
AN ABSTRACT OF THE THESIS OF

Nitimulyo Kamiso Handoyo for the degree of Doctor of

Philosophy in Fisheries presented on August 12, 1985

Title: DIFFERENCES IN PATHOGENICITY AND PATHOLOGY OF VIBRIO

ANGUILLARUM AND VIBRIO ORDALII IN CHUM SALMON

(ONCORHYNCHUS KETA) AND ENGLISH SOLE (PAROPHRYS

VETULUS) UNDER LABORATORY CONDITIONS

Abstract approved:
Dr. Robert E. Olson

Both Vibrio anguillarum and Vibrio ordalii caused the

same pathological changes in chum salmon (Oncorhynchus keta)

or English sole (Parophrys vetulus). Hemorrhaging in gills,

within the mouth, body musculature, intestine and other

internal organs was very common in diseased fish of both

fish species after water-borne exposure. Red necrotic

lesions in the body musculature and exophthalmia were

observed in most diseased chum salmon and were not observed

in diseased English sole. In chum salmon, hemorrhagic

ulceration around the injection site was observed after

intraperitoneal injection with bacteria. This pathological

sign was not observed in injected English sole. In histolo-

gical preparations, bacteria were observed in the blood,

tissue, kidney, spleen, skeletal muscle,
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gastrointestinal tract, integument, liver, pancreas, and

gills. However, no clear necrotic lesions were observed

except in kidney and gills. Bacteria dispersed in infected

tissues except in muscle tissue of chum salmon infected with

V. ordaiji where the bacteria formed small and loose

colonies.

Effects of water temperature on infection were examined

at 10, 14, and 180C. The mortality rates increased and mean

times to death decreased at increased water temperatures.

Size of fish also had a significant effect on mortality

rates of English sole infected by either Vibrio species.

The mortality rates were significantly higher in small sized

than in large sized English sole, however there was no sig-

nificant difference in mean time to death between the two

size groups. In both fish species the LD50 of water-borne

exposure of both V. ariguillarum and V. ordalii was signifi-

cantly higher than the LD50 of intraperitoneal injection.

Immune response and duration of antibody titers were

determined in chum salmon and English sole after immuniza-

tion with either V. anguillarum or V. ordalii bacterin by

intraperitoneal injection. Both fish species developed good

immunity against vibriosis. However, chum salmon had a

higher relative percent survival (RPS) than did English sole.

Antibody titers in both fish species were detected 1 week

post immunization. Peaks were reached in about 4 weeks

after immunization, and about 5 months after immunization



both fish species still had positive antibody titers. The

results of passive protection experiments indicated that the

internal protection to vibriosis in English sole could not

be transferred to chum salmon by intraperitoneal injection

of uninimunized English sole serum.

Changes in the virulence of V. anguillarum or V. ordalii

due to selection after three passages through either chum

salmon or English sole were not observed. There was also

no significant difference in mean time to death of chum

salmon or English sole exposed to these bacterial isolates.

However, the LD50 of both V. anguillarum and V. ordalii

after passage was lower for the homologous species of fish.

In general, the results of this study showed that

English sole is more resistant than chum salmon to both

Vibrio species. Cross infection of V. anguillarum and V.

ordalii between chum salmon and English sole is possible,

at least under laboratory conditions. However, it is

unlikely that cross infection occurs very often under natural

conditions, unless potential hosts are stressed.
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CHAPTER I

INTRODUCT ION

Vibriosis is one of the diseases of greatest concern

in salt-water fish culture because it can be the cause of

high mortality levels (Fryer et al., 1972). Cisar and

Fryer (1969) found that vibriosis caused losses in juve-

nile chinook salittort (Oncorhynchus tshawytscha) in a

saltwater impoundment on the Oregon coast. In Maine and

New Hampshire coastal waters, vibriosis was considered to

be a major problem, causing losses up to 80% of pen cul-

ture of coho salmon (0. kisutch) (Sawyer, 1978). Further

study has shown that all species of salmon reared in

saltwater are subject to vibriosis and according to Wood

(1974), pink salmon (0. gorbuscha) and chum salmon (0.

keta) are the most susceptible.

Cases of vibriosis have been described from a wide

variety of marine and migratory fishes, and outbreaks have

been recorded from the Americas, Asia and Europe (Andersen

and Conroy, 1970). The marine culture of salmonids has

increased substantially in Norway since the late sixties,

and vibriosis has been economically the most important

disease. In the Pacific Northwest vibriosis is considered
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to be one of 10 bacterial diseases of major concern

because it can cause significant losses in commercially

important fish (Winton, 1983).

Vibriosis can also cause disease in wild fish (Strout,

et al., 1978), and strains of V. anguillarum have been

reported to become adapted to particular species of hosts

(Egidius and Andersen, 1978). However, studies of the

pathogenicity and pathology inwild fish are few. One of

the studies was done by Levin et al. (1972), and they

found that pathogenicity differed between strains of V.

anguillarum that were isolated from wild fish (Pseudo-

pleuronectes arnericanus) and V. anguillarum that were

isolated from cultured fish (Oncorhynchus kisutch). The

majority of research papers concerning vibriosis describe

the disease in. salmonids.

In a study of V. anguillarum and V. ordalii, Ransom

et al. (1984) found that under laboratory conditions, both

bacteria caused different histopathology in salmonid

species. Vibrio anguillarum produced a bacteremia that

was distributed throughout the tissues of fish. Vibrio

ordalli also produced a bacteremia, but the bacteria often

formed distinct colonies in fish tissue.

The English sole is found along the Pacific coast

from San Cristobal Bay in Baja California to Unimak Island

in Western Alaska and is an important component of the

commercial fishery (Hart, 1973). Olson and Pratt (1973)
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found that many juvenile English sole use the estuaries as

a nursery ground during at least a part of their first

year of life. It is possible that during this period, the

young fish are exposed to high levels of Vibrio species. ma
study of rearing conditions and their effects on growth,

food conversion, and survival English sole, Williams (1974)

found that the fish occasionally suffered from systemic

bacterial infections. The dead juvenile English sole were

usually reddened around the bases of the fins and the

gill cover and occasionally had extensive hemorrhaging in

various parts of the body. Further study of the disease

was not done, however he suggested that Vibrio species was

probably one of the causative agents that infected the

weakened fish.

The goal of this study was to gain a better under-

standing of two causative agents of vibriosis,Vibrio

anguillarum and Vibrio ordalii, with special emphasis on

the comparative effects of these bacteria on salmonid and

non-salmonid fishes. Specific objectives were to compare

the pathogenicity and pathology of V. anguillarum and V.

ordalii for English sole (Parophrys vetulus) and chum

salmon (0. keta); to determine the effect of water temper-

ature on the pathogenicity and pathology in English sole

and chum salmon under 1aboratory conditions; and to

measure changes that may occur in the virulence of the

bacteria after several passages through either English
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sole or chum salmon. Other objectives were to determine:

the effects of different methods of exposure to the bac-

teria (water-borne exposure or intraperitoneal injection);

the susceptibility of different sizes of English sole; and

the immune capability of English sole and chum salmon when

exposed to V. anguillarum and V. ordalii.



5

CHAPTER II

LITERATURE REVIEW

Causative Agents of Vibriosis

Vibriosis is an acute, systemic disease of fish

caused by the bacteria Vibrio anguillarum and V. ordalii.

Before the causative agents were identified, the disease

was often called saltwater furunculosis since the lesions

resembled those caused by Aeromonas salmonicida and

occured in saltwater (Wood, 1974). The bacteria are world-

wide in distribution and are known to be infectious to a

large number of fish species, primarily of marine fishes

(Rucker, 1959; Cisar and Fryer, 1969; Anderson and Conroy,

1970; Evelyn, 1971; Hastein and Holt, 1972; Wolke, 1975)

Early isolations and descriptions of V. anguillarum

were by Canestrini in 1893 and Bergman in 1909 (Rucker,

1959; Groberg, 1981). There has been confusion about the

nomenclature of this bacterium since its first isolation

and it has been called Bacterium anguillarum, Vibrio

anguillarum, Vibrio piscium, Achromobacter ichthyodermis,

and Pseudomonas ichthyodermis (Post, 1983). A proposal

was made by Hendrie et al. (1971) to combine all strains

as a single species. The name Vibrio anguillarum was

officially recognized in 1974 (Cowan et al., 1975).



Serotypes

Vibrio anguillarum has proven to be a highly variable

species. The variation can be serological (Pacha and

Kiehn, 1969; Johnsen, 1977; Lewis, 1979; Ezura et al.,

1980; Crosa, 1981; Kitao et al., 1983; Muroga et al.,

1984) , biochemical (Smith, 1961; Muroga et al., 1976;

Ohnishi and Muroga, 1976; Hastein and Smith, 1977; Kusuda

et al., 1979; Ezura et al.,, 1980; Schiewe and Crosa, 1981;

Tajima et al., 1981; Muroga and Tatani, 1982; Ruiz, 1982;

Muroga et al., 1984), or in terms of pathogenicity and

host specificity (Harrell et al., 1976; Egidius and

Andersen, 1978).

In Japan during the period from 1965 to 1980, 267

strains of V. anguillarum were isolated from vibriosis

outbreaks in various parts of the country. Two hundred

sixty three of the V. anguillarum strains were from ayu

(Plecoglossus altivelis), two from rainbow trout (S.

gairdneri) and two from eel (Anguilla japonica). On the

basis of cross-agglutination and cross-absorpsion tests

with thermostable (0) antigens, they were divided into six

serotypes (A, B, C, D, E, and F) (Aoki et al.., 1981;

Kitao et al., 1983). From these six serotypes, serotype

A, B and C were considered to be the most important sero-

types causing vibriosis in cultured ayu. There are 163

isolates of V. anguillarum that have been cultured from

diseased fish in Norwegian waters. Based on biochemical
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tests they were divided into two groups; nearly all those

isolated from farmed salmonids were in group I, arabinose

positive, and those from wild fish were in group II, ara-

binose negative (Hastein and Smith, 1977).

There is no exact number of strains of V. anguillarum

known in the United States, however Harrel et al. (1976)

indicated that heterogeneity of the bacterium was observed

in isolations from diseased salmonids in Puget Sound.

Based on serological analysis of thermostable antigens,

Pacha and Kiehn (1969) suggested that there were two sero-

types of V. anguillarum found in the United States,

serotype I and serotype II. According to this arrangement,

serotype I was most common and considered to be the most

important pathogen in marine fishes, growing rapidly in

culture and causing rapid mortality in fish. Serotype II

characteristically grew more slowly in culture and the

onset of the disease was delayed (Gould, 1977; Gould et al.,

1979; Shiewe, 1983). According to Ransom (1978), serotype I

produced a bacteremia, with bacteria distributed throughout

tissues of fish, with the major sites being blood, loose

connective tissue, kidney, spleen, posterior gastrointes-

tinal tract and gills. Serotype II also produced a

bacterernia, but the bacteria often formed distinct colonies

in fish tissues, and the major sites were skeletal muscle,

heart, anterior and posterior gastrointestinal tract and

gills.



Characteristics of Vibrio anguillarum and Vibrio ordalii

Since serotype I and serotype II not only differ anti-

genically but also in biochemical, genetic composition and

in the pathology they cause, Schiewe et al. (1981) proposed

the creation of two species. Serotype I was considered to

represent typical V. anguillarum and serotype II was desig-

nated a new species V. ordalii (Schieweetal., 1982). The

characteristics that V. anguillarum and V. ordalii have in

common are: motile, gram-negative rod or slightly curved,

anaerogenic, asporogenic, cytochrome oxidase positive,

sensitive to vibriostat 0/129 and novobiocin, and need

NaC1 for growth (Smith, 1961; Cisar and Fryer, 1969;

Handrie, 1971; Levin et al., 1972; Cowan et al., 1975;

Harrel]. et al., 1976; Bullock, 1977; Nishibuchi and Muroga,

1977; Kusuda et al., 1979; Schiewe, 1983).

Geographic Distribution

Vibrio anguillarurn and Vibrio ordalii are ubiquitous

in nature, worldwide in distribution, and are infectious

to a large number of fish species (Anderson and Conroy,

1970; Evelyn, 1971; Fryer et al., 1972; Hastein and Holt,

1972; Wolke, 1975). In addition to the well know disease

problems caused in saltwater aquaculture, Ohnishi and

Muroga (1976) isolated Vibrio from rainbow trout (S.

gairdneri) in freshwater ponds. The causative agent was

identified as V. piscium, a species that now is considered



to be V. anguillarum. Muroga et al. (1984) isolated V.

anguillarum from ayu (P. altivelis) that were caught in

seawater, brackish water and freshwater environments.

Hacking and Budd (1971) also identified V. anguillarum as

a causative agent of an epizootic in tropical freshwater

fishes.

Currently vibrosis is found in many countries and

causes serious problems wherever mariculture is practiced,

including Japan (Ezura et al., 1980; Kitao, 1983), Norway

(Egidius and Andersen, 1978), Great Britain (McCarthy,

1976), United States (Cisar and Fryer, 1969; Novotny, 1978;

and Sawyer, 1978), and Canada (Evelyn, 1971). Most prob-

lems are caused by V. anguillarum rather than V. ordalii.

Pathogenicity

Our knowledge of the method by which V. anguillaruxn

and V. ordalii penetrate into the host is still poorly

understood. It is suspected that the pathogenic bacteria

gain entrance into the body through mouth or gastrointes-

tinal tract, gills, skin and lateral line (Home, 1982).

In a study utilizing water-borne exposure of fish to

bacteria, Ransom et al. (1984) suggested that both V.

anguillarum and V. ordalii enter the fish by penetrating

the descending intestine and rectum, and that penetration

of the skin is a second means by which V. ordalii enters

the fish. Using immersion of tissues in V. anguillarum
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solution, Home and Baxenda1e (1983) found that the number

of bacteria adhering to the gut tissue was affected by the

concentration of the bacteria in the medium and the time

of immersion. The immune state of the fish also played an

important role in determining the number of bacteria adher-

ence. By the same method, they compare the adherence of

V. anguillarum to the gut tissue of vaccinated and unvac-

cinated fish. The result indicated that bacterial adherence

to the gut tissue of vaccinated fish was substantially less

than to the gut tissue of unvaccinated fish. After com-

paring the adhesion of the bacteria to different tissue

organs Home and Baxendale (1983) suggested that the gut

may be an important site of bacterial multiplication in

slowly developing infections.

In general, bacterial virulence factors promote growth

in-the antagonistic environment established by the host

defense mechanisms. One line of defense is provided by

proteins transferrin and lactoferrin, which bind iron,

rendering it unavailable to pathogens (Bullen et al., 1978).

According to Crosa et al. (1977), most of the high-virulence

strains of V. anguillarum have a plasmid that carries gene-

tic determinants. This plasmid can increase the capability

of the bacteria to grow in the host and establish infection

(Crosa, 1979; Trust et al., 1981). In a recent study,

Crosa (1980) proved that the V. anguillarum virulence

plasmid specifies a very efficient iron sequestering system
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enabling the bacteria strains to survive and grow in vitro

under limited iron availability in a culture medium con-

taining high concentration of transferrin. Under the same

conditions, low virulence cured strains (without plasmid)

are completely inhibited. In an experimental infection

of fish, Crosa et al. (1980) found that the LD50 of viru-

lent V. anguillarum (with PJM1 plasmid) in juvenile coho

salmon was lower (1.1 to 4.0 x iO3 cells/mi) than non

virulent V. anguillarum (plasmidless) (between 1.5 x io6

and 7.6 x 1O7 cells/mi). Concomitant with an efficient

iron uptake by plasmid-carrying strains of V. anguillarum,

new outer membrane proteins are induced, one of them is

0M2 (Crosa, 1981; Crosa and Hodges, 1981). This outer

membrane protein may play a role as a receptor the

ironsiderophore complex (Crosa et al., 1983).

Vibrio anguillarum produces both exotoxin and endo-

toxin, however these toxins are not the primary cause of

the disease (Harbel et al., 1979). Innoculation with 38 mg

of V. anguillarum endotoxin could kill 50% of mice tested,

but little effect was observed when this amount was injected

into fish (Harbel et al., 1979). There was no mortality or

significant change in hematocrit or total plasma protein

concentration in coho salmon injected with cell free

supernatant, 1 mouse LD50 of endotoxin, bacterial cell

lysate, or combination of endotoxin, supernatant and lysate

(Umbreit and Tripp, 1975). However, it was found that
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non-toxic supernatant fluid became toxic to fish after

heating for 15 minutes at 100°C. The source and the nature

of the toxin is not completely understood and it was sug-

gested that the active substance may be released from

cells after heating. Munn (1980) and Trust et al. (1981)

studied various toxic factors including hemolysin, cyto-

toxin and hemagglutinin in relation to the virulence of

V. anguillarum. However, they could not determine what

role the toxins play in the pathogenicity. According to

Inamura et al. (1984), the release of active substance is

affected by nutrients in the medium, culture conditions

(temperature), time and strains of V. anguillarum. In

their experiment, some strains of V. anguillarum produced

exotoxin on nutrient agar of BHI agar at 20°C or 25°C for

18-3 6 hours that were toxic to goldfish (Carassius auratus),

but did not produce exotoxin in 24 hours BHI broth culture

at 25°C.

Effects of Environment onVibriosis

Stress is an important factor affecting the severity

of a vibriosis outbreak (Wood, 1974; Roberts, 1975;

McCarthy, 1976; Egidius and Andersen, 1977; Winter et al.,

1981; Piper et al., 1982; Baker et al., 1982; Refstie,

1982). Temperature is one of the most important factors

governing the growth rate of the bacterium and the sever-

ity of the disease (Egidius and Andersen, 1977; Gould, 1977;
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Muroga et al.,, 1984). Harrell et al. (1976) reported that

high mortality of pen-reared coho salmon occurred when

temperature exceeds 9°C. Wood (1974) suggested that any

attempt to rear fish in saltwater impoundments subject to

considerable warming should consider vibrio disease as a

factor that will possibly limit the success of the project.

He also indicated that the disease can cause losses at

temperatures less than 10°C. However, nearly all outbreaks

have occurred at temperatures above 100C, and the most

severe ones have occurred at temperatures over 150C.

The effect of water temperature upon mortality of

turbot (Schophthalmus maximus) was studied by Horns et al.

(1977). Under laboratory conditions, high mortality of

young turbot due to an acute outbreak of vibriosis occurred

at a temperature above 10°C. Therapy by using antibiotics

was only marginally successful. The most effective method

of treatment reducing losses was by decreasing the temper-

ature of water to below 10°C. Groberg (1981) also studied

the effect of temperature on the growth rate of V. anguil-

larum and on the mortality of coho salmon to vIbriosis. He

found that the doubling time of v. anguillarum in brain

heart infusion (BHI) broth in the logarithmic growth phase

was 442 minutes at 6°C, 151 minutes at 12°C, and 80 minutes

at 18°C. The mortality of coho salmon after injection by

V. anguillarum increased from 0% at 3°C and 6°C to 60% at

21°C, and the mean time to death decreased with increasing tem-

perature from 23 days at 6°C to 2.7 days at 21°C.
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Host Specificity

During the past. few years the frequency of outbreaks

of vibriosis has increased considerably among wild marine

fish and migratory fish, especially along the Morwegian

coast (Hastein and Holt, 1972). From their observations,

Hastein and Smith (1977) believed that a major reservoir

for vibriosis in farmed sairnonids was wild fish, especially

saithe (Gadus virens) feeding around the holding facilities.

Wood (1974) suggests that if salmonids in pens and non-

salmonid fishes live in close proximity, these fish may

represent a reservojr for vibriosis. However, Smith (1961),

Egidius and Andersen (1978), and Strout et al. (1978) sug-

gest that there is a possibility of host specificity of

strains of V. anguillarum. From their study, Egidius and

Andersen (1978) found that V. anguillarum isolated from

rainbow trout were pathogenic to salmonids but of only very

low pathogenicity for saithe, while strains isolated from

saithe were pathogenic to saithe and non-pathogenic to

salmonids.

Pathology of Vibriosis

In general, the external and internal gross pathology

of vibriosis isvery similar to that of all gram negative

septicemias seen in fish. In winter flounder (Pseudopleu-

ronectes axnericanus) it can cause dermal lesions, fin

necrosis and petichiae in the acute phase, and ulceration
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in the more chronic phase of the disease (Levin et al.,

1972). The affected fish become anemic and the kidney

contains a greater proportion of haematopoietic cells.

The anemia may be due to the destruction of red blood cells by

bacterial hemolysins or possibly to chronic blood loss

associated with necrosis of the fins. In salmonids,

Ransom (1978) found that vibriosis can cause severe skin,

fin, and muscle necrosis, a large decrease in the number of

leukocytes and high levels of bacteria in the blood. The

diseased fish probably died due to a combination of hypoxia,

accumulation of toxins, loss of fluids in the posterior

gastrointestinal tract, and dysfunction of various organs.

In infected, cultured turbot (Scopthalmus maximus) and

Dover sole (Solea solea), gross lesions and clinical signs

varied with species of fish, age and temperature, but could

be classified into peracute, acute and chronic diseases

(Richards, 1980). In peracute, death occurred without

visible gross symptoms except for a darkening of coloration.

In young fish, abdominal distention and white circiets of

tissue surrounding the eye were observed and skin lesions

were absent. In the acute stage, fish were anorexic, dark

in color and lethargic. Erosion in the area of the jaw was

frequently found in turbot of all ages. Further lesions

developed in skin and superficial musculature, or internal

organs. Hemorrhages occurred in some areas, especially the

fins, sloughing of the skin associated with hemorrhaging
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was often seen and the gills were usually pale in color.

In the chronic condition, skin lesions were deep ulcers

with hemorrhaging and fibrin deposition. In some cases

ulceration penetrated the abdominal wall leading to the

viscera. In Dover sole, dark colored necrotic skin areas

developed very rapidly, and the gills were pale.

Control and Immunization

The potential importance of marine fish farming and

the serious problem caused by vibriosis has stimulated

efforts toward the prevention and control of the disease

(Fryer et al., 1972; Antipa, 1976; Nunn, 1980). Under

conditions of captivity, vibriosis may be controlled by

careful husbandry practices that reduce stress, and

rational use of antibiotics and immunization (Anderson and

Conroy, 1970; Bullock, 1977; Snieszko, 1978; Sako and

Kusuda, 1979; Richards, 1980; Tabata et al., 1982). The

antibiotic oxytetracycline is commonly incorporated into

the feed (Snieszko, 1957; Herman, 1970; Fryer et al.,

1972; Sawyer and Strout, 1977; Post, 1983; Winton, 1983).

However, it would not be recommended to use subtherapeutic

levels of dietary antibiotics for a long period of time

because resistant strains of pathogenic bacteria could

develop (Snieszko, 1958; Herman, 1970; Aoki and Kitao,

1978; Sako and Kusuda, 1978; Hahnel and Gould, 1982). In

addition, antibiotics could have side effects on the fish



17

including suppresive effects on the immune response

(Rijkers et al,, 1980; Rijkers et al., 1981; Grondel and

Boesten, 1982; Lewis et al,., 1985). Grondel and Boesten

(1982) found that oxytetracycline administered either by

mixing with food or by intraperitoneal injection could

delay or inhibit cellular and humoral immune response of

fish. Pearse et al. (1974) tried to control vibriosis in

plaice (Pleuronectes platessa), Dover sole (Solea solea),

and brill (Scophthalmus rhombus) using furanace by an

immersion (bath) method. They found that minimum inhibi-

tion concentrations depend on species of fish, strain of

Vibrio and time exposure.

There are different methods of vaccination to prevent

the outbreak of vibriosis in farmed salmonids. These

include: bath or direct immersion (Egidius and Andersen,

1979; Gould et al., 1979; Kusuda et al., 1980; Laurencin

and Tangtrongpiros, 1980; Groberg, 1981; Davina et al.,

1982; Egidius and Andersen, 1982; Johnson et al., 1982a;

Johnson et al., 1982b; Kawano et al., 1983; Tatner and

Home, 1983; Aoki et al., 1984; Amend and Johnson, 1984;

Egidius and Andersen, 1984; Kawano et al., 1984; Sakai et

al., 1984; Tatner and Home, 1984), oral bacterin incor-

porated with feed (Fryer et al., 1972; Nelson, 1972;

Fletcher and White, 1973; Rohovec, 1975; Bratein and

Hodgins, 1976; Fryer et al., 1976; Gunnel et al., 1976;

Prescott, 1977; Fryer et al., 1978; Inebi and Home, 1979;
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1983; Johri'son and Amend, 1983; Kawamoto et al., 1984;

Kawano et al., 1984), spray (Gould, 1977; Gould et al.,

1978; Itami and Kusuda, 1980), intraperitoneal or intra-

muscular injection (Fletcher and White, 1973; Rohovec,

1975; Bratein and Hodgins, 1976; Sawyer and Strout, 1977;

Schiewe and Hodgins, 1977; Harrell, 1978; Sawyer, 1978;

Hastein et al.,, 1980; Groberg, 1981; Rosenkvist-Jensen,

1982; Agius et al., 1983; Amend and Johnson, 1984; Aoki

et al., 1984; Home et al.,, 1984; Sakai et al., 1984;

Tatner and Home, 1984), hyperosmotic infiltration (Antipa

and Amend, 1977; Croy and Amend, 1977; Aoki and Kitao, 1978;

Lannan, 1978; Antipa et al., 1980; Rosenvist-Jensen, 1982;

AokJ. et al., 1984), and passive immunization (Harrell et

al., 1975; Gould, 1977; Viele et al., 1980; Groberg, 1981;

Aoki et al., 1984)

The degree and duration of protection varies with the

route of vaccination (Rohovec, 1975; Antipa and Amend, 1977;

Fryer et al., 1978; Evelyn and Ketcheson, 1980; Agius et al.,

1983; Nelson et al., 1985), type of V. anguillarum bac-

terms (Harrell et al., 1975, Antipa, 1976), size and

species of fish (Johnson et al., 1982a; Tatner and Home,

1983; Tatner and Home, 1984), and temperature of water

(Snieszko, 1958; Fryer et al., 1976; Groberg, 1981; Johnson

et al., 1982b). In general intraperitoneal injection of

bacterin gives much longer and higher protection than oral
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or immersion methods of immunization (Rohovec, 1975; Evelyn

and Ketcheson, 1980; Agius et al., 1983). However, hyper-

osmotic immunization is more practical for large numbers of

fish, and the result is comparable to intraperitoneal

injection (Antipa and Amend, 1977). Antipa (1976) found

that heat-killed V. anguillarum antigen injected intraperi-

toneally gave more protection than formalin-killed, or

combination of both heat-killed and formalin-killed anti-

gens. The addition of alum adjuvant enhanced the response

of both oral and intraperitoneal immunizations (Agiusetal.,

1983; Home et aL,, 1984). Freund's complete adjuvant was

used in an immunization experiment by Harrell et al. (1975),

and results showed that the immune response was higher in

the fish that were immunized with bacterin and adjuvant

than that were immunized with bacterin without adjuvant.

After direct immersion into V. anguillarum bacterin

suspension, Johnson et al. (1982a) found that immunity

lasted longer in large fish than in small sized fish. They

also found that coho salmon (0. kisutch) and sockeye salmon

(0. nerka) had the longest immunity, pink salmon (0. gor-

buscha) the shortest, and chinook salmon (0. tshawytscha)

and rainbow trout (S. gairdneri) were intermediate. The

onset of protective immunity was also affected by water

temperature. In general, the higher the water temperature

the earlier the immunity was detected and the longer the

protection lasted (Groberg, 1981; Johnson et al., 1982b).
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Passive immunization against V. anguillarurn was studied

by Harrell et al. (1975), Viele et al. (1980), and Aoki et

al. (1984), and results varied among the experiments.

Harrell et al. (1975) injected rainbow trout with trout

anti-V. anguillarum serum from immunized fish and then

challenged with living bacteria by parenteral injection.

The trout were protected against vibriosis, but the protec-

tion began to decrease after eleven days. The antibody was

detected within ten minutes after injection, and reached a

peak titer of 512 after 96 hours. Although the titer

decreased sharply after 96 hours, some antibody could be

detected inthe fish serum 64 days afterpassive immunization.

Viele et al. (1980) tried to inject different substances

from different organs of immunized fish to control vibriosis

under laboratory conditions. The results showed that plasma

was most effective in transferring vibriosis protection,

followed by pronephros cells. Thymus tissue gave negative

results and splenocytes gave variable results. Contrasting

results were found by Aoki et al. (1984) in the study of

passive immunization. They injected immune serum from

fish immunized by immersion in lyophylized formalin-killed

bacterin one month previously. Four hours later all fish

were challenged by intraperitoneal injection with V.

anguillarum and held at 20°C for ten days. Controls were

injected with serum of non-vaccinated fish. No protection

from this attempt at passive immunization was observed.
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MATERIALS AND METHODS

Bacteria
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Cultures of Vibrio anguillarum (isolate LS 173) and

Vibrio ordalii (isolate MSC 275) were provided by the Fish

Disease Laboratory at the Hatfield Marine Science Center,

Oregon State University. These bacteria were inoculated

onto tryptic soy agar (TSA) and incubated at 18°C. Colo-

nies obtained from resulting pure cultures were identified

by colony morphology, cell motility, shape and gram stain,

sensitivity to novobiocin and vibriostat 0/129, and rapid

slide agglutination with specific rabbit antiserum. Before

the bacteria were used in experiments they were passed

through chum salmon (Oncorhynchus keta) or English sole

(Parophrys vetulus) three times by water-borne exposure.

After each passage bacteria were isolated from kidney

tissue of the fish that died by streaking onto TSA. Pure

cultures of the bacteria from each passage were identified

by colony morphology, sensitivity to novobiocin and vibrio-

state 0/129, and rapid slide agglutination.

Fish

Juvenile English sole (P. vetulus) were collected with

a 5-rn otter trawl in Yaquina Bay, Oregon and transported to

the Fish Disease Laboratory. To remove ectoparasites,

especially Gyrodactylus sp. that are very commonly found on
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their fins, the juvenile English sole were treated with a

1:4,000 formalin solution for one hour (Putz and Hoffman,

1963). Salmon used in experiments were fingerling chum

salmon (0. keta) hatched from eggs obtained at the Oregon

State University Experimental Fish Hatchery on Netarts Bay. Prior

to use in experiments, the fish were held in circular tanks

(87 cm in diameter and containing 125 1 of seawater) sup-

plied with pathogen free seawater (3-4 per minute) and fed

with a commercial moist salmon diet. The juvenile English

sole that had been treated with formalin were held in the

laboratory for 1 to 2 weeks before used in experiments to

allow feeding to begin and to adapt to laboratory condi-

tions. Both English sole and chum salmon were tested for

vibrio antibody titers to determine if they had previous

infections with V. anguillarum or V. ordalii. Fish used in

experiments were selected for uniform size and absence of

abnormalities. Measurements were made in weight (g ± SD)

and total length (Cm ± SD).

Challenge Method

Water-borne exposure to bacteria was used in most

experiments. The procedures followed the method described

by Gould (1977) for water-borne exposure of fish to V.

anguillarum. Pure cultures were grown in 10 ml trypticase

soy broth (TSB) and incubated at 18°C. After 24 hours the

cultures were transferred into 250 ml TSB in 500 ml
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Erlenmeyer flasks and incubated at 18°C with slow agitation.

Twenty four hours later these 250 ml cultures were trans-

ferred into 1 or 2 1 Erlenmeyer flasks containing 500 ml or

1,000 ml TSB (depending upon the amount of broth culture

needed). The final broth cultures were incubated at 18°C on

an agitator for about 20 hours. The bacterial suspensions

were made in circular tanks containing 50 liters of sea-

water. The concentration of the bacterial suspension varied

with the species of the bacteria, fish species and particu-

lar experiment. Approximate bacterial cell numbers were

estimated by optical density measurements of the cultures

at 525 nm using a spectrophotometer. More accurate bacter-

ial cell counts were determined by triplicate plate counts.

The fish were exposed to the bacterial suspension for

30 minutes with aeration. After 30 minutes water flow was

restored to normal levels with flow rate between 2 and 3

liters per minute. All experiments using water-borne expo-

sures were terminated in 14 days and fish were not fed.

Kidney tissue smears from all moribund or dead fish were

innoculated on TSA plates. The bacteria were identified by

colony morphology, sensitivity to novobiocin and vibriostat

0/129. To confirm the results, about 25 to 40% of the

isolates were tested with specific rabbit antiserum in a

rapid slide agglutination test.
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General Serological Methods

1. Vibrio anguiliarum and Vibrio ordalii bacterin preparation

A 10-mi broth culture of each bacterium was prepared

in TSB and incubated at 18°C for 24 hours. The purity of

the cultures was determined by gram stain, motility, colony

morphology on TSA, sensitivity to novobiocin and vibriostat

0/129, and rapid slide agglutination with specific anti-

serum. Each of these cultures was then transferred into

250 ml TSB and incubated at 18°C on an agitator. After 24

hours each was transferred again into 1 liter TSB and incu-

bated at 18°C on an agitator for about 20 hours. After

incubation the purity was tested and the cells were har-

vested. Harvesting the bacterial cells from these broth

cultures was accomplished with the aid of a Beckman Model

J2-2l centrifuge. The cells were washed three times in

sterile phosphate-buffered saline (PBS, pH 7.0) with centri-

fugation at 3,000 rpm for 10 minutes at 0°C. The harvested

cells were resuspended in 40 ml sterile PBS containing 0.3%

formaldehyde and kept in refrigerator for 24 hours. After

24 hours the cells were again washed and centrifuged three

times (10 minutes, 3,000 rpm, at 0°C) in sterile PBS.

Vaccines were prepared by resuspension of the wet-packed

cells in sterile PBS about 0,85 optical density at 525 nm.

Three 0.1 ml aliguots of the suspensions were inoculated

into TSA to test sterility. The absence of growth indicated
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non-viability of the bacterial cells. The vaccines were

frozen until they were used (Rohovec et al., 1981).

2. Rabbit Anti-Vibrio Sera

Each bacterium (V. ordalii or V. anguillarum) was

innoculated on an agar slant in an eight ounce bottle and

incubated at 18°C. Two bottles were prepared for each

bacterium. When the cultures were confluent on agar (about

48 hours for V. anguillarum and 96 hours for V. ordalii),

the cells were removed from the agar surface with 10 ml PBS

and washed three times with sterile PBS (pH 7.0) by centri-

fugation (3,000 rpm, for 10 minutes, at 0°C). The pellet of

each bacterium from the last washing was suspended in 10 ml

PBS. Two New Zealand white rabbits were used for antisera

production. One rabbit for anti V. ordalii and the other

for anti V. anguillarum serum. Each rabbit was injected (by

intradermal injection) at 15 sites with 0.1 ml suspension of

antigen and Freund's complete adjuvant. A booster injection

(by intramuscular injection) was given one week after the

first injection with a 1.0 ml suspension of antigen and

Freund's incomplete adjuvant. The first, second and the

third bleedings were done at 2, 3 and 4 weeks after the

booster injection. A second booster was given by injecting

each of the hind feet with 1.0 ml antigen and Freund's

incomplete adjuvant. The first hind foot was injected about

one week after the third bleeding. The second hind foot was
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The fourth, fifth and the sixth bleedings were done at 1, 2

and 3 weeks after the second booster injections. For the

first through the fifth bleeding, blood was collected from

the marginal ear vein (about 25 ml per bleeding). The

sixth bleeding was done by cardiac puncture and about 50 ml

of blood was collected from each rabbit. The blood was

allowed to clot at room temperature for two hours and then

placed at 4°C overnight for clot retraction. The serum was

collected by centrifugation (3,000 rpm, for 10 minutes, at

0°C) and frozen in sterile tubes. The titer of the har-

vested serum was determined after each bleeding by micro-

titer technique.

3. Harvesting Fish Sera

Fish blood was collected by cutting the caudal ped-

uncle. Individual or pooled blood samples were allowed to

clot at room temperature for one hour and overnight at 4°C.

The serum fraction was harvested by centrifugation (3,000

rpm, for 10 minutes, at 0°C). The serum was used immedi-

ately or frozen in a sterile tube until use.

4. Antigen Preparations for Microtiter

Antigens for microtiter tests were prepared by the

same procedures as in vaccine preparation except for forma-

un treatment. The antigens were made by resuspending the

harvested cells that had been washed in PBS without formalin
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treatment.. The concentration of the suspensions were

adjusted to an. optical density of 0.85 at 525 nm using a

spectrophotometer and stored at 4°C until they were used.

5. Microtiter Technique

Fifty 1.11 of serum was used in the microtiter technique

for determination of antibody titer. Serial doubling dilu-

tions of the serum sample using PBS were made in a 96 well

microtiter plate. After addition of antigen (50 il per

well), the plate was shaken gently for two minutes before

incubating two, hours at room temperature and overnight at

4°C. The antibody titer was determined after incubation by

observing the microtiter plates under a dissecting microscope.

Comparative Pathology

Thirty juvenile English sole (8.2 ± 0.6 cm, 5.0 ± l.lg)

and thirty fingerling chum salmon (11.4 ± 1.2 cm, 14.5 ±

4.4g) were used in this experiment. Each species of fish

was divided into two groups, each group consisted of 15 fish

that was challenged by water-borne exposure to a bacterial

suspension for 30 minutes at l2OC in a rectangular tank

containing 40 1 saltwater. The first group of English sole

was exposed to V. ordalil (l0, cells/ml) and the second

group to V. anguillarum (l0 cells/ml). The first group of

chum salmon was exposed to V. ordalii (106 cells/ml and

the second group to V. anguillarum (106 cells/mi). The

identity of the bacterial pathogen was confirmed by testing
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fish. Pathology caused by the bacteria was documented by

observing the external, internal and histopathological

changes in the diseased fish. Histological preparations

were made after fixation of moribund fish in bouin's solu-

tion for about two weeks. After fixation one of the gills

and a transverse section of the body (5 mm in thickness)

behind the operculum was taken and embedded in paraffin

after standard dehydration procedures. The embeddedtissues

were sectioned at 7 m thickness with a rotary microtome and

mounted on 25 x 75 inirt slides. The mounted tissues on slides

were stained with either hematoxylin and eosin or Giemsa's

stain and examined by compound microscope. Photographs were

taken using Kodak Plus-X Pan film.

Comparative Pathogenicity of Vibrio ordalii and Vibrio
anguillarum on Juvenile English sole and Chum salmon at
Different Temperatures of Water

To compare the pathogenicity of the two species of

Vibrio in salmonid and non-salmonid fishes, juvenile English

sole (8.2 ± 0.6 cm, 5.0 ± l.lg) and chum salmon (11.4 ± 1.2cm,

14.5 ± 4.4g) were experimentally infected either with V.

ordalii or V. anguillarum at 10, 14 or 18°C by water-borne

exposure. Twelve degrees centigrade approximated ambient

temperature (Frolander et al, 1973) and fish to be main-

tained at 10 or l8OC were acclimated prior to the experiment.

The acclimation was done by increasing or decreasing
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experiment was started about one week after the fish had

reached the acclimated temperature. Because results of a

preliminary study indicated that each fish species had a

different susceptibility to V. ordalii and V. anguillarum,

different concentrations of bacteria were used in each com-

bination between species of fish and species of bacteria.

Juvenile English sole were exposed to 4.2 x i07 cells/mi of

V. ordalii or 6.8 x i07 cells/ml of V. anguillarum. Fin-

gerling chum salmon were exposed to 2.0 x 105 cells/mi of

V. ordalii or 2.3 x i5 cells/mi of V. anguillarum. All

fish were exposed for 30 minutes at 10, 14 or 18°C in 50 1

of bacterial suspension. The experiment consisted of two

replicates with 16 fish per replicate. The exposed fish

were held at 10, 14 or 18°C in pathogen free flowing sea-

water for 14 days. Mortality of the fish was checked

daily. Relative pathogenicity was determined by the per-

cent of mortality of each treatment. Causative agents were

identified from kidney tissue smears on TSA from all fish

that died.

Comparative Pathogenicity of Vibrio ordalii and Vibrio
anguillarum in different sizes of English sole

To determine if the si:ze of fish affects suscepti-

bility to vibrosis, two different sizes of English sole

were experimentally infected with either V. ordalii (7.6 x

1O7 cells/mi) by water-borne exposure for 30 minutes at
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14°C. Each treatment had six replicates with 20 fish per

replicate. The small size group of English sole measured

7.7 ± 0.7 cm and 4.4 ± 0.7 g, and the large size group

measured 12.8 ± 0.6 cm and 16.2 ± 1.4 g per fish. The mor-

tality was checked daily and the experiment was terminated

after 14 days. The comparison of the pathogenicity was

based on the percent mortality in each treatment. Bacteria

were isolated and identified as described earlier.

Comparative Pathogenicity of Vibrio
sole and Chum salmon by Water-borne
peritoneal Injection

illarum in English
sure and Intra-

An experiment was designed to determine whether exter-

nal or internal protective factors were operating in the

protection of English sole and chum salmon from vibriosis.

Three doses of bacteria were used in both water-borne expo-

sure and intraperitoneal injection of each fish species.

There were 12 treatment combinations with three replicates

per treatment, and 10 fish per replicate. Vibrio anguillarum

was the only bacterium used in the experiment. The bacterium

was passed three times through English sole or chum salmon

before being used in the experiment. The size of English

sole was 8.5 ± 0.7 cm, and 5.6 ± 1.2 g, and for chum salmon

was 14.9 ± 0.9 cm, and 28.3 ± 6.8 g per fish. The concen-

trations of V. anguillarum used in water-borne exposure were

3.8 x 106, 3.8 x lO, and 3.8 x 108 cells/mi for English

sole, and 1.8 x l0, 1.8 x l0, and 1.8 x 106 cells/mi for
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14°C.

For intraperitoneal injections, the bacteria from

31

broth culture were harvested and washed three times in PBS

(3,000 rpm, 10 minutes, at 0°C), and resuspended in PBS

before use. Each individual fish was injected with 0.1 ml

washed V. anguillarum cells suspension using one mililiter

tuberculin syringe and 26 G x ½ inch needle. The concentrations

of the bacterial suspensions were 6.1 x 106,

6.1 x 108 cells/ml for English sole, and 1.8

lOs, and 1.8 x i6 cells/ml for chum salmon.

anesthetized with tricaine methane sulfonate

50 mg/i, before injection. The infected f is:

125 liters of seawater supplied with flowing

filtered seawater at about 2 to 3 liters per

6.1 x l0, and

x l0, 1.8 x

The fish were

(MS 222) ,

i were held in

ultraviolet

minute and 14°C

Fish mortality was checked daily until the experiment

was terminated. The comparative pathogenicityof V. anguil-

larum in water-borne exposure and intraperitoneal injection

was based on the LD50 of each exposure method. The LD5OS

were determined based on the method used by Reed and Muench

(1938). During the experiment the fish were not fed and

bacteria were iso1ated and identified as before.

Immune Response Experiments

Experiments were designed to determine the immune

response and duration of antibody titers in the sera of
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English sole and chum salmon after immunization either with

V. ordalii or V. anguillarum bacterin. Two experiments

were conducted to achieve these purposes. There were 160

juvenile English sole (11.2 ± 0.9 cm, 7.4 ± 1.7 g) and 160

fingerling chum salmon (15.8 ± 1.5 cm, 36.0 ± 7.5 g) used

in the first experiment. Each fish species was divided

into two groups consisting of 80 fish and maintained separ-

ately in circular tanks containing 125 liters, seawater supplied

with pathogen free seawater (2 to 3 1/mm) at 14°C for 15

days. The fish were fed daily with Oregon Moist Pellets,

about 5% of body weight for English sole, and about 3% for

chum salmon. After 15 days the first group of each species

was immunized by intraperitoneal injection with 0.1 ml (of

1O9 cells/mi) of formalin killed V. ordalii bacteria using

1.0 ml tuberculin syringe and 26 G x 1/2 inch needle. The

second group of each species was injected with 0.1 ml

sterile PBS (pH 7.0) and used as a control. Tricaine

methane sulfonate (MS 222), 50 mg/i was used as an anes-

thetic while the fish were being injected.

The second experiment was identical to the first

except that V. anguillarum was source of the bacterin. The

second group, also consisting of 80 English sole and 80

chum salmon, was injected with 0.1 ml sterile PBS and used

as a control.

Each week 2 or 3 fish were sampled from each tank to

check the immune response. The microtiter method was used
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to determine the antibody titers of the pooled serum of

fish from each tank. When the antibody titers of iminu-

nized fish had reached a peak, about 4 weeks post

immunization, the fish were challenged with live V. ordalii

or V. anguillarum. Forty fish were taken randomly from

each tank and divided into four groups (10 fish per group).

The first two groups were challenged with the bacteria

that had been passed through English sole, and the other

two groups were challenged with the bacteria that had been

passed through chum salmon. Water-borne exposure was used

for this purpose, and conducted under conditions previously

described. The bacterial concentrations used for water-

borne exposures are shown in Table 1. Mortality was

checked daily and bacterial pathogens were isolated and

identified as described earlier. The relative percentsur-

vival (RPS) was calculated using the formula adapted by

Johnson et al. (1982).

% mortality of vaccinated fish
RPS = ( 1 % mortality of unvaccinated fish

x 100%

The remainder of the fish in each tank was sampled weekly

until the eighth week, and monthly after eight weeks, to

determine the duration of immune response.

Passive Protection Experiments

Two experiments were designed to determine if the

relative resistance to vibriosis in English sole can be
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Table 1. Concentrations of bacteria in water-borne exposure in
irrrnune response experirnts (cells/mi)

Fish species (bacterin)

V. ordalii(E)*) V. ordalii(C)**)

Experiment I

English sole (V. ordalii, E)*) 5.5 x 5.2 x

English sole (PBS) 5.5 x l0' 5.2 x107

Chum salnxn (V. ordalii, C) 5.0 x i06 5 o x io6

Chum salnDn (PBS) 5.0 x io6 5.0 x io6

Experiment II

English sole (V. anguil-
larum, E)*)

English sole (PBS)

V. anguillarum(E)
*) v anguillarum(C)

**)

4.8 x io7***) 4.3 x

4.8 x 4.3 x

chum salirn (V. anguil-
larum, C)**Y 2.9 x io6 2.6 x i06

chum saluon (PBS) 2.9 x io6 2.6 x io6

*) (E) or E) : the bacterium was passed through English sole.

**) (C) or C) : the bacterium was passed through chum saJmDn.

***) There were to replicates in every dose (with 10 fish/replicate).

****) Water-borne: the fish were exposed for 30 minutes at 14°C.
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transferred to chum salmon by intraperitoneal injection

of English sole serum. In the first experiment, 96

fingerling chum salmon (17.9 ± 1.2 cm, 43.0 ± 18.5 g) were

divided into two groups. In the first group, each fish

was given an intraperitoneal injection with 0.1 ml serum

of chum salmon using a 1.0 ml tuberculin syringe 26 G x

1/2 inch needle. The second group was injected with 0.lml

English sole serum. The chum salmon serum used was the

pooled serum of 20 fingerling chum salmon averaging 17.6 ±

1.2 cm, and 47.5 ± 7.6 g. The English sole serum was the

pooled serum of 10 adult English sole averaging 22.5 ±

1.3 cm, and 126.3 ± 4.8 g. The adult English sole were

reared from juvenile English sole captured in Yaquina Bay

that had been maintained in pathogen free seawater under

laboratory conditions for 3 to 4 years. Both chum salmon

serum and English sole serum had slightly positive reac-

tions to V. ordalii and V. anguillarum antigens (in 1:2

titer) when tested by the microtiter technique. When the

fish were to be injected they were anesthetized with MS 222,

50 mg/i. Four days after the injection each group was

divided into four subgroups consisting of 12 fish each.

The first and the second subgroups were challenged by

water-borne exposure to V. ordalii (8.6 x 106 cells/mi) for

30 minutes at 14°C. The third and the fourth subgroups

were challenged with V. anguillarurn (6.2 x 106 cells/mi)

in the same manner. The mortality was checked daily, and
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the bacteria isolated were identified from TSA cultures as

in the other experiments.

A second experiment was conducted to determine if the

amount of serum and the time between injection and challenge

affect the degree of protection. Both fingerling chum sal-

mon and adult English sole were taken from the same stock

as they were in the first experiment. Thirty chum salmon

(18.8 ± 4.3 cm, 55.5 ± 11.6 g) were injected intraperi-

toneally with 0.25 to 0.30 ml chum salmon serum, and another

group of 30 was injected with 0.25 to 0.30 ml English sole

serum. The chum salmon serum was pooled serum collected

from 12 fingerling chum salmon, and English sole serum

was pooled from 8 adult English sole. Both sera had a

slightly positive reaction to V. anguillaruin antigen tested

by microtiter technique (in 1:2 titer). As previously,

MS 222 (50 mg/l) was used as an anesthetic when the fish

were to be injected. After injection each group was divi-

ded into three subgroups and kept separately in 125 liters

of flowing seawater (2-3 1/mm) at 14°C. Five hours after

injection the fish were challenged with V. anguillarum

(5.1 x 106 cells/mi) by water-borne exposure for 30 minutes

at 14°C. Each subgroup consisting of 10 fish was used for

a replicate. The mortality was checked daily, and the

isolated bacteria identified as described above.
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Virulence Selection Experiment

An experiment was designed to measure changes in the

virulence of the two species of Vibrio after several pas-

sages through either chum salmon or English sole. Vibrio

ordalii isolate MSC 275 and V. anguillarum isolate LS 173

were inoculated onto TSA and incubated at 18°C for 2-4

days. Identification was confirmed by gram stain, colony

morphology, sensitivity to novobiocin and vibriostat 0/129,

and rapid slide agglutination test. Each species of the

bacterium was then passed three times either through chum

salmon or English sole by the water-borne exposure method.

Kidney tissue from dead fish was inoculated onto TSA after

each passage and identified as above. Any changes in

virulence for the homologous fish species were determined

after the three passages on the basis of LD5O of water-

borne exposure method. Based on a preliminary study, three

doses of V. ordalii and V. anguillarum were used in the

water-borne exposure. There were 24 treatment combina-

tions in this experiment (two species of fish, four

"isolates" of bacteria, and three doses of each isolate).

Each treatment consisted of two replicates with 16 fish

per replicate. The English sole that were used in the

experiment measured 9.5 ± 1.2 cm and 8.4 ± 2.6 g, and the

chum salmon measured 10.5 ± 1.1 cm and 8.6 ± 2.8 g. The

fish were experimentally infected by water-borne exposure

in a suspension of the bacteria at 12°C. The concentrations
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of the bacteria that were used in the water-borne expo-

sures are shown in Table 2. Dead fish were sampled each

day until the experiment was terminated. Kidney tissue

from each of the dead fish was innoculated onto TSA for

identification of the causative agent. The method for

calculation of the LD50 was adopted from that of Reed and

Muench (1938).

Statistical Methods

The treatments in all experiments that were used to

determine the difference in percent mortality and mean

death time under laboratory conditions were arranged in a

completely random design (Cochran and Cox, 1957). To

determine the difference between treatments within an

experiment, factorial analysis of variance was used (Steel

and Torrie, 1980), except in the second passive irnmuniza-

tion experiment where the difference in percent mortality

and mean death time between groups was analyzed by a t

test. The difference between treatments in an experiment

both in factorial and t-test analysis was based on F or

t-table with P < 0.05.
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Table 2. Concentrations of the bacteria in water-borne exposure
in virulence selection experiment (cell s/mi)

Bacteria species Fish species

English sole Chum salrron

Vibrio ordalii (E)*) 1. 3.6 x io6 ***)
2.3 x

2. 3.6 x 2.3 x io6

3. 3.6 x i08 2.3 x 1O7

Vibrio ordalii (C)**) 1. 3.1 x 2.3 x 1O5

2. 3.1x107 2.3x106

. 3.1 io8 2.3 x

Vibrio anguil1an(E)*) 1. 2.3 x io6 1.9 x

2. 2.3 x 1.9 x 1O5

3. 2.3 x io8 1.9 x io6

Vibrio anguillarum (C) 1. 2.5 x io6 1.4 x

2. 2.5 x 1O7 1.4 x

3. 2.5 x io8 1.4 x io6

*) V. ordalil and V. anguillarum that have been passed through
English sole.

**) V. ordalii and V. anguillaiiim that have been passed through
chum sairron.

***)
There were two replicates (16 fish/replicate) for each dose.
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CHAPTER IV

RESULTS

Comparative Pathology

Both Vibrio species caused similar pathological

changes in both fish species, but the onset of pathological

signs in V. anguillarum infected fish was faster than in

those infected with V. ordaIji. Chum salmon infected with

bacteria by the water-borne route commonly had a darkening

of the dorsal part of the body, erythema at the base of the

fins and erected scales .(Fig. 3 and 4). The fish became

sluggish, lost balance, and often developed exophthalmia

and a distended abdomen with excessive fluid in the body

cavity. Hemorrhaging was common in gills, within the

mouth, body musculature, intestine and other internal

organs. If the fish did not die until this stage, slough-

ing skin and red necrotic lesions In the musculature were

often found shortly before fish died.

Most of the chum salmon that were injected intraperi-

toneally with bacteria developed a lesion around the

injection site. This lesion became a hemorrhagic ulcera-

tion at the center with necrosis at the periphery (Fig. 4).

Causative agents were easily isolated from kidney tissue

of moribund or dead fish infected by water-borne or

intraperitoneal injection routes.
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Similar gross pathological changes were found in

English sole infected with either V. ordalii or V. anguil-

larum. Most of the pathological signs were observed on

the blind side of the fish. Hemorrhages occurred in

fins, base of the fins, operculum, body musculature (nor-

mally along the lateral line), and in internal organs such

as intestine, kidney, spleen and liver. Necrotic fins and

very severe hemorrhaging were observed in the late stages

of the disease (Fig. 1). A few fish also developed a grey-

colored lesion on the skin of the eyed side. A distended

abdomen was observed in some diseased English sole but no

fish with exophthalmia was observed. In slowly progressing

infections, hemorrhages developed ji the body musculature

posterior to the abdomen (Fig. 2).

There were no major differences in pathological

changes in English sole infected by the water-borne or

intraperitoneal injection routes. In some cases hemor-

rhaging was present around an injection site, but ulcera-

tion was not normally observed. Causative agents were

easily isolated from kidney tissue of the moribund or the

dead fish. In both fish species, there were some fish that

died without any clear signs of the disease, especially

fish which died about 1 to 2 days after exposure to bac-

teria.

Histological preparations from moribund individuals

(about 3 to 9 days after exposure) showed that necrotic
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Figure 1. Dead English sole (Parophrys vetulus) after

water-borne exposure to Vibrio anguillarum.

(H = hemorrhages; N = necrotic fin).

Figure 2. Dead English sole (Parophrys vetulus) after

water-borne exposure to Vibrio ordalii.

(H = hemorrhage extensive in posterior portion

of body).

Figure 3. Dead chum salmon (Oncorhynchus keta) with

hemorrhages (H) at the base of fins and vent

after water-borne exposure to Vibrio ordalii.

Figure 4. Dead chum salmon (Oncorhynchus keta) infected

with Vibrio anguillarum.

above: with epiderinal necrosis (N) after

water-borne exposure to the bacteria,

and

bottom: after intraperitoneal injection with

bacteria which caused hemorrhagic ulcer-

ation (HU) around injection site.
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Figure 5. Section of gill of uninfected English sole

(Parophrys vetulus). (LE = lamellar epithe-

hum) (400 x)

Figure 6. Section of gill of moribund English sole

(Parophrys vetulus) after water-borne exposure

to Vibrio anguihIarum. (Most of lamehlar epi-

thehium has been lost) (400 x)

Figure 7. Section of kidney of uninfected English sole

(Parophrys vetulus). (400 x)

Figure 8. Section of kidney of moribund English sole

(Parophrys vetulus) after water-borne exposure

to Vibrio anguihlarum. (N = necrosis of

hematopoletic tissue; B = bacteria) (400 x)
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Figure 9. Section of muscle of uninfected English sole

(Parophrys vetulus). (400 x)

Figure 10. Section of muscle tissue of moribund chum

salmon (Oncorhynchus keta) after water-borne

exposure to Vibrio anguillarum (B = bacteria).

(400 x)

Figure 11. Section of muscle tissue of moribund English

sole (Parophrys vetulus) after water-borne

exposure to Vibrio ordalii (B = bacteria)

(400 x)

Figure 12. Section of muscle tissue of moribund chum

salmon (Oncorhynchus keta) after water-borne

exposure to Vibrio ordalii (C = small colonies

of bacteria). (1,000 x)

Figure 13. Bacteria in connective tissue of moribund

English sole (Parophrys vetulus) after water-

borne exposure to Vibrio anguillarum. (B

bacteria) (400 x)
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kidney tissue and damaged gill filaments with sibughing

epidermis were normally observed in both chum salmon and

English sole infected with either V. ordalii or V. anguil-

larum. Although the bacteria were present in liver,

spleen, pancreas and intestine there was no obvious necro-

tic tissue observed. Anatomical sites where both V.

ordalii and V. anguillarum were found in chum salmon and

in English sole are presented in Table 3. In general,

both Vibrio species had similar sites of infections in

both chum salmon and English sole. Variations in the num-

ber of bacteria within or between sites of infections were

observed in both bacterial species and both fish species.

In most cases both bacterial species dispersed in infected

tissue except V. ordalii which sometimes formed small and

loose colonies within the muscle tissue of infected chum

salmon. No colonies of V. ordalii were observed in muscle

tissue of infected English sole.

Comparative Pathogenicity of Vibrios at Different Water
Temperatures

Variation between replicates in percent mortality and

mean time to death was very common in both English sole

and in chum salmon (Table 4). The higher the water tem-

perature the greater the variation in percent mortality.

However, mortality generally increased with increasing

water temperature, and statistically significant differences

in percent mortality were found between 10 and 14°C,



Table 3. Sites of infections for Vibrio anguillarum or Vibrio ordalii in chum salnDn (Oncorhynchus
keta) or English sole (Parophrys vetulus)

Organ or tissue cinea thum sai lish sole

V. anguillarum V. ordalii V. anguillarum V. ordalii

Blood ++ + ++ +

Loose connective tissue + + + + + + +

Kidney + + ++ +

Spleen + + + +

Skeletal muscle + + + +

Gastrointestinal tract + + + + + + + +

Integurtnt + ++ ++ +

Liver + + + +

Pancreas ++ ++ ++ +

Gills ++ ++ ++ +

Bacteria in colonies No few & small No No

Bacteria dispersed Yes Yes Yes Yes

+ = Bacteria observed, but were in low numbers and difficult to find at 400 x.

+ + = Bacteria were observed in a higher number than (+) and were easily found at 400 x.
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Table 4. brta1ity rates of English sole (Paroph.rys vetulus) and
chum sa].non (Oncorhchus keta) fected with Vibrio
ordalii or Vibrio anguillarum at 10, 14 and 18CC

Fish species/

Bacteria p

species *)

___________________________________
10°C

vbrtaiity rates (%) at

14°C 180C**)

English sole

ordalii 1. 18.8 43.8 81.3
(4.2 x 107
cells/mi) 2. 25.0 37.5 68.8

Average 21,9 40.6 75.0

1. ancuil1arum 1. 37.5 62.5 81.3
(6.8 x io

cells/mi) 2. 31.3 56.3 93.8

Average 34.4 59.4 87.5

churn sairron

V. ordalii 1. 43.8 75.0 93.8
(2.0 x i0
cells/mi) 2. 50.0 68.8 81.3

Average 46.9 71.9 87.5

V. anquillaruin 1. 68.8 81.3 100.0
(2.3 x
cells/mi) 2. 62.5 75.0 100.0

Average 65.6 78.1 100.0

*) 16 fish per replicate.

**)
There were significant differences in nortality rates between
10 and 14°C, 10 and 18°C, and 14 and 18°C (P <0.05).
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10 and 18°C, and between 14 and 18°C, in all treatment

combinations. The results also showed that V. anguillarum

caused a significantly higher percent mortality than did

V. ordalii in both English sole and chum salmon at each

water temperature.

Water temperature not only affected mortality rate,

but also significantly affected mean time to death (Table 5).

In general, the higher the water temperature the shorter

the mean time to death. Statistically, the mean time to

death was significantly different between 10 and 14°C, 10

and 18°C, and between 14 and 18°C in all treatment combi-

nations. Significant differences in mean time to death

were found between English sole and chum salmon at all

water temperatures. In general, English sole had a higher

mean time to death than did chum salmon infected with

either bacterial species. If two bacterial species are

compared, there were significant differences in mean time

to death between V. ordalii and V. anguillarum at all water

temperatures. Vibrio ordalii infection resulted in a

longer mean time to death than did V. anguillarum in both

fish species. Statistical analysis also showed that there

were interactions between water temperature and fish spe-

cies, and between water temperature and bacterial species

in the mean time to death.

In addition, water temperature also affected the

period between exposure to the bacteria and the beginning



52

Table 5. Mean time to death of English sole (Paroxys vetUlus)
and chum saliton (Oncorhynchus keta) infected with
Vibrio ordalii or Vibrio anguillarum at 10, 14 and 18°C

Fish species!

Bacteria Rep. Mean time to death (days) at

species
10°C 14°C 189C**)

English sole

V. ordaiii 1. 9.0 7.9 6.9
(4.2 x

cells/mi) 2. 8.8 7.3 6.9

Average 8.9 7.6 6.9

ancp.iillarum 1. 8.7 4.8 4.1
(6.8 x io
cells/mi) 2. 7.8 5.3 4.5

Average 8.3 5.1 4.3

Chum salzron

V. ordalii 1. 6.6 5.1 2.5
(2.0 x iü

cells/mi) 2. 7.0 5.6 3.1

Average 6.8 5.4 2.8

ancjuillarum 1. 6.3 4.6 2.3
(2.3 x 105
cells/mi) 2. 6.1 4.7 2.5

Average 6.2 4.7 2.4

*) 16 fish per replicate.

**) There were significant differences in mean time to death
between 10 and 14°C, 10 and 18°C, and 14 and 18°C (P < 0.05).
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of fish mortality. At 18°C, in both English sole and

chum salmon that were infected by either V. ordalii or

V. anguillarum, mortality began in 2 to 3 days, at 14°C

in 2 to 4 days, at 100c in 3 to 5 days after exposure.

In general, at high water temperatures the mortality was

high and occurred in a relatively short period of time,

while at low water temperatures, the mortality was low

and tended to extend over a relatively long period of

time.

Comparative Pathogenicity on Different Sizes of English
sole

When the susceptibility of different sized English

sole to Vibrio species was compared, there were variations

between the replicates in percent mortality and mean time

to death (Tables 6 and 7). The variations were greater

in the small sized than in the large sized English sole.

However, mortality started at almost the same time in both

groups, between 3 and 4 days after exposure for V. ordalii

and between 2 and 3 days for V. anguillarium. In V.

anguillarum exposed fish, heavy mortality in both small

and large size groups occurred between 3 and 5 days after

exposure. In V. ordalii a similar heavy mortality did not

occur, the mortality rate was low and continued until 11

days after exposure.

Mortality was statistically significantly higher in

small sized than in large sized English sole (Table 6). In
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Table 6. brtality rates in different sized English sole (Parophrys
vetulus) infected with Vibrjo ordalii or Vibrio anguillarum
after water-borne exposure at 14°C (small size: 7 7 ± 0.7 cm,
4.4 ± 0.7 g; large size: 12.8 ± 0.6cm, 16.2 ± 1.4 g)

Bacteria 1epli-
!'brtality of English sole

species cates small size large size
*) o**)

-6

V. ordalii
1. 55.0 20.0

(7.8 x 1O -

cells/mi) 2. 40.0 30.0

3. 45.0 20.0

4. 35.0 25.0

5. 40.0 20.0

6. 30.0 20.0

Average 40.8 22.5

V. anguillarum 1. 85.0 35.0

(7.6 x 1O7

cells/mi)
2. 70.0 30.0

3. 70.0 25.0

4. 55.0 30.0

5. 65.0 30.0

6. 45.0 30.0

Average 65.0 30.0

*) 20 fish per replicate.

**) There was significant difference in rrortality rates between
small and large groups (P < 0.05).
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Table 7. Mean time to death of different sized English sole (Paro-
phrys vetulus) infected with Vibrio ordalli or Vibrio
anguillarum after water-borne exposure at 14°C (small
size: 7.7 ± 0.7 cm, 4.4 ± 0.7 g; large size: 12.8 ± 0.6cm,
16.2 ± 1.4 g)

Mean time to death (days)

ii Vibrio ordalii Vibrio anquillarum

caes (7.8 x 107 cells/mi) (7.6 x io cells/mi)

sa11 size large size small size large size**

1. 7.9 7.5 4.2 6.0

2. 7.4 7.8 3.9 5.5

3. 6.3 6.0 4.6 4.0

4. 7.6 6.6 3.6 4.0

5. 6.4 7.5 5.3 4.5

6. 6.0 8.3 4.9 4.5

Average 6.9 7.3 4.4 4.8

*) 20 fish per replicate.

**) There was no significant difference in mean tine to death between
small and large groups (P < 0.05).
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English sole infected with V.. ordalii, the mortality in

the small sized group ranged between 30 to 55% (average

40.8%), and in the large sized group ranged between 30 and

30% (average 22.5%). The mortality of English sole caused

by V. anguillarum in the small group was between 45 and

85% (average 65%), and in the large group between 25 and

35% (average 30.0%).

Mean time to death of fish that were challenged with

V. ordalii ranged from 6.0 to 7.9 days (average 6.9 days)

in the small size group, and from 6.0 to 8.3 days (average

7.3 days) in the large size group(Table 7). In the fish

that were challenged with V. anguillarum, the mean time

to death was 3.6 to 5.3 days (average 4.4 days) in the

small size group, and from 4.0 to 6.0 days (average 4.8

days) in the large size group. The mean time to death of

fish in the two size groups of English sole was not sig-

nificantly different whether infected with V. ordalii or

V. anguillarum. When the comparison was made between

species of Vibrio, mean time to death of English sole

caused by V. anguillaruin was significantly shorter than

that caused by V. ordalii in both size groups.

Comparative Pathogenicity of Vibrio anguillarum in English
sole and Chum salmon Exposed by Water-borne and Intraperi-
toneal Injection

In English sole the LD50 for water-borne exposure was

higher than the LD50 for intraperitoneal injection of
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V. anguillarum (Table 8). In English sole the LD50 of

water-borne exposure varied between 4.1 and 35.7 times the

LD50 of intraperitoneal injection. In chum salmon the LD50

of water-borne exposure varied between 28.4 and 130.8 times

the LD50 of intraperitoneal injection. Statistically the

LD50 of water-borne exposure was significantly higher than

the LD50 of intraperitoneal injection in both English sole

and chum salmon. Further statistical analysis also showed

that the LD50 in English sole was significantly higher than

in chum salmon after water-borne exposure and intraperi-

toneal injection. After water-borne exposure the LD5Q for

English sole was between 33.1 and 363.1 times (average

151.4 times) the LD50 of chum salmon, and after intraperi-

toneal injection, was between 259.1 and 1,096.5 times

(average 575.4 times). In general, the ratio of LD50 after

intraperitoneal injection of English sole to chum salmon was

higher than after water-borne exposure.

In addition to greater LD50 values, water-borne expo-

sure also resulted in a greater mean time to death than did

intraperitoneal injection in all bacterial concentrations

(Table 9). Regardless of bacterial concentration, English

sole had a mean time to death between 2.0 and 4.5 days

after water-borne exposure, and between 2.3 and 4.3 days

after intraperitoneal injection. Chum salmon had mean

time to death between 4.2 and 7.7 days in water-borne

exposure and between 3.3 and 4.6 days in intraperitoneal
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Table 8. The LD50 of English sole (Parophrys vetulus) and chum salixon
(Oncorhynchus keta) after water-borne exposure and intra-
peritoneal injection with Vibrio anguillamn at 14°C.

Fish species Rep.
50

(cells/mi)

Water-borne i . p.
injection*)

English sole 1. 17 x 1O 1.4 x i06

2. 5.8 x io6 5.6 x 1O5

3. 2.0 x 8.1 x 1O5

Average 1.4x107 9.2x105

thurnsalnon 1. 6.2x104 1.9xl03

2. 5.4 x 1O4 1.3 x 1O3

3. 1.7 x l0 1.4 x

Average 9.5 x 1O4 1.5 x 1O3

*) There was significant difference in LDrj between water-borne and
i.p. injection (P<0.05).
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Table 9. Average of rrean tixte to death of English sole (Parophrys
vetulus) and chum salnon (Oncorhynchus keta) after
water-borne exposure and intraperitoneal injection with
Vibrio anguillarurn at 14°C

Fish species Bacteria Average nean time to death (days)

(cells/mi) Water-borne i.p. injection***)
**)

English sole io6 3.5 3.3

3.3 3.3

io8 3.6 2.3

churn sairron 6.7 4.1

10 4.9 3.5

io6 44 45

*) i.p. injection: 0.1 ml of bacterial concentration per fish.

**) There were 3 replicates per bacterial concentration.

***)
mere was significant difference in irean time to death between
water-borne and ± . p. injection (P < 0.05).



injection. Statistically, the mean time to death after

water-borne exposure was significantly higher than mean

time to death after intraperitoneal injection. When the

comparison was made between fish species, the results

showed that the mean time to death of chum salmon was sig-

nificantly longer than that of English sole after water-

borne exposure and intraperitoneal injection (Table 9).

Immune Response Experiments

The mortality rate of English sole challenged with

V. ordalii ranged from 10 to 20% in vaccinated fish, and

from 30 to 70% in unvaccinated fish. In English sole that

were challenged with V. anguillarum the mortality rate

ranged from 10 to 20% in vaccinated fish, and from 40 to

60% in unvaccinated fish. There was no mortality in vac-

cinated chum salmon challenged with V. ordalii, and only

one out of four replicates had a 10% mortality when the

fish were challenged with V. anguillarum. In unvaccinated

chum salmon challenged with V. ordalii the mortality rate

was between 20 and 70%, and in those which were challenged

with V. anguillarum, between 70 and 90%. Statistical

analysis showed that the mortality rate was significantly

higher in unvaccinated fish than in vaccinated fish in all

treatment combinations. Within bacterial species, there

was no significant difference in mortality rate caused by

bacteria that were passed through English sole or chum



61

salmon in both vaccinated and unvaccinated fish. The

average mortality rates of both vaccinated and unvacci-

nated fish are given in Table 10.

In most treatments, mortality in unvaccinated fish

began sooner (about two days after challenged) than in

vaccinated fish (about three days after challenged). How-

ever, statistical analysis did not show that there was a

significant difference in mean time to death between

vaccinated and unvaccinated groups, or between V. ordalii

and V. anguillarum within fish species. In English sole,

mean time to death of the vaccinated group was between 3.0

and 5.0 days, and in the unvaccinated group was between

2.3 and 7.3 days. In unvaccinated chum salmon the mean

time to death was between 5.4 and 8.5 days. The average

mean time to death in each treatment is presented in

Table 11.

Relative percent survival (RPS) of English sole chal-

lenged with V. ordalii ranged between 50 and 71.4% (average

65.2%), and with V. anguillarum was between 50 and 80%

(average 69.7%). In chum salmon challenged with V. ordalii

the RPS was 100%, and with V. anguillarum was between 85.7

and 100% (average 96.9%). Chum salmon had a higher RPS

than did English sole whether challenged with V. ordalii

or V. anguillarum. When the comparison of RPS was made

between fish exposed to bacteria that passed through the

heterologous fish species, slightly different RPS were
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Table 10. Average rirtality and relative percent survival (RPS) of
vaccinated arx3. unvaccinated glish sole (Parophrys
vetulus) and chum salnon (Oncorhynchus keta) challenged
with Vibrio ordalii and Vthrio anguillarum at 14°C

Fish species/ Average nortality rates (%) PPS

Bacteria species Vaccinated Unvaccinated

English sole

V. ordalii (E) (5.5xl07) 15.0*) 45.0 66.7**)

(C) (5.2x107) 20.0 55.0 63.6

Average 17.5 50.0 65.2

V. anguillaruin (E) (4.8xl07) 15.0 55.0 72.7

(C) (4,3xl07) 15.0 45.0 66.7

Average 15.0 50.0 69.7

chum salon

V. ordalii (E) (5.OxlO6) 0.0 30.0 100.0

(C) (5.0x106) 0.0 60.0 100.0

Average 0.0 45.0 100.0

V. anguillarurn (E) (2.OxlO6) 0.0 80.0 100.0

(C) (2.6x106) 5.0 80.0 93.8

Average 2.5 80.0 96.9

(E): The bacteria were passed three tines through Eg1ish sole.

(C): The bacteria were passed three tines through chum salon.

*): There was significant difference in rrortality rates between
vaccinated and unvaccinated fish (P< 0.05).

**): There were two replicates per treatnent, with 10 fish per replicate.
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Table lie Average irean tine to death of vaccinated and unvaccinated
English sole (Parophxys vetulus) and chum saliron (Oncor-
hynchus keta) challenged with Vibrio ordalii and Vibrio
anguillarum at 14°C

Fish species/ Average nan tizre to death (days)
Bacteria species Vaccinated Unvaccinated*)

English sole

V. ordalii (E) (5.5x107) 3.5 2.8**)

(C) (5.2xLO7) 4.0 3.1

Average 3.75 2.95

V. anguillarum (E) (4.8x107) 3.5 4.1

(C) (4.3x107) 3.5 5.8

Average 3.50 4.95

Chum saliron

: ordalii (E) (5.0x106) _.***) 7.3

(C) (5.0x106) - 5.4

Average 6.35

V. anguillarum (E) (2.9x106) - 5.7

(C) (2.6x106) 3.0****) 6.5

Average 3.0 6.1

(E): The bacteria were passed three tirres through English sole.
(C): The bacteria were passed three t±res through chum salxron.
*): There was no significant difference in mean tiire to death

between vaccinated and unvaccinated fish (P < 0.05).
**): There were two replicates per treatment, with 10 fish per

replicate.
***): There was no fish rrortality.

****): Only one out of two replicates.
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observed. Exposure to bacteria that had been passed

through the heterologous fish species resulted in a lower

RPS in English sole, and the same or higher RPS in chum

salmon than did exposure to the bacteria that had been

passed through homologous fish species (Table 10).

Both juvenile English sole and fingerling chum salmon

produced antibody titers against V. ordalii and V. anguil-

larum bacterins, and the titer level and duration was

similar in both fish species (Figure 14 and 15). These

fish species had higher antibody titers (about twofold)

when they were immunized with V. anguillarum bacterin than

when V. ordalii bacterin was used. Antibody titers were

first detected 1 week after immunization, and reached a

maximum in 3 or 4 weeks. After reaching peaks (1:32 for

V. ordalii bacterin, and 1:64 for V. anguillarum bacterin),

the antibody titers decreased slowly until the end of the

experiment. However, when the experiment was terminated

about 5 months after immunization both English sole and

chum salmon still had positive antibody titers (between

1:2 and 1:4).

Some juvenile English sole (about 5-10%) from both

vaccinated and unvaccinated groups died about one month

after immunization. Kidney tissue was innoculated onto

TSA and no bacterial infections were detected. The dead

fish were usually thin and the digestive tract contained

no food suggesting that they were not feeding and starved

to death.
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Passive Protection Experiments

The average mortality rate of chum salmon that were

injected with chum salmon serum and challenged with V.

ordalii was 62.5% and with V. anguillarum was 58.4% (Table

12). In chum salmon that were injected with English sole

serum and challenged with V. ordalii the average mortality

was 45.9% and with V. anguillarum was 41.7%. The mortal-

ity rates in fish that were injected with English sole

serum were generally lower than those that were injected

with chum salmon serum. However, there was no statist!-

cally significant difference in percent mortality between

the two groups.

The mean time to death for chum salmon that were

injected with English sole serum and exposed to V. ordalii

was higher than that for fish injected with chum salmon

serum (Table 13). However, if the chum salmon were chal-

lenged with V. anguillarum, those that were injected with

chum salmon serum had a higher mean time to death than

those injected with English sole serum. There was no sta-

tistically significant difference in mean time to death

between the two chum salmon groups. A significant differ-

ence in mean time to death was found only in chum salmon

that were injected with English sole serum and then

challenged with V. ordalii and with V. anguillarum. The

mean time to death for chum salmon challenged with V.

ordalli was higher (between 6.0 and 8.8 days) than the



Table 12. Ivbrtality rates of chum salrxn (Oncorhynchus keta) that
were injected with chum sa1rrn serum or English sole
(Parophxys vetulus) serum and challenged with Vibrio
ordalii or Vibrio anguillarum at 14°C

rtality rates (%) of chum salmon

challenged pep. injected with

with *) Chum saJn serum English sole serum**)

V. ordalii 1. 75.0 50.0

(8.6x10
2 500 417

cel1s,'n1)

Average 62.5 45.9

V. anguillarum 1. 66.7 50.0

cells/mI)
2. 50.0 33.3

Average 58.4 41.7

*) There were 12 fish per replicate.

**) There was no significant difference in mortality rates between
chum salmon injected with chum salmon serum or English sole
serum (P<0.05).



Table 13. an time to death of chum sairron (Oncorhynchus keta)
injected with chum saliron serum or English sole
(Parophxys vetulus) serin arid challenged with Vibrio
ordalii or Vibrio anguillarum at 14°C

Mean tine to death (days) of chum

challenged saiitn injected with

with *) chum salrron serum English sole serum**)

V. ordalil 1. 7.0 8.3

(8.6x106
2

cells/mi) . 6.0 88

Average 6.5 8.6

V. anguillaxiin 1. 6.5 5.3

(6.2xl06
cells/mi)

2. 6.0 48

Average 6.3 5.1

*) There were 12 fish per replicate.

**) There was no significant difference in rrean tine to death between
chum sainion injected with chum salrron senm or English sole
serum (P<0.05).
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mean time to death of chum salmon that were challenged

with V. anguillarum (between 4.8 and 6.5 days). In addi-

tion, regardless of serum injection, the fish that were

challenged with V. ordalii began to die later (5 days

after challenge) than did those challenged with V. anguil-

larum (4 days). Increasing the dose of serum and earlier

challenge did not cause significant effects on fish mor-

tality rates and mean time to death. Chum salmon that were

either injected with chum salmon serum or with English sole

serum had relatively the same mortality rates and the same

mean time to death (Table 14).

Virulence Selection Experiment

The LD50 of bacteria that were passed through differ-

ent fish species was higher than that of bacteria that were

passed through the same fish species (Table 15). The only

exception occurred in replicate number two of the treatment

combination between English sole and V. ordalii (C) where

the homologous passage resulted in higher LD50. However,

statistical analysis showed that, within either bacterial

species, there was no significant difference between LD50ts

of the bacteria that were passed through English sole or

through chum salmon. In English sole, th& ratio of LD50

V. ordalii (C) to V. ordalii (E) was between 0.74 and 2.03

(average 1.23), and V. anguillarum (C) to V. anguillarum (E)

was between 2.08 and 2.43 (average 2.13). In chum salmon,
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Table 14. Ivbrtality and mean tine to death of chum salmon (Oncor-
hynchus keta) injected with chum salmon serum or
English sole (Parophrys vetulus) serum, and challenged
with Vibrio anguiila.rum (5.1 x 106 cells/mi) at 14°C

Injected serum 1ep. Ivbrtality Mean tine to death
*) %**) days***)

Chum salmon serum 1 90.0 4.4

2. 80.0 4.9

3. 100.0 4.9

Average 90.0 4.7

English sole serum 1. 70.0 6.1

2. 100.0 5.2

3. 80.0 6.0

Average 83.3 5.8

*) 10 fish per replicate.

**) There was no significant difference in mortality rate between
chum salmon injected with chum salmon serum or English sole
seriin (P<0.05).

***) There was no significant difference in mean time to death
between chum saLrn injected with chum salmon serum or English
sole serum (P <0.05).
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Table 15. 5O of Vibrio ordalii or Vibrio an9iiillarurn after
three passages through either English sole Parophrys
vetulus) or churn sabixn (Oncorhynchus keta) at 12°C

Fish species/ LD50 (cells/mi)

Bacteria species Rep. 1 Pep. 2 Average*)

English sole

V. ordalii (E) 3.6 x l0 5.3 x lO 4.4 x 1O7

(C) 7.3 x lO 3.9 x 1O7 5.4 x

V. anguillarurn (E) 1.2 x 1O7 7.0 x io6 94 x io6

(C) 2.5 x l0 1.7 x 1O7 2.0 x l0

lurn salnxn

V. ordafli (E) 8.9 x 1O5 7.3 x 10 8.0 x 1O5

(C) 2.8 x l0 5.2 x 1O5 3.8 x 1O5

V. anguillari.mi CE) 4.1 x 1O5 3.3 x 1O 3.6 x 1O5

(C) 1.4xl05 6.1x104 9.0x104

CE): The bacteria were passed through English sole.

(C): The bacteria were passed through churn saliron.

*): There was no significant difference in LD5O between bacteria
that passed through either chum salmon or English sole (P < 0.05).
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the ratio of LD5O V. ordalii (E) to V. ordalii (C) was

between 1.40 and 3.18 (average 2.11), and V. anguillarum

(E) to V. anguillarum (C) was between 2.93 and 5.41 (aver-

age 4.00)

The results of this experiment also allowed observa-

tions on the differences in virulence between the two

bacterial species. Statistical analysis indicated that

there was a significant difference between the LD50 of

V. ordalii and V. anguillarum in both fish species regard-

less of whether the bacteria were passed through English

sole or chum salmon. The LD50 of V. ordalii was higher

than the LD5O of V. anguillarum in both English sole and

chum salmon. Significant differences were also found in

the LD50 measurements between fish species. The LD50's of

both species of Vibrio for English sole were higher than

the LD50ts for chum salmon.

Results when the mean time to death was calculated

were similar to those based on LD50 (Table 16). There was

no significant difference between mean time to death in

either fish species when exposed to bacteria that were

passed through either English sole or chum salmon. When

the results at all bacterial exposure concentrations were

combined, the mean time to death for English sqle infected

with V. ordali! was between 6.8 and 10.3 days, and between

3.7 and 6.5 days for those infected with V. anguillarum.

In chum salmon infected with V. ordalii the mean time to
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Table 16. Average of mean time to death of English sole (Parophrys
vetulus) and churn salrwn (Oncorhynchus kta) infected
with Vibrio ordalii or Vibrio angui1larn after water-
borne exposure at 12°C

Fish species/ Average mean time to death (days)
Bacteria species

English sole 106 cells/mi cells/nil 108 cells/ml*)

V. ordalii (E) 8.5 7.6 9.3

(C) 7.2 9.2 7.4

V. anguillarn (E)

(C)

churn sairron

V. ordalii CE)

(C)

5.3 5.1 6.1

5.7 5.5 4.3

io cells/mi l0 cells/mi 106 cells/mi

8.3 6.1 5.3

11.0 11.0 9.3

V. anguillarLml (E) 7.3 7.8 6.5

(C) 9.4 6.3 6.1

(E): The bacteria were passed through English sole.

(C): The bacteria were passed through chum saJnon.

*): There was no sigri.ificant difference in mean ti-ire to death
between bacteria that passed through churn sainon or English
sole (P<0.05).
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death was between 4.8 and 12 days, and when infected with

V. anguillarum between 5.6 and 9.4 days. In English sole,

the results also showed that V. anguillarum could kill the

fish signif:icantly faster (average mean time to death

between 4.3 and 6.1 days) than V. ordalii (average between

7.2 and 9.2 days). In chum salmon, the mean time to death

of V. ordalii (averaged between 5.3 and 11.0 days) was not

significantly different from V. anguiliarum (averaged

between 6.1 and 9.4 days). When the comparison was made

between fish species there was no signficant difference in

mean time to death between English sole and chum salmon

when exposed to either bacterial species.

The mean time to death was affected by the concentra-

tion of the bacteria in the suspension at exposure. The

higher the concentration of the bacteria the shorter the

mean time to death. This was more consistently observed

in chum salmon (Table 16), but there was variation in the

onset of mortality. In English sole, both V. ordalii and

V. anguillarum killed fish within two days after a water-

borne exposure of io8 cells/mi. In this fish species, the

greatest mortality caused by V. ordalil occurred between

5 and 10 days, and by V. anguillarum between 3 and 8 days

after exposure. In chum salmon, the mortality started in

three days after exposure to i06 cells/mi of V. ordalii,

and four days after exposure to io6 ceiis/ml of V. anguii-

iarum. Greatest mortality in chum salmon occurred between
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5 and 10 days after exposure to V. ordalii, and between

5 and 8 days after exposure to V. anguillarum.
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CHAPTER V

DISCUSSION

The major pathological changes cuased by Vibrio

ordalii and Vibrio anguillarum in chum salmon and English

sole were hemorrhages externally at the base of the fins

and in body musculature and internally in the kidney,

liver, spleen and intestine. Although variation was

observed, both Vibrio spp. caused similar pathological

signs in both chum salmon and English sole. However, the

onset of the disease in chum salmon was faster than in

English. sole. In addition, diseased chum salmon tended to

develop more extensive pathological changes including loss

of scales and necrotic lesions not commonl/ observed in

diseased English sole. The most severe pathological changes

in English sole were hemorrhages in musculature of the

posterior half of the body and necrosis of fins. In gen-

eral, V. anguillarum caused an earlier onset of clinical

signs than did V. ordalii in both chum salmon and English

sole. The most likely explanation is the faster repro-

ductive rate of V. anguiflarum when compared to V. ordalii

(Gould, 1977; Gould et al., 1979; Schiewe, 1983).

Different methods of experimentally infecting fish

caused different pathological changes, especially in chum

salmon. Water-borne exposure to bacteria resulted in

pathological signs similar to pathological signs observed
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in naturally infected fish and in fish exposed in this

manner by other investigators (Cisar and Fryer, 1969;

Fryer et al., 1972; Hastein and Holt, 1972; Levin et al.,

1972; Hastein and Smith, 1977; Home et al., 1977;

Richards, 1980; Tajima et al., 1981; Ransom et al., 1984).

When exposed by intraperitoneal injection, most of the

infected chum salmon developed a hemorrhagic ulceration

around the injection site and had fewer pathological signs

in the other parts of the body than did fish exposed by the

water-borne route. A possible explanation could be that in

acute infections resulting from intraperitoneal injections

the bacteria did not spread throughout the body as rapidly

as did those in fish exposed by way of water where the

bacteria could penetrate the body more generally from the

gills (Tatner and Home, 1983), the descending intestine,

rectum and skin (Ransom et al., 1984). Similar studies

have been done by Smith (1961), Chart and Nunn (1980) and

Kawano et al. (1983), who have reported similar pathological

signs around the injection sites.

The examination of histological preparations made from

moribund fish that were infected by water-borne exposure

indicated that bothV. ordaliI and V. anguillarum had

similar sites of infection in both chum salmon and English

sole (Table 3). Although in some individuals certain

organs were infected with relatively high numbers of bac-

teria, it was not possible to conclude that these particular



organs were primary sites of infection because high vari-

ations were observed in both fish species infected with

both species of bacteria. These variations were probably

due to the different time periods between exposure to the

bacteria and the time fish became moribund (between 3 and

9 days).

No pathological changes were observed in histological

preparations made 24 hours after fish were exposed to bac-

teria, and no bacteria were found in internal organs or

muscle tissue. A few bacteria were observed in skin of a

moribund chum salmon 24 hours after it was exposed to V.

anguillaruin. It is possible that skin is a route of entry

of V. anguillarum. However, Ransom (1978) reported that

V. ordalii and V. anguillarum entered the fish by pene-

trating the mucosa of the descending intestine and rectum,

and only V. ordalii. used the skin as a second route of

entry.

A detailed study of histopathological changes in three

species of Pacific salmon infected with V. ordalii or V.

anguillarum has been reported by Ransom et al. (1984). In

chum salmon that were infected with V. anguillarum, they

found that kidney and spleen were heavily infected, and

heavy concentration of bacteria were observed in liver,

visceral peritoneum, cardiac muscle and connective tissue,

and the bacteria were uniformly distributed in the infected

areas. In contrast, in chum salmon that were infected with



V. ordalii they found that the bacteria were most fre-

quently observed in muscle and skin, and that the bacteria

formed colonies.

Although the same isolates of bacteria used by Ransom

et al. (1984) were used in this study (V. ordalii MSC 2-75,

and V. anguillarum LS 1-73), different results were obtained,

especially in the fish that were infected with V. ordalii.

In this study, only a few small, loose colonies were found

in the muscle tissue of chum salmon infected with V. ordalii

and no colonies were observed in infected English sole. In

most cases both V. ordalii and V. anguillarum were dis-

persed in the infected tissue of the diseased fish. In

addition, the number of bacteria observed was less than

reported by Ransom et al. (1984) and in some fish bacteria

were hard to find. These differences may be due to the

different sizes or species of fish that were used in the

study. Ransom et al. (1984) used chum salmon with a mean

weight 1.75 g per fish, while in this study the fingerling

chum salmon measured 14.5 g, and the juvenile English sole

weighed 5.0 g per fish. These differences might affect the

pathogenicity of the bacteria, and cause a different mani-

festation of infection because of differences in host

defense mechanisms. According to Johnson et al. (1982a)

and Johnson et al. (l982b), larger fish tend to have a

stronger immune response than do smaller fish and Tatner

and Home (1983) indicated that larger fish have a more



mature immune system. Ransom et al. (1984) found only a

few colonies of V. ordalii in 80 g chinook salmon and 25 g

coho salmon although otherwise these species exhibited simi-

lar histopathological changes to those in chum salmon.

Another aspect of this study was an experiment con-

ducted to compare the pathogenicity of the two species of

Vibrio in salmonid and non-salmonid fishes at different

water temperatures. The results indicated that in both

English sole and chum salmon, increasing water temperature

from 10 to 18°C increased mortality rates and decreased the

mean time to death caused by both V. ordalii and V. anguil-

larum. These results were probably due to a combination of

an increasing reproductive rate of the bacteria and in-

creasing stress on the host.

Under laboratory conditions, the optimum temperature

for English sole is about 10°C (Alderdice and Forrester,

1968; Williams, 1975; Williams and Caidwell, 1978), and for

salmon, including chum salmon, is about 10-12°C (McNeil and

Bailey, 1975; Sedgwick, 1982). In contrast, V. anguillarum

can grow between 6.5 and 37°C (Muroga et al., 1976; Schiewe,

1981; Schiewe et al., 1981), with optimum growth at about

20°C (Home et al., 1977; Ohnishi and Muroga, 1977; Tabata

et al., 1982; Inamura et al., 1984; Muroga et al., 1984).

The doubling time of the bacteria also decreases as the

temperature increases (Groberg, 1981; Hahnel et al., 1982;

Muroga et al., 1984). There is less information about the



range of temperatures at which V. ordalii grows. According

to Schiewe (1981) and Schiewe et al. (1981), V. ordalii

grew very well at 15 and 25°C but did not grow at 37°C.

In all experiments most fish died in a relatively

short period of time (between 2.3 and 9.0 days after expo-

sure to bacteria) and apparently did not produce enough

antibody to give protection at any of the water temperatures

employed. A few samples of serum from survivors, both

English sole and chum salmon, about 15 days after they were

exposed to the bacteria indicated that the fish did not

have measurable antibody titers against either Vibrio spp.

antigen. Antibody production in fish usually occurs at

temperatures within the normal environmental range of the

species (Fletcher, 1982), and the peak response occurs at

the higher end of the range (Avtalion, 1969; Muroga and

Egusa, 1969; Snieszko, 1970; Urnminger, 1970; Avtalion et

al., 1973; Corbel, 1975; Bell, 1977; Rijkers et al., 1980;

Avtalion, 1981; Rijkers, 1982; Stolen et al., 1982; Wish-

kovsky and Avtalion, 1982). Above the normal temperature

range, increasing temperature could cause thermal stress

and decrease the immune response due to alterations in the

physiology and biochemistry of the fish. Under such con-

ditions non-lymphoid defenses may become more important

(Snieszko, 1974; Fletcher, 1982; Rijkers, 1982).

If infected chum salmon and English sole produced

antibody at high temperatures, levels would be low and most
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likely would not be able to compensate for the increased

reproductive rate of the bacteria. In addition, increasing

water temperature could decrease the susceptibility of the

bacteria to bacterjostatjc or bactericidal factors that

were produced by the fish. According to Hahnel and Gould

(1982), the susceptibility of bacteria to some antibiotics

decreased when the incubation temperature increased. From

their observations, Home et al. (1977) indicated that in

an outbreak of acute vibriosis in young turbot (Scophthalmus

maximus), antibiotic therapy was only marginally successful

compared to temperature reduction.

Similar results were found by Groberg (1981), in the

study of the effect of water temperature on the mortality

rate of juvenile coho salmon infected with V. anguillarum.

In his study, the mortality rates of fish increased from 4%

at 6°C to 60% at 21°C and the mean time to death decreased

from 23 days at 6°C to 2.7 days at 21°C. Using Aeromonas

salmonicida Fryer and Pilcher (1974) also found that the

mortality rates of coho salmon increased from 14% at 40C

to 100% at 21°C, while the mean time to death decreased

from 18.4 days at 4°C to 2.9 days at 2l0C. In juvenile

chinook salmon, A. salmonicida killed 26% at 7°C and 98% at

22°C, and mean time to death were 12.2 days at 7°C, and

2.2 days at 22°C (Fryer et al., 1976).

During a 14 day experiment, results showed that size

had a significant effect on the mortality rate of English



sole infected with both Vibrio species, with small fish

having higher mortality rates than large fish. It is most

likely that the difference in mortality rates between small

and large sized English sole was due to differences in

stress resistance and immune response mechanisms. Large

English sole probably had a lower mortality rate because

they were less susceptible to stress and had more mature

immune system than did the small sized English sole. There

is some evidence that small fish are more susceptible to

stress than are larger fish of the same species. Brawn

(1978) found that young fish were very sensitive to abnormal

conditions and mortality increased considerably if condi-

tions were not optimum. Under laboratory conditions,

Holeton (1979) found that large sized fish were more resis-

tant than small sized fish to low dissolved oxygen. Rea-

sons for this could include the lower weight-specific

oxygen consumption (Holeton, 1979) and lower metabolic

rate (Brett and Groves, 1979). Anderson and Conroy (1970),

Home et al. (1977), Egidius and Andersen (1977), and

Home et al. (1984) have made similar observations. Al-

though they used different fish species in their studies,

results showed that small fish were more susceptible to

vibriosis than were large fish.

There is some evidence that in the first few months

of life the immune system of fish is not fully developed

(Ellis, 1977; Rijkers and van Muiswinkel, 1977; Manning



et al., 1982; Tatner and Manning, 1983). During this life

stage effective production of antibody does not occur (van

Loon et al., 1981), and the fish rely on macrophages as a

first line of defense (Grace et al., 1977). Epidermis and

its associated mucus are also important defense mechanisms

(Fletcher and Grant, 1969; Di Conza, 1970; Bradshaw et al.,

1971; Di Conza et a1., 1971; Roberts, 1971; Harrel et al.,

1976; Ingram, 1980; Uskova et al., 1980). According to

Roberts et al. (1973), and Blackstock and Pickering (1982)

the epidermis and its associated layers of mucus may undergo

marked structural and functional changes based on environ-

mental conditions and life cycle stage of the fish, par-

ticularly during the early life stages.

The majority of the experiements conducted in this

study showed that the English sole is more resistant to

both Vibrio spp. than is chum salmon. One possible expla-

nation is that the bacteria were originally isolated from

salmonids and may therefore be more specific to these hosts

than to English sole. Another explanation could involve

the host defense mechanisms. It is possible that the

English sole has a stronger defense against infections by

the two species of Vibrio.

Other workers have observed host specific differences

in susceptibility to V. anguillarum. Hastein and Smith

(1977) isolated two strains of V. anguillarum from fish in

Norwegian waters. Vibrio anguillarum group I was arabinose



positive and more likely to cause vibriosis in farmed fish

while group II was arabinose negative and most often caused

disease in wild fish. For example, they observed a mass

mortality due to vibriosis in saithe (Pollachius virens)

that were gathered around sairnonid holding pens while the

captive salmonids remained uninfected. Further studies

were done by Egidius and Andersen (1978) who tested the

pathogenicity of the two groups of V. anguillarum that were

isolated by Hastein and Smith (1977). The results indi-

cated that under laboratory conditions, strains isolated

from salmonids were pathogenic to salmonids but only

slightly to saithe. Strains isolated from saithe were

pathogenic to saithe but non-pathogenic to salmonids.

Strout et al. (1978) also compared the pathogenicity of

V. anguillarum isolated from cultured and feral fishes to

salmonids under laboratory conditions. They found that

most isolates from farmed fishes were pathogenic to sal-

monids and that most isolated from feral fishes (mostly

winter flounder, Pseudopleuronectes americanus) were non-

or less pathogenic to salmonids.

Hacking and Budd (1971), Kawano et al. (1983), and

Inamura et al. (1984) also showed that there is a possi-

bility of host specificity to V. anguillarum. Inamura et

al. (1984) suggested that this host specificity was prob-

ably due to different capability of the strains to produce

toxins. In an experiment they tested six different



strains of V. anguillarum. The results showed that under

the same culture conditions each strain produced different

amount of exotoxins (protease, hemolysin and hemaglutinin)

and in an intraperitoneal injection experiment they found

that most of the strains caused different mortality rates

in fish.

Host specificity has also been found for other spe-

cies of bacterial fish pathogens. De FiguIeredo and Plumb

(1977) compared the pathogenicity of nine Aeromonas hydro-

phila strains isolated from diseased fish, diseased

Macrobrachium sp. and from pond water. The results showed

that two of the isolates of A. hydrophila from Macrobrachium

sp. failed to kill channel catfish (Ictalurus punctatus)

fingerlings at injection levels of 1.0 x cells. Based

on LD50, bacteria that were isolated from water were less

virulent than those from diseased fish even if they were

isolated from the same pond and had similar biochemical

reactions.

In addition to differences in the capability of bac-

teria to invade fish, differences in fish susceptibility

also plays an important role in determining host specificity

to V. anguillarum. According to Snieszko (1958) and Ellis

(1982) the difference in susceptibility of fish to certain

diseases is caused by natural resistance that can be dif-

ferentiated from the resistance between host species

(interspecific) and the resistance within host species



(intraspecific). All these differences are due to genetic

variations within or between species (Wolf, 1953; Gjedrem

and Aulstad, 1974; Hines et al., 1974; Robohm and Sparrow,

1981; Ref stie, 1982). The genetic factors involved in

diseases and abnormalities are generally complex and dif-

ficult to detect, but the evidence for their existence is

undeniable (Gordon, 1953).

In this study, experimentally induced infections using

water-borne and intraperitoneal exposures were conducted to

determine if external or internal resistance factors are

more important when English sole and chum salmon are

exposed to V. anguillarum. In a 14 day experiment the

results showed that for both fish species both the LD50 and

the mean time to death of fish exposed by the water-borne

route were significantly higher than the same values for

fish exposed by intraperitoneal injection. The difference

may be explained by the fact that both external and internal

defense mechanisms are involved in protecting fish exposed

to bacteria in the water while only internal defense mecha-

nisms (cellular and humoral) are available to protect fish

injected with bacteria intraperitoneally.

The ratio between the LD50 of water-borne exposure and

that of intraperitoneal injection between the two fish

species indicated that the internal protection of English

sole was stronger than that of chum salmon. However, it

was not possible to transfer thIs protection by the



intraperitoneal injection of English sole serum into chum

salmon. In a passive protection experiment, the mortality

rate of chum salmon that were injected with unimmunized

English sole serum was not statistically different from

chum salmon that were injected with unirnmunized chum salmon

serum when these two groups were challenged with V. anguil-

larum by water-borne exposure four days after injection.

Increasing the doses of the sera and shortening the period

between serum injection and challenge did not result in a

significant difference in the mortality rate or mean time

to death of either group. This indicated that humoral

defense mechanisms in serum may not be the primary internal

protection factor to vibriosis in non-immune English sole.

Rather the internal cellular defense mechanism is probably

the most important defense system that results in the

English sole being more resistant than chum salmon to both

bacterial species.

Harrell et al. (1975) injected trout anti-V. anguil-

larum serum into juvenile rainbow trout and found that the

anti-serum could be detected within 10 minutes, but that

titers in recipient fish were drastically reduced after 96

hours. In other passive immunization experiments, Harrell

et al. (1975), and Viele et al. (1980) found that the mor-

tality rates of fish that were injected with anti-V. anguil-

larum serum was significantly lower than that of control

fish. In addition, Viele et al. (1980) found that plasma



was the most effective in transferring vibriosis protection

when compared to pronephros cells, splenocytes and thymus

cells. Passive immunization against A. salinonicida has

been studied by Spence et al. (1965) who found that protec-

tion against furunculosis was produced in coho salmon by

administration of serum from rainbow trout containing anti-

body produced by intraperitoneal vaccination. In contrast,

Aoki et al. .(1984) found no difference in the protection

against vibriosis between ayu that received serum from

immersion vaccinated fish and those which received serum

from unvaccinated fish.

Different fish species may develop different levels

of protection even though they were immunized with the same

bacterin and have the same optimum temperature ranges. In

oral immunization studies using four species of marine

tropical fish, Prescott (1977) found that the protection

against V. anguillarum for each of the four species tested

varied to a considerable degree. Other investigators have

done similar experiments and found the results to vary from

one experiment to another. The results were affected by

environmental conditions especially water temperature, fish

species, size of fish, type of V. anguillarum bacterins and

immunization methods (Harrell et al., 1975; Rohovec, 1975;

Antipa, 1976; Antipa and Amend, 1977; Fryer et al., 1978;

Evelyn and Ketcheson, 1980; Groberg, 1981; Johnson et al.,
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1982a; Agius et al., 1983; Harrell et al., 1983; Tatner and

Home, 1983).

In the experiment conducted to determine the duration

of antibody titers and the immune response of English sole

and chum salmon after immunization by intraperitoneal

injection, differences in protection were observed. In

general, immunization gave protection to both English sole

and chum salmon and mortality rates of immunized fish were

significantly lower than controls. However, when a compari-

son was made between the two fish species, English sole had

a lower relative percent survival (RPS) than chum salmon.

This indicates that English sole had a lower level of pro-

tective immunity than chum salmon even though they had

similar antibody titers. This could also be interpreted to

indicate that the antibody titers had a different meaning

in different fish species, and do not necessarily serve as

a direct indication of protection level.

Similar results were found by Spence et al. (1965) in

studies of rainbow trout immunized against Aeromonas salmo-

nicida. They suggested that although agglutinins may be

present in sera at high levels, this does not necessarily

indicate the, existence of protecting antibodies. In con-

trast, Nelson (1972), sawyer (1978), Laurencin and Tang-

trongpiros (1980), Aoki et al. (1984), Kawano et al. (1984),

and Sakai et al. (1984) could not detect agglutinating

antibodies in fish serum which were immunized by oral or
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direct immersion with V. anguillarum bacterins. However,

they did find significant differences in mortality rates

between immunized fish and control after being challenged

by water-borne exposure or intraperitoneal injection with

V. anguillarum with mortality rates of immunized fish

generally lower than controls.

Although the immunized English sole and chum salmon

had significantly lower mortality rates than did the con-

trols, they did not have a significantly longer mean time

to death. It is possible that in this case the immune

response only helps to prevent infection and if the fish

become infected, the development of the disease is the same

in both immunized and control fish. In a similar study

with A. salmonicida, Spence et al. (1965) found that ixnmu-

nization not only decreased mortality rates, but also

delayed the mean time to death as compared to controls.

The peaks of antibody titers observed in this experi-

ment were substantially lower than the peaks of antibody

titers found by most other investigators. One of the rea-

sons may be the size of fish used in the experiments which

was much smaller than the average sizes of fish used by

other investigators and could influence the immune response

(Johnson et al,, l982a; Tatner and Home, 1983; Tatner and

Home, 1984) . When the experiment was terminated 19 weeks

after immunization, both English sole and chum salmon still

had positive antibody titers (about 1:2 to 1:4). However,
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the fish were not challenged and the level of protection

against vibriosis is not known.

Changes in the virulence of V. ordalii or V. anguil-

larum due to selection after three passages through either

English sole or chum salmon were not observed and there

was no significant difference in mean time to death of

English sole or chum salmon exposed to these bacterial

isolates. However, in general, the LD50 of V. ordalii

or V. anguillarum after passage was lower for the homologous

species of fish. This suggests that the virulence of the

bacteria was modified slightly after passage through fish,

but the change was small. It is possible that further pas-

sages would have increased the difference.

Another observation was that the ratio of LD50 values

between heterologous and homologous fish species was always

larger than one (Table 15). For example, 4.4 x lO' cells/ml

of V. ordalii (E) were required to kill 50% of the English

sole, and 1.2 times that amount of v. ordalii (C) were

required to reach an LD50 in sole. Similarly the LD50 of

V. ordalii (C) for chum salmon was 8.0 x lO cells/mi and

was 2.1 times that with V. ordaiii (E). Similar results

were observed with V. anguillarum providing an indication

that the bacteria lost virulence for the original host

after passage through a different fish species. Virulence

to heterologous fish species appeared to decrease at a

higher rate if the bacteria were passed through English sole
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than through chum salmon. This may be related to the fact

that both Vibrio species were originally isolated from sal-

monid fishes, and may have been better adapted to chum

salmon than to English sole.

It was also observed that V. anguillarum changed

virulence to a greater extent than did V. ordalii. An

explanation for this could be related to reproductive rates.

Vibrio anguillarum has a shorter doubling time than V.

ordalii (Gould, 1977; Gould et al., 1979; Schiewe, 1983),

so in the same period of time V. anguillarum would have

more generations than V. ordalii. If the virulence changed

at the same rate per generation, V. anguillarum would change

more than V. ordaLLi during the same time period.

Homologous or heterologous passage of V. anguillarum

does not always change the virulence to the hosts. Kawano

et al. (1983) compared the virulence of V. anguillarum

strain SG 7754 after five passages through ayu (Plecoglossus

altivelis) with the original freshly isolated from naturally

infected ayu and found that the LD5O for homologous fish

species did not change. Contrasting results were found by

Aoki et al. (1984) who compared the LD5O of an original

isolate of V. anguillarum strain AG 7011 from diseased ayu

with an isolate after the third passage in ayu and with an

isolate after thirteen passages in a heart infusion broth

and found that pathogenicity increased after passage through

the host fish.
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In this study, variation in pathology, onset of mor-

tality, mortality rates and mean time to death between

replicates within an experiment and between experiments

were found. Variations were usually greater in English

sole than in chum salmon. Part of the reason could be

genetic heterogeneity in the English sole since they were

obtained from a wild population. Further, the stress of

capture and laboratory rearing conditions may depress the

defense mechanisms of English sole. According to Miller

and Tripp (1982), newly collected fish had a stronger immune

response than did fish that had been in the laboratory for

an extended period. A partial explanation of this result

was that these fish were stressed by environmental changes.

In general, the results of this study indicate that

cross infection of V. ordalii and V. anguillarum between

English sole and chum salmon is possible, at least under

laboratory conditions. However, it is unlikely that cross

infections occur very often under natural conditions, unless

high water temperatures and crowded conditions result in

massive epizootics. The number of bacteria that occur in

natural waters is usually low (Rohovec, 1975; Ransom, 1978)

so epizootics are more often the result of stress on poten-

tial hosts than of high bacteria levels.

The kinds of factors that could influence the greater

resistance of English sole to both Vibrio spp. other than

host specificity of the bacteria may include: non-specific



defense (external and internal), previous exposure to

naturally occurring antigens, behavioral patterns and

physiological state of the fish. External and internal

humoral and cellular non-specific defenses could involve

phagocytic cells, lysozyme, enzymes and other substances

that lyse the bacteria, natural agglutinins and natural

immunoglobulins, and unfavorable pH. In addition, blood

may also contain C-reactive protein and complement that are

involved in lysis of bacteria, and transferrin 'and lacto-

ferrin that bind iron and make it unavailable for bacterial

growth (Wolf, 1953; Anderson, 1974; Corbel, 1975; Bell,

1977; Fletcher, 1978; Ingram, 1980; Ellis, 1981; Fletcher,

1982). Previous exposure to a broad spectrum of naturally

occurring antigens may cause fish to produce antibodies

that cross react with a particular bacterial pathogen

(Ingram, 1980). Although the production of natural agglu-

tinating antibody in English sole is low and could not be

detected by microtiter technique, it could be a factor that

increases the resistance of the fish to both bacterial spe-

cies.

Behavioral patterns and the physiological state of

fish also result in differences in susceptibility to cer-

tain diseases (Corbel, 1975; Ellis, 1981). Chum salmon is

a more active fish than is the English sole. According to

Bone and Marshal (1982), active fish have a higher weight-

specific oxygen consumption than do non-active fish. To
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fulfill this high oxygen consumption the fish has to pass

a greater volume of water through the gills and increase

area of the gills. In seawater, a larger gill area may

result in greater losses of water than would a smaller gill

area. To compensate for the water that is lost through

the gills, the fish have to drink seawater. Since active

fish loàe more water than do non-active fish, the active

fish. has to. drink more seawater to maintain osmotic balance.

If gills (Tatner and Home, 1983) and gastrointestinal

tract (Ransom, 1978, Tatner and Home, 1983) are a main

entry site for both V. ordalii and V. anguillarum, it

is likely that the bacteria have greater access to chum

salmon than to English sole in water-borne exposures,

because of. the. greater volume of water that passes through

the gills and that enters the gastrointestinal tract. In

intraperitoneàl injection, bacteria avoided external defense

systems and were delivered directly into the body. As was

discussed earlier, the English sole has a stronger cellular

internal defense mechanism than does chum salmon. This

defense mechanism may be the factor that allowed English

sole, to be more. resistant to both Vibrio species than chum

salmon when. infected by intraperitoneal injection.

Differences in susceptibility of chum salmon and

English sole to both Vibria spp. may also be caused by dif-

ferences in stress resistance of both fish species. Stress

can reduce the realized capacity of fish (Schreck, 1982),



and in relation to defense mechanisms, stress results in

many changes in the physiological activities of fish and

decreases the immune response (Wederneyer, 1970; Ellis,

1981). Refstie (1981) reported a correlation between stress

resistance. and the susceptibility of fish to vibriosis.

However, the interrelationship between host, pathogen

and environment is complex, and further study is needed to

determine which of these possibilities are operating to

make English sole. the. more resistant species. Future stu-

dies. probably should emphasize cellular non-specific

de.fense mechanisms,, especially those that are generated by

the spleen (splenocytes), kidney (pronephros cells), and

thynus (thymus. cells). Stress resistance should also be

studied to determine if this factor is important in allow-

ing English sole. to become more resistant to both Vibrio

species than are. chum salmon. Studies on host specificity

and mechanisms. of pathogenicity of both Vibria species are

also necessary to determine how the bacteria infect the

fish, route of entry, primary site of infection and the

mechanism by which bacteria cause disease in susceptible

ho s. t s.
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