicals such as Formalin
and copper sulfate are also used in
hatcheries, and it is important to moni-
tor the culture water regularly with the
aid of a microscope to monitor proto-
zoan populations.

Fungi. Larval mycosis is the most well-
known fungal disease afflicting larval
penaeids. This disease is usually pre-
vented by adding Treflan+ to the rear-
ing water, although chemicals such as
EDTA and malachite green have also
been used  Table 1!.

Treatment

Viruses. Once a shrimp population has
been infected with a virus, there is no
way to get rid of the virus. There are,
however, techniques that can maximize
the performance of virus-infected ani-
mals in culture. The most commonly
cited method is simply to minimize the
stress placed on the animals. For exam-
ple, in the past, Nick Carpenter has

effectively "managed around" BP at his
P. vannamei hatchery by lowering
shrimp densities  Table 2!. In addition,
monitoring the level of infection can
help in making management decisions.

Bacteria. Increasing water exchange
and optimizing temperature are water
management techniques that can be
used to treat diseases of bacterial etiol-

ogy  Table 2!. Antibiotics, of course,
may also be effective, but, as Tokuo
Sano noted, treatment should be pre-
ceded by sensitivity analyses and deter-
mination of minimum inhibitory
concentrations. In Ecuador and else-

where, hatchery managers are adding
1 - 10 ppm sucrose to culture tanks to
encourage the growth of bacteria that
might outcompete potentially patho-
genic species and strains. Although the
technique is still being refined, shifts in
the types of bacteria revealed in TCBS
counts have been documented. Sucrose

is also being used in growout, but its
effect in ponds is more difficult to docu-
ment. Similarly, some culturists in Asia
and in the Western Hemisphere are
adding so-called "beneficial" bacteria,
or "probiotics" to hatchery tanks, and
even to growout ponds, in the hope
that they will prosper and outcompete
Vibrio spp. and other potential patho-
gens.

Protozoa. Flushing to lower the densi-
ties of microbes on which epicommen-
sal protozoa feed is one management
method for protozoan fouling disease
 Table 2!. Alternatively, chemicals such
as copper sulfate, malachite green and
EDTA can be added to tanks. In fact,
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Table 3. Recornrnendations.

1. Develop priority pathogens list containing pathogens that are economically or ecologically
significant, that can be diagnosed with existing technology.
- Should we app!y certification? Where?
� What will be t' he criteria for sensitivity  what level is acceptable or should it be zero

tolerance!?
2, Select and organize committees comprised from members of the following: the World

Aquaculture Society, the Asian Fisheries Society, the Office of Internationale Epizooties and
the European Association of Fish Pathologists. Committees will review and standardize
diagnostic procedures.
� Committee must be representative,
� Take advantage of computer networking to alleviate need for many formal meetings.
� Handbooks need to be developed by committees and so do SPF procedures.

3. Reference labs. S cimen exchan will be ve hei ful in the dia nosis of certain diseases.

be impractical to exclude that pathogen
from that region.

ing one or more representative commit-
tees of experts to:

Research and Development on
New Diagnostic Techniques

~ Develop or endorse handbooks
that contain detailed diagnostic
procedures; and

~ Develop or endorse guidelines for
certifying diagnosticians, shrimp
stocks and culture facilities  Table
3!.

Perhaps committees could be formed
within each of the following organiza-
tions: the World Aquaculture Society,
the Office Internationale des Epi-
zoohes, the European Association of
Fish Pathologists and the Asian Fisher-
ies Society.

Regional committees, it was decided,
would probably be needed to develop
lists of pathogens to be excluded &om
stocks. Different species and various
regions are expected to have different
lists. For example, if a certain pathogen
is endemic to an area, that is, present
in the wild shrimp population, it would

Tissue Culture. There was general
agreement that much more needs to be
done in the area of shrimp tissue cul-
ture. The lack of progress in this area
has hindered the development of new
diagnostic techniques.

Idiopathic Syndromes. Some partici-
pants believed that the phrases "idi-
opathic lesions" and "idiopathic
syndromes" are overused in the scien-
tific literature. Furthermore, diagnosti-
cians would benefit from a standard set

of steps to be used to investigate idi-
opathic observations in cultured
shrimp.

Multiple Pathogens. Similarly, diag-
nosticians often encounter shrimp that
contain multiple pathogens. In this
case, it is very difficult to determine if
one pathogen is more important than
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establishing reliable domestic supplies
of SPF stocks prior to the adoption of
regulations. Another issue raised was
the need for international cooperation
in establishing workable, reasonable
quarantine procedures.

Furthermore, as was pointed out in the
previous discussion, before one can
begin to certify stocks and hatcheries
on a large scale, standard diagnostic
procedures must be in place, and there
must also be qualified diagnosticians to
use those procedures.

In a related problem, how should we
develop priority pathogen lists? This
issue was touched on in the previous
discussion. Some researchers won-

dered whether enough is known about
the geographic ranges of pathogens to
develop pathogen lists. Furthermore,
any pathogens on an exclusion list
must be able to be diagnosed with
certainty. Other participants were wor-
ried that priority pathogen lists would
be misused by governments in some
countries and become regulatory lists.

The SPF Issue

Motivations. Were are a number of

reasons countries or groups might want
to develop SPF shrimp stocks. One is
the shortage of broodstock in some
areas. Domesticated stocks are needed

because wild sources of high-quality
broodstock are becoming scarce. Logi-
cally, if one is going to begin a domestic
stock program, he or she should begin

with SPF animals. One could also argue
that domesticated stocks are needed so

that genetically "superior" strains of
animals can be developed. Alterna-
tively, some companies simply want to
have a reliable supply of high-health
animals for growout. Finally, other
companies may be motivated by the
economic incentive of selling high-
health seed to other farms.

Approaches to Certification. Finally,
when it is time to certify animals and
hatcheries with regard to their patho-
gen status, what approach should be
taken? Some fish hatcheries are classi-

fied based on the number of pathogens
present in their stocks. For example, a
Class A hatchery may contain SPF ani-
mals, whereas animals in a Class 8
hatchery might carry one known patho-
gen, and so on.

It may also be desirable to categorize
the pathogens themselves. For a given
area, disease agents might be divided
into groups based on 1! the presence or
absence of the agent in the natural
environment, and 2! the threat posed
by the agent in question. Finding an-
swers to the above mentioned ques-
tions for all of the known shrimp
pathogens affecting all the various spe-
cies and culture regions will certainly
require a great deal of study. The Fish
Disease Commission of the Office Inter-

national des Epizooties has already be-
gun to develop a list of excludable fish,
shrimp and mollusc pathogens  see
Sano and Momoyama, this volume!.
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Table 4. Overall disease-related concerns,
in order of decreasing importance,

Discussion Group F: Open
Session and Wrap-Up

This session was devoted to prioritizing
the concerns raised in Discussion

Group A. Two summary lists were
made that reflected 1! the participants'
overall disease-related concerns, and 2!
their priorities for future disease re-
search. There was some overlap; for
example, the need for SPF stocks was
both a research priority and an overall
concern. Everyone was asked to indi-
vidually prioritize the issues on the two
lists. The results are in Tables 4 and 5.

The need for SPF stocks was ranked
highest among the overall shrimp dis-
ease-related concerns and was also sec-

ond on the research priority list. This
reflects, in large part, the perceived
threat of viral diseases to the global
shrimp culture industry, and the need
for a reliable supply of seed The use or
abuse of chemotherapeutants was the

Table S, Research priorities, in order of
decreasing importance.

second most important overall concern.
In particular, the prophylactic use of
antibiotics and the presence of drug
residues in harvested shrimp were at
issue. Third on the list was the need for

rapid diagnostic techniques. Those pre-
sent emphasized the need for two dif-
ferent types of techniques, those that
could be used on farms and others that
could be applied at "minimal clinical
labs."

The need for rapid diagnostic tech-
niques was also the highest research
priority  Table 5!. SPF stocks were the
second priority, and the need for more
studies on probiotics was third. Finally,
the commercial representatives stated
that they wanted more research efforts
to be directed toward developing more
and better chemical preventives, in-
cluding vaccines  number eight and
four on the overaH concerns and re-

search priority lists, respectively!. Bet-
ter disinfection methods are needed, in
addition to antibiotics that are designed
for aquaculture, and immunostimu-
lants.
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C

Abbreviated New Animal Drug

Application
See ANADA

Acetic acid, 313
Acineta sp., 5, 10, 43, 51, 79, 115 - 116,

220, 275
Aeromonas sp,, 75, 77, 127, 132,

143, 196- ]97
Aflatoxicosis, 25, 224
Aflatoxin, 143, 352
Agmasoma penaei, 43, 80
Agmasoma sp., 220, 275, 346
Aldrin, 86
Alexandrium sp,, 94
Alexandrium tamarense, 224

Altermonas sp., 79
Ameson sp,, 43, 220, 275, 346
Ampicillin, 75
ANADA, 323

Aphanomyces astaci, 331
Aquatin, 222
Aquatrine, 312, 314
Arfemia sp., 43, 49, 216, 225, 300, 367-

368

ASCC Asian Shrimp Culture Council!,
61

Astaxanthin, 11, 44, 222

Bacillus sphaericus, 154
Bacteria induced hepatopancreatitis, 8, 19,

23

Bacterial gill disease, 19 - 20
Baculoviral midgut gland necrosis
vr fus

See BMNV

Baculovirus, 6, 38 � 39, 61, 96, 139, 146,

153, ]55, 169, 182, 189, 216, 235, 249,
296

Baculovi rus penaei
See BP

Baytril, 315 - 316
Benthiocarb, 86, 93

Benzalkonium chloride,
See BKC

Bipenicillin, 8 - 9
BKC, 80, 118, 125, ]27- 128, 130, 132,

171, 190
Black gill disease, 5 - 6, 12, 17, 20, 42, 48,

52, 114, 122 - 123
Black gill syndrome, 224
Black spermatophore disease, 6
Black spot disease, 21, 23
Blue disease, 11 - 12, 44, 133, 222
BMN,

See BMNV

BMNV, 15, 18 - 19, 38, 151, 155, 163, 169
- 171, 173, 185 � 191, 214, 216, 233 - 235,
238, 346, 360, 362, 366

BMPC, 88
BP, 24, 26, 189, 212 - 215, 233 - 235,238,

249 - 251, 271, 274 - 277, 282, 285 - 287,
289, 300, 346, 364, 366

Bubble disease, 17
Buthylphenyl N-methyl-carbamate

See BMPC

Cadmium, 122, 143
Calcium hypochlorite, 10, 49, 54, 364
Cancer magr'ster, 86, 89
Carbamate, 88
Carbaryl, 88
Carbon dioxide, 313
Carbophenothion, 86
Carchesium sp., 16 � 17, 43
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Carcinus sp., 90
Cephalolobus sp., 51, 117, 121 - 122, 220
Chemotherapy, 8, 20, 28, 42, 80, 135, 348,

350, 365

Chitinolytic bacteria, 5
Chlorarnine T, 80
Chloramphenicol, 5, 8 - 9, 15, 28, 40, 48-

49, 75, 77, 132 - 133, 140, 316
Chlorine, 171, 190 - 191, 277 - 279, 287,

297, 364, 367
Chloropyri fos, 86, 93
Chloroquine diphosphate, 10 - 11
Chronic soft-shell syndrome, 11 - 12, 43,

133

Chrysanthemum, 91
Cladocera, 85, 87 - 88, 91
Copper, 122
Cramped tails, 11 - 12, 44
Crangon septemspinosa, 86 � 88
Cutrine-Plus, 8 - 9, 28, 41, 312, 370
Cypermethrin, 57, 81 - 84, 88, 91 - 93

Daphnia magna, 85, 87 - 88
DDT, 85 - 86,.92, 223

Decapoda, 87 - 88
Diaoxathan, 86
Diazinon, 87

Dichlorvos, 86, 89

Dieldrin, 86, 223
DNA probe, 61, 171, 213, 215, 237, 245,

249

Ectocornmensal cili ates, 23

EDTA, 5, 25, 132, 223, 367, 369 - 370

ELISA, 27, 214, 238, 242 � 246

Endrin, 86
Fnteromorpha sp., 51, 120
Environmental Protection Agency

See EPA

Enzyme-linked immunosorbent assay
See ELISA

EPA, 311, 315, 318

Ephelota gemmipara, 10
Ephelota sp., 220
Epicommensal ciliates, 17, 19 - 20, 51, 114

- 115

Epicommensal species, 24
Epidemiology, 363
Epistylis sp., 5, 10, 16 - 17, 22, 43, 51, 79,

115, 117, 164, 220, 346
Erythromycin, 5, 75, 140
Erythromycin phosphate, 8 - 9
Escherichia coli, 319

Ethyl-parathion, 87
Euphelota sp., 43

FDA, 312 - 313, 316 - 318, 320 - 322

Federal Regulations  Code of!, 25
Fenthion, 87

Fentitrothion, 87
Fenvalerate, 91 - 93
Filamentous bacteria, 24 - 25, 29, 40 - 41,

50, 77, 79, 123 � 124, 128, 139, 146, 150,

153, 155, 218, 346

Flavobacterium sp., 127, 132, 143, 196,
204

Floating head syndrome, 17, 52
Florfenicot, 315 - 316
Flucythrinate, 87, 93
Fluoroquinolone, 316
Food and Drug Administration

See FDA

Formalin, 9 � 11, 17, 19, 23 - 25, 28, 41, 49
- 51, l17 - 118, 124, 127 - 128, 164, 171,

182 - 183, 190, 312, 314, 367, 369

Furanace, 5, 8 - 10, 28, 127, 132 - 133

Furazolidone, 5, 19 - 20, 125, 128, 132

Fusarium disease, 5, 20 - 21, 42, 50, 212,
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220

Fusarium moni ltforme, 20
Fusarium solani, 5, 20, 42, 50, 212, 219-

220, 274, 346, 351

I usarium sp., 6, 10, 42, 49 - 50, 52, 79,
213, 219, 351

GAB A, 92

Gama amino butyric acid
See GABA

Gas bubble disease, 6, 12, 20, 25, 29, 44,
133, 135, 143

Gill rot disease, 19 � 21

GNS, 19, 21, 212
Gregarines, 6, 10 - 11, 121 - 122, 220, 259,

296, 346

Gustathion A, 222

Gut-and-nerve syn drom e
See GNS

Haliphthoros philippinensis, 42, 143, 155
Haliphthoros sp., 5, 9 � 10, 42, 219
Heavy metal poisoning, 12
Hemocytic enteritis, 12, 212
Hepatopancreati c parvo-li ke vi ru s

See HPV

Heptachlor, 86
HP

See HPV

HPV, 7, 15 - 16, 21 - 25, 48, 52, 73 - 74,
141 - 142, 157, 163, 234 - 235, 238, 246�

247, 259, 274, 346, 362

Hyalophysa sp., 275
Hypertrophy, 66 - 67, 70 - 72, 98, 108,
142, 144, 187 � 188, 217

Hyphomyces sp., 10

IHHN

See IHHNV

IEBVJV, 7, 24, 27 - 28, 39, 73, 141, 157,

186, 212 - 216, 226, 233 - 248, 250, 259,
269 - 271, 274 - 276, 278 - 280, 282, 285-

289, 291, 295 - 296, 298, 305 � 306, 308-

310, 346, 348 - 349, 364 - 365

Immunostimul a.nts, 76, 107
Infectious hypodermal/hematopoetic ne-
cfosIS vjrus

See IHHNV

Isopods, 133, 221

1 agenidium eallineetes, 5, 9 � 10, 42, 317
l.agenidium sp., 16, 42, 50, 79, 143, 219,

346, 350

l.agenophryssp., 5, 52, 220
Larval black spot syndrome, 13, 96
Larval rnycosis, 5, 9 - 10, 25, 42, 50, 139,

146, 150, 153, 155, 212, 220, 346, 370

Laspevresia pomoneDa, 154
leptolegnia marina, 10
leucolhrixmucor, 5, 41, 50, 143, 151,

153, 155, ]64, 219

leucothrir sp., 9, 16, 19 - 20, 312, 346
Lindane, 86

LOP V, 28

Luminous bacterial disease, 8 - 9
Lymphoidal parvo-like virus

See LOPV

Malathion, 87

MB

See MBV

MBV, 3, 7, 9, 14, 21 - 23, 38- 39, 41, 57,
60 � 64, 106, 128 � 131, 139 � 141, 144�
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151, 153 - 154, 156 - 157, 169, 178, 180�
181, ] 83, 191, 212, 214,

233 � 235, 238, 249, 346, 364, 366
Metapenaeus ensis, 3, 169, 171, 185 - 186
Metazoa, 21], 221, 259
Methoxychlor, 85 - 86
Methyl-parathion, 81 � 82, 84 - 85, 87, 89-

91, 93, 100

Mevinphos, 87
Microsporida, 5, 10, 17, 43, 50, 80, 259,

296, 346, 350

Microsporidosis, 5
Mirex, 215, 223

Moina macrocopa, 85
Muscle necrosis, 12, 17, 20, 52, 133, 200

Mysidacea, 87 - 88
Mysidopsi s bahi a, 86 � 88

NADA, 312, 314, 316, 322
Nalidixic acid, 75

Nematodes, 117 � 119, 259, 296
¹matopsis sp., 51, 212, 220, 273,346
New Animal Drug Application

See NADA

Nocti luca scinti lans, 94

Nocti luca sp,, 94
Nosema sp., 16 - 17, 50
Nucleocapsid, 62

0

One month mortality syndrome, 13, 81, 97,
100, 106

Organochlorides, 86, 89
Organophosphorous, 86, 89 � 91, 93, 100
Oscillatoria sp., 94, 123 � 124, 312
OTC, 74 � 76, 106, 127, 130, 132- 133,

140, 164, 315, 350, 361, 368
Oxytetracycline

See OTC

Ozone, 367

Pagurus longi carpus, 86 � 87
Palaemon macrodactylus, 79
Palaemonetes vulgari s, 86 - 87
Paranophrys carcini, 16 - 17, 51
Paranophrys sp., 221
Parasitic ciliate disease, 17, 51

Paratya compressa improvi sa, 85, 87
Parvoviridae, 39, 61, 65, 234 - 235
Penaeus a:tectrs, 88, 196, 236, 250

Penaeus brasiliensis, 236

Penaeus cali forni ensis, 213, 226, 236, 250,
271

Penaews chinensis, 3, 15, 17 - 18, 22, 39,
47 - 48, 50, 142, 161 - 163, 169, 171, 185�
186, 212, 217, 236, 247, 353, 362, 367-
368

See also P. orientalis

Penaeus dworarum, 87 � 88, 182, 215, 236

Penaeus escwlentus, 3, 28, 38 � 39, 236

Penaeusindictr», 3, 9, 39, 236

Penaeusjaponicus, 3, 5 - 6, 15, 18, 20-
21, 23, 38 � 42, 155 - 156, ]61 - 164, 166,
]69, 182 - 183, 185 - 189, 191, 214, 217,
220, 226, 236, 351, 360, 362, 367

Penuews kerrtthwrus, 3, 38, 236

Penaeus latisulcatus, 185
Penaews marginatws, 4, 236
Penaeus me@erie!tsis, 3 � 4, 9, 21 � 22, 28,

38 � 40, 42 - 43, 47, 80, 142, 151, 236

Penaeus monodon, 3 - 4, 6 � 9, 11 - 15, 22,

28-29,38-44, 57-58,60-61,
66, 68, 70, 73 - 76, 79 - 84, 91 - 92,

94, 97, 100 - 101, 113 � 117, 119, 121�
l24, 129 � ]31, 134, 139, 141, 143 - 151,
153 - 155, 169, 171, 178, 180, 183, 185,

191, 195 � 197, 199, 201 - 204, 212, 2]7-
218, 223, 233, 235 - 236, 247, 258, 286-
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288, 346, 351, 359, 362, 364, 366 - 368
Penaeus monodon-type baculovirus

See MBV

Penaeus ori entali s, 3
Penaeus paulensis, 236
Penaeuspentcillatus, 3, 13, 18, 22 � 23, 38

� 39, 47, 236

Penaeus plebj eus, 3, 151, 236
Penaeus plebj eus baculovirus PBV! 38
Penaeus schmitit', 236

Penaeus semi sulcatus, 3, 13, 38 - 39, 142,
169, 171, 185 � 186, 236

Penaeussetiferu.v, 6, 143, 196, 236
Penaeus stylirostris, 4, 6, 142, 213, 215-

217, 220, 226, 236 - 237, 239, 242, 244�

245, 247 - 251, 269, 271, 276, 278, 287,

348 - 349

Penaeus subti lis, 236

Penaeus vannamei, 3 � 4, 6, 24 - 25, 39,

142, 189, 212 � 218, 223, 226, 236 � 238,

240, 244, 247, 249 � 250, 257 - 261, 266,

269 - 272, 274 � 276, 279 � 280, 285 � 291,

295, 306, 309 - 310, 334, 348 - 350, 352-

353, 359 - 360, 363 - 365, 367 - 369

Penicillin, WO, 220

Perkinsus karlssoni, 332
Permethrin, 91, 93
Phloxine, 27

Phycomycete fungi, 212
Pleistophora sp., 16 � 17, 50, 212, 220,

275, 346

Poly mycin, 75
Potassium permanganate, 10, 51, 122
Povidone iodine, 80

Probiotics, 107, 360 � 362, 369, 374
Protogonyau ax sp., 94
Protozoa, 4 � 5, 16, 19, 22 � 24, 37, 42 � 43,

211, 220, 259, 274, 346, 349, 367, 369-

370

Pseudomonas aeurogi nosa, 3 19
Pseudomonas sp., 8, 15 � 16, 41, 132, 143.

151, 204

Pyrethroid, 57, 85, 87, 91 - 92, 94

Quarantine, 264, 273, 275 - 278, 280, 286,
326, 329 - 330, 335, 348, 372

Red discoloration, 13, 114, 125 - 126, 132

Red disease, 11 - 12, 41, 44, 146, 153, 156
Red leg disease, 18, 22 � 23, 49
REO, 7, 19, 24, 40, 142, 212, 217, 234-

235, 238
Reo-like virus

3"ee REO

Resi guard, 10
Rhizosolenia, 94

Rickettsia, 4, 6, 22, 41 � 42, 60, 211 - 212,
217 � 218, 274, 346

Romet-30, 315

Runt-deformity syndrome, 24, 270, 285,
291, 296, 309 - 310

Saponin, 10, 19, 23, 117, 120, 133, 222
Saprolegmi a parasi ti ca, 10
Sarafin, 315 - 316

Seri ala quinqueradiata, 316
5irolptdi um sp, 5, 9 � 10, 16, 24 - 25, 42,

50, 143, 219, 317, 346, 350

Sodium bicarbonate, 313
Sodium chloride, 313

Sodium sulfite, 313
Soft shell syndrome, 18, 53, 222 - 223
Specific pathogen free

See SPF

SPF, 26 - 27, 257 - 263, 265 - 266, 269,
272, 279 - 281, 286 � 288, 291 � 292, 295,
297 - 299, 302, 305 � 306, 309 - 310, 325,
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328, 330 - 332, 349, 360, 362 - 364, 370,
373 - 374

Spirillium sp., 127, 196
Spi rocamallanus pereirai, 118
Spongy muscle syndrome, 13, 96
Streptomycin, 8 � 9, 75, 220
Sulfamethazin, 8 � 9
Sulfamethosazole, 7 5

Tail rot, 12, l26- 128, 132
Tail rot disease, 361

TCBS, 369

Teaseed cake, 51, 54, 117, 120, 127,133
Terramycin, 5, 48 - 49, 132
Tetracycline chlorohydrate, 4, 8 - 9
Thelohania sp,, 16 - 17, 22, 43, 50, 275
Thiothrix sp., 16, 50
Thymascar sp., 117 � 118
Thymascaris sp., 118 - 119
Treflan, 5, 9 � 10, 24 � 25, 28, 42, 79, 315,

317, 350, 367, 369-370

Trichodesi um sp., 94
Tri chodesmi um erythraeum, 94
Tri methopri m, 75

U.S. Department of Agriculture
See USDA

USDA, 270, 282, 313, 315

Vibri o alginolyticus, 41, 48 - 49, 143, 204
Vibrio anguillarum, 49, 125, 132, 195-196,

198, 204

Vibrio campbellii, 49
Vibrio cholera, 273

Vibrio damsela, 125, 195 - 198, 204
Vibrio harveyi, 40, 76, 125, 140, 195 � 204
Vibrio nereis, 195, 197 - 198, 204
Vibrio parahaemolyticus, 41, 48 � 49, 74,

125, 132, 143, 197 � 198, 204

Vibrio sp., 4, 8, 15 - 16, 19 - 20, 26, 40-
41, 47, 49 - 50, 52, 54, 74 - 78, 127, 132,
143, 156, 163 � 164, 166, 196 - 197, 204,
2]8, 225, 273, 305, 307, 346, 351, 360-
362, 369

Vibrio splendidus, 40, 76, 142, 198
Vibrio lubiashii, 196
Vibrio vllniPcus, 74, 76, 195, 198
Vibriosis, 5, 8, 15, 19 - 21, 40, 47 - 48, 53,

74, 76, 163 - 164, 212, 218 - 219, 225,
346, 351, 362

Viral occlusion

See VO

Vir brio harveyi, 142
Virions, 62 - 65, 69, 73, 96, 103 - 105,

182, 239, 246 - 247, 249

VO, 61

Vorticella sp., 5, 10, 16 - 17, 43, 51, 79,
139, 146, l50, 153, 155, 220

White spot disease, 18, 53
White-black spot disease, 18, 52

Zoothamnium sp., 5, 10, 16 - 17, 22, 43,
51 - 52, 79, 115 - 117, 139, 146, 150 - 151,
153, 155, 164, 220, 274, 346


