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whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.
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Disease Problems Affecting Fish
in Tropical Environments

Iddya Karunasagar
Indrani Karunasagar

Subhendu Kumar Otta

SUMMARY. Aquaculture produce in Asian countries contributes a ma-
jor share to total global fish production. However, disease due to biotic
and abiotic factors results in considerable losses to the industry. The
most frequently encountered bacterial agents associated with fish dis-
eases in tropical environments are Vibrio sp. in marine and brackish-
water systems and motile aeromonads in freshwater systems. Virulence
mechanisms of these bacterial species have been widely studied. Though
a few viral agents such as rhabdovirus, reo-like virus, infectious pancre-
atic necrosis virus, picornavirus, and irido-like virus have been recorded
in different parts of Asia, such reports are scanty. Among fungal patho-
gens, Aphanomyces invaderis is the most virulent and has been reported
to be associated with epizootic ulcerative syndrome. Other fungal agents
such as Achlya sp. and Saprolegnia sp. have been recorded in various
disease conditions. In addition to various conventional microbiological
and serological methods, nucleic acid-based methods are being widely
adopted for diagnosis of different fish diseases. Few successful vaccines
have been developed to protect against disease conditions, and some of
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the better known ones are against vibriosis and furunculosis. Many other
vaccines are still in the experimental stages. Early diagnosis of disease
and development of successful vaccines are important for the future de-
velopment of aquaculture. [Article copies available for a fee from The
Haworth Document Delivery Service: 1-800-HAWORTH. E-mail address:
<getinfo@haworthpressinc.com> Website: <http://www.HaworthPress.com>
 2003 by The Haworth Press, Inc. All rights reserved.]

KEYWORDS. Aquaculture, tropics, bacteria, fungi, virus, diagnosis,
immunoprophylaxis

INTRODUCTION

Many tropical countries in Asia have a long tradition of aquaculture,
and according to FAO statistics, over 80% of fish produced by aqua-
culture comes from Asia, where the production was 31.07 million met-
ric tons valued US$38.855 billion (FAO 1996). Nine of the 14 top
aquaculture producers in the world are from Asia. Cyprinids, tilapia,
and catfishes are among the major freshwater fishes cultured and con-
tribute as much as 72% of the total aquaculture production in Asia
(Csavas 1994). The share of cultured diadromous fish in Asia, which in-
clude salmonids, eels, milkfish, and hilsa, is 42.9%. Major marine fish
that are cultured include red fish, basses, congers, jacks, mullets, and
sauries. However, culture of such marine fish is not on a big scale, and
hence their contribution is low. One of the major problems limiting fish
production in Asia is loss due to diseases. Aquatic animal disease and
environmental related problems may cause annual losses of more than
US$3 billion annually to aquaculture production in Asian countries
(FAO 1996). Fish in freshwater, brackishwater, and marine environ-
ments are susceptible to a number of bacterial, viral, and parasitic dis-
eases. In this review, the major disease problems of tropical fish are
presented.

BACTERIAL DISEASES

Major Bacterial Groups Involved

Mass mortalities of fish due to bacterial diseases have been reported
from a number of countries in Asia. Among the various bacterial agents
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associated with fish disease in tropical environments, motile aero-
monads in fresh water and Vibrio spp. in brackish and marine water are
most frequently encountered. Gopalakrishnan (1961) reported mass
mortalities in India is major carps, catla, Catla catla; rohu, Labeo
rohita; and mrigala, Cirrhenius mrigala; due to motile aeromond infec-
tion and noted that catla is most susceptible, followed by mrigal and
rohu. Diseases due to motile aeromonads may manifest in a number of
ways. Snieszko and Axelrod (1971) classified disease signs caused by
Aeromonas hydrophila into four categories: (1) acute, rapidly fatal sep-
ticaemia with a few gross symptoms–an acute form with dropsy; (2) blis-
ters, abscesses, and scale protrusion; (3) a chronic ulcerous form with
furuncles and abscesses; and (4) a latent form with no signs. In tropical
fish, motile aeromonad infections manifesting in all these forms have
been reported (Gopalakrishnan 1961; Karunasagar et al. 1986, 1989).
Motile aeromonads are commonly found in freshwater ecosystems, in-
cluding fish farms, and it is not yet established whether strains associ-
ated with fish disease are different from other environmental strains.
The taxonomy of aeromonads is receiving considerable attention, due
to the increased recognition of the members of this genera as human
pathogens (Carnahan 1993). Currently ten different species and 14
DNA hybridization groups or biovars are recognized (Joseph and
Carnahan 1994), but in moribund tropical fish, most commonly isolated
species are A. hydrophila and A. sobria. Though A. caviae are also iso-
lated from aquaculture systems, this species has low virulence in exper-
imental studies and may represent a secondary flora (Karunasagar et al.
1995).

Motile aeromondads are also the most commonly associated bacteria
in cases of epizootic ulcerative syndrome (Llobrera and Gacutan 1987;
Pal and Pradhan 1990; Torres et al. 1990; Lio-Po et al. 1991; Karunasagar
and Karunasagar 1994; Karunasagar et al. 1995). However, the precise
role of motile aeromonads in this syndrome is not understood. Strains
with varying virulence are commonly found associated with the syn-
drome (Karunasagar et al. 1995), but motile aeromonads could be iso-
lated from internal organs of fish showing reddish lesions of skin before
ulceration (Karunasagar and Karunasagar 1994), and therefore, it is
possible that these bacteria have a role in causing ulcerations. During
recent years, some workers have suggested that epizootic ulcerative
syndrome (EUS) is a fungus-associated syndrome with an invasive fun-
gus, Aphanomyces invaderis, the predominant species (Roberts et al.
1992, 1993; Willoughby et al. 1995). However, it is not yet established
that the fungus is the primary causative agent. In fact, the isolation rate
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of fungus in cases of EUS is rather low, and the presence of the fungus is
inferred from histological sections (Roberts et al. 1993). It has been
summarized that the fungus is killed by host tissue reactions (Chinabut
and Roberts 1999). On the other hand motile aeromonads isolated from
EUS showed dermonecrotic properties, and produced a number of
proteolytic enzymes associated with virulence (McGarey et al. 1991;
Karunasagar et al. 1995; Leano et al. 1996); therefore, it is possible that
motile aeromonads have a role in causing ulcers, though they may not
be the primary causative agent of EUS.

Among pathogens of brackishwater and marine fish, Vibrio spp. are
the most important agents causing infections in a number of cultured
fish species (Table 1). However, the species involved have not been
properly characterized. In temperate waters, V. anguillarum, V. ordalii,
and V. salmonicida are important pathogens (Austin and Austin, 1999).
Though the former two species have been reported from marine fishes
of Japan (Muroga et al. 1986), it has been shown that the susceptibility
of the Asian marine fish to V. anguillarum is much lower compared to
that of salmonids and ayu, Plecoglossus altivelis, and that this bacterium
could be categorized as a facultative pathogen (Muroga 1997). Vibriosis
is generally observed in stressed fish, and the species observed are
mainly V. parahaemolyticus in grouper, Epinephalus salmoides and V.
parahaemolyticus and V. alginolyticus in seabass, Lates calcarifer
(Cheong et al. 1982). The disease may occur in the form of dermatitis or
enteritis in a variety of cultured marine finfish, regardless of size (Leong
1992). The clinical signs of dermatitis are hemorrhages, lesions, and pro-
gressive development of deep ulcerative myositis, while internally,
congestion, hemorrhage of liver, and enlargement and liquifaction of
kidney might occur (Leong 1992). Enteritis is the less common form of
vibriosis manifesting as hemorrhage of the intestine and destruction of
the tunica mucosa (Leong 1992).

Other bacterial pathogens such as Flavobacterium spp., Flexibacter
spp., Pseudomonas spp., Citrobacter freundii, Mycobacterium spp.,
Edwardsiella tarda, and Staphylococcus aureus have been reported to
cause diseases in tropical fishes (Table 1). These are generally involved
in sporadic cases.

Bacterial Pathogenicity and Virulence Factors

Most of the bacterial pathogens described above are commonly
found in aquatic systems, and whenever these bacteria are isolated from
moribund fish, the question remains as to whether they are primary
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pathogens or opportunistic invaders of stressed fish. The virulence
mechanisms of some of the fish pathogens have been intensively stud-
ied, though the mechanism by which these pathogens cross the epithe-
lial barrier and overcome the natural defences of the fish is not yet
clearly understood.

The virulence factors of motile aeromonads have been investigated
by a number of workers, and this interest is perhaps driven by the fact
that these organisms are emerging human pathogens (Carnahan 1993).
Some of the suspected virulence-associated characteristics are serotype
(Mittal et al. 1980), surface characters (Dooley and Trust 1988), and
ability to produce various extra-cellular products (Thune et al. 1993).

Karunasagar et al. 235

TABLE 1. Important bacterial diseases reported from tropical fish.

Causative agent Fish affected Reference

Aeromonas hydrophila Catla, rohu, mrigal Gopalakrishnan (1961)
Karunasagar et al. (1986,1989)

Catfish Djajadiredja et al. (1982)
Crucian carp Miyazaki and Kage (1985)
Ornamental fish Hettiarchi and Cheong (1994)
Murrels, barbs Karunasagar and
pearlspot Karunasagar (1994)

Aeromonas salmonicida Common carp, tilapia Reddy et al. (1994)
Common carp Bootsma et al. (1977)

Citrobacter fruendii Common carp Karunasagar et al. (1992)
Edwardsiella tarda Eels Miyazaki and Egusa (1976)
Flexibacter columnaris Eels Lia-Po et al. (1982)
Flexibacter maritimus Seabass Chong and Chao (1986)

Red sea bream Wakabayashi et al. (1984)
Flavobacterium spp. Salmonids Wakabayashi et al (1980)
Mycobacterium spp. Snakehead Adams et al. (1996)
Pseudomonas spp. Eels Lia-Po et al. (1982)
Staphylococcus aureus Silver carp Shah and Tyagi (1986)
Vibrio spp. Seabass Kasornchandra and Boonyaratpalin

(1984)
Chong and Chao (1986)

Grouper Chua and Teng (1987)
Chong and Chao (1986)

Milkfish Muroga et al. (1986)
Snapper Leong (1992)
Eels Miyazaki et al. (1977)

Yersinia ruckeri Rainbow trout Sharma et al. (1995)
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Mittal et al. (1980) noted that strains of A. hydrophila virulent for fish
shared a common O antigenic group, did not settle after boiling, and
were resistant to the bactericidal action of mammalian serum. Studies
done on tropical isolates suggested that pelleting after boiling and resis-
tance to serum may be associated with virulent strains (Karunasagar et
al. 1988). Pai (1992) studied a number of factors such as hemolytic ac-
tivity, surface hydrophobicity, pelleting after boiling, lack of agglutina-
tion in acriflavine, congo red reaction, suicidal phenomenon, elastase
production, and resistance to the bactericidal action of serum of motile
aeromonads associated with tropical fish ponds and did not find direct
correlation between many of these factors and virulence to fish. Mittal
et al. (1980), Lallier et al. (1981), and Corral et al. (1990) noted that vir-
ulent strains of A. hydrophila were resistant to complement-mediated
lysis of fresh serum, and this was attributed to either lipopolysaccharide
or surface protein components of gram negative bacteria (Munn et al.
1982; Buchanan and Pearce 1997). Pai (1992) noted that resistance to
bactericidal action of serum was associated with tropical strains having
a low LD50, supporting the view that this activity constitutes an impor-
tant virulence factor of motile aeromonads. It has also been suggested
that the virulent strains show higher elastase and gelatinase activities
(Hsu et al. 1981; Wakabayashi et al. 1981; Pai 1992).

During recent years, cell culture systems are being used to study how
pathogens interact with host cells, and in combination with molecular
biological studies of gene inactivation and complementation, such stud-
ies have greatly contributed to the understanding of the pathogenesis of
a number of diseases, particularly salmonellosis, listeriosis, infections
caused by pathogenic Escherichia coli, etc. (Henderson et al. 1999).
Interaction of fish pathogenic A. hydrophila with fish cells has been
studied by some investigators. Krovacek et al. (1987) noted that A. hydro-
phila and V. anguillarum adhere to fish cells and to glass slides coated
with fish mucus. Leung et al. (1995, 1996) suggested that A. hydrophila
is capable of invading and multiplying inside tilapia phagocytes and
carp epithelial tissue cultured cells. They further noted that virulent
strains induced cytopathic changes in cells during invasion, and the inter-
nalization was accompanied by the rearrangement of micro-filaments
(Low et al. 1998). However, studies with more virulent and avirulent
strains are required to assess whether the cell culture assay could be used
to differentiate virulent from avirulent strains of A. hydrophila.

Compared to motile aeromonads, fish pathogenic Vibrio sp. have
been little investigated, with the possible exception of V. anguillarum.
Crosa (1980) noted that highly virulent strains of V. anguillarum carry a
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65 kilobase plasmid named pJM1, which encodes an efficient iron up-
take system that allows the organism to grow under iron restricted con-
ditions. On losing the plasmid, the organism loses both the ability to
grow under such conditions and also the virulence (Crosa and Hodges
1981). In some virulent strains of this organism, the genes encoding the
high affinity iron transport system are located in the chromosome
(Toranzo et al. 1983). Milton et al. (1996) noted that a 40.1 kDa
flagellin A protein encoded by fla A gene is essential for the virulence of
V. anguillarum, since the virulence could be reduced 500-fold when
flagella was lost by transposon mutagenesis. Lee (1995) and Balebona
et al. (1995) suggested that extracellular products such as proteases are
involved in the pathogenicity of V. alginolyticus to cultured grouper and
seabream. In vitro, V. alginolyticus has been shown to adhere to skin
mucus and skin cells of seabream; however, the infection experiments
using bath immersion suggested that V. alginolyticus could be consid-
ered a pathogen for seabream, only when the mucus layer is removed
and the skin damaged (Balebona et al. 1998).

Detailed studies on the pathogenicity of Flexibacter group are still
lacking, though challenge experiments have been conducted with a few
strains (Wakabayashi et al. 1980, 1984). It has been suggested that the
virulence of this group is associated with extracellular protein (ECP),
subcellular components, hemolysin, and lipopolysaccharides (Austin
and Austin 1999).

VIRAL DISEASES

Though a number of viral fish disease problems have been reported
from both freshwater as well as marine habitats in North America, Can-
ada, Australia and Japan, reports of such incidences in warmer parts of
Asia are very scanty (Table 2). This could also reflect the lack of facili-
ties required to investigate viral diseases in this region. In the freshwater
systems, a few viral agents, particularly, rhabdoviruses have been iso-
lated from EUS-affected fish (Frerichs et al. 1986, 1989; Kasornchandra
et al. 1991; Roberts et al. 1994). However, their precise role in the syn-
drome is not yet established. Inability to isolate viruses from many epi-
zootics could be due to various reasons. It is possible that the viruses are
present early during the syndrome (Kanchanakhan 1997). Other viral
agents isolated include reo-like viruses (Roberts et al. 1994). In fresh-
water systems, there have been two reports of detection of infectious
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pancreatic necrosis virus (Wattanavijarn et al. 1988; Subramanian et al.
1993).

In marine fishes two major viral disease problems have been re-
corded. A picorna-like virus has been confirmed to be the causative
agent of a paralytic syndrome affecting grouper culture in Thailand
(Kanchanakhan 1996). The disease is a major problem at fry and
fingerling stage. The affected fish exhibit dark coloration, anorexia,
loss of equilibrium with corkscrew-like swimming motion, and high
mortalities (Danayadol et al. 1995). Another virus has been isolated
from diseased grouper exhibiting lethargy, dark coloration of the tail
and fins, and loss of balance. An iridovirus-like agent has been con-
firmed as the etiological agent (Kanchanakhan 1996). Lymphocystis
caused by an iridovirus has been found to occur in seabass in Thailand
(Limsuwan et al. 1983), Singapore (Chao 1984), and Malaysia (Leong
1992).

FUNGAL DISEASES

Though fungal agents such as Achlya sp. and Saprolegnia sp. have
been reported in diseased fishes, these are generally regarded as second-

238 SUSTAINABLE AQUACULTURE: GLOBAL PERSPECTIVES

TABLE 2. Viral agents reported from tropical fish.

Pathogen Host Reference

Rhabdovirus Snakehead, swamp eel Frerichs et al. (1986, 1989)
Blackfish, three spot gourami Kasornchandra et al. (1991)
Giant gourami Roberts et al. (1994)

Lilley and Frerichs (1994)
Kanchanakhan (1997)

Reo-like virus Snakehead Roberts et al. (1994)

Snakehead fish virus Snakehead Saitanu et al. (1986)
Infectious pancreatic Giant snakehead, Wattanavijarn et al. (1988)
Necrosis virus (IPNV) Snakehead, eye-spot barb Subramaniam et al. (1993)
Sand goby virus Sand goby Hedrick et al. (1986)
Picorna-like virus Grouper Boonyaratpalin et al. (1996)
Iridovirus Grouper Kanchanakhan (1996)

Seabass Limsuwan et al. (1983)
Chao (1984)
Leong (1992)
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ary pathogens. Interestingly, Limsuwan and Chinabut (1983) described
severe chronic granulomatous mycoses in Thailand from which these
fungi were isolated, but later, they were considered secondary patho-
gens in EUS (Tonguthai 1985). Before EUS was a serious problem in
Asia, Srivastava (1979) reported aphanomycosis due to Aphanomyces
pisci in mrigal and suggested that this disease could be a new threat to
fish populations, but it was only after the report of Roberts et al. (1993)
that the association between an invasive fungus, Ap. invaderis and EUS
has been increasingly recognized and debated on its role as the caus-
ative agent. They isolated a strain of Aphanomyces from the muscle of
EUS-affected fish, and this fungus was shown to be slow-growing and
thermolabile when compared to other saprophytic Aphanomyces. When
placed below the dermis of striped snakehead fish, Channa striatus, the
mycelium of slow-growing Aphanomyces succeeded in migrating into
the tissues causing severe myonecrosis with chronic epithelial reaction
typical of EUS (Roberts et al. 1993). This fungus was named Ap.
invaderis by Willoughby et al. (1995). Interestingly, Ap. invaderis is
not detected on the surface of EUS-affected fish. Lilley and Roberts
(1997) compared the infectivity of several Ap. invaderis isolates with
that of other Ap., Achlya, and Saprolegnia found on the surface of
EUS-affected fish. Only Ap. invaderis produced invasive lesion typical
of EUS. However, they point out that Ap. invaderis cannot be consid-
ered the primary pathogen unless the infective zoospore stage can be
shown to breach the skin unaided. Therefore, many investigators still
consider EUS to be a syndrome of complex aetiology. Under experi-
mental conditions, this fungus could infect juvenile snakehead fish,
only when it was injected or inserted into the body of the fish. Several
workers have shown that it is unable to infect the fish when challenged
by bathing in the fungus (Kanchanakhan 1997). It has been suggested,
therefore, that the fungus may need special environmental conditions
and/or other fish pathogens to induce an infection (Roberts et al. 1993;
Chinabut et al. 1995). The ecology of Ap. invaderis is still a mystery,
since no isolates have been reported from natural waters. Moreover, the
fungus has not been shown to sporulate in fish tissue, and therefore the
question remains as to where the fungus sporulates and how it spreads
from fish to fish to cause an epizootic.

An epizootic infection due to A. debaryana in the Mastacembelus
armantus, has been reported from an artificial reservoir in India (Khulbe
et al. 1994). In the same reservoir, when water temperatures were mod-
erate, mycotic infections were observed to be severe, with fungi like A.
flagellata and S. parasitica being more virulent (Khulbe et al. 1995).

Karunasagar et al. 239
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METHODS FOR DIAGNOSIS OF MICROBIAL DISEASES

So far, diagnosis of microbial diseases of tropical fish has been based
on classical methods such as clinical signs, histopathology, and isola-
tion and identification of pathogens by conventional methods. However,
during recent years, application of nucleic-acid based and antibody-based
diagnostic methods are being increasingly applied in medical and veter-
inary fields and have been widely used for a number of fish and shellfish
diseases (Karunasagar and Karunasagar 1999). Even in tropical coun-
tries such as Taiwan, India, Thailand, and Malaysia, polymerase chain
reaction (PCR)-based detection methods are being routinely used for
whitespot syndrome virus affecting shrimp (Lo et al. 1996; Kasornchandra
et al. 1998; Otta et al. 1999). However, such methods are not yet used
for diseases of finfishes. There may be several reasons for this. Shrimp
is a high-value product, and the farmers have a high financial stake.
They are therefore willing to spend on expensive diagnostic methods,
but the economics of a fish farm is on a different scale. Nevertheless,
these methods will be extremely useful, particularly in cases where tra-
ditional methods are also expensive and time consuming, e.g., in viral
diseases.

DNA-based methods, such as hybridization with an oligonucleotide
probe or PCR/reverse transcriptase PCR, has been reported to be useful
for detection of fish viral pathogens such as Infectious Pancreatic Ne-
crosis Virus (Rimstaad et al. 1990; Rodriguez et al. 1995), fish rhabdo-
virus (Estepa et al. 1995), fish iridovirus (Tamai et al. 1997), and red
seabream iridovirus (Oshima et al. 1996), and for bacteria that are diffi-
cult to culture or slow growing, such as mycobacteria (Talaat et al.
1997). Therefore, adopting these methods for viruses or bacteria affect-
ing tropical fishes should not be difficult.

Similarly, antibody-based methods such as fluorescent antibody test
(FAT) and enzyme-linked immunosorbant assay (ELISA) have been re-
ported for detection of a number of fish pathogens including bacteria,
viruses, and parasites (Karunasagar and Karunasagar 1999). However,
these are mostly experimental studies, and commercial kits for diagno-
sis of fish diseases are still not available for routine use. There are also
problems in application of antibody-based methods for bacterial patho-
gens, such as A. hydrophila, which are serologically heterogenous. The
serological structure of Vibrio spp., such as V. alginolyticus, affecting
tropical fishes has not been studied in great detail. Such studies would
be important for development of diagnostic tests suitable for pathogens
of tropical fishes.
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IMMUNOPROPHYLAXIS OF FISH DISEASES

Prevention of diseases would be the major goal of scientific aqua-
culture. The possibility of vaccinating fishes against diseases has been
investigated for nearly half a century, but successful vaccines have been
developed to protect against only a few disease conditions (Karunasagar
and Karunasagar 1999). One of the most successful vaccines has been
against vibriosis, and this generally contains V. anguillarum serotype 1
and 2, but polyvalent vaccines containing other antigens such as V.
salmonicida, A. salmonicida or V. ordalii are also available (Toranzo et
al. 1997). Whether they are effective against vibriosis of tropical marine
fishes is not known. Leong et al. (1998) tested the effect of an imported
vaccine (not specified) and a locally produced vibrio vaccine on the sur-
vival of grouper, Epinephelus cocciodes, cultured in floating net cages
in Malaysia. After 12 weeks, the overall survival for the control grouper
ranged between 20.5% to 35%, while grouper vaccinated with locally
produced vaccine showed a survival range of 8.5% to 43.5% and the
group vaccinated with imported vaccine showed a survival range of
30% to 80%. However, high mortalities occurred in the first 4 weeks,
regardless of whether groupers were vaccinated or not (Leong et al.
1998). These results suggest that more appropriate vaccines need to be
developed for vibriosis affecting tropical fish.

Among diseases of freshwater fish, motile aeromonad septicaemia is
very important and there have been a number of attempts to develop
vaccines against motile aeromonads. Vaccination against the non-motile
aeromonad A. salmonicida affecting temperate fish has been possible
because of the serological homogeneity in this species. Motile aero-
monads affecting tropical fish are, on the other hand, serologically very
heterogenous. However, experimental studies have shown that bacter-
ins delivered by injection or immersion can induce antibody production
and protection against homologous challenge in a number of fish, in-
cluding common carp, Cyprinus carpio (Baba et al. 1988), catla, rohu,
mrigal (Karunasagar et al. 1991, 1997), and tilapia, Aureochromis
mosambicus (Ruangpan et al. 1986). There was good correlation be-
tween the levels of agglutinating antibody and extent of protection
against challenge; cross-reacting antibodies induced by monovalent
vaccines showed varying degrees of protection against heterologous
challenge (Karunasagar et al. 1997). When polyvalent vaccines were
used, antibody response against all the component strains was ob-
served; however, the level of antibody was less compared to that in
fishes immunized with monovalent vaccines (Karunasagar et al. 1997).
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Since inclusion of all serotypes of the organism in polyvalent vaccines
would not be possible, it is necessary to understand whether there are
any common protective antigens in the fish pathogenic strains of motile
aeromonads. Therefore, many basic studies are necessary before a suc-
cessful vaccine for this organism can be developed. The possibility of
using live attenuated vaccine has been proposed by some investigators.
Karunasagar et al. (1991) noted that an aerolysin deletion mutant in-
duced significant protection, as evidenced by challenge experiments.
Protection against heterologous strain was only partial. Azad et al.
(1997) reported that A. hydrophila grown as a biofilm on substrates
such as chitin and bagasse could be used as an oral vaccine; however,
they did not address the question of protection against heterologous
strains or attenuation of the vaccine strain. Hernanz Moral et al. (1998)
developed an aromatic-dependent mutant of A. hydrophila as a candi-
date for live vaccine and noted that the strain conferred significant pro-
tection against the wild-type strain in rainbow trout, Oncorhynchus
mykiss. However, the extent of protection against heterologous strains
was not evaluated.
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