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ABSTRACT

A series of experiments were conducted in order to

determine some of the factors that are related to the

pathology of vibriosis in cultured tilapia. Normal

hematologic and serologic values for healthy adult tilapia

raised in freshwater and seawater were determined. The

effects of salinity, sex and species (Sarotherodon

melanotheron and a red hybrid) on a selection of blood

parameters were determined. It was shown that secondary

interactions can have significant influences on several

parameters.

Virulence trials (LDso) established that the eight

Vibrio spp. tested were not extremely virulent. This supports

the commensal/opportunistic role vibrios may play in disease.

The Vibrio spp. studied do not produce toxins powerful enough

to kill the fish in the absence of bacteria capable of

mUltiplying. Direct effects by bacteria on host tissues such

as LPS (endotoxin) were not determined.

Experimentally produced vibriosis with ~ anguillarum

produced a bacteremia in the early stages of disease. Spleen,

gills, kidney, liver and blood were the primary target

organs. Histologic changes were minimal except in the gill

tissue. The gills showed pathology in the form of hyper

plasia, microgranulomas and telangiectasia. Changes in serum

selected chemistries, hemogram, and leucogram were recorded.
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The epizootiology of a natural vibriosis outbreak in

cultured tilapia was documented. The outbreak was

characterized by a high mortality rate. Changes in the

hematocrit and in serum chemistries were measured. The

most common bacterial isolate obtained from moribund fish

most closely resembled Vibrio harveyi biochemically.

Histologically, the gill tissue was the primary organ

affected with changes resembling those reported for

bacterial gill disease. The cause of death was attributed

to severe electrolyte imbalances.

A progressive increase in the numbers of aerobic

heterotrophic bacteria along the gastrointestinal tract

(GIT) were demonstrated. Tilapia that were exposed to cold

water (18 oC) stress showed an increase in the Vibrio spp.

populations in all areas of the GIT. The total aerobic

bacterial population did not increase, rather, the

proportion of Vibrio spp. populations increased in the cold

water exposed fish.
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I . LITERATURE REVIEW

A. Promises and Problems of Fish Aquaculture

Satisfying the hunger of the expanding world population

is a never ending quest. From man's ancient beginnings

until today, fish have served as an important source of

protein. In 1988, the world commercial fisheries catch was

estimated at a record 216.9 billion pounds (98.4 million

metric tons) (USDA, 1990). The majority of fish caught

come from the oceans and since the total marine catyh has

remained relatively constant for the past several years,

the prospects of increased availability of marine fish is

dim (Trust, 1986).

A gap is developing between the increasing demand for

fish protein and its availability. Estimates now place the

U.S. per capita seafood consumption at 15.9 pounds, a 5

percent increase above 1988's figure of 15.2 pounds.

Imports of fish and shellfish in 1989 were a record $9.6

billion, up 8 percent from the previous U.S. record of $8.9

billion set in 1988 (USDA, 1990). This gap could

conceivably be narrowed by farm produced or cultured fish.

Indeed, the world's aquaculture production is estimated to

have doubled in the last 5 years (Trust, 1986).

Aquaculture is the growing of aquatic organisms under

controlled conditions (Bardach, et al., 1972). Aquaculture

can make a contribution to food production throughout the
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world due to high productivity and because many aquatic

crops are mainly protein crops rather than sources of

starchy staple foods. Bardach et ale (1972) point out that

some aquatic organisms are better converters of primary

foods than ruminants, fowl and pigs. Some aquatic species

feed on microscopic plankton which cannot be utilized

directly by man.

Concerns and challenges for the expanding aquaculture

industry include the effects of pollutants and toxins,

efficient production and management, product development

and quality maintenance, marketing research and economics,

aquacultural services, and disease control (USDA,

1990) •

In the UoS., catfish continue to lead in aquacultural

production, however, the domestic aquaculture industry is

rapidly branching out to enterprises which are growing an

increased variety of species. The 1990's are expected to

be a decade of tremendous growth for the domestic

aquaculture industry. The growth will be stimulated by the

increasing focus of resources on improving the techniques

of growers and on investigating the many basic research

needs of this new industry. As scientific research is done

in areas such as disease prevention, breed improvement,

nutrition, predator control, and grading and harvesting

techniques, growers will gain information needed to

increase production efficiency. The resulting cost

competitiveness of many types of aquacultural operations
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will in turn cause more funds to be invested in production

operations, support services and research (USDA, 1990).

B. Aquaculture of Tilapia

Tilapia are an important food fish throughout the world

(Bardach et al., 1972). However, they generally have been

regarded as fishes for developing countries where they are

cultured in ponds with low quality feed inputs. This image

is changing and tilapias are now being grown in intensive

culture systems for high value markets. The increasing

popularity of tilapia as a food fish is related to their

rapid growth, high quality flesh, relative tolerance to

disease and low oxygen conditions, preference for a variety

of supplemental foods, and their inclination to utilize

natural pond biota as food (Avault, 1987). The main

disadvantages of tilapia as a cultured specie are that they

may spawn at an early age, 2 to 3 months, when they are

much too small for harvesting. In addition, tilapia do not

have universal market appeal, they do not tolerate cold

water temperatures and may die if temperatures drop too

low, ie. < 7-14oC, depending on the species (Avault,

1987).

In recent years, red tilapias have gained in popularity

among researchers and consumers. The popularity of this

red hybrid is due to their similarity in color and general

appearance to such desiriable marine fishes as the red

snapper (Lutjanus campechanus) and the sockeye or red
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salmon (Oncorhynchus nerka) (stickney, 1986; Avault,

1987). The red hybrid has been produced by various workers

around the world. In the Philippines, a red hybrid was

produced by crossing a female ~. mossambica x ~. hornorum

hybrid with a male ~. nilotica (Galman and Avtalion,

1983). Taiwainese researchers were able to produce a

reddish orange tilapia from a mutant reddish colored female

~ mossambica and a normal male ~ nilotica. Red hybrids

have also been produced in Guam and Florida using various

combinations of ~ aurea, ~ mossambica and ~ hornorum

(Galman and Avtalion, 1983; Stickney, 1986). The red

hybrid tilapias have shown a high tolerance for saline

waters and appear to be a good candidate for brackish and

seawater culture systems (stickney, 1986).

c. Bacterial Diseases of Fish

Bacterial diseases have been documented to be

responsible for extensive mortality in both wild and

cultured fishes (Roberts, 1989). Most of the bacteria that

cause disease in fishes are naturally occurring saprophytes

(Post, 1987; Roberts, 1989). They become pathogenic when

the host's normal defense systems are compromised due to

stresses such as poor water quality, unbalanced or

inadequate nutrition, handling, overcrowding, etc. Some

bacterial species appear to be obligatory parasites of fish

and may survive for varying lengths of time in the aquatic

environment but are unable to mUltiply to any significant
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extent outside the host (Roberts, 1989). However, Roberts

(1989) points out that even the diseases attributed to

these primary pathogens are invariably mediated by stress

conditions. In general, bacteria that are pathogenic to

fishes are psychrophilic, only a few species will grow

above 350C. Many of the bacteria can live at a wide

range of osmotic pressure and many are halophilic, with an

optimum sodium chloride tolerance of 3.5%. Some can

replicate in salt concentrations above 7.0%. All reproduce

better if they are grown in at least 0.5% salt (Post,

1987).

Roberts (1989) indicates that nearly all of the

bacteria that are pathogenic to fishes can be classified

into twelve categories, composed mainly of families (Table

1). The majority of fish pathogens are short,

Gram-negative rods belonging to the families

Enterobacteriaceae, Pseudomonadaceae or Vibrionaceae

(Roberts, 1989). Typically, they cause septicemic and

ulcerative disease conditions. The myxobacteria of the

family Cytophagaceae, may also cause mortality in fish.

Gram-positive microorganisms are infrequently associated

with fish infection but can be responsible for mortalities

in certain species of fish under optimum conditions

(Roberts, 1989).

The identification of bacterial pathogens of fishes is

essential to diagnosis of disease. Definitive

identification can be accomplished by using common
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Table 1.--Predominant bacterial pathogens of fish.
(Cited from Roberts, 1989).

Family

1. Bacillaceae

Taxonomic position
Species

Clostridium botulinum

2. Chlamydiaceae

3. Coryneform group

4. Cytophagaceae

5. Enterobacteriaceae

6. Mycobacteriaceae

7. Nocardiaceae

8. Pasteurellaceae

9. Pseudomonadaceae

10. Streptococcaceae

11. Vibrionaceae

12. Uncertain

6

Epitheliocystis organism

Renibacterium salmoninarum

Flexibacter columnaris
Flexibacter psychrophila
Flexibacter maritimus
Unclassified myxobacteria

Edwardsiella ictaluri
Edwardsiella tarda
Yersinia ruckeri

Mycobacterium chelonei
Mycobacterium fortuitum
Mycobacterium marinum

Nocardia asteroides
Nocardia kampachi

Pasteurella piscicida

Pseudomonas fluorescens
Pseudomonas anguilliseptica

Streptococcus faecal is
Group B Streptococcus sp. and

ungrouped streptococci

Vibrio anguillarum
Vibrio ordalii
Vibrio carchariae
Vibrio damsela
Vibrio salmonicida
Vibrio vulnificus
Aeromonas hydrophila
Aeromonas salmonicida

Alteromonas piscicida
Flavobacterium spp.



laboratory procedures including staining, morphology, and

biochemical reactions. other laboratory procedures can

assist in identification and diagnosis such as slide

agglutination tests, immunodiffusion tests and fluorescent

antibody tests (Post, 1987).

Roberts (1989) indicates that with the rapidly

increasing worldwide aquaculture industry, there has been a

corresponding increase in the incidence and severity of the

known bacterial diseases as well as the emergence of

several new diseases.

D. Bacterial Diseases of Tilapia

Tilapia species are one of the most widely cultured

fish in the world and the sUbject of this research. The

diseases of these fish have been less well studied than

those of other groups of cultured fishes. The reasons for

this are that tilapias are generally farmed in countries

where diagnostic facilities are less developed. Also, the

culture of tilapias have only been intensified in the last

few years (Roberts and sommerville, 1982). Gram-negative

bacterial septicemias are reported to be the most common

bacterial causes of mortality in tilapia culture (Roberts

and Sommerville, 1982; Brock, 1986). Brock (1986) mentions

that hemorrhagic septicemia syndrome in tilapia can be

caused by the Gram-negative bacteria in the genera Vibrio,

Aeromonas, Pseudomonas, Proteus, Edwardsiella, and the

Gram-positive bacteria in the genus Streptococcus.
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Tilapias with hemorrhagic septicemia show a loss of

appetite, weakness, lethargy and float or swim near the

surface in a disorientated manner. They may develop ulcers

or areas of hyperemia at the base of the pectoral and pelvic

fins, and at the margins of the orbit (Roberts and

Sommerville, 1982; Brock, 1986). Internal lesions and

microscopic changes are similar to those described for other

species (see p.10). The disease can be seen as an epizootic

with acute, high mortality or it may occur as a low

persistent daily mortality with affected fish showing poor

feed conversion and a decreased growth rate. The disease

usually follows periods of stress such as handling trauma,

poor nutrition, heavy parasitism or excessive fertilizing of

ponds (Roberts and Sommerville, 1982; Brock, 1986).

Vibriosis has been described as a disease of tilapias

and can be a limiting factor in their culture (Brock,

1986). The pathogenesis and other details of this disease

in tilapia have not been studied.

E. Vibriosis: Fish Diseases Caused by Vibrio Bacteria

1. Definition of Vibriosis

The term vibriosis literally refers to a degenerative

type of disease condition of fishes caused by bacteria

belonging to the genus Vibrio. The names of degenerative

lesions carry the suffix "osis" (Thomson, 1978). In a very

general sense, the abnormal function of a cell may be

associated with abnormal cell morphology, and conversely,
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abnormal cell structure may be associated with abnormal

function. These abnormal morphological cell changes are

referred to as degenerations (Thomson, 1978).

Since infectious bacterial agents are being discussed,

the semantics of inflammation will be briefly mentioned.

Inflammation is the vascular and cellular responses of

living tissue to injury. The process is generally

manifested as redness, heat, swelling and pain.

Inflammation is caused by living and nonliving agents that

have the capacity to injure living tissue. The living

forms include microorganisms, ie., bacteria, viruses, fungi

and protozoa, as well as larger parasitic organisms. The

nonliving agents include physical and chemical injuries,

such as trauma, irradiation, heat, cold and toxins. Any

inflammatory lesion carries the suffix "itis" (Thomson,

1978). For example, inflammation of the liver would be

termed hepatitis.

The use of the broad, encompassing term "vibriosis" has

been used conventionally to refer to the diseased state in

fish resulting from being infected by bacterial agents

belonging to the genus Vibrio. Vibriosis is a serious

disease common to a wide variety of cultured, aquarium, and

wild marine and estuarine fishes (Rucker et al., 1953;

Rucker, 1959; Ross et al., 1968; Anderson and Conroy, 1970;

Evelyn, 1971; Haastein and Holt, 1972; Wolke, 1975; Warren,

1981; Austin and Austin, 1987), and less common in

freshwater fish (Rucker et al., 1953; Ross et al., 1968;
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Hacking and BUdd, 1971; West and Lee, 1982). Several good

reviews of vibriosis have been presented in the literature

including Rucker (1959), Anderson and Conroy (1970), Fryer

and others (1972) and Austin and Austin (1987).

Historically, vibriosis has been referred to as pestis

rubra anguillarum and erysipelosis anguillarum (Austin and

Austin, 1987). The terms "boil disease" (Kubota and

Takakuwa, 1963) and "ulcer disease" (Akazawa, 1968; Kusuda,

1966) have been used in the literature to describe vibrio

associated diseases in marine fish.

Lesions associated with outbreaks of vibriosis may vary

as to the species of fish affected and may vary within the

same outbreak (Holt, 1970; Wolke, 1975). In general, the

clinical signs of the disease are that of a skin disease,

and characteristically, manifested as an ulcerative

hemorrhagic septicemia. Clinical disease in cultured fish

is invariably predisposed by periods of stress such as

overcrowding, handling or other types of stressors.

Typical signs of vibriosis begin with the fish showing

a loss of appetite, inactivity, and discoloration of the

skin. Later stages include congestion of the fins,

ecchymosis and petechia on the body surface and hemorrhages

and ulceration of the skin and muscle tissue (Rucker, 1959;

Anderson and Conroy, 1970; Warren, 1981; Austin and Austin,

1987). The anal area is usually reddened and inflamed.

Internal lesions include congestion and hemorrhage of the

liver, spleen and kidney which are frequently accompanied
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by necrotic lesions. The gut and especially the rectum

maybe distended and filled with a clear viscous fluid.

Anemia is the main hematological change. Microscopic

examination of smears and wet mounts taken from the ulcers,

lesions and internal organs show the presence of numerous

motile and Gram-negative rods (Anderson and Conroy, 1970;

Wolke, 1975; Warren, 1981).

The occurrence of vibriosis is seasonal in the

temperate climates. In North America, the disease first

appears in salt water rearing ponds in late April or May

and continues through the summer when water temperatures

approach 500F (Rucker et al., 1953). Epizootics of

vibriosis are common to .the North Sea area when there is an

increase in the prevailing water temperature during the

summer months (Anderson and Conroy, 1970). It is

interesting to note that in 1893 Canestrini postulated that

solar evaporation of the water may bring about an increase

in surface salinity, as well as an increase in water

temperature, together which may favor the spread of

vibriosis (Anderson and Conroy, 1970).

Vibriosis has been documented to occur in a variety of

species of fish and from diverse geographic areas including

North and South America, Asia and Europe (Anderson and

Conroy, 1970). It should be mentioned that the salmonids

are an economically important migratory species and the

occurrence and importance of this disease among hatchery

reared salmonids was evident early in the culturing
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of this species (Hoshina, 1956; Smith, 1961; Cisar and

Fryer, 1969). The development of expansive salt water

impoundments for raising salmon fingerlings to marketable

size quickly demonstrated the importance of this disease

since losses as high as 90% were common (cisar and Fryer,

1969; Fryer et aI, 1972). It was this economic prod that

fueled the research effort to develop effective vibrio

vaccines (Fryer et al., 1972; Crosa et al., 1977).

As previously mentioned, vibriosis is consistently

associated with the marine environment. However, it has

been reported as the cause of disease outbreaks in

freshwater systems. Rucker et ale (1953) investigated an

outbreak of disease in a rainbow and steelhead trout

freshwater hatchery in Washington state and isolated a

halophilic vibrio as the etiologic agent. These men noted

that the disease in freshwater fish followed the feeding of

salmon viscera and marine scrapfish. Therefore,

contaminated marine-fish food products may have been the

source rather than an indigenous population of bacteria.

Later, Ross and others (1968) reported that an organism

causing disease in a group of freshwater rainbow trout

showed definite requirements for salt and displayed other

vibrio-like characteristics. The source of the infection

was not established. The fish had been fed pelleted feed

and it was considered unlikely that the bacterium was

introduced via marine fish products. In 1971, Hacking and
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Budd (1971) described an outbreak of vibriosis in a

tropical fish freshwater aquarium. Vibrio anguillarum was

identified as the causitive agent and tests showed that the

isolate was pathogenic for selected species of other

freshwater fishes.

2. Etiologic Agents and Epizootiology

Vibrio anguillarum is the pathogen primarily

responsible for the disease, however, other Vibrio species

can be associated with vibriosis. Austin and Austin (1987)

mention that seven species of Vibrio have been described as

pathogens of fish including V. alginolyticus, ~

anguillarum, V. carchariae, ~ cholerae, ~ damsela, ~

ordalii and V. vulnificus. Austin and Austin (1987) have

an excellent review of Vibrio species associated with

causing disease in fish. To avoid redundancy, readers are

referred to their book for further details regarding these

organisms. In summary, evidence indicates that vibriosis

is a disease syndrome that can be caused by several Vibrio

species with V. anguillarum being the most significant.

The epizootiology of vibriosis is currently composed of

two hypotheses. The first, and most widely accepted

hypothesis, is thought to involve a breakdown of

commensalism between bacteria and fish resulting in

disease. The second hypothesis contends that among the

many ubiquitous strains of ~ anguillarum, there exists a

small and genetically different number of strains that
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cause disease (Horne, 1982).

It has been shown that ~ anguillarum constitutes a

part of the normal microflora of the aquatic environment

(West and Lee, 1982; Austin and Austin, 1987). When fish

are maintained according to good husbandry practices such

as, good water quality, diet in a balanced and appropriate

amounts, and optimum stocking densities, then diseases are

rare. The breakdown of the fish's normal defenses occur

when a stressor (or stressors), eg., poor water quality,

handling or transport, overcrowding or other management

procedures, tip the balance between the host and the

commensal microorganisms so that the indigenous microflora

are able to exploit the compromised fitness of the host and

cause disease (Horne, 1982). Other sources of

microorganisms for this scenario are nonclinical carriers.

Many years ago, Plehn (1911) described nonclinical carriers

as being important in the epizootiology of Aeromonas

infections (furunculosis). In this capacity the carrier

can carry the pathogenic organism as part of its normal gut

flora without experiencing any ill-effects. Indeed,

studies of natural gut and skin flora of healthy fish have

shown that disease causing organisms are often isolated

(Horne, 1982). Research investigating the normal gut flora

of marine fish have shown that only a small proportion of

the isolates were ~ anguillarum or ~ ordalii (Lee et al.,

1981). Nevertheless, this small nidus can serve as a

reservoir for pathogens (Horne, 1982).
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The second major hypothesis related to the epidemiology

of vibriosis contends that vibriosis is a bona fide

infectious disease with the virulent disease causing

bacteria being a small and genetically different fraction

of the total population (Horne, 1982). Infection can

result from the feeding of vibrio contaminated feed to

cultured fish (Rucker, 1959; Ross et al., 1968),

transmission by sea-birds from an infected area to a

noninfect8d araa, or the breakdown of quarantine

procedures. The difference between the two hypotheses is

not the mode of transmission of the disease, rather, the

derivation of the disease causing bacterial strains (Horne,

1982).

Another factor that can influence the epizootiology of

vibrio infections is the host-range specificity. strout et

ale (1978) reported that from 81 vibrio isolates obtained

from cultured salmonids, 42% were pathogenic for coho

salmon (Oncorhynchus kisutch) compared with only 5% of the

vibrios recovered from infected wild caught fish. From 29

vibrio isolates obtained from moribund cultured fish, 22

were pathogenic when reinjected into healthy fish (strout

et al., 1978; Horne, 1982). Egidius and Anderson (1978)

performed similar studies in which v. anguillarum isolates

from salmonids were shown to be pathogenic to salmonids but

relatively nonpathogenic to the nonsalmonid fish species,

saithe (Pollachius virens). Strains isolated from diseased

saithe were pathogenic when injected into healthy saithe,
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but nonpathogenic to the salmonids. The extent of the

host-range phenomenon is not yet known. Many of the vibrio

strains used in research have been studied in hosts from

which they were not originally isolated. A broad range of

host tolerances probably exists, 'including those with a

very restricted range, to those which show very little host

specificity. Furthermore, the host-specificity phenomenon

may act as a barrier to infection which lowers the

possibility of cultured fish stocks being infected from

wild fish populations, conversely, the commensals of one

fish species may be the pathogens of another (Horne, 1982).

F. Historical Overview

Vibrio-associated diseases affecting fish have been

recorded in the literature for quite sometime. In 1680, a

vibrio-like disease was described by Ozanam that produced

signs of hemorrhagic septicemia in fish in a lake near

Mansfeld, Germany (Anderson and Conroy, 1970). Bonaveri

later described a disease outbreak among eels that occurred

in 1718 which he termed "Red Pest". This reference is now

recognized as being the first reference to a bacterial fish

disease to have appeared in the European literature

(Anderson and Conroy, 1970; Austin and Austin, 1987).

Catastrophic mortalities among eels held in seawater ponds

in Italy during the 18t h and 19t h centuries were

attributed to the "Red Pest". The descriptions of this

condition were thoroughly reviewed by Drouin de

16



Bouville (1907). In 1893 Canestrini was the first to

isolate the causitive agent of "Red Pest" in eels and named

the organism Bacterium anquillarum. sixteen years later,

in 1909, Bergman was investigating an outbreak of Red Pest

among eels in Sweden and named the organism he found Vibrio

anguillarum, which is the name still in use today (Anderson

and Conroy, 1970; Austin and Austin, 1987).

For many years the problem of vibriosis appeared to be

confined to European waters. It wasn't until 1953 that the

first report of vibriosis in fish occurred in the United

states when Rucker and his coworkers reported mortalities

in Pink (Oncorhynchus gorbuscha) and Chum salmon (~ keta)

due to ~ anguillarum (Rucker et al., 1953; Crosa et al.,

1977). Evelyn (1971) later reported an outbreak of

vibriosis occurring in Pacific salmon in Canada. The

disease was apparently introduced into Japan in 1975 from

the importation of contaminated eels from Europe (Muroga et

al., 1976 a, b). In addition to its global distribution in

marine waters, reports of vibriosis occurring in freshwater

conditions make it a truely cosmopolitan disease (Rucker et

al., 1953; Ross et al., 1968; Muroga, 1975; Ghittino and

Andruetto, 1977; West and Lee, 1982).

G. Taxonomy

The family Vibrionaceae was defined by Veron in 1965 as

including non-enteric, Gram-negative rods (Veron, 1965;

MacDonell and Colwell, 1985). He suggested that two major
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criteria for differentiation of species of the Vibrionaceae

from the Enterobacteriaceae include 1) possession of a

cytochrome oxidase and 2) motility by means of a single

polar flagellum (Veron, 1965; MacDonell and Colwell,

1985). The classification scheme proposed by Veron was

constructed for convenience in separating the two groups

and not to reflect phylogenetic relationships (MacDonell

and Colwell, 1985).

The family Vibrionaceae is currently defined in

Bergey's Manual of Systematic Bacteriology as consisting of

four genera; Vibrio (26 species), Photobacterium (3

species), Aeromonas (4 species), and Plesiomonas (1

species) (Baumann and Schubert, 1984). The genus Vibrio

contains a diverse assortment of microorganisms which range

from the human pathogen Vibrio cholerae, to a heterogeneous

group of bacteria defined simply as Vibrio spp. (Schiewe,

1981).

MacDonell and Colwell (1985) point out that even though

the Vibrionaceae and Enterobacteriaceae are closely

related, the identification schemes for these families are

different. This difference is primarily due to the

influence clinical microbiology has had on the taxonomy of

the Enterobacteriaceae. The taxonomy of the Vibrionaceae

is based largely on a polyphasic taxonomy in which key

characteristics are not utilized, rather, a wide range of

factors including phenetic and genetic data are equally

weighted and employed to generate taxa (Colwell, 1970; West
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and Colwell, 1984; MacDonell and Colwell, 1985).

Schiewe (1981) conducted a taxonomic study of marine

vibrios pathogenic for salmonid fish utilizing 23 strains

of those isolates obtained from diseased fish in North

America, Europe, and Japan. Relationships were assessed

both at the phenotypic level using conventional cultural

and biochemical tests, and on the genotypic level using

deoxyribonucleic acid (DNA) hybridization methodology. For

this study, Schiewe labeled the archetypical strains as ~

anguillarum biotype 1 and the atypical strains (ie. those

known as Vibrio sp. 1669, V~brio sp. RT, Beneckea

anguillara biotype II, and ~ anguillarum phenon II, etc.)

as ~ anguillarum biotype 2. The results of his study

strongly indicated the existence of two discrete biotypes

among the the fish pathogens classified as V. anguillarum.

In addition to the differences in biochemical

characteristics, DNA hybridization analyses, previously

reported serological differences, and differences in

pathological aspects, the work clearly indicated that the

biotypes should be separated into two species.

Accordingly, Schiewe proposed the name Vibrio ordalii for

the bacterium designated V. anguillarum biotype 2 (Schiewe,

1981). The name has gained some acceptance in the

literature since that time (Schiewe and Crosa, 1981; Kent,

1982; Ransom et al., 1984; Chart and Trust, 1984; Kodama et

al., 1984; Muroga et al., 1986; Ledo et al., 1987; Austin

and Austin, 1987). The importance of this work is that the
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establishment of a new species (v. ordalii) to accommodate

strains previously classified a ~ anguillarum biotype II,

generated an awareness that vibriosis could be caused by

more than one bacterial taxon (Austin and Austin, 1987).

It is recognized that v. anguillarum and v. ordalii are

indeed closely related, however, it does appear that subtle

differences in the pathologies of the diseases caused by

these two ogranisms do exist. Briefly, v. ordalii

infections tend to form microcolonies in the skeletal and

heart muscle, gill tissue, and in both the anterior and

posterior regions of the gastrointestinal tract (Ransom et

al., 1984; Austin and Austin, 1987). Furthermore,

bacteremia developed later in the disease process with v.

ordalii than with v. anguillarum. ~ ordalii appears to

have a more restricted niche than ~ anguillarum in that

isolates are rarely recovered from outside of the fish

(Austin and Austin, 1987). The virulence plasmid, pJM1,

which is present in virulent strains of v. anguillarum, has

not been detected in ~ ordalii, and hemolysins and

proteases have not been found (Austin and Austin, 1987).

Taxonomic studies conducted by MacDonell and Colwell

(1985) utilizing a polyphasic approach in which

ribonucleotide sequences were determined for 58 rRNA's

purified from 31 type cultures and freshly isolated strains

representing species of the family Vibrionaceae. These

were compared with pUblished 58 rRNA sequences for 11 other

species of rRNA superfamily I for the purpose of
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constructing a phylogenetic taxonomy for the Vibrionaceae.

Sequence data were compiled and analyzed. using single,

average, and complete linkage clustering methods, the

researchers were able to construct evolutionary trees. The

results of their exhaustive work indicated that the species

~ anguillarum possessed an evolutionary history

sufficently distinct to warrant a separate genus

designation. They proposed the genus name Listonella to

include the present species V. anguillarum, V. pelagius and

~ damsela (and presumably ~ ordalii, eventhough it was

not included in their study). Vibrio anguillarum would

therefore become Listonella anguillarum (MacDonell and

Colwell, 1985).

H. Pathogenesis

The pathogenesis of V. anguillarum infections begin

with attachment of the bacteria to host cells. This

attachment occurs in the posterior intestinal tract

(Ransom, 1978: Horne and Baxendale, 1983) , through the

gills (Alexander et al., 1981), and to a smaller extent

through abrasions in the skin (Horne, 1982) and via the

lateral line (Amend and Fender, 1976). Following

attachment and colonization, resistance to the potentially

debilitating effect of serum hastens the invasion

processes. Bacteria invading the tissues of the host begin

liberating the various virulence factors such as

endotoxinsjexotoxins, hemolysins, and scavenge for iron
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using siderophores produced from plasmid resident genes, and

damage host blood vessels, organs and tissues resulting in

the characteristic clinical and pathologic signs of

vibriosis (Austin and Austin, 1987).

I. Fish Immunology

Significant interest in function of the immune system of

bony fishes (teleosts) has resulted from the rapid expansion

of aquaculture and the concomitant need to control disease

in fish farms. In addition, fish provide a valuable

experimental animal for investigating immune mechanisms,

especially in the area of ontogeny and development of immune

mechanisms and T lymphocyte antigen receptors (Ellis,

1982). The immune system of teleosts is more "primitive"

when compared to higher vertebrates in that it is generally

less complex, but it never-the-Iess suits the needs of the

fish. Fish, unlike homeothermic animals, are strongly

influenced by environmental conditions. By virtue of their

ectothermic nature and aquatic habit, fish are more

susceptible to environmental stress than homeotherms (Trust,

1986). The water surroundings can also facilitate

transmission of pathogens. The following will summarize the

important aspects of the specific and nonspecific immune

defense mechanisms of teleosts. Reviews of the immune

system of fish have been presented by Ellis (1977), Ellis

(1982), Manning and Tatner (1985), Stolen et ale (1986), and

Trust (1986).
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1. Nonspecific Immune Defenses

The nonspecific immune defenses available to fish

include the mucus layer which covers the skin surface,

gills, and internal epithelial surfaces. The mucus layer is

continously shed thereby serving to flush away any potential

pathogens. In addition, the mucus contains nonspecific

antimicrobial substances such as lysozyme, C-reactive

protein, and complement (Fletcher, 1982; Trust, 1986). The

skin surface of fish is another defense mechanism and is

composed of nonkeratinized living cells which is different

than that of higher animals. The tissues of fish include a

range of nonspecific defenses which can include lysozyme,

C-reactive protein, alpha-precipitin and other acute phase

proteins, complement, transferrin, and interferon (Trust,

1986; Alexander, 1985). Lysozyme, or muramidase, has been

discovered in the serum and secretions of fish (Fletcher and

White, 1973; Alexander, 1985). It is produced by phagocytic

cells and attacks the cell walls of bacteria and other

microorganisms. Specifically, this enzyme attacks the beta

1-4 link between N-acetylmuramic acid and

N-acetylglucosamine resulting in lysis of the microorganism.

Another major nonspecific immune defense mechanism of

fish are the phagocytes. Fish have neutrophilic

granulocytes and macrophages, with phagocytosis being

performed by both wandering and fixed cells (Trust, 1986).

Little is known about the spectrum and biochemistry of

phagocytic antimicrobial reactions but it is known that fish
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are able to illicit an inflammatory response to a variety of

infections (Trust, 1986). The inflammatory response in fish

is similar to that of mammals but the response is slower,

less intense, slower to resolve and is greatly affected by

temperature (Finn and Neilson, 1971). Trust (1986) points

out that the antimicrobial activity of fish neutrophilic

granulocytes is not as efficient as that of mammals or the

fish macrophages. Macrophages are located throughout the

tissues of fish, but are concentrated in the kidney and

spleen as fixed reticuloendothelial cells (Ellis et al.,

1976; Ellis, 1982; Trust, 1986). These reticuloendothelial

cells are quite efficient in clearing the blood system of

bacteria (Ellis et al., 1976).

2. Specific Immune Response

The specific immune response of fish includes the

antibody mediated defense and cell mediated immunity. Fish

produce a single immunoglobulin (Ig) class, which

structurally resembles mammalian IgM, it is present in most

tissue fluids, but not in eggs (Ellis, 1982: Trust, 1986).

Systemic teleost Ig is essentially a tetrameric molecule of

700 kd containing eight heavy and eight light chains (Ellis,

1982; Trust, 1986). Secretory Ig is found in the skin and

gut mucus and appears to synthesized locally. Secretory Ig

is found as a dimeric form (Lobb and Clem, 1981). A

monovalent Ig is present on the surface of B-cell

lymphocytes, while molecules containing two heavy chains

were discovered on the surface of T-cells (thymocytes)
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(Ellis, 1982; Trust, 1986). Fish IgM is an efficient

agglutinator, it can activate complement, and promote

opsonization. Opsonization in fish occurs through activation

of complement and generation of complement fragments and not

via binding to Fc receptors (Trust, 1986). Teleost fishes

are capable of producing antibodies at an early age as

evidenced by work with rainbow trout where agglutinating

antibodies to Aeromonas salmonicida were produced 21 days

post-hatch (Manning et al., 1982b). The primary Ig response

takes about 10-15 days in salmonids at 10oC, and peaks at

30-50 days. In warmwater species the Ig response is faster.

Fish do possess a memory for the humoral response (Ellis,

1982; Trust, 1986).

Fish possess a cell mediated immunity (CMI) and it is an

important aspect to the overall immune defense.

Unfortunately, little is known about the interactions of the

CMI. It is known that CMI matures rapidly in certain species

(Manning et al., 1982b) and this maturation can be correlated

with the histogenesis of the lYmPhoid tissues in carp (Botham

and Manning, 1981), rainbow trout (Manning et al., 1982a) and

tilapia (Sailendri, 1973). A delayed hyper- sensitivity

reaction to Mycobacterium cells was documented in trout

(Bartos and Sommer, 1981). LYmphocytes have been shown to

produce the IYmphokine, macrophage migration inhibition

factor, and salmonid macrophages are activated by compounds

such a muramyl dipeptide resulting in enhanced bactericidal

activity (Trust, 1986).
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J. Gastrointestinal Tract (GIT) Flora of Fish

Competition with the indigenous gut flora is an

important aspect of the pathogenesis of vibriosis. The

micro-environments at various locations throughout the fish

alimentary tract influences the colonization and subsequent

genera and total numbers of bacteria present (Horsley,

1977). The literature is limited on studies that deal with

determining the qualitative and quantitative aspects of the

GIT bacterial flora of fish. The few studies that have been

performed in this area have dealt with species of economic

importance such as the salmonids. Studies conducted by

Trust and Sparrow (1974) indicated that the predominant

bacterial flora of the alimentary tract of salmonids in a

fresh water environment consisted of Gram-negative rods. A

wide range of species were isolated from the free living

fish populations. Of the many species isolated, 36% were

identified as Enterobacter spp., 13% were Aeromonas spp.,

and 6% were Acinetobacter spp. It was noted by these

workers that 2 or 3 species of these genera tended to

predominate in the various specimens. An analysis of the

different areas of the GIT revealed that the stomach region

was characterized by the genera (in descending numerical

order): Pseudomonas, Aeromonas, Enterobacter spp.,

Micrococcus, Bacillus, a Streptococcus/Enterococcus group,

and Vibrio. Genera found within the intestine of these same

salmonid samples were (in descending order): Enterobacter

spp., Aeromonas, Micrococcus, Pseudomonas, Streptococcus
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/Enterococcus group, and Vibrio. Bacillus was absent in the

intestinal samples. These workers also reported that in the

rectal region of the colon, Aeromonas predominated followed

by Vibrio, streptococcus/Enterococcus group, Enterobacter

spp, Pseudomonas and Micrococcus. In all of the sampling

areas of the alimentary tract there was a background

presence of Enterobacteriaceae strains. other studies by

Yoshimizu et ale (1976) on freshwater salmonids reported

that the principle genera in the intestinal microflora were

Aeromonas and Enterobacteriaceae in contrast to Vibrio found

in the intestine of seawater salmonids. Other genera of

bacteria isolated from the GIT include: Bacteroides from

tilapia (Kamei et al., 1985); Hafnia alvei from salmonids

(Ugajin, 1979); and Cytophaga/Flexibacter from rainbow trout

(Nieto et al., 1984).

Quantitatively, bacterial numbers vary significantly in

different areas of the GIT. Trust and Sparrow's aerobic

culture work (1974) with freshwater salmonids showed that a

mean of 6.8 x 105 bacteria/g were in the stomach/pyloris

region; 1.54 x 107 bacteria/g in the intestine; and 1.33 x

108 bacteria/g were present in the rectum. One study has

shown a seasonal fluctuation in GIT numbers, with the

maximum numbers occurring in the summer and minimum counts

recorded in winter (Yoshimizu et al., 1976).

Several studies have shown that the predominant genera

within the alimentary tract of marine fish are Pseudomonas,

Vibrio, Achromobacter, corynebacterium, Flavobacterium and
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Micrococcus (Aiso et al., 1968; Newman et al., 1972;

Horsley, 1977; Austin and Austin, 1987). Studies of the

alimentary tract of marine fish indicate that

Enterobacteriaceae and Flavobacteria are either absent or

present in low numbers as compared to freshwater species

(Horsley, 1977).

The microbial populations present in saltwater fish

have been investigated in Japan by workers that examined

the GIT of yellowtail (Seriola spp.). These researchers

reported numbers of aerobic heterotrophic bacteria in the

pyloric cecae as being 2 x 104 bacteria/g; 2.5 x 10 5

bacteria/g for the stomach; and 6.5 x 104-5.9 x 106

bacteria/g for the intestinal area (Sakata et al., 1978).

It is likely that the GIT microflora of fish play a

role in the nutrition, growth, and disease susceptibility.

The microflora may even be essential in free living fish

feeding on materials that are not immediately digestible by

the host or on materials lacking vitamins which the

microflora can synthesize (Trust and Sparrow, 1974). Seki

(1972) has suggested that bacteria may represent a source

of nutrients for the fish. Several reports have suggested

that intestinal microbes degrade cellulosic materials in

the gut of fish, especially the carp, but these reactions

have not been demonstrated (McBee, 1977).

28



K. Prevention of Bacterial Diseases in Fish

Many diseases can be prevented by observing sound

management practices. Areas that can support good

management programs are genetic resistant stock and

vaccines.

1. Genetic Resistance

A method of control of fish diseases that has received

some attention is the use of genetically resistant fish.

The literature indicates contradictory evidence about the

application of genetically based disease resistance.

Gjedrem and Aulstad (1974) reported significant variation

in resistance to vibriosis in Atlantic salmon and

Pratschner (1978) noted the presence of differential

resistance to vibriosis between transferrin genotypes in

coho salmon. More recently, winter et al. (1980)

determined that there was no variation in resistance to

vibriosis among different transferrin genotypes of coho

salmon and steelhead trout (Austin and Austin, 1987). More

research is needed in this area.

2. Vaccines

The use of vaccines for controlling vibriosis has

received much attention and has resulted in the production

of commercially available products. The immunogenicity of

~ anguillarum is related to the presence of heat stable

lipopolysaccharides in the cell wall, which can be released

into the culture supernatant (Chart and Trust, 1984;

Evelyn, 1984). These molecules have a large molecular
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weight (100,000 daltons) and are considered to convey

protection to the host (Evelyn and Ketcheson, 1980; Austin

and Austin, 1987). In addition, two highly antigenic

proteins (molecular weights 49,000-51,000 daltons) have

been isolated from the outer membrane as well as a weakly

antigenic protein (molecular weight 40,000 daltons) (Chart

and Trust, 1984). Since proteins are generally heat

labile, this would help explain the greater protection seen

with formalin inactivated vaccines compared to heat killed

products (Itami and Kusuda, 1980; Austin and Austin,

1987). Austin and Austin (1987) accurately point out that

the development of live attenuated vaccines would be

largely an academic effort since there would be regulatory

problems for licensing these types of biologics for

fisheries use.

The use of vaccines is based on stimulating the fish's

immune response to ~ anguillarum and several methods have

been used to accomplish this goal. Vaccines have been

applied to fish by injection, orally via the feed, by

immersion, spraying, and by anal and oral intubation. The

most convenient method to vaccinate large numbers of fish

is the oral method, however, comparative trials have shown

that this method is not the most effective way to stimulate

immunity (Amend and Johnson, 1981; Horne et al., 1982).

The reason for the poor stimulation is probably related to

the breakdown of the vaccine inside the GIT (Johnson and

Amend, 1983). Indeed, significant improvement in
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stimulating immunity is seen when techniques are employed

to protect the vaccine and bypass the detrimental effects

of the stomach and upper GIT (Johnson and Amend, 1983).

Vaccinating fish against vibriosis using the injection

method has shown to be very effective in developing high

levels of immunity (Antipa, 1976; Antipa and Amend, 1977;

Harrell, 1978; Evelyn and Ketcheson, 1980). However, this

method is not practical for immunizing large groups of

fish.

Immersion methods are the most convenient, least

stressful, and practical for commercially raised fish. The

hyperosmotic infiltration technique, which uses a strong

salt solution prior to immersing the fish in a vaccine

suspension, received much attention (Croy and Amend, 1977;

Aoki and Kitao, 1978; Antipa et al., 1980; Austin and

Austin, 1987) but is now considered to be too stressful to

fish (Busch et al., 1978). A direct immersion method is

simpler, more economic and has shown to be very helpful for

commercial producers (Haastein et al., 1980; Song et al.,

1980; Amend and Johnson, 1981; Giorgetti et al., 1981;

Horne et al., 1982). A closely related 'bath' method has

also been described (Egidius and Anderson, 1979).

Another method has been the use of low pressure sprays

to vaccinate fish. The method requires some specialized

equipment but is practical for immunizing large numbers of

fish and is economic in the quantity of vaccine

administered. The method was efficacious as evidenced by
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0% mortalities in a spray vaccinated group compared to 80%

mortality among unvaccinated controls following challenge

with ~ anquillarum (Gould et al., 1978).

Anal and oral intubation have been used experimentally

to immunize fish (Johnson and Amend, 1983). These workers

were trying to overcome the problem of vaccine digestion in

the stomach and upper GIT. Their work showed a decrease in

mortality when gelatin treated vaccine was administered by

oral intubation or by anal intubation (Johnson and Amend,

1983).

L. Conclusions

The future holds a tremendous potential for the

utilization of fish as a food source. Increasing human

population pressures will eventually force us to redesign

our present agricultural systems to produce at maximun

efficiency and farm cultured fish could significantly

contribute to the production of protein. Sophisticated

fish production systems are of no use unless there exists a

basic understanding of the nutritional and physiological

requirements, as well as the nature of disease

suseptibilities of the cultured animal. The pathogenic

effects of y. anguillarum has been studied most in the

salmonid species, however, these species are a cold water

species and represent only a small portion of the total

tonnage of fish consumed in the world. Indeed, the

majority of the world's population consume fish derived
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from warm water such as species of carp, tilapia, mUllet,

milkfish and tuna. Research is urgently needed to increase

our understanding of the field of aquaculture in order to

provide more food to a hungry world without taxing an

already compromised environment.
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II. THE PROPOSED STUDY: GOALS AND OBJECTIVES

A. Defining the Problem

Tilapias are important food fish throughout the world.

However, they generally have been regarded as fish for

developing countries where they are cultured in ponds with

low quality feed inputs. This image is changing and

tilapias are now being grown in intensive culture systems

for high value markets. The increasing popularity of

tilapia as a food fish is related to their rapid growth,

high quality flesh, relative tolerance to disease and low

oxygen conditions, preference for a variety of supplemental

foods, and their inclination to utilize natural pond biota

as food (Avault, 1987; Lim, 1988). Indeed, worldwide

aquaculture production of tilapia has increased to 250,000

tons per year.

U.S. production of tilapia seems to be poised to expand

rapidly in the next few years (Brown, 1990). Estimates of

1990 production range from 6 to 10 million pounds of live

fish, but the industry's production could double in the

next few years. Several companies have entered tilapia

production and are moving rapidly to expand production.

In general, tilapia farming is fast developing into a

worldwide business (Brown, 1990).

The diseases of tilapias have not been as well defined

as those of many other groups of cultured fishes mainly
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because tilapias are farmed in countries where diagnostic

facilities are less developed. Another reason is that the

culture of tilapias has only recently been intensified in

other parts of the world (Brock, 1986; Lovell, 1987).

Vibriosis has been described as a bacterial disease of

tilapias and can be a limiting factor in their culture

(Brock, 1986), especially in intensive culture systems. It

is appropriate then, that in conjunction with the

burgeoning domestic tilapia industry, and the relative lack

of knowledge of vibriosis in this species, disease research

be conducted in support of this industry.

The issue that challenges this study is the lack of

information concerning the basic mechanisms of the

pathology of vibriosis in tilapia. Many fundamental

questions need to be answered such as, are the vibrio

species that are responsible for vibriosis in other species

of fish (eg. salmonids) the same for tilapia? What are the

target organs for infection? What are some of the

physiological changes that are associated with vibriosis?

Can some of these physiological changes be used for

indicators of disease and/or for diagnosis? will a

commercially availab~e vibrio vaccine protect tilapia

against an experimentally induced case of vibriosis?

In order to have a logical beginning as well as a

reference point, an ATCC strain of Vibrio anguillarum will

be used throughout the study. This strain of vibrio has

been shown to be pathogenic in many species of fish from a

35



wide geographic area (Anderson and Conroy, 1970). Indeed,

one of the goals of this study will be to determine if the

fundamental pathology related to vibriosis in tilapia is

similar to that reported for other species.

B. Goal

The goal of this research will be to investigate and

describe the factors contributing to the etiology,

pathology, and immunological protection of the disease

vibriosis in tilapia raised under aquaculture conditions.

The information obtained from these investigations should

provide a more complete picture of the vibrio disease

process in tilapia.

C. Objectives

The objectives will include studies focused in the

following areas:

1) Determine the base line levels of various blood

parameters for healthy tilapia reared in freshwater and in

seawater.

2) Determine the virulence and possible virulent

mechanisms of Vibrio spp. by conducting lethal dose-SO

(LDSO) trials and by screening for bacterial enzymes

associated with virulence.

3) stUdy the hematologic, serologic, and histologic

changes that occur in experimentally induced disease.

36



4) Determine the target organs of infection.

5) Evaluate any changes in the bacterial gastrointestinal

tract (GIT) flora in response to stress and disease.

6) Evaluate the efficacy of a commercial vaccine in

protecting tilapia against an experimental challenge of

vibriosis.
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III. MATERIALS AND METHODS

A. The Study site

Some of the microbiologic work pertaining to this

project was carried out at the Department of Microbiology,

University of Hawaii, however, the preponderance of the

research was conducted in the laboratories located at the

Oceanic Institute. The Oceanic Institute, a center for

applied aquaculture, is a private, nonprofit research

institute dedicated to the commercial development of

aquaculture domestically and abroad.

The Oceanic Institute is located at Makapuu Point on

Oahu's windward coast. The Oceanic Institute was

established in 1960 and is funded by federal, state and

local agencies and national and local foundations.

Specific programs at the Institute address such issues

as cost effective aquaculture feeds; finfish maturation,

spawning and larval rearing; marine shrimp culture;

mahimahi culture; stock enhancement strategies; marine

instrumentation; applied oceanography; and the exchange of

aquaculture technology between Asia and the West.

The Institute serves as coordinator of the Gulf Coast

Research Laboratory (GCRL) Consortium which administers the

U.S. Marine Shrimp Farming Program. The Institute also

co-manages the Center for Tropical and subtropical

Aquaculture, one of five regional aquaculture centers
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established by the u.s. Department of Agriculture

(Newsline, 1990).

B. Tilapia Used

Two cultured tilapia species, black-chinned tilapia

(Sarotherodon melanotheron) and a red hybrid (~

mossambicus x ~ macrochir) were utilized as the

experimental animals in this study. In some studies, both

species of fish were incorporated in order to compare any

potential species differences. The size of the fish used

varied accor0ing to the needs of the particular

experiment. For example, the LDSO trials required a fish

approximately 10 g in size, whereas the hematology work

required a larger sized fish.

As previously mentioned, tilapias are important food

fish throughout the world (Bardach et al., 1972) and are

becoming increasingly popular for intensive aquaculture

enterprises. Red hybrid tilapia are becoming especially

popular among consumers and researchers because of color,

palatability, rapid growth rate, good feed conversion, and

their ability to successfully grow in fresh, brackish or

seawater (Galman and Avtalion, 1983; stickney, 1986).

Sarotherodon melanotheron or "black chinned" tilapia is a

very euryhaline tilapian species (Pullin and Lowe-McConnel,

1982) and is common to Hawaiian waters.
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C. Vibrio spp. Used

In order to gain an understanding of the vibriosis

disease complex in tilapia, several species of vibrio

bacteria were studied. An American Type Culture Collection

(ATCC, 12301 Parklawn Dr., Rockville, MD) type strain of ~

anguillarum (ATCC 19264) was used throughout the various

experiments in order to establish a reference point to

compare the disease effects of V. anguillarum in tilapia to

disease signs reported for other fish species.

Two other ATCC species of Vibrio that were used in this

study were ~ ordalii (ATCC 33509) and Vibrio alginolyticus

(ATCC 17750). Five vibrio isolates obtained from diseased

tilapia were also used in this study. These include an

isolate most closely resembling V. alginolyticus obtained in

January 1988 from the kidney of a black-chinned tilapia that

died from a hemorrhagic septicemia. A second isolate

resembling ~ alginolyticus was isolated in June 1989 from

the liver of a red hybrid tilapia that died from a

septicemia. A third vibrio isolate most closely resembling

~ anguillarum was obtained in May 1989 from the kidney of a

red hybrid tilapia that died from a hemorrhagic septicemia.

A fourth vibrio isolate closely resembling ~ harveyi was

isolated from the disease outbreak described in chapter VI

of this dissertation. The last species of Vibrio that was

used in this study was an isolate resembling ~ damsela,

again, isolated from the liver of a red hybrid tilapia that

had died of a septicemia in June 1989.
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D. Hematology

Blood was collected from fish for several experiments

in relation to this research trial. The methodology used

was standardized for each experiment and conformed to the

following format.

The fish were not fed 24 hr prior to sample

collection. Individual fish were placed in a 40 I tank and

anesthetized with 2-phenoxyethanol (0.3 mIll). The caudal

peduncle was wiped dry and blood was collected into a new

plastic 6 ml syringe from the caudal ventral sinus using a

20 G X 2.5 cm needle. Approximately 5-6 ml of whole blood

was withdrawn from each fish. A 2 ml portion was placed

into an EDTA tube (3 ml draw, ethylene diamino tetra

acetate, vacutaine~, Becton Dickinson Vacutainer

Systems, Rutherford, NJ, USA) for determination of packed

cell volume (PCV), hemoglobin (HBG), red blood cell counts

(RBCC), white blood cell counts (WBCC), and differential

leukocyte counts. The remaining blood was placed into a

SST tube (6 ml draw, Serum separation TUb~, Becton

Dickinson Vacutainer Systems, Rutherford, NJ, USA) and

allowed to clot at 40C for 1 hr. Serum was obtained by

centrifugation at 1000xg for 15 min. and stored in 5 ml

plastic screw top tubes at 4oC. Serum samples were

promptly submitted to a commercial laboratory (Accupath

Laboratories, smithKline Bio-Science Laboratories,

Honolulu, HI, USA) for determination of serum chemistry

parameters.

PCV was determined by the microhematocrit technique of
41



Blaxhall and Daisley (1973). HBG was determined

spectrophotometrically (540 nm) using the cyanmethemoglobin

method (Kit 525-A, Sigma Diagnostics, P.o. Box 14508, st.

Louis, MO, USA). Corpuscular indices were calculated

according to Coles (1986) and included mean corpuscular

volume (MCV) , mean corpuscular hemoglobin (MCH), and mean

corpuscular hemoglobin concentration (MCHC). RBCC and WBCC

were made utilizing a Neubauer hemocytometer and a

modification of Blaxhall and Daisley's method (1973) using

Toisson's solution as the diluent and stain. Thrombocytes

were included in the WBCC. Differential cell counts were

made from duplicate blood smears stained with stat-stai~

(VWR Scientific Inc, 3745 Bayshore Blvd, Brisbane, CA,

USA). A total of 100 leukocytes were counted from each

smear and the mean percentage of the different types of

leukocytes were calculated. Thrombocytes, lymphocytes,

neutrophils and monocytes were classified as described by

Ellis (1977).

E. Serum Chemistries

As with the hematology parameters, the serum chemistry

analyses that were performed in this study used the

following format.

Serum chemical analyses were performed with a BMD

Chemistry Analyzer 8600 Series R (Boehringer Mannheim

Diagnostics Inc, 9115 Hague Road, Indianapolis, IN, USA).

Assays were performed within 4 to 6 hr after cOllection. A
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standard serum chemistry screen was performed which

included measuring total protein (TP), albumin (A),

globulin (G), glucose (GLU), total bilirubin (T BILl),

indirect bilirubin (I BILl), direct bilirubin (D BILl),

cholesterol (CHOL), triglycerides (TRIGLY), blood urea

nitrogen (BUN), creatinine (CRE), uric acid (UA), aspartate

amino transferase (AST), alanine amino transferase (ALT),

lactate dehydrogenase (LDH), alkaline phosphatase (AP),

gamma glutamyl transpeptidase (GGT), calcium (Ca),

inorganic phosphate (Pi)' sodium (Na), potassium (K) and

chloride (CI).

F. Histology

Tissues were fixed in 10% buffered formalin. Following

fixation, tissues were decalcified using the formic acid A

method (Humason, 1979). Routine methods used by the

Veterinary Diagnostic Laboratory, Department of

Agriculture, state of Hawaii were used for processing,

embedding and sectioning. Tissue sections were stained

with the standard Mayer hematoxylin and eosin stain

(Humason, 1979) and in some studies with Giemsa stain.

G. Determination of Normal Hematologic Values

The effects of salinity, sex and species on a selection

of hematological and serum chemistry parameters in healthy

adult ~ melanotheron and a red hybrid tilapia that had

been adapted to either freshwater or seawater was studied.
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Four groups of fish were used in the experiment. Each

group of fish was comprised of 10 males and 10 females.

Fish in groups 1 and 2 were Sarotherodon melanotheron and

were assigned to FW and SW respectively. Fish in groups 3

and 4 were red hybrids (Q. mossambicus female X ~

macrochir male) and were assigned to FW and SW

respectively. Mean weights of the fish were 411 g for the

females and 501 g for the males. These were stocked in

1500 I fiberglass tanks. Fish assigned to SW were

subjected to a gradual change from 0 to 32 ppt (over 5

days), and then allowed 6 weeks for adaptation. All water

was aerated and supplied at approximately 200 l/hr. The

temperature of the FW was approximately 24 0C and that of

the SW was about 26oC. All fish were fed once a day with

a commercial trout diet at a daily rate of 4% of their body

weight.

Methods for hematology and serology were as previously

described. The effects of salinity, species, sex and their

interactions were tested by a three-way analysis of

variance. Orthogonal comparisons were used to distinguish

differences among treatment means (P<0.05) (Dowdy and

Wearden, 1983). Analyses were conducted with the SYSTAT

software system (Systat, Inc., Evanston, Ill.).

H. Gram stain, Morphology and Motility

The Gram stain reaction was determined using the

BactoGram stain Set and Reagents (Difco Laboratories,
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Detroit, Michigan). Smears from broth cultures were air

dried on microscope slides, heat fixed, then stained.

Cell morphology was observed using phase contrast

microscopy of wet mounts containing bacterial cells from 24

hr TSB + 2% NaCl broth cultures. Motility was determined

using Bacto Motility Medium S (Difco Laboratories, Detroit,

MI) •

I. Biochemical Tests on Bacterial Isolates

The biochemical characterization of the selected

strains of vibrios used in this stUdy was conducted by

using a variety of conventional chemical tests. The

determination of the presence of cytochrome C oxidase was

assayed by the saturated filter paper technique using

tetramethyl-p-phenylenediamine dihydrochloride 1% (Oxidase

Reagent Droppers, Marion Scientific, Kansas city, MO).

Sensitivity to the vibriostatic agent 0/129 (2,4-diamino 6,

7-diisopropyl pteridine) was tested at the concentration of

150 ug/ml.

A commercial multitest system (API 20E, Analytab

Products, Plainview, New York) was used to determine the

following physiological characteristics of the bacterial

isolates: the production of orthonitrophenyl galactoside,

arginine dihydrolase, lysine decarboxylase, ornithine

decarboxylase, H2S, tryptophane deaminase and indole; the

degradation of urea and gelatin; the utilization of

glucose, mannitol, inositol, sorbitol, rhamnose, sucrose,
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melibiose, amygdalin, arabinose; the Voges-Proskauer

reaction, and nitrate reduction. Procedures were performed

as recommended except that the incubation temperature was

250C, and sterile marine salt solution (MSS, MacDonald et

al., 1986) was used as the diluent.

In addition to the API-20E strips, the Biolog

Microstation System (Biolog, Inc., 3447 Investment Blvd.,

suite 3, Hayward CA 94545) was used to characterize and

identify the isolates. The Biolog test system performs 95

carbon source utilization reactions. The Biolog GN

microplates were used. The isolates were grown on Marine

Agar at 250C for 24 hrs before being used to inoculate the

GN microplates. Sterile marine salt solution was also used

as a diluent for the Biolog plates. The GN microplates were

incubated for 24 hr at 250C following inoculation. All

tests were run in duplicate.

Since it is not yet confirmed whether the multitest

systems can be reliably applied to the identification of all

Gram negative bacteria isolated from aquatic environments,

test results were compared to the descriptions in Bergey's

Manual (Baumann and Schubert, 1984).

J. Lethal Dose-50 (LD5 0) Experiments

To study the virulence of Vibrio species in tilapia, a

series of lethal dose--50% end point (LD50) experiments

were conducted. The Vibrio species were grown on tryptic

soy agar (TSA) + 2% marine salts (MS) for 24 hours. An ~
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coli isolate (ATCC 25922) was included in the study to

serve as a Gram negative bacteria control. The ~ coli was

grown on plain TSA for 24 hours. Serial dilutions from 1 x

10 0 to 1 x 10-5 into Marine Salts Solution (MSS)

(Austin et al., 1979) (0.85% saline for the ~ coli) were

made with numbers of viable cells in each dilution being

enumerated by plating 0.1 ml aliquots on TSA + 2% MS plates

(or TSA for ~ coli) and counting the colonies that develop

in 24 hr at 2SoC.

1. Heat Killed Inoculum

To prepare the heat killed inoculum, the ATCC ~

anquillarum isolate was grown in TSB + 2% MSS for 24 hr.

The cells were harvested by centrifugation (SOOxg), washed

three times in sterile MSS, and then serial dilutions made

from 10 0 to 10-5. The test tubes containing the

dilutions were then placed into a 550C water bath for 15

min. The tubes were then allowed to cool to room

temperature and viability was checked by preparing standard

spread plates for each dilution. Fish were then injected

intraperitoneally with 0.1 ml of the appropriate dilution.

The concentration of the original inoculum prior to heat

killing was 1.13 x 108 CFU/ml for ~ melanotheron and

2.46 x 109 CFU/ml for the red hybrids. Conformation of

killing was done by standard spread plate techniques using

Marine Agar.

2. Supernatant Injection

The bacterial inoculum for the supernatant injection
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was prepared as above for the heat killed inoculum. After

24 hrs of incubation, the culture was centrifuged (SOOxg)

and and the supernatant carefully collected, put into a

sterile syringe and pushed gently through a 0.45 um

filter. Serial dilutions were made. The concentration of

the original nonfiltered inoculum was 1.06 x 108 CFU/ml.

Two cultured tilapia species, black-chinned tilapia

(Sarotherodon melanotheron) and a red hybrid (0.

mossambicus X Q. macrochir) were used as the experimental

animals. The fish averaged 10 g in weight. Duplicate

groups of 10 fish per group were stocked into 40 L

flow-through seawater aquaria at a temperature of

25-26oC. Following a 3 day acclimation period, the fish

were anesthetized with 2-phenoxyethanol (300 ppm) and then

injected intraperitoneally (IP) or intramuscularly (IM)

with 0.1 ml of each serial dilution while control fish were

injected with 0.1 ml of sterile MSS. Mortality in each

group was monitored for 5 days and the LDSO calculated

using the method described by Reed and Muench (1938). The

kidneys of all mortalities were examined bacteriologically

to confirm the cause of death.

The effects of each Vibrio isolate were tested by a

one-way analysis of variance. The least significant

difference (LSD) was used to distinguish differences among

treatment means (P<0.05) (Dowdy and Wearden, 1983).

3. Water Bath Challenge

To determine the optimum number of bacteria and time of
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exposure for a water bath exposure route, groups of ten red

hybrid tilapia averaging 12-15 g were exposed to

concentrations of 1 x 105, 1 x 106, 1 x 107, 1 x

10 8 and 1 x 109 CFU/ml of v. anguillarum in MSS at

exposure times of 10 min., 15 min., 20 min., and 30 min.

Following exposure, the fish were transferred and kept in

40 L flow-through seawater aquaria and monitored for 7 days

for mortality. cultures of inoculum were prepared by

inoculating 1 L of TSB + 2% MS with v. anquillarum. The

culture was incubated with aeration for 24 hr. at 25 0 C .

Cells were harvested by centrifugation (500xg) and

resuspended in MSS. By using a previously prepared

standard curve whereby bacteria cell numbers were plotted

against optical density (0.0. = 600nm), the proper number

of bacteria for each treatment group could be made by

adding an appropriate amount of sterile MSS and checking

the optical density in a spectrophotometer. The Gram

negative ~ coli control isolate trial was conducted as

previously described except that cultures were prepared by

inoculating TSB, and 0.85% saline was used for a diluent.

K. Invasive Enzymes

This study was designed to demonstrate the potential

invasive virulence enzymes related to the vibrio isolates.

Two such enzymes, gelatinase and lipase, were detected by

the methods outlined by West and Colwell (1984). Briefly,

gelatin agar consisted of peptone, 4 gIL; yeast extract, 1
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giL; gelatin, 15 giL; NaCI, 10 giL and agar 15 giL. Plates

were streaked and gelatinase activity was observed as a zone

of opacity around colony growth. Gelatinase activity was

also included in the API-20 test strip. Lipolytic activity

against Tween 80 (Sigma Chemical Co., st. Louis, MO) was

detected on a medium containing peptone, 10 giL; NaCI 10 giL;

CaCI2.H20 , 0.1 giL; agar, 20 giL. The ingredients were

mixed and the pH adjusted to 7.4. The media was autoclaved

and the Tween 80 was added to a cool but still molten medium

to a final concentration fo 1% (v/v). The plates were

streaked and observed for lipolytic activity indicated by

dense opacity around the colonies.

Two other microbial virulence enzymes, chondroitin

sulphatase and hyaluronidase, were assayed by methods

described by Smith and Willett (1968). The basic medium for

both consisted of Brain Heart Infusion broth, 100 ml to which

1 g of agar was added. The basic medium was then autoclaved

and allowed to cool to about 46oC. The substrates were

prepared by making aqueous solutions of 2 mg of umbilical

sodium hyaluronidate per ml, 4 mg of chondroitin sulfate per

ml, and 5% bovine albumin fraction V. The solutions were

sterilized by filtration (0.20 um Nalgene filter units).

Each substrate was added to the cooled media to give a final

concentration 400 ug/ml. The bovine albumin fraction-V was

then added with constant stirring to give a final

concentration of 1%. The final pH of each medium was

adjusted to 6.8. The plates were streaked with the bacterial
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isolates and incubated at 250C for 24 hrs after which the

plates were flooded with 2 N acetic acid for 10 min. The

nondegraded substrate precipitates as a conjugate with the

albumin leaving a clear zone around those colonies which

produce soluble enzymes that attack the substrate.

L. Target Organs for Infection

1. Hematologic and serologic Changes

To evaluate the hematologic changes related to vibriosis,

tilapias were exposed to a lethal dose of ~ anguillarum

(ATCC 19264) and blood samples sequentially taken over a

period of time. Duplicate groups of 6 fish were assigned to

each blood sampling period. Blood samples were taken at time

o (ie., just prior to exposure), and then 1, 6, 12, 18, 24,

36, and 48 hours following exposure. The fish were exposed

to 4.8 x 108 CFU/ml of v. anguillarum for 30 min. Control

fish were exposed to MSS for 30 min. The bath challenge

technique for initiating a laboratory infection was chosen

because it represents a more natural route of exposure than

injection.

Experimental fish were red hybrids (Q. mossambicus female

X ~ macrochir male). Mean weights of the fish were about 50

g. These were stocked in 40 I flow through seawater

aquaria. All water was aerated and supplied at approximately

200 l/hr. The temperature of the Sw was about 26oC. All

fish were fed once a day with a commercial trout diet at a

daily rate of 4% of their body weight.
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The challenge culture was prepared by inoculating 3 L of

TSB + 2% MS with v. anguillarum (ATCC 19264). The culture

was incubated with aeration for 24 hr. at 250C. Cells were

harvested by centrifugation (500xg) and resuspended in MSS.

standard plate count methods were used to determine the

number of CFU/ml of challenge solution.

The blood collection procedures were modified slightly

from the previously described methods in that a pooled sample

from 5 fish was collected because of the small size of the

fish that were required to be used in this experiment.

Hematology and serology methods were as previously described.

To determine if linear relationships were present between

the blood parameters (dependent variable) and time

(independent variable), data were analyzed by linear

regression analysis (Dowdy and Wearden, 1983)

2. Target Organs

To study the organ distribution of bacteria following

challenge, a group of 24 red hybrid tilapia juveniles (mean

wt = 50g) were exposed by the bath method with an LD5 0 dose

of bacteria. Two fish from the exposed group and one fish

from the control group (exposed to MSS) were euthanatized and

examined at 0 hrs (ie., preexposure), 1 hrs, 6 hrs, 12 hrs,

18 hrs, 24 hrs, 36 hrs, 48 hrs, and 60 hrs throughout the

disease period. Fish were anesthestized with

2-phenoxyethanol (300 ppm) and a blood sample drawn by caudal

ventral venipuncture and transferred to a 3 ml heparinized

tube for bacteriology. The fish were then euthanatized and
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necropsied. Gross observations were made and then spleen,

liver, kidney, anterior gut (pyloris to iliocecal junction),

and posterior gut (large intestine and rectum) were excised

using sterile technique for bacteriological analysis. Organ

weights were made and the tissues homogenized using a sterile

glass Ten Broeck tissue homogenizer and sterile MSS. Serial

dilutions were made of blood and all tissue homogenates and

then plated on duplicate TSA + 2% MS using standard spread

plate techniques. Plates were incubated at 250C for 24

hrs. Bacterial counts from both of the fish in the exposed

group were averaged together to obtain a mean bacterial count

for each sampling time period.

3. Histology

To study the microscopic changes associated with the

various tissues during experimental vibriosis in tilapia,

fish were challenged with ~ anguillarum (ATCC 19264) and

then periodically sampled over time. 50 red hybrid tilapia

juveniles with a mean weight of about 50 g were used for the

study. The fish were challenged parenterally via an 1M

injection of 0.1 ml of culture containing about 2.03 x 106

CFUjml of v. anguillarum (ATCC 19264). The times for

sampling were 0 (preinjection), 1 hr, 6 hr, 12 hr, 18 hr, 24

hr, 36 hr, 48 hr, and 54 hrs post injection. Fish were

randomly picked from the group for sampling. The tissues

that were taken for histologic examination were fixed,

processed and mounted according to previously described

standard methods.
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M. Gastrointestinal Tract Bacterial Flora

A group of 15 juvenile red hybrid tilapia were stressed

by being placed in 180C seawater. Control fish (n=15) were

kept in 260C seawater. The fish were approximately 50 g in

size and were kept in 40 I flow-through seawater aquaria with

aeration. A thermostatically controlled refrigeration unit

was used to chill the supply water to the cold exposed fish.

The GIT's were processed as described by MacDonald et ale

(1986) and Austin (1988). Briefly, the GIT from three

freshly euthanatized fish from each group were removed using

sterile dissecting instruments. The time of sampling were 0,

24, 48 and 72 hr post exposure to cold water. The gut was

divided into 3 sections namely the stomach, anterior

intestine (pyloris to iliocecal junction) and posterior

intestine (large intestine and rectum). sections were opened

lengthways and gently agitated for 2-3 min in marine salts

solution (MSS) diluent to remove the contents. The gut

sections were then homogenised using a glass Ten Broeck

tissue homogenizer. To estimate the porportion of total

number of bacteria and Vibrio sp., homogenates were serially

diluted to 10-5 in 9 ml volumes of MSS with 0.1 ml amounts

of each dilution being spread on Marine Agar and TCBS plates

for colony plate counts. Duplicate plates were prepared and

incubation was at 250 C for 2 days. Following incubation,

colony counts were determined and a representation of

colonies subcultured for identification. The Biolo~

biochemical identification system (Biolog, Inc., Hayward, CA)
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was used to identify bacterial isolates.

The effects of exposure time (treatment) on the

bacterial gut populations were tested by a one-way analysis

of variance. The least significant difference (LSD) was

used to distinguish differences among treatment means

(P<0.05) (Dowdy and Wearden, 1983).

N. Commercial Vaccine Trial

Two groups containing one hundred juvenile red hybrid

tilapia each were randomly assigned to either a vaccinated

group or a nonvaccinated control group. The fish averaged

6.5 g in size at the beginning of the trial and were kept in

1900 L trough tanks. Fish were kept 7 days in the tanks

prior to vaccination to allow for adaptation. All fish were

kept in seawater (32 0/00) which was aerated and supplied at

approximately 200 l/hr. The temperature of the seawater was

about 260C. All fish were fed once a day with a

commercial trout diet at a daily rate of about 5% of their

body weight. The test period lasted 45 days.

The vaccine used in the study was a commercially

prepared product, Biova~ (Biomed Research Laboratories,

Inc., Bellevue, WA, USA). The bacterin contained

inactivated cultures of V. anguillarum and V. ordalii. One

liter of vaccine was diluted in 9 L of MSS. The fish were

placed into the bacterin suspension according to the

manufacturer's recommendation at a rate of 0.5 kg of fish

per liter of diluted bacterin. The vaccinated fish were
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exposed to the bacterin for 30 seconds and then transferred

back to their tank. The bacterin solution was kept oxygenated

during use. Control fish were exposed to MSS for 30 seconds

and then returned to their tank.

Antibody response to the vaccine was measured by a tube

agglutination test as described by Roberts (1989). Serum was

titrated and tested at the beginning and at the end of the

experiment. Due to the small size of the fish at the

beginning of the experiment, a pooled blood sample was used.

At the end of the trial, the mean of 5 fish was derived. The

serum titration was performed by mixing 0.1 ml of serum with

0.9 ml of 0.85 % saline. 0.5 ml was withdrawn from the first

tube and added to a second tube containing 0.5 ml of saline

and mixed thouroghly. 0.5 ml of the second tube was withdrawn

and added to a third tube containing 0.5 ml of saline and

mixed. This dilution procedure was repeated until 10 tubes

containing 0.5 ml of saline had been utilzed. A whole cell

bacterial antigen was used and was prepared by growing ~

anguillarum (ATCC 19264) on TSA + 2% MS for 24 hr. The cells

were harvested and washed 3 times with sterile MSS. Density

was adjusted with sterile MSS to a No. 3 MacFarland standard.

One half ml of the bacterial antigen solution was then added

to each tube bringing the total volume of each tube to 1.0

mI. One tube served as a negative control (ie. no serum

added) and one tube served as a positive control by using

rabbit anti-~ anguillarum antiserum (Micrologix International

Ltd., Sidney, B.C., Canada).
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Fish were challenged 45 days after vaccination by being

subjected to a bath challenge of 1.72 x 108 CFU/ml of v.

anguillarum for 30 min. The fish were monitored for

mortality for 10 days.

statistical evaluation of the results was performed by

the chi square test (Dowdy and Wearden, 1983).
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IV. DETERMINATION OF NORMAL HEMATOLOGIC AND BLOOD

CHEMISTRY VALUES FOR SAROTHERODON MELANOTHERON AND A

RED HYBRID TILAPIA IN FRESHWATER AND SEAWATER

A. Introduction

There is very little information in the literature

pertaining to the normal hematologic values of tilapia

species. There have been only a few studies that have

addressed normal hematologic values for tilapia species

these include the effects of temperature and salinity

relating to changes in Tilapia zilli blood characteristics

(Farghaly et al., 1973). Seasonal effects on ~ zilli

blood was studied by Ezzat et al. (1974), changes in ~

mossambicus blood parameters in response to temperature

were reported by Smit et al. (1981), Kaneko (1983) studied

the effects of external parasitism on blood parameters of

Oreochromis mossambicus, blood coagulation factors in Q.

mossambicus living in freshwater were investigated by Smit

and Schoonbee (1988), and the ultrastructure of peripheral

blood leucocytes of ~ mossambicus was studied by Doggett

and Harris (1989).

As stated previously, one of the overall objectives of

this research project was to evaluate the changes in

various blood parameters that occur in tilapia associated

with vibriosis. Therefore, in order to have baseline

hematological data, this experiment was conducted to
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evaluate the effects of salinity, sex and species on a

selection of hematological and serum chemistry parameters in

healthy adult ~. melanotheron and a red hybrid tilapia that

had been adapted to either freshwater (FW) or seawater (SW).

B. Material and Methods

All materials and methods for this section have been

previously described in the standard methods chapter (III).

C. Results and Discussion

Evaluation of the data showed that salinity and sex had

the greatest influence upon the blood parameters. Table 2

presents the mean blood parameters for the tilapia held in

both FW and SW. The SW adapted fish had higher (P<O.Ol)

PCV, HBG, RBCC and MCHC but lower (P<O.OOl) MCV than their

counterparts. No differences (P>O.05) were detected in the

total WBCC or in the differential white cell count. Among

the serum chemistry parameters, TP, G, GLU, BUN, UA, ALT,

AP, Na, K, and CI showed increases (P<O.05) in the SW

adapted fish compared to the FW adapted fish.

The effect of sex on the blood parameters is

demonstrated in Table 3. The female FW tilapia had greater

(P<O.05) hematology values for RBCC, MCV and MCH than the

males. The SW adapted female fish had a higher (P<O.05)

value for only the MCHC. Both the FW and SW females had

higher (P<O.Ol) values than males for TP, A, G, CHOL,

TRIGLY, Ca, and Pi. In addition, FW females had higher

(P<O.05) values for ALT and AST while the SW females had

higher (P<O.05) values for AP, LDH, and K than the
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Table 2.--Mean blood parameters (± standard deviation) for
healthy adult tilapia (both S. melanotheron and red hybrid)

adapted to freshwater or seawater. n=40.

Tilapia Adapted to Significance
Parameter Freshwater Seawater P

Hematology
PCV (%) 30.8±2.7 34.3+4.2 P<O.OI
HBG (g/dL~ 7.3±0.4 9.0±1.1 P<O.OOI
RBCC (XjO Imm3 ) 1. 37±0 .15 1. 69+0.21 P<O.OOI
MCV (um ) 228±37 203±17 P<O.OOI
MCH (pg) 54±6.6 54+4.8
MCHC (%) 23.8±2.0 26.0±3.4 P<O.OOI
WBCC (Xl0 4/ mm3) 6. 19±0. 10 6.29±0.52
THROM (%) 80.5±6.9 82.3±5.2
LYMPH (%) 11. 6±5. 3 10.9±4.3
NEUTS (%) 3.8±3.1 3.1±1.6
MONOS (%) 4.2±2.7 3.6±1.4
Serum Analyses
TP (g/dL) 4. 0±1. 0 4.3±0.9 P<O.05
A (g/dL) 1. 4±0. 5 1. 5±0. 3
G (g/dL) 2.5±0.6 2.8±0.6 P<O.OI
GLU (mg/dL) 75±18 117±25 P<O.OOI
CHOL (mg/dL) 441±269 480±259
TRIGLY (mg/dL) 1194±1344 1338+1231
BUN (mg/dL) 0.8±0.7 2.3+1.5 P<O.OOI
CRE (mg/dL) 0.2±0.08 0.2±0.06
UA (mg/dL) 0.2±0.2 0.7±0.3 P<O.OOI
ALT (U/L) 16.2±7.3 21.2±9.3 P<0.05
AST (U/L) 80±55 92±35
AP (U/L) 7.4±2.7 11.0±5.5 P<O.OI
LDH (U/L) 216±203 257±222
Ca (mg/dL) 17.6±5.8 18.9±6.3
Pi (mg/dL) 12.3±3.8 12.6±3.7
Na (meq/L) 177±5 183±8 P<O.OOI
K (meq/L) 1.4±0.7 2.9+1.2 P<O.OOI
Cl (meq/L) 144±4 151+6 P<O.OOI

= Not significant (P>0.05)
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Table 3.--Mean blood parameters (± standard deviation)
for healthy adult male and female tilapia (both ~
melanotheron and red hybrid) adapted to freshwater (FW)

or seawater (SW). n=20.

Tilapia adapted to FW Tilapia adapted to sw
Parameter Males Females P Males Females P
Hematology
sc« (%) 30.4±2.3 31.1±3.0 35.2±4.8 33.2±3.0
IJ:OO (gJdL~ 7.3±Q.4 7.2±4.4 8.9±Q.9 9.1±1.2
RBCC (~O frnm3) 1.43±O.12 1.31±O.16 * 1.71±O.24 1.68±O.16
1!CIl (um ) 215j:19 241±45 ** 207±13 199j:2°
Mal (pg) 51±3 56±8 ** 53±4.0 54±5.8
Male (%) 24.1±2.0 23.5±2.1 25.6,±1.6 27.7±4.4 *
WBCC (xlO4/rnm3) 6.39±O.61 5.99j:1.33 - 6.35±O.53 6.24±O.51
'IHRCM (%) 78.4±7.9 82.6±5.2 80.8±5.6 83.9j:4.4
LYMFH (%) 12.6,±6.4 10.5±3.5 12.1±4.7 9.6,±3.5
NEIJI'S (%) 3.8±2.2 3.8±3.9 3.3±1.9 3.0±1.4
IDNQS (%) 5.2±2.7 3.1±2.3 3.8±1.7 3.4±O.9
serum Analyses
TP (gJdL) 3.3±O.3 4.8±1.0 *** 3.6,±O.4 5.2±O.6 ***
A (g/dL) 1.1±O.1 1.8±O.5 *** 1.2±O.1 1.8±O.2 ***
G (g/dL) 2.1±O.2 2.9j:O.6 *** 2.3±O.3 3.4±O.4 ***
Gill (rrg/dL) 76,±21 74±15 116,±26 118±25
CIDL (Irq/dL) 252±35 652±258 *** 280±49 718±194 ***
TRIGLY (ng/dL) 156±49 2294±1157 *** 276,±107 2613±513 ***
BJN (rrg/dL) 1.3±O.4 O.3±O.5 *** 3.4±O.8 1.2±1.2 ***
CRE (rrg/dL) O.2±O.O6 O.1±O.O5 *** O.2±O.O5 O.2±O.O7
UA (ng/dL) O.1±O.22 O.2±O.19 - O.7±O.29 O.7±O.33
AUI' (U/L) 13.4±4.5 19.1±8.5 * 23. 6,±11. 2 18.9j:6.5
Am (U/L) 53±23 111±64 *** 93±39 91±33
AP (U/L) 7.2±1.6 7.7±3.7 9.5±3.6 12.4±6.6 *
I.m (UIL) 156,±157 279j:230 173±127 351±267 **
ca (ng/dL) 13.9j:O.6 22.2±6.3 *** 14.3±O.5 23.8±5.8 ***
Pi (rrg/dL) 9.6,±2.2 15.2±3.0 *** 11.4±2.2 13.8±4.6 *
Na (meqIL) 173±4 169±4 * 186±5 179j:8 **
K (rreq,lL) 1.2±O.7 1.7±O.7 2.4±1.1 3.5±O.9 **
Cl (neqlL) 145j:3 143±5 154±4 147±6 **

*P<O.05; **P<O.Ol; ***P<O.OOl; - Not significant (P>O.05)
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corresponding male values. The FW males had higher

(P<O.05) values for BUN, CRE, and Na than the females. The

SW males had higher (P<O.05) levels of BUN, Na and CI than

the females.

Among species, significant differences were detected

only on UA (P<O.05) and AST (P<O.Ol). ~ melanotheron had

larger values for both of the parameters than the red

hybrid.

There were several secondary interaction effects on the

blood parameters. The salinity x sex interaction had

effects on MCV (P<O.05), MCHC (P<O.05), BUN (P<O.OOl), CRE

(P<O.Ol), ALT (P<O.Ol), AST (P<O.Ol) and P (P<O.05). The

salinity x species interaction had significant (P<O.Ol)

effects on PCV and LDH. There were no significant (P>O.05)

salinity x sex x species 3-way interactions.

Only trace amounts of T BILl, I BILl and D BILl were

measured and no GGT was detected. Consequently, these

values were not included in the data analysis.

Farghaly et ale (1973) demonstrated that the RBCC, HBG,

and PVC values for ~ zilli increase with increasing

salinities. The results of this study agree with their

findings for these parameters. However, the SW adapted

tilapia did not demonstrate the marked changes in the WBCC

or the differential white cell count as reported for ~

zilli by Farghaly et ale (1973). In general, the changes

in the hemogram in response to the salinity effect was a

decrease in the size of the red blood cells, with an
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ancillary increase in the numbers of red cells, and in the

concentration of hemoglobin.

The serum chemistry parameters also reflected changes

associated with osmoregulation. Fish have TP values of

about 4 to 5 g/dl (Feeney and Brown, 1974). The results of

this study are very close to those reported by Kaneko

(1983) for ~ mossambicus in SW (3.18 g/dl for males and

5.0 g/dl for females). TP and G levels were increased

whereas the A levels remained relatively unchanged in the

SW adapted fish. Similar trends were reported by Farghaly

et al. (1973). These workers suggested that the serum

globulin fraction is more active than the albumin component

in osmoregulation.

Glucose levels can be clinically important since levels

can vary due to diet, capture and handling, and disease

(Wedemeyer, 1976; Barham et al., 1980). The mean glucose

level for the FW fish was about 75 mg/dl, which was lower

(P<O.OOl) than the SW value of 117 mg/dl. This is in

contrast with the findings of Farghaly et al. (1973) who

showed that the glucose levels of ~ zilli were not

significantly affected by increasing salinity.

The levels of BUN and UA for both species were much

(P<O.OOl) lower for the FW fish than the SW fish. These

observations may be related to a slowdown of ammonia

excretion in the SW adapted fish (Forster and Goldstein,

1969) which could possibly stimulate alternate pathways of

nitrogen excretion thereby increasing the serum levels of
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nitrogenous waste products such as BUN and UA.

AP catalyzes the hydrolysis of several types of

phosphate esters including the dephosphorylation of ATP.

Since AP is thought to be associated with energy requiring

membrane pumps (Kramer, 1980), the increased AP levels in

the SW adapted fish may be related to an increased

metabolic demand associated with the osmoregulation

process.

Electrolytes, especially Na, CI, and K are very crucial

in hydromineral balance and models for osmotic regulation

have been well documented (Parry, 1966; Hoar and Randall,

1969; Eddy, 1981; Moyle and Cech, 1982). Increases in

these ions were observed in this study and have been

reported in fish that have adapted from FW to SW (Boeuf et

al., 1978).

The MCV, MCH, and MCHC are corpuscular indexes that

have particular importance in most animals in describing

anemias and can be used in diagnosis and therapy (Coles,

1986). McCarthy et ale (1973) point out that in fish

hematology, the MCH and MCV values should be interpreted

with caution since the RBCC from which both are calculated

may have a large amount of error.

There were no significant (P>O.05) sex effects on the

WBCC or on the differential white cell count. The

differentials obtained in this study were in general

agreement with previous work by Kaneko (1983).

Feeney and Brown (1974) stated that sex was the primary
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source of variation in serum proteins in fishes. There

were highly significant (P<O.OOl) sexual differences for

TP, A, and G values for tilapia in FW and in SW. Males had

consistently lower values in all categories.

Serum cholesterol levels in rainbow trout (Hille, 1982)

and FW catfish, Clarius batrachus (Tandon and Chandra,

1976) have been shown to be quite variable with variation

being attributed to nutrition, activity of the fish and

sexual cycle. Kaneko (1983) reported marked sexual

differences in cholesterol levels in ~ mossambicus.

considering the wide variability that is seen in serum

cholesterol and triglycerides levels, it is possible that

they may have some applicability as indicators in

estimating the stage of vitellogenesis for various fish

species (deVlaming, 1983).

Sexual differences in Ca levels have been demonstrated

in the cod where females had higher Ca levels than males

(Holmes and Donaldson, 1969). Group Ca values for the fish

are higher than those reported for ~ mossambicus by Smit

et ale (1979) (10.12 mg/dl) but were similar to values

reported by Kaneko (1983) (11.2 mg/dl for males and 18.45

mg/dl for females).
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V. EPIZOOTIOLOGY OF A NATURAL VIBRIOSIS OUTBREAK

IN CULTURED TILAPIA

During the course of this research project, a natural

outbreak of vibriosis occurred in a group of tilapia being

held for production studies. This natural outbreak was

investigated to provide a much needed documentation of

naturally occurring vibriosis in tilapia and also to

provide a comparison to the experimental findings.

A. History

Approximately 980 juvenile tilapia were being held in a

1600 1 fiberglass tank for a high stocking density

production study. The tilapia consisted of predominantly

(3/4) red hybrids (~mossambicus x ~ macrochir) and a few

(1/4) ~ melanotheron (black-chinned tilapia) species. The

water was seawater (32 ppt), aerated and supplied at about

200 l/hr. The temperature of the water was 280C and the

dissolved oxygen about 5.9 mg/l. The fish were being fed

once a day with a commercial trout diet at a daily rate of

4% of their body weight.

One afternoon, the technician responsible for the care

of the fish reported that many of the fish were not eating

well. Inspection revealed that the fish appeared grossly

normal but were somewhat lethargic and swimming slowly at

the surface of the water. By the following day, the entire

group had become anorexic and lethargic. Many of the fish
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were darker in color, and many were swimming sloWly at the

surface and would occasionally gulp air. Two days later,

some of the tilapia began to die and within 24 hrs 624 fish

had died (day 1 mortality). The mortality continued, and

during the next 24 hrs (day 2 mortality) another 275

tilapia died. By day 3, the fatalities began to decrease

and by day 5 the fatalities had stopped. A total of 959

fish died in the outbreak reSUlting in a mortality rate of

98% (959/980).

To help determine if the mortality was due to an

infectious agent, 20 ~. melanotheron that were being kept

in a different seawater area and ranging in size from 50 g

to 300 g were placed into the tank of fish experiencing the

mortality. Twelve of the 20 fish died within 24 hrs. A

total of 15 out of the 20 died during the outbreak.

Necropsies were performed on freshly dead specimens and

samples were taken for bacteriology and histology. Blood

samples were also taken from the larger, moribund fish for

PCV (packed cell volume) and serum chemistry analysis.

Upon examination, most of the fish that died during the

first 24 hrs showed few gross lesions. Several had slight

petechial hemorrhages at the base of the fins, especially

the caudal fin. Internally, the fish appeared grossly

normal. Fish that died later in the outbreak had an a

slight amount of watery, reddish colored peritoneal fluid

and petechial hemorrhages on the serosal surfaces of the

liver. Hemorrhages were more pronounced on the throat,
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operculum, face, and lateral areas.

Liver, gill, and anterior kidney samples were cultured

for bacteriologic examination from 10 fish. cultures were

placed on thiosulfate-citrate-bile-sucrose agar (TCBS) and

marine agar (MA) and incubated at 250C for 24 hr. Colony

types were counted and then divided by the total numbers of

colonies to generate a percentage estimate of the types of

bacteria present. Biochemical characteristics were

determined using the API-20E test strips (Analytab

Products, Sherwood Medical, Plainview, New York 11803) and

the Biolog test system (Biolog, Inc., Hayward, CA 94545).

To stUdy the virulence of the bacterial isolates, a

series of lethal dose--50% end point (LD5 0) experiments

were conducted. Pure cultures of each isolate, viz., API

Nos. 3046125, 3044104, 5256525, 5044127, 4156105 and

2005024 were used. Each were grown in Marine Broth for 24

hours. The cultures were then combined with Marine Salts

Solution (MSS) to obtain serial dilutions from 1 x 100 to

1 x 10-5. The numbers of viable cells in each dilution

were enumerated by plating 0.1 ml aliquots on TSA + 2% MS

duplicate plates and counting the colonies that develop in

24 hr at 250C. Red hybrid (Q. mossambicus X Q.

macrochir) tilapia were used as the experimental animals.

The fish averaged 10 g in weight. The fish were exposed to

the cultures as a bath for 1 hr. Duplicate groups of 10

fish per group were stocked into 40 I flow-through seawater

aquaria at a temperature of 25-26oC. Mortality in each
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group was monitored for 10 days and the LD50 calculated

using the method described by Reed and Muench (1938).

The·following tissues were taken from moribund fish

that had been euthanitized for histologic examination:

gill, brain, heart, liver, spleen, anterior kidney,

posterior kidney, gastrointestinal tract, muscle, skin, and

gonad. Tissues were fixed and processed according to

standard methods described in chapter III ..

Blood was withdrawn from several moribund fish to

determine the PCV and serum chemistry parameters. PCV was

determined by the microhematocrit technique of Blaxhall and

Daisley (1973). A standard serum chemistry screen was

performed according to standard methods (chapter III).

B. Results and Discussion

Ten moribund fish were examined for bacteria. The

predominant bacterial isolates from each organ were

subcultured and the biochemical characteristics

determined. The results of the bacterial findings are

shown in Table 4. The most common isolate types from the

gill were Vibrio species. An isolate that closely

resembled Vibrio harveyi biochemically was the most

predominate isolate obtained from the gills, liver, and

kidney.

The LD5 0 trial showed that from the isolates tested,

the Vibrio harveyi isolate (API 5256525) was the most

virulent with an LD50 value of 3.0 x 107 (Table 5).
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Table 4.--Bacterial isolates obtained from moribund tilapia
during a natural occurrence of vibrosis. n=10.

Tissue Percent Presumptive API
Cultured Occurrence Identification Number

Gills
70% Vibrio harveyi 5256525
10% Vibrio sp. 3046125

3% Vibrio sp. 4156105
17% No Identification 2005024

No Identification 3044104
No Identification 5044127

Liver
85% Vibrio harveyi 5256525
10% Vibrio sp. 3046124

5% No Identification 5044127

Kidney
70% Vibrio harveyi 5256525
30% No Identification 3044104

No Identification 2005024
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Table 5.--L05 0 values on tilapia for bacterial isolates
obtained from moribund tilapia during a natural occurrence

of vibriosis.

API presumptive L050
Isolate Number Identification (CFU!ml)

1 3046125 Vibrio sp. 1.1 x 109

2 3044104 No 10 6.6 x 108
3 5256525 Vibrio harveyi 3.0 x 107
4 5044127 No 10 1.2 x 108

5 4156105 Vibrio sp. 5.8 x 108
6 200502" Aeromonas hydrophilia 1.2 x 109
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Histological examination of the tissue samples revealed

relatively few pathologic changes present except for the

gills. The gill tissue from all fish examined showed

evidence of proliferative gill disease. There was marked

epithelial hyperplasia with fusion of adjacent lamellae and

generalized depletion of the interlamellar space.

Sloughing cells and mucous formed a pavementing effect over

much of the gill surface. Rod shaped bacteria were seen in

high numbers attached to the lamellae (Figure 1). Other

tissues including heart, spleen, liver, kidney, brain,

gonad, gastrointestinal tract and muscle were considered

normal. Bacteria were isolated from the tissues of the

fish even though few microorganisms were observed in the

histologic sections. Ransom (1978) mentions that in his

studies approximately 3.0 x 106 bacteria cells/ml were

required for microscopic observation of v. anguillarum in

Giemsa stained blood smears. About 106 cells/section

were required before bacteria could be seen in kidney

tissue.

The histologic examination of the fish that died in the

LD5 0 experiment showed an increase in the numbers of

cells in the intralamellar spaces in the gills indicating

early proliferative gill changes. There was also diffuse

focal necrosis and surface membrane changes of the lamellar

epithelium. There were subtle acute changes observed in

the spleen including a slight increase in vacuolation of

the cells, increased congestion, and erythrophagocytosis.
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Figure 1.--Hyperplasia of the gill lamellar epithelium
(open arrows) with numerous rod shaped bacteria attached
to secondary gill lamellae (small arrows). Small arrow
heads outline a secondary lamellae. Photomicrograph was
taken from tilapia during a natural occurrence of vibriosis.

(400X; Giemsa stain).
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Table 6.--Packed cell volume (PCV) and serum chemistry
parameters obtained from cultured tilapia during a

natural occurrence of vibriosis.

Normal
Parameter Value Values*

Hematology
PCV (%) 23. 8±1. 92 34.3±4.2

Serum Chemistry
TP (g/dL) 2.6±0.85 4.3±0.9
A (g/dL) 0.54±0.05 1.5±0.3
G (g/dL) 2.06±0.80 2.8±0.6
GLU (mg/dL) 322±136 117±25
CHOL (mg/dL) 170±39 480±259
TRIGLY (mg/dL) 195±101 1338±1231
BUN (mg/dL) 3 .8±1. 9 2. 3±1. 5
CRE (mg/dL) 0.56±0.18 0.2±0.06
UA (mg/dL) 3. 46±1. 06 0.7±0.3
ALT (U/L) 5.6±8.2 21.2±9.3
AST (U/L) 279±323 92±35
AP (U/L) 23±9.9 11±5.5
LDH (U/L) 890±995 257±222
Ca (mg/dL) 26±4.1 18.9±6.3
Pi (mg/dL) 13.1±9.4 12.6±3.7
Na (meqjL) 249±11 183±8
K (meqjL) 9. 7±1. 2 2. 9±1. 2
CI (meqjL) 213±8.2 151±6

* From chapter IV. (page 60)
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The results obtained for the blood parameters are

listed in Table 6. The mean PCV was 23.8% which is

considerably lower than normals reported for tilapia

cultured in seawater (LeaMaster et al., 1990). The values

for TP, A, G, ALT, CHOL and TRIGLY were lower than normal.

The values for AST, AP, LDH, BUN, CRE, UA, GLU, Na, K and

CI were higher than normal. Only trace amounts of T BILl,

I BILl and 0 BILl were measured and no GGT was detected.

Consequently, these values were not included in the data

analysis.

The components associated with this outbreak combined

to produce a serious disease epidemic characterized by a

high mortality rate. The principal histological and

hematological information suggests that the fish were

sUffering from a bacterial gill disease. According to

Ferguson (1989), bacterial gill disease probably occurs in

most species of fish. It is an especially serious problem

of intensive salmonid culture. The precise conditions

predisposing the disease are not yet known. However,

overcrowding appears to be a principal factor. The disease

is characterized by the presence of filamentous bacteria on

. the gill surface of fish sUffering clinically from

respiratory distress. A mixed population of bacteria is

usually isolated. The disease condition has been

experimentally reproduced with the bacterium Flavobacterium

spp. The disease is most commonly seen in fry and

fingerlings, with occaisional outbreaks in older fish.
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Histologically, the lesions become more serious over time.

In acute cases, the gills may be hyperemic, whereas in the

chronic response there is pronounced hyperplasia and mucus

production. Bacteria can be seen attached to the lamellar

epithelium often accompanied by debris trapped by the

mucus. with time, there is lamellar fusion with entrapment

of debris, obliteration of interlamellar spaces and mucus

metaplasia (Ferguson, 1989). The affected tilapia in this

outbreak showed many histologic similarities to Ferguson's

(1989) bacterial gill disease description.

Death of the fish probably resulted from several

factors. The hyperplasia of the gill tissue along with the

pavementing effect of the sloughing cells and mucous

produced a severe barrier for gaseous exchange to occur

between the blood and water. This would explain why the

fish were lethargic and floating near the surface of the

water gUlping air. The bacterial colonization may have

then resulted in further damage to the gill lamellar

epithelium. The loss of membrane integrity could have led

to a concomitant osmotic flux and ion imbalances as

evidenced by the increases in Na, K, and Cl. considering

that there was little pathology seen histologically, the

severe ion imbalance was probably to the primary cause of

death.

The pronounced increases in the serum enzymes AST, AP,

and LDH indicate damage was occurring to various tissues

and therefore another factor in the cause of death. AST
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catalyzes the transamination of aspartate and alpha

oxoglutarate to glutamate and oxaloacetate. In mammals,

increases in AST levels are not liver specific unless other

organ systems can be ruled out (Coles, 1986). AP catalyzes

the hydrolysis of several types of phosphate esters

including the dephosphorylation of ATP. AP is non-tissue

specific in mammals with increases being associated with

biliary obstruction and diseases of bone (Coles, 1986).

LDH is an intracellular enzYme which catalyzes the

oxidation of lactate to.pyruvate. LDH has wide

distribution in animal tissues including erythrocytes, and

is released following cellular damage (Coles, 1986).

Finally, as the outbreak progressed, bacteria were able

to invade through damaged gills resulting in a secondary

bacterial septicemia which also contributed to the cause of

death. A loss of water from the fish to the seawater would

be expected to result in a hemoconcentration. However,

there was a decrease in the PCV and TP. These observations

could be explained by hemorrhaging. There was gross

evid~nce of petechial hemorrages and blood stained

peritoneal fluid. Damaged capillaries are common in

bacterial septicemias. Protein can also be lost through

the kidney if there is damage to the renal glomeruli and

tubules. The increases in the BUN and CRE indicates that a

renal dysfunction was occurring in these fish.

It can be speculated that large numbers of bacteria

must have been present in the water during the outbreak
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when the greatest mortalities were occurring. The 20

healthy tilapia that were added during the peak mortality

period, became sick or died within 24 hrs. Unfortunately,

because of manpower shortage, water quality analysis and

water microbiology were not conducted. This information

would have contributed valuable information to our

understanding of this situation.

The results suggest that opportunistic bacteria were

responsible for the septicemias instead of a specific

bacterial pathogen since several Vibrio species were

isolated. In particular, a bacterium biochemically similar

to Vibrio harveyi was isolated from the gills, liver, and

kidney from several fish.
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VI. PHENOTYPIC CHARACTERIZATION OF VIBRIO SPP.

A. Introduction

The family Vibrionaceae includes nonenteric,

Gram-negative, facultatively anaerobic rods. Understanding

the taxonomy of the genus VibriQ can be perplexing. The

species making up this group are indeed very heterogeneous

as evidenced by the existence of numerous biotypes

(Nybelin, 1935) and serotypes (Sorensen and Larsen, 1986).

Several vibrio isolates obtained from different species of

fish from various geographic locations from around the

world have been shown to be Vibrio species, but not easily

classifiable (Baumann and Baumann, 1977; Ransom, 1978;

Pipoppinyo, 1988).

The purpose of this phase of the study was to

characterize the vibrio isolates used for this project

using standard microbiological methods of Gram stain

reaction, morphology, motility, and biochemical reactions.

As an aid for the reader to follow this section, the

presumptive identification for the vibrio isolates were

determined to be ~ alginolyticus for Vibrio sp. #4 and #5,

~ anguillarum for Vibrio sp. #6, V. harveyi for Vibrio sp.

#7, and ~ damsela for Vibrio sp. #8. The origin of the

isolates are discussed in chapter III.

B. Materials and Methods

All materials and methods for this section have been
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previously described in the standard methods chapter (III).

C. Results and Discussion

The vibrio isolates were biochemically analyzed by

API-20E and Biolog systems. The results of the biochemical

characterizations are summarized in Tables 7 and 8.

Microscopic examination of the bacterial cells taken from

broth showed the cells to be predominately curved with a few

straight shaped rods. The cells measured approximately 1.1

- 3.0 urn in length and 0.4 - 1.3 um in width. All isolates

were Gram negative, motile, facultative, cytochrome oxidase

positive, and sensitive to 150 ug of the vibriostatic

compound 0/129 (2,4-diamino-6,7-diisopropyl pteridine).

The Biolog microplate system results compared quite well

with the counterpart results listed in Bergey's Manual

(Baumann and Schubert, 1984) for the ATCC strains. There

were a total of 40 tests common to both sources of

information. The tests that did not match were L-arabinose,

Bergey's +, Biolog -, for v. anguillarum (ATCC 19264);

D-sorbitol, Bergey's -, Biolog +, for v. alginolyticus (ATCC

17750); L-aspartic acid, Bergey's +, Biolog -, for ~

ordalii (ATCC 33509); L-glutamic acid, Bergey's +, Biolog 

for ~ ordalii (ATCC 33509); L-orinithine, Bergey's +,

Biolog -, for ~ anguillarum (ATCC 19264); L-proline,

Bergey's +, Biolog -, for v. ordalii (ATCC 33509);

L-threonine, Bergey's +, Biolog -, for ~ ordalii (ATCC

33509); and glycerol, Bergey's +, Biolog -, for v. ordalii

(ATCC 33509).
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Table 7.--Physiological characteristics of the Vibrio isolates
used in this study. Biochemical reactions were obtained from
the API-20E test strips incubated at 2SoC for 24 hrs. (+=pos;

-=neg; s=slight reaction).

VIBRIO ISOLATES
,.... ,....
>. ,.... >. ,....

a CIl ~ CIl ,....
~

::I t: CIl t: M Q)

~""'
,.... ..;too If)> \0'0 r- M ex:> >

to..:t 0\ ~OM ~'M "*l:: 'M ~OM "*l:: 'M
M \0 OM 0 ~ r-I ~ 00 .-;
r-I N 'M If) Po Po D. Po. D.
OM 0\ .-; C"'l 11l to 11l to (J) to lI) to (J) to
::I.....c tOC"'l OM 'M 'M

.~.~
OM

"d OD. OD. o D. o Po
t:CJ ~(.) M U OM to 'M to 'M to 'M to
tOCJ 0(,) tOt.) ~M HM ~r-I HM ~.-;

e..a E-4 E-< .0 'M .0 'M .0 'M .0 'M .0 OM

>~ tee °1< OM +' OM +' OM +' OM +' oM +'

Test > <:» > '-" > '-" > '-" > '-' > <;» > <:»

Gram stain N N N N N N N N
Production of:
Oxidase + + + + + + + +
ONPG* + +
Arginine dihydrolase +
Lysine decarboxylase + + + +
Ornithine decarboxylase +
H2S
Tryptophane deaminase
Indole + + + + + +

Degredation of:
Urea
Gelatin + + + + +

utilization of:
Citrate +
Glucose + + + + + + + +
Mannitol + + + + + +
Inositol
Sorbitol + +

'Rhamnose
Sucrose + + + + + + +
Melibiose
Amygdalin + + +
Arabinose

Voges Proskauer rxn + + + + +
Nitrate reduction + + + + + + +
Sensitivity to 0/129 + + + + + + + +

(150 ug)
Growth at:

0% NaCl
3% NaCl + + + + + + + +
6% NaCl + + + + s
8% NaCl + +

10% NaCl s s
4°C

2S oC + + ..J.. + + + + +.
37 0C s s + + + + + +
42°C + +
* Orthonitrophenyl galactoside
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Table 8.--Physiological characteristics of the Vibrio isolates
used in this study. Biochemical reactions were obtained from
the Biolog GN microplate system. All isolates were incubated

at 250C for 24 hrs.

VIBRIO ISOLATES
..-. ..-.
>. ..-. >. """'e Cll ~ QJ ..-. M

~ c:: Cll c::: ..-i Q.l
~..-. ..-. -e 00 11"l> \000 ....... ..-i co>
til.;!' 0\ *'M *'M *'M "II:: 'M "II:: 'r-!

..-i \0 'M 0 ~ ..-i ~ 00 .--i

..-i N 'M I1"l Po Po Po Po Po
'M 0\ ..-i C"") CI) til (J) til CI) til (J) til (J) co
~..-i tilt"") 'M 'M 'M 'M 'r-!

00 oPo o Po o Po o Po o Po
c:::u ~o .--i 0 'r-! til 'M til 'M til 'M til 'M co
tilt) 00 til~ ~..-i ~..-i J....-i I-<..-i ~.--i

E-01 E-< .0 'M .0 'M .0 'M ..0 'M ..0 .r-!

>~ "!,':C "\< 'M +J 'M +J 'M +J 'M +J 'M +J

Carbon
>......, >......, > ......, > ......, > ......, > '-.J > ......,

Source

a-cyclodextrin + + + + +
Dextrin + + + + + + + +
Glycogen + + + s + + + +
Tween 40 + + + s + s
Tween 80 + + + s + s
N-acetyl-D-

galactosamine + + +
N-acetyl-D-

glucosamine + + + + + + + +
Adonitol
L-arabinose
D-arabitol
Cellobiose + + + +
i-erythritol
D-fructose + + + + + + + +
L-fucose
D-galactose + + + + +
Gentiobiose + + s s + +
a-D-glucose + + + + + + + +
m-inositol s s s
a-lactose s s
Lactulose s
Maltose + + + + + + + +
D-mannitol + + + + + +
D-mannose + + + + + + +
D-melibiose
B-methyl glucoside + + s + +
Psicose + + + + + + +
D-raffinose
L-rhamnose
D-sorbitol + + + + s +
Sucrose + + + + + + +
D-trehalose + + + + + + +
Turanose + + + +
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Table 8 (continued).

VIBRIO ISOLATES
,-.... ->. - >. -e Q) I-< Q) - I-<

;:l t: Q) t: r-i Q)
1-<- - ..;t"d lI') > -o -0 '" r-i co >co...:t 0\ "ll:: 'M "ll:: 'M "ll:: 'M ~ 'M ~'M

..-I '" 'M 0 ~ .-I ~ 00 r-i

..-I N 'M Lf) ~ ~ ~ C1. p.,
'M 0\ r-i C"1 1Il co 1Il co 1Il co (/) co (/) co
;:lr-i COC"1 'M 'M 'M r 'M

-0 o ~ o p., o C1. a ~
t:U I-<U r-i (,) 'M co 'M co 'M co ' co 'M co
co~ au Cll~ H..-I H..-I 1-< ..... I-<r-i 1-<.-1e-c .0 'M .0 'M .0 'M .0 'M .0 'M

>~ t~ 0\< 'M ~ 'M ~ 'M ~ . ~ 'M ~

Carbon Source >"'-.J >"'-.J > ....." > "'-.J > ......, e-r-> >- "'-.J

Xylitol s
Methyl pyruvate + + + + + + +
Monomethyl succinate + + + + + +
Acetic acid + + + + s + +
cis-aconitic acid s
Citric acid + s s +
Formic acid + +
O-galactonic acid
lactone

O-galacturonic acid
o-gluconic acid + + + + +
O-glucosaminic acid s
O-glucuronic acid +
a-hydroxybutyric acid s + s + + +
B-hydroxybutyric acid +
g-hydroxybytyric acid
p-hydroxyphenylacetic
acid

Itaconic acid
a-keto butyric acid + +
a-keto glutaric acid s + + +
a-keto valerie acid
o,L-lactic acid + + + + + + +
Malonic acid
Propionic acid + + + +
Quinic acid
O-saccharic acid
Sebacic acid
Succinic acid + + + + + + +
Bromosuccinic acid + + + + + + s
succinamic acid + + +
Glucuronamide +
Alaninamide + s +
O-alanine + + + + +
L-alanine + + + + + + +
L-alanylglycine + + + + + + +
L-asparagine + + + + + + + +
L-aspartic acid + + s + + + +
L-glutamic acid + + + + + + +
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Table 8 (continued).

VIBRIO ISOLATES
'"' '"'>. '"' >. .......

E Q) 1-4 Q) '"' 1-4
:I I:: Q) t: rl Ql
J.<'-" '"' """"t:l It) > \D"t:l r-- rl CX»
til,,;!" 0' "*l:: 'M "*l:: 'M "*l:: 'M "*l:: 'M "*l:: OM

..-i \0 OM 0 Po~ r-l ~ 00 rl

..-iN OM It) Po Po Po P.
OM 0' r-l C"") (/) co (/) til (/) til (/) co (/) co
:lr-i COC"") OM OM OM

l~
OM

"t:l OPO OPo o Po o Po
t:U 1-4c..:> rl o OM co 'M co OM co OM «l
tIl~ Oc..:> CO~ 1-4..-i J.<r-l J.<r-l I-4rl I-4rl

E-l .0 OM .0 OM .0 OM .0 oM .0 OM

>~ "\"~ .\< OM ~ OM ~ OM ~ OM +J OM +J

Carbon Source > <:» > '-' > '-' > '-' > ....... >'......, > '-'

Glycyl-L-aspartic
acid + + + + + + +

Glycyl-L-glutamic
acid + + + + + + +

L-histidine + + + s
Hydroxy L-proline + + +
L-leucine + + s
L-ornithine + + + + +
L-phenyl alanine + s +
L-proline + + + + + + +
L-pyroglutamic acid
D-serine + + + +
L-serine + + + + + + +
L-threonine + + + + + + +
D,L-carnitine
g-amino butyric acid
Urocanic acid s s s
Inosine + + + + + + + +
Uridine + + + + + + +
Thymidine + + + + + + +
Phenyl ethylamine
Putrescine + +
2-amino ethanol s
2,3-butanediol
Glycerol + + + + + +
D,L-a-glycerol
phosphate + + + + + +

glucose-I-phosphate + + + + + +
glucose-6-phosphate + + + + + +

+ = positive reaction; - = negative reaction; s = slight
or borderline reaction.
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There was a very good agreement between the

carbohydrate utilization tests of the API-20E system and

the Biolog system. The only contradiction for the ATCC

strains tested was sorbitol for V. alginolyticus (ATCC

17750). The API-20 strips tested negative whereas the

Biolog system tested positive for sorbitol.

It is known that certain marine microorganisms,

including vibrios, possess survival strategies which allow

them to respond to nutrient deprivation. In addition to

changes in surface to volume ratio, other physiological

changes occur (Morgan and Dow, 1986; Hood and MacDonnell,

1987). It is conceivable then, that there are many

physiological stages present along a continuum (Hood and

MacDonnell, 1987). Perhaps aquatic vibrio strains that do

not fit the known phenotypic classification schemes do

represent identifiable taxa but have modified physiologic

processes. They may also simply be new unidentified

strains. In order to clarify these questions, researchers

are using biotechnology techniques such as DNA/DNA and

RNA/DNA hybridization, 58 rRNA sequencing and 168 rRNA

cataloging to provide insights into the phylogenie and

genetic characteristics of the genus Vibrio (Colwell, 1984;

MacDonell and Colwell, 1985).

Based on the results of the API-20E and the Biolog test

system, best presumptive identification for the vibrio

isolates would be ~ alginolyticus for Vibrio sp. #4 and

#5, V. anguillarum for Vibrio sp. #6, ~ harveyi for Vibrio
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sp. #7, and V. damsela for Vibrio sp. #8 (Table 9). The ~

harveyi isolate was not bioluminescent.
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Table 9.--Comparison of API20-E and the Biolog system
identification results of the Vibrio isolates used

in this study.

API-20E No. Biolog System
Vibrio Isolate (Identification) (Identification)

1) V. anguillarum 0047525 V. anguillarum
(ATCC 19264) (No 10) (Excellent 10)

2) s: ordalii 0004024 No 10
(ATCC 33509) (No 10)

3) ~ alginolyticus 4047124 s: alqinolyticus
(ATCC 17750) (~ alginolyticus (Excellent 10)

for 4046124)
4) Vibrio sp. #4 0045124 s: alginolyticus

(No 10) (Genus 10 only)

5) Vibrio sp. #5 4047124 s: alginolyticus
(~ alginolyticus (Good 10)
for 4046124)

6) Vibrio sp #6 5146125 ~ anguillarum
(~ cholerae for (Fair 10)

5146124)
7) Vibrio sp #7 5246525 ~ harveyi subgp B

(No 10) (Good 10)

8) Vibrio sp #8 2005004 Listonella damsela
(No 10) (Good 10)
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VII. DETERMINATION OF THE PATHOGENICITY OF

VIBRIO ISOLATES IN TILAPIA

A. Introduction

Virulence of a microorganism is rarely attributable to

a single characteristic. Virulence represents a balance

among many factors with some being related to the

microorganism and some related to host resistance (Freeman,

1985). The measurement of virulence consists of testing

for the ability to cause infection in normal susceptible

animals to produce observable consequences (Freeman,

1985). The consequence is usually an all or none

phenomenon, such as death of the test animal. On challenge

inoculation of experimental animals with graded doses of

the microorganism, it is apparent that virulence is

inversely related to the size of the effective dose. That

is, the smaller the dose required to induce an observable

effect, the greater the virulence. This is the basis of

measurements of virulence by determination of the minimum

lethal dose, ie. the smallest dose required to kill a

standard experimental animal (Freeman, 1985). The point on

the dose scale which produces an effect in half of the

animals inoculated is referred to as the 50 percent

effective dose, or ED50. When death is the response

measured, the dose is the 50 percent lethal dose, or LD50

(Freeman, 1985).
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There are very few studies in the literature pertaining

to the virulence of Vibrios in tilapia. Sakata and Hattori

(1988) isolated three Vibrio strains from diseased tilapia

(Sarotherodon niloticus) in Japan. The isolates were later

identified as V. vulnificus. Virulence trials by these

workers showed that the LD50 ranged from 9.6 x 107 to

2.9 x 10 9 in goldfish and 1.70 x 108 to 2.5 x 10 10 in

carp, indicating a relative low virulence by the isolates.

curiously, these workers did not test the isolates in

tilapia.

The production of microbial hyaluronidase, chondroitin

sulfatase, lipase and gelatinase are associated with

microbial mechanisms of pathogenicity. Hyaluronic acid is

a mucopolysaccharide consisting of acetylglucosamine and

glucuronic acid and functions as a cementing substance in

tissues. When this substance is depolymerized by the

enzyme hyaluronidase, the permeability of the tissues is

increased (Freeman, 1985).

The purpose of this study was to assess the degree of

pathogenicity of several vibrio isolates in two species of

cultured tilapia by utilizing LDSO trials and screening

the bacterial isolates for enzymes associated with

virulence.

B. Materials and Methods

All materials and methods for this section have been

described previously in the standard methods chapter (III).
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C. Results and Discussion

1. Lethal Dose-LD50 Trials

The results of the virulence trials indicated little

difference in virulence between species of tilapia for any

of the bacterial isolates tested. The results of the LD50

trial are shown in Table 10.

Intraperitoneal Injection.

The LD50 for the various isolates injected

intraperitoneally (IP) in Q. melanotheron was 1.10 x 105

for y. anguillarum (ATCC 19264), 4.20 x 107 for y. ordalii

(ATCC 33509), 5.60 x 107 for ~ alginolyticus (ATCC

17750), 2.01 x 106 for Vibrio sp. #4, 8.70 x 107 for

Vibrio sp. #5, 3.40 x 106 for Vibrio sp. #6, 2.78 x 10 6

for Vibrio sp. #7, 5.20 x 106 for Vibrio sp. #8, and 6.0 x

108 for ~ coli (ATCC 25922).

The LD50 for the red hybrid tilapia given IP

injections were 6.31 x 104 for y. anguillarum (ATCC

19264), 2.17 x 107 for y. ordalii (ATCC 33509), 5.01 x

107 for ~ alginolyticus (ATCC 17750), 7.85 x 106 for

Vibrio sp. #4, 6.38 x 10 7 for Vibrio sp. #5, 3.61 x 106

for Vibrio sp. #6, 4.33 x 106 for Vibrio sp. #7, 5.43 x

10 6 for Vibrio sp. #8, and 3.71 x 108 for ~ coli (ATCC

25922). There were no mortalities for the heat killed ~

anguillarum or for the ~ anguillarum cell free supernatant

injected intraperitoneally.
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Table 10.--Mean LD50 values (CFU/ml) for various Vibrio
spp. that had been 1njected intraperitoneally (IP) or
intramuscularally (1M) into ~ melanotheron or red hybrid

tilapia.

Isolate

-------'WSo (CFU/ml)
s. melanotheton Red Hybrids

Injection site
IF IM IF IM

V. anguillarum
(ATCC 19264)

V. ordalii
(ATCC 33509)

V. alginolvticus
(ATCC 17750)

Vibrio sp. #4
(Kidney Isolate)

Vibrio sp.#5
(Liver Isolate)

Vibrio sp.#6
(Kidney Isolate)

Vibrio sp.#7
(Gill Isolate)

Vibrio sp.#8
(Liver Isolate)

E. ex>li
(ATCC 25922)

Heat Killed
V. anquillarum

cell Free
V. anquillarum
supernatant

1.10K105a 6.30Xl04

5.60K107a

2.78xlOGa

6.0 xl08b

No Mo~ity
(1.13x10 CFU/ml
before heat killed)

No Mo~ity
(1.06x10 CFU/ml
in original soln)

7.85x10Ga 7.10Xl05

6. 38xlO7b

3.71xl08c

NOMo~ity
(2.46x10 CFU/ml
before heat killed)

No Mo~ity
(1.06x10 CFU/ml
in original soln)

a,b,cMe a n LOSO values within the same column followed
by a different superscript are different (P<O.05).
- = LD50 not done
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Intramuscular Injection.

The administration of the bacteria via an intramuscular

(1M) injection caused an approximate one logarithm decrease

in the LDso value for both species.

About 90% of the mortalities for the IP and 1M injected

fish occurred 24-32 hours post injection. Injected fish

became inactive and rested on or near the bottom of their

tank by 12 hours post injection. Some fish died few hours

later without showing any external signs. others showed

external signs of hyperemia at the base of the fins, with

some petechial hemorrhages around the face, throat, and

belly areas. External signs became more pronounced the

longer the fish lived following injection.

Water Bath Exposure.

The results of the water-born route of exposure are

summarized in Table 11. For the fish exposed to the ATCC

strain of ~ anguillarum, external signs of lethargy,

anorexia, and diffuse petechial and ecchymotic hemorrhages

were seen on most of th~ fish at the 1 x 107 level with

the 30 min. exposure and also with fish in the 1 x 108 at

10 min. exposure group. No mortalities occurred in the red

hybrid juveniles until a ~ anguillarum concentration of

about 1 x 10 8 and an exposure time of 15 min. were

attained (40 % mortality). 100% mortality occurred at the

1 x 108 bacteria level with exposure times of 20 and 30

min. 100% mortality was seen at all exposure times at the

1 x 109 bacteria concentration level. Most of the
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Table 11.--Percent mortality for red hybrid tilapia juveniles
following various water bath (26oC) exposure times and
various concentrations of ~ anguillarum (ATCC 19264) and

~ coli (ATCC 25922).

% Mortality following each
Cone. of bacteria Exposure Time Period
in water bath (minutes)

Isolate (CFU/ml) 10 15 20 30

v. anquillarum
(ATCC 19264)

1 x 105 0 0 0 0

1 x 106 0 0 0 0

1 x 107 0 0 0 *
1 x 108

* 40 100 100

1 x 109 100 100 100 100

~ coli
(ATCC 25922)

1 x 105 0 0 0 0

1 x 106 0 0 0 0

1 x 107 0 0 0 0

1 x 108 0 0 * *
1 x 109 100 100 100 100

* External signs present on most fish but no mortality.

Fish were observed for disease signs or mortality for 10
days.
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mortalities for the water bath exposed fish occurred by day

2-3 post exposure. All mortalities had occurred by day 6-7

post-exposure. The ATCC strain of ~ coli was used as a

Gram negative bacteria control. The juvenile tilapia began

showing external signs of disease at a concentration of 1 x

108 and an exposure time of 20 minutes. At the same

concentration of 1 x 108 with a longer exposure time of

30 min., the fish became sick and showed external signs but

no mortalities occurred. At the 109 concentration level,

there was 100% mortality at all exposure times.

The water-born exposure trials indicate that the

virulence of V. anguillarum under the experimental

conditions imposed by this study was dose and time

dependent. Fish did not become infected until a dose of

about 1 x 108 CFU/ml was used. In addition, a minimum

exposure time of about 15 min. was needed to induce

disease. Shorter times were needed at the higher dose

level of 1 x 109.

There was a higher virulence exhibited by all of the

Vibrio spp. compared to the ~ coli Gram negative control.

The LD5 0 trials showed that the virulence of the IP

injected ATCC V. anguillarum was about 3.5 logarithm units

lower than the ~ coli control. The virulence of the

Vibrio species tested in this study were on the average

about 1.5 logarithm units more than the ~ coli strain.

The failure of the heat killed and cell free supernatant of

~ anguillarum to kill tilapia indicates that the bacteria
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do not produce toxins powerful enough to kill the fish in

the absence of bacteria capable of multiplying. Harbell et

al (1979) have shown that no mortality occurred in coho

salmon injected culture supernatant fluid, cell lysate or

combinations of these preparations. Schiewe (1980) also

showed a failure of a cell free supernatant and cell free

sonicate of a high virulence strain of V. anguillarum to

kill coho salmon. In contrast however, Umbreit and Tripp

(1975) concluded that an exotoxin was responsible for

mortalities of goldfish infected with ~ anguillarum. These

contrasting results could be explained by the variability

present in using different strains of ~ anguillarum, the

use of different species of test fish, and factors related

to the testing system.

2. Invasive Enzymes

The results of the utilization of substrates for each of

the vibrio isolates are listed in Table 12. The ATCC strain

of ~ anguillarum produced enzymatic activity on all of the

substrates tested. The ATCC strain of ~ ordalii, Vibrio

sp. #4 and Vibrio sp. #7 were capable of only lipase

activity. The ATCC strain of V. alginolyticus and Vibrio

sp. #5 produced lipase and gelatinase but not hyaluronidase

or chrondroitin sulphatase. The Vibrio sp. #6 showed

enzymatic activity for hyaluronidase, chrondroitin

sulphatase, gelatinase, but only slight lipase activity.

The Vibrio sp. #8 isolate showed activity for hyaluronidase,

chrondroitin sulphatase, and lipase but not gelatinase.
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Table 12.--Production of hyaluronidase, chondroitin
sUlphatase, lipase, and gelatinase by the various Vibrio

isolates used in this study.

VIBRIO ISOLATES
........ ........
>. ........ >. ........e <Il J.< Q) ........ J.<

;:3 c::: <Il c::: r-i <Il
J.< ........ ........ ..-t-o lI") > 1.0"0 ...... r-i co >
«I..-t '" =It: 'M ~'M =It: •..-t =It: •..-t =It: •r-l

r-i 1.0 •..-t 0 ~ r-i ~ 00 r-i
r-i N 'M II) c:l. Po c:l. c:l. c:l.
• ..-t o- r-i C""l II) «I II) «I II) «I II) «I II) «I
;:3r-t «IC""l •..-t • ..-t •..-t

j'~
• ..-t

-0 a c:l. a c:l. a c:l. ac:l.
c:::u J.<U M C,) 0..-t «I ·M «I •..-t «I oM «I
«IU au «IC,) J.<r-i J.<r-i !-1M J.<M J.<M

Eoo3 E-4 E-i .0 •..-t .0 • ..-t .0 •..-t .0 •..-t .0 •..-t

>~ t:x: °1< 0..-t ~ 'M ~ • ..-t ~ •..-t ~ 0..-t ~

Enzyme Test :> <;» >'0../ > ....., :> ....., > "'-./ :>'-.J > <:»

Hyaluronidase + + +

Chondroitin sUlphatase + + +

Lipase + + + + + s + +

Gelatinase + + + +

+ = positive reaction;
borderline reaction.

= negative reaction; s = slight or
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The results of the enzyme study suggest additional

mechanisms for the invasion and dissemination of Vibrio

spp. in tilapia. The vibrio isolates in this study that

produced detectable amounts of all the enzymes screened for

were the ATCC ~ anguillarum isolate and the Vibrio sp. #6

(tilapia kidney V. anguillarum) isolate. The production of

these enzymes may have contributed to the lower LDso

values for these isolates, especially for V. anguillarum

(ATCC 19264). All of the vibrio isolates produced lipase

and Vibrio sp. #8 (V. damsela) produced hyaluronidase and

chondroitin sUlphatase as well. This ability to produce

invasive enzymes would prevent localization and allow for

dissemination throughout the host. Similar mechanisms of

dissemination have been shown for V. alginolyticus in

humans (Long et al., 1981). Lipase was produced by all of

the Vibrio spp. in this study. Lipase activity would allow

the bacteria to destroy membranes thereby releasing

nutrients for bacterial utilization.

The mechanism or mechanisms responsible for the

lethality of the Vibrio spp., as well as the ~ coli

strain, are difficult to determine. It could be speculated

that some of the lethality is related to the

lipopolysaccharide (LPS) of the outer membrane of these

Gram negative bacteria. Gram negative bacterial cells,

whether living or dead, are toxic when injected into

experimental animals (Freeman, 1985). The toxic principle

is a component of the outer membrane and is termed
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endotoxin. LPS is a structural moiety of the bacterial

cell wall and is composed of a hydrophilic polysaccharide

component linked to the hydrophobic lipid A. Lipid A, the

toxophore of LPS, consists of D-glucosamine, phosphorus,

and a variety of fatty acids. Endotoxins have a wide

variety of deleterious biological effects, but the part

played by these phenomena in Gram negative infections is

not clear (Freeman, 1985; Mims, 1987).

In species of fish other than tilapia, there have been

a few LD5 0 studies conducted with vibrio species.

Colorni and his coworkers (1981) reported that ~

alqinolyticus was the most frequently isolated species of

bacteria obtained from gilt-head sea bream (Sparus aurata)

dying of acute septicemia. Healthy fish were challenged

via IP injection with up to 2.0 x 109 CFUjml of ~

alginolyticus with no subsequent mortalities, indicating a

low virulence for this microorganism in seabream. Schiewe

(1980) has shown that the LD5 0 for different strains of

~ anguillarum ranged from 1.2 x 102 (very virulent!) to

8.0 x 106 in coho salmon (Oncorhynchus kisutch).
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VIII. DETERMINATION OF TARGET ORGANS AND THE

EFFECTS ON HEMATOLOGY, SEROLOGY, AND HISTOLOGY OF

EXPERIMENTALLY INDUCED VIBRIOSIS IN CULTURED TlLAPIA

A. Introduction

The possibility of using hematologic and serologic

indices as aids in the diagnosis and assessment of fish

diseases has been mentioned by several workers (Weinreb,

1958; 1980; Summerfelt et al., 1967; McCarthy et al., 1973;

Barham et al., 1980; Munkittrick and Leatherland, 1983;

Waagbo et al., 1988). However, there have been only a few

studies that have evaluated the changes in blood parameters

in relation to bacterial disease. Barham et ale (1980)

reported on the hematological assessment of bacterial

infection in rainbow trout. Waagbo and his coworkers

(1988) studied the hematological and biochemical changes of

Atlantic salmon, Salmo salar, sUffering from coldwater

vibriosis. The ATCC type strain of ~ anguillarum was used

in this study because, as previously pointed out, this

vibrio species has been shown to be pathogenic in many

species of fish from a wide geographic area. Since there

is relatively little published information pertaining to

vibriosis in tilapia, using the V. anguillarum ATCC type

strain will provide a rational beginning and a reference

point.

The purpose of this study was to gain a better
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understanding of the dynamics of vibriosis in cultured

tilapia. A series of challenge experiments with ~

anguillarum (ATCC 19264) were conduced. The determination

of target organs, effects of disease on hematology,

serology, and histology were determined following

parenteral challenge, and also, in some cases following a

bath exposure to the bacteria.

B. Materials and Methods

All materials and methods for this experiment have been

described previously in the standard methods chapter (III).

C. Results and Discussion

1. Hematologic and Serologic Changes

The signs of disease and onset of mortality in these

experimentally infected fish were similar to those

previously described in chapter VII. The majority of the

fish became inactive about 18 hrs. following exposure. By

18-24 hrs. the fish were showing signs of hyperemia at the

base of the fins as well as increased lethargy. The

mortalities began at about 36-48 hrs. post exposure and

over 90% had died by 72 hrs. following exposure.

The results of the mean blood parameters for red hybrid

tilapia are shown in Table 13. Packed cell volume (PCV),

hemoglobin (HBG), and red blood cell count (RBCC) values

remained relatively constant until hour 20 and then

declined. The total white blood cell count (WBCC) did not

change dramatically throughout the timecourse, however,

neutrophils (NEUTS), monocytes (MONOS), and lymphocytes
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Table 13.--Mean blood parameter§ for red hybrid tilapia bath
exposed for 30 min. to 4.8 x 10 CFUjml of v. anguillarum

(ATCC 19264).

Hours Post Exposure
Parameter 0 1 6 14

Hematology
PCV (%) 31±1 30+0 30±0.5 27±1
HBG (gjdL~ 8.1±0.3 7.6+0.6 7. 9±1. 3 7.8±0.2
RBCC (X~O jmm3) 1.58±0.02 1. 54+0. 09 1.57±0.03 1.55±0.01
MCV (um ) 196±9 195+11 157±4 174±8
MCH (pg) 51±3 49+1 42±7 50±1
MCHC (%) 26±0 25±2 27±4 29±1
WBCC (x104jmm3) 4.87±1.11 3.98+0.20 1. 75±0 5.31±0.30
THROM (%) 76±8 75+4 61±5 17±2
LYMPH (%) 12±4 18+1 24±4 19±1
NEUTS (%) 3±1 2±0 7±1 38±3
MONOS (%) 9±3 5±3 9±1 27±1
Serum Analyses
TP (gjdL) 2.7±0.1 2.4+0 2.3±0.1 2.0±0
A (gjdL) 1.1±0 1.1±0.1 1.0±0 1.0±O
G (g/dL) 1. 6±0.1 1. 3±0.1 1.3±0.1 1.0±O.1
GLU (mg/dL) 43±4 160+5 319±21 320±12
CHOL (mg/dL) 244±9 223±20 182±20 195±7
TRIGLY (mgjdL) 400±182 180±104 85±20 111±56
BUN (mg/dL) 3±0 8±0 9±0 7±1
CRE (mgjdL) 0.4±0.1 0.2±0 0.4±0.2 O.5±O.2
UA (mgjdL) 0.2±0 0.3±0.1 0.3±0.1 O.3±O
ALT (UjL) 8±5 11+6 17±3 34±12
AST (UjL) 88±9 162±5 400±40 380±20
AP (UjL) 20±13 14±2 13±1 13±8
LDH (U/L) 470±24 1390±115 2067±263 2441±264
Ca (mg/dL) 13.2±O.3 14.6±1.0 13.6±0.6 13. 3±1. 3
Pi (mg/dL) 10.8±1.6 5.8±O.6 7.1±O.1 6.4±O.6
Na (meqjL) 173±3 169±2 156±1 157±2
K (meqjL) 3.9±2.4 8.6±0.5 7.3±O 5.7±O.1
Cl (meqjL) 142±2 140±4 136±6 135±2
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Table 13. continued

Hours Post Exposure
Parameter 20 24 30 44*

Hematology
PCV (%) 32±3 24±3 24±1 17
HBG (gjdL~ 8.4±0.4 6.9±0.6 7.2+0.1 4.4
RBCC (X!O jrom3 ) 1.53±0.18 1. 37±0. 01 1.13±.007 0.90
MCV (um ) 214±45 172±20 211±10 188
MCH (pg) 56±9 50±5 63+1 49
MCHC (%) 26±1 29±1 30+1 26
WBCC (X104jrom3) 4.41±0.23 3.57±0.67 3.28+0.02 3.98
THROM (%) 27±3 21±1 15+3 41
LYMPH (%) 17±2 24±3 36+1 13
NEUTS (%) 27±4 20±6 28+3 25
MONOS (%) 30±1 35±1 22±1 21
Serum Analyses
TP (gjdL) 1. 8±0.1 1.9±0.5 2.0±0.2 1.6
A (gjdL) O.9±0 0.9±0.1 0.8+0.1 0.8
G (gjdL) O.9±0.1 1.0±0.4 1.2+0.1 0.8
GLU (mgjdL) 336±29 145±39 118+18 160
CHOL (mgjdL) 148±17 123±19 162+26 120
TRIGLY (mgjdL) 40±3 64±36 37±7 21
BUN (mgjdL) 7±6 6±6 6±6 5
CRE (mgjdL) 0.5±0.2 0.4±0 0.5+0.1 0.4
UA (mgjdL) 0.3±0.1 0.5±0.1 O.2±O 0.1
ALT (UjL) 25±7 20±2 18±8 41
AST (UjL) 287±106 331±19 287+114 224
AP (UjL) 17±2 21±1 10±2 13
LDH (UjL) 867±154 966±362 304+12 433
Ca (mgjdL) 11.4±0.3 11. 5±1. 3 11.4±O 9.9
Pi (mgjdL) 10.7±1.3 11. 6±1. 6 5.8+0.4 5.1
Na (meqjL) 155±1 158±2 163±11 145
K (meqjL) 4.8±0.7 4.7±0.4 6.0±O.2 7.2
Cl (meqjL) 137±4 136±1 138±4 135

* One of the blood samples was lost for the 44 hr
sampling time.
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(LYMPH) increased. The numbers of monocytes and

neutrophils jumped dramatically from hour 6 to hour 14.

Neutrophils increased from about 7% to 38% and monocytes

from about 9% to 27%. The numbers of monocytes increased

to about 35% at hour 24 and then declined to 21% by hour

44. The numbers of neutrophils remained at about 25% from

hour 20 to 44.

The regression analysis of the blood parameter data

indicated that only the PCV, HBG, and RBCC hematology

results had any sort of substantial association to the

independent variable time (Table 14). The percent

variation due to the regression, (ie., the coeffieient of

determination, r 2, x 100) values for PCV, HBG and RBCC

were 74.6, 61.4, and 82.7 respectively. To better

illustrate the changes that occurred over time for the PCV,

HBG, and RBCC parameters, data were plotted and are shown

in Figures 2, 3, and 4 respectively.

The results indicate that a bacterial infection in

tilapia results in a progressive decrease in the PCV. The

HBG and RBCC parameters also fell but were not as highly

correlated as the PCV. These results are in agreement with

other studies with rainbow trout (Barham et al., 1980) and

Atlantic salmon (Waagbo et al., 1988).

The mean corpuscular volume (MCV) , mean corpuscular

hemoglobin (MCH), and mean corpuscular hemoglobin

concentration (MCHC) are corpuscular indexes that have

particular importance in most animals in describing anemias
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Table 14.--Regression analysis and estimate of the total
variation due to regression: Y=Bx + C where Y = mean

parameter value and x = time (hrs).

r % variation
B C (Correlation due to

Parameter (Slope) (Intercept) coefficient) regression

Hematology
PCV (%) -0.284 31.8 0.863 74.6
HBG (d/dL~ -0.065 8.41 0.785 61.4
RBCC (X!O /mm3) -0.015 1.66 0.909 82.7
MCV (um ) -0.245 184.1 0.190 3.6
MCH (pg) +0.149 48.7 0.374 14.0
MCHC (%) +0.030 26.7 0.259 6.7
WBCC (X104/mm3) -0.003 3.95 0.045 0.2
THROM (%) -1.111 60.91 0.659 43.4
LYMPH (%) +0.101 18.63 0.200 4.0
NEUTS (%) +0.570 8.84 0.656 43.1
MONOS (%) +0.439 12.12 0.610 37.2
Serum Analyses
TP (g/dL) -0.021 2.46 0.906 82.0
A (g/dL) -0.007 1.08 0.952 90.6
G (g/dL) -0.014 1.41 0.817 66.7
GLU (mg/dL) +1. 337 189.4 0.185 3.4
CHOL (mg/dL) -2.562 219.1 0.870 75.7

'TRIGLY (mg/dL) -5.940 220.5 0.725 52.6
BUN (mg/dL) -0.027 6.78 0.222 4.9
CRE (mg/dL) +0.003 0.37 0.422 17.8
UA (mg/dL) -0.002 0.31 0.283 8.0
ALT (U/L) +0.546 12.27 0.745 55.5
AST (U/L) +1. 546 243.0 0.221 4.9
AP (U/L) -0.069 16.32 0.274 7.5
LDH (U/L) -23.710 1529 0.458 21.0
Ca (mg/dL) -0.095 14.0 0.934 87.2
Pi (mg/dL) -0.044 8.67 0.250 6.3
Na (meqjL) -0.433 167.0 0.755 57.0
K (meqjL) -0.0002 6.02 0.000 0.0
Cl (meqjL) -0.101 139.1 0.617 38.1
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Figure 2. --The change in mean packed cell volume (PCV) in juvenile red hybrid tilapia
that had been experimentally challenged with V. anguillarum (ATCC 19264). Dotted
line is linear regression line where y = -O.284x + 31.8; r Z = .746.
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Figure 3.--The change in mean hemoglobin (HBG) concentration in juvenile red
hybrid tilapia that had been experimentally challenged with ,,-. anguilla rum
(ATCC 19264). Dotted line is linear regression line where y = -0. 065x + 8.41;

r 2 = .614.
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Figure 4.--The change in mean red blood cell count (RBCC) in juvenile red hybrid
tilapia that had been experimentally challenged with V. anguillarum (ATCC 19264).
Dotted line is linear regression line where y = -O.OlSx + 1.66; r l = .827.
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and can be of assistance in diagnosis and therapy (Coles,

1986). In this study, there was a slight decrease in the

MCV over time but no apparent changes in the MCH or MCHC.

Waagbo et al. (1988) reported that the MCV was significantly

(P<O.Ol) lower in atlantic salmon sUffering from coldwater

vibriosis, while the MCH and MCHC showed no significant

changes. The PCV and corpuscular indexes information in

this study indicate a severe anemia in the diseased fish

caused by loss of blood, probably related to hemorrhaging.

Differential leucocyte counts give relative proportions

of leucocytes present in the blood and can also be used in

diagnosing diseases of domestic animals (Coles, 1986).

Diagnostic hematology of fish is still in its early stages

but will undoubtedly become more important as intensive

aquaculture increases. variations in fish differential

leucocyte counts cause interpretive problems. Sources of

variation can be attributed to species, age, nutrition,

disease and stress (McLeay and Gordon, 1977; VanVuren and

Hattingh, 1978; Barham et al., 1980). Correct

identification of leucocytes in fish can be another source

of variation. Distinguishing lymphocytes from thrombocytes

can be difficult especially if the smear has a significant

proportion of distorted small lymphocytes (Ellis, 1977).

There were no strong correlations in changes in the

differential leucocyte counts in this study. However, there

was a trend for the thrombocytes to decrease and the

neutrophils and monocytes to increase in relation to time.
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These changes do represent a part of the natural immune

response in infected fish (Moyle and Cech, 1982).

Total serum protein (TP) levels dropped continuously

from 2.7 g/dL at hour 0 to 1.6 g/dL at hour 44. Albumin

(A) and globulin (G) levels decreased from 1.1 to 0.8 g/dL

and 1.6 to 0.8 g/dL respectively (Table 14). Meaningful

linear associations for the serum parameter values were

82.0 for TP, 90.6 for A, 66.7 for G, 75.7 for cholesterol

(CHOL), and 87.2 for calcium (Ca) (Table 14). These

parameters are plotted in figures 5 through 9 respectively.

A decrease in the serum protein concentration of the

infected fish in this stUdy was strongly correlated with

time (Table 14). The plasma proteins are made up of

predominantly fibrinogen, prothrombin, albumin and

globulins. These proteins are of hepatic origin, as well

as plasma cells and lymphoid tissue for the gamma

globulins. Hypoproteinemia can occur with chronic renal or

hepatic disease, malnutrition, malabsorption, or blood loss

(Coles, 1986). The best explanation for the decrease in

TP, A and G for the experimentally infected fish in this

study would be blood loss.

Blood glucose (GLU) levels in fish are variable

(Larsson et al., 1976). Glucose levels can be clinically

important since levels vary due to diet, capture and

handling (stress), and disease (Wedemeyer, 1976; Barham et

al., 1980). In this study, there was a dramatic rise in

glucose levels from 0 time reading of 43 mg/dL to 336 mg/dL
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Figure 5.--The change in mean total serum protein (TP) in juvenile red hybrid
tilapia that had been experimentally challenged with V. anguillarum (ATCC 19264).
Dotted line is linear regression line where y = -O.021x + 2.46; r 2 = .82.
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Figure 6.--The change in mean serum albumin (A) in juvenile red hybrid tilapia that had
been experimentally challenged with V. anguillarum (ATCC 19264). Dotted line is linear
regression line where y = -0. 007x + 1.08; r2 - .906.
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Figure 7.--The change in mean serum globin (G) in juvenile red hybrid tilapia that had been
experimentally challenged with V. anguillarum (ATCC 19264). Dotted line is linear regression
line where y = -O.014x + 1.41; r2 - .667.
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Figure 8.--The change in mean serum cholesterol (CHOL) in juvenile red hybrid tilapia
that had been experimentally challenged with V. anguilla rum (ATCC 19264). Dotted line
is linear regression line where y = -2. 562x + 219.1; r 2 - .757.
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Figure 9.--The change in mean serum calcium (Ca) in juvenile red tilapia that had been
experimentally challenged with y..:.. anguillarum (ATCC 19264). Dotted line is linear
regression lin where y = -0 •.09Sx + 14.0; r 2 = .872.
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by hour 20 levels then a decrease to 160 mg/dL by hour 44.

Barham et ale (1980) reported that in groups of diseased

rainbow trout that were infected with Aeromonas sp. and

diseased trout that had been treated with terramycin, both

showed significant changes in blood glucose

concentrations. Lowered values were seen in diseased fish,

whereas significantly higher values were recorded for

treated fish. Wedemeyer (1976) has shown that stress

results in a hyperglycemia in rainbow trout. It is

possible that the stresses involved in this study

contributed to the sharp rise in glucose levels.

Cholestrol (CHOL) and triglyceride (TRIGLY)

concentrations decreased throughout the experiment from 244

mg/dL to 120 mg/dL and 400 mg/dL to 21 mg/dL respectively.

Serum cholesterol levels in rainbow trout (Hille, 1982) and

FW catfish, Clarius betrachus (Tandom and Chandra, 1976)

have been shown to be quite variable with variation being

attributed to nutrition, activity of the fish and sexual

cycle. There may be limited clinical uses for these

parameters in fish as compared to mammals where increased

serum lipids can be indicative of diabetes, pancreatitis,

obstructive hepatic disease, or other disfunctions (Coles,

1986). In this study the cholesterol and triglyceride

levels decreased steadily throughout the course of the

experiment. The linear association was 75.7 and 52.6 for

CHOL and TRIGLY respectively (Table 14). These parameters

may have some practical use in conjunction with other
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information to assist fish health specialists in diagnosing

a bacterial infection.

Blood urea nitrogen (BUN) levels rose sharply from a 0

time reading of 3 mg/dL to 8 mg/dL at hour 1 and 9 mg/dL by

hour 6. Levels decreased slowly to 5 mg/dL by hour 44.

Serum creatinine (CRE) levels did not change remarkably.

Uric acid (UA) remained constant until about hour 30 when

levels decreased to 0.1 mg/dL. Protein metabolism yields

carbon dioxide, water and nitrogenous compounds. Fish

excrete most of their nitrogenous wastes as ammonia via the

gill epithelium (Forster and Goldstein, 1969). Ammonia is

extremely soluble in water. It is a weak base and is about

99% dissociated at neutrality. Weak acids and bases

diffuse across biological membranes predominantly in their

lipid soluble nonionized forms. The pH difference that

exists atthe gill interface between the internal and

extenal environment is a significant factor in determining

the rate of ammonia elimination. Neutral to acidic

freshwater would accelerate diffusion of the free base

whereas alkaline seawater would tend to retard its movement

to the external environment (Forster and Goldstein, 1969).

In ureotelic species, an elevated BUN can be indicative of

possible renal disease (Coles, 1986). In this study, the

sharp rise of the BUN within the first hours of infection

suggest acute functional compromise of the kidney. This

parameter may have use in early diagnosis of bacterial

diseases.
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Alanine amino transferase (ALT) levels increased

slightly from 8 u/L at time 0 to 41 u/L at time 44. AST

levels increased sharply from 88 u/L at time 0 to 400 u/L

by hour 6. Aspartate amino transferase (AST) levels

remained around 300 u/L until hour 30 and then fell to 224

u/L. Alkaline phosphatase (AP) levels did not change

remarkably. The data for ALT, AST, and AP are plotted in

Figure 10. Serum lactate dehydrogenase (LDH) levels spiked

from 470 u/L to 1390 u/L in the first hour and continued to

rise to 2441 u/L by hour 14. LDH levels then dropped

sharply to 867 u/L by hour 20 and by hour 44 serum LDH

levels were 433 u/L. To better illustrate the dramatic

rise in LDH, the values for this parameter have been

plotted in Figure 11.

Several serum enzymes are regarded to be valuable in

diagnosis and treatment of disease processes. However, in

fish, serum enzyme values are considered to have the

highest variation of the serum chemistry parameters (Hille,

1982). Variation can be related to poor sample collection

technique, improper sample storage or shipment, lack of

substrate specificity and variable assay methods (Warner et

al., 1978; Kaneko, 1983; Coles, 1986).

Transaminases function to catalyze the transfer of an

amino group from an amino acid to a keto acid. The two

clinically important amino transferases are ALT and AST

(Coles, 1986). ALT catalyzes the transamination of alanine

and alpha-oxoglutarate to glutamate and pyruvate.
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Figure lO.--Change in mean serum aspartate amino transferase (AST), alanine amino transferase
(ALT) and alkaline phosphatase (AP) levels in juvenile red hybrid tilapia following an
experimental challenge of ~ anguillarum (ATCC 19264).
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Figure 11.--The change in mean serum lactate dehydrogenase (LDH) in juvenile red
hybrid tilapia following experimental challenge to V. anguillarum (ATCC 19264).
Note the pronounced rise following challenge exposure.
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Increases in ALT levels are associated with liver necrosis

in humans and small animals (Coles, 1986). AST catalyzes

the transamination of aspartate and alpha-oxoglutarate to

glutamate and oxaloacetate. In mammals, increases in AST

levels are not liver specific unless other organ systems can

be ruled out (Coles, 1986). Determinations of ALT and AST

have been useful in contributing to the diagnosis of disease

in rainbow trout (Gaudet et al., 1975), yellowtail (Maita et

al., 1984) and Atlantic salmon (Waagbo et al., 1988).

However, enzymes in fish serum may vary among species and

normal values must be established for each species (Casillas

et al., 1982; Sandnes et al., 1988). In this experiment,

the AST levels increased to 400 ulL by hour 6 and remained

elevated throughout the course of the study. with a high

number of bacteria in the liver and other tissues of the

exposed fish, it is not surprising that there would be a

concomitant debilitating effect. It is not clear whether

the bacteria have a direct effect on the body organs, but

the high levels of AST and LDH indicates cell damage was

occurring early in the course of the experimental disease.

Because of the sensitivity (early rise) of AST following

exposure, it is possible that AST may be a useful indicator

for diagnostic purposes.

AP catalyzes the hydrolysis of several types of

phosphate esters including the dephosphorylation of ATP. In

mammals, AP is non-tissue specific with increases being

associated with biliary obstruction and diseases of bone

(Coles, 1986).
120



LDR is an intracellular enzyme which catalyzes the

oxidation of lactate to pyruvate. LDH has wide

distribution in animal tissues and is released following

cellular damage (Coles, 1986). LDH is also present in

large amounts in erythrocytes, sUbsequently, serum

increases are sometimes attributable to hemolysis or

delayed separation of serum from the clot (Coles, 1986).

The increase in LDH in this study was most likely from

lysed RBC's in association with the septicemia. This

agrees with the decrease PCV. and RBCC values. LDH may have

some value in diagnosis of vibriosis and/or hemorrhagic

septicemias.

The serum ions calcium (Ca), inorganic phosphorus

(Pi)' sodium (Na) and chloride (CI) all decreased during

the experiment. Calcium decreased from 13.2 mg/dL to 9.9

mg/dL, Pi from 10.8 mg/dL to 5.1 mg/dL, Na 173 meqjL to

145 meqjL, and CI 142 meqjL to 135 meqjL. Serum

concentrations of potassium (K) increased from 3.9 meqjL to

7.2 meqjL. Calcium is required for proper nerve

transmission, blood coagulation and muscle contraction

(Coles, 1986). As such, Ca metabolism is closely

regulated. Seasonal variation in serum Ca of brook trout

has been reported (Booke, 1964). Phosphorus in blood is

present as an organic ester within erythrocytes or as

phospholipid and inorganic phosphate in plasma. The Pi

fraction is usually measured to determine serum phosphorus

levels (Coles, 1986). Samples to be analyzed for Pi
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should be handled properly to avoid hemolysis.

Euryhaline fish maintain their internal osmotic

pressure in the presence of wide fluctuation in external

osmotic gradients. Electrolytes, especially Na, Cl, and K

are very crucial in hydromineral balance and models for

osmotic regulation have been well documented (Eddy, 1982;

Moyle and Cech, 1982). For aquaculturists it is important

to remember that excitement, activity, disease and handling

stress affects water permeability across gill epithelium in

fish (Moyle and Cech, 1982). stress will result in a loss

of water in saltwater fishes and a water gain in freshwater

fishes by increased water diffusion rates. These osmotic

problems can be a serious concern for fish culturists where

capture and transport may be frequent. Transportation of

freshwater fish in isosomotic solutions has been shown to

reduce handling mortality due to permeability changes

(Hattingh et al., 1975; Moyle and Cech, 1982).

Only trace amounts of total bilirubin (T BILl),

indirect bilirubin (I BILl) and direct bilirubin (D BILl)

were measured and no gamma glutamyl transpeptidase (GGT)

was detected. Consequently, these values were not included

in the data analysis.

No studies could be found in the literature reporting

on the changes in blood parameters in response to a

hemorrhagic septicemia in tilapia. However, Harbell (1976)

conducted an investigation on the pathogenesis of vibriosis

in juvenile coho salmon. His findings are comparable to
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the results of this study. He compared various

hematological and blood chemical parameters between ~

anguillarum infected and noninfected fish. PCV, HBG, RBCC,

WBCC, TP, A, G, Cl, Na, osmolality and AP levels were all

decreased in sick fish compared to noninfected controls.

Erythrocyte fragility, GLU, K, LDH, and AST levels were all

increased. These changes taken together with the results

of histopathological examinations, indicate extensive

damage to several different tissue types occurs by the time

an infected fish becomes moribund.

2. Target Organs for Infection

The results of total numbers of bacteria in the various

tissues throughout the course of the experiment are

presented in Figure 12. The red hybrid tilapia were

challenged for 30 min. with 1.44 x 109 CPU/ml of ~

anguillarum (ATCC 19264). There were essentially no

bacteria present in any of the tissues examined at the

preinoculation sampling time (-2 hr). Bacteria were

detectable in all tissues within 1 hr following exposure.

Numbers of bacteria in the blood rose steadily from 5.0

x 10 2 CFU/ml at hour 1 to 7.63 x 10 4 CFU/ml by hour

34. Bacterial numbers then increased rapidly to 1.92 x

107 CFU/ml by hour 54.

Bacterial levels for liver and kidney rose at a

relative constant rate throughout the course of the

experiment. Liver counts rose from 3.75 x 103 CFU/g at

hour 1 to 1.29 x 107 CFU/g by hour 54. Kidney counts
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Figure 12.--0rgan distribution ~f ~ anguillarum (ATCC 19264) in juvenile red hybrid tilapia
following exposure to 1.44 x 10 CFU/ml for 30 min. Numbers of viable bacteria per ml of
blood and per g of tissue were determined periodically from time 0 to hour 54 post exposure.
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increased from 5.09 x 104 CFU/g to 9.74 x 107 CFU/g for

the same time period.

The bacterial counts for the spleen were the highest

for any of the organs analyzed in this experiment. Total

bacterial levels were 4.14 x 105 CFU/g by hour 1 and

increased to 9.63 x 109 CFU/g by hour 54. There was a

dramatic jump in bacterial numbers in the spleen from 1.15

x 106 CFU/g to 2.32 x 108 CFU/g between hours 6 and 11

respectively.

The total bacterial numbers for both the anterior and

posterior gut remained about the same throughout the

experiment. Bacterial numbers were consistantly higher in

the posterior gut than the anterior gut. The preexposure

bacterial levels were 2.32 x 107 CFU/g and 1.69 x 107

CFU/g for the anterior and posterior gut respectively. By

hour 1 the bacterial counts were 1.09 x 107 CFU/g and

7.69 x 107 CFU/g for the anterior and posterior gut

respectively. The counts at the anterior and posterior gut

at hour 54 were 1.86 x 107 CFU/g and 1.07 x 108 CFU/g

respectively.

The results of the target organ distribution study

indicates that the fish become rapidly septicemic with

detectable bacteria in all tissues within one hour

following exposure. The number of bacteria in tissues

studied increased steadily until the end of the trial. A

ranking of the tissues from lowest to highest numbers of

bacteria present were blood, liver, kidney and spleen. The
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spleen and kidney appear to be the most efficient organs in

removing bacteria from the blood stream. Since tissue

bacteria numbers increased faster than blood bacteria

numbers, it is conceivable to conclude that bacteria were

being filtered out of circulation, surviving and multipling

within the tissues.

No organ distribution studies could be found in the

literature pertaining to tilapia. However, Schiewe (1980)

compared the fate and organ distribution of various v.

anguillarum biotypes 1 and 2 strains in juvenile coho

salmon challenged by injection or water-born routes. When

juvenile coho salmon were injected subcutaneously with 9.2

x 107 organisms of v. anguillarum biotype 1 strain

775-E74, the organ distribution pattern was similar to the

tilapia in this study. Bacteria were detectable in the

tissues within one hour post challenge and consolidated

numbers from lowest to highest in the liver, kidney, blood

and spleen. All fish were dead by 46 hours. A bath

challenge of 1 x 107 bacteria/ml for 30 min. resulted in

the same results as the parenteral challenge.

3. Histology

The histologic changes occurred principally in the

gills, liver, spleen, and kidney. Major histologic changes

were observed predominantly at hour 18 and continued

through hour 24. These changes coincided with the majority

of the mortalities that occurred during the experiment.

The organs that were examined were bacteremic (ie. within
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the vasculature), but there was little cellular damage

noted or host response to the bacteremia.

The lamellar epithelial membrane of the gill tissue

appeared roughened by hour 12. By hour 24 there was

considerable mounding of cells (hyperplasia) at the base of

the primary lamella. Microabscesses and telangiectasis

(aneurysms) were present on many of the secondary lamellae

(Figure 13). At 48 hours, the main lesions in the gills

were h~TPerplasia and damaged lamellar epithelium. The

pathology present on the gills of infected fish represented

by hyperplasia, microabscesses and the damaged epithelium

could contribute to the death of fish with vibriosis

because gas exchange is impaired. Furthermore, compromised

gill epithelial membranes would allow a breakdown in

osmotic equilibrium resulting in an electrolyte imbalance

between the fish and the external seawater. Indeed, Table

14 shows a dramatic change in the serum electrolytes in

tilapia with experimental vibriosis. It is very likely

that these changes are associated with the damaged gills.

Noticeable changes occurred in the spleen by hour 18 as

evidenced by vascular congestion. By 24 hours, bacterial

colonies could be seen in the splenic architecture and some

were associated with necrosis of adjacent cells (Figure

14). Bacterial colonies growing in the spleen would

explain the high bacterial counts that were obtained for

the spleen in the target organ experiment (page 120).

Both the kidneys and liver of the experimentally
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Figure 13 .--Photomicrograph of a gill section taken from
red hybrid tilapia 24 hours following experimental
challenge to V. anguilla rum (ATCC 19264). Note the
microabscesses (closed arrow) and aneurysms (open arrow)
present on many of the secondary lamellae. (SOX; Giemsa

stain) .
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Figure 14.--Photomicrograph of a spleen section taken from
a red hybrid tilapia 24 hours following experimental
challenge to V. anguillarum (ATCC 19264). Open arrow
points out a microcolony of bacteria. The black staining

objects are melanocytes. (400X; Giemsa stain).
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infected fish began to show some congestion by hour 18 and

by 24 hours and bacteremia could be seen (Figure 15).

Bacteria and necrosis were not observed in the mesonephric

ducts or in the collecting tubules indicating that bacteria

were not crossing the glomerulus an~ being filtered out.

There were elevated serum concentrations of BUN and eRE,

indicating compromised renal function (Table 13). Kidney

damage would also contribute to the cause of death for the

fish.

Significant histologic changes were not seen in the

other tissues that were examined. Reports by other workers

indicate that a lack of a tissue response is not uncommon

in fish infected with bacteria. Parisot and Wood (1960)

conducted a histopathologic study of mycobacteriosis in

salmonids and reported little or no cellular response to

bacteria. Levin et al. (1972) in studies with flounder,

and later, Funabashi et al. (1973) with ayu, both reported

a depressed cellular response in fish infected with ~

anguillarum.

There is little information in the literature

pertaining to histologic changes associated with bacterial

infection in tilapia. In other species, Miyazaki and

Kubota (1977) reported on histopathological studies on

rainbow trout and amago salmon infected with Vibrio sp.

The most frequent sign of disease in these species was the

presence of external lesions described as erosive lesions

or boils. Bacterial colonies were reported in skin,
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Figure lS.--Photomicrograph of a liver section taken from a
red hybrid tilapia 24 hours following experimental challenge
to~. anguillarum (ATCC 19264). Open arrows point out
bacteria present in the hepatic vessels. (400X; Giemsa

stain) •
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muscle, liver, kidney, heart and spleen. Miyazaki et al.

(1977) pUblished the histopathology associated with

naturally induced infections of vibriosis in the japanese

eel. The main lesion observed in the eel was in the skin

and surrounding musculature. Only advanced cases were

described as systemic diseases. Bacteria were evenly

dispersed throughout infected tissues and not aggregated in

colonies. Ransom (1978, 1984) conducted pathologic studies

of Vibrio spp. pathogenic to salmonids. He found that ~

anguillarum produced a bacteremia in the early stages of

disease with the following organs and tissues being the

main targets: blood, loose connective tissue, kidney,

spleen, posterior gastrointestinal tract, and gills. He

also determined that the bacteria enter fish by penetrating

the mucosa of the descending intestine and rectum. Similar

changes were not seen in the tilapia in this study.
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IX. CHANGES IN THE HETEROTROPHIC GASTROINTESTINAL

TRACT BACTERIAL FLORA IN COLD STRESSED TILAPIA

A. Introduction

The microbiology of the gastrointestinal tract (GIT) of

fish has been the sUbject of much research. Austin (1988)

points out that microbial numbers appear to be much higher

in areas of the GIT than in surrounding water, indicating

the presence of favorable ecological niches for microbes

within the GIT. Tilapia have been cultured extensively

throughout the world and have been the subject of

intestinal flora studies because of their ability to adapt

to fresh and seawater, its omnivorous diet, and because its

intestinal tract is five to seven times its body length and

has an abundant commensal bacterial flora (Sakata et al.,

1980; Cahill, 1990).

It has been well documented that there exists a

positive association between stress and disease in fish

(Pickering, 1981). Studies are lacking in investigating

changes in GIT bacterial flora in response to stress and

any sUbsequent associated disease development.

The purpose of this study was to determine if aerobic,

heterotrophic, GIT bacteria, and especially Vibrio spp.

populations are influenced by stress. Cold temperature was

chosen as the method to stress the fish because tilapia are

not cold tolerant and there is relatively little influence
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on other experimental variables.

B. Results and Discussion

A group of 15 juvenile red hybrid tilapia were stressed

by being placed in 18 0 e seawater and a control group was

maintained in 260 e seawater. The GIT from three freshly

euthanized fish from each group were removed at sampling

times of 0, 24, 48, and 72 hr. post exposure to cold

water. The gut was divided into 3 sections namely the

stomach, anterior intestine and posterior intestine.

The mean numbers of aerobic heterotrophic bacteria

isolated from the GIT of red hybrid tilapia are summarized

in Tables 15 and 16. The data indicates a progressive

increase in the numbers of bacteria along the GIT with

highest numbers being in the posterior gut of tilapia kept

at both 260 e and at 10oe .

Fish that were exposed to cold water showed an increase

in Vibrio spp. populations in all areas of the GIT (Table

16). The percentage of the bacterial population

represented by Vibrios at time 0 were 13%, 41% and 61% for

the stomach, anterior gut (AG) and posterior gut (PG)

respectively. After 24 hr. exposure there was an increase

in Vibrio numbers to 32%, 69% and 74% for stomach AG and PG

respectively. After 48 hrs. the Vibrio spp. percentages

were 37%, 69% and 76% for stomach, AG and PG respectively.

After 72 hrs. the Vibrio percentages were 28%, 58% and 68%

for the stomach, AG and PG respectively. The total aerobic

bacterial population did not increase substantially,
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Table l5.--Mean numbers of aerobic heterotrophic bacteria
isolated from various areas of the gastro intestinal
tract (GIT) from red hybrid tilapia juveniles exposed to

coldwater (18oC). n=3.

GIT
Sample Area

Mean Bacteria Numbers (CFU/g) after
ExPosure (Hours) to Cold Water (18QC)

o 24 48 72

Stomach
Total Bact
Vibrio sp
% Vibrio pop.

Anterior Gut
Total Bact
Vibrio sp
% Vibrio pop.

Posterior Gut
Total Bact
Vibrio sp
% Vibrio pop.

8.20xl06
1.10xl06

13%a

2.01XI07

8.30XI06
4l%a

4.90Xl07
3.00Xl07

6l%a

1.16XlO~
3.74xlf!

32%aIJ

4.00Xl08

2.75XS08

69%

7.87Xl08
5.84xl08

74%a

5.03XIO:
1. 85XSO37%

8.68XIO~
5.97xlf!

69%alJ

4.02XlO~
3.04xlO

76%a

4.30XIO~
1.20xlO

28%b

2.l0XlO~
1. 2 3x 12

58%alJ

7.80X106

5.30xl06
68%a

a,b Mean percentages within the same row followed by a
different superscript are different (P<O.05).
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Table 16.--Mean numbers of aerobic heterotrophic bacteria
isolated from various areas of the gastro intestinal
tract (GIT) from red hybrid tilapia juveniles exposed to

warmwater (26oC). n=3.

GIT
Sample Area

Mean Bacteria Numbers (CFU/g) after
Exposure (hours) to Seawater (26oC)

o 24 48 72

Stomach
Total Bact
Vibrio sp
% Vibrio pop.

Anterior Gut
Total Bact
Vibrio sp
% Vibrio pop.

Posterior Gut
Total Bact
Vibrio sp
% Vibrio pop.

7.01X105
1.47x105

21%a

5.11x106

1. 99x106
39%a

8.90X106
5.16x106

58%a

2.18x106

3.92x105
18%a

2.21xl07
1.02x107

46%a

7.23XI07
4.34xl07

60%a

1.11X106

3.44x105
31%a

4.33x106
2.38X106

55%a

7.98x10 6

5.75X106
72%a

8.70XI04

1.91X104
22%a

7.55X106
3.85xl06

51%a

3.81xl07

2.13xI07
56%a

a Me a n percentages within the same row followed by the same
superscript are not different (P>O.05).
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rather, the porportion of Vibrio spp. populations increased

in the cold water exposed fish.

The control fish aerobic bacteria GIT populations

remained relatively constant throughout the course of the

experiment. A pronounced increase in the Vibrio spp.

populations did not occur as seen in the cold-stressed fish

(Table 16).

The bacterial taxa recovered from the GIT of fish

exposed to cold water are shown in Table 17. There was an

increase in the percentages of most Vibrio spp. in all areas

of the GIT from time 0 to time 24. There were relatively

fewer species isolated at the 24 hr. sampling time compared

to the other sampling times. No Alcaligenes or

Flavobacterium sp. were isolated from any areas of the GIT

at this time. The predominance of Vibrio spp. remained at

the 48 and 72 hr. sampling times. The number of Pseudomonas

isolates dropped from the 0 hr. to the 24 hr. sampling but

increased again at the 48 and 72 hr.sampling times.

There were no remarkable changes in the GIT flora of the

control fish kept in the warmer 260C water (Table 18).

The progressive increase in the size of the bacterial

populations along the GIT shown in this study is in

agreement with other studies (Trust and Sparrow, 1974;

MacDonald et al., 1986; Cahill, 1990). Sakata et al. (1980)

found that the number of bacterial genera isolated from

tilapia intestines was much more restricted than bacterial

flora isolated from the surrounding water. In freshwater,
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Table 17,.-The mean % distribution of aerobic heterotrophic bacteria isolated
from various areas of the gastrointestinal tract of juvenile red hybrid
tilapia exposed to cold water (18°C). stom=stomach, AG=Anterior Gut, PG=

posterior Gut. n=3.

% Distribution of Aerobic Bacteria
in Gastrointestinal Tract

Hours of Exposure
Presumptive 0 24 48 72
Identification Stom AG PG stom AG PG stom AG -- PG stom AG PG

Alcaligenes sp. 4 2 1 0 0 0 5 2 0 8 7 0
Flavobacterium sp. 3 5 1 0 0 0 0 1 0 5 2 0

.... Listonella damsella 5 15 18 12 35 20 10 15 6 9 20 24
w Pseudomonas sp. 35 36 30 1 10 30 40 25 24 35 27 25CIO

Vibrio harveyi 5 12 20 4 15 30 12 18 40 10 10 20
Vibrio vulnificus 2 8 12 0 10 10 3 10 15 2 5 6
Vibrio sp. 1 10 15 15 10 5 12 25 15 10 25 20
unidentified 45 0 3 2 12 5 18 14 0 11 4 5



Table 18.--The mean % distribution of aerobic heterotrophic bacteria isolated
from various areas of the gastrointestinal tract of juvenile red hybrid
tilapia exposed to warm water (26°C). stom=Stomach, AG=Anterior Gut, PG=

Posterior Gut. n=3.

% Distribution of Aerobic Bacteria
in Gastrointestinal Tract

Hours of Exposure
Presumptive 0 24 48 72
Ident!fication Stom AG PG Stom AG PG Stom AG PG stom AG PG

Alcaligenes sp. 2 0 1 5 8 2 3 5 1 2 6 1
FlavObacterium sp. 1 6 2 6 5 0 2 5 2 6 4 3... Listonella damsel1a 7 10 25 10 21 29 9 25 28 18 20 21

(,oJ
Pseudomonas sp. 32 35 30 40 19 28 38 30 22 43 32 34l.O

yj,briq haryeyi 2 15 18 2 18 20 10 15 30 0 20 11
Vibrio vu1nificus 5 10 10 4 5 3 5 5 9 2 5 5
Vibrio sp. 10 6 5 2 5 8 12 10 8 4 9 20
Unidentified 41 18 9 31 . 19 10 21 5 0 25 4 5



Aeromonas predominated in the intestines of tilapia even

though Flavobacterium and Pseudomonas predominated in the

surrounding water. In seawater, Vibrio and Aeromonas formed

the bulk of intestinal flora, whereas Pseudomonas was most

frequently isolated from the surrounding seawater.

The predominance of vibrios in the GIT of the fish in

this study is also in broad agreement with previous studies

of GIT flora of fish living in seawater (Sakata et al.,

1980; Campbell and Buswell, 1983; MacDonald et al., 1986).

Previous workers have commonly grouped all vibrio isolates

into one group for reporting purposes, however, this study

shows several species of Vibrio present throughout the GIT

of both the cold water and warm water groups of tilapia with

the highest percentages being in the posterior gut region.

Unfortunately, the Biolog identification system did not

permit 100% positive identification of all vibrio isolates

or all bacterial isolates. Consequently, several were

listed as Vibrio sp. only. It is interesting to note that

Vibrio damsela (Listonella damsela) was isolated as a major

component of the GIT flora from fish in both cold and warm

water groups. y. damsela has been reported to be an

etiologic agent in wound infections in humans (Morris et

al., 1982). Love et al. (1981) isolated the bacterium from

naturally occurring skin ulcers on damsel fish (Chromis

punctipinnis) and Fujioka et al. (1988) recovered the

organism from healthy skin and wounds of dolphins (Tursiops

truncatus). The significance of v. damsela as a component
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of fish bacterial gut flora is not known.

The relatively abrupt increase in the percentages of

Vibrio spp. from the start of the experiment to hour 24 in

the cold water exposed fish is noteworthy. It appears that

whatever effect the cold water stress had on the host, and

subsequently the GIT microflora, it occurred within the

first 24 hrs. The diversity of bacterial species isolated

also decreased within the first 24 hrs. No Alcaligenes sp.

or Flavobacterium sp. were isolated at the 24 hr sampling

time for the cold water exposed fish (Table 8). The

methodology used in this experiment was focused on isolating

primarily marine aerobic bacteria. If a broader range of

media had been used, there might have been more taxa

identified, ego Enterobacteriaceae.

Curiously, no Aeromonas sp. were isolated in this study

even though aeromonads have been reported to be the

predominant bacterial genus in freshwater tilapia and also

in combination with vibrios in seawater adapted tilapia

(Sakata et al., 1980). However, MacDonald et al. (1986)

work on the GIT flora of Dover sole (Solea solea) agrees

with the data generated in this study. These workers

reported a broad range of bacterial taxa recovered but no

Aeromonas sp.

In this study, the results indicate that the cold water

temperature stress induced a response in the GIT microflora

resulting in a shift to predominantly Vibrio species. There

is little information in the literature pretaining to the
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changes in fish GIT microflora in response to a stress

condition upon the host. Sakata et al. (1984) did mention

that in starved and diseased fish (tilapia), Pseudomonas

species appeared to be the most common bacteria present. If

changes in the GIT microflora are a bona fide response to a

stressor, the shift to predominantly vibrios may playa role

in the initiation of disease since most isolates from

warmwater fish bacterial septicemias are of low virulence

and appear to be environmental isolates (Brock, 1986;

LeaMaster, unpublished data). This would be an interesting

area for future research to determine what host factors are

related to the changes in the gut microflora.
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X. THE EFFICACY OF A COMMERCIAL VACCINE TO PROTECT

TlLAPIA AGAINST EXPERIMENTALLY INDUCED VIBRIOSIS

A. Introduction

The use of vaccines for controlling vibriosis has

received much attention and has resulted in the production

of commercially available products. According to smith

(1988), current commercial vibrio vaccines contain the most

commonly encountered species which cause disease problems

such as V. anquillarum and ~ ordalii. Most of these

vaccines are inactivated cultures containing mixtures of

whole cells and extracellular products. The protective

antigens of ~ anguillarum seem to be heat stable

lipopolysaccharides in the cell wall, some of which may also

be released into the culture supernatant (Chart and Trust,

1984; Smith, 1988). These substances are large molecular

weight compounds, about 100 kd, and are able to withstand

severe extraction methods (Smith, 1988). Two proteins with

molecular weights of about 50 kd have also been shown to be

potent antigens (Chart and Trust, 1984; Smith, 1988). These

smaller molecular weight antigens apparently are heat labile

which may account for the increased protection seen with

formalin inactivated vaccines compared to heat killed

products (Smith, 1988).

The technique of dip vaccination involves dilution of

the commercial vaccine with an appropriate amount of
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hatchery water, removal of the fish from the holding tank,

immersion of the fish in the vaccine solution usually for

about 30 sec., draining of the excess vaccine from the fish

and the return of the fish to the holding tank (Smith,

1988). Research by Alexander et al. (1981) and smith (1982)

has shown that the main portal of antigen uptake in the dip

vaccination procedure is the gill tissue (Smith, 1988).

Since tilapia are becoming an important aquaculture

species for western consumers and it appears that Vibrio

spp. play a significant role in the hemorrhagic septicemia

complex that commonly afflicts cultured tilapia, it was the

goal of this study to determine if a readily available,

commercial vaccine would be efficacious in protecting

tilapia against experimentally induced vibriosis.

B. Materials and Methods

All materials and methods for this experiment have been

described previously in the standard methods chapter (III).

c. Results and Discussion

The results of the commercial vaccine protection trial

are shown in Table 20. The serum agglutination test did not

detect any prevaccination V. anguillarum serum titers in the

tilapia serum. At the end of the trial, there were no

measurable titers against ~ anguillarum in the vaccinated

or nonvaccinated groups. The rabbit anti-V. anguillarum

antisera registered an agglutination titer of 1:80.

There were no differences in the post-challenge

mortality between the vaccinated and nonvaccinated groups.
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Table 20.--Serum titers and % post-chall~ge mortality for
red hybrid tilapia vaccinated with Biova~ (Biomed
Research Laboratories, Inc., Bellevue, WA. USA) and
challenged 45 days later with 1.72 x 108 CFU/ml of ~

anquillarum (ATCC 19264).

Treatment
Group

v. anguillarum
serum titer
Prevaccination

V. anguillarum
serum titer
45 da Post
Vaccination

*% Post Challenge
Mortality

vaccinates
n=100

o

o

43 (43/100)

Non-vaccinates
n=100

o

o

45 (45/100)

* Both groups of fish were challenged 45 day~ after
vaccination by a bath challenge of 1.72 x 10 CFU/ml
of V. anguillarum (ATCC 19264) for 30 min.
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The percent mortality was 43% and 45% for the vaccinated

and nonvaccinated fish respectively.

It is possible that one of the reasons why the

commercial vaccine used in this study failed to stimulate a

measurable antibody response or increased protection to

challenge was that the vaccine antigen was not bound and

processed by the tilapia gill tissue. The vaccine used in

this trial was developed for use in salmonid culture. The

anatomy and physiology of the tilapia gill may not

facilitate the antigens present in the vaccine. Indeed,

under these study conditions, it takes a high dose (1 x

108 CFU/ml) and considerable time (20 min) (Table 11) to

initiate disease using the bath exposure method. Another

reason for the failure of the vaccine used could be that

the strains of Vibrio used for the vaccine were enough

different from the challenge strain that no common antigens

were shared and therefore no cross reactivity on the

agglutination test. The proper controls to test this

theory were not incorporated into this study. Some

experimental work on vaccines containing Vibrio species

other than V. anguillarum and V. ordalii has been carried

out, but presently there are no commercially available

vaccines containing other Vibrio species known to be

pathogenic to fish (Smith, 1988). The time of exposure to

the vaccine may also have been a factor as to why the

vaccine failed to stimulate immunity. The manufacturer

recommended a 30 sec bath for salmonids. The time may have
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to be longer for tilapia.

There has been only limited experimental work in the

area of vaccine production for tilapia. Ruangpan et al.

(1986) studied the protective efficacy of Aeromonas

hydrophilia vaccines in Sarotherodon nilotica (Nile

tilapia). Vaccinated fish had significantly higher

antibody titers than nonvaccinated groups and showed 100%

protection to challenge. In a different study, Lio-Po and

Wakabayashi (1986) immunized Sarotherodon niloticus with

formalin killed Edwardsiella tarda. Test fish were

challenged with an intraperitoneal injection of ~ tarda

which resulted in no effective protection for the

vaccinated fish versus the nonvaccinated fish.

The results of this vaccine study are very

preliminary. The Biova~vaccine has been shown to be

efficacious in salmonids and therefore should not be

suspected of being at fault based on this study alone.

More work on vaccination in tilapia is needed before final

conclusions can be made. This work should be repeated with

modifications such as longer exposure times, varying

concentrations of vaccine and/or a combination of each. An

injection group should be included to determine if an

antibody response will occur.
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XI. SUMMARY AND CONCLUSIONS

1. Normal Blood Parameter Values. Intensive farming of

tilapia is becoming economically important in an increasing

number of countries. The results of this study provides a

needed normal blood value data base for tilapia held in

freshwater (FW) or seawater (SW) which can serve as

important information for monitoring the health of

tilapia. The seawater SW adapted fish had higher (P<O.05)

PCV, HBG, RBCC, MCHC, TP, G, GLU, BUN, UA, ALT, AP, Na, K,

and CI values compared to the freshwater FW adapted fish.

Female fish had higher (P<O.OI) values than males for TP,

A, G, CHOL, TRIGLY, Ca, and Pi.

The sources of variation on fish blood values are many

and their main effects have been studied. The results of

this research demonstrates a new perspective in that

secondary interactions can also have an important influence

on various blood parameters. The salinity x sex

interaction had effects (P<O.05) on MCV, MCHC, BUN, CRE,

ALT, AST and Pi. The salinity x species interaction had

effects (P<O.OI) on PCV and LDH. There were no significant

(P>O.05) salinity x sex x species 3-way interactions.

2. Natural Vibriosis Outbreak. The episode of the

naturally occurring outbreak of vibriosis is one of the few

documented cases involving tilapia. The outbreak was
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characterized by a high mortality rate. This study

documented the changes in the hematocrit and in a selection

of serum chemistry parameters associated with vibriosis in

tilapia. This is new information for this species. The

most common bacterial isolate obtained from affected fish

was an isolate most closely resembling Vibrio harveyi

biochemically. Vibrio harveyi is not previously known to

be associated with bacterial diseases of saltwater reared

tilapia. The V. harveyi isolate was shown to have an

LD50 of 3.0 x 107 CFU/ml when challenged with a 1 hr.

bath exposure indicating a high number of bacteria required

to produce disease in healthy fish. This provides indirect

evidence for the supposition that other factors were

involved to account for the high mortality. Although no

specific measurements were made, it is very likely that a

stressor(s) such as poor water quality factors influenced

the densely stocked fish for a period of time. The

compromised gill tissue was then colonized by opportunistic

~ harveyi which led to further gill damage, loss of

electrolytes and septicemia. The histology results and

serum chemistry results support this scenario. The gill

tissue was the primary organ affected with histologic

changes most closely resembling those reported for

bacterial gill disease.
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3. Identification of Vibrio spp .. Investigators engaged

in field work require a reliable, cost effective, and rapid

determinative strategy to identify bacterial taxa. The

commercially available multitest kits used in this study

were API-20E rapid identification system and the Biolog

microtiter plate test system. Each system was modified

slightly from manufacturers recommedations so that the

bacterial suspending fluid was marine salt solution. In

addition, tests for salt tolerance, 0/129 sensitivity and

temperature toleance were conducted. In general, there was

good agreement for the carbohydrate utilization tests

between the two systems. The Biolog microplate system

results compared quite well with the results listed in

Bergey's Manual for the ATCC strains. Both of the rapid

test systems appear to provide reliable test results,

however, limitations exist in the data base for

interpretation and sUbsequent identification of taxa for

marine isolates. The manufacturer of the Biolog system is

presently working to expand and update their system's

capabilities to accurately identify marine environmental

isolates. The API people are also expanding their

capabilities to include environmental isolates. However,

until there is a sufficient data base for these systems,

then researchers in the field should also consult

references such as Bergey's Manual or Colwell's book (1984)

to aid in the identification of environmental vibrios.
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4. Disease, Target Organs and Physiologic Changes

Associated with Vibriosis in Tilapia. The results of the

determination of target organs, hematology, serology,

histology and virulence studies provides valuable and

previously unknown information on the scope and extensity

of the pathology associated with vibriosis in tilapia.

Experimental challenge with ~ anguillarum produced a

bacteremia in the early stages of disease with spleen,

kidney, liver and blood being the primary target organs.

As the disease progressed, the gills began showing

pathology in the form of hyperplasia, microgranulomas and

telangiectasia. Microcolonies of bacteria grew in the

spleen. It would be expected that the high numbers of

bacteria in the tissues would be shed at a certain rate

throughout the course of the disease from moribund and dead

fish. These infected fish could be a source and a

mechanism by which bacteria increase their numbers

resulting in a rapid onset and infection rate in an

outbreak situation. Changes in the blood parameters

included an increase in neutrophils, monocytes, GLU, BUN,

UA, ALT, AST, LDH, K and a decrease in PCV, TP, CHOL,

TRIGLY, Na and CI. These changes are in general agreement

with the changes in the blood parameters associated with

the natural outbreak of vibriosis. These studies show that

the linear properties of PCV, TP, and A might make these

parameters useful for diagnostic purposes. Concomitantly,

the sharp rise in AST and LDH values at the beginning of
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the disease may also have diagnostic value.

There were some similarities in disease signs and

hematologic changes between the natural outbreak fish and

the experimentally infected fish. Both groups showed

histologic evidence of cellular damage in the gills, albeit

the natural outbreak group was more severe. Both groups

had increased levels of AST, LDH, GLU, BUN and UA. Both

showed decreases in PCV, TP, A as well as electrolyte

disturbances. Bacteria were isolated from the tissues of

fish from both groups even though few microorganisms could

be seen in histological sections from the natural outbreak

fish.

5. Virulence Trials. The virulence trials established

that the Vibrio spp. tested were not extremely virulent.

In view of the evidence that high numbers of viable

bacteria were present in tissues of fish indicates that

toxins or other extracellular products produced by the

Vibrio spp. were not highly potent. A screening for

microbial enzymes commonly associated with virulence did

not reveal any particular enzymes associated with the

Vibrio spp. and virulence. The effects from other

aggresins are probably required for disease. Ransom (1978)

reported a similar observation for salmonids. It can be

speculated that in stressed or compromised tilapia, there

is an abatement of the local immunity allowing a selective

attachment of commensal Vibrio spp. from the water column
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to the gill epithelium. This hypothesized selective

attachment would be an interesting area for future

research.

6. Changes in GIT Bacterial Flora. This research

project has shown a progressive increase in the numbers of

aerobic heterotrophic bacteria along the GIT of red hybrid

tilapia with highest numbers being in the posterior gut.

Fish that were-exposed to cold water (laoC) showed an

increase in the Vibrio spp. populations in all areas of the

GIT. The total aerobic bacterial population did not

increase substantially, rather, the proportion of Vibrio

spp. populations increased in the cold water exposed fish.

The progressive increase in the size of the bacterial

populations along the GIT shown in this study is in

agreement with other studies (Trust and Sparrow, 1974;

MacDonald et al., 1986; Cahill, 1990). The control fish's

(26oC) aerobic bacteria GIT populations remained

relatively constant throughout the course of the

experiment. A pronounced increase in the Vibrio sp.

populations did not occur.

These findings may be of fundamental significance if

changes in the GIT microflora are indeed a response to a

stressor. The shift to predominantly vibrios may playa

significant role in the disease complex. It is concievable

that if the gut flora shifts to largely Vibrio spp. in

stressed fish, then these fish could serve as sources to
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increase the numbers of vibrios in the water column. Under

high stocking conditions and slow water turnover, bacterial

numbers could increase to threshold levels and trigger

disease.

7. Commercial Vaccine Trial. In a trial to determine if

a commercially available salmonid vibrio vaccine would be

efficacious in protecting experimentally challenged

tilapia, it was found that there was no difference in post

challenge mortality between the vaccinated and

nonvaccinated groups. In addition, a serum agglutination

test did not detect any measurable titers against ~

anguillarum in the vaccinated or nonvaccinated groups.

Alterations in the manufacturer's recommendations for use

of the vaccine in salmonids should be tested. For example,

instead of the 30 sec exposure time used for salmonids, a

longer exposure to the vaccine may be needed for tilapia.

Other reasons for the vaccine failure can be areas of

investigation in the future. The main point of this work

is that the commercial salmonid vaccine used in this

experiment was not efficacious in tilapia when used

according to manufacturer's recommendations for salmonids.

The work needs to be repeated to test the effects of longer

exposure times and concentration of vaccine solution.

8. Reflections and Recommendations. When this study was

conceived, there was relatively little information
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available regarding the pathology of vibriosis in cultured

tilapia. Aside from one or two notes in the literature and

a few anecdotal accounts, little was known about this

disease in tilapia. In light of the growing popularity of

cultured tilapia among producers and consumers, the

tremendous potential for tilapia to be cultured in brackish

and seawater systems, and the serious sporadic outbreaks of

bacterial hemorrhagic septicemias (many being caused by

vibrios), I proposed to investigate various aspects of the

pathology of vibriosis in cultured tilapia. Because it was

a pilot study, my intentions were to be somewhat broad and

study several areas in an effort to assemble information to

construct a meaningful picture of the disease. Later,

smaller more esoteric areas could be investigated.

After much consultation, the areas or objectives of

this study were decided to be 1) Determine the base line

levels of various blood parameters for healthy tilapia

reared in freshwater and in seawater. 2) Determine the

virulence and possible virulent mechanisms of Vibrio spp.

by conducting lethal dose-50 (LD5 0) trials and by

screening for bacterial enzYmes associated with virulence.

3) study the hematologic, serologic, and histologic

changes that occur in experimentally induced disease. 4)

Determine the target organs of infection. 5) Evaluate any

changes in the bacterial gastrointestinal tract (GIT) flora

in response to stress and disease. 6) Evaluate the

efficacy of a commercial vaccine in protecting tilapia
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against an experimental challenge of vibriosis. These

objectives, of course, have been previously stated.

The determination of the normal hematologic and

serologic parameters in seawater and freshwater reared

tilapia was a straight forward study. The study provided a

needed normal blood value data base. I think an important

observation that was discovered was that secondary

interactions can have important influences on blood

parameters.

It was serendipitous that a natural outbreak of

vibriosis should occur during this study. The outbreak

provided an opportunity to compare experimental results

with a real life situation. It appears that a stress (or

stressors) predisposes the fish to an opportunistic vibrio

infection. Damaged or compromised gill tissue are

colonized by bacteria which further irritates the tissue

resulting in mucous production and hyperplasia of gill

epithelium. A film of material composed of mucous,

sloughing cells and bacteria develops over the gills which

further impedes oxygen transfer to the blood. The damaged

gills promote electrolyte fluxes and a septicemia to

begin. The experimental work generally supported this same

scenario. Gills and spleen were main target organs in

experimentally induced infections. There are changes in

blood parameters associated with the disease, some may have

future diagnostic use such as AST and LOR values. Also

PCV, TP, and A may be useful diagnostic tools. The data
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generated in this study suggests that the cause of death for

both the experimentally infected fish and the naturally

occurring diseased fish was most likely related to

electrolyte imbalances.

The virulence trials showed that the Vibrio spp. tested

were not extremely virulent. This supports the commensal/

opportunistic role vibrios may play in disease. It was

determined that the Vibrio spp. studied do not produce toxins

powerful enough to kill the fish in the absence of bacteria

capable of mUltiplying. Direct effects by bacteria on host

tissues such as LPS (endotoxin) was not determined. A future

research project would be to determine if Vibrio spp. LPS is

toxic to tilapia. This could by done by sonicating cells or

using a surface active agent such as n-octyl-glucoside to

isolate the outer membrane components. The LPS could be

injected into tilapia and deleterious effects monitored. It

would also be interesting to determine if vibrios exhibit

selective attachment to tilapia gill tissue. If they do,

then surface antigen profile studies could be conducted and

the mechanisms for attachment studied. Maybe it is a plasmid

related event.

I was very intrigued by the results of the GIT flora

study. The shift to predominantly vibrios in the cold

stressed fish may have important implications in the overall

etiology of this disease. The gut flora popUlations may

serve a sources to increase the numbers of vibrios in the

water column. There may also be interactions taking place in
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the gut that select for Vibrio spp. that are more pathogenic,

ultimately leading to a disease outbreak under the right

conditions. It would be appealing to pursue this area of

study. Groups of fish could be injected with chemical

mediators of stress such as corticosteroids and/or

catecholamines to see if there is a response in the GIT

flora. Concomitant water microbial counts could also be

monitored.

In closing, I feel that this study has contributed to the

general understanding of the pathology of vibriosis disease

complex in cultured tilapia. It has also provided new

opportunities for future work to answer specific questions.

This project has also given me a great respect for the

potential of tilapia to be a major contribution for the

production of food for man. They are indeed a tough little

fish.
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